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Paints in Extreme Exposures: Long-Term Durability and Cost
Savings Throughout Building Life Cycle
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Huan Wu received his masters in chemistry from Zhejiang
University. He is currently serving as Assistant Infrastructure
Concept Manager and Specification Team Leader for Jotun
Paint. Wu has experience in working with image infrastructure
projects, such as tall buildings and green buildings, and has
been a Paint Technical Consultant for over six years.
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Ashraf Wassef is a civil engineer from Cairo, Egypt. During his
postgraduate studies, he researched project management,
corrosion protection, and the economy of infrastructure,
receiving his masters in June of 1984. Currently, he is working
as Global Sales Director at Jotun A/S. Wassef joined Jotun 27
years ago, bringing him to locations such as Egypt, Norway,
Saudi Arabia, and the UAE. He has worked on mega-projects in
tall, leisure and green buildings, as well as airports and bridges
over the last nine years.
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Abstract | B E

A protective coating is applied as a long term anti-corrosion method in steel protection; it can
save the operation costs of buildings across entire life cycles, if the period to next maintenance
can be prolonged 15 years or more. In high-rise buildings and luxurious hotels with dense
populations in harsh environments, the paint economy will obviously influence the total cost.
Using the Burj Al Arab Hotel as a case study, the long durability protection of a building via
Baltoflake is illustrated, and the paint economic efficiency for buildings is analyzed under the life
cycle cost analysis (LCCA) method. Many factors, such as access to repairs, shut down loss, and
cooling cost reduction, should also be taken into consideration in the initial investment when a

paint system is designed.

Keywords: 30 Years without Maintenance, Baltoflake, Building Whole Life Circle, Burj Al
Brab Hotel, Cost Saving and Long Term Performance Paint
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Long-Term Protection for Steel Structure
in Buildings

Steel, due to its high tensile strength and
low cost, is widely used in construction
and other applications such as long-span
structures (bridge and stadium roofing),
light steel structures (workshops), and high-
rising buildings. In corrosive environments,
steel tends to react chemically with air and
water. Lacking any inherent anti-corrosion
properties, steel structures may rust both
inside and outside, and even lose their
structural strength, fail, and collapse.

[tis reported that, globally, losses from steel
corrosion can climb to 700 billion dollars,
annually. According to statistics, economic
losses from steel structure corrosion are
approximately two to four percent of the
Gross National Product (GNP) in several
western developed countries (Yan Lin,
2005,P62). Moreover, corrosion accelerates
under stress which can result in structural
damage and collapse, and increase the risk
of disastrous accidents. Frequent repair,
maintenance, and even restoration should
be considered when steel is significantly
rusted. The indirect loss of business due to the
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downtime of an asset may be several times
more than any additional costs incurred.

As a result, a protective coating can be
applied as a long-term anti-corrosion method
in steel protection. It can lead to a reduction
in operation costs and extend a structure’s
lifetime, if the period to next maintenance
can be prolonged up to 15 years or more. For
buildings in harsh environments characterized
by extreme exposures, a high-performance
system providing exceptional protection
should be designed and applied for long-
term durability.

Paints Aesthetics and Economics in
Buildings

When strolling the streets of our cities,

people are unsurprisingly drawn to the

unique architecture of our modern city
landscape, including shopping malls, office
buildings, and trade centers. Ingenious
methods of structural design and architecture
through the use of the very latest building
materials and construction practices
contribute greatly to the aesthetic appearance
of the modern city. This is particularly the
case for today’s skyscrapers and luxury hotels,
which rely heavily on advanced architecture
coupled with enhanced decorative design

to captivate their audiences. Amongst all the
construction materials used in the creation of
a modern building, the paint system is what
clothes a building; in doing so, it provides the
first impression to visitors and tourists.

Whilst color and gloss levels are key to the
immediate aesthetic appearance of a structure,
they cannot be considered in isolation.
Consideration also needs to be given to the
hardness and flexibility of the system. As decay
and deterioration is inevitable, owners and
architects need to give serious consideration
to the severity of the environment the paint
system will be subjected to and ensure

that the paint manufacturers have taken

such considerations into their research and
development (R&D) when developing their
paints. This is especially true in the case of more
vivid color selections, like golden, bright red,
and pink green paints.

Moreover, building owners and operators
require their buildings to offer the same level
of aesthetic beauty for many years after their
initial opening; for this long-term performance
requirement, the selection of materials and
their application are critical. As such, building
owners recognize that all attention should

be made to capital as well as operational
expense through developing a structured and

comprehensive approach to a maintenance
and repair program throughout the service
life of the structure.

Of course, the costs incurred through the
lifespan of a structure can be more greatly
managed by giving due attention to the
whole life costs of the paint system, including:
the methods of application, access to areas
requiring future maintenance, the speed of
application, and the speed at which products
dry and cure. Reducing the project duration,
whilst utilizing a healthy green approach to
the project, will also result in an overall safer
construction process.

Once buildings are open and in service,

the ability to carry out major maintenance
programs is hampered and restricted

by access, and huge costs become a
consequence of taking areas completely

out of service for maintenance. The initial
consideration to the painting system used is
thus a real, long-term cost consideration to be
made during the initial design period.

It is estimated that the value of paint is less
than one percent of a total investment;
however, its true economic value is far
greater, given the important role it performs
in ensuring long-term aesthetic beauty and
appearance. Today’s architects, structural
design engineers, and owners must thereby
ensure that due and warranted focus is placed
on paint specification.

Paint Protection Overview of Burj Al Arab

The Gulf region is characterized by heavy
UV light and a demanding coastal climate,
challenging architects to look for solutions
that will provide long-term, heavy-duty
performance, excellent gloss, and color
resistance to fight such conditions.

The third tallest hotel in the world, the

Burj Al Arab, designed by multidisciplinary
consultancy Atkins and led by architect Tom
Wright, stands on an artificial island at a
height of 321 meters. It is famous and readily
recognizable from its unique shape, which

is designed to mimic the sail of a ship. This
seven-star luxury hotel offers guests the most
extravagant experience that money can buy.

Since it opened in 1999 (after a five-year
construction period), the steel has been
subjected to extreme exposure and has stood
the test of this rigorous off-shore coastal
climate, still in good condition after 17 years.
The 14,000 tons of steel, located both internally
and externally to the building, were protected
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Figure 1. Golden columns in the lobby (Source: Jotun)
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by heavy-duty paint. The 67,000 square

meters of steel was applied with a glass-flake,
reinforced, unsaturated polyester coating
called Baltoflake. APS Dubai, responsible for the
coating application of the Burj Al Arab, and also
the Burj Al Khalifa. The company had inspected
this project last year and planned to carry out
maintenance; however, there was not a mark
on it, much to their pleasure, which is reported
and backed by a testimonial from Graham
Young, Managing Director of APS Dubai.

A super-durable powder coat named
Corro-Coat PE-SDF, with colors in RAL 9016
and RAL 5015, was used for all of the curtain
wall members on this project; it continues
to withstand extreme levels of UV light,
various levels of humidity, corrosion, and
other environmental pollutants to preserve
the building’s strength and appearance after
17 years.

The extravagant gold columns at the Burj Al
Arab are known throughout the world; indeed,
most tourists entering the lobby assume the
columns to be real gold. The gold, however, is
not real, rather it is actually a golden decorative
interior paint called Majestic Golden. The color
and gloss retention rarely change, saving on
the entire cost of building (Figure 1 and 2).

Due to the success of this hotel project, the
Shanghai Tower located in Shanghai, China
also chose the same selection of decorative
products for their top restaurant, presenting
the challenge of showing up its own
reputation (Figure 3).

Challenge from Severe Environment

An excellent anti-corrosion strategy to
preserve a building’s integrity and vitality is

Figure 2. Another view of the golden columns in the lobby (Source: Jotun)
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Figure 3. Decorative paint in Shanghai Tower’s top restaurant (Source: Jotun)
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not only to choose the right paint system, but
also to fully consider application conditions,
future maintenance, and environment
friendliness. A coastal environment is defined
as one of the more severe environments in
ISO 12944 - the widely accepted international
standard of reference for the protection

of steel structures. Similarly, the NORSOK
standard, developed by the Norwegian
petroleum industry, is referenced for the vast
majority of offshore and onshore projects as
the standard of reference for steel protection.

In this case, both of these standards

together, with consultation from the paint
manufacturers, were utilized and referenced
during the design stage. Jumeirah Group
(owner) and Atkins (consultant) gave full
consideration to the severity of the coastal
environment in the Gulf and to the long service
life expectancy from the coating system.The
necessity of selecting specially formulated
polyester is designed to deliver unique
glass-flake reinforcement and impermeable
protection of steel against abrasion and
corrosion for such a hostile environment,
which has high humidity and heavy salt spray
erosion. Glass-flake paint had been proven as a
successful paint system in marine and offshore
markets for structures, such as offshore drilling
rigs, deck areas, buried pipelines, jetties, piles,
and buildings in extreme exposure.

Baltoflake is NORSOK approved and performs
wellin an ISO 12944 C5-M environment under
its recommended thickness in paint system
design (Figure 4). It has passed a two year
(17,000 hours) accelerated test of salt spray

to predict performance, which verifies its
exceptional lifetime of more than 30 years
without maintenance.

Owners and architects alike are impressed by
the anti-corrosive properties and exceptional
performance of the system's hard wearing and
high glass-flake containing products. Extreme
abrasion resistance is also needed to fight
against sand blown by the wind near the sea.

Moreover, many other key issues should also
be discussed with all project stakeholders
(Figure 5) and solved before making the final
decision on paint specification. The improper
application of coatings will always result

in their premature failure. The methods of
application, access to areas requiring future
maintenance, the speed of application,

and the speed at which products dry and
cure are also key factors to complete this
iconic project. In this case, Baltoflake cannot
guarantee a service life of 30 years without
maintenance when lacking a recommended
and specific working procedure.

Paint System for External Steel Columns and Supports

SMEBIEERISZM AR R

Paint System for Exoskeleton Truss

SMEREHTEDHARSR

Grit blast clean to BS 7079 Part A1 Sa2.5

ARC sprayed Aluminum

Glassflake polyester 600 microns DFT

Panguard Tie coat 40 microns DFT

Hardtop Polyurethane 50 microns DFT

Penguard HB M10 150 microns DFT

Hardtop AS 50 microns DFT

Figure 4. Paint system for steel structure projection in Burj Al Arab (Source: Jotun)
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Designer Consultants Atkins

RIHEIE)

Main Contractor Murray Roberts/ AlHabtoor
FHEEE W

Steel Fabricator Eversendai

M T

Applicator Steel APS Dubai
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Figure 5. Main parties in contract chain (Source: Jotun)
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Figure 6. Arc spray and paint application ongoing at yard (Source: Jotun) Figure 7. All steel wrapped in polyurethane (Source: Jotun)
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During application, fast drying and few

coats means less downtime. Baltoflake can
be sprayed in a single coat to give a dry film
thickness of up to 1,500 microns on a vertical
steel surface without sagging and can be
walked on only three hours after application.
That helps to transport coated steel from
yard to site quickly. Baltoflake is a solvent free
coating providing protection against water,
chemicals, solvents, abrasion, or mechanical
attack, and outperforming traditional
protection products such as metallized and
epoxy coatings.

During fabrication it is therefore essential
that paint manufacturers provide qualified
technical support to the project to ensure
surface preparation and application is in
full accordance with the relevant standards.
A competent applicator was chosen for
the project. The applicator and paint

manufacturer worked closely with the main Figure 8. Internal structure of sky view restaurant (Source: Jotun)
contractor to ensure on time delivery in E8. =RETNEMEN CRR: E3)

accordance with the building schedule.
Typical area and process records of paint
application are in figures 6 to 10.

An exceptional durability paint system for
buildings should be considered keeping in
mind the following aspects:

Appropriate standard

Excellent performance meeting specific
needs

Technical working procedure
considering local application condition

Easy application properties such as fast
dry, few coats

Eco- friendly and good for health

Quality Controlled with strict application
and working procedure

Figure 10. Burj al Arab under construction (Source:
Jotun)
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Figure 9. Helipad steel structures (Source: Jotun)
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Long-Term Protection with
Economic Efficiency

Many owners only care about the initial costs
of construction, without enough attention to
maintenance costs during service life, which

will shorten the lifetime of the steel structure
and rapidly increase the challenge related to

repairs and operational costs, thus leading to
the unsustainable development of buildings.

Life cycle cost analysis (LCCA) is a tool to
determine the most cost-effective option
among different competing alternatives to
choose from ( Ashworth, A. 1989, P. 8-11).

In paint cost analysis, the basic principle is
this: in the design and construction stages,
superior protection as a preventive measure
and repairs after failure are two competing

alternatives after comparing cost and benefits.

Owners or contractors should be considering
the life cycle of a project and not just take
the short-term perspective. Investment
capital is composed of initial cost in new
building and additional cost to meet design
life requirements. It is more reasonable and
competitive to design a paint system with
an appropriate allocation of these two-part
costs than traditional paint application;
further, cost can be hard to estimate in many
cases, regardless. Buildings should, therefore,
be designed using long-term performance
coating to reduce overhaul time during
service life.

The steel protection in this hotel is
characterized by a 30-year no-maintenance
feature. That is an exceptional time period, as
the maximum period per ISO 12944 is set at
15 years.

The total area of Baltoflake is 67,000 square
meters in initial investment. If a normal epoxy
paint system was chosen, the first investment
cost could be 30 percent less; however,

every five to eight years, the owner would

be required to inspect the film condition

and plan for repairs. Assuming the failure
area is only five percent, then in the next 30
years, five to six repairs would be required
and at least 30 percent of the area would

be replaced by new paint, which makes the
material cost quite similar theoretically, when
compared to Baltoflake.

During each of these repairs, paint loss and
application cost should also be taken into
consideration with an estimated cost as

the same as repairing paint. That means if
USDS1 million Baltoflake is assumed in initial
construction, USD$700,000 normal epoxy
paint will be used at the same time, so it will
be a repair and maintenance application
cost of USD$600,000; but, it will be only less

Other Paint Solution

Baltoflake Solution

B New Building

M maintenance

0 500

1000 1500

K USD

Figure 11. Cost analysis on coating solution in 30 years (Source: Jotun)
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than 10 percent initial cost for repairs using
Baltoflake. It is very easy to calculate that the
overall lifecycle cost of the Baltoflake results in
economic savings to the project (Figure 11).

Use-cost per year is an important index
to evaluate paint efficiency, and can be
calculated as the following:

Use-cost per year= (Intial Cost+First Overhaul
Cost+Shutdown Loss)/(Design Life)

It is obvious to find that use-cost per year
reduces when paint design life is longer.
Maintenance challenges such as hard to
access areas and protection quality should
be given appropriate consideration — more
important than only placing the value on
cost. Furthermore, the above does not take
into consideration other negative aspects
that maintenance would bring. Burj Al Arab
is a famous icon throughout the world,

and as a luxurious hotel it is frequented by
thousands of tourists for accommodation
and dining. The temporary shutdown
required for repairs would not be acceptable
to the owner as the financial loss would be
substantially higher than the labor and paint
cost. Secondly, the environment damage
caused by paint application, VOCs, and other
hazardous gas emission would further prove
to be unfavorable for a shutdown. Another
important issue for which costs can't be
calculated is the disruption to guests at the
hotel during any painting maintenance. A
picture of a painter working with industrial
paints and solvent coatings is not the image a
seven-star hotel would like to portray.

If all costs are summarized over the life of the
building, tangible and intangible, Baltofake is
a perfect solution and it likely offers savings
of 50 percent of the paint budget when
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Figure 12. BurjKhalifa (Source: Jotun)
Eo. BRSEE CRR: E3)

Figure 13. The Louvre Museum in Abu Dhabi (Source: Jotun)

E10. mAILLLAFENME R EH)

compared to normal paint systems. The
scenario shown above is equally applicable
to the use of a curtain wall powder coating.
All the aluminum framework and members
on high-rise buildings are difficult to repair
with paint.

Other Cases with Cost-Effective and Long
Lifetime Paint

There are two other examples with extreme
exposures in harsh environments.

A total of 122,000 kilograms of powder
coatings and 487,000 liters of paint have been
used to decorate and protect the world’s tallest
tower, the Burj Khalifa, also located Dubai with
a similar harsh environment (Figure 12).

This project required the use of a metallic
matt finish powder coating to complement
the aluminum for the 28,261 cladding panels
that make up the exterior of the tower and
its two annexes. On the other hand, coating

the 2,684-foot spire of the renowned tower

is Baltoflake. The product was recommended
and chosen by the client for its 30-year
lifespan and minimal maintenance. The access
to repair is the key issue for this skyscraper, so
long-term lifespan and performance coatings
on facade and steel are chosen as cost-
effective products to ensure the structure’s
high quality.

Reducing the use of cooling systems and
saving energy is another benefit of paint
to save cost. High reflectance properties

in powder products are formulated to
reduce the temperature of aluminum
building components that are exposed to
the sun, thereby effectively contributing to
lowering a building’s energy consumption
and cooling costs. The Louvre Museum in
Abu Dhabi (Figure 13), with its bold design
centered around a majestic dome structure,
had a challenge in providing a comfortable
experience for its visitors. Architects

were looking to reduce the level of heat
emitted by the dome structure and find an
appropriate paint solution.
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Conclusion

As a conclusion to this paper, the following list
is offered as a summary of how to design for a
long term durable paint system and save cost
during a building’s life time:

1. Exceptional durability paint should
be designed according to the
needs of customer and
local environment;

2. Strict application control and
technical work procedures lead to
excellent performance;

3. LCCA can be taken into
consideration for new buildings;

4. Long-term performance paint
enhances the reputation of a
building and reduces operation
cost during service life; and

5. Access to repair, shut down loss,
and cooling cost reduction can be
factors to influence design decision
when comparing initial costs and
recurring operational expenses.
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