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Amsterdam’s famous Stedelijk Museum of Modern and Contemporary Art
originally opened its doors in 1895 to exhibit the new, “modern” art that
was creating a furore throughout Europe. A century later, the City Council
decided that the old building itself was in need of modernization. In 2004,
five Dutch architectural firms were invited by the City of Amsterdam to
submit their proposals for the renovation and extension of the Stedelijk
Museum in Amsterdam. The winner Amsterdam-based firm Benthem
Crouwel, whose striking design stood out both visually and for its technical
ambition. Not only has the 19thcentury building been restored to its former
glory, but alongside it, a new entrance and exhibition space has been
created in the shape of a bright white “bathtub”, 100 meters long and floating
serenely above a paved square. Already known by some in Amsterdam by
the nickname “the bathtub”, this floating form, which spreads outward at
the top into a broad, flat roof, is actually the envelope for the second-floor
galleries, auditorium and offices above. It is entirely encased in glass at the
transparent ground-floor level, which houses the main entrance and lobby,
museum shop and restaurant. The roof of the new building matches the
height of the original building’s cornice line. The roof’s overhang creates a
sheltered outdoor plaza at ground level, where programmed activities can
be staged and where visitors will be protected from the elements.

Construction of an adjoining new building (two stories above grade, one
below) to house galleries for temporary exhibitions, visitor services, public
amenities, library and offices. Relocation of the main entrance onto the
great public lawn of Amsterdam’s Museum-plein (Museum Plaza), creating
an active, common ground for the first time among the Stedelijk Museum,
the Van Gogh Museum, the Rijksmuseum and the Concertgebouw.

Once they have gone past the entrance, visitors may freely choose whether
to pass directly into the original building, or else take the stairs or elevator
to the new building’s exhibition galleries. The lower level houses the largest
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free-span exhibition gallery in the Netherlands as well as a large black-box
gallery/performance space. The other galleries are on the second floor. To
allow visitors to enjoy exhibitions without distractions, an enclosed escalator
runs directly between the lower level and second floor.

Facade Material

An important part of the architects’ vision was that the surface of the bathtub — the
fagade — should be seamless. Such a large area would need to be made out of
a number of smaller panels. And conventional construction materials need a little
space-in the form of dilation seams — to expand and contract as the temperature
rises or falls. But, of course, those dilation seams (which, depending on the
material, might be anything up to 20mm wide) would totally spoil the flawless look
the architects were aiming for. To solve this, the architects needed to find a material
with absolutely minimal thermal expansion. Before this could happen, however,
architects and engineers and experts in aramid and composites all had to push the
boundaries of their fields. That's because the bathtub could only be made out of a
pioneering new composite material, with Teijin Aramid's Twaron para-aramid fiber
as the key ingredient. This is the story of how a multi-disciplinary team went from
that fiber, to the new facade.

The smooth white surface of the facade is made up of 271 panels of a pioneering
new composite material with Twaron® fiber as its key ingredient. The panels are
attached to the steel structure by 1,100 aluminum brackets. Twaron, a synthetic
fiber, is extremely lightweight (27 kilograms per square meter, or less than half the
weight of a normal curtain wall), is five times as strong as steel, maintains its shape
and strength in varying weather conditions and does not melt in fire. Because the
composite with carbon fiber and Twaron can be molded, it permits the creation
of a smooth, seamless surface of virtually any area. Twaron is ordinarily used
for the hulls of motorboats and racing yachts, sailcloth, aerospace and industrial
components and sports equipment such as tennis rackets and hockey sticks. At the
Stedelijk, it is being used for the first time for a large-scale architectural facade.
Not easily discouraged, the architects looked around for advice from the
experts. They were eventually referred to the Dutch engineering firm, Solico,
which has extensive experience of designing lightweight and strong products
for the construction and aerospace industries. What's more, Solico has the
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necessary knowledge and insight into the behavioral properties of many
different materials, such as aluminum, glass and composites.

Solico was first asked to carry out a feasibility study to see whether there were
any materials that would make it possible to create the super flat, super smooth
finish the architects wanted. As well as minimal thermal expansion, Solico
also needed to test for rigidity — or, to put it the other way round, the potential
for the material to buckle or warp, particularly in windy weather. On such a
large, highgloss surface, any distortion would be immediately visible — ruining
the overall effect. Plus, the facade needed to withstand the potentially large
differences in temperature between the inside and the outside.

The architects had supplied Solico with a 3D digital model of the outermost
surface of the fagade. Isolating certain sections, Solico added in the
dimensions and properties of the different elements and materials, and
included static sections to indicate where the fagade would be fixed to its
supporting steel structure. Using data from the Dutch building codes on
wind loading and temperature ranges, Solico could then use this model to
simulate how particular composite materials would withstand the various
stresses and strains of high winds, high summer temperatures and freezing
winter frosts. To really make certain of the wind-loading data, Solico also
built a physical model of part of the fagcade — including static mounting
points — for testing in a wind tunnel. For the wind testing, Solico only
tolerated a deformation level of up to 3% of a panel's total dimensions. And
its tolerance for thermal expansion was even lower. Even on a hot summer's
day, the panels could only expand by 0.1% of their total length (the range
of temperatures that Solico predicted the facade would be exposed to
was from -25°C to +35°C). Glass and metal were out, due to their thermal

expansion properties. The only option was composites. And fiberglass — a
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reinforcing fiber often used in composite materials for the building industry —
was not suitable, as its thermal expansion was still too high. Solico's feasibility
study showed that the only composite to meet all of the requirements, at least
on paper, was a particular combination of carbon fiber and Twaron para-aramid
fiber. The basic principle is that whereas the resin expands as the temperature
rises, both Twaron and Tenax fibers, due to their negative longitudinal thermal
expansion coefficient, contract. The result is a composite with a minimal
thermal expansion. Teijin Aramid’s fiber research institute measured the thermal
expansion on actual samples of the proposed construction. The laboratory
experiments were in line with the calculations made by Solico and confirmed
that the Twaron and Tenax reinforced composite identified by Solico could
indeed turn the architect's vision into reality.

With feasibility established, the next challenge was to work out how to actually
produce the 185 enormous composite panels that would be needed to make the
fagade itself. Solico knew just the right company to produce these panels: Holland
Composites, based in Lelystad (Netherlands), started out as yacht builders, and is
now a pioneer of the use of composites in the architectural sector.

The first step was to find out whether the sandwich construction would perform
as well in real life as it had in Solico's feasibility study. So Holland Composites
constructed a prototype — a set of 6 panels, bound together, sanded and coated
just as if they formed an actual part of the fagade. Using this test panel, Holland
Composites and Solico were able to confirm that the Twaron-reinforced composite
would not expand by more than a couple of centimeters over a 100m surface. That
was exactly the minimal degree of thermal expansion that would give the composite
material the green light: Holland Composites could begin construction.

Although the largest panel would be 15 meters high and 3.5 meters wide, it wasn't
their size that caused the biggest challenge. It was the fact that they had to be
perfectly flat.

Composites can be molded in virtually any shape. And curves are easy, because
humans can't spot small differences in angle or direction in a curved surface.
However, we are very good at detecting the slightest deviation in a flat surface
— especially when the surface is glossy. So Holland Composites had to design a
huge table — larger than the largest 15m by 3.5m panel — that they could use it as
the base for injection molding the laminates for the composite panels. Once this
remarkable table was constructed and in place at their factory in Lelystad, Holland
Composites could start the actual panel production. The panels are produced by a
well-known composites production technique called “vacuum injection molding”. In
this process, the first step is to lay down theunidirectional fabrics of Twaron para-
aramid and Tenax carbon fiber on top of a film on the surface of the giant table.
Next, the PIR foam is put in place, and the sandwich is completed with set of layers
of Twaron and Tenax fabrics. Plastic film is wrapped around the sandwich to make
the mold completely air-tight. A vacuum is applied and tubes leading to vats of
vinylester resin are attached.

Once the valves in the tubes are opened, the vacuum pulls the resin out of
the vat and into each and every nook and cranny inside the mold. After the
resin has hardened, the impregnated fabrics and foam are transformed into
a tough, durable sandwich construction with one perfectly flat surface.

Early one wintry morning, while the rest of Holland was still sleeping, a
convoy of trucks left the workshops of Holland Composites to make the two-
hour journey to the Dutch capital. Their load: 185 composite panels made
with expertise and precision. The Stedelijk Museum is right in the heart of
Amsterdam, so to avoid bringing the city to a halt, Amsterdam traffic regulations
only allowed a small window of opportunity for such big deliveries — everything
had to be unloaded by 6.30 a.m.! The panels were unloaded into a pretty
unique building site. For one thing, it was clean, uncluttered, and sealed off
from traffic fumes and whatever the Dutch winter weather could throw at it. The
site was even heated, and had air extractors to ensure that it was virtually dust-
free. Why? Once the panels were in place, they needed to be sanded, bound
together and finally coated with a slick layer of glossy white paint. And that
super-smooth surface would be impossible to achieve with dust and rain settling
between the panels or on the wet paint. But first, the architect’'s ambition of a
super-flat fagade depended on how the panels were actually mounted. Each
one had to be fixed to the steel skeleton with extreme precision. If just one
was only a single millimeter too far forward — or too far back — it would distort
the shape of the entire 100mlong fagade. And with 185 panels to mount,
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there were nearly 1,800 mounting points that needed to be positioned
with sub-millimeter accuracy. The construction company that had built the

steel structure had done an excellent job. They had guaranteed accuracy
to within 3mm. But that wasn’tgood enough. In order to solve this dilemma,
Holland Composites first needed to know exactly which mounting points were
out of alignment. A company specializing in precision assessment was brought
on board. It used lasers to draw up a map of the exact position of each of the
mounting points — which revealed which ones needed to be adjusted, and by
how much. The next step was to “move” the mounting points either forward or
backward. To do this, Holland Composites had designed six plastic caps that
could fit over the mounting points already welded to the steel structure. The
six caps were shaped so that they could effectively shift the position of the
mounting block underneath by either one, two, or three millimeters, in either
direction. Next, a team of construction workers scaled the steel skeleton,
each equipped with a bag of plastic caps and a map of the mounting blocks’
locations, and started putting the caps in place. Only now could Holland
Composites begin actually mounting the panels. But in order to protect their
outer surfaces, the panels had to be handled with extreme care. So the team
commissioned a unique attachment for a forklift, which could carefully lift each
panel using vacuum clamps — just as if it was a pane of glass.

The panels had up to 15 hooks each fixed to its inner surface. And all of
those hooks needed to be placed over the plastic-capped mounting points
at exactly the same instant. The only solution was to use a remote control
to twist and tilt the panel until it was in the exact position, before gently
lowering it into place. The use of this high-precision technique was a first
for the building industry. After the panels had been mounted, they needed to

be bonded into one single surface. Holland Composites had designed the
panels so that the outermost layer — a Twaron-reinforced resin composite
laminate — was just a few inches narrower than the layers beneath. So
when the panels were placed directly next to each other, there was a
2-inch gap between the outer skins of each panel. Holland Composites
then glued a strip of the aramid-reinforced laminate into this gap, directly
onto the exposed PIR foam beneath, and bonded it to the laminate skins
on either side. This “bonding laminate” formed a strengthening bridge
between the panels, ensuring the entire fagade behaved as a single unit.
The fagade was almost complete. All it needed was a coat of paint. And
the white glossy finish that the architects dreamed up was identical to
the gleaming hull of a luxury yacht — so it was time to call in the master
yacht painters. After plastering and sanding the facade, they were ready
to begin. It's almost impossible to stop and start the painting process
without leaving a visible stripe. So the entire 100m-by-15m facade had
to be painted in one go. Luckily, the new extension is about the same
size as a giant yacht, so the painters knew exactly how to go about it. At
one end of the fagade, they installed paint sprayers at three levels — one
above the other — raising them off the ground on unique high workers.
These “platforms on wheels” then drove carefully along, in perfect synch
with each other, with their onboard sprayers coating the fagade as they
went along.

At last, the fagade is finished. Its smooth, seamless, shining white surface
forms a striking contrast to the existing neo-renaissance building, with
its densely decorated red and gold bricks. The new facade is the largest
synthetic structure anywhere in the worId.m
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