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Sander and Ney
cover two historic
buildings with
glazed roofs

The inspiration for the roof of the
Netherlands Maritime Museum:
an old navigation chart from the
museum’s collection.
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‘The polyester ribs are
extremely accurately
detailed, with the same
precision as for a car or
a plane’

Text David Keuning

Rendering of the Netherlands
Maritime Museum by Dok Architecten. The design for the courtyard
roof is by Ney & Partners.

Glass courtyard roofs

— Ellen Sander —

‘Curved roof glazing composed of
irregularly shaped quadrilaterals,
pentagons and hexagons. I think
it’s the first time a construction like
this has ever been built,’ says Kenny
Verbeeck of the Brussels construction
firm Ney & Partners. He is standing
on scaffolding in the inner courtyard
of the Netherlands Maritime Museum,
which is housed in a seventeenthcentury warehouse that is currently
being renovated by Dok Architecten.
The museum is scheduled to reopen
next summer, but for now the cold
winter wind still blows through the
rooms. ‘Most curved roof glazing is

composed of triangles, because they
have the mathematical characteristic
that a straight surface can always
be found that goes through all three
corners. This roof consists of apparently irregular surfaces with as many
as six or seven corners, so this is not
automatically the case.’
Laurent Ney received the commission for the roof covering after winning a competition, where the entrants
included the German roof-glazing
designer Jörg Schlaich. The Belgians
won with an unusually refined design:
they based the supporting structure of
the roof on the geometric pattern in

The inspiration for the roof of the
Ministry of Defence: brick windows
with stained glass on the front
façade of the ministry building,
a design by former government
architect Gijsbert Friedhoff.

Rendering of the Dutch Ministry of
Defence by Sander Architecten.

one of the historical navigation charts
in the museum’s collection. On the
chart there are 16 points in a circle,
some of which indicate important
ports. They are all interconnected,
which creates a complicated crisscross pattern of straight lines. Ney cut
out a square whose corners converge
with four of the 16 points. These four
points form the corners of the roof
covering.
‘We first drew the pattern in a flat
surface,’ says Verbeeck, ‘and afterwards we let the lines drop according
to the hanging chain principle, in the
same way that Gaudí applied it, for

example. This creates curves in which
uniaxial tension is present. The cover
could not be higher than the roofs of
the existing building, so the lowest
point was also defined immediately.
We then turned the whole thing over
and ended up with a construction in
which uniaxial compression is present.’
A slender construction was important, because the monuments committee would not allow the existing inner
courtyard to be affected. That meant
that columns could not be used to
support the construction which in turn
meant that the roof construction had
to be laid on top of the old »
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02 Secondary grid
Polyester composite with PIR foam
core, equipped with integrated
lighting
Anti-sun insulating glass with
screening, constructively glued on
composite element
Steel wire grid
Pluvia system
Continuous gutter system, EPDM
foil with Triflex coating on hard
high-quality insulating board with
slope to pluvia roof outlets, waterproof layer
01 Primary grid
Concrete construction
Integrated pluvia system

Roof covering structure
Prefabricated concrete column

View from above of the glass
roof at the Netherlands Maritime
Museum.

walls surrounding the courtyard. That
requires the lightest possible method
of building.
An extra complication was the fact
that the museum’s inner courtyard,
which is built on soft Amsterdam soil
and has sunk a little in the course of
the centuries, is not a perfect square.
‘The plan is actually a very slight
trapezium,’ says Verbeeck. ‘Over 34
m, there is a 30 cm slant. Not enough
to see with the naked eye, but too
much to ignore.’ So the design, which
consisted of four identical quarters in
an earlier stage, changed into an irregular square where no two lines are
precisely the same length. In addition,
the walls of the museum are not as
straight as a die; they undulate slightly.
That problem has been solved with 31
ridges under the edge beams, each of
which protrudes slightly differently. In

this way the covering rests precisely
on the centre of the thick walls at
every point.
Afterwards, the real arithmetic began. The halfway stage was a curved
construction, built up from approximately 1016 different polygons, not a
single one of which could be described
in a flat plane. To prevent the roof
covering from becoming exorbitantly
expensive, the whole construction had
to be translated into straight lines and
flat surfaces. But the big question was
exactly how to achieve this. To find the
answer, Ney called on the assistance
of British mathematician Chris Williams
from Bath University. ‘Together with
him, we searched for flat geometric
figures that come the closest to the
hanging chains.’
The computer file with the exact
geometric pattern then went to the

Bonding pocket in terrazzo floor,
brass strip

Drawing of the supporting structure of the roof at the Netherlands Maritime Museum in plan. Below the curved version according
to the hanging chain principle

building contractor, who constructed
the cupola in two halves in a hall. The
ribs are made of solid steel, only 40
mm wide. The height depends on the
forces they have to be able to bear.
Steel cylinders form the junctions.
‘The builder drew out the geometry on
the floor,’ according to Verbeeck, ‘and,
together with a surveyor, determined
the exact height of each cylinder.’
Afterwards he spread out the 868
junctions in the hall and welded the
1772 ribs in between. When he was
finished, the builder sawed both
halves into eight pieces in order to
transport the whole thing to the site.
There he hoisted them into position
and welded them together again.
Verbeeck walks over to a corner of
the scaffolding, where the aluminium
glass profiles have already been attached to the ribs. ‘Space has been

made in the profiles for wiring,’ he
says, ‘because every cylinder has a
built-in LED lamp on the underside
that can be individually adjusted. So a
night sky with stars can be imitated.’
Whether the roof glazing will really
look like a starry sky in the evenings
after delivery remains to be seen. But
the steel construction has an impressive gossamer structure, even if you
stand right under it.
Something entirely different is the
roof covering that Sander Architecten
is building at the moment for the inner
courtyards at the Dutch Ministry of
Defence in The Hague. This is not a
light steel construction, but concrete
columns and beams. Thick in comparison with the roofing in Amsterdam,
but the concrete has been dimensioned ultra-thinly. Round forms give it
an organic feel.

Exploded view of the roofing at the
Ministry of Defence.

View from above of the glass roof
at the Ministry of Defence.

That is exactly the image Ellen
Sander had in mind with the design.
‘We started with the image of camouflage netting,’ she says. In contrast to
the Netherlands Maritime Museum,
it was possible to position columns
at the ministry to support the roof.
Sander: ‘We haven’t positioned the
columns on a grid, they are more or
less randomly placed in the space.
They look just like trees with branches
now.’ Furthermore, the roof in The
Hague is not located at gutter height
on the existing building, but just under
the office windows on the first storey.
Sander is responsible for a renovation of the ministry, which consists of
an amalgam of buildings dating from
different periods. By making different
use of the basement and attic floors
and covering over the courtyards, an
efficiently operating complex should

be created that functions as a single
building. Of all the interventions, the
roofing is the most striking part. For
the materialization of the supporting
structure, she initially investigated
polyester composite, but that cannot
yet be applied as load-bearing under
Dutch law. In the end a choice was
made for concrete. Because none of
the four inner courtyards are exactly
rectangular, Sander positioned the
grid, with a gauge of 2.40 x 2.40 m, at
an angle of 45 degrees. That makes it
easier to realize the connections with
the existing walls. Because computer
renderings didn’t give a good impression of the exact seizes and shapes,
Sander started experimenting with
life-seize models: ‘A carpenter first
made one in MDF, covered with polystyrene. We had it hung up in a hall at
the correct height, to see what the »

210

MARK No 30

SERVICE AREA

Glass courtyard roofs

Case Study

Narrow seams in the concrete betray
where the formwork elements were
attached to each other. They will be
finished invisibly at a later stage.

The entire steel construction is in
position and the glazing beads have
been fitted. Steel grids cover the
new gutter.

Positioning of one of the 16 welded
steel constructions. On the right
can be seen how the new gutter
does not affect the existing gutter,
and how the edge beam of the roof
construction is laid on the central
line of the existing wall. Broad
openings above the new gutter
make natural ventilation of the
courtyard possible.

During the design phase, a polystyrene mock-up was hung up at the
intended height to study the effect.

The columns, including the rib springs, were prefabricated. The rest of the concrete grid was cast
in situ. Smit Plastics manufactured the precisely
dimensioned formwork elements.

‘We started with the image of camouflage netting’
— Ellen Sander —

impact would be. In turned out that
we had dimensioned the rods too
heavily. We optimized the structure in
close consultation with Jan Versteegen of engineering firm Pieters.
We then made a more serious fullsize model, which we had hung up at
the intended height in the courtyard.’
Once the definite form had been
determined, the builder made crossshaped formwork templates, which
were positioned at height on location
and then filled slowly, drop by drop,
with self-compacting liquid concrete.
Only the columns, including the four
curved rib springs, were prefabricated. The result is an exceptionally
smooth construction, which feels light
and heavy at the same time. In the
middle of each beam a narrow seam
betrays where the two formwork tem-

plates were attached to each other,
but these seams will be finished
invisibly at a later stage.
Square cupolas will be built on top
of the concrete construction. Smit
Plastics in Alkmaar has manufactured
cross-shaped ribs made of polyester
composite with a foam core. Four
triangular glass panels rest in them.
‘The polyester ribs are extremely accurately detailed,’ says Sander, ‘with
the same precision as for a car or a
plane. First we CNC-milled the components in the required form. These
moulds were sent to Smit, who made
plastic master templates from them.
Reinforcement and wiring for built-in
LED lighting have also been added
to the masters.’ Because the roof
covering lies horizontally, rainwater
drainage also had to be included in

the polyester profiles. ‘There is 1.7
km of guttering in the roof,’ according
to Sander.
Two cupolas are already in place
at the building site: a low one for the
edges and a higher one for in the
middle. ‘These have been used to
carry out drop testing,’ says Jeroen
Steenvoorden, who previously worked
at Sander Architecten, during a site
visit. ‘They have let sandbags fall onto
the cupolas from a height of a metre.
The testing showed that they can
withstand 4000 kilos. A single cupola
can support around four cars.’ The
round organic forms and the large
amount of concrete should evoke a
feeling of shelter and security. That
seems to be working extremely well,
while at the same time the construction is very refined. It’s a fitting

language of form at a Ministry of
Defence. But anyone attracted by the
endless lightness of the starry sky
will have to go to Amsterdam. «
www.ney.be
www.sanderarchitecten.com

Smit Plastics in Alkmaar has manufactured cross-shaped ribs made of
polyester composite with a foam core.

The cupolas are glazed with
triangular glass panels made by
Scheuten Glas in Hoorn.

211

