1. DEVELOPMENT OF CONSTRUCTION OF PAVILION; FROM CONCEPT TO REALIZATION [2200 words]

The competition design concept of MVRDV for the construction was still conceptual 

(see figure 1). It suggested no more than a stacking of construction systems that differed layer-wise.

After ABT was allotted the assignment in price competition with colleague bureaus, our task was to translate this concept into a building that could be constructed, in ample consultation with the architects. And, yes, the budget for the construction was 4.5 million Euro.

The construction concept from the architects was studies and discussed, after which the whole was translated in an initial draft (see figure 2) of 22 January 1998, as follows.

From the bottom, firm steel columns, arranged in the shape of the vaults as real points of support, clothed with firm mesh and reinforcement steel and consecutively made into a cave using a layer of pouring concrete. Curious to remark is that this principle has been reapplied in the final construction.

On these firm supports a strong and firm Vierendeel box with 3-dimensional effect.

A Vierendeel joist (named after the Belgian constructional engineer Vierendeel) is a piece of workmanship, but without diagonals. The strenght of this constructional layout mainly stems from the flexural strenght of the column bars on the lower and upper floor. By running the Vierendeel beams in two so-called mutually perpendicular directions and using the floor as a lower and upper edge, our 3D-4-part box is created.

One of the constructive discoveries of this yet experimental pavilion is the proper working of this principle. Using 3-dimensional computer calculations, we were able to prove the distributive and quite strong working of this 3D-4-part box. In this box the layer of greenhouses, the exhibition of Dutch agriculture and horticulture, was housed.

On top of the layer of greenhouses was the auditorium, the oyster. Here, the most obvious association was followed. Well-known from biology are the strong calcium exoskeletons of the diatoms

(see figure 3). It had to be possible to rebuild this beautiful skeleton shape in reinforced concrete.

On top of the oyster, the forest layer. For this, it was suggested to use an approximately 1.5 meters high mutually perpendicular grid of concrete beams. As such, the ground boxes for the trees were immediately mobilized as a construction.

The architect did not really want columns in the forest, just nature. This would pose a problem with the building part above the forest. This is why the “milk maid” principle was suggested. In the way Dutch milkmaids would transport two buckets of milk using a yoke on their shoulders, the building would be supported on a central point in the centre. In such a situation, stability is gained by tightening a firm cable in the four corners. In the same fashion, the oyster layer was also stabilized.

Balancing above the forest, the rain hall in which it truly rains; from the ceiling, water trickles down. A nice combination with rain is glass and this is why glass columns were suggested for this level. Earlier studies by ABT made these special construction elements possible (see figure 4). Especially at night, this will make a beautiful image.

On top of the rain hall, a firm steel box containing the roof pond. In this pond, the windmills that we could clasp tightly in this steel box doing this.

The water cycle as proposed by architects was realized as follows.

The large pond on the roof leaks in the sense that it really rains in the rain hall. The rain hall floor leaks as well, and by these means, the forest is supplied with water. Next, the water seeps over the oyster from which it falls into a swamp at ground floor where plants are cleaned and is pumped to roof level by the energy generated by the windmills.

Unfortunately, some parts did not find grace in the eyes of the client and mainly the exhibition devisers. Rain in a hall did not sound sympathetic to their ears.

Budgetary questions were carefully placed at some parts, including the “milkmaid.”

Those were ample reasons to work on a Pavilion that would not raise these objections.

The arguing point of the rain hall was solved by choosing for a rain curtain along the façade. The combination with the rooftop pond made it possible, in the architects’ words, to create an infinite horizon on the roof. The water falls over the edge, a mysterious moment where the building ends to a rooftop visitor. The water curtain was integrated with the construction by applying a so-called “mesh” truss along the edges. In this kind of truss, not only diagonals are present, but a number of small intersecting diagonals. As such, a fabric where the water curtain overflows would not be necessary, but the “mesh” diagonals would act as a fabric.

The water on the roof itself, a large weight in water, was collected in the most economical fashion for this purpose: a dish. This dish would only be loaded only on pull by the great weight of water. However, this means that the edges have to be very rigid and strongly supported. This is why it was convenient that a steel mesh truss was placed in the façade surface (and the rain curtain).

Another funny problem was how to create a bowl of water, starting with a square. A demand the architects made was that water had to be visible only on the roof. For a circular plan, this is no problem, but it is for a square one. The corners would contain little or no water.

Some thinking resulted in the proposal to place the water pressure load on a flat sheet in the computer. The distortion of the square sheet full of water was the starting point of the initial shape of the dish. Always full of water, with three meters of water at the deepest point!!!

A nice exchange of ideas was made over the intended VIP room on the roof.

The overall stability of this delicate construction raised numerous eyebrows from a constructional point of view. This is why it was suggested in a debate with the architects to create a floating or gliding island that would, analogous to the great stabilizing weights at the top of very high buildings such as CityCorp in New York, absorb movement and vibrations (see figure 5;

A + B + C + D + E).

Unfortunately, it turned out this was aimed too high for this building, so that the VIP room was integrated into the hanging dish as a fortification.

The “milkmaid” principle for the forest dominated too much with the central cone and a debate unwound: “How do I construct a forest?”

Using trees is the correct answer. The first column ever applied by man will have been nothing else but a tree trunk. Maybe the glyphs on the columns of the Greek temples are nothing more than a memory of the bark. Just like the triglyphs are echoes of the roof beams (see figure 6).

Besides, an intact tree trunk possesses good strength, not only has it faced many a storm during its long existence, the fact that the fibres are unaffected and intact works out positively as well. That is to say, if we compare this to a sawn plank or beam, a disruption of the coherence of the fibres will always result in the latter.

We decided to opt for the most primitive column: the tree trunk. Exploratory calculations showed that we had to choose 14 pieces of 12-metre trunks with an average diameter of 800mm to work safely. The choice was made for the Dutch type of wood, oak. Basically, the stability problems in this layer were solved by opting for placing the trees at an angle, so that horizontal forces could be dispersed by trestle working.

The next layer, the oyster, required more studies. The fine scales of the diatoms could not cope with the many entrances and passageways required for the many visitors and the many escape exits the modern fire department requires. Something different from a shell has to be suggested. At ABT, this problem was internally discussed at the meeting of advisory engineered. The possibility was aired to construct a push-and-pull ring system (see figure 8), analogous to the construction of a soccer stadium that we had advised (the Feyenoord Stadium in Rotterdam, see figure 7).

In this, the vertical force of the building weight is led to a horizontal ring through diagonals. This horizontally floating ring would be pushed aside by the force in the diagonal. However, by its spatial working the diagonal diametrically pushes the facing diagonal in the exact opposite direction. Through the horizontal forces passes through the ring, equilibrium exists, and the ring, the pushing ring, floats. The downward diagonals pass on the forces to the underlying construction. At the entry and exit point, a pressure ring is to ensure the placing fixation of the whole.

The reaction forces from the push and pull pressure ring system are on the previously described 3D Vierendeel system. This system rests on the concrete vaults that are now poured on a 1.5 meter heavily reinforced concrete, on hills of stabilized sand. This sand is removed after hardening of the concrete. The name of vaults is now abandoned in favour of the more poetic name, dunes.

This total was the result arrived at by the ending of the Provisional Design (see figure 8B = 24-02-1998).

All parts were calculated and dimensioned by ABT. An initial cost estimate could be drafted. This looked as follows:

Island and basin floor
1,700,000

Rain layer
700,000

Tree layer
1,200,000

Oyster layer
1,900,000

Greenhouse layer
500,000

Dunes
1,000,000

Foundation

350,000_____

Total
7,350,000

The budget for the construction, as that is the object of this, was only EUR4,700,000. Therefore, we had a problem and had to go back, mainly in ambition. The not completely satisfied customer suggested that we rationalize the construction’s specification. The architect was commissioned to give priority to the several construction systems.

However, the architect’s answer was surprising: let’s remove the most expensive element and replace this by a rational layer. This was the oyster. A pity, for it was this element that would have been very innovative from a constructional perspective.

It was in this fashion, although after much discussion, that the Definitive Design as shown in figure 9 = 13-05-1998 came into being.

And, miraculously, this design came close to the budget in terms of cost.

Broadly speaking, the following whole was proposed. The concrete dunes remained, poured on hills of stabilized sand. Over this, the concrete 3D Vierendeel grid would be.

The oyster layer was to be replaced by a replica of the layer underneath. It was later decided to execute this layer as a basement layer. On top of this, a new layer: the pot or root layer. At our surprise, the architects proposed this set-up on some fine day. The rationale behind it was that it there were trees on the third floor, the roots of these trees had to be on the second floor. They want to make this visible and therefore the Root pots came into being. We imagined those beautiful expressive elements as prefabricated concrete pots constructed at the building site. Using a crane, these could be placed on the greenhouse layer, forming the supporting construction of this root layer.

On the pots, the forest layer: a steel construction with channel plates. This was also determined by the desire to build the greenhouse layer to be removable from the top. The desire to build in a lasting fashion, with a view to the World Exhibition, was translated into the building of a firm foundation, up to the upper side of the greenhouse layer, and then building in a removable fashion so that this upper construction could be rebuilt in the Netherlands after the exhibition.

The remaining foundation can be used to build ten office floors on: the so-called Nachnutzung.

Time was of the essence, so that is was determined to start excavating for the basement and the foundation. At the same time, the structural work was finished specification-wise and contracted. Unfortunately, the lowest contract was not in accordance with the available budget.

More cuts had to be made, which would take two months. Luckily, the hole for the foundation had been dug. To conclude, the following draconian measures resulted: (see figure 10; February 1999):

· The beautiful steel hanging scale perished on the many expensive connections, although steel use was at a minimum. At the same time, the floating VIP island turned into a VIP house and a water depth of 3 meters was reduced to 30 centimetres. A steel beam grid with channel plates now formed the roof;

The trees were under heavy pressure. At this stage, the client took the courageous step to deliver those him, more on that follows later;

· the prefabricated pots were replaced by columns in the pot walls. At a later stage, the shapes of pots were created using stucco;

· the dune layer was replaced by slanting columns in the original plain of the concrete layer as main construction elements and a skin formed with pouring concrete as an aesthetic cover to these columns. 

