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We propose a space truss pavilion for IASS 2019 Manufacturing materials competition. It is made of
reinforced mortar, thanks to a 3D printing process developed in our lab that mixes mortar extrusion and
expanded polystyrene cutting. The extrusion process includes fiber reinforcement, allowing for tensile
strength and ductility for the structure.

Pavillon characteristics

The pavillon is a curved wall, standing on an overall surface of Im x 3m and with a 2.2 meters height.
The bars have a diameter of 2.5 cm and the total weight is of 180 kg.

Figure 1 : Pavillon proposal

Truss printing process

The printing process has been described in last IASS conference in Boston by R. Duballet [1]. It consists
in fabricating EPS blocks with a hot wire cutting process and then to progressively assemble them so they
can support the mortar extrusion. Once assembled the blocks also protect the curing mortar. The mortar
being printed on the blocks, it progressively acquire mechanical strength and become able to bear its own
weight as well as the additional matter above. Yet the blocks support the printing, reducing the need for
early age resistance for the mortar. On figure 2 are shown prototypes, the blocks alone one the left, and
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the truss inside on the right. Please note that this prototype has 5 cm bars, twice the considered diameter
for the pavillion.

Structural checking

A structural analysis was performed on Karamba 3D, in the same spirit as in [1], but this time taking
reinforcement into account. The load cases, outside of self weight, are an horizontal pressure and a static
horizontal point load to mimic an act of vandalism. The maximum tensile stresses in the structure does
not go over 13 MPa, and they are the critical failure to check, compressive stress failure and buckling are
away from the loading spectrum.
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Reinforcement strategy

Reinforcement is an open problem for concrete printing. Numerous questions need to be investigated to
properly identify how it should be managed depending on the shape, the stress analysis or the process. In
our proposal, we make a full use of the truss typology of our structure. Each bar will essentially work in
tie or compressive stress. Therefore, reinforcement should act in the bar direction, which is also the
printing direction. A recent study shows the potential of fibre alignment in fibre reinforced portland paste,
even with a small amount of (1%-3%) in high performance matrix [2] and the extrusion process is known
to align fibre. Preliminary application to additive manufacturing is promising [3]. Our team has developed
a process that can incorporate 1-5% long fibres in a UHPC premix. Resulting material tensile stress
strength in the printing direction is still to be tested, but should be much larger than 13 MPa. It is aimed to
be around 50 MPa. This process will be then used to manufacture the structure and insure the structural
integrity of our proposal.

Transport

Our proposal will not satisfy the transport rule for the competition for it will be made in our lab. We
understand that this rule reflects a design cleverness demand, to limit environmental impact of
transportation, a very important topic for the building industry. This manufacturing method is suited for
in situ application, and we feel it would satisfy the intention behind the rule, since in theory no
transportation would be necessary except for dry concrete. That is why we kindly ask the jury to allow us
to derogate from the transport rule only.
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