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Hydroassemblies is a research thesis that investigates the architectural potential
of a unit-based modular system that can recursively grow in space guided by
hydrodynamic principles in order to generate intricate tectonic assemblies,
integrating the roles of spatial articulator, water collector/distributor and plant
cultivation substrate to foster a symbiotic relation with the urban environment.
By implementing principles of circulatory systems in biology, the authors
developed a system that grows through recursive formation of loops and
articulates its tectonic via a continuous, interconnected branching network. The
founding process improves upon a combinatorial algorithm of discrete parts,
considering how iterative interactions at the local level have a feedback impact
on the growth process at the whole system scale. The paper explores how
features, spatial and perceptive qualities, affordances and opportunities emerge
at the global scale of the formation from the interplay of local behavioral
principles and environmental conditions. The provided implementation is a proof
of concept of the production of complex qualities by means of massive quantities
of simple elements and interactions.
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INTRODUCTION
Having its roots in mereological studies (part to
whole relationship) applied to architecture and combinatorial design experiments by Gilles Retsin and
Jose Sanchez, the project tries to move beyond the
static assemblage of discrete parts that follow an immutable set of rules, considering instead how local
interactions and intensive properties can have a feedback relationship with the growth process of the

whole system, interacting with its morphology during the aggregation. The aim is to investigate a process with combinatorial basis that, starting from a ﬁnite set of components, could generate a system that
grows by recursive loops formation, and articulates
its tectonic structured by an interconnected and continuous branching network. The network growth is
guided by an algorithm that simulates the behaviour
of ﬂuids in the circulatory systems of living beings,
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while the assemblage is constructed out of pipes,
in order to merge hydraulic and structural performances in a single element.

Wiscombe predicts that the impact of dense ﬂuids
in building design will soon peak for two main reasons: they have better thermal inertia and they are
branching into system applicaitons for illumination,
biofuel generation, cultivation and recycling/ﬁltration; to channel this impact into a design sensibility,
“it is useful to think of ﬂuids in terms of vascular systems, integrated networks characterised by bundling
and weaving, micro-capillary systems, and also secondary emergent eﬀects such as structural performance and heliotropism in plant stalks” (Wiscombe,
2010). The project tries to enhance and emphasize
this discourse towards a system for ﬂuid transportation and management with architectural potential.
For what concern the aﬀordance of the system, a network of pipes can be used for ﬂuid distribution and
also for the treatment of wastewater that is compatible with speciﬁc species of plants and and needs a
determined path length to chemically purify water
from industrial sites, dockyard or artiﬁcial basins. Water distribution networks in cities could emerge from
underground and could be implemented emphasizing design features of hydraulic systems (such as redundancy), extending their morphology and articulating them to create conditions to become devices
for the city, involving water, plants and users.
Computation is the link between diﬀerent phases of
the project that allows the construction of the algorithm performing the system growth. In this sense
it works as a bridge between the biological and the
technological sphere, managing the complex, nonlinear ﬂow of information from simulation to fabrication, as well as allowing the extraction and reproduction of processes and behaviors from the biological
world. In short, it enables the creation of processes
governed by relations that deﬁne the project itself.

BIOLOGICAL DISTRIBUTION SYSTEMS
The research takes as role-model biological circulatory systems, whose evolution has recently been
of interest in biological physics and computational
neuroscience. They can be represented as networks
governed by physiological laws (such as the ones
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Figure 1
Examples of the
conductivity
distributions:
tree-like network,
hierarchical
network with loops,
network with loops
and no hierarchical
organization ([1]
Bohn, S and
Magnasco, MO)
Figure 2
Loops as a result of
optimizing under
damage to links and
under a ﬂuctuating
load ([2] Katifori, E,
Szollosi, GJ and
Magnasco, MO)

Figure 3
Some unit tests and
scheme of the
growth process

formulated by Moore, Poiseuille and Bernoulli) and
metabolic principles and can be simulated to extract speciﬁc features. Bohn and Magnasco (2013)
simulations on diﬀerent kinds of organization and
topologies of leaf venation show that the cheapest
and most eﬃcient network is a simple branching tree
structure, which can be seen in the xylems of ancient
plant species.

This kind of network structure, while showing high
levels of distribution eﬃciency, performs poorly
when facing damages in circuitry or ﬂuctuation in
ﬂuid ﬂows, and in adaptability to the change of external conditions. This is the reason why the evolution
of biological distribution systems has developed hierarchically nested loops structures, not the most efﬁcient conﬁguration in terms of economy of means,
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Figure 4
Growth samples
changing initial
parameters (density
of neighbours,
impact of the vector
ﬁeld in terms of
directionality and
angles in medial
and marginal areas,
and ratio of
branching and
anastomosis (in
terms of distance
between points)

but one that allows more resilience in the network,
more eﬃcient water pressure distribution in the circuit and adaptability to ﬂow-rates variation (Figure 1).
In this context the process of anastomosis, the continuous reconnection of branched veins, plays a key
role in minimizing drops in water pressure and ensuring alternative paths for water and nutrients (Figure
2).
According to D’Arcy Thompson (1942) energy
loss depends on basically two main factors in distribution branches: path length and channel radius.
These factors are being evaluated every time in relation to the branching angle; while for similar radii
the dissipation is lower and the ﬂow tends to prefer
the shortest path, for remarkable diﬀerences in radius
the ﬂuid tries to stay as long as possible in the larger
vessel, changing direction later in the smaller branch.
For this reason channels near the midrib (the central
vein of the ramiﬁcation) tend to be more directional
with smaller angles, while in peripheral areas larger
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angles of ramiﬁcations can be found in order to avoid
energy losses. These metabolic mutations are inﬂuenced not only by transport eﬃciency but also by local condition of stress, environment and quantity of
light (heliotropism and gravitropism).
Branching system are usually modelled through
fractal system, assuming that sub-parts are structurally self-similar to the whole. Murray’s law (d3 =
d13 + d23 - which describes the cross section variation of branching pipes in ﬁbrous systems according
to the third power of their diameter), represents an
extremely useful physical principle in the description
of natural distribution networks, and it is as well helpful in the understanding of the variation of circulatory
networks from the ideal fractal structures when dealing with diameters and local constraints.

Figure 5
A full-grown
example for the
evaluation of its
architectural impact
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From a metabolic point of view, the 3/4 scaling law
elaborated by West, Brown and Enquist (1997), describes the essential traits of biological transport systems, from mammalian blood vessels to bronchial
ramiﬁcations to the vascular systems of the plants,
and it is based on the assumption that a network that
wants to supply nutrients the whole organism, must
be constituted by a space-ﬁlling recursive system of
branching patterns (sometimes fractal-type) in which
ﬁnal ramiﬁcations are of invariant dimensions. In the
described network, the energy needed for distributing substances should be minimized, that is to say
that the hydrodynamic resistance of the whole system must be minimized. The scale factor derives
from the interdependence of geometric and physical factors bond by those assumptions. Although this
law has recently been questioned, the discussion pertained the reliability of its results against real cases,
not its intrinsic coherence. The concern of this research is the ability of a system to create, through iterative branching, a tectonic guided by metabolic principles and that relies on intensive properties. One
that is capable of organizing itself in redundant and
integrated structures that work as systems, both distributive and structural, creating spatial potentialities
and vibrant heterogeneity by means of its morphology and articulation. The above concern is pursued
by setting up a system that operates through a series of coherent morphogenetic rules but without the
obligation to check against an existing example.

DIGITAL PROCESS
These behaviours and principles are implemented as
an algorithmic process, based on a voxel space that
iteratively grows and subdivides in smaller parts and
networks of lines intended as branches for ﬂuids distribution.
The process starts with the deﬁnition of a set of
units and their speciﬁc aggregation rules: each unit
is considered as a branching component and it is
modeled as a system of lines whose design parameters are related to their topology, varying the number of connections, branches and anastomosis, an-
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Figure 6
Vessels, tissues and
surfaces

Figure 7
Emerging patterns

Figure 8
The system is meant
to colonizes urban
leftover space,
infusing rich and
diversiﬁed qualities
and aﬀordances

DESIGN TOOLS - ROBOTICS - Volume 1 - eCAADe 35 | 667

gles between lines and paths length (Figure 3). The
growth algorithm performs a recursive aggregation
of units, inﬂuenced by a vector ﬁeld aﬀecting the
voxels’ growth direction and by endogenous unit-tounit rules: direction and number of connections between each cell/unit and its neighbours are evaluated, bringing new units towards areas with suitable
conditions and arranging them according to local circumstances. Units can align their main branch direction with the principal directions of the neighbours
or diﬀerentiating their orientation from the prevalent
one, thus creating a continuous path or forming locally closed reticular clusters.

The number of neighbours considered in the iteration can change to achieve more directionality or to
create clusters with heterogeneous behaviors. The
units, although initially identical, might lose some
branches or increase their resolution during the aggregation process, in order to increase the network
redundancy and change the global growing framework. During the aggregation, point densities and
free branches are evaluated, and units can grow increasing connections in certain areas or spread occupying unused portions of space. This behaviour
changes according to the local conditions, with
stronger alignment and smaller angles of branching
in ’medial zones’ (barycentric), in order to reduce load
losses, and greater angles in peripheral areas, to min-
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imize the time spent by the ﬂuid in smaller sections
where the friction is higher, as well as an increased
level of anastomosis, following the role model’s behaviour. Each unit can evaluate its neighbours’ behaviours (the quantity of neighbours analyzed depends on diﬀerent area and can be varied during the
unfolding of the algorithm) in terms of direction, already connected points as well as points of possible
connections. At each iteration, connection points between a voxel and its neighbours are counted, calculating the distance between the free points of the
aggregating unit and the points of potential connection: if the distances are small enough, another order
of local branches is created.
Diﬀerent densities of connection levels or load
circumstances can polarize the growth of the system or convey it to other portions of space, acting
as a feedback system for the growth (Figure 4). Several tests were made varying the units’ design and
aggregation rules, evaluating the properties of the
system during the aggregation in terms of increasing level of connectivity, redundancy, spatial articulation and complexity, avoiding inconsistencies (such
as self intersections) and aiming for heterogeneous
densities and distributions in order to elude congestion and allow pedestrian circulation and permeability. The resulting ramiﬁcations exhibit distributive
and structural qualities, developed following topological and hydrodynamic principles: during the formation of clusters, at a ﬁxed interval during the iterations, the density of the cells is diﬀerentiated according to stress patterns, changing again the resolution of the system. A second set of constraints
(anisotropic environmental conditions - temperature
and shadow patterns, site morphology and external
obstacles) interacts in the process: the growth acts
aware of ﬁeld conditions and preexisting entities.
The system is able to adapt to the environment and
read external condition to form heterogeneous structures that subdivide and polarize the urban space by
generating assemblies that can modify the microenvironment by emitting radiant heat or absorbing it
through the pipes. They also form heterogeneous

Figure 9
Close-up detail of
3D printed model
(scale 1:100)

Figure 10
Fabrication of
functional
prototype (scale
1:1)

shading patterns, due to the variety of growth shapes
and densities. The set of micro-macro spaces and the
related heterogeneous set of conditions created thus
aims to a symbiotic relation with the urban space. To
achieve those properties it is necessary to work with
a large numbers of elements as the qualities of a system emerge within the quantity of its constituting elements. By increasing the number of iterations and
the system resolution, the continuous ramiﬁcation
is enriched by an articulated spatial complexity and
heterogeneity of performances, developing topologically connected voids that form accesses and routes
through the system, but also enclaves, shelters and
courts. The spatial organization emerges from the
development of unit-based tectonics, and the whole
is characterised by a series of conditions were structure, mass, surface and ornament can’t be clearly separated but can be identiﬁed by a series of behaviours
(i.e. column-like and truss-like)(Figure 5).

ARCHITECTURE DEFINITION
A fundamental aspect of the process is to maximize
the architectural impact of the system that it is not
conceived to just transport water or treating it, but
to extend principles of natural network to extend the
features of water transport systems towards an extended set of aﬀordances. Redundancy is a strategy
grounded in abundance, in which every function is
provided by multiple elements of the system and every element provides multiple functions. Higher order of vessel in higher parts are increased in density to have transitions to sort of tissues able to collect rainwater (Figure 6), in order to and convey it to
storage systems to preserve and redistribute it based
on needs. Networks of diﬀused tissues collect ﬂuids
also in case of damage of parts of the system, since
the system of surfaces conducts water from higher
parts to lower ones, providing the recovery of ﬂuid
losses and trasporting it to storages, while the excess of paths for each target point make possible to
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ﬁnd alternative routes for the ﬂuid. The entire assemblage is based on a composite pipe with aluminium
core in a PVC glove and carbon ﬁber strata, similar
to Splinetex(tm) technology, already tested as pipes
with both hydraulic and structural properties, able to
branch with standard connections and to diﬀerentiate their diameter.
The diameter of pipes can be parametrically
managed, inﬂuenced by the climate conditions of
the site, rainfall, humidity and they are woven to create a lightweight system that can be formed and assembled, expanded in its paths or disassembled. A
functional prototype (representative of the geometry principles and distribution but not of the material)
was developed using industry grade CNC pipe bending methods (Figure 10).

CONCLUSION
Possible further developement of the project might
be addressed both in the aggregation process (for
instance developing feedback correlations with speciﬁc software for hydraulic simulations able to introduce further constraints) and fabrication phase (with
a tighter ﬁle-to-fabrication pipeline and feedback interaction with a more comprehensive robotic fabrication and assemblage process to increase automation). The outcomes of the process, not predicted at
the beginning but developed as results of a set of operations, show high levels of redundancy, and emergent properties, such as continuity, spatial articulation and heterogeneity, revealing interesting architectural properties.
A range of performances of the assembly tend
to be dynamic, including the thermal regulation
that can adapt to seasonal change managing the
ﬂows of water in the loops and diﬀerentiating timecycles between underground water storage and vessels through areas with more or less sun exposition
and shadows, creating a diﬀerence in temperature
among the water and the environment and strategies
of self-regulation, where the water management system is conceived as operating in relation to seasonal
and daily cyclical needs. The system is conceived as

670 | eCAADe 35 - DESIGN TOOLS - ROBOTICS - Volume 1

a speculative model that allows to inhabit structures
that are usually not inhabited in an artifact that aims
to remap in a less trivial way the natural/synthetic
threshold.
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