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Abstract

The climate crisis will be the main driver of social pressure in the next twenty
years. Large-scale urban coal tarred areas contribute immensely to the heat island
effect and to excessive carbon emissions. One of the strategies that can guarantee
results, in short term, is introducing energy generating galleries that can transform
urban districts into power generators. Urban centres have a great capacity to be
converted into beneficial galleries that can generate electricity using renewable
sources and house within them a micro-climatic atmosphere that encourages urban
agriculture.

The present study provides possible solutions and applications of this approach
through parametric model design and its simulated computer sided analysis in
order to produce results for power generation (energy- plus), and overall benefits of
comfort of proposing Power Plant Greenhouse Solar Galleries.

The Energy Gallery project aims at identifying the potential of a new strategic
design for energy generation at a urban scale. By strategically locating energy-
generating/ reducing systems like modular pavilions, green houses, winter gardens,
or public facilities in the city's open spaces, we could reduce dioxide emissions by
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lowering the energy consumption due to public events and activities that are held
inside. This would in turn increase energy generated by renewable sources and
local food production, and at the same time ensure higher standards of comfort
both inside and outside the pavilion.

From the structural point of view, the pavilion is essentially made by a series of
portals composed by TVT truss beam elements (Trave Vitrea Tensegrity -
Tensegrity Glass Beam), designed and patented by M.Froli who leaded a research
project at the University of Pisa aimed at the development of large spanned yet
ductile glass beams.

The original idea of the TVT constructional system consists in dry assembling
laminated glass panels held together just by prestressed steel rods, according to the
principle of Tensile Integrity [1],[2].

The entire project could be made thanks to a co-funding of the Tuscany Region [3]
to let little or mean Tuscan manufacturers access to high tech projects and is
presently owned by Roberglass Ltd.

Keywords: Solar Gallery, parametric-simulation analysis, power plant-
greenhouses, photovoltaic panels, glass structures, tensile integrity.

1 Introduction

The pilot project was aimed at designing and producing an energy envelope with
high architectural value oriented towards environmental (passive features, power
generation, recyclable materials), social (multipurpose, collective facility) and
economic (standardization, modularity and scalability of the architecture)
sustainability.

The project idea was to design a modular tunnel made entirely of glass held by

steel connections, having a predominantly linear configuration due to the

concatenation of pre-stressed glass-steel portals made with the TVT constructional
system.

The architectural design of the tunnel has been developed by pursuing the

following mentioned target:

o standardization, modularity and scalability offering economic feasibility;

e possibility of realizing the gallery in different climate zones and urban
locations;

e optimizing energy efficient performance of the complex by reducing
consumption and by generating onsite using renewable sources, i.e. using high
efficiency photovoltaic panels integrated within the glass layers;

e optimization of bioclimatic conditions;

o functionality;

e recyclability of materials;

Therefore the infrastructure combines its multiple advantages, based on renewable

energy generation such as solar installations, the liability of the enclosure that
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interacts with the environment in which it is placed and the unique site location
characteristics such as direction and intensity of the winds (speed and temperature)
and sun exposure (average annual radiation).

The project highlights the importance of the relationship between architectural
form and energy efficiency, as the main driver of the future architecture, adaptable
to different climate contexts. The geometry is derived therefore from an iterative
evaluation process that takes into consideration the contexts of climate, comfort
and energy optimization.

The final output is an arrangement of three modules of variable distant glass
portals, covered and connected with different slopes.

2 Structural design.

2.1 Construction technology

The construction is based on the extension to a portal of the pre-stressed TVT beam
technology able to ensure tensile integrity even in full, long spanned glazed
structures. All the portals are single spanned: the lateral columns, as well as the
transversal beam, are made by means of the TVT syste where the upper (outer)
series of glass rectangular plates has been replicated also at the bottom (inner) side.
The variously inclined TVT elements are reciprocally connected by a special union
system made of adjustable steel bars. [Fig.1].

Figure 1. A typical TVT portal made by the assemblage of four TVT elements.

Figures 2a,b,c,d illustrate in detail the structural joint-system that allows the
composition of numerous architectural forms as per location and requirement.
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Figure 2. Transverse beam to column joint (a,b); foot joint (c,d).

The system meets all the requirements of a large glazed structural construction:
high transparency, modularity, optimization of materials, standardization, fail-safe
design and ductile nature. With a combination of glass elements with triangular
and rectangular components, pre-stressed through a system of steel bars, the glass
works essentially under compression and the steel exclusively under tension.

In terms of safety, the system satisfies the two principles of Fail - Safe Design i.e.

hierarchy in structural formwork and structural redundancy.

e Structural hierarchy is obtained by designing the glass structures and steel
elements so that the yield strength of steel always precedes the breaking of the
glass, in order to ensure the ductile behavior of the beam.

e Structural redundancy is obtained by replicating the resistant elements in such
a way that in case of accidental breaking of some members a sufficient residual
safety level of the construction is still assured or at least the collapse does not
occur before a specified time interval. Currently in use are the laminated glass
panels, made of two layers of heat-strengthened glass (HS) with a polymer
interlayer (PVB), which ensure a good post-critical bearing capacity in case of
breakage of one glass sheet.
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2.2 The envelope

The envelope is made by assembling steel rectangular frames parallel to the main
eaves line of each module, with a distance equal to two triangular panels of the
TVT beam (2400 mm). The glass so identified have dimensions of approximately
6000 mm x 2400 mm and are supported by frames-holding made with an RHS
120x60x6 tubular profile [Fig.3].
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Figure 3. Typical frame-holding.

Each glass holder frame is designed so that the beam has the same axis with the
alignment of the nodes of the TVT frame. The outer currents of the frames,
corresponding with the end of the panel, continue to overhang over the transom to
cover the space above the TVT frames.

At the intersection between two consecutive inclined strata a special cold-formed
profile is arranged, which includes the connection with longitudinal profiles and
stringers.

The glass holder frames are connected together in correspondence of the
longitudinal profiles through a telescopic coupling [Fig.4].

¢

Figure 4. Telescopic connection of two consecutive holding-frames.

-

The connecting element of the glass holding frame to the node of the TVT portal is
made with tubular square section, welded to the frame and hinged with a telescopic
joint on the node; this coupling is fitted with a slider device along the axis of the
node in order to be able to intercept the stump welded to the frame with a decent
assembly tolerance.

The device will be fitted with an articulation fixed to the nodes of the frames that
allow slight rotation in any direction, useful as assembly tolerances.
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The laminated glass panel is made with two sheets of 10 mm thick extra-clear
tempered glass and a 1.52 mm thick PVB interlayer. Each panel is glued to the
frame (is to be a type through the use) by means of high resistance and durability
silicone adhesive.

3 Energy analysis.

The Energy analysis has been conducted on the basis of climate data (local
microclimate), the average solar radiation throughout the year, the velocity (speed
+ direction) of prevailing winds, temperatures and atmospheric humidity.

The technology is designed to focus on the realization of a skin that works as a
passive cooling machine; its special structure allows an aerodynamic shape that is
obtained by successive refinements using software simulations. The software
considers the input climatic data for a specific geographic area and returns
parametric-geometric responses. This makes it possible to provide specific forms as
per varying architectural contexts and climatic location in which the built entity
would be located.

3.1 Designed orientation to solar radiation

The figure below shows how the polygonal faceted shape has been obtained within
an iterative procedure in which slope and orientation were changed at each step, in
order to maximize the number of faces correctly exposed towards the sun, and
therefore, the solar gains. [Fig.5].

Figure 5. Iterative orientation procedure towards solar radiation.

The external glass envelope is also a power generator, using integrated
photovoltaic cells and further a buffer cavity space for the realization of passive
environments, to achieve a total production to be sufficient for the consumption of
the gallery and feeding excess into the city-grid. The arrangement of photovoltaic
cells is designed to develop an adequate solar shielding, ensuring a quotient of
shading during the hottest hours of the summer season
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3.2 Optimization of the shape by fluid dynamics analysis.

The shape is modeled and designed according to numerical simulations using
parametric software (WinAir4) in order to obtain an aerodynamic structure that is
able to accommodate the cold prevailing winds. The pavilion is then shaped and
oriented as a function of this parameter, taking advantage of the winds sliding
above the glass skin so as to trigger the effect of "natural draft” when the
strategically located covering panels are open.

The fluid dynamic analysis of the shape (Computational Fluid Dynamic Analysis)
takes place through the mesh settings of the surfaces in question, which are
returned as vector values as per the chromatic behavior of the wind, with a
precision of 0.001m, which is representative of the glass envelope.

CFD Analysis results show that the aerodynamic shape favors the evolution of
prevailing winds in the local microclimate. There were no areas of excessive
turbulence or downdraft phenomena. [Fig.6].
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Figure 6. Distribution diagram of wind velocity in CFD analysis.

4 Conclusions

The energy generating green house is a good combination of sustainable and
temporary architecture, combining the advantages of energy generation with the
liabilities of the construction which interacts with the environment.

The idea of the pilot project is based on the importance of the relationship between
architectural form and energy efficiency.

The special geometry and the technological choices that characterize the design are
derived from an evaluation process that aims at the reduction of consumption of
energy through the casing and at the production of renewable energy.

The goal of the research is to create an installation that generates the optimal
indoor microclimate for carrying out various activities in relation to the climate and
controlled by the shape and plant components. The materials used for the
construction are 100% recyclable. The project also aims to ensure social
sustainability, setting up the structure as a multi-functional element
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Regarding the economic sustainability, besides the energy generation, the
standardization of the elements that make up the glass structure allows ease of
production and speed in the implementation and installation.

Figure 7. Final result.

5 References

[1] Froli, M.; Lani L. “Glass Tensegrity Trusses”, Structural Engineering International,
N°4, 2010.

[2] Froli M.; Mamone V. “A 12 meter long segmented, post-tensioned steel-glass beam
(TVT Gamma)”, Challenging Glass 4 & COST Action TU0905 Final Conference — Louter,
Bos & Belis (Eds.) ©2014 Taylor & Francis Group, London, ISBN 978-1-138-00164-0,
Febbr. 2014

[3] DECRETO 17 aprile 2013, n. 1641, certificato il 10 maggio 2013: PRSE 2012-2015
Linea d’intervento 1.1b - PAR FAS 2007-2013 ex Linea 1.1b Azione 3 e Reg.
CE(1083/2006 e 1828/2006) POR CREO FESR Linea d’intervento 1.3b - Aiuti alle PMI
per I’acquisizione di servizi qualificati - Approvazione graduatoria domande presentate al
31/12/2012.



