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Dear Guest,

Welcome to the 7th annual Engineered Skins symposium organised by the Glass and Fagade
Technology (gFT) Research Group at the University of Cambridge. This one-day event consists of
keynote talks by eminent speakers and presentations on the recent research undertaken within gFT.

This is a free invitation-only event, to which a select group of industrial and academic partners have
been invited.

We would like to thank British Glass, Dow Corning, Interpane, Seele and Tuchschmid for sponsoring
this event. We would also like to thank the numerous funding bodies and industrial partners who
are contributing to our research activities. These are acknowledged in the relevant project descrip-
tions in these proceedings.

We welcome feedback on the day’s events and on the individual research projects and we are
happy to provide further information if required. Please feel free to approach any member of our
group with questions. You may also complete the feedback / request-for-information form at the
back of the proceedings.

| hope you enjoy the day and that you find our research stimulating and useful.

o~~——"1.

Dr. Mauro Overend
Research Group Coordinator



The Glass and Facade Technology Research Group

www.gft.eng.cam.ac.uk

The Glass and Facade Technology (gFT) research group aims to address real-world challeng-
es and disseminate knowledge in the field of glass structures and facade engineering by un-
dertaking fundamental, application-driven and inter-disciplinary research.

The Glass and Facade Technology Research Group aims to provide solutions to real- world
challenges in the field of structural glass and facade engineering through fundamental and
application-driven research. The challenges range from reducing the energy use in build-
ings and achieving a higher level of environmental comfort, to improving the mechanical
performance of glass and of other novel materials used in facade, through to improving
the fagade design / construction processes.

The research group consists of a core group of researchers within the Department of Engi-
neering at the University of Cambridge. This is supported by a network of researchers in
other centres of excellence worldwide. Most of our projects are grant-aided or industry-
funded research and involve close collaboration with industrial partners such as glass pro-
ducers and processors, cladding manufacturers, facade contractors, consulting engineers
and architectural practices.

Dr. Mauro Overend

mo318@cam.ac.uk

Mauro is a senior lecturer in Building Engineering Design at the
Department of Engineering, University of Cambridge and he is Fellow
of Christ’ s College. Mauro is a chartered engineer with several years
of consulting engineering experience in the fields

of structural engineering and fagade engineering. He currently
leads the Glass & Facade. Technology Research Group at the University of Cambridge
which undertakes research on the structural and environmental performance of glass and
building envelope systems. Mauro has more than 60 peer-reviewed publications to his cred-
it and he serves on several national and international committees related to glass and fa-
cade engineering. In recognition of his research on glass and fagade engineering he was he
was awarded the 2011 Guthrie-Brown medal by the Institution of Structural Engineers and
the 2013 IABSE Prize by the International Association of Bridge and Structural Engineers.



http://www-g.eng.cam.ac.uk/gft/01_about_us/main_01d.html
http://www-g.eng.cam.ac.uk/gft/01_about_us/main_01c.html

Prof. David Cardwell Welcome address

David Cardwell is Professor of Superconducting Engineering and Co-Director of the
KACST-Cambridge Research Centre. He is also Head of the Engineering Department.
Under Prof. Cardwell's leadership the Bulk Superconductor research group at Cam-
bridge works on the processing and applications of bulk high temperature supercon-
ductors, which can be used to generate very high magnetic fields. He has authored
over 330 technical papers and patents. Professor Cardwell has been a Fellow of Fitz-
william College since 1993. He is actively involved in the recruitment of overseas un-
dergraduates for the sciences, particularly from the Far East.




Andreas Schiiler

EPFL

After studies of Physics at the Universities of Frei-
burg i.Br., Ann Arbor (Michigan USA) and Basel, Dr.
Andreas Schiiler started up a research group devoted
to nanotechnology for solar energy conversion at
Ecole Polytechnique Fédérale de Lausanne EPFL. Dr.
Schuler delivers lectures, and supervised PhD and
Master students at EPFL. His current research topics
include nanostructured coatings for selective solar
absorbers, thermochromic solar collectors, electro-
chromic glazing, and photovoltaic applications. Dr.
Schiler won the Solar Energy Journal Best Technical
Paper Award in 2007 and 2013.

Smart materials for energy-efficient glazed fagades

This presentation gives an overview on some of our recent developments in the field of energy-
efficient glazed facades.

Coloured solar glazing with high energetic transmission gives new possibilities for architectural inte-
gration of active solar energy systems (photovoltaic and thermal). The coloured reflection is pro-
duced by thin film multilayer interference, likewise avoiding useless absorption within the material
and maximizing the conversion efficiency of the solar panel. The architect can choose the colour of
the opaque part of the building facade in a wide range, while the energetic efficiency of the solar
panel is maintained at a high level.

So far, the solar heat gain coefficient of most windows installed today shows only a moderate angu-
lar dependence and thus only exhibits rather small variations between summer and winter. Novel
micro-structured glazing with a strong angle-selective energy transmission can be used to reduce
the energy consumption for both heating in winter and cooling in summer. By redirecting a part of
the incident solar radiation, an enhanced use of daylight will also be possible, allowing deeper pene-
tration of light into the depth of the room.

Innovative nanocomposite thin film materials might improve the properties of electrochromic smart
windows. Next generation switchable glazing shall exhibit faster optical switching, stronger contrast
between clear and colored state, improved homogeneity and energy efficiency of switching, as well
as superior durability.

Novel microwave-transparent low-e coatings for energy saving windows might considerably facili-
tate wireless communication (mobile phones, internet of things). Such coatings have been originally
developed for mobile communication in trains, and might also have a possible impact on the build-
ing sector.

Starting from the first idea, we have been accompanying these innovative technologies at every
stage of their maturity, and some are market-ready today.




Mark Hobbs

PCT

Mark Hobbs interest in lightweight materials and
marine structures originally lead him to a position at
Gurit where he worked as a structural engineer on a
wide range of FRP structures, initially mainly in the
marine market. During this time he achieved one of
his childhood dreams of working on an Americas Cup
acht, and following this he became increasingly in-
Ived in the use of advanced FRP in architectural
ctures, with responsibility for concept design and
ical approval for a number of world leading FRP

res.

ark joined Premier Composite Technologies
f Structural Engineering. He currently leads
1 structural engineers working on large
ed FRP structures, and enjoys continuing
allenges for these exciting materials.

FRP Building Envelopes: Challenges and Solutions

Use of advanced fibre reinforced polymer (FRP) to form building envelopes can bring a number of
benefits. Light weight efficient panels can be produced which allow large panel spans, reducing sec-
ondary structure and allowing rapid installation. Panels can provide multiple functions including ex-
ternal finish, forming the weathertight building envelope and incorporating insulation and services.
Moulded FRP panels open up the possibility of complex shapes. Pre-fabricated parts built off-site
reduces time on site and waste.

Although the use of advanced FRP is commonplace in other industries there are a number of chal-
lenges in the civil and architectural markets which have tended to limit the use of FRP. Many of
these can be overcome or mitigated by understanding the materials and using them appropriately.

This talk will demonstrate how challenges have been overcome on a number of recent projects
which have made extensive use of FRP as part of the building envelope, including large scale projects
such as the 607m tall Makkah Clock Tower which includes 60,000m? of FRP fagcade panels and the
Haramain High Speed Railway Station in Medinah which has a 26,400m? FRP roof, as well as smaller
projects including the Glass Lantern at the Apple Zorlu store in Turkey, which has a 100m? carbon

fibre roof supported on four panes of structural glass.




Chris Burgoyne

University of Cambridge

Chris Burgoyne graduated from St John's
College, Cambridge. After taking a Mas-
ter's degree at Imperial College and

working in industry he returned to Impe-
rial for a PhD. He was appointed to a Lectureship in the Con-
crete Structures section at Imperia, which led to a change of
emphasis towards the behaviour of prestressed concrete
structures. Since prestressing tendons are the most heavily
stressed of all structural elements, they were natural candi-
dates for the application of very high strength fibres. This has
led to long-term studies of the strength, creep and durability
properties of these fibres, as well as studies of their applica-
tion to concrete structures, bridges and offshore. He main-
tains a continuing interest in general prestressed structures
and also in the structural mechanics of bone. Chris was ap-
pointed Reader in Concrete Structures in 1999 and Professor
in 2015. He is a Fellow of the Institution of Structural Engi-
neers and a Member of the Institution of Civil Engineers.

Andrew Watts

Newtecnic

Andrew is a building engineer and an
architect who specialises in the engi-
neering design of facades and their in-

terface with structural and environmen-
tal design. Andrew leads Newtecnic, building engineers,
whose research from first principles allows the company to
generate its own technologies for the complete building en-
velope. Newtecnic's involvement from concept to fabrication,
including engineering design for structure, facades and the
internal environment. Andrew is a Fellow of the Institution of
Civil Engineers, and the Institution of Engineering Designers
and a member of the Royal Institute of British Architects. He
is the author of the Modern Construction Series of textbooks.

Complexity in Facades

Contemporary building envelopes generally consist of multi-layer systems, where each layer addresses a spe-
cific performance aspect such as structural integrity, thermal performance and architectural finish. This ap-
proach can lead to an inefficient use of materials, particularly in buildings with complex geometry. This trend
of spiralling complexity was raised by Prof Chris Burgoyne in last year’s Engineered Skins Symposium. This
year Andrew Watts (Newtecnic) explains how emerging technologies are developed and deployed to produce
a new integrated and efficient building envelop for buildings with complex geometry.

The technical performance of facades for public buildings comprises a mix of requirements with different aims.
The control of daylight, sunlight, thermal transmission, structural design and weather tightness can lead to a
complex set of facade assemblies in the facade design. This mix of requirements can result in the facade being
designed as a series of layers, where each layer performs a specific sub-set of functions within the complete
facade assembly. Alternatively, the different performance requirements can be partially combined within a
facade build-up of reduced thickness in a monolithic construction.

The concept of the layered facade and the monolithic facade can be accommodated with supporting structure
that avoids duplication of primary and secondary structure. For layered facades, the separation of inner and
outer facade layers does not necessarily require secondary structure to support the outer skin. If the sup-
porting wall follows the geometry of the outer facade panels, and the facade panels can be made to suit a
supporting structure, then a single structural layer can be used where two layers would previously have been
required. For monolithic facade assemblies, facade panels can fit around primary structure without the need
to be positioned independently of that structure.

For current technologies, assemblies for facades are typically separated in a ‘loose-fit’ arrangement. The
weather-tight layers, the supporting structure and the environmental control, such as solar shading, are posi-
tioned in separate layers.

In emerging technologies, elements are combined to improve efficiency by reducing the number and weight of
components, with the aim of reducing cost. New priorities of combined primitives of assembly generate new
technologies. Newtecnic generates its own emerging technology. This presentation will show five projects
where technology for the facades is developed by Newtecnic: a museum in Istanbul, a theatre de Rabat, a
metro station in Riyadh, a retail mall in Riyadh and a TV tower in Istanbul. In each project, a brief presentation
will show how the development of each facade technology is driven by specific design objectives rather than
the application of pre-determined technology.







Fabio Favoino

ff279@cam.ac.uk

Fabio Favoino joined the gFT research group in
January 2013. He graduated (BSc and MSc) in
Building Engineering at the Technical University
of Torino, Italy in 2010, that included a 6
months student exchange period at TU Delft.
After then he joined the TEBE research group,
at the Energy Department of Technical Univer-
sity of Torino as a research assistant, working
on the experimental evaluation of energy per-
formance of dynamic building envelopes. His
PhD project is about the energy and comfort
performance prediction of adaptive building
envelope systems. He is co-author and active
member of the Cost Action TU1403—Adaptive
Facade Network. His research is supervised by
Dr Mauro Overend and is funded by EPSRC and
Wintech Ltd.

Simulation of adaptive facades: adaptive insulation for office buildings

Fabio Favoino's research focuses on the environmental performance of building integrated adaptive
facades. During his PhD he developed an innovative computational tool to simulating the perfor-
mance of adaptive facades. In this presentation the overall framework of his research work is out-
lined, in order to present his latest case study, about the design and control optimisation of adaptive
insulation systems.

The increasing insulation levels imposed by building regulations result in heating energy savings, but
tend to increase cooling energy use and/or reduce thermal comfort. Adaptive insulation could pro-
vide an opportunity to reduce building energy use while improving the environmental quality, but
there is a lack of information about its performance when integrated into the building envelope. This
case study aims to evaluate and optimise the performance of different adaptive insulation configura-
tions for office buildings in a temperate climate. Alternative adaptive insulation configurations and
control strategies for opaque walls are evaluated by means of building performance simulation. An
innovative optimisation/simulation strategy is adopted to optimise design and control aspects. The
results are evaluated in terms of primary energy saving potential and global thermal comfort.

The study shows that if properly designed and controlled, adaptive insulation, has significant potential
in decreasing energy use in buildings while simultaneously improving global thermal comfort. When
optimally controlled the adaptive insulation can achieve up to nearly 50% energy saving and thermal
comfort improvement compared to its static reference solution. Significant improvements could be
achieved with technologies that are readily available.

Funded by:

EPSRC

Engineering and Physical Sciences
Research Council

WINTECH

02

= = — 5.000
L] High performance insulation| 60%
° Materials (VIP =0.008 W/mK) b)
¢ o ™
028 ° = 1000 10 50% "B
Insulation materials (EPS & = 0.03 W/mK) = ©2MPC ™
g g é s g 40% | O3MPC ne &
72 6 =
3 0w s o oer £ = 309 A4 MPC ¢
< ° %
? = N 3 X 5 MPC
=
1,000 3 0.028 20 S 20% +7MPC
3 206 Jow 83
‘ !‘lon-insulaling construction materials = O 8 MPC A
0 (8lass 1= 1 W/mK, concrete 1= 08 W/mK, steel .= 15+30W/mK)| 5o 10% a A A
Vargaetal Bensonetal Bergeetal Bergeetal Kimberetal Pflugetal  Wuetal
(2002) (1994) (2015) (2015) (2014) (2015) (2014) 0% - og@
’ Adaptive insulation technology O:)
n -10% 963 yow_DXT
e
{l - 20% S o W
U — -10% 0% 10% 20% 30% 40% 50%
2 L4 Rl ¢ ror (%]

1. Typologies and insulation ranges of adaptive

insulation technologies

2. Total energy savings and improved thermal comfort vs reference

static insulation, for different adaptive insulation technologies.



Hanxiao Cui

hc426@cam.ac.uk

Hanxiao joined the gFT group in 2014 and earned
an MPhil in Engineering in 2015. Before coming
to Cambridge, he graduated from the University
of Nottingham with a first-class degree in Archi-
tectural Environment Engineering. Currently, he
is pursuing his PhD under the supervision of Dr
Overend and working on adaptive facade tech-
nologies with a broad interest in architectural
technology and computation. In his spare time,
he is an avid tennis player and cyclist.

upported By:

Adaptive facades in the built environment

Adaptation is one of the widest spread phenomena in natural world. It had been first observed in bio-
logical systems as a responsive behaviour that makes an organism better suited to a changing envi-
ronment, and later was applied for the design of mechanical control systems in order to mitigate the
risks associated with uncertainties.

The research on adaptive facade is motivated by two facts. First, facades are operated in an environ-
ment with substantial uncertainty, such as weather conditions and occupant behaviour, leading to a
performance gap between expectation and actual operation. Second, the design lifetime of a building
facade is considerably longer than the time scale of technological improvements, resulting in risks of
technological obsolescence.

Adaptiveness is recognised as a critical ability to improve facade performance in an uncertain and
constantly changing environment. However, the challenges on the research of adaptive facades are
threefold: 1) the lack of concrete definition on the concept of adaptiveness, 2) the evaluation meth-
ods to compare the performance of an adaptive facade system in an uncertain environment, and 3) a
systematic review a variety of existing adaptive facade technologies.

To define adaptiveness in the built environment, | reviewed the research on adaptation in biology,
system design and control theory and summarised two defining attributes of adaptiveness: respon-
siveness and purposefulness. This working definition will be the first step to understand the logical
principles of adaptation and eventually develop a functional adaptive facade in the future.




Mark Allen

mcadl@cam.ac.uk

After graduating from Durham University in
Civil Engineering, Mark worked for the High
Speed 2 rail project as a Route Engineer for 1
year before joining the Future Infrastructure
and Built Environment CDT in the University of
Cambridge. His research interests lie in sustain-
able buildings (shipping containers and soil
based construction) and more recently, nature
as an inspiration for novel and adaptive building
design and control systems.

Bio-inspired strategies for energy efficient facades.

For many years, both engineers and architects have been fascinated by the prospect of learning from
nature and emulating it in their designs. But, how successfully do "buildings inspired by nature" actu-
ally mimic nature? How successfully do they combine functional properties with aesthetic expres-
sions? And, how do they holistically address human-building interaction?

The presentation will begin by examining some buildings inspired by nature and discuss their achieve-
ments and the lessons that can be learnt. The ultimate goal: create a catalogue of mechanisms found
in nature for the control of lighting, temperature and ventilation. Some of the most intriguing ones,
potentially applicable to the facades of the future, will be revealed.

LTS Lo T TS

To close, a model of one
of the most promising
mechanisms, a species of
termite mound that main-
tain a constant tempera-
ture within their nest will
be presented. For this
novel mechanism, ventila-
tion is driven by diurnal
flow fluctuations and ex-
change of gases through

porous walls is used. |
1

E)

Overall | hope this talk
inspires you to look for
the answers in nature
next time you face an en-
gineering problem.
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1. The Eastgate Centre in Zimbabwe is seen as a biomimicry icon, inspired by local termite mounds . 2. One Ocean in
South Korea uses moveable lamellas to control air flow in the building, inspired by the gills of fish.
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Carlos Pascual Agullé

cp570@cam.ac.uk

Dr Carlos Pascual Agullé joined the
' gFT group in April 2015 as postdoc-
L toral Research Associate. He is
leading the EPSRC-funded research
on multifunctional FRP-Glass composite panels that have
the potential to meet architectural, building physics and
structural performance requirements in facade applica-
tions. He joins gFT from EPFL where he completed his
PhD thesis on translucent load-bearing GFRP envelopes
for daylighting and solar cell integration. Prior to this
Carlos graduated in Civil Engineering at Valéncia in 2008
and worked as structural engineer in the design of GFRP
structures for building & bridge construction.

EPSRC

Engineering and Physical Sciences
Research Council

Funded By:

Alessandra Luna Navarro

al786@cam.ac.uk

~§ Alessandra graduated in 2013 in
Building Engineering and Architecture
from La Sapienza University of Rome
as best of class. After she gained
chartered status as a civil engineer
and worked for two years in Industry. At present, she is
concluding her MPhil in Energy technologies at the De-
partment of Engineering in Cambridge with a disserta-
tion on energy performance in GFRP-glass fagades. She
will start her PhD at Cambridge in October 2016.

¥

GFRP-glass sandwich panels: structural and thermal analyses

During the last decade several researches have demonstrated the feasibility of adhesively-bonded
GFRP-glass sandwich panels for facade applications, by means of physical experiments. This sandwich
configuration (Fig. 1a) has important benefits compared to traditional facades: it provides a thin,
structurally stiff and thermally performant building envelopes with low embodied energy. However
no analytical tools exist to-date for the structural design of this type of sandwich panels. Similarly, no
detailed investigation of the thermal performance of these panels has been performed.

Current research in the gFT research group has produced new analytical models for predicting deflec-
tions, strains and stresses in adhesively bonded sandwich panels with thick glass face sheets, a shear-
flexible FRP core and adhesive layers. The models have been validated numerically and shows good
agreement with experimental results obtained in short-span sandwich beams. The structural adhesive

E] Section AA’
E 1.25e-01
| = 1 A.

employed for the connection allowed for a
high degree of shear transfer resulting in
composite actions between face sheets and
core of around 90%. A numerical model
based on Computational Fluid Dynamic
(CFD) has been developed in order to evalu-
ate the convection, conductive and radiative
heat transfer through the sandwich system
(Fig. 1b) and the results have been validated
by experiments performed in a hot-box (Fig.
1c). In the frame region of the GFRP-glass
systems, modelled U-values were approxi-
mately 50% lower than in equivalent alumin-
ium-glass systems showing the potential of
GFRP to reduce thermal bridges. A Building
Energy Simulation (BES) has been also com-
pleted in order to assess the energy savings
for thermal comfort achievable by using this
novel technology instead of traditional glass
facades.

34.7

20°C

= ==
\ .

50°C

Figure 1: (a) Adhesively-bonded GFRP-glass specimen; (b) numerical modelling of the thermal behaviour of GFRP-glass

sandwich panel and; (c) thermal experiment of GFRP-glass sandwich panel in hot-box.
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Isabelle Paparo

idjp2@cam.ac.uk

Isabelle-Denise Paparo joined the gFT research
group in January 2015 after graduating (B.Sc.
and M.Sc.) in Civil Engineering from RWTH Uni-
versity Aachen; including a 6-months exchange
period at Technion, Haifa. Her PhD project fo-
cuses on the application and structural perfor-
mance of freeform FRP building envelopes and
is supervised by Dr Overend. Her research is
funded by EPSRC and the Friedrich Ebert Foun-
dation.

Funded By:

EPSRC

Engineering and Physical Sciences
Research Council

e

FRP-Based High-Performance Building Envelopes

Geometrically complex building envelopes are typical in contemporary architecture but conventional
design approaches involve complex build-ups which often become problematic and costly. Sandwich
panels consisting of Fibre-reinforced Polymers (FRP) facings bonded to lightweight cores have suc-
cessfully been used in other industries and can potentially provide an integrated, structurally and
thermally efficient solution for complex building envelopes. The design of the few FRP building enve-
lopes to-date tends to be bespoke and involves costly and time-consuming prototype testing. This
research aims to extend the limited knowledge on the long-term performance of FRP sandwich panels
under realistic building envelope conditions which is essential for establishing a reliable design meth-
od that would ultimately enable a widespread use of FRP sandwich panels in buildings.

The driving design parameter of sandwich structures is their stiffness, as deflection criteria often gov-
ern their design. The mechanical performance of sandwich structures relies on the perfect bond be-
tween face sheets and core. It is therefore essential to assess the short and long-term bond-line be-
haviour at the face sheets - core interface. To do so the mechanical properties of GFRP sandwich pan-
els are evaluated prior and after the artificial ageing in order to determine its structural performance.
The artificial ageing is representative of real-world conditions and consists of freeze-thaw cycles; the
degradation of the sandwich panels will be evaluated after 1 and 2 months of ageing. In addition to
the temperature loading, the specimen is subjected to a constant load (15% or 35% of Ppaxfail).- This
loading aims to represent real world applications such as cladding and should favour the creep defor-
mation of the = L

foam core. The <N
testing program
assesses the in-
fluence of the
humidity within
the sandwich
panel on its
structural perfor-
mance, when
subjected to
freeze-thaw cy-
cles.

1. GFRP —Sandwich panel. 2. Artificial ageing box for freeze-thaw cycles.



Marco Dona

md709@cam.ac.uk

Dr Marco Dona is a post-doctoral Research Asso-
ciate in the Glass & Fagade Technology (gFT) Re-
search Group since June 2015. His current re-
search focuses on the development of novel con-
nection systems and corresponding design meth-
ods for geometrically complex building enve-
lopes. He completed a masters degree in Struc-
tural Engineering at the University of Padova,
obtained a PhD in Structural Engineering at
Loughborough University on “Static and dynamic
analysis of multi-cracked beams with local and
non-local elasticity”, and worked as research as-
sociate on experimental validation of non-local
eories for wave propagation in heterogeneous
aterials.

facade design + engineering +

Fatigue analysis of a GRC to metal anchorage under wind load excitation

Since its discovery almost 60 years ago, Glass Reinforced Concrete (GRC) has seen a growing number
of applications in the construction industry. One of its main uses is for cladding elements in facades,
where the durability and strength of GRC allow the construction of relatively thin panels that do not
require additional reinforcing bars. GRC also has the great advantage to be manufactured in any
shape, and is therefore particularly appealing for free-form building envelopes.

As facade elements, GRC is subjected to transient applied loads. Wind load, seismic load and thermal
expansion fluctuate over the service life of the facade. Some of the typical load scenario are alter-
nating or pulsating tension loads as well as reversing bending moments. Indeed, one of the critical
aspects in the design of a GRC facade is the connection of the panels to the supporting structure. It is
at these fasteners locations that stress concentrations are generated, thereby increasing the risk of
failures. These stress concentrations that fluctuate over the service-life raise the need for a fatigue-
based design approach.

In this presentation a fatigue
test plan will be presented
and discussed based on a
real case study of an anchor-
age connector for GRC pan-
els. The link between the
random nature of the wind
load and the definition of the
corresponding stress levels
and number of cycles for the
fatigue test will be discussed,
as well as the number of
sample required to produce
statistically significant design
values.

1. X-ray view of the building. 2. External 3D view of typical bay. 3. Assembled 3D view of typical bay.
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Jacopo Montali

jm2026@cam.ac.uk

Jacopo Montali joined the gFT research group in
October 2014. After his graduation in Civil Engi-
neering at the University of Parma in 2009, he
worked as an free-lance engineer for 2 years. In
2011, he attended a high specialization course at
Venice University of Architecture IUAV in Energy
and Sustainability and then he worked in Torino
as a consultant engineer on facade systems,
building energy modelling and LEED certification
for 3 years. He is a LEED AP: O+M since June
2013. His research on optimised fagades for
manufacturing and assembly is supervised by Dr.
Overend and funded by EPSRC and Laing
O'Rourke.

Funded By:

EPSRC

Engineering and Physical Sciences
Research Council

LAING O'ROURKE

Early-stage design for manufacture of fagades

The growing housing demand in the UK market, along with the need for increased efficiency in the
delivery process of buildings, require innovative solutions to deliver high performance, customised
and affordable buildings. Prefabrication is a potential solution to achieve higher quality standards and
shorter delivery times, although careful planning is required: this aspect sharply contrasts with the
way buildings are traditionally designed, with supply chain changing on a project-by-project basis and
design teams following a linear approach with increased levels of complexity.

In this context, building fagades play a fundamental role: they have to concurrently provide a different
number of performances while respecting constraints in terms of cost, manufacturability, standard
compliance and aesthetic appearance. For these reasons, facade design is one of the most interdisci-
plinary engineering disciplines: every actor involved along the design and manufacturing process has
to work collaboratively to deliver a complex product.

The aim of this research work is to provide a digital, knowledge-based tool to support the design pro-
cess of specific facade systems, based on manufacturing capabilities of the system supplier / fagcade
builder. The tool will be used by architects and facade consultants during the early stages of the deci-
sion making process. It will also introduce new opportunities for a more conscious, well-constrained,
multi-objective optimisation and it will reconsider the current paradigm in the construction industry,

=== in which “each design is a
e ‘| prototype”. The research
will impact fagade design in
terms of reduction of errors,
lead times while increasing
design variability; it will also
develop a human readable
knowledge repository for
knowledge reuse in future
projects.
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1.Experimental version of the digital KBE tool supporting fagcade design of a precast, single-leaf, fagade concrete panel.
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Kyriaki Corinna
Datsiou

kd365@cam.ac.uk

Kyriaki Corinna Datsiou joined the gFT research
group in June 2013. She received her Diploma
in Civil Engineering, specializing in Structural
Engineering, from the Aristotle University of
Thessaloniki, Greece in 2012. Before starting
her PhD, she worked as a research assistant for
a few months at the Laboratory of Building Ma-
terials of the Aristotle University of Thessaloni-
ki. Her PhD project is on the design and perfor-
mance of cold bent glass and the mechanical
durability of glass and is supervised by Dr Over-
end. Her research was awarded 3rd prize at the
2015 IStructE Young Researcher’s Conference
and she is funded by EPSRC and Eckersley
O’Callaghan.

Funded By:

EPSRC

Engineering and Physical Sciences
Research Council

Artificial ageing of glass with sand abrasion

The strength of glass is governed by the condition of its surface; surface flaws accumulate due to
weathering actions during the service life of glass and are expected to lead to strength degradation.
When quantified, strength reduction can even reach 75-85% of the strength of glass in its as-received
state. Therefore, the long term assessment of the strength of glass is crucial in order to ensure its safe
use in structural applications. Artificial ageing methods are often employed to assess the long term
performance of materials, but a reliable method for the artificial ageing of glass has yet to be estab-
lished.

This presentation will focus on the experimental testing that has been undertaken in order to investi-
gate the weathering effect on the surface of naturally aged glass and to also assess the effectiveness
of a falling abrasive method as a potential artificial ageing method for glass. This method involves the
use of an abrasive medium (silica sand & riverside gravel) that is allowed

to trickle on the glass specimen from a controlled drop height and there-

fore, induce a random flaw population on its surface. The influence of Sal{d
each artificial ageing parameter of this process on the strength of glass cOntaimner
was investigated in turn.

Optical microscopy and coaxial double ring tests were used to evaluate
the naturally aged and artificially aged glass. Good agreement was
achieved for glass strengths at different probabilities of failure between
the artificially and naturally aged glass for specific combinations of artifi-
cial ageing parameters. ;.‘-‘ RN y

An assessment proce- X :
dure for the strength ofb'\w:'
novel glass was finally
proposed; this procedure gcr
can reproduce the IeveI_
of damage found in nat- :
urally aged glass in as-
received glass.

. 200 pum
T gy . Guide
; ~ tube

Rotating
base

Motor

1. Surface of 20 year old naturally aged glass. 2. Artificial ageing rig for the falling abrasive method.
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Mauro Overend

mo318@cam.ac.uk

Mauro is a senior lecturer in Building Engi-
neering Design at the Department of Engi-
neering, University of Cambridge and he is Fel-
low of Christ” s College. He is a chartered engi-
neer with several years of consulting engi-
neering experience in the fields of structural
engineering and facade engineering. He
founded and leads the Glass & Fagade. Tech-
nology Research Group at the University of
Cambridge which undertakes research on the
structural and environmental performance of
glass and building envelope systems. Mauro has
more than 60 peer-reviewed publications to his
credit and he serves on several national and
international committees related to glass and
¢ade engineering. In recognition of his re-
rch on glass and fagade engineering he was
as awarded the 2011 Guthrie-Brown medal
e Institution of Structural Engineers and
3 IABSE Prize by the International Asso-
f Bridge and Structural Engineers. In
as appointed by the European Com-
the project team tasked with draft-
Eurocode.

Shear strength of laminated glass

Longitudinal shear failure of glass has been observed in several lab-based experiments ranging from
glass “plucking” failures in high strength adhesive joints to longitudinal shearing of glass layers in lam-
inated glass units. But to date this failure phenomenon has been merely reported as an experimental
observation and has not been fully explained or investigated directly.

In this study we investigate the longitudinal shear strength in triple-laminated glass. The shear failure
consists of longitudinal splitting along the glass phase of large format triple laminated glass panels
and is triggered by the fragmentation of the core glass sheet, in the absence of any further external
loads. This could lead to the complete detachment of one outer glass sheets from the fragmented
core and would therefore be deemed as unsafe mode of failure.

A mechanics-based hypothesis is put forward in this report that explains this new mode of failure. The
hypothesis is tested and the salient mechanical characteristics of in-plane splitting failure were char-
acterized by means of physical experiments, numerical (FE) analysis and theoretical work. In particu-
lar, the volumetric expansion of fully toughened glass and the shear strength of glass were quantified.
This data was used to validate a simple analytical method for determining: (a) The Action and; (b) The
resistance. The analytical method was subsequently used to illustrate how design graphs could be
constructed in order to set safe limits (e.g. maximum dimensions of laminated glass) to prevent this

mode of failure.
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1. Shear stress test set-up (a) Schematic view of the test rig; (b) View of the test chamber mounted in test machine.
2. Fragment shear strength test (a) Arcan test frame; (b) fragment failure modes.



MPOSIUM
DELEGATES

Name

Alessandra Luna Navarro

Alistair Wallace
Andrea Marston
Andreas Schuler
Andrew Watts
Antony Smith
Bruce Nicol
Carlo Micono
Carlos Pascual Agullo
Chris Aspinal
Chris Davis
Clyde Abela
Corinna Datsiou
David Metcalfe
David Schindler
Dieter Callewaert
Dominic Pask
Ed Forwood
Fabio Favoino
Florian Doebbel
Gerd Honicke
Graeme Mclean
Graham Coult
Graham Dodd
Hannes Spiss
Hanxiao Cui

Henk De Bleecker

Company

University of Cambridge
British Glass

Interpane

EPFL

Newtecnic

IPIG

Dow Corning

Ai Engineering
University of Cambridge
Sir Robert McAlpine
Kommerling

Wintech

University of Cambridge
University of Bath
Materials 2017 Conference
Permasteelisa

OPS Structures

Arup

University of Cambridge
Sika

Schueco

Interpane

Eckersley O'Callaghan
Arup

North Glass Europe
University of Cambridge

Permasteelisa

Email

al786@cam.ac.uk
alistairw@gmail.com
Andrea.Marston@eu.agc.com
andreas.schueler@epfl.ch
awatts@newtecnic.com
antony.smith@ipig.biz
bruce.nicol@dowcorning.com
cmicono@aigroup.it
cp570@cam.ac.uk
c.aspinall@sir-robert-mcalpine.com
Chris.Davis@koe-chemie.de
c.abela@wintech-group.co.uk
kd365@cam.ac.uk
abxdwm@bath.ac.uk
david@materials2017.co.uk
D.Callewaert@Permasteelisagroup.com
dom.pask@opsstructures.co.uk
ed.forwood@arup.com
ff279@cam.ac.uk
doebbel.florian@ch.sika.com
GHoenicke@schueco.com
Graeme.McLean@interpane.com
Graham@eckersleyocallaghan.com
graham.dodd@arup.com
Spiss.h@northglass.com
hc426@cam.ac.uk

h.debleecker@permasteelisagroup.com

17


mailto:andreas.schueler@epfl.ch
mailto:awatts@newtecnic.com
mailto:antony.smith@ipig.biz
mailto:bruce.nicol@dowcorning.com
mailto:cmicono@aigroup.it
mailto:c.aspinall@sir-robert-mcalpine.com
mailto:Chris.Davis@koe-chemie.de
mailto:kd365@cam.ac.uk
mailto:abxdwm@bath.ac.uk
mailto:ed.forwood@arup.com
mailto:doebbel.florian@ch.sika.com
mailto:Graeme.McLean@interpane.com
mailto:Graham@eckersleyocallaghan.com
mailto:graham.dodd@arup.com

MPOSIUM
DELEGATES

Name

Isabelle Paparo
Jacopo Montali
Jake Dyter
James Griffith
Jim Dunster
John Doyle

Lisa Rammig

Manuel Santasiero

Marco Dona
Marco Rossi
Mark Allen

Mark Hobbs
Mark Foster
Massimo Chies
Matthias Effinger
Matthew Hanley
Mauro Overend
Michael Pelken
Michele Sauchelli
Mike Otlet
Neesha Gopal
Neil Dobbs

Neil Morgan
Patrick Ryan

Paul Skinner

Phil Turley
Roland Reinardy

Company

University of Cambridge
University of Cambridge
SSH

Arup

Laing O'Rourke

Millfield

Eckersley O'Callaghan
Eckersley O'Callaghan
University of Cambridge
University of Parma
University of Cambridge
Premier Composite Technologies
Allies and Morrison
AECOM

FKN

TellingArchitectural
University of Cambridge
Laing O'Rourke

Laing O'Rourke

ops structures and Atkins
Meinhardt Facade Engineers
Brookfield Multiplex
Seele

Patrick Rayn Associates
Pilkington NSG
Kommerling

AECOM

Email

idjp2@cam.ac.uk
jm2026@cam.ac.uk
Jake.Dyter@sshic.com
James-s.Griffith@arup.com
JDunster@laingorourke.com
john-gaskell@millfield-group.co.uk
Lisa@eocengineers.com
manuel.santarsiero@gmail.com
md709@cam.ac.uk
nadorpatonel@gmail.com
mcadl@cam.ac.uk
m.hobbs@pct.ae
mfoster@alliesandmorrison.com
massimo.chies@gmail.com
m.effinger@fkn-gruppe.de
m.hanley@telling.co.uk
mo318@cam.ac.uk
MPelken@laingorourke.com
MSauchelli@laingorourke.com
Mike.otlet@opsstructures.co.uk
neesha.gopal@mfacade.com
Neil.Dobbs@brookfieldmultiplex.com
Neil.Morgan@seele.com
patrick.ryan@patrickryanassociates.com
Paul.Skinner@nsg.com
phil.turley@kommerlinguk.com

roland.reinardy@aecom.com

18


mailto:john-gaskell@millfield-group.co.uk
mailto:manuel.santarsiero@gmail.com
mailto:nadorpatonel@gmail.com
mailto:mo318@cam.ac.uk
mailto:MPelken@laingorourke.com
mailto:MSauchelli@laingorourke.com
mailto:Mike.otlet@opsstructures.co.uk
mailto:neesha.gopal@mfacade.com

Name

Stefan Marinitsch
Tage Frank Jensen
Tariq Masood
Thomas Henrikksen
Tony Willmott
Vladimir Marinov
Walter Luessi

Will MacDonald
Will Stevens

Company

Seele Sedak

Fiberline

University of Cambridge
Mot McDonald
Sandberg

Arup

Tuchschmid

AECOM

Interface

Email

stefan.marinitsch@seele.com
tfj@fiberline.com
tm487@cam.ac.uk
thomas.henriksen@mottmac.com
willmott@sandberg.co.uk
Vladimir.Marinov@arup.com
W.Luessi@Tuchschmid.ch
will.macdonald@aecom.com

will.stevens@interface-facades.com

19


mailto:stefan.marinitsch@seele.com
mailto:tfj@fiberline.com
mailto:tm487@cam.ac.uk
mailto:willmott@sandberg.co.uk
mailto:Vladimir.Marinov@arup.com
mailto:W.Luessi@Tuchschmid.ch
mailto:will.stevens@interface-facades.com

EVENING DINNER

Dinner will be held at St Catharine’s Col-
lege, Cambridge. Starting with drinks at
18:30, followed by dinner in the senior
combination room at 19:00.

On arrival please report to the

Porters’ Lodge, where you will be directed
to the drinks.

Walking distances:

1. Train Station to Dept of Eng (20 min)
2. Dept of Eng. to Catharine’s (8 min)

3. St Catharine’s to Train Station (25 min)

Menu

Pan fried sea trout with peas
Or
Summer garden salad (v)
Loin of lamb with vegetables
and red wine sauce
Or
Grilled courgette stuffed with tomato,
basil & goat’s cheese (v)

~

Chocolate & raspberry tart
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Thank you for attending Engineering Skins 2016.

We would be grateful if you could take the time to complete this feedback form.

Please share your opinion on the direction of the research and/or of the individual presentations

We would also welcome your thoughts on the running of the day:

Organisation and Structure of theday: poor 1 2 3 4 5 excellent

Catering and Location: poor 1 2 3 4 5 excellent

Quality of the presentations: poor 1 2 3 4 5 excellent

If you have any further comments, please provide them below:

Request for further information:

Would you like any further information on the research projects? e.g. electronic copies of publications
If so please state what information you require and provide your contact details.
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