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Abstract: The past decade has seen unparalleled evolutitheifield of Materials engineering. Largely duethe
unique properties seen in materials in the naneseddtive to their macroscopic counterparts, naterals as an
example can be used to enhance tensile strengtiiation and are biomimicable. These propertieshined with
integrated structural monitoring and diagnosticsteaays are set to revolutionize the constructiomsitny. Current
research shows the inclusion of self healing prtiggerbringing these endeavors full cycle.

Structural integrity is a key facet of building minance which historically has been evaluatedhenbasis of
empirical studies stemming from lifecycle analysighe concerned structure. The associated cestd,times and
lost revenue due to these activities can be médyay using materials which are engineered to teperparameters
of concern to building monitoring systems. Thesg#eys can be the resultant of nanocomposite misterfach are
self organizing in nature, in turn forming interedign capable grids. Dielectric and complex impedan
measurements of these grids will be sampled thr@amanalog to digital conversion interface linkihg captured
data on to the building management system. Alentshe issued in real time when material boundaiesrossed,
indicating impeding structural changes. Constardgsoeiated with the nanocomposite materials will et
thresholds for the alerts. The captured raw dataldvbave the ability to monitor parameters suchviasation,
stress/stain (piezoelectric materials) and thegredients (temperature coefficient of complex imgresk).

Furthermore, materials such as TiO2 facilitate pbatalysis, where the free radicals can be usethéooxidization

of organic matter resulting in self cleaning suefcAnatase titanium dioxide can also be used enfahm of a

composite addition to cement for Bio mimicking stures to be used to offset our carbon footpritthdugh yields

of such activities remain low, the research tom i¢s infancy. By monitoring the redox reactiorfstlvese materials
in the form mentioned above, it will be possibleotiserve the conversion efficiency as live “heapmeesulting in

much needed empirical data. Reportedly, the use@2 has been used to control the growthbifiogical matter.
As deterioration of structures due to biologicaltterais immense, these properties will allow foe #tontrol and
monitoring of the design and environmental paransetdich facilitate their growth.

Macroscopically the construction industry is poistal benefit greatly by these immediate changes that
nanotechnology has brought to the materials engimgeResultant structuresould encompass the low carbon
footprint which is expected and sought after in terent climate as well as the economic and sdfetyefits
inherent of such activities.

This paper reviews a range of concepts and techieda@apable of harmonizing built environment dmel dtate of
the art in monitoring and energy capture.
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1. Introduction

Individual components of a building can be takemoirtonsideration due to their placement and ttais i
inherent potential. The Foundation, Frame, Bulkemal, Windows/doors, Floors, Roof and Skin can
contribute to 2 order activities while maintaining its core roledugh the use of intelligent materials.
The 29 order activities can be identified in two logiaad complimentary groups being sensing and
energy scavenging. Sensing and Energy scavengingjlirenvironment can be carried out either thioug
the use of intelligent materials which are symigiati nature or through the use of components added
to the structure.

2. Concepts and Technology

As an example, an intelligent foundation could iempénted either through the use of a ZnO
(piezoelectric) coating on the steel bars in thefoeced concrete which would sense the stresghsirad
sheer components, likewise these properties cdstdbee sensed through the integration of an almibst
the shelf optical fibre (Fibre Bragg Grating) sessahich can be mounted on the surface. Geothermal
electrical energy generation becomes feasible @abuiiding becomes taller, due to the requiremérmt o
deeper foundation. Further enhancement of the thlegradient is possible due to the colder enviramme
at higher altitudes enabling faster heat dissipatiBuildings of lower height can also benefit from
geothermal energy generation in the form of therenairgy for heating. These vary in terms of ecomomi
viability as a 2007 study indicates a break—evecepof 0.04-0.10 € per kW-hat a capital expenditure
of 2-5 million € per MW of electrical capacity. Expding on the concept, the ability to capture thath
energy through solar concentrators on the roof goce it for night time use is a further possililit
through the use of borehole thermal energy storagea system where an underground structursési u
for storing large quantities of solar heat colldcbe summer for use later in winter. A key concérn
power generation, regardless of the source of tleegy is providing a consistent output. Hence,ube

of an underground heat storage facility would pdeva future proof and cost effective mechanism for
medium to large scale energy storage.

The structure of a high rise building is predomihamade of steel. Piezoelectric materials mixed
composites would allow the building managementesysto monitor a life stress/straimap of the entire
metal structure. The taller the buildings are threstists a slight sway due to the wind factor atttyeof

the building. These intelligent frames are wellcgld to monitor the structuraigidity and health of a
building during the course of an earthquake, stornreven a manmade disaster such as an explosive
device detonating.

Thus situational awareness pertaining to the Ingldiould become instantly available to emergency or
rescue workers. These material based sensors aboid for early warning for such natural disastass
earthquakes much earlier due to the depth of fdiowatructure. Likewise costs associated withdod
maintenance can further be mitigated since reag tidata is always available. Standard steel based
structures can be monitored through the use of Miaguasistatic Sensing such as the Meandering
Winding Magnetometer. It is inductive sensing ugimagnetic fields to monitor changes in the properti

of magnetic and/or conducting materials such asalsiefA piezoelectric coating or the inclusion of a
piezoelectric compound in to the metal structureidallow for power generation due to the inherent
sway in larger buildings. This would further compknt the carbon footprint of the building.
Strategically constructed wind tunnels through ghhiise building have been demonstrated to generate
significant amounts of electricity. Such activitiage currently shifting from the conceptual stages
realization.
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Wind Turbine Concept
Fig. 1. Pearl River Tower Wind turbine concept (Skidmoreil@s and Merrill)

Bulk building material such as concrete can be fiedithrough conducive fiber compounds for a
sensing ability is associated with the reversitflange of the electrical resistance of the conanpten
deformatiof! in the elastic regime. It allows a further aspedhe monitoring of the structural rigidity of
the building. Loading due to machinery in large léhngs can be analyzed through such sensing
mechanism. Since stress is force per unit arezssstelates to force. Hence, the smart concretearae
as a scale for weighing.
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Fig. 2: Smart concrete
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Orifices such as doors and windows can be utilibedugh the use of nanotechnology based spray on
solar cells to generate electricity throughoutdhg. Such films are at the research stage curreittgre
proofs of concepts have been develdp@tie use of electrochromic material to automdiicaftenuate

the solar irradiance in to the building can helpigate air conditioning costs during the summer healt
loss during the winter period. Furthermore liquigstal displays can be built on to the surfacehef t
windows to allow them to be used as display for b@ding health data harnessed from the sensors
discussed thus far. Another interesting applicatsothe addition of an Organic LED on the surfate o
each of the outside facing windows of the buildiogreate large scale bill board like structurdse Tise

of transparent electroluminescent materials wowdvert the simple window in to a multifunctional
interface device.
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Fig. 3: Electro chromatic window

Floors are well suited for energy scavenging &eés continuous use throughout the day in the &rm
walking which results in vibration energy. Pieze#lie flooring has been demonstrated to be able to
harvest this form of enerfy Especially areas which see many visitors such@gntrance or the lounge
areas are very well suited to this technology. @otrated areas of high levels of lateral displacgme
such as staircases are yet another area wereathisdlogy can be implemented. It would also allow f
smart cleaning of the building taking in to consad®n the level of exposure it has seen to fafitr.
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Fig. 4: Piezoelectric floor

The roofing area can be used for solar energy oamttia higher efficiency than the windows of the
building. It can be achieved through the use drfet lenses (solar concentrators) to greatly erehéme
cost effectiveness of solar cell based energy g¢iner Further maximizing the roof area, the skt
back plane can be cooled through a heat exchangehtself will be generating second order energy.
Air quality monitoring at gradual elevations woydtbvide valuable data with regards to smog levets a
their height above the city. Along with the ability detect contaminants such as ash from volcanic
activity and to map the propagation dynamics.

Paints used in the construction industry are predantly are based on a TiGiller. TiO2 facilitate
photocatalysis, where the free radicals can be fmetthe oxidization of organic matter resultingself
cleaning surfaces. anatase titanium dioxide cantasused in the form of a composite addition toemt
for Bio mimicking structures to be used to offset oarbon footprint.

3. Conclusion

Major breakthroughs in material sciences have abtbws to actively persue green applications int buil
environment. The benefits are twofold, resultanhdpeself aware and self sustaining buildings. The
concepts approached in this paper should be apgpedaat the inception of such projects as it is
essentially the bottom up nature which results siyreergy to the structure. Furthermore integrasibthe
scale discussed allow for higher efficiencies insa®g as well as energy generation and conversion.
Approaching each element of a building structure ddfowed the location and properties inherenhio t
Foundation, Frame, Bulk material, Windows/doorgof$, Roof and Skin to be taken in to consideration
for relevant enhancement of the overall goal of@gdhg a intelligent, self sustaining building.
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