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Smart Structures in the Construction Sector: Evolving into a Major 
Market Opportunity 

Taken from the n-tech report, “Smart Structures in the Construction Industry: A Market and 
Technology Forecast – 2016 to 2025” 

See more at: www.ntechresearch.com 

 

Background 

The concept of smart structures (a.k.a intelligent structures) is hard to define. One 

definition has “smart structures” as “systems that incorporate particular functions of 

sensing and actuation to perform smart actions in an ‘intelligent’ way.” This provides an 

idea as to the kind of thing a smart structure is and also how broadly the concept can 

be applied.   

But it doesn’t provide a firm grip on what the revenue generation capabilities of smart 

structures are outside the context of specific applications and end-user industries.  In 

theory, smart structures may be applied to a large number of end user industries and 

an even larger number of applications within these industries.   

However, as a practical matter materials suppliers, electronics companies and OEMs 

are currently exploring two major industries where smart structures can become 

commercialized within a timeframe that might seriously interest investors and corporate 

managers. These two areas are the construction industry – our subject in this article -- 

and the aerospace industry:  

 In the construction industry the intelligence that we are talking about with smart 

structures is somehow embedded into skin of a building or a bridge/tunnel in the 

form of smart materials or sensor of some kinds.  The smart structure market is not 

usually taken to include building monitoring and control equipment. 

 Smart structures in the aerospace industry is the topic of another n-tech report. 

Evolution of Smart Structures in the Construction Industry 

In the following table we sketch out the expected evolution of smart structures in the 

construction industry.  An analysis of the business cases made by firms targeting smart 

structures in the construction industry suggest that a lot of the money invested in the 

smart structures market at the present time is aimed at making buildings and bridges 

safer.  A secondary justification in users buying into smart structures is increasing 

energy efficiency.   

 

http://ntechresearch.com/market_reports/smart-structures-in-the-construction-industry-a-market-and-technology-forec
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Evolution of Smart Structures in the Construction Industry  

Market Focus System Type Materials  Status 

Safety – notably 
avoidance of 
damage from 
seismic and wind 
activity 

Innovative 
building design 

Conventional 
dumb materials  

Mature sector, widely 
used 

Smart isolation 
systems, etc. 

Smart materials 
for intelligent 
shock 
absorbers, etc. 

Already in some prestige 
buildings  

Safety – broad 
range of concerns 
with near real 
term monitoring   

Structural health 
monitoring 
(SHM) 

Smart materials 
and sensors of 
various kinds  

Already in some prestige 
buildings.  Subject of 
intense 
commercialization 
activity  

Energy efficiency  

 

Energy efficient 
smart skins 

Smart materials 
and biomaterials  

Subject to trials and 
intense R&D activity.  
Falling cost of energy 
raises questions about 
business case 

Other functionality 
– reducing costs 
and maintenance.  
Improving 
aesthetics 

Smart skins and 
SHM 

Novel smart 
materials and 
sensors 

Growing number of trials 
– future uncertain 

Source:  n-tech Research 

New functionalities for smart structures in buildings:  Enhanced safety and 

improved energy efficiency need no justification beyond a cost benefit analysis.  

However, what n-tech is seeing is smart structures adopting new functionalities such as 

cutting the cost of construction, improving the aesthetics of the building, and increasing 

the lifespan of the building.   

It is harder to make the cases for these new functionalities and there are more 

uncertainties associated with them than with cases built around traditional safety and 

energy efficiency concerns in buildings.  In many cases, examples of these newer 

functionality are in buildings that are part of research projects often subsidized by 

governments or large research institutions. 

Given this, it is important to apply a reality principle here.  Are such developments a 

sign that commercialization of new kinds of smart structures for buildings, bridges and 
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tunnels will generate significant revenues or are they just part of a strategy to win 

support for R&D projects? 

We think that in many cases these projects may be more symbolic.  Nonetheless, 

expansions in the roles for smart structures suggest new revenue generation potential 

in the long run.  Throw in the fact that these new developments fit in very well with all 

the buzz about the Internet-of-Things (IoT), and smart cities and – if the economy 

doesn’t do too poorly – we may be headed towards a positive inflection point for smart 

structures in the construction industry.  

Assuming that such an inflection emerges there will be two key trends that produce it: 

(1) structural health monitoring and (2) smart building skins. 

Smart Structures as Damage Control: From Isolation Designs to Structural Health 

Monitoring 

The most obvious of these trends to a casual observer is the broadening of the 

specialized use of smart systems for enhanced seismic damage avoidance into a 

potentially large market for structural health monitoring (SHM).  

Enhancements to buildings intended to prevent earthquake collapse have been 

common for decades.  In particular, one mature approach is to use “isolation,” which is 

where the foundation and the main structure are constructed separately with some kind 

of bearing inserted between the two. 

This common approach can be enhanced with smart structures.  For example, a 

possible smart structure augmentation for conventional isolation designs is to introduce 

earthquake detecting sensors into the fabric of the building.  When alerted by dangerous 

seismic activity the sensors communicate with an air compressor, which immediately 

forces air between the building and its foundation, and lifts it more than an inch above 

the foundations, minimizing seismic damage.   

Another smart structure development is the use nitinol shape memory alloy (SMA) to 

replace traditional steel-and concrete construction making use of SMA’s ability to self-

restore when a build or bridge comes under stress. 

As we see it this kind of smart structure deployment needs to be seen in the context of 

SHM, the main focus of which lies in the monitoring of loads and detection of damage 

to the building infrastructure.  Leveraging the capabilities of smart materials and 

sensors, SHM is able to take the relatively mature market for seismic protection and 

turn it into a much broader market where money is made protecting building, bridges, 

etc. against wind and other weather conditions, with finer tuned data collection and 

automatic repair capabilities than has ever been possible. 
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Towards Smart Building Skins:  The Role of Smart Structures 

As n-tech sees it, SHM will leverage the growing capabilities of smart materials and 

sensors until it evolves into a larger market; the market for smart building skins. Like the 

advent of SHM this is a market broadening trend, taking the intelligence built into the 

walls of a building from merely serving the well-defined needs of disaster avoidance to 

edgier functionalities designed to lower the cost of constructing buildings, making them 

last longer, making them look more attractive, or even supplying highly sustainable 

forms of energy generation 

Smart skins are currently mostly to be found in major R&D projects and a few 

experimental buildings.  These projects and buildings are illustrative of future 

commercialization trends to some extent, but it would be no surprise to see smart skins 

take off in innovative new directions; directions that are only just being thought out. 

First wave:  building skins by design:  We anticipate that the first wave of smart skins 

will use relatively mature technologies. Self-dimming windows, which have been around 

for years, are an example of the smart building skin market at its earliest stage.  But as 

building designs begin to take the potential of smart skins into potential, we foresee a 

steady evolution to new product types. 

As an example of an interim stage in the evolution of smart skins, consider the work that 

Alcoa did a few years ago, cloaking a hospital in tiles with embedded titanium dioxide 

that effectively scrubs the air of toxins.  Titanium dioxide has long been considered a 

smart material and aluminum panels, but here their combination with a novel design 

created a smart building skin; a skin by design as it were. 

Second wave: new materials: n-tech believes that that this pattern will be repeated 

over the next few years, meaning that the smart building skins market will begin to 

expand but using (say) well established self-cleaning or self-healing using some well-

established smart materials technologies.  

We will soon see the incorporation of novel smart materials into smart skins and it 

remains quite uncertain as to how this will happen. Some trial buildings exist, however, 

which suggest some potential directions.  For example, in one building unicellular algae 

is being grown in a smart facade to create bio-fuel to provide energy to the building. 

Bottom Line:  Patterns of Opportunity 

Materials and systems:  Summarizing, we see two levels of opportunity in the smart 

structure.  The top level is an opportunity where design is primary.  It starts off from the 

design considerations that have been implicit for many years in creating buildings that 

are safe from wind and earthquakes. 
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Smart materials will be used to enhance more traditional ways of guarding against 

building disasters and this already growing into a sizeable opportunity in the form of 

SHM.  Further, we anticipate that a success for SHM would prove an incentive to start 

exploring the uses of smart structures for applications that are somewhat less mission 

critical than disaster prevention.   

This trend will introduce new uncertainties, but the addressable markets for smart 

structures will almost certainly explode.  The likelihood of this happening we believe is 

increased by the current buzz around the IoT, smart buildings and smart cities, into 

which the concept of smart structures fits nicely. 

The second line of opportunity emphasizes new building materials rather than design.  

This includes finding smart skin and SHM applications for existing smart materials and 

sensors.  It also includes coming up with entirely new smart materials – smart concrete 

seems the best example here – to build smart build skins with. 

Prestige buildings and beyond:  In our previous table we show an evolution of smart 

structures for buildings from a technological and functional perspective.  However, it is 

this evolution can also be seen from the perspective of the addressable market available 

for smart structures.  We show n-tech’s conjectures about how the addressable market 

for smart structures will evolve in the following table. 

Addressable Market Evolution for Smart Structures in the Construction Industry 

Market Segment 
Current/Future Penetration and 
Business Case 

Timeframe 

Prestige buildings 

Current focus of all activity in the smart 
structures space.  Case for disaster 
avoidance seems proven – but other 
activity may be intended to support further 
funding, especially from government 

Current  

Other industrial 
and commercial 
buildings 

Scaled-down versions of smart structure-
based systems could easily be created if 
they are proven in existing markets 

If the business case 
can be made then 
these will appear in 
two to five years 

Residential 
buildings  

Overlaps with industrial and commercial 
buildings in that residential buildings often 
exhibit similar economics and business 
cases for technology deployments.   

Timeframe for 
apartment blocks 
and multi-tenant 
building three to five 
years.  Use in small 
homes may be a 
long way off 

Retrofits  
Extensive rebuilds will include smart 
structures, but probably little penetration for 
minor re-design or refurbishing 

Soon  

Source:  n-tech Research 
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There can be no doubt that at the present time, this addressable market can be found 

overwhelmingly in what we are calling prestige buildings.  What we are talking about 

here are buildings such as airports, large bridges, certain government buildings, etc.  

These are mostly financed with taxpayer money, but we should also expect to see the 

technologies that we discuss in this report become part of certain private sector 

construction markets – large corporate HQs and hotels especially but also the homes 

of wealthy individuals. 

Moving beyond this will take proof positive that smart structures can make or save 

money. Assuming that this proof can be found n-tech believes that we will start to see, 

for example, scaled-down SHM systems and smart building skins begin to appear for 

smaller buildings including residential buildings.  This trend will become noticeable at 

first in apartment buildings and multi-family dwellings, but we may see some sales of 

this technology to upper class homes in the next decade. 

Finally, we note that a hidden assumption governing the addressable market for smart 

structures in construction is that they are most likely to be applied to new buildings.  n-

tech believes that the new build market is sufficient to create real businesses in this 

space.   

However, we expect the market to be bigger than just new builds.  In particular, we 

expect the new smart structure technologies to find their way into what may be called 

“rebuilds,” buildings that are being extensively refurbished; something much more 

extensive than just have a wall repainted or siding replaced. If this turns out to be case 

then the addressable market for smart structures in buildings will be a lot bigger than 

the new build market on which it is focused now.  


