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Abstract. Currently, being at the beginning of next generation of 
buildings, buildings with various degrees of high technology (Hi-
Tech), which possess quite ecological behaviour and are capable of 
reacting to direct and indirect variations of their surrounding and 
adapting themselves with appropriate conditions by utilizing compati-
ble materials intellectually and performing properly, are of especial 
importance. "Smart material" is a novel term used for materials and 
products which are able to perceive and process their peripheral 
events and react properly to them. In other words, these materials are 
changeable and are able to change their shape, form, colour and inner 
energy revocably in response to physical or chemical effects of their 
surrounding environment. These constructive materials show very dif-
ferent behaviour in compare with other common constructive materi-
als, while common constructive materials are static due to their ten-
dency towards resisting against constructive forces. Smart materials 
are dynamic as their behaviours are defined in reaction to energy 
fields. They can change in response to their surrounding environment 
in a manner in which common and non-smart materials are not able to 
act. The most important positive feature of these materials is in the 
field of energy which is one of the main topics of the coming century. 
Using these materials in building construction, energy consumption 
may be optimized. Consequently, these materials are able to regulate 
the increasing global demand for expensive energy resources and raw 
materials. Thus, considering the above-mentioned issues, the main ob-
jective of this article is to introduce the smart materials, manner and 
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quality of their function, and, most important, their behaviour in the 
constructive projects and methods of applying them. 

Keywords. High-Technology; Smart materials; compatible materials; 
dynamics. 

1. Introduction  

Improving the quality of architecture in sustainable designing is done to-
wards one aim that is comfort. An important point in this kind of architecture 
is that all factors involving in comfort are interrelated and are considered as 
a single and integrated system. This aim is met in smart buildings which are 
equipped by a system that integrates all critical components of the building 
in order to achieve comfort and energy conservation. Using smart materials, 
the architecture would not be fixed and may change along with changes hap-
pening in the surrounding environment in any time and place (Ritter and Ax-
el, 2007). Smart building, by making use of automation and undertaking the 
responsibility of some repeated tasks, provides more comfort for its resi-
dents.   

2. Specifications of smart materials  

Five factors which distinguish the smart materials from the traditional mate-
rials used in architecture are as follows: 

• Speed: these materials are colourless and react in real time 
• Multiplicity: these materials react to more than one environmental situation 
• Autonomy: smartness and intelligence in these materials is more intrinsic 

and inherent than extrinsic  
• Selectivity: the reaction of these materials is separated and predictable  
• Being targeted: the reaction happens locally based on occurrence of a stimu-

lus.  

3. The stimuli (motives) affecting the smart materials    

The following energy-effective stimuli are the ones against which the smart 
materials react: 

• Light, uv rays: the ultraviolet and visible part of electromagnetic rays 
• Temperature: temperature variations created by a physical system such as 

human body 
• Pressure: pressure difference occurred in an area 
• Electrical field: the field created around an electrical charge 
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• Magnetic field: the field created around a magnet or a moving electrical 
charge  

• Chemical medium: presence of a special chemical element or compound 
such as water 

4. Smart materials classifications  

In classifying the smart materials, in addition to considering their appear-
ance, tissue (context), chemical compound, physical and mechanical proper-
ties, environmental effect and etc., other properties related to distinguishing 
the smart materials from traditional materials are also taken into considera-
tion (Abbasalipur and Samira, 2008).  

4.1 THE SMART MATERIALS CAPABLE OF CHANGING THE IN-
TRINSIC PROPERTIES 

Smart materials are simply recognizable according to three fundamental fea-
tures. One of these features refers to materials one or more properties of 
which change in direct reaction to change of the external stimulus existed in 
the surrounding environment. The changes happen immediately and reversi-
bly and there is no need to an external supervising system (Gorji Mahlabani, 
2008).  

• colour-changing smart materials  
• form-changing smart materials  
• bond-changing smart materials. 

4.1.1 Colour-changing smart materials 

As it can be understood from the name of these materials, they are able to 
change their colour or visual specifications reversibly in response to one or 
more external stimuli. These materials include several types in regard with 
their motivating stimulus; however, some of them, including thermochromic, 
photochromic and electrochromic materials, are considered more than others 
in architectural applications. 

• Thermochromic materials: these materials change in colour due to thermal 
variations. They absorb heat and this leads to chemical reactions resulted due 
to heat or phase variation (Figure 1). 
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Figure 1. Thermochromic film (liquid crystal)calibrated for 25-30(C.degree).different colors 

indicate different temperature levels I  the film. Blue is the highest temperature level and 
black is the lowest. 

• Photochromic materials change in colour when exposed to light. They absorb 
the magnetic energy existing in the ultraviolet area which leads to a change in 
inner properties. In architecture these materials are observed and applied in 
form of photochromic pigments, photochromic glasses, and photochromic 
polymers or plastics (Figures 2,3). 

 
Figure 2. Photochromic materialschange color when exposed to light(a change in the mo-

lecular structure of a photochromic material causes a change in its optical properties) 

 
Figure 3. In a recommended design for moderate house, internal plates are covered with a 
mesh of photochromic materials which change from the origin colour of white to blue when 

exposed to solar light. 

• Electrochromic materials: these materials change colour in the result of volt-
age exertion. Liquid crystals and tools with suspended particles are the tech-
nologies related to these materials, that their colour and transparency change 
with electricity flowing. Electro-optical glasses are typical application of 
electrochromic materials in architecture. When exposed to solar radiation, 
Electro- optical materials change their visual feature that is their rate of 
transparency. 

4.1.2 Form-changing smart materials 

These materials create some changes in their shape and dimensions in response 
to the external stimuli that these changes depend on type of distribution and 
arrangement of their inner compounds (Abbasalipur and Samira, 2008).  
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• Phase-changing materials: a change in the temperature or pressure incurred 
on the material can lead to change of the shape and form of the material. 
Phase-changing materials can be designed in a manner that absorb or release 
the predictable temperatures of energy. When a person exercises and produc-
es heat, the materials change in phase and absorb the extra heat, and thus 
keep the body cooler. When body gets cooler and needs heat, the phase-
changing materials release heat in order to warm the body.  

• Thermal-reaction smart materials: these materials have a kind of inherent 
characteristic which enable them to react in a reversible manner by the tem-
perature variations of the surrounding environment. Temperature variations 
may have passive effect, in a way that the materials regulate their internal 
thermal status continuously with its peripheral natural status through the ex-
ternal layer; and if these effects are active, a type of active warming is creat-
ed by applying an electrical field through contact. 

• Thermal- expansion materials (TEM):  they are a type of thermal reaction 
materials with thermal expansion coefficient. Their most important applica-
tion in architecture is in warming thermostats for the building service sys-
tems, and they are also used as especial motors in greenhouses and facades of 
the buildings for energy control and management.  

• Fluid materials with variable properties: it generally refers to the flowing 
property of the matters and especially fluids and adhesive (bonding) sub-
stances. An instance of these fluids is Electrorheological (ER). When an ex-
ternal electrical field affect the fluid, the fluid concentration returns to its 
primary status. Also Magnetorheological fluids act in a same way in reaction 
to magnetic field. Rheological smart fluids have rarely been used in tradition-
al designing and architecture. However, it can be assumed that rheological 
smart fluids are applied in the seat and elbow of the armchairs so that the rel-
ative softness and hardness of the chair may be regulated electrically.  

4.1.3 Bond-changing smart materials 

These materials have reversible compounds which can surround or release 
the materials in form of molecule and in gas, liquid or solid state through dif-
ferent physical or chemical processes. These materials perform in a manner 
that, when they are exposed to different types of gas, water vapour, water or 
even aqueous solutions, they react by adhering them to their internal surface 
or adding them to their volume. These materials, with the said specifications, 
can be mainly used in the internal or external façade of the building. The 
most known type of these materials are those which get clean spontaneously, 
and also covers and layers which, when are placed on the building surfaces, 
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neutralize and nullify the pollutants existing in the air(George and Elvin, 
2009) (Figure 4). 

 

Figure 4. Behaviour of Bentonite in contact with water molecule 

4.2. CAPABILITY OF ENERGY CONVERSION IN SOME SMART MA-
TERIALS  

Some of these materials contain substances which, in the exit, convert the 
energy from one state to another; that, as the case with the first category, this 
task occurs immediately and reversibly (Gorji Mahlabani, 2008).    

• Light emitting  
• Electricity production 
• Energy storing  

4.2.1 Light emitting  

This category refers to materials and products that their inside molecules, by 
effect of energies like lighting or electrical field, get excited (hot) and pro-
duce light. Photoluminescent and electroluminescent materials are the most 
important and applicable instances of this type in the field of architecture.  

4.2.2 Electricity production 

• Photovoltaic: refers to a phenomenon through which, and without using me-
chanical mechanisms, the radiation energy may be converted to electrical en-
ergy. In fact the photovoltaic phenomenon is based on the theory of particle 
radiation. Any system using this property is also called as photovoltaic sys-
tem (Figure 5). 

 
Figure 5. Schematic layout of a photo voltaic cell 
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4.2.3. Energy storing  

These materials and products are able to store energy in themselves either 
apparently or latently (potentially); for example in form of light, heat, hy-
drogen or electricity. However, heat-storing smart materials have attracted 
the most attention. These materials have a sort of inherent characteristic 
which enables them to store energy in themselves as potential energy in form 
of heat or cold. These materials have many applications in architecture and 
have been considered remarkably. The most applicable type of these materi-
als are phase changing materials (PCM) that refer to those types of materials 
and products which can act as a mediator for temperature regula-
tion(Addington et al., 2005).  

5. Investigation of the smart materials from the phenomenology point of 
view 

Smart materials can directly effect on the energy resources (light, heat or 
acoustic) and even react movingly(Abbasalipur and Samira, 2008). 

5.1 EFFECTS ON THE LIGHTING ENVIRONMENT  

5.1.1. Colour and transparency variation: 

This group is considered as one of the widest clusters of smart materials. For 
example the overall transmissibility of the semi-transparent materials can 
vary from the opaque state to semi-transparent state. Suspended particles and 
electro-chromic technologies as well as photochromics and thermothropics 
also behave similarly. On the other hand, materials may change the transmit-
ted colour selectively. The reflection property also may vary from one colour 
to another (photochromic and chomochromic materials) or to diverse colours 
(thermochromic materials) depending on the input energies from the envi-
ronment. In glasses and films, the reflected or transmitted colours may seem 
different regarding the view angle. The reflection and transmissibility of 
these films are extremely unique. The colour recognized after reflection, de-
pends on the radiation angle between the light and the film, and when look-
ing outwards through the film, the film colour depends on the exact view an-
gle of the viewer and the film surface (Figure 6). 

 
Figure 6. The radiator mirror film. (The transparent film colour depends on the view angle 

between the viewer and the film) 
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In addition, view directing films on these materials, owing to small 
grooves with specific shapes or shutters in micro dimensions, emboss the 
surface. Depending on regulations of the micro-shutters, the viewer can 
merely look through the film outwards in specific directions. As the viewer 
change their position, the transparency of the film is reduced. Therefore, the 
viewer is able only under specific circumstances to realize the located object 
on that side of the film (Figure 15). 

 
Figure 15.  transparenting different style from various view angles 

5.2. HEAT CONDUCTION  

Heat conduction at its best situations occurs in a heat engine and in fact, a 
circulation occurs between a high temperature reservoir and a low tempera-
ture one. Heat engine can be located in the internal intersection of a semi-
conductor and produce a high temperature gradient (thermo-electric). It is 
possible to exploit of this temperature gradient as a heat absorber (for cool-
ing) or as a supply (for heating).  

5.3. ACOUSTIC ABSORPTION  

Architecture surfaces were the only possible way for acoustic absorption for 
many years, which was considered as a limited concept because the amount 
of absorption is proportional to the area of the surface. This concept, in fact, 
reduced the elastic energy of the sound. Energy converting materials provid-
ed the possibility that the elastic energy to be transformed to other kinds of 
energy in a more efficient and controllable manner. The elastic energy can 
be converted to electricity and in this way we can reduce the amplitudes of 
sound vibrations (piezo-electric materials).  

6. Conclusion 

Smart materials can comprehend and process the environmental incidences 
and owing to their flexibility capabilities are able to change their shape, 
form, colour and internal energy reversibly in interaction with physical or 
chemical effects of their surrounding environment. These materials are also 
known as the “flexible” and “adaptable” materials, which originate from 
their specific feature of self-regulation considering the environmental cir-
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cumstances. While categorizing them, it is observed that some of them keep 
themselves clean and in case of being damaged, repair themselves, or alarm 
in case of leaking gas or short circuit in house; some of them change their 
colour according to the instruction or produce electricity during days and 
makes it available for the users during nights. However, their most signifi-
cant effect is in category of energy which is of the most important issues of 
the forthcoming century. In this case, employing them in constructions pro-
vides the possibility of optimal consumption of the energy. 

The following diagrams demonstrate the improvement procedure of the 
materials reaction to environmental conditions. 

Ordinary control of approaches: 
 
Resulting setting              interface                Field conditions  
 
 
 
 
Controlling approaches of the current conscious environment: 
       Resulting setting                         interface                  Field conditions  
                     
 
  
 
 
                                                                      
 
 
 
 
 
Controlling the conscious environment: forthcoming templates (personal 
body environment, high conception-reasoning, assessment, reaction: artifi-
cial intelligence) 
 

Direct control of 
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Human conceptions, 
activities and 

decisions 
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Property exchange 
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variation of materials  
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rials 
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- Heating and cooling 
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       Resulting setting                 interface            Field conditions                
                                           

 
  
 
 

 
 
 
 

Employing smart materials provides us the following options substantial-
ly: 

• Making economies in consumption of irreversible energy resources 
• Improving the life style and providing more physical welfare 
• Providing light, cooling and heating requirements 
• Removing the acoustic pollution 
• Increasing the useful life of the construction 
• More compatibility with the environment and decreasing destructive effects 

on it 
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