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Challenging the traditional presumption that a building 
skin should be static and inanimate, this investigation 
examines the replacement of this convention with a re-
sponsive system that is a prosthetic extension of man and 
a mediator for the environment. With the emergence of 
smart materials, an elevated interest in utilizing uncon-
ventional building systems and an urgent need to build 
sustainable structures, our buildings can be more sensi-
tive to the environment and the human body, raising the 
level of effectiveness while altering our perception of en-
closure. To test this thesis, an 8’ tall portable prototype 
with a responsive, self-ventilating building skin using 
sheet thermobimetal, a smart material never before used 
in building skins, was built. By laminating two metal al-
loys with different coefficients of expansion together, the 
result is a thermobimetal that curls when heated and flat-
tens when cooled. As the temperature rises, this deforma-
tion will allow the building skin to breathe much like the 
pores in human skin.
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Responsive Systems: An Introduction

“We hope for a profound participation in the world around us.”   
 —Philip Beesley et al, Responsive Architectures, Subtle Technologies.i 

Even during the modern movement, exterior walls were designed to be static and rigid. Visual 
access between interior and exterior environments was open with the use of glass and steel, but 
artificial climate control still determined the impenetrable limits of those glass walls. As times 
change, more recent public interest in sustainable design, energy conservation and zero-emission 
building design has infused the industry with renewed impetus to seek alternative solutions. With 
the emergence of new smart materials, the evolution of digital technologies and the availability of 
mass-customization methods, those same walls can now be designed to be responsive, interactive 
and even porous, much like human skin. As a “third” skin (the “first” being human skin, the “sec-
ond” clothing), architecture can, in effect, bring us closer to nature by elevating the sensitivity of 
the building surfaces. This research challenges the traditional notions and demonstrates that these 
surfaces can breathe and self-ventilate without the need of a costly energy source. The following 
prototype, funded by an AIA Knowledge grant, proposes the use of thermobimetal as that respon-
sive surface (Figures 1, 2).
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Figure 1 & 2: As a “third” skin (the “first” being human skin, the “second” clothing), architecture can, in effect, bring us closer to nature by elevating the 
sensitivity of the building surfaces.

Figure 3: A lamination of two metals together with different thermal expansion coefficients 
simply deforms when heated or cooled

Figure 4: As temperature rises, one side of the laminated sheet will expand more than the other resulting in a curved or curled piece of sheet metal.
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Thermobimetals have been used since the beginning of 
the industrial revolution. A lamination of two metals to-
gether with different thermal expansion coefficients, it 
simply deforms when heated or cooled (Figure 3). As the 
temperature rises, one side of the laminated sheet will 
expand more than the other.  The result will be a curved 
or curled piece of sheet metal (Figure 4). Reacting with 
outside temperatures, this smart material has the potential 
to develop self-actuating intake or exhaust for facades. 
Available in the form of strips, disks or spirals, thermobi-
metals are commonly used today in thermostats as a mea-
surement and control system and in electrical controls as 
components in mechatronic systems. So far, however, 
few applications in architecture have been documented. 
Automatically opening and closing ventilation flaps have 
been developed and installed in greenhouses and for use 
as self-closing fire protection flaps, but nothing has been 
published on the development of this material for build-
ing skins.   

Thermobimetals can be a combination of any two compat-
ible sheet metals. The combinations of metals with differ-
ent expansion coefficients and at various thicknesses can 
produce a wide range of deflection. TM2, the ideal ther-
mobimetal for this investigation, had the highest amount 
of deflection in the temperature range of 0-120 degrees 
Fahrenheit. The low expansion material is called Invar, 
which is an alloy of 64% iron and 36% nickel with some 
carbon and chromium. The high expansion material is a 
nickel manganese alloy composed of 72% manganese, 
18% copper and 10% nickel. This bi-metal is also called 
36-10 and the ASTM name is TM2. Made corrosion-re-
sistant by plating with chrome and copper, this material 
is available in sheets or strips in several thicknesses. It 
can be fabricated into disks, spirals and other shapes. The 
amount of deflection varies dependent on the size of the 
sheet, the air temperature, the position of clamping and 
the thickness of the material. The thickness selected for 
this study is 0.010” (Figure 5).iii

Thermobimetals: A Smart Material for Build-
ing Skins
Once merely an element to build shelter, materiality has 
now become instrumental in the design of building skins.  
The experimental attitude to materiality has architects 
considering the use of materials in new and unexpected 
ways, in unconventional situations and conditions. Many 
of these newly developed materials are capable of react-
ing flexibly to the external conditions physically or chem-
ically in response to changes in the temperature, light, 
electric field or movement. The term Smart Materials has 
been used to define these materials that have changeable 
properties and are able to reversibly change their shape or 
color. These materials are important to architectural skins 
in that they allow the building surface to be reactive to 
changes, both inside and out, automatically. “Energy and 
matter flows can be optimized through the use of smart 
materials, as the majority of these materials and products 
take up energy and matter indirectly and directly from the 
environment.”ii This multifaceted investigation focuses 
on the development of an old industrial smart material 
used in a completely innovative application—for archi-
tectural skins.



6

Using this tab/slot system, it was critical to design a sur-
face that was taut when cold, with no openings. When the 
temperature was cold, the skin would clamp down and 
prevent air passage through the pores. After numerous 
studies (Figures 7, 8), a weave system of simple cross-
shaped tiles was selected. This shape would accommo-
date both horizontally- and vertically-biased tiles. Hori-
zontal tiles (12”wide x 2”tall) congregated on one side 
while vertical ones (2”wide x 12”tall) grouped on the 
other side. The full range was incorporated to test the 
capabilities relative to gravity, friction and other resistant 
forces.

The structural system was integral to the surface weave 
design. The bell-shaped form hung upside-down elimi-
nated the need for any additional structure. Because the 
form followed a catenary curve, it was able to support 
its own weight. Hung from a 9’ diameter aluminum ring 
with pink silk string, the prototype at 8’ tall weighed un-
der 80 pounds (Figures 9-18).   

Figure 5: The amount of deflection varies dependent on the size of the 
sheet, the air temperature, the position of clamping and the thickness of 
the material. 

Building Technologies: Detailing, Structure 
and Assembly
Because this study focused on thermobimetals as a build-
ing material, it was important to retain the integrity of 
the material and not add other unnecessary materials to 
the assembly. Like sheets of steel and aluminum, this 
material could be easily laser-cut and readily handled.  
Various thicknesses of materials were tested for strength, 
pliability, weight and curvature before the final gauge 
of 0.010” was selected, a thickness similar to aluminum 
flashing. Because the material was manufactured in rolls 
of 12”wide, this dimension determined the largest-sized 
pieces that could be cut from the metal sheets. A system 
of tiles, ranging from 2” to 12” long, was designed with 
connection details of tabs and slots, eliminating the need 
for added material. The horizontal connection of tabs/
slots allowed movement along the slots up and down 
during assembly, but restricted the horizontal movement 
once in place. This restriction would limit the movement 
of the system to only allow the temperature to change the 
form when the individual tiles curved. The vertical con-
nections, on the other hand, were designed with very little 
tolerances. These areas needed to provide structural ten-
sion by gravity (Figure 6). Again, horizontal movement 
had to be limited. 
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Figure 6: The horizontal connection of tabs/slots allowed movement along the slots up and down during assembly, but restricted the horizontal movement 
once in place, limiting the movement to only allow the temperature to change the form when the individual tiles curved. The vertical connections were 
designed with very little tolerances to provide structural tension by gravity.

Sung



Figure 7 & 8: Using this tab/slot system, it was critical to design a surface that was taut when cold, with no openings. After numerous studies, a weave 
system of simple cross-shaped tiles was selected. 
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Figure 9 - 18: The structural system was integral to the surface weave design. The bell-shaped form 
hung upside-down eliminated the need for any additional structure. Hung from a 9’ diameter aluminum 
ring with pink silk string, the prototype at 8’ tall weighed under 80 pounds. 
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Requiring very little skill by design, the assembly process 
results in few problems. Despite one minor difficulty in 
the flexibility of the smallest pieces, especially when in-
serting the tabs into the tiny slots, assembly time takes 
a swift 16 hours for four people. The size-to-flexibility 
ratio is most pliable at larger sizes, allowing the tiles to 
bend without deformation during assembly. Some of the 
smaller pieces are too small for human hands to manipu-
late with any kind of facility. The scale of the smaller tiles 
need to be increased to allow easier handling.

Finally, more attention must be paid to the fabrication, 
shipping and storage of the raw material. The material 
is delivered rolled in the opposite direction of the heated 
curve. Although the reverse curve can serendipitously 
keep the prototype’s surface taut when cold, it may not 
be the ideal original form. In the case of the prototype, 
as the temperature rises, the material reverses its curve 
and makes a loud clicking sound. Not completely useless, 
this sound can be a design element and exaggerated. If 
unwanted, manufacturing of the raw material and special 
specifications must be predetermined with the manufac-
turer.

Results: Self-Critique
This research, thus far, has been a huge success. The 
thermobimetal is proving to have huge potential as a 
building material, especially as one that can be respon-
sive to temperature change. There are, however, a few 
unanticipated problems learned from this exercise, that, 
although not insurmountable, must be addressed at this 
stage. The most obvious problem is that the ideal operat-
ing temperature range for the prototype is about 100-120 
degrees Fahrenheit. Although the individual tiles demon-
strate and the engineered data calculates the material to 
curl at a range of 70-100 degrees, the tiles perform differ-
ently when assembled in a weave. There are two potential 
solutions to this problem. The first is changing the actual 
alloys that are being laminated to ones that are more sen-
sitive to temperature change at lower ranges. A larger dif-
ferential between the two sides would possibly enhance 
the sensitivity. The other possible solution is to enhance 
the performance of the present material by adding more 
materials to the wall assembly. Adding a heat absorbing 
material on the outside and a temperature insulating ma-
terial on the inside, the rate of reaction of the two oppos-
ing sides of the laminated metal sheet will be increased. 
The sheet metal will curve at a lower temperature and 
with more deflection. Different materials are being con-
sidered such as Super Blackiv, a nanocoating that absorbs 
99.6% of light and heat, and Aerogelv, a featherweight 
insulating nanomaterial. The final system is optimally in-
tended to be lightweight, high-tech and fully operational 
at 80 degrees.
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Conclusion: Further Research
This research project has many areas that can be devel-
oped before it is ready for public consumption and stan-
dard architectural application. New weave patterns, ma-
terial laminate systems and overall shapes/forms can be 
tested with the aid of various engineers and consultants.  
Every piece of new data or information leads to alterna-
tive connection details, tile shapes and curling patterns.  
Clearly, learning new complex digital software is critical 
to this process.  

Indoor and outdoor installations are planned. An instal-
lation outside would have obvious purpose. It is the true 
testing ground for an exterior responsive skin design. If 
large enough, it can demonstrate the changes on the sur-
face relative to changing ambient temperatures as well as 
direct sunlight. Coordination with several outdoor galler-
ies is in progress and designs are underway. Unlike the 
outdoor installation, the indoor one would be in a con-
trolled environment. A temperature-controlled chamber 
would house the prototypes or mockups, heating up to 
high temperatures and cooling to low temperate ranges. 
The special chamber would be able to test and demon-
strate the performance of the wall at various tempera-
ture ranges, in quick-time and on-command. Ideally, this 
chamber would be portable and mobile. Funding is sought 
for the construction of this transparent testing chamber.    

In addition, the research will progress with the addition of 
waterproofing strategies and insulation layers. In antici-
pation, preliminary studies on stacking and sloping of the 
tiles derivative of simple roof tiling have already begun.  
With the study of additional tile shapes, transforming 
the originating form from two- to three-dimensional, we 
can simulate the hair/skin of polar bears, utilizing the air 
gap to cool or, in some cases, insulate the interior space.  
The ideal intention of the wall system design would be 
to treat air as a critical cooling and insulating material 
and to eliminate the need for any additional materials. In 
order to support this goal and for comparison, it is neces-
sary to study alternative insulating and sealing materials 
to increase usability of the wall at extreme temperatures 
and to enhance the performance of the thermobimetal 
surface by increasing the difference in expansion coeffi-
cients on either side of the layered tile system—retarding 
the temperature change on one side of the metal while 
allowing the other side to heat/cool quickly. The result 
will be a larger change in dimensional size of the tiles, an 
advantage for insulation or for ventilation, depending on 
the design intention.  

Partnering with other researchers in the fields of mate-
rial engineering, chemical engineering, aerodynamics, 
mechanical engineering or biomimetics (prosthetic re-
search) will also take this research to new levels. Add-
ing actuating systems and electronic controls can bring 
us closer to the realization that architectural skins that, 
like the Lycra skin on BMW’s GINA concept car that 
changes in response to driving conditions, can change in 
response to environmental or programmatic conditions, 
automatically, efficiently and smartly. It is not outra-
geous to imagine that buildings, too, can perform effi-
ciently, effectively and responsively.
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Super Black is the blackest black surfacing, made by immersing 
the metal in nickel sulphate + sodium hypophosphite and then 
chemically etching the metal in nitric acid.  Nano-filament on 
the new surface prevent the reflection of light up to 99.6%, 10-20 
times more than the blackest paint previously available.

Aerogel is the lightest and the lowest density solid known to exist.  
Translucent and gel-like in consistency, this nanogel’s liquid com-
ponent is replaced by a gas to produce a highly effective thermal 
insulator.  
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