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 The structure and organization of nature represent a kind of coordination and 

integration among their components. This harmony at the same the complexity follows 
of simple rules and it involves the stability and the survival of the system. By 

understanding these principles and taking advantage of the new structures can be 

constructed the buildings more efficient and more sustainable. Experience of many 

architects manifest that follow the hierarchy of nature, finding systems or theories and 

expansion of them in engineering are the logical process of investigating in nature.  In 

this study methodology follow the above pattern and it is the positive approach. In the 
context modeling of real examples to develop research has been used. This paper with 

investigating the nature and structure of bionic in the nature and  reset the properties 

and behavior of living organisms and the human body  rise to access a wider field of 
knowledge and encourage the use of architectural and engineering Tensegrity 

structures. The researches explain the logical connection between the living structures 

and Tensegrity structures. And implications of results show that the trace principle used 
in this type of structure dramatically are searchable in all parts of the nature. And 

benefiting from these principles can be used to create structures that are reliable 

consistent. 
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INTRODUCTION 

 

 Architects and engineers are always trying to find new solutions to the problem have been enclosed spaces. 

With the industrialization and development of the modern world applying for structures with large openings 

increased. Until the mid 18th century, the main materials were available to architects and engineers, stone, wood 

and bricks. Stone and brick, the resilient to pressure, but they were weak in tension, so the three-dimensional 

structures were appropriate such as domes and arches.  

 

 
 

Fig. 1: Olympia stadium entrance arch [17]. 

 

 With the industrial revolution, the development of iron and steel production, enabling the production of 

high-strength materials, building height and wider openings were provided. Simultaneously, the demand for 

large-span structures for bridges, stations, warehouses and factories increased. At first set of diverse trusses 

formed and later there were three-dimensional space netted structures. Many forms of spatial structures in 

particular, most networks were composed of modules. 

 Theory of modular building in almost 150 years ago was formed practically, with design, fabrication and 

installation of metal frames Crystal Palace in Hyde Park, London. Structures such as the Eiffel Tower, which 
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was built on iron forms, considered as a reason for stability of three-dimensional metallic structures were 

modular. In decade, 50 and 60 space netted systems were used all over the world.  In America Richard 

Buckminster Fuller (1981-1895), followed by studies about how to connect a number of globes to each other, he 

found an octagon truss system. 

 Presenting new projects by Buckminster Fuller and expected growth of netted structures rose to three 

quarters of the building globular diameter 76 in form of geodesic dome for pavilion in America at Expo exhibit 

in Montreal, Canada. This pavilion was designed by Fuller in cooperation with Kenneth Snelson. Domes were 

connections network the two layers of pipes with a triangular geodesic grid for the outer layer and a hexagonal 

grid for the inner layer. 

 Then use Tensgrity structures has found more applications, and principles in the construction of stadiums 

and massive salons to industrial production of furniture has been used. 

 

 
 

Fig. 2: geodesic domes built by Fuller. 

 

The Nature of Tensegrity Structure: 

 "Tensegrity" is an invented word that combines of the two words "Integrity" and "Tension". And that means 

the integrity of structures, depending on the balance of internal tensions.  Based on Fuller who offers one of the 

first definitions, Tensegrity structure are the islands of pressure within a sea of tension.  Tensegrity is a 

structural system which is known due to the distinctive compressive elements that are floated within a Tensional 

Network. This is the most attractive proposition in dynamic systems, because such structures automatically 

create a position of stable balance, with a configuration that minimizes the stored elastic energy. Tensegrity 

structures provide possibility of movement with minimum energy costs, without losing the stability and 

strength.  Compared with biological structures show that both have elastic and non-linear properties, with a fluid 

motion which is the result of the unification of all elements. Tensegrity structures are stable mechanically. It's 

not because of the strength of individual members, it is because the distribution of whole structure and the 

balance structures consisting of a set of innovative geodesic domes by Buckminster Fuller, Which basically are 

made up of members that each one can endure traction or pressure.  Members that form the frame are connected 

into triangles, pentagons, or hexagons , each member so located that each connection is limited to a fixed 

location and  in this way the stability of the entire structure is guaranteed. Other categories of Tensegrity 

structures involved the ones that are sustained pre-tensioned.  

 This type of stable three-dimensional space frame structure composed of cables and a compressive element 

that the cables are continuous but compressive elements are non-continuous and they have no connection with 

each other.   This sculpture was invented in 1948 by Kenneth Snelson. Snelson was completed several pieces 

based on the Tensegrity geometry, and it was developed by Buckminster Fuller. The stability of these structures 

is achieved with keeping the compressive rods between a series of cables in different directions. In the 

magnificent sculptures of Snelson the components that can only tolerate the tension are distinct from those that 

can tolerate the pressure. This feature made these Tensegrity structures to Tensegrity classic.  In this structure, 

even before the component is subjected to an external force, all structural members were ready to stretching or 

pressure. Continuous tension and non-continuous pressure and strength were the most important feature of the 

tensegrity structural system. Tensegrity system further based on the tensional elements and in the second degree 

is designed based on the effectiveness of compressive components. Bending elements can be removed. Balance 

of the system did not depend on the power and ability of every member. But ultimately the whole structure 

distributed and balanced mechanical pressures. As a result elegant members are used even for large-scale 

systems and this matter caused to these systems has a more elegant appearance. Tensegrity structures cannot be 

reduced to two-dimensional components for simpler calculations and thus form design and predict the 

performance of these systems require a special knowledge. 
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Fig. 3: Tensegrity classical sculpture designed by Snelson. 

 

 Members that been under the pressure compressed, flexible members and undergo a tension extended or 

pull; whereas, Members incurred the pressure were compressed the tightly columns. These interaction forces 

within the structure achieve to the balance, are what allow their structures to sustain. 

 

The Tensegrity Structure in Nature. 

 The muscles and bones of many animals can be justified by the behavior of Tensegrity structures and its 

architectural. For example, muscles and bones of a giraffe's neck are very similar to the Kenneth Snelson's 

Tensegrity statues. The giraffe's neck is the same as the behavior of tress pre-intertwined structures. Spider in 

weaving the warp acts in a way that is stable enough against the force of wind and insects. In weaving the warp, 

after the extended a series of warps 

 Another string breaks the first string, so that it represents the Fuller Buckminster's polygonal shapes. The 

interesting examples to follow Tensegrity patterns in nature can be observed in the process of turning 

caterpillars into butterflies. Physical modeling the workshop Iran University of Science and Technology, for 

designing the Tensegrity Systems this method is used; four steps have been taken in the designs. The first shell 

is designed in order to encompass the model is built the second, Structural components individually enter the 

shell to be accomplished Typologies.  When this happens, this position provides the shell; the shortest distances 

between structural factors are more drawn to the surface. While other parts of the mentioned sections seem 

loose. 

 In order to remove the construction from surface structures, and the structures become Tensegrity the third 

step of the modeling process is, add a line nodes between the nodes of structural factors. Shell can be taken 

safely and without risk of falling from the new tensional subnet.  The fourth stage of the modeling process is 

compared, the transformation of the covered package geometry with a shell, to space truss with cocoon into a 

butterfly. 

 Using the approach of cocoon for modeling standard Tensegrity structures has proved that modeling 

method is simple and easy. External shell, the general shape of Tensegrity structures in the process of cocoon is 

determined. It explains this possibility that this method can be used creatively to create form. Using cocoon in 

Tensegrity Structural modeling in comparison with conventional methods is  that the initial geometry of the 

shell is easily accessible due to the structural factors involved easily in inside the shell and therefore do not 

change their positions. 

 Situations that lead to better performance and form tensional networks outside the shell. Not using this 

method, the more effort to keep the structural components, is required in order to prevent the collapse [11]. 

 

Tensegrity Structure in the Human Body: 

 Tensegrity vision at the body structure demonstrates new methods in holistic strategy. for understanding 

these facts that how does the body maintain balance. All structures are stable in the universe based on a balance 

between tension and compression, or extension and density. Chairs that are placed on the ground, the lamps are 

hung from the ceiling. Cutting, bending and other forces are only a combination of tension and pressure 

essential forces. Global pressure increases with increasing density within the structures of some members that 

have been achieved to a balance. In this way the structure makes itself stable to the mechanism that Fuller 

described it as the continuous tension and local density. 
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 In contrast, the most of the buildings are obtained their stability from the continuous density that is due to 

the force of gravity. Until the last hundred years, the bones of the human body locate as a stack of bones on each 

other the same as it is considered as a column of bricks; which resists against the force of gravity, through a 

complex system of levers and wheels. 

 It's a global structural system for the human made structures, but modern biology, does not consider this 

approach as suitable. But the body is actually like a balloon. Balloon is a classic Tensegrity .Shell has a tension 

member (as opposed to tensile) and the air is a Compressive Member .Until shell is stretched and balanced the 

compressed air. As you see in the picture body acts like a balloon that the air  is used instead of wooden pieces 

that are riveted together and elastic covering  instead using  of shell. 

 

 
 

Fig 4: Model of the tensegrity performance in body skeleton; Tensegrity structure in all bones of the body and  

spine [7] 

 

 Tensegrity principles apply to any scale of human body. 206 bones that constitute our skeleton are pulled up 

against the force of gravity, by stretching contractile muscles, tendons appear to have a vertical stability (Similar 

cables in Sculpture Snelson). 

 In other words, in the complex Tensegrity structure within each of us bones are members under the pressure 

and muscles, tendons are members under the tension. Basically, the bones in the body are mentioned as the 

compression elements, such as compression members of Tensegrity structures which are non-continuous and 

they are connected to each other by continuous compressive members. Connections between these interrupted 

members with other members of the other bones are made through tensional members as muscles and tendons. 

Of course, a difference in the skeleton with Tensegrity structure is that the tensional elements may sometimes 

play roles the pressure elements. In the spinal column that its role is the balance and stability of body, vertebral 

in a way are placed that never clash with each other. In fact the vertebrae that are fixed and non-removable, they 

can be considered as the compression members and what is located between the vertebrae that causes flexible 

and deformities of the spine are considered as tensional elements; However, if the amount of pressure on the 

bones that have been put together is large, Tension between the two components of pressure will be sustained 

the pressure. 

 In general, these tensional and compressive elements in the body with the departure from normal conditions 

provide the possibility of movement and change of body positions. 

 

Justification the Cell Function by Investigating the Tensegrity Structure: 

 Professor Donald on a theory considers to the justification the cells shape when are placed on a surface of 

glass or plastic; with using Tensegrity behavior. Ingber says: I am able to see and discover the Tensegrity 

structure can easily be the explanation for this behavior. I have considered a cell similar to such a structure a cell 

structures, including 6 pegs and threading. I inserted pegs into three pairs; each of them endured a burden for 

compression. Each pair is perpendicular to the other two pairs, and none of wooden columns has contact with 

another. A tensional string undergoes a stretch to connect the two ends of all wooden pegs. Also I put a small 

spiral Tensegrity model into the structure to act as the core and the rest of the structure is the representative of 

the rest of the cell. 

 Then for reconstruction the cytotoxicity connections between core and the rest of the cell; I pull the 

threading rope from the structure of large Tensegrity structure to the smaller Tensegrity structure.    

 For understanding of how my test works, it is necessary to know that with pulling a Tensegrity model of the 

kind that I make as if you work with a lot of matchstick and rope. Once the pressure is removed, the energy 

stored in the stretched filaments, causing the models like a spring back to its original state and a form achieved 

almost spiral, to simulate the behavior of cells on a surface. Solid culture medium is made of glass or plastic and 

a piece of fabric tour has been spread on it. That textile is located tightly with needle to the piece of wood under 
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it I joined Tensegrity model with spreading it on a sub material and I sew the two ends of the wooden pitons to 

the fabric. These accessories are such as surface molecules that act as holders.  

 

 
 

Fig 5: Tensegrity model of the cells that is made of wooden parts and flexible cable. It is spread like a real cell  

when placed on a hard surface (left) and is retracted when placed on a rigid surface (right) [7]. 

 

 And a cell is attached physically to a substance that it is anchored. Cells Tensegrity model are made by the 

wooden parts and flexible cable like a real cell flattened when placed on a hard surface and it is collected. When 

placed on a rigid surface with a wooden peg that two ends of them is fastened to the textile. Like being in a real 

cell is placed on the hard material. When I pick up the needle in order to release the wood from the textile, this 

matter makes it to emerge the flexible cell surface in a form of anchor. Tensegrity model is transformed into its 

spiral shape and it crumples the textile below itself.  

 Also, I notice when I flattened the model on the surface of textile the cell and the its core stretched in the 

coordinated manner. The core model also moved towards the end of the simulation cell. Then, I showed that 

when living cells and cores stick to a sub material, they distributed in the same way and they reached to the 

polarity. So by using simple structures i showed that tensegrity structures were the imitation of the living cells 

behavior. According to Ingber, molecules shaped in a in geodesic form. Tensegrity system was the most 

economical and efficient method for the formation of molecular-scale structures or macroscopic scale and all 

sizes between these two scales. Also Ingber explained that Tensegrity system was a superior constructional and 

natural system that was being created based on the theory of Fuller inspired by existing structures in the world. 

The best choice in Tensegrity structures was the use of triangles at all levels, because this method was supplied 

a very high mechanical strength with using the least amount of material in structure. However, it provided the 

flexibility and the ability to run structure in many forms. Current theories in the universe follow of the 

Tensegrity model, because therein tension to the outside that involved connecting tensional galaxies and Large 

compressive forces in black hole. 

 

Modeled Sample: 

 In order to understand more explicit the function of Tensegrity structure, a maquette is made with this type 

of structure; indeed, it has been modeled; therein the distribution of burden is estimated objectively between the 

tensional and compressive elements. 

 

 
 

Fig 6: Modeled example of Seoul Olympic Hall and display of tension and compressive elements. 

 

Central tension ring 

Tension Elements (wires)  

 

Pressure rods 

Ambient pressure ring 
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 In this maquette aluminum pipes with modulus 10, 15, 20 cm play the role of the components of the non-

continuous compressive. Indeed, tensional elements cause the guidance and transition of force from the top of 

the dome to structure wall. The middle ring is the tensional  ring that is a thin metal tube with a diameter of 5 

cm. Circumferential ring  is called the compressive ring due to the tendency of forces to push it inward and that 

is the belt in 110 cm in diameter. According the experiments the load-bearing structure of this maquette to 120 

kg has been successfully completed. Since, tensional elements in the Tensegrity structures withstand the 

maximum force; with the increasing the resistance of tensional continuous elements, the pressure can be 

increased up to 200 kg on the maquette dome. 

 

 
 

Fig. 7: Despite the lightness Tensegrity Structure has the high stability because of the Load distribution and pre- 

stressing within the structure. 

 

Applications and Results: 

 Tensegrity are many applications in the construction and building forms. Advantages of Tensegrity 

structure, especially Tensegrity domes are briefly:  

1- Pre-fabricated structures and Speed in the implementation of Structures: time required to perform a ceiling of 

about one-fifth the time required to run with other structural systems. Taking advantage of beams with the same 

length and simple connection in construction lead to save the time; because, the compressive modulus of the 

same size is predetermined just push the components to be installed at each other. They are mostly connected 

easily by spherical balls. 

2 - increased stiffness due to power distribution between elements the breakdown or failure between the 

components do not happen  simply; Even in this case, the force direction will form again and force is divided 

between the other members. 

3. Since, the structural system similar the concrete shell systems, truss and skeleton is not rigid and heavy, so 

Dead load is reduced as much as possible due to the structural weight and static live load. 

 4. Very high flexible capability: tensional elements reveal the flexibility under the influence of pressure and 

force and it has the reactionary property, in this way the forces are divided. 

Reduce the cost of construction: Tensegrity structure can be considered as membranous roofs that instead of air 

pressure to hold them are carried by the truss. Remove the air blower system and the revolving doors can reduce 

expenditure ceilings in comparison with air ceilings. 

Resistance against force and high stability: Space Structures are, Structural system with high efficiency and safe, 

because each of its members in proportion to its strength to bear the load. Through the shortest route loads are 

transmitted in different bases. Most loads through the most resistant members are transferred to the bases. 

 Eliminating a number of Members, stability and sustainability of the space frame are not destroyed, because 

it would lead to a redefinition of the flow power .Members, in proportion to their hardness or resistance tolerate 

additional forces jointly .The inherent strength due to space frame structures are stable the balance, even when 

the extra load inserts to them. 

 Reduction consumed work force per square meter building: Sine the process is predetermined and 

specialized, requires less workforce (especially specialist labor). Non-specialist forces with short-term training 

acquire the necessary power. In fact, with eliminating extra workforce, it causes the economical saving. 

8. Planning capabilities and better control: Due to the repetitive nature of the work cycle of each part is done by 

a particular group. Eliminating interruptions in the work done quickly and it makes easily control the project. 

 Resistance to wind load and snow : in Tensegrity domes that is mentioned domes with low rise, possibility 

of using curved forms  applied with low height low , and thus the resultant force caused by wind and snow 
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accumulations will be less and less of the exterior surface of the  building. Tensegrity other applications of the 

architecture and urbanism, agriculture, engineering and general different sciences can mention the following : 

Optimized cover broad spaces such as large-scale such as : warehouses, greenhouses and farmland, historic 

sites, train stations, urban open spaces, protection to prevent birds from entering certain areas, and many other. 

An interesting point that shows the universality of Tensegrity application. Making use of these systems in the 

design and implementation of table and chairs and lamps and generally the Interior architecture that the pictures 

of them are given below.  

 

 
 

Fig. 8: Application of tensegrity structure is also noteworthy in the furniture and interior design [18]. 

 

 Tensegrity structures as a structure and sustainable form of architecture in nature can continue to provide 

innovative thinking and motion in the context of integrating architecture and structures as the two pillars in the 

building industry are inseparable. Phenomenon that is hidden in the context of the nature from genes to cells and 

organisms, till the tall animals as a giraffe's body. So the tensegrity should be more attention from architects and 

engineers and further study towards the development and generalization of such extraordinary construction in 

the art of engineering that is satisfactory to everyone, proposes the appropriate solutions. This structure can 

provide the possibility of designing with responding to the basic needs and accordance with the sustainable 

architectural. Because the design engineer by adding or subtracting elements and its various components tries to 

develop and foster the function and desired form. 

 After that the result underlies on the cellular structure and regular geometries. The designer has the 

possibility that the obtained topology due to the improvements in the process modified design or to change the 

system. 

 With proper insight and understanding of the behavior and properties of building materials with sufficient 

knowledge of the nature and an existing phenomenon as described in this article such as those the Tensegrity 

structures can be hoped to the continuous of the way. 
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