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Preface.

Down through the ages architecture has found its expression by balancing regard for function with aesthetics. Similarly, its expression has been determined by technical developments, and what it is possible to build in both structural and static terms. A whirlwind development is currently occurring in the morphological content of the natural sciences, and that has also affected architecture in many countries. Information technology has a tendency to unfold mostly on computer screens and in cyberspace, and many people therefore find it interesting that innovations also take place in the reality we surround ourselves with and move around in. Thus architecture can also take on more political importance, be for all classes of international societies and become a more integral part of our culture than it is today. The message of this book is not that the world should be changed, and hopefully that is only part of the stylistic debate in architecture. Architecture can be more than just frameworks around functions and can provide inspiration and motivation for new cities and landscapes. This book is an attempt to combine architecture with astronomy, based on these considerations. The sphere is the geometrical shape that forms a basis for both architecture and astronomical analysis. Time is included as part of the projects and the dynamic inventions, since they function as perpetual motion machines. They represent a more precise point in present time than known clocks. The structure of the stars and their energy generation are described in this spherical construction, and their light is analyzed as white and reflected, more than clear and refracted light, as seen in modern-day telescopes. If these buildings and machines were one day to be built, they could function both as dwellings and instruments, and they will be more profitable and less polluting than the present ones.
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The height, width and depth of the sphere can be described by three circles in the x, y and z planes of a coordinate system. This book has also been divided into three chapters, entitled "The Sphere", "The Eye" and "The Dimension".
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Introduction.

As the only one of the geometrical shapes to have no edges, the sphere has its own static and dynamic properties and possibilities. It has always proved fascinating, by virtue of being both the shape of the universe’s heavenly bodies and being the start of biological and atomic growth. The eye, in which we see the stars, also takes the shape of a sphere, which is the embryological structure that is most resistant. Not only the most professional astronomers but also architects like myself, for example, who have less specialist access to the subject, can and must wonder at the fact that we find ourselves in a universe that consists of spheres rotating around one another. The fact that they also strive for a perfect spherical shape and are huge in size, weight and speed engenders both admiration and awe. For that reason, as will be known, the heavenly bodies are kept under surveillance, particularly in the USA, so that we know their positions at all times.
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When mass in the universe gathers around a centre of gravity, the shape of the sphere comes about with potential energy at its centre and kinetic energy on the surface. In this structural analysis of the Sun as a spherical shape, potential and kinetic energy forms part of the Sun’s energy generation, so that it is not just due to hydrogen being converted to helium. The sphere is associated with strength, growth, expansion and contraction. The basic shapes of the sphere, the cube and the pyramid form the geometrical and structural jumping-off point for architecture in different ways. They have done so for several centuries, just as Euclidian geometry and statics are an indispensable part of a project’s basic disciplines. If these shapes have mass, structure and volume, they also contain dynamic and explosive properties in the areas where compressive, tensile and shear forces meet.
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Natural-science disciplines shift paradigm when there are new discoveries or realizations and the existing paradigm’s methods are wrong or unusable. For instance, there was an overall paradigm shift from the geocentric to the heliocentric view of the world and from Newton’s physics to quantum mechanics.

The word paradigm brings to mind the visual, and in these projects on the cube, the sphere and the pyramid, methods also shift from one basic form to another at a slightly lower level. The cube is characteristic in that it is the primary polyhedron in architecture and in the image space, and activated mostly in the horizontal plane. On the surface of the perspectival image space, it is constructed horizontally to the north, south, east and west. The pyramid can take many shapes, being defined as a vertex connected to the corners of a polygon. The layout of a pyramid, therefore, can be quadrangular, hexagonal or octagonal.

The vertex has variable heights, and the pyramid is therefore connected to the vertical. The sphere is characterized by moving in all directions of space and by its very nature is more dynamic than static and, like globes and haloes, inclines in relation to the horizontal and vertical. For a sphere, acceleration is at its maximum when inclined at 45 degrees, so its speed strives for the true value of 45 degrees. Using this method, the value of the horizontal and vertical can also be derived instead of using less correct instruments like a spirit level and plumbline. Whereas the cube and the pyramid are connected to the surface on which they stand, in a stable position of equilibrium, the sphere is free and moves in an indifferent position of equilibrium. The movement of the elements towards the cube’s horizontal value and the pyramid’s vertical value stops at some point, while the sphere in a 45 degree plane continues to accelerate towards a perfect position of balance. As a result, the sphere becomes the dimension of the universe.
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This book contains projects whose theoretical basis is a linguistic and visual analysis of the various properties of the sphere and includes traffic-related innovations that provide scope for new experiences of architecture and time. These considerations form the basis for the three chapters "The sphere", "The eye" and "The dimension". Like the sphere, the chapters are constructed from three circles in a system of coordinates. When solid geometrical shapes are described in a coordinate system, the cube is associated mostly with the horizontal and the pyramid with the vertical, but in the case of the sphere it characteristically takes possession and moves in all 360 degrees. The capaciousness and dynamics of the sphere, therefore, are better illustrated if the coordinate system is turned to 45 degrees.
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The first chapter describes the sphere, which is normally a rare visitor to the world of architecture, lacking as it does horizontal and vertical structural components. The cube and the pyramid are normally the primary polyhedra of structural image space. When the sphere is used in architecture, it is mostly as cupolas on top of large halls and churches, and as domes at research centres. Its convex shape makes great demands of structural design. The sphere can be a stone or concrete monocoque construction, and it can also be designed as a faceted polyhedron that forms lattices or plates. The book’s housing project has been designed as a plate structure.

Project: Holiday House in Russia.
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More often than not, it is the shape of the sphere that holds more fascination than its function, and in a morphological respect it is connected with the organic and astronomical world, containing many creative and constructive challenges.

It seems only natural that the sphere is the shape of the smallest and largest phenomena in the universe like atoms and stars, and is linked with the phenomenon of matter taking shape, moving and expanding. The form and infiniteness of the universe have always been a source of fascination. We can detect and record billions of gigantic spheres of colossal weight and speed rotating in a vacuum with no spatial closure, and that evokes both romantic feelings and a fear of whether it will continue for all eternity. This book is only a description of the sphere’s constructional and dynamic forces in the universe. The sphere’s innate constructional properties have a bearing on the stars’ evolution and energy production. Its tensile forces at the equator and compressive thrusts at the poles, and its potential energy on the interior and its kinetic energy on the surface affect the shape and growth of the star. Stars’ energy production, which is due to hydrogen being converted to helium, is replaced by kinetic energy at some point, as heavier elements are constructed in their interior and grow into multiple spheres inside one another. Stars evolve from chemical factories to kinetic factories.
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Photograph of the Sun.
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Model of the Sun.




When architecture also becomes dynamic, it involves the circle, which is the basic component of the sphere, as the primary shape being focused on and analyzed. The sphere per se can be a visual expression of expansion and movement. This principle has been applied in the book when constructing motors, since a coordinate system with a 45 degree inclination provides better utilizetion of the pull of gravity in the motor’s rotating components. The components, which are ring constructions, rotate towards one another in the x and y planes of the coordinate system and about the z-axis. If one ring construction has been plotted on the left of a standard horizontal coordinate system, the rotating component P[image: ] will convert only a little potential energy to kinetic energy in field A and stop rotating in field B. The other ring construction with the rotating component T[image: ] will have potential energy only, being in a stable position of equilibrium.
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Conversely, if it has been plotted in a coordinate system at a 45 degree inclination, the rotating component P[image: ] will convert maximum potential energy to kinetic energy in area C from the outset. When in area D, one ring construction will begin to lose kinetic energy. However, it will derive additional force from the other ring construction’s angular momentum, which starts in D – but in the coordinate system’s y-plane. These will reinforce one another and generate a perpetual motion machine.
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Model of Aeroplane.
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Construction of the Motor.




The second chapter is "The eye". The way we perceive the sphere, either as architecture or as a heavenly body, depends on the way we view it. The difference is the nature of the light, which can be either clear or white. When looking at the Sun with the human eye or through optical instruments, for instance, the light is clear and broken into wavelengths. When we view the Sun with the perspectival eye, on the other hand, the light is white or in grey-scale tones, having been reflected from either a model or a computer screen. Seen in clear light, the Sun reproduces only the light intensity, whereas the white light reflected from a structural surface also reproduces the shape.
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Clear light
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White light




The sphere plays an essential role in our visual registration of architecture, and for example the fact that reality is perceived as distorted and blurred in the outer visual field of the eye reminds us that our vision is located on the inside of a spherical shape. In this book on architecture the sphere and the Sun are seen with the perspectival eye in a large building resembling an eye. Unlike a planetarium, for instance, where the light is clear and refracted in lenses, this building uses the white and reflected light to reproduce the shape and structure of the stars. Since frontal perspectives and x-perspectives are most well-suited to constructing objects with vertical and horizontal lines, a peripheral perspective is used here, which is based on the light, the depth and the construction.
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“The Eye” building.
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Section of the building.




The third chapter describes the dimension. Just as the sphere can be perceived as expansion and dynamics, it can also express how a point becomes an arrow, surface, space and time. It can be a description of these initial dimensions, when perceived in architecture. The dimensions are normally associated with the cube, and the difference between describing them with the sphere instead is that time is integrated and connected with the point, the arrow, the surface and the space. In the sphere, time rotates around the other dimensions and becomes a dynamic part of an overall structure. That way, time is not usually described as a theoretical and fictitious invention but forms part of an architectural project.
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Every building symbolizes the dimension 0, 1, 2, 3 and 4, respectively.




The starting point for the book is thus architectural projects which are innovative in the project design phase and in their construction. Those aspects of architecture that have to do with light, construction, dimension and movement have enjoyed renewed interest in recent years both by the building industry and also as entertainment and information for many different sorts of people from many countries. In modern societies our consciousness is filled with images from TV films and animations, which endeavour to capture our attention by being, say, as three-dimensional as possible. But regardless of how spatial a show can be with 3D glasses, the illusion takes place on a two-dimensional surface. Architecture takes the shape and structure on board as a natural part of the visual perception. In my work as an architect I have researched and written about this topic partly in my previous book "A cube in architecture, atomic physics and astronomy" and now in this book, "A sphere in architecture and astronomy". The book strives for a constructional and positive commitment, the sole purpose of which is to study architecture and its dimensions.

 

The Sphere
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The Sphere and the Circle.
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The shape of the sphere is characteristic in that it starts at a point that is the sphere’s centre and centre of gravity, and has radii of the same length to all points on the sphere’s surface. So it can also be found in all of nature’s creative processes, from flower seeds to stars. Its convex outer form and its concave inner space have always inspired architects, and that often owes more to the shape than to the function. The circle is the key element in the creation of the sphere, and it can be described as a circle rotated about its own axis, or as three circles in a coordinate system. The structural forces in its construction make it the most dynamic of the basic geometrical shapes, while at the same time the shape able to contain the greatest volume with the smallest possible surface area.
The Sphere.
The sphere has always fascinated, both as a geometrical form and as a natural phenomenon in many settings, and subsumes many architectural and scientific areas of research. As the only geometrical three-dimensional shape without edges, it has inspired different projects, dynamic inventions and various ball games over the ages.
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Most spheres occur in nature’s own creative processes as atoms, flower seeds, globes and stars. During growth, atoms divide in such a way as to maintain the spherical shape, as it provides strength and resistance. All biological and embryological formations start with a spherical shape. This is not just the case in the creative processes—in the development of and the effect on different natural forces, too, the spherical shape occurs, e.g. as round stones on the beach, worn down and formed by the water.
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In general, the essential distinctive feature of the sphere is its dimensional diversity in being both the smallest and the largest in the universe. The other basic geometrical three-dimensional shapes like the cube, the pyramid and the cone are usually limited in extent, both in the physical and in the biological world.
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The circle is such an essential element of the sphere as to make it virtually a spatial version of the circle. If a circle is rotated 360 degrees about its axis, a sphere is obtained. In a coordinate system the three-dimensional sphere is brought together by three two-dimensional circular faces in the x, y and z planes. Where the cube is brought together by six two-dimensional faces, a sphere can be brought together by three two-dimensional circular faces.
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The actual creation of a sphere is a circular movement, more dynamic than static by nature in a constructional regard. Depending on the function, a sphere can be either solid or a monocoque construction. In architecture it is composed mostly as either a lattice or a plate construction, which forms the shell. The creation of the sphere is most characteristic in that it starts from a point which is the centre of the sphere, and has radii of the same length to all points on the spherical surface.

[image: ]


It is also the shape containing the greatest volume with the least possible material. Since it is also the shape of the atom and the Big Bang at the smallest, and that of globes and stars at the largest, the spherical shape simultaneously contains the greatest calm and balance on the one hand and the most powerful energy and movement on the other. It is also characteristic that the circle is the sphere’s geometrical starting point, as witnessed by its surface area O = 4 x pi x r2 and volume V = 4/3 x pi x r3. In an architectural and mathematical context the sphere and circle are first described by Euclid in early Greece. Western European culture and architecture build on this and have acted as the technical and scientific basis for millennia—first the Greeks, then the Arabs, and finally the Western Europeans. Geometrical theorems have provided inspiration for building domes and arches for centuries. The first stone domes date from ancient Greece during the first century BC, and perhaps Greenlandic igloos made of snow also have a history stretching far back. The Pantheon in Rome was built in the year 128 and was the largest dome in the world for more than 1,700 years. It is a monocoque construction of concrete panels, which are not reinforced with iron. The components therefore contain a lot of concrete and the loadbearing walls are up to 4 metres thick at foundation level.
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Igloo in Greenland.
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Dome of the Pantheon.



In Scandinavia, too, in the Romanesque (Norman) style seen in churches from the 1100s, the round arch was a favourite design feature owing to both its aesthetic beauty and the structural challenge of the construction. For the architects of the time the round arch was a structural event, with windows, doorways and large-scale arches all having to be finished off with the so-called keystone.
When this is put in place, it equalizes the compressive and tensile forces throughout the entire construction, giving it an almost floating character.
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And before statics became a science in the mid-1700s, architects and engineers discussed whether the pointed arch or the round arch was the stronger in structural terms. Just as concepts like form and content are essential constructs in architecture, body and space are important when the buildings are circular or spherical. The body of the building is the solid mass of masonry, and the space is the vacuum flanked by the walls around. A building’s space can be determined by its outer shape, as with the Taj Mahal, for example. Here the spherical shape determines both the concave space within the building and the convex space outside. It can also be the shape of the rooms that determines the body of a building, as with the Central Copenhagen Police Station, where the building moulds to the space—the circular courtyard.
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The fact that the sphere is used in architecture is usually because its shape fascinates more than its function. For centuries it has been used as a cover over church interiors, mostly for aesthetic reasons. The sphere and the circle have always been regarded as ideal figures both in the description of the universe and in architecture. In the Baroque and Renaissance of the 1600s, the dome and the oval were very widely used in architecture. The use of the oval on e.g. St. Peter’s Square is rooted in the fact that it symbolizes the universe, and the human body contains oval outlines. The shape of the square also harmonizes with the dome of St. Peter’s. The dome can be defined as a self-supporting structure in which the components are fitted into a sphere. The individual components are therefore convex and dissimilar, and structurally are either a monocoque construction, a lattice construction or a plate construction. Both St. Peter’s and San Maria del Fiore in Italy are stone structures.
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When domes are not modelled from stone or cast in concrete, they usually have a geometrical network of steel or aluminium as a structural starting point. Many facetted polyhedra, which are either lattice constructions or plate constructions, can be formed.
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Lattices.
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Plates.



Triangular lattice constructions transmit the constructional forces in the nodes where the rods collect, while in pentagonal plate constructions they are transmitted in joints and along the sides of the polygons. These structures are often used in spherical or domed buildings, and the more facetted they are, the more they approximate to the shape of the sphere.
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An older and more recent example of facetted structures.



In modern times with functionalism, Le Corbusier, for example, attributes great importance to the basic geometrical shapes and also the sphere. This stylistic message harmonizes with the possibilities for structure and form offered by ferro-concrete, with inspiration from the early grain silos. Another modern architect and constructing architect, Nervi, generally uses spheres and hemispheres in large auditoria such as the Palazzetto dello Sporto.
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In this book the sphere has both aesthetic, scientific and functional significance. The housing project below has been designed as a sculpture, growing up out of the ground and evolving from a dome into a sphere. "The eye" building in the next chapter has scientific content and can be characterized as an instrument for analyzing the possibilities of vision by observing the starry firmament not telescopically but on screen. In the project "A Plane" the sphere is pure functionalism and exploits the dynamic properties inherent in the motor.
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Project: "House of the rising sun"    Architect: Rune Jakobsen.



Function: Holiday Home.


[image: Plane and section]

Plane and section.



The central functional unit, with living space, kitchen and lounge, is located in the large area in the middle of the ground-floor, providing access from there to other functions like the garage, rooms and sleeping/living quarters. Above the entrance hall there is accommodation for e.g. visiting guests. In the top storey of the large sphere the reception room is designed as a sculpture, so that the shape of the sphere is also perceived from a split-level floor. A covered-in balcony has also been integrated with a view of the rest of the building.

[image: ]



[image: ]


The house has been shaped like a sculpture and seems to grow out of the ground from a flat dome to a sphere. The three shapes are held together by functional units and corridors, so that the house as a whole is perceived as a sculptural unit. From various visual angles, the convex patio is perceived as highly changeable and dynamic.
In the interior the perception of space is concave and seems to have a large volume. It can be a challenge for the siting of functions, and the lighting of the rooms and shapes in particular makes the interior milieu exciting and flexible.
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The house is constructed from steel like a dome. The cupolas consist of a plate construction in a polyhedron and are then clad with round panels, so that on balance they are perceived as a sphere. The polyhedron is multi-faceted and consists of many small hexagonal polygons. Both the plates and the panels are prefabricated so that they can be mass-produced and assembled on site. That avoids having major scaffolding work on site, which would have been necessary if the building had been cast in concrete, for instance. Domes can be constructed either as plates or lattices, the difference being that the forces in plates are distributed throughout the entire plate, whereas in the lattice construction they are distributed through the nodes. The plate construction has been chosen here because the individual building component can simultaneously contain the supporting component and insulation, eliminating the need to install it twice.
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The sphere and dome construction.
The fact that the sphere or dome is a rare visitor to the world of architecture is because it is complicated to build compared with cubic shapes. In ancient architecture it took many years’ planning to build e.g. the Pantheon or major stone domes above church interiors. The dome on St. Peter’s in Rome by Michelangelo dates from 1590 and the Dome of the Rock in Jerusalem by the Jew Al Malik is from 691.
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All specially shaped building components had to be precisely hewn out of stone in order for the dome to have sufficient stability. Since all stone structures can only assimilate compressive forces, it is therefore important for the line of thrust (white line) to run within the circular arcs in the sphere, as it will otherwise collapse (drawing on right).
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Contemporary concrete or steel spheres and domes also call for great planning.
If cast from concrete, they require curved shuttering, and that is a building process seldom used, as it is time-consuming. The most effective way of building a dome today is to assemble it from small polygons in a lattice or plate construction, and a great deal of civil engineering and structural research deals with this area.
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Project Geodesic Domes.
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Climatron, Missouri.



Domes are best suited to smaller-scale buildings, as they have some instability when their dimensions increase. When influenced by external forces, they have some flexibility, due to the fact that compressive and tensile forces are transmitted at far more points than other structures. Whether a plate or a lattice construction, all points have flexibility, and the overall stability of the shape is the sum of all the points’ stability. This is due to the sphere’s peculiar static properties. It is an obvious example of the correlation between architectonics and engineering in the design of architecture, since the way it can be constructed is altogether crucial to the form of architecture it becomes. Over the course of history, new building techniques have at different times created different domes in architecture. The sphere is special because it has both static and dynamic properties. Statics is about forces and equilibrium between them. In the sphere, forces are defined by their effect, meaning that there is constant movement either by virtue of its own weight or stresses applied. On the sphere the forces are plotted as arrows. The direction of each arrow corresponds to the direction of the force, and its length corresponds to the size of the force. All forms of structure (including the sphere) tie these forces into a fixed structure, thereby reducing or halting their movement. Otherwise the forces would accelerate according to their sizes and directions.
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The sphere in balance. Tensile forces (black arrow) at the equator, which all spheres have, will accelerate to the sides. Forces tied into the sphere’s fixed shape will balance out the tensile forces with compressive forces at the poles (white arrow). The same forces are activated in the hemisphere or dome and in the stone domes of architecture.
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In the analysis of the Sun’s structure in the chapter "A sphere in the universe", these forces are also active and contribute to its growth and energy production.
Every time potential energy in the Sun is converted into kinetic energy, an acceleration of mass is started. It will deform the spherical shape of the Sun, to a greater or lesser extent, and thus be stored as potential energy in the solar mass.
As it moves due to the rotation of the Sun, that tension ceases, causing an opposing acceleration of forces. The Sun vibrates in that way and thus converts kinetic energy into thermal energy. So its energy production is perhaps a cross between the gas conversion process and its kinetic energy.
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When those forces affect the architecture on Earth, the shape is deformed, depending on the size of the force. If the sphere is affected by a force, e.g. by standing on a surface, the compressive forces it has at the poles change direction and size, and the sphere approaches the shape of the ellipse a little. The size of the deformation is contingent on the weight of the sphere, and gravity is countered by an equally great force from the surface pressing upwards according to Newton’s law that for every action there is an equal and opposite reaction. Just as there is an overlap between the architect’s profession and the engineer’s profession, statics has a connection with e.g. mechanical physics. Classic statics with stable objects does not normally embrace time, but this book does, time being part of the description of the sphere. And whenever a force P is applied and altered from 0 to a certain size, potential energy is moved, turning into kinetic energy, or force times deformation takes place over a length of time.
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The energy is absorbed as movement, and deformation in the structure creates tensions. If the applied load is removed, the negated tension reacts with an opposing movement. Thus all structures vibrate, right from blades of grass to high-rise towers. Depending whether the sphere or the dome is made of stone, wood or metal, it produces different possibilities and limitations with regard to the forces they can assimilate. Stone can only absorb compressive forces, and metal and wood can assimilate compressive, tensile and shear stresses. Most historical domes and arches have a decorative and religious significance both in their convex exterior and their concave interior. My projects in this book have more functional and dynamic substance only. The majority of older domes are made of stone and are pure pressure structures of great perfection, since stone does not take tensile forces.
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Russian dome.
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Santa Maria de Fiore.





[image: Kairovan in Tunisia]

Kairovan in Tunisia.



The inside of the hemisphere has always provided inspiration for decoration and brings to mind the universe, the light and the shape of the eye.


[image: Church of Saint Sergius]

Church of Saint Sergius.
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Lienzingen Church.
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Selimiye Mosque.
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Lienzingen Church.



Project: "An Apartment Block"     Architect: Rune Jakobsen.
The sphere and the way it can be constructed can also be used in the design of high-rises and large-scale building complexes. Normally, it is used mostly in the form of metal lattice or plate domes, or as concrete domes, but it can also form part of pre-cast and industrialized building. Use is normally made of rectangular concrete panels, as will be familiar from high-rises in the functionalist style, turning many cities into what are called concrete slums. Industrialized building is mostly used in large-scale housing complexes. That was the brainchild of Le Corbusier, who made plans for ready-made sub-components for building projects in the 1930s. That set a stylistic precedent in the twentieth century, and pre-cast building became widespread in many countries.
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Several cities, therefore, now have a highly rectangular pattern of many facets and grey tones. Despite that, this form of functionalism has come in for a lot of criticism, the gist of which is that cities become concretey and governed by function without thinking of the artistic and decorative aspect. History has shown that we require more of architecture, and that it must be more than merely functional. It must also be art, and challenge both the resident and the spectator to think along new lines. This book illustrates that architecture can also embody natural-science subjects such as dynamics, optics and astronomy in its idea and in the way it is constructed. The new structural component below, which is used in this high-rise, has been inspired by the way the Sun’s spatiality has been analyzed in the chapter "The sphere". As its point of departure, it takes an alternative method of construction that is capable of making the variation of form and function in high-rises more interesting. Structurally and geometrically, the sphere can be collected into a coordinate system of three plates in its x, y and z planes. In a structural analysis it is the strongest and most stable way of putting together a sphere. It is a plate construction positioned in the central axes of the sphere, and all applied loads are distributed over the entire surface of the three plates together with its own weight.
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If part of the shape is cut out, it is reminiscent of a rounded tetrahedron, and is nothing short of the most stable lattice and plate construction in existence.
Assembling the final structures, which form the spherical shell, is also more practical and manageable, as only a smallish part of the overall shape needs to be covered at a time; and above all the stability of this plate construction is better than if it were a monocoque construction of polyhedra, since all forces are conducted to the joints between the plates, not the points, and that makes for great stability. The sphere with the three plates in the coordinate system’s x, y and z axes can be divided in many ways. It can be a hemisphere or dome, a quarter of the sphere or be hollowed out to comprise rings. It is therefore well suited to industrialized building, since the form of construction can be varied just as much as the rectangle.
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The height of the high-rise block is 100 metres. The diameter of the five concrete balls is 20 metres, and the width of the right-angled steel shell is 4 metres.
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As in all high-rises, the vertical forces are compression forces caused by gravity and therefore best absorbed by concrete or ferroconcrete. They are distributed down through the building via columns and walls. The horizontal forces propagate sideways and consist of both compression and tension forces, activated throughout the construction. This is a result of either the self-weight of the building or external loads such as the wind or live loads such as furniture or people. The stability can thus be divided into vertical and horizontal stability.
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From the beginning, the vertical compression force balances the elements in a stable position of equilibrium. The horizontal tension and compression forces distributed through beams and plates in an unstable position of equilibrium will try to balance them. In this project, the vertical compression forces thus propagate through the concrete balls placed on top of each other, interspaced with a cylinder providing stability. The horizontal tension forces propagate through steel grids and plates in two perpendicular rectangles.
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In this project, the vertical compression forces also propagate sideways and through the plates to make maximum use of the ability of the material to absorb forces, thereby making it stronger and safer.
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Seacroft Building
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World Trade Center



Many high-rises and skyscrapers are based on a highly modular construction principle, which means that the buildings can collapse like domino bricks. An example is the beautiful World Trade Center, which unfortunately was the target of a terrorist attack.
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Where the round plates are joined and the forces propagate from one ball to another, there is an extra strong cylinder of reinforced concrete to prevent the balls from moving.
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A building with two walls in a rectangle as well as a building consisting of four walls is unstable because they both lack a diagonal element in the walls to absorb the tension forces, although a building with four walls is more stable than a building with two walls.
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