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ПЕРЕДМОВА
Основною метою даного посібника є подальший розвиток навичок самостійного читання оригінальної літератури з будівельної справи, а саме наукових та науково-популярних статей із спеціалізованих наукових журналів, вебсайтів, інтернет-видань та інших джерел.
Крім того, автор ставить за мету ознайомити студентів з історією розвитку технології будівництва з використанням спочатку бетону а потім залізобетону як основного будівельного матеріалу починаючи з 18 ст.; з передовими технологіями будівництва, що застосовуються зараз при зведенні висотних офісних та житлових будівель, будівель суспільного призначення; з технологією "зеленого" будівництва, що є екологічно безпечним, дружнім до навколишнього середовища та економічним з точки зору використання наявних природних ресурсів та використання альтернативних джерел енергії для забезпечення життєдіяльності зведених будівель.
Посібник включає в себе дві частини. В першій частині підібрані тексти для самостійного читання з вправами, виконання яких дасть можливість студентам вилучити основну інформацію кожного тексту та сформулювати її письмово у вигляді короткого конспекту. Друга частина містить тексти для письмового перекладу, що містять в собі інформацію про будівельні технології минулого і сьогодення. Ілюстративний матеріал, що широко представлений в посібнику, дає студентам уяву про кожну будівлю, описану в текстах, та сприяє кращому розумінню прочитаного. Посібник призначений для студентів спеціальності "Переклад" та студентів будівельних спеціальностей з поглибленим вивченням англійської мови.
Preface

The main purpose of this manual is further development of skills in independent reading of the original literature in construction engineering, namely the scientific and popular scientific articles from specialized scientific magazines, websites, internet publications and other sources. 

In addition, the author puts for a purpose to acquaint students with the historical development of building technologies with the use of concrete and then reinforced concrete as basic building materials beginning from the 18th century; with advanced building technologies presently used for the erection of high office and apartment buildings and public buildings; with technology of “green” building which is ecologically safe, friendly to the environment and economic from the point of view of using natural resources and alternative energy sources for providing the proper functioning of the erected buildings.

The manual consists of two parts. In the first part the texts are meant for independent reading with exercises implementation of which will enable the students to extract basic information of every text and   formulate it in writing a short summary. The second part includes the texts for written translation which contain information about building technologies of the past and present. Illustrative material which is widely presented in the manual gives the students an idea of every building described in the texts and contributes to their better understanding.

The manual is meant for the students of the speciality “Technical translation” and  students of building specialities with the advenced study of the English language.

PART I

Unit I 
Evolution of Concrete Skyscrapers

Text 1 History of Concrete and Reinforced 

Concrete Structures

Concrete, unlike any other structural building material, allows the architects and engineers to choose not only its mode of production, but its material properties as well. When architects and engineers call for a concrete structural system, they must also specify a multitude of variables, such as its strength, durability, forming techniques, hardening characteristics, nature and extent of reinforcement, aesthetics and much more. As a result, the field of concrete tall building construction is rapidly changing and its limits are constantly being tested and stretched. The introduction of composite construction to tall tubular buildings, first conceived and used by Fazlur Khan of Skidmore, Owings & Merrill (SOM) in the 1960s, has paved the way for supertall composite buildings like the Petronas Towers and the Jin Mao building in the present era.

Travelling through time, one learns that the art of proportioning of concrete was known to the Roman builders and the Pharaohs of Egypt in a primitive way. Steel, concrete and masonry materials have existed for a long time in the history of civilization but not in such a configuration. Masonry is the oldest material. Concrete in its present form is the youngest of these three basic structural materials of construction. Research shows that early societies used lime as a binding element in mortar. These included the Phoenicians and their colonies, Cyprus in Mycaenae, Minoan Crete, Egypt and Mesopotamia. Structures from as early as 1200 BC have been found with polished, lime-concrete floors and surfaces of hard, colored plaster. With the decline of the Roman Empire, society lost the ability to mold the ingredients into cementitious materials. Only ruins exist as a testament to Roman ingenuity and the history of concrete. The use of concrete was lost for centuries until discovered again in the nineteenth century and put to work as a workhorse for large warehouses, apartment buildings and factories.

The baseline from which to measure the history and development of the skyscraper is the 1876 Centennial Exposition in Philadelphia. While there were no skyscrapers or even structures that resembled them at the exposition, there were in the construction of the buildings and in the exhibitions many of the seeds that germinated and took roots under the quickening impulse that the exposition furnished. Portland cement, while known for some time and used in concrete and in mortar for brickwork below grade, was imported from England, but was hardly employed in the masonry walls of the superstructure. Specimens of reinforced concrete were exhibited at the Centennial as a usual curiosity in the field of specific possibilities, but as yet unrecognized for any general use, although a few obscure but adventurous leaders had begun to catch the vision. This was, however, the era of bridge building, not high-rises. Steel rolling mills were then establishing their standard shapes, which were later to become the foundation of the skeleton steel design for skyscrapers.

Discovery in a modern sense of reinforced concrete actually occurred during the eighteenth and nineteenth centuries. Wilkinson of New Castle, England, François Hennebique of France, and Thaddeus Hyatt of America are some who greatly contributed to its development in the 19th century. In 1884, E. L. Ransome's patented twisted bars for greater bond is the precursor for our current deformed bars.

In 1904, the first technical bulletin, "Tests of Reinforced Concrete Beams," was published by Robert Talbot of the University of Illinois at Urbana-Champaign following his testing of concrete in its civil engineering laboratories.

As materials testing continued to improve, built forms of reinforced concrete systems were witnessed both in Europe and the United States. Factories, warehouses, residential houses and low-rise apartment buildings were considered appropriate uses of concrete. Between 1901 and 1902, Ransome first patented a system with an exterior belt course to hold up walls from stories above. He also developed the first precast wall units that were placed integrally with cast-in-place floors and columns. Precast systems were initially popular making erection quicker and more efficient as well as avoiding cold weather problems. These two innovations changed the exterior walls from ones that carried their own loads to ones that bore integrally with the rest of the system. This created an ability to use concrete as the framing with a curtain wall sealing the building from external forces. Another innovation, which led the construction industry away from its traditional construction techniques of imitating steel and wood, was Robert Maillart's use of the floor slab instead of beams and girders to carry loads. These breakthroughs, along with concrete's ability to resist fire, carry heavy loads, and dampen noise, made it a good choice for factory and apartment buildings at the turn of the century. The difficulty for inventors was then to convince the public that its uses went beyond low-rise apartment buildings. Like steel, it could also soar toward the sky.
The history of concrete high-rise truly belongs to the realm of the twentieth century. E. L. Ransome's system of casting square, twisted, steel bars with concrete as a frame with slabs and concrete exterior walls was used in the Ingalls Building in Cincinnati, Ohio, the first 15-story concrete "skyscraper" built in 1903 by A. O. Elzner. Initial speculation by the news media and many skeptics in the construction profession predicted that once shoring was removed, the building would crack and crumble under its own weight or through shrinkage during curing. One news reporter stayed awake all night waiting for the event in order to be the first to provide news coverage of such a catastrophe. Fortunately, they were proven wrong for the building remained standing.
Assignments

Exercise 1. Put the sentences containing the main ideas of each paragraphs in a logical order according to the text.

 In 1903, A. O. Elzner completed the first reinforced concrete skyscraper using Ransome's twisted steel bars.
 The use of concrete was lost for centuries until discovered again in the nineteenth century. Americans and Europeans used it in large warehouses, factory buildings, apartment buildings and homes.
 The first users of concrete date before 1200 BC and include societies like the Phoenicians, Minoans, and Egyptians, to name only a few.
 Designing and constructing any concrete structural system architects and engineers should take into account such material properties of concrete as its strength, durability, forming techniques, hardening characteristics, nature and extent of reinforcement, aesthetics and much more.
 In 1884, E. L. Ransome patented the system of twisting square steel bars to increase strength and adhesion to concrete.
 The introduction of composite construction to tall tubular buildings in the 1960s has paved the way for supertall composite buildings.
Exercise 2. Find proper answers to the questions listed below.
1. What are the basic structural materials of construction having existed for a long time in the history of civilization? Which of them is the youngest one?

2. Why was the use of concrete lost for centuries?

3. Why is the 1876 Centennial Exposition in Philadelphia considered the baseline in the history and development of the skyscrapers?

4. How were specimens of reinforced concrete exhibited at the Centennial?

5. When did the discovery in a modern sense of reinforced concrete take place?

6. Who contributed greatly to its development?

7. What buildings were considered appropriate uses of concrete at the beginning of the 19th century?

8. What century does the history of concrete high-rises belong to?   

Exercise 3. Find in the text the information about the most important innovations which made concrete a good choice not only for factory and low-rise apartment buildings but also for high-rises.
Exercise 4. Make up a short summary of the text. 

Text 2 Innovation in Construction Technology
Much of the technological change in concrete construction was in the first half of the 20th century. Advances in formwork, mixing of concrete, techniques for pumping, and types of admixtures to improve quality have all contributed to the ease of working with concrete in high-rise construction.

The most efficient construction coordination plan for a tall building is one that allows formwork to be reused multiple times. Traditionally, formwork was made of wood but as technology has advanced, the forms have become a combination of wood, steel, aluminium, fiberglass and plastic, to name only a few materials. Each set may be self-supporting with trusses attached to the exterior or may need additional shoring to support it in appropriate locations. New additions to the family of forms include flying-forms, slip forms, and jump forms. Flying forms or table forms are rental items. They are built in "typical" span lengths in order to provide continual reuse in a variety of jobs. The assemblage is made of fiberglass pan forms, steel trusses and purlins, and plywood, which are moved as a unit providing the base for a floor slab. After concrete placement and when it is determined that the strength of concrete has reached an appropriate maturity, the forms are removed, cleaned and "flown" with a crane to the next level of a building for reuse.

Slip forms are another type of early removal system using materials, which are continuously re-employed. Three types of jacks - hollow screw jack, hydraulic jack and pneumatic jack - are used worldwide to "slip" formwork for a wall section to higher levels as the concrete cures. The screw jack is manually operated and used in areas of the world where mechanization is limited. The hydraulic and pneumatic jacks are fully automated moving continuously as concrete is pumped into place.

Jump forms are another type of concrete formwork, which moves as concrete cures to create a reusable, economic system. Jump forms also have a lifting mechanism but it is used differently from that of the continuous pours made with slip-forming. These are designed to swing away from the structure (like a door opening) for cleaning and oiling with subsequent reattaching to the wall as it increases in height.

While the history of concrete as a material is long, its use in tall buildings was partially curtailed because of difficult delivery systems. For the construction of the Ingalls Building, the ingredients of concrete were brought to the site and stored on the basement floor. Blending of materials was accomplished mechanically by power-driven, on-site mixers, which had been developed in the 1880s. When transport began in 1913, it was executed using open trucks. Since segregation occurred on the way to the site, remixing was always necessary. Actual means of transporting the quantities needed for such an enormous job as a high-rise project entails by a transit-mix vehicle was not available until after 1920. In 1947, the first "hydraulically driven truck-mixers" were introduced in the scene.

Delivery of concrete had been an issue for tall buildings and other large projects. Hand-in-hand with this concern came the challenge of material placement in large quantities. Technology remained primitive and stagnant in this area until the 1960s when hydraulically powered and controlled pumps were first developed and mounted on a truck for mobile service. From here, techniques improved continually till now when pumping of concrete is considered even for small jobs. In recent years, concrete pumping has reached new heights. The builders for the Jin Mao Building in Shanghai, China, boast of pumping high strength concrete as high as 1200 ft (366 m). Pumping is limited by the plastic qualities of concrete, the type of pump available and the piping needed to carry the product up to the desired level. For such great heights, a high-pressure unit is needed. Great thought must be given to the properties of concrete and how it will react when pressure is applied in a pipe. All these factors demanded innovations in concrete technology.
Assignments

Exercise 1. Divide the text into three logical parts: an introductory part and three information ones. Entitle each of them.
Exercise 2. State what advances facilitated working with concrete in high-rise construction.
Exercise 3. Answer the questions to the second part of the text.

1.  What are the materials for making formwork?
2. What are the main types of concrete formwork?

3. Characterize each type of formwork and state the difference between them.
Exercise 4. From the third part of the text copy out the names of all mechanisms used for delivering concrete to the construction site and mixing it.

Exercise 5. Use the information of the fourth part to speak on the technology of concrete placement in large quantities at high elevations until and after the 1960s. Make use of such key words and word combinations: hydraulically powered and controlled pumps; mounted on a truck; concrete pumping; type of pump; piping; high-pressure unit. 
Exercise 6. Make up a short summary of the text. 
Text 3 Improvements in Concrete Technology
Along with advances in the ways that concrete is brought to the site, the types of formwork in which it is cured, and how it is placed at high elevations, its mechanical and chemical properties have made great advances in the past century. Again, many of these were developed and used in the first half of the twentieth century, but are valid for today's applications and further improvements. 
Lightweight Concrete: It can be made from a variety of aggregate types. A few of these are scoria, pumice, vermiculite, perlite, herculite and polystyrene beads. Extra-lightweight aggregates, such as: polystyrene beads, perlite and vermiculite are considered low density and can produce concrete weights as low as 50 pounds per cubic foot (800 kg/m3). Their compressive strength is between 100 and 1,000 psi (0.69-6.90 MPa) - not one that will hold a structural load; however, they have high insulative qualities. Intermediate range structural lightweights include pumice, scoria and herculite. With compressive strengths from 1,000 to 2,500 psi (6.9 to 17.2 MPa), they are considered topping. Structural lightweight concrete has the highest compressive strength of the three categories with a minimum of 2,500 psi (17.2 MPa) up to and sometimes exceeding 6,000 psi (41.4 MPa). Its weight can range from 90 to 120 pounds per cubic foot (1441 to 1922 kg/m3). Absorption, particle size, shape, and the surface texture of the aggregate affect the properties of lightweight concrete.

Lightweight concrete as a structural material has many uses. This includes multistory building frames, curtain walls, shell roofs, folded plates, precast elements, pipes and tubes, and ocean​going ships, to name only a few. Lightweight concrete is especially appropriate for tall buildings having many floors. The additional cost of this material is often recovered from the reduction in the building's weight and consequent saving in the cost of columns and foundations. The 52-story One Shell Plaza of 1971 in Houston, Texas, is a lightweight structure from top to bottom and is still the tallest lightweight building in the world.
High Strength Concrete (HSC): HSC is also known as micro silica concrete or condensed silica fume concrete (CSF). Silica fume is a byproduct of the electric arc furnace production of silicon and ferro-silicon alloys. Its first structural use was in Norway in 1971. In addition to CSF, this material also contains Portland cement, water, crushed gravel of granite or limestone, fine sand and superplasticizers. All of these are combined to create a product that has strength greater than 5,000 psi (34.5 MPa) and even up to 20,000 psi (138 MPa). When CSF is mixed with water, a chemical reaction occurs creating crystals which physically fill any voids in the concrete containing pore water; thus, creating both a water-resistant and a high-strength material. HSC is much more brittle than the ordinary concrete and must be mixed and placed with care.

Even with the precautions for handling, this type of material is finding more and more uses in the construction industry. The current trend for HSC is to pump it to soaring heights. New equipment has been developed to keep the materials from segregating thus retaining its strength. HSC is used for high-rise apartments and skyscrapers like those already built or being built in Malaysia, China and the United States. Its appeal for this type of building is that with higher strengths, members can be made smaller. The sizes of columns using HSC and reinforcing steel in tall buildings are greatly reduced and consequently the usable floor space is increased yielding higher revenues.
High Performance Concrete (HPC): Use of HPC truly began in 1927 when engineers building a tunnel through the Rocky Mountains near Denver needed a quick way of supporting the loads on the tunnel. At that time HPC was in the research stages and was not yet ready to enter the market. The engineers prevailed upon scientists to allow its use. Eventually, the tunnel was built using this material. Why were the builders so interested in HPC? The answer lies in its ability to reach an adequate maturity in 24 hours rather than 7 days for regular concrete. In this way and others to be described in the following, HPC is very different from conventional reinforced concrete, even that which contains admixtures.

The definition of HPC encompasses more than just high-early performance. It is a mixture whose properties include increased strength and better performances in the areas of durability, ductility, density, mixture stability and chemical resistance, to name only a few. These will change depending on the type of admixture combined with cement, aggregates and water for the final product. Building industry professionals are interested in increasing productivity by decreasing the amount of time for concrete to reach its strength and the amount of material required to carry the loads of a structure as well as have improved stability and toughness.

From the evidence presented in the literature, HPC is very flexible with applications to many classifications of construction. It is well known that time, money and labor costs together is a matter of great concern in the building industry. HPC, with its low water/cement ratio, can develop strength of 3,500 to 6,000 psi (24.1 to 41.4 MPa) within 24 hours of placing. This performance speeds the time for project completion and may reduce cost with the reduction of waiting time and more reuse periods for formwork. Higher strengths that can be achieved by HPC also add a few other beneficial effects to the structure. These features of HPC make it appropriate for applications to high-rise buildings.
Assignments
Exercise 1.  Read the text carefully and fill in the table to compare mechanical and chemical characteristics of different types of concrete. 
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Exercise 2. Answer the following questions.

1. What affects the properties of lightweight concrete?

2. What is silica fume which is used for manufacturing HSC?

3. Why must HSC be mixed and placed with care?

4. What are the beneficial effects of HPC application to high-rise buildings?

Exercise 3. Make up a short summary of the text.

Text 4 Advances in Structural Systems
The issues involved with structural design and technology are ones of both natural and human implications. A structure must be designed to carry gravity, wind, equipment and snow; resist high or low temperatures and vibrations; protect against explosions; and absorb noises. Adding to this the human factor means considering rentable spaces, owner needs, aesthetics, cost, safety and comfort. Although one set is not mutually exclusive of the other, careful planning and consideration are essential in an attempt to satisfy and integrate both.

Over the history of tall building structures, the changes in technology have been tremendous. Part of this comes from the daily strategies of human living. In the early years of skyscrapers, urban centers included mostly structures with a storefront next to the street, offices in the stories immediately above, and, finally in the upper levels, apartments for city dwellers. These types of buildings were difficult to arrange to take total advantage of structural and mechanical systems. Offices needed large open spaces with large loads from mechanical and electrical systems. The living quarters, with their more intimate spaces, needed closer column spacing, and had fewer vents and wires required to meet needs of comfort. Shallow floor-to-floor heights in the apartment areas were possible since they could be accommodated by a flat plate design. Offices needed grid or pan systems covered by drop ceilings to allow HVAC and electrical systems to be delivered to desired locations within each square. As the automobile became a transportation reality, people moved to the suburban areas and commuted to the city for work. This eliminated most mixed-use issues and allowed new forms of tall buildings, which could accommodate wider column spacing desired by businessmen. In recent years, the trend is returning to mixed-uses as limited natural resources, the expense, time and stresses of commuting draw people back into the city center. Hence, architects and engineers are returning to the challenges of structural design to accommodate people's total daily life. In addition to the past needs of storefronts, offices and apartments, parking is a major consideration in any new structure within the city.

Considering structure alone, there are two main categories for high-rise buildings - structures that resist gravity and lateral loads and those that carry primarily gravity loads. Since skyscrapers have the largest needs for resisting high magnitudes of wind, the lateral load resisting system becomes the most important.

When reinforced concrete was first introduced as a building material, there were limitations on the heights that those buildings could reach. Structural engineers have gradually learned more about the properties of concrete and the structural systems. Fazlur Khan revolutionized the design of tall buildings in both steel and concrete when he proposed his well-known system charts for tall buildings. The concrete systems that are suitable for different ranges of number of stories are shown in Fig.1.1.
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Figure 1.1 – Concrete systems suitable for different ranges numbers of stories

Moment-resisting frames are structures having the traditional beam-column framing. They carry the gravity loads that are imposed on the floor system. The floors also function as horizontal diaphragm elements that transfer lateral forces to the girders and columns. In addition, the girders resist high moments and shears at the ends of their lengths, which are, in turn, transferred to the column system. As a result, columns and beams can become quite large.

Shear walls, first used in 1940, may be described as vertical, cantilevered beams, which resist lateral wind and seismic loads acting on a building transmitted to them by the floor diaphragms. Reinforced concrete's ability to dampen vibration and provide mass to a building makes it a good choice of materials. These elements are a variety of shapes such as circular, curvilinear, oval, box-like, triangular or rectilinear. Many times, a shear wall exists as a core-wall holding internal services like elevators, janitor's closets, stairwells and storage areas. Sometimes they serve external functions as a diagonal bracing system. When carefully planned, these walls may be used as partitions in a structure serving as both a gravity- and a lateral-load bearing system. Concrete's quality of sound absorption makes it suitable for use in hotels and apartment buildings to reduce the transfer of noises from unit to unit.
A combined system called shear wall-frame interaction system first seriously studied by Fazlur Khan was a milestone in the development of taller concrete buildings. In this system, a central core or dispersed shear walls interact with the remaining beam-column or slab-column framing in the building via rigid floor diaphragms.

A framed tube structure is a new addition to the structural systems. Khan is generally credited with its invention in the 1960s. It is defined as a three dimensional space structure composed of three, four, or possibly more frames, braced frames, or shear walls, joined at or near their edges to form a vertical tube-like structural system capable of resisting lateral forces in any direction by cantilevering from the foundation.
The tubular structure operates as an inherently stiffened three-dimensional framework where the entire building works to resist overturning moments. Tubes can encompass shear walls, columns and beams attempting to make them act as one unit. The main feature of a tube is closely spaced exterior columns connected by deep spandrels that form a spatial skeleton and are advantageous for resisting lateral loads in a three-dimensional structural space. Window openings usually cover about 50% of exterior wall surface. Larger openings such as retail store and garage entries are accommodated by large transfer girders, albeit disrupting the tubular behavior of the structure locally at that location. The tubular concept is both structurally and architecturally applicable to concrete buildings as is evident from the DeWitt-Chestnut Apartment building (Fig.1.2) in Chicago completed in 1965, the first known building engineered as a tube by Khan.
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Figure 1.2 – DeWitt Chestnut Apartment building in Chicago

Several configurations of tubes exist: framed, braced, solid core-wall tubes, tube-in-tube and bundled tubes. The framed or boxed tube is the one most likely associated with the initial definition given above. The DeWitt-Chestnut Apartment building in Chicago is a framed tube. A braced tube is three dimensionally braced or a trussed system. Its unique feature is that members have axial but little or no flexural deformation. The Onterie Center (Fig.1.3) in Chicago is an example of such a system in concrete.
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Figure 1.3 – The Onterie Centre in Chicago

The John Hancock Center in Chicago, on the other hand, is a remarkable example of this system in steel. Tubular core walls could either carry full lateral load or they may interact with frames. The Brunswick Building (Fig.1.4) in Chicago is an example where the core walls interact with the exterior frame comprising closely spaced columns. This gives the building a tube-in-tube appearance although it was designed using the shear wall-frame interaction principle.
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Figure 1.4 – The Brunswick Building in Chicago
Tube-in-tube is a system with framed tube, an external and internal shear wall core, which act together in resisting the lateral resisting loads. One Shell Plaza (Fig.1.5) in Houston is a tube-in-tube building.
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Figure 1.5 - One Shell Plaza in Houston

Bundled tubes are used in very large structures as a way of decreasing the surface area for wind resistance and creating intimate spaces for apartment rentals. Multiple tubes share internal and adjoining columns depending on their adjacencies. One Peachtree Center in Atlanta is an example of a concrete bundled tube design. Similarly, the One Magnificent Mile building (Fig.1.6) in Chicago is another example. The Sears Tower is one of steel but probably the most well known in this category of tubular configuration. 
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Figure 1.6 - One Magnificent Mile building (Fig.1.6) in Chicago
Choosing a structural system is very complex in today's market. In the years of the Ingall's Building, one system of post-and-beam construction existed. Concrete's formwork was complex but putting the building together was not as complex as today's systems. Developments in the world of concrete since 1960 have been mostly in new systems such as the tubes and composite construction. The challenge for engineers and architects today is to make all the systems work together to their maximum capacity and create a habitable environment for the people within the built structure.
Assignments

Exercise 1.  State what natural and human factors are involved with structural design and technology.
Exercise 2.  In paragraph 2 find sentences to prove the idea that over the history of high-rises there were three different types of tall building structures depending on the daily strategies of human living. 
Exercise 3. Correlate the types of concrete systems with their descriptions given in the text.
	Frames
	- In this system, a central core or dispersed shear walls interact with the remaining beam-column or slab-column framing in the building via rigid floor diaphragms.

	Shear Walls
	-  System with framed tube, an external and internal shear wall core, which act together in resisting the lateral resisting loads. 

	Frame-Shear     Wall
	- Vertical, cantilevered beams, which resist lateral wind and seismic loads; are a variety of shapes; serve internal and external functions; may be used as partitions. 

	Framed Tube
	- Structures having the traditional beam-column framing;  carry the gravity loads that are imposed on the floor system.

	Tube-in-Tube
	- Three dimensional space structure composed of three, four, or more frames, braced frames, or shear walls; form a vertical tube-like structural system capable of resisting lateral forces in any direction.


Exercise 4. Characterize different tube system configurations and structures they were used in.  

Exercise 5. Make up a short summary of the text.

Text 5 Trends in Tall buildings
The first reinforced concrete high-rise, the Ingalls Building was a post-and-beam system standing 15 stories. In the design of the Ingalls Building, standing at 210 ft. (64 m), every major development that had been made by then was taken into consideration. The building utilized a heavy monolithic beam-column framing system. The floor slabs contained two-way reinforcing systems. The beams were reinforced with bent bars near the supports. Hoops and continuous helixes were employed in the columns to tie the vertical reinforcement together. Ransome's square, cold-twisted reinforcing bar was used for the steel throughout the entire building for horizontal as well as vertical reinforcement. Since the construction of the Ingalls Building, rarely has any concrete building exceeded the 20-story high mark until about 1960. Many tall concrete buildings have been built all over the world since then. Only a few such representative buildings are discussed below.

The Marina City Twin Towers were built in 1962 in the center of an industrial park. Architect Bertrand Goldberg knew that whoever lived there would need 24-hour services, entertainment, parking and offices all in one structure. Marina City contains a movie theater, bowling alley, shops, offices, restaurants, meeting rooms, gym, skating rink, parking for cars and boats and, finally, apartments. Originally marketed to single adults and couples without children, the apartment complex was a success. The Towers were two of the first new mixed-use structures in downtown Chicago and were the tallest reinforced concrete buildings in the world for that year at 588 feet (179 m). Goldberg's plan in building a circular structure, which was very innovative at the time, was based on efficiency of HVAC systems and to reduce the service core of the structure. Another innovation was the 20-story parking garage directly below the 900 units of apartments. He introduced a circular core wall in hopes that it would take the entire lateral load from cantilevering floors. This was actually modified with two rows of columns so that the depth of the cantilever and beams between "petals" could be reduced. Even with these modifications, the circular core area carries 70% of the total lateral loads. The core, which acts as a circular concrete shear wall, was carefully designed with staggered openings and by minimizing their size in an effort to maintain enough stiffness.

The Water Tower Place (Fig.1.7) became yet another high-rise structure of concrete located in the downtown area of Chicago. Designed in 1975 by Loebl, Schlossman, Dart & Hackl, it stands 859 ft.(262 m) in height and serves as another mixed-use building with a mall on the interior, offices and apartments above. The strength of concrete used in this building took a dramatic jump to as high as 9,000 psi (62.1 MPa). This was, however, only one of eleven mixes placed by six cranes. Mix strengths could vary from 3,000 psi (20.7 MPa) for slabs to 9,000 psi (62.1 MPa) for columns. This building demonstrates concrete technology's ability to rival that of steel for tall buildings as it was 2/3 the height of the tallest steel building of the time. The structural system for Water Tower combines "reinforced concrete peripheral framed tube, interior steel columns, and a steel slab system with a composite concrete topping.”
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Figure 1.7 - The Water Tower Place
One Magnificent Mile building in Chicago completed in 1983 was designed by SOM and is one of the last buildings engineered by Khan. One Magnificent Mile was designed with the same concepts that made the Sears Tower possible (Fig.1.8) 
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Figure 1.8 - The Sears Tower in Chicago

The bundled tube system had already proven to be successful when executed in steel, as in the Sears Tower. The designers at Skidmore, Owings and Merrill decided to translate the bundled tube system into reinforced concrete. The structural system of One Magnificent Mile consists of three hexagonal tubes bundled together (Fig.1.6). The tied tubes give the building added stiffness. As in the Sears Tower, the tubes terminate at different heights, as the gravity loads decrease.

The Onterie Center of 1985 in Chicago, another SOM building, is generally considered as the "final work" of Fazlur Khan (Fig.1.3). The structural system for Onterie Center utilizes a trussed tube system in concrete. Once again, SOM successfully translated a structural system originally intended for Hancock, a steel tower, into reinforced concrete. The result is a concrete tube structure that has visible diagonal stiffening braces on the exterior. Although the diagonal bracing of the John Hancock Center was comprised of continuous diagonal steel members, that approach was not strictly possible in concrete. Instead, the diagonal bracing is achieved by blocking out the windows along the facades by filling them in with concrete.

311 South Wacker Drive of 1990 is a supertall reinforced concrete building in Chicago (Fig.1.9). It stands at 969 feet (295 m) with 12,000 psi (82.7 m) as its highest concrete strength. The structural system is a modified tube with a reinforced concrete peripheral frame, interior steel columns, and a composite steel and concrete slab. 311 is known to be a good example of shear wall-frame interaction systems. The building is engineered in such a way that the relative stiffnesses of both internal and external elements remain the same for the entire height of the building. Two strengths of concrete were used, 10,000 and 12,000 psi (68.9 and 82.7 MPa). A self-climbing pump with a separate, mounted, placing boom pumped concrete to the top of the structure. Post-tensioned floor slabs reduced the amount of steel consumption while that for concrete was reduced with thinner elements due to the material's high strength. Two sets of flying forms were cycled every five days through the structure.
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Figure 1.9 - 311 South Wacker Drive
One Peachtree Center, built in 1991 in Atlanta, Georgia, is a 62-story, 842 ft.(257 m) tall, bundled-tube design with three strengths of concrete used in its columns and shear walls - 8,500, 10,000 and 12,000 psi (58.6, 68.9 and 82.7 MPa). Designers used technology developed in the 1960s and 1970s by Material Service Corporation in Chicago. Architectural requirements dictated a column-free interior and thus a 50-ft (15.2 m) floor span was accomplished with HSC and post-tensioned steel bars. Silica fume and granite aggregates were used to achieve the necessary strengths. Of special note for the owner of the building, each floor has about 36 rentable corner offices. This building is remarkable because of its design allowing multiple desired spaces for renters, the structural design and its desired use of Chicago style high-strength concrete.
Two more recent buildings constructed around the turn of the 20th century where concrete has been primarily used as the structural material in conjunction with steel are the Petronas Towers (Fig.1.10) in Kuala Lumpur, Malaysia and the Jin Mao building (Fig.11) in Shanghai, China. These are good examples to show that concrete has greatly advanced as a material in a century since the days of Ingalls Building construction. The structural frames for the 1,483-ft.(452 m) tall Petronas Towers use columns, core and ring beams of HSC, and floor beams and decking of steel to provide cost-effectiveness, fast construction and future adaptation to the internal and external environment. The core and frame together provides adequate lateral stiffness for such a tall building.
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Figure 1.10 - Petronas Towers
The recently built 1,380-ft. (421 m) high Jin Mao building of 1999 is a mixed system that has a number of steel outrigger trusses tying the building's concrete core to its exterior composite mega-columns.
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Figure 1.11 - The Jin Mao building
Assignments
Exercise 1. Fill in the table using the information of the text. 
	
	Built
	Architect/

Company
	Height,

m
	Structural

System
	Characteristic

Features

	Ingalls

Building
	1903
	A.O.

Elzner
	64
	Post-and-

beam

system
	The first reinforced concrete high-rise

	The Marina City Twin Towers
	
	
	
	
	


	The Water Tower Place
	
	
	
	
	

	The Sears Tower
	
	
	
	
	

	The Onterie Centre
	
	
	
	
	

	311 South Wacker Drive
	
	
	
	
	

	One Peachtree Centre
	
	
	
	
	

	The Petronas Towers
	
	
	
	
	

	The Jin Mao building
	
	
	
	
	


Exercise 2. Compare different skyscrapers paying particular attention to the structural systems used during their construction.

Exercise 3. Translate the following text into Ukrainian in written form. 

Little more than a century ago, reinforced concrete was invented. In that short period of time, reinforced concrete has gone from being a very limited material to one of the most versatile building materials available today. The first reinforced concrete buildings were heavy and massive. Valuable floor space was taken up by the massive concrete structural systems. Today, due to our increased knowledge and improved technology, reinforced concrete buildings can be tall, graceful and elegant. Due, in part, to the use of shear walls, innovative structural systems and ultimate strength design, very little usable floor space is occupied by the structure. HSC and lightweight structural concrete allow us to use smaller member sizes and less steel reinforcement.

Because of the rapid developments of concrete construction and technology, with every passing year the use of concrete for tall buildings is becoming a constant reality. The moldability of concrete is a major factor in creating exciting building forms with elegant aesthetic expression. Khan predicted in as early as 1972 that concrete is the material of the future for tall buildings. A recently completed 66-story Plaza 66 office tower in Shanghai is an all-concrete building. The building was designed for typhoon winds. Joseph Colaco had conducted a study showing the structural feasibility of a mile-high skyscraper – one proposed by Frank Lloyd Wright for Chicago in the 1950s - with currently available technology. He selected concrete as its structural material because it is a naturally fireproof material and monolithic concrete can absorb thermal movements, shrinkage and creep, and foundation movements. Also, the structure is inherently stiff and has a great deal of redundancy. Compared to steel, concrete tall buildings have larger masses and damping ratios that help in minimizing motion perception. A heavier concrete structure also provides better stability against overturning caused by lateral loads. Colaco further demonstrated that either an all-concrete or a composite structural system for skyscrapers is also cost-effective. New structural systems including the composite ones that are popular now have allowed concrete high-rises to reach new heights during the last four decades. The floor erection cycle time for concrete high-rises is now almost comparable with that of steel buildings. Although steel will continue to be the structural material of choice for many tall buildings for its strength and ductility, we may expect to see more and more concrete and composite high-rise structures shaping the skylines of major cities of the world in the forthcoming years.
UNIT II 

MODERN SKYSCRAPERS
Text 1 Taiwan On Top
The official opening of the Taipei 101 Tower in December 2004, makes it one of the world's tallest building (Fig. 2.1). In the 20th century, competition for this title was largely waged in Chicago and New York, but it has recently migrated to Asia.
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Figure 2.1 - Taipei 101, considered one of the world's

 tallest skyscraper

Hong Kong, Shanghai, Kuala Lumpur, and now Taipei, Taiwan, all have modern mega-structures, and more are planned in India and China. So why are Asian countries building so high just when the United States and Europe are backing off from the competition? 

The many answers to this question include pride, the explicit display of national development, prosperity, ambition, and the eagerness to create new national landmarks. Of importance too is the hope that the prestige will stimulate both domestic and foreign attention, putting less developed capitalist nations firmly into the international limelight. 
Formed by Traditional Values 

Furthermore, there's a difference in cultural perception between Westerners, who may respect the sheer scale of tall buildings, and Asians, for whom tall buildings symbolize the future and the notion of climbing to see further. Super-structures thus often have a symbolic value in Asia that may extend beyond commercial sense. 

The 1,667-foot- (508-meter-) high 101 Tower, for instance, is built in an economic climate with relatively slow corporate spending. And leasing space in the tower will be many times more expensive than in other parts of the city where empty space is abundant. Given present economic risks and the memory of attacks in New York, are multinational companies eager to move into tall towers?

 Designed by C.Y. Lee and Partners, architects of many tall buildings in Taiwan and China, the Taipei 101 Tower is immense, with 101 floor levels above ground. Its perceived size has been increased by its "pagoda-style" design. From ground level, the viewer's eye is drawn up the first section of the building but then back out from the second section upwards, thus exaggerating the building's apparent size. 

With a form composed to balance international design with local cultural traditions, the 101 Tower has eight sections (a Chinese number that signifies prosperity and confidence) and also resembles an unfolding bamboo shoot (an auspicious Chinese plant). It dominates the Hsinyi district, the only part of Taipei formed to a master plan (Fig. 2.2). 
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Figure 2.2 - The Taipei 101 Tower in its urban context
Structured by Modern Methods 

The composite steel / concrete structure is an impressive feat of engineering. The building not only has to support its own colossal weight but must also withstand typhoons and earthquakes. The subtropical humidity brings clouds that cloak the top of the structure during much of the relatively cool winter. 

Built on a site just 650 feet (200 meters) from a fault line, the 101 Tower has been structured with pioneering features. An 800-ton (725,000-kilogram), 18-foot- (5.5-meter-) diameter sphere on the 88th floor is part of a tuned mass dampening (TMD) system. The primary structure is flexible to withstand earthquakes, and the sphere hangs like a pendulum that swings to counteract the movement created in the flexible structure by high winds, thus dampening the resonance in the building and providing stabilization (Fig. 2.3).
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a - the suspended sphere which absorbs movements from typhoons and earthquakes
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b - cross section of the top of the tower with the huge sphere that acts as a stabilizing pendulum


Figure 2.3 - The huge steel sphere of the tuned mass dampening system
The hanging ball of the TMD also forms a tourist attraction in the observatory at the top of the building, which offers spectacular views of the city. One million visitors a year are expected to visit the "Topview Taipei" observatory, reachable by the world's fastest elevator that goes from the ground floor to the 1150-foot- (352-meter-) high viewing area in just 37 seconds. The fastest elevators in the tower travel at 55 feet (17 meters) per second. 

The tower's structure is a steel box frame, toward the center of which are 16 steel plate columns, each filled with concrete up to the 62nd floor for added strength. Close to each of the four exterior walls, up to the 26th floor, are two "super-columns," two "sub-super-columns," and two corner columns. The super- and sub-super-columns are filled with reinforced 10,000-psi concrete. 

The architects are confident that this structural solidity will not compromise floor layout flexibility. At the top of the building, for example, where the floor plan is much smaller, the loading transfers directly to the core columns, thus providing support while allowing for column-free interior planning. 

Constructed with Great Courage 

Erecting the building was not easy. It required lifting thousands of tons of steel and concrete into the sky. An earthquake during construction in March 2002 caused a crane to fall, killing several construction workers. The contractors also had to deal with demanding construction directives due to the 101 Tower's proximity to Sungshan Airport. Concern about conflicts with flight paths threatened to limit the height when proposals were issued to increase the original 60-story scheme. 

Integral to the tower's composition are the observation decks and restaurant spaces on floors 86 and 88. The intention is to provide tourists and locals with a striking impression of Taipei and with views to the mountains, the Keelung River, and the South China Sea to the north, which will enhance their understanding of the Taipei Basin. 

Although this may be the intention of President Chen-Shui Bian, a keen advocate of promoting Taiwan's identity in many different ways, the tower may disappoint in practical terms because the clouds frequently conceal both the tower and the views from it. 

Now, most of the office space is empty but expected to be leased soon. However, the bottom five levels are occupied and busy. The 101 Mall has already established itself as Taiwan's premier shopping venue. With almost 800,000 square feet (74,000 square meters) of retail space for 160 plus shops and 12 restaurants, the mall is expected to help establish Taipei as a luxury shopper's paradise to rival any other city in Asia. 

While the shops will attract the consumer-happy Taiwanese, the mall is really conceived to attract foreign visitors. Its spacious plan is dominated by a piazza, "Taipei City Square 101," with a floor pattern resembling the oval pattern in the Baroque Piazza del Campidoglio in Rome. From here are grand views around the rest of the mall and up 150 feet (45 meters) to a glass roof that presents striking views up the side of the tower (Fig. 2.4). 
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Figure 2.4 - View up to the glass roof from the mall's atrium
The completion of the 101 Tower scheme must be viewed as a major achievement for Taiwan and evidence that it can compete economically and culturally on the world stage. Many Taiwanese are proud of what the 101 Tower represents even if high prices keep the designer shops off limits to them. They believe that the ability to build forever upwards expresses an ideal and demonstrates a willingness to invest in architecture. 

In Taiwan, such investment appears likely to continue in other dramatic design forms. If the proposed Taichung City Hall by Frank Gehry and Guggenheim Museum by Zaha Hadid are built in Taichung, the island of Taiwan will continue to capture the world's attention. 
Assignments

Exercise 1. Read the introductory and the first part of the text and answer the questions.

1. In the 20th century the highest skyscrapers were built in America, weren’t they?

2. Why are Asian countries such as Taiwan, India and China planning and constructing modern mega-structures which are the highest in the world in the 21th century?

3. When was the Taipei 101 Tower completed?

4. What is the height and number of floor levels above the ground?

5. What does the 101 Tower resemble?

Exercise 2. In the second part of the text find out paragraphs containing the information about:

- the main pioneering structural feature;

- the structural system of the Taipei 101 Tower.

Exercise 3. While reading the third part of the text find the rejoinders to the following:

1. Erecting the building was not easy because … .

2. The observation desks are the integral part of the Taipei 101 Tower because … .
3. The Tower may disappoint in practical terms because … .

4. Many Taiwanese are proud of what the 101 Tower represents because … .

Exercise 4.  Make up a short summary of the text. 
Text 2 Swiss Re Tower by Foster and Partners
During construction, London's newest highrise conjured up many emotions from visitors and locals alike: here was a building that would bring a major change to the skyline. It became affectionately known as the "Gherkin," but was it worth it? Was it a white elephant? 

Officially known as Swiss Re Tower, the building at 30 St. Mary Axe, designed by Foster and Partners, has won critical acclaim including the 2004 Stirling Prize from the Royal Institute of British Architects (RIBA). Set in the center of the City, London's financial center, the building's distinctive shape has already made it a recognizable landmark (Fig. 2.5). 
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Figure 2.5 - The glazed tower is in London's historic financial district
The 590-foot- (180-meter-) high, 40-story, 76,400-square-meter Swiss Re Tower is said to be London's first environmental skyscraper. Its aerodynamic, glazed shape minimizes wind loads and maximizes natural light and ventilation, reducing the building's energy consumption to 50 percent of that of a traditional large office building. As a working environment, it offers unequalled views of the surrounding city.

The outside of the building consists of 260,000 square feet (24,000 square meters) of glass panes (Fig. 2.6)  But the idea behind the overall form is to forge a connection with nature. Although dubbed "Gherkin," the spiral in its shape more resembles a pinecone. 
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Figure 2.6 – Outside glass panes of the building

The external diagonal steel structure uses triangular forms to be inherently strong, permitting a flexible column-free interior space. The building's height was made feasible by the use of a peripheral "diagrid," in which all the steel elements subtly interlock. The exterior cladding consists of approximately 5,500 flat triangular and diamond-shaped glass panels, which vary in size at each level. 

Success after False Starts 

In 1992, an Irish Republican Army bomb destroyed the historic Baltic Exchange in St. Mary Axe. This had been the last Edwardian trading floor in London. In 1995, the exchange sold the site to developer Trafalgar House, which set out to build over 485,000 square feet (45,000 square meters) of office space. Trafalgar House employed Foster and Partners to design the new building (Fig. 2.7).
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Figure 2.7 - London's distinctive new Swiss Re Tower, at 30 St. Mary Axe, designed by Foster and Partners 
In 1996, the first design, the 2600-foot- (800-meter-) high Millennium Tower was submitted for approval and then withdrawn. Reinsurance company Swiss Re subsequently bought the site, inheriting its planning permission, and retained Foster and Partners to design its new London headquarters to replace its five dispersed locations throughout the City. Construction started in 2002 and was completed two years later. 

The tower's worthiness as an architectural icon is made evident by the prestigious award, but local attitudes are mixed. It is a symbol for London, a recognized addition to the city's high-profile skyline that includes St. Paul's Cathedral, which speaks volumes for its impact and acceptability. However there are those who see the new tower not as a bold intervention in the city's streetscape but as a building out of context with its surrounds, a reaction to commercialism of the city. 

Although the building's shape has no obvious reference point from the existing streetscape, the tower now seems firmly established. Its contextual inhabitation has been the result of extended negotiations with city planners before permission was obtained. The architects skillfully convinced the establishment that it was time for a change. This is an often neglected aspect of the architect's work but worthy of credit in this instance. To negotiate with the bureaucracy and build such a novel form is an amazing achievement. 

Spirals of Glass 

The tower's glazing wraps around a diagonally braced structure, with a new public space of around 7500 square feet (694 square meters) of retail in a double-arcade on the ground floor. Entrances to the building are through high triangular archways cut out of the diamond grid of the facade.
The building provides 450,000 square feet (41,810 square meters) of net office space. At the edge of each floorplate is horizontal slots, created by "twisting" each successive floor. This allows natural ventilation although air-conditioning is also incorporated  by taking advantage of the large pressure differentials that draw air in through horizontal slots in the cladding. 

At every sixth floor, the atria feature gardens that control and purify moving air and divide the building into fire safety zones. The balconies on the edge of each light-well provide strong visual connections between floors and create a natural focus for communal office facilities. 

The envelope at the office areas consists of a double-glazed outer layer and a single-glazed inner screen that sandwich a central, ventilated cavity containing solar-control blinds. These cavities act as buffer zones to reduce the need for mechanical heating and cooling and are ventilated by exhaust air drawn from the offices.
Public Life 
In deference to street life, the architects tapered the tower at its base to improve connections to the surrounding streets and allow the maximum amount of sunlight to reach the plaza level. The circular plan enables much of the site's ground level to be used as a landscaped public plaza, with mature trees and low stone walls that effectively mark the site boundary and provide seating. 

Yet, to call the space "public" is a misnomer. The tightly squeezed plaza is uninviting. A meeting point possibly but never a relaxing area, not a place to meander, and a place where, currently at least, bicycles are not allowed. 

Swiss Re occupies eight office floors half way up the building; the remaining floors are being leased to allow for the company's future needs. Tenants have the option of leasing space in increments of two or six floors. The typical office floor is divided into six rectangular spaces, alternating with triangular service areas. 

The answer as to where to dine within the city is answered at the building's top floors. A restaurant at level 39, and a bar at level 40, under the building's crown, offer a spectacular 360-degree panoramic view. 

Foster and Partners' aim had been to create an "environmentally responsible building with natural economy of form and a detailed understanding of the urban context in which it is placed." The result is a building that is radical "socially, technically, architecturally and spatially." The Stirling Prize judges were unanimous in their award decision. They said in their citation: "The client wanted a landmark building and they have certainly got one." 

The Swiss Re's London Headquarters is a symbol, not only for one of the world's leading reinsurance companies, but also for the City of London. The tower's uniqueness is reflected in the fact that there is little chance of a duplicate being built. 

Looking from Jack Straw's Castle, the highest point in London, over Hampstead Heath towards the city, the building has already settled into its surrounds. There now seems to be a general public recognition and acceptance of something unprecedented in the London skyline. 
Assignments

Exercise 1. Give some facts from the text to prove the following statements:

a) Swiss Re Tower is said to be London's first environmental skyscraper.
b) set in the center of the City the building's distinctive shape has already made it a recognizable landmark but local attitudes to it are mixed.

c) the Stirling Prize judges were unanimous in their award decision. saying in their citation: "The client wanted a landmark building and they have certainly got one." 

Exercise 2. Comment on the idea about the tower’s structural  uniqueness expressed by the author in the following paragraph:

 “The Swiss Re's London Headquarters is a symbol, not only for one of the world's leading reinsurance companies, but also for the City of London. The tower's uniqueness is reflected in the fact that there is little chance of a duplicate being built.”

 Use the following key words and word combinations: glazing; diagonally braced structure; floorplate; spiral atrium; pressure differentials; horizontal slots; light-well; double-glazed outer layer; single-glazed inner screen;  central, ventilated cavity; solar-control blinds.

Exercise 3.  Make up a short summary of the text. 
Text 3 Illuminating Foster
The young German artist Thomas Emde, whose medium is light and color, has just added the finishing touches to a Norman Foster building. The Commerzbank in Frankfurt am Main, Germany, is said to be the world's first "ecological high-rise." With Emde's light installation, the special characteristics of the building are now as visible at night as they are during the day (Fig, 2.7). 
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Figure 2.7 - The light installation gives the impression of transparency to the building at night and during the day
The 53-story, 1000-foot (300-meter) tower, the highest office building in Europe, is triangular in plan. It features a central atrium that penetrates its entire height and four-story gardens that spiral around the perimeter. 
Pairs of vertical masts, enclosing the corner cores, support eight-story Vierendeel trusses, which in turn support clear-span office floors. Not only are there no columns within the offices, but the Vierendeels also enable the gardens to be totally free of structure. 

These gardens provide green views for the office workers and, in conjunction with the atrium, create natural ventilation for the entire building (Fig. 2.8). From a distance, the gardens give the tower an impression of transparency. 
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Figure 2.8 - Every office worker has a green view. In this case, down across the atrium to one of the gardens 


It was this transparency that the award-winning Emde wished to emphasize in his lighting design. To this end, he installed indirect lighting in the gardens that gives them a distinctive, warm, yellow glow at night. He also uplit the upper facades of the building to accentuate the tower's verticality. The result has transformed the skyline of Frankfurt. 

His studio, Blendwork, is a unique group of four professionals: The creative artist Emde, Peter Fischer, an art historian and project manager, Gunther Hecker, light designer, and Ralf Teuwen, light planning manager.

Blendwork also created "The Color Fleece," a large painting in the building's lobby. At 2300 square feet (210 square meters), it is reputedly the largest painting in the world. What the viewer sees in the painting depends on the viewer's position and changes with the light throughout the day. In a monograph describing the process of creating this painting, Emde wrote about the building: 

"Unlike the other towers [in Frankfurt], the building by Norman Foster executes a new double movement. On the one hand, the building reaches up apparently endlessly to the sky, seemingly lifting up from the ground and departing from it (Fig.2.9).. At the same time, it lifts nine gardens up into the heights. 
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Figure 2.9 - A view to the top from inside the atrium 

"The building takes whole trees with it, removing plants from the ground, with its connotations of closeness to nature and roots in the soil. This reflects the duality of the building, for as trees always strive upwards and grow towards and into the light, so also does the tower. 

"In this way, the Commerzbank building modifies the simple law of roots in the soil. Nature is a simulated living space floating in the heights, reflecting the duality of the tower. The building replaces the necessity to root the trees in the earth, by taking them up and growing with them towards the light." 
Assignments

Exercise 1. Chose the statements which correspond to the contents of the text.

1. The Commerzbank in Frankfurt am Main, Germany, is said to be the world's highest office building.

2. Nine gardens of the Commerzbank in conjunction with the atrium create natural ventilation for the entire building. 

3. In his lighting design Thomas Emde wished to emphasize the building’s unique triangular plan. 
4. "The Color Fleece," a large painting in the building's lobby, is reputedly the largest painting in the world.
5. The building by Norman Foster executes a new double movement: on the one hand, it reaches up apparently endlessly to the sky and at the same time, it lifts nine gardens up into the heights. 
Exercise 2.  Correlate these people who took part in the construction of the Commerzbank in Frankfurt am Main with their profession.

	  • Norman Foster
	-  art historian 

	  • Thomas Emde
	-  project manager

	  • Peter Fischer
	-  light designer

	  • Gunther Hecker
	-  architect

	  • Ralf Teuwen
	-  creative artist

	
	-  light planning manager


Exercise 3. The special characteristic features of the Commerzbank are: its triangular plan, central atrium penetrating the entire height of the building, four-story gardens. What other unique features of this building can be mentioned? 

Exercise 4. Translate the part of the text describing the building’s structure in written form. 

Text 4 Austrian Sky Garden
Until around the turn of the 21st century, high-rise buildings were quite rare in Vienna. Here and there a radio tower or an office building would reach above the Austrian capital's skyline, but skyscrapers were so rare that the Vienna building regulations classified any building over 65 feet (20 meters) tall as high-rise. 

So when the firm Coop Himmelb(l)au built a 25-story apartment tower, its height drew attention (Fig. 2.10). Also remarkable was its passive heating and cooling system supported by a high-tech, double-skin, climate-tempering glass facade. 
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Figure 2.10 - The SEG Apartment Tower by Vienna firm Coop Himmelb(l)au 
To build a tower in Vienna, particularly for housing, was considered an absurdity until recently. Housing, it was generally agreed, had to be near the ground and, if possible, with direct access to a garden. Contributing to this attitude was that building into the skies had always been the subject of myth in Europe, as evidenced in the fabulous gardens of medieval paintings. 

In isolated instances, skyscrapers are becoming the height of fashion, such as with the Commerz Bank in Frankfurt, Germany by Norman Foster. But so far, air space has gone largely undeveloped for high-rise-abstinent Middle Europeans.

Now Wolf Prix and Helmut Swiczinsky, partners of the firm Coop Himmelb(l)au, are making tall buildings more commonly accepted in Vienna. In the office of the "Coops" - the firm's insider-nickname - piles of paper sit on the desks beside high-end computers, representing the architects' dual respect for the earth-bound past and the cloud-seeking avant-garde. 

The SEG Apartment Tower 

The sky-blue SEG Apartment Tower is situated not in Vienna's center, but on the other side of the River Danube in a kind of suburb gradually becoming urban. This densification of office and residential high-rises is new here, but the area has become an El Dorado for those interested in water sports, disco, and inline skating. 

Entering this vertical Garden of Eden, one is alerted to its novelty by the unusual shape of the glass-roofed entrance and the lobby, which is extremely spacious by Viennese standards. These are previews to the "climatic facade" that provides the building with an effective passive solar climate control system. 

Those who choose to live here are expressing a chic individualism. Part of the attraction to the neighborhood and the apartment tower is thanks to the upper-floor terraced gardens that open up behind the huge, slanted glass façade (Fig. 2.11). At last the longing of the Viennese for a garden has merged with the vision of living in the clouds. 
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Figure 2.11 - The slant of the facade  means that every floor plan is slightly different
Everyday life in the building seems characterized by an unusual openness. The tenants socialize in the ninth-floor "sky lobby" and attend regular get-togethers and workshops. The building's community gets along well and they enjoy meeting to discuss energy-saving measures with the architects. 

A Climatic Facade 

On the east side, the sky lobby becomes the "basement" of the common airspace that is open to the top in a shaft between the inner and outer glass skins. Jutting out into this space are individual apartment balconies where tenants enjoy year-round gardens. This airspace is not only a kind of vertical indoor city space, it functions as a super-dimensioned convective system. A 16- by 10-foot (5- by 3-meter) shaft provides air circulation using sensor-controlled inlets. 

On top of the building sits a huge, dark, cubical "air box." In the winter, the air behind the outer glass facade warms and rises to the air box, which functions as a heat-exchanger, returning hot air to the apartments. In the summer, the air box system powers cross-ventilation, blowing cool air into the apartments below. The so-called "cool head" also represents a prominent identification feature, visible throughout the quarter (Fig. 2.12). 
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Figure 2.12 - The building's "cool head" - a huge dark cube that con-

trols air circulation within the climatic facade 

Blinds attached at the climatic protection cover are subjected to central computer control. However, the individual tenants can furnish their own shading without affecting the artificial climate in the air circulation space. Their privacy is protected from the street by the bold slope of the glass front. 

The "climatic facade" with its integrated, terraced gardens creates a pleasant climate year-round, tempering the indoor climate of the individual apartments. A building physicist is connected online with the building and monitors its climate data. Formal efficiency evaluations are not yet available, but no tenants have complained about drafts. 

One tenant tending her "sky garden" is an Italian architect. According to reports, she loves to rave about the Mediterranean flair of her garden between the clouds. 
Assignments

Exercise 1. Combine these pairs of sentences from the first part of the text by choosing the proper connector given in the right-hand column.

	1. Skyscrapers were very rare in the Austrian capital. The Vienna building regulations classified any building over 65 feet (20 meters) tall as high-rise.  
	  however

  because

  that’s why

	2. In Vienna until recently to build a tower for housing was thought an absurdity. It was generally agreed that housing had to be near the ground and with direct access to a garden.
	  and

  therefore

  because  

	3. The height of the 25-story SEG Apartment Tower built by the firm Coop Himmelb(l)au drew attention in Vienna. Its passive heating and cooling system with a high-tech, double-skin, climate-tempering glass facade was also remarkable. 
	  besides

  but

  since

  thus 

	4. The firm Coop Himmelb(l)au represents the architects' dual respect for the earth-bound past and the cloud-seeking avant-garde. In the office of the "Coops" - the firm's insider-nickname - piles of paper sit on the desks beside high-end computers.
	  because

  besides

  though

  that’s why

  but


Exercise 2. In the second part the author speaks about the novelties in the SEG Apartment Tower design, such as: the glass-roofed entrance, the spacious lobby, the "climatic facade", the upper-floor terraced gardens, the glass façade, the “sky lobby”. Use the text to give more detailed information about these peculiarities. 

Exercise 3. Read the third part of the text attentively and state the functions of:

· the airspace on the east side of the building;

· the huge, dark, cubical “air box” (so called “cool head”);

· the “climatic façade”.

Exercise 4. Do you agree that the “cool head” represents a prominent identification feature of the building?  Speak on the issue.

Text 5 Building Petronas Towers
The Petronas Towers in Kuala Lumpur, now the tallest buildings on earth (1,483-ft.(452 m), are among the architectural wonders of the world (Fig. 2.13). The story of their construction is one of many challenges, and the resulting design, by Cesar Pelli & Associates, reflects a melding of East and West. 
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Figure 2.13 - The Petronas Towers in Kuala Lumpur are considered the tallest buildings on earth.
From the West, the Petronas Towers embody the great spirit of buildings that reach to the heavens, a spirit born on the plains of the American Midwest and now found on nearly every continent on earth. The towers reflect the latest technology in making tall buildings, with modern materials such as stainless steel cladding, which makes these spires glisten on the skyline. 

From the East, the design embraces the architecture and decorative arts of Malaysia. When viewed in plan, the towers appear as two overlapping squares — interlocking heaven and earth — to create an eight-pointed star, which is further refined with half-circles between the star points. The spirit of the geometry is Islamic, the dominant Malaysian culture, and the geometric pattern is found throughout the country in screens, architectural ornament, and decorative arts.
Construction Innovations 

One of the first challenges of construction was anchoring the towers to the ground. The bedrock beneath the site was feared to be very irregular and Thornton-Tomasetti, the structural engineers, suggested relocating the towers about 200 feet (60 meters) so that they could bear on soil. 

For the new location, they designed an underground forest of friction piles to provide greater distribution of the towers' weight. Over the piles was poured a reinforced concrete foundation mat, upon which the towers rest. 

The towers are framed with a structure of concrete core walls and columns which, according to the engineers, was the best choice for several reasons. In Malaysia, the local contractors on the job were more familiar and comfortable working with concrete than with steel. Concrete also provided better stability to dampen the sway of the towers in winds, and minimized vibration. 

Construction of the towers was fast paced, thanks in part to the decision to let two contracts, one for each tower, to two separate contractors. This naturally created a competitive environment, to the benefit of the building. 

Building the Skybridge 

One of the most dramatic feats was the placement of the two-story skybridge, which was built on the ground and hoisted to its location joining the 41st and 42nd floors (Fig. 2.14). After it was lifted into position, the legs which had been installed on the towers were swung down into place, and connected under the bridge. 
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Figure 2.14 - Two-story skybridge,  built on the ground and hoisted into place

The skybridge was not a requirement of the building program, but as the project developed it became an essential part of the overall functions of the towers. It links two sky lobby levels in both towers permitting easy access to meeting rooms, an executive dining room and a Surau (prayer room), distributed between the towers. 

By making the skybridge fire-rated and smoke-controlled, its mid-height location permits exiting from one tower to the other, as an alternative exit path. This reduces the cumulative demand in each tower and enabled to avoid adding two fire stairs that would otherwise have been required from the sky lobbies down. 

The structural design for the bridge was difficult because it had to accommodate possible differential movements of both buildings. The final solution was the simplest, clearest, and most elegant. It is an inverted V-shaped three-pinned arch that supports the bridge in the center, accommodating all movements while maintaining it equidistant from both towers (Fig. 2.15). 
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Figure 2.14 - An inverted V-shaped three-pinned arch of the bridge

One of the towers' most significant architectural characteristics is Eastern in nature: the space between them. The Petronas Towers are placed on a central axis, framing a doorway to the infinite with the skybridge. 

In the spirit of Lao Tse, the Chinese philosopher who stressed that architecture's power lies not in its physical walls but instead in the space created by those walls, the towers together create a powerful super-scaled portal. 
Assignments

Exercise 1. Use the information of the text to answer the questions.
1. What architectural features of East and West do the Petronas Towers reflect?

2. Why was the construction site of the Petronas Towers relocated?

3. What foundation was designed for the towers?

4. What are the structural frames of the buildings? 
5. What were the reasons for choosing concrete as the main material

    for construction?

6. Why was the construction of the Petronas Towers fast paced?

7. Was the skybridge construction a part of a primary project?

8.  What is the function of the skybridge?

9. Why was the structural design for the bridge difficult?

10. What was the final design of the skybridge?
Exercise 2.  Match these statements against the appropriate ones in the text.

1. The towers, which were designed by architect César Pelli, were completed in 1998.
2. The 88-floor towers constructed of largely reinforced concrete with a steel and glass facade were designed to resemble motifs found in Islamic art, a reflection of Malaysia's Muslim heritage.
3. Because of the depth of the bedrock the buildings were built on the world's deepest foundation going down some 120 meters and requiring massive amounts of concrete.
4. In an unusual move, a different construction company was hired for each of the towers, and they were made to compete against each other.
5. Due to a lack of steel and the huge cost of importing steel, the towers were constructed on a cheaper radical design of super high strength reinforced concrete.
6. High-strength concrete is a material familiar to Asian contractors and twice as effective as steel in sway reduction.
7. Supported by 23-by-23-metre concrete cores and an outer ring of widely-spaced super columns, the towers showcase a sophisticated structural system.
Exercise 3. Make up a short summary of the text.

Text 6 Hong Kong's New Tallest
The second tower for the International Finance Centre, new headquarters for the Hong Kong Monetary Authority, perches near the narrowest crossing of the beautiful Victoria Harbour and marks a new gateway to the city. The so-called "Two ifc," at Central Waterfront is said to be the world's third-highest building and the safest highrise completed since September 11, 2001 (Fig. 2.17).
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Figure 2.17 - Two ifc, by Cesar Pelli and Rocco Design, towers over Hong Kong
The 88-story tower, designed by Cesar Pelli and Rocco Design Limited, joins a lower office tower in the complex, which also includes a major transit hub, a four-story retail mall with high-end shops (Fig.2.18), cinemas, and restaurants, and, soon, a 1000-room, six-star hotel .
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Figure 2.18 - Central atrium of the shopping mall 


The new two-million-square-foot (186,000-square-meter) highrise is designed to accommodate financial firms and is equipped with 22 high-ceilinged trading floors, high-bandwidth fiber-optic, wireless, and satellite networks, raised floors for flexible cabling management, and nearly column-free floor plans, averaging 50 feet (15 meters) from core to window wall. 

The central concrete core houses the primary structure and building services, leaving the office floor plates open and providing ample corner and perimeter offices with spectacular views to the harbor and the city. Two concrete "mega-columns" per facade bookend an 80-foot (24-meter) structure-free span of curtain wall, which is clad in lightly reflective glass panels and pearl-colored mullions.
The floors areas are somewhat smaller near the top, giving the structure a gently tapering appearance on the skyline. It is topped by a sculptural "crown" reaching inward and upward. At 1400 feet (420 meters), the building is the highest in Hong Kong, a city known for its many highrises. 

Building services engineering firm J. Roger Preston devised a cooling system using seawater and a system of 62 elevators that satisfies a target waiting time of only 30 seconds despite a projected building population of 15,000 (Fig. 2.19). Two independent permanent power supplies serve the building with dual risers to each floor. Despite this redundancy, there are also backup generators. 
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Figure 2.19 - One of several elevator lobbies of Two ifc

During the tower's construction in 2001, the World Trade Center in New York was attacked, causing the Two ifc structural engineers from Arup to review the safety of their design. Leslie Robertson assured clients that the Hong Kong building had been engineered to withstand far greater pressures than the older New York highrises. 

Quoted in the South China Morning Post on the event of the building's opening in December 2003, Robertson said: "Life is a risk and you cannot base engineering decisions on severe catastrophic events, like an airliner hitting them or an atomic device going off. The biggest realistic risk in any building is fire, and I believe Two ifc has extremely good measures both structurally and in terms of regulations and evacuation. It can also withstand huge wind loads. I would say if not the safest, it is one of the safest buildings on the planet." 

Wind loads governed the original structural design, which should be able to withstand the force of 200-year typhoons. The extensive use of concrete for the core and mega-columns provides superior robustness against impact and fire-resistance compared to other common types of highrise construction. 

Structural redundancy is such that large sections of the building could be damaged without resulting in collapse. There are four stairwells for emergency evacuation, which could be accomplished in less than half an hour in the event of extreme events. 

This will leave the building's occupants free, no doubt, to work in peace and to enjoy the amenities of upscale shopping and dining in a beautiful location within easy access to Hong Kong's airport, trains, and ferries. 

Assignments

Exercise 1. Read the text carefully and find sentences to prove the idea of the title.

Exercise 2. Be ready to list accommodations the “Two ifc” house. 

A lower tower in the complex includes:  ?  ,  ?  ,  ?  ,  ?  ,  ?  ,  ?  .

The taller tower in the complex houses financial firms and is equipped with:  ?  ,  ?  ,  ?  ,  ?  .

Exercise 3. Support these ideas using the information of the text.

1. The concrete central core and columns of the tower.

2. A sculptural “crown”.

3. Cooling and elevation systems.

Exercise 4. Look trough the text again and give the reasons why …

- structural engineers had to review the safety of their design;

- Leslie Robertson from Arup said that the “Two ifc” was one of the safest buildings on the planet;

- large sections of the building could be damaged without collapse.
UNIT III 

INNOVATIVE STRUCTURES

Text 1 Foster's New City Hall

1. At first glance, you would hardly believe it is a public service building. Looking more like a moon base landing unit than a city hall, the Great London Authority (GLA) building is the latest addition to London's skyline from the firm of Foster and Partners (Fig. 3.1).
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Figure 3.1 – The Great London Authority building

The goal was to create a headquarters building for London's mayor and the GLA that would become a new landmark for the capital. This visionary feat of design and engineering is surrounded by two old stalwarts of London history: the Tower of London and Tower Bridge.

In conventional terms, the building has no front or back. Its shape is derived from a geometrically modified sphere, designed to minimize the surface area exposed to direct sunlight. The north facade, which will receive minimal direct solar heat gain, has unshaded glazing. The south facade inclines so that each floor shades the offices below (Fig. 3.2).
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Figure 3.2 - On the south facade, each story shades the one below 
to minimize solar heat gain
The 130,000-square-foot (12,000-square-meter) building of 11 floors, including one below grade (Fig. 3.3), accommodates an assembly chamber, gallery, public library, committee rooms, administrative offices, and restaurants. There is a visitor center and a flexible exhibition and function space at the higher levels with a public viewing gallery at the top. 
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Figure 3.3 - Below-grade amphitheater of London's new city hall
The building program called for 54 private offices with the remaining office space open in plan. But this space is flexible and can be subdivided into more or fewer private offices as required. Partitions can be solid or transparent. 

2. The main feature of the interior is an 800-yard- (730-meter-) long spiral ramp/ staircase curving through all ten above-grade stories to the top of the building. This is open to the public, allowing citizens to view GLA activities. At first glance, it resembles the ramp around the Berlin Reichstag dome, also designed by Foster and Partners. 

As in the Reichstag, the top-floor gallery is a public space, primarily for viewing the city skyline. Like its German cousin, the gallery also enables visitors to look down on the heads of the politicians as they debate in the assembly room. 

Another spiral underneath the London Assembly's debating chamber sweeps down into the ground, providing space for a canteen that doubles as a public restaurant and the five committee rooms. The restaurant looks out onto a sunken space that contains a 1,000-seat outdoor theater. 

For those inside, the building feels light and open. Yet this openness is not obvious to passers-by until after dusk, when its lighting transforms the building into an aesthetic of molten gold.  

3. Resembling a full-faced bike helmet or a futuristic gladiator, the building's revolutionary appearance may be less about aesthetics and more about environmental sustainability. The architects worked in collaboration with the engineering firm Arup to produce a world-class example of energy-conscious design. 

The building has an integrated system of environmental controls to minimize energy use. It is expected to consume 75 percent less energy on mechanical systems than a typical air-conditioned office building. Besides the envelope shape, which minimizes unwanted solar heat gain, insulated panels further reduce this gain, and they reduce heat loss to half that of a typical office building. 

Each of the infill panels is unique in shape and size. They have been laser-cut with data supplied from the same computer model used to design the building, ensuring a high degree of accuracy. 

Ventilation air enters offices through grilles in the floor. When the vents in the facade are open, local cooling and heating systems are deactivated to minimize energy waste. During the winter, heat and moisture are recovered from the outgoing air, and hygroscopic thermal wheels condition incoming air. 

For cooling the building during warm weather, naturally chilled groundwater is brought up from the aquifer through holes bored through 410 feet (125 meters) of London clay. The water circulates through hollow structural members, and, without the need for mechanical chillers, the system uses far less energy than air conditioning units. After circulating, the groundwater is used to flush toilets, reducing the building's demand on the conventional city water supply.  
A geodesic lattice framework, referred to as a "diagrid structure," supports the building and is, in effect, the largest radiator in London. Most of the horizontal steel elements, each 12 inches (300 millimeters) in diameter, have hot water running through them to heat the atrium space, making extra fittings or pipework unnecessary. 

Many of the building elements, including floor tiles and rubber doormats, are made from recycled materials. 

4. The GLA building is part of a larger development on the south bank of the River Thames known as "More London." There are plans to add office buildings, shops, cafes, and landscaped public spaces to a section of the riverside that has remained undeveloped for decades. 

Like much of Foster's recent work throughout London, GLA opens up old public spaces. More than half of its site is given over to public space, including two large piazzas equal in size to Leicester Square and Piccadilly Circus. A new streetscape will create dramatic vistas of landmarks such as the Tower of London and HMS Belfast, a former naval warship that is permanently docked as a museum. 

An underground road, which gives common access to a service infrastructure shared by all the new buildings, has kept the site completely free of vehicles (Fig. 3.4). This has enabled the creation of a new pedestrian public realm along the river, which will be accessible 24 hours a day. 
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Figure 3.4 - A vehicle-free public plaza looks out over the River 
Thames and London's historic Tower Bridge. 
It seemed initially that the new city hall would be slightly out of context, given its location near historic landmarks. But as the surrounding buildings rise around it, GLA begins to perform its duty as a trendsetter for the future of London.

Assignments

Exercise 1. The text is divided into 4 logical parts. Choose the most suitable title to each part from the given below.

	Part 1.        1. The building accommodations.

           2. The goal of creating  GLA building.

           3. General information about the building.

                      4. The shape of the building. 

Part 2.        1. The ramp around the Berlin Reichstag dome.

           2. The building’s openness.

           3. Circulating to the top.

          4. The main feature of the interior.

Part 3.        1. The system of environment control. 

          2. Air conditioning units.

          3. The building’s revolutionary appearance.

          4. Engineering innovations.

PART 4.       1. London’s historic landmarks.

          2. Making its mark on the Thames.

          3. ‘More London’ development.

                     4. A new pedestrian public realm


Exercise 2. From each part of the text write down key words to be used for summarizing them.
Exercise 3. Find and copy out all attributes the author used to describe the Great London Authority building.

 Exercise 4. Prove the author’s idea that architects and engineers produced a world-class example of energy-conscious design.
Exercise 5. Make up a short summary of the text. 
Text 2 Gehry at MIT

1. The latest installment in a billion-dollar construction program at the Massachusetts Institute of Technology has just opened on the Cambridge campus, and it's unlike anything else MIT has ever built. 

The Ray and Maria Stata Center, designed by Frank Gehry, is a rambling collage of odds and ends that now houses three MIT departments: the Computer Sciences and Artificial Intelligence Laboratory, the Laboratory for Information and Decision Systems, and the Department of Linguistics and Philosophy (Fig. 3.5).
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Figure 3.5 – The Ray and Maria Stata Center, on the MIT campus, by Frank Gehry, as seen from Vassar Street at dusk

The researchers and scientists who work here pull apart the mysteries of language, intelligence, and human decision making, so Gehry's puzzle palace seems just the right setting for "pushing the envelope" of what we know. At Stata, the envelope is folded, torn, punched, warped, shredded, and crinkled. 

Historians in the 21 th century might conclude that this particular Gehry creation was a reflection of our collective social anxiety - a building with twists and tilts suggesting explosive alteration. 

The nearly three-acre (1.2-hectare) Stata Center is located at the northeast corner of the campus, which MIT has planned as a new gateway to the institute at the corner of Main and Vassar streets. This 720,000-square-foot (67,000-square-meter) assemblage announces MIT's presence and its renewed commitment to building landmark architecture.
        2. The variegated facades of brick, painted aluminum, and stainless steel are Gehry's own brand of contextual design. There is a lot of brick here because it is a common local material, and he believes it will give users something familiar to relate to. The staggered wall planes are meant to suggest, Gehry explains, a condensed view of buildings on the surrounding streets, as if you looked down the collection of facades through a long-range camera lens. 

Sculptural pieces of building are scattered around the complex and contain special program spaces such as lecture halls and common areas. Each one has a name - "nose", "kiva" (Fig. 3.6), "helmet", "heart", "Buddha", "star"  - that suggests its shape, and also helps you find your way around. 
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Figure 3.6 - The yellow "kiva."
Laurie Olin was the landscape architect. On the building's south side he crafted cascading, landscaped plazas and gathering spaces of different shapes and sizes that should encourage full use. 

One of the most important of these spaces, an amphitheater, faces Main Street. This space not only responds to lunchtime use (it is situated not far from where lunch trucks pull up every day) but also offers a sunny place where teaching and discussion groups can take place. 

3. Conceptually, the plan and organization are fairly straightforward; the building just looks confusing. There are two nine-story towers, each containing two-story lounges and gathering areas, conceived as "neighborhoods" that encourage informal interaction and collaboration. 

"Warehouse" spaces between the two towers offer open space for labs that can be reconfigured as the project demands. There are also free spaces known as "town squares" on the forth and fifth floors to accommodate ad hoc research groups working together. 

On the ground level, the building is like a light-filled, colorful cavern from one end to the other, allowing students to walk through unimpeded on their way to other campus destinations. Here are found more common spaces, lecture halls, classrooms, and a daycare center. This public street functions as part of MIT's famous "infinite corridor," along which all the campus buildings are connected. 

The two towers are named Gates (Fig. 3.7) and Dreyfoos after their major donors. Former MIT architecture dean William Mitchell, who is now the architectural advisor to MIT's president, notes that Gehry's building is ideal for donor "naming opportunities" because of all its idiosyncratic pieces.  
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Figure 3.7 - An entrance to the Gates Building, one of two towers
 of the Stata Center
4. The building was constructed for a reputed $300 million, about $415 per square foot, including an underground parking garage that was added after the building was designed. Yet Stata does not have the high-quality interior finishes that you might expect for such an investment. 

There is a lot of gypsum board and plywood, which is meant to communicate the sense of unfinished architecture that Gehry says he was looking for. The architect didn't want the occupants to think that the building was too precious to change. He wants scientists, students, and researchers to feel free to punch holes through partitions, commandeer spaces, and use the building in ways that could not be foreseen. 

The concept of "assigned space" seems counterproductive and alien to the work that goes on inside of Stata. Instead, there are numerous little lofts, corner pockets of space around a table, and open areas where one can readily plug into power outlets and computer networks (Fig.3.8). 
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	a - skylights bring light into multilevel lab spaces and surrounding corridors

	b - the student street in the Dreyfoos Building near the entrance of the childcare facility
	c - one of many connective spaces between labs of the Stata Center 



Figure 3.8 –  The interior of the Stata Centre

The idea is for people to constantly modify their working arrangements, and for them to occupy the space in ways that are always temporary, governed by the particular way they are working at the moment. As those arrangements and collaborations change and adjust according to the direction of the work, the open nature of the building allows new work configurations to emerge. 

Such an ad hoc, changeable, temporary approach to research should invite scientists and researchers to let go of old ideas and look for new connections. The Stata Center's many glazed walls inside, with views between spaces, and from work areas to circulation areas, are perfect for symbolizing such connections across disciplines. The hope is that great science can be facilitated by chance meetings on a staircase or casual observations and musing over a sandwich and a cup of coffee. 
Gehry's design succeeds in giving form to the notions of the "unformed" and the serendipitous exchange. Research that pushes the boundaries is a chaotic business, and it now "neighborhoods" "Warehouse" "town squares" "infinite corridor," has a building by Gehry to match.
Assignments

Exercise 1. The main idea of the first part of the text is that the Ray and Maria Stata Center, designed by Frank Gehry, is unlike anything else MIT has ever built. Try and find sentences to enlarge this statement.
Exercise 2.  Comment on the materials used for the construction of the building and its sculptural pieces described in the second part.
Exercise 3.  Look through the third part of the text dealing with the building plan and organization and make up correct sentences.
	"neighborhoods"


	is/

are
	- a public street
	used to
	- offer open space for labs

	"warehouse"

spaces


	
	- on the forth and  fifth floors


	
	- connect all the campus buildings

	"town squares"


	
	- two-story lounges  and gathering areas
	
	- encourage informal interaction and collaboration



	"infinite corridor"
	
	- between the two      nine-story towers
	
	- accommodate ad hoc research groups 


Exercise 4. The fourth part of the text covers the information about the Stata Center interior. Be ready to answer the following questions.

1. What is the interior of the building as compared to its price?

2. Why does Frank Gehry use a lot of gypsum board and plywood for internal finishing?

3. Does he follow the concept of “assigned space”?

4. What idea does Gehry try to embody in designing the interior spaces of the Ray and Maria Stata Center?
Exercise 5. Make up a short summary of the text. 

Text 3 Show House Cubed
In Gurgaon, India, a fast-growing suburb of Delhi, an unusual house has just been erected. Designed by architect Ganesh Ganapathy, the building is a glass cube seemingly balanced on one vertex (Fig.3.9). Its uniqueness is admired by neighbors and passers-by, but working out the details of fitting a functional, stable house into such a form proved a formidable challenge. 
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Figure 3.9 - The "Cube" is a house designed by Ganesh Ganapathy, built in a suburb of Delhi, India 

The owners, the Mahatta family, participated in, and indeed insisted on, the challenges of such an attention-grabbing form. They own the locally prominent construction firm, Mahatta Towers Pvt. Ltd., and they wanted the structure to boost the visibility of their company's capabilities.

The architect, principal of the firm Stonehenge in New Delhi, and his clients spent nine months discussing numerous options for the house, including conventional residential forms. Then they realized they were interested in regular geometrical forms. An early design proposal involved collages of stacked cubes. Then, Ganapathy realized a single perfect cube would be still more distinctive. "And to bring out further dynamism to the structure, I made it stand on one vertex with the other lined vertically opposite." 

The house, as recently constructed, measures 35.25 feet (10.74 meters) on each side. It has three main floors, with a terrace level above and a water storage tank at the apex, plus a large basement for office and storage space. The skin is glass framed with aluminum, which also serves to accentuate the shape (Fig. 3.10).
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Figure 3.10 - The Cube during construction 

Fitting a family residence into such a form was no easy feat. The architect took six months to convert the form into practical spaces and another three months to get the plans approved by local building authorities who had serious concerns about the unusual design's feasibility. 

Ganapathy placed the circulation core at the center and made it the primary support structure. This stair core is triangular in plan and has reinforced concrete walls. The ground floor, the entrance lobby, is nothing but this core. Upper stories have larger floor areas. The relatively small ground floor also leaves room for another essential client requirement, on-site parking. 

The differing perimeter shapes of the upper floors were determined by their level and the outer shell of the cube. The architect's original intention was that the floor slabs would cantilever from the central core, but this ultimately proved impractical. Seismic resistance required tie-beams from floor to floor at the perimeter to reduce deflection of the slabs at their farthest edges. The basement walls provided additional stability. 

Because the structure was so unusual, it took some creative interpretation of the local building code to come up with acceptable height limitations. On a residential plot of this size (50 by 100 feet, or 15 by 30 meters) the maximum permissible height is normally 43 feet (13 meters). The architect was able to make the peak of the cube reach as high as 54 feet (16.5 meters) by taking advantage of code exceptions for "sloped roofs" and for water tanks. 

The interior rooms took unusual shapes to conform to the confines of the cube, which varied for each level. But in exchange for this spatial interest, the owners paid a penalty in a reduced floor space on the three main floors (2850 square feet, or 265 square meters) compared to what they might have had (3670 square feet, or 341 square meters) if the same sized cube had been placed flat. 

The owners will also pay a premium for all that glazing, which they chose because they wanted to achieve a modern look. They will combat tropical temperatures with considerable air-conditioning, though solar heat gain will be somewhat lessened by the reflectiveness of the glass. 

However, there don't appear to be many complaints. The owners are delighted with their new house, and the architect is grateful that they gave him the freedom to experiment. 
Assignments

Exercise 1. Put the following sentences in a logical order according to the content of the text.

 The skin of the house is glass framed with aluminum, which serves to accentuate the shape. 
 The architect Ganesh Ganapathy and his clients  spent nine months discussing numerous options for the house.
 The owners are delighted with their new house, and the architect is grateful for the freedom to experiment. 
 An unusual building in the form of a glass cube seemingly balanced on one vertex has been erected in Delhi.

 It took the architect six months to convert the form into practical spaces and another three months to get the plans approved by local building authorities.
Exercise 2. Look through the text again and find paragraphs dealing with the description of the building unusual structure. Copy out and translate key words and word combinations used.
Exercise 3. Comment on the reason for building such a unique house.

Exercise 4. Make up a short summary of the text. 
Text 4 Assembly by Rogers
1. Despite the breathtaking views over Cardiff Bay toward Penarth Marina, visitors to the new National Assembly for Wales, standing on the grand, slate-clad terraces, will find it is impossible to stop looking inland. Designed by Richard Rogers, known for his iconic buildings such as Lloyds of London, Centre Pompidou, and the Madrid Airport, the National Assembly building opened in March 2006 after years of political wrangling (Fig. 3.11).
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Figure 3.11 – The new National Assembly for Wales
A striking red-cedar soffit undulates through the building and out toward the harbor. The use of natural materials such as wood and local slate is just one reason the building is being heralded as a pioneering example of sustainability. It may also be one of the most important and controversial projects of Roger's career. 

The Welsh National Assembly was founded in 1987 following a referendum, and allows the Senedd (parliament or senate) the sought-after powers of home rule. This important organization needed a world-class building to portray its identity and to encourage local pride and interest in politics.  

The world renowned, London-based Richard Rogers Partnership (RRP) won the international design competition for the Assembly building in 1998, but the politics surrounding the building led to considerable delays, with the opening more than six years behind schedule. 

At the opening ceremony in March, the Queen said she hoped the building would become as important a symbol as the Houses of Parliament were. She praised the "skill and imagination of those who've designed and constructed this remarkable example of modern architecture." 
2. The result may well have been worth the wait. RRP's vision for the project was to create an open, glazed facade facing the water. This later became a steel and glass wall due to security concerns following the attacks of September 11, 2001. 

Sheltering the facade is a dramatic sweeping roof, expressing the resolve of the clients to create a transparent, democratic building that encourages people to engage with local politics. The strategy is enormously successful as both an urban gesture and a design element. 

The main entry space feels airy and open, flooded with daylight and ample natural ventilation. Framing views to the waterfront, the pavilion-like building sits sympathetically on the site. Inside, the canopy is even more dramatic as the roof form is pulled through to the lower floor to form a funnel-like enclosure for the debating chamber below. The rounded, organic form, with engineering by Arup, looks a bit like a mushroom with a wood-clad stalk (Fig. 3.12).  

[image: image46.jpg]



Figure 3.12 - The roof pulls down to the debating chamber 
Rather than entering from the glazed facade facing the water, visitors enter at a security point at the side of the building, through a less grand but more expedient and secure entry. The public is welcomed inside the ground-floor lobby with its slate floors and a grand staircase up to the mezzanine. Visitors can come for a coffee, to admire the views toward the water, or to look down into the debating chamber, the circular room below the center of the space (Fig.3.13).
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Figure 3.13 - View to the debating chamber below 

The spatially complex interior encourages views and daylight, but not direct access to the debating chamber, and allows for certain areas to remain visible yet private. Around the chamber's perimeter are various committee rooms, administration rooms, and offices for the Senedd's 60 elected members. 

3. The building challenges expectations about designing for public institutions. While cost was certainly a guiding concern, RRP did not let this stop them from making the building a showcase for accessibility or sustainability. It does not look stereotypically "green," and its theatrical, lightweight roof that twists surprisingly into the interior space makes it an automatic landmark. 

It is important to note that the building does more than just look good; it also performs well. The mushroom top of the debating chamber moves up and down, pumping in fresh air for ventilation, and the thermal mass of the slate plinth regulates interior temperatures. 

Water is collected on the roofs to further regulate the temperature and to provide for toilets and window cleaning. The building is designed for a minimum 100-year life span, a challenge given the stormy harbor location. 

Construction used more than 1100 tons (1000 metric tons) of Welsh slate for the floors and exterior walls. Four local artists were commissioned to provide public art. Near the main entry, local sculptor Richard Harris designed "The Meeting Place," an outdoor installation of 44 machine-cut slate slabs, each weighing 3.3 tons (3 metric tons). 

"I wanted to create a space that was to the side of the building, that related closely to the building but was very inviting for people to use,  somewhere quieter that people could sit and spend some time," Harris says of the work. 

In June 2006, the National Assembly for Wales was awarded a prestigious Royal Institute of British Architects Design Award, which places it on the long list for the coveted Stirling Prize, the "Oscar" of architecture. 
Assignments

Exercise 1. Find sentences from the text to comment on the following statements. 

1. The Welsh National Assembly needed a world-class building.

2. The strategy to build a dramatic mushroom-shaped roof is enormously successful as both an urban gesture and a design element. 
3. The National Assembly for Wales is considered a pioneering example of sustainability.
Exercise 2. Entitle each of the 3 parts of the text.  
Exercise 3. Make up a short summary of the text.
Exercise 4. In 1995, during a lecture series for the BBC, Richard Rogers spoke about the environmental crisis that many people are only now acknowledging.  Translate the abstract of his lecture in written form.

"Human life has always depended on the three variables of population, resources, and environment. But today, we're perhaps the first generation to face the simultaneous impact of expanding populations, depletion of resources, and erosion of the environment. All this is common knowledge, and yet, incredibly, industrial expansion carries on regardless.
Historically, societies unable to solve their environmental crises have either migrated or become extinct. The vital difference today is that the scale of our crisis is no longer regional but global: it involves all of humanity and the entire planet." 

Text 5 Coop Himmelb(l)au's BMW World 

1. Like its competitors, BMW knows that cool sells. And there is no doubt that BMW Welt — the German motor company's new sales, exhibition, and event center in Munich — is cool (Fig. 3.14).  
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Figure 3.14 - A twisting double-cone form of BMW Welt,
 a new car showroom and event space for BMW 

Its complex geometry was inspired by cloud formations — a dramatic touch by experimental Austrian architecture firm Coop Himmelb(l)au. Wolf Prix, cofounder of Coop Himmelb(l)au, had high aspirations for the new BMW facility, striving for "a city landmark... not only a temple but also a marketplace, meeting place and information centre," comparing it to the Acropolis in Athens. He dreamed of building huge unsupported spaces for architecture, with spaces "that changed like the clouds." BMW Welt is one in a series of high-profile projects that German engineer Manfred Grohmann and his firm, Bollinger and Grohmann, have worked on with Coop Himmelb(l)au.
An enormous steel-and-glass double-cone spiral form - 45 meters (148 feet) in diameter and 28 meters (92 feet) high - looks ready to spin off its foundations. The form's digitally fabricated facade, designed as a modified post-and-steel system and leaned 10 degrees off the vertical, includes over 900 different glass panels relating to a module grid of 5.5 meters (18 feet) (Fig. 3.15). According to Prix, the double cone was conceived of as a framework shell made of horizontal rings. The two ascending, spiral-shaped diagonal bands turn the same way to heighten the feeling of dynamism. The structure also serves as a main roof-support element. 
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Figure 3.15 - Over 900 individual glass panels compose the facade of the double cone 
2. In the main hall, the billowing steel "cloud" roof creates pockets of space, allowing spatial differentiation without many interior walls. 

The inside of BMW Welt doesn't feel clinical, nor too large and impersonal, as is sometimes the case with massive spaces like this. It is light-filled, airy, and gives visitors a feeling of being at once outside and protected from the elements.

As a uniting concept, the roof creates an environment to encompass the diverse functions and visitor experiences of the building, from arriving across the road via the external footbridge to dining in one of four eating areas to signing the paperwork for a new car in the marketing suite. 

The design intention was a low-tech concept that could be optimized ecologically using high-tech methods. Prix's "covered marketplace" concept inspired Grohmann to develop his ideas about using engineering tools for form-finding. 

3. Grohmann says his strategy was to apply virtual forces in the computer model to an area of support to get a deflection, and then, using these deflected areas as the low areas of a roof structure, he could optimize and test the results, allowing for a structurally efficient and dynamic roof (Fig. 3.16). 
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Figure 3.16 - Coop Himmelb(l)au chose to treat 
the BMW Welt roof as a fifth facade
There is an upper and a lower layer of roof structure, and the distance and depth between them varies along the roof geometry. The shaping of these grid girder layers was developed through testing fictitious load scenarios. 

These studies led to the definition of the upper surface, which was pushed up under its own negative weight, and of the lower roof structure, which was shaped by forces exerted down upon it relating to the columns and building below. According to the designers, using these imagined load scenarios, a resulting roof form was tested and optimized in terms of meaningfulness of load transfer. 

Grohmann says that the initial competition design included a forest of columns holding up the roof. Engineering studies were undertaken on how to rationalize them, and, as a result, the majority of the columns were omitted. The roof now bears down on 11 specially shaped concrete-composite columns and on the "Gastro Tower," a mushroom-shaped restaurant core. 

The facade's bent construction system, with glass panels and glass-bead-blasted stainless steel, realizes the design intent while eliminating the need for expansion joints in the roof and allowing the warping of the massive undulating roof to be taken up by the elastic bending of the posts. 

During construction, it took 26 lift towers to hold up the roof, which was raised by hydraulic lifts and eventually lowered onto the structure.

The initial design had the roof largely translucent to allow visitors to see its structure. Grohmann explains that this was changed by the client. BMW opted to prevent sunlight from shining directly on the cars as they were being presented to customers. The company wanted the presentation of the vehicles to be consistently perfect, and direct sun would create an uncontrollable aspect of the experience. 

Photovoltaic panels cover more than a third of the 16,000-square-meter (172,000-square-foot) roof surface area. 

4. An indoor-outdoor pedestrian footbridge connects over the road and into the building, with views down into the main hall. This bridge, which seems a setting for a fashion catwalk, puts the visitor both on display and in a position to look down on activities below. The bridge bulges out in parts to create little viewing balconies. 

Customers get the keys to their new cars up on the "Premiere" level, where 20 spotlit, rotating platforms show off the new purchases. 

To investigate the spread of exhaust fumes from the cars driven on the Premiere level, 3D simulations of thermal currents and air streams were conducted. Exhaust vents and air-intake vents were positioned in a hollow floor with a high-pressure exhaust function in order to keep this environment uncluttered. 

The experience of driving from the top-floor collection point down a curvy ramp and through the building to the roadway has clearly been designed to be exhilarating (Fig. 3.17). 
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Figure 3.17 - The smaller exhibition space inside the twisting facade, and encircled by a spiraling ramp
5. The customized solution to the geometry of the project is made up from specific site and design constraints and resolved with a strong digital dialogue between engineer and architect. Throughout the project, the architects and engineers continually updated a shared 3D computer model. Parametric tools and scripting were used to allow rule-based processes to be automated. 

The use of parametric modeling and digital technologies allowed the structure and form of the BMW facility to develop together, and for ideas to be tested quickly and performance evaluated. Inputting constraints and parameters into the digital model allowed it to respond to changing needs, and to optimize structure and form. 

Prix says the concept for the technological building systems focused on integrating light, climate, and acoustics, and adapting their range of influence by modifying their dimensions or building in appropriate control mechanisms. The design focused on saving energy and minimizing the need for mechanical systems of heating and cooling. 
Assignments

Exercise 1. Look through the text again and give the rejoinders to the following.
1. BMW Welt designed by Coop Himmelb(l)au has such a complex geometry because … .

2. The inside of BMW Welt doesn't feel clinical, nor too large and impersonal because … .

3. The initial design of the roof was changed by the client because … 

4. Throughout the project, the architects and engineers continually updated a shared 3D computer model because … .

Exercise 2. Copy out key words and word combinations the author used to describe the unusual form of the BMW facility, its façade and roof structure.

Exercise 3. Answer the following questions.

1. What main building materials were used in BMW Welt construction?

2. What  are the functions of the double cone according to Prix? 

3. What did the design of the new BMW facility focus on?
Exercise 4. Find and note down sentences containing the main idea of each parts of the text and use them to summarize it.

UNIT IV

GREEN BUILDING

Text 1 The Concept of Green Building
Buildings have a profound effect on the environment, that’s why green building practices are so important to reduce and perhaps one day eliminate those impacts. In the United States alone, buildings account for: 39 % of total energy use, 12 % of total water consumption, 68 % of total electricity consumption, 38 % of total carbon dioxide emissions. 

On the aesthetic side, green architecture or sustainable design (the two terms are often used interchangeably to relate to any building designed with environmental goals in mind) is the philosophy of designing a building that is in harmony with the natural features and resources surrounding the site. There are several key steps in designing sustainable buildings: specify 'green' building materials from local sources, reduce loads, optimize systems, and generate on-site renewable energy.

Building materials typically considered to be 'green' include rapidly renewable plant materials like bamboo and straw, lumber from forests, stone, recycled metal, and other products that are non-toxic, reusable, renewable, and/or recyclable. Building materials should be extracted and manufactured locally to the building site to minimize the energy embedded in their transportation.

Low-impact building materials are used wherever feasible: for example, insulation may be made from low VOC (volatile organic compound)-emitting materials such as recycled denim, rather than the insulation materials that may contain carcinogenic or toxic materials such as formaldehyde. When older buildings are demolished, frequently any good wood is reclaimed, renewed, and sold as flooring. Many other parts are reused as well, such as doors, windows, mantels, and hardware, thus reducing the consumption of new goods. When new materials are employed, green designers look for materials that are rapidly replenished, such as bamboo, which can be harvested for commercial use after only 6 years of growth, or cork oak, in which only the outer bark is removed for use, thus preserving the tree. 

To minimize the energy loads within and on the structure, it is critical to orient the building to take advantage of cooling breezes and sunlight. Daylighting with ample windows will eliminate the need to turn on electric lights during the day (and provide great views outside too). Passive Solar can warm a building in the winter - but care needs to be taken to provide shade in the summer time to prevent overheating. Prevailing breezes and convection currents can passively cool the building in the summer. Thermal mass stores heat gained during the day and releases it at night minimizing the swings in temperature. Thermal mass can both heat the building in winter and cool it during the summer. Insulation is the final step to optimizing the structure. Well-insulated windows, doors, and walls help reduce energy loss, thereby reducing energy usage. These design features don't cost much money to construct and significantly reduce the energy needed to make the building comfortable.

Optimizing the heating and cooling systems through installing energy efficient machinery, commissioning, and heat recovery is the next step. Compared to optimizing the passive heating and cooling features through design, the gains made by engineering are relatively expensive and can add significantly to the projects cost. However, thoughtful integrated design can reduce costs, for example, once a building has been designed to be more energy-efficient, it may be possible to downsize heating, ventilation and air-conditioning (HVAC) equipment, leading to substantial savings. 

Onsite generation of renewable energy through solar power, wind power, hydro power, or biomass can also significantly reduce the environmental impact of the building. Power generation is the most expensive feature to add to a building.

Good green architecture also reduces waste of energy, water and materials. "Greywater", wastewater from sources such as dishwashing or washing machines, can be used for non-potable purposes, e.g., to water lawns, wash cars, etc. Rainwater collectors are used for similar purposes, and some homes use specially designed rainwater collectors to gather rainwater for all water use, including drinking water.

Green building often emphasizes taking advantage of renewable resources, e.g., using sunlight through passive solar or active solar , and photovoltaic techniques. Passive solar technologies convert sunlight into usable heat, cause air-movement for ventilation or cooling, or store heat for future use, without the assistance of other energy sources. Technologies that use a significant amount of conventional energy to power pumps or fans are classified as active solar technologies. Passive solar technologies often yield high solar savings fractions, especially for space heating; when combined with active solar technologies or photovoltaics even higher conventional energy savings can be achieved. Photovoltaics, or PV for short, is a technology in which light is converted into electrical power. It is best known as a method for generating solar power by using solar cells which require protection from the environment and are packaged usually behind a glass sheet. When more power is required than a single cell can deliver, cells are electrically connected together to form photovoltaic modules, or solar panels (Fig. 4.1).
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Figure 4.1 - Solar panels
A good example of sustainable architecture is K2 apartments in Windsor, Victoria, Australia designed by Hansen Yuncken in 2006 (Fig.4.2) which features passive solar design, recycled and sustainable materials, photovoltaic cells, wastewater treatment, rainwater collection and solar hot water.
[image: image54.jpg]



Figure 4.2 – K2 sustainable apartments by Hansen Yuncken
Assignments

Exercise 1. Developing the idea of the text complete these statements.

1. Buildings have a considerable impact on the environment, that’s why … .

2. Green architecture or sustainable design is the philosophy of designing a building that is … .

3. In designing green buildings there are several important steps, such as … .

4. Low-impact green building materials that are non-toxic, reusable, renewable, and/or recyclable include … .

5. To minimize the energy loads within and on the structure, it is critical to orient the building … .

6.  Optimizing the heating and cooling systems through installing energy efficient machinery, commissioning, and heat recovery is relatively expensive and can add significantly to the projects cost, however … .

7. Power generation is the most expensive feature to add to a building, that’s why onsite generation of renewable energy can … .

8. Green building often emphasizes taking advantage of renewable resources, such as … .

Exercise 2. Read the information that follows and spot that part of the text which can be expanded by these statements.
1. Architects use many different techniques to reduce the energy needs of buildings and increase their ability to capture or generate their own energy
2. The most important and cost effective element of an efficient heating, ventilating, and air conditioning (HVAC) system is a well insulated building.
3. Passive solar building design allows buildings to harness the energy of the sun efficiently without the use of any active solar mechanisms such as photovoltaic cells or solar hot water panels. 
4. Typically passive solar building designs incorporate materials with high thermal mass that retain heat effectively and strong insulation that works to prevent heat escape.
5. In warm climates buildings are often designed to capture and channel existing winds particularly the especially cool winds coming from nearby bodies of water.
6. In climates with four seasons, an integrated energy system will increase in efficiency: when the building is well insulated, when it is sited to work with the forces of nature, when heat is recaptured (to be used immediately or stored), when the heat plant relying on fossil fuels or electricity is greater than 100% efficient, and when renewable energy is utilized.
7. Windows are placed to maximize the input of heat-creating light while minimizing the loss of heat through glass, a bad insulator. Certain window types, such as double or triple glazed insulated windows with gas filled spaces and low emissivity (low-E) coatings, provide much better insulation than single-pane glass windows.
Exercise 3.  On the basis of the information given in the text identify these notions: 

green architecture, sustainable design, low VOC-emitting materials, HVAC equipment, thermal mass, active solar, passive solar, "Greywater", PV.
Exercise 3.  Split the text into logical parts and think up an appropriate title to each of them.

Exercise 4.  Make up a short summary of the text.

Text 2 Prefab Platinum
1. On a cloudy day in April 2006, a crowd of curious onlookers gathered on a hillside street in Santa Monica, California, to watch the installation of the first LivingHomes prefabricated house. Over the course of eight hours, 11 modules were hoisted by crane onto a concrete slab in a dramatic departure from traditional residential construction (Fig. 4.3).
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Figure 4.3 - A model prefabricated house by architect Ray Kappe, FAIA and developer LivingHomes
Four months after construction, the model house received the first-ever LEED-Platinum rating for residential design. For developer Steve Glenn, founder and CEO of LivingHomes, it was an affirmation of his goal to develop houses of exceptional modern design, functionality, and sustainability. To ensure design quality, he had enlisted architect and Southern California Institute of Architecture (SCI-ARC) co-founder, Ray Kappe, FAIA. 

An astute entrepreneur and impassioned environmentalist, Glenn formed LivingHomes, LLC, in 2005. He is a lifelong fan of architecture but firmly believes that real estate developers ultimately have a greater impact on the built environment than architects. "What I realized [early on] is that the world needed more developers who care about the environment and community," he says. 

The high rating from the U.S. Green Building Council achieves a new standard for sustainability in the national housing market. To help him meet both a high level of design and environmental excellence, Glenn recruited Kappe, whose trademark style is a perfect marriage of modern styling with craftsman-like warmth. Kappe had also experimented with modular systems, prefabrication, and alternative energy systems. 

2. Following the four core tenets of sustainable design: to reduce, reuse, recycle, and reclaim, LivingHomes's goal is to achieve "zero energy, zero water, zero carbon, and zero emissions" and to be priced lower than a conventional site-built house. Glenn says he also wants to achieve "zero ignorance," educating homeowners about how best to live in and operate these houses.
"We've spent a considerable amount of time trying to understand how people live in their homes," says Glenn. "As a result, we include a number of features that make it easy for homeowners to change and grow in their space." In the model house, these features include movable walls and a structural system that allows for an additional room to be added on the second level. 

Most of the electricity used in the house is produced by photovoltaic cells on the roof, while an active solar system heats the water. Inside, a radiant heating system in the concrete floor warms the space without needing a forced-air system that can spew dust and an assortment of contaminants. 

Rainwater is collected and held in a 3,500-gallon (13,000-liter) cistern along with "gray water" from sinks and showers. It is then used to irrigate the patio and rooftop gardens and perimeter plantings of drought-tolerant plants and trees. 

3. While over 70 percent of the exterior in this two-story house is glazed, Glenn says it stays remarkably cool during the summer. The trick is to provide overhangs for shading and plenty of openings for cross ventilation. 

Polycarbonate, with three times the insulating properties of glass, and double-paned glass are used throughout the house. A "green roof" garden insulates the house in the winter and absorbs solar radiation to reduce the heat island effect during the hottest months of the year. 

"The house is designed in a way so that lots of air can get through and shaded in ways so the sun doesn't wreak havoc on interior spaces," says Glenn. He should know having spent the entire summer working and living in the house. "The house fared much better than I expected. I never was hot if the windows were open." 

LivingHomes installs only energy-efficient appliances and lights, uses low-emission finish materials, paints and stains that are low in volatile organic compounds (VOCs), and a steel structure that doesn't support mold growth. Only wood certified by the Forest Stewardship Council is used for millwork, ceilings, siding, and framing. 

There are also a variety of interesting recycled materials including a countertop made from 100-percent postconsumer recycled paper. Luxury items, such as a built-in espresso maker, are optional. 

4. According to LivingHomes, their prefabrication process is remarkably efficient in reducing waste. Only two percent ends up in landfills in contrast to the 40 percent for conventional construction. Factory assembly is also an excellent way to manage quality and streamline production.
The long-range plan for LivingHomes is that, as volume increases, prefabrication will also greatly reduce costs per unit. The houses will sell for approximately $250 per square foot not including foundation, transportation, and installation. This totals less than the price of a custom-designed, sustainable, site-built house for this region but it is not considered affordable for middle-income Americans.

Glenn acknowledges the LivingHomes price tag is above the median, but he predicts that the costs will go down as the demand for sustainable houses goes up. “We’re starting by focusing on an extremely comprehensive environmental program, and taking the design to a level typically not seen in a prefab home,” he says. ”As we get better at this process, and as the cost of materials goes down, our costs will go down. We will absolutely be able to create a more affordable home and take it nationally.”

Currently, LivingHomes has four configurations designed by Kappe with future plans created by respected green architect, David Hertz. There is also a small LivingHomes community being built on a 20-acre (8-hectare) desert site near Joshua Tree National Park. 
Assignments

Exercise 1. Choose the appropriate title to each of the four parts of the text.

⁪ Attention to Materials.
⁪ Efficiency in Construction.
⁪ Winning Project.
⁪ Efficiency with Style.

Exercise 2. Comment on Steve Glenn’s, founder of LivingHomes,    

LLC, ideas about the modern residential construction and tasks set before real estate developers.

Exercise 3. To ensure design quality of his prefabricated houses Steve Glenn has enlisted architect and SCI-ARC co-founder Ray Kappe. Find the sentence which gives the characteristic of his trademark style.

Exercise 4. Answer the questions concerning the style efficiency of the building.

1. What are the four key principles of sustainable design?

2. What are the five “zero” to be achieved by LivingHomes prefabricated houses?

3. What environmental systems of the first LivingHomes model house allowed it to receive the first-ever LEED-Platinum rating for residential construction?

Exercise 5. Enumerate building materials used in the construction of the two-storey house and their contribution to its design, functionality and sustainability. 

Exercise 6. The price of the LivingHomes prefabricated houses is rather high for middle-income Americans but, as Glenn predicts, the costs will go down. Find the reasons to prove it.

Exercise 7. Make up a short summary of the text.
Text 3 Housing Tango
1. Green architecture has deep roots in Sweden, with its history of frugality and strong technological tradition. When the city of Malmц announced its plans for "Bo01, City of Tomorrow," an enlightened developer, MKB Fastighets, was awarded three of the 46 plots on the 50-acre (20-hectare) waterfront site, and they commissioned Moore Ruble Yudell (MRY) and the Swedish firm of SWECO FFNS Arkitekter AB to create a model of sustainable design on a block that faces east to the city (Fig. 4.4). The project was called Tango for its dynamic body nature. 
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Figure 4.4 - Tango, a housing winning project by Moore Ruble
Yudell and SWECO FFNS Arkitekter AB.
Eight vibrantly colored steel and glass towers dance around a landscaped courtyard, exposing most of the living rooms to the outdoors, with a wall of bedrooms wrapped around three sides of the block (Fig. 4.5). Each of the 27 apartments has a unique character, the block is self-sufficient in energy, and many functions - from heating to door locks - can be individually controlled by personal computer. 
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Figure 4.5 - Eight colored towers dancing around a courtyard

Many features contribute to occupants' sense of well-being. FFNS seized the opportunity to specify unpretentious, good-quality materials and impeccable detailing, and the contractor shared their passion to do things right. 

Even the smallest rooms are well proportioned, and are given a sense of warmth by the industrial-grade knotted maple floors and built-in cherry cabinetry. White walls are accented in teal blue, salmon, lavender, and five other soft tones. 

Though miniscule by American standards, the bathrooms are well appointed, with under-floor heating, three sizes of black ceramic tiles, glass swing doors on the shower, and a wall-hung toilet. Sliding window screens of translucent plastic, banded in cherry, ensure privacy. 

2. The Bo01 project demonstrates a sustainable future for urban development and shows that today's technology can create the city of tomorrow. 

Bo01's energy concept is based on minimum consumption, renewable resources, and the balance between energy production and consumption, incorporating Sweden's then-largest urban application of solar energy. Energy and drainage systems work together through heat recovery and biogas generation, using the technology of storing heat and coolants in underground reservoirs. 

At Tango, the most impressive amenities are out of sight. Advanced two-megawatt wind turbines and 3,000 square feet (280 square meters) of rooftop photovoltaic panels generate enough electricity to heat and cool the entire building. Excess energy is sold back to the regional electric company, and then returned via district heating. 

Daylighting and electric lighting supplement and complement one another. Windows have built-in air vents, bringing fresh air into the apartments throughout the day. Glass areas are triple-glazed to provide insulation. Their R-value, the measure of thermal resistance, is about 6.5, as compared to the 1.5 to 2 for typical American double-paned glass. Two outside layers encapsulate transparent argon gas, forming a "blanket." Two vented inner layers allow fresh air to pass through. 

Planners for Bo01 challenged its developers to set a high standard for green landscape to maintain a healthy ecosystem as integral to the urban environment. A point system evaluated green-space quality; biodiversity, groundwater management, quality of planting materials, and an approved program of landscape maintenance were critical factors in calculating a "green factor" for each site. 

The rooftop photovoltaic panels are surrounded by a carpet of mountain grasses. With a nod to traditional Scandinavian sod roofs, Tango's roof surfaces provide additional insulation, replenish oxygen to the atmosphere, and slow runoff during heavy storms. Rainwater is recycled and used to irrigate gardens. Run-off water is directed into a perimeter channel and then brought into a central cistern and cleaned. 

3. In addition to highly sustainable construction materials and great energy conservation, Tango's program integrated state-of-the-art information technology into a residential setting. 

Each apartment has an "intelligent wall" framed of demountable cabinetry, which runs through the middle of the plan providing each unit with wiring, vertical shafts for fiber-optic cables, and mechanical services. These include under-floor hot water channels, heated ceiling panels, and convectors, which also provide cool air in summer. 

Each apartment has its own IT service cupboard, located in or near the kitchen, containing all technology that services the apartment. This system controls and monitors climate, security, and lighting. 

Access to the controls is behind a section of cherry wood paneling. However, many residents prefer to use their laptops to activate the system from wherever they may be via the building's private Web-based service interface. They can adjust utility settings, open windows, lock and unlock their doors, display text on an electronic message board, and even reserve the community room or guest apartment with a few keystrokes. Tango is also prepared for future supplements and changes to the existing technology. 

As a pedestrian neighborhood, this block was planned to emphasize alternate transportation forms. Planning with a holistic view of environmental matters, inhabitants are inspired to make environmentally friendly decisions in their choice of transportation: walking, bicycling, or taking public transportation. Other than delivery/ drop-off areas, there is no designated parking for cars in the Tango complex — the only "parking garage" is for bicycles. 

Tango won the Best Housing Project of the Year award in Sweden and a National Honor Award from the AIA, and residents willingly pay up to three times as much per unit area to live there as they would in a more conventional space. 
Assignments

Exercise 1. Look through the first part of the text and agree or disagree with the following statements.

1. Green building practice is well developed in Sweden.

1 – Yes                    2 – No

2. The project for "Bo01, City of Tomorrow" called Tango for its dynamic body nature was created as a model of sustainable design. 

1 – Yes                    2 – No

3. Eight steel and glass towers house 27 apartments which are of the same design.

1 – Yes                    2 – No

4. Tango generates less energy for heating and cooling it needs.

1 – Yes                    2 – No

5. Each apartment has a personal computer controlling many functions, such as heating and door locks.

1 – Yes                    2 – No

6. Both FFNS and the contractor built innovative housing which ensures comfort and well-being to its residents.

1 – Yes                    2 – No

7. Even the smallest rooms and bathrooms are well proportioned and appointed.

1 – Yes                    2 – No

Exercise 2. From the second part of the text find the information about:
a) Bo01’s energy concept;

b) amenities for  electricity generation;

c) design and properties of windows as an integral  part of daylighting and electrical lighting system;

d)  green landscape maintaining a healthy ecosystem;

e) Tango's roof surfaces.

Exercise 3. Choose the appropriate continuation of the following sentences dealing with the state-of-the-art information technology (IT) integrated in Tango's program. 
	1.  "Intelligent wall" provides

	a) all technology servicing the apartment

	 2.  Mechanical services include

	b)   climate, security, lighting

	 3.  IT service cupboard contains

	c)  under-floor hot water channels, heated ceiling panels, convectors providing cool air in summer


	4.  IT system controls and monitors

	d)  wiring, vertical shafts for fiber-optic cables, mechanical services


Exercise 4. State what residents can do using their laptops to activate the IT system via the building's private Web-based service interface. 

Exercise 5. Think of the title to each part of the text.

Exercise 6. Make up a short summary of the text.
Text 4 Built Green Colorado
The Built Green Colorado program

Built Green Colorado is a voluntary program, which is believed to be the largest green building program in the United States. It promotes the use of building technologies, products, and practices that provide greater energy efficiency, reduce pollution, provide healthier indoor air, reduce water use, preserve natural resources, and improve building durability. 

As vast quantities of resources are consumed in residential construction the Built Green Colorado program tackles the challenge of reducing the environmental costs of such construction by providing encouragement, training, technical support, and certification to builders who want to improve the environmental performance of the houses they build. To celebrate particularly successful projects and practices, and to raise public awareness of the group's work, the Built Green Colorado Awards Program honors outstanding work in several categories. 

"We believe that the informed homebuyer will recognize the value of the greater energy efficiency, healthier indoor air, reduced water usage, improved comfort and durability, and reduced maintenance of a home built to Built Green standards," says Kim Calomino, director of the program. "But perhaps most importantly, the homebuyer will know that a Built Green home represents their commitment to the environment and to improving the way we live." 

This year Tierra Concrete Homes won "Built Green Home of the Year over $500,000" for a house built using their patented precast concrete panel system (Fig. 4.11). Lennar Homes won "Built Green Home of the Year under $500,000" for model 8027 in their Destiny Collection housing series. 
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Figure 4.11 - The south facade of the Built Green award-winning house from Tierra Concrete Homes, Inc 
Tierra's Insulated Concrete Houses

Tierra Concrete Homes was the first certified "green builder" in southern Colorado. Their combination of passive solar design and insulated concrete construction has won many sustainability awards over the years, of which the Built Green Award for Tierra's entry in the 2001 Colorado Springs Parade of Homes is the most recent. 

To facilitate bank financing for buyers, Tierra's insulated concrete houses look the same as conventionally framed houses. To ensure sales, they cost the same as well. The difference is their high-energy performance and low forest-product consumption. 

Over twenty years ago Frank Fosdick, Tierra's project manager, invented a system of reinforced concrete panel walls for houses that minimize the use of natural resources in construction, operation, and maintenance. 

Under this patented system, the walls are poured flat at the job site or on a casting bed at a manufacturing site. Electrical outlets and conduit, door, and window block-outs are embedded at the time of the pour. The wall panels are then hoisted into position by crane, and welded to a grade beam foundation. Assembly is swift, taking only one or two days (Fig. 4.12).
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Figure 4.12 - Precast concrete wall panels are part of Tierra's patented construction system

The remainder of the construction process is conventional with the addition that Tierra incorporates Built Green's checklist items into its conventions. These include heavy insulation, passive solar space and hot water heating, energy-efficient appliances and lighting, low-e windows, and sealed-combustion fireplaces. 

Tierra's commitment to sustainable building also extends to teaching and marketing a variety of low-energy building technologies. The company's president, Judy Fosdick, has received special "hall of fame" recognition from Built Green Colorado for her long-term commitment to raising awareness of sustainability in the construction industry. 

The Lennar's Model 8027 House 

Each house that Lennar Homes builds in the state of Colorado meets the Built Green standards. Award-winning Model 8027 features an impressive list of about fifty "green" features, ranging from solar orientation to low-toxicity grout. Work begins by saving all site topsoil for reuse, and ends by providing the purchaser with a list of native, drought-resistant plants. In between, the builders incorporate environmentally sound practices into each aspect of the house's design and construction. 

Improving a building's thermal performance is one of the most effective ways to reduce its environmental impact. To maximize passive solar heating from the Colorado winter sun, these houses are oriented with their long dimension facing within 30 degrees of south. Thermal performance is further improved with a sealed-combustion gas fireplace, sealed wood-burning fireplace, or woodstove using outside combustion air. 

In addition to formaldehyde-free, recycled-content insulation within the wall cavity, the house uses R-3.5 exterior wall sheathing. Exterior doors (including the garage door) are insulated to R-5 or greater. 

Choices of materials also bear out a commitment to sustainability. The house is designed to avoid using large-dimension solid lumber (2x10 or greater), and instead uses engineered wood I-joists for floors, and trusses or I-joists for roofs. 

Sheathing and siding contain a minimum of 50 percent recycled fiber. And the framing system, including 24-inch-on-center studs in interior nonbearing walls, and three-stud corners, further reduces the use of wood in this house. 

Roofing choices include concrete, slate, clay, metal, or fiberglass, for a guaranteed minimum performance of 30 years, reducing waste and maintenance costs over the building's lifetime. 

Interior materials, such as low-VOC (volatile organic compound) paints and finishes, low-toxicity mastic and grout, and low-toxicity binders in recycled-content doors, improve indoor air quality for residents, while light-colored walls and carpets and the use of compact fluorescent light bulbs reduce the electricity needed for lighting. 
During construction, more than 50 percent of job-site waste is recycled. 

Perhaps most significant for the environmental impact of residential construction, the Lennar's Model 8027 house is not a singular success. As a mass-produced house, it implements these award-winning technologies and practices on a scale that make a larger difference. 
Assignments

Exercise 1. From the first part of the text find the answers to the following questions.

1. What does the Built Green Colorado program promote?

2. How does this program solve the problem of reducing the environmental costs of residential construction?

3. What is the aim of awarding outstanding projects in residential construction?

4. What two companies won “Built Green Home of the Year” award?

Exercise 2. Complete the sentences below by a suitable variant.

1. Tierra Concrete Homes has won many sustainability awards over the years for …

a) incorporating Built Green's checklist items.
b) their combination of passive solar design and insulated concrete construction.
c) including an energy efficiency requirement and a menu of "green" options.
2. Tierra's insulated concrete houses look and cost the same as …

a) conventionally framed houses. 
b) neighboring concrete buildings.

c) lightweight interlocking blocks.

3. Over twenty years ago Frank Fosdick, Tierra's project manager, invented a system of reinforced concrete panel walls that

a) is incorporated in many structures.

b) significantly reduces the assembly time. 

c) minimize the use of natural resources in construction, operation, and maintenance. 

Exercise 3. In the second part of the text find and translate in written form the information about:

a) Tierra's patented construction system;

b) Built Green's checklist items incorporated by Tierra.

Exercise 4. Complete the sentences from the third part of the text by a suitable variant.

1. Model 8027 features an impressive list of about 
a) 40 "green" features.

b) 50 "green" features.
c) 60 "green" features.

2. During construction, more than 
a) 30 percent of job-site waste is recycled. 
b) 60 percent of job-site waste is recycled. 
c) 50 percent of job-site waste is recycled. 
3. The Lennar's Model 8027 house is
a) a large-scale project.

b) a singular success.

c) mass-produced house.
Exercise 5. In the third part of the text find the information to complete the sentences below.
1. The construction of the award-winning Model 8027 begins by  ?      and ends by   ? .

2. Environmentally sound practices are achieved by   ?  and   ?  .

3. Building’s thermal performance is improved by  ?  ,  ?  ,  ?  ,  ? .

4. To avoid using large dimension solid lumber  ?  are used.

5. To further reduce the use of wood  ?  and  ?  are used in framing system.

6. To reduce waste and maintenance costs over the building’s lifetime   ?  ,  ?  ,  ?  ,  ?  ,  ?  are used for roofing.
7. To improve indoor air quality to residents such interior materials as  ?  and  ?  ,  ?  and  ?  , and  ?  are used.

8. To reduce the electricity needed for lighting  ?  are used.

Text 5 Pelli's Platinum Visionaire

1. At first glance, the glossy new 35-story condominium tower in Battery Park City slicing into the lower Manhattan skyline doesn't stand out as a beacon of sustainable design. Its sleek form - an extruded curving wedge accented with red terra cotta bands - and the structure's granite base and travertine lobby walls are elements not usually associated with green building (Fig.4.13). But with a LEED Platinum rating under its belt, The Visionaire by Pelli Clarke Pelli Architects lays claim to being perhaps the greenest high-rise residential building in the United States.
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Figure 4.13 -  The Visionaire overlooks the Hudson River from Manhattan's Battery Park City area

So how did the architects design a low-impact high-end building?
These seemingly competing demands were partially resolved in the skin. The high-performance curtain-wall system uses insulated glazing with low-E reflective coatings and a well-insulated wall system with an R-value of 20. Though the building appears to be very glassy and potentially energy-inefficient only 48 percent of the skin is vision glass, and much of the facade was carefully tuned with thermally efficient spandrel panels.   

Part of the trick is using spandrel panels that are insulated. Typical spandrel glass consists of two layers of glass (the inside pane is usually painted) with an air space between them — so they have the same R-value as window assemblies. The system employed on the Visionaire integrates three inches (7.6 centimeters) of mineral fiber insulation behind the interior layer of glass. The aluminum curtain-wall assembly also has thermal breaks to eliminate thermal bridging from the exterior to the interior structure. 

The Battery Park City Authority required that 40 to 60 percent of the exterior facade be masonry, so for the Visionaire the architects researched a range of brick and terra cotta options.(Fig.4.14) "Because we wanted a material that would be carefully shop-fabricated and lightweight within the curtain-wall system, we developed a terra cotta rain screen with articulations scaled to the neighboring buildings' brick walls" says Craig Copeland, senior associate at Pelli Clarke Pelli and design team leader for the Visionaire. "As a rain screen, no mortar would be required, saving money and time on both installation and long-term maintenance." 
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Figure 4.14 - Close-up of the terra cotta rain shield system in situ
2. The Visionaire includes a number of carefully detailed roof terraces. Unlike on many high-rise buildings, the roofs are designed to be useful outdoor spaces, with views of the Hudson River and the Manhattan skyline. Battery Park City required 70 percent of the site area to be permeable surfaces, so both the occupied and unoccupied roof surfaces use green roof areas planted with sedums and a wide variety of taller grasses, shrubs, and small trees. 

The developers placed importance on the indoor air quality. The HVAC system is a four-pipe fan coil system. Fresh air is 100-percent filtered and preconditioned with balanced humidity control, and is supplied to every room in the units. The supply air is monitored and adjusted to maintain a comfortable humidity level. Using gas absorption chillers further reduces electrical loads. 

By keeping a constant exhaust from kitchens and bathrooms and adjusting for human comfort, the design team found that exhaust air could be reduced, as long as the carbon dioxide content was carefully monitored. Reducing the exhaust air can diminish the heat lost in the winter and gained in the summer. To further save energy, the air that is exhausted is sent to a heat exchanger to recover heat. 

The building also features an extensive wastewater reclamation system. All of the blackwater from the building is cleaned using a membrane filter, and the cleansed water is reused in the toilets, green roofs, and cooling towers for the building. 

3. The building is crowned with three rings of blue solar panels. The photovoltaics are integrated within the unitized curtain wall, which has mixed results: in the curved facade, some orientations are not optimal. While they do supply 45 kilowatts of renewable power to the building, the panels are partially aesthetic and symbolic (Fig. 4.15). 

[image: image63.jpg]



Fig. 4.15 - Blue bands of photovoltaic panels crown The Visionaire just above one of several roof terraces
Another recent innovation incorporated into the building is a microturbine installed on the roof (Fig. 4.16). This small generator uses natural gas to power a turbine — and works much like those used in jet aircraft. Recently turbines have been developed that are efficient in generating onsite electricity. 
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Figure 4.16. The Visionaire's rooftop microturbine generating electricity
"The 60-kilowatt microturbine is sized so that it meets part of the building's base electrical load," writes John An of Atelier Ten, environmental consultants on the project. "The waste heat is used to preheat the domestic hot water. The microturbine also helps to reduce the peak summer electrical load on the grid simply by generating some electricity onsite."   

4. Attached to the west side of the tower is a lower rectilinear section that fills out the block. The Battery Park City Parks Conservancy (BPCPC) is housed in the lower section of this plinth. The more-open facade encompassed within a wider terra cotta frame highlights the institutional program of the building. 

Part of the BPCPC's offices are heated and cooled by two geothermal wells. The wells are drilled 1,500 feet (460 meters) deep into the substrate below the building. Year-round ground temperatures around 50 degrees Fahrenheit (10 degrees Celsius) cool the circulating liquid in the summer and preheat it in the winter. 

The designers' strategy to balance luxury with sustainable elements is evident in their treatment of materials. The lobby floor is an unusual use of one-inch- (2.5-centimeter-) thick end-grain FSC-certified Douglas fir laid up like a heavy butcher's block. 

The lobby walls are two types of travertine — a material with a relatively high carbon footprint, since it uses energy to be quarried, cut, and polished, and then transported from Italy. To reduce this somewhat, the firm had the material cut thin to make it lighter, and developed a visually effective mitered corner detail. The gaps in the miter joint are filled and polished so that the stone wraps the corner and has the appearance of thicker pieces. 

That low-lying Manhattan is especially vulnerable to climate change — rising waters from warming oceans could devastate the island — should heighten the sense of local urgency to rethink the way we build, and keep raising the bar for green design, as Pelli Clarke Pelli has done in Battery Park City. 
Assignments

Exercise 1. Choose the appropriate title to each of the four parts of the text and comment on them.

⁪ Generating Energy.

⁪ Green Depths.

⁪ Winning Project of low-impact high-end building.

⁪ Green Heights.

Exercise 2.  Do you agree with these statements? If not, give your reasons.

1. The Visionaire by Pelli Clarke Pelli Architects is a beacon of sustainable design.

2. Building’s elements such as its sleek form, granite base and travertine lobby walls are inherent to green building.

3. The building seems to be very glassy with low energy consumption.

4. The Battery Park City Authority wanted that about a half of the exterior facade be masonry.

5. The Visionaire has a number of carefully detailed green roof terraces.

6. The indoor air quality was one of the main concerns of the developers.

7. The exhaust air is allowed to escape from the building as it cannot be reduced.

8. Reusing all of the blackwater from the building is one of the green features of the building.

9. Blue solar panels and a microturbine meet the building’s base electrical load.

10. Two geothermal wells are drilled 460 meters deep below the building to heat and cool all the offices of the Battery Park City Parks Conservancy.

11. The balance between luxury and sustainability was achieved by the choice of materials.  
Exercise 3. Use the information of the text to answer the questions.
1. What makes the Visionaire energy-efficient?

2. Why did the architects employ a terra cotta rain screen for the exterior façade?

3. What are green roof areas of both the occupied and unoccupied roof surfaces planted with?

4. In what way is fresh air processed before supplying to every room?

5. What is the cleansed water used for?

6. What power is generated by blue solar panels and microturbine installed on the roof?

7. Geothermal wells are drilled for cooling and preheating the circulating liquid of the building, aren’t they?
Exercise 4. The Visionaire may be called one of the greenest high-rise residential building in the USA as it includes a great number of sustainable elements. Find and  translate the sentences containing the information about each of them.

- the skin of the building (high-performance curtain-wall system, insulated spandrel panels, mineral fiber insulation);

- green roof;

- HVAC system;

- exhaust air reducing;

- wastewater reclamation system; 

- solar panels;

- the 60-kilowatt microturbine;

- two geothermal wells

Exercise 5. Do you know that:
-  Battery Park City is an artificial extension of southwest Manhattan;

- Battery Park City is made from the material excavated during the construction of the World Trade Center in the 1970s;

- Pelli Clarke Pelli Architects has a long history in Battery Park City;
- firm founder Cesar Pelli designed the World Financial Center there in the 1980s;

- his son and partner Raphael Pelli is the principal designer for several other projects in the area: the Solaire was the first residential tower in the USA to receive LEED Gold in 2004, and the Verdesian – LEED Platinum in 2008.
Part II 
TEXTS for written translation
UNIT V  
BUILDING TECHNOLOGIES
Text 1 Walls Still Growing Up
Thousands of years ago, a primitive mortar helped transform a pile of stones into an enclosure of habitable space. Since then, a complex interweaving of technical and social change has continually redefined the way we build, culminating in the modern practice of architecture and building design. 

The development of lime-burning kilns in Mesopotamia around 2450 BCE provided a great leap forward in building technology. Lime mortar was far stronger and more durable than its mud-and-straw-based predecessors. This meant buildings could be made larger, stronger, and more intricate. 

In some parts of the world, buildings constructed of solid, load-bearing masonry were a dominant form of structure for over 4,000 years. These buildings relied on the strength of the masonry to carry the weight of the structure and resist external forces. 

Heat and moisture were controlled by slow absorption and redistribution through the thick masonry walls, which typically had a high storage capacity for both. It is useful to think of solid masonry walls as buffers rather than barriers, because by modern standards they are neither waterproof nor insulating. 

The evolution of solid masonry construction was based on experience more than rational design. Designers learned from their mistakes and improved their buildings accordingly. While rudimentary by modern standards, this trial-and-error process provided designers over time with an accumulating wealth of guidelines that could be used to construct safe and durable buildings.

Age of Steel 

The prevalence of solid masonry began to wane in Western societies in the late 19th century, with the introduction of steel frame construction. While effective for low-rise construction, solid masonry buildings were inadequate to meet the needs of industrialized cities, which began to grow vertically. 

The Monadnock Building (1891) in Chicago exemplifies the difficulties of building tall structures with load-bearing walls  (Fig. 5.1). Its 16-story north half is the tallest conventional building in the United States that is supported solely by solid masonry walls. 
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Figure 5.1 - Monadnock Building
The building is structurally traditional, employing cast iron and wrought iron framing only for window spandrels and the internal frame. Consequently the walls at ground level had to be six feet thick to carry the upper floors; this massive bulk then rested on an immense iron and reinforced concrete raft. Six-foot-thick walls at the base of the Monadnock Building support the great weight of the masonry above. The building's tremendous weight caused it to settle nearly 20 inches (50 centimeters) into the ground before stabilizing, making it necessary for occupants to step down from the sidewalk to the ground floor. 

Solid masonry construction was also expensive and labor intensive. In contrast, steel frames were cheaper and could be erected in a fraction of the time. Remarkably, construction of the Empire State Building (1931) took almost a full year less than that of the Monadnock Building, despite rising 86 stories higher (Fig. 5.2)
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Figure 5.2 - Empire State Building
Although structurally different, early steel frame buildings still had thick masonry walls. While the steel frame provided the primary structural support, the exterior ("infill") walls of early steel frame buildings were composed of several wythes of masonry. The masonry surrounded the steel frame, or was connected to the frame using rigid components, creating composite wall systems. 

This combination of old and new building techniques became known as "transitional masonry." Like their load-bearing predecessors, these buildings relied on the storage capacity of the exterior masonry to control the elements. 

This construction style posed several problems. Because the steel frame was rigidly connected to the exterior walls, without provision for differential expansion, contraction, and deflection between the disparate materials, movement of the building frame could lead to cracking and buckling of the masonry. 

In addition, corrosion of the steel frame due to exposure to water in the damp masonry could also cause masonry displacement. Unfortunately, such problems took many decades to become apparent. New York's first facade inspection ordinance, prompted by a fatality from falling masonry, was not written into law until 1980. 

Age of Curtains 

Transitional masonry construction gradually evolved into a new building style, that of lightweight "curtain wall" construction installed over internal structural framing. This construction was not only lighter than masonry, but slip connections to the structure allowed independent movement of the cladding and the framing. 

While this greatly reduced the risk of cladding failure due to differential movement, curtain wall construction introduced a new set of problems. Unlike masonry, lightweight claddings typically have little or no storage capacity for heat and moisture. They rely on waterproofing and thermal insulation to control the elements. 

Early curtain wall systems were built without redundancy; that is, they relied on the exterior surface of the wall being waterproof to prevent leakage into the building. As designers began to understand the differences between masonry and curtain wall construction, new designs developed that included multiple planes of protection. 

The most common of these is the drainage-plane wall system in which the primary waterproofing is concealed within the wall construction. The cladding is not expected to be completely waterproof but acts as a rainscreen, preventing most rainwater from reaching the internal waterproofing. An air space behind the cladding promotes drainage of penetrating water, with flashing at floor lines and wall openings to collect and direct water back to the exterior. 

Controlling water penetration is only one of several challenges that designers faced in the development of contemporary wall construction. The trend toward airtight buildings led to a variety of potential moisture problems unrelated to exterior water leakage. This is worsened by the fact that many modern materials such as wood fiberboard and paper-faced gypsum products are, unlike traditional masonry materials, easily damaged by water. 

The introduction of insulation in curtain wall assemblies created cold planes within the wall system that are subject to condensation due to air leakage and water vapor diffusion. Similarly, the design of air-tight enclosures without adequate mechanical ventilation can lead to excessively high interior moisture levels due to occupant respiration, artificial humidification, and so on. 

Condensation on windows, doors, and other interior surfaces, combined with hidden condensation within the walls, can produce damage equal to or greater than that from exterior water leakage. Understanding the dynamic performance of these wall systems, the proper location of components such as insulation and vapor retarders, and the design of appropriate HVAC systems are required to prevent such problems. 
Walls Today 

Over the course of building history, solid masonry construction became a well understood and finely tuned art. Many of these buildings are still in use hundreds, even thousands, of years later, standing as monuments to the skill and experience of their creators. 

While contemporary building designers have skills that are technically more sophisticated than those of their predecessors, they are, by comparison, still lacking in experience. 

This is partially because the fast pace of technical change in the construction industry does not allow much time for new technologies to be evaluated. Rather, many new technologies are incorporated into buildings before their behavior is fully understood. Transitional masonry, an example of technology outpacing experience, demonstrated that problems can go undiscovered for decades. 

While solid masonry construction techniques evolved over thousands of years, today's designers have just over 100 years of experience in applying cladding over a structural steel frame. Cooperation in sharing knowledge and experience between architects, engineers, and manufacturers, is essential. 
Text 2 Doubly Transparent
Growing concern for occupant comfort and lower energy costs has led to a recent revolution in curtain wall design, primarily in Europe. Dynamic, double-skin walls that induce air movement between the layers of glass are replacing the static, sealed envelopes that have until recently characterized modern curtain walls. 

The new generation of glass wall is an active component of the heating, ventilation, and cooling (HVAC) system, bringing air tempering installations from the hidden central core to the building perimeter. 

The premise is simple and harkens back to low-energy ventilation systems that were common before architects and engineers embraced centralized thermal control. The air exchange patterns the architects are designing for today are like those created by Thomas Jefferson in the triple-hung windows of Monticello. Fresh, clean air is introduced low and exhausted high after absorbing heat and pollutants. 

The major technical evolution that brings these systems in line with modern design criteria is the automation of the monitoring and controls. Properly designed controls can respond immediately and locally to small variations in load without activating system-wide machinery. Individual comfort and energy efficiency become mutually supportive.

Early Modern Walls 

In the mid-20th century, with the advent of centrally controlled HVAC systems, predominantly of the variable air volume (VAV) type, and with the requisite over or under pressure conditions to drive return air, operable windows were felt to be unnecessary, even detrimental to system performance. The building skin became a hermetically sealed membrane, absolutely decoupled from the HVAC system. 

The wall did retain influence in that a better thermal barrier at the wall would allow for smaller and less complicated HVAC systems. In the 1970s through the 90s, most designers felt that a balance between HVAC system costs and wall design would allow 40 to 60 percent vision glass. Spandrel glass, stone, or other facing materials made up the remainder of the wall surface. 

Beginning in the early 80s, improved energy efficiency in vision glass allowed its use as a more predominant component of the building skin. Highly selective low-e coatings, gas fillings, and better thermal characteristics of components allowed architects to design walls nearly completely of glass. 

One example was the Reedy Creek Improvement District (RCID) building, the facilities department for Disney grounds and properties in Orlando, Florida designed by Murphy/Jahn (Fig. 5.3).  Despite the hot climate, a building of extreme transparency and luminosity was feasible, and 100 percent of the glazing is vision glass. 
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Figure 5.3 - RCID in Orlando, by Murphy/Jahn 
RCID represented a culmination of a pursuit toward visual transparency, but as is often the case, success exposed the limitations of that goal. While visually transparent, the building remained a sealed container, entirely dependent on environmental control systems. 

The architects realized that their goal of re-energizing the development of curtain wall design was in pursuit of a broader concept: "environmental transparency." Visual transparency was not enough; we felt that wall systems should engage all positive aspects of the environment. 

Decentralization and Integration 

With the goal of environmental transparency in mind, Murphy/Jahn designed the Bayer Headquarters in Leverkusen, Germany with an active, environmentally responsive facade. A double skin creates environmental buffers and zones of control to address occupant comfort (Fig. 5.4). 
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Figure 5.4 - Inside the double-skin wall of Bayer Headquarters
To provide solar control, 12-inch- (30-centimeter) wide perforated aluminum louvers were located between the two glass walls, exterior to the occupied space. The perforation pattern was carefully designed to maintain visual connectivity to the exterior while minimizing glare and insolation. The ends of the building, without double glass walls, are shaded by an exterior metal mesh. In both cases, direct solar gain is blocked so as not to produce a secondary radiant heat load in the occupied space. 

Between the two glass walls of the double skin develops a laminar air flow that further controls heat transfer. The louvers separate two layers of air. The outermost layer is heated by sunlight on the exterior glazing and the blinds. This heated air moves up due to a natural chimney effect and exits through outlets at the roof. This convection is fed by fresh air entering via inlets at the underside of the glass "shingles." 

The inner layer of air is cooler, introduced through ground ducts to the interior side of the blinds. This configuration draws air into the occupied space across tempering fin-tube convectors, creating a comfortable temperature-controlled natural ventilation. Radiant coils within the exposed concrete ceiling are the main source of temperature control, reducing the role of air as a temperature-exchange medium. 

The lower air volumes required result in lower velocities, allowing natural stratification to separate the heated air for extraction at grills placed high in the room. An under-pressure air system or fan box draws the ventilation air over the fin tubes at each module. A low-volume distribution system transmits the required hygienic ventilation air at a base level temperature, allowing the tempered exterior air to be controlled by individual occupants, according to their choice for both air volume and temperature. 

The inner wall contains operable windows, which may be controlled by the occupants. These allow for the influx of large quantities of fresh air when exterior conditions allow. The venting of the buffer zone can be modulated to extend the period throughout the year when exterior or buffered exterior air is suitable for natural ventilation. 

Murphy/Jahn extended the principles established in the four-story Bayer Headquarters to the 40-story Deutsche Post highrise in Bonn, Germany, where a fan-powered slab-edge fin tube convector was put into full production (Fig. 5.5). There are no interior shafts or air handling equipment. 
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Figure 5.5 - Deutsche Post in Bonn, Germany
Scale Establishes Concepts 

The next step in the evolution of these double-skin walls was to integrate such decentralized environmental control systems within the standard curtain wall thickness. In the MAX Project in Frankfurt (Fig. 5.6) and the Hochhaus Ensemble Am Munchner Tor, in Munich, the physical properties of the 6-foot- (1.8- meter-) thick composite walls of Bayer and Deutsche Post are accommodated in 10 inches (26 centimeters). 
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Figure 5.6 - The MAX Project in Frankfurt, by Murphy/Jahn
For solar control in these newer buildings, an exterior floating plane of laminated heat-absorbing glass shields the fixed, insulated vision unit. To the side, a perforated metal panel shields the operable vent window. Glare control can be provided by normal interior blinds without a thermal penalty because the solar heat load is stopped at the exterior glass plane. 

The floating plane of heat-absorbing glass is 6 inches (15 centimeters) from the insulated glass unit, with an open vent slot at the top and bottom. The "waste" heat converted by the glass is expelled by natural convection before reaching the interior spaces. Visibility is not impaired. 

The horizontal slots in the metal panel provide air directly to the slab edge convector unit as at Bayer and Deutsche Post. Fresh air enters directly from the exterior, and internal baffles control excess pressures, noise, and pollution. 

An operable window is located behind the perforated metal panel. The extent and size of these openings in the metal exterior shield will be adjusted during design to balance the air volumes that enter the tenant space. For example, at the top of the 660-foot- (200-meter-) high MAX, high wind speeds dictate more restricted airflow through the metal, thus narrower units or denser panels. This panelized wall system can be considered an "appliance" that integrates heating, cooling, ventilation and daylighting. 

Adoption of these technologies in the United States has lagged behind European applications because of more restrictive temperature design ranges and a preference for deeper, more open office spaces. But as the comfort levels of an environmentally transparent workspace become known, and as these control technologies develop, their global acceptance seems inevitable. 
Text 3 Metal Stud Precast

Although precast concrete is an outstanding architectural material, its heavy weight can limit where and how it's used. A recently completed project demonstrates how a relatively new type of lighter-weight hybrid wall system combining cold-formed metal studs and precast concrete can expand opportunities to apply precast technologies. 

The new Munger Research Center in San Marino, California adds 90,000 square feet (8,400 square meters) of space to the Huntington Library, home to an important collection of rare books, an extensive botanical garden, and a museum of fine art (Fig. 5.7). The new building adds laboratories and work rooms for the conservation of historic documents, rare-book storage, administrative offices, and a reading room for scholars. 
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Figure 5.7 - Thin-shell precast concrete panels were used for 
the exterior walls of the Huntington Library 

Design objectives were not only to safely house the library's collections, within a limited budget and tight schedule, but to blend with the neoclassical architectural style of the Huntington's original buildings.
Library director David Zeidberg worked with design-build contractor, Earl Corporation. Early in the project, they identified precast concrete as an appropriate cladding for the building's steel structure. It could be finished to match the plaster and natural stone of the existing buildings; precasting panels off site could accelerate construction; and its durability would make it suitable for the 100-year service life projected for the facility.

Conventional precast concrete, however, would have been so heavy that it would have required additional and costly seismic bracing for the building's steel structure. Moreover, the need for a nearly airtight envelope -  to maintain a protective interior environment for fragile documents - called for a minimum number of joints where air infiltration could occur and, therefore, a maximum panel size. 

Wall Composition 

The company's technology makes it possible to prefabricate thin-shell concrete panels that are only two and a half inches (64 millimeters) thick, supported by light-gauge, cold-formed steel framing. Shear-transfer strips join the concrete and the metal framing to create a panel with composite strength. 

Bert England, lead designer for the project and senior vice president of Earl Corporation, explains the panels' construction: The shear-transfer strip, he says, "is fabricated from galvanized steel sheet. The strips are screwed onto studs, and their Y-shaped flanges are embedded into the concrete to produce an economical and reliable composite panel." 
Using the thin, lightweight panels, England continues, "enabled us to get the aesthetic and functional benefits of precast concrete without the normal limitations of the material. The panels were engineered to move independently from the structural steel frame, to resist cracking due to building movement, yet provide the long-lasting quality and appeal of concrete." 

The panels' weight and strength made it practical to transport and erect panels up to 16 feet tall by 40 feet long (4.8 by 12.2 meters), much larger than most other wall panel systems. "It was very aggressive to make precast panels this large," says Bob Konoske, vice president and general manager of precast subcontractor Coreslab Structures, Inc. He explains that precast panels typically do not exceed 8 by 20 feet (2.4 by 6.1 meters).

"If these panels were a more conventional 4-1/2-inch- (114-millimeter-) thick precast concrete," Konoske says, "they would have been much heavier. Practically, we could not have made conventional panels this big; the panels would have had to be smaller, and more joints would have been exposed." 

It is estimated that using the thin-shell composite precast panels reduced the length of joints on the Research Center by about 40 percent. Fewer joints, coupled with closed-cell foam insulation spray-applied to the interior of the panels, helped achieve a moisture barrier and thermal break, minimizing air intrusion and maintaining the required environmental conditions. 

The large panels had to be shipped on a slanted easel at a 35-degree angle so they would stay under highway height and width limitations. Initial concerns that such large panels would be fragile were allayed after this test of their durability: surviving the 80-mile (130-kilometer) trip from Coreslab's plant to the project site without a single crack. There was also no cracking during installation, which was accomplished with a mobile crane.
Prefabrication Process 

To create the panels, Coreslab used large flat casting tables with smooth fiberglass surfaces and side rails around the perimeter. The cold-formed steel framing was prefabricated into the required panel sizes, and the Metal Stud Crete shear transfer strips were screwed to the faces of the studs. 

The framing was then set into the forms and secured in place above the casting table so that concrete could be cast to the required thickness. In some panels, it was necessary to pour the concrete first and then set the frames onto the concrete. 
While the precast concrete is very thin, the designers wanted to recess the entrances and windows thirty inches (760 millimeters) to make the walls look thick and massive and to create dramatic shadows, as in the original building (Fig. 5.8). Fabricating the deep returns required ingenuity to preserve the high-quality finish of the panels, and Coreslab chose to form the recesses in a two-step process. 
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Figure 5.8 - Deep returns were fabricated in the panels to create the image of thick traditional masonry walls
First, they poured the concrete for the panel returns in a downcast position. The panel returns were then rotated into a vertical position and set into place in the forms so the panel faces could also be downcast. As a result of tight quality control, no pour lines or joints are visible at the transition between the two surfaces. Altogether, 325 precast components were cast and assembled to create a total of 146 building panels. 

The architectural precast concrete contains integrally colored concrete and light colored aggregate. With a light sandblasted finish, the panels look like fine honed limestone. 

The very large panels enabled almost all joints between panels to be concealed by architectural elements; vertical joints occur at changes in wall plane and horizontal joints are behind belt courses and cornice moldings. The result is an almost monolithic appearance, as if the entire building had been sculpted from a single massif of limestone. 

Paul Clark, Jr., vice president of Metal Stud Crete, says this technology has been used to produce over two million square feet (186,000 square meters) of precast concrete panels, ranging from one-story load-bearing tilt-up walls to curtain-wall cladding for highrise buildings. 

Konoske credits the Metal Stud Crete system with allowing the period look to be achieved. And, given the project's technical requirements, this system was the only viable choice. "Metal studs and precast concrete is a nice marriage," Konoske says, citing strength, thin profile, and appearance.

The Research Center was completed on time and within budget. England says exterior walls accounted for just $1,500,000 of the project's $20,000,000 construction cost. Prefabrication began while the steel structure was being installed, and erection proceeded immediately after. The panels were installed in less than two months.

The technicians working in the labs and the scholars pouring over precious documents in the Huntington Library recognize the many benefits of the new structure. And thousands of visitors walk past the addition every day without recognizing that it is a new structure, so well does it harmonize with the traditional architecture of the institution's other building

Text 4 Building Monolithic Domes
It's been called a "new paradigm in construction" because it relies on a building process unlike any other. But despite its uniqueness, this monolithic dome construction process has developed a following over the last few years. 

One reason for the popularity of these steel-reinforced, concrete buildings is their versatility. Domes can adapt to uses as varied as schools, churches, and sports facilities. Smaller domes can be created for one- and two-story houses. These sturdy, energy-efficient domes are relatively inexpensive to build and maintain. They can cost half as much to heat and cool as traditional structures. 

The monolithic dome construction process is fairly simple. It begins with a circular concrete foundation. Next, a canvas-tent-like "airform," fabricated to the desired size and shape, is attached to the perimeter of the slab. Special fans inflate the airform, forming the shape of the dome (Fig. 5.9). 
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Figure 5.9 - The construction of a monolithic dome
Then a layer of about three inches (eight centimeters) of polyurethane foam insulation is sprayed onto the interior surface of the airform. Steel reinforcing bar, arrayed in a specially engineered horizontal and vertical hoop layout, is attached to hooks embedded in the foam. Next, shotcrete, a special mix of concrete, is sprayed on the interior surface of the building, covering the rebar. After several inches of shotcrete are in place, a monolithic dome of steel-reinforced concrete has been created. 

Because most of the construction work takes place inside the structure, the building process moves quickly. In fact, construction can even proceed around the clock.

Once built, the thermal mass of the concrete shell evens out temperature fluctuations. The heating/cooling system circulates air against the wall to maximize thermal storage. Unlike conventional systems, a dome's HVAC design does not provide a constant flow of fresh air to replace conditioned air. Instead, a carbon-dioxide sensor determines when to allow fresh air into the dome. 

Monolithic Dome Churches 

Because the dome form has been part of church architecture for centuries, it is only natural that churches are a popular application for monolithic domes. 

Faith Chapel Christian Center in Birmingham, Alabama recently completed the largest monolithic dome church ever built. It has a diameter of 280 feet (85 meters) and will provide 62,000 square feet (5800 square meters) for a sanctuary with seating for 3,000. 

Other large congregation that has chosen this construction method in the last year includes St. Agnes Baptist Church in Houston (Fig. 5.10).
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Figure 5.10 - The St. Agnes Baptist Church in Houston built with the monolithic dome technology
Pastors cite the benefits of energy efficiency, safety, durability, and relatively low cost to construct. But they admit the round shape can pose some challenges for architects accustomed to working "inside the box." 

Sports Facilities 

While a church currently holds the record for the largest monolithic dome ever built in the United States, there are even bigger ones on the horizon. 

David B. South, who co-invented and patented the process for building these domes, was recently awarded a patent for the "Crenosphere" (Fig. 5.11). This is a huge concrete structure capable of housing large-scale, indoor sports events. Their diameters range from 300 to 1,000 feet (90 to 300 meters) with heights up to 500 feet (150 meters). 
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Figure5.11 - A 400-foot (122-meter) diameter Crenosphere 
football stadium
South, who is now president of the Monolithic Dome Institute in Italy, Texas, says one of the Crenosphere's major advantages is its relatively low cost. "In some situations,", he says, "the cost of building a Crenosphere could be half the construction cost of other types of sports facilities with nothing sacrificed in playing space, spectator seating, or amenities. 

The Crenosphere also offers significant interior design flexibility because it has a clear span with no support pillars or posts to obstruct views. 

Monolithic Dome Houses 

Hundreds of domed residences have been built around the world. They range from 300-square-foot (28-square-meter) rental units to million dollar luxury houses. There are even a few underground. 

Homeowners' reasons for selecting this building technology are similar to those of commercial builders: energy-efficiency, safety, and durability. 

A new type of structure, known as the Orion, combines the strength and integrity of a monolithic dome with the convenience and more conventional (round-in-plan but vertical) exterior walls (Fig. 5.12). These walls are created with plywood panels topped with a 12-inch (30 centimeter) ledge on which the airform is secured for otherwise typical dome construction. 
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Figure 5.12 - The Orion - a single-family house built with the monolithic dome technology
The first Orion has 2,400 square feet (223 square meters) of living area on two floors. Its creators envision entire subdivisions of such structures. 

The EcoShell 

This building technology may someday provide a solution to housing shortages in developing nations. The EcoShell is a concrete shell without insulation but durable and inexpensive to build. They may cost as little as $1,000. 

Catalytic Software Inc. recently selected the EcoShell as the primary source of housing for a new company town in India. The 250-acre (one-square-kilometer) town, about 15 miles (25 kilometers) from Hyderabad, will feature more than 4,000 domed houses for employees. Plans also call for domed offices, shops, houses of worship, and entertainment facilities. 

Text 5 Revolutionary Domes
A dome-shaped house that can rotate 300 degrees? It may sound quirky, but this is the product of Canadian company Sunspace Rotating Homes. They design and build these structures, mainly on small hillside and infill sites, in Canada and the United States. 

There is nothing new about the dome shape or any question about its structural merits. Inuit igloos in the Arctic and felt-covered yurts on the Mongolian steppes, for example, have been used for centuries. Buckminster Fuller invented the geodesic dome in the middle of the 20th century, and, although it never reached mainstream popularity, its influence is still felt today. Fuller's round and non-geodesic Dymaxion House came with its own internal rotating features. 

Indeed, there are several U.S. manufacturers of domed houses made from wood, lightweight concrete, or steel, but these domes are fixed in place. Sunspace is the only manufacturer in North America of houses that are both domed and rotatable (Fig. 5.13). 
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Figure 5.13 - A dome-shaped house built by Sunspace Rotating Homes    for a wooded, hilly site
Manufacturing Domed Houses 

The company was founded in Vancouver in 1997 by architect Ronan Le Glatin and timber-frame builder Cormac McCarthy. Le Glatin was intrigued with the domed, rotating houses he observed in France. 

Sunspace Rotating Homes, now based in both Vancouver and Montreal, produces nine models, ranging from 800 to 4,200 square feet (75 to 390 square meters), and Le Glatin modifies each design as needed to suit different building codes. All components except the windows are cut to order in a factory and delivered in containers to the buyers' sites. Velux windows are imported from Europe.

Each house is assembled on a 12-foot- (3.6-meter-) square foundation. This small footprint means less area to excavate, and more vegetation can be left undisturbed near the perimeter. 

On the foundation is installed a turntable-like structure and rings fitted with 1,600 stainless steel ball bearings (Fig. 5.14). The turntable, driven by a one-horsepower (745-watt) motor, allows the owner to turn the house by push button or computer-programmed control. It can also be rotated manually. 
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Figure 5.14 - The house's pre-engineered structure in construction
All the mechanical services are grouped in a central shaft in flexible hosing that follows the house as it moves. This way, power and water can flow even while the house is moving. 

Because of the high insulation levels (R-28 minimum in both upper and lower shells) and the natural convection induced by the shape of the interior space, heating and cooling needs are claimed to be 30 percent less than in conventional houses. Wood-burning stoves, forced-air furnaces, or electric baseboard heaters are options. 

Dome-dwellers in earthquake-prone regions will also appreciate the structural stability of the shape. These domes can withstand seismic forces up to 8.0 on the Richter scale. Sunspace also claims that the dome shape helps deflect hurricane-force winds. 

Exterior finishes are maintenance free; a standard 300-square-foot (28-square meter) copper cap and the absence of valleys and ridges are said to virtually eliminate potential leaks in the roof. Rain on the copper produces copper sulphate; this mixed with runoff helps prevent moss from forming on the wood. Over time, the copper acquires an attractive patina. 

One Happy Dome-Buyer 

A recent customer who was drawn to these characteristics is Joe Tufano, who lives about 60 miles (100 kilometers) west of Chicago on a five-acre (two-hectare), partly wooded site. 

When he saw a Sunspace house nearing completion, he "fell in love with it." Tufano recalls: "The fact that it rotated was cool but it wasn't the first thing on my mind. I was more interested in the insulation properties, materials, and its construction." He bought the largest model, with four bedrooms, three full bathrooms and two half bathrooms, living room, dining room, and kitchen. 

After living in the house for four seasons, Tufano reports that the house requires half the heating and air conditioning of a conventional house of the same size. 

Adjusting to Spin 

Life in a rotating house can take some getting used to. When he forgets that he turned the house before going to bed, Tufano can be startled in the morning by an unexpected view out the bedroom window. 

A Sunspace house can easily be rotated completely or partially in just three minutes, at the push of a button. It can also be programmed to seek or avoid solar heat, depending on the season and heating or cooling needs. The house can be rotated so that a side with large windows is in shade when the weather is hot or in full sun when it's cold. 

Inhabitants can watch the sun rise and set out the same window, and they can change their view any time. If their site is sloped, the vertical distance between an exterior door and the adjacent sidewalk will vary depending on rotation. 

Tufano rotates his house for energy efficiency and "when I get tired of looking at the woods or the open space of the site from my dining room window, or if I don't like the way shadows are created inside during daylight." 

Text 6 High-Tech Windows Could Save Energy
A window is one of the most complex components in a building. It gives us light, views, fresh air, and the sun's warmth. Yet at times trying to balance these benefits works against the goals of comfort and energy savings. Having too few windows deprives workers of psychologically important vistas and increases the need for electric lighting. But too much direct sunlight can cause glare and increase the cooling load. And the delicate balance among all these factors changes throughout the day and year. 

Here to help cope with this complexity is the so-called "smart window," which can change its light and heat transmission characteristics. 

Researchers at the Lawrence Berkeley National Laboratory (LBNL) have been testing a promising version of smart windows, based on electrochromic coatings. They believe these glazings will be the next major advance in energy-efficient windows, changing windows from an energy liability to an energy source for the nation's building stock. 

These glazings are treated with a thin multilayer coating. When subjected to a low voltage, an electrochemical reaction causes the coating to reversibly switch from a clear to a colored appearance. Here's one scenario of how it might work in an office setting: 

A photosensor, usually mounted on the ceiling, measures the amount of available light on the workplane (a desktop or a computer screen) and compares it to a specified level. When the incoming daylight is insufficient, the electric lights are tuned to illuminate the room, and the glazing is switched to its clear state if there is no direct sun. As the daylight increases, the glazing switches gradually to its colored state and the electric lights dim down. 

When direct sunlight enters the room and threatens glare on the workplane, the photosensor triggers the controller that applies the voltage to the glazing. The glazing begins to darken, gradually diminishing the incoming light. When there is no longer direct sunlight in the room, the process reverses, and the glazing becomes clear again. As the day darkens, the electric lights "dim up" until they alone are once again fully satisfying the need for illumination.

One can also imagine situations where the desires for view, energy savings, and visibility may conflict with each other. Then a "smart" controller would have to optimize for competing conditions, always subject to the occupant's manual override. 

Unlike the all-or-nothing solution of interior drapes, electrochromic glazing can darken and lighten gradually in response to gradually changing conditions. And even in its most colored state, it permits views to the outside, which is healthy for occupants, both ergonomically and psychologically. 

This adaptation to diurnal changes in daylight availability saves energy in two primary ways. It reduces the need for electricity-consuming lighting. And it reduces the load to the cooling system that would otherwise be increased by the lights and the incoming solar radiation. This is especially significant in commercial buildings, where lighting and cooling are by far the biggest energy consumers. 

Another advantage of this system is that it reduces glare from direct sunlight and bright exterior sources, which would otherwise cause visual discomfort and make it hard to see work surfaces, especially computer screens. Also, use of electrochromic glazing potentially reduces a building's electricity consumption in the middle of the day, taking advantage of utility companies' custom of charging higher rates during hours of peak usage. 

Although research into "switchable" glazings has been going on for many years—and is now familiar in the form of day/night positions of rear-view mirrors in cars — this technology is not yet commercially available for large-area applications. 

To help advance this promising technology into the marketplace, LBNL is leading a U.S. Department of Energy-funded program to understand and resolve the many applications-related issues. The first full-scale office tests were recently completed in California. 
In test rooms, in an office building in Oakland, the glazing was combined with a layer of low-e tinted glass (Fig. 5.15). As a result, the overall light transmissivity of the assembly varied between 11 percent, when switched to the darkest, and 38 percent at its lightest. 
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Figure 5.15 - An office building designed by Kaplan McLaughlin Diaz in Oakland, California
The researchers expect that when the electrochromic glazing is mass-produced for the marketplace, there will be a greater range of difference between darkest and lightest states, and that more neutral colors will be available. They also expect that smarter automated controls will be developed but that occupant controls will always be available to override them. 

If this technology does become widespread, we can expect it to change the appearance of commercial architecture. Because these glazings change gradually in response to external and internal conditions, it is likely that there will be noticeable differences in color and opacity between different areas of a large, glazed facade. Those seeking a uniform facade may forego the energy benefits or look for ways to mask these differences. On the other hand, architects who relish the idea that buildings reflect their environments will surely seek imaginative ways to celebrate the differences. 
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