INTRODUCTION
CONSTRUCTION HAS BEEN a human endeavor since prehistoric times, when people needed to build structures to shelter themselves from the environment. From the simple, moveable shelters that nomadic tribes could carry with them to the sophisticated and intelligent buildings of today that use sensors and controllers to monitor and adjust internal conditions, this basic human activity has grown and changed enormously.

CHAPTER 6
CONSTRUCTION TECHNOLOGY

SECTION 1 Examining the Construction Industry and Its Economic Impact

SECTION 2 Learning About Types of Structures

SECTION 3 Maintaining and Renovating Structures

Construction is building or assembling a structure on a site. Today, construction is one of the largest industries in the United States, with about 9 million salaried and self-employed workers. The construction industry comprises establishments that are primarily engaged in the construction of buildings or other engineering projects, such as highways and utility systems. The construction industry includes building new structures (see Figure 6.1) and modifying, maintaining, repairing, and improving existing structures.

Construction offers more opportunities than most other industries for people who want to own and run their own business. Self-employed workers perform work directly for property owners or act as contractors on small jobs, such as additions, remodeling, and maintenance projects.

[[Insert Figure 6.1 here]]

[[Insert Figure 6.2 here]]

SECTION 1: Examining the Construction Industry and Its Economic Impact

[[Start Key Ideas > Box here]]

KEY IDEAS >
· The construction industry is divided into three major segments: general contracting, heavy construction and civil engineering, and specialty trades.

· The infrastructure is the underlying base or basic framework of a construction system.

· Construction projects create social, economic, lifestyle, and environmental impacts.

· Some impacts are positive; some are negative. These impacts must be considered and properly managed.

[[End Key Ideas > Box here]]

Construction industry workers are divided into three major segments. General contractors build residential, industrial, commercial, and other buildings, as shown in Figure 6.3. Heavy and civil engineering construction contractors build sewers, roads, highways, bridges, tunnels, and other projects. Specialty trade contractors perform specialized activities related to construction, such as carpentry, painting, plumbing, and electrical work.

Construction is usually performed or coordinated by general contractors who specialize in one type of construction, such as residential or commercial building. They take full responsibility for the complete job, except for specified portions of the work that may be omitted from the general contract. Although general contractors may do a portion of the work with their own crews, they often subcontract most of the work to heavy construction or specialty trade contractors.

Specialty trade contractors usually do the work of only one trade, such as painting, carpentry, or electrical work, or of two or more closely related trades, such as plumbing and heating. Beyond fitting their work to that of the other trades, specialty trade contractors have no responsibility for the structure as a whole. They obtain orders for their work from general contractors, architects, or property owners. Repair work is almost always done on direct order from owners, occupants, architects, or rental agents.

In 1900, 75 percent of urban Americans lived in rented apartments or flats. In contrast, homeownership in the United States now stands at a record high of 68 percent. The demand for residential construction is expected to continue to grow over the coming decade. The demand for larger homes with more amenities, as well as for second homes, will continue to rise. Employment in nonresidential construction is expected to grow a little faster than in the rest of the industry. Industrial construction activity is expected to be stronger, as replacement of many industrial plants has been delayed for years and many structures will have to be replaced or remodeled.

Employment in heavy construction is projected to increase about as fast as the industry average. Growth is expected in highway, bridge, and street construction, as well as in repairs to prevent further deterioration of the nation’s highways and bridges.

According to the U.S. Department of Labor Statistics, demand for specialty trade subcontractors in building and heavy construction is rising; at the same time, more workers will be needed to repair and remodel existing homes.

The Construction Infrastructure

The construction infrastructure is the underlying base or basic framework of structures that are essential for people to go about their daily lives and comfortably conduct their affairs. The infrastructure includes airports, bridges, canals, dams, hazardous waste management, pipelines, roadways, tunnels, wastewater and solid waste treatment facilities, and water supply systems. Some of these systems are so essential to our way of life that, in 1996, President Clinton issued Executive Order 13010 concerning the U.S. infrastructure. In the directive, Mr. Clinton defined the critical infrastructure as the part of the infrastructure that is “so vital to the United States that the incapacity or destruction of such systems and assets would have a debilitating impact on security, national economic security, national public health or safety.”

Construction projects add infrastructure to the built environment. A great deal of the infrastructure is owned by the local, state, or federal government. Projects to build the infrastructure are not normally built by private, for-profit enterprises, but are undertaken to serve the public.

[[Insert Figure 6.3 here]]

[[Insert Figure 6.4 here]]

Impacts of Construction

Construction affects people, society, and the environment in many ways; some impacts are positive; some are negative. Construction projects add to a region’s infrastructure and thereby increase the wealth and assets of a community. These projects can reduce poverty, but they can also create local air, noise, and visual pollution. They can unbalance natural habitats and biodiversity as well. Impacts must be considered, and construction projects must be properly managed to minimize the occurrence of negative effects. One component of proper management is to consider how the construction site (including vegetation) will be restored once construction is completed.

Sometimes, construction projects may interfere with the normal flow of people’s lives. People may have to relocate because a new project requires the use of land where they live or work. Responsible project managers try to minimize these dislocations. They try to establish long-lasting relationships with local communities and to respect the environment where they work.

Major construction projects often bring a pool of new workers to a community, and these workers become neighbors to existing residents. The new workers may be immigrants who speak a native language other than English. Schools must accommodate new students. Cultural differences may lead to misunderstandings that have to be resolved by all concerned.

Economic Impacts

Large construction projects generally bring an influx of jobs and money into an area. This can benefit local residents, but it also can cause residential homes to increase in cost while depleting the supply of homes on the market, making it difficult for new residents to afford housing. Because new workers have spending power, local living costs can be inflated.

Sometimes, low-skilled workers arrive on the scene, creating a need for community agencies to provide services. However, new construction projects also rely on a highly skilled labor force from the surrounding areas. Thus, communities with good educational systems tend to benefit because the skilled and educated workforce they produce is seen as an asset by prospective new businesses.

Lifestyle and Environmental Impacts

Although construction projects can enhance our quality of life in many ways, they can also result in some undesirable impacts. Soil erosion, along with air and water pollution caused by carbon-dioxide emissions and industrial waste disposal, can affect agricultural production, wildlife, and people’s health. Road construction and traffic-flow projects can cause serious environmental damage. The projects can damage a region’s ecology, use up farm land, create a change from a rural to a suburban environment, and cause a need for population resettlement.

One possible negative impact of a building construction project relates to traffic safety. A new shopping mall, for example, will draw increased traffic, which means road accidents could increase. You have undoubtedly heard noise from construction equipment and machinery, and the landscape is often disturbed during the early stages of a project.

Before a large construction project is undertaken, the U.S. government requires that an environmental impact assessment be completed. The assessment details how the project would affect the natural environment. The International Association for Impact Assessment defines environmental impact assessment as “the process of identifying, predicting, evaluating and mitigating the biophysical, social, and other relevant effects of development proposals prior to major decisions being taken and commitments made.”

Construction projects sometimes consume open spaces and convert them into buildings or roadways. However, real estate developers frequently recognize that when construction projects are sited near green or open spaces, the value of the project tends to rise (Figure 6.5). People find the views and recreational opportunities near green and open spaces to be very desirable.

According to the U.S. Government National Park Service, natural open space and trails are prime attractions for potential home buyers. Almost 80 percent of all home buyers and shoppers rate green and natural open space as either “essential” or “very important” in planned communities. Walking and bicycling paths also ranked high.

Green Construction and Sustainable Development People are becoming more conscious of living in ways that cause minimal harm to the environment. Increasingly, “green construction” is becoming popular. Green construction, often referred to as sustainable development, attempts to substantially limit environmental damage, reduce energy use, and use recycled and recyclable construction materials.

A fascinating sustainable development project is being considered by the nation of Libya in North Africa. The project, called Green Mountain, covers a 5,500-square-kilometer area on the Mediterranean coast. It is an area with a rich Greek and Roman historical heritage and a large and diverse animal and plant population (see Figure 6.6). According to the developer, the goal of the project is “to create and protect in perpetuity the world’s first regional-scale, world-class conservation and development area.” The project will develop a sustainable infrastructure. It will derive energy from wind and solar power; use organic methods of farming, aquaculture, and food production; develop waste management and recycling facilities that will convert trash into biofuel; use closed-loop water systems; and use energy-efficient transport and housing. An ecological parkland will be included. Green Mountain project managers are committed to the development and use of sustainable and renewable sources of energy and raw materials.

[[Insert Figure 6.5 here]]

[[Insert Figure 6.6 here]]

Building Energy Consumption According to the Oak Ridge National Laboratory (ORNL), a U.S. Department of Energy laboratory, buildings in the United States command 40 percent of the nation’s overall energy use. This use ranks above industry, at 32 percent, and transportation, at 28 percent. Buildings demand 71 percent of domestic electric power in the United States and 55 percent of the nation’s natural gas—and they produce 43 percent of U.S. carbon emissions.

Because the nearly 5 million commercial buildings and 112 million households use a collective 38.8 quadrillion BTUs of energy each year, curtailing consumption is a tall order. However, conserving energy has enormous potential. Space heating, lighting, cooling, and ventilation demand most of that power, followed closely by water heating. Refrigeration, electronics, computers, and other items add up to their own significant and growing slice of the energy pie.

Buildings’ appetites for energy have been on the rise as a result of natural population growth and related development of homes, apartment complexes, shopping malls, schools, office buildings, and health-care facilities. The amount of energy required for each person who occupies these buildings is increasing, as well. Residential floor space per capita in the United States is growing, driven by construction of larger homes as well as a decline in the average number of occupants. The number of power-hungry devices found in today’s households—from computers to video games to plasma televisions—is on the rise. As a result, residential energy consumption is expected to grow 1 percent per year until 2025, according to the Oak Ridge National Laboratory.

Zero-Energy Housing At the Oak Ridge National Laboratory, researchers are working on an initiative to develop affordable, near–zero-energy housing by 2020 and zero-energy commercial buildings by 2025.

The research needed to build a zero-energy house is a wasted investment if the house requires a million dollars worth of gadgets to lower energy costs. New energy solutions must be designed for the real world, they must be practical to manufacture, and they must be affordable to most consumers. ORNL and the Tennessee Valley Authority, in partnership with Habitat for Humanity, have constructed a “zero-energy” home for about $100,000. The home, in Lenoir City, Tennessee, uses a combination of insulation, solar panels, energy-efficient appliances, and innovative heating and air conditioning systems that requires a daily energy cost of only 40 cents.

To optimize energy saving, these high-performance buildings must be outfitted with renewable sources of energy, minimizing the demand for fossil fuels. They use alternative energy sources such as heat pump systems that tap geothermal energy in the ground around the building, and solar panels that can support their own energy needs in a way that is affordable, sustainable, and energy efficient. The goal is to develop a building that can actually produce more energy than is needed during certain parts of the day, and then sell the excess back to utility companies.

Oak Ridge Laboratory researchers have worked with industry to develop and demonstrate the energy savings benefits of infrared-blocking pigments used to make dark-colored metal, concrete tile, and asphalt shingle roofing that are highly solar reflective, as well as energy-efficient foam insulation materials that reduce the need for air conditioning.

Virtually airtight houses such as the Lenoir City near-zero-energy home create challenges for equipment that must maintain comfortable temperatures and humidity levels and provide hot water when desired. Airtight homes are ventilated to bring in fresh air and provide indoor moisture in humid climates. To be comfortable year-round, homes like these use either a stand-alone dehumidifier or a heat pump that can provide enhanced dehumidification on demand. In traditional construction, multiple pieces of equipment are used to condition a home’s air and water and are not as energy efficient as they could be. For example, cooling and dehumidification units discard heat outdoors while electricity is used to heat water at the same time. The near-zero-energy home uses an integrated heat pump that performs all the needed heating and cooling functions.

To build a near-zero-energy house, the space and water heating and electricity generation must come from alternative energy sources, as shown in Figure 6.7.

The following points provide further explanation for components in Figure 6.7.

(1)
In the Lenoir City home, solar panels are used to heat water via the solar hot water heater and generate electricity. Use of these panels helps to offset power use by reducing water heating costs and actually delivers electricity to the grid. The Tennessee Valley Authority pays 15 cents per kilowatt-hour for the solar power.
(2)
The Lenoir City homes feature standing seam metal roofs with “cool-colored coatings” that reflect infrared rays, reducing the need for air conditioning. The roofing systems can last up to 30 years, boosting energy efficiency by 150 percent. Ongoing research and development focuses on affordable approaches to roof-integrated natural ventilation, radiant barriers, the addition of thermal mass through concrete tiles, and the use of phase-change materials.

Phase-change materials (as discussed in Chapter 4) change from a solid to a liquid or vice versa. When the phase change occurs, these materials can store a substantial amount of energy. The material used in the walls of the zero-energy home is a paraffin wax that melts at about 75°F and is encapsulated in plastic “balloons.” These balloons prevent interaction with other building envelope components and are made from polyethylene that is about 0.005 thick. After these balloons are placed in the wall, the wax will store energy when the outside temperature causes it to melt. The wax releases that energy by solidifying when the temperature drops below its melting point. This can have the effect of delaying heat from entering the building during the hottest part of the day, while allowing heat to be passed along when the outdoor temperatures have dropped during the evening.

(3)
The utility wall consolidates most of the home’s hot-water plumbing—with the primary bathroom, laundry, and kitchen back-to-back—and enables a home energy savings of 15 percent over a traditionally plumbed house.
(4)
The interior design and ventilation design limits ductwork and plumbing lines for most efficient energy use. Using metal studs rather than wood for building interior walls is more cost effective and sustainable.
(5)
In the construction of the exterior walls, the home makes use of energy-efficient exterior insulation-finish systems, wall cladding color, the wall’s thermal mass, and air tightness. To achieve affordable energy efficiency and durability, passive self-drying wall designs remove moisture that has permeated the wall. Structural insulated panels make up the walls, floors, and roofs of the Lenoir City home and serve both the structural and insulation requirements, reducing the need for space heating and cooling and enabling contractors to easily build airtight structures.
(6)
Basement walls are made of exterior-insulated, termite-resistant, reinforced concrete blocks, with fiberglass drainage insulation board on the exterior and an above-grade waterproof covering. The walls are painted with an infrared-reflective coating. The interior basement wall provides thermal mass for the building, which retains heat energy and provides more uniform and comfortable temperatures.
[[Insert Figure 6.7 here]]

(7)
Geothermal energy is used as an energy source because the ground is warmer than outdoor air in winter and cooler in summer.

(The material in Figure 6.7 is taken from the Oak Ridge National Laboratory Review, Vol. 40, #2, 2007.)

TECHNOLOGY AND PEOPLE:
Jeff Christian

Jeff Christian is an energy efficiency guru and a champion of zero-energy housing. He is also the architect of Oak Ridge National Laboratory’s (ORNL) unique living lab of energy-efficient and renewable generating technologies. (See Figures 6.8 and 6.9.)

In 2002, when the U.S. Department of Energy introduced the daunting concept of a house that would produce as much energy as it used, Christian seized the challenge and has not let go. Guided by the belief that energy-efficient homes should be affordable to working families, he partnered with Habitat for Humanity an international organization that strives to eliminate poverty and homelessness, building five homes as a test of the latest renewable energy-producing and energy-efficient technologies. The homes include features such as solar panels, geothermal heat pumps, heat-pump water heaters, airtight, super-insulated walls and roofing panels, and advanced ventilation systems. They demonstrate that such technologies, when properly integrated, work in real-life environments with regular people who can then benefit from the resulting cost savings.

That accomplished, Jeff is now helping transition the concept—and the technologies—to the traditional construction industry, with plans under way to begin building two near-zero-energy homes aimed at traditional home buyers. Christian has brought together a diverse group that includes the nonprofit Habitat organization, utilities, suppliers, contractors, architects, and researchers to demonstrate what he believes is becoming a model for America’s homes of tomorrow.

In essence, the houses are airtight and mechanically ventilated. From this clear starting point, the heating and air conditioning ducts are installed inside the conditioned space. From there, the home goes to high-performance windows. As a result of having a well-insulated, airtight home, the heating and cooling distribution system and the mechanical equipment can be downsized.

A real benefit is that many people think a near-zero-energy house needs to be occupied by an engineer, tweaking things at every moment to make the house “go.” However, that is simply not true. The ORNL’s research offers strong testimony that these homes can be easily occupied by average, nontechnical residents.

(The material for this feature was taken from the Oak Ridge National Laboratory Review, Vol. 40, #2, 2007.)

[[Insert Figure 6.8 here]]

[[Insert Figure 6.9 here]]

[[Start Section ONE Feedback > here]]

SECTION ONE FEEDBACK >
1.
Into which three major segments do workers in the construction industry fall?

2.
What is meant by the construction infrastructure?

3.
List three positive and three negative impacts of construction on people, society, or the environment.

4.
Explain what is meant by “sustainable development.”

5.
What techniques can be used to reduce energy loss in home construction?

[[End Section ONE Feedback > here]]

SECTION 2: Learning About Types of Structures

[[Start Key Ideas > Box here]]

KEY IDEAS >
· Products of the construction industry include buildings, industrial plants, roadways, bridges, tunnels, sewers, pipelines, and airports.

· Structures can include prefabricated materials.

· Structures are constructed using a variety of materials, processes, and procedures.

· The design of structures involves a number of requirements that relate to appearance, efficiency, function, safety, strength, longevity, maintenance, and available utilities.

· Design and construction is regulated by laws, codes, and professional standards.

[[End Key Ideas > Box here]]

Among the structures produced by the construction industry are buildings, industrial plants, roadways, bridges, tunnels, sewers, pipelines, and airports. These structures are built using a wide variety of building materials and construction processes and procedures. Building materials include concrete, steel, glass, brick, and wood. Construction processes include framing of structures, enclosing and lining structures, and preparing structural foundations. Procedures are often a function of the cost, worker skills, and level of quality desired.

The design of structures involves a number of requirements. These are specified according to desired appearance, efficiency, function, safety, strength, longevity, utilities, and maintenance needs.

Buildings

There are four kinds of building construction: residential, commercial, institutional, and industrial, as shown in Figure 6.10. Residential buildings include houses for one or several families, as well as apartment houses with units that are either rented to tenants or sold as condominiums or cooperative (co-op) units. A condominium (condo) is a community in which the units are individually owned but ownership of common areas like the roof and lobby areas is shared. In a co-op, owners buy shares of stock in the corporation that owns the building.

Houses designed for one or several families are often made from wooden frames. Walls are typically made from 7/16-inch plywood sheathing and are finished with vinyl or aluminum siding or brick veneer. There is a space of 3½ to 5½ inches between the outside wall and the inside wall. The inside wall is usually made from gypsum drywall panels (also known as “plasterboard”). Insulation usually consists of fiberglass batts, loose fill, or blown-in cellulose.

Commercial buildings include offices, retail and wholesale stores, shopping malls, houses of worship, hotels, libraries, and stadiums. Institutional buildings are schools, colleges, universities, hospitals, and correctional facilities (prisons).

The Council on Tall Buildings and Urban Habitat, the acknowledged source of information about tall buildings at the Illinois Institute of Technology, measures the height of a building from the sidewalk level of the main entrance to the structural top. The height includes spires but not television antennas, radio antennas, or flagpoles.

[[Insert Figure 6.10 here]]

The Effect of Wind on Buildings

· Winds can cause shear forces and overturning moments on very tall buildings. (A moment is the turning effect produced by a force at a distance from the axis of rotation: M = Fs.) In the United States, tall buildings are allowed to sway 1/500th of their height. For example, the Sears Tower in Chicago is 442 meters (1,451 feet) high. The building sways six inches from either side of its center. When a building sways, it can cause the people inside to feel motion sickness.

Because of its construction as a framework without a solid enclosure, the sway on the Eiffel Tower, shown in Figure 6.11, is only about 6.5 cm (about 2.6 inches) from center.

[[Insert Figure 6.11 here]]

The tallest building in the world will be the Burj Dubai in Dubai, in the United Arab Emirates on the Persian Gulf. When construction is completed, Burj Dubai will be taller than the KVLY/KTHI television mast in Blanchard, North Dakota, which, at 628.8 meters (2,063 feet) was the world’s tallest mast and technically the world’s tallest structure, even though it is stabilized by guy-wires.

Although it is still under construction, in September 2007, Burj Dubai became the world’s tallest free-standing structure at 555.3 meters (1,822 feet), reaching higher than the CN telecommunications tower in Toronto, Canada. The finished height of the building has not yet been made public, but estimates are that the building and its tower will be 818 meters (or 2,684 feet) high. People standing on the top floor of the building will experience a sway of 1.6 meters (more than five feet).

Burj Dubai (see Figure 6.12) will be at the center of downtown Burj Dubai, a $20 billion, 500-acre development billed as the most prestigious square kilometer on earth. The tower will feature residential, commercial, and retail components, including the world’s first Armani Hotel and Armani Residences, exclusive corporate suites, a business center, four luxurious pools and spas, an observation platform on Level 124, and 150,000 square feet of fitness facilities.

[[Insert Figure 6.12 here]]

[[Insert Figure 6.13 here]]

[[Start Engineering Quick Take here]]

ENGINEERING QUICK TAKE
Building Energy Consumption

According to the U.S. Government Energy Information Administration’s Commercial Buildings Energy Consumption Survey (CBECS), the United States had nearly 4.9 million commercial buildings and more than 71.6 billion square feet of commercial floor space in 2003. Energy consumption can be expressed as the amount consumed within a building (site energy). In its most recent report, CBECS indicates that the total amount of energy consumed by commercial buildings in the United States was 6.5 quadrillion British thermal units (BTUs). The greatest consumption for any energy source was 3.6 quadrillion BTUs for electricity, followed by 2.1 quadrillion BTUs for natural gas. One BTU is the amount of heat needed to raise one pound of liquid water one degree Fahrenheit. The yearly cost of the energy consumed by these buildings is about $107.9 billion.

Stores and service buildings use the most total energy of all the commercial and institutional building types, as shown in Figre 6.14. Offices also use a large share of energy. Education buildings (such as schools and colleges) use 13 percent of all total energy, which is more than all hospitals and other medical buildings combined. Lodging buildings, such as hotels or dormitories, use 8 percent of this energy, while warehouses and food service buildings (like restaurants) each use 7 percent. Public assembly buildings, which can be anything from libraries to sports arenas, use 6 percent; grocery stores and convenience stores use 4 percent. All other types of buildings, such as places of worship, fire stations, police stations, and laboratories, account for the remaining 10 percent of commercial building energy.
[[Insert Figure 6.14 here]]

In buildings, most of the energy is used for space heating and cooling (39%), followed by lighting (23%) and water heating (15%). See Figure 6.15.

[[Insert Figure 6.15 here]]

[[End Engineering Quick Take here]]

Industrial Plants

Industrial plants are factories that manufacture products, power plants that generate energy, petroleum refineries, and wastewater treatment plants. Because these plants often bring jobs and income to a community, local governments compete by providing tax incentives and subsidies to companies to build within their communities. About 400,000 factories exist in the United States. Increasingly, modern factories are clean, energy efficient, and highly productive enterprises.
[[Insert Figure 6.16 here]]

Laws, Codes, and Professional Standards

· Design and construction of structures are regulated by laws, codes, and professional standards. Building codes and standards are set by municipalities, states, or federal governments. They are set to assure a minimum level of health and safety for occupants of buildings and other structures. Codes for construction relate to building practices and procedures, electrical safety and fire protection, and plumbing. Codes also regulate how mechanical equipment is installed, how buildings should be rehabilitated, how hazards should be resolved, and how playgrounds should be designed.

Before new construction or significant remodeling is authorized, a permit from the municipal agency is required. Once the construction is completed, it must be inspected. If the structure passes the inspection construction, officials issue a Certificate of Occupancy documenting that the construction has been completed according to the permit specifications.

The following example of a handrail standard, set by the U.S. Department of Housing and Urban Development, relates to housing for the elderly:

Handrails for exterior steps not attached to dwellings shall be provided in accordance with Uniform Federal Accessibility Standards on both sides of a tenant stairway with a flight rise exceeding 24” and width exceeding 4 ft. and on one side when the width is 4 ft. or less.

Another example of a standard relates to the water supply:

Where adverse impact on local water supplies is possible as a result of the project, the following information shall be provided: A discussion of the location of wells or surface water supply intakes, treatment plants, reservoirs, or other structures of public health significance with relation to various parts of the sewerage system. Report the minimum, maximum, and average annual daily consumption of all existing water systems within close proximity of the project area.

Here is another standard, from the Rhode Island Department of Environmental Management Office of Water Resources:

Sewers shall be laid at least 10 feet horizontally from any existing or proposed water line.

Literally thousands of standards relate to construction practices. Contractors and developers must be aware of all pertinent codes and standards and follow them carefully when planning, designing, and implementing a construction project.

Roadways

A road is an open way for the passage of vehicles. The oldest road in the world, according to some claims, was a timber track way in Somerset, England built around 3800 b.c.e. It consisted of crossed poles of ash, oak, and lime that were driven into the soil to support a walkway made from oak planks laid end to end. Brick paved streets were used in India as early as 3000 b.c.e.

Paving means covering a roadway with material to make the surface strong and level. Starting about 300 b.c.e., the Romans built more than 50,000 miles of roads paved with stone during their empire’s expansion throughout Europe. Some of the roads were paved with cobblestones, as shown in Figure 6.17.

In the United States, roads connect all 50 states, all cities and towns, and virtually all rural communities. A comprehensive highway network allows for business, commercial, and leisure travel. According to the U.S. Government atlas (available at www.nationalatlas.gov), the United States has about 4 million roadway miles, and about 2.6 million miles are paved.

The national highway system includes approximately 160,000 miles (256,000 kilometers) of roadway that is important to the nation’s economy, defense, and mobility (see Figure 6.18). Highways, roadways, and highway bridges are a foundation of the nation’s technological infrastructure. The entire highway network has about 600,000 bridges.
[[Insert Figure 6.17 here]]

[[Insert Figure 6.18 here]]

In the United States, the Federal Highway Administration (FHWA) of the U.S. Department of Transportation is responsible for overseeing highways, which includes promoting safety, providing technical expertise, developing regulations, and providing development and maintenance of federal roads.

Paving Roads

John Loudon McAdam was born in Scotland in 1757. He developed a design for roadways that used three layers of stones laid over soil, with a crown at the center and ditches at the sides for drainage. Water and stone dust was added and then a heavy roller was used to compact the materials together to make a hard surface. The surface of these roads is called macadam. Later, tar was sprayed on the surface to keep dust from being created. The combination of a tar coating over the macadam is called “tarmac” or coated macadam.

Today, roads are more often paved with asphalt (see Figure 6.19). Asphalt consists of a mixture of aggregate, which can include sand, gravel, stone, waste slag from iron and steel manufacturing, glass, or recycled concrete. Asphalt also includes a binder called bitumen, a viscous black, sticky material obtained from distillation of crude oil. Bitumen is composed primarily of aromatic hydrocarbons (as discussed in Chapter 4, aromatic substances have a very stable atomic structure that often contains six carbon atoms). The difference between coated macadam (tarmac) and asphalt is that the aggregate, filler, and binder give asphalt its strength. Macadam, on the other hand, derives its strength from the interlocking of the stone particles.
Roads are also paved with concrete, a mixture that uses gravel, sand, cement, and water. Workers place concrete into molds called forms. Special equipment is used for paving concrete; these pavers are manufactured in different sizes for different widths of road. Concrete pavers do not compress the material, whereas asphalt pavers finish the material by compacting it to the proper density. To finish concrete, the surface is brought to the required elevation by scraping off (striking) the excess, a process known as screeding.

Phases of Road Construction

The phases of road construction include planning, road design, earthwork, paving, and finally, opening the road to traffic. Planning includes acquiring the land, identifying environmental concerns, finding funding, and identifying the contractors and engineers. Road design starts with a survey of the area. The properties and drainage capacity of the soil are identified, traffic volume is specified, and effects on the environment and nearby residents are considered. Earthwork establishes the roadway’s base layers and foundation, as shown in Figure 6.20. Bulldozers and grading machines level the earth. The earth is then watered down and compacted by heavy machinery. Sewers and drains are installed, and then gravel finally is placed on the road, wetted down, and compacted again.

After the earthwork is completed, the roadway is paved with either asphalt or concrete (see Figure 6.21 for a cross-section view). If asphalt is used, it is applied hot, spread out, and compacted. If concrete is used, it is placed into steel forms to form slabs. Grooves are made between each slab to allow expansion and contraction with temperature changes. Wire and steel dowels are used to connect the slabs.

Before the road can be opened to traffic, it must be tested for quality. Special equipment is used to measure the smoothness of the pavement; otherwise, rough pavement would cause vibration during traffic. Tests are conducted to ensure proper draining. Finally, the road is landscaped and markings are applied as necessary to the pavement.

[[Insert Figure 6.19 here]]

[[Insert Figure 6.20 here]]

[[Insert Figure 6.21 here]]

Costs of Materials

Over the past few years, prices of materials used for road construction have been driven up by demand from rapidly growing nations, such as China. Costs for steel and cement, especially, have increased substantially. According to the Ohio Department of Transportation, “the most important cost drivers of construction cost inflation for the next five years will be energy, steel, and cement. Unlike many other construction materials, these items are impacted by international influences which are difficult to predict.”

TECHNOLOGY IN THE REAL WORLD:
Roads Around the World

The following statistics illustrate the importance and enormity of the world’s roadway infrastructure.

· Road density refers to the number of linear feet of road per unit area. Road densities vary from a low of around 0.01 km per sq. km to a high of 4.90 km per sq. km (excluding exceptions), with a typical value of 0.20 km per sq. km.

· About 45 percent of the roads in a typical country are paved. The proportion of paved roads varies from 2.5 percent in some developing countries to a high of 100 percent.

· Worldwide, the stock of motor vehicles is growing at nearly 3 percent per year. The number of vehicle kilometers traveled tends to grow somewhat faster than the stock of motor vehicles.

· Industrialized countries typically spend just over 1.0 percent of their Gross Domestic Product (GDP) on roads. Countries with set-aside financing for roadways typically spend over 1.5 percent of GDP.

· Worldwide, between 750,000 and 880,000 people are killed and 23 to 34 million are injured in road crashes each year, costing the global economy about $500 billion per year.
· About 85 percent of these accidents take place in developing and transition countries, with almost half the deaths occurring in the Asia-Pacific region.
· In industrialized countries, only about 15 to 20 percent of fatalities involve pedestrians, nonmotorized vehicles, and motorcycles. In developing and transition countries, the figure is closer to 50 percent; it is as high as 70 percent in Asia.
· In developing and transition countries, road accident rates tend to be 10 to 20 times higher than in industrialized countries and cost 1.0 to 1.5 percent of GNP.
(Material for this feature was taken from the U.S. Federal Highway Administration Web site, www.fhwa.dot.gov, and from The World Bank’s Web site, www.worldbank.org.)

[[Insert Figure 6.22 here]]

Bridges

A bridge is a structure that spans a valley, body of water, roadway, railroad tracks, or any other obstruction to continuous travel. Bridges are designed to withstand dead loads and live loads. A dead load is a load that does not change, such as the weight of the structure itself. It includes the deck, sidewalks, parapets, railings, and the steel or concrete load-carrying members. These loads account for a significant and considerable percentage (often the majority) of the stress in the load-carrying member. Live loads change; the changes can be due to increased or decreased traffic and pedestrian loading. Other important loads are a function of wind, snow, impact, and natural disasters such as earthquakes. When designing a bridge, strength and safety of the structure are the primary considerations, but cost is very important as well. Bridges are built with safety factors that provide a margin over the theoretical capacity to allow for uncertainty in loading. A bridge normally has a safety factor of about 2.0, meaning that it is built to withstand twice the greatest expected load.

[[Insert Figure 6.23 here]]

Bridges are designed according to the length of the span and the geologic conditions of the site. A simple beam was the first type of bridge. Logs also were used to span short distances (Figure 6.23). Modern beam bridges are used to span short distances and are constructed using reinforced concrete and steel.

An arch bridge transmits the load from the deck of the bridge outward along the arch to supports (abutments) on both sides. The arch produces horizontal thrusts at the abutments. Arch bridges can form wider spans than an unsupported beam. In an arch, the load at the top is passed to each of the adjacent stones, and then to the abutment, which is anchored to the ground. Arch bridges are among the oldest types of bridges.

Older arch structures used stone or bricks as the construction material. When these masonry arches are properly shaped, large compression forces (which exist in all arches) squeeze the stone or bricks together, making the arch strong.

The Ponte Vecchio in Florence, Italy, spans the Arno River (see Figure 6.24). It was originally built from wood, but after a flood, it was rebuilt in 1345 c.e. entirely out of stone. It is a modern tourist attraction because of its beauty and for the famous art and jewelry shops along its length. Each of the three arches is about 90 feet long.
[[Insert Figure 6.24 here]]

[[Insert Figure 6.25 here]]

The world’s first bridge made of iron is in the aptly named Ironbridge, England (see Figure 6.25). The Lupu Bridge in Shanghai, China, is the world’s longest arch bridge; the arch is 1,815 feet long. Modern arches used for bridges are commonly constructed using either steel or steel-reinforced concrete.

Suspension bridges are constructed to span long distances. The longest suspension bridge in the world is the Akashi-Kaikyõ Bridge in Japan. The length of its center span is 1,991 meters (6,532 feet). In a suspension bridge, the bridge deck is suspended from a main suspension cable made from many strands of steel wire. These cables are strung between bridge towers that are embedded into the ground. The cables are in tension that increases with the load on the bridge, and they must be firmly anchored at each end of the span. The towers are in compression. In a suspension bridge, the weight of the deck and its load is transferred to the main suspension cable through suspender rods or cables (see Figures 6.28 and 6.29), then to the tower and its anchor blocks.

Cable-stayed bridges are similar in appearance to suspension bridges (see Figure 6.30). However, suspension bridge cables transmit the load to the towers and the anchor blocks, while in cable-stayed bridges all the cables are directly attached to the towers, which bear the main load. A cable-stayed bridge design is most often used for span lengths that are shorter than those of suspension bridges. These bridges are generally less expensive to construct than a suspension bridge of equal length, as they use less cable for a given length than a suspension bridge.
[[Insert Figure 6.26 here]]

[[Insert Figure 6.27 here]]

Cantilever bridges are constructed using two beams that face each other and are anchored only at the originating end (see Figure 6.31). The other ends of the beams are connected by a third portion, and the connecting span is supported by a column (or pier). The connecting span is usually built to be as lightweight as possible so that it requires the least number of supporting piers.

[[Insert Figure 6.28 here]]

[[Insert Figure 6.29 here]]

[[Insert Figure 6.30 here]]

[[Insert Figure 6.31 here]]

Truss bridges use a framework made of struts that are connected together in a triangular grid. Using triangular struts helps ensure that the resulting structure is rigid. A truss bridge resists bending when subjected to static and dynamic loads (see Figure 6.32 for an example).

Tunnels

Tunnels are built under water and under land. They facilitate transport of people, vehicles, and water, as well as the extraction of minerals. The world’s longest underground tunnel connects reservoirs that supply New York City with its water. The tunnel, the New York City—West Delaware water-supply tunnel, is 169 kilometers (105 miles) long. The longest vehicle tunnel is the Seikan rail tunnel that connects the islands of Honshu and Hokkaido in Japan. The tunnel is about 54 km (33.5 miles) long, and about 24 miles of it is under water. The English Channel tunnel (called the Chunnel) is 31 miles long. The Chunnel consists of three separate tunnels—two are for trains and one is a service tunnel. Worldwide, the longest tunnel for road traffic is the Laerdal Tunnel in Norway. It is 24.5 km (15.2 miles) long.
[[Insert Figure 6.32 here]]

Tunnel Construction There are three steps in constructing tunnels: excavation, supporting the structure, and lining the tunnel (see Figure 6.33). During the first step, engineers dig through the earth with tools and machines. The second step is support; engineers must support any unstable ground around them while they dig. The final step is lining: Engineers add the final touches, such as the roadway and lights, when the tunnel is structurally sound.

In modern tunnel construction, a tunnel boring machine with a circular diameter and cutting tools on its face is used to excavate the ground. Tunnel boring machines can be used as an alternative to drilling and blasting. The earthen material that is displaced is sent back to the surface through a shaft. If the material being bored is hard rock, the need for supporting the structure is not as great as when the material is soft earth. When tunnels are bored into soft earth, a tunneling shield is installed to keep the earth in place during construction. Tunnel boring machines can bore tunnels up to 15 meters in diameter (about 50 feet).

As the tunnel is bored, pre-cast concrete sections are placed within it to act as a lining. These sections are reinforced with steel and will become permanent supports.

[[Insert Figure 6.33 here]]

Underwater Tunnels: The Fort McHenry Tunnel

· Structures such as tunnels can include prefabricated materials. For example, underwater tunneling uses huge steel tubes that are prefabricated in a factory and transported to their destination above the floor of the waterway. The tubes are then transported by barge and sunk into the proper position.

The Fort McHenry tunnel in Baltimore Harbor is a historic landmark. During the war of 1812, the British bombarded the fort. U.S. soldiers fought the British force of 50 ships. From an American ship in the harbor, a young attorney named Francis Scott Key could see that the American flag still waved over the fort. The sight inspired him to write the lyrics to what became the U.S. national anthem, “The Star Spangled Banner.”

In 1985, the 7,200 foot-long Fort McHenry Tunnel was constructed near the fort to link parts of the interstate highway system (see Figure 6.42). Because it was important to preserve the landscape, the tunnel was hidden from the sight and earshot of the fort. The tunnel has eight lanes, carries 70,000 vehicles a day, and is the widest underwater tunnel in the world. The sunken section is 5,400 feet long. It was constructed as two long tubes, each made from 16 individual tubular sections. Each section is 82 feet wide and 42 feet high. Interior and exterior concrete was added to the sections, bringing the total weight of the structure to 31,882 tons.

[[Insert Figure 6.34 here]]

[[Insert Figure 6.35 here]]

Sewers and Pipelines

Sewers are pipelines that convey sewage or surface-water runoff from more than one property location. The difference between a sewer and a drain is that a drain only conveys sewage or surface-water runoff from a single property location. The drain ultimately connects to the sewer system (see Figure 6.36).

Sewage is mostly liquid, with the addition of some solid waste material that is the by-product of human activity. It includes household waste products from toilets, washing machines, and dishwashers, along with waste products from industry. To protect the environment and ensure health and safety, the sewage is carried by drain pipes to larger pipelines called sewer systems that lead to sewage treatment plants. In these plants, the sewage is chemically treated, recycled, or disposed of.

In municipal areas, rainwater and melting snow flow into catch basins and then into sewers. Normally, this sewage also is carried to sewage treatment plants, but during very heavy rain or snow, sewers can become overloaded. In this case, many coastal cities then discharge some sewage directly into waterways or deep ocean outfalls that are far from swimming and fishing areas.

There are significant environmental issues to consider when discharging sewage. When sewage is discharged into waterways, it is dispersed and diluted, but it is still a pollutant.

Other pipelines are used for water mains and for gas and oil transport (see Figure 6.37). The world’s longest pipeline is the Langeled pipeline, which carries natural gas from Norway to the United Kingdom. It is about 1,200 km long (about 750 miles) and carries 70 million cubic meters of natural gas daily.

[[Insert Figure 6.36 here]]

[[Insert Figure 6.37 here]]

Airports

In some ways, airport construction projects are similar to other large-scale construction projects. However, airports are unique in their scale, as well as in how multiple technological systems must be integrated to assure efficient and safe functioning. Airport infrastructure includes not only structures such as terminals and aircraft hangars, but roadways and runways, parking facilities, transportation systems (monorails, people movers, baggage handling conveyors), communication systems (air traffic control towers and other electronic systems), emergency medical facilities, hotels, and food services. The United States has about 14,000 airports.

Sometimes, because of the size and complexity of airport projects, the demands facing developers resemble the demands of planning a small city. In fact, the proposed Dubai international airport, to be completed in 2018, will cost billions of dollars, cover 140 square kilometers (54 square miles), and house 750,000 people. Large airports are sprawling; both the aircraft and the structures to house them can be huge. Terminal buildings themselves can cost more than a billion dollars to build, while individual aircraft can cost up to $150 million. The immensity of a large airport project is awesome (see Figures 6.38 and 6.39).

Airports must be built to conform to national and international codes and standards. In the United States, the Federal Aviation Administration specifies standards for airport construction.

Standards for Building Runways

· Construction standards for runways are very specific. The following example comes from the Federal Aviation Administration:

212-1.1 This item shall consist of a base course composed of shell and binder constructed on a prepared underlying course in accordance with these specifications and shall conform to the dimensions and typical cross section shown on the plans. The shell shall consist of durable particles of “dead” oyster or clam shell. The base material shall consist of oyster shell, together with an approved binding or filler material, blended or processed to produce a uniform mixture complying with the specifications for gradation, soil constants, and compaction capability. Clam shell may be used only in combination with oyster shell in the proportion up to and including 50 percent. The shell shall be reasonably clean and free from excess amounts of clay or organic matter such as leaves, grass, roots, and other objectionable and foreign material.

[[Insert Figure 6.38 here]]

[[Insert Figure 6.39 here]]

Substructures and Superstructures

A structure has a substructure and a superstructure. The substructure, often referred to as the foundation, is the part that is in the ground; the superstructure is the part that is visible, and is built upon the substructure.

The purpose of the substructure is to distribute the load of the structure over a large area of the ground to prevent it from sinking. It transmits the load to the rocky, hard soil underneath the structure. It also strengthens the structure so that it can withstand earthquakes or high winds. The substructure becomes a level base upon which the structure can be built. Foundations include the footing and the vertical supports. In construction, the substructures for very tall buildings are huge. For example, the new Freedom Tower will replace the twin towers of the World Trade Center in New York, which were destroyed on September 11, 2001. The substructure will be 11 stories, including utilities, machinery, shopping facilities, subways, and access to the World Financial Center, all of which will be underground.

Several types of footings can be used under different circumstances. The most common type that supports walls and columns is a spread footing, which is used on hard ground and normally built around the entire perimeter of a structure (see Figure 6.40). A spot footing is a single square pad that is about two feet wide and one foot thick (see Figure 6.41). It is used to support a pier or a post.

In cold climates, the footings are always dug so that they are deeper than the frost line (the depth at which the ground freezes). Moisture in the ground causes it to expand when it freezes, which would cause the footing to move or crack.

To construct the substructure of very tall and heavy buildings, vertical holes are dug, some-times as deep as 100 meters (over 320 feet) into the ground. The holes are filled with concrete that is reinforced with steel rods. These long concrete-and-steel piles are called barrettes. Friction between the barrettes and the soil around them keeps them from sinking further. A very thick concrete slab sits on the barrettes and serves as the foundation for the columns and beams that make up the building frame.

Sometimes, people construct buildings without footings. In such cases, the foundation is made of wooden, steel, or concrete columns called “piles” that are driven into the ground as far as the bedrock. Beams are attached to the tops of the piles to provide a surface upon which the superstructure is built (see Figure 6.42). Piles are used in marshes or other areas where the soil is soft or the water table is high.

Superstructures fall into three general categories: mass superstructures, bearing wall superstructures, and framed superstructures. Mass superstructures are made from large masses of materials and have little or no space inside. Dams and monuments are mass superstructures. They are built from brick, concrete, earth, or stone.

[[Insert Figure 6.40 here]]

[[Insert Figure 6.41 here]]

[[Insert Figure 6.42 here]]

Bearing wall superstructures enclose a space using walls. They are built from brick, concrete, or stone. For example, the castles built in the Middle Ages are bearing wall superstructures. The walls of some of these castles were 20 feet thick or more at the base. The walls surrounding the Old City of Jerusalem are themselves bearing wall superstructures (see Figure 6.43). The Cathedral of Notre Dame in Paris, France, is also a bearing wall superstructure, as is the Coliseum in Rome (see Figures 6.44 thru 6.46).

[[Insert Figure 6.43 here]]

[[Insert Figure 6.44 here]]

[[Insert Figure 6.45 here]]

[[Insert Figure 6.46 here]]

Framed superstructures use a framework to support the building. Today, most buildings are framed superstructures (see Figure 6.47). Lumber is used for framing in most houses. In office and apartment buildings, reinforced concrete and steel are used for framing.

[[Insert Figure 6.47 here]]

Enclosing Framed Superstructures

The building enclosure separates the inside of the building from the outside environment. The building enclosure consists of five components, as shown in Figure 6.48:

· the roof

· the above-grade walls

· windows and doors

· the below-grade foundation wall

· the base floor

[[Insert Figure 6.48 here]]

[[Insert Figure 6.49 here]]

Framed superstructures must be enclosed. The enclosure serves several purposes, which are broadly categorized as support, control, finish, and distribution. Support functions relate to how the enclosure helps to add structural support to the building. Control functions act to control the separation of the air, moisture, heat, and sound from the outside to the inside. For example, large sections of glass on skyscrapers can be responsible for temperature changes and unwanted glare. The construction of an envelope determines the degree to which the flow of heat, air, noise, driving rain, and water vapor are controlled. Finish functions provide the aesthetic and visual effects. Distribution functions allow utilities and services to be distributed throughout the building.

Enclosures are built from a wide variety of materials, including solid and composite wood, metal, cement, gypsum, plastic, and glass. The materials are chosen for their appearance, cost, and availability, as well as for their physical, mechanical, electrical, magnetic, thermal, optical, and acoustic properties (see Chapter 4, Section 2, “Properties of Materials”).

The building enclosure is a topic of discussion among professionals in the construction industry. For example, degradation of enclosure materials due to decay, insect damage, or water leakage around walls and windows can result in high repair costs for building owners and serious disturbances for building occupants.

[[Insert Figure 6.50 here]]

[[Start Section two Feedback > here]]

SECTION TWO FEEDBACK >
1.
What are the main products of the construction industry?

2.
Explain the differences among residential, commercial, institutional, and industrial buildings.

3.
What causes tall buildings to sway?

4.
What are the components of a structural foundation?

5.
What would engineers have to consider in deciding between a beam bridge, an arch bridge, or a suspension bridge for use in a specific project?

[[End Section two Feedback > here]]

SECTION 3: Maintaining and Renovating Structures

[[Start Key Ideas > Box here]]

KEY IDEAS >
· Structures require periodic maintenance, alteration, or renovation to improve them or alter their intended use.

· Because maintenance and repair of structures disrupts people’s day-to-day lives, it is important to complete these tasks quickly.

[[End Key Ideas > Box here]]

There are limits to the life expectancy of all materials, as shown in Figure 6.51. Some degrade more quickly than others. All structures require periodic maintenance, alteration, or renovation to improve them or to alter their intended use. A design criterion in planning construction projects should relate to how durable a building will be. There is an old adage that still rings true: Failing to plan means planning to fail.
Maintenance of Structures

Structures require maintenance because they will degrade even under typical environmental conditions. Bridges collapse; moisture can cause wood to rot; oxidation causes iron to rust; acid rain and other forms of pollution degrade surfaces. According to the 2005 American Housing Survey conducted by the U.S. Department of Housing and the U.S. Census Bureau, about 20 million homes in the United States had water leakage, about 10 million homes had damaged roofs, 5 million had broken windows, and 3.2 million had damaged foundations.
In August 2007, the eight-lane Interstate 35W bridge collapsed during rush hour and fell into the Mississippi River in Minneapolis. (See Figure 6.52.) The bridge carried more than 100,000 vehicles a day and was undergoing repairs when it collapsed. Dozens of vehicles fell; 13 people died and 79 were injured. Parts of the bridge were subsequently judged to be structurally deficient because of corroded bearings and cracks in the metal. Metal components are weakened (called metal fatigue) when heavy vehicles dynamically load a structure. However, in a March 18, 2008 article in the New York Times, the cause of the collapse was attributed to the stress caused by 99 tons of sand placed on the roadway by construction workers directly over two of the bridge’s weakest points. According to the U.S. Department of Transportation, the United States is home to almost 80,000 functionally deficient bridges. Not all of these bridges are imminent disasters, but the large number underscores the need for a national strategy that includes consistent maintenance and inspection.

Structures also require maintenance, renovation, or repair due to natural disasters such as earthquakes and hurricanes. These events can damage structural components or cause their complete destruction.

In 1994, for example, sixty people were killed and 7,000 injured in the Northridge earthquake near Los Angeles, California. In addition to the human casualties, there was almost $40 billion of property damage. Engineers learn from these disasters, and the earthquake led to an analysis of building design. Analysts found that for mid-rise buildings, very high strength can actually cause more susceptibility to earthquake damage because the buildings are too stiff. Engineers concluded that if less reinforcing steel were used, the survival rate in these buildings would increase.
[[Insert Figure 6.51 here]]
People have also had a tendency to overextend the infrastructure by building homes in areas that are too close to the sea because they like the view or because views increase property values. Unfortunately, they risk flooding and storm damage in the process. People tend to move to areas where the climate is generally desirable, but where high winds, hurricanes, and earthquakes may also occur.

[[Insert Figure 6.52 here]]

Other maintenance is simply a function of the natural life cycle of equipment and material. Power, water supply, plumbing, and sewage systems need to be maintained or they will break down. Table 6.1 shows the most common housing breakdowns.

[[Start Table 6.1 here]]

Table 6.1 | Occurrence of Selected Housing Breakdowns in the Last 12 Months, by Year Structure Was Built

	
	BEFORE

	SELECTED HOUSING BREAKDOWNS 
	1920
	1920s
	1930s
	1940s
	1950s
	1960s
	1970s
	1980s
	1990s

	Sewer or septic breakdown ……..
	2%
	2%
	3%
	3%
	2%
	2%
	2%
	1%
	1%

	All toilets not working ………….
	3%
	3%
	3%
	4%
	3%
	3%
	3%
	2%
	2%

	Water supply breakdown ……….
	4%
	3%
	4%
	4%
	4%
	4%
	5%
	5%
	5%

	Uncomfortably cold last winter 
	11%
	9%
	9%
	8%
	8%
	7%
	6%
	5%
	6%

	Water leak from inside ……..
	10%
	12%
	11%
	10%
	9%
	10%
	10%
	10%
	7%

	Fuses blown/breakers tripped …...
	14%
	14%
	14%
	13%
	12%
	10%
	10%
	10%
	9%

	Water leak from outside ……….
	20%
	18%
	17%
	15%
	13%
	11%
	10%
	10%
	9%


Source: U.S. Census Bureau. American Housing Survey: 1999.

[[End Table 5.1 here]]

Aging Bridges

· The present state of U.S. bridges mainly tracks back to age: The combination of weather and vehicle traffic leads to deterioration, including corrosion, fatigue, absorption of water, and loss of pre-stress. In addition, bridges can be damaged by impact, overload, scour, fractures, seismic activity, foundation settlement, cracking, and bearing failure. Bridges, far more than buildings and other structures, are subject to live loads that come and go. These loads include cars, trucks, and people, as well as wind, accumulated snow, and even earthquakes.

Heavy traffic, especially, causes much cyclic loading and deterioration. Fast-moving traffic stresses a bridge horizontally, and the “vehicle bounce” across the bridge increases the vertical loading. The heavier the load, the more damage is caused.

Studies by the U.S. Federal Highway Administration suggest that bridges deteriorate slowly during the first few decades of their 50-year design lives, followed by rapid decline in the last decade. Compounding this issue is the dramatic increase in both the weight and number of heavy commercial vehicles, which impose an exponential increase in damage to the infrastructure.

Structural Renovation

Renovation of an existing structure occurs when the structure needs repair or when its style needs updating. A well-known renovation was the work done on the Statue of Liberty to repair damage to its copper surface caused by many years of exposure to salt air.

Renovation or reconstruction is also sometimes desirable when population increases require changes to the supporting infrastructure. After an influx of people into a region, for example, roads must be widened. In that case, existing structures such as bridges and drainage systems may have to be demolished and rebuilt. Airports and seaports are expanded to accommodate an increase in passenger use.

Road Maintenance Under normal use, roadways degrade because of environmental conditions and the constant flow of traffic. To ensure safe and reliable road conditions, people must maintain roadways on a regular schedule. Road maintenance activities include routine maintenance, periodic maintenance, special maintenance, and continued development. Routine maintenance is work that is typically done every year. Examples include patching potholes, cleaning the drains that parallel or cross under the road, and maintaining the landscaping. Periodic maintenance is done every few years. Examples include resealing and resurfacing pavement. Special maintenance is work that cannot be planned in advance. It might include road repairs needed as a result of damage caused by major accidents or severe storms. Development work, such as paving and constructing rest areas, serves to upgrade the roadway.
Accelerated Renovation and Construction

A set of techniques to reduce the time of renovation and construction is called accelerated construction. Accelerated construction uses new technologies and procedures to speed up the construction of major projects, such as roadways and bridges. The idea is to decrease construction time while maintaining quality and safety.

One important approach to accelerated construction is to prefabricate structural elements. These elements can be manufactured off site, transported to the construction site, and installed by construction crews. A case in point is a 4.5-km (2.8-mile) portion of Interstate 15 in the city of Devore, in southern California. The freeway had badly damaged concrete lanes. Using accelerated construction techniques, the roadway was rebuilt in nineteen days instead of the ten months that were originally estimated. The engineers, contractors, and laborers worked around the clock. They used various procedures to facilitate their work, including:

[[Insert Figure 6.53 here]]

· A moveable barrier system, which provided dynamic lane reconfiguration to minimize traffic disruption

· A rapid-strength concrete mix that made it possible to open the road to traffic 12 hours after its placement

· Incentive/disincentive provisions to encourage the contractor to complete the work on time

· A multifaceted outreach program to gain public support

· Automated information systems to update travelers with real-time work zone travel information

Accelerated Bridge Construction Accelerated Bridge Construction (ABC) is a rapid way to upgrade or repair bridges, which need renovation when they age. ABC is used when construction crews must minimize the impact to the public and the environment while the renovation is in progress. If you have traveled through construction zones in which lanes are closed after midnight to minimize traffic disruptions, you have experienced an approach akin to ABC. ABC takes a systems approach to construction. It involves a great deal of upfront planning to minimize disruptions, including choosing the right contractor and arranging for the necessary permits. During the construction process, components can be prefabricated and procedures can occur concurrently.

In New Haven, Connecticut, for example, a bridge needed to be built that would partially extend over railroad tracks. The Connecticut Department of Transportation specified that, in order to limit disruption to train service, the bridge installation had to be completed in one night. The accelerated construction involved building the bridge section near the final site and then lifting the bridge section into place using a huge crane. The crane itself required more than four weeks of assembly, and its parts were delivered on more than 200 tractor-trailer loads. To see images from the construction project, go to http://www.fhwa.dot.gov/bridge/crane23.cfm.

[[Start Section three Feedback > here]]

SECTION THREE FEEDBACK >
1.
Give a construction example that validates the following adage: Failing to plan means planning to fail.

2.
Why do even well-built structures require maintenance?

3.
What would cause a building to need renovation?

4.
Give two examples of routine road maintenance.

5.
What characterizes the idea of accelerated construction?

[[End Section three Feedback > here]]

CAREERS IN TECHNOLOGY
Matching Your Interests and Abilities with Career Opportunities: Careers in Construction Management

Construction managers plan, direct, and coordinate a wide variety of construction projects, including the building of all types of residential, commercial, and industrial structures, roads, bridges, wastewater treatment plants, schools, and hospitals. Construction managers may oversee an entire project or just part of a project. Although they usually play no direct role in the actual construction of a structure, they typically schedule and coordinate all design and construction processes, including the selection, hiring, and oversight of specialty trade contractors.

Significant Points

· Construction managers must be available—often 24 hours a day—to deal with delays, bad weather, or emergencies at the job site.

· Employers prefer people who combine construction-industry work experience with a bachelor’s degree in construction science, construction management, or civil engineering.
· Excellent employment opportunities are expected in the future, as the increasing complexity of many construction projects requires more managers to oversee them.

Nature of the Industry

Construction managers are salaried or self-employed managers who oversee construction supervisors and workers. They often go by the job titles of program manager, constructor, construction superintendent, project engineer, project manager, construction supervisor, general contractor, or similar designations. They coordinate and supervise the construction process from the conceptual development stage through final construction, making sure that the project gets done on time and within budget. They often work with owners, engineers, architects, and others who are involved in the construction process. Given the designs for buildings, roads, bridges, or other projects, construction managers oversee the planning, scheduling, and implementation of the project to execute those designs.

Construction managers oversee the selection of general contractors and trade contractors to complete specific pieces of the project, which could include everything from structural metalworking and plumbing to painting and carpet installation. Construction managers determine the labor requirements and sometimes supervise or monitor the hiring and dismissal of workers. They oversee the performance of all trade contractors and are responsible for ensuring that all work is completed on schedule.

Construction managers direct and monitor the progress of construction activities, sometimes through construction supervisors or other construction managers. They oversee the delivery and use of materials, tools, and equipment, and the quality of construction, worker productivity, and safety. They are responsible for obtaining all necessary permits and licenses. Depending on the contractual arrangements, they might also direct or monitor compliance with building and safety codes and other regulations.

Working Conditions

Construction managers usually work out of a main office from which the overall construction project is monitored. Alternatively, they may work out of a field office at the construction site. Managers may travel extensively when the construction site is not close to their main office or when they are responsible for activities at two or more sites. Management of overseas construction projects usually entails temporary residence in another country.

Construction managers may be on call, often 24 hours a day, to deal with delays, the effects of bad weather, or emergencies at the site. Most managers work more than a standard 40-hour week because construction may proceed around the clock. They may have to work long hours for days and even weeks to meet special project deadlines, especially if there are delays. Although the work usually is not considered inherently dangerous, construction managers must be careful while performing onsite services.

Training and Advancement

For construction manager jobs, employers increasingly prefer to hire people with a bachelor’s degree in construction science, construction management, or civil engineering, as well as industry work experience. Practical industry experience is very important, whether it is acquired through an internship, a cooperative education program, or work experience in a trade or another job in the industry. As construction processes become increasingly complex, employers are placing a growing importance on postsecondary education.

Many colleges and universities offer four-year degree programs in construction management, construction science, and construction engineering. These programs include courses in project control and development, site planning, design, construction methods, construction materials, value analysis, cost estimating, scheduling, contract administration, accounting, business and financial management, safety, building codes and standards, inspection procedures, engineering and architectural sciences, mathematics, statistics, and information technology.

Outlook

Excellent employment opportunities for construction managers are expected through 2014 because the number of job openings will exceed the number of qualified people seeking to enter the occupation. This situation is expected to continue even as college construction management programs expand to meet the current high demand for graduates. The construction industry does not always attract sufficient numbers of qualified job seekers because it is often seen as having poor working conditions. Opportunities will increase for construction managers to start their own firms. However, employment of construction managers can be affected by the short-term nature of many projects and to cyclical fluctuations in construction activity.

The increasing complexity of construction projects is boosting the demand for management-level personnel within the construction industry. Advances in building materials and construction methods, the need to replace portions of the nation’s infrastructure, and the growing number of multipurpose buildings and energy-efficient structures will further add to the demand for more construction managers.

Earnings

Earnings of salaried construction managers and self-employed independent construction contractors vary depending on the size and nature of the construction project, its geographic location, and economic conditions. In addition to typical benefits, many salaried construction managers receive benefits, such as bonuses and use of company vehicles.

According to a 2004 survey, median annual earnings of construction managers were $69,870. The middle 50 percent earned between $53,430 and $92,350. The lowest-paid 10 percent earned less than $42,120, and the highest-paid 10 percent earned more than $126,330.

[Bureau of Labor Statistics, U.S. Department of Labor, Occupational Outlook Handbook, 2007–08 Edition, visited December, 2007, http://www.bls.gov/oco/]

Summary >
The construction industry is divided into three major segments. General contractors build residential, industrial, commercial, and other buildings. Heavy and civil engineering construction contractors build sewers, roads, highways, bridges, tunnels, and other projects. Specialty trade contractors perform specialized activities related to construction, such as carpentry, painting, plumbing, and electrical work.

The construction infrastructure is the underlying base or basic framework of structures that are essential for people to go about their daily lives and comfortably conduct their affairs. The infrastructure includes airports, bridges, canals, dams, hazardous waste management, pipelines, roadways, tunnels, wastewater and solid waste treatment facilities, and water supply systems.

Construction projects create social, economic, lifestyle, and environmental impacts. Some impacts are positive and some are negative. These impacts must be considered and properly managed. People are becoming more conscious of living in ways that do minimal harm to the environment. Increasingly, “green construction” is becoming popular. Green construction, often referred to as “sustainable development,” attempts to substantially limit environmental damage, reduce energy use, and take advantage of recycled and recyclable construction materials.

Products of the construction industry include buildings, industrial plants, roadways, bridges, tunnels, sewers, pipelines, and airports. These products and structures can include prefabricated materials and are constructed using a variety of materials, processes, and procedures.

The design of structures involves a number of requirements that relate to appearance, efficiency, function, safety, strength, longevity, maintenance, and available utilities. The design and construction of structures are regulated by laws, codes, and professional standards.

Structures require periodic maintenance, alteration, or renovation to improve them or alter their intended use. Because structure maintenance and repair disrupts people’s day-to-day lives, it is important to complete these tasks quickly. Accelerated construction uses new technologies and procedures to speed up the construction of major projects like roadways and bridges. The idea is to decrease construction time while maintaining quality and safety.

FEEDBACK
1.
Explain the difference in job responsibilities of general contractors, heavy and civil engineering contractors, and specialty trade contractors.

2.
Explain the purpose of President Clinton’s 1998 directive regarding U.S. infrastructure, which identified certain structural elements as part of the critical infrastructure of the United States. In what way is a nation’s infrastructure critical?

3.
Choose a current construction project, either local or outside your community. Discuss the project’s impact on the economy and the environment. Indicate how these environmental impacts could be managed.

4.
Research an example of sustainable development anywhere in the world. Describe how the project was designed to limit environmental damage and reduce energy consumption.

5.
Identify the major types of structural products that result from construction work.

6.
Give an example of a construction project in which prefabricated materials were used.

7.
Explain the difference in construction among mass superstructures, bearing wall superstructures, and framed superstructures. Give a specific example of a structure that fits each category.

8.
Draw a diagram illustrating the substructure and the superstructure of a wood-framed single-family house.

9.
How would a building contractor or developer determine if a community’s building codes were applicable to the construction of a shopping mall?

10.
List some examples of routine maintenance for a roadway.

11.
Research an example of accelerated construction and explain what procedures were used to speed up that construction.

12.
Explain how the choice of enclosure materials for a building can affect not only construction costs, but ongoing maintenance and repair costs as well.

DESIGN CHALLENGE 1:
Bridge Engineering

· Problem Situation

A bridge is a structure that spans a valley, body of water, roadway, railroad tracks, or any other obstruction to continuous travel. Bridges are designed to withstand dead loads and live loads. A dead load is a load that does not change, such as the weight of the structure itself. It includes the deck, sidewalks, parapets, railings, and the steel or concrete load-carrying members. These loads account for a significant and considerable percentage (often the majority) of the stress in the load-carrying member. Live loads change; the changes can be due to increased or decreased traffic and pedestrian loading. Other important loads are a function of wind, snow, impact, earthquake, and temperature variation. When designing a bridge, strength and safety of the structure are the primary considerations, but cost is very important as well.

· Your Challenge

You are asked to design a bridge model that spans a distance of two feet. You will investigate how to make the model strong enough to support the test load. Before you determine which type of bridge to build, you will investigate four types of bridges: a beam bridge, an arch bridge, a suspension bridge, and a truss bridge.

No matter which type of bridge you decide to model, the bridge’s deck height will be set at eight inches above the ground. Your bridge must support a load of at least 20 pounds, concentrated at mid-span. The bridge that exceeds the minimum load by the greatest amount for the least cost will be the best design.

· Safety Considerations

1.
Only use tools and machines after you have had proper instruction.

2.
Wear eye protection when using tools, materials, machines, paints, and finishes.

3.
Use caution when loading the bridge deck to the failure point, as components may split and break away.

· Materials Needed

1.
Brass fasteners

2.
Building bricks to use as embankments

3.
Craft sticks (basswood strips, 1/8 inch × 2 inches × 24 inches)

4.
Centimeter sticks (1 cm × 1 cm × 40 cm)

5.
Large weights (1/2 pound each)

6.
Metal nuts

7.
Modeling clay

8.
Paper clips

9.
Popsicle sticks

10.
Small weights (100 g to 2 kg)

11.
String

12.
Tape

13.
30 × 30-inch oak tag sheet

14.
White glue

15.
Wooden dowels

· Clarify Design Specifications and Constraints

The bridge will be rated according to a figure of merit (Fm), which is defined as Fm = weight/cost. Therefore, the best bridge will support the most weight at the least cost. The weight will be applied at mid-span and will be 20 pounds at minimum. Your bridge must be constructed only with materials specified by your instructor. The bridge must be at least 4½ inches wide so that a four-inch brick can be placed on the bridge deck as the test load.

· Research and Investigate

To complete the design challenge, you need to first gather information to help you build a knowledge base.

1.
In your guide, complete the Knowledge and Skill Builder 1: Cost of materials.

2.
In your guide, complete the Knowledge and Skill Builder 2: Beam bridges.

3.
In your guide, complete the Knowledge and Skill Builder 3: Arch bridges.

4.
In your guide, complete the Knowledge and Skill Builder 4: Suspension bridges.

5.
In your guide, complete the Knowledge and Skill Builder 5: Truss bridges.

· Generate Alternative Designs

Your group is to choose the type of bridge you want to design and model. Once you determine the type of bridge (beam, arch, suspension, or truss), describe two possible approaches to building that bridge. The approaches may use different materials, different methods of strengthening the bridge, and different systems to support the structure.

· Choose and Justify the Optimal Solution
What decisions did you reach about choosing the model? Why did your group settle on this approach? What trade-offs did you make in coming to this conclusion?

· Display Your Prototypes

Construct a functional model of your bridge. Include drawings and sketches that helped you during the construction of the model.

· Test and Evaluate

Explain how you will test the bridge under load. Explain how you calculated the figure of merit.

· Redesign the Solution

What did you learn through the design and testing of your bridge that would inform a redesign of the model? What additional trade-offs would you have to make?

· Communicate Your Achievements

Describe the plan you will use to present your solution to your class. (Include a media-based presentation.) Demonstrate how you tested your model and what you learned about how the bridge design distributed the load.

DESIGN CHALLENGE 2:
Emergency Shelter Construction

· Problem Situation

An earthquake has left more than 100 people homeless in central Alaska. As winter is approaching, people need to be housed temporarily for one month while their homes are rebuilt. Although tents that are on hand might be a short-term solution, these lack the insulation needed to help people survive the cold temperatures and snowy conditions. The earthquake location is 200 miles from the nearest city, and snow has made travel impossible. Materials that are available locally must be used because time is of the essence.

· Your Challenge

Your challenge, as one of a team of earthquake victims, is to design and build a rapidly erectable structure that will provide insulation from the cold, withstand snow load, provide air exchange, and be built from materials that are readily available locally.

· Safety Considerations

1.
Only use tools and machines after you have had proper instruction.

2.
Make sure that if machines are used, all guards are in place.

3.
Wear eye protection at all times.

4.
Observe safety precautions when using fire-lighting devices.

· Materials Needed

1.
Small metal boxes (no larger than 12 × 6 × 8 inches)

2.
Small camping stove

3.
Stove pipe (4-inch diameter)

4.
Tree branches and boughs

5.
Tent and tent poles

6.
Plastic sheeting

7.
Corrugated cardboard

8.
Various hand tools

9.
Staple gun

10.
Canvas tarps

11.
Rope and string

12.
Fire-lighting device

· Clarify the Design Specifications and Constraints

The shelter must be constructed in seven hours and 30 minutes (equivalent to ten 45-minute class periods); otherwise, survivors will be at risk of hypothermia. The shelter must be large enough for five people to sleep side by side within it.

The shelter must be heated to an inside temperature of 65°F when the outside temperature is 220°F. The design must provide for air exchange. The team may only use materials provided by the instructor.

· Research and Investigate

To complete the design challenge, you need to first gather information to help you build a knowledge base.

1.
In your guide, complete the Knowledge and Skill Builder 1: China earthquake, a case study.

2.
In your guide, complete the Knowledge and Skill Builder 2: Determining necessary floor space and height.

3.
In your guide, complete the Knowledge and Skill Builder 3: Determining the optimal shape of the shelter.

4.
In your guide, complete the Knowledge and Skill Builder 4: Insulation materials.

5.
In your guide, complete the Knowledge and Skill Builder 5: Heat flow and energy transfer.

6.
In your guide, complete the Knowledge and Skill Builder 6: Volume and surface area calculations for various geometric shapes.

7.
In your guide, complete the Knowledge and Skill Builder 7: Air exchange, moisture, and condensation.

· Generate Alternative Designs

There are many ways to approach the design of an emergency shelter. Your group will choose its own type of shelter to design and model. Describe two possible versions of a shelter that might satisfy the design criteria and constraints. Sketch each of the design versions.

· Choose and Justify the Optimal Solution
What decisions did you reach that guided your choice of shelter design? Why did your group settle on this approach? What trade-offs did you make in coming to this decision?

· Display Your Prototypes

Construct a functional model of your shelter. Include drawings and sketches that helped you during the construction of the model.

· Test and Evaluate

Show the heat flow calculations you made to indicate the degree to which the shelter will maintain an interior temperature of 65°F when the outside temperature is –20°F. If you live in a cold climate, test the shelter outdoors.

· Redesign the Solution

What did you learn through the design and/or testing of your shelter that would inform a redesign of the model? What additional trade-offs would you have to make?

· Communicate Your Achievements

Describe the plan you will use to present your solution to your class. (Include a media-based presentation.) Demonstrate how you tested the shelter. Explain what you learned about the design of a portable shelter, heat flow, and air exchange.

Numbered Figure
Figure 6.1|The artist’s conception shows the new Freedom Tower, to be built at the site of the World Trade Center in New York City.

Figure 6.2|This example shows construction technology in a non-industrialized society.

Figure 6.3|Constructing a skyscraper is an enormous undertaking.

Figure 6.4|Public infrastructure projects include roads like this one under construction in El Alto, Bolivia.

Figure 6.5|Construction projects situated near green spaces and bike trails are often more valuable.

Figure 6.6|The site of the Green Mountain Project is ecologically diverse.

Figure 6.7|The components of a near-zero-energy home show that alternative energy sources can be used produce heat and electricity.

Figure 6.8|Jeff Christian of Oak Ridge National Laboratory is a great believer in zero-energy housing.

Figure 6.9|A near zero-energy home requires a daily energy cost of only 40 cents.

Figure 6.10|There are four kinds of building construction: residential, commercial, institutional, and industrial.

Figure 6.11|The Eiffel Tower in Paris is 324 meters (1,063 feet) high at the tip of its antenna. Because of the iron lattice framework construction, the top of the tower only sways about 6.5 cm (about 2.6 inches) from center.

Figure 6.12|When complete, the Burj Dubai will be the tallest building in the world.

Figure 6.13|The world’s tallest buildings include the Sears Tower in Chicago and the Empire State Building in New York City.

Figure 6.14|Stores, offices, and schools consume the most energy of all commercial and institutional buildings.

Figure 6.15|A building uses the highest percentage of its total energy expenditure on heating, lighting, and cooling.

Figure 6.16|Wastewater Treatment Facilities can routinely process million of gallons of wastewater daily.

Figure 6.17|This Paris street is paved with cobblestones.

Figure 6.18|The U.S. National Highway System consists of approximately 160,000 miles of roads.

Figure 6.19|Roads can be paved with asphalt, which is a mixture of different sizes of aggregate and oil-based additives.

Figure 6.20|Earthwork establishes the roadway’s base layers and foundation.

Figure 6.21|A cross section shows the layers and construction of a main road.

Figure 6.22|A highway interchange system is a good example of the U.S. roadway infrastructure’s sophistication.

Figure 6.23|This simple bridge is just a plank that spans a creek.

Figure 6.24|The Ponte Vecchio in Florence, Italy, is an arch bridge made entirely of stone. It dates back to the fourteenth century.
Figure 6.25|The first bridge made of iron is located in Ironbridge, England. Because bridges were previously made from wood, the construction used joints that were similar to woodworking joints.

Figure 6.26|This arch from the Temple of Hadrian (built between 117 and 138 c.e.) is an excellent example of an ancient arch with the keystone clearly evident. The keystone features a carved image of the goddess Cybele.

Figure 6.27|Downward forces in an arch are transmitted to the abutment.

Figure 6.28|One of the world’s most beautiful suspension bridges is the Golden Gate Bridge, which spans San Francisco Bay in California. When built in 1937, it was the longest suspension bridge in the world. The center span is 1,280 meters (4,200 feet) long.

Figure 6.29|As shown in this schematic diagram of a suspension bridge, the bridge deck is suspended from a main suspension cable made from many strands of steel wire.

Figure 6.30|The cable-stayed Jätkänkynttilä bridge in Rovaniemi, Finland, spans the Kemijoki river.

Figure 6.31|Cantilever bridges extend outward and are secured at the ends.

Figure 6.32|The arch of the Sydney Harbor Bridge in Sydney, Australia, is constructed of steel trusses. Under the heaviest allowable load, the deflection at the center of the bridge is 4½ inches, and the maximum thrust at the hinges (the ends of the arch) is 435,000,000 pounds per hinge. The roadway is 150 feet wide, and the total length including the approaches is 3,770 feet.

Figure 6.33|Building a tunnel like this one in Caracas, Venezuela, involves three steps: excavation, supporting the structure, and lining the tunnel.

Figure 6.34|Shaping the module of the Fort McHenry Tunnel involved wrapping a steel plate around a specially designed reel. Thirty-two modules were built, and then two tunnel tubes were constructed by joining sixteen tubes end to end to make each tunnel.

Figure 6.35|Mont Blanc is the highest mountain in Western Europe. Its summit is 4,807 meters (or about 15,800 feet) above sea level. The tunnel under Mont Blanc was drilled and blasted to connect France and Italy. The tunnel is 11.7 km (7.3 m) long. Construction began in 1957 and ended in 1965.

Figure 6.36|This egg-shaped sewer, laid alongside the subway construction under Seventh Avenue in New York City, was made of reinforced monolithic concrete. The massive character of the structure and the elaborate provisions for a water-tight joint when the sewer was extended are clearly shown, along with the nature of the foundation constructed for it.

Figure 6.37|This pipeline was built to carry water in the Negev desert in southern Israel.

Figure 6.38|The terminal building at Dulles Airport in Washington, DC, is well recognized for its architecture. It was designed by the well-known Finnish architect, Eero Saarinen, who described the structure as a huge, continuous hammock suspended between concrete trees. Within the concrete are steel cables that support the weight of the concrete roof.

Figure 6.39|Beijing’s new international airport terminal, built for the 2008 Olympics, is the world’s largest and most advanced airport building. Its soaring aerodynamic roof and dragon-like form will celebrate the thrill and poetry of flight and evoke traditional Chinese colors and symbols. The terminal encloses a floor area of more than a million square meters and is designed to accommodate an estimated 43 million passengers per year. The terminal was built with a single unifying roof canopy, whose linear skylights are both an aid to orientation and sources of daylight. The color will change from red to yellow as passengers progress through the building.

Figure 6.40|A spread footing is normally built around the perimeter of a structure. The footing is made from poured concrete and is 16 to 24 inches wide and 6 to 16 inches thick.

Figure 6.41|Spot footings support piers or posts.

Figure 6.42|Piles are used when the ground is soft. Piles either rest on bedrock or are driven into the soil far enough that frictional forces prevent them from sinking further into the ground.

Figure 6.43|The walls surrounding the Old City of Jerusalem are a bearing wall superstructure. The walls of the Old City were destroyed and rebuilt several times. The present walls were constructed during the reign of the Ottoman sultan Suleiman the Magnificent (1520–1566).

Figure 6.44|The Cathedral of Notre Dame in Paris was completed in the fourteenth century.

Figure 6.45|The Colosseum of Rome is a bearing-wall superstructure completed in 80 c.e. It could seat as many as 50,000 onlookers at gladiator competitions.

Figure 6.46|The Blue Mosque in Istanbul, Turkey, is a bearing wall superstructure that was completed in 1616 c.e. The dome rises to 140 feet and is 77 feet in diameter. The mosque can hold about 10,000 people.

Figure 6.47|The metal-and-glass pyramid that serves as the entrance to the Louvre museum in Paris was designed by architect I. M. Pei. It is an example of a framed superstructure.

Figure 6.48|The building enclosure consists of five components, as shown in the diagram.

Figure 6.49|The homes and shelters in this Bedouin village are framed with wooden 2×4s and covered with available materials.

Figure 6.50|PPG Place is a symbol of downtown Pittsburgh, Pennsylvania, and a striking advertisement for the Pittsburgh Plate Glass Corporation. Almost one million square feet of glass was used in the construction enclosure, incorporating 19,750 glass panels.

Figure 6.51|Building materials have different life expectancies. Selecting the best material for a particular construction application reduces overall construction and maintenance costs.

Figure 6.52|The Interstate 35W bridge collapse in Minneapolis killed 13 people.

Figure 6.53|Inspecting bridge foundations is sometimes dangerous work.
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