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Prexace to the Tnird Edition



Over the past quarter century, the practice of building has undergone significant changes in several areas, notably mechanical, electrical, and communications systems. Researchers have added to our knowledge of building function. New areas of social concern have emerged, especially for buildings that are accessible by all, and for building in a sustainable manner. This third edition, in the tradition of its predecessors, sticks to the basics, but includes hundreds of changes both large and small that reflect the current state of the art and science of building. I have retained the basic organization of the original volume, along with its look and feel, all of which have worn well. The mission and premise of the book remain unchanged. South Natick, Massachusetts January 2005
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Prologfue: Sustainable Buildingf



Buildings represent a huge investment, not only of money and time, but also of the world's resources. In constructing and occupying buildings, we consume vast quantities of materials and generate a major portion of the world's environmental pollution. According to the Worldwatch Institute, buildings consume more than 40 percent of the energy utilized in the world each year and, in so doing, release into the atmosphere one-third of the carbon dioxide and two-fifths of the compounds that cause acid rain. In the United States, our buildings use about one-sixth of the fresh water consumed each year and a quarter of harvested wood. Our buildings release about half of the fluorocarbons that escape into the upper atmosphere and destroy the ozone layer that shelters us from the sun's ultraviolet rays. About 40 percent of our landfill material comes from construction projects. We see in these statistics that buildings are responsible for many forms of environmental degradation. They place a heavy burden on the earth's resources, most of which are nonrenewable and finite, and they jeopardize the health and welfare of humanity. Thus it is increasingly urgent that we learn to build and operate buildings in a sustainable manner. Sustainability may be defined as meeting the needs of the current generation without compromising the ability of future generations to meet their needs. When we burn fossil fuels, we consume a portion of a finite, nonrenewable resource so that it will not be available a generation or two in the future. We also generate greenhouse gases that promote global warming. This will confront a near-future generation with the problem of a world in which glaciers and ice caps are shrinking, seas are rising to perilous levels, and weather is violent and unpredictable. When we build sprawling residential subdivisions on fertile land once used for growing food crops, we reduce the



stock of agricultural land that will be available to future generations. When we use wood from forests that are not replanted with trees, we make it more likely that our children and grandchildren will find wood to be a scarce, expensive commodity. We have it in our power to change this situation. We can reduce substantially the energy needed by our buildings. We can meet much of this need with solar and wind energy, both of which are renewable, nonpolluting, and available on the site itself. In many instances, we can build on land that has been recovered from abusive practices of the past such as contaminated industrial sites, demolished tenement apartment buildings, and land on which poor agricultural practices have led to extensive soil erosion. We can build with wood from certified forests, ones that are harvested and replanted in such a way that they will produce wood forever. We can build with wood recovered from old buildings that have been taken down. In each of these examples, we are building in such a way as to pass on to future generations the means to build in a similar fashion. A number of organizations and manufacturers are working diligently toward sustainable construction practices (also referred to as "green" building). Some relate to particular resources such as forests. Some have to do with recycling materials such as scraps of gypsum wallboard or worn-out tires into new building materials: gypsum wallboard, roofing slates. Some are promoting renewable energy sources such as solar, wind, and photovoltaic technologies. Some concentrate on improving the energy performance of buildings through better thermal insulation, more airtight construction, and more efficient heating and cooling machinery. And some focus on educating architects and engineers, the designers of buildings, who by siting and orienting buildings intelligently, configuring them appropriately, selecting materials knowingly, and detailing the construction properly, can greatly reduce their impact on the earth and its resources. Several organizations are working to educate architects and engineers in how to build sustainably. Prominent among these is the United States Green Building Council, which sponsors the LEED system for evaluating the sustainability of a building. LEED stands for Leadership in Energy and Environmental Design. The evaluation process is summarized by a checklist that is used in evaluating the degree of sustainability that is attained in a building. It is instructive to look at the categories on this checklist. The first broad category, "Sustainable Sites," includes, among other factors • whether a building will improve its site or degrade it; • whether the users of the building will be able to come and go by foot, on bicycles, or by public transportation so as to save fuel and reduce air pollution;
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• the extent to which the site is disturbed by the new construction; and • how storm water is managed (is it stored for use on-site, used to recharge the aquifer in the area, or dumped into a storm sewer?). The second category, "Water Efficiency," includes • use of stored storm water or "gray" wastewater (discarded wash water that does not contain human wastes) for irrigation; • innovative wastewater treatment; and • use offixturesthat reduce water consumption. Category 3, "Energy & Atmosphere," relates to • efficiency of the building's heating and cooling devices and systems; • use of renewable energy resources on the site; and • the potential of the building to contribute to ozone depletion. Category 4 is "Materials & Resources." It includes • • • •



recycling of building materials and building wastes; waste management on the construction site; recycled content in building materials used; use of local and regional materials, which consume less fuel in transportation, rather than materials that must be transported long distances; • rapidly renewable materials; and • wood from certified forests.



"Indoor Environmental Quality," the title of the fifth category, covers • • • • • • • •



indoor air quality; elimination of tobacco smoke; ventilation effectiveness; air quality during construction; use of materials that do not give off toxic gases; control of chemicals used in the building; thermal comfort; and use of daylighting.



The sixth and last category is titled "Innovation & Design Process." It is an open category that awards credits for original design ideas
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that lead to more sustainable buildings. It also awards credits if an architect or engineer who has been accredited as a LEED expert is involved in the design of the project. Although this list is still evolving, it is already serving as the basis for certifying the degree to which a building is sustainable. Additionally, it is a powerful vehicle for raising the environmental awareness of architects, engineers, and builders. Throughout the pages that follow, you will find information relating to sustainability in the design, construction, and operation of buildings. Every chapter tells how to build in such a way that resources are used wisely, energy is conserved, waste products are reduced, and buildings are made comfortable, durable, and healthy with the minimum possible cost to the environment. Many of these practices are old and well-known. Some are new and innovative. In either case, architects and engineers must become familiar with them and use them more consistently if we are to pass on to our children and grandchildren a world as lovely, hospitable, healthy, and resource-rich as the world into which we were born.
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Wkat Buildings Do
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1 The Outdoor Environment



The Earth and the Sun Earth is unique among the planets of our solar system in offering all the basic necessities of life. But human life is far from easy on most parts of the globe. A planet-sized atmospheric engine, fueled by radiation from the sun and cooled by the radiation of heat back into the emptiness of space, moves air, moisture, and thermal energy across its surface in restless patterns that create an outdoor environment of varied and often extreme conditions. The sun is the single most important factor in the lives of people and their buildings. The oxygen we breathe, the food we eat, and the fuels we burn are created by the action of sunlight on green plants. The water we drink is purified in an atmospheric distillation process powered by heat from the sun. Sunlight warms our bodies and buildings by direct radiation or through warming the air around us, sometimes enhancing our comfort and other times making us uncomfortable. Sunlight illuminates the outdoors, disinfects the surfaces it touches, creates vitamin D in our skin, and has an uplifting effect on our dispositions. Sunlight also disintegrates the materials with which we build, burns our skin, and promotes skin cancer. The sun is both the giver of life and its destroyer. Sunlight includes electromagnetic radiation of varying wavelengths. Fewer than i percent of the sun's rays that reach sea level on earth are too short in wavelength to be visible. These ultraviolet rays range between about 160 and 400 nanometers (nm) in wavelength. The visible solar wavelengths, ranging between 400 and 780 nm, contain about half the energy of sunlight. The other half of the energy lies in the infrared part of the spectrum, the invisible wavelengths between 780 and 1500 nm. (A nanometer is one-billionth of a meter. A dime is about one million nanometers thick.)
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1.1



The earth loops around the sun in a slightly elliptical orbit with a mean radius of 92.9 million miles (149.5 million kilometers). It rotates about its own axis once each day and completes an orbit every 365 V4 days. The half of the globe that is oriented away from the sun at any moment is in darkness, and the other half is sunlit (1.1). The earth's orbit is out of round by about 3 percent. Thus the distance between the earth and the sun changes enough to cause a variation of about 7 percent in the intensity of solar radiation on the earth over a six-month period. However, this variation is not the creator of the earth's seasons. In fact, the earth is closest to the sun in winter, so the orbital eccentricity helps slightly to moderate the seasons. The seasons are created, instead, by the tilt of 2-$°2j' between the axis of the earth's rotation and a perpendicular to the plane of its orbit (1.2). The Summer Solstice



1.2



1.3



At the position in the earth's orbit where the North Pole is tilted closest to the sun, the sun's rays in the Northern Hemisphere pass through the atmosphere and strike the earth's surface at a steep angle (1.3). The path of the rays through the atmosphere is short, so that the air absorbs and scatters relatively little sunlight before the radiation reaches the ground. Because the sun is so high with respect to the surface of the land in the northern hemisphere, solar radiation is received in a maximum concentration per unit area of soil. The sun's rays are at their hottest at this orbital position, known as the summer solstice, which occurs about June 21 of each year. The total solar heat gathered by the Northern Hemisphere on June 21 is further increased by another important factor: the sun is seen for a longer period of time on this day than on any other day of the year. The sun rises to the north of east before six o'clock in the morning and sets to the north of west after six o'clock in the evening. How long before and after six o'clock sunrise and sunset occur is wholly dependent on latitude. On the equator, the day from sunrise to sunset is always 12 hours long regardless of the time of year. Moving northward to the Tropic of Cancer, June 21 is only slightly longer than 12 hours, and the sun at noon appears directly overhead at an altitude of exactly 90°. (The Tropic of Cancer is at 2^°2j' north latitude, the same angle as the inclination of the earth's axis.) As we move farther and farther to the north, we find that June 21 has longer and longer hours of sunlight, with the sun rising and setting farther and farther toward the north, until at the Arctic Circle the sun never sets at all but merely skims the horizon at midnight, giving 24 hours of sunlight. Simultaneously, however, the noontime sun's altitude decreases as one moves northward, from 90° at the Tropic of Cancer,
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to 70° at the latitude of New York City, to 47° at the Arctic Circle, and to 23°27' at the North Pole. This reduces the heating effect of the sun on the earth's surface so that, in general, the farther north one goes, the cooler the climate will be. Not surprisingly, the summer solstice occurs during the warm season of the year. On the average, however, the hottest weather of the year comes four to six weeks later than the summer solstice, in late July and early August. This delay occurs because the land and water absorb and hold considerable solar heat during the warmer days of the year. By late in the summer, however, the earth gives back this stored energy to the cooler air, thus moderating the effect of the lower solar flux in that season. In the opposite orbital position, which occurs about December 21, the winter solstice in the Northern Hemisphere, the North Pole is tilted directly away from the sun. The sun's rays arrive at a low angle to the surface of the earth after losing much of their energy in a long, flat passage through the atmosphere, and their heating effect on the ground is correspondingly weak. This day has the fewest hours of sunlight of any day of the year, with the sun rising late and to the south of east, climbing to a low noontime, and setting early and to the south of west. Above the Arctic Circle, the sun never rises at all but appears as a faint glow in the southern sky at midday. The land and seas are still giving off stored heat from the warmer autumn days, however, so that the coldest part of the winter does not come until late January or early February. The Equinoxes On or about March 21 and September 21, known respectively as the vernal equinox and the autumnal equinox, the North and South Poles are equidistant from the sun. Everywhere on earth, the sun rises exactly in the east and sets exactly in the west 12 hours later, except at the extreme poles, where the sun travels just along the horizon for 24 hours. The Annual Cycle It is useful to keep in mind that the seasonal variations in length of day and the maximum daily sun altitude are least pronounced in the tropics and most exaggerated in the polar regions. In the tropics, the length of day is always close to 12 hours but, except on the equator itself, is slightly longer in summer and slightly shorter in winter. The sun always rises in the vicinity of due east, a bit to the north in summer and a bit to the south in winter, and sets in the vicinity of due west, traveling very nearly directly overhead at noon. The sun always
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1.4



intercepts the horizon in the mornings and evenings at a steep angle, producing very brief sunrises and sunsets (1.4). As one moves northward in latitude, seasonal variations increase gradually. Summer days are longer than they are in the tropics, and winter days are shorter. Noontime sun altitudes are lower, giving a lower solar flux per unit of ground area. The directions of sunrise and sunset show a more marked seasonal swing, and sunrises and sunsets are more prolonged (1.5). In the Northern Hemisphere the limiting case is the North Pole, where day and night each are six months long: the sun rises on March 21, climbs to a low "noon" on June 21, and sets on September 21 (1.6). Over the course of a year, every point on the globe is exposed to direct sunlight exactly half the time. At the poles, the half portion of sunlight comes in one continuous six-month period. At the equator, each day of the year is evenly divided between sunlight and darkness. At intermediate latitudes, longer days in summer compensate for shorter ones in winter. In the Southern Hemisphere, the sun resides in the northern half of the sky, and the seasons are reversed from those in the Northern Hemisphere, with longer days and higher solar fluxes occurring while the days are short and the sunlight is weak in the Northern Hemisphere. The progression of seasonal effects from the equator to the pole is the same as for the Northern Hemisphere. Effects of Solar Radiation on the Earth
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1.6



A number of factors affect the amount of solar radiation that reaches a particular surface. As we have already seen, these include the length of day, the angle of incidence of sunlight on the ground at each time of day, and the amount of atmosphere traversed by the radiation at each time of day. Of these three, atmospheric interference is the most difficult factor to evaluate. Solar intensity just outside the earth's atmosphere is about 130 watts per square foot (1,400 watts/m2). At an altitude of about 15 miles, a stratum of ozone and nascent oxygen absorbs most of the ultraviolet portion of the solar waves. In the lower reaches of the atmosphere, carbon dioxide, water vapor, clouds, dust, and pollutants work in various ways to reflect, scatter, absorb, and reradiate different parts of the spectrum. The shorter wavelengths of sunlight, which are the most affected, produce the blue appearance of the daytime sky. A considerable portion of the sunlight's energy is stripped away by the "clear" atmosphere—nearly half, on the average, worldwide. Most of this energy is then reradiated from the atmosphere into space, but a significant amount is reradiated from the atmosphere to the earth as diffuse sky radiation, thus slightly increasing the total amount of solar
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energy available at the earth's surface. Clouds, which cover roughly half the earth's surface at any given time, block much of the sun's direct radiation but still pass a considerable quantity in diffuse form. Taking all these factors into account, a square foot of land at 45° latitude, in a location with a 50 percent incidence of cloud cover, receives about 75 kilowatt-hours of direct solar radiation each year, plus roughly another 20 kilowatt-hours of diffuse sky radiation, for a total of nearly 100 kilowatt-hours annually. A square meter of land receives almost 11 times these quantities. The sun imparts little heat directly to the earth's atmosphere. Instead, the ground and objects on it are warmed by solar radiation, and they in turn pass some of their heat to the air. The rate at which a patch of ground is warmed depends on several factors, beginning with the amount of solar energy that arrives at the surface. Assuming equal atmospheric conditions, a patch of ground nearer the equator receives more solar heat than one farther from the equator because of the higher angle of incidence of the sun's rays on the ground. For much the same reason, a south-facing hillside receives a higher intensity of sunlight than a flat field, and a steeply north-facing slope may receive none at all. A second factor affecting the rate at which ground is warmed is the portion of solar radiation that the ground reflects. This is typically about 20 percent, leaving 80 percent to be absorbed. Of this 80 percent, a portion may go to warm the soil and thus is stored temporarily. Some is expended in evaporating moisture from the soil. Some is radiated at long infrared wavelengths from the soil back to the sky and to cooler terrestrial objects that the patch of ground can "see": treetops, fences, buildings, and so forth. The remainder of the 80 percent warms the air above the patch of ground. Night Sky Radiation So far we have been considering the tremendous influx of solar radiation on the earth in the daytime. At night, the flow is reversed, with the dark side of the earth radiating energy into space at infrared wavelengths ranging from 4,000 to 80,000 nm, considerably longer than the sun's infrared rays. On cloudy, humid nights, water vapor in the atmosphere, which is particularly absorptive of this long-wave infrared radiation, serves to block much of the outflow of energy, but on clear, dry nights, a very powerful cooling effect is exerted by rapid radiation from the warm earth to the cold blackness of the sky. Dew frequently condenses from the air onto radiationally cooled surfaces of the ground and the roof surfaces of automobiles and buildings. These cold surfaces cool the adjacent air. A stagnant layer of cold air may form near the ground in a stable atmospheric configuration
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known as an inversion. Ground fog may form as moisture condenses in this cold layer, and frost may occur along the ground even when thermometers at eye level are reading temperatures well above freezing. A nighttime wind tends to mix earth-cooled air with warmer air, making dew, frost, and ground fog less likely to form. Over bodies of water, the large heat capacity and convective mixing of the water generally result in a less pronounced nocturnal cooling of the air than over land. Weather



1.7



If atmospheric conditions are the same in all parts of the world, nighttime heat loss by radiation occurs at an equal rate regardless of latitude. But daytime heat gain, as we have seen, is not equal in all locations. On any day of the year, the tropics and the hemisphere that is experiencing its warm season receive much more solar radiation than do the polar regions and the colder hemisphere. Averaged over the course of the year, the tropics and latitudes up to about 40° receive more total heat than they lose by radiation. Latitudes above 40° receive less total heat than they lose by radiation. This inequality produces the necessary conditions for the operation of a huge, global-scale engine that takes on heat in the tropics and gives it off in the polar regions. Its working fluid is the atmosphere, especially the moisture it contains. Air is heated over the warm earth of the tropics, expands, rises, and flows away both northward and southward at high altitudes, cooling as it goes. It descends and flows toward the equator again from more northerly and southerly latitudes. Meanwhile, the earth's eastward rotation deflects these currents westward along the earth's surface to form the trade winds. Farther toward the poles, similar but weaker cells of air convection are set in motion, resulting in a generally eastward flow of air (1.7). The heat of the sun evaporates water continuously from the seas and land into the air. The warm, moist air thus produced eventually rises, either because of convection or because the air is contained in winds that blow up the slopes of rising landmasses. As the air rises, it expands because of decreasing atmospheric pressure. As it expands, it undergoes adiabatic cooling until it reaches the temperature at which its moisture begins to condense. The condensing moisture evolves latent heat into the air, offsetting some of the cooling effect of expansion. But a slower rate of cooling continues as the air continues to rise; moisture continues to condense; and clouds of water droplets and ice crystals are formed. Considerable quantities of water are often involved; a single large cumulus cloud is estimated to weigh 100,000 tons (io8 kg).
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1.8 Precipitation The exact mechanism by which a cloud releases its moisture is not well understood, but it generally involves both further cooling and the presence in the cloud of microscopic particles of dust around which the tiny cloud droplets can aggregate to form raindrops or ice crystals. Precipitation tends to be heavier over mountain ranges because of the rapid cooling of the rising winds and is usually sparse to the leeward side of mountains, where the descending winds have already been wrung dry of excess water (1.8). Rainwater and snow melt are gathered by the earth's surface into streams and rivers and eventually flow to the seas, evaporating moisture into the air along the way to start the cycle again. In the temperate latitudes, large masses of warm, moist air from more tropical climates advance northward to meet masses of cooler, drier air from the polar regions. The warm front, characterized by low barometric pressure, and the higher-pressure cold front collide and swirl about each other, increasing local wind velocities and releasing precipitation where the warm air is suddenly cooled by contact with the cold air (1.9). Weather patterns in the temperate
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1.9



Solar heating: Using sunlight as a heat source for a building comfort system. Solstice, summer or winter: A date when one pole of the earth is closest to the sun. Space frame: A three-dimensional truss that spans with twoway action. Spalling: The flaking off of chips of material from a surface. Spandrel: The zone of a wall between the heads of windows on one floor and the sills of windows on the floor above. Also, the area of wall between a masonry arch and an imaginary rectangle that would contain the arch. Specific heat: The ratio of the unit heat storage capacity of a material to that of water. Specifications: Written documents that specify standards of quality and workmanship for a construction project. Splay: A divergence in the interior surfaces of the jambs of a window. Spline: A strip of material used to keep two adjacent building components in alignment. Spread footing: A block of concrete that distributes the force from a column or loadbearing wall over an area of soil in a foundation. Spring: A naturally occurring flow of water from the earth. Sprinkler system, automatic: A system of water pipes and sprinkler heads in which a fusible link opens a head to extinguish an incipient fire if the temperature at the head rises substantially above normal levels. Standing waves: Single-frequency sound that is reinforced by repeated reflections back and forth between parallel walls whose distance from one another is a multiple of the wavelength of the sound. Standpipe, fire: A vertical pipe that serves fire hose outlets at each level of a building. Step ramp: A stair with very broad, sloping treads. Stiffener: A ridge of material added to a structural element to increase its resistance to buckling. Stirrups: Loops of reinforcing steel used to resist diagonal tension near the ends of concrete beams. Stock plan: A generic design for a building that is sold in the form of construction drawings, ready to build. Stove, heating: A self-contained heating device, located within the occupied space of a building, that burns fuel within a metal enclosure that transfers heat to the surrounding air. Strain: Change of dimension in a structural material caused by structural stress. Stress: Force divided by the cross-sectional area of material over which it is distributed. Stress, allowable: A stress at which a structural material may safely function. Allowable stress is the product of yield stress and factor of safety. Stress, yield: The stress at which a material begins to deform irreversibly. String course: A projecting horizontal molding on the face of a building. Strip footing: A linear spread footing that supports a wall. Structureborne sound: Sound transmitted through the solid material of a building rather than through the air.



Sewage: Wastewater from a building. Sewerage: A network of underground pipes that collect sewage and conduct it to a treatment plant. Shaft: A vertical opening through multiple floors of a building to house elevators, pipes, ducts, or wires. Shear: A relative motion, force, or stress of two masses of material that are pushed or pulled in opposite directions along a common plane. Shear panel: A planar element of structure that resists lateral loads by means offerees within its plane. Shelter: Any natural or constructed object that offers protection from wind, precipitation, sun, and/or extremes of temperature. Shelter belt: A swath of trees planted to obstruct the wind. Shingle: A small, flat piece of material overlapped with similar pieces on a wall or steep roof in such a way that water will drain off by gravity before it can penetrate. Shoring: A temporary compression member erected to support a wall of an excavation or a newly poured concrete structure against collapse. Short circuit: An accidental or inadvertent interconnection of a hot wire with a neutral wire. SI units: Systeme Internationale d'unites, a rationalized system of measurement based on the meter. In order to avoid confusion in linear measurements, the centimeter is not used in SI. Siamese connection: A Y-shaped pipe connection at the base of a building that allows one or two pumper trucks to connect to a building's standpipe or sprinkler system. Sick building syndrome: A condition of being uninhabitable because of poor interior air quality due to molds, mildew, spores, organic chemicals, sewer gases, combustion products, or other causes. Sill: The horizontal lower edge of a window or door. The portion of a building frame that rests on the top of the foundation. Simply supported beam: A beam that is supported by hinges and/or rollers at its ends. Single-phase electricity: Alternating current that varies in voltage as a single sine wave. Skylight: A window in a roof. Slab: A horizontal, planar element of concrete, usually reinforced or post-tensioned, used most commonly as a floor, roof, walkway, or roadway. Slab-on-grade: A concrete slab that rests directly on the ground. Slow-burning construction: A heavy timber frame that meets certain code requirements for minimum sizes of members. Sludge: The precipitate of decomposed sewage. Smokeproof enclosure: An exit stairway that is protected from smoke by being accessible only by means of a balcony ventilated to the outdoors or by mechanically forced introduction of fresh air. Snow fencing: A slatted fencing used to induce drifting of snow at a distance from a roadway so as to keep it from drifting onto the roadway. Solar flux: The flow of radiant energy from the sun.
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Three-phase electricity: Electric current that is made up of three overlapping sine waves of alternating current so as to furnish more constant energy for large electric motors. Tie: A tensile structural member. A tensile connecting device. Total energy system: A system in which an on-site generator driven by an internal combustion engine creates electricity for a building or complex of buildings, and the cooling water from the engine is used to heat water or air. Transformer: A device for reducing or increasing the voltage of electric current by means of two coils of a differing number of turns of wire wrapped around a single magnetic core. Trap, plumbing: A U-shaped piece of waste pipe that holds a small quantity of waste water that acts as a seal to prevent sewer gases from entering the building. Trap siphoning: The evacuation of the water seal from an unvented plumbing trap. Tread: A horizontal plane in a stair. Trombe wall: An east-west wall of concrete, masonry, or containers of water, placed near a south-facing wall of glass to absorb and later re-radiate solar heat. Truss: A structural spanning device in which loads are translated into axial forces in a triangulated system of slender members. Two-way structural action: Resisting bending in two mutually perpendicular directions, as occurs in a concrete two-way flat plate or two-way flat slab. Ultraviolet light (UV): Electromagnetic radiation of shorter wavelengths than violet light. Underpinning: Strengthening the foundations of an existing building by temporarily supporting the building on jacks while adding or enlarging foundation components. Unit air conditioner: A small, self-contained electric-powered device that utilizes a compression cycle to cool and dehumidify room air, usually mounted in a window opening or in an opening in an exterior wall. Unit ventilator: A device in an exterior wall that recirculates room air, exhausting a fraction of it to the outdoors and taking in a similar fraction of outdoor air, while passing the air over coils that heat or cool it as needed. Universal design: An approach to building design that gives equal access and convenience to all people regardless of physical handicaps, avoiding separate, special provisions for the handicapped. Vacuum breaker: A device in a water supply line that introduces air into the line if water pressure is lost, so as to prevent contaminated water from being drawn into the line. Vapor barrier: See Vapor retarder. Vapor pressure: The partial pressure exerted by water vapor in the air. Vapor retarder: A sheet material or coating that is highly resistant to the passage of water vapor, used to prevent water from condensing inside a wall or ceiling. Often called, incorrectly, a vapor barrier. Variable air volume system (VAV): A heating and cooling system for a building that regulates temperature by varying the amount of conditioned air that is delivered to each space or zone.



Structure-enclosure joint: A joint that allows differential movement between the frame of a building and the enclosure of the building. Strut: A linear compression element in a structure. Subcontractor: A specialty contractor who works under an agreement with the general contractor on a building project; for example, a plumbing contractor. Sump: A pit in a basement floor used to accumulate any water that may leak into the basement. Superinsulated, sun-tempered: An approach to energy efficiency in a building that emphasizes high levels of thermal insulation and airtight construction, coupled with a limited amount of south-facing glass for direct solar gain. Surface film: A thin layer of air held by friction on the surface of a building. Sustainable building: Building in such a way as to satisfy the needs of the current generation without compromising the ability of future generations to satisfy their needs. Synclastic: The property of a surface of having the same sense of curvature, either concave or convex, along both its principal axes. Systeme Internationale d'unites: See SI units. Tensile: Having to do with stretching of material. Tensile stress: The intensity of tension in a material, measured in units offeree per unit of cross-sectional area. Tension: A stretching or pulling apart. Terminal reheat system: An air conditioning system in which chilled air is circulated through ducts to points of use, where it is heated with a thermostatically controlled hot water coil to adjust its temperature. Termite shield: A sheet metal flange that projects from the junction between a foundation wall and the sill of a building, over which termites must build their tubes if they are to infest a building. The flange makes it easy to detect the presence of termite tubes. Terrazzo: A decorative concrete flooring produced by grinding and polishing a slab made of colored marble chips and selected colors of fine aggregate and cement. Terrestrial: Having to do with the earth. Terrestrial radiation: Thermal radiation from the earth or among objects on earth. Thatch: See Roof, thatched. Thermal break: A layer of low-conductivity material placed between parts of a metal frame to reduce its conduction of heat. Thermal bridge: A highly conductive path that transmits comparatively large amounts of heat through an otherwise well-insulated building assembly, such as a metal framing member in an insulated wall. Thermal capacity: The ability of a material to store heat. Thermal "feel": Whether a material seems warm or cold when contacted by the human body. Thermal resistance: The ability of a material to retard the flow of heat. Thermostat: A device that turns another device off and on depending on whether the ambient temperature is above or below a preset temperature. Tholos: A corbeled dome.
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Wash: A slope on a top surface that causes it to shed water. Water hammer: A loud knocking sound in water supply pipes caused by the instantaneous deceleration to zero of water in the pipes. Water, hard: Water that is rich in calcium ions. Water softener: A device that replaces calcium ions in water with sodium ions. Weatherstripping: Linear gaskets, pads, metal strips, brushes, or other devices designed to reduce air leakage through cracks around doors and windows. Weep hole: An opening in the exterior of a wall or window frame that drains to the exterior any water that may accumulate within. Well: A hole drilled or dug into the ground for the purpose of obtaining water. Whispering gallery: A concave surface or surfaces that focus sound in such a way that faint sounds can be heard over comparatively long distances. Wind tunnel: A laboratory device that houses a scale model and simulates the flow of wind around buildings or other objects with a small-scale flow of air around the model. Wired glass: Glass sheet material formed around a wire mesh that serves to hold the glass together if it should break during a fire. Working drawings: The technical drawings from which a building is built. Wythe: A vertical layer of a masonry wall that is one brick, one block, or one stone thick. Yield point: The stress at which a material begins to distort permanently.



Vasomotor regulation: The human body's expansion or contraction of blood vessels as a means to regulate body temperature. Vault: A structural device consisting of an arch translated along an axis perpendicular to its plane, or a combination of such forms. VAV: See Variable air volume system. Vent, plumbing: A pipe that opens a system of waste piping to the air so that it remains always at atmospheric pressure and avoids trap siphoning. Ventilation, infiltration: Renewing the air in a building by means of air passing through cracks and holes in the building enclosure. Ventilation, mechanical: Renewing the air in a building with electrically powered fans that introduce a percentage of outdoor air as they recirculate indoor air. Ventilation, natural: Renewing the air in a building using only the forces of wind and/or convection. Vernal equinox: The day in late March when the north-south axis of the earth lies perpendicular to the sun's rays. Day and night have the same length on the vernal and autumnal equinoxes. Visual task: The focus of one's attention in a luminous environment. Voussoir: A wedge-shaped component of an arch. Waffle slab: A two-way concrete joist system, which resembles a waffle when viewed from beneath. Wainscot: An interior wall facing that starts from the floor or baseboard but does not extend to the ceiling. Warm-air heating system: A system that uses air as a medium to transport heat to the interior of a building.
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absorptance, thermal, 54 absorption, acoustic, 140,141 absorption cooling, 93 abutment joint, 207 access for disabled persons, 167-69 acoustics, 138-48 concert hall, 142—45 acoustic privacy, 147,148 acoustic tiles, 142 active devices, role of, 253 additions, 250 AFCI, 155 ageing of materials and surfaces, 248-50 air barrier, 70,119-22 air chamber, plumbing, 37 air conditioning systems, 95-98 constant air volume (CAV), 95, 96 dual duct, 95-97 terminal reheat, 95-97 unit ventilator, 97 variable air volume (VAV), 95 air filtration, 107 air-inflated and air-supported structures, 198,199 air movement, control of, 99-108 around buildings, 104,105 outdoor, 99 air pollutants, 99,100,107,108 air pollution, 108 air renewal, 107,108 air temperature, control of, 81-98 air temperature and humidity, passive control of, 81-85 air temperature cycles, daily, 82-85 anthropometries, 158-71 arch, 182-86 architecture, natural order of, 256 atriums, 216, 217 ballasts, lighting, 135 barrel shells, 197



basement, insulation of, 124,125 watertightness, 123-25 beams, 190-97 buckling, 192 deflection, 192 lines of principal stress, 192 bearing wall, 175-77 bioremediation, 45 blueprints, 229, 230 bond, performance, 231 brightness and seeing, 129,130 buckling, 176 builder, 227, 228 building components and function, 252-56 building dimensions, 159-63 building, functions of, 25-27, 31, 32 buildings, fitting to people, 158-71 building separation joint, 209, 210 buttress, 184,185 caisson, 202 camber, 193 cantilever, 193 capillary break, 121 cavity wall, 116,117 ceiling height, 162 chimney, 103 clothing, 49-52 cloud gel, 58 coal, 86 color, 128 column, 175-77 combustion air, 86,103 components, functions of, 254, 255 composting, 41 concrete, air-entrained, 116 reinforced, 194-97 slabs, 195,196 structures, 195,196 condensation, moisture, 66-71
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construction accidents, 235 construction, problems of, 232-37 sequences, 237 tools and equipment, 235 contract, construction, 230, 231 control joints, 205, 206 cooling outdoor spaces, 98 cooling systems, 92-98 absorption cycle, 93 evaporative, 97, 98 compression cycle, 92-94 cooling tower, 92, 96 convectors, 92 Corbel, 197,198 corridors, 163 cost of building, 237, 238 crawl space, 124-26 creep, structural, 204 cross-connection, plumbing, 39 curtain wall, 208 day, length of, 4-6 daylighting, 11,131-34 death of a building, 251 decibels, 139 dehumidification, 94, 95 destructive forces on buildings, 239, 240 deterioration, safeguarding against, 240-44 dewatering, 232, 233 dew point, 67-69 disabled, access for, 167-69 domes, 185,186 doors, 103 paneled, 211 doorways, 163 double envelope and double skin buildings, 59 drainage composite, 124 drawings, working, 229, 230 drip, 121



ear, human, 139 earth and sun, 3-6 earth-sheltered buildings, 65, 66 EIFS, 122 elastic modulus, 173 electrical distribution in small buildings, 152-55 in large buildings, 155,156 electricity, 149-57 AC and DC, 150,151 arc fault circuit interrupter (AFCI), 155 generation and transmission, 149-52 ground fault circuit interrupter (GFI), 155 low voltage, 156 on-site generation, 156 receptacle, 154 service panel, 152,153 single-phase and three phase, 151 electric resistance heat, 86 electromagnetic spectrum, 129 elevators and escalators, servicing of, 247 enclosure, building, role of, 252 energy, concentrated, 149-57 energy systems other than electricity, 156,157 environment, human, 15-22 equinoxes, 5 ergonomics, 158-71 exits, 220-23 horizontal, 222, 223 expansion joint, 206, 207 exposed systems in buildings, 237 exterior insulation and finish system (EIFS),



122 factor of safety, 174 fan room, 95 fiber optics, 156 fire, area of refuge, 222, 223 controlling, 213-26 causes of injury and death, 215 compartmentation, 215-18 curtain boards, 218 effect on strength of steel, 215,216 extinguishment, 219, 220 helping firefighters, 225, 226 horizontal exit, 222, 223 keeping from spreading, 215-18 keeping from starting, 215 loss of life and property, 214 protecting human life from, 220-23 protecting structure from, 223-25 sprinkler systems, 219, 220 in theaters, 217, 218 fire cut beam, 224 fire escape, iron fire hazard prevention, 243 "fireproof" materials, 223 fire protection of steel, 224, 225 fit of building assemblies, 236 flashings, 114 floor maintenance, 246 floor, raised access, 156 watertightness, 123-35



folded plate, 197 foundations, 201, 202 frost heaving, 126 fusible link, 218, 219 gas heat, 86, 87 getting a building built, 227-38 GFI, 155 glass, heat-absorbing, 78 heat-reflecting, 78 low-e coating, 56 self-cleaning, 245 wired, 217, 218 glazing, double, 55-57 "green" building, x-xiii greenhouse effect, 108 ground fault interrupter, 155 growth and change, designing for, 248,249 health hazards in buildings, 243 hearing and being heard, 138-48 heat, controlling radiation of, 72-80 enters building, leaves building, 81, 82 radiation, conduction, convection, 53-55 heat exchanger, air-to-air, 106,107 regenerative wheel, 106,107 heat pump, 93-94, 97 heating, active, 85-87 fuels, 86, 87 heating systems, heat distribution, 91, 92 hydronic (hot water), 92 steam, 92 warm air, 92 high-intensity discharge lamps, 135 human body, cooling of, 17-19 thermal comfort, 15-19 human civilization, environmental requirements of, 20, 21 human life, environmental requirements of, 19, 20 humidity, controlling, 81-98 relative, 66-71 ice lenses, 126 ice dams, 113,114 illumination, 128-37 insulation, thermal, 55-58 intumescent coating, 224 inverse square law, 72 inversion, atmospheric, 7, 8 inversion, structural, 182 keeping a building alive and growing, 239-51 keeping water out, 109-27 labyrinth joint, 118 ladders, 161 lamps, 134,135 land and water, climatic effects, 10,11 LEED, xi-xiii light, color of, 135 incandescent and fluorescent, 128 reflectance of light by colors, 246
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light shelf, 133 lighting, artificial, 134-37 daylighting, 131-34 design of, 136,137 lightning rod, 215 loadbearing wall, 175-77 lobby, 163,166,167 low-emissivity (low-e) coating, 56 maintenance of buildings, 244—46 materials of construction, 254 evaluation of, 254 quality assurance, 235, 236 mean radiant temperature, 73, 74 measurement, English system vs. SI, 169-71 mechanical systems, maintenance of, 247 microclimate, n modulus of elasticity, 173 mortar joint profiles, 243 movement in buildings, 204-12 causes, 204, 205 movement in wood, 210-12 night radiant cooling, 79, 80 night sky radiation, 7, 8 noise, 139,146,147 blocking outdoor, 146,147 masking, 146,147 noisy room, quieting, 147 OSHA, 235 Occupation Safety and Health Act, 235 oil heat, 86 organizing a larger building project, 228—31 outdoor environment, 3-14 outdoor spaces, cooling of, 98 paint, peeling of, 68 panic hardware, 221 parapet, 114, 217, 218 pattern staining, 57 PEC, 119-122 photosynthesis, 12 photovoltaic panels, 150 pile, foundation, 202 plan, stock, 227 plate girder, 196 plumbing, cross-connection, 39 fixtures, 38, 39 spaces for, 40 vent, 42,43 post-tensioning, 191,195,196 precipitation, 9,10 precision of buildings, 236 pressure equalization chamber (PEC), 119-22 radiant temperature, manipulating, 74, 75 radiant heat barriers, 77 radiant heating and cooling, 75-77



radiators, 92 rafters, 194 rainscreen principle, 118-23 ramps, 164 regenerative wheel, 106,107 reglet, 114 reinforced concrete, 194-97 relative humidity, 81 remodeling, 250 re-use of buildings, 250, 251 reverberation time, 144,145 roof, inverted, 69, 70 monitors, 102,103 overhangs, 112 ventilators, 102,103 roofs, 110-15 edges, 112—18 gutters, 112 ice dams, 113,114 low-slope, 111 shingle, 111,112 snow on, 113,114 steep, 111 thatch, 112 vapor problems, 69, 70 safety, accidents, 167,168 sealant joints, 117,118 seeing, 128-37 sewage disposal, municipal, 44,45 on-site, 45,46 sewage systems in buildings, 42-44 shading, solar, 77 shading and reflecting devices, 132 shafts, enclosure of, 216, 217 shear walls, 199, 200 shelter belt, 104 shelter, concept of, 23-30 shelter, primitive, 23, 24 shoring of excavation, 232, 233 Siamese connection, 226 sick building syndrome, 244 site, role of, 252 SI units, 171 skylights, 102,103,133 slab on grade, concrete, 124-26 "slow-burning" construction, 224 smokeproof enclosure, 226 solar heating, 78, 79, 84, 87-90 active, 89, 90 attached sunspace, 88, 89 backup heat, 90 direct-gain, 88 flat plate collectors, 87 passive, 87-90 trombe wall, 89 solar phenomena, 11,12 solar radiation, effects of, 6, 7 solstices, 4, 5 sound, 139-42 absorption, 140 passage between rooms, 141,142



pressures, 139 reinforcement, 143-45 reinforcement, electronic, 145 resonant response, 140,141 standing waves, 142,143 space frame, 190 specifications, construction, 229—31 sprinkler systems, 219,220 stairs, 163—66 tread and riser dimensions, 164-66 exit, 221,222 standby generating units, 150 steel, fire protection of, 225 stoves, heating, 86 stresses, structural, 173,174 structure-enclosure joint, 208 structures, 172-203 arches, 182-86 beams, 190-97 bracing, 199, 200 buckling, 176 buttresses, 184,185 camber, 193 cantilever, 193 collapse, 200 columns, 175-77 compression and tension, 174 concrete slabs, 195,196 continuous, 193,194 corbel, 197,198 domes, 185,186 elastic modulus, 173 factor of safety, 174 folded plates and barrel shells, 197 foundations, 201, 202 funicular, 180,181 hanging model, 182 invertibility, 187,188 lateral support, 199, 200 loads, 172-74 one-way and two-way, 195 plate girder, 196 pneumatic, 198,199 post-tensioned, 191,195,196 rafters, 194 reinforced concrete, 194-97 rigid frame, 196 rigid joints, 199,200 shear walls, 199,200 space frame, 190 stresses, 173,174 tensile, 177-81 tents, 181 tholos, 197,198 trusses, 186—90 vaults, 185,186 vertical support, 175-77 yield point, 174,177 sump pump, 123 sunlight, 3 sun paths, 4—6 sunshading, 78
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superinsulated, sun-tempered approach, 89 sustainable building, x-xiii systeme international d'unites, 171 tensile structures, 177-81 tents, 181 termites, 242 thermal break, 17 thermal bridge, 57 thermal capacity, 58-66, 82-85 thermal comfort, 15-19,49-52 thermal feel 70, 71 thermal mass, 58-66, 82-85 thermal properties of building components, 53-71 Tholos, 197,198 toilet, 43,44 total energy system, 94,150 trap, plumbing, 42,43 trombe wall, 89 Trullo, 198 trusses, 186-90 ultraviolet radiation, 12 underground buildings, 65, 66 unit air conditioner, 97 unit ventilator, 106,107 universal design, 169 vacuum breaker, 39 vacuum insulation, 58 vandals and arsonists, 243, 244 vapor barrier, 68-70 vapor pressure, 67-69 vapor retarder, 68-70 vaults, 185,186 vent, plumbing, 42,43 ventilation, 100-108 of combustion products, 103 by convection, 102 by infiltration, 100,101 mechanical, 105-107 natural, 100-103 windows, 101,102 wind-powered, 102,103 voussoirs, 182,183 wainscot, 245 wall, loadbearing, 175-77 wall, functions of, 254, 255 walls, panel, 116-21 wash, 121 waste piping, 42,43 wastes, recycling, 41-48 solid, 46-48 water, climatic effects, 10,11 bottled, 40 distribution within building, 36-38 forces that can move, no internal sources of, 127 keeping out, 109-27 private supply systems, 35, 36



water, climatic effects (conr.) provision of, 33—40 sources, 33, 34 transporting to point of use, 34 treatment of, 34 water closet, 43,44 water leaks, 242, 243 water vapor in buildings, 66—71



watertightness of masonry, 115,116 watertightness, theory, 109, no walls, 115 weather, 8-n well points, 233 well, water, 35, 36 whispering gallery, 143 wind around tall buildings, 104,105
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wind energy, 90 windows, 101,102 functions of, 255, 256 orientation, 79 wood decay, 241, 242 World Trade Center collapse, 200, 201 yield point, 174,177



Solar heating: Using sunlight as a heat source for a building comfort system. Solstice, summer or winter: A date when one pole of the earth is closest to the sun. Space frame: A three-dimensional truss that spans with twoway action. Spalling: The flaking off of chips of material from a surface. Spandrel: The zone of a wall between the heads of windows on one floor and the sills of windows on the floor above. Also, the area of wall between a masonry arch and an imaginary rectangle that would contain the arch. Specific heat: The ratio of the unit heat storage capacity of a material to that of water. Specifications: Written documents that specify standards of quality and workmanship for a construction project. Splay: A divergence in the interior surfaces of the jambs of a window. Spline: A strip of material used to keep two adjacent building components in alignment. Spread footing: A block of concrete that distributes the force from a column or loadbearing wall over an area of soil in a foundation. Spring: A naturally occurring flow of water from the earth. Sprinkler system, automatic: A system of water pipes and sprinkler heads in which a fusible link opens a head to extinguish an incipient fire if the temperature at the head rises substantially above normal levels. Standing waves: Single-frequency sound that is reinforced by repeated reflections back and forth between parallel walls whose distance from one another is a multiple of the wavelength of the sound. Standpipe, fire: A vertical pipe that serves fire hose outlets at each level of a building. Step ramp: A stair with very broad, sloping treads. Stiffener: A ridge of material added to a structural element to increase its resistance to buckling. Stirrups: Loops of reinforcing steel used to resist diagonal tension near the ends of concrete beams. Stock plan: A generic design for a building that is sold in the form of construction drawings, ready to build. Stove, heating: A self-contained heating device, located within the occupied space of a building, that burns fuel within a metal enclosure that transfers heat to the surrounding air. Strain: Change of dimension in a structural material caused by structural stress. Stress: Force divided by the cross-sectional area of material over which it is distributed. Stress, allowable: A stress at which a structural material may safely function. Allowable stress is the product of yield stress and factor of safety. Stress, yield: The stress at which a material begins to deform irreversibly. String course: A projecting horizontal molding on the face of a building. Strip footing: A linear spread footing that supports a wall. Structureborne sound: Sound transmitted through the solid material of a building rather than through the air.



Sewage: Wastewater from a building. Sewerage: A network of underground pipes that collect sewage and conduct it to a treatment plant. Shaft: A vertical opening through multiple floors of a building to house elevators, pipes, ducts, or wires. Shear: A relative motion, force, or stress of two masses of material that are pushed or pulled in opposite directions along a common plane. Shear panel: A planar element of structure that resists lateral loads by means offerees within its plane. Shelter: Any natural or constructed object that offers protection from wind, precipitation, sun, and/or extremes of temperature. Shelter belt: A swath of trees planted to obstruct the wind. Shingle: A small, flat piece of material overlapped with similar pieces on a wall or steep roof in such a way that water will drain off by gravity before it can penetrate. Shoring: A temporary compression member erected to support a wall of an excavation or a newly poured concrete structure against collapse. Short circuit: An accidental or inadvertent interconnection of a hot wire with a neutral wire. SI units: Systeme Internationale d'unites, a rationalized system of measurement based on the meter. In order to avoid confusion in linear measurements, the centimeter is not used in SI. Siamese connection: A Y-shaped pipe connection at the base of a building that allows one or two pumper trucks to connect to a building's standpipe or sprinkler system. Sick building syndrome: A condition of being uninhabitable because of poor interior air quality due to molds, mildew, spores, organic chemicals, sewer gases, combustion products, or other causes. Sill: The horizontal lower edge of a window or door. The portion of a building frame that rests on the top of the foundation. Simply supported beam: A beam that is supported by hinges and/or rollers at its ends. Single-phase electricity: Alternating current that varies in voltage as a single sine wave. Skylight: A window in a roof. Slab: A horizontal, planar element of concrete, usually reinforced or post-tensioned, used most commonly as a floor, roof, walkway, or roadway. Slab-on-grade: A concrete slab that rests directly on the ground. Slow-burning construction: A heavy timber frame that meets certain code requirements for minimum sizes of members. Sludge: The precipitate of decomposed sewage. Smokeproof enclosure: An exit stairway that is protected from smoke by being accessible only by means of a balcony ventilated to the outdoors or by mechanically forced introduction of fresh air. Snow fencing: A slatted fencing used to induce drifting of snow at a distance from a roadway so as to keep it from drifting onto the roadway. Solar flux: The flow of radiant energy from the sun.
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Three-phase electricity: Electric current that is made up of three overlapping sine waves of alternating current so as to furnish more constant energy for large electric motors. Tie: A tensile structural member. A tensile connecting device. Total energy system: A system in which an on-site generator driven by an internal combustion engine creates electricity for a building or complex of buildings, and the cooling water from the engine is used to heat water or air. Transformer: A device for reducing or increasing the voltage of electric current by means of two coils of a differing number of turns of wire wrapped around a single magnetic core. Trap, plumbing: A U-shaped piece of waste pipe that holds a small quantity of waste water that acts as a seal to prevent sewer gases from entering the building. Trap siphoning: The evacuation of the water seal from an unvented plumbing trap. Tread: A horizontal plane in a stair. Trombe wall: An east-west wall of concrete, masonry, or containers of water, placed near a south-facing wall of glass to absorb and later re-radiate solar heat. Truss: A structural spanning device in which loads are translated into axial forces in a triangulated system of slender members. Two-way structural action: Resisting bending in two mutually perpendicular directions, as occurs in a concrete two-way flat plate or two-way flat slab. Ultraviolet light (UV): Electromagnetic radiation of shorter wavelengths than violet light. Underpinning: Strengthening the foundations of an existing building by temporarily supporting the building on jacks while adding or enlarging foundation components. Unit air conditioner: A small, self-contained electric-powered device that utilizes a compression cycle to cool and dehumidify room air, usually mounted in a window opening or in an opening in an exterior wall. Unit ventilator: A device in an exterior wall that recirculates room air, exhausting a fraction of it to the outdoors and taking in a similar fraction of outdoor air, while passing the air over coils that heat or cool it as needed. Universal design: An approach to building design that gives equal access and convenience to all people regardless of physical handicaps, avoiding separate, special provisions for the handicapped. Vacuum breaker: A device in a water supply line that introduces air into the line if water pressure is lost, so as to prevent contaminated water from being drawn into the line. Vapor barrier: See Vapor retarder. Vapor pressure: The partial pressure exerted by water vapor in the air. Vapor retarder: A sheet material or coating that is highly resistant to the passage of water vapor, used to prevent water from condensing inside a wall or ceiling. Often called, incorrectly, a vapor barrier. Variable air volume system (VAV): A heating and cooling system for a building that regulates temperature by varying the amount of conditioned air that is delivered to each space or zone.



Structure-enclosure joint: A joint that allows differential movement between the frame of a building and the enclosure of the building. Strut: A linear compression element in a structure. Subcontractor: A specialty contractor who works under an agreement with the general contractor on a building project; for example, a plumbing contractor. Sump: A pit in a basement floor used to accumulate any water that may leak into the basement. Superinsulated, sun-tempered: An approach to energy efficiency in a building that emphasizes high levels of thermal insulation and airtight construction, coupled with a limited amount of south-facing glass for direct solar gain. Surface film: A thin layer of air held by friction on the surface of a building. Sustainable building: Building in such a way as to satisfy the needs of the current generation without compromising the ability of future generations to satisfy their needs. Synclastic: The property of a surface of having the same sense of curvature, either concave or convex, along both its principal axes. Systeme Internationale d'unites: See SI units. Tensile: Having to do with stretching of material. Tensile stress: The intensity of tension in a material, measured in units offeree per unit of cross-sectional area. Tension: A stretching or pulling apart. Terminal reheat system: An air conditioning system in which chilled air is circulated through ducts to points of use, where it is heated with a thermostatically controlled hot water coil to adjust its temperature. Termite shield: A sheet metal flange that projects from the junction between a foundation wall and the sill of a building, over which termites must build their tubes if they are to infest a building. The flange makes it easy to detect the presence of termite tubes. Terrazzo: A decorative concrete flooring produced by grinding and polishing a slab made of colored marble chips and selected colors of fine aggregate and cement. Terrestrial: Having to do with the earth. Terrestrial radiation: Thermal radiation from the earth or among objects on earth. Thatch: See Roof, thatched. Thermal break: A layer of low-conductivity material placed between parts of a metal frame to reduce its conduction of heat. Thermal bridge: A highly conductive path that transmits comparatively large amounts of heat through an otherwise well-insulated building assembly, such as a metal framing member in an insulated wall. Thermal capacity: The ability of a material to store heat. Thermal "feel": Whether a material seems warm or cold when contacted by the human body. Thermal resistance: The ability of a material to retard the flow of heat. Thermostat: A device that turns another device off and on depending on whether the ambient temperature is above or below a preset temperature. Tholos: A corbeled dome.
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Wash: A slope on a top surface that causes it to shed water. Water hammer: A loud knocking sound in water supply pipes caused by the instantaneous deceleration to zero of water in the pipes. Water, hard: Water that is rich in calcium ions. Water softener: A device that replaces calcium ions in water with sodium ions. Weatherstripping: Linear gaskets, pads, metal strips, brushes, or other devices designed to reduce air leakage through cracks around doors and windows. Weep hole: An opening in the exterior of a wall or window frame that drains to the exterior any water that may accumulate within. Well: A hole drilled or dug into the ground for the purpose of obtaining water. Whispering gallery: A concave surface or surfaces that focus sound in such a way that faint sounds can be heard over comparatively long distances. Wind tunnel: A laboratory device that houses a scale model and simulates the flow of wind around buildings or other objects with a small-scale flow of air around the model. Wired glass: Glass sheet material formed around a wire mesh that serves to hold the glass together if it should break during a fire. Working drawings: The technical drawings from which a building is built. Wythe: A vertical layer of a masonry wall that is one brick, one block, or one stone thick. Yield point: The stress at which a material begins to distort permanently.



Vasomotor regulation: The human body's expansion or contraction of blood vessels as a means to regulate body temperature. Vault: A structural device consisting of an arch translated along an axis perpendicular to its plane, or a combination of such forms. VAV: See Variable air volume system. Vent, plumbing: A pipe that opens a system of waste piping to the air so that it remains always at atmospheric pressure and avoids trap siphoning. Ventilation, infiltration: Renewing the air in a building by means of air passing through cracks and holes in the building enclosure. Ventilation, mechanical: Renewing the air in a building with electrically powered fans that introduce a percentage of outdoor air as they recirculate indoor air. Ventilation, natural: Renewing the air in a building using only the forces of wind and/or convection. Vernal equinox: The day in late March when the north-south axis of the earth lies perpendicular to the sun's rays. Day and night have the same length on the vernal and autumnal equinoxes. Visual task: The focus of one's attention in a luminous environment. Voussoir: A wedge-shaped component of an arch. Waffle slab: A two-way concrete joist system, which resembles a waffle when viewed from beneath. Wainscot: An interior wall facing that starts from the floor or baseboard but does not extend to the ceiling. Warm-air heating system: A system that uses air as a medium to transport heat to the interior of a building.
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absorptance, thermal, 54 absorption, acoustic, 140,141 absorption cooling, 93 abutment joint, 207 access for disabled persons, 167-69 acoustics, 138-48 concert hall, 142—45 acoustic privacy, 147,148 acoustic tiles, 142 active devices, role of, 253 additions, 250 AFCI, 155 ageing of materials and surfaces, 248-50 air barrier, 70,119-22 air chamber, plumbing, 37 air conditioning systems, 95-98 constant air volume (CAV), 95, 96 dual duct, 95-97 terminal reheat, 95-97 unit ventilator, 97 variable air volume (VAV), 95 air filtration, 107 air-inflated and air-supported structures, 198,199 air movement, control of, 99-108 around buildings, 104,105 outdoor, 99 air pollutants, 99,100,107,108 air pollution, 108 air renewal, 107,108 air temperature, control of, 81-98 air temperature and humidity, passive control of, 81-85 air temperature cycles, daily, 82-85 anthropometries, 158-71 arch, 182-86 architecture, natural order of, 256 atriums, 216, 217 ballasts, lighting, 135 barrel shells, 197



basement, insulation of, 124,125 watertightness, 123-25 beams, 190-97 buckling, 192 deflection, 192 lines of principal stress, 192 bearing wall, 175-77 bioremediation, 45 blueprints, 229, 230 bond, performance, 231 brightness and seeing, 129,130 buckling, 176 builder, 227, 228 building components and function, 252-56 building dimensions, 159-63 building, functions of, 25-27, 31, 32 buildings, fitting to people, 158-71 building separation joint, 209, 210 buttress, 184,185 caisson, 202 camber, 193 cantilever, 193 capillary break, 121 cavity wall, 116,117 ceiling height, 162 chimney, 103 clothing, 49-52 cloud gel, 58 coal, 86 color, 128 column, 175-77 combustion air, 86,103 components, functions of, 254, 255 composting, 41 concrete, air-entrained, 116 reinforced, 194-97 slabs, 195,196 structures, 195,196 condensation, moisture, 66-71
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construction accidents, 235 construction, problems of, 232-37 sequences, 237 tools and equipment, 235 contract, construction, 230, 231 control joints, 205, 206 cooling outdoor spaces, 98 cooling systems, 92-98 absorption cycle, 93 evaporative, 97, 98 compression cycle, 92-94 cooling tower, 92, 96 convectors, 92 Corbel, 197,198 corridors, 163 cost of building, 237, 238 crawl space, 124-26 creep, structural, 204 cross-connection, plumbing, 39 curtain wall, 208 day, length of, 4-6 daylighting, 11,131-34 death of a building, 251 decibels, 139 dehumidification, 94, 95 destructive forces on buildings, 239, 240 deterioration, safeguarding against, 240-44 dewatering, 232, 233 dew point, 67-69 disabled, access for, 167-69 domes, 185,186 doors, 103 paneled, 211 doorways, 163 double envelope and double skin buildings, 59 drainage composite, 124 drawings, working, 229, 230 drip, 121



ear, human, 139 earth and sun, 3-6 earth-sheltered buildings, 65, 66 EIFS, 122 elastic modulus, 173 electrical distribution in small buildings, 152-55 in large buildings, 155,156 electricity, 149-57 AC and DC, 150,151 arc fault circuit interrupter (AFCI), 155 generation and transmission, 149-52 ground fault circuit interrupter (GFI), 155 low voltage, 156 on-site generation, 156 receptacle, 154 service panel, 152,153 single-phase and three phase, 151 electric resistance heat, 86 electromagnetic spectrum, 129 elevators and escalators, servicing of, 247 enclosure, building, role of, 252 energy, concentrated, 149-57 energy systems other than electricity, 156,157 environment, human, 15-22 equinoxes, 5 ergonomics, 158-71 exits, 220-23 horizontal, 222, 223 expansion joint, 206, 207 exposed systems in buildings, 237 exterior insulation and finish system (EIFS),



122 factor of safety, 174 fan room, 95 fiber optics, 156 fire, area of refuge, 222, 223 controlling, 213-26 causes of injury and death, 215 compartmentation, 215-18 curtain boards, 218 effect on strength of steel, 215,216 extinguishment, 219, 220 helping firefighters, 225, 226 horizontal exit, 222, 223 keeping from spreading, 215-18 keeping from starting, 215 loss of life and property, 214 protecting human life from, 220-23 protecting structure from, 223-25 sprinkler systems, 219, 220 in theaters, 217, 218 fire cut beam, 224 fire escape, iron fire hazard prevention, 243 "fireproof" materials, 223 fire protection of steel, 224, 225 fit of building assemblies, 236 flashings, 114 floor maintenance, 246 floor, raised access, 156 watertightness, 123-35



folded plate, 197 foundations, 201, 202 frost heaving, 126 fusible link, 218, 219 gas heat, 86, 87 getting a building built, 227-38 GFI, 155 glass, heat-absorbing, 78 heat-reflecting, 78 low-e coating, 56 self-cleaning, 245 wired, 217, 218 glazing, double, 55-57 "green" building, x-xiii greenhouse effect, 108 ground fault interrupter, 155 growth and change, designing for, 248,249 health hazards in buildings, 243 hearing and being heard, 138-48 heat, controlling radiation of, 72-80 enters building, leaves building, 81, 82 radiation, conduction, convection, 53-55 heat exchanger, air-to-air, 106,107 regenerative wheel, 106,107 heat pump, 93-94, 97 heating, active, 85-87 fuels, 86, 87 heating systems, heat distribution, 91, 92 hydronic (hot water), 92 steam, 92 warm air, 92 high-intensity discharge lamps, 135 human body, cooling of, 17-19 thermal comfort, 15-19 human civilization, environmental requirements of, 20, 21 human life, environmental requirements of, 19, 20 humidity, controlling, 81-98 relative, 66-71 ice lenses, 126 ice dams, 113,114 illumination, 128-37 insulation, thermal, 55-58 intumescent coating, 224 inverse square law, 72 inversion, atmospheric, 7, 8 inversion, structural, 182 keeping a building alive and growing, 239-51 keeping water out, 109-27 labyrinth joint, 118 ladders, 161 lamps, 134,135 land and water, climatic effects, 10,11 LEED, xi-xiii light, color of, 135 incandescent and fluorescent, 128 reflectance of light by colors, 246
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light shelf, 133 lighting, artificial, 134-37 daylighting, 131-34 design of, 136,137 lightning rod, 215 loadbearing wall, 175-77 lobby, 163,166,167 low-emissivity (low-e) coating, 56 maintenance of buildings, 244—46 materials of construction, 254 evaluation of, 254 quality assurance, 235, 236 mean radiant temperature, 73, 74 measurement, English system vs. SI, 169-71 mechanical systems, maintenance of, 247 microclimate, n modulus of elasticity, 173 mortar joint profiles, 243 movement in buildings, 204-12 causes, 204, 205 movement in wood, 210-12 night radiant cooling, 79, 80 night sky radiation, 7, 8 noise, 139,146,147 blocking outdoor, 146,147 masking, 146,147 noisy room, quieting, 147 OSHA, 235 Occupation Safety and Health Act, 235 oil heat, 86 organizing a larger building project, 228—31 outdoor environment, 3-14 outdoor spaces, cooling of, 98 paint, peeling of, 68 panic hardware, 221 parapet, 114, 217, 218 pattern staining, 57 PEC, 119-122 photosynthesis, 12 photovoltaic panels, 150 pile, foundation, 202 plan, stock, 227 plate girder, 196 plumbing, cross-connection, 39 fixtures, 38, 39 spaces for, 40 vent, 42,43 post-tensioning, 191,195,196 precipitation, 9,10 precision of buildings, 236 pressure equalization chamber (PEC), 119-22 radiant temperature, manipulating, 74, 75 radiant heat barriers, 77 radiant heating and cooling, 75-77



radiators, 92 rafters, 194 rainscreen principle, 118-23 ramps, 164 regenerative wheel, 106,107 reglet, 114 reinforced concrete, 194-97 relative humidity, 81 remodeling, 250 re-use of buildings, 250, 251 reverberation time, 144,145 roof, inverted, 69, 70 monitors, 102,103 overhangs, 112 ventilators, 102,103 roofs, 110-15 edges, 112—18 gutters, 112 ice dams, 113,114 low-slope, 111 shingle, 111,112 snow on, 113,114 steep, 111 thatch, 112 vapor problems, 69, 70 safety, accidents, 167,168 sealant joints, 117,118 seeing, 128-37 sewage disposal, municipal, 44,45 on-site, 45,46 sewage systems in buildings, 42-44 shading, solar, 77 shading and reflecting devices, 132 shafts, enclosure of, 216, 217 shear walls, 199, 200 shelter belt, 104 shelter, concept of, 23-30 shelter, primitive, 23, 24 shoring of excavation, 232, 233 Siamese connection, 226 sick building syndrome, 244 site, role of, 252 SI units, 171 skylights, 102,103,133 slab on grade, concrete, 124-26 "slow-burning" construction, 224 smokeproof enclosure, 226 solar heating, 78, 79, 84, 87-90 active, 89, 90 attached sunspace, 88, 89 backup heat, 90 direct-gain, 88 flat plate collectors, 87 passive, 87-90 trombe wall, 89 solar phenomena, 11,12 solar radiation, effects of, 6, 7 solstices, 4, 5 sound, 139-42 absorption, 140 passage between rooms, 141,142



pressures, 139 reinforcement, 143-45 reinforcement, electronic, 145 resonant response, 140,141 standing waves, 142,143 space frame, 190 specifications, construction, 229—31 sprinkler systems, 219,220 stairs, 163—66 tread and riser dimensions, 164-66 exit, 221,222 standby generating units, 150 steel, fire protection of, 225 stoves, heating, 86 stresses, structural, 173,174 structure-enclosure joint, 208 structures, 172-203 arches, 182-86 beams, 190-97 bracing, 199, 200 buckling, 176 buttresses, 184,185 camber, 193 cantilever, 193 collapse, 200 columns, 175-77 compression and tension, 174 concrete slabs, 195,196 continuous, 193,194 corbel, 197,198 domes, 185,186 elastic modulus, 173 factor of safety, 174 folded plates and barrel shells, 197 foundations, 201, 202 funicular, 180,181 hanging model, 182 invertibility, 187,188 lateral support, 199, 200 loads, 172-74 one-way and two-way, 195 plate girder, 196 pneumatic, 198,199 post-tensioned, 191,195,196 rafters, 194 reinforced concrete, 194-97 rigid frame, 196 rigid joints, 199,200 shear walls, 199,200 space frame, 190 stresses, 173,174 tensile, 177-81 tents, 181 tholos, 197,198 trusses, 186—90 vaults, 185,186 vertical support, 175-77 yield point, 174,177 sump pump, 123 sunlight, 3 sun paths, 4—6 sunshading, 78
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superinsulated, sun-tempered approach, 89 sustainable building, x-xiii systeme international d'unites, 171 tensile structures, 177-81 tents, 181 termites, 242 thermal break, 17 thermal bridge, 57 thermal capacity, 58-66, 82-85 thermal comfort, 15-19,49-52 thermal feel 70, 71 thermal mass, 58-66, 82-85 thermal properties of building components, 53-71 Tholos, 197,198 toilet, 43,44 total energy system, 94,150 trap, plumbing, 42,43 trombe wall, 89 Trullo, 198 trusses, 186-90 ultraviolet radiation, 12 underground buildings, 65, 66 unit air conditioner, 97 unit ventilator, 106,107 universal design, 169 vacuum breaker, 39 vacuum insulation, 58 vandals and arsonists, 243, 244 vapor barrier, 68-70 vapor pressure, 67-69 vapor retarder, 68-70 vaults, 185,186 vent, plumbing, 42,43 ventilation, 100-108 of combustion products, 103 by convection, 102 by infiltration, 100,101 mechanical, 105-107 natural, 100-103 windows, 101,102 wind-powered, 102,103 voussoirs, 182,183 wainscot, 245 wall, loadbearing, 175-77 wall, functions of, 254, 255 walls, panel, 116-21 wash, 121 waste piping, 42,43 wastes, recycling, 41-48 solid, 46-48 water, climatic effects, 10,11 bottled, 40 distribution within building, 36-38 forces that can move, no internal sources of, 127 keeping out, 109-27 private supply systems, 35, 36



water, climatic effects (conr.) provision of, 33—40 sources, 33, 34 transporting to point of use, 34 treatment of, 34 water closet, 43,44 water leaks, 242, 243 water vapor in buildings, 66—71



watertightness of masonry, 115,116 watertightness, theory, 109, no walls, 115 weather, 8-n well points, 233 well, water, 35, 36 whispering gallery, 143 wind around tall buildings, 104,105
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wind energy, 90 windows, 101,102 functions of, 255, 256 orientation, 79 wood decay, 241, 242 World Trade Center collapse, 200, 201 yield point, 174,177
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