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Thesis Research Synthesis: 

A building is an educator, creating an environment in 

which children can learn, explore, and at times fantasize 

through imagination and play. Play is an important learning 

tool by which children manipulate and familiarize themselves 

with the environment. Metaphors, when used correctly, can 

make this process of familiarization a little easier. They can 

help the child to understand the function and purpose of the 

man-made environment in which they occupy. Antoniades 

defines the three categories of metaphor in his book, Ib.a. 

Poetics of Architecture. The first category is Intangible 

metaphors. These are metaphors where the metaphorical 

departure begins with a concept, idea, human condition, or a 

particular quality (community, tradition, etc.). With this type 

of metaphor it is not important to express it visually. This 

type of metaphor is more of a foundation of force which drives 

a design. It uses an idea or concept to aid in the development 

of a project. It does effect the shape of a building as well as 

its interior spaces, however, this new form will not express 

the underlining metaphor, it just will not be apparent to the 

observer. The second category of metaphor is Tangible. These 

are metaphorical departures which involve visual or material 

character (a house as a castle). One of the most common 

problems involving the use of this type is that the 



interpretation is taken literally. A house is a castle, so the 

house looks like a castle. The metaphors are taken to the 

extreme in most cases. The observer knows instantly upon 

seeing the project what the metaphorical departure was. 

Robert Venturi in his book Learning from Las Vegas calls this 

abuse of the use of the metaphor a "duck". He stated that "this 

is a building where the architectural systems of space, 

structure, and program are submerged and distorted by an 

overall symbolic form. This ... building becomes sculpture we 

call a "duck" in honor of the duck shaped drive-in, "The Long 

Island Duckling". Such a building does not only have symbolic 

elements ... it is a symbol, and is, therefore, metaphorical 

(Venturi 87). The use of tangible metaphors in architecture is 

direct. It informs the observer to what it is or the function 

that it is intended for. There can be no misunderstanding by 

the observer and therefore only one literal interpretation can 

be made. The third category of metaphor is Combined 

metaphor. These are metaphors in which the conceptual and 

the visual overlap in the metaphorical departure and generate a 

means to explore the conceptual similarities. What this means 

is that the combined metaphor is more or less an equal 

combination of the tangible qualities and the intangible 

qualities. The product of the two will transcend the original 

point of the metaphorical departure and become something 

new. It will still retain some of the features of the original 



point but it will be able to communicate to an observer on both 

levels, the tangible (visual) and the intangible (conceptual). 

Space also affects observers on many levels. It effects 

children emotionally as well as physically. Children begin to 

interact with the environment through play and imagination. 

They explore their surroundings through visual, tactile, and 

auditory senses. Smells help to relax the child and at times 

help to stimulate imagination. Colors create moods in a space 

and evoke certain emotional reactions from children. They 

help in defining a space and objects but also in creating 

illusion in a space. It is important to know that there must be 

some type of balance between the use of light, color, and sound 

so as not to overload their senses. This overload is counter 

productive. It may allow them to be transported in their mind 

to another place yet in inhibits social and intellectual growth. 

Play is the best way to help a child to grow, to develop social 

interaction with others, and to begin to distinguish between 

fantasy and reality. Through play the child can grow and 

develop skills which will aid in their future ability to adapt 

and exist in society. 



Project Statement: 

The Children's Discovery Museum will be a place where 

children and parents can come to learn about the workings and 

mechanics behind objects used by society. They will be able to 

learn how to distinguish real objects and functions of society 

from imaginative and fantasy oriented objects and situations. 

They will be exposed to the basic scientific principles that 

determine the way objects perform and why they perform that 

way. To insure intellectual growth and curiosity exhibits will 

be updated and changed. Every 1-3 years the main exhibit will 

be replaced. During the course of the 3 years the exhibit will 

be upgraded every 6 months. The secondary exhibits are more 

permanent and last between 3-1 0 years. They will be upgraded 

every 2 years. The temporary exhibits last between 6 months 

to 2 years. These exhibits will not be upgraded because they 

are traveling exhibits and are not owned by the museum. This 

continual exchange of new material will help in developing 

children's mental growth and development as well as their 

ability to distinguish fantasy from reality. The museum will 

be much more than a space designed to house objects and 

displays. It will be a tool/instrument for learning and 

teaching. The orientation and placement of exhibits will 

promote socialization and group interactive learning. The 



building will act as a micro environment creating a world of 

fantasy to allow children to explore and learn on a more 

personal level. In this fantasy world the child will develop 

learning skills, problem solving skills, and begin to develop 

socialization skills essential in the adult world. To do this 

the architect must understand the value of light, color, sound, 

touch, and smell as well as the importance of visual stimulus, 

etc. in creating this micro environment (fantasy world). This 

environment must change in order to keep the child interest. It 

is important to know what type of metaphor to use and the way 

to use it in order to understand how children will react and 

interpret its meaning. Metaphors when effectively used will 

aid in ones perception of the indoor environment. So from a 

design point of view this project should use a metaphoric type 

with a metaphoric departure orientated towards kids. This 

should be a building which looks like something a child might 

spend days exploring in. The exterior of the building should 

portray some type of fantasy theme that the children in 

general, both girls and boys, might enjoy. In this design a 

tangible metaphor used in the literal sense might be the best 

approach to designing something entirely made for children. 

The landscaping should be designed with children in mind, both 

the interior and exterior. The use of lighting will be a major 

design factor in creating an indoor spatial environment which 

will entice children into areas and bring out their curiosity. 
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Scope & Location: 

The proposed site of the Children's Discovery Museum will be 

34,450 square feet. It will have exhibits both inside and outside. It 

will be a one to three story building providing areas inside as well 

as outside for the children to play and explore. The museum is 

expected to cost around $8,814,921 .89. It will generate revenue 

through admission costs, the museum store, and the cafe. The site 

for the facility will be located in Hermann Park in Houston, Texas. 

The problem of parking has been a problem in choosing a site. In this 

case the park contains enough parking already to facilitate this new 

addition. This will not put a strain or create an overcrowding 

problem on the parks parking areas. The parking areas are located 

throughout the park and within walking distance of the site. The 

site dimensions are 474' (N) x 496' (W) x 83' (S) x 479' (E). It is 

located near the Museum of Natural Science and Planetarium and the 

Miller Outdoor Theater. The park contains other facilities and places 

of interest to the public. There is a zoo, golf course, small train 

ride for children, and open picnic areas. The park also has other 

places of interest around it like the Museum of Fine Arts, the 

Contemporary Arts Museum, the campus of Rice University, the 

Astrodome, Astroworld (amusement park), Waterworld (water park), 

and the Texas Medical Center. This is centrally located near all the 

major attractions and facilities as well as a 3 minute drive from 

the downtown area. 
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Goals and Objectives: 

Goal- to increase the publics awareness of architecture 
Objective- to use materials and structural elements in 

an educational and informative way 

Goal- to make the structure unique and responsive to 
children 

Objective- to use materials in a non-traditional way to 
introduce new symbols characteristic in children 
oriented buildings 

Goal- to encourage curiosity and discovery in children 

Objective- to place displays in such a way as to promote 
exploration and investigation 

Goal- to increase children's awareness of their 

environment 
Objective- use displays/exhibits which children are 

aware of to encourage exploration and an increased 

knowledge and awareness of them 

Goal- to encourage children to fantasize and use their 

imagination to learn 
Objective- use vivid patterns and textures, bright colors, 

unique shapes and forms, play with lighting and the 
arrangement of exhibits 

- use materials and shapes/forms, patterns, 

etc. not usually found in a child's world between 

the ages of 2-1 0 
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Goal- to aid children to distinguish between things of 
reality and those of fantasy 

Objective- provide each exhibit with a semi-realistic 
setting/atmosphere to allow children to experience 
reality on their level, both emotionally and 

physically 

Goal- to aid children in developing socialization and 
motor skills 

Objective- to orientate displays/exhibits together so as 
to promote discussion and group exploration 

-to provide exhibits designed for a particular 
age group 

- provide areas for play and role playing/group 
interaction and activity 
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Built Context: 

The facilities surrounding the park are Rice University on 

the west side, the Texas Medical Center on the south side, and 

on the east and north sides are commercial office buildings 

(height range between one story and twenty-five stories. 

Facilities in the park are limited to a height of two stories. 

This is to preserve the sense of scale in the park. The 

facilities in the park are the Houston Zoo (which is one of the 

largest and finest in the nation), Children's Zoo, Natural 

Science Museum, Planetarium, Garden Center, municipal golf 

course, and the Miller Outdoor Theater which present public 

performances such as operas, concerts, ballets, symphonies, 

and musical comedies. Adjacent to the proposed site is the 

Miller Outdoor theater which is constructed out of treater 

wood. This material, which is darkened, blends in with the 

surrounding trees and vegetation. Its parking facilities are 

located behind it on the south side and on its east side. The 

Garden Center has parking facilities in from of it. The style of 

the building is classical Greek. It is white and stands out from 

a distance eventhough it is slightly hidden by some trees. The 

Natural Science Museum and Planetarium looks more like a 

modern building. It uses color to emphasize entrances, 

pathways, and areas of interest. Its parking is on its east side 
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of the building. The parking is limited so the street is also 

used as parking. 

Design Response: 

The museum height can be between one and three stories 

in order to limit land use. This will conform to the site 

restrictions placed on all buildings in the park. Landscaping 

should be used on at least 1 0% of the site. Providing outdoor 

green spots around the building will allow a more natural and 

comfortable atmosphere to be created. By providing areas of 

relaxation and play for children and adults it will add to the 

overall experience of learning, fantasy, and relaxation. 

Parking should be limited and incorporate green spots and 

landscaping in it. A small parking lot can be created to the 

north of the site near the street to provide easy access. The 

main building should be constructed of materials and in a style 

unique to the area. 
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Natural Context: 

The park contain many activities orientated towards 

cultural and scientific enrichment, animal awareness, and play 

(for families, adults, and children). For the adults the park has 

a municipal golf course, an outdoor theater, a zoo, and a 

museum of fine arts. The children can enjoy the zoo, 

playgrounds, and the planetarium. The park holds activities 

which can be enjoyed by both adults and children which makes 

it the ideal place for family activities. The activities which 

can be found in the park are the Houston Zoo and the Children's 

Zoo, Natural Science Museum, Planetarium, Garden Center, and 

the Miller Outdoor Theater (which perform free operas, ballets, 

symphonies, musical comedies, and concerts). The Museum of 

Fine Arts is located within a quarter of a mile North of the 

park and offers a continuing series of major loan exhibits. 

These exhibits are not limited to works found only in the U.S., 

but contain great art work found throughout the world. The 

Contemporary Arts Museum exhibits the more modern and 

cutting edge art works. The Houston Museum of Natural 

Science and Burke Baker Planetarium, which is located on the 

North side of the park, contains exhibit halls devoted to space 

science, petroleum science and technology, chemistry, energy, 

medical science, communication, gems and minerals, 
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archaeology, Texas coastal habitats, Africa, and the American 

Indian. Other areas of interest located near the park are Rice 

University, the Texas Medical Center, Astroworld (amusement 

park), Waterworld (water amusement park), and the Astrodome 

which is one of the most popular facilities in the city. The 

park is centrally located and is only 2 minutes away by buss 

from the downtown area. The vegetation in the park consists 

of pine trees, oak trees, and small shrubs and plants. The tall 

trees provide the park with an abundance of shaded areas 

which are used for picnic spots by visitors. The rainfall in the 

area varies from season to season. Visitors can expect during 

the summer months at least 2-3 days of rain each week. The 

rains are light in most cases yielding as much as an half an 

inch of rain. The site that I have chosen is a place where the 

runoff from the adjacent hill of the outdoor theater seems to 

collect. The winds through the site are light seasonal breezes 

which make the park more enjoyable during the summer 

months. The climate in the Houston area is tropical and 

temperatures in the summer can reach as high as 1 03 degrees 

Fahrenheit on the worst day but on average are around 95 

degrees. 
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Design Response: 

The Children's Discovery Museum will be between one and 

three stories in height in order to blend in with the 

surrounding area. The location of the museum will be on a site 

near the Museum of Natural Science and the Planetarium on the 

North side of the park. The reason for this location is the fact 

that this area of the park holds the most activities which can 

be used and enjoyed by adults and children. These facilities 

already have parking space which could be used by visitors to 

the Children's Museum. By locating the museum in this area of 

the park, visitors to the park can enjoy most of the facilities 

within a short walking distance. The museum should take 

advantage of the shade from the trees and try to preserve as 

many as possible on the site. Shading devices should be used 

on the building in order to control the amount of light and heat 

entering the building. 
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Cultural and Psychological Context 

Table 1 

Demographics of the City of Houston 

Population in 1990 - 1 ,630,553 

Per Capita Income in 1985 - $12,115 

Breakdown of Population: 

Age Group 

0-5 

5-14 

15-24 

25-34 

35-44 

45-54 

55-64 

65-74 

75-

Catchment Population: 

Main Users of the Park 

Age Group 

0-5 

5-14 

25-34 

35-44 

Total Number: 

% of Population 

8.6 

15.9 

15.1 

19.9 

16.8 

9.9 

6.7 

4.4 

2.7 

% of Population 

8.6 

15.9 

19.9 

16.8 

61 .2% 

Total Number 

140,228 

259,258 

246,213 

324,480 

273,933 

161,425 

109,247 

71,744 

44,025 

Total Number 

140,228 

259,258 

324,480 

273,933 

997,899 
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Cu ltu ra I/ Psychological: 

The maximum number of people which use the park (this 

includes all the major facilities) at any one given time (except 

during performances at the outdoor theater) is about 1 000-1500 

people. During public events such as outdoor plays and concerts the 

number of people can reach as high as 5000. This high of a number is 

usually around the 4th of July. When major events do occur, such as 

a concert, all the people park in the zoo parking lot (1 000 spaces), 

the Natural Science Museum and Planetarium (250-300 spaces), the 

Miller Outdoor Theater (1 00 spaces), and along the street (200 

spaces). Parking can also be found in and around the golf course in 

the park. These parking areas are filled to maximum capacity only 

on special holidays when some type of celebration is going on near 

the outdoor theater. The demographics for the City of Houston show 

that the majority of visitors to the Children's Discovery Museum 

will be children between the ages of 1-14 (24.5% = 399,486 

children) and parents between the ages of 25-44 ( 36.7°/o = 598,413 

adults) . The total catchment population would be 997,899 people. 

Most of the children will visit the site when the school takes makes 

a trip to the park. Parents will take their family to the park for 

picnics and to spend quality time with their kids. 

Texas Tech University 
Architecture Library 
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Design Response: 

The Children's Discovery Museum should be able to receive 20°/o 

(196 people) of the catchment population. Parking should be limited 

to 40o/o of the 20o/o using the museum. The majority of this parking 

need can be located in near by parking lots which are used only 

during special celebrations and concerts which take place after 5 

P.M. This will preserve and save for future use valuable park land. 

The other parking areas in which the visitor might use are the Miller 

Outdoor Theater parking, the Natural Science Museum and 

Planetarium parking, the Garden Center parking, and curb parking 

along the roads throughout the park. By using parking facilities 

already existing the land on the site can be used for play areas for 

children, sculpture gardens, picnic areas, and later if needed 

additional room for additions the the museum. 
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The data in Table 1 was taken from: 

Slater, Courtenay M. and George E. Hall, Ed. 1992 County and 

City Extra Annual Metro. City and County Data Book. 

Lanham, Maryland: Beman Press, 1992. 

Other sources were: 

McNally, Rand. Houston Recreation Map & Guide. U.S.: Rand 

McNally and Company, 1984. 

Personal observations after visiting the site and talking with 

visitors. 
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System Performance Criteria 

Thermal/Air Quality 

The quality of the interior environment is essential in 

creating a pleasant atmosphere for visitors and employees. 

Thermal and air quality are two important factors which 

contribute to the conditions of the interior environment. The 

location of the site in a very hot and humid region means that 

air circulation as well as air conditioning and ventilation will 

be important factors in creating a pleasant and comfortable 

interior environment. To control humidity inside the museum 

ventilation systems must be incorporated into the design so as 

to circulate the interior air and remove stagnant, hot air. 

Exhausts and return air vents will be sufficient to remove 

moisture, smoke, stagnant air, etc. The formula for 

calculating air exchange is 
(60 x GEM/Person) 
Volume of space 

(For more information see appendix A) 
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Acoustics 

The acoustics of the exhibit and display areas will be 

considered in contributing to the enjoyment of the interior 

environment. Because this is a museum for children there will 

be a considerable amount of noise. To reduce this, sound 

absorbing materials should be used on the wall and ceiling 

surfaces. 

"Physics tells us that sound travels in waves which 

spread out in circles of ever increasing size on a radius 

that is a direct line from the source. Any of these waves 

that strikes a hard surface, bounce off that surface and 

set up another series of waves (Doel)." 

Therefore, the treatment of surfaces in the interior must be 

considered carefully in order to reduce or eliminate any 

unwanted sounds (noise). Things to consider treating on the 

interior would be seating, flooring, ceiling, walls, and any 

other additions to the interior space. 

(For more information see appendix B) 
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Structure 

The galleries, exhibit areas, and lobby require large open 

areas of space. To achieve this the structure must be able to 

span those spaces. The structural systems which will be used 

will be the space frame, open web joists, and triangular steel 

trusses. The supports will be located in the surrounding walls. 

(For more information see appendix C) 

Lighting 

Lighting is very important in the museum interior. 

Lighting affects the visitors interpretation, perception, 

reactions, and responses to the displays. Lighting also affects 

the colors of the displays so the type of lighting used will play 

a big factor in the look of the displays. A combination of 

natural and artificial lighting will be used in the exhibit areas. 

Some exhibits may require a dimming system so as to control 

the intensity of the light on the displays. Incandescent and 

fluorescent lamps will use a high color rendering index to 

insure that all exhibits and displays will appear natural 

looking. These two types of lighting when added with natural 

lighting will provide a flexible system of lighting which will 

fulfill the museums lighting needs. 

(For more information see appendix D) 
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Safety/Security 

Safety and security will be very important in this 

facility since children are involved. Fire extinguishers and 

other fire prevention devices and systems will be located 

throughout the museum. Some of the systems will be smoke 

detectors, temperature sensors, fire extinguishers, sprinkler 

systems, ventilation systems, and alarms which will 

automatically notify the proper authorities in the case of an 

emergency. In addition to these systems a visual fire alarm 

(flashing red lights) will be added for those with hearing 

disabilities. For security of the exhibits and displays, visual 

monitoring systems will be installed to monitor visitors 

activities during the day. At night, in addition to the 

monitoring system, ultrasonic detectors, intruder alarms, 

access control systems and contact circuit alarms will be 

activated. These too will alert the proper authorities if they 

are triggered. 

(See appendix E for information on handicap requirements) 
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Exits 

Exits are vital in providing safety to visitors in the case 

of an emergency. There should be at least two exits in any 

area where there are more than fifty occupants. These areas 

would be the exhibit and display areas, and the lobby area. 

These exits should be accessible to handicap people and should 

be easily identifiable in the case of an emergency. 
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The sources for the system performance criteria were: 

Therma!Air Quality: 

Hoke Jr., John Ray, Ed. Architectural Graphic Standards. New 

York: John Wiley & Sons, 1988. 

Acoustics: 

Doe!, Leslie. Environmental Acoustics. New York: McGraw-Hill 

Book Company, 1972. 

Hoke Jr., John Ray, Ed. Architectural Graphic Standards. New 

York: John Wiley & Sons, 1988. 

Structure: 

Hoke Jr., John Ray, Ed. Architectural Graphic Standards. New 

York: John Wiley & Sons, 1988. 

Lighting: 

Chiarand, Joseph De and John Handcock Cullender, Ed. Time

Sayer Standards for Building Types. New York: McGraw

Hiil Publishing Company, 1990. 

Edgan, M. David. Concepts jn Architectural Lighting. New York: 

McGraw-Hill Book Company, 1983. 

Hoke Jr., John Ray, Ed. Architectural Graphic Standards. New 

York: John Wiley & Sons, 1988. 

Royal Ontario Museum (R.O.M.). Communicating with the 

museum visitor: Gujde!jnes for planning. Toronto, 

Canada, 1976. 

Safety/Security: 

1991 Edition of the Standard Building Code. 
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Design Criteria: 

When designing a museum several criteria should be 

considered. These criteria to be considered are the architectural 

quality, spatial configuration, spatial circulation, and displays. 

Architectural Quality: 

The architectural quality of a museum depends on how it 

successfully addresses its subject matter, its users, and the space 

in which both occupy. Some factor to remember when designing 

exhibit spaces, which can be found in the book Time Saver Standards 

are: 1) Viewers should be able to move through the exhibit without 

being forced to walk past objects they have already seen. 2) There 

must be adequate space for visitors to move at different speeds. 

Some will move continuously, while others will stop to examine 

particular objects in greater detail. 3) A viewer tends to turn to the 

right upon entering a gallery. Circulation patterns should be 

designed with this in mind. 4) The ability to survey the gallery area 

in one sweep will help viewers understand what is on display and 

decide what they want to see. Space affects how people see, 

interpret, and react to displays and exhibits. Space is not just 

volume and square footage, it is a combination of all the individual 

elements such as lighting, color, materials, vegetation, circulation 

patterns, etc. Museum spaces are either open and free flowing 

allowing a number of circulation patterns to form or rigid, forcing 

the observer to see and experience the exhibits in a pre-decided 
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fashion. Figure 1 shows some of the ways in which exhibition space 

can be divided up. In the book Communicating with the Museum -) 

------- ----

,, 

• • 

--
I 

Fig. 1 Different ways to divide up an exhibit space 

-

Visitor: Guideline for Planning it discusses two views about the 

function of the structure of a museum. One view is that the 

structure should house exhibits only. The other view is that the 

structure should itself be an exhibit. Since this is a Discovery 

Museum for children the best approach would be to use the structure 

as an exhibit and educational tool. 
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Spatial Configuration/Circulation: 

The spatial configuration of a museum is determined by the 

architectural quality and spatial constraints imposed on it. The 

exhibit gallery should separate exhibits and displays and group them 

according to subject matter, theme, etc. The gallery should also 

direct the flow of the visitors. With the placement of exhibits and 

displays traffic patterns will form directing visitors to major 

points of interest or moving them in a certain direction so as to 

better experience and understand the exhibits and displays. There 

are three spatial considerations which must be addressed. They are 

"the existing spatial context, the use of that space in such a way _ 

which will support and enhance the presentation of subject matter, 

and the effect that circulation paths have on how the visitor moves 

through the space and comprehends what is presented (R.O.M. 1 1 3)." 

The circulation within a space is different in every museum. These 

principles should be considered in relation to the factors unique to 

each space. These are the shape of the gallery, the location of 

entrances and exits, and the degree of direction or random browsing 

which is intended. The following diagram illustrates a series of 

paths for varying interests: 

--- ->--- --.;: . _· ·:--.·~~::·.:·::·-~:····~::·~:~· ·:::··-----·.·. ···-·.·:--.--:··:··.-- :·-·-~ ._. ... -.-._·----.--~~ 
.·.·-·.·.,('I \_ INTERESTED. SPECIALIZED . ::: 

Fig.2 
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There are no ideal solutions nor ideal arrangements which can be 

applied to a gallery. There are, however, some examples of different 

types of circulation patterns which can illustrate more clearly the 

issues to address. 

Arterial: 

Comb: 

Fig. 4 

- One main path 

- No options exist for 

visitor 

- Path can take any shape 

- Ideal for material 

dependent upon a fixed 

sequence 

-Limitation: rigidity 

- Main circulation path 

-Optional alcoves 

- Visitors may enter or by-

pass alcoves 
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Chain: 

_____________ _,... __ 

Fig. 5 

Star or Fan: 

Fig. 6 

- Main path continuous 

- Path leads to a series of 

self-contained units 

- Units may have more 

varied path within them 

- Circulation pattern 

presents a series of 

alternatives to a visitor 

from a central area 
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~ ------- ~ 
Fig. 7 

Exhibits/Displays: 

- Circulation system 

relatively unconstrained 

- Can be as random or as 

self-directed as desired 

by the visitor 

The way in which exhibits and displays are presented to the 

visitor influence the degree to which the museum is successful. 

Exhibits and displays can be broken down into individual elements 

which when combined properly achieve a successful display or 

exhibit. These elements are the walls, display cases, labels, 

illustrative materials, audio visual techniques, text panels, lighting, 

placement of subject, and colors. These elements create a pleasant 

or unpleasant experience for the visitor. This determines whether 

or not a display is effective. Figure 8 and 9 show the visual field 

(distance and eye level) in which an observer can comfortably view 

exhibits. 
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Fig. 8 Field of vision 

Fig. 9 Field of vision 

\ ... 
Enough space to 
allow easy movement 
for crowos. 
Enough space for 
free-stancling art objects. 

E'r-ter-t or 
ver_tic,al per:pheral 
vis ion * 

- (\e ~ s' ~"'~ 
('lormg;l ... :o• oe1ow 

hor iz..ont'd l r' sia nc:r. ~, 
.so ;f s itt :f'\g') 

Enough space to 
allow viewer to be out 
of main traffic flow. 

G.one c~ fovea , ";.,;of\ 
(a rea cf snar:::es· ..:-oc."s) 

\j; s J ~ I surround o; "-----41 
;ovea: v~ s·or'\ ; ~ 

w;thin 30"cone ( where 
bri~htness ratios should 
'lot e¥.ceed '3 : I ) 

People are more comfortable in viewing objects which are at their 

eye level. Objects which are not tend tp promote eye strain. Studies 

have shown, in general, that peoples cone of vision is 1 ft. above eye 
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level and 3 ft. below. This is at an average distance of 2-3 ft. 

Figure 10 illustrates peoples cone of vision. 

l 
7' 

f 
1'4" 

Scale 
,. 

EYE 
LEVEL : 

;,' 

man: 5'4r ; woman : 4'11\ " 

AVE~AGE ' YR . OLD 

Measurements of adult and six-year-old visitors in relation to cases. 

30° 

--- t.l' -----------

4(1' 

12.' 

VIewing distance should increase with greater size of object. 

' 
' ' 

Difficulties encountered in viewing details 
more than 3 ft below or 1 ft above on•'• eye level. 

Fig. 1 0 Cone of vision 
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The sources for the design criteria were: 

Chiarand, Joseph De and John Handcock Cullender, Ed. Time

Sayer Standards for Building Types. New York: McGraw

Hill Publishing Company, 1990. 

Hoke Jr., John Ray, Ed. Architectural Graphic Standards. New 

York: John Wiley & Sons, 1988. 

Royal Ontario Museum (R.O.M.). Communicating with the 

museum visitor: Guidelines for planning. Toronto, 

Canada, 1976. 
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Metaphor has played an important role in the history of 

architecture. Metaphors are used in our speech daily whether we 

realize it or not. They have become the normal way to convey to a 

listener a better understanding of a topic or idea. Metaphors are not 

limited to just speech and writing, they have been used in 

advertising, architecture, etc. Architects have taken advantage in 

using metaphors when they begin to generate ideas for a design and 

at times it has become the driving force in their design. 

Architecture is much more than a building in which an architect has 

used some type of metaphor to generate its form. It is a teacher, an 

educator to all who take the time to study it. Through its geometry 

comes knowledge about structure, materials and fundamental shapes 

used in its creation. Its interior as well as exterior spaces bring 

out emotional and intellectual responses unique to each individual. 

Together metaphor, geometry, color, and the human senses can be 

used . in such a way as to create a world of fantasy to stimulate ones 

imagination as well as ones sense of adventure. Architecture is an 

educator, creating an environment which promotes learning and 

through the use of metaphor(s) distinction between fantasy and 

reality, social and cultural values, and the technology(ies) used in 

its construction. 

A metaphor is defined as being a "figure of speech in which a 

word or phrase literally denoting one kind of object or idea is used 

in place of another to suggest a likeness or analogy between them 

(Webster)." A metaphor expresses resemblance or identity between 

two dissimilar objects or ideas. It presents to the mind a picture 
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and in essence reaches the mind through imagination. The difference 

between a metaphor and an analogy is that a metaphor suggests a 

likeness or similarity and an analogy finds similarities and things 

which agree with one another in some respect. An example of a 

metaphor would be to suggest that their are similarities between a 

flower and a young girl. A girl is said to blossom or mature like a 

flower, gracefully and delicately. An example of an analogy would 

be to say that a computer is similar to a human-being. The 

similarities would be that they both have memory and are capable of 

performing certain tasks. A metaphor is used to acquire a better 

understanding of some topic or idea under discussion. People 

perform metaphoric acts every day. We do this whenever we 

"attempt to transfer references from one subject (concept or object) 

to another, when we "attempt to see a subject (concept or object) as 

if it were something else", and when we "displace the focus of our 

scrutiny from one area of concentration or from one inquiry into 

another (in the hope that by comparison or through extension we can 

illuminate our contemplated subject in a new way) (Antoniades 29)." 

Hudson Maxim once wrote that "metaphor is an attempt to express in 

terms of experience thoughts lying beyond experience (Brown 46)." 

Stephen Brown stated that emotion fuses thought and image and 

there by creates metaphor. In Philip Wheelwright's book Metaphor 

and Reality Wallace Stevens speaks of "the symbolic language of 

metamorphosis." He said that the purpose of metamorphosis was to 

"intensify one's sense of reality." This is true in the case of 

metaphor. What matters in a metaphor is the "psychic depth at 

which the things of the world, whether actual or fancied, are 
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transmuted by the cool heat of the imagination (Wheelwright 71 )." 

Wheelwright writes that the transmutative process may be 

described as "semantic motion" meaning significant motion. He goes 

on to state that the word metaphor contains motion (phora) that is 

associated with a semantic motion. He states that "the double 

imaginative act of outreaching and combining essentially marks the 

metaphoric process (Wheelwright 72)." Outreaching and combining 

are the two main elements of metaphoric activity. They are called 

"epiphor" and "diaphor." Epiphor is the "outreach and extension of 

meaning through comparison (Wheelwright 72)." Aristotle said that 

"a metaphor is the "transference" (epiphora) of a name [from that 

which it usually denotes] to some other object (Wheelwright 72)." 

Phora is defined as "movement" and epi is defined as "over on to". An 

example of epiphora would be the statement: "Life is a dream". In 

this statement the idea of life is vague; whereas a dream is 

something of which everybody has memories. Diaphor is the 

"creation of new meaning by juxtaposition and synthesis 

(Wheelwright 78)." Juxtaposition is the act of placing two or more 

things side by side and synthesis is the act of combining elements to 

form a whole. It is the movement through certain particulars of 

experience. Dia is defined as "through" and phora is defined as 

"movement". An example would be a poem, by a leftist poet, which 

contained the verses: 

My country 'tis of thee 

Sweet land of liberty 

Higgledy-piggledy my black hen. 
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Each verse alone is not significant, yet when they are combined they 

convey the anti-patriotic feelings of the author. It has been stated 

that metaphor is the "bedrock of imagination" and that it enables one 

to generate new concepts with regard to the "authenticity" of a 

building. Authenticity is the generic identity of a particular 

building. Children understand metaphor differently than adults. To 

adults metaphors seem to reveal the character of things in the 

world. Children do not develop the skill to comprehend metaphor 

until the ages after eight or nine. Children before the age of eight 

tend to categorize objects on the basis of similarity. They tend to 

misinterpret the speakers meaning. They take it as being correct, as 

fact, and not as conveying a message of similarity. The older 

children recognize metaphors as being a way of saying something in 

a different way and not stating a fact. They use these metaphors to 

serve as tools for the future to "explain, clarify, and illuminate 

(Winner 185)." A test was done on some children between the ages 

of three and five to test their abilities to apply physically based 

metaphoric names to objects presented. The metaphoric names used 

in the test were based on resemblances of shape, color, texture, 

movement, and sound. The result was that the children did 

understand sensory metaphoric name for the object when that object 

was physically present. Children tend to "confuse their perceptions 

with their beliefs, and their beliefs with the truth (Winner 186)." 

There are three categories of metaphor: 1) Intangible- "Those in 

which the metaphorical departure for the creation is a concept, an 

idea, a human condition, or a particular quality (individuality, 

naturalness, community, tradition, culture)." 2) Tangible- "Those in 
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which the metaphorical departure stems strictly from some visual 

or material character (a house as a castle, the roof of a temple as 

the sky)." 3) Combined- "Those in which the conceptual and the 

visual overlap as ingredients of the point of departure, and the 

visual is excuse to detect the virtues, the qualities, and the 

fundamentals of the particular visual container (the computer, the 

beehive, both being "boxes" of relevant proportions, yet having the 

qualities of discipline, organization, cooperation) (Antonides 30)." 

The most difficult and promising of -the three is the combined 

metaphor. The most difficult part of designing in this type is to 

create something (some building type) which will go beyond its 

visual resemblance to the "metaphorical departure." If a designer 

starts from a metaphor, analyzes its content, and then creates a 

project based on the content, the end result may not look like the 

"metaphorical analogue", but will still have the characteristics and 

essence of the "metaphoric departure." Many famous architects have 

used metaphor in their works even though they are not communicated 

to the viewer clearly. Bart Prince used the metaphor of circular 

geometry when he designed his residence/studio in Albuquerque, 

New Mexico (Fig. 1 ). Geometry and space according 

to Prince are inseparable. One 

cannot exist without the other. 

You cannot break down his 

house into individual volumetric 

units. The same thing can be 

said of a tree, which is more Figure 1- Bart Prince Residence 
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important, the leaves or the branches? Le Corbusier was influenced 

by the Mediterranean and was said to have had, at this time in his 

life, a "love affair with the sea world, the rocks, the caves, and the 

light of the sun through the water as seen through interiors 

(Antoniades 37)." This love with the sea can be seen in his design of 

the Monastery of Ste. Marie de Ia Tourette (Fig. 2) and the interior 

space of the Ronchamp Chapel (Fig. 3&4). 

Figure 2- The Monastery of Ste. Marie de Ia Tourette Figure 3- The Ronchamp Chapel 

Figure 4- Interior space of the Ronchamp Chapel 

The Petal House in Los Angeles designed by Eric Owen Moss is a good 

example of when the "metaphoric content" has been satisfied and the 

literal resemblance has been achieved to form a unique and powerful 
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project (Fig. 5). It is said that it looks like the petals of a flower as 

it opens to the sky. Like a flower about 

to bloom or like a young couple that 

will "bloom and create a family, and 

add its fruits to the society 

(Antonides 40)." Another architect 

who's projects have deep and 

sometimes hard to understand Figure s- The Petal House 

(by the untrained observer) metaphor is Antoine Predock. His New 

Mexico Heart Clinic is a good example of the literal interpretation of 

a metaphor (Fig. 6). It conveys 

the idea of the "beating heart" 

through stones and mortar. 

His Albuquerque Blood Bank 

is a great example of a 

multilayered application of 

metaphor (Fig. 7). The 

building is blood-red and is 

facing the red sunsets of the 

Rio Grande Valley to the west. 

This not only "signifies blood, 

the vital ingredient of life, 

but further on, with its "red 

on red" against the sunset 

background, points back to 

life. The sun that is about to 

set (like the person who has 

Figure 6- New Mexico Heart Clinic 

Figure 7- Albuquerque Blood Bank 
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lost blood) will rise again. The sun cycle is the metaphor for human 

life (Antoniades 40)." Many designers may not start out with a 

metaphor in mind. It is primarily the observer who interprets these 

metaphor and use them to their advantage in helping to understand. 

Schon developed a theory of "displacement of concepts" in which it 

was the role of the metaphor to aid in the development of new 

concepts. He stated that displacement of concepts occurs whenever 

we say "architecture as." What that means is that we make a 

metaphor whenever we state that architecture is something. Some 

examples would be "architecture as music", "architec~--- - 

theater", and "architecture as dance." A designer could only achieve 

a successful design if he immersed himself in the field in which he 

was stating architecture as. Most designers implement this only in 

a superficial way. 

In the book Learnjng from Las Vegas Venturi emphasizes image 

over process or form. He states that "architecture depends in its 

perception and creation on past experience and emotional 

association and that these symbolic and representational elements 

may often be contradictory to the form, structure, and program with 

which they combine in the same building." He states that the 

contradiction has two main manifestations: 1) Duck- "where the 

architectural systems of space, structure, and program are 

submerged and distorted by an overall symbolic form." 2) Shed

"where systems of space and structure are directly at the service of 

program, and ornament is applied independently of them." The duck 

is a building-becoming-sculpture which is literally a symbol and the 

shed is a building which applies symbols (Fig. 8). An example of the 
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"duck" would be a hot dog stand in 

the shape of a giant hot dog. The 

building or stand in this case is 

the sign and symbol of what the 

stand is. It tells people that hot 

dogs are sold there. Another 

example is McDonald's which has 

its golden arches (Fig. 9). These 

arches are a symbol and tell what 

the function of the building is. 

An example of the "shed" would 

be a small country bank in which 

the building is nothing more than 

a square plan, wood constructed 

building in which a plywood 

facade portraying an image of a 

Greek temple is placed on its 

front. When people see this it 

brings to mind images of what a 

bank should look like. To people 

a bank should have classical 

columns, a pediment, and be made 

out of stone or some strong 

material. A gas station is another 

example of a "shed" (Fig. 1 0). 

According to Venturi, modern 

architecture by "rejecting 

Figure 8- The "Duck" 
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denotative ornament and the rich tradition of iconography in historic 

architecture" has "impoverished itself" and has "submerged 

symbolism (Venturi 101 )." Figure 9 & 12 show examples of fast

food iconography. An example of symbolism would be the suburban 

symbols and what people think a house in a neighborhood should be 

like (Fig. 11 ). Modern architecture "promoted expressionism, 

concentrating on the expression of structure and function (Venturi 

101 ). " It has limited itself to "strident articulations of the pure 

architectural elements of space, structure, and program (Venturi 

101) and its expression has become dry and boring. Venturi goes on 

Figure 11- The Suburban symbols Figure 12- Fast-Food Iconography 

to state that "Modern architecture of today, while rejecting explicit 

symbolism and frivolous applique ornament, has distorted the whole 

building into one big ornament (Venturi 1 03)." Orthodox Modern 

architects "shunned symbolism of form as an expression or 

reinforcement of content: meaning was to be communicated, not 

through allusion to previously known forms, but through the 

inherent, physiognomic characteristics of form. The creation of 

architectural form was to be a logical process, free from images of 
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past experience, determined solely by program and structure, with 

an occasional assist... from intuition (Venturi 7)." The word 

physiognomic means inner character or quality which is revealed 

outwardly; the art of discovering temperament and character from 

outward appearance. 

Space is a major factor to consider when designing a building. 

Theorists of modern architecture have stated that space is the 

"essential ingredient" which separates architecture from painting, 

sculpture, and literature. To them space is sacred eventhough 

painting and sculpture have spatial characteristics. Objects such as 

sculpture and paintings are used to reinforce architectural space. 

The senses are controled by space. Space belongs primarily to sight. 

From sight space is transmitted to touch and the other senses. 

Children respond to spaces when their senses are stimulated. The 

stimulous arouse certain kinds of activity but to maintain the 

activity the stimulous has to have variations. The pleasure that 

children recieve from participating in the activity will be an 

incentive to continue in that activity. Children respond to their 

environment through play and the environment plays a big part in 

shaping how they play. They play in an effort to try to understand 

and control their environment. This play in return provides a means 

through which they can learn and "master cognitive, physical, and 

social skills ... Through manipulation of ideas and mental images, 

they gain control of the cognitive aspect of control; through 

manipulation of the materials, they gain certain fine motor skills 

(Buttler 17)." During play children try to explore their environment 

in an effort to understand it. They explore it through the 
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manipulation of things. They look at them, they turn them over, they 

feel them as well as climb on and through them, they at times smell 

them, and they try to tap on them to hear what kinds of sounds are 

generated. "Imitation and exploration are the twin sources of early 

knowledge ... (Segal & Adcock 31)." This exploration tends to lead to 

more interaction with other children. This social interaction is 

another skill in which they learn through play. Children tend to 

pretend during play. Pretending to be, for example, a pirate or 

fireman. This type of play involves constant "exploration of the 

relationship between action and thought (Segal & Adcock 33)." 

Pretending is a way to pass the sensory-motor intelligence of 

infancy into the symbolic thinking of adulthood. In the process they 

begin to to understand the distinctions between fantasy and reality. 

As children create their pretend world, they learn to create events 

that make sense. They begin to use experiences taken from the real 

world to use in their imaginary world. An example would be the 

reactions a firefighter might do while fighting a fire, driving the 

truck to the fire or handling a hose to spray water on the fire. There 

was a study done to determine what type of fantasy play is best for 

children. The study was based on four groups of children. One group 

engaged in themantic fantasy play in which the children acted out 

fairytales like the The Three Little Pigs. The second group engaged 

in sociodramantic play in which the children pretended to reenacted 

real events like going shopping or going to the doctor. The third 

group engaged in fantasy discussion in which the children listened to 

fairytales and answered questions. The fourth group engaged in 

control conditions in which the children engaged in activities that 
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encouraged neither fantasy or role-playing. The children were given 

a series of tests at the end of the school year. The I.Q. scores, taken 

from the Peabody Picture Vocabulary Test and the Picture Test of 

Intelligence, were higher for the children in the two play conditions. 

They also scored higher on the Fantasy Judgement Test in which they 

had to decide whether the picture presented depicted a realistic or 

an impossible event. The result, taken from all the accumulated 

data, was that children who engaged in thematic fantasy play 

seemed to have a greater intellectual growth than those children 

who acted out everyday experiences. Besides improving the 

children's intelligence and their ability to distinguish between 

fantasy and reality it also helps them to discover and control their 

emotions. These emotions at times are derived from their 

environment and at other times derived from the interaction with 

other children. Play also helps them to develop their motor skills, 

that i$ hand eye coordination as well as muscles. "The development 

of coordination of both fine and gross motor skills is a normal 

activity for children. What appears to be play, even in an infant, is 

often serious effort to gain control of motor activities (Buttler 17)." 

Light and color, which significantly effect individuals moods, 

emotions, and reaction, play an important role in defining and 

enhancing a space. In Birren's book Light. Color and Environment it is 

stated that in bright light space will be more readily defined, 

distance can be determined easier, forms appear more three

dimensional, and details, color, and color variations are more clearly 

seen. Color alters both time and space. People perceive time more 

slowly in a blue room as opposed to a yellow one. Color affects 
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space through illusion. Colors in the distance become lighter, cool 

colors when placed next to a dark color will recede. Color helps to 

define space and evoke emotional responses. Emotion can be added 

to a color once a metaphor has been introduced. Scientists have 

determined that people's reponse to form seems to arouse an 

intellectual response while color evokes an emotional one. In the 

case of small children they seem to be more color dominant that 

form dominant. It has been discovered that brighter, warmer colors 

are better for children. Yellow is known to improve the 55 

attentiveness of children and red to stimulate activity. White is 

viewed as a good color while black is viewed as a bad color. Green 

is the most restful color and is associated with nature and 

tranquility. Blue is a calming color. The "whole of man, his body, 

mind, emotion, spirit, represents a coordinated unity, a microcosm, 

and color pervades all aspects of it (Birren 27)." Color rather than 

shape is more closely related to emotion. Light levels also 

depending on their intensity play a role in human emotions. Humans 

become more depressed when the light levels drop. In bright light 

color and color variations are seen more clearly. Color is necessary 

for man not only in the physical sense but the psychological and 

spiritual as well. Color evokes memories, individual to each person. 

Color plays an important part in architecture. In the book Color in 

Interior Desjgn and Architecture color can be broken down into six 

elements: definition, progression, emotion, aesthetics, manipulation, 

and dimension. Definition fixes the limits or boundaries of an object 

in space. Color allows the eye to identify the shape of an object as 

well as its position. There are three examples using different 



colored balls on different colored surfaces. In figure 13 a white ball 

is used on a white surface, the result is that the form of the ball is 

shown but not its dimensions. When a green light is used on it its 

Figure 13- White ball on Figure 14- Red ball on Figure 15- Red light used on 

white surface white surface red ball on white surface 

shape and form become apparent. In figure 14 a red ball is used on a 

white surface, the result is that there becomes a definite contrast 

between the two. In figure 15 a red light is shown on a red ball on a 

white surface, the result is that the contrast between the two 

diminishes. Progression tells us how to move in a space. Color 

gives a real sense of progression through a space "when there is 

comparative color change; that is, moving from dark to light, from 

one color to another, from tints to shades, or from one point of 

interest to another · (Lad au 83)." It can also create the illusion of 

movement in a two-dimensional situation. An example would be a 

flat, rectangular wall which is made to look like a curving wall 

simply by moving colors from light to dark and back again. Emotion 

provides strong feelings or reactions to color in a space. Color is a 

cultural phenomenon and color response is a "combination of 

reactions to physical phenomena and cultural associations (Ladau 
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85)." Light intensity also effects and elicits and emotional 

response. It is related to the intensity and level of stimulation that 

a color generates. Aesthetics uses light and color to evoke a 

response. "The aesthetic qualities of color define its relationship to 

culture, style, and design (Ladau 87)." Color reflects individual 

style and taste, and we base our choices on culture, style, and 

design. Culture gives us color associations which are comfortable 

and familiar. Style is determined by the trends in fashion and art. 

Design gives "color choices based on the contrast between non

specific colors for particular effects (Ladau 88)." Manipulation 

changes the perception of a form in space to suit a purpose. Color 

can convince an observer to see a different reality. It manipulates 

in physical as well as in mental ways. Physical manipulation occurs 

through contrast. The way color effects observers in a mental way 

is that it brings to mind memories. An example would be the lavish 

use of reds and golds which conjure up impressions of the Orient. 

Dimension defines the space in terms of adjacent objects or 

surroundings and establish size and importance. Color alters both 

time and measurement in a space. Different colors yield different 

responses. Color affects measurement through illusion. An example 

would be as an object recedes into the distance its color will 

become lighter. Faulkner states in chapter one of his book 

Architecture and Color that color in architecture serves seven 

purposes: "1) It creates an atmosphere. A bright color scheme for a 

building tends to express gaity and excitement; a quiet scheme may 

express dignity and repose. 2) It suggests either unity or diversity. 

A uniform color scheme contributes a sense of unity, while a varied 
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color scheme gives a feeling of diversity. 3) It expresses the 

character of materials. If a building has a red tile roof, gray stone 

walls, and brown wood trim, the essential character of each 

material is clearly stated. If these have the same color, the building 

looks like a clay model. 4) It defines form. A line, a two

dimensional surface, or a three-dimensional volume is defined if its 

color contrasts with its surroundings. 5) It affects proportions. 

Materials with contrasting colors laid in horizontal lines tend to 

emphasize a feeling of breadth. If laid in vertical lines, they 

promote the sense of height. 6) It brings out scale. A building made 

up of elements of uniform color looks like a monolith. Its scale is 

difficult to judge at a distance. If, however, its elements (including 

openings) are of contrasting colors, the scale of the building is more 

easily conveyed. 7) It gives a sense of weight. Elements in dark 

colors look heavy; those in light colors look light in weight. For this 

reason the color of tall structures is sometimes graduated from 

dark at the bottom to light at the top (Faulkner 5)." Children respond 

to color as well as patterns and their complexities. The children 

depend on stimulous from the environment, received through tactile, 

auditory, an visual receptors, to stimulate emotional responses. 

Children respond to the environment many times through play. If the 

environment in which they are placed in is stimulating and 

enjoyable, they will derive pleasure from the activities in which 

they engage in in that space. They develop a "craving for 

stimulation" to generate activities. So long as the activity is 

stimulating, that is changing enough to provide a sense of variety 

and change, the children will continue to engage in it. They satisfy 
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this craving for stimulation through color, color complexities, 

patterns, shapes, and light illumination. Colors affect children's 

behaviors and emotional responses. Yellow has been known to 

improve their attentiveness and red to stimulate activity. Green is 

a restful color and blue is a calming color. Children seem to prefer 

color complexity. The reason for this is that color complexity tends 

to keep the interest of the children. "As play stimuli become more 

familiar as a result of repeated exposure and encounters, they lose 

their attraction, presumably because they are experienced as 

carrying only a modest amount of meaningful information. 

Complexity seemingly mediates the rate of familiarization as a 

result of mere repeated exposure (EIIis/Scholtz 55)." It provides a 

more complex and intense level of stimulous for the children. It 

requires the children to interact with the object more. The complex 

objects generate more "exploratory, manipulative, and playful 

responses than novel and simple objects (EIIis/Scholtz 51)." An 

example can be found in figure 16 where box (a) uses a complex 

pattern and box (b) uses a simple pattern. Each person tends to 

require increasing levels of 

complexity. It is said that 

individuals build on each 

experience and on each level 

of complexity, always Figure 16- Color complexity/pattern complexity 

increasing the complexity level at which they are presently at. 

Color aids in ones perception. It manipulates our perception of 

space through contrast. This happens when a warm-colored object 

meets its cool shadow. The light-color-shadow balance creates 
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highlights and dark areas. Merleau-Ponty states in his book 

Phenomenology of Perception that "sight can bring us only colours or 

lights, and with them forms which are the outlines of colours, and 

movements which are the patches of colour changing positions 

(Ponty 229)." Color influences our sense of progression through a 

space. It achieves this through comparative color change; moving 

from dark to light, from one color to another, from tints to shades, 

or from one point of interest to another. Color also induces 

psychological reactions. It has been proven that in the absence of 

sensory stimulation the mind will run wild and will produce 

fantasies (hallucinations). Vision seems to degenerate unless 

stimulated. A study was done on an apes in which they were placed 

in a room in which the walls were white. After a time the animals 

began to withdraw within themselves in the "manner of 

schizophrenics" when left alone in the room. With out some degree 

of visual stimuli whether color or patterns or shapes individuals 

will begin to withdraw within themself and leave reality for a 

fantasy world that he has created. Vision works in two ways: 

"physical stimuli from the outside world enter the eye, which then 

sends impulses to the brain; the brain adds its experience, judgment, 

and perception to what it receives, and "looks" wisely back at the 

world and "sees" it (Birren 22}." One can achieve a psychedelic 

experience by turning up the lights, the colors, the sounds, which 

will transport people emotionally. By bombarding the senses the 

psychedelic experience can be achieved. An example is figure 17. 

Heinz Werner, a Gestalt psychologist, has found that "loud noises, 

strong odors and tastes, tend to raise the sensitivity of the eye to 
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green and to decrease sensitivity to red (Birren 18)." When a person 

is exposed to an over load of stimulation, which produces a 

psychedelic effect, they tend to experience certain physical 

reactions. For instance, when a person is in a night club they are 

Figure 17- The Psychedelic Environment 

exposed to strobe lights, bright colors flashing on and off, and loud 

music they tend to develop head aches, nausea and in certain people 

minor forms of a "nervous breakdown." People experience things 

through their senses; touch, smell, taste, vision, and hearing. 
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Children require stimulous so as to experience space and the 

characteristics of that space. One such stimulous is the tactile 

stimulous (the sense of touch). Children explore space by touching 

things. They poke, throw, and even climb on things all in an effort to 

better understand their environment. The different textures of 

materials provide a changing environment so as to keep the attention 

of the child. The shape of objects also provide stimulous for the 

child. The child will explore different pieces of sculpture simply 

because of the variations in shape and materials. The child can 

climb on and go through and around each sculpture. Another form of 

stimulous is auditory. Each space has a character all its own. The 

sounds which can be heard in that space give an impression of how 

big it is, though depending on the materials used this can be 

deceiving. The more sounds one can hear in a space the more 

attentive one will be. Sounds transport individuals and especially 

children to different places (imaginary). A small trickling 

waterfall, for adults, is an escape to a tropical paradise, while for 

children it can be an obstacle to overcome to get to a pirates 

treasure. Children fantasize more than adults and their fantasies 

are not usually based in reality. Visual stimulous is the third major 

sense that effect children. Children are curious by nature. They are 

constantly investigating and searching for things to occupy their 

time. The attention span of a child can be lengthened if his or her 

surroundings is visually interesting. If the surroundings are 

monochromatic, little or no interesting shapes and forms, and no 

generation of different sounds, the child will lose interest fast. The 

environment has to be dynamic and changing offering the child new 
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and unique things to explore through touch, smell, sound, and sight. 

Children love to climb. Children tend to climb things to alter their 

perception of the environment. 

as their ability and confidence. 

This develops their muscles as well 

Children stop at certain heights 

simply because they are not ready, they lack the confidence or 

ability, to go any higher. Children also require some degree of 

complexity in whatever they are viewing . As I have stated earlier, 

children prefer complex patterns as well as colors simply because 

they stimulate their interest more. Once a child has explored his or 

her environment and has no longer found anything which might 

stimulate his or her interest in or curiosity of the child loses 

interest and becomes board. This boredom tend to make the child 

restless and irritated. Young children need a constant level of 

stimuli whether tactile, auditory or visual. 

A building is an educator, creating an environment in which 

children can learn, explore, and at time fantasize through 

imagination and play. Play is an important learning tool by which 

children manipulate and familiarize themselves with the 

environment. Metaphors, when used correctly, can make this process 

of familiarization a little easier. They can help the child to 

understand the function and purpose of the man-made environment in 

which they occupy. Space affects children on many levels. It 

effects children emotionally as well as physically. Children begin to 

interact with the environment through play and imagination. They 

explore their surroundings through visual, tactile, and auditory 

senses. Smells help to relax the child and at times help to stimulate 

imagination. Colors create moods in a space and evoke certain 
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emotional reactions from children. They help in defining a space and 

objects but also in creating illusion in a space. It is important to 

know that there must be some type of balance between the use of 

light, color, and sound so as not to over load their senses. This over 

load is counter productive. It may allow them to be transported in 

their mind to another place yet it inhibits social and intellectual 

growth. Play is the best way to help a child to grow, to develop 

social interaction with others, and to begin to distinguish between 

fantasy and reality. Through play the child can grow and develop 

skills which will aid in their future ability to adapt and exist in 

society. 
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the level of understanding and how complex the metaphorical 
statement (or image) is. 
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Mahnke- This book looks at the psychophysiological effects, 
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vision is affected by light as well as color. 

Mead- This book deals with Prince's projects. It examines his 
philosophy, concepts and ideas in each project. 

Merleau- This book deals with the body and how its senses 
work as well as how space is perceived by it. 
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how play aids in a child's developmental growth. It examines the 
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iconography and ornamentation. 
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Wheelwright- This book deals with language and 
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at how metaphor is used in literature and how reality is portrayed in 
literature. 

Winner- This book looks at the philosophical approaches to 
metaphor and irony. It analyses how metaphors are used in 
communication and literature. Most importantly it explains how 
children understand metaphor and irony and on what level, that is 
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Project Title: The California Aerospace Museum 
Location: Los Angeles, California 
Date: 1984 
Architect: Frank Gehry 

The site is 206'x65' and was part of the improvements planned 
for the 1984 Summer Olympics. The museum was alloted the area of 
an old armory building set back slightly from the street. It was to 
be a "gateway" to the complex of facilities which had been planned 
in and around the armory, and to be an exhibit itself, "drawing 
support for and conveying the spirit and excitement of the 70 
institution's subject and plans (Arnell and Bickford 240). " 
Eventually the armory was to be converted into museum use. But 
only the space between the armory and the street was to be built 
upon at that time. The architect created a museum using a metaphor 
of flight. This was to convey the function of the building (to house 
exhibits about airplanes). The use of the suspended airplane is a 
literal interpretation of a metaphor. It is in some ways a tangible 
metaphor using the airplane as a symbol, but it is also an intangible 
metaphor in other ways conveying the concept and idea of the 
museum. Gehry is trying to express his excitement and energy about 
flight to the viewer. Gehry sayed that "a lot of people will read a lot 
of things into it-- that's what will save it from becoming obsolete 
(240)." He is saying that the building conveys the images and ideas 
of flight to each individual differently. Each person interprets a 
different meaning. Gehry himself "reads into it is "a fantasy ... a 
baroque space shuttle." The building has a height of 75'. It is made 
up of two major volumes which are linked by a glazed wall. One of 
the volumes is covered in white stucco. Suspended over the 
sidewalk is an airplane. It is held in place by a braced armature. 
The other volume is sheet-metal clad, irregularly shaped, seven-
sided polygon, part of which cantilevers over the street. The 
museum contains an "IMAX" theater which shows presentations of 

aerospace film materials. 
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Project Title: The proposal to redesign Times Square 
Location: New York, New York 
Date: 1984 
Architects: Robert Venturi & John Rauch 

The Park Tower Realty Corporation Commissioned Philip 
Johnson to design a Master Plan for Times Square. He proposed a 
design containing four office buildings, each with different heights. 
This did not go over very well because it was felt that these tall 
buildings would destroy the "fairlike atmosphere characteristic of 
Times Square." The square has become a tourist attraction over the 
years and has become in a way the heart of the city. VRSB )Venturi, 
Rauch, and Scott Brown) was then asked to design an element for the 
square which would reflect the "square's traditionally popular, · 
glittering, commercial-sign architecture" and that would possess 
qualities and a scale which would harmonize and fit with Johnson's 
highrises. Venturi solved this problem with "a piece of 
representational sculpture", the Big Apple. This 90' diameter apple 
was bold in form but rich in symbolism. New York has · been known as 
and called the "Big Apple" so it is fitting that the symbol of Times 
Square, the heart and center of the city, should contain a visual icon 
such as a big apple. The apple is on the top of a four story building 
which has in place of a decorative cornice a sign, much like the 
moving New York Stock Exchange sign, wrapped around it. This 
design keeps the square's traditional, commercial-sign architecture 
and at the same time preserves the fair like atmosphere of the 
square which Johnson's design would destroy. 
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Project Title: The Dewlen 'Aparture' Project 
Location: Amarillo, Texas 
Date: 1956 (never built) 
Architect: Bruce Goff 

The building is designed in a curved triangular plan. It is 
constructed of two levels of masonry and a suspended structure 
with coal walls and sprayed fabric tubes. The center is a triangular 
space in which the furniture is integrated into. The main structure 
is underground. From the triangular space comes linear tubes, which 
were designed as workrooms. The earth is held back by three 78 
serpentine walls of coal. The central part of the building is covered 
by a stretched fabric roof which is suspended from a central tripod. 
The whole building is a combination of living, sculpture, and 
secluded space. This project was to be built in an untamed area near 
Amarillo. That explains the appearance of the two cantilevered 
tubes containing studios. They appear serpent-like in appearance. 
Goff used the image of the rattle snake in his design of the studios. 
It reflects the life of the area. He uses an intangible metaphor in 
his design. The metaphor is of individuality. When people run across 
a rattle snake they immediately move away from it. This reflects 
the intent (privacy) and the goal of the occupants in the form of the 

buildings serpent-like studios. 
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Project Title: Bart Prince Residence 
Location: Albuquerque, New Mexico 
Date: 1984 
Architect: Bart Prince 

Prince based his design of this building on geometry. 
Specifically on circular geometry: "four structural and service core 
cylinders are circled by two larger cylinders that house the rear 
ground-floor living and the front ground-floor studio spaces; the 
upward spiraling studio swings eccentrically around its core 
cylinders to grasp the second-floor balcony level, while all four core 80 
cylinders push upward to reach the third floor and inflect its oblong, 
tubular volume as private study and bedroom spaces. By using 
standard materials in imaginative, strucutally theatrical ways, the 
Prince Residence wrests its decorative drama from the plays 
between the cast-in-place concrete outer cylinders, the core timber 
frame cylinders wrapped in polychromatic, geometrically patterned 
tiles, the red rustproof painted channel beams and the black curved 

pipe frame that support the upper floors, the natural wood of the 
tongue-and-groove decking, the glass or acrylic glazing, the cement 
grey roofing stucco, and the bent and welded pieces of rebar that are 
used throughout as a kind of ornamental filigree. Space, use, 
structure, and decoration are run together in one continuum of 
experience (Mead 69)." 
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BART PRINCE, PRINCE RESIDENCE, ALBUQUER· 

QUE, NEW MEXICO, 1983-84. DETAIL OF STUDIO 

ROOF. (PHOTO: AUTHOR) 

Bart Prince Residence 
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BART PRINCE, PRINCE RESIDENCE, ALBUQUERQUE, NEW MEXICO, 

1983-84. INTERIOR OF UPPER LEVEL. (PHOTO: AUTHOR) 
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Project Title: The Bob Barns House 
Location: Canyon City, California 
Date: 1955 
Architect: Bruce Goff 

The building has a spiral plan and suspended metal and wood 
structure. The basic form is a spiral. "Goff combined nine wedge 
shaped units stepped up like a spiral stair, each unit suspended from 
a central mast so it was sixteen inches higher than the adjoining 
unit below (Delong 129)." The form of the building is very simple 
and straight forward. The owner, Bob Barns an oil driller, wanted to 
build the house himself but due to problems in obtaining land and 
generating funds the house was never constructed. In this project 
Goff created images of curved planes and patterns with in a circular 
frame which matches the plan of the building. 

Bibliography: 

Cook, Jefrey. The Architecture of Bruce Goff. London: Harper and 
Row, 1978. 

Delong, David G. Bruce Goff Toward Absolute Architecture. 
Cambridge, Massachusetts: MIT Press, 1988. 

Delong, David G. The Architecture of Bruce Goff: Buildings and 
Projects 1916-1974. New York: Garland Publishing, Inc., 1977. 

83 



84 

-



85 



Project: The Gryder House 
Location: Ocean Springs, Mississippi 
Date: 1960 
Architect: Bruce Goff 

The building is a mandorla shaped plan, two story wood frame 
structure with stucco finish. It has a circular pool, cone-shaped 
balconies, and a tube-like bridge leading to the entrance. Gryder 
owned a shoe store in Biloxi and commissioned Goff after seeing the 
Gutman house. He commissioned Goff in March of 1960. The plan is 
of overlapped mandorlas and circular segments set along the edge of 
a circular pool. It has elaborately curved roof profiles and window 
hoods, and at the four corners of the building are cone-shaped 
elements which rise from the pool to serve as balconies for the 
second floor. The shapes were finished in violet stucco, a color that 
seemed calculated to call more attention to the unusual design. The 
pool, which surrounds the house, is to be crossed by a bridge which 
creates a pattern of entrance as well as reinforcing the sense of 
protection and isolation. This is the main theme that of seclusion 
and privacy from the outside world. 
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Project Title: The Cowboy Hall of Fame 
Location: unknown 
Date: 1956 project (never built) 
Architect: Bruce Goff 

The plan is of overlapped horseshoe shapes. It is a metal 
frame with a stucco finish. The plan and project is a literal 
interpretation of a metaphor. This is a good example of a tangible 
metaphor. Goff uses the horseshoe to act as a symbol in reflecting 
the purpose of the building. It looks like a game of horseshoes with 
its iron spike in the ground and the horseshoes encircling in and 
around it. The treatment of the landscape in the site plan resembles 

the decorative patterns which can be found on old saddles used by 
early cowboys. 
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Project Title: Children's Museum 
Location: Los Angeles, California 
Date: 1980 
Architect: Frank Gehry 

The museum was intended to both teach about the way things 
work and to stir imaginative thought about how they might work. 
The facility has been built in phases as a series of rooms and 
exhibits through which a system of ramps, stairs, and a crawl
through pipe wind. The museum is designed to be explored, touched, 
climbed upon, and crawled through by children so as to give them a 
"hands-on" learning experience. This approach is designed to involve 
the imagination and participation of the children in the built 
environment. The exhibits and ramps were designed to provide 
"changing perspectives and scale relationships between parts of the 
exhibit and the shell of the museum itself (Arnell 165)." The 
exhibits are arranged in a maze-like configuration allowing the 
children to explore at their own pace. The heighth of each exhibit is 
varied so that the experience of each exhibit is unique. The view of 
the overall museum is different and unique from each exhibit area. 
The mechanical and support system of the museum were left exposed 
so as to incorporate them as an exhibit to children about how things 
work. Gehry believes that by "involving early on the interested 
imaginations of the next generation" the problems that we have 
created as city planners can be avoided. Gehry once said to a group 
of students "Remember, you're future people. You're not here-and
now people. You may not want to build a city as you know it today." 
He explains it as, "kids don't think that they are allowed to criticize 
grown up things, but they should ask questions and have opinions. 
Our program lets them get involved. I make them all city 
planners .. . doing this has to be fun for them, so that they will 
associate planning and design with a good experience. What is fun 

and good is easy to remember." 
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Project Title: Children's Discovery Museum 
Location: San Jose, California 
Date: unknown 
Architect: Ricardo Legorreta 

The museum is a 47,000 square foot structure costing $8.2 
million dollars. Its design was intended to entertain children. The 
museum is constructed in geometric forms which are intended to 
educate children on simple geometric forms. The colors appeal to 
children's sense of play. The walls are angular and children tend to 
climb on them even though they are unsafe. The theme of the 
museum is "streetscapes". The interior was designed as an open 
space so as to allow for changing uses and displays to encourage a 
feeling of discovery. The exhibits are arranged in three areas. 
Between them are located other displays which are theme oriented. 
The exhibits are given enough space and room so children can explore 
and experience them freely with no constraints. Lighting is a 
problem. All exhibits are given the same lighting treatment. Large 
open glass windows allow the space to be flooded with natural light. 
If an exhibit needed special lighting the facility would not be able to 
handle it. This is the only down side to the museum. The ceiling 
heighth is two stories which allows air to circulate and hot air to 
rise to the top to keep the museum comfortable for visitors. 
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Project Title: The Cabrillo Marine Museum 
Location: San Pedro, California 
Date: 1979 
Architect: Frank Gehry 

The museum serves two purposes. One is that it serves as a 
research center on marine life and second it serves as an 
educational center teaching visitors about marine life and the 
research being done on it. The museum is located near an industrial 
harbor and contains 20,000 square feet of space. It is made up of a 
group of small buildings linked together by chainlink fences which 
are used as "shadow structures". Visitors are able to view into 
research laboratories and see how research is performs on the 
marine life. In 1981 Gehry discussed the site and context of the 
museum. He said that "the site was a parking lot. The fort above it 
has chain-link fences, industrial-type buildings and big water tanks. 
In front are lots of large ships and many industrial buildings. I'm a 
very traditional architect in the sense that I am interested in 
context." 
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Project Title: Museum of Texas Tech University 
Location: Lubbock, Texas 
Date: 
Architect: 

The goal of the museum is to "collect, preserve, interpret, and 
disseminate knowledge about natural and cultural material from the 
Southwest and other regions related by natural history, heritage, and 
climate (Pamphlet)." It houses exhibits related to the social and 
natural sciences and the visual arts. The main floor is dedicated to 
public exhibits while the second contains the administrative offices. 
The basement contains classrooms, workrooms, offices, and 
collection areas which are off limits to the public. The exhibits are 
grouped according to subject. Some are housed and displayed in 
diferent wings (sections) of the museum. These areas are designed 
for showing only certain kinds of exhibits. An example would be the 
African Art Gallery or the Pre Columbian Gallery. 

Bibliography: 

Texas Tech University. Museum of Texas Tech University. Pamphlet 
for 1991. Lubbock: Tech Press, 1991. 
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ENTRANCE 

FIRST FLOOR 

l&anll 
1. In! ormation Desk 16. Gallery 4 t 
2. Rest Rooms & 1st Aid 17. Heritage Hall 
3. Assembly Areas 18. Memorial Room (meeting room) 
4. Lubbock Gallery 19. Gallery 1 t 
5. Explorium 20. Museum Shop 
6. Pre-Colombian Gallery 21 . Planetarium Ticket Sales 
7. Theater 22. Moody. Planetarium 
8. Permanent Exhibit Galleries· 23. Balcony Gallery t 
9. African Art Gallery• 24. Kline Rooms A & B 
10. Taos/Southwest Galleries 25. Museum Science Library 
11. Early Texas Cultures Hall 26. Museum Science Program Office 
12. Giants of the World Gallery 27. Museum Administration Offices 
13. Gallery 2 t 28. Elevator 
14. Main Gallery t 
15. Gallery 3 t · -Areas under development 

t - Changing exhibition gallery 

8 
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SECOND FLOOR 

Floor Plans 





The sources for the facility type case studies are: 

Arnell, Peter and Ted Bickford. Frank Gehry: Buildings and 
projects. New York: Rizzoli, 1985. 

Crosbie, Michael J. "Child's Play." Architecture September 
1991 : 58-63. 

Texas Tech University. Museum of Texas Tech University. 
Pamphlet for 1991. Lubbock: Tech Press, 1991. 110 
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Site Analysis: 

Site Criteria: 

The site for the Children's Discovery Museum was determined by the 

following criteria: 

-area which contains the most public facilities (arts, 

museums, etc.) used by people of all ages 

-area must contain areas such as play grounds, etc. 

-area which contains facilities/places/areas designed just for 

children 

-area which has adequate vehicular access routes and 

circulation 

-area which will be able to handle additional visitors- area 

containing enough space and parking facilities 

-area located within a 1 5-30 minute drive from major housing 

areas-centrally located 
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Natural/Climatological: 

The site of the museum was decided to be located in Hermann 

Park, in Houston, Texas. The park is adjacent to Rice University and 

is located just North of the Astrodome and southwest of the 

downtown area. The park is 5 minutes away from either and is north 

of the 61 0 Freeway Loop, which is the major road that connects the 

surrounding areas and cities. Hermann Park contains a Children's 

Zoo, the City Zoo, the Miller Outdoor Theater, the Museum of Natural 

Science, the Planetarium, and a 18 hole golf course. The park also 

offers a small train ride for children under the age of 1 0. Near the 

park are located other areas of interest to the public. To the west, 

across from the park, is the Rice campus. A block away to the north 

is the Museum of Fine Arts and the Contemporary Arts Museum. To 

the South and Southwest are located the facilities of the Texas 

Medical Center. The park has many open areas allowing children to 

run and play. It also has rest and picnic areas which provide places 

for gathering and socializing. The types of vegetation found in the 

park are pine trees, oak trees, and small shrubs and plants. This 

vegetation provides shade for picnic areas and provides protection 

from the wind during the Winter months. The site contains areas of 

standing water. This water is the run off from the adjoining hill on 

its east side. Their is a sidewalk which runs along the West side of 

the site. It leads from the street in front of the museum site to a 

parking lot south of the Miller Outdoor Theater. The wind patterns 

across the site are as follows: In the Summer months the wind is 

primarily out of the southeast. During the Winter months the wind 
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is primarily out of the southwest. During the seasonal change from 

Winter to Summer the wind patterns come from the north bringing 

cold air with them (these are called Northerns). For the most part 

the climate is hot and humid resulting in a very tropical 

environment. Heavy rain are common during the summer months. 

This rainfall can last from 1-3 days. An average rainfall can bring 

anywhere from 1 11 to 3 11 of rain. These are just the average weak 

storm fronts which continually pass through the Houston area. 
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Table 2 

Climatological Data of Houston, Texas 

Houston, Texas 4Ht(13m) 29 degrees 46ft. N 95 degrees 22 

ft. W. Data accumulated from the last 34 years. 

, , 6 
Temperature F Humidity Precipitation 

Average Daily 6:30AM Noon Average Monthly 

Max. Min. % % Inches 

J 62 44 85 66 3.5 

F 65 46 85 61 3.0 

M 72 54 84 59 3.3 

A 78 60 86 59 3.6 

M 84 66 87 60 4.7 

J 90 72 87 60 4.6 

J 92 74 88 57 3.9 

A 93 74 88 54 3.9 

s 88 70 88 58 4.1 

0 81 61 86 54 3.7 

N 71 52 84 58 3.5 

D 63 45 84 64 4.3 



Man-made: 

Parking can be found throughout the park. The amount and 

location of parking facilities are as follows: 

Museum of Natural Science/Planetarium 

In front of the Museum (street parking) 

Miller Outdoor Theater 

in front of the Theater (street parking) 

310 

150 

30 

70 

Parking adjacent to the Theater 11 0 

Hermann Park Zoo 1 000 

The park contains an over abundance of parking. The parking areas 

around the Museum of Natural Science/Planetarium are usually full. 

The parking for the Zoo is usually half full. Their is a small parking 

lot which contains 11 0 parking spaces which is not used unless their 

are performances planned for the Outdoor Theater. This would 

provide enough parking for the Children's Discovery Museum. The 

parking lot is located about 300'-400' away from the Southern edge 

of the proposed site. The average height for the buildings 

surrounding the site are two stories. The Science Museum and 

Planetarium have and underground basement. This is for storage of 

exhibits and to give the IMAX Theater a three story projection 

screen. The building is constructed of concrete masonry blocks with 

only a few window openings in the walls. It has a style similar to 

modern and it uses colors to emphasize openings, entrances, and 

thing of interest (focal points). The Miller Outdoor Theater is one 

stories, yet appears from a distance as two. It is constructed out of 

treated wood, dark in color. It has a concrete stage and its seating 
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area is on the side of a hill. The dark colors of the structure blend 

in with the landscape around it. The Zoo is the only other facility in 

which the majority of the public might go to in the park. It is spread 

out and houses different wildlife. The buildings in the Zoo are single 

story and far apart from each other to accommodate large crowds. 

Their is a reflecting pool in the northwest corner of the park. At the 

north end of the pool is a flag pole and at the south end is a 

miniature replica of the Washington Monument. 

View of the entrance to the 
Natural Science Museum and Planetarium 
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View of the Miller Outdoor Theater 

View of the Miller Outdoor Theater 
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View of Sam Houston Monument 
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View of the Reflecting pool 



Site Location: 

The place that I chose for my site is in an area south of the 

Natural Science Museum and Planetarium. This is the best location 

for several reasons. First is that it is located across from the 

campus of Rice University within walking distance for students. 

Second is that it is located near the major attractions in the park. 

Third is that it has parking facilities already close by. These 

parking areas are within walking distance of the site. Fourth is that 

the site is located near one of the main entrances into the park. 

This allows visitors easy access in and out .of the park and the 

Children's Discovery Museum. Fifth is that this area where the site 

is proposed to be located offers the largest and most open area on 

which to build and it is surrounded by dense numbers of trees. The 

area adjacent to the site is the focal point for school children to 

gather and play during school trips to the park. These school trips 

are to the Natural Science Museum and Planetarium and the Houston 

Zoo. The location for the proposed site is east of a reflecting pool 

and northwest of the Miller Outdoor Theater. It is on the east side 

of a large hill which is used by children during the day to play on. 

This hill is used as seating during performances in the Outdoor 

Theater. The dimensions for my site are 479'(E) x 474'(N) x 494'(W) 

X 83'(S). 
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View of site from the north 

View of the walkway from the north side of the site 



125 



View of the east side of the site from 
the hill next to the Miller Outdoor Theater 
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The maps were taken from two sources. The first map was 

taken from the USGS Survey Topographical Map of the City of 

Houston. The second map is a street map and was taken from a 

tourist pamphlet showing areas of interest in Houston. 

The second map was taken from: 

McNally, Rand. Houston Recreational Map & Guide. U.S.: Rand 

McNally and Company, 1984. 

The data in Table 2 was taken from: 

Slater, Courtenay M. and George E. Hall, Ed. 1992 County & City 

Extra Annual Metro. City and County Data Book. Lanham, 

Maryland: Bernan Press, 1992. 

Other sources: 

Personal observations after visiting the site. 
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Primary and Secondary Activities: 

Primary: 

exploring, learning, discovering, socializing, playing, 

thinking, interacting, exhibit viewing/climbing/touching, 

experiencing the architecture and the environment 

created 

The primary activities will be those exhibits which are 

designed for interactive uses. Some exhibits will use 

interactive video monitors which will allow the children to 

answer questions designed to promote problem solving 

responses. The monitors will also allow the children to 

explore their creative, artistic and imaginative side. The main 

exhibits will be designed to allow the children to explore the 

exhibit by climbing on and through the displays. This will 

encourage children to create fantasies depending on the 

exhibit. They might imagine, if they were in an exhibit of a 

police car, to be a policeman driving to arrest someone. This 

type of play leads to a better understanding of the object and a 

better distinction between reality and fantasy. 

131 



Secondary: 

relaxing, resting, lecturing, meeting, educating, touring 

The secondary Activities are those which involve a 

lesser degree of play. Playing with smaller displays in an area 

which is designed to encourage more social responses. The 

smaller the area and the more children in the area will bring 

about social interaction between them. Other secondary 

activities would be visual ones. Those which create questions 

such as exposed structural and mechanical systems. 
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Diagram of Participants 

Administration 

Director 

Assistant Director 

Educational Director 

Museum Store 

Sales Clerk 

Visitors 

Family 

Children 

Adults 

Teachers 

Exhibit Production .cam 
Preparator Cook 

Carpenter Cashier 

Contract Labor Staff 
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Janitor Security-

Maintenance man Guard 



Activity Analysis 

Main Museum: 

Lobby- waiting, socializing, relaxing, reception & 

information, observing 

Information Desk- collecting information, security 

monitoring 

Museum Store- buying, selling 

Cafe- eating, resting, relaxing, socializing, food 

preparation 

Main Exhibit Area

Secondary Exhibit Area

Travel Exhibit Area-

Exhibit Production: 

viewing, discovering, 

socializing, learning, 

thinking, exploring, playing, 

touring, exhibit climbing

touching-interacting 

Preparation Workshop- assembling, building, packing, 

shipping, receiving 

Preparation Office/Workroom- managing, supervising 

Carpentry Shop- creating, rebuilding, repairing 

Storage/Stockroom- storing, collecting 
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Administrative: 

Director's Office- conducting business, managing, 

supervising, meeting/consulting, advising, 

lecturing 

Assistant Director's Office- aid to director in managing, 

supervising, conducting business, lecturing 

Educational Director's Office- conducting business, 

managing, supervising, lecturing, meeting, 

providing tours 

Administrative Workroom-copying, relaxing, socializing, 

filing, storing 

Secretary/Reception Area- typing, filing, phoning, 

waiting, receiving visitors 

Conference Room- viewing, talking, writing, listening, 

discussing, advising, lecturing, conducting business 

Lecture Room- viewing, teaching, learning, talking, 

listening, writing, lecturing 

Supportive Areas: 

Reserve Collection Room- storing, collecting 

Mechanical Room- functional 

Public Facilities- facility 
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Outdoor Areas: 

Outdoor Exhibit Areas- observing, relaxing, walking, 

playing, exploring, learning, socializing 

Table 3 

Public vs. Private Activities 

Public 

Lobby 

Information Desk 

Museum Store 

Office 

Cafe 

Main Exhibit Area 

Secondary Exhibit Area 

Travel Exhibit Area 

Secretary/Reception Area 

Public Facilities (restrooms) 

Outdoor Areas 

Private 

Director's Office 

Assistant Director's Office 

Educational Director's 

Administrative Workroom 

Lecture Room 

Preparation Workshop 

Preparation- Office 

/Workroom 

Carpentry Shop 

Storage/Stockroom 

Reserve Collection Room 

Mechanical Room 
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Total Catchment Population 

Age Group 

0-5 

% of Population 

8.6 

Total Number 

140,228 

259,258 

324,480 

5-14 

25-34 

15.9 

19.9 

35-44 16,8 273.933 

Total Number: 61.2% 997,899 

Museum will be able to receive 20% (196 people) of the total 

targeted age groups. 

Maximum Number of People Per Activity: 

Lobby= 90 Director's Office=1 

Information Desk=1 

Museum Store= 30 

Cafe= 30-40 

Main Exhibit Area= 1 00 

Secondary= 100 

Travel= 50 

Prep. Workshop= 2 

Prep. Off./Workroom= 2 

Carpentry Shop= 2 

Storage/Stockroom= none 

Assist. Dir. Office= 1 

Educ. Dir. Office= 1 

Admin. Workroom= 5 

Seer ./Recpt. Area= 7 

Conference Room= 5-1 0 

Lecture Room= 20-40 

Reserve Coli. Room= none 

Mech. Room= 2 

Public Facilities= 6-10 

Outdoor Areas= 30-40 
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Number of spaces required for the activities: 

# Space Name # Space Name 

1 Lobby 1 Dir. Off. 

1 Info. Desk 1 Assist. Dir. Off. 

1 Museum Store 1 Educ. Dir. Off. 
138 

1 Cafe 1 Admin. Workroom 

1 Main Exhib. Area 1 Sec./Recep. Area 

2 Secondary Exhibits 1 Conference Room 

1 Travel Exhib. Area 1 Lecture Room 

1 Prep. Off./Workroom 1 Mech. Room 

1 Carpentry Shop 2-3 Public Facilities 

1 Storage/Stockroom 1-2 Outdoor Area(s) 



Qualities and Location for each activity: 

Lobby: 

Primary Activities: Entry/ Exit area, reception & information, 

waiting, relaxing 

Secondary Activities: Security monitoring, socializing, 

observing 

Spatial Qualities: open/free flowing space, natural 

light/artificial light, seating, vegetation, information 

counter, and easy to find entrances and exits 

Location: near main exhibit areas, cafe, museum store, 

information desk, public facilities - provide access to 

administrative facilities near lobby 

Information Desk: 

Primary Activities: Reception, collecting information 

Secondary Activities: ·Security monitoring 

Spatial Qualities: security monitoring systems and guards 

should be visible to public. It should contain information 

on museum exhibits, upcoming events, and a map of the 

facility. 

Location: near lobby and main exhibit entrance. It should be 

located near the access point to the administrative area 

so as to provide security. 
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Museum Store: 

Primary Activity: Selling, buying 

Spatial Quality: shelving, display counter, sales area, and 

artificial lighting 

Location: near lobby area, cafe, main entrance and exit to 

museum, and main exhibit entrance 

Cafe: 

Primary Activities: Eating, resting, relaxing, socializing 

Secondary Activities: Food preparation 

Spatial Qualities: kitchen, storage, serving/ordering counter, 

cashier counter, waiting area (for ordering/ receiving), 

seating (tables and chairs), good ventilation, high 

ceiling, natural arid artificial lighting, outdoor patio, and 

interesting views of surrounding landscape for 

enjoyment 

Location: near lobby, museum store, and public facilities 
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Main Exhibit Area: 

Primary Activities: viewing displays, interactive displays, 

learning by way of exploration and guided tours, 

discovering, socializing, thinking, exploring, playing, 

touring, exhibit climbing-touching-interacting 

Secondary Activities: maintenance of exhibits as well as 

changing of exhibits 

Spatial Qualities: high ceilings, flexible lighting, artificial 

and natural lighting, acoustics-sound absorbing 

materials, use of colors which promote activity, 

structure exposed, seating, use of vegetation, and 

exhibits arranged according to type of activity or theme 

being explored 

Location: near lobby, information desk, secondary and travel 

exhibit areas, and access point to exhibit production 

areas 
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Secondary Exhibit Areas: 

Primary Activities: viewing displays, interactive displays, 

learning by way of exploration and guided tours, 

discovering, socializing, thinking, exploring, playing, 

touring, exhibit climbing-touching-interacting 

Secondary Activities: maintenance of exhibits as well as 

changing of individual pieces 

Spatial Qualities: high ceiling, flexible lighting, artificial and 

natural lighting, acoustics-sound absorbing materials, 

use of colors which promote activity, structure exposed, 

seating, use of vegetation, and exhibits arranged 

according to type of activity or theme being explored 

Location: near main exhibit area, travel exhibit area, and 

access point to exhibit production areas 
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Travel Exhibit Area: 

Primary Activities: viewing displays, interactive displays, 

learning by way of exploration and guided tours, 

discovering, socializing, thinking, exploring, playing, 

exhibit climbing-touching-interacting 

Secondary Activities: Assembly of exhibits and changing of 

previous exhibits, maintenance of new exhibits 

Spatial Qualities: high ceiling, flexible lighting, artificial and 

natural lighting, acoustics-sound absorbing materials, 

use of colors which promote activity, structure exposed, 

seating, use of vegetation, and exhibits arranged 

according to type of activity or theme being explored 

Location: near main exhibit area, secondary exhibit area, and 

access point to exhibit production areas 
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Preparation Workshop: 

Primary Activities: display assembly and construction, 

building, packing, shipping, receiving 

Secondary Activities: repair and maintenance of displays 

ventilation, and unloading/loading dock 

Spatial Qualities: open space, artificial lighting, good 

ventilation, and loading/unloading dock 

Location: near access point to exhibit areas, carpentry shop, 

preparation office/workroom, and reserve collection 

room 

Preparation Office/Workroom: 

Primary Activities: keeping track of all exhibits, dates when 

they will be delivered or are to be shipped as well a 

keeping records of all repairs performed on exhibits, 

managing, supervising 

Spatial Qualities: artificial lighting, storage space 

Location: near preparation workshop 
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Carpentry Shop: 

Primary Activities: repairs on exhibits and the creating of new 

exhibits, rebuilding 

Spatial Qualities: open/large space with room to work around 

machines, assembly space, storage area, paint room, 

ventilation (very important), and access to outdoors and 

preparation workshop 

Location: near preparation workshop and storage/stockroom 

Storage/Stockroom: 

Primary Activities: storage of materials/tools, storing, 

collecting 

Spatial Qualities: must be kept dry for storage of raw 

materials, and shelving should be provided for small 

objects 

Location: near carpentry shop 
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Director's Office: 

Primary Activities: business/administrative activities and 

small informal meetings, conducting business, managing, 

supervising, meeting/consulting/advising, lecturing 

Spatial Qualities: natural and artificial light, ventilation, 

visitor seating, and a small storage area 

Location: near secretary/reception area, administrative 

workroom, and conference room 

Assistant Director's Office: 

Primary Activities: aid to director in business/administrative 

activities, managing, supervising, conducting business, 

lecturing 

Spatial Qualities: natural and artificial light, ventilation, 

visitor seating, and a small storage area 

Location: near secretary/reception area, administrative 

workroom, and conference room 
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Educational Director's Office: 

Primary Activities: public/educational activities, conducting 

business, managing, supervising, meeting 

Secondary Activities: lectures, tours 

Spatial Qualities: natural and artificial light, ventilation, 

visitor seating, and a small storage area 

Administrative Workroom: 

Primary Activities: administrative activities, copying, filing, 

storing 

Secondary Activities: socializing, relaxing 

Spatial Qualities: area for taking breaks and relaxing, work 

area, artificial lighting, ventilation, and a small storage 

area 

Location: near secretary/reception area, and offices 
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Secretarial/Reception Area: 

Primary Activities: secretarial and receptionist activities, 

typing, filing, phoning 

Secondary Activities: waiting, receiving visitors 

Spatial Qualities: open plan, ventilation (air circulation), 

artificial lighting, visitor seating, and storage space 

Location: near offices, administrative workroom, and 

conference room 

Conference Room: 

Primary Activities: Meetings and Administrative meetings, 

viewing, talking, writing, listening, discussing, advising, 

lecturing, conducting business 

Spatial Qualities: table; chairs, refreshment bar, natural and 

artificial lighting (must be versitile), slide screen, 

visual and speaker system, and acoustical consideration 

(must use sound absorbing materials) 

Location: near secretary/reception area, offices, and lecture 

room 
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Lecture Room: 

Primary Activities: public/private lectures and presentations, 

viewing, teaching, learning, talking, listening, writing, 

lecturing 

Spatial Qualities: seating (sloped), stage (platform), air 

circulation, controlled lighting, sound system as well as 

visual presentational system (films, slides), and 

treatment of seating, flooring, ceiling, and walls must be 

considered for proper acoustical requirements 

Location: near conference room 

Reserve Collection Room: 

Primary Activities: storing •. collecting 

Spatial Qualities: must be kept dry, well ventilated, no natural 

light and only minimal artificial lighting, and shelving 

should be provided for small items 

Location: near preparation workshop 
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Mechanical Room: 

Primary Activities: functional 

Spatial Qualities: must have thick walls, ample space for 

HVAC system, hot water system, electrical, return air, 

mechanical chases, etc., this space should be well 

lighted, and have adequate ventilation 

Location: separate from main museum, could be located 

underground, etc. 

Public Facilities: 

Primary Activities: facility 

Spatial Qualities: ventilated, well lighted, handicap 

accessible 

Location: near lobby, exhibit areas, cafe, and accessible from 

administrative areas · 
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Outdoor Areas: 

Primary Activities: observing, relaxing, walking, playing, 

exploring, learning, socializing 

Spatial Qualities: seating, shading provided (natural and man

made), taking into consideration wind patterns/sun 

patterns (seasonal), natural vegetation, natural 

materials used for walking surfaces, and containing 

exhibits (sculptures, etc.) which are weather resistant 

Location: near museum entrance 
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The sources for the activity analysis were: 

Chiarand, Joseph De and John Handcock Cullender, Ed. Time

Saver Standards for Building Types. New York: McGraw

Hill Publishing Company, 1990. 

Royal Ontario Museum (R.O.M.). Communicating wjth the 

museum yjsjtor: Gujdeljnes for planning. Toronto, 

Canada, 1976. 
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Table 4 

Small Museum Space Requirements 

Space ReQuired Function 

1. Administrative 

a. office-workroom, a. collection,administration 155 

workshop 

b. reserve coli. room b. storage of collections 
2. Display 

display galleries changing displays, theme 

exhib., touring exhib., 

permanent exhib. 
3. Display Preparation 

workshops, assembly of exhibits, 
off.-workroom preparation of exhibits 

4. Education/Public 

a. lecture room a. lectures, school tours, 

chair storage closet society meetings, films, 

kitchenette and social functions 

b. lobby b. reception, information, 

sales & Info. counter supervision of gallery 

c. cloak room, c. public requirements 

washrooms 

5. Other Services 

a. hvac plant a. mechanical 

b. janitor's closet b. janitorial 



Table 5 

Summary of Sq. Ft. per Space 

Space List: 

Name: 
Lobby 
Information Desk 
Museum Store 
Cafe 
Main Exhibit Area 
Secondary Exhibit Areas 
Travel Exhibit Area 
Director's Office 
Assistant Director's Office 
Educational Director's Office 
Administrative Workroom 
Secretarial/Reception Area 
Conference Room 
Lecture Room 
Preparation Workshop 

Preparation Office/Workroom 
Carpentry Shop 
Storage/Stockroom 

B~s~!Y~ Qoii~Qtioo Boom 
Total Sq.Ft. of Building: 

+ 10% for Structure, Mechanical, etc. 
+25% for additional display space, 

~~tSg.B, 

1,932 

42 

415 

1,740 

4,548 

3,844 

1,922 

140 

140 

140 

270 

236 

816 

816 

1,920 

240 

1,825 

200 

1.332 
25,518 

2,552 

__ ...~..mllle;;u.c~hu;aaJJ.O!.!.ii C:sa.al-.1 &§.IL.l.JI.5i!ai.!.J.nlllito..u.r..!.!ioiau..l ..Jil.s~pawc.:.loe'---- 6.380 

Total Sq.Ft. of Building: 34,450 
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Table 6 

Participants in Activities 

(Summary of Employees) 

Activity : 

Administration 

Director 

Assistant Director 

Educational Director 

Secretary/Receptionist 

Exhibit Production 

Preparator 

Carpenter 

Museum Store 

Sales Clerk 

Staff 

Security Guard 

Cafe 

Cook 

Cashier 

Contract Labor 

Janitor 

Maintenance man 

Number of Users 

1 

1 

1 

2 

2 

1 

1 

3 

1 

1 

Total Employees: 16 
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Space Name: Lobby 

Number of This Type: 1 

Issues: Visitors will have access to all public facilities from 

this location. They will be able to obtain any 

information regarding the facility. 

Primary Activities: Entry/ Exit area, reception & information, 

waiting, relaxing 

Secondary Activities: Security monitoring, socializing, 

observing 

Number of Users: 90 

Total Square Footage Required: 1,932 nsf 

lobby area= 800 sf 

90 visitors at 9 sf each= 810 sf 

add 20% for circulation= 322 sf 

Special Requirements & Equipment: public restrooms, water 

fountains, vegetation and natural lighting, seating, 

reference map 

Spatial Qualities: open/free flowing space, natural 

light/artificial light, seating, vegetation, information 

counter, and easy to find entrances and exits 

Location: near main exhibit areas, cafe, museum store, 

information desk, public facilities - provide access to 

administrative facilities near lobby 

158 



Space Name: Information Desk 

Number of This Type: 1 

Issues: Visitors will be able to obtain literature about the 

museum as well as ask information on upcoming exhibits. 

Primary Activities: Reception, collecting information 

Secondary Activities: Security monitoring 

Number of Users: 1 

Total Square Footage Required: 42 nsf 

work space 7'x5'= 35 sf 

add 20% for circulation= 7 sf 

Special Requirements & Equipment: Security monitors, phone 

outlet 

Spatial Qualities: security monitoring systems and guards 

should be visible to public. It should contain information 

on museum exhibits, upcoming events, and a map of the 

facility. 

Location: near lobby and main exhibit entrance. It should be 

located near the access point to the administrative area 

so as to provide security. 
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Space Name: Museum Store 

Number of This Type: 1 

Issues: Visitors will be able to buy items for souvenirs, etc. 

Primary Activity: Selling, buying 

Number of Users: 30 

Total Square Footage Required: 415 nsf 

10 visitors at 9 sf circulation= 270 sf 

3-2'x1 0' shelves at 20 sf each= 60 sf 

add 20% for circulation= 69 sf 

4'x4' space for sales clerk= 16 sf 

Special Requirements & Equipment: Small stock room/office 

space, phone outlets, gate to secure store 

Spatial Quality: shelving, display counter, sales area, and 

artificial lighting 

Location: near lobby area, cafe, main entrance and exit to 

museum, and main exhibit entrance 
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Space Name: Cafe 

Number of This Type: 1 

Issues: Visitors will be able to sit and rest or eat. The 

seating area of the cafe will open out onto a small patio 

for outdoor enjoyment. 

Primary Activities: Eating, resting, relaxing, socializing 

Secondary Activities: Food preparation 

Number of Users: 30-40 

Total Square Footage Required: 1,740 nsf 

kitchen area= 300 sf 

pantry= 150 sf 

storage= 200 sf 

seating area= 800 sf 

add 20% circulation= 290 sf 

Special Requirements & Equipment: kitchen storage, 

refrigeration unit, chairs and tables 

Spatial Qualities: kitchen, storage, serving/ordering counter, 

cashier counter, waiting area (for ordering/ receiving), 

seating (tables and chairs), good ventilation, high 

ceiling, natural and artificial lighting, outdoor patio, and 

interesting views of surrounding landscape for 

enjoyment 

Location: near lobby, museum store, and public facilities 
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Space Name: Main Exhibit Area 

Number of This Type: 1 

Issues: Exhibits will be on display for 1 year to 3 years. The 

main exhibit area will show traveling exhibits of 

exhibits which will be based of a certain theme. 

Primary Activities: viewing displays, interactive displays, 

learning by way of exploration and guided tours, 

discovering, socializing, thinking, exploring, playing, 

touring, exhibit climbing-touching-interacting 

Secondary Activities: maintenance of exhibits as well as 

changing of exhibits 

Number of Users: 100 

Total Square Footage Required: 4,548 nsf 

floor area= 1,920 sf 

Exhibit area - 50%= 970 sf 

100 visitors at 9 sf each= 900 sf 

add 20% for circulation= 758 sf 

Special Requirements & Equipment: filtration of natural light, 

track lighting, access to preparation area or freight 

elevator, ability to control HVAC systems, large open 

space for flexible arrangement of exhibit interactive 

video monitors 
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Spatial Qualities: high ceilings, flexible lighting, artificial 

and natural lighting, acoustics-sound absorbing 

materials, use of colors which promote activity, 

structure exposed, seating, use of vegetation, and 

exhibits arranged according to type of activity or theme 

being explored 

Location: near lobby, information desk, secondary and travel 

exhibit areas, and access point to exhibit production 

areas 
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Space Name: Secondary Exhibit Areas 

Number of This Type: 2 

Issues: Exhibits here will be more permanent and last between 

3 years to 1 0 years. Some individual pieces may be 

changes periodically to update the exhibit. 

Primary Activities: viewing displays, interactive displays, 

learning by way of exploration and guided tours, 

discovering, socializing, thinking, exploring, playing, 

touring, exhibit climbing-touching-interacting 

Secondary Activities: maintenance of exhibits as well as 

changing of individual pieces 

Number of users: 50 

Total Square Footage Required: 1,922 nsf each= total 3,844 nsf 

exhibit area each 16'x24'= 768 sf 

exhibit area- 50%= 384 sf 

50 visitors at 9 sf each= 450 sf 

add 20% for circulation= 320 sf 

Special Requirements & Equipment: filtration of natural light, 

track lighting, access to preparation area or freight 

elevator, ability to control HVAC systems, open space 

for flexible arrangement of exhibits, interactive video 

monitors 
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Spatial Qualities: high ceiling, flexible lighting, artificial and 

natural lighting, acoustics-sound absorbing materials, 

use of colors which promote activity, structure exposed, 

seating, use of vegetation, and exhibits arranged 

according to type of activity or theme being explored 

Location: near main exhibit area, travel exhibit area, and 

access point to exhibit production areas 
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Space Name: Travel Exhibit Area 

Number of This Type: 1 

Issues: Exhibits will be on display for 6 months to 2 years. 

Primary Activities: viewing displays, interactive displays, 

learning by way of exploration and guided tours, 

discovering, socializing, thinking, exploring, playing, 

exhibit climbing-touching-interacting 

Secondary Activities: Assembly of exhibits and changing of 

previous exhibits, maintenance of new exhibits 

Number of Users: 50 

Total Square Footage Required: 1,922 nsf 

floor area= 768 sf 

exhibit area- 50%= 384 sf 

50 visitors at 9 sf each= 450 sf 

add 20% for circulation= 320 sf 

Special Requirements & Equipment: filtration of natural light, 

track lighting, access to preparation area or freight 

elevator, ability to control HVAC systems, open space 

for flexible arrangement of exhibits, interactive video 

monitors 
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Spatial Qualities: high ceiling, flexible lighting, artificial and 

natural lighting, acoustics-sound absorbing materials, 

use of colors which promote activity, structure exposed, 

seating, use of vegetation, and exhibits arranged 

according to type of activity or theme being explored 

Location: near main exhibit area, secondary exhibit area, and 

access point to exhibit production areas 
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Space Name: Preparation Workshop 

Number of This Type: 1 

Issues: This is the area where all exhibits will be assembled, 

if necessary. 

Primary Activities: display assembly and construction, 

building, packing, shipping, receiving 

Secondary Activities: repair and maintenance of displays 

Number of Users: 2 

Total Square Footage Required: 1 ,920 nsf 

40'x40' main space= 1,600 sf 

add 20% for circulation= 320 sf 

Special Requirements & Equipment: loading/unloading dock, 

large entry door, freight elevator, and proper ventilation 

Spatial Qualities: open space, artificial lighting, good 

ventilation, and unloading/loading dock 

Location: near access point to exhibit areas, carpentry shop, 

preparation office/workroom, and reserve collection 

room 
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Space Name: Preparation Office/Workroom 

Number of This Type: 1 

Issues: All exhibits and shipping records will be filed in the 

preparation office. 

Primary Activities: keeping track of all exhibits, dates when 

they will be delivered or are to be shipped as well a 

keeping records of all repairs performed on exhibits, 

managing, supervising 

Number of Users: 2 

Total Square Footage Required: 240 nsf 

15'x16'= 240 sf 

Special Requirements & Equipment: desks and chairs, filing 

cabinets 

Spatial Qualities: artificial lighting, storage space 

Location: near preparation workshop 
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Space Name: Carpentry Shop 

Number of This Type: 1 

Issues: This is the area where all repairs will be made. New 

small displays will be created in this area. 

Primary Activities: repairs on exhibits and the creating of new 

exhibits, rebuilding 

Number of Users: 2 

Total Square Footage Required: 1,825 nsf 

40'x40'= 1 ,600 sf 

storage of materials 15'x15'= 225 sf 

circulation in space included 

Special Requirements & Equipment: wood working machines, 

metal lathe, welding machine, paint area (well 

ventilated), clean-up area (sink) 

Spatial Qualities: open/large space with room to work around 

machines, assembly space, storage area, paint room, 

ventilation (very important), and access to outdoors and 

preparation workshop 

Location: near preparation workshop and storage/stockroom 
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Space Name: Storage/Stockroom 

Number of This Type: 1 

Issues: All materials will be stored here as well as some 

equipment. 

Primary Activities: storage of materials/tools, storing, 

collecting 

Total Square Footage Required: 200 nsf 

1 O'x20' = 200 sf 

Special Requirements & Equipment: shelving needed 

Spatial Qualities: must be kept dry for storage of raw 

materials, and shelving should be provided for small 

objects 

Location: near carpentry shop 
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Space Name: Director's Office 

Number of This Type: 1 

Issues: The Director will be in charge of the administerial 

duties of the museum. His office should be large enough 

for personal meetings with no more than two people. 

Primary Activities: business/administrative activities and 

small informal meetings, conducting business, managing, 

supervising, meeting/consulting/advising, lecturing 

Number of Users: 1 

Total Square Footage Required: 140 nsf 

floor area 1 O'x12'= 120 sf 

storage closet 4'x6'= 20 sf 

Special Requirements & Equipment: computer terminal, filing 

cabinet, multi-line telephone w/intercom 

Spatial Qualities: natural and artificial light, ventilation, 

visitor seating, and a small storage area 

Location: near secretary/reception area, administrative 

workroom, and conference room 
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Space Name: Assistant Director's Office 

Number of This Type: 1 

Issues: The Assistant Director will help the Director in 

performing any administerial task. 

Primary Activities: aid to director in business/administrative 

activities, managing, supervising, conducting business, 

lecturing 

Number of Users: 1 

Total Square Footage Required: 140 nsf 

floor area 1 O'x12'= 120 nsf 

storage closet 4'x6'= 20 nsf 

Special Requirements & Equipment: computer terminal, filing 

cabinet, multi-line telephone w/intercom 

Spatial Qualities: natural and artificial light, ventilation, 

visitor seating, and a small storage area 

Location: near secretary/reception area, administrative 

workroom, and conference room 
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Space Name: Educational Director's Office 

Number of This Type: 1 

Issues: The Educational Director will be in charge of guided 

tours and public lectures. 

Primary Activities: public/educational activities, conducting 

business, managing, supervising, meeting 

Secondary Activities: lectures, tours 

Number of Users: 1 

Total Square Footage Required: 140 nsf 

floor area 1 O'x12'= 120 sf 

storage closet 4'x6'= 20 sf 

Special Requirements & Equipment: computer terminal, filing 

cabinet, multi-line telephone w/intercom 

Spatial Qualities: natural and artificial light, ventilation, 

visitor seating, and a small storage area 

174 



Space Name: Administrative Workroom 

Number of This Type: 1 

Issues: This area contains equipment which can be used by all 

in the office. 

Primary Activities: administrative activities, copying, filing, 

storing 

Secondary Activities: socializing, relaxing 

Number of Users: 5 

Total Square Footage Required= 270 nsf 

floor area 1 O'x12'= 200 sf 

add 20% for circulation= 45 sf 

storage space 5'x5'= 25 sf 

Special Requirements & Equipment: copy machine, coffee area, 

restrooms will be located near this area 

Spatial Qualities: area for taking breaks and relaxing, work 

area, artificial lighting, ventilation, and a small storage 

area 

Location: near secretary/reception area, and offices 
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Space Name: Secretarial/Reception Area 

Number of This Type: 1 

Issues: there will be a waiting area provided for visitors as 

well as a receptionist to arrange all meetings, 

appointments, and lectures, etc. 

Primary Activities: secretarial and receptionist activities, 

typing, filing, phoning 

Secondary Activities: waiting, receiving visitors 

Number of Users: 7 

Total Square Footage Required: 236 nsf 

2-6'x6' workstation= 72 sf 

filing area= 20 sf 

storage closet= 60 sf 

5 visitors x 9 sf for seating area= 45 sf 

add 20% for circulation= 39 sf 

Special Requirements & Equipment: computer terminal, multi

line telephone w/intercom, comfortable seating 

Spatial Qualities: open plan, ventilation (air circulation), 

artificial lighting, visitor seating, and storage space 

Location: near offices, administrative workroom, and 

conference room 
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Space Name: Conference Room 

Number of This Type: 1 

Issues: In this space museum administrative activities and 

business can be discussed. 

Primary Activities: Meetings and Administrative meetings, 

viewing, talking, writing, listening, discussing, advising, 

lecturing, conducting business 

Number of Users: 5-10 

Total Square Footage Required: 816 nsf 

24'x34'= 816 sf 

Special Requirements & Equipment: conference table, chairs, 

coffee bar, coat closet 

Spatial Qualities: table, chairs, refreshment bar, natural and 

artificial lighting (must be versitile), slide screen, 

visual and speaker system, and acoustical consideration 

(must use sound absorbing materials) 

Location: near secretary/reception area, offices, and lecture 

room 



Space Name: Lecture Room 

Number of This Type: 1 

Issues: The acoustics of the space as well as the lighting, 

seating, and lecture stage must be studies. 

Primary Activities: public/private lectures and presentations, 

viewing, teaching, learning, talking, listening, writing, 

lecturing 

Number of Users: 20-40 

Total Square Footage Required: 816 nsf 

24'x34'= 816 sf 

fixed seating= 40 seats 

Special Requirements & Equipment: sound system, lighting, 

acoustical treatment 

Spatial Qualities: seating (sloped), stage (platform) •. air 

circulation, controlled lighting, sound system as well as 

visual presentational system (films, slides), and 

treatment of seating, flooring, ceiling, and walls must be 

considered for proper acoustical requirements 

Location: near conference room 



Space Name: Reserve Collection Room 

Number of This Type: 1 

Issues: This will be where all exhibits whether those which 

are coming in to the museum or being shipped out will be 

stored. This room is for temporary exhibits and small 

displays. 

Primary Activities: storing, collecting 

Total Square Footage Required: 4,332 nsf 

same nsf as main exhibition area 

Special Requirements & Equipment: proper ventilation to 

prevent exhibits from decay, no direct sunlight which 

might harm exhibits 

Spatial Qualities: must be kept dry, well ventilated, no natural 

light and only minimal artificial lighting, and shelving 

should be provided for small items 

Location: near preparation workshop 



Space Name: Mechanical Room 

Number of This Type: 1 

Issues: This space needs to be separated from the exhibit and 

administrative areas. The walls should be thick and 

sound absorbing if located near any public spaces. The 

mechanical room should be built (located) either 

underground or separate from the building itself. 

Primary Activities: functional 

Total Square Footage Required: 2,552 nsf 

1 0% of total square footage of the building= 2,552 sf 

Special Requirements & Equipment: thick walls, proper number 

of exits, mechanical chases, if located underground add 

water pumps (flood equipment) 

Spatial Qualities: must have thick walls, ample space for 

HVAC system, hot water system, electrical, return air, 

mechanical chases, etc., this space should be well 

lighted, and have adequate ventilation 

Location: separate from main museum, could be located 

underground, etc. 



Space Name: Public Facilities 

Number of This Type: 2-3 

Issues: These facilities will be located near the lobby and the 

exhibit areas. They need to be handicap accessible. 

Primary Activities: facility 

Total Square Footage Required: 1 ,276 nsf 

5% of total square footage of the building= 1 ,276 sf 

Special Requirements & Equipment: janitorial storage closets 

should be located near facilities, handicap accessibility 

should be addressed, ventilation requirements 

Spatial Qualities: ventilated, well lighted, handicap 

accessible 

Location: near lobby, exhibit areas, cafe, and accessible from 

administrative areas 
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Space Name: Outdoor Areas 

Number of This Type: 1 

Issues: These areas should incorporate exhibits in a natural 

setting. This area should provide a relaxing atmosphere 

in which to provide interaction between man and the 

environment and socializing between people. 

Primary Activities: observing, relaxing, walking, playing, 

exploring, learning, socializing 

Total Square Footage Required: 2,000- 4,000 nsf 

Special Requirements & Equipment: incorporate a walking 

path/trail between exhibits, add landscape and exhibits, 

provide water fountains and seating (benches) 

Spatial Qualities: seating, shading provided (natural and man

made), taking into consideration wind patterns/sun 

patterns (seasonal), natural vegetation, natural 

materials used for walking surfaces, and containing 

exhibits (sculptures, etc.) which are weather resistant 

Location: near museum entrance 
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Space Name: Parking 

Issues: Parking already exists in the park but additional 

parking should be added. The parking stalls should be 

aligned in a 90 degree angle to limit land use. 

Parking: 16 employee parking spaces 

2 service vehicle spaces 

26 visitor parking spaces (40% of max. num. of 

visitors) if visitor come three persons per car 

Parking exists on the site to accommodate visitors 

going to the planetarium, zoo, museum of fine arts, and 

the park area itself. 

90 degree parking 

each space is 20'x9' with 24' width between rows 

total nsf per stall= 288 sf 

Total of 44 parking spaces x 288 sf each= 12,672 nsf 

Note: Most parking is located on the street and adjacent 

facilities. School children are bussed to the site. The 

number of busses on the street at one time are around 10. 

Additional busses can be found in the zoo parking area. 

For this reason the parking on the site should be limited 

to 40 spaces. This will be parking for employees and 

families visiting the museum. Busses will park on the 

street and in the parking area near the outdoor theater. 
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Table 7 

Public vs. Private Space 

Lobby 0 
Info. Desk 0 

Main Museum Store 0 
Museum Cafe 0 

Main Exhib. 0 
Secondary Exhibits 0 187 

Travel Exhib. 0 

Director's Off. • 
Assist. Dir. Off. • 
Educ. Dir. Off. • 

Admin. Admin. Workroom • 
Secr./Recep. Area 0 
Conference Room • 
Lecture Room • 
Prep. Workshop • 

Exhib. Prep. Off./Workroom • 
Prep. Carpentry Shop • 

Stor./Stockroom • 
Supp. Reserve Coli. Room • 

Mechanical Room • 
Public Facilities 0 

Public Spaces 0 

Private Spaces I 



Table 8 

Adjacency vs. Separation of Spaces 

MM Lobby 
A U Info. Desk 

I S Mus. Store 

N E Cafe 
U Main Exhib. Area 
M Sec. Exhib. Area 

Travel Exhib. Area 

Director 

A Assist. Dir 

D Educ. Dir. 
M Admin. Workroom 

Sec./Recept. Area 

N Conference Room 
Lecture Room 

E P Prep. Workshop 

X A Prep. Off./Workroom 

H 0 Carpentry Shop 

I D Stor./Stockroom 

B 

S Mechanical Room 
U Reserve Coli. Room 

P Public Facilities 
+ Adjacency Required 
- Separation Required 

No Requirements 
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Economic Analysis 

By analyzing previous built projects in was determined 

that the average cost per square foot for a museum is around 

$160. This figure was taken from cost analysis' of large 

museums built around 1990. These buildings are located 

around the nation and the $160 per/sq.ft. represents a national 

average building cost for this facility type. This number will 

change when multiplied by the local cost adjustment number. 

Museum (34,450 Sq. Ft.) x $160 x .91 = 
($160 national average) 

(.91 local adjustment cost number) 

Total Sq. Ft. 34,450 Total Bid. Cost 

3 Year Inflation Rate at 4%/Year 

1st Year 5,015,920 + 200,636.80 = 
2nd Year 5,216,556.80 + 208,662.27 = 
3rd Year 5,423,219.07 + 216,928.76 = 

Land Value approx. $50/Sq.Ft. = 
Site Work at 1 0% 

Contingency Fee at 1 0% 

Construction Loan at 11% 

Architectural Fee at 10% 

Landscaping at 2.5% 

= 
= 

Total 

add Total Building Cost 

Total Project Cost = 

= 
= 

= 

$5,015,920 

$5,015,920 

$5,216,556.80 

5,425,219.07 

5,642,227.83 

$1,722,500 

172,250 

564,222.78 

620,645.06 

564,222.78 

155,161.27 

$3,799,001.89 

5.015.920 

$8,814,921.89 
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The basic formula for an economic analysis is: 

Payback = Project Cost divided by the Annual Project 

Income 

Payback in this case is set at 1 0 years. Ten years is a 

reasonable average to set the analysis at. 

Therefore: 

Project Income = Project Cost divided by Payback 

Project Income = $8,814,921.89 /10 years 

Project Income = $881 ,492.19 per year I 34,450 

GSq.Ft. = $25.59 I Sq.Ft. I Year 
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The sources for the economic analysis are: 

Lavarone, Richard C., Ed. 1987 Podge Assemblies Cost Data. 

Princeton, New Jersey: McGraw Hill, 1986. 

Pereira, Percival E., Ed. Dodge Construction Systems Costs 

1985. Princeton: McGraw Hill, 1985. 

Pereira, Percival E., Ed. Podge Construction Systems Costs 

1986. Princeton: McGraw Hill, 1986. 

Other sources were handouts given in programming 

lectures and studies made on cost per sq.ft. on museums built 

between 1989 to 1990. 
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The illustrations on the cover and the subject dividers were done by 
Gerard Teichert in Ulla Olofsson's book Museums and Children. 

Maps: The sources were the United States Geological Survey Maps 
(U.S.G.S.) and the pamphlet by Rand McNally called Houston 
Recreational Map & Guide. 
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Appendix A 

Thermal/Air Quality 
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Thermal Transmission 

DEFINITIONS AND SYMBOLS 
BRITISH THERMAL UNIT (Btu): The quantity of 
heat required to raise the temperature of one pound 
of water one degree Fahrenheit (specifically, from 
59°F to 60°F). 
DEGREE DAYS IDOl: A temperature-time unit used in 
estimating building heating requirements. For any given 
day. the number of DD equals the difference between 
the reference temperature, usually 65°F, and the mean 
temperature of the outdoor air for that day. DO per month 
or per year are the sum of the daily DO for that period. 
!Check locality for reference temperatures.! 
DEWPOINT TEMPERATURE: The temperature cor
responding to 100% relative humidity for an air-vapor 
mixture at constant pressure. 
EMITIANCE (e): The ratio of the radiant energy 
emitted by a surface to that emined by a perfect 
radiator (a black body) at the same temperature. 
HUMIDITY, ABSOLUTE : The weight of water vapor 
contained in a unit volume of an air-vapor mixture. 
HUMIDITY RATIO: The ratio of the mass of water 
vapor to the mass of dry air in a given air-vapor 
mixture. 
HUMIDITY, RELATIVE (RH): The ratio of the partial 
pressure of the water vapor in a given air-vapor mixture 
to the saturation pressure of water at the existing 
temperature. 
ISOTHERM: A line on a graph or map joining points 
of equal temperature. 
OVERALL HEAT TRANSFER COEFFICIENT (U 
or 1/RT ): The rate of heat transfer under steady state 
conditions through a unit area of a building component 

THERMAL TRANSMISSION 
Problems in the performance of build ing construction 
materials and assemblies are frequently associated with 
undesirable flow of heat, moisture, or both. The heat 
transfer cha,acteristics of most building materials are 
published in standard references such as the ASH RAE 
Handbook of Fundamentals. While the published data 
are subject to manufacturing and testing tolerances 
and judgment must be used in applying them, they 
may generally be used with confidence for design 
purposes. 

Heat transmission coefficients are generally expressed 
as conductivities, k, for which the thickness unit 
is 1 in., or in conductances, C, for a specified thickness. 
The resistance :o heat flow through a material, R, is 
the reciprocal of the conductance. For a homogeneous 
material of thickness L in. , the thermal resistance 
R = L/k. 

For a surface or an airspace, where the heat flows by 
both radiation and convection, combined coefficients 
are used, symbolized by h with a subscript to designate 
which particular surface or airspace is being considered. 
Thermal resistances at surfaces and across airspaces 
ere again designated by R with an appro;xiate subscript, 
where R = 1.'h. s~ch R values are strongly influenced 
~Y the nature and orientation of the sunaces. 

To estimate the rate of heat flow through a building 
section, the total resistance (R,) of that section is 

· 'ound by reference to published standard value or by 
odding the resistances of the individua! components of 
:he section. The overall coefficient U is then found 
2s the reciproca! of the total resi>.ance: U = 1/ R, . 
The rate of heat flow 0 (Btu/hr) through a wall 

1lsection of expo~ area A sq It is the product of the 
I overall coefficient U, the area A and the temperature 
' ~ifference (t , -~): O= Ux Ax (t ;- t,l. This heat 
' low may be inward or outward, depending on t, and 
: •. The ge,_,e,al crocedure for finding the total thermal 

: ·esistance and the U value for a given building section 
;on which the sun is not shining is as follows: 

1. Select the design outdoor conditions of air tem· 
perature (dry bulb), wind speed, and wind direction 
from local Weather Service records or ASHRAE 
recommendations. From this information select 
an outer surface coefficient h 0 which will generally 
be 4 .0 Btu.'sq ft · hr · °F for summer and 6.0 
for winter. Determine the indoor surface coefficient 
h, which will be 1.46 Btu/sq ft · hr · °F ur.der 
most conditions unless forced airflow exists 'along 
the wall of the window. Convert these to resistances 
with R0 = 1 /h0 and A, = 1/h,. 

2. List all of the component elements of the section 
and determine the thermal resista"'ce of each 
element by dividing the actual (not the nominal) 

caused by a difference of one degree between the air 
temperatures on the two sides of the component. 
In U.S. practice, the units are Btu/sq ft · hr · °F. 
PERM: Unit of water vapor transmission through a 
material, expressed in grains of vapor per hour per 
inch of mercury pressure difference (7000 grains= 
1 lb). 

REFLECTANCE: The ratio of the radiant energy 
reflected by a surface to the energy incident upon the 
surface. 

SURFACE HEAT TRA!'I:SFER COEFFICIENT (h): 
The rate of heat transfer from a unit area of a surface 
to the adjacent air and environment caused by a 
temperature difference of one degree between the 
surface and the air. In U.S. practice, the units are 
Btu/sq ft · hr · c F. 

THERM: A unit of thermal energy equal to 100,000 
Btu. 

THERMAL CONDUCTANCE IC or 1i R): Time rate 
of heat flow through unit area of a material when a 
temperature difference· of one degree is maintained 
across a specified thickness of the material. In U.S. 
practice, the units are Btu.'hr · sq ft · °F. 

THERMAL CONDUCTIVITY (k): Time rate of heat 
flow through unit area ar.d unit thickness of a homo
geneous material when a temperature of gradient of 
one degree is maintained in the direction of heat 
flow. In U.S. practice, the units are : Btu/hr · sq ft · 
(F/in.) or, when thickness is measured in feet, Btu/hr · 
ft · •F. 

thickness by its therma! conductivity k, except for 
airspaces. For airspaces, the thickness is taken into 
account in the conductance h,. and the thermal 
resistance R,. is the reciprocal of the conductance. 

3. The total res istance of the building section is 
simply the sum of the individual res ist ances (make 
sure that every component is included properly). 
The U value of the section is then found from: 
U = 1/R ,. The U x A product i~ often needed to 
simplify the calculation of the total heat flow into 
or out of the building's envelope, as well as for the 
computations used to determine compliance with 
building energy performance standards. 

4. For such building components as windows, skylights, 
and doors, U values may be found in standard 
references, for examp!e, the ASHRAE Handbook 
of Fundamentals. Thermal resistances for a wide 
variety of common bui:ding materials are given in 
the table presented later in this section. 

GENERAL NOTES 

The foregoing do~ not include consideration of heat 
losses or gains due to vent i!ation air in large bui ld ings 
or to infiltrat ion of outcoor air through openings, 
cracks around windows and doors, construction 
imperfections, and so on. The energy required to heat 
this air in winter or to cool and dehumidify it in 
summer must be carefu!ly estimated by methods 
given in the ASHRAE Handbook of Fundamentals. 
During both summer and winter, effects of the sun 
on both walls and windows must be taken into account. 

The solution to the basic pcoblem of attaining accept· 
ab le heat flow rates invo lves the selection of materials 
that are appropriate for the intended service and the 
incorporation of enough insu lation within the building 
section to reduce the inward or outward heat flow to 
the desired rate. Since the indoor-outdoor temperature 
difference is one of the essential factors in the heat 
flow equation, the indoor temperature must be selected 
to comply with the pertinent code or other restriction. 
Temperatures from 65 to 72°F are generally used in 
winter while 75 to 78° F are typical summer values. 

Selection of the outdoor design values involves careful 
consideration of the number of hours per year during 
which exceptionally low or high temperatures are 
encountered. National Weather Service temperature 
data are available for most locations in the United 
States and similar data exist for principal cities through· 
out the world. For winter design purposes, dry bulb 
temperatures are usually listE:I, which are exceeded by 
99 and 97.5% of the total hours (2160) in December, 

John I. Yello:t. P.E.; College of Architec:ure, Arizona State University; Tempe, Arizona 

THERMAL RESISTANCE (R): Unit of resist 
heat flow, expressed as temperature difference ,a~ to 
to cause heat to flow . through a unit area of a b~::.,~ 
component or materoal at the rate of one h -~ 
per hour. In U.S. practice, the units are F /Btu/h~ ;::' 
TOTAL THERMAL RESISTANCE (R,): The l. 
resis.tance to heat f!ow through a compl.ne buil~ 
sect1on or construction assembly, generally exp "'!! 
as the temperature difference in • F needed tor~ 
heat to flow at the rate of 1 Btu per hour per tauseft 
of area. sq 

VAPOR RETARDANT LOW PERMEABI~ITY: A layer 
phed to surfaces enclosmg . a humid space to prev=: 
mo1sture m1grat1on to a po1nt where it may condense 
because of reduced temperature. 

VAPOR PERMEABILITY: The property of a materiill 
that permits migration of water vapor under the 
influe~ce of a difference in vapor pressure across the 
materoal. 

VAPOR PERI'.~EANCE : The ratio of the water vapor 
flow rat~ •. in grains per hour, thro ugh a material of 
any spec1f1ed thickness to the vapor pressure differencz 
between the two surfaces of the materia l, expressed 
in inches of mercury. The unit is the perm. 

VAPOR PR:OSSURE (P.) : The partial pressure of 
the water vapor in an air-vapor mixture. It is determined 
by the dewpoint temperature or by the drybulb t~ 
perature and the relative humidity of the mixture. n.e 
units are psi or inches of mercury. 

January, and February . The 97.5% valu e is generall) 
used for des•g ning. Since the 54 hr (a;>;>roximatelyl 
during whic~ the outdoor a;r temperature wi!l be fowotr 
than the stated va lue are experienced at interv.~k 

th roughout the winter mon!hs. These temperatu res 
are usually eocountered in the early morning hou~ 
before sunrise. so that win:er d esi gn heati ng loads 
tend to ignore solar effects. In summer, solar loads 
tend to dominate the air-cond itioning picture. 

Thermal conducta nces for walls, roofs. doors, and 
windows are combined in many of t he energy conser
vation bu il ding standards to give a weig~ted average 
U value, des i g~ated as u •. Allowab le va lues for u. 
c!epend on the building tYPe and size and the number 
of heating de-;; ree days experie nced at the bui lding's 
locat ion. 

Uo : u.~ X A~ + u. X A, + u. X~ 
A~ +A, + Ae 

where the SC~!:Jscripts w. f, and d desipate walls, 
fenestration, and door, respectively. 

In many locat ' o~s. allowable U: values may be specified 
in the appi:cab'e building code direc tly or by reference 
to an acce;ne : sta ndard . such as ASH RA E S:andard 90. 
Estimation of summer cooling loads is a lso accomplished 
by using the U x A products as dete rmined above, to 
wh,ch solar loads from fenestration must be added. 
Thermal res istances may be s lightly higher in summer 
than in winter for the same building sectio!'l . By far ~he 
largest fac tor in most building heat gain is :he load 1 m
posed by solar radiation entering th rough fenestrat ion. 
Cooling lo ad is also increased by int e rnal heat sources 
within the strJcture, including lighting . m:s:ellaneous 
electrical loads . and the people in the buiid.ng. Late~ 
r.eat loads fro m moisture removal must also be cons• . 
ered. Properl1· cualified consu:tants should be called 111 

to give adv ice in this field e,·en before t he orientation 
and fenestration of a proposed new building are fixed . 

· ed abOve The energy conservation standar ds menuon- r g 
a'so include provisions dealing with summer cooud•n e 

. . h · ·1 by the lat1t reqUirements, wh1c are set pnmany ed The 
of the city in w~ich the structure wdl be erect. · 
mass of the p'oposed building in terms of we•g~ ~ 
sq uare foot of wall area is also introd uced to co P':!Y 
sate in par1 fo r time lags caused by the therma l capal~~g. 
of build ing co:nponents. It should be noted tha~c~ings 
a year·round requirement in many large ulms of 
with high internal loads, is more costly 1n ter The 
energy consumption and cost than IS. heating., are 
interr.al heJt gains that are helpful 1" ·:'·1,t~o the 
harmful in summer . since they can add greet Y 
building's coo li ng load . 
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L. Delevante, AlA; Glen Rock, New Jersey 
P.E.; Consulting Engineer; State College, Pennsylvania 

OUTSIDE 
o•F" 

OUTSIDE 
O"F' 

.. - -·· - ·- .. --·- ............ ...., .. \) 
WALL"'A" WALL '' B " 

R ' F Dill . Temp R ' F D'ff Tromp 
F,'Btu' Due to R' ' F• F/Btu' Due to R• \' F• 

Indoor room air 72.0 72.0 
Still air film (indoor) 0 .68 3 .2 0 .€8 3.2 
Indoor face of wall board 68.8 68.8 
Gypsum or plaster board ( 1/2 in.) 0.45 2 .1 0 .45 2.1 
Back face of wall board 66.7 166.7 
Stud air space remaining nf91. I 
Inner face of insulation 66.7 166.7 
Thermal insulation, R 11-wo/refl. 11 .00 51.37 I 

·w/refl. 11.00 51.37 I 
Oute' face of insulat ion 15.3 115.3 
Inner face of sheathing 15.3 115.3 
Sheathing, 25/32 in., 20 lb. 2.06 9.6 2.06 9 .6 I 
Outer face of sheathing 5.7 I 5.7 
Inner face of sid ing 5.7 I 5.7 
Sidir<]. wood, 3 /4 x 10, lapped 1.05 4.9 1.05 4.95 I 
Outer face of siding 0.8 I 0.8 
Outdoor air film (15 mph wind) 0 .17 0 .80 0.17 0.80 I 
Outdoor air 0 I 0 
TOTALS 15.41 72.0 15.41 I 72 .0 I 

Temp. Diff., Room to Outdoors 72-0 
Heat Loss/sf = Total Resistance, R = 15.41 = 4.7 Btu /hr. applies to insu lated areas 

only ; stLods and other materials are heat paths which increase heat loss. 

Wall "A" -Full thick fibrous insulation R11 , 
non-reflective faces, air spaces insufficient to 
provide any significant resistance. 

Wall "B"-Reflective faced fibrous insulation, 
R 11 with the facing; air space 3 /4 in. or 
more in width required with the facing to 
provide R 11 ; that space must not be count· 
ed a second time. 

Insulat ion thicknesses are not specified but 
only the R value of the material as mcnu
factured ; proper installation is implied. 

• Decimals are used to check calculations only 
- fract ional Btu 's are usually of no conse
quence. 

WALL " A " WALL "B" 

R I 'F Dill . I Temp R I ' F Diff. 1 Terr.o 
F: Btu• Due to R' 1 ' F• F/Btu' Due toR' 'F' 

Indoor room air 72.0 I I n.o 
Stil l air film (indoor) 0 .68 10.55 0 .68 I 4 .16 I 
Indoor face of wall board 61.45 I 1 67.~ 

Gypsum or plaster board ( 1/2 in.) 0.45 6 .98 0 .45 I 2.76 I 

Back Ieee of wall board 54.47 I 16S.C6 
Furring air space (3/4 in.) 0 .90 13.95 0 .90 I 5.52 I 
Inner face of concrete block 140.52 I 159.50 

Concrete block, 8 in., 3 oval core T 6.80 I sand & gravel 1.11 17. 10 1.11 
Outer face of concrete block 123.42 I 1 52.76 

"A" cavity, 2 in. air space 0 .90 113.95 - I - I 
"8 " cavity, filled w!insulat ion R8 - I - 8 .0 149.04 I 
Inner face of face brick I 9.47 I I 3.72 

Face brick, nom. 4 in. 0 .44 I 6 .83 0.44 I 2.70 I 
Outer faa. of face brick I 2.64 I I 1.02 

Outdoor air film (15 mph wind) 0 .17 I 2 .63 0 .17 I 1.04 I 
Outdoor air I 0 I I 0 

TOTALS 4 .65 172.01 I 11.75 172.02 I 

Heat loss. 'sf = Temp. Diff. , Room to Outdoors 
Total Resistance, R 

72-0 

4 .65 
15.5 Btu/hr. 

72
-0 = 6.13 Btu.'hr. 

11 .75 

Wall ··A"-2 in. open cavity 

Wall •'B"-2 in. cavity filled with insulation 
RB. (V..-ify if water-repellent type is re
quired) R value is for material as manufac· 
tured ; proper installation is implied. 

•Decimals are used to check calculations 
only-fractional Btu 's are uStJally of no 
consequence. 

NOTE : In tabulation the considerable differencl! 
between the temperatures of inside StJrfaces of the 
two walls. Occupants of conventional rooms with 
Wall "A" will be less comfortable than with Wall 
"8" because of colder inside StJrface temperature; 
61'F vs. 68' F. 

~C§ · 
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Thermal Resistance of Building and Insulation Materials 

THERMAL VALUES OF MATERIALS 
i 

- RESISTANCE IRl" -
Per For 

DENSITY inch thickness 
(lb per thickness listed MATERIAL & DESCRIPTlON cu ft) 11/k) 11/Cl 

BUILDING BOARDS, PANELS, FLOORING, ETC. 
Gypsum or plaster board %in. 50 - 0.32 Gypsum or plaster board y, in. 50 - 0.45 Plywood 34 0.04 -Sheathing. fiberboard '/• in. 18 - 1.32 2%2 in. 18 - 2.06 

22 2.44 -
25 2.28 -Wood fiberboard, lam. or homogeneous 30 2.00 -
50 1.37 -Particleboard 'lain. 40 - 0.82 Wood sublloor :y, in. - - 0.44 

BUILDING PAPER 
Vapor-permeable felt - - 0.06 Vapor-seal, 2 layers of mopped 15 lb felt - - 0.12 Vapor-seal, plastic film - - Negl. 

FINISH FLOORING MATERIALS 
Carpet and fibrous pad - - 2.08 Carpet and rubber pad - - 1.23 Hardwood 'o/32 in. - - 0.71 Terrazzo 1 in. - - 0.08 
Tile-asphalt, linoleum. vinyl, rubber - - 0.05 

INSULATING MATERIALS 
Blanket and Barr• 
Mineral wool, fibrous form 

processed from rock., slag, or glass 

4.16 1-3 in. -
3-4 in. 0.3-2.0 - 11.0 

5'/•-6'/, in. - 19.0 
9-10 in. - 30.0 

Wood fiber 
Boards and slabs 
Cellular glass 8.5 2.86 -Glass fiber 4-9 4.00 -Expanded rubber (rigid) 4 .5 4.55 -Expanded polyurethane IR-11 blown) 

1.5 6.25 (Thickness 1 in. & greater) -Expanded polystyrene. extruded 
1.8 4.00 Cut cell surface -

Smooth skin surface 1.8-3.5 5.00 -
Expanded polystyrene. molded beads 1.0 3.85 -

THERMAL VALUES OF MATERIALS 

RESISTANCE IRl" 
Per For 

DENSITY inch thickne. (lb per thickness listed MATERIAL & DESCRIPTION cu ftl 111k) lliC) 
MASONRY UNITS 

Brick, common• 120 0.20 -Brick, face• 130 0.11 -Clay tile, hollow: - - 0.80 1 cell deep 3 in. - - 1.11 1 cell deep 4 in. - - 1.52 2 cells deep 6 in. - - 1.85 2 cells deep 8 in. 
Concrete blocks, three oval core: 

Sand & gravel aggregate 4 in. - - 0.71 
8 in. - - 1.11 

12 in. - - 1.28 Cinder aggregate 3 in. - - 0.86 
4 in. - - 1.11 
8 in. - - 1.72 

12 in. - - 1.89 lightweight aggregate 3 in. - - 1.27 (expanded shale, clay, slate 4 in. - - 1.50 or slag; pumice} 8 in. - - 2.00 
12 in. - - 2.27 Concrete blocks, rectangular core: 

Sand & gravel aggregate 
2 core, 8 in. 36 lb. - - 1.04 Lightweight aggregate (expanded 

shale, clay. slate or slag; pumice!. 

1.65 3 core, 6 in. 19 lb. - -
2 core, 8 in. 24 lb. - - 2.18 
3 core, 12 in. 38 lb. - - 2.48 

Granite, marble 150-175 0.05 -Stone. lime or sand - 0.08 -
METALS 

Aluminum 171 0 .0007 -
Brass, red 524-542 0.0010 -Brass. yellow 524 - 542 0.0012 -
Copper, cast rolled 550-555 0.0004 -
Iron, gray cast 438- 445 0 .0030 -
Iron. pure 474-493 0.0023 -
Lead 704 0.0041 -
Steel, cold drawn 490 0 .0032 -
Steel, 

0.0055 stainless, type 304 -
~inc. cast 0.0013 --

Mineral fiber with resin binder 15 3.45 -
Mineral fiberboard, wet felted 

PLASTERING MATERIALS 
Cement plaster, 

2.94 Core or roof insulation 16-17 -
Acoustical tile 18 2.86 -
Acoustical tile 21 2.70 -

Mineral fiberboard. wet molded 

116 0.20 -sand aggregate 
Sand aggregate '/, in. - - 0.10 
Sand aggregate 3

/• in. - - 0.15 
Gypsum plaster: 

2.38 Acoustical tilec 23 -
Wood or cane fiberboard 

•;, in. 45 - 0.32 Lightweight aggregate 
Lightweight aggregate 'I• in. 45 - 0.39 

1.19 Acoustical tilec y, in. - -
Acoustical tilec 3/• in. - - 1.78 
Interior finish (plank, tile) 15 2.86 -

Cement fiber slabs (shredded with portland 
25.0-27 .0 2.00 -cement boards) 

Loose Fill 
Mineral fiber 

Lightweight aggregate. 
'I• in. - 0.47 on metal lath -

Perlite aggregate 45 0 .67 -
Sand aggregate 105 0.18 -
Sand aggregate 'I; in. 105 - 0.09 
Sand aggregate % in. 105 - 0.11 
Sand aggregate, 

(glass. slag. or rock) 
5 in. 0 .6-2.0 - 11.00 

'I• in. - 0.13 on metal lath -
Vermiculite aggregate 45 0.59 -

6 '/,- 83/. in. 0 .6-2.0 - 19.00 ROOFING 
1 0'/•- 1 33/• in. 0.6-2.0 - 30.00 

Vermiculite (exfoliated) 4 .0-6.0 2.27 - 83 0.50 1-ply membrane 0.048 in. -
Asphalt roll roofing 70 - 0.15 

7.0-8.2 2.13 - Asphalt shingles 70 - 0 44 
Perlite (expanded) 2.0-4.1 3.50 - Built·up roofing % in. 70 - 0.33 

4.1-7.4 3.00 - Slate '/,in. - - 0.05 
7.4-11.0 2.60 -

Wood fiber. softwoods 2.0-3.5 3.33 - SIDING MATERIALS 
(On Flat Surface) 

MASONRY MATERIALS-CONCRETES 
116 0.20 -Cement mortar 

Shingles: 
- 0.87 Wood, 16 in., 7'/, in. exposure -

Gypsum·fiber concrete, . 
51 0.60 -87'/,% gypsum, 12 '.-:% wood ch1ps 

Lightweight aggregates including 120 0.19 -
Wood, double, 16 in., 

- 1.19 12 in. exposure - 1.40 Wood, plus insul. backer board, •; ,. in. - -
expanded shale, clay or slate; 100 0.28 - Siding: 

80 0.40 -expanded slags; cinders; pumice; 
60 0.59 -perlite; vermiculite; also 

Aluminum (hollow backed 
- 0.61 over sheathing) -

40 0.86 -cellular concretes 
30 1.11 -
20 1.43 

Sand & gravel or stone aggregate 140 0 .11 -
Ioven dried) 

140 0.08 -Sand & gravel or stone aggregate 
(not dried) 

116 0 .20 -s ceo tu 

Vinyl (hollow backed 
0 .04 in. - 1.00 over sheathing) - 0.94 Cedar shakes '/2 in. - -

1.€9 lj. in. - -
0.79 Wood, drop, 1 x 8 in. - -
0.81 Wood. bevel, '/• x 8 in .• lapped - -
1.05 Wood, bevel, '/• x 10 in .• lapped - -
0.10 - -Architectural glass 

D. Richard Stroup. AlA; Craig. Gaulden & Davis, Architects; Greenville, South Carolina 



l RMAL VALUES OF MATERIALS 

I 

eRIAL & DESCRIPTION 

r OS 
Maple, oak, and similar hardwoods 
Fir., pine, and similar softwoods 
· "pine, and similar softwoods 

r, 1-3/• in . thick solid wood core 
1'/a in. hollow core 

2
'/" in. 
1'/2 in. 
2 '/, in. 
3 '12 in . 

Direction 
.. Non-Reflective 

of Materials 

Heat Flow 

Upward 0.61 
Upward 0 .62 
Horizontal 0.68 
Down 0 .76 
Down 0 .92 

Any 0 .17 I winter) 
Any 0 .25 !summer) 

Heat 
Flow 
Dir. Season 

'/• Up w 0 .87 
'/• s 0 .76 

4 w 0 .94 
4 s 0 .80 
'/• Up w 0 .94 
'/• s 0 .81 

4 w 0 .96 
4 s 0 .82 

>f, Down w 1.01 
>f, s 0.84 

4 w 1.01 
4 s 0 .91 
'/. Down w 1.02 
'/. s 0 .84 

4 . w 1.08 
4 s 0 .90 

>f, Down w 1.02 
1% w 1.14 
4 w 1.23 

'/• s 0 .84 
1 '/2 s 0 .93 
4 s 0 .99 

1
"' •-••••-• •'-""''""''-''-"""" ,.,.., W~11~111:::1 ...,., '"""' III...,UI'""'fl'-'11 IYI'""'IC"IIUI..;) 

DENSITY 
(lb per 
cu It) 

45 
32 

32 
32 
32 
32 

Reflective 

RESISTANCE (R)' 

Per 
inch 
thickness 
11 /k) 

0 .91 
1.25 

For 
thickness 
listed 
11 /Cl 

0.98 
1.89 
3 .12 
4.35 
3.13 
2.22 

1.69 
5.56 
2.13 

Highly 
Aluminum Coated Reflective 
Paper Foil 

1.10 1.32 
1.14 1.37 
1.35 1.70 
1.67 2.22 
2.70 4 .55 

1.71 2 .23 
1.63 2.26 
1.99 2.73 
1.87 2.75 
2.02 2.78 
1.90 2.81 
2.13 3 .00 
1.98 3.00 
2.36 3.48 
2.10 3 .28 
2.34 3.45 
2 .16 3.44 
2.40 3.57 
2.09 3.24 
2 .75 4 .41 
2 .50 4.36 
2.39 3.55 
3.21 5.74 
4 .02 8.94 
2 .08 3.25 
2.76 5.24 
3.38 8.08 

X I" (4 in. in this A example) 

k 0.25 
Conductance C "" ; = 4 ... 0.063 Btuh 

Resistance R = ~ = ~ = 16 0 k 0.25 . 

GLASS 5=" J6ER INSU LAT ION ==~~=> 

V.
=._ . • :· 

Conductivity lk = 12 B::Jo 

Resistance R =.!. = ..!_ = O.Q!J 
k 12 

~ 14 in. in this 
I I example) 

k 12 
Conduc tance C =; = "4 = 3 6tuh 

Resistance R ... ~ = ~ "" 0 33 k 12 . 

SA ND Ar-.."D GRAVEL C ONCF.E i" E 

NOTES: Standard unit of area 1 sq ft . 
Standard unit temperature differential 1 °F. 

HEAT FLOW RAT!':: 

FOOTNOTES 
a. Resistances are representative values for dry mate· 

rials and are intended as des';;n (not specification) 
values for materials in normal use . Unless shown oth· 
erwise in descriptions of materials . all values are for 
75 °C mean temperature . 

b. Includes paper backing and facing if any. In cases 
where insulation forms a boundary !highly reflective 
or otherwise) of an airspace, refer to appropriate table 
for the insulating value of the airspace. Some manu· 
facturers of batt and blanket insulation mark their 
products with R value, but they can ensure only the 
quality of the material as shipped. 

c. Average values only are given, since variations de· 
pend on density of the board ar.d on the type, size , 
and depth of perforations. 

d. Thicknesses supplied by different manufacturers may 
vary depending on the particular material. 

e. Values will vary if density varies from that listed. 
f . Data on rectangular core concre:e blocks differ from 

the data for oval core blocks because of core config· 
uration, different mean temperarJre, and different unit 
weight. Weight data on oval core blocks not avail· 
able. 

g. Wei~rht of units approx. 7% high by 15'\ s long are 
given to describe blocks tested. Values are for 1 sq 
ft area. 

h . Thermal resistance of metals is so low that in building 
constructions it is usually ignoned. Values shown em· 
phasize relatively easy flow of heat along or through 
metals so that they are usually heat leaks. inward or 
outward. 

i. Spaces of uniform thickness bounded by moderately 
smooth surfaces . 

j . Values shown not applicable to interior installations 
of materials listed. 

k. Winter is heat flow up; summer is heat flow down. 
I. Based on area of opening, not on total surface area. 

Based on data from ASHRAE Handbook of Fundamen· 
tals, 1977, Chapter 22. · 

Rtchard Stroup, AlA; Craig , Gaulden & Davis, Architects; Greenville, South Carolina 
I 
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Ene~gy Analyses 

ENERGY ANALYSIS 
An energy arialysis can be ~ccomplished by a variety of 
techniques: manual, graphic, calculator, microcomputer, . 
and mainframe computer. The purpose of energy analysis 
is to evaluate mathematically the energy required to main
tain the interior environment of proposed or existing build
ings and their support systems. When estimating energy 
needs of a proposed or existing building, it is necessary 
to account lor the energy use in each of the following 
categories: 

1. Offsetting heat losses through the building envelope 
(heating). 

2. Offsetting heat gains through the building envelope 
(cooling). 

3. Heating or cooling ventilation air. 
4. Offsetting or using heat gain from occupants, lights, 

and process loads. 
5. Offsetting or using solar gain. 
6. Energy required lor lights and miscenaneous use. 
7. Motor loads lor air movement and energy transfer. 
8. Heating domestic hot water. 
9. Energy used to reheat and recool. 

10. Energy lor humidification and dehumidification. 
11. Energy lor vertical, horizontal movement of people. 
12. Miscellaneous-convenience outlets. etc. 
13. Food service. 

With the wide range of energy analysis tools available, it 
is important to select the appropriate tool lor each design 
stage. Less sophistication is needed in the early design 
stages than in the final stages. To obtain maximum benefit 
from energy analysis, the process should stan in the early 
schematic design stages. Following is a possible energy 
analysis sequence. 

SCHEMATIC DESIGN PHASE 

Calculated manually, graphically, or with simple computer 
.programs, analysis in the schematic design phase should 
take into consideration building orientation and solar and 
daylighting impact on the energy required for heating, 
cooling, and lighting. The ideal analysis tool is a micro
computer program that permits the designer to incorpo

' rate more and more data about the building as the design 
'progresses, without reentering previous data. Results of 
·the schematic analysis should guide the designer in decid· 
ing on orientation, massing, and building configuration. 
The decision made in these early studies will have a major 
impact on optimum energy use in the final design. 

DESIGN DEVELOPMENT PHASE 

As design decisions becom . final and construction mate
rials are selected, the energy analysis should be upgraded. 
The analysis procedure should allow adjustments lor day· 

11ighting and building mass. Operating, occupancy, light· 
: ing, and motor profiles should be accommodated. Also to 

1 be considered are mechanical equipment responses and 
ventilation loads. As a minimum, the analysis procedure 
should include a variable base degree hour or bin factor 

, for weather data. 

!CONSTRUCTION DOCUMENT PHASE 

' As the construction documents near completion, a more 
sophisticated analysis can be made. An hour-by-hour anal

'ysis can be made by a mainframe computer. The mechan· 
:·,cal equipment can be modeled as it would respond to the 

f
hourly heating and cooling loads. Thus. energy wasted by 
mechanical systems is accounted lor. Profiles of building 
operation, occupancy, lighting. etc. are adjusted to the 
final design, and the energy needs projection is close to 

,,that of the final building. 
I 

,~nergy analysis for existing buildings being modified or 
recycled can be done by any of the above procedures that 
track building operation. occupancy, lighting. ventilation, 

1;~nd motor profiles. This can be done by mainframe com-

t

.puters on an hour-by-hour analysis or by microcompute~s 
using programs with a variable base degree hour or b>n 
method of process;ng weather data. Existing buildings are 
easier to analyze than new buildings because operational 
profiles are known. 

~~or an energy analysis to provide maximum benefit to the 
Jdesigner, the building's annual energy use should be bro
ken down as in the example at right. As modifications are 
made, projected increase or decrease percentages should 
fbe shown. 

1'1uber H. Buehrer. AlA. PE: Buehrer Group; Maumee. Ohio 
1 

EXAMPLE OF TOTAL ANNUAL ENERGY USE ENERGY USE PE.RCENT REDUCTION IN PERCENT "Of BY FUEL TYPE PER YEAR OF TOTAL ENERGY USE REDUCTJ~ 
ELECTRICITY (In kilowatt hours) 

Cooling 42.424 KWH (16.3%) -16,753 KWH (28.3%) Ughting 150,573 KWH (58.0%1 
Motor operation 58.829 KWH (22.7%1 -21 ,598 KWH (26.9%) Miscellaneous power 7,781 KWH (3 .0%1 

TOTAL ELECTRICAL USE 259,607 KWH -38,351 KWH (12.9%) 

NATURAL GAS (In thousands of square feet) 
Heating 1,397 MCF (84.8%1 -1 ,863 MCF (57.1%) 
Domestic water heating 58 MCF (3.5%) 
Food seNice 193 MCF (11.7%1 

TOTAL NATURAL GAS USE 1.648 MCF -1.863 MCF (53.1%) 
BREAKDOWN OF TOTAL ANNUAL ENERGY 
USE 

HEATING !In mrllions of BTU I 
Roof loss 877.8 MMBTU (34.0%1 -719.0 MMBTU (45.0%1 
Wall loss 127.1 MMBTU (4 .9%1 -104.1 MMBTU (45.0%) 
Window loss 26.2 MMBTU (1.0%1 -21.5 MMBTU (45.0%1 
Door loss 115.2 MMBTU (4.5%) -94.3 MMBTU (45.0%1 
Slab Edge loss 77.3 MMBTU (3.0%1 -63.3 MMSTU (45.0%1 
Infiltration loss-doors 166.2 MMBTU (6.4%) -136.2 MMBTU (45.0%) 
Ventilation loss 0.1 MMBTU (0.0%1 -812.9 MMBTU (100.0%) 
Morning warm-up 49.1 MMBTU (1 .9%) + 32.7 MMBTU (200.0%1 

TOTAL 1.439.1 MMBTU (55.7%1 -1,918.4 MMBTU (57.1%1 

COOUNG !In millions of BTUI 
Conduction solid surfaces 13.9 MMBTU (0.5%) -1.4 MMBTU (9 .0%) 
Conduction glazed surfaces 2.9 MMBTU (0.1%1 -0.3 MMBTU (9 .0%1 
Solar gain 27.8 MMBTU (1.1%1 +0.3 MMBTU (1.1%1 
Ventilation gain 0.1 MMBTU (0.0%1 -55.8 MMBTU (99.9%1 
Ughting gain 39.0 MMBTU (1.5%) +1.3 MMBTU (3.4%) 
Equipment gain 4.1 MMBTU (0.2%1 
Occupant gain 35.7 MMBTU (1.4%1 +1.6 MMBTU (4 .7%1 
Air handler gain 21.4 MMBTU !O.B%1 -2.8 M~IBTU (11 .5%) 

TOTAL 144.8 MMBTU (5 .6%) -57.2 M~\BTU (28.3%1 

UGHTING (In rrw1flons of BTU) 513.9 MMBTU (19.9%1 

MOTOR OPERATION (In millions of BTUI 200.8 MMBTU (7 .8%1 -73.7 MMBTU (26.9%1 

DOMESTIC WATtR HEATING (In millions of 
BTU I 60.0 MMBTU (2.3%1 

MISCELLANEOUS USE (In millions of BTUI 
Convenier>::e electric power 26 .6 MMBTU (1.0%1 
Food Service 196.3 MMBTU (7 .7%1 

TOTAL 224.8 MMBTU (8 .7%1 

TOTAL ANNUAL ENERGY USE (In millions of 
BTU I 

70,147 BTU .per sq. ft. 2.583.4 MMBTU TOTAL -2 .049.3 MMBTU (44 .2%1 

ANALYSIS PROCEDURE 
CAPABILITY AT VARIOUS DESIGN 
STAGES 

COMPONENTS OF ENERGY USE IN 
BUILDING 

CONCEPT 

Orientation 
Solar 
Daylighting 
Configuration 
Mass 
Oper. profiles 
Occup. profiles 
Ught. profiles 
Motor profiles 
Mech. response 
Hourly analysis 

M =Manual 
G =Graph 

DESIGN STAGE 

ANALY· 
SIS SCHE· 

MODE MATIC 

M,G,MC X 
M,G,MC X 
M,G,MC X 
G X 
MC 
M.MC 
M.MC 
M,MC 
M.MC 
MC,MF 
MF 

MC = Microcomputer 
Mr = Mainframe 

CON· 
DE· STRUC· 

SIGN TION 

X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 

X 

ENERGY LOADS 

HEAT· COOL· 
lNG lNG OTHER 

COMPONENT ENERGY ENERGY ENERGY 

Building 
envelope 

Solar gain 
Ventilation 
Occupants 
Ughts 
Motors 
Domestic hot 

water 
Reheat 
Recool 
Humidification 
Dehumidification 
Vertical and 

horizontal 
movement of 
people 

+ Add to load 
- Reduces load 
0 Has no impact 

+ + 
- + 
+ ... 
- + 
- + 
- ... + 

0 0 + 
+ 0 
0 + 
+ 0 

+ 

0 0 + 

IM· 
PACT 

TOTAL 

+ 
+or-

+ 
+ or-

+ 

+ 
+ 
+ 
+ 
+ 

:!:..-



1 DOW DETAILING 
y characteristics of t-uilding glazing primarily are 

r ,, iss'on of solar hea: and light and thermal resis
ance . Solzr t:eat gain through glass is calculated by add
nG <alar heat gains to conductive heat gains or losses, 

ultiplied by the glazing area, expressed as: 

= Solar Heat Gain Factors 

= Inverse of the thermal resistance !R-Value) 

The shading coefficiec.t and U-values of fenestration types 
vary significantly . Solar heat gair. i; dependent on geo
graphic orientation, latitude, date, and time of day. Values 
for solar heat gain factors are in the ASHRAE Handbook 
of Fundamentals. Climate and building type are important, 
especially the shading coefficient and the U-value, in se
lecting the glazing. In cold climates where there is little 
internal heat gain, high shading coefficients and low win
ter U-values provide solar heating variables . In hot cli
mates, buildings that have high internal loads, low shading 
coefficients, and low summer U-values help provide cool
ing solutions. Selecting the proper glazing can be ex
tremely complex when evaluating all vzriables that affect 
annual energy performance (use and peak loads). 

LAZING PERFORMANCE CHARACTERISTICS 

GLASS DAYLIGHT 
THICKNESS UNIT TRANSMITTANCE WINTER NIGHTTIME 

(INCHES) THICKNESS (%) U -VALUE/ R -VALUE 

LEAR 
lear Single Glass v. 

Single Glass v. 89 1.3/0.88 
Single Glass 'I> 86 1.09/0 .92 
Double Glass v. 82 .49/ 

lear Double Glass v. 80 .49/2.04 
lear Double Glass with Low-e Film v. 72 .31/3.23 
I Triple Glass 'I• 1 74 .36/ 

Triple Glass 'I· 1-'1· 72 .39 
Insulating Glass with Suspended 'I· opt . 69 .23/4.3 

"w-e Film 
lear Insulating Glass with Suspended v. 

-e Film 
opt. 54 .22/4.5 

, Insulating Glass with Suspended v. opt . 37 .21/4 .8 
v-e Film 

N 
ght Brown Single Glass 'I· 52 1.13/0 .88 

Brown Single Glass 'I· 5-21 .89-1 .13/.88-1 .12 
e Glass Light Brown/Clear 'I• 42-47 .31-.48/2.04-3 .23 
e Glass Dark Brown/Clear 'I• 5-19 .41 -.49/2.04-2.44 

!e Glass Light Brown.'Ciear with 'I· 42 .31/3.23 
ow-e Film 
ulating Glass Light Brown/Clear 'I• 54 .23/4 .3 

ting Glass Dark BrowniCiear 'I· 31 .22/4.5 
ting Glass Light Brown.'Ciear with 'I• 22 .21/4.8 
pended Low-e Film !I 

EEN 
ht Green Single Glass 'I· 75 1.13/0 .88 

0 .96-0.99/1.01 -1.04 'I• 18-27 t'een Single Glass 
'I• 7-16 0 .88-0.95 /1.05-1.14 '3reen Single Glass 

e Glass Light Green 'Clear 'I· 67 0.49-0 .50/2.0-2.04 
e Glass Blue Green. Clear 'I• 17-24 0.44-0.45/2.22-2.27 

ble Glass Dark Green Clear 'I• 6-10 0 .40-0.42 /2.38-2 .50 
•ble Glass Light Green. Clear with v. 61 0 .31 /3.23 

-e Film 
ting Glass Light Green with v. 58 0 .23/4.3 
pended Low-e Film 

iYat ing Glass Dark Green with 'I• 45 0 .22/4 .5 
uspended Low-e Film 

ingle Glass 'I• 
0.97-0.99 /1.01-1.03 lue Single Glass 'I• 21-30 

v. 51 0 .50/2.0 ble Glass Blue/Clear 
ble Glass Dark Blue/Clear v. 19-27 0.44-0.45/2 .22-2.27 

'7' Glass Blue Clear with Low-e Film v. 
.23/4.3 ting Glass Blue with Suspended v. 44 

-e Film 
u•~ting Glass Blue w ith Suspended 'I• 34 .22/4.5 
ow-e Film 

.21/4.8 ulating Glass Blue with Suspended v. 24 

']te Film 

1 .13/0.BB 'I• 41 
0 .88-0.96/1.04-1 . , 4 

.3ray Smgle Glass 
v. 4-10 rk Gray Single Glass 

0.~9-0 . 50/2 .0-2 .04 L!tlle Glass Light Gray/Clear v. 37 
0.4,-0.44/2.27-2.44 v. 4-9 ' (e Glass Dark Gray/Clear 

0 .31/3.23 .e Glass Light Gray/Clear with v. 33 
1-e Film 

32 0.23/4.3 sulating Glass light Gray with v. , Suspended Low-e Film 
25 0 .22/4.5 S·" ' ' ting Glass Dark Gray with v. 

pended Low-e Film 
ing Glass with Suspended Low-e v. 17 0.21/4.8 

,_, 3/0.88 v. 14 
v. 13 0 .49/2 .04 

v. 6-B .2, -.22/4.5-4.B 

· · ·· v 

In addition to thermal considerations, glazing can reduc~ 
internal loads by using daylight to reduce electric light 
loads, providing sigr.if1cant savings in buildings with high 
lighting loads. At the same time, glazing can reduce cool
ing loads caused by internal heat gain of electric lights. 

Choosing glazing for specific cl imates, building types, oc
cupancy uses, orientations, and applications can provide 
many options for designers. The following table summa
rizes glazing performance characteristics of daylight trans
mittance, U-valu~ (summer and winter), shading coeffi 
cients, and relat.'ve heat gains. Refer to manufacturers' 
literature for further information. 

RELATIVE 
SUMMER DAYTIME SHADING HEAT 
U -VALUE/ R ·VALUE COEFFICIENT GAIN 

1.04/0 .96 .95 204 
1.03/0 .97 .86 186 

.52/ .89 186 

.56.' 1 .79 .82 171 
.32-. 33/3.03-3.13 .66-.73 138-150 

.42/ .81 167 

.45/ .72 151 

.37 /2.7 .66 137 

.36/2 .8 .48 101 

.35/2.8 .34 73 

1.10/0 .91 .71 157 
.89-1.1 3/.88-1-12 .27-. 51 66-119 

.33-.57/1. 75-3.23 .49- .57 102-122 

.47- .58/1.72-2.13 -16-.38 38-85 
.33/3.23 .49 102 

.31 /3.2 .57 118 

.36 /2 .. 8 .33 71 

.3512.8 .25 55 

1.10/0 .91 .69 154 
0 .99-1 .02 /0 .98-1 .01 .35-.41 84-96 
0.89-0 .98/1.02-1.12 .26-.35 64-83 
0 .57-0.59 /1.70-1 .75 .55-.57 118-122 
0 .52-0 .54/1.85-1 .92 .22-.28 53-64 
0.47-0.50/2.00-2.13 .15-.19 38-45 

0 .33/3.03 .34 92 

0.37/2.7 .47 99 

0.36/2.B .39 83 

0 .97-0.99/1.01 -1.03 .36-.46 87-105 
0 .59 /1.7 .58 124 

0 .51-0.53/1.89-1.96 .26-.34 59-76 

.37/2 .7 .46 97 

.36/2 .8 .35 75 

.35/2.8 .27 59 

1.10/0.91 .69 154 
66-84 0 .09-.99/1.01-1 .71 .27-.35 

.55-.56 , 18-120 0 .57-0.59/1.70-1.75 
0.48-0.52/1 .92-2.13 :16-.23 38-52 

.44 92 0 .33/3.03 

0.37/2.7 .42 89 

0 .36/2.B .30 6~ 

0.35/2 .8 .23 51 

, _, 1/0.90 .65 146 

0.58/1 .72 .51 110 

-16-.2? 37-49 .35-.36/2.8 

THERMAL TRANSMISSION ~® 



Solar Gain through Fenestration Syst9:ms 

SOLAR GAINS THROUGH SUNLIT 
FENESTRAtiON 
Heat gains through sunlit fimestration constitute major 
sources of cooling load in summer. In winter, discom
fort is often caused by excessive amounts of solar 
radiation entering through south facing windows. By 
contrast, passive solar design depends largely on admis
sion and storage of the radiant energy falling on south 
facing and horizontal surfaces. Admission takes place 
both by transmission through glazing and by inward 
flow of absorbed energy. With or without the sun, heat 
flows through glazing, either inwardly or outwardly, 
whenever there is a temperature difference between 
the indoor and outdoor air. These heat flows may be 
calculated in the following manner. 

The solar heat gain is estimated by a two~ep process. 
The first step is to find, either from tabulated data or 
by calculation, the rate at which solar heat would be 
admitted under the designated conditions through a 
single square foot of double strength (1/a in.) clear 
sheet glass. This quantity, called the solar heat gain 
factor (SHGF), is set by (a) the local latitude; (b) the 
date, hence the declination; (c) the time of day (solar 
time should be used); (d) the orientation of the window. 

Tabulated values of SHGF are given in the 1981 
ASH RAE Handbook of Fundamentals, Chapter 27, for 
latitudes from 0° (the equator) to 64° N by 8° incre
ments and for orientations around the compass from N 
to NNW, by 22.5° increments. Selected values from the 
40° table are given in an adjacent column. 

Each individual fenestration system, consisting of glaz· 
ing and shading devices, has a unique a!:Jility to admit 
solar heat. This property is evaluated in terms of its 
shading coefficient (SC), which is the ratio of the 
amount of solar heat admitted by the system under 
consideration to the solar heat gain factor for the 
same conditions. In equation form, this becomes: 

solar heat gain (Btu/sq ft · hr): SC x SHGF 

Values of the shading coefficient are given in Ch~pter 
27 of the 1981 ASH RAE Handbook of Fundamentals 
for the most widely used glazing materials alone and in 
combination with internal and external shading devices. 
Selected values for single and double glazing are given 
below: 

SHADING COEFFICIENT FOR 
SELECTED GLAZING SYSTEMS 

SOLAR SHADING 
TRANs- COEFFICIENT, 

TYPE OF GLASS MISSION sc 
Clear 

1/a in. 0.86 1.00 
'/• in. 0.78 0.94 ° 

Heat absorbing 
1/a in. 0.64 0.83 
'/• in. 0.46 0.69 

Insulating glass, 
clear both lights 

1/a + 1/a in. 0.71 0.88 
1/• + 1/4 in. 0.61 0.81 

Heat absorbing out 
Clear in, 1/c in. 0.36 0.55 

For combinations of glazing and shading devices, see 
the ASH RAE chapter cited above. 

The heat flow due to temperature·difference is found 
by multiplying the U-value for the specified fenestration 
system by the area involved and by the applicable 
temperature difference: 

Q; A X [SC X SHGF + u X (t., - t;)] 

The same equation is used for both summer and 
winter, with appropriate U·values, but in winter the 
conduction heat flow is usually outward because the 
outdoor air is colder than the indoor air. 

SOLAR INTENSITY AND SOLAR HEAT GAIN FACTORS FOR 40°N LATITUDE 

I 
SOLAR 

I 
DIRECT SOLAR HEAT GAIN FACTORS (BTUH!SO FT) I SOLAR 

TIME NORMAL TIME 
DATE (A.M.) (BTUH'SQ FT) N E s I w HOR I (P.M.) 

Jan 21 

I 
8 

I 
142 

I 
5 , 111 75 

I 
5 

I 
14 i 4 

10 274 16 124 213 16 96 i 2 
12 294 20 21 254 21 133• I 12 

Feb 21 8 

I 
219 

I 
10 183 94 

I 
10 43 i 4 

10 294 21 143 203 21 143 ! 2 
12 307 24 25 241 25 180 i 12 

Mar 21 8 

I 
250 

I 
16 218 74 

I 
16 

I 
85 I 4 

10 297 25 153 171 25 186 1 2 I 

12 307 29 31 206 31 223 I 12 

Apr 21 6 89 11 88 5 

I 
5 11 

I 
6 

8 252 22 224 41 21 123 4 
10 286 31 152 121 31 217 2 
12 293 34 36 154 36 252 12 

May 21 6 144 36 141 10 10 31 I 6 
8 250 27 220 29 25 146 4 

10 277 34 148 83 34 234 I 2 
12 284 37 40 113 40 265 12 

June 21 6 155 

I 
48 151 13 13 40 

I 
6 

8 246 30 216 29 27 153 4 

10 272 35 145 69 35 238 2 

12 279 38 41 95 41 267 12 

Jul 21 6 138 37 137 11 11 32 I 6 

8 241 28 216 30 26 145 4 

10 269 35 146 81 35 231 2 

12 276 38 41 109 41 262 12 

Aug 21 6 81 

I 
12 82 6 5 12 6 

8 237 24 216 41 23 122 4 

10 272 32 150 116 32 214 2 

12 280 35 38 149 38 247 12 

Sep 21 8 230 17 205 71 

I 
17 

I 
82 

l 
4 

10 280 27 148 165 27 180 2 

12 290 30 32 200 32 215 12 

Oct 21 8 204 11 173 89 11 

I 
43 I 4 

10 280 21 139 196 21 140 I 2 

12 294 25 27 234 27 177 12 

Nov 21 8 136 5 108 72 5 14 4 

10 268 16 122 209 16 96 2 

12 288 20 21 250 21 132 12 

Dec 21 8 89 3 67 50 3 6 4 

10 261 14 113 146 14 77 2 

12 285 18 19 253 19 113 12 

N w s E HOR PM 

John I. Yellott, P.E., Professor Emeritus; College of Architecture, Arizona State University; Tempe, Arizona 

Example: find the total heat gain, in Btu/sq ft. 1v 
for 1000 sq ft of unshaded '/• in. heat abso~ 
single glass, facin~ west, in Denver (40°N latitude) ai 
4:00 P.fV!. so~ar tome on C?ctober 21. Indoor air tern 
perature IS 70 F; outdoor a1r temperature is 40° F. 

Solution: from the accompanying table, for 4:00p.M. 
on October 21 find the SHGF for west facing fenestra
tion on October 21 to be 173 8tu/sq ft · hr. For '/• in. 
heat absorbing glass, SC : 0.69 and U for winter Concfi 
tions is 1.10 Btu.'sq ft · hr ·<F. 

Q: 1000 X (0.69 X 173 + 1.10 X (40- 70)) 

: 1000 x (119.4- 33.0): 86,400 Btu/hr 

Even though the outdoor air is 30° ·cooler than th< 
indoor air, the net heat gain through the window ir 
question would be equivalent to 7.2 tons of refrigera 
tion. 

For the same window area in summer, on August 21 a· 
4:00 P.M. solar time, SHGF: 216, and the air tern 
peratures may be taken as 95°F outdoors and 71fF 
indoors. The total heat gain will be: 

Q: 1000 X (0.69 X 216 + 1.04 X (95- 78)) 

: 1000x (149.0+ 17.7): 166,700 Btu/hr 

: 13.9 tons of refrigeration 

The cooling load can be reduced by selecting a fenes 
tration system with lower shading coefficient and U 
value. Under the same conditions, a double glaze< 
window with two lights of '/• in. clear glass and 
highly reflective uanslucent inner shading device wou:, 
have U : 0.52 and SC : 0.37. The cooling load wou:, 
then be reduced to 88,760 Btu/hr or 7.4 tons o 
refrigeration. 

SOL-AIR TEMPERATURE 
When the opaque surfaces of a structure are struck b\ 
solar radiation, much of the energy is absorbed by th, 
irradiated surface, raising its temperature and increasir>_ 
the rate of heat flow into the roof or wall. The tim; 
lag between the onset of irradiation and the resultir>; 
rise in the indoor surface temperature depends on th; 
thickness and mass per unit area of the building elemen; 
and on the thermal conductivity, specific heat. anc 
density of the materials. The time lag is negligible f01 
an uninsulated metal roof, but it can be a matter o; 
hours for a massive concrete or masonry wall. 

Heat flow through sunlit opaque building elements ;, 
estimated by using the sol-air temperature,!.., define<: 
as an imaginary outdoor temperature that, in the ab 
sence of sunshine, would give the same rate of hee· 
flow as actually exists at the specified time under the 
combined influence of the incident solar radiation anc 
the ambient air temperature. 

t.., : I X Abs./h 0 

where I :solar irradiance (Btu 'sq ft · hr) 

Abs.: surface absorptance, dimensionless 

h
0

: outer surface coefficient (Btu/sq ft · hr- oF) 

Surface absorptances range from as low as 0.30 for ' 
white surface to 0.95 for a black built-up roof. Val~~. 
of h

0 
range from the conventional 4.0 for s~m~er wot 

an assumed wind speed of 7.5 mph to a still a1r vatu·. 
of 3.0. 

Example: find the rate of heat flow through a 100: 
sq ft uninsulated black built-up roof, U: 0.3, und~ 
strong summer sunshine, I : 300 Btu/sq ft · hr, stu 
air with 100cF outdoors, 78cF indoors. 

Solution: the sol-air temperature is found from 

0.95 95oF 
t..,: 300 X 3.0 + 100: 1 

The rate of heat flow, neglecting the time lag, is 

Q: 1000 x 0.3 x (195- 78): 35,100 Btu/hr 

With no sunshine on the roof, the heat flow is 

heat flow : 1000 x 0.3 x ( 100 - 78) : 6600 Btufhr 

The effect of the solar radiation is thus to incre~ ~~ 
heat flow rate by 88%. A more massive roof wot · 
lower U-value would show considerably 1£~ effect 0 

the incoming solar radiation. 



S. GLASS BLOCK AND PLASTIC SHEET 

12 x 4 in. thick (nom.) 

12 x 2 in. th ick (nom.) 

·n. thick (nom.) 

ONTAL PANELS-EXTERIOR 

ating glass, two lights of glass 
16 in. airspace 

OVERALL HEAT 
TRANSMISSION 
COEFFICIENT (U) 

1.10 
1.04 

0.62 
0.65 

0.58 
0 .61 

0.49 
0.56 

0.39 
0.44 
0.31 
0 .39 

0 .32 
0 .38 
0.38 
0.45 
0 .43 
0 .51 

0.50 
0.50 

0 .60 
0.57 

0 .56 
0 .54 
0.48 
0.46 

0 .52 
0.50 
0.44 
0.42 

0 .60 
0 .57 

1.06 
0.98 

0.96 
0.89 

1.23 
0.83 

0 .70 
0.57 

0 .65 . 
0.54 

0.59 
0.49 

0 .53 
0.35 

0.51 
0 .34 

1.15 
0 .80 

0.70 
0.46 

SEASONS 

Winter 
Summer 

Winter 
Summer 

Winter 
Summer 

Winter 
Summer 

Winter 
Summer 

Winter 
Summer 

Winter 
Summer 
Winter 
Summer 
Winter 
Summer 

Winter 
Summer 

Winter 
Summer 

Winter 
Summer 
Winter 
Summer 

Winter 
Summer 
Winter 
Summer 

Winter 
Summer 

Winter 
Summer 

Winter 
Summer 

Winter 
Summer 

Winter 
Summer 

Winter 
Summer 

Winter 
Summer 

Winter 
Summer 

Winter 
Summer 

Winter 
Summer 

Winter 
Summer 

---~- -~~~-~~~~-~-~-~-~-~-........ -~ -- ------ -;;;I ----- -- ---

RESISTANCE (R) 

0.91 
0.96 

1.61 
1.54 

1.72 
1.64 

2.04 
1.79 

2.56 
2.22 

3.23 
2.56 

3.13 
2.63 
2.63 
2.22 
2.33 
1.96 

2.00 
2.00 

1.67 
1.76 

1.79 
1.85 
2.08 
2.17 

1.92 
2.00 
2 .27 
2.38 

1.67 
1.76 

0.94 
1.02 

1.04 
1.12 

0.81 
1.20 

1.43 
1.75 

1.54 
1.85 

1.69 
2.04 

1.89 
2.86 

1.96 
2.94 

0.87 
1.25 

1.43 
2.17 

NOTES 

The thermal conductivity of glass is relatively high 
(k = 7.5). and, for single glazing, most of the thermal 
resistance is imposed at the indoor and outdoor 
surfaces. Indoors, approximately tv.o-thirds of the 
heat flows by radiation to ~he roor:n surfaces and only 
one-third flows by convectiOn. Th1s can be materially 
affected by the use of forced airflow fr;>m induction 
units, for example. The inner surface coefficient of 
heat transfer, h1, can be substant ialiy redoced by 
applying a low emittance metallic film to the glass. 

For glazing with airspaces, the U value can be reduced 
to a marked degree by the use of low err.:nance films . 
This process impans a variable degree of reflectance to 
the glass, thereby reducing its Shading Coefficient. Man
ufacturers' literature should be consulted for more de
tails on this important subject . Also consult Chapter 27 
of the 1981 ASH RAE Handbook of Fundamentals . 

FOOTNOTES 

a. Resistances are representative values for dr{ mate· 
rials and are intended as design (not specification) 
values for materials in normal use. Unless shown 
otherwise in descriptions of materials, all values 
are for 75°C mean temperature . 

b. Includes paper backing and facing if any. In cases 
where insulation forms a boundary (highly reflec· 
tive "or otherwise) of an airspace, refer to appro
priate table for the insulating value of the airspace. 
Some manufacturers of batt and blanket insulation 
mark their products with A value, but they can 
ensure only the quality of the material as shipped. 

c. Average values only are given, since variations 
depend on density of the board and on the type, 
size, and depth of perforations.. 

d . Thicknesses supplied by different manufacturers 
may vary depending on the particular material. 

e. Values will vary if density varies from that listed. 
f. Data on rectan~lar core concrete blocks differ 

from the data for oval core blocks because of core 
configuration, different mean temperature, and 
different unit weight. Weight data on oval core 
blocks not available. 

g. Weight of units approx . 7•/a high by 155/a long 
are given to describe blocks tested. Values are for 
1 sq ft area 

h. Thermal resistance of metals is so low that in 
bllilding constructions it is usually ignored. Values 
shown emphasize relatively easy flow of heat 
along or through metals so that they are usually 
heat leaks, inward or outward. 

i. Spaces of uniform thickness bounded by moder· 
ately smooth surfaces. 

j. Values shown not applicable to interior installa-
tions of materials listed. 

k. Winter is heat flow up ; summer is heat flow down. 
I. Based on area of opening, not on total surface area 
Based on data from ASHRAE Handbook of Funda
mentals, 1977, Chapter 22 . . 

BUILDING INSULATION 
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TABLE 5.6 Overall Ileal Loss Criteria 

Maximum Heat Loss (BTU/DO ft2) 

Annual Heating 
Degree Days 
(base 65 F) 

Conventional 
Buildings 

Passively Solar Heated 
Buildings, Exclusive of 

Solar Wall 

Less than 1 000 
1000-3000 
3000-5000 
5000-7000 
Greater than 7000 

Source: Balcomb et al. (1980) . 

9 
8 
7 
6 
5 

vclope component (roof, walls, floor, windows. 
etc.) the U value (Chapter 4) and the total exposed 
area A, then multiply U X A. (For sinh lloors on 
grade, sec Chapter 4 for determining perimeter 
heat losses.) For infiltration, determine the num
ber of air changes per hour (ACH) under winter 
design conditions (Section 4.6) and multiply this 
infiltration (or fresh air) rate by a constant that 
accounts for density and spccilic heat: 

ACH (volume, ft~) X 0.018 =} UA for 
0

~CH (volume, m~) X 0.33 = infiltration 

Add the envelope UA values to those for inliltra
tion, multiply by 24 h/day to acl·ount for degrel' 
days (DD), and divide by the building's total heated 
floor area: 

(UAcnvclopc + UA inllltrul lon) X 24 h / · > 
= Btu DD It-

total heated lloor area (ft2
) 

2. Passively solar heated buildings. lien:, the 
overall rate of Btu/UL> ft 2 exdude.1· the solar col
lecting portion(s) of the envelope; otherwise, it is 
also based on total heat loss from all other portions 
of the envelope, and it includes inlillration . The 
equation used to determine the overall rule is 

(UAcnvclopc. exccrt + UAinllltrullon) X 24 h 
IM1Uih l(IU~~ 

total heated floor area (ft2
) 

One of the biggest unknowns in this prm:edure is 
the assumed rule of inlillrntion. A. l'llrl'l.ully d~·

signed und coustructcd smnll building l'lln l'nsily 
achieve a rate of 0. 75 A.CU; with increased atten
tion to inliltration (vapor) barrier installation, 
caulking of all cracks. and so on, rates of o.:n 
ACH have been demonstrated. 

7.6 
6.6 
5.6 
4.6 
3.6 

(d) Heati111: a11d Cooli11K: Criteria for Com
pmu•flts of the E11velope. The prcccdin)! whole
building, singk·-numhcr critl·ria haw Sl'Vl'tallint
itations; they do not satisfactorily account lor dif
ferenceS in building size (and the accompanying 
dilfcrcnces in the likely rates of internal heat gains), 
nor do they distinguish between the thennal roles 
of roofs and walls. which can he yuite diflcrl·nt 
seasonally. The following criteria arc takl'n from 
A.SIIRA.E Standard YOA-IlJHO, Energy t'tlltser
vation in New Building Design . This standard is 
frequently updated; sec the discussion in Section 
5.2 . 

An import:mt hasis of these criteria is th1· con
cept of :111 average (I value for all portions of Vl'r
tical walls. calkd {}""'"' 11 walls or U, walls : sim
ilarly, an awra)!e roof lJ value is l·alkll U, nu,fs. 
This value is cakulatcd in the same way as any 
other weighted average: 

U., walls = 

(l/opaquo• XA"I""I'"·) + (lfwillol•"' XAwiuolow) ·f • ' · l'll' . 
.,.. llll Wltll ---------------··- -

A., walls 

wlll·re A, includes all the ureas of all wrtical ex
posed surhtl·es (walls. windows, doors, I'll' . ) in 
other words, till' sum of ull the areas listed in thr 
numerator of the eyuation. Note that ct~ch wall 
component that is thermally different from olhn 
wall components is treated separatl'ly in thr ~ ·qua

lion; thus (Uwull X A,.., 11 ) might hecotlll' ({/,,"""" 

wall X A"""""'Y wall) plus (Uionollr wall X Ahauu· """), 

ami so on . 
Similmly, 

U, roofs = 

( l/"1'"411< X Aopaopor) + (l/,kylipht X A,krli~hl) + · l'IC · 
lllllll 11•11 . 

A, roofs 
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when: ,\,, roofs is, again, lht: sum of all horizonlal 
or sloped .\urf;Jt:c arc;Js, from lhc numt:rafor. 

Tlll'~l' nifnia all' lisfl'd M'parall'ly fur fwo ma
jor I)'Jll'S 111 buildings. rcsidL·nfial (l)'pl' Aland all 
ollwr (fypc B). Wirhin cad1 rypc. difk·rcnccs arc 
shown bL·fwccn hu·gcr and smalkr buildings. Typ~: 
A buildings arl' shown lirst tifl'lll I). followed by 
two ircuJs l'llllllllon to horh types A ;111d B huild 
ings namely, exposed lloors (if em 2 l and inlil 
lr;Jfion tif~.:JH 3) . The more nunpkx nifcria for 
lypt: II arc shown Ia sf (if em 4 ). 

I. R!'sidential (type A) buildings . This includes 
del ached one- and two-family dwellings (A 1) and 
allorhn residential huildings lhat arc three stori!'s 

or l!'s.\' ( A2) induding multifamily dwellings, ho
tels, and motels. (For four or more lloors. sec typ~: 
B <.:rilcria.) 

Roof/{'('i/ing: Figure 5.4 shows the mtnimum 

value of l/., roofs for huildings of types A 1 

aud A2 that arc heated and/or mechanically 
nudl·d. htr healing dcgrc~.: days, sec Appen
dix II . Th~.:rc is an CXl'Cption for "~.:alhcdral" 
n·ilings, where the finished inferior surface 
is ~.:sscnfially the exposed underside of the 
sfrtll'fllwl roof dl·l'k . In this rase, for any geo
g•aphil· hll·ation, ll., roofs maximum - tl.OH 

Btu/fr 2 h F (0.45 W /m2 "C; units arc infer
dJangcahlc with W /m2 K). 

Walls: Figure 5.5 shows the mcnimwn value of 
·u., walls for huildings of types A 1 and A2 

fhal arc heated and/or mechanically cooled. 
In the spcc,ial c.asc of warmer climalcs below 
500 heating degree days Fahrcnhcil (278 DD 
Celsius), buildings that arc mechanically 
cooled have a maximum U., wall as follows: 
type A 1, 0 .:10 Rtu/ft~ h F (1.70 W /m2 0

('); 

lypl· A,., 0 .. 1H Btu/fr 2 hI ; 12.1~ W/m ! "<'l. 
Sla/lfloor.\· on grwlt•: Figure 5.h shows the min

inHIIII rCLJUired thermal rcsistam:c (R v;1luc) 
li11· fll'rillll'lt'l' inl'lllation, which l'Xfl'IHI., 
•I"'' nwanl fmm thl· h1p of lhl· ~lah for a min· 
inn1111 distam:c of 24 in . (tl .h 111). Alfcrna
livcly, such insulation should extend fmm the 
top of thl! slah to thl! bottom, then horizon
tally bdow lhl! slab for a minimum distancl! 
of 24 in. (0.6 m). 

2. !:'.1posc•d jfoors. Thl! criteria for floors apply 
hnth to typ~: A and type n buildings. mul two 
l:onditions arc l:OVcrcd hl!rc~ llcarcd and/or me-

chankally t:oolcd spaces wirh floors rhat arc ex
posed to t'Xtnior <.:oru.Jilions should have, at max
imum , a llo11r 1/,. as shown in h)!. 5.4 (snml' ns 
lor mnls). llnwcwr, for llnors owr pmll'l'lcd, hut 
unhealed spaces, thl! maximum ll., is as shown in 
hg. ~.7. 

3. ftr/iltration. For holh A and B huilding types, 
air leakage r;lfcs arc h:~scd on a prcssurl! differ
ential equivalent to the cllel't of a 25-mph (II .1-
m/s) wind . Technically, this is a pressure differ
cnti;ll of 1.57 lh/ft2 (75 Pa), 

Windows should have a maximum air infiltra
tion ratl! of 0.5 cfm pl!r foot (7.74 X to· 4 

m1/s per llll!ter) of sash crack. 
/)oors fin· rcsit!cntiallil•inR unit.\' should have a 

!llaximum air infiltration ralc of 0.5 cfm per 
Stluarl! foot ( 2. 54 X I 0 .1 m·1 

/ s per square 
meier) of door area . 

l>oorsji1r otha usagc.1· should have a maximum 
air inlilfralion rare of II cfm per linear foot 
( 1.7 x 10 ~ m1/s per linear meter) of door 
nack. 

Otha joints in thl! l!Xtl' rior envelop!.! that can he 
sources of air kakagl! (around window and 
door frames, hctwccn walls and foundation, 
walls and mof, af urilify pl'nl'lrations, ere.) 
should he caulked, gaskctcd, weather stripped. 
or nthcrwisl! scaled. 

4. All other (type B) builclin~:s . Sjnce many ' 
nonresidential huildings havc .plcntiful sources of 
internal heal gain, the insulative value of walls 
may not be particularly helpful; such buildings may 
nl!l!d to lose heat for much of the cold season, 
ralhl!r than hold it inside. For buildings with espe
cially high internal gains or particularly long hours 
of operation, a more complicated whole-year cn
l'I'!!Y analysis is dcsirahk . l;or I he more onlinar,y 
nonresidential building, however, lhcsc heafing
und woling-hasc:d c:ritcria will assist in achieving 
l'nngy -runsl'J'ving cnvdopc tksign. 

Floor.,· w~.:rc prcsl'nll·d in ifcm 2 ahow. 
Infiltration was presented in item 3 ahovc. 
Rot!(L' Figure 5.H shows the maximum value of 

U., roofs for any type 8 building that is heated 
or mechanically cooled. For type B buildings 
that arc mechanically cooled, a more com
plex analysis is also necessary' to account for 
the impact of direct sun on roof surfaces. This 

. analysis is hascd on an m•cmlltlwrmaltrans-
• 
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5 DESIGNING FOR HEATING AND COOLING 

RIFT ' H Htlllll 

AIM' "CIWI 

.. 
" 

.. 
z 
z 
c 

N )> 
r 
0 
m 
r 

~ "' c. 
"' :r . ~ 
.... z 
" 0 
m 

" :u 
m 
m 

/•' i~ . 5 .6 . R l'afm•.,· .fi~r s(a/J.f(oor.l· 011 gmtft•. Co(lrright rt 'l h1· tftt' Am('l'inm Socicl.\' c1f' fl ccllillg, Rcfi·igc•ratillg 

and A ir ( 'ontfitio11i11g /:'11gillt 't'/'.1, Inc · .. : \rlwlltt , Ci:\ . Nc't'rinrc·.! f>r fl<'l'llli .l .lioll .fi'om ASIIRAE Standard IJOA
I'J~tl. 

ANNUAL CELSIUS HEATING DEGREE DAYS (In •nou .. ndoi(18"C BASEl 

2 3 6 7 8 9 10 II 
0.50 I! ' 

2 ~ 

040 

2.0 

c;: 

% 030 

~ 
!!! 
;j 020 

I~ " ~ 
~ 

1.0 ;j 

010 o.e 

! I 
4 8 IU II 1~ 15 14 I& 18 17 18 Ill 20 21 

ANNUAl t-AttHLNIIllf ULA IINU Ull;ttll I JA \'51111 tlhHI .. Ihl•)ltS~ f HAS I:.) 

/•'i~urc • 5.7. I 1,. l'ttfue.1· .fill' .floor.\ 111 '«'1' unlll'ttlc '.i s,,,,, ., .. L ( ·, ,,,,.,.;gilt ,, ., l•r rlw Anwric ·an Sodc•f.\' •!f' 1/c<ating . 

H•:fif,_,.,.,aing ttlltf Air ( 'orufirioning / :'ngillt't'I'S, /m ·., rlrlclllltt, C i :\. l<eflrinft•tf In· f't ' l'lllissioll .fi·om ASH RAE 

St;111danl '!tli\-1 '!XO. 



0.12 

0.11 

0.10 

r;: 0.011 

% 008 

~ 007 
e 
=>" ooe 

o.oe 

0.04 

003 

I I i li 

TH£RMAL CONTROL 

ANNUAL CELSIUS HEATING DEGREE DAYS fin lhouoonda)(IB"C BASEl 

2 3 4 6 e 9 ID II 

06 

I I 
05 

p 

j 

I ! 
I ' I ! I 

11l 

I 
I I ljj I 

~ II t 
! I qj i! 1~ I .WI:~ ;I I I 

I " ,. 

li li i I II I I ! 1:1 : I 1 : 

03 

02 

2 ll 4 !l 6 7 B 9 10 II 12 13 14 15 16 17 18 19 20 21 

ANNUAl FAHRFNtlfiT UtA liNG nrGHtf DAYS (In thou!lanr1!\)(6~ FRASE) 

Fig. 5.8. U,. l'alues }in· roofvlceilin~s. f.\'flt' II lmilclin~s. Copyri~/11 ~~~ hy the llmt•rinm Sot'il'ty ofl/mting, 

Refri~eratill~ am/ Air Cmulitionill~ t.·n~im•crs, Inc., 1\t/mzta, Gil. Rl'printecl by pt•mzissiml }i"om 1\SIIR!\E 
Standard 90A-19ll0. 

.§ 

.!9 
:J 
Vl 

.!: 
0 
Vl 
QJ 
;J 

~ 
Q:; 
Vl 
;J 
0 ·c 
~ 

.Q 
Xl 
:J 

~ 
u 
!==: 
i.j 

0.11 

0.10 

No In sui 
()()'l 

0.08 

0.07 
u s 0.06 
0 
~ 0.05 
'iii 
> 

0.04 

0.03 

0.0? 

0.01 

() 
]5 

22 2 27 8 

~~~ 

](ll I}II("C) 

33 3 

5~ 65 
1 ()1<111(1) 

38 9 

Not,·: 1 C ~~ rnlrul"lf'd ns thtt r;.tllll of thr 1 C<> fm r:tch l11yrr 111lhf" mof cow.tnw!lon 
for rttnst wf'll hl~ttlnlf'd wor,, 11/ I C '" "n h1w th;d mirunuurt ll\ •Ju vnh•" ~~ ''"r'l 

44 4 

f'il[. J.9. Val/It'.\' t!('f'IJ
1

l'N' along ll'ith rt'{ll'l'.lt'/1/clfil'(' roofll'l'iling a.l.\t'/11/o/11'.\. ( ·"f'l':lght '' /•1 '"' .\11/t'licol/ 
Sol'it'f.\' t!(llt'tllillg, Rt:fi·ignalillg and Air Co11tlitifllli11g l·.'ngillt't'l'.\, lilt'., lltltllllrl, Cu\. Rt'f>llllft·cl lor flt'll/11\· 

sion from ASH RAE Standard IJO!\-IIJHO. 



5 DESIGNING FOR HEATING AND COOLING 

fi'r l'lilue for roob (OlTV,). In conventional 
units, maximum OTI'V, is !l.5. where 

I IITV, 

11,:1, Tl>, •.lll t ( l.lH:I,SC,l I U,:l, jJ, 

:1,, 

In Slnuih, llltllimum I ITT\', i~ .:!II .H, when· 

OTTV, 

1/,A,TI\,.>11 + (·B-l.7A,SC) + 1/,A, :~:r. 

A .. 

whne 

lf, and A, arc, as hdore. the U value and 
area, respedivdy, of the opaque roof/ 
ceiling ronstruetion. 

TDuJI! is a temperature difference factor ac
counting for a roof's thermal mass, given 
in hg . ). 11: lin· lllllSI wdl insulated rllofs, 

1'1>1,,,1,- .l51 ·" tl'l.-lt'"). 
N.,t,·: II' more thau on..: typ..: of roof is used, 

eal'l1 IYilL' is L·akulaled: ll, 1:\, 1TD,,, .. 111 + 
(1,_. :\,_.TI>H.•Ic I ' ' ·. 

:1, is the area of skylights. 
SC, is the shading codlicient of the skylight 

(Tables 5.37, 5.3!l, 5.41, 5.42). 
ll, is the lJ value of the skylight. 
t:.r, is the design· h:mperature diiTcrence he

tween inside and outside. 
A, is the overall area of all roof and skylight 

surfaces. 
Walls: Figure 5.10 shows the maximum value 
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'JOt\ · 1')1!0. 
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of u;; walls for :111y type II huildin)! that i\ 
mcdwnically heated. h>r type B huildin)!s 
thut nrc mcl:hanically cooil'd. lhl' lllllll' l'tllll · 

pkx ll\'l'J:tll thl'l-ut:tl It ansln i'''''···•httl' i~ 

necessary. 1-'i~ur..: 5.11 shows tit,· lltll.li/1111111 

values of urrv .... calculated as 

where 

U., . and A,.. arc. as before. the ll value and 
area. respectively, of the opa4ue walll:on
slrlll:tion. 

'I'D11J is a tcmpl'ntlllrl' dillnenn· fa,·tor a,·. 
l'OUnlin~ for wall thnmal mass. ~iven in 
Fig. 5.12. 

Not£' : If more than one type of wall is used. 
each type is cakulated: U,. 1A., 1TD1,J 1 I 

U,..2A.,.2TLJ ~:,J2 + · · · · 

~9 H-+++H-1-I+~+I-I+-H-I·H4+14 

37 H++H4+H++H-l+H++H~ 

MH+H4+H+HH+H++H+H++iH+t+H 

l/1 ami 11 1 :til' tit,· I! vahll' and :nca. ll'Sill'l'· 
lively. of the h:nestralion (wind11wsl 

Sl-' is a "snlar fartor." f!,iwn in h 1•- :'i . l.l . 
S( ·is th,· sh:ulin1~ ,-.,,·llkknl Plll11· "ind1111 s: 

Sl'l' thl' diq·ussi••n in Section S.X and ·1 ai)l,·s 
~U7- S.42 . 

!:J.'J' is the lellllll'rature difkrence hl'IIH'ell in · 
side and outsi1k. 

A,. is the 11\'l'lilll illea of all,·xtL'I i111 ll':tll and 
window surfan·s . 

EXAI\II'I.E 5.1. Usc the guidelines giwn 111 this 
section to make preliminary design 1kcisions . II. 
five-story ollicc building in lknwr is h> he de
sif!,IIL'd for thL' potential of passive coolin!• : 

Denver: heating J>J) appmx . WOO (1\.ppcndi:.. Ill 

latitude 31J"N 

Table :'i . l shows that Denver is in l'li1natc C: 
heatinf!_ ami ventilation arc likdy to h,· the uu>st 

t20 

-3~H4+HH+H4+HH+H4+HH+H4+H+H~~4+H++H+~H++H++~~+H++H++H+t1H+ti 110 

t ·M~~~Ull~aw~UUUM-~~~~~~~~**»i 
~ 

~~3H+~~~+H-~~ 

~ ~2 mmrmttflllittttrttttiii 

DEGREES NORTH LATITUDE 

100 

Fig. 5./1. 01'1'1'111/thi'I'IIIIIIII'IIIIS/i'l' 1'1///1<'.1 f(}/'/\',.1 _fill' ll'll//.1 of ti'JII' II h~tiltlmgl. lhtll tilt' til< • htllllo 11//r 

cooll'll. Copyri}i/11 ~~ ~ h1· 1/u· llmainlll s,,-;,·11· ••I 1/nllillg. Ut:fi ·igt'l'tlling olltl Au· ( tlllthllo/1111 _1: 1-irgllll'<'l .\, 

Inc, Alllllllll, GA. Nt'JII'illlt'tl by J>t'l'llli.l .lioiiJir•m 1\.SIIRII.E StandanllJlll\ -I'JIW . 
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Fig. 5.12. Fi~urin~ the 
ll'lll{lerature difli•rence 
(TIJ1.,,) for calndatill,~ 

OTI'V ... ji1r wa/1.1· r!t' tnt'· 

rlumically coo/('(/ /mild
ing.l·, ty{lt' fl. (a) Vallu•.v fl{ 
'1'1>, t> (/J till'." l 'llfl' ll'itlr' 
11'1111 ll'ciglrt. Cofl_\'right ~) 
/Jv the Ameril'llll Society of 
1/eating, Rt:/figaating allll 
Air Conditioning /:'ngi
llt'l'r.V, lnt'., Atlanta, GA . 
Reprinted /Jv pc•m1i.v.vion 
{i·om ASHRAE Swndan.l 
1XlA-I'!HO. (b) T\'Jiimlll'all 
ti.I'.ITIIIhlin and tlrl'ir 
ll'cixlrts. From AlA. Ram
sey allll Sll'l'flt'r Architcc-

. tural (iraphi.: Standards, 
7th c./., John \\'i!t·y ,1{ 

Son.1·, /Jw . , /Wi/. Rt·
l'rintt•d l>v permi.,·sion . 
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Fig. 5.13. Solar factor (SF) values,jiJr use in mlmlating OTIV,.fiJr walls ofmeclumimlly mo/,·d llllilding1·, 
typt• IJ . Copyright ~~by tht· Amainm Sot'it'/.1' of' lll'lltillg , Ut:fi ·ignatiiiJ.: wtd Air Collditio~tillg r:,,~~;,, . ,.,s, 

Inc., Atlunta, GA. Reprinted by pt•tmi.l·.,·ion jiwn AS II RAE SlamlanJ IJOA-IIJHO. 

energy intl·nsive. follmwd hy lighting. thcu hy 
cooling (indudiug the cooling of Vl'ntilating air) _ 
Since solar heating is a stmng possibility in Den
ver's winter, and since lighting energy usage is 
high, dayligl1ting would seem a high priority. Fn11n 
Table 5.2, select a daylight factor (I>F "' J.5'.-'i· 
to cover nearly all office lighting situations). Then. 
assuming sidelighting only (for a five-story build

ing), from Table 5 .3: 

if Or.v3.5 
window area 

= 0.2-.--
Jioor area 

3.5'if· 
then window area = --

2
- =- 17 .5'.-'i· of floor area 

0. 

Assuming a cross section !hat keeps lltl' office 
floor area wilhin 2.5/1 of the side walls for good 
daylighl pt•nctralion (from Tahll· 5 .. 1), and assum
ing oflin• lll'l'IIS .2 .~ fl tb•p: 

~ = 10 n window height above floor 
2.5 

The huiltling's lotal widlh is 25 fl ollirc t Ill II 
cin:ulalion/storagl' j 25 fl ollire - (,() n. and 
floor-to-floor height is I o n l 2 fl (lor srrurturc 
above window) = 12 fl . (Sec Fig. 5.14 lor cross 

section and area tabulations .) 

The tdatiw wall all·a is thus t:' w ;tlls "· 1.1 It 
talll/l•O-ft -widl' floor -- 40'.1, ol th,· II""' ;uca . 
And sinl'L' windows arc 17. 5'.-'i · of lhl' lloor atl'a. 
the windows arc 17.5%/40% = 44% of I he ov~:r
all wall ar~:a . Wirh these hasit: relationships set. 
the analy~is for lhcnnal crih:ria can JHlll'l'l'd . 

· A long. thin building will he hclplul lor both 
sidelighling amlt:ross ventilation: il !he long sid~:s 
face norlh-sourh, sunshading problems will he 
minimit.l'd ami winter sun can hrlp at leas! hal I 
the building. For !his analysis, we willroncl·ntrate 
on these long window walls: !he shollcr a11tlncarly 
windowless end walls can he assu111l'd to he safely 
within any lhcrmal crill'ria !hal arl' llll'l hy thl' 
wimlow walls. 

Wa/1.1' : To determine thl' l! vallll' ol np;1q11l' walls 
wilh such window areas, rdl'r to 1-ig . 'i . HI. 

Wall l/,. maximum is 0 .. 1.1 hll type ll, 11\'l'l 

three stories, at 6000 DD (1-'ig. 5.10). II onlinary 
double-glazed windows arc used. lJ - - 0.59 (win
In. 'l •-i11. air span·. no insidl' shade I t II 11111 Tahk 
4.1711). J{cquirl'd winll'r wall iusulati1111 1/.,. can 
now he found : 



S DESIGNING FOR HEATING AND COOLING 

Scr lilln 
t 2' ~ 
~ J~------~1 ~~--------~ 

II- JU' I I 
t I I 

1- 2.'.JII = 2~· ~L w· -1. 25' 

Pact'ntugc· of' l'c'I'C'C'IIIIIgc (I( 01•cra/l 
( 'olllfiOI/c'lll Floor t\n ·c1 North ·-South Weill AtC'II 

North plus south wall, 
overall area 

North plus south glass :~rca 

North plus south opaque 
wall area 

();or top floor ouly:) 
S~ylight 

< >p:~quc roof :~rca 

40 (100) 

17.5 

22.5 

1)(1 

44 

56 

Nott': End walls (cast and west) arc considerably shorter than north and 
south walls , und nearly windowless. Their influence on heat gain or hc:~t 
loss is therefore minor :~nd can he ignored in a preliminary rulc-of-thumh 
:~nalysis. 

l·'i~ . . 'i. f.l. Cm.u .l'c•ction{i1r of.lia huilcling in Erwnplt' 5 .I. 

u,. 0.33 - 0.26 
O . .'ifJ 

0 . 125 

Nolc lhat the approximalc R value of lhc wall 
insulation is simply 1/U = 1/0.125 = X. The 
R = X can he ohtained with approximalcly 2 in . 
of either lihcrglass or extruded polystyrene (sec 
T:~hlc 4.2). 

llowevn, lhc wall should also meet sumnH:r 
cooling requirements, for whit:h on·v ... must he 
calculateu . Hence, uecisions must he mauc ahout 
the wall construction thermal mass and ahout win
dow shading dcvil'cs . 

Select a masDnry t:avity wall that allows some 
thermal mass int!oon, to aid in passive heating 
and cooling -ti1r example, the cuvity w:~ll shown 
in Fig . .'i. I '2/1. for which 

weight 75 lh/tf (Fig . 5. 12hl 

Tllu) = 23 .5 £--""(Fig . 5.12al 

Sdcrt ranvas exk·rior awnings li11· SUillllll'r .~had 

iug: 

Slwding coefficient = 0.25 (Tahlc 5.42) 

Tlw ··s,oJ.u .la<'lol·· tnr I kuvn's .\'J"N l.1llllhk 

is 126 (Fig . 5.13) and the maximum allowahle 
OTI'V., is 3.l2 (Fig . .'i. II). Assume n rather low 
fj."f for passive cooling, such :~s l.'il--"". The summer 
lJ for the douhlc-glazed windows is 0.61 (Tahlc 
4.17a). 

actual OTTV .,. 

l/,.A,.TD1,_, 1 (A, SF S(') + li1A1 ~T 

A, 

= 

0.J2.'i(.'i6'/f)23.5 + (44%)126 X 0.25 
+ 0.61(44 '/c> )l.'i 

JOW/c• 

"" INi I 13.H(l + 4.m 

whidt is well hclow the :n .2 maximum. 

Roo(c Although siddighting has heen assumed to 
provide a DF." of 3.5. the topmost floor could he 
furth~:r dayli!!llll'd at its interior by small skylights. 
Siuce the minimum IW (Tahh: ~.3) from sidclight
ing is 0.1 (window arca)/(tloor arl!a). we have 

0.1 X 17.5f';f, = J.7.'i% 
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sirable, to obtain a minimum OF of 2.5 (for aver
age office tasks) at the interior of the topmost tloor. 
From Table 5.3, selel·t a vertkal monitor (whirh 
is easily shaded and less likely to leak): 

So 

OF = 0 2 
skylight area 

•• · lloor arl·a 

O. 75 = 0 _2 skylig~t IIIL'II 

lloor area 

skylight area 
0.75 

= O. 
2 

= 3. 75r)f1 of floor an·a 

Say the skylight area is 4% of the topmost floor 
area (which is also 4% of the flat roof's area). 

Roof Uo maximum is 0.074 for 6000 DO (fig. 
5.8). Assuming that the vertical glazing of the 
skylight is the same as the windows, U = 0.59 
winter, then the required opaque roof insulation 
u,l can be found: 

0.0
74 

= (96% X U,) + (4% X 0.59) 
100% 

U 
- 0.074 - 0.024 -

r - - 0.05 
0.% 

Note that the approximate R value of the roof in
sulation is simply 

I 
u = == 20 

0.05 

The roof should also meet summer cooling re
quirements, especially in this cooling-dominated 
example; calculation of OTTV, is needed. as arc 
decisions as to the roof's mass and insulation. Sc-· 
teet a 4-in. l'oncrcte slah, which will lw usclul in 
thermal storage for passive cooling; cover it with 
at least R20 insulation. The TD1,0 R for this con
struction is 35F" (minimum listcll in Fig. 5.9). For 
skylight shalling, stay with the canvas awnin~s 
whose shading cocflicient is 0 .25; summer ll is 
0.61, as before. The maximum allowable orrv, 
is 8.5, as defined. 

OTIV, = 
U,A,Tl!.t!!J~A,,~·._ I U,A, tl.F, 

A,. 

actual O'ITV, = 
0.05(96%)35 + UH(4''h•)0.25 + 0.61(4':1·)1.'\ 

JOO'X• 

= 1.68 + 1.38 + 0.366 

= 3.43 

which is well below the 8.5 maximum. 

(e) Yearly Total Energy: Wlwle-/JuildiiiK 
Criteria. When computer ussistance is availahlc. 
the total yearly IIVCntj!e consnmption ol !'lll'I!!Y 

can ht· estimated for the combination ol IH·ating. 
cooling. ventilation, lights. vertical trauspolta
tion. ami tlorm·stic hot water in each new huildiu)~ . 

lly vmyinj! th,· pwpo~,·d design, Wl' ran t'~linratl' 
the resulting changes in this total cnngy coH
sumption. This approach, like the carlin sinpk 
nun1hcr critl'l'in for huilding hl·ating ('lahk ~.h), 
has the advantage oJ allowing many comhinatio11.1 
of energy conservation measures, so long as they 
produce acceptable linal results. They also en
courage the usc of renewable energy. by exempt
ing such sources from budget limitations. Ob
vil)usly, the calculations that produce this result 
arc lengthy . 

Late in 1979. the U.S. Department of Energy 
published proposed BuiltlinR Energ\' l'n:fil/'llllllll"l' 

Standards (BEl'S), summaries of whid1 appear i11 
Table 5.7. for commercial and multifamily resi
dential buildings. The ohjcl·tivcs of these sta11dards 
arc to aehicVl' the nwxin111111 practiral iniJliOVt'· 
nu:nts in energy cflicicncy and to increase the usc 
of renewable sources of energy. 

Encr)!y hudj!rt kwls were propos!'d h•r l(• 1'11' 

lllll' lltly huilt typ,·s of l·otllllll'rl'ial aud nniltll ;uiiii,Y 
rcsilkntial huildings. in 7H mcttopolitan ;uras of 
the 4H contiguous states. (Restaurants a11d iHdus
trial buildings proved too llivcrsc to i11rludc. as 
did university buildings . Single-family houses arc 
covered in detail but arc exrluded from this 
llll'st·ntation.) These energy hHd)!ct levels all' t'X 
pressed in MBtu/ft~ year (MBtu ""' Btu X 10'; 
fl~ = gross floor area) . They can be used as targets 
during the design prm:css, much as cost per square 
fool is used. 

Comparison of a proposed buildi11g d!'sign's 
performance to these standards rcyuitl'S the usc ol 
o11c of several computer programs (i\pp!'ndix II). 

This establishes the total awra)!t' yearly t\11\111 "' 
l)Uill'd hy till' tl!'si)!n. S!'pamtl' totals !'an lw J..,·pl 
lor l'lcetricity, oil, 11atutal gas, a11d sola1 t·u,·q•y. 
These separate totals can then he H't•ight,·d. to 1e· 
lket the rl'latiw value to the nati1111 of the ''"" 
snvution of serun· ami nonll'II<'Wahk lui'! ll' 

sources. The pmposc'l weighting )actors all' 

MBtu natural gas. X 1.0. 

MBtu oil. x 1.20. 

Ml3tu clcl'lricity, x ~.OH . 



-:-.~BLE 5. 7 Proposed Energy Budget Lenis for Commercial and \tultifamil~ Buildings 

.,_·::-: . Tn~-.e total MBtu f:' ~ear include all energy ior heallnf. ~'"' ~u:;. \~ntilation. dome,ti~ ho: uat~r. lightir.;. ;,n.; '~ru~"- :r;,Jb:xm~::o r: . \;umxr, rr. bold face 
J:..::~ :.:.:: me wral energy purchased from miliries (' ' buildmg hne .i~!p energy··,: number.. in pan:nthe;e, ind•;::.:e tr.e w::.c, !JUr~r:;,,..:j er.er~. mui::;:-i1e.: toy ueighnP.; 
:::.::ur, ior oil and ele.otrici~. in the appropriate mix ior buildinf ry:x and location. 

(l) (l) 

..... -~ ~ ~ ~ 
(l) ex: ~ (': ..... '5 c: .c: ~ '2 ~ 

·;: 
Q 0 (l) Ol 0 0 0 Q i§ Standard (.) l: Cl> ::::: 

E - ....... § Ol s: ~ 
~ (.) 

~ ~ ~ ~ 
..... c :J (l) 

Metropolitan ·c: :J 

~ 
:r:: rc ci) (/) Ol ~ ~ ·c;; <5 E E ....... --... 0 Statistical :::, z. -a Q 

..... 
E 

co --... 
~ .!!! Q) c:) c 0 

t:: Q -::: co 0 Area -~ E E Q) -..::: ~ (.) (.) 2 c =<. 0 

:§ Cl) 

~ 
::; :::: @ (3 0 0 ~ 

..... 
0 ~ 0 :J 

~ 
(3 ~ S:are (SMSA) (.) (.) (!) :r:: ~ ~ 0 (/) (/) Ci5 ii5 -

f,tnnesota Minneapolis 58 45 59 140 74 58 45 72 51 48 50 57 82 64 65 38 
(142) (109) (144) (335) (180) (140) (110) (175) (123) (117) (122) (138) (198) (155) (157) ( 93) 

1.~.ssouri St. Louis 52 43 53 140 68 50 44 66 47 43 41 50 75 59 58 28 
. (133) (110) (136) (353) (175) (128) (112) (163) (119) (109) (105J 1128) (192) (150J (149) ( 72) 

usnct of Washington 50 42 51 140 66 47 43 64 45 41 37 47 72 56 56 24 
Co:umbia (127) (107) (129) (353) (169) (120) (109) (164) (115) (104) ( 96) (121) (185) (144) (142) ( 63) 

F,onda Miami 52 48 55 140 69 45 50 68 48 43 35 48 74 61 60 14 
(152) (142) (161) (406) (203) (133) (147) (201) (140) (125) (103} (141) (219) (179) (178) ( 41) 

Texas Dallas 51 45 53 140 67 46 46 66 46 41 36 48 73 58 40 19 
(131) (116) (136) (358) (175) (119) (119) (171) (120) (107) ( 94) (124) (190) (152) (150) (50) 

California San Diego 43 39 44 140 60 39 40 58 41 35 28 41 65 51 49 15 
(114) (103) (117) (364) (158) (104) (106) (153) (107) ( 92) ( 75) (107) (172) (134) (128) ( 40) 

CYegon Portland 47 38 47 140 63 45 39 60 42 38 35 45 69 53 51 26 
(119) ( 98) (120) (353) (161) (116) ( 99) (154) (108) ( 97) ( 91) (115) (176) (135) (131) ( 66) 

Massachusetts Boston 51 41 52 140 67 50 42 65 45 42 41 49 74 57 57 30 
(125) (101) (126) (338) (165) (121) (102) (159) (111) (102) ( 99) (121) (181) (140) (139) ( 72) 

Source: BEPS (1979). 
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Sources for Appendix B were: 

Doel, Leslie. Environmental Acoustics., . New York: McGraw-Hill 

Book Company, 1972. 

Hoke Jr., John Ray, Ed. Architectural Graphic Standards. _New 

York: John Wiley & Sons, 1988. 



~NERAL 
.. terence rooms should be located for proximity to user 

within a bu i l d i r. ~ 2nJ for access,bil1ty to outs1de 
Since a confere,ce room typically se rves to com

a fi rm's " image'' to others. fin1shes are usually 
fro'Tl higher quality materials to suggest a prom-

and visible location. When a con ference room.'unc
s a multiuser or mult1group space, the pos1t1on of 

a doors is altere<! and acoustical folding partit ions 
walls may be used. The designer should note 
al requirements imposed by building codes 

1 occupancy for larger rooms. 

and speaker or projection area. All finishes should be 
carefully examined for flame spread and smoke-gener
ated ratings. 

LIGHTING 
Parabolic lens fluorescent f ixtures provide good general 
lighting with less glare. Directional fixtures such as track 
lighting may be usee for presentation areas. Use dim
ming switches . 

MECHANICAL 
Provide a minimum of eight air char.ges per hour plus 
a minimum of 10 cu f1 min of outs:de air per person 
for odor-free air and good ventilation. Provide an ex
haust system to be manually controlled from the room. 
Careful anention shG~Id be given to sound attenuation 
of diffusers. 

~-ASTIC L A ' .I I "'JATE OR WOOD 
S::::7 t0NA L =-:::;R LARG £. R 
S ZE.S 

/ PE:::=:S7AL TO 
./ MIN : ~.I, I ZE. SEAT :r-...G 

/ oes-R :..;CTION 

CONFERENCE TABLE 
REFER TO FURNITU RE SECTION 
FOR SIZE BASED ON SEATING 

CHAIR 

S '.V IV E:... I"'G AND R:::Cl< ING 
SE AT A;-.;D ARMS 
ARE P~E.FE. RRED 

-s -P:::. -....; -;-BASE 
WIT..-, :;ASTERS 

TELECONFERENCING 
The space and furniture requirements for teleconferenc
ing are di fferent fro:>m the typical conferer.ce room. All 
aspects are geered toward video camera requirements. 
Typically , the con ference is held between groups in sep
arate locations linked by vid eo satell ite . The standard 
layou t inc ludes two ceiling -mounted video cameras to 
cover the participants and an optional direct downward
aimed document camera, a projection television monitor 
I front or rear projecting) for the remote participants, and 
a control conso le which interfaces the video cameras . 
telephone, and satellite linkage. The room arrangement 
is such that all participants may view and be viewed 
simultaneously. ~ixing presentation media iprojection . 
boards, fl ip char.s . etc .) becomes more difficult in tele
conferencing. while the requirements for acoustics anc 
ventilation re ma 'n unchanged from the t'lpica l confe r· 
ence room. Lighting must be in acco rdance with the re · 
quirements of t~~ video system used. 

'-
-~- ----

WALL-MOUNTED VISUAL CENTER 

FURNITURE AND EQU IPMENT 

Conference 
Room 

( LASTlC COV ER. 
FOR NCTECARD) 

"" 

6" 

SLID ING 
P ANEL 

PLAN 

NOTE _ .. " rend ere; 
Components of both traditional and teleconferencmg conference rooms are shown. The board room layout 
here is not recommended for teleconferencing . See dashed layout, components at lett. and general notes above. 

STORAGE. 
CABINET 

SECT ION 

--------------------::::1------ SPACE FO"' L IGHTS , 
~ T V, ETC . 

,--,--_JL ______________ _____ _,_--::::=Ji--ACOUSTICA~ WALL 

S U RFACE 

SLOTTE:J CHAIR 
RAIL FOR S OARD 
P RESENTAT IONS 

CONFERE"-'CE 
TABLE 

TYPICAL CONFERENCE ROOM (25 30 PERSONS) 

~n lloyd, AlA; Barge. Waggoner, Sumner & Cannon; Nashville. Tennessee 



VA~Y SEAT \V i ~TH ANO t OR ALTERNATE 
ODC AND E V E'-' NUMBER OF SEATS 
PER ROW TO OBTAIN STAGGERING IN 

CENTER SEAT BANKS 

MULTIPLE AISLE SEATING 
STAGGERING 
OF SIDE SEAT 

/ CROSS A IS L E C-EAR 
W I:JTH AS REQ'D
MEASURE FRO"-' SEAT 

~r-~ 
RISER LINE 

ALLOW 2 " AT 
END OF ROW 

~--12::_T-=0'--'-17;__~S::E;;:A::;;:T":-;S:;:...~M:::A~X:-,..:.._I ~~4~S~E:;:A;T.:_::Sc.._T~V_::P:._. _:M~A~X:;.~t _ _J._~~SK~BLOFE WTE1TNHOUT 
SEE LOCAL =DE ADJUSTING ALIGNMENT 

wood, plastic, 

....OOI,.IEO TO 30 aEATa 

CONTINENTAL SEATING 

OF SEATING PLAN 

CHAI A SACKS: Plastic, molded plywood, rolled 
stamped metal , upholstered front, rear. Higher backs 
and bottom extension for scuff protection also ava il
able. 

CHAIR SEATS: Upholstered, plywood, plast ic. metal 
pan, coil or serpentine springs, polyurethane foam. 

WITH 
HEIGHT 

OR CHAIR 

DATUM OR 
CHAIR SIZE 

VARY SEAT WIDTHS TO 
OBTAIN STAGGERING 
I TYP WIDTHS USED ' 20:' 
21:' 22"'1 

OR CHAIR SIZE 

ROW -ACING I TAEAD T 
LEGAL CRITERIA: See local code for required mini
mum spacing. Codes typically stipulate a minimum 
clear plumbline distance measured between the un
occupied chair and the rear of the back of the chair in 
front. 

32"-33": typical minimum for multiple aisle seating 
34"-37": typical minimum for modified continental 

seating 
38"-42": typical minimum for continental seating 

COMFORT FOR THE SEATED PERSON : 
32": knees will touch chair back ; uncomfortable 
34": minimum spacing for comfort 
36" : ideal spacing for maximum comfort 
38" and up: audience cohesiveness may suffer 

EASE OF PASSAGE IN FRONT OF SEATED 
PERSONS: 

32" -34": seated person must rise to allow passage 
36" -38" : some seated persons will rise 
40" and up : passage in front of seated persons possible 

SAFETY: Excessive plumbline distance may ent ice 
exiting persons to squeeze ahead and cause jam. 
EFFICIENCY : Choice of minimum spacing satisfying 
criteria above reduces maximum distance to stage. 



APS = ARRIVAL POINT OF SIGHT (F"OCAL POIN T 0~ •"-TERSECT IO"""J CF" HIGHEST S tGHTLINE WITH c:"Q CAL PL...ANE } 
N • NUMBER OF" ROWS IN SEAT SANK 

n • ROW NUMBER F"OR WHICH COMPUTATIONS ARE BEING v .. OE 

D , • HORIZONTAL DISTANCE F"ROM APS TO F" IRST R OW E Y E P Q S .T ION 

On • HORIZONTAL DISTANCE F"ROM APS TO E Y E POSITION AT ROW n 

Da • HORIZONTAL D ISTANCE F"ROM A PS TO E Y E PQS.T iON .. T F"R0NT ROW OF" BAL.CONY 

L. • HORIZONTAL. DISTANCE F"ROM F" IRST ROW E Y E PQS,TION T Q A v ERTICAL F"OCAL PLANE 
E 1 • ELE VATION OF" EYE LEVEL AT F"IRST ROW ABOVE APS 

~ H E IGHT 126 . T O 30" T Y P I 

En • ELEVATION OF" EYE LEVEL. AT ROW n ABOV E APS 1
------,f-r SEE L OCA_ CODE > O R REC- ">E:: 

n. KEEP HEIQI--IT 
O> SOLID 
RAILING 8Ei..OW 
SIGHTLINE >ROM -H"-+ 
I"RONT ROW 

Ea • ELEVATION OF" EYE LEVEL AT F"RONT ROW OF" SAL.CONY A BOVE APS 
HE • EYE HEIGHT OF" SEATED PERSON 144 IN T Y P IC A L! 
HAPB • HEIGHT OF" APS ABOVE F"IRST ROW F"LO OR L.E V EL. 
C • SIGHTLINE HEAD CLEARANCE, 2 ~2" TO SEE 

BALCONY RAILING 

OVER 2 ROWS IN FRONT, 5 " TO SEE O V ER 
I ROW IN F"RONT BALCONY- CONSTANT RISE PER ROW 

~: 

T • ROW TO ROW SPACING !TREAD) 

R • RISER HEIG"'T BETWEEN ROWS 
Rn • RISER HEIGHT AT FRONT OF" ROW n 

T r ] R • D; L E B + IN - I) c + c 

P • PERCENT SLOPE - r ] Da • R ~ C L E 8 + IN - 11 c 

Da 
E 8 • ""T IR - Cl - C IN -I) 

I&CICOMAL. (EQUAL. SEENGI F"L.OOR SL.OPE 

En = Dn [ ~: + C ( 5; + 5; + ~3 + · · · + o~_,)] 
Rn zEn- En-1 

MAXIMUM STAGE HEIGHT FOR L.IVE PERFORMANCE: 42" IE, • 01 

APS 

,.L.OOR SL.OPE WITH 
CONSTANT RISE PER ROW 

HORIZONTAL. FOCAL PLANE 

R • ~~ [ E 1 + IN - I) C] + C 

D, • R ~C [ E 1 +IN -I) C] 

o, ) 
E, • T (R - C) - c (N - I 

0, 

H ... ,.a 

VERTICAL FOCAL. PLAN£ 

R • ~ [ "'E - HAPs + (N - I) C] + C 

L • R ~ C [HE - HAPB + IN- I) C] 

H-. • HE - +- (R - Cl + (N - II C 

---:::==-----------

T 

E, 

·~:· CONeTANT.....: IIL.~-eouc uc.e 

T 

NOTE• BALCONY MAY ALSO BE 
DESIGNED WITH AN 
ISCIOOMAL. SLOPE 

o., 

T 

FL.OOR SLOPE GIVEN AS 
PERCENTAGE 
VERTICAL. FOCAL PL.AN!t 

R 

FLAT FLOOR (R • 01 

VERTICAL. FOCAL. PLANE p • I~O [HE - HAll'& + [N - I) C] + I~ C 

L • ~ [HAPs - HE - IN - I) C] 
H_. • HE + L.;: + (N - II C 

L • 100 T [.... _ HAP& + !N- I) c] 
PT- IOOC E 

H-. : "'E - ~~~ + L.;: + IN -I) C 

NIOTE• WHEN EYE LEVEL. AT FIRST ROW IS 
BELOW APS, E 1 IS NEGATIVE 

~~l· =~¥,~i;~~ =-----
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1S:ATER DESIGN CRITE.RIA 
planning of sellting _... in places of -bly 

~
id involve the following considerations: 

EFFICIENCY: The floor 8nla efficiency in ~quare 
~ per seat is ~ function of the row spac~ng, the 

l ll8fll!ll! chair width, lfld the space allocation per 
1~ for aisles. See following pages for further dilcus-
t/on of these factors. 

Efficiency (F) • seat factor + aisle factor 

W,T IT 1 
F Ill! ft/tEI •-+-"-

144 144 Savg 

where W • average seat width (in.) 
T =row to row spacing (tread) (in.) 
1 • average aisle width (in.) (42 in. width 

is typical) 
Savg • average number of seats in a row per 

single aisle : 8 or fewer-inefficient 
layout; 14 to 16-maximum efficiency 
(multiple aisle seating); 18 to 50 and 
more-continental seating. 

FAPACITY AND AUDIENCE AREA: Audience 
.-rea = capacity x efficiency. 

35-7 5 Classroom 
75-150 Lecture room, experimental 

theater 
150-300 Large lecture room, small 

theater 
300-750 Average drama theater in 

educational setting 
750-1500 Small commercial theater, 

repertory theater, recital hall 
1500-2000 Medium large theater, large 

commercial theater 
2000-3000 Average civic theater, concert 

hall, multiple use hall 
3000-6000 Very large auditorium 
Over 6000 Special assembly facilities 

\>ERFORMING AREA (not including adjacent 
support area) (sq ft): 

MINIMUM AVERAGE MAXIMUM 

150 240 500 

350 450 700 

250 550 1000 

700 950 1200 
800 1200 1800 

1500 2000 2500 

1000 2500 4000 
2000 3500 5000 

ORIENTATION OF SEATED SPECTATOR: Head 
.strain is minimized by orienting chairs or rows of 
·chairs so that spectators face the center of action of 
the performing area. 

•, ANGLE OF VISION OF SPECTATOR: The human 
· eye has a peripheral spread of vision of about 130°. 
' This angle of view from chairs in the front rows will 
define the outer limits of the maximum sized 

""'~'"''~ 

6. ANGLE OF ENCOUNTER: The angle of encounter 
is defined by the 130° peripheral spread of vision of 
a single performer standing at the "point of com· 
mand." Patrons seated outside the spread of th1s 
angle will not have simultaneous eye contact with 
performer . Natural sound communication will also 
deteriorate for these patrons. 

- 7. DISTANCE BEn'>'EEN PERFORMANCE AND 
LAST ROW OF SPECTATORS : Achievement of 
visual and sound communication is enhanced by 
minimizing this distance v.h ile satisfying the pre· 
ced ing parameters. 

SCREEN PROJECTION 
o The minimum distance ~ the first row lfld the 

IC,_.. (D, I is determined by the maximum aiJow. 
able angle~ the llightlm. from the first row to 
the top of the IC,_.. and the perp.ndieular to the 
ICreen It thllt poinL A maximum angle of 30 to 35° 
Is recommended. 

o The maximum distance ~ the ICfWII and the 
most distant viewer (MDV) lhould not uc:eed eight 
times the height of the IC,_.. image. An MDV two 
to three times the ICI'Mil width is preferred. 

o Sci'Mil width (WI is determined by the use of the 
appropriate llpeCt ratio ~ the ICreen image 
width and height. 

o Curvature of ICreens may reduce the amount of 
apparent distortion for a larger audience area. Cui'VIt
ture of larger screens may help to keep the whole of 
the image in focus and may provide a more uniform 
distribution of luminance. 

ZERO ENCIRCLEMENT 
(PROSCENIUM STAGE, PICTURE 
FRAME STAGE, END STAGE) 
o The angle of audience spread in front of a masking 

frame is determined by the maximum size of the 
corner cutoff from a rectangularly shaped perform· 
ing area that can be tolerated by seats at the side. 

• Audience may not fill angle of encounter from point 
of command. 

• Audience farthest from performing area. 
• Large range in choice of size of performing area. 
• Provisions for a large amount of scenic wall surfaces 

without masking sightlines. 
• Horizontal movement of scenery typically made in 

both perpendicularly and parallel to centerline. 
• Possibility of short differences in arrival time be · 

tween direct and reflected sound at the spectat,r. 
This may be beneficial to music performances. 

90" TO 130° ENCIRCLEMENT 
(PICTORIAL OPEN STAGE, WIDE FAN, 
HYBRID. THRUST STAGE) 
o Audience spread defined and limited by angle of 

encounter from point of command. 
• Performing area shape trapezoidal, rhombic, or 

circular. 
• Audience closer to performing area than with zero 

encirclement. 
• Picture frame less dominant. 
• Range in choice of size of performing area. 
• Provision for an amount of scenic wall surfaces pos· 

sible without obscuring the performing area . 
• Horizontal movement of scenery is possible in direc· 

tions at 45° to and parallel to centerline. 
• Shape of seating area places maximum number of 

seats within the directional limits of the sound of the 
unaided voice, beneficial for speech performance. 

180° TO 270° ENCIRCLEMENT 
(GREEK THEATER, PENINSULAR . 
THREE-SIDED. THRUST STAGE. 

.;3/4 ARENA STAGE. ELIZABETHAN 
STAGE) 
• Audience spread well beyond angle of encounter 

from point of command in order to bring audience 
closer to performing area. 

o Simultaneous eye contact between performer and all 
spectators not possible. 

• Minimum range of choice in size of performing area. 
• Provision of a small amount of scenic wall surfaces 

possible without masking sightlines. 
o Horizontal movement of scenery is possible only 

parallel to centerline. 
• Large encirclement by audience usually demands 

actor vomitory entrance through or under audience. 

360" ENCIRCLEMENT (ARENA 
STAGE. THEATER IN THE ROUND. 
ISLAND STAGE. CENTER STAGE> 
• Performer always seen from rear by some spectators. 
• Simultaneous eye contact between performer and all 

spectators not possible. 
• Audience closest to performance. 
• No range of choice in size of performing area. 
• No scenic wall surfaces possible without obscuring 

the view of the performing area. 
• Horizontal movement of scenery not readily possible. 
• Encirclement by audience demands actor vomitory 

entrance through audience area . 

-~~ 
EQUAL ANGLES 
30• TO 45• '" -

. ~ 
8CR£EN PROJECTION 

ZERO ENCIRCL.EMENT 

~ 
DO• TO. ISO" ENCIRCL.EMENT, 

180° TO 270° ENCIRCL.EMENT 

~eo• ENCIRCL.EMENT 

NOTE' ARE A 
OF' SEATING 
EQUAL F'OR 
ALL DIAGRAM$ 



"ION ROOM DETAILS 
JNS: 14ft deep by 21 ft wide minimum 
·oject~. Add 5 ft width for. !"ch a~di· 
e of projection apparatus. Ce•hng he1ght 
er be less than 8 ft; 9 ft is pref~ed. 
iNSTRUCTION: Wall separating projec
and auditorium should be made of brick. 
or concrete block to minimize sound 
.n. 
;ONSTRUCTION: Provide for a live 
·OO psf minimum. Recommend 4 in. 

SIDE VIEW 

35MM MOVIE PROJECTOR 

"ACE 

L.E 
END!CUL.t.R 

\ \ 
ED~~\ 

~CEILING 

[ I 
~--------------------__j 

OJECTION 

e rear projection screen is usually smaller 
;sible front projection screen because of 
1d/or economic reasons. Front projection. 
is usually preferable for larger audiences. 
a rear projection screen may be restricted 

ter cost and by limitations of projection 
or lack of space. 
equipment and projection formulas are 
or both front and rear projection. Front 

' 
reinforced concrete slab. 4 in. tamped cinder fill 
(to accommodate concealed conduit), and 2 in. 
topping slab. 

4. FLOOR FINISH: Recommend heavy battleship 
linoleum. A good grade of vinyl tile is also accept· 
able. 

5. PORTS: Projection ports should be glazed with 
1/4 in. optical quality or se:ect water white glass.. 
Observation ports may be glazed with '/• in. 
select plate glass that is free from distortion. 

TYPICAL. PROJECTION ROOM 
PL.AN 

REAR 

.s==<O:EN TIL.T 
:........::::;LE 

~ 3.::- Mt...X. 
. S:J:JEFORMATION 

.:.. ...... ~._E ME.t.SURED 
:--::;oM ~-

=~~PEND•cu:....AR 
-:J TOP OF 
=;:JJECTED 
:v.:..GE 

projection usually permits a, adequate throw dis· 
tance over the heads of an <udience in order to 
fill a larger screen. An ec:halent depth is not 
typically available for rea' projection. Larger 
images for rear projection ca~ be achieved through 
the use of shorter focal len::-~~ lenses wh ich allow a 
shorter throw distance. Mir;o-s can also be used to 
bend or fold a projected !:r...c,., into a shallower 
space behind the screen. 

3. Front projection usually results in better resolution, 

AlA; Assembly Places International; Philace:;:>hia. Pennsylvania 

SCREEN TYPES 
An ideal screen wouJP be one that would diffuse a · 
the light from the projector into the audience spacE 
with uniform brightness for every viewer and simult; 
neously reject any stray light falling on the screer 
reflecting it away from the audience. Most comma· 
screen materials possess characteristics that fall shor 
of the ideal. 

MATTE SCREEN GAIN SCREEN 

MATTE WHITE SCREEN 

Uniform brightness from all viewing ang:es. Goo 
resolution and color fidelity. Because much of th 
light reflected from a matte white screen falls outsid 
of the viewing area, the picture will be less bright tha 
a picture from the same source on a gain screen. Rejec· 
less stray light than gain screens. 

GAIN SCREENS 

Mechanical or chemical treatment of screen surfac 
increases the amount of light reflected in the directio 
of the audience and decreases the amount reflecte 
in other directions. Because brightness from all viewir 
angles is not uniform, gain screens dictate a narrow' 
viewing area. For high gain screens, viewing area shou! 
be restricted to zone I as described on other page 
While the picture on a gain screen will be brighter tha 
on a matte screen, resolution and color fidelity rna 
suffer somewhat depending on the type of gain scree 
used . Gain screen types include: beaded, silver, pear 
and lenticular. 

AVAILABLE SCREEN SIZES 

1. Tripod screens: 30 x 40 to 72 x 86 in., bottom o 
screen usually 3 to 4 ft above floor (adjustable). 

2. Table or wall hung screens: 18 x 24 to 36 x 36 in. 
3. Wall or ceiling mounted, manually operated sprin · 

loaded roll-up: 50 x 50 in. to 12 x 12 ft. 
4. Wall or ceiling mounted, electrically operated rol l 

up: 50 x 50 in. to 20 x 20 or 12 x 24 ft. Guston 
sizes: up to 40 ft wide. 

5. Bottom roller, rope controlled: 5 ft 6 in. x 14 tc 
30 x 30ft. Winch controlled: up to 40ft wide. 

6. Framed screen (lace and grommet): custom mad• 
to any size. Economical for larger sizes. Frame 
made of 2 x 6 in. lumber or steel tubing or angle 
Wood frames usually 2 ft wider than screen size 
Metal frames usually 1 ft wider than screen size. 

7. Rear projection screens: 3 x 4 to 7 x 14ft. Guston 
sizes, acrylic: up to 10 x 12 or 8 x 14 ft. Guston 
sizes, glass: up to 10 x 25ft. 

better color fidelity, and better contrast ratios. 
4. The principal advantage of rear projection ovt 

front projection is the ability of the rear projectio 
screen to reject stray ambient light in the auditoriun 
This ability may allow a higher light level within 
learning space for, for example, taking notes ":'hi l 
viewing a projected image. 

5. Rear projection will also allow a speaker or 
spectator to stand in front of a scre~'1 wit'1o t. 
casting a shadow. 
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::- OF ABSORPTION IN COMMON OCCUPANCIES 
- CEILING 

NOTES 

TREATMENT 
WALL 
TREATMENT SPECIAL 

1. This table lists conserva tive rule-of-thumb recom
rr.endations for use of absorption. 

riums. churches, t heaters, concer. ha~ls , lecture halls , radio, 
~ing and T.V. stud•os. speech and mus1c rooms • 2. Wall t reatment is advisable in addit ion to ceili ng treat

ment for the reduct ion of reflections, flutter, or echo. 
This treatment will fur.her reduce noise and control 
reverberation . • 

0 

• 

0 
0 3 . Complex applications require an acoustical consul

tant. 

Juter and business m2 : hine rooms • • DEFi NITIONS 
0 

• • 
• 
• 
• 
• 0 

• • 
• 
• 0 

• 

The percentage of sound energy absorbed by a material 
is the coefficient of absorption (x). which ranges from 0 
to .99; the coefficient varies with frequ ency . 

The total sound-absorbing units (sabins) provided by a 
given material is a function of its absorptive proper.ies 
anc surface are a. as defined by this fprmula : 

a = Sx 

wt-ere a = sabins. units of sound absorpt ion 
S surface area, in square fe et 
x = coefficient of absorption 

ols and industrial shops. factories • • 
The total sound absorption for a space is the sum of 
sabins for all surfaces in the room . 

• Reve•beration t ime is directly proportional to the volume 
of a space and inversely proportional to the units of ab
sor;:n:on: 

A,= .049V 
a 

w here R. reverberation time, in seconds 
V volume, in cubic feet 
a = tot al sabins 

INC RE ASING ARTICULATION A ND INTELLIGIBILITY 

I NCREASI ~G BLEN C :N G -------------------------------------------------? 
0 . 6 0.8 1. 0 1. 2 1. 4 1. 6 I . B 2 .0 2 . 2 2.4 2 , 6 2.8 3 . 0 3 .2 3.4 3.6 

I I I I I I 
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1
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1
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I 111111 111 :i llllllll:llllllllllll ll lll 
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1 11 1111111111111 11 1111 11 
ROCK CO N CERTS 

11111111 111 !: illlll lll 

CHAMBER 

I I 
M US I C 

·! I 
SOUND SYSTEMS 

I 
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: 
1 HIGH SCHOOL AUDITORIUMS 
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'REC ORD IN G AND BROADC ST S DOS 
11 11

:- " ' ' I 1 , 1 L AI I Tr I I 1 FO~ iPE ~CH 1 
0.4 0 . 6 0.8 

! 
1.0 1.2 1.4 1. 6 1.!'3 2 .0 

REVERBER~TIOr! . TIME 

NOTE : BREADTH OF RT RANGE FOR EACH 
ROOM TYPE IS A FUNCTION 0!" THE ROOM 
VOLUME; THE LA"lGER THE ROOM VOLUME , 
THE CLOSER TO THE TOP END OF THE 
RANGE AND VICE VERSA 

2 . 2 

( R.T. l 

I 

IN 

I I 
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I I I 
2 . 8 3 .0 3 .2 3.4 
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g, A, BBN Laboratories. Inc.; Cambridge, Massachusetts 
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Acoustical Design of Open .Plan Offices 

OPEN PLAN OFFICES 
ll.n open plan office uses partial heig~t screens .to sep-

1 
rate work stations. With no ~ull·~e1ght part1toons or 
:oors to block sound transm~ss1on, ontruding conversa
. ns and noise from typewnters and other office ma
~~ines often are sources of an~oyanc: and distracti.on. 
Achieving a satisfactory acoust1cal envoronment requores 

areful acoustical design and treatment of all elements. 
nportant background informati_on is provided directly 

' elow, and guidelines for acoust1cal treatment ar': listed 
below. Open plan offices acoustically are marg1nal at 
best, and every .one of the guidelines must be followed 

10 achieve a satisfactory result. 

:HARACTERISTICS OF SPEECH 
A person talking may use various voice levels, ranging 
•rom a lowered voice level to a shout. Open plan offices 

an be designed to accommodate normal conversational 
·· oice levels; raised voice levels cause serious privacy 
roblems. 

The human voice is loudest directly in front of a talker, 
_ _ , 55 loud to the sides, and quietest to the rear. These 

'irectional characteristics should be considered when of
•ces are laid out. 

WALL 

PLAN 

SOUND TRANSMISSION IN OPEN PLAN OFFICES 

Sound is transmitted between work stations in open plan 
offices by a number of different paths, as shown in the 
illustration: I 11 by direct line of sight or through screens; 
121 by diffraction over and around screens; 131 by reflec
tion from ceilings, luminaires, walls, windows. and other 
surfaces. 

SE:CTION 

In a well·treated open plan office the soun~ level drops 
off with distance from a source, much as it does out of 
doors. For example, at a distance of 1 0 h from a sound 
source, the sound level will be judged by most people to 
be about half as loud as it is at 3 h from the same source. 

-he frequency region that contributes most to speech 
1 telligibility is the 2000 Hz octave band. This needs to 

SOUND TRANSMISSION PATHS BETWEEN TWO WORKSTATIONS 

'

'e taken into account when selecting sound·absorbing 
~ aterials for open plan offices. 

SPEECH PRIVACY 
The most common complaints in open plan offices are 

lack of speech privacy and distraction due to intruding 
:onversations. Freedom from the distraction of intruding 
j peech, and the provision of speech privacy, depend on 
10w loud the intruding speech is and how much it is 
:overed up. or masked, by the steady background sound 

Zero represents no intelligibility and complete privacy; 1 
represents perfect intelligibility and no privacy. AI can 
be predicted for open plan layouts by means of computer 
programs that take into account all of the important 
acoustical variables . 

may be audible and partially understandable. Normal pri
vacy requires careful design. 

ln the listener's location. 

1
rhe degree of speech privacy can be defined by the ar· 
ticulation index JAil. which can range between 0 and 1. 

NORMAL PRIVACY, or freedom from distraction, is the 
degree of privacy required by most office workers. It is 
achieved when the office occupant is not disturbed or 
distracted by intruding conversations, even th?ugh they 

CONFIDENTIAL PRIVACY is re!luired if a person must 
carry on conversations without being overheard or 
understood by others. It requires an AI of 0 .05 or less 
and is difficult to achieve in O;J<!n plan offices. Fully en
closed offices are recommended for person~! who need 
confidential privacy. If confidential privacy is required in 
an open plan office, an acoustical consultar.t should be 
retained. 

ACOUSTICAL GUIDELINES FOR OPEN PLAN OFFICES . 
ABSORB . 
UNWANTED Ceilings should have a noise reduction coefficient !NRC) of at least 0 . 75 and a sound absorption coefficient 

~ 
NOISE at 2000Hz of at least 0 .90. 

~ 

== 
~ 

Ceiling-mounted luminaires with flat lenses wider than 12 in. are good sound reflectors and should be ::::::::_ avoided. Biminate ceiling·mounted fixtures or use 6 in. wide units or units with large parabolic louvers. --
Use acoustical screens and sound·absorbing wall panels with an NRC of at least 0. 75. ~ 
Carpet floors to reduce the noise of heel clicks, chair scraping, and other annoying noises originating at d»-___ ,J the floor. The NRC is not critical. 

BLOCK -
UNWANTED Screens between work stations should break the line of sight in all directions by 1 h or more. They should ~~ i \ i '¥ NOISE be at least 5 h high and have an STC rating of at least STC22. Higher screens should be used around ~~ copy machines and other noisy equipment. 

COVER UP Provide an electronic sound masking system to cover up intruding conversations and improve speech UNWANTED 
privacy and freedom from distraction. Most systems have loudspeakers located above the acoustical 

~e6 I 
NOISE 

ceilings and produce a sound similar to a well·designed ventilating system. The sound level, tonal char-
acteristics, and spatial uniformity of the sound masking system are critical; an acoustical consultant should 
be retained for its design and adjustment. 

DISTANCE 
Because sound levels drop off with distance, personnel should be located as far apart as possible, com- .e'-O" MIN: AND 

DIRECTION mensurate with efficient use of space. If possible, locate adjacent workers at least 8 h apart. 

I 
' 

! 

Whenever p:Jssible, orient adjacent workers back to back to take advantage of the directional character- __l_d_j ~~ istics of the human voice. 

Carl J . Rosenberg , AlA; BBN Laboralories. Inc.; Cambfldge, Massachuselts 
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FLOOR PLAN 
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ACOUSTICAL TREATMENT OF WALL0 
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]L .Jlnoomm>~i~b 

SECTION "C" 

SECTION "D" ACOUSTICAL TREATMENT OF WALL@ 

SEATING CAPACITY 

VOLUME 

AUDIENCE AREA 

VOLUME/SEAT 

AUDIENCE AREA / SEAT 

MID-FREQUENCY R.T. 

130 

16,000 ft3(455 m3) 

1,400 ft2 (130m2) 

I 2 3 ft3 ( 3 .5 m3) 

I 0 .7 ft2( 1.0 m2) 

= 0.75 sec 
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Structure 



Sources for Appendix C were: 

Hoke Jr., John Ray, Ed. Architectural Graphic Standards. New 

York: John Wiley & Sons, 1988. 
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GRID SHAPES 

SCREW-IN 

NON WELDED CONNECTIONS 
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'VVifN1 
OFFSET- lt2 
MODULE 
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MODULE 

PATTERNS 

OFFSET
SKEWED 

SHAPE CHANGE 

Space Frames 

u 0 L ~-[ _L 
MODULE SELECTION CRITERIA 
Select a soac~ : rame module that (a l is compatible 
w1th the :;:..-'ling._ planning module in_ shape (e.g., 
sauare moe~ ~ ·mth orthogonal plan ) and size (multi · 
p ie of p lar. " "9 module) ; I b) is consistent with the 
l imitations o: :ne interfacing systems 1e.g., maximum 
span of roof ~eck or mull ion spacing of glazing sys
tem t; and ' c ' sat isfies the desired spatial and aesthetic 
effect in sea : ~ •nd form. 

ME...,.BER 

BOTTOM 
CHORD 

F"RA'-'E 
CAP ITAL 

SUPPORT 

SHAPES 

SLIP- IN 

TOP 
CHORD 

WALL 

METHODS 

ROOF EDGE WITH 
GLAZING 

WELDED SPACE FRAME 
STEP-UP 

DETAILS 

BEAM 

WALL 

OPTIMIZATION 
1. SUPPO RI LOCATION: Two· or three-way sym

metry w itr. cantilever of 15 to 30% of span. 
2. MODU L!: SIZE : As large as possible with a mini

mum nu,.-:Jer of joints (dependent on in"terfacing 
system ); 1 : 3 to 7 : 10 depth : width ratio {in gen
eral, sha lio11er modules are more economical). 

3. DEPTH -TO -SPAN RATIO: Roof-1 : 18 (column 
support !. 1 : 20 to 1 : 25 {edge support) ; floor-
1: 16 to 1 : 20. 

4. MEMBER SHAPE : Square tubes or angles within 
their span 'ange are often the most economical. 

5. INFILL sv STEM: Two- or three-way system or 
one-way s-;stem applied in checkerboard panern. 

6. SHOP VS. i' IE LD CONNECTIONS: Keep field and, 
in part icu.ar. in-place connections to a minimum; 
welded connections often eliminate joint pieces. 

NOTES 

1. The pnme anributes of space frame structural 
systems ere their light weight, inherent rigidity, 
extensive ~:labilities in form, size, and span, and 
compati:J ie Interaction with other building support 
systems. ;w 'Tiarily HVAC. 

2. Most syst=s are designed for specific applications 
and a su~c;ural engineer ·.vith space frame exper
ience sho-J d always be consulted . Consult also 
manufact~rers for full range of capab ilit ies : loading, 
spans, sha::.es. specific details. Standard ized systems 
in 4 and 5 '; modules are ava ilable. 

3. Metal so ace f rames are classified as noncombustible 
construc; :on and can usually be exposed when 20ft 
above tne ' Iocr. However. an automat ic fire ex 
tmguishm9 system or a rated ceiling may be re· 
qu ired . Con su lt applicable bu ilding and fire codes. 

4. Roof dramaae is ach ieved by locatmg drains in 
natural low oomts, sloping the entire frame , chang
ing the interlace depth , or cambering the system. 

5. The finisnes commonly available are painted and 
galvanizeo. 

COPING WITI-4 
CLOSURE 

~R.II.V I ""'G 
t.AEVBER 
AT--ACH ED TO 
o-~ :...,: 85 WIT)-4 
CUP ANGLES 

SKYLIGHT {'.T 
ROOF" EDGE 

SLANTED ROOF" 
OVERHANG 

NEC~=oE"-a 

GAS< ::-

VERTICAL SPACE FRAME 
WITH GLAZING 

GLAZING WITHIN SPACE 
FRAME 

Henkelman. A.A.: Cooe. Linder. Walmsley : Philadelphia. Pennsy1'"a.n1a 
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s·-s·--""'~...,....,=-4·-s-· MIN. vARIES 
ANCHOR EVERY 3RD .JOIST IN FLOORS 

II MAX. AND 'tvERY .JOIST IN ROOF WITH 318 " 4> STEEL 

2-~8• FILLET WELDS I" LONG 
OR ~2• BOLT ___ _ 

ANCHOR MIN. 8" LONG; AT ROOF WITHOUT 
1\ A<>RAPET 2 -~· ANCHOR BOLTS OR EQUIVALENT 

lttf~r/ ////// /] 

I 
J 

SECTION 

~·-.-=NTINUOUS DECK BEARING ANGLE 2 " MIN. =NCRETE 

;~ ANCl-'= BOLTED TO MASONRY...!::' / O V ER STEEL F~~R DECK 

[~1 -
·.~~%, v '\... ...J'\... ~ . ...J'-_ 

/ // wELD OR BOLT BRIDGING TO HO=IZONTAL BRIDGING· 
CUP A N GLES ANCHOR SEE §RIDGING TA BLE 
BOLT£0 TO MASONRY NOT"- (2) 

SECTION THROUGH JOISTS 

.JOIST PROFILES VARY 
ACCORDING TO 
MA.-...:UF'"ACTURER: 

I I 
A e 

?R ELIMINARY JOIST SELECTION : The tables 
~low are not to be used for final joist design but are 
i ntend~ as an aid in speed ing selection of steel joists 
for pr!! liminary d!!s ign and planning. The final design 
must be a se;x;-ate and thorough process, involving 
a complete inv!!Stigation of the pertinent conditions. 
This page is not for that purpose. Consult structural 
engin~r: 

NUMBER OF ROWS OF BRIDGING !Fn 

EXAMPLE : Assume a particular clear span . By assum
ing a joist spacing and estimating the total load a joist 
can immediately be selected from the table. Then I proc~ with preliminary design studies. 

NOTES 
1. Total safe load = live load + dead load. Dead load 

I includes weiifl t of joist- For dead loads and recom
mended live loads, see pages on weights of materials.. 
Local oodes will govern. 

2. Span not to exceed a depth 24 t imes that of a 
nominal joist. 

3. For more deta;:ed informat ion refer to standard spec
ifiCGtions and load tables adopted by the Steel Joist 
lnsti1ute . 

DISTANCES ARE CLEAR SPAN DIMENSIONS 
CHORD 1 12 3 14 5 
SIZ£111 ROW !Rows ROWS ' ROWS 121 ROws 121 

#1 Up to 16 116-24 24 -281 - -
#2 Up to 17 \ 17-25 25-32 1 - -
#3 Upto18 j 18-28 28-38 1 38-40 -
#4 Up to 19 119-28 28-38 1 38-48 -
#5 Up to 19 119-29 29-39 1 39-50 50- 52 

#6 Up to 19 \ 19- 29 29-39 1 39-51 51-56 

#7 Up to 20 20- 33 33-45 1 45-58 58-60 

#8 Up to 20 20-33 33-45 1 45- 58 58-60 

#9 Up to 20 ! 20-33 33-46 \ 46-59 59-60 

#10 Up to 20 20-37 37-51 1 51-60 

#11 Up to 20 20-38 38-53 1 53-60 

#12 Up to 20 20-39 39-53 1 53- 60 

1. Last digit(s) of joist designation shown in load table 
below. 
2. Where four or five rows of b~dging are required , a 
row nearest the midspan of the joist shall be diagonal 
bridging with bolted connections at chords and intersec
tions. 

SELECTED LOAD TABLES· K SERIES TOTAL SAFE UNIFORMLY DISTRIBUTED LOAD ILBIFT) -
JOIST I DESIGNATION 8 12 16 20 24 28 32 
K SE?.IES 8K1 550 444 246 I f, = 30,000 psi 

10K1 550 313 199 I 
12K3 550 476 302 208 I 
14K4 550 428 295 I 216 

16K5 550 550 384 I 281 214 

18K6 550 473 346 264 
20K7 550 550 430 328 
22K9 550 550 436 
24K9 550 550 478 
26K10 550 549 
28K10 550 549 
301\11 549 
30K12 549 

N 0 0 ate. Number pre:ed1n~ lett~r is JOISt depth; 1 4K4 IS 14 in . deep. 

Kenneth D Fran=tl AlA PE . . . 
Sett~ L · . · . ; Ph1il1ps Swager Assoc1a1es . Inc.; Dallas . Texas 

-'· each & lindstrom, Inc.; Minneapolis, Minnesota 
r.:::::J 

NOTES 
~!.:).~ 

The following information applies to both open ·'It 
and long span steel joists. . , 

JOIST DESIGNATION: 
25 LH 10-Chord 

l l L--Type of steel 
Longspan IDL-deep longspan) 

L. ---- Nominal depth lin.) 

For greater economy, the K-series joist replaced the· ij:~ 
series joist in 1986. • 

.. ~.;, 
· ·..: 

- . . ....... _;, 

1. ROOF CONSTRUCTION: Joists areusuallycovereif 
by steel deck topped with either rigid insulation~ 
board or lightweight concrete fill and built-up felt~ 
and gravel roof. Plywood , poured gypsum, or st~ 
tur:at wood fiber deck systems can also be used witlj~ 
bu1lt-up roof. §! 

2. CEILINGS: Ceiling supports can be suspended fr~1 
or mounted directly to bonom chords of joists;~ 
although suspended systems are recommended!'. 
because of dimensional variations in actual joisig 
depths. ;~ 

.o'lt 
3 . FLOOR CONSTRUCTION: Joists usually cov~red~ 

by 2 to 2'1> in . concrete on steel centering. COl).~ 
crete th ickness may be increased for electrical COl)..-;. 

du it or electrical/communications raceways. p~'f 
cast concrete, gypsum planks, or plywood can als1i':' 
be used for the floor system. j 

4. VIBRATION : Objectionable vib rations can ace~:. 
in open web joist and 2 112 in. concrete sla!) designs · 
for open floor areas at spans between 24 and 40 fl.· 
especially at 28 tt. When a floor area cannot hiM 
partitions. objectionable vibcations can be prevented 
or reduced by increasing sla:J thickness, joist spac
ing, or floor spans. Attention should also be given 
to support framing beams which can magnify 1 
vibration problem. ,-: 

,. 
5. OPENINGS IN FLOOR OR ROOF SYSTEMS: 

Small openings between joists are framed with 
angles of channel supported on the adjoining two 
joists. Larger openings necessitating interruptioo 
of joists are framed with stee l angle or channel 
headers spanning the adjoin ing two jo ists. The in
terrupted joists bear on the headers. 

6. ROOF DRAINAGE : Roof drainage should be cart- · 
fully considered on level or near level roofs especially 
with parapet walls. Roof insulation can be sloped. 
joists can be sloped or obta ined with sloping t~ 
chords in one or bot h d:cections, and overflow 
scuppers should be provided in parapet walls. 

36 42 48 I 54 I 60 

I I 
I I 
I I 
I I 

208 I 
259 I 
344 252 

377 276 211 I 
486 356 272 

487 384 294 232 

487 417 362 285 231 

487 417 365 324 262 



~/"ION THROUGH JOIST BEARING 

~~ CONTINUOUS OECK BEARING ANGL.E 
V).V,//.;~~ ANCMOA BOLTEO TO MASONRY , 

• ( TYPICA L. PAAAU..EL TO .JOISTS 

i r 

~fi X 
II'//; \ HOR IZON TAL BRIOOI NG 

f"' ;// A T JOIST CLOSE TO WALL 
~ • ..._ OR PAlAEO .JOISTS 

~tT'ION THROUGH JOISTS 

~ELIMINARY JOIST SELECTION 

1'>1 

";Jbles below are not to be used for f inal joist de
t are intended as an aid in speeding select ion 

1 ioists for preliminary design and planning. 

fi nal design must be a separate thorough process, 
lv ing a complete investigation of the pertment 

rij~ns . Th is page is not for that purpose. Consult a 

~ -:~1 engineer_ 

MPLE 
me a part icular clear span. By assuming a joist 

~ r~ and estimat ing the total load a joist can im
ly be selected from the table. Then proceed 

elim inary design studies. 
r ~ 

ES 

~
: safe load = live load + dead load . Dead load 
des weight of jo ist. For dead loads and rec
ended live loads, see pages on weights of mate

als. Local codes will govern . 
pan not to exceed 24 times depth of a nominal 

tl 
for roofs ; 40 t imes depth for floors. 
more detailed information refer to standard 
f ications and load tables adopted by the Steel 

o•st Institute. 

ik_cTED LOAD TABLES: LH AND DLH 

•• IGNATION 2B 32 

~L~Ser ies 
Lf-; 30.000 psi 

I~ 

1BLH05 

20LH06 

24LH07 

28LH09 

32LH10 

36LH11 

40LH12 

44LH13 

48LH14 

52DLH13 

56DLH14 

60DLH15 

64DLH16 

68DLH17 

72DLH18 

581 44B 

723 560 

90 96 

433 381 

CONCRETE 

FIRE RESISTANCE RATINGS 

TIME (HR) 

1 or 1'12 

2 

FLOOR ASSEMBLIES 

2'' reinforced concrete, listed ' 12" (5/s " 
for 1 '12 hr) acoustical tile ceiling, con
cealed ceiling grid suspended from joists 

2" reinforced concrete, l isted 1/2 " acous
t ical board ceil ing, listed exposed ce iling 
grid suspended from joists 

2" reinforced concrete, listed 'h " gyp
sum board ceiling fastened to joists 

2'12" reinforced concrete, listed 5/s " 
acoustical tile ceiling, listed concealed 
ceiling grid suspended from joists 

2' .'2" reinforced concrete, listed ' 12 " 
acoust ical board ceiling, listed ex· 
posed ceiling grid suspended from 
joists 

2" reinforced concrete, listed 5/s" gyp
sum board ceiling fastened to joists 

21/2" reinforced concrete , listed 'h" 
gypsum board ceiling fastened to joists 

--~------...----

LH CHORD SIZEt MAXIMUM SPACING (FT) 

02- 09 11 

10-14 16 

15- 17 21 

DLH CHORD SIZEt MAXIMUM SPACING (FTI 

10 14 

11 - 14 16 

15-17 21 

18-19 26 

t Last two digits of joist designation shown in load 
tables-

TIME (HR) 

2 

ROOF ASSEMBLIES 

Bu ilt-up roofing on 2" structural wood 
f iber units, listed 3 · • " acoustical ceiling 
tiles, concealed ceiling grid suspended 
from joists 

Bui lt -up roofing ana insulation on 26 
gauge min_ steel deck , listed •ts" 
acoustical ceiling boards, listed exposed 
ceiling grid suspended from joists 

Bui lt-up roofing OVei' 2" vermiculite on 
centering, listed '12" acoustical ceiling 
boards. listed exposed ceiling grid sus
pended from joists 

Bui lt-up roofing on 2" l isted gypsum 
bui lding units, l isted 5 /s" acoustical 
ceiling boards, listed exposed ceiling 
grid suspended from joists 

Bu ilt-uo roofing on 22 gauge min. steel 
deck, suspended 7/ s " metal lath and 
plaster cei ling 

NOTE : Listed by Underwriters Laboratories or Factory Mutual approved. as approoriate. Ratings are the result of 
tests made in accordance with ASTM Standard E 119. A more complete list can be obtained from the SJI Technical 
Digest concern ing the design of fire resistive assemblies with steel jo ists-

SERIES-TOTAL SAFE UNIFORMLY DISTRIBUTED LOAD ILB/FTl 

CLEAR SPAN (FT) 

36 42 48 54 60 66 72 78 I 84 90 96 

355 i 
444 I 
588 446 343 I 

639 499 401 I 
478 389 i 

451 378 322 I 
472 402 346 

423 ' 369 

I 444 390 346 

138 108 114 120 126 132 144 102 I 

' 
338 1 I 
411 368 I 

442 398 361 I 
466 421 382 I 

460 420 I 
505 463 426 

1 

Jr: Number preceding letter is joist depth; 32LH10 is 32 in. deep. 

~tter. Leach & Lindslrom. Inc.; Minneapolis. Minnesota 

r -
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PIPE MEMBER CHORD 

PURLIN 

MULLION 

GLAZING 

a tradition established by Joseph Paxton's 
Palace, the industrial, performance

lori~>nt .. tt esthetic of modern space frames 
reflected in I.M. Pei's design of the Jacob 
Javits Center in New York City (right), 

•""''""'""'r·• .. n with the PG space-frame system 
lf.'l,bovel. Since the convention center was 
••r•m••l,.it•ul in 1986, however, advances in 
IS~Jac·e-t1ran1e engineering have eliminated the 

for additional purlin systems previously 
• ll!!ouir..tl to attach cladding to a steel 

eliminating a step in the con-

ARCHITECTURE I MARCH 1991 

Hollow steel members have always been 
a necessary component of space trusses, whose 
forms respond closely to function, requiring 
the maximum efficiency of each member. Al
though many architects still equate space 
frames with R. Buckminster Fuller's geodesic 
domes of the early 1960s, crude space-frame 
technology has been achievable since the 
1930s. Over the last decade, improvements 
in manufacturing techniques, computer engi
neering analysis, integral cladding systems, 
and steel coatings have advanced space-frame 
technology considerably. 

Several recent developments in space
frame technology are offshoots of the state
of-the-art Biosphere II project nearing 
·COmpletion in southern Arizona. The fragile 
ecosystems within the vast steel structure 
require not only a watertight cladding but an 
airtight envelope designed to sustain the en
vironment up to 100 years. A glazing system 
attached directly tO the steel tubes eliminates 
additional aluminum mullions previously 
required to attach glazed or opaque panels to 
a structural frame. Reducing one step in the 
construction process , the new system assures 
better quality, since cladding can be prefab
ricated and reviewed in the factory instead of 
assembled in the field . It also solves associ
ated problems with the unequal expansion 
properties of a steel framework and alumi
num mullion system. 

Since space-frame steel members are usu
ally exposed, finish appearance and durability 
are important. New powder and aluminized 
coatings and polyester resin finishes have im
proved steel's resistance to weathering. The 
corrosion resistance of these finishes is consid
ered superior to stainless steel or hot-dip 
galvanizing, which is also subject ro off-gassing 
of volatile organic compounds. 

Another area of advancement has occur
red in space-frame engineering analysis . 
Space frames usually consist of structural steel 
hollow tube members combined to form 
a triangulated structure. Such a configuration 
does not limit a structure's overall form. 
But, according to Michael Patterson, director 
of technology for Pearce Structures, a space 
frame manufacturer in Chatsworth, California, 
"The scope of custom, high-profile archi
tectural applications-as opposed to kit-of
parts, cookie-cutter designs-has not yet 
been explored." The limited exploration of 
space frames can be attributed to their 
three-dimensional structural nature, which 
makes assessing design options through 
two-dimensional drafting difficult. Desktop 
computers, however, can now perform 
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Sources for Appendix D were: 

Chiarand, Joseph De and John Handcock Cullender, Ed. Time

Sayer Standards for Building Types. New York: McGraw

Hill Publishing Company, 1990. 

Edgan, M. David. Concepts in Architectural Lighting. New York: 

McGraw-Hill Book Company, 1983. 

Hoke Jr., John Ray, Ed. Architectural Graphic Standards. New 

York: John Wiley & Sons, 1988. 

Royal Ontario Museum (R.O.M.). Communicating with the 

museum visitor: Guidelines for planning. Toronto, 

Canada, 1976. 



-JCTIONS OF LIGHTING 
is or.ri of many tools a~ailable to help us design 

1 
• wise at the beg1nnmg of any proJeCt to recall 

· t IS of lighting and to be certain that each tunc-

been examined. 

RMANCE OF TASKS: Lighting to perform ".'ark, 
it be reading. assemblmg parts , or seemg a 

is referred to as task lighting. Visual work 
a pri:r: a~· reason for providing lighting. . 
)HANCEMENT OF SPACE AND STRUCTURE: It 1s 

through the presence of light that spatial volume. 
ornament, and color are revealed. For centu-

1 systems evolved partly in response to 

1 as well as functional desires for light of a 
quality . The progress from bearing wall to cur

wall was driven by the push of newly discovered 
:hnologies (both in materials and in technique) , by 

evolving cultural desires for certam spat1al character
istics. and by a des~re to . adm1t light .of a particular 

lity-as with the Goth1c church w1ndow, the Sa
oculus, or the Bauhaus wall of glass. With the 
of electric lighting systems. this connection of 

to light was no longer entirely necessary. 
architects continue to pay homage to this 

i tie. 
JCUSING ATTENTION : The quality of light in a 
ace profoundly affects one's perception of that 

The timing and the direction of one's gaze
are the vanguards of understanding of the 

~n:•c•• -i3re often a function of the varying quality and 
i of light throughout the space. Lighting 

1ws attention to points of interest and helps to guide 
3 user of a space about . 

OF SECURITY : Lighting can enhance vis
and thereby engender a sense of security . Light

can also be used to illuminate hazards. such as a 
anging floor plane or moving objects. 

UES TO CONSIDER IN GOOD 
lNG DESIGN 

lighting design promotes 11) seeing-in the sense 
iorming such visual tasks as read ing or operating 

-and 121 perceiving the space and its various 
(volume, color. texture , etc .). 

visual work, a sufficient amount of light is required 
task. Most lighting standards discuss the quantity 
in terms of inciden t light or light that falls onto 

. This light, ca lled illuminance . is measured in 
or lux IS.I.) . Although convenient to calcu

-~~~•Jmm>mc• is not. of course. what actually enters 

performing a visual task . the light that reaches our 
is therefore lacen with whatever raw infer
mind takes in is usually reflected light-that 

reflected off the details of the task !typed let 
the immediate background (paper), and the sur
ldesk top and room) . Important exceptions are 
1 visual displays using CATs and LEOs, which 

own light. In these visual tasks . light reflected 
generally reduces their legibility, and 

needs to be given to the lighting of the 

recognized that exitance or luminance or 
hrinhtn•••• is only one factor in a list of criteria for 

contrast . task size, time !duration of 
environmental distractions !noise, odors, 
these items are by and large not part of the 
n, contrast must be taken into account quite 
asks have their own inherent contrast, but 

lighting systems can produce differing 
. This is primarily a matter of the po

source of light relative to the task and the 
s eye. 

factor in lighting design is the choice of the light 
· Two 1ssues are involved: color and size. 

Each .lamp family has its own inherent color 
racthenst•cs. The chart below describes in general 

ms t e various perceived color effects. 

It is useful to think of sources and source/fixture 

I 
•lations classified into point line or area sources 

source If · • • · essed . s or mstance, bare incandescent lamps and 
ures ~~~andescent or high-intensity discharge (HID) 

·is 1 smal.l apertures and specular reflectors] can 
d c~~ cont~olled in terms of where light is and is 

1s off P~~VIde sparkle in a space ·by means of re
polished room surfaces. Line sources 

(bare fluorescent tubes and linear fluorescent fixtures) 
can be controlled in their transverse axis of output , but 
not longitudinally. This makes thrm useful for lighting 
large open areas where repetitive rows of fixtures are 
suitable. The most common area source is a window, 
but · also included in this category are arrays of line 
sources covered by a diffusing element. These sources 
usually provide medium to high levels of light with little 
directional control. 

The human eye/brain combination is a complex and sen
sitive perceptual apparatus and does not simply function 
as a camera, projecting pictures into the mind . The many 
nerves and tissues necessary for translating the infor
mation carried as radiant energy by light into an image 
in the brain results in some anomalies that are significant 
to consider in lighting design. 

AQUEOUS 
HUMOR 

IRIS 

CILIARY 
MUSCLE 

Light passes into the eye through a flexible lens, which 
passes the image through the vitreous humor and fo
cuses it on the retina. The retina is actually a layer of 
light-sensitive receptors of two types: rods and cones. 
Millions of these receptors are spread over the re tinal 
area. but they are not distributed evenly . The rods pre
dominate in the peripheral zone, away from the center 
or fovea . Rods do not discriminate between colors, but 
are very sensitive to low light levels and movement. They 
are the primary trans"'iners of information at night when 
light levels are said to be in the scotopic range )"night 
vision"). Toward the center of the retina. and espec ially 
at the fovea , cones predominate . Cones are active at 
higher light levels (photopic range) and are divided into 
types that are sensitive to red . blue . and green light , 
which makes these hues the primary colors of light. The 
rods and cones are not equally sensitive to all wa ve
lengths (colors) of ligh t. Sensitivity peaks at about 550 
nm for cones (a yellow-green color) and at about 500 
nm for the rods, which do not "see" this wavelength as 
a color. 

Two important features of the human visual sy~::n for 
lighting design are adaptation to different light lev: 's and 
color adaptation . 

1. Adaptation to light levels: The visual system eves not 
see a patch of a given luminance as a constant t.nght
ness across differing ambient light levels. Ra ::.".~r . it 
sees the patch as a brightness relative to ancrr~r ad
jacent patch. or relative to the general surrounc. The 
visual system can be very discriminating in sic;;-by
side, simultaneous comparisons of brightness. But 
judging the absolute brightness of a scene is ne:r im
possible , since the system adapts to the ambient light 
level. Also. because two different kinds of rec::nors 
(rods and cones) are used for night and daytime. light 
levels, a transition from one extreme to the o::her
such as entering a movie theater at midday- requires 
time for the system to shift from photopic to scotopic 
sensitivity . 

2. Adaptation of color: Analogously to brightness ad
aptation. the visual system does not have an a~solute 
color sensitivity . When in an environment illuminated 
w ith light that primarily triggers the red sersitive 
cones. for instance, the blue and green receptors be
come acutely sensitive. and the red receptors become 
saturated or dulled to the dominant color . Because the 
visual system works in this way, two phenomer.a oc
cur : 11) After a period of time (the adaptation!, we 
see the red-light-dominated scene as more or less nor
mal. since the sensing of red is attenuated and the 
sensing of blue and green is enhanced; (2) When we 
leave the red-light-dominated space and pass into one 
with less redness in the light, the blues and sreens 
will, for a time (the adaptation period), be more ap
parent than their absolute value suggests. Color sen
sitivity is very much dependent on one's sta:e of 
adaptation. 

PERCEIVED CO.LOR EFFECTS FROM LAMPS 

I COLOR I OBJECT COLORS 
LAMP NAME APPEARANCE ENHANCED 

Incandescent, 
including tungsten 
halogen 

Fluorescent 
Cool white 

Warm white 

Cool white deluxe 
Warm white 

deluxe 

High-intensity 
discharge (HID) 
Clear mercury 

Deluxe mercury 

Deluxe warm 
mercury 

Metal halide 

High-pressure 
sodium 

Low-pressure 
sodium 

Yellowish white 

White 

Yellowish white 

White 
Yellowish white 

Blue/green 

Purplish white 

Yellowish white 

White 

Yellow/orange 

Yellow 

Warm colors 

Orange, yellow, 
blue 

Orange, yellow. 
blue 

All nearly equal 
Red, orange, 

yellow 

Yellow, green, 
purple 

Orange, yellow, 
purple 

Orange. yellow, 
purple 

Orange, yellow, 
blue 

Yellow, orange 

Yellow 

OBJECT COLORS 
DULLED 

Cool colors 

Red 

Red. blue 

None appreciable 
Blue 

Red, orange 

Deep reds 

Deep reds 

Deep reds 

Green, blue 

All except yellow 

bert T. Prouse· J 1 F. 
~ • u es •sher & Paul Marantz, Inc.; New York, New York I 
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Illumination 

T ERMS COMMONLY USED IN LIGHTING DESIGN 

,ENGLISH 
51 . MEASURE OF 

Footcandle (FCI - Lux !LXI Illuminance; incident light 

Lumens/sq ft Lumens/sq m .• 

CP/D2 !ftl CPi02 (meters)' 

Candlepower !CPI Candela !CD) Intensity of a "ray" of light in a given 
direction (used for point-by-point calculations) 

Lumen (LMI Lumen !LMI Flux; total amount of light emitted by a 
source (used for lumen method calculations) 

Candela/sq ft !CD'sq ftl Candela'sq m (CD/sq m) Luminance or luminous exitance, or simply 
exitance; flux leaving a surface at a point 
(formerly measured in footlambertsl 

Reflectance !RI Reflectance Luminance of sample material 
~%1= . 

Luminance of reflectance standard 
or 
Flux reflected 

Flux incident 

Transmission !D Transmission 
T!%1 = 

Flux emerging 

Flux incident 

ILLUMINANCE VALUES FOR VARIOUS TYPES OF ACTIVITIES IN INTERIORS 
TYPES OF ACTIVITY FOOTCANDLES REFERENCE WORK PLANE 

Public spaces with dark surroundings 2-3-5 Hospital corridors (night) 

Simple orientation for short temporary visits 5-7.5-10 CRT areas (veiling reflections need special 
consideration), transportation terminal 
concourses 

Working spaces where visual tasks are only 10-15-20 Auditoriums, banks !general}, hotel 
occasionally perf()(TTled corridors and lobbies, hospital corridors 

(days) 

Performance of visual tasks of high contrast 20-30-50 Conference rooms, offices (high contrast), 
or large size factory (simple assembly) 

Performance of ,-:sc:al tasks of medium 50-75-100 Drafting rooms !high-contrast tasks), 
contrast or small size classrooms, offices, factory !low contrast), 

factory (moderately difficult assembly) 

Performance of \-isual tasks of low contrast 100-150-200 Drafting rooms !low-contrast tasks). 
or small size laboratories, factory !difficult assembly) 

Performance of v'.sual tasks of low contrast 200-300-500 Factory Ivery difficult assembly) 
and very small size over a prolonged period 

Performance of very prolonged and exacting 500-750-1000 Factory (exacting asserably) 
visual 1asks 

Performance of very special visual tasks of 1000-1500-2000 Cloth inspection areas 
extremely low contrast and small size 

ENERGY MANAGEMENT 
Many state governments have or are in the process of 
formulating laws. codes, and guidelines to control the 
use of energy. While the major impact is on building 
HVAC systems, r.ghting systems are also considered. 
The federal government is in the process of developing 
a model code for use by states and municipalities. 

Most of these ener2)' management guidelines are based 
on a procedure to limit the total connected load in units 
of overall watts per square foot. Most also recognize that 
time is a factor since power is measured in units of 
kilowatt hours !K\'trlRSI. 

The procedures being developed require that some as
sumptions be made about space use, but should not be 
confused with actual design of lighting systems. While 
the process will set an overall limit of connected load for 
a building, individJal spaces within the building may vary 
widely from the watts-per-square-loot average. The pro-
cedure must often be invoked at a point in design when 
not enough is known about all the activities in the build
ing; however, enough latitude is generally given to allow 
the law of averages to take its course. 

Many special areas are typically excluded, although one 
must always check with the current local code. These 
typically include: 

1 . Performance spaces 
2. Outdoor ac:ti\ ities 
3. Special lighting for medical or dental uses 
4. Display lighting for art 
5. Speciallight~-.g for research 

6. Lighting for P:ant growth used only in off-peak hours 
7. Normally off err.ergency lighting 
8. Lighting for high-risk security areas 

9. Classrooms for the visually handicapped 
10. Store display windows 
1 1. Lighting for dwelling units 

To determine a building's power limit, each space type 
must be analyzed to determine a "base unit power den
sity" fUPDI. The UPD is stated in units of watts per 
square foot. The formula for UPD is: 

UPD 
!FC, x task area %I + (FC0 x general area %I 

GCU x LSF x LLF x AF 

where: 
FC, = recommended task area illumi

nance (in footcandles) 
Task area % = percent that the task area is of the 

total 
FC, = recommended illuminance for the 

general area around the task area 
(usually ~> x FC,I 

General area % = percent that the general area is of 
the total (100% -task area%) 

GCU = generalized coefficient of utiliza
tion for a broad space or task type 
(the range is 0.50-0.751 

LSF = light source factor based on lamp 
efficacy (lumenslwattl appropriate 
for the space or task (the range is 
20-901 

LLF light loss factor taking into account 
the accumulation of dirt on fixture 
and room surfaces (the range is 
0.70-0.75) 

AF = adjustment factor to account for 
special conditions (rarely used). 

Robert T. Prouse: Jl!!es Fisher & Paul Marantz, Inc.; New York, New York 

LIGHTING THE HORIZONTAL PLANE 
The most commonly used measure of a lighting system's 
performance is the resulting illuminance (the amount of 
footcandles delivered to the work surface). This is not 
because illuminance is an effective measure of all as
pects of quality, but because the illuminance character
istics of lighting systems are well understood and easily 
predicted. 

The work surface is usually a horizontal plane such as a 
desk top, a drafting board, or the floor. Hence, the most 
commonly used calculation technique (the lumen method 
described on the following page) permits the selection 
of fixtures and layouts to achieve approximate uniform
ity of illuminance (footcandles) at any desired horizontal 
plane in a room. · 

UNIFORMITY 
Uniformity is of interest to the lighting designer for two 
reasons. One is that it is thought that excessive varia· 
tions in brightness in the observer's field of view in a 
work environment can be unpleasant and lead to feelings 
of fatigue and subsequently reduced performance. The 
most common example is looking ·up from one's desk at 
a bright, sunlit window, which causes the visual system 
to begin to adapt to that high brightness, and then look
ing back down at one's work surface, which has a lower 
brightness, causing the visual system to begin to re· 
adapt. A day full of such attempted adaptation to such 
extreme contrasts can be a tiring one. The second inter· 
est in uniformity has to do with the relatively common 
need to provide a fixed lighting system for a flexible (or 
unknown at the time of design) furniture plan. This sit· 
uation requires uniformity of illuminance so that the re· 
quired amount of lootcandles is present wherever a work 
surface might be positioned. 

Therefore, in addition to achieving a particular illumi· 
nance level, undecstanding of the uniformity of a lightins 
plan is necessary. In a typical room it is possible tc 
achieve virtually any illuminance level with only one vel) 
powerful fixture. However, that one fixture would create 
unacceptably high brightness gradients. 

To understand the uniformity aspect of any lighting sys 
tern, it is necessary to look at the distribution of ligh·. 
from one fixture and consider how it relates to an adja 
cent one. As an example, here is a diagram of the outpu~ 
from a downlight: 

D 

Manufacturers provide the angles off center of the point 
at which the intensity of light has dropped to 50% o 
the maximum value and 10% of the maximum value. 

The maximum spacing lSI at a given mounting heigh 
(MHI above the work plane is chosen such that the il 
luminance halfway between fixtures due to two adjacen 
fixtures is equal to the illuminance under one fixture du· 
to that one fixture. The MH and the ceiling !'>eight !CH 
may or may not be the same, depending on the selectio; 
of the work plane height (i.e., floor vs. de>;.i. The ratir 
of a suitable spa6ng to the mounting neigh: (S MHI i 
known as the spacing criterion !SCI. 



ISUAL PERCEPTION OF IMAGES 

Brightness Contrast 

Figure-background relationship of dark squares with white surround 
creates darkening or "spotting" at intersections of white stripes. Ceiling 
lighting fixtures can create similar spotting or "dazzle" effects when the lay
out consists of alternating dark and bright illuminated areas. 

Figure-Background 
Ambiguity 

Black and white stripes of identical width create figure-background 
ambiguity, as both contain equal information. Venetian blinds can create a 
similar pattern, but view stripes are more interesting than the uninforma
tive adjustable slat stripes. 

Reversible Images 

Observer will perceive either two faces silhouetted against white back
ground or a vase silhouetted against black background. How objects are per
ceived depends on context information such as expectations and nearby, 
familiar objects. When viewed for an extended time period, figure
background relationships can be reversed. 

VISION AND PERCEPTION 



SURFACE REFLECTANCE AND DAYLIGHT 

In the examples below, various combinations of dark (flat black) and 
bright (matte white) surfaces are placed opposite a window wall and are pre
sented in order of increasing illumination level on desk top work surfaces. 
As shown below, the ceiling is the most effective surface for projecting day
light into a room, whereas the floor is the least effective. 

Ceiling 

~ 

// 

Rear Wall 

~ 

L ..-

// 

Side Walls 

~ 

/ 
Floor 

~ I 

/ 
Reference 

ll_ _.-/' 

.....---

I 

• 

~ 

I / 
~ 

~ 

/ 
. 

~ 

/ 
/ 

~ 

DClrk. c,eili"~ 
( ab5orbs c.cmsi dera b le 
dayliq;nt) 

White w-alls a"d floor 
(reflec.t ii<tY~t) 

Whde c.ei I inl6' 
(refleG.ts coMide,..able 
da~li~f'lt) 

Dar!<. r"ear L.Liall 
opposite windoUJs 
(8'bsoros c.o(lsiderable 
c!a~li~l-lt) 

" Dark siGJe w-alls 
(8bsorb day li~"t) 

White c..e'rlir'\9) ar'\d J..Ja\ls 
(ref le"t c.ol'\~iderable 
d-ayli~ht) 

Dar!<. floor-
(a I So c. a n n Cl ve aD.M mal'\ t 
pBtfern wi1hou't ~reat \4 
redLJG.in~ ras\<. I i g" ht ) 

B. H. Evans, Daylight in Architecture, McGraw-Hill, New York, 1981, pp. 74-75. 

VISION AND PERCEPTION 

Task Illumination 
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REFLECTANCE OF MATERIALS 

Reflectance (p) is the percentage of incident light that is reflected from 
a surface, with the remainder absorbed, transmitted, or both. Value in the 
Munsell color system can be used to identify the property of light reflect 
ance. To find the approximate reflectance of a surface of known Munsell 
value ( V), use the following formula: 

p :::::: V(V -1) 

where p = reflectance (%) 

V =value (no units) 

For example, a value of 9 will have a p:::::: 9(9- 1) = 72%. Luminance (L) 
of a diffuse reflecting surface is the incident illumination level times the 
reflectance. 

Material 

Metals: 
Aluminum, brushed 
Aluminum, etched 

Aluminum, polished 
Stainless steel 
Tin 

Masonry: 
Brick, dark buff 
Brick, I ight buff 
Brick, red 
Cement, gray 
Granite 
Limestone 
Marble, polished 
Plaster, white 
Sandstone 
Terra-cotta, white 

L = EX p 

where L = luminance (fl) 

E = illumination level or illuminance (fc) 

p = reflectance (%) 

Typical reflectances for finish materials are given below. 

.... 
Reflectance 

(%) 

55-58 
70-85 
60-70 
50-60 
67-72 

35-40 
40-45 

10-20 
20-30 
20·25 
35-60 
30-70 
90-92 

20-40 
65-80 

Material 

Glass: 
Clear or tinted 
Reflective 

Ground cover: 
Asphalt 
Concrete 
Grass and other vegetation 
Snow 

Paint :* 

White 
White porcelain enamel 

Wood: 
Light birch 
Mahogany 
Oak, dark 
Oak, J:ght 

Walnut 

Reflectance 
(%) 

5-10 
20-30 

5-10 
40 
5-30 

60-75 

70-90 
60-83 

35-50 
6-12 

10-15 
25-35 

5-10 

•Refer to manufacturers' brochures or to Light and Interior Finishes, General Electric Technical Publication TP-129, 
Cleveland, February 1969. 

References 

J. E. Flynn and S.M. Mills, Architectural Lighting Graphics, Van Nostrand Reinhold, 
New York, 1962, pp. 121, 155. 

J. E. Kaufman (ed.), IES Lighting Handbook (1981 Reference Volume), p. 7-10. 
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DISPLAY LIGIITI.NG 
~ .. ... 

Gallery Design Principles 
f )t 
-l The direction of a concentrated beam of light directed at an object_ :J 

should be at ~~ incident angle of 60° from the horizontal and 

should be centered at an adult sight line height of 5'-6" as shown 

on the attached sketch. 

The dimensions given on the 

sketch are based on nominal 

light source should move back by 

l~" for every 1• of additional 

height. 

The basic geometry of this 

specific layout is represented ' ' c; , N. C:<J' L-47'1 .....s 
AAi:o-4 

14---SFT- ~~,..,.-~~MIA(~ 
LINfiT c." zo,.,C 
AZ£,~«c-,.o 

by the following formula: 

X = (H-66") X 0.577 
/lrii!:4G. 

(IES, 1972} 
The viewing height of 5'-6" could be adjusted by one foot maximum 

to compensate for short viewers in galleries of prime interest 

to children, in which case the angles given have to be re-adjusted. • 

The limit of reflected field is an important dimension as it 

indicates that any general lighting behind the observer can be 

reflected on the picture and can cause glare if the floor material 

is reflective. 



It is also recommended that the luminance (brightness) ratios 

between adjacent light sources be kept to a ratio of 3:1, and if 

a fully luminous ceiling is used it ~hould extend to within n 

foot of the gallery wall if the ceiling height is 15 ft. or less 

and within two feet if the gallery ceiling is in excess of 16 ft., 

so that 40% of the calculated diffuse horizontal illumination 

becomes available on the vertical plane, measured along the 

sight line height. 

The control of the peripheral area of such a luminous ceiling 

should be separate from the control of the central area, with the 

central area having provisions for dimming. 
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DAYLIGHTING 

The brightness of the sky even when cloudy is extremely high, and the 

0 light colour temperature near 10,000 K, therefore even a small 

opening provides a tremendous amount of illumination with white cool 

light, excellent for good vision and colour evaluation. The 

solar altitude has a great influence on the amount of available 

reflected light from the sky with slightly higher values in the 

sununer. 
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Appendix E 

Handicap Requirements 

Human Scale/Space Requirements 



Sources for Appendix E were: 

Hoke Jr., John Ray, Ed. Architectural Graphic Standards. New 

York: John Wiley & Sons, 1988. 
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ICI!:V TO DIMENeiONe 

L 2 '-3" l MEN 
1 12' I" ) l WOMEN 

GENERAL. NOTES 

1'-111'2" 
(I '~ O't2 " ) 

I. Dimensions shown are based on the average or normal 
adult. 

2. Clearances are generally minimum and should be increased 
when conditions allow. 

3. Seating heights and table top heights shown on this page 
may be varied slightly ; refer to furniture pages. 
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Anthropometric Data 

INTRODUCTION TO 
,ANTHROPOMETRIC DATA 

he following arrthr~pometric drawin~ sh?w three 
f 'j' es for each rreasurernent: the top f1gure IS for the 

1 a~ person or 97.5 percentile; the middle figure, the 
ar age person or 50 percentile; and the lower figure, 
~:'small person oc 2.5 percentile. The ch~SI;!n extrer:ne 
,ercentiles thus include 95%. The rema1mng 5% m
lude some who leam to adapt and others, not ade-

huately represenred, who are ~xcluded to keep designs 
1fc;, the majority from becommg too ~mplex and ex
pensive. Space and access charts are ~es1gned to accept 
lt>e 97.5 percennle large man and w1ll cover all adu~ts 
.xcept a few giants. Therefore, use the 97.5 perc~nt1le 
0 determine space envelopes, the 2.5 percentile to 
~etermine the maximum "kinetospheres" or reach 
3reas by hand or foot, and the 50 percentile to estab
'sh control and display heights. To accommodate 
: ::>th men and vromen, it is useful at times to ad? a 
'i mension of tile large man to the corresponding 
imension of the small woman and divide by 2 to ob-

-ai n data for the i!Verage adult. This is the way height 
~andards evolve. Youth data are for combined sex. 
~lthough girls and boys do not grow at the same 

rate, differences are small when comp_ared with size 
variations. 

Pivot point and link systems make it easy to construct 
articulating templates and manikins. Links are simpli
fied bones. The spine is shown as a single link; since it 
can flex, pivot points may be added. All human joints 
are not simple pivots, though it is convenient to assume 
so. Some move in complicated patterns like the roving 
shoulder. Reaches shown are easy and comfortable; 
additional reach is possible by bending and rotating the 
trunk and by extending the shoulder. Stooping to 
reach low is better than stretching to reach high. The 
dynamic body may need 10% more space than the 
static posture allows. Shoes have been included in all 
measurements; allowance may need to be made for 
heavy clothing. Sight lines and angles of vision given in 
one place or another apply to all persons. 

The metric system of measurement has been included, 
since it is used in scientific work everywhere and is the 
most practical system of measurement ever devised. 
Millimeters have been chosen to avoid use of decimals. 
Rounding to 5 mm aids mental retention while being 
within the tolerance of most human measurements. 

Disabilities are to be reckoned as follows : 3.5% of m~n 
.'and 0.2% of women are color blind; 4.5% of adults are 

" hard of hearing; over 30% wear glasses; 15 to 20% are 
handicapped, and 1% are illiterate. Left-handed people 
have increased in number to more than 10%. 

SAFETY INFORMATION 

Maximum safe temperature of metal handles is 50°C 
(122°F) and of nonmetallic hand les, 62°C (144° F); 
maximum air temperature for warm air hand dryers 
is 60°C (140°F); water temperatures over 46.1°C 
(115° F) are destructive to human tissue. Environmen
tal temperature range is 17.2 to 23.9°C (63 to 75° F): 
Weights lifted without discomfort or excessive strain 
are 22.7 kg (50 I b) for 90% of men and 15.9 kg (35 I b) 
for women; limit weight to 9.07 kg (20 lb) if carried 
by one hand for long distances. Push and pull forces, 
like moving carts, are 258 N (58 lbf) and 236 N (53 
lbf) initially, but 129 N (29.1 lbf) and 142 N (321bf) 
if sustained. Noise above the following values can cause 
permanent deafness : 90 dB for 8 hr, 95 dB for 4 hr, 
100 dB for 2 hr, 105 dB for 1 hr, and 110 dB for 0.5 hr. 

ln1f;. ~ "~- ···(ll!i' :U" ..... ,_flil'; ""'"ffi]U If B Sta~ding Slump Can Be 0 1.2 For Men Or Women. C. G. Is With in Pelvic Link, 

:ao d; ng~5.~ght ln405 116.0 uu6:5 : ·: lll. 185 ..... 7_._3-+--'--- 3.1 

1905 75.0 155 6 1 

~~ I ~:: ~ 145 5:7 ,.~ ~~ Eye L.-"' 

Nnk 

--.as 
455 
425 

r---

Lin\>s 
145Q 

410 
,~ 

,'J. ' ', \r ' D!(n" 70.3 
I ~ l IT '\ 1sso 65 4 I ~ - ~ 9.3 I ',I 1!>!-~ 606 (\ • i ·"~ Lill._ 8 .7 ~· )- I 

lH ~::-=a- : ~~~· 
2

~~2::179:'1" ./-"-' -}__,_,'_J.--_·
1

_
8

_~-
12

-1:-_~: 
76 \_ G: / Cervical l8Q.120c le5 1i 

( 
· , ~ r-- Shoolder He-~:;flt . • 175 6 .8 

\ 0 Clavcula< I "" UTIU575 62.4 , ,. t 
1460 57.6 

\ 1345 52.9 r-- !I 
. 385 15.1 ....... 

f'- 350 13.8 LiJ 10 7 I -

192 
18.0 
16.7 

Pi\"Ot 
Poinu 

315 12 .4 9 :o [I 11 .9 
"i to......-- -Thorac ic 7.7 11 .1 
t Lumbir Link .,. 10.4 

~ Un~9~ 7 4 
~Elbow HL'"!'.~ ( 

I 175 5:9 43.0 
~ 6.3 L-=:..J..-"39"'.-"6--1~-1---t" 

I /'X.CG 
/ c ·" 

Ischia 

~ / 

180-38' 

228-82" 

Crotch He=·~ 

33.5 
30.6 

....... , __ 

1--
r--.. ~ 

~· 
t-

245 ~ 'I Finger He-ig!'lt ~ ) . l1 ,( 

110.6 
H

. 10.0 
•o I 92 Piv 

·~ 207 ·135' 1 
! 

~2.3 
7.5 
e.9 

I 
~ 110' , ~ ~:~ I~ I 
E u I ~~ I 24.5 j l} 
u. . I - -

-- ~ 2.9 rl 11--..:_ 1\ I ~ H 
_ 11"'\' 1 ~~ ! ~ .~ r ~ 

Hip\\'. Sr:·:-r. ' ~4-;- / I ~~ ~ :~ 
;~ I;~~ 
315 ~ ~ .t 

17.7 
16.2 
14.8 

114-fr' 

I 
' 

3 .9 155 6 1 
~ \--.L.,_...c......J 3 .6 

IV i.I";;,T, - - ·~~· 
110 44 l_i 5

·
2 

OS 4.6 ......j 1 4 1 4.0 

2·3·- ~ 

Shc.. Len~~.& 128·55°[ I- [[ 3.7 

11 .7 ~.~ 
10.9 1-- j_ 

~11.4~~C,../" II H .. ' -.;t 
10.5 rJ [25'1.o 
9.7 

_!_ 

Mal ~ and ftma't s::tnding h~ights (including shoes) : 

~~ .0 ~ 79"'~ 7C.41arge • 97 .5 percent ;le } incl udes 

64 ~ 166; . ~5 .5 ~tl"'gt • 50 percentile 95% U.S. 
154: ' :.0 .6 small • 2 .5 pe~entile ldults. 

~iels Diffrient. Alv<: R. Tilley; Henry Dreyfuss Associates; New York, New York 

we;!fn Kg & L.b 

75.5 166 
69.0 152 
61 .5 135 

~ill llfP: J!l'' nin;r ll,.I---+--'UliJ_:_::..._j ;; l.L~-· -~-:~-+_.J.m-'-':......J u 
L--0["-.. '--1. ,...:.;;=;-r---1-;\~, ... ~l-~b:""oo.l~~~ [[:.-~-:~-~.J~~~ ==Fi=':,~) I flEfim 

t?- llliiJShoulder=:.t'{-,; \ [][ !J 
t --IT:=:;:::::::::JI===:::::1:"'1 53.7 --+---+ 

1 13.7 . I 49.6 

12.4 [I 1 1V ~ ~6:~ 
Elbow He;!flt 9.9 18 .0 

16.8 
15.7 

Rit-1':~7 

nEl ~ :~ ~ :6:~ LillJ 6.4 I ·~~ 136.9 

CG 

/~I 
Pe lvic 
Link 

CrotchH~~~ 

31 .2 
28.7 

.---r-~~.-~--~ 

.. 'fJ,) 1 ~·~r: 
,t tra~ ) n.9 
r- nn2.6 

.-. 2.4 r li 2.2 

-1-I-'= 1¥1==' ~ :C \ 
l ~~ J 33 

7.5 
6.9 
6.3 

UiJ 3.5 
3.1 
2.9 

8.0 
6.9 
5.8 

~14.6 
Unk.s 16.2 12 .3 

- ~ .,__..S_n_oe_I_,'Mth 

j lll l¥sl ~ .~ 
4.8 
4 .2 
3.7 14.9 

13.6 

OOatum 

./ Ui§_j3.5 -

~"tgh~ 
I ~~~ I 9 .. 

10.4 
9.7 
8.9 

2-3'--

Dimensional notation sysum: 

--

39.3} Numb~n appearing in boxes are measuremenu 
3 .9 in millimetel'l . Numbt rt ouui~ box es ;ue 
1.0 measurements in inches . 



F l 
I 
I 
I 
i 
I 

G 

HatS!"Ie~ ,.l.t 
Head Htq--:: 
RuleA!s:> 
Applies 7o 
Adul tl 

Aqes Standing 
Yu.-s Height A 

La"7-- 1800 70.8 
Avo;- 15 1675 65.9 
Sm~' l - 1545 60.8 

Diffrient, Alvin R. Tilley; Herny Dreyfuss Associates; New York. New York 

Sh<>Yldor H .. d 
Width a Width C 

1a.2 155 6.2 
16.5 145 5.8 
14.8 140 5.5 

7.9 
H 
1.2 

Heod 
Height E 

n5 
no 
215 

15 

12 
9 

7 

5 

Cto1ch 
Htilj"lt G 

860 33.9 
790 31.1 
730 28.7 

e.,. 

-' 

'1 

~--, 
I I , 

0 ~ 
I ' 
I "' 

I 
~-

_) 

M in I I I 1( 

~111 I Greater FOf 
Stordae 

M 

Dimens:it::IIW notttion system: 

Lb 

169 
152 
137 

8 • 
59 
38 
62 
49 
36 
49 
39 
29: 
29 
2C 

7 
6 . 

6 
E . 

.. 
4 . 

s 

39.3} N...-nbers ap~ in boxes .1~ ~e-nt 
3.9 in millimeters.. ~outside b011:e ..e: 
1.0 mtliiSUrements in ~ . 

ANTHROPOMETRIC 



Workstations: Standing 

0 Datum 

liels Ditfrient, Alvin R. T!!:ey ; Henry D,e1<uss Associates: New York, New York 

STA"DING HEIGHT STDS. 
CO~!B I SED ADULT SEX 

Residential Ceiling 

Off"eO~ 

Residential Ooon 
Min Ceiling, Chandeliers 
Min Door Hgt.. 
Shower H~ (Max) 

Highest Head Top 

Clothes Line (Max} 

No See Over 
Hat Hoolu I'·' a~~:) 
Hi~est St\eo!f tMen) 
Shower Head Clear (Min) 
Rail For Eve:Mng Dresses 
Top Of MiJTOt 

Highest Sh~f (Women) 

Catwalk Head Clear (M in) 

Avg Adult Eye Levet 

Thermostats • 

See Over 

Grab Bafl 
Phone 0 1al Hgt 

Highest Fil e 

Door Put'! P:ates 
Sh~rVal\-e 
Wall Switch P\ate 
Deal Plate 

Push Bar On Ooon 

Bar (Hi) 

Countefl . Oooricnob (Max} 
Safety Handrails, Bars 
Entrance Lcclt !Max) 
Iron ing Board (Hi) 
Handrails . l ron;nq Board (H i ) 
Counters . Doorknob (Min) 

Panic Bar~ 

Lavatory Rim 

Letter Slot, 
Rails On Saos 

Ironing Board (lo) 

Wall Outlets 

Highest Step 

Rung Spicing 

Bar Rails 

Stair Riser (Opt) 

Toe Space (Mu) 

Toe Clear (Min) 

Threshold (Mox l 

Minimu m 
Aisle Space 

SERVING AT A COUNTER 
I FOOD COUNTER) 

On•~ --~~--~---1 

Two or More 
Serv"" ---i-'------'----1 

1120 44 

AJ temate Floor For 
Near Same Eye levels 

75 3 

ADJUSTMENTS FOR THE ELDERLY 

High Roach. High Shelve$ __ Lower0 3 

Low Reach, Low Shelves-------Raise E}3 

Work Surfaces o.oter0 1.5 

Lowest 
Reach level 

Dimensional notation s~tem: 

in 

1 Low Shelf. Stoooing 

:ls05l~-----c= _____ _ 

4-6 

39.3} Number! appearing in boxes It'! n""tasurtme~1 
3 .9 in m:U imeters . Numb~l"$ ouuide boxes ue 
1.0 mefS.Urements in inches. 



female standipg heights (inducing shoes): 

50' 

Light Sources B~o...;,. 
Vi:su~l l imit L1oe 
Create Glare 

1665 65.5 ....... ge . 50 per-contile 95% u.s. 
1190 70.4 Iorge • 97.5 pon:entile } includes 

1540 60.6 small c 2.5 pen::en!ile ktults 

Alvin R. Tilley; Henry Dreyfuss Associates; New York, New York 

MtCC:al 
Uses 

SEATING ANGLES 

Red i, i"9 Postures 
Rtluing Postures 

I Alert Postures I Work P~.H"!S 

120" 5" o• H;p Angles 
30: 110-130° Relax 

57 

56 

54 

54 

50 

47 

46 

43 

42 

40 

36 

34 

31 

30 

29 

27 

26 

25 

24 

18 

18 

17.5 

15.8 

15 

12 

11 

6 

6 

3 

2 

95-13a' Work 
And Alert 

Highest Hud Top 

Mirror i op 

No See 0..~ 

Floor Lr-:0 (H i) 

Hig h She. f 

Avg Eye Level 

High Fi. e , Front Tab 

5~0..-. H ;t 

Phone C ¥ Hqt 

Floor L¥-.o (lol 

lunch Co..:nt er 

High File. Top TM> 

Sewi ng Taole 

Stool F;;:, 42 Counter 
Hosp. ~IH; ) 

Work TiC>e 
Desk 

Iron Board 

Typing Tilt'e 

Tab le IY¥' 1ni 
Knee S=a:e 
Side Ta!>'es 
Chair For36 Counter 
Coffee Tilble (Hi) 
Wall Outl ets 

Bed 

Work~r 

Toilet Seat 

Seat (Min) 
Park Seat 

Foot Stool I Hi) 

Coffoe Tobie (Lol 

Foot Ring 24 Chair 

ToeSoo::< !Max) 

Toe Clear. (M;n) 

Foot Stoolllol 

To Move , 
Arms I 
~13 
For I 
Comfort 

~21 
..!.__ 

fPOla.3 

MEDIUM HIGH WORK SEATS 
!POST OFF ICE COUNTE AI 

~22 
@Jn 

ADJUSTMEN;;; FOR THE ELDERLY 

High Forward Reach , Eve l~!!! . Head He19"t -- LOW!r.'ef~2.2 
Reach Radius Oer:: re.~5e~ 2 .5 

5Ct Hi!'fl Visual Limit 

Oimens;t:JI"''IJ notation system: 

39.3} Numbers appearing in boxes ~~ measuremern:s 
3.9 in millimet2n. Nuni::lers outside boxes •~ 
1.0 measumnents in lnc:ha. . . 

ANTHROPOMETRIC 



Space Usage 

PASSAGE FOR TWO FACING DOORS 

KITCHEN WORK s;>.:.CE 

k~e f"'.M16ng heights (inch.tdr"'4 shoes) : 

1t 55 65.5 ••• ,.go- so pe<Centilc 95,. u .s. 
1790 70 4 large- 97 5 .,.,-..ontHe } "'etudes 

1540 50.6 small• 2.5 pe!""'..entile AO..rl ts 

SI NGLE DOOR PASSAGE FOR TH REE 

SLEEPING SPACE 

[ill] © ~ 22 M in T o Make Bed 

3B For HandK: ap;>ed 

DI AGONAL OOORS PASS ON E 
BElTE R THAN FACING OOO RS 

t wo11 Hat 
Shelf 

~ 
20 I' H I : 

S"<;le Min 

t(:~~:---:3 Qr Twi r Usable 
Sees c=- ~ ~ 39 0 

H• l 15(>-25516- 10 24 

g'b~~ 

[ill ~ 22 Min To Make Bed 

760 30 For Handicapped Sc«:e To I UR Closet e 
Arc To Dress I s e 

Double~ 54W 1 2o3ol BOL ~- 36M;n :f. :i 
0 

~ Queen I 1525 I BO W I 203o l BO L ·~ 42 Pre ft 

ioo . I I 203o l 80 L ~ ~ 
-' I K;ng ~ 76W gapped 1 

~~yOr ~ 30W ~ 75 L 48 M;n I ~ 
~ 54 Pref 13 

~~90L 80 L Also jm5 j 84 L 
N Tw;n .§ 48 Space To Vacuum "' , .. 

"00 
Under Bed And 

'11>" ~ N Min For WC r--
~ M Door I 
0 -

Lounge v ~ I 

"' A!ternrte Fhair 
30Std 1 

i~ ~~-':-
I-- I 

SpauTo 
, 1 ~30 I~ 32~ 36Lg : 

I " 
Use Dress« I ~ 34Min I 

-~-40 Min I ~J l- _j 

Engl;sh Beds: Smoll S.n9e 900 x 1900; New Std. Sin;ie 1000 x 2000; Small Double 
1350 x 1900; New Std. Dooble 1500 x 2000 

Diffrient. Alvin R. Tilley; Henry Ore-Jfuss Associates; New York, New York 

PASSAGE FOR FOU R 

BATH SPACE 

Oim~i cr.a not i!ti on sy1tem: 

I 
FACING DOO R 

Door 
Opening 
Outward 

Min 
Door A 

:!3 .3} Nutf'ben appearing ir ~xes are measurM'\ent! 
3.9 in mill imeters . Num~ "' ouui de boxes Itt 
1.0 mes..~rrments in ir.cht•L 



CAnYALK FRONT PASSAGEWAY CORRIOORS HALLWAYS WITH ONE BAG WITH Tv.O BAGS CARR YI NG TRAY 

~18 Mm0ia 
Or Squ are 

~22 Prefer 

Mv: Abole 
[7601 30 Floo' 

. \1305112 ~4.50 . ~ 
Or Sc..~are 

I 

To\0 H-"NO REACH 
ACCESS cr-:o VISiO"''I 

i ~ !s __ , 
TWO ARM REACU 
ACCESS I No Vis;o· 

L Hei:· : 

~19.5112; 

m~ -: .., E 3 ~'~: 
FI NGE R ACCESS TWO FINGER 

nVIST ACCESS 

~ 1.3 Bm r::l 
~2Bare 

~ 1.5 Glove r::--1 
r:l ~2.5 Glove 
L....!.JO.J To E xc ·uc~ Add 
Ro.md I Round I O_bject 
HOe Hole S •ze~ 

:::71' ~· 
SITTI NG LiPRIGHT 

I I 
HAND FLAT -"CCESS FIST TO.V\'R;ST ACCESS loiiNIMUM HAND 

-"CCESS TO WRIST 
FINGER TIP PULLS 

Htilj''lt 

~23 

~· 

RELAXED SEATI NG 

Width With Arm rut 

~2BM;n 

Mniml6n Recline 

[l700]s1 [1980] 7B 

Height 

~5 
~6 

V\' cth 

~3.5Bare 
! 115 14.5Giovo 

Rect I If Round 
~".:seHe i rjlt 
__.,_./ ::>r o.a 

I 

~Or Square 

~3.8Bar e 
Hand Curled Wi th 
Or Without Screw 

~ I . 

L 

~3.2 \\1nimum 

~0.75 Minimum 

U2 For Two Fingers 

,r- L --; ,.,__j 
AleeF ~ 

SITTING ON FLOOR 

Work Wid th 

SQUATTING 
tfOt Short Durat ions) 

~25M;n 

Diffnent, Alvin R. Tilley; Henry Dreyfuss ~iates: New YO<X, New YO<X l 

~ 

I .:o h.s Bare 

I ;,;) j2 Gl"'' 

o .• 

FOOT OPENI NGS 

L H 

l3os b2 Gi:J•.5 "" 
~13 ~5s·c~. 
1395 115.5 ~6.5 ::: . L2 F ~Tvroi= -.:;.: .. --s 

-L-

~ I 1 
ry=;J· JLloD: J.J-0.9 

STOO?I"'G 
I f e r s~or: L>ura: cr.sl 

D'mensi ,_,.. ...,..tion system: 

KNEELING 
(P~~r Knee Pad) 

39.3} Numbers appearing in boxes are measu~nu 
3..9 in rn:illimeterL NurtU:rs outside boxes are 
1.0 I'TleiSUtenentS in inches. 

ANTH OPOMETRIC 



Handicapped 

fema !e: s~r-; ne,g,!l ltndudiin >; f"loes}: 

1790 70.4 ! a·~ • 97.5 percenti'E } includes 
1665 65.5 .,.,.,9' • SO P<'oentile 95~ US. 
1540 60.6 s-:-~·. 2 .5 ~enti l t adults 

Til~ : Henry Drey!uss Associates; New Yo.-1<. New York 

ELEVATOR IS REQUIRED 
TO SUPPLBJENT LONG 
STAIRS AND ESCALATORS 

~( 
~------ 1295 

I 

• floor 
Gratings 

~0.75 
Excludes 
Crutch 
Tips 

• Avoid 
O;>en 
Sui~ 

• Avoid 
Suir 
~osi ngs 

·~~r r 
•Maximum 

Ramp 
S!o;>es 

- I 
12 

OEAt: A'-iJ r.ARO OF HEARING 

1. Add VI'S...af Signals~nd Oisp!aysTo 
Audio SiO"'.-Jis. 

2 . Empi'-.aSie Printed Ma~eo- . Symbols 

1. Use S.<~tll e.. 

2. ~ec: C'l.aracters e j~ ~oom Numbe~ 
ll~Q-~· .4 rnick And !l :;, 60 Above Floor. 

3. Knurl 3a:k Surfaces Of Handles And 
Knobs On Doors Open'"'; To Danger. 

4 . Add Aud:Cie Signals To Visual Signals.. 
5. Prefe- Gas Ranges For Aud ible Clues. 
6 . Hard S. .. u·~JCes Aid Sound Detect ion. 

And Pictures. Use Tele:opy, 
3. lrcrease Volume Oi A.:Jd:o Si~als . 

e.g. Ampl i fy Phones a:-C Rin~~-

:._IN O 

7. Use 1065 42 Rail in;s With --;so- 6 
Curbs Around Di!Ogef'O...IS Areas . 

8 . Avo id O;>en Stairs k~ S:air Nosi ngs.. 
9 . Avoid Projections . Tri:~~pin; Hazards. 

And LCWt Hanginc OXI'\JCtions . 
10. Floor Ooeoings ~ ~.6 £~el ude Ca~ Ti.,s . 
11 . Right Angle Gri d Pznet"""S Are Eas ier To 

Comprehend Than Cu"'\·es & Serpent in~. 
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LINE OF HANDRAIL 
( DIM ENS:ONS SHOWN 
ARE FROM FRONT EDGE 
OF TR:;:ADS TO TOP 
OF HAt-DRAIL ) 

7" M t:"J . 
T OE 
SPAC:: 

(A) FLUSH R ISER t8 l A."·<GL::O R .SER (CIROU"'DED 
NOSIN G 

HA.'-O"!AIL 
NOTES 

1. In areas of public access, the maximum riser of 7 ins. 
and minimum tread of 11 ins. is required for new stairs. 
See pages on concrete, steel, and wood stairs for ad· 
ditional information. 

2. T =tread; R=riser. 

3. Maximum height between landings is 12 ft . 
4. Rule-of·thumb formula is: 2R + 1T = :2:24 in. :5:25 in . 

Typical stair: 2R x 7 in. + 1T x 11 in. = 25 in. 
5. Exterior stairs generally are not as steep as interior 

stairs. for safety reasons. A general rule is 2R + 1T = 
26 in. If riser is 6 ins., tread would be 14 ins. Minimurr 
number of risers should be 3, for a minimum of 18 ins . 
change of level. 

6. Ramped walks are preferred for less than 18 in. change 
of level. Maximum rise for any ramp is 30 in. 

7. For rise of 3 ins., maximum ramp slope may be 1 :8; up ' 
to 6 in. maximum rise is 1:10 for existing build ings or 
sites. All other ramps shall be not more than 1:1 2. 
Stepped ramps are not recommended for public use. 

----....,f-.+.- A TO 8 : FOR GREATER ACCURAC ' 
USE THE FOLLOWING FORMU...AS 
T::20-4R, R•IS-3T 

( HANDICAPPED ):4"53 
MA)( . RAMP 

, OR 1 IN 12 

3 .... 

MIN. TREAD FOR 
HANDICAPPED (ANSI) 

(j) 
!l. 
~ 
<I 
a: 
a: e 

HANDRAIL HEIGHT AND RAMP INCLINE ARE GOVERNED BY LOCAL OR STATE 
CHECK LOCAL CODE. 

AND RISERS 

Vaughan, AlA; Charleston, West Virginia 
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~~IGHTNESS CONTROL 

Several conceptual approaches to controlling brightness of light sources 
and room surfaces are given below: 

1. Reduce brightness of light sources. Brightness of windows and their shape in
fluence glare more than the size of the opening. Low-transmittance glass or low
gloss films can be used to reduce brightness of window openings. Sky glare can 
be controlled in tall buildings by restricting window height or by selectively 
screening upper portion of the window as shown below. 

s~li n / 
light ~ 

'J ;eu.. ar>d 
i.- : ~nr 

2. Position electric light sources so that specular reflections are not normally 
viewed (e.g., light sources located below or away from specular surfaces). 

j !lilll\"'-..._ ___ i.-lg"nt sourc.e ~---- L.. :6~t .;:~ rce 
-~ auJa~ troM 

if--C:eranlic.. 1;1e, 
or- marole 
IIJai(\~"ot \ 

) I 

Gf'e"ul~r 
f't'\ :lter 1._ I (5o 
reflections 
will be below 
line ofsi~ht) 

Gla~<;. abo~e 

eye. le"el 

~-spe.nded oei;,..J 
L... .i'\do ... g-lass 

3. Increase brightness of area surrounding potential objectionable image (e.g., with 
high-reflectance finish). Avoid dark backgrounds which increase perceived 
brightness of light sources in field of view. 

VISION AND PERCEPTION 



J~UMAN BIOLOGICAL (OR PSYCHOLOGICAL) NEEDS FOR VISUAL INFORMATION 

The table below presents basic human biological (or psychological) 
needs for visual information along with example lighting objectives. 

Visual information for 

Physical orientation and location 

Physical security 

Relaxation 

Time orientation 

Contact with nature and people 

Definition of personal territory 

Examples and lighting conditions 

1. Level horizontal I ines of reference (e.g., 

moldings, wainscots, expansion joints) 

2. Emphasis on dangerous edges in stairs and 

corridors 

3 . Clear definition of circulation intersections 

1. Light gradients to complement structure 

(e.g ., scallops of light coordinated with wall 

panels) 

2. Clearly visible egress routes with well-l ighted 

exit signs 

1. Nonuniform lighting layouts with control of 

glare 

2. Emphasis on walls rather than overhead 

lighting 

3. Interesting visual rest centers (e.g ., illumi

nated sculpture, paintings, plants) as occu

pants periodically scan environment 

Awareness of day-night cycle through clear 

windows and skylights 

1. Openings to allow daylight penetration (and 

distant views to relax eye muscles) 

2. Avoidance of visual noise from solar ·shading 

devices 

1. Task -ambient lighting such as torcheres and 

furniture-integrated fixtures 

2. Large ceiling coffers or columns in open 

plans 

Note: For a comprehensive table of biological (or psychological) needs for visual in
formation and their implications for the luminous environment, see W. M. C. Lam, 
Perception and Lighting as Formgivers for Architecture, McGraw-Hill, New York, 1977, 
p. 20. 
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REFLECTORS AND DIFFUSERS 

Reflectors, lenses, and diffusing elements can be used to achieve a wide 
variety of light distribution and brightness characteristics. 

Specular Reflector 

Lens (Clear, Prismatic, or Fresnel) 

\ 
\ 
.\;> 

mec .;;m . .... ;oe ,?r oar:.v :nl2: 
bea m spreao) 

Louvers (or Baffles) 

Shield 

I 
I 
I 

<!:> 

or <:i tlver- oo.., l d\Canoe:,c.e.ni 
iamp ( 7o red 1rec.i , i ~nT ro ... aro 
paraao 1i G ref 1e'-Tor) 

Note: Parabolic-shaped reflectors reflect considerably less sound energy than flat or pris
matic lenses. This characteristic is important in open-plan offices, where flat-lens lumi
naires can reduce acoustical isolation between work stations by as much as 10 dB at high 
sound frequencies. The decibel (dB) is a unit used to express the intensity level of sound 
energy (e .g., 0 dB represents the level at the threshold of hearing and 130 dB, the thres
ho ld of pain) . 

LIGHT SOURCES 



IHARACTERISTICS OF ELECTRIC LIGHT SOURCES 

Incandescent 
(including Low-pressure 

tungsten-halogen) Fluorescent sodium 

Basic description High-intensity point Low-intensity line Low-pressure 

source, compact source, bulky siza long I ine s(;urce, 

size with one with two bases plus bulky ballast 

socket ballast, tempera· with one socket 

ture sensitive 

Length (in) 
3 
--18 6-96 12-44 
16 

Watts (W) 1-10,000 5-215 35-180 

Visible energy (%) 10 23 35 

Efficacy (lm/W) 10-25 25-100 130-180 

Typical average 750-4000 10-20,000 18,000 
life (h) (varies with 

applied voltage) 

Start and restart Instantly Immediately 7-9 (start) 

times (min) 0-3 (restart) 

Dimmability Full range Possible with rapid Not at present 

adjustability start dimming 

ballast plus 

dimming device 

Color rendition Excellent (con- Good (combina- Poor (spectrum 

tinuous spectrum) tion spectrum) predominantly 

monochrome 

yellow) 

LIGHT SOURCES 



High-intensity discharge 

Mercury Metal halide High-pressure sodium 

High-pressure point or High-pressure point or High-pressure point or 
short line source, short line source, short line source, 
moderately compact moderately compact moderately compact 
size with one socket size with one· socket size w ith one socket 
plus ballast plus ballast plus ballast 

5-16 8-15 7-15 

40-1500 175-1500 35-1000 

14 21 26 

20-65 80-115 85-140 

24,000+ 7500-20,000 24,000+ 

3-6 2-3 3-4 
3-8 5-10 1-2 

Possible with special Possible with special Possible with special 
circuit plus circuit plus circuit plus 
auxiliary equipment auxiliary equipment auxiliary equipment 

Very good Excellent Good 
(discontinuous (discontinuous (discontinuous 
spectrum) spectrum) spectrum) 
low in red yellow cast, low in 

blue-green 

LIGHT SOURCES 



SUBJECTIVE IMPRESSIONS FROM LIGHTING DESIGNS 

The patterns of brightness in a room can alter the subjective impressions 
of the occupants. The table on the next page presents lighting conditions which 
tend to reinforce the subjective visual impressions of clarity (e.g., test subjects 
were asked if conditions were clear or hazy, distinct or vague), spaciousness, 
relaxation, privacy, and pleasantness. The table can be used to assist in 
establishing design goals for lighting systems. For example, if "clarity" and 
"spaciousness" are appropriate visual impressions for users of a research 
laboratory space, the following conditions would be desirable: bright and 
uniform light on horizontal work surfaces, perimeter emphasis, cool color 
temperature light, and brightness as a reinforcing factor. To meet these 
goals, a lighting system consisting of luminaires evenly spaced on the ceiling 
could provide relatively uniform illumination on the horizontal surface of 
work benches. Cool white or cool white deluxe fluorescent lamps would 
provide the desired cool color temperature in the room. Finally, a uniform 
wash of light on high-reflectance, matte wall surfaces (e.g., by fluorescent 
lamps behind cornices or recessed luminaires in ceiling) or window open
ings for day I ighting (with glare controls) would contribute brightness at the 
perimeter of the room, which would reinforce the impression of spaciousness. 

References 

J. E. Flynn, "A Study of Subjective Responses to Low Energy and Nonuniform Lighting 
Systems," Lighting Design & Application, February 1977, p. 8. 

G. R. Steffy, "Lighting by Design," Consulting Engineer, August 1981 . 
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temperature 
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temperature 
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Nonuniform 
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Note: The above table is based primarily on studies of a limited range of light ing 
conditions conducted in conference room, classroom, and dining spaces. Further studies 
on a wider range of spaces and lighting cond itions are needed to expand current know
ledge of the effects of light on subjective impressions of space and form. 

e 
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COLOR CONTENT OF LIGHT SOURCES 

The graph below shows the relative energy emitted at various wave
lengths by three different sources of light. The curves are presented in terms 
of the relative energy of wavelengths for each light source on the graph and 
therefore cannot be directly compared to each other. For example, daylight 
can provide over 80 times the usual level of illumination of the other sources 

on the graph. 
Observe several book covers under electric light sources and then out-

side in daylight. Do the colors appear the same when illuminated by light 
sources of vastly different color content and light level? The following page 
presents the concept of color constancy, which allows color identity to be 
preserved under different illumination conditions if changes are not too fast 
or if light sources of different color content are not viewed simultaneously. 
For example, the blue of the sky will be distorted when viewed through 
clear glass and adjacent tinted glass, a combination which can also create 

artificial gloom. 
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