


LIBRARY 
Montana State University 

BOZEMA# 



A NIGHTCLUB-RESTAURANT FOR BILLINGS, MONTANA 

Part I 

Undergraduate Thesis in Architectural Design 

By 

Gary D, Larsen 

Submitted to the School of Architecture 
as partial fulfillment of the requirements 

for the degree of Bachelor of Architecture. 

at 

Montana State University 

Bozeman, Montana 
December, 1965 



P31 ? 
l'}2̂  

TABLE OF CONTENTS 

A. FEASIBILITY STUDIES 1 
A-l Scope and Statement of Project . . 2 

Social and Psychological Aspects ...... 3 
Need for New Facilities 4 

A-2 Historical Background 4 
Restaurant 4 
The Midland Empire—Billings 3 

A—3 Population Trends 6 
A-4 Economic Trade Factors . 8 

Tourism 8 
Yellowtail Dam 8 
Transportation 9 
Manpower 9 
Market Area ... . 10 
Billings Incomes 10 
Interstate Highway . 11 
Competitive Nightclubs in Billings Area . . 11 
Newsprint Statements 

B. FINANCIAL ANALYSIS 13 
B-l Project Financing 16 

Project Financing . 16 
Requirements for a Loan 19 

B-2 Cost Estimate 21 
B-3 Determining Seating Capacity 23 

G. LOCATION AND SITS ANALYSIS 24 
Survey of Site 23 

Location of the Site ............ 26 
Soil Characteristics 33 

D. OPERATIONAL PROGRAMMING 34 
D-l Functional Requirements 33 

Complexity of Food Service Layout ..... 33 
Quality Control . . 33 
Flow of Work ................ 36 

D-2 Space Requirements 38 
General Schematic Area Relationship for 

the Total Project 41 
Dining Areas . *5 
Kitchen Aj?ea 43 
Receiving and Storage . 43 
Storage 43 
Methods of Storage 46 
Storage Items to be Checked 46 



Types of Storage Areas and Workers 
Using These ^reas . .... 46 

Storage Allocation in Preliminary Planning . 47 
List of Food. Preparation Sections 48 
Vegetable Preparation Equipment . . . 48 
Meat Preparation Equipment . . 48 
Cooking Section Equipment . . 48 
Short Order and Breakfast Equipment 49 
Garde Manger and Seafood Equipment ..... 49 
Banquet Kitchen Equipment ..... 50 
Salad and Sandwich Equipment ........ 50 
Bakery Equipment 50 
Pot and Pan Section . 51 
Dishwashing Equipment ... 51 
Pot and Pan Washing Equipment ........ 52 
Miscellaneous 52 
Linen Equipment ......... 52 
Dining Area Equipment ............ 55 
The Coffee Shop 55 
Coffee ohop Equipment ............ 55 
Service Stations . . 5^-
Table Sizes ..... ..... 54 
Bar Equipment . ....... 55 
Room Service Equipment ...... 5 5  
Employee Facilities 55 
Office Equipment . . 56 
Work-Station Layouts ....... 56 
Aisles 57 
Pood Sex^vice Catering 58 
Table Service . 59 

D—5 Equipment and Furnishings .......... 60 
General Principles for Equipment Selection . 60 
Water Systems 60 
Steam . 61 
Air Conditioning .............. 61 
Sanitary Drainage ... 65 

D-4 Personnel Requirements ...... 65 

BUILDING PROGRAMMING .............. 65 
E-l Basic Philosophy 66 

Aesthetic Considerations . . 66 
Planning—Typical Goals . 68 

E-2 Climatic Conditions . 69 
General Conditions . 69 
Climatic Comfort Zone ............ 69 
Climatic Orientation. ...... 70 
Sun Angles ....... 70 



Surface Radiation 72 
Local Climatclogical Data 7^ 
Macroclimate vs. Microclimate 77 

E-3 Maintenance Requirements 77 

F. SUPPORTING SERVICES 79 
Landscaping . 80 
Roads 80 
Parking Space 81 
Human Figure Data 82 
Light and Color 86 
Noise Reduction ........ 86 
Construction Materials . ... 87 
Future Expansion 87 

G. CONCLUSIONS, RECOMMENDATIONS 88 

H. SUMMARY 90 

BIBLIOGRAPHY 95 



FIGURES 

FIGURE PAGE 

A-l Population 7 
A-2 Division of Labor—Yellowstone County— 

i960 9 
A-3 Billings Trade Area 10 
A-4 Median Family Incomes—Billings and 

Selected Comparative Areas .... 11 
A-3 Letter From Thor Myhre, Billings ... 12 

B-l Square Foot Costs for Nightclubs ... 21 

C-l U.S.C. and G. Site Map—Scale 1M=2000*. 27 
C-2 Four Photographs of Site 28 
C-3 Four Photographs of Site 29 
C-4 Four Photographs of Site 30 
C-5 Site Map—Scale 1"=120' 32 

D-l A Conveyor System . 37 
D-2 Variation in Space Needs In Relation 

to Number Served 39 
D-3 Square Feet of K,i tchen Space Per Meal 

for Food Facilities.of Different . 
Type and Size 39 

D—4 Flow Diagram Showing Functional 
Relationships 40 

D-3 Schematic Diagram of Space Relationships 
for General Areas of Total Complex 42 

D-6 Schematic Layout for Ideal Kitchen . . 44 
D-7 Layout for a Typical First Aid Room 

for employees 36 
D-8 The Working Area for. Hands in Horizontal 

Plane 37 
D-9 Gallons of Water Required for 1000 

Meals Per Day In Some , Common , . , 
Equipment ......... 62 

E-l Seasonal Variation in Sun n̂gle .... 71 
E-2 Direct Radiation for Clear Skies ... 73 
E—3 Local Climatological Data . 73 
E-4 Desirable Qualities for Building 

Materials ... 77 

F-l Road Cross * Section 80 



F-2 Recommended Dimensions for Parking Lot 
Arrangements .81 

F-3 Anthropometric Data—rAdult Male Standing 
at Control Board 83 

F-4 Anthropometric Data—Adult Female Seated 
at Console . 84-

F-5 Anthropometric Data—General ...... 8^ 



STATEMENT OF THE SCOPE OF THIS THESIS 
• 



SCOPE 

This thesis is concerned with a building com

plex consisting of: 

1. a nightclub-restaurant combination, 

2. a motor-hotel, and 

3. a convention center seating approximately 
1000 persons. 

I feel that each of the above projects is necessary 

to the economic survival of the others and that Billings, 

Montana could economically support such a complex. 

However, in order to be more specific about one 

of the projects in this complex, namely the nightclub-

restaurant combination, I will not include any infor

mation on the motor-hotel or the convention center in 

this thesis. The fact that all three of the above 

projects are to be in one complex will remain as one 

of the criteria for the nightclub-restaurant combina

tion . 





A-l SCOPE AND STATEMENT Off PROJECT 

There are three distinct areas of i^esponsibility 

concerned with the creating of plans, namely ownership, 

management, and building. It is advisable in planning 

sizable projects to have a group composed of representa

tives qualified to pro viae information in each of these 

areas. 

The purpose of this thesis is to call attention 

to certain significant points in planning. Selection 

of the information was made with recognition of the 

fact that each topic treated merits an entire volume. 

It is believed that the material chosen will serve as 

a guide and will provide useful information for that 

phase of planning to which this thesis is directed, 

namely architectural considerations. 



SOCIAL AND PSYCHOLOGICAL ASPECTS 

Current living conditions and changing social 

customs affect patrons' eating habits. Statistics 

indicate increased "dining out" due to buying power, 

people on the move, and more women working outside the 

home. Families dine out as a group. Fast, informal 

service is popular. 

The pleasure of food makes mealtime ideal for 

entertaining. There are many possibilities for 

dramatizing food, surroundings, and service to add 

enjoyment to eating, and there will always be a demand 

for facilities that can offer a certain amount of 

"pomp and circumstance.M A host wants to be proud 

of the place chosein for his guests' pleasure. Patrons 

who relish plain ana simple food for daily eating-

want it more imaginative and dramatic for special 

occasions. Many teas, receptions, weddings, professional 

meetings, and holiday celebrations have special traditions 

in relation to food and its service. 

The lack of the warmth of a home and familiar 

surroundings may make special demands in planning 

layouts to provide features that will replace these 

missing factors. Over one fourth the food sold in 

America is now consumed outside the home. The degree 

to which this food meets the social and psychological 



demands of the public will directly affect the success 

of the food service operation. (11 : 5)* 

NEED FOR NEW FACILITIES 

In its massive 13-year, 27-volume) study 
and report to the Federal government, the ORRRC 
(Outdoor Recreational Resources Review Commis
sion) confidently predicted that since (1) our 
population will nearly double by the year 2000, 
(2) a much greater percentage of the population 
will live in our already crowded urban centers, 
and (3) almost everyone will have much more 
leisure time and discretionary income, the over
all demand for outdoor recreation will at least 
triple in the next 35 years, and the need for 
recreational facilities in and. near cities will 
increase tenfold, (22 : 1̂ 1) 

A-2 HISTORICAL BACKGROUND 

RESTAURANT 

The word restaurant in America first applied to 

the dining rooms of the better class hotels and to a 

few high class a'la carte restaurants. As establish

ments of different types came into being their char

acter was fixed by an expression such as coffee-house, 

as in England, Then came cafe's, lunch rooms, 

dairy rooms, cafeterias, sandwich shops, and others, 

all of which were included in the general use of the 

* The first number in parenthesis refers to the num
ber of the book listed in the bibliography. The 
second number, also in parenthesis, refers to the page 
number or numbers consulted. 



word restaurant. 

The early American eating places were patterned 

after the inns, taverns, and coffee-houses, in England. 

The restaurant habit as known today dates from the 

later decades of the 19th century when large hotels 

began to cater to the needs of diners on a large scale. 

Modern grille rooms are an offshoot of the hotels and 

restaurants, and owe their existance largely to the 

traveling American who felt he did not wish to dress 

every night, but that otherwise he would be out of 

place in a fashionable restaurant. The grille room 

made no demand for dress, and offered excellent dinners. 

Also, the larger restaurants have banquet halls ana other 

rooms where club and festive dinners may be had at 

varying prices. (11 : 7) 

THE MIDLAND EMPIRE—BILLINGS 

Billings is the economic center of S.E. Montana 

and parts of northern Wyoming. Billings' chief 

importance is that of a trade ana commerce center for 

a large farm and ranch area known locally as the 

"Midland Empire." Billings' great distance from 

larger commercial centers (900 miles from Seattle and 

Minneapolis, and more than 600 miles from Denver) has 

made the City commercially independant and given it a 

large trade area. 



A-5 POPULATION TRENDS 

Two significant factors can be observed in analyzing 

growth trends in the Billings area. They are: 

1. Continued population losses in the rural 
areas and gains in the urban areas and larger 
towns, 

2. Increasing population dominance of Billings 
in its region. Gains in the Billings urban 
area have been much greater than in any other 
portion of the region. 

The population of the Greater Billings area is 

shown in FIGURE A-l. The "fringe area" refers to that 

area directly served by Billings service facilities. 

This area is within a 20 mile radius of Billings. 

The "urban area" includes areas adjacent to but not 

in the Billings city limits. The forecast for future 

growth is conservatively estimated at an average 

yearly growth rate of 3.4- per cent. 
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A-4- ECONOMIC TRADE FACTORS 

TOURISM 

Billings is the national headquarters for the 

Dude Rancher's Association, the Yellowstone Park 

Company and the center of numerous working and guest 

ranches, Four entrances to Yellowstone Park are just 

a few hours away. Big game hunting, lake and stream 

fishing, skiing, history and scenery attract an in

creasing number of tourists each year. 

Last year nearly 300,000 tourists spent more than 

$1^0,000,000 in Montana. Nearly half (4-7*7%) of these 

visitors listed Montana as the destination state for 

their entire vacation. 

YKLLOWTAIL DAM 

The new Yellowtail Dam, a unit of the Missouri 

River Basin Project, is under construction 4-3 miles 

southeast of Billings. When completed in 1966, it 

will provide a new source of recreation. 

A x^roposal for recreational development is being 

considered by the U. S. Congress. Designed by the 

National Park Service, and including boat arenas, 

swimming, hiking camping and picnic facilities, the 

area will attract an estimated one half million visitors 

within ten years of its authorization. 



TRANSPORTATION 

Billings is the leading transportation center 

in Montana. The new Federal Interstate Highways 

#90 East-rfest and #9^- North-South will intersect at 

Billings. Billings has the largest per capita airplane 

concentration in the U. S. and is served by three rail

roads . 

MANPOWER 

Over 50 per cent of Billings labor force is skilled 

or highly trained. The Billings Chamber of Commerce 

receives hundreds of requests each year from profession

ally trained former Billings residents who wish to move 

back to Billings, See FIGURE A-2. There have been 

no major labor strikes in Billings and labor relations 

are excellent. 

Photo By Denes Istvanffy 
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FIGURE A-2 CSource: Billings Chamber of Commerce). 



MARKET AREA 

Geographical location and transportation conven

iences have hade Billings an important REGIONAL CENTER 

for services in finance, entertainment, medicine, 

culture, engineering, administration, technology, 

communication, and other facilities required by the 

extensive trade area that the city serves. See 

FIGURE A-3. 
BILLINGS TRADE AREA 

MONTANA 

WYOMING 

I-

Legend 

Primary Trade Area 

Secondary Trade Area 

FIGURE A-3 (Source: Billings Chamber of Commerce) 

BILLINGS INCOMES 

FIGURE A-4- lists the comparisons of Billings 

area family incomes to other American areas. This 

information indicates the spending power of families 

in the Billings area. 



MEDIAN FAMILY INCOMES 
BILLINGS AND SELECTED COMPARATIVE AREAS 

1960 
Median Percent of Total 

Area Family Income Below $3,000 Above $10,000 

Billings $6,638 11.8 19.7 
Yellowstone County 6,150 13.5 15.7 
Montana 5.403 20.2 11.5 
Western States 6,348 15.7 19.0 
United States 5,660 21.4 15.1 

Source: U. S. Census of Population 

Billings has a relatively high median family income compared to other Ainerican 
areas. 

FIGURE A-4 (Source: Billings Chamber of Commerce). 

INTERSTATE HIGHWAY 

The site for this project has the benefit of the 

new interstate highway which passes within view of the 

site and. which should provide many potential customers 

plus serving as a means of rapid access to the site 

for Billings residents who live on the opposite side of 

town. See site map in Section C. 

COMPETITIVE NIGHT CLUBS IN BILLINGS AREA, 

Billings, like oi:her typical U. S. cities 

has its share of nightclubs—most of which are not 

"good" nightclubs. The following letter, FIGURE A-5> 

from Thor Myhre, is representative of the opinions of 

Billings residents concerning the need for a "good" 

nightclub in Billings. 



OX 2512, BILLINGS, MONTANA 59103, PHONE 252-4676, AREA CODE 406, TELETYPE: TWX 406-248-7292 

November 2, 1965 

Good morning Gary 

...and I am in sympathy with your project, but I don't 
believe that you could build a motor-hotel, convention 
center, etc., one mile north of the existing television 
towers. The great problem here is water, and if you 
find water or a supply, you will be able to build your 
hypothetical project. 

It would be an excellent view with a simply gorgeous 
- ~n "nirf— p-nnninn'iiiHiiiiiii nr riir n •miia iwT*- - - n t i«yrrr,-ir"Tf̂ TtH>i _ 

Big Sky view. It would be ideally located because it 
would be right off the freeway. And it would be 
historic because it would be overlooking the Yellow
stone River as well as the city of Billings. 

Economically, we need a convention center, and we ne_ed 
a* 'q6o'^'TTniqHF club. While a-fc present we don't need 
them, we could stand more rooms and a first class 
restaurant. It is some distance from town, but this 
is relative. Wong Village is some distance from town 
also but probably enjoys more business than any other 
restaurant in the city based on its capacity. 

Good luck to you with your project, and should I be 
able to help you with any other information, please 
let me know. 

Cordially, 

TROR MYHRE 
President 

FIGURE A-5 

MR. GARY D. LARSEN 
708 South Tracy 
Bozeman, Montana 

NBC Affiliate/Member NAB TvB Mountain States Television Group 



NEWSPRINT STATEMENTS 

The following newsprint articles also tend to 

substantiate the need for new facilities such as 

the motor-hotel, convention' center, nightclub and 

restaurant combination proposed in this thesis. 



MONTANA EXPONENT 

Friday, October 2^, 

act Tourists 
"We have plenty of outdoor 

recreation resources, but how can 
we develop them, arid what are we 
doing about it?" 

This was the main thread oft; 
discussion at the first annual Out
door Recreation- and Tourism 

seminar at Montana State Uni
versity, Bozeman. The seminar 
closed Friday. 

Moiltana is rich with moun
tains, forests and water. But the 
riches are not without problems. 

Fred Martin, publisher of the 
Park County News and a long
time advocate of development of 
Montana's recreation resources, 
gave the kick-off speech for the 
four-day meeting. 

He stressed the value of the 
1 ecreation potential of the stat.fi 
and pointed out that ''we have a 

ng way to go for full develop
ment." 

Dr. John Fischer, head of the 
vISU Agricultural Economics De
partment, pointed out that since 
19G0 the increase of per capita 
income in the United States has 
been greater than the total per 
capita income of the rest of the 
rest of the world. 

The work week in the United 
States is also" shrinking, he said. 
This will give persons more lei-
MiT-e time. More money, plus more f 
free time, will place greater de-
maids on outdoor recreation, he 
said. 

The only way to attract tour
ists is to have facilities, said Sam 
Chapman, director of the Mon
tana Planning Boart}. "Persons 
won't com,- to enjoy ,.nr , 
t a i n s  and streams U!..less we can 
provide them ^ith a few ncceaai-

"We must build ahead of cur
rent needs^ he said^rhe urftb-
lem is that presenJL financing i? 
geared to present needs." 

"Outdoor recreation will soon 
become the greatest single im
pact on Montana's economy. And 
water will be the focal point of 
outdoor recreation," Chapman 
said. 

Dr. L, C. Merriam, associate 
professor of i he University of 
Montana School of Forestry, Mis- • 
soula, discussed what private in
dividuals can do to further tom'-
ism and outdoor recreation. 

Other discussions on the agen
da were the role of ecology in 
outdoor recreation; quality in out
door recreation; the role of the 
plant and soil scientist in outdoor 

recreation; control of water qual
ity and quantity in Montana's 
lakes and rivers; activities of the 
U. S. Bureau of Outdoor Recrea
tion; classification of prime trout 
streams as state recreational wa
terways; history of national parks, 
and outdoor recreations role in 
M mtana's multiple-use forestry. 

On Friday, the seminar dealt 
with marketing and merchandis 
ing outdoor recreation; aesthetics 
of outdoor recreation; sociology in 
outdoor recreation management 
and research and reciprocal" influ
ences of outdoor recreatiqii^ ainl 
family life. SsBlis 

The four day seminar is spon
sored by the Department, of Ag
ricultural Economics, the Depart
ment of Continuing Education and 
the Cooperative Extension Service 
at Montana State University. 



Hotels, Molels to Help 
New Convention Bureau 

Hotels and motels in Billings 
agreed^ Wq&iosday to under
write almost ' half of the pro
posed $21,500 budget for the 
city's newly formed convention 
bureau. 

Seth Holland, Billings Hotei-
M*tel Association president, 
said his association voted to 
provide $9,300. Another $3,000 
has been allocated, to the bureau 
from the Chamber budget. 

Retail merchants, food and 
beverage dealers, clubs, thea
ters, auto rental agencies and 
service stations will be asked 
to supply the rest. 

It's all part of a Chamber pro
gram to promote conventions— 
the community's "silent indus
try," Thor Myhre, bureau chair
man, said. 

The bureau was established 
by the Chamber last January. 
It will be, in operation Oct. 1, 
said Barrell Booth, Chamber 
manager. 

Hire Bureau Director 
One of the first things the 

bureau will do is hire an addi
tional Chamber staff member 
who'll become a full-time con
vention bureau director* said 
Booth. 

If the bureau perf __ 
conventions s h o u  

le from 1963 to 1967, said 

'The 80 conventions held here 
| two years ago brought about 
$750,000 into the community." 

Myhre thinks the 175 mi 
which the bureau hopes 
here two years from now* will 
represent more than $1%. mil-

mone 

ties, sightseeing, recreation and 
transportation. M 

'Sales a«d Service' 
The community has already 

developed its convention hospi
tality to a high degree, Myhre 
said. "Now we're going into a 
comprehensive and vigorous 
sales and service effort," he 
said. 

Chamber officials pointed out 
that an adequate budget will en
able the bureau "to aggressively 
promote, advertise and service 
more conventions for Billings." 

community. 
"Competition for Conventions 

is fierce," said Myhre, "but 
Billings has great assets in ac-
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HIGHWAYS 
Transformation by Road 

"I he nation's bighwavs^jpEeading in
exorably across the U.S., are not only 
transforming American |pe but having 
deep effects, on business.; l.ast week in 
Manhattan; Federal Highway Adminis
trator Rex M. Whitton announced that 
the vast program to build 41,000 miles 
of interstate highway has just about 
reached the halfwaf marfe^l 9.950 miles 
opened, anoth^£foj$ffUfipy'933»rider con_ 
struction. There is nothing halfway, 
though, about impact that 
the $46.8 billion ^Pog|^n has already 
made on dozens of areas "across the U.S. 

Since 1956, when J^ongress author
ized the program, federal and state 
agencies have poureU S23.3 billion into 
the economy for land, labor, construc
tion materials and equipment. Real es
tate prices along the roads have risen 
as much as thirtyfold, putting adjoining 
land among the- nation's most ^expensive 
property. Around expressway, sgfflytfer-
changes and exits, new motels, restau
rants, gas'statiOTs, shopping centers ai . 
even office buildings have sprung up. 
Many isolated, drowsy communities— 

g^|fgj|g|^jMM;commuting time of cities. 

93 *9 





B-l PROJECT FINANCING 

Every px^oject needs some form of financial analysis. 

Such analysis implies a great deal of study concerning 

taxes, depreciation, and many other areas in which the 

average architect is not knowledgeable, although he 

should be aware of the problems, The economic feasi

bility of a project is determined by three criteria: 

project cost, financing, and return on investment. 

Project cost includes not only the cost of construc

tion of the building, but also land, equipment, profes

sional fees, taxes and insurance, interest during 

construction, and other, unforeseen, costs which will 

be necessary to place the building in operation. 

Financing a project requires the owner to have 

one third or more of the cost in the form of equity 

to invest. Strong financial committments through 

responsible long-term leases, or otherwise, which protect 

the lender fully against loss may be substituted for 

equity. 

The most difficult facet of an economic analysis 

is determining the return on the investment. This 

analysis, usually done by an economist or an accountant, 

is basically as follows: calculation of gross income 

withing a given period, subtraction of all expenses, 

using remaining amount as profit. The simplicity of 



this analysis, however, is complicated by income taxes, 

depreciation, ana many other factors which demand 

calculation in the analysis of true final profits, 

the return is considered as the relationship between 

profit and invested capital, or equity. 

The assumptions required for an analysis of a 

leased or rental project usually involve, among other 

factors, ,knowledge of such variables as the market for 

the space, rentals that can be anticipated, allowances 

for vacancies, operational and maintenance expenses, 

and taxes and insurance. The factors are averaged 

over the life of the mortgage, generally. (10 : 178-86) 

The following list of items would be necessary for 

a rough estimate of financial feasibility. The architect 

should be aware of these factors in order to be able 

to intelligently design a project.. Actual figures are 

not available to me at this time since this thesis 

is concerned with a hypothetical project and client. 

A. Building Areas 

1. Gross area including mechanical service 
desired 

2. Net rentable area desired 

B. Estimated Project Cost 

1. Land 
2. Construction 
3. Architectural and engineering fees 
4. Interest during construction 
5. Taxes and insurance during construction 
6. Legal fees 



C. Possible Financing 

1. Project cost 
2. Mortgage at 60% 

a. equity required 
b. land required 

3. Gash required 
4-. 5%%—20 year mortgage of above amount 

assumed 
5. Annual amortization 

D. Estimated Annual Gross Income 

E. Estimated Annual Operating Costs 
1. Operating expenses (.including all 

services—Si.00 per square foot 
rentable space) 

2. Property tax 
3. Insurance 
4. Replacement reserve and miscellaneous 

F. Amortization, Depreciation, Income Taxes, 
Profit 

1. . Annual gross income 
2. (-) Annual operating costs 

3, (=) Annual net income 

G, Possible Return 

1. If mortgaged: annual net income 
2. Annual amortization interest 
3- Annual income taxes and return— 

first 20 years 

4-. Possible % return _ annual net income 
on investment ~ project cost 

CIO : 186-
REQUIREMENTS FOR A LOAN 

The Empire Savings and Loan Association of 

Bozeman, Montana, gave me this list of requirements 

for a loan applicant on a project of the type I am 

proposing: 



A. An adequate comprehensive feasibility 
study by a competent MAI appraiser 

B# Detailed plans and specifications 

C. Architect's estimate of completed costs 

I). Projected operation profit and loss 
statement 

E. Balance sheet of corporation 

P. Financial statement of corporate offices 

G. Credit reports of the corporation 



B-2 COST ESTIMATE 

Using the MARSHALL EVALUATION SERVICE pub

lished by Marshall and. Stevens Publication Company 

for 1965, an approximate cost per square foot of 

building can be estimated. The total cost of the 

project will depend on the actual number of square 

footage of the nightclub. FIGURE B-l below represents 

average costs for nightclubs depending on the quality 

of construction. 

Excellent Nightclub $1.72/cubic ft. or $20.62/sq. ft. 

Average Nightclub $l.$5/cubic ft. or $16.21/sq. ft. 

Fer Cent of Total Heating and 
Building Cost of Cooling Equip 
Nightclub 14.3*2.6# 

Plumbing 

9.9*2.2% 

Electrical 

10.1* 3.8% 

FIGURE B-l SQUARE FOOT COSTS FOR NIGHTCLUBS 

I feel it is unnecessary to establish a total 

project cost at this time since the approximate cost 

per square foot for a certain quality of construction 

will remain constant. The variable factor is that of 

total square footage—and this is determined by the 

final design of the project. (see loan requirements also) 



The final design will depend upon the spaces 

which the client desires for use in his project and the 

size of each space. Since this nightclub project is 

a part of a larger complex, its requirements will be 

different than a nightclub which is an entity in itself. 

Therefore, average costs for other nightclubs would 

not provide an accurate cost estimate for total 

cost of this project. 



B-3 DETERMINING SEATING CAPACITY (4 : 16; 

STEP A: Compute the 
average sales per 
normal service day by 
dividing the needed 
annual sales by the 
number of normal 
service days. 

Assume $180,000 annual sales4300 
normal service days=$600 per day 

• STEP B: Estimate 
sales volume for 
each meal period— 
breakfast, lunch and 
dinner. Afternoon 
snacks and late supper 
periods should also be 
shown if volume of 
sales is sufficient 
to make them important. 

Breakfast: 
Luncheon: 
| Dinner: 

Misc; 

of total=1£60,00 
30% of total=$180.00 
55% of total=S330.00 
5% of total=$30.00 

• STEP C: Compute the Breakfast: ^6044-00 (av. . check)=150 patrons 
number of people to be Luncheon:$1804820(av. check)=220 patrons 
served at each meal by Dinner: $330441.25( " )=26Q patrons 
dividing the dollar Misc: $3044-00(av. . check) = 75 patrons 
sales of each period 
by the average check 
for that period. 

• STEP D: Determine Breakfast: 150 patrons(2 hrs.)4 
the theoretical seat
ing capacity needed 
for each meal by divid
ing the number of pat
rons to be served at 
each period by the 
number of available 
sear turnovers for 
that period. (.This 
figure for seating 
capacity should be in
creased because 100% 
capacity is rarely 
possible.) 

• STEP E: Choose the Capacity: 105 seats (This infor-
seating capacity which mation does not take into 
produces the greatest account the seating needed for 
sales volume. convention patrons, which this 

project will include.) 

turnovers=4-5 seats+20%=54- seats 

Lunch: 220 patrons(2 hrs.)43 
turnovers=76 seats+20%=92 seats 

Dinner: 260- patrons ( 2#hrs. ) 43Y* 
turnovers=87 seats+20%=105 seats 
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LOCATION 
AND SITE ANALYSIS 



SURVEY OF SITE 

"Billings is 90% developed, leaving little room 

for internal expansion. The city is characterized by 

a high proportion of developed land of which 46% is 

residential use and streets 3>4%» making a total of 

80%. There is a comparatively low percentage, 

about 14%, of taxpaying industry within the city 

limits." (2^ : 16) This fact combined with the fol

lowing information led me to choose the site shown and 

described in this section as a desirable location for 

this thesis project: 

1. The new interstate highway passes within 
visual distance of the site, thus enabling 
highway users to see the proposed project. 
This visual sighting is desirable for attract
ing customers. 

2. A nightclub can be located on a site that is 
not close to the control business district 
whereas, for example, a men's clothing store 
could not be located away from a central 
business district. 

3. City taxes and city zoning regulations will 
not apply to this site, since the site is out 
of the Billings city limits. 

4. Land costs will be lower per acre than a site 
within the city limits. The cost per acre 
would be from fl̂ OO to S25>00. 

5. Parking and automobile access will not be 
determining factors of the project's design. 

6. This site will utilize one of Montana's 
largest natural resources—its scenery. 

7. Landscaping of the site will not be required 
if the site is left in its natural condition. 



LOCATION OP THE SITE 

The site is located east of the city limits of 

Billings, Montana, along a rock outcropping known as 

the rimrocks. A United States Coast and Geodetic 

map, FIGURE C-l, on the following page shows the 

exact location of the site and its general surround

ings • 

Photographs of the site depicting its character 

are shown on the pages immediately following the site 

map. (FIGURES C-2, C-3, and C-4) Each photograph 

is numbered and each number and direction of view for 

the photograph is indicated on a key map at the center 

of each page. The key map is a tracing of the main 

features of the site as taken from the site map, 

FIGURE C-l. 

The photographs are only intended to show the 

general character and color of the site and its 

materials. The photographs in the SUMMARY, at the end 

of this, thesis, will show a model of the site which 

should fully explain the topography of the site. 
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C-2 LAND USES AND RELATIONSHIPS TO SURROUNDINGS 

The SITE PLAN, FIGURE C-5, on the following 

page shows the site's relationship to accessibilty, 

natural features, lines of view, orientation of rock 

cliffs, and approximate elevations. Gas and electrical 

lines are located just East of the site on Coburn Road. 

A water reservoir supplying the Lockwood area East of 

Billings is located approximately one half mile from 

the site at an invert elevation of approximately 

3360' above sea level. This should provide enough 

water pressure for the project whose site elevation is 

approximately 3180' above sea level. The photographs 

on the preceding three pages indicate the type and 

extent of ground coverage and the structure of the 

rimrocks. riite contours were taken from the preceding 

U.S.C. and G. site map. , 
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SOIL CHARACTERISTICS 

Northern Testing Laboratories in Billings sent 

this answer in reply to question concerning soil 

structure on the project site: 

.•.we are sorry to say we have not done 
any work in the immediate area in 
question. However, we have done consid
erable drilling at Logan Pield airport, 
which is probably very similar in condition. 

At Logan Field, we have found that the 
sandstone formation is from two to four feet 
below the surface with the surface somewhat 
weathered and soft, but becoming dense with 
additional boring penetration. On occasion, 
large backhoes have had considerable trouble 
with excavations. A conservative estimate of 
the bearing value would be in excess of 12,000 
psf, depending on the penetration into the 
sandstone. 
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D-l FUNCTIONAL REQUIREMENTS 

COMPLEXITY OF FOOD SERVICE LAYOUT 

Developing a layout for a food service facility 

is complicated by the diversity of functions to be 

performed, the control of quality and cost in a highly 

perishable product? the social and psychological 

aspacts if food,,and the specific needs of the in--

dividual facility. , New foods, bringing marked changes 

in quantity food preparation and service also make 

planning difficult. 

QUALITY CONTROL 

Volume preparation of some foods may damage 

quality. Mechanical controls are desirable to promote 

quality and uniformity, and to overcome the occasions 

of uncertain judgement, and lapses in employee interest 

and attention. The perishability of food makes it 

necessary to incorporate quality control features 

at strategic points in the processing and service. 

FLOvl OF WORK 

Work flow should be organized to follow these 

eight principles: 

1. Functions should proceed in proper sequence 
directly, with minimun criss-crossing and 
backtracking. 

2.. Smooth, rapid production and service should 
be sought, with minimum expenditure of worker 
time ana energy. 



3. Delay and storage of materials in pro
cessing and. serving should be eliminated 
as much as possible. 

4. Workers and materials should travel 
minimum distances. 

5. Materials and tools should receive minimum 
handling. 

b. Maximum utilization of space and equipment 
should be achieved. 

7. Quality control must be sought at all 
critical points. 

8. Minimum cost of production should be sought. 

(11 : 20) 

material handling 

Material handling should follow these 

principles: (7 : 138) 

1. ohift materials only when absolutely 
necessary. 

2. Transfer materials by most direct, 
expedient, and economical methods or 
mechanisms. 

3. Changing "place utility" of materials 
does not increase their monetary value 
but does increase their costs. 

4. Movement by gravity is normally the most 
economical method. 

3. The act of transferring material should be 
accomplished in unit loads as large as 
possible. 

6. Mechanical handling of materials is usually 
more economical than manual handling. 

The conveyor system illustrated in FIGURE D-l is one 

example of a labor saver. 
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D-2 SPACE KL^UIKSMENTS 

Adequacy of space will influence building and 

operating costs and efficiency. When space is too 

small, labor time and effort are likely to increase 

and the volume and quality of output decrease. 

"Space allowances in relationship to investment 

should be balanced in terms of (1) proposed permanence, 

(2) acuteness of standards, (3) essentials for operating 

efficiency, (4) desirable standards, ana (5) immediate 

and future costs." (11 : 99) FIGURES D-2 and D-3 

list two variables of many which influence square 

footage requirements for food facilities. FIGURE D-4-

shows the relationships of all building spaces for 

the food service facility. 

Additional spaces will be needed for the entrance 

areas, bar, lounge, catering rooms (as desired by 

client)miscellaneous storage, public toilets, heating 

and machanical rooms, and the nightclub entertainment 

facilities. 



VARIATION IN SFACE NEEDS IN RELATION TO NUMBERS SERVED 

Meal Load Sq. Ft. per Meal Variation in Sq. Ft. 

100-
200-
400-
800-

1300-
2000-
3000-

•200 
•400 
•800 
•1300 
•2000 
•3000 
•3000 

3.00 
4.00 
3.30 
3.00 
2.30 
2.00 
1.85 

300-
800-
1400-
2400-
3250-
4000-
3500-

•1000 
-1600 
•2800 
-3900 
.3000 
.6000 
•9230 

FIGURE D-2 U1 : 106; 

SQUARE FEET OF KITCHEN SPACE PER MEAL 
FOR FOOD FACILITIES OF DIFFERENT TYPE AND SIZE 

Type of Facility 200 or less 200-400 400-800 

Cafeteria 7.3-3.0 3.0-4.0 4.0-3.3 
Hotel 18.0-4.0 7.3-3.0 6.0-3.0 
Industrial lunchroom 7.3-3.0 4.0-3.2 3*3-2.0 
Lunch counter 7.3-2.0 2.0-1.3 
Restaurants (service; 7.0-4.0 3.0-3.6 3.0-3*6 

FIGURE D-3 (11 : 109) 
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GENERAL SCHEMATIC AREA RELATIONSHIPS JOH THE TOTAL 
PROJECT 

' I J •;• 
FIGURE D-5? on the following •' page, shows trie 

general schematic area relationships for the total 
* • • 'k •• r 

project—which consists of a rnotor-hotel, a convention, 
I - . i 

center, and a nightclub-restaurant combination. 
I 

The approximate number of parking spaces ana 

number of persons to be served by each part of the -v 1 

total complex is also shown in FIGURE D-5. 
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DINING AREAS 

The diners' comfort should govern allowances 

for space. Crowding is distasteful to many people. 

A banquet seating allowance may be as little as ten 

square feet per seat. 

All of the areas in a dining room used for pur

poses other than seating are a. part of the square 

footage allowed for seating. This does not include 

waiting areas, guest facilities, cloakrooms, and other 

similar areas. 

KITCHEN AREA 

An idealized arrangement for a kitchen layout 

is shown in FIGURE D-6. This arrangement, however, 

will be tempered by other factors and requirements 

as detailed in this section. 
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RECEIVING AKIl STORAGE 

The size of the receiving area, should provide 

space for weighing and inspection. Space is provided 

for pallets and materials-handling in storage areas. 

The floor should be constructed to support weight of 

approximately 2^0 to 300 p.s.f. The receiving dock 

should be in view of the manager's office and close 

enough for checking and acknowledging deliveries. The 

storage areas should be designed for easy cleaning and 

sufficient air circulation to prevent odors. (11 : 138) 

STORAGE . 

The general categories of storage can be classed 

as follows: 

1. Raw-materials 

2. Work-in-process 

3. Finished goods 

4. Storage for supplies, packing materials, 
maintenance and janitorial equipment, scrap 
materials, spare parts, and the like 

3. Storage for special tools and inactive 
equipment 

6. Office storage 

(17 : 357) 

Because storage consumes three-dimensional 

space, it is necessary to determine not only floor-

area requirements but also cubic-footage requirements. 



METHODS OF STORAGE 

1. Bins 

2. Shelves 

3. Racks 

41 Stacking 

5. Conveyors 

STORAGE ITEMS TO BE CHECKED 

1. Covered dock and receiving area 

2. Garbage 

3. Scales—mobile, floor level, table 

4. Conveyors 

Mobile equipment 

6. Storage equipment—pallets, barrel cradles, 
bins, etc. 

TYPES OF STORAGE aREaS aND WORKERS USING Tffifc.SE AREAS 
(11 : 14-3) 

A. Dry, ventilated storage 

1. Staple food supplies—cook, baker, and 
counter workers 

2. Fresh fruit and vegetables—vegetable 
cleaners, cook, and salad maker 

3. Cleaning supplies ana equipment—dish
washer and janitor 

4. Linen—all workers 

5. Paper—dining room workers 

6. Baker's Pantry 



7. Trash and garbage—janitor and garbageman 

8. Common storage for tables, chairs, program 
equipment, and etc. 

9. Equipment storage 

B. Refrigerated and low-temperature storage 

1. Dairy—cook, baker, and counter workers 

2. Meat, fish, and poultry—cook, salad, and 
sandwich makers 

3. Fruits and vegetables—vegetable cleaners, 
cook, and salad maker 

4. Frozen foods—cook, baker, salad maker, 
and counter workers. 

5• Garbage 

STORAGE ALLOCATION IN PRELIMINARY PLANNING (11 : 117) 

20 to 35% for meat 

30 to 35% f°r fruits and vegetables 

20 to 25% for dairy products 

10 to 25% for frozen foods 

5 to 10% for carry-over foods 

A requirement of 15 to 20 cubic feet of refrigeration 

per 100 complete meals has been used by some planners. 

Doors to low-temperature areas are most often planned 

to open into a refrigerated area. The space require

ment in spuare feet for food storage for 30 days has 

been calculated by some as approximately one half the 

total served or, if 1000 are served, 500 square feet 

are required. (11 : 115) 



LIST OF POO 13 PREPARATION SECTIONS 

Vegetable preparation 

Neat preparation 

Cooking 

Bakeshop ana dessert 

VEGETABLE PREPARATION EQUIPMENT 

Rack for root vegetables 

Platform truck 

Peeler 

Cleaning sink 

Waste disposal 

Knife rack 

MUAT PREPARATION EQUIPMENT 

Heat block 

Butcher's bench 

Chopper and grinder 

Slicer 

Tenderizer 

Saw 

Twine holder* 

Knife rack 

COOKING SECTION EQUIPMENT 

Ranges, griddle, broiler 

Salamander 

Deep fat fryer 

Salads and sandv/ich 

Short order and breakfast 

Catering 

Vegetable cutter 

Mobile storage containers 

Mobile mixing bowls 

Work table 

w:ire baskets 

Chicken singer 

Patty machine 

Sink 

Work table 

Utility cart 

Breading equipment 

Mobile tables 

Roast ovens 

Steam kettles 

Steam cookers 



Hood 

Utility carts 

Mixer 

Pot rack 

Slicer 

Knife rack 

Cook's table 

Mobile bins 

Sink 

Work tables 

Fire extinguishers 

Garbage cans 

Hot food table 

Mobile dish storage, heated 

Refrigerated storage 

SHORT ORDER AND BREAKFAST EQUIPMENT 

Griddle 

Broiler 

Egg Cooker 

Dish storage 

Waffle iron 

Coffee maker 

Toaster 

Refrigerator 

Sink 

Work table 

waste disposal 

Table mixer 

Pastry cabinet 

Hood 

Serving counter" 

Carbonator 

Ice bin 

Tool storage 

Glass storage 

Glass w 8. sher 

Mobile tables and carts 

GARDE MANGER AND SEAFOOD EQUIPMENT 

Serving counter 

Ice bin 

Sink 

Slicer 

Dish storage 

Tool storage 



Waste disposal Seafood bin 

Reach-in refrigerator Table and mobile carts 

BANQUET KITCHEN EQUIPMENT 

(Add facilities and equipment from cooking section, 

salad and sandwich making, ana sanitizing sections 

as required.) 

Service bar Waste disposal 

Refrigerated salad storage Dumbwaiter 

Tray storage 

Hot food storage 

Set-up counters 

Dish and glass storage 

SALAD AND SANDv/ICH EQUIPMENT 

Refrigerated storage 

Mobile storage 

Work table 

Mobile dish storage 

Linen storage 

Mobile equipment 

Banquet epuipment storage 

Hot food trucks 

Cutting boards 

Pood cutter 

Mobile racks 

Bread cabinet 

BAKERY EQUIPMENT 

Baker's bench 

Mobile bins 

Mobile racks 

Mobile dish storage 

Work tables 

Scale 

Mixers 

Bowl dollie 

Tilting steam kettle 

Oven 

Hood 

Marble-top table 



Batch table 

Dough divider 

Dough trough 

Dough roller 

Proof box 

Sinks 

-OT AND PAN SECTION 

Refrigerator 

Power sifter 

Doughnut machine 

Utility carts 

Bread slicer 

Landing racks 

A soiled utensil collection area adequate for 

the largest volume that normally arrives in the section 

at one time is required, Fourty square feet is 

generally regarded as a minimum for the smallest 

pot and pan section. Space is also required for washing 

mobile equipment where splashing can be confined 

and that has satisfactory drainage. Aisles should 

be at least four feet wide. 

DISHWASHING EQUIPMENT 

(Adequate light should be provided.) 

Collection area, Sorting space 

Bussing port Clean dish table 

Soiled dish table Sink for galss washing 

Waste disposal Mobile storage 

Dishwasher Cart space 

Silver washer 



POT AND PAN WASHING EQUIPMENT 

Pot washer, or 

Pot sink 

waste disposal 

Pot storage 

Pot scrubber 

Mobile soiled and clean 
pot table 

GARBAGE DISPOSAL AND GENERAL CLEANING EQUIPMENT 

Garbage cans 

Garbage disposal area, 
refrigerated 

Can washer 

Waste paper disposal 

Janitors'.closet 

Hot water and steam hose 

Supplies storage area 

Kitchen lavatories 

Floor drains 

Mop truck 

Mop sink 

Drying rack for mops 

MISCELLANEOUS 

A storage area for emergency cleanup equipment 

is needed in convenient relationship to dining rooms 

and work sections. Spillage and breakage create 

unsightliness and are accident hazards. A mobile 

unit may be provided for this purpose. 

LINEN EQUIPMENT 

Towel washer ana drier 

Soiled linen hampers 

Sorting tables 



DINING AREA EQUIPMENT 

Tables, chairs, booths, Water and ice supplies 
settees, benches 

Waitress service stations Condiment and linen 
supplies 

Bus stands Silver, glasses, dishes 

Dish conveyors 

Counters—service, cashier 
retail sales, cigar, 
candy, gifts 

Entertainment area 

THE COFFEE SHOP 
L. 

Coffee shop service is an informal service and 

the atmosphere may be equally informal.,, Well-lighted 

and refrigerated cased are often used to promote sales 

of salads and desserts. Counter patrons like to watch 

food preparation. However, it is better to screen the 

food preparation area than to allow it to interfere 

with a profitable turnover. 

Short order preparation is featured and fast 

service and economy are stressed in these operations. 

Seating may be largely at counters and in booths. 

Step-saving compactness in arrangement is valuable. 

COFFEE SHOP EQUIPMENT 

Seating 

Soft drink dispenser 

Sinks 

Waste disposal 

Counter dish and glass 
washer 

Refrigeration 

Carbonator 

Bread unit 



Hot food table Griddle 

Coffee maker Deep fryer 

Hot plate 

Hood 

Water station 

Back counters 

Milk dispenser Pastry and salad display 

Dish conveyor Ice bin 

Broiler 

SERVICE STATIONS 

One service station is required for every twenty 

seats or a large central service station for every 

fifty or sixty seats. Plumbing and wiring will 

influence locations of the stations. 

TABLE SI^HJS 

The table sizes used in the dining areas will 

affect occupancy. It is often desirable to provide 

tables seating from two to eight, with a predominance 

of tables for two people. These tables can be 

combined to provide seating for larger groups, 

Flexibility in seating capacity is often 

desired. Separate rooms, folding doors, and screens 

can be used to reduce the size of a dining area during 

slack periods. Balconies, backrooms, or other less 

serviceable areas can be used for overflow 

customers. 



iiR EQUIPMENT 

Work boards 

Sinks 

Ice bins 

Bottle cooler 

Beer dispenser 

Glass and dish storage 

Seating 

ROOM SERVICE EQUIPMENT 

Portable tables 

Supply cabinet 

Refrigerator 

Set-up area 

Portable heaters 

Toasters 

Linen storage 

Supply storage 

Drink mixer 

Blender 

Refrigerator 

Back or center bar 

Portable bar 

Linen 

Dish, covers, and other 
storage 

Water and ice 

Phone 

Desk 

File 

EMPLOYEE FACILITIES 

Facilities for employees may include locker rooms, 

lounge area, toilets, showers, time-recording equipment, 

hand basins near work areas, and dining rooms. FIGURE 

D-7 illustrates a typical first aid room for employees. 
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LAYOUT FOR A TYPICAL FIRST AID ROOM FOR EMPLOYEES 

FIGURE D-7 (11 : 280) 

OFFICE EQUIPMENT 

Storage for money, files, 
and records 

Control panel for lights 
and utilities 

Sound equipment control 

Office machines 

WORK-STATION LAYOUTS 

The use of work-station layout aids in planning 

and provides an overall picture of- each operation 

for the project. These layouts also permit material-

handling methods to be predetermined in the project-

design. 

In designing the work-station, the 
WORK AREA for the operator is so planned that 
the motions required of him are held not only 

Books 

Private toilet and 
dressing room 

Ventilation equipment 



maximum for left hand 
minimum for left hand 

THE 'WORKING AREA FOR HANDS IN HORIZONTAL PLANE 

FIGURE D-8 (3 : 112) 

to a minimum but also within the least 
complicated class of hand motions, if 
possible. The simplest classes of hand 
motions are those limiting the effort to 
the fingers, or to the fingers, wrists, 
and forearms combined. When the upper arm 
and body come into play, the motions 
become more complex and involved. (6 : 112) 

FIGURE D-8, above, illustrates the most effective 

normal and maximum areas for the hands when working 

in a horizontal plane. 

AISLES 

Aisles take up considerable space and are 

therefore costly. But, inadequate aisles can cause 

excessive expenses because of the additional handling 

needed to move materials ana equipment. 

One authority makes the following suggestions 

for planning aisles: 



1. Locate main aisles first 

2. Plan at least one "backbone" aisle 

3* Start main aisle at an outside entrance 

4. Use interior aisles of less width for 
"feeder" purposes 

5. Consider unit-load sizes when determining 
aisle width 

6. Plan for "passing" areas at selected spots. 

(17 s 149) 

~FOOD SERVICE CATERING 

Food service may be divided into three general 

types: (1) essential meal service, (2) food for or 

with entertainment, and (3) catering. Catering de

mands are heavy in convention hotels or motels. 

Catering space should be planned for flexibility 

of use in terms of size and type of meeting. The 

partitioning must be sufficiently soundproof. The 

location and equipment for serving pantries and storage 

areas should be carefully planned. Cloak or checkrooms, 

toilet facilities, and traffic lanes should be considered 

in relation to catering areas. A layout that permits 

large groups to reach a service area without tying up 

elevetors or traffic lanes in general use is desirable. 

(11 : 34) 



TABLE SERVICE 

Table service operations- vary from the- extremely 

simple to the formal and elaborate. The motoring 

public, shoppers, and business people prefer quick, 

economical dining. Speed and low cost demand 

simplicity. Professional men and women who entertain 

or confer with business associates at mealtime like 

the service to be quick, ,quiet, and efficient, and the 

atmosphere, food, and service to be 

suitably empressive. Party diners choose a place to 

fit their mood. 

Labor for service is a significant expense. The 

operation should be of sufficient size to schedule 

labor for full utilization and allow fox- low and high 

patronage peaks. Signal systems that save steps, 

mechanical devices for moving dishes and supplies, 

and service stations are worthy of consideration.. . 



D-3 EQUIPMENT AND FURNISHINGS 

GENERAL PRINCIPLES FOR EQUIPMENT SELECTION 

Equipment selection should be based on (1) need 

for equipment, (2) cost, C3) performance, (4) satisfaction 

of specific needs, (5) safety and sanitation, (6) appear

ance and design, and (7) general utility values. 

Some operators use the following formula in 

judging equipment needs: 

A 
= E 

B + C + D 

where A=actual savings in labor during life of equipment 
B=cost of equipment installed 
C=operation arid maintenance costs 
D=interest on investment 

If E is 1.0 or more, the equipment should more than 
pay for itself in savings in labor. (11 : 291) 

WATER SYSTEMS 

Two independent water supplies are usually 

needed to guard against exhaustion of water supply 

during a fire. Gravity "tanks" are used to supplement 

water supply systems. Or, a "water pond" could be 

utilized to serve the dual function of fire px^otection 

and as a "water pond" for viewing. A.2^,000 gallon 

"tank" would be the minimum size. A well-located fire 

pump, with ample suction supply and the capacity to 

maintain high pressure, would be needed also. Most 



fire pumps installed are of the 1,000-gallon-per-

rninute capacity, 

Food services have heavy demands for water. 

FIGURE D-9> on the following page, gives a listing 

of typical water requirements for common equipment. 

STEAM 

- Steam provides a 'high temperature, clean heat 
\ 

which is used for quick cooking of large quantities of 

food, bimpie to use, it has been found to save time 

ana labor over other1 types of heat for cooking. 

Steam is also an excellent cleaning agent and may be 

used for sanitizing equipment. 

AIR CONDITIONING 

It has been estimated that air-conditioning units 
\ 

must be operated about twenty-one weeks of the year in 

areas other than the South. If a part of the required 

air is taken from dining areas and if cooling needs 

are reduced by proper construction and other design, 

air conditioning a kitchen may not be prohibitive 

in cost, "Where air conditioning has been added, 

absenteeism has dropped 2^ to and an increase of 

13 to 25% in employee efficiency has occurred on hot, 

humid days. Employee turnover has also been reduced." 

(11 : 287) 



GALLONS OF WATER REQUIRED FOR 1000 HEALS PER DAY 

IN SOME COMMON EQUIPMENT* 

Estimated Peak Demand Water Consumption 
Unit or Equipment Gallons per Minute per Day in Gallons 

Dishwasher 4.5 1980 

Glasswasher 0.5 130 

Silverwasher 0.3 30 

Soaking sink 5*4- 30 

Baking section and sink 5*4- 100 

Salad section and sink 3.4- 210 

Vegetable preparation with 
peeler and sink 10.8 330 

Cleaning for entire 
operation 3*4- 60 

Can cleaning 5.4- 110 

Cooks section 3*4- 300 

Vegetable cookery section 5*4- 400 

Coffee urns 5*4- 30 

Drinking water 5»4 60 

Miscellaneous kitchen 
and service 50 

Toilets, wash basins, etc. 10.8 350 

TOTAL 4210 

•From a study made at Montana State University, 1954-• 

FIGURE D-9 (11 : 208) 



SANITARY DRAINAGE 

Sanitary wastes may be converted into an 1 

effluent that can be safely discharged into a body 

of natural water or the wastes can be diverted to an 

underground drainage and absorption system. Drain 

fields should be kept 100 feet from any surface water 

or well, and they should neither be heavily shaded, nor 

crossed by any vehicles. The required size of the 

drain field will depend on the absorption capacity of the 

soil. 

D-4 PERSONNEL REQUIREMENTS 

PARTIAL DUTIES FOR EMPLOYEES 

A. Chef 

Supervises staff (cooks, baker, dishwashers, 
pot washers, butcher, kitchen helpers) 

Supervises refrigeration, left-overs, cleanli
ness, storeroom, food preparation, menu 
suggestions 

B. Second Cook 

Prepares all soups, sauces, potted meats 
Takes over if chef is absent 

C. Roast Cook 

Roasts ana broils all red meats, fish and 
poultry 

Carves the meat 

D. Cold Meat Chef 

Cuts &n(i prepares cold meat 
Uses left-overs 
Makes salads 
Prepares appetizers 



Fry Cook 

Does all the frying 
Prepares breakfast 
Cuts vegetables 

Pastry Chef 

Makes and bakes all pies, fancy pastry, 

Baker 

Makes bread, rolls, muffins, etc. 

Vegetable Cook 

Cleans, prepares, and cooks fresh 
vegetables 

Dishwasher and Potwasher 

Cleans and stacks all dirty equipment 



BUILDING 
PROGRAMMING 

i 



E-l BASIC PHILOSOPHY 

BUILDING PROGRAM 

The approach to the building solution or final 

design follows these steps: 

1. Define the problem 

2. Define the parts of the problem 

J, Detail the. parts of the program as to 
functional requirements 

4-. Fit the parts together to make a whole— 
the whole is to be the result of the parts, 
not the result of preconceived design ideas, 

AESTHETIC CONSIDERATIONS 

Five main aspects of aesthetics for this 

project are: 

1. Economic aesthetics 

2. Image aesthetics 

3. Community aesthetics 

4. Construction aesthetics 

p. Visual aesthetics 

Economic aesthetics relate to the amount of 

money available for a project. For this project, a 

"good-quality" construction is desirable. The definition 

of "good-quality" would include such items as: useful 

and long-lived building materials; easy maintenance; 

completeness of project design character; materials 

which offer more than just the minimum standards as 



determined by today's market; long range economy; 

and materials that posess that hard to measure quality 

of being "in character" for the project image. 

The imaA'e aesthetics are concerned with the ability 

of the patrons of this project to sense the quality of 

the establishment because of its mood and character. 

Also, the "good-quality" construction mentioned above 

will influence image quality. 

bince the site for this project is elevated above 

the city of Billings, it can be seen from the city. 

Therefore, the community aesthetics concerning the 

visual impression which this project presents to 

the community should be in keeping with the area 

and with its site. The project need not stand out from 

its site to claim attention. The site should retain 

its natural look as much as possible, without man-

made features to mar the landscape. To disfigure the 

rimrock site would be an act against the Billings 

people, most of whom feel that the rims belong to them 

as natural surroundings. 

Construction aesthetics concern the way the parts 

of a project are assembled. The approach to and the 

construction of a building calls for an aesthetic-of-

construction development which should be logical, 

economical, considerate of local conditions and 



procedures, and considerate of building material 

limitations. The philosophy behind each construction 

detail should express and extend the "designer's" 

concept throughout the project. 

Architecture seems to mean the visual results 

of a project to most laymen. But the visual results 

or aesthetics should be the combination of the inter

mixing of all the factors which determine the final 

project statement, 

PLANNING—TYPICAL GOALS 

Some general objectives which tend to act as 

criteria for site planning are listed below: (14 : 10) 

1. Optimum communication: The goal should be 
to allow goods, people, and information to 
circulate easily within their bounds and also 
to allow communication between people. 

2. Choice: An environment should allow people 
to choose their own facility, service or activity. 

p. Cost: The development should be achieved and 
maintained at least cost of labor, material, 
resources, and organizational effort after 
all factors have been considered. 

4., Health and comfort: It would seem obvious 
that man-made environment should contribute 
to the health, comfort, and survival of men. 
In contrast, the important relationship of 
environment to mental health is as yet largely 
obscure. 

5. Adaptability: Since sites will always under
go modifications of function, the design should 
facilitate readaption. The designer should 
look to the future as far as he can ana provide 
for any foreseen changes. 



6. Image quality: If it is to be livable and 
enjoyable, a development should be shaped to 
present a vivid and coherent visual image. 
Moreover, it should seem meaningful, continu
ous with its surroundings, expressive of its 
functions and of the aspirations of its 
builders. 

E-2 CLIMATIC CONDITIONS 

GENERAL CONDITIONS 

Man's physical external connection to environ
ment is through his senses, mostly through his skin. 
The environmental effects which attack his skin 
are mostly transmitted to his outside space 
contours: the building he lives in or occupies. 
In this sense, the building is in effect an 
enlarged skin, which, according to human needs, 
keeps out the danger and lets in the beneficial 
impacts of the environment. (2:2) 

CLIMaTIC COMPORT ZONK (2 : 4) 

The climatic environment comprises four major 

variables: air temperature, radiation, air movement, 

and humidity. Air temperature and mean radiant tempera

ture are complementary. During high temperatures a 

low radiant temperature is required and vice versa. 

As temperature rises, relative humidity drops. High 

temperature combined with high humidity causes the 

human body to have difficulty in perspiring. This can 

be counteracted by air movement. 

Uncomfortable climatic conditions cannot always 

be relieved by natural means only. Mechanical devices 



will also have to be employed, but the design of a 

project should take advantage of natural conditions for 

climate control. 

CLIMATIC ORIENTATION 

The final choice of any one orientation depends 

on factors such as: 

1. Final floor plan arragnement—one side of the 
building might be more important than the 
others 

2. The use of certain areas according to time 

3. The treatment of the exposed surfaces (i.e. 
glass or solid) 

4. The germicidal action of sunlight which is 
beneficial for habitable rooms 

SUN ANGLES 

Orientation of the project is also based on 

heat balance between needed winter radiation and un

desirable summer radiation. The intensity of solar 

radiation received on a surface depends on the 

angle of incidence. Therefore, a sloped surface 

receives a different amount of radiation than a flat 

surface. 

The seasonal variation of the sun angle depends 

solely on the latitude of the site. Shown below 

in FIGURE E-l is the altitude (angle above the horizon) 

and azimuth (the angle East or West of South) for a 



latitude of 45°N.—or the approximate latitude of 

Billings, Montana. Time is local sun time. 

^ince the seasonal change is indicated by the 

change in sun declination, it is only necessary to 

obtain sun angles for midwinter, midsummer, and the 

two equinoxes. These indicate the range and mid

point of sun positions, the other times of the year 

can be estimated between these points. 

LATITUDE 
4-5 

WINTER 
SOLSTICE 

VERNAL AND 
AUTUMNAL 
EQUINOX 

SUMMER 
SOLSTICE 

TIME AZI. * ALT. * »AZI. ALT. AZI. ALT. 

7pm or ̂ ara —— — — _  117° c- 0  

6pm or Sam 90° 0 108° 15° 

3pm or 7am 78° n° 99° 26° 

4pm or 8am 53° 4° 69° 22° 89° 58° 

3pm or 9am 42° 12° 56° 

o
 O

J ro
\ o
 0

0 IN 

48° 

2pm or 10am 29° 19° 41° 40° ,-7o t>3 59° 

lpm or 11am 15° 23° 22° 46° 39 68° 

noon 0 25° 0 48° 0 71° 

* azimuth 
* * altitude 

SEASONAL VARIATIONS IN SUN ANGLE 

FIGURE E—1 (14 : 222) 



SURFACE RADIATION 

The following figure, FIGURE E-2, shows the 

total daily radiation in B.T.U. received on a surface 

of one square foot. The values given are for eight 

orientations and three angles of incidence (0°, 20°, 

and 4-5°). Values between those shown may be determined 

by interpolation. 

Clear days account for— 
75% of the total solar hear received 

Partly cloudy days account for— 
18# of the total solar heat- received 

Cloudy days account for— 
7% of the total solar heat received 



DIRECT RADIATION FOR CLEAR SKIES—45°K. LATITUDE 

TOTAL DAILY B.T.U./SQUARE FOOT 

0° INCLINATION 

MONTH s * SiS-SW EMV N ni—N W N 

1 Dec 21 332 332 532 332 332 
2 Jan 21 or Nov. 21 368 388 388 388 388 
3 Feb 21 or Oct 21 933 933 933 933 953 
4 Mar 21 or Sep 21 1392 1392 1392 1392 1392 
3 Apr 21 or Aug 21 1669 1889 1889 1889 I889 
6 Nay 21 or Jul 21 2183 2183 2183 2183 2183 
7 June 21 2300 2300 2300 2300 2300 

o
 o
 

eg 
! 

INCLINATION 

1 931 760 319 241 96 
2 981 883 374 299 142 
3 1332 1232 900 616 437 
4 1708 1607 1340 1044 ' 899 
5 2034 1992 1806 1612 1302 
6 2181 2180 2083 1984 1938 
7* 2241 2249 2188 2139 2107 

43° INCLINATION 

1 1238 1003 486 39 — 

2 1299 10^3 331 131 —— 

3 1323 1331 833 328 
4 1794 1616 1177 628 191 

1991 1846 1360 1063 813 
6 1818 1864 1733 134-3 1334-
7 1808 1884 1841 1392 1544 

FIGURE E-2 (2 : 9 3 )  



LOCAL CLIMATOLOGICAL DATA 

The information on the following page, 

FIGURE E-3, lists the LOCAL CLIMATALOGICAL DATA 

for 1964 in Billings, Montana. This information was 

received from the Billings U. S. weather Bureau at 

Logan Field. 



U. S. DEPARTMENT OF COMMERCE 
WEATHER BUREAU 

LOCAL CLIMATOLOGICAL DATA 
WITH COMPARATIVE DATA 

1964 

BILLINGS, MONTANA 

NARRATIVE CLIMATOLOGICAL SUMMARY 

Billings, Montana, at an elevation of 3,100 - 3,600 feet 
above mean sea level, is situated in the borderline area 
between the Great Plains and the Rocky Mountains and has a 
climate which takes on some of the characteristics of both 
regions. Its climate may be classified as semiarid, but 
with irrigation and the favorable distribution of the pre
cipitation during the spring and fall months, it is possible 
to raise a variety of crops in the area. 

The average annual precipitation for the immediate area 
is a little more than 13 inches with about a third of this 
amount falling during May and June. June is the wettest 
month, followed in order by May,April, September and October. 
The period of least precipitation is from November through 
February. These four months normally produce less than 
twenty percent of the year's precipitation, even so, heavy 
snows of from six inches to one foot are not uncommon during 
these winter months, particularly during November and De
cember. The heaviest snows, however, occur during the spring 
and fall months when the temperature and moisture conditions 
are most favorable. Snow seldom accumulates to great depths 
on the ground because of the occurrence of thawing periods, 
even during mid-winter. Thunderstorms, which occur on 
slightly over 30 days out of the year, are restricted mainly 
to the warm season, May through September. These storms 
are frequently accompanied by strong gusty winds and occa
sionally by hail. Destructive hailstorms, however, are rather 
infrequent. The most recent one occurred on July 2, 1958. 
Upslope fog and low clouds are common with east and northeast 
winds during the colder two-thirds of the year with an occa
sional occurrence of these conditions during the warmer 
months. Radiation fogs seldom occur and are usually of 
short duration. 

Winter is usually cold, though not extremely so, and gen
erally affords several mild periods of a week to several 
weeks in length. The winter cold periods are ushered in 
by moderately strong north to northeast winds and snow, with 
the coldest period coming the first or second night after 
the snow ends and the sky clears. True blizzard conditions 
are not observed very often in town, but in the surrounding 
rural areas this condition may develop several times during 
an average winter. The cold waves "break" abruptly with the 
onset of moderate to strong west to southwest winds, attend

ed by variable or increasing cloudiness. This wind is some-
t imes a Foehn condition (Chinook) , but is more often a drain
age wind moving down the Yellowstone Valley which transports 
warmer air of Pacific origin to the area. Occasionally an 
"open winter" is experienced; this happens when many of the 
severe cold waves pass far to the east. A recent example 
of a "mild winter" was the year 1953 when the lowest temper
ature during the entire year was only -1° F. on January 15. 

The spring brings a period of frequent and rapid fluctu
ations in the weather. It is usually cloudy and cool with 
frequent periods of rain and/or snow. A snowstorm in April 
of 1955 left over 42 inches of snow in a four day period. 
As the season progresses, snows become less frequent until 
late May and June when rain is the rule. The last freezing 
temperatures in spring usually occur in the valley before 
May 15, though they have occurred as late as June 23. 

The summer season is characterized by warm days with much 
sunshine and low humidities, but the nights are cool because 
of the altitude and the air drainage from the higher terrain 
nearby. Seldom is there a protracted rainy spell during 
this season. However, frequent thunderstorms bring threat
ening afternoon cloudiness, but usually only small amounts 
of rain. 

The first freezing temperatures of the fall season occur 
around September 25 in the valley, but they have been noted 
as early as August 25. Over the years, the fall months have 
been about evenly distributed between cold wet ones and 
mild, dry, pleasant ones. The change to severe winter weath
er does not as a rule arrive before the middle of November, 
but there have been years when the more severe type of win
ter weather has been delayed until late in December. The 
snows which occur during the early fall months seldom accu
mulate and stay on the ground for any appreciable period. 

The only tornado ever reported within the city limits 
of Billings, occurred in connection with the severe hail 
and windstorm of July 2, 1958. Almost all of the high 
winds recorded during the warmer months occur in connec
tion with thunderstorms, while most of those during the 
remainder of the year are associated with the movement 
of major storm systems and cold fronts. 

FIGURE £-3 
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AVERAGE TEMPERATURE TOTAL PRECIPITATION 
BILLINGS, MONTANA 

LOGAN FIELD 
1964 

Year Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. An 1. Year Jan. Feb. MM. Apr. May June July Aug. Sept. Oct. Nov. Dec. Annual 

1935 24.0 36.1 33.1 41.7 52.3 64.2 75.7 71.6 63.4 48.3 32.7 32.3 48.0 1935 .16 .23 1.73 .97 2.78 .80 1.90 .47 .29 .59 .51 .71 11.14 
1936 24.1 2.6 36.0 45.0 64.6 70.2 81.0 72.6 62.0 50.6 37.3 28.2 47.8 1936 .40 1.04 .13 .78 1.07 1.80 .96 .47 1.32 .41 .56 .26 9.20 
1937 6.0 21.2 34.6 47.4 60.4 64.5 76.0 73.8 64.3 52.1 35.8 26.7 46.9 1937 .40 .56 .76 .72 .53 4.93 .67 .18 1. 83 2.45 .75 .59 14.37 
1938 31.6 24.8 37.4 47.7 54.1 66.6 71.8 71.0 67.2 51.6 33.6 31.0 49.0 1938 .06 .20 1.95 .50 4.09 5.23 2.07 1.07 .  56 1.74 1.15 .07 18.69 
1939 33.1 18.2 36.4 48.0 58.9 59.6 73.6 69.4 60.4 49.2 42.6 37.6 48.9 1939 .39 .35 .91 .83 1.75 5.31 .11 .76 .22 .92 .05 .12 11.72 

1940 14.3 26.8 38.8 42.4 59.9 66.6 74.6 73.2 66.2 53.2 29.0 32.6 48.1 1940 .68 .74 .60 3.16 .84 2.49 .53 .13 1.09 2.47 .71 .  06 13.50 
1941 29.8 30.0 35.4 45.2 59.3 64.5 72.9 70.8 54.0 46.0 39.8 28.3 48.0 1941 .04 .20 .  63 2. 00 2. 00 3.09 1.17 1.11 4.99 
1942 25.8 22.2 35.7 48.8 51.7 60.4 72.2 68.4 58.8 50.8 34.9 30.2 46.7 1942 .40 .75 .98 1.28 4.93 2.30 .56 l! 07 1.66 l! 20 1.09 .12 16.34 
1943 13.6 32.6 25.4 51.8 51.2 60.4 72.4 71.3 60.2 53.2 39.6 32.0 47.0 1943 1.54 .99 1. 80 .49 1.24 3.28 .48 .  68 .  55 .  29 .  51 .  07 11. 92 
1944 30.8 25.4 29.2 48.6 5$.2 59.3 69.4 67.8 59.3 54.2 35.2 26.8 47.1 1944 .31 .57 .33 .10 .73 7.64 1.29 .97 2.01 .03 ! 29 l! 17 15.44 

1945 27.3 26.7 37.6 41.2 51.8 58.1 72.7 70.9 57.1 51.9 34.8 23.6 46.1 1945 .26 .32 .65 .64 1.86 2.21 .68 1.18 1.33 .50 .57 .66 10.86 
1946 30.8 31.2 42.0 52.8 52.2 63.5 73.7 68.8 58.9 42.6 31.8 29.4 48.1 1946 .14 .19 1.35 .28 1.09 1.49 .91 .95 1.68 2.14 .65 .93 11.80 
1947 26*5 24.3 29.2 45.5 56.0 59.4 74.8 71.8 59.3 52.9 30.9 28.1 46.6 1947 .15 .66 1.08 1.24 1.09 3.84 .27 1.04 1.39 .52 .63 .81 12.72 
1948 28.9 22.9 29.7 48.0 57.1 64.0 70.4 72.0 63.8 50.8 36.2 20.4 47.0 1948 .46 .35 .79 .74 1.25 1.66 .95 .48 .40 .02 .09 .71 7.90 
1949 9.2 17.4 32.0 52.8 59.1 63.4 71.4 73.4 58.6 41.9 47.4 22.6 45.8 1949 1.55 .62 .92 .74 1.53 2.12 1.72 .22 2.26 2.72 .03 .83 15.26 

1950 5.1 33.8 30.2 42.6 49.9 60.9 67.6 67.8 57.4 51.6 31.9 31.4 44.2 1950 .65 .41 1.26 1.17 2.07 1.98 1.85 .68 1.46 .83 .71 .69 13.76 
1951 20.5 27.6 22.5 42. 0 57. 0 56.9 71. 8 67.3 54. 5 44.7 35.2 19.2 43.3 1951 .64 .64 1.01 .88 1.46 1.70 .64 1.95 1.01 .86 .16 1.04 11.99 
1952 17.7 28. 9 31.9 51.3 56.2 65.8 70.2 70.4 64.2 51.1 33.2 32.4 47.9 1952 .36 .93 .41 .87 3.40 1.11 .80 .83 1.07 .47 .39 .15 10.79 
1953 36.2 32.3 38.4 40.4 51.2 63.0 74.3 71.6 63.2 54.7 43.5 32.9 50.2 1953 .62 .81 .96 1.32 2.28 1.77 .40 1.02 .88 1.15 .28 .21 11.70 
1954 17.5 40.3 27.4 42.8 53.8 60.9 75.4 69.7 59.9 48.1 43.9 34.3 47.8 1954 1.24 .13 2.70 1.19 1.90 1.25 .23 .76 1.06 1.15 T .14 11.75 

1955 27.3 20.5 26.2 44.6 54.4 62.6 71.7 73.9 59.6 53.4 24.1 22.6 45.1 1955 .07 1.57 1.60 4.42 4.27 1.72 1.41 .05 .82 1.26 .81 1.89 19.89 
1956 21.9 25.0 35.5 41.3 56.9 69.3 72.1 68.4 61.3 51.1 37.5 30.9 47.6 1956 .56 .43 .30 1.59 2.47 .66 1.07 .87 .55 .60 .97 .51 10.58 
1957 11.2 27.2 34.6 42.3 56.2 62.7 74.5 70.4 59.3 44.7 34.3 37.3 46.2 1957 .82 .55 1.52 3.55 3.39 4.49 .25 1.47 1.24 2.58 1.31 .05 21.22 
1958 35.3 26.5 33.7 44.6 63.4 60.1 66.5 73.7 61.4. 52.0 36.5 28.8 48.6 1958 .48 1.66 1.35 2.07 .65 3.28 3.12 .42 .50 .55 1.16 1.50 16.74 
1959 23.0 22.0 40.4 44.2 50.7 66.5 72.8 71.5 59.0 47.2 30.8 34.1 46.9 1959 1.02 1.13 .23 2.36 1.07 .97 .31 .19 1.38 .69 1.92 .33 11.60 

1960 23.2 25.3 35.0 44.8 56.4 66.2 77.9 69.8 62.2 51.5 36.9 30.3 48.3 1960 .66 .53 .53 1.00 1.31 1.11 .17 1.95 .16 .81 .55 .61 9.39 
1961 32.2 38.6 41.0 42.8 56.6 72.7 75.0 76.2 52.5 47.3 31.2 24.5 49.2 1961 .15 .20 .72 2.33 1.57 .24 .85 .23 3.99 1.47 1.55 .22 13.52 
1962 19.6 23.9 29.5 50.7 55.0 65.0 69.6 69.4 59.0 53.7 41.4 32.7 47.5 1962 1.90 1.26 1.23 .06 3.67 1.72 .86 1.19 .95 .29 .86 .23 14.22 
1963 13.9 36.8 40.8 44.4 53.9 62.1 71.4 71.0 65.2 54.8 38.0 22.4 47.9 1963 2.23 0.31 0.39 2.38 2.49 3.16 0.49 0.39 1.29 0.31 0.05 1.43 14.92 
1964 29.1 31.4 31.8 45.2 56.7 62.7 75.6 68.1 56.4 51.5 31.2 17.9 46.5 1964 0.11 0.35 1.38 4.11 3.91 5.13 0.10 2.08 0.06 0.22 0.72 0.59 18.76 

RECORD 
MEAN RECOR ) 

TEMP 23.1 26.8 33.7 45.7 55.9 63.4 73.0 70.9 60.3 50.2 35.7 28.7 47.3 MEAN 0.62 0.62 1.01 1.46 2.09 2.62 0.89 0.83 1.27 1.02 0.67 0.59 13.69 
MAX 32.7 36.8 44.1 57.4 67.9 75.6 87.3 85.2 73.4 62.1 45.3 37.8 58.8 
MIN 13.4 16.7 23.3 33.9 43.8 51.2 58.6 56.5 47.2 38.3 26.1 19.6 35.7 

Record mean values above (not adjusted for instrument location changes listed in the Station Location table) are means for the 
period beginning in 1935. 

TOTAL HEATING DEGREE DAYS TOTAL SNOWFALL 

Season July Aug. Sept. Oct Nov. Dec. Jan. Feb. Mar. Apr. May June Total Season July Aug. Sept. Oct Nov. Dec. Jan. Feb. Mar. Apr. May June Total 

1934-35 - _ _ _ _ _ 1274 809 989 698 391 85 _ 1934-35 4.0 3.2 '27.6 12.3 T .0 
1935-36 0 18 107 521 968 1013 1269 1808 895 597 124 66 7386 1935-36 .0 .0 T 1.9 6.7 5.7 7.4 20.8 2.5 6.2 .0 .0 51.2 
1936-37 0 7 136 449 835 1143 1825 1231 945 530 168 143 7412 1936-37 .0 .0 .0 0.8 14.9 €T. 9 8.1 9.5 6.9 0.6 .0 T 47.7 
1937-38 0 3 119 400 879 1187 1025 1125 856 513 354 39 6500 1937-38 .0 .0 .0 0.6 7.6 8.5 0.9 2.3 12.5 1.4 T .0 33.8 
1938-39 7 23 17 420 940 1050 986 1308 890 521 218 195 6575 1938-39 .0 .0 .0 2.2 9.2 T 7.9 9.2 12.3 1.0 .0 .0 41.8 

1939-40 3 61 177 485 670 852 1567 1110 812 675 178 84 6674 1939-40 .0 .0 0.5 1.4 .0 2.1 12.5 13.2 1.1 10.6 .0 .0 41.4 
1940-41 4 2 73 363 1079 1003 1088 980 913 594 203 122 6424 1940-41 .0 .0 .0 0.1 9.6 1.1 1.2 5.2 6.2 18.0 .0 .0 41.4 
1941-42 3 27 336 589 760 1137 1218 1197 908 484 419 146 7224 1941-42 .0 .0 6.0 1.0 7.4 11.3 3.2 9.8 5.2 0.1 T .0 44.0 
1942-43 4 30 236 468 892 1082 1593 909 1220 398 436 178 7446 1942-43 .0 .0 0.3 0.6 7.5 1.7 13.4 11.7 17.7 .0 5.5 T 58.4 
1943-44 7 5 169 377 761 1021 1062 1147 1112 492 220 204 6577 1943-44 .0 .0 .0 T 1.0 T 3.3 15.4 6.5 T .0 .0 26.2 

1944-45 20 30 192 336 893 1189 1169 1072 848 715 408 242 7114 1944-45 .0 .0 T T 2.7 18.2 4.9 6.7 2.6 3.9 T .0 39.0 
1945-46 8 23 299 407 908 1278 1063 944 711 367 396 91 6495 1945-46 .0 .0 T 1.5 6.0 9.5 1.5 3.2 8.0 T T .0 29.7 
1946-47 8 42 211 695 996 1107 1195 1140 1112 586 276 179 7547 1946-47 .0 .0 .0 7.3 5.4 15.2 5.6 14.2 11.7 3.9 .0 .0 63.3 
1947-48 0 14 214 379 1025 1146 1119 1223 1093 511 284 94 7102 1947-48 .0 .0 T 0.4 9.3 8.3 3.3 2.3 12.0 0.4 T .0 36.0 
1948-49 10 1 124 445 863 1385 1729 1333 1028 362 216 106 7602 1948-49 .0 .0 .0 T 0.5 14.0 23.1 10.1 7.6 .0 T .0 55.3 

1949-50 10 2 203 717 525 1315 1857 865 1072 665 463 159 7853 1949-50 .0 .0 T 23.1 T 11.1 8.1 5.0 15.4 10.2 5.4 2.0 80.3 
1950-51 32 20 286 409 984 1035 1376 1041 1313 685 249 246 7676 1950-51 .0 .0 4.4 1.9 8.9 11.3 9.6 13.1 14.5 6.1 5.4 T 75.2 
1951-52 54 45 312 620 889 1413 1398 1043 1021 412 266 49 7522 1951-52 .0 .0 T 8.7 2.8 15.8 6.5 9.9 3.9 4.0 .0 .0 51.6 
1952-53 25 31 75 427 947 1001 886 906 819 734 424 125 6400 1952-53 .0 .0 .0 1.0 2.6 2.1 3.5 9.2 8.1 5.6 3.7 .0 35.8 
1953-54 0 7 112 320 639 990 1469 684 1162 661 356 168 6568 1953-54 .0 .0 .0 T T 2.9 20.2 0.6 27.1 10.9 3.4 .0 65.1 

1954-55 3 11 174 518 626 944 1160 1243 1199 605 320 115 6918 1954-55 .0 .0 T 8.6 T 1.0 1.1 22.3 18.5 42.3 .0 .0 93.8 1955-56 22 0 240 368 1223 1305 1331 1155 908 704 286 16 7558 1955-56 .0 .0 T 5.0 8.9 28.8 8.2 7.4 4.9 12.8 6.7 . 0 82.7 1956-57 7 50 140 425 820 1050 1663 1050 936 673 275 109 7198 1956-57 .0 .0 .0 3.6 8.7 5.8 9.0 6.8 16.7 6.5 1957-58 3 25 188 623 916 851 913 1073 960 601 105 158 6416 1957-58 .0 .0 5.6 9.2 8.2 0.3 4.4 19. 2 8.3 13.1 * Q * Q fia" ^ 1958-59 44 11 162 403 848 1116 1297 1200 755 616 436 68 6956 1958-59 11.3 *« * _ <sn A 1958-59 

1959-60 23 3 251 543 1023 950 1291 1145 925 600 287 53 7094 1959-60 .0 .0 T 1.8 21.9 3.9 10.1 7.8 5.1 4.8 T .0 55. 4 
1960-61 1 37 150 416 836 1067 1010 733 738 660 285 6 5939 1960-61 .0 .0 .0 T 3.6 7.5 1.6 2.1 2.4 14.0 .0 .0 31.2 
1961-62 2 3 379 543 1008 1249 1402 1148 1094 428 304 89 7649 1961-62 .0 .0 2.3 11.3 15.3 2.7 23.2 11.7 11.5 T .0 .0 78.0 
1962-63 4 46 187 342 701 990 1586 783 750 612 343 124 6468 1962-63 .0 .0 6.3 0.0 8.2 1.3 27.7 2.3 2.7 15.4 .0 .0 63.9 
1963-64 10 9 61 333 802 1316 1107 972 1025 587 275 111 6608 1963-64 .0 .0 .0 1.0 T 21.6 1.8 5.1 15.9 16.3 2.2 .0 63.9 

1964-65 0 67 253 415 1009 1454 1964-65 .0 .0 .0 T 7.2 7.8 

A horizontal line drawn on the above tables indicates a break in the data sequence due to a change in instrument exposure or a station move (see 
Station Location table). Data are from Airport locations. 

Requests for additional information should be directed to the Weather Bureau Office for which this summary was issued. 



STATION LOCATION 
BILLINGS, MONTANA 

LOGAN FIELD 
1964 
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Remarks 

Montana Ave. & 31st St. 1- 1-83 6-24-83 45° 46.8' 108° 30.5' 3128 5 5 22 

Montana Avenue near 
29th Street 

4- 1-94 8-31-99 850 ft. NE 45° 46.9' 108° 30.3» 3127 4 3 

Minnesota Avenue and 
27th Street 

12- 1-99 6-30-08 1100 ft. E 45° 46.9' 108° 30.2- 3125 - April 1904, and May 15 to June 13, 
1904 missing. 

First Ave. & 28th St. N 8- 8-08 3-00-09 800 ft. NW 45° 46.9' 108° 30.3' 3126 

Second Ave. & 29th St. N 3-00-09 6-30-09 500 ft.WNW 45° 46.9' 108° 30.5' 3126 - - -

403 Yellowstone Avenue 7- 1-09 8-31-09 4100 ft.WSW 45° 46.8' 108° 31.5' 3137 4 - 3 Second Order Weather Station. 

505 Lewis Avenue 7- 1-23 5-14-34 950 ft. NW 45° 46.9' 108° 31.7' 3139 5 3 

536 Lewis Avenue 5-15-34 10-18-51 250 ft. SW 45° 46.8' 108° 31.8' 3139 5 3 No record 8-16-34 through 4-11-37. 

City Water Plant 
(Adjacent to Josephine 
Park) 

10-18-51 Present 2.5 mi.ESE 45° 46.3' 108° 28.9' 3097 

AIRPORT STATION 

Administration Building 
Municipal Airport 

7- 1-34 1-29-35 45° 48.2 108° 32.2» 3568 22 4 4 3 

Administration Building 
Municipal Airport 

1-30-35 9- 1-43 No Change 45° 48.2 108° 32.2' 3568 32 c5 c5 a3 b5 3 a - Added 3-18-39. 
b - Added in 1940 and shielded 

12-10-41. 
c - 18 ft. to 5-13-41. 

Administration Building 
Municipal Airport 

9- 1-43 12- 3-43 No Change 45° 48.2 108° 32.2 3568 39 X X X X X X - Several elevations between 
14 and 23 feet for each instru 
ment during remodeling of bldg 

Administration Building 
Municipal Airport 

12- 4-43 6-26-58 No Change 45° 48.2 108 32.2 3568 39 18 16 15 dl5 14 d - 5 ft. to 12-31-53. 

New Administration 
Building, Logan Field 

6-26-58 Present 190 ft. N 45c 48.2 108 32.2 3567 e25 31 30 28 g31 28 f 4 e - On field site, 
f - Commissioned 9-5-59. 
g - 28 ft. to 8-31-62. 

Sale Price: 15 cents per copy. Checks and money orders should be made payable to the Superintendent of Documents. Remittances and correspondence regarding 
this publication should be sent to the Superintendent of Documents, Government Printing Office, Washington, D. C. 20402. 

USCOMM-WB-Asheville, N. C. - 600 



MACRQCL1MATE VS. MICROCLIMATE 

host weather bureau data concerns a general 

climate, or macroclimate. ouch information must be 

modified in analyzing a particular site in any 

region. The general macrodata should be modified 

according to a site's topography, exposux^e, obstructions, 

existing natural cover, etc., collectively called 

microclimate. 

£-3 MAINTENANCE REQUIREMENTS 

MAIlVJEMxiNCE CONSIDERATIONS (7 • 131) 

1. Has preparation been made to handle 
breakdowns? 

2. Is maintenance given adequate consideration 
in selecting and installing new equipment? 

. 3. Are matex^ials, finishes, and surfaces selected 
that are easy to maintain? 

DESIRABLE QUALITIES FOR BUILDING MATERIALS 

Durability Minimum delay time after 
installation 

Comfort for users Insulation values 

Resistance to vibration Ease of cleaning 

Low material costs Properties that are un
affected by change 

Low installation costs in temperature and 
humidity 

Sound absorption 
humidity 

FIGURE E-4-



Greek's Building Maintenance of Billings, 

Montana, recommended the use of carpet for a general 

flooring material because carpet costs less to mainta 

than other flooring materials. Carpet is also 

quieter. 





LANDSCAPING 

A minimum of landscaping will be required for the 

total site area because the natural landscape suffices. 

The photographs in Section C depict the natural vegeta

tion arid colors present at the site. 

Roaas are laid out with a cross section which 

remains fixed for substantial distances. The cross 

section is usually located by the center line of the 

pavement. The principle features of most cross sections 

are shown in FIGURE F-l below. The pavement itself 

is usually crowned at the center for drainage. 

ROADS 

ROAD CROSS SECTION 

crown 
shoulder 
•Nihil! 

201 minim dim 

FIGURE F-l (14- : 207) 



The road may have horizontal or vertical 

curves, or a combination of both. It is preferable to 

avoid two curves in the same direction, separated by 

a straight road segment of less than 200 feet. The 

minimum allowable radius of a curve depends on 

design speed which can be maintained on that piece of 

road. Minimum forward right distance must be maintained 

at all points on the road, to give drivers ample time 

to react to dangers. These distances depend on design 

speed also. 

PARKING- SPaCE 

FIGURE F-2 shows recommended dimensions for 

parkinglots. The average area needed per car 

is 273 square feet. Space should be left for future 

expansion of parking facilities. 

RECOMMENDED DI
MENSIONS FOR PARK
ING LOT ARRANGEMENTS 

FIGURE F-2 (14 : 210) 

20 

(a) 90 DEGREE PARKING 

(b) DEGREE PARKING 
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HUMAN FIGURE DATA 

The following three figures—-FIGURES F-3» 

F-4, and F-^—-give the average anthropometric data 

for adult males and females. These diagrams were 

obtained form The Measure of Man by Henry Dreyfuss, 

published by Whitney Publications, New York, 1959. 
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ANTHROPOMETRIC DATA — ADULT MALE STANDING AT CONTROL BOARD 

7e.7 - 60.6 range 

50%tile 

75.1 l.rn. 
70.2 av. 
65.5 s.m. 

13 mm. 
20 opt. 
28 max. 

std. sight line 

1.2 
normal 
slump 

viewing 
range 

— poo 
cJtvi— opt. 

control 
zone 

OHO* writing^ 
woJO) 

10.4 max 

<•workbench std. 
SL. for vise work 

and planing 

keep lights above 
to minimize glare 

auxiliary panel for 
unimportant displays 

7 FT 

top is invisible 

displays only 
\ or non critical 
A\ controls. 
\( stretching is not 

05 ^ recommended.) 

optimum zone 
for manual 
and visual 
combinations 
(min. parallax.) 

non critical or 
casual controls, 
manuals and 
displays. 

48 / 
non critical 

_ /controls-avoid 
0 / if possible. 

/ (stooping is 

22.4 1 
20.9 
19.3 1 

i.i heel 

finger tip reach 
30.7 

rad.: 28.5 
26.5 

18 max.-

17.5 min. clear, for stool —| 

(E) opt. bench ht.: 
arm angles: 

30* 45* 

97.5% tile 53. 43. 
50% tile 49.3 40. 
2.5% tile 46. 37.4 

use 30* for min.faligue 
and small work, 

use 45* for dexterity 
in assembly 
and packaging. 

o" datum 

t-6 mm.— 

6 FT 

5 FT 

4 FT 

3 FT 

2 FT 

I FT 

s'-e*-7'-0m std. door ht. 
6'-8" min. ceiling ht. 

6'-6" min. door ht. 

6*-4" tel. booth door ht. 

6-0* highest shelf 

63" min. catwalk ceiling 

60 mirror £ 

58-60 thermostats and t tel. 
dial - men standing 

54-60 grab bars-men 

48 wall switch 

45 push bars 

42-44 t tel.dial-men sitting 
42 bar ht.,door pulls, lathe t 

40-43 counter-men-std. 

38 door knobs 

36 -38 work bench 
36-42 hand rails 
34 hand rails -stairs 
33 panic bars 

31 lavatories 
29.5 stool-40.7 bench (l.m.) 
28-29 table ht.-men, 
27.6 stool - 37.9 bench (av.m.) 
26 min. knee clear. 
25.7 stool - 35. bench (s.m.) 

17 av. compressed seat-men 
15.75 max. ht. w.c. 
15-16 max. step ht. 

12 opt. rung spacing 

7-7.5 opt stair riser 
6-8 bar rail 

4 min. toe space 

l.i av. heel-men 

38.5 
36. min. gangways-

© 1959 HENRY DREYFUSS 

FIGURE.F-3 

WHITNEY PUBLICATIONS N.Y.C. 
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ANTHROPOMETRIC DATA - ADULT FEMALE SEATED AT CONSOLE 

liohts reflect In eye glasses 
within this anale-i binocular 

60-120* color discrimination limit 
varies with color a light 
use 60* for emergency signals 

10-60*symbol recognition limit 

10-20® word recognition 
limit. 

i* task or accurate 
1 reading limit 
} std. sight lineJ 

60° 45 

easy head 
movement 

max. head 
movement 

45* 
90* arm pos 

18 max. 

easy head movements 
60* max. reading distances 

for std. displays 
34.9 l.w 
323 av. 
29.7 S.W 

50%tile rotation 

0-20* lights reflect 
in glasses 

std. sight line-i 

_j-2"normal slump 
max. see over ht. 

eye rotation 

A 
20.8 
19.5— 
17.3 t 

reach 

oackrest 

27 max.table ht. * 

25-26 
24 mm. 

•/•tile-7" REACH INCREASE t 
o 
E 
o3 7.5 min. 
0>p 

0" datum I 

arm pos. 
o* 45* 90* 

to torn 
shoulder extended 
shoulder extended a 
trunk rotated 
shoulder extendedt 
trunk rotated a 
trunk bent 

REACH DECREASE: 
push buttons 0 
toggles 2 
small rotary selectors <2"D, 3.7 
large rotary selectors 4.2 
hand grasp 4.6 

16 
compressed 
SOG't ht. 
to fit 80% 
raise a lower 
I" to fit 95 V, leg movement 

is desirable 

o' datum 

24 mm. 
* 28" if i" foot stool provided 

6.6-7.*/. left handed, 3.5-6.% color blind, 4.5% hard of hearing, 37.9% wear glasses 

Q 1959 HENRY DREYFUSS WHITNEY PUBLICATIONS N.Y.C. 

FIGURE F-4 
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HUMAM STRENGTH 
(for short durations) 

strength correction factors: 
x 0.9 left hand and arm 
X 0.84 hand-age 60 
X 0.5 arm a leg-age 60 
X 0.72 women 

ARM FORCES SITTING 

14 LB. L.hand 
l9LB.R.hand 

bQCk i 52 50 R. 
50 42 L. 

support ^ 

T -SajJ 
18 L * 17 R, 

t  i  «  r — 1 3  L  
! T" 

» l « 
«2 ¥ J0 

20 Vp, 
IB  

ARM FORCES SITTING 

(D i 8 L. 
y 13 L. 

20 R. 
POS.X 

LEG FORCES SITTING 

s_ 

ARM FORCES STANDING 
floor r-28-i approx. 
lever-4-opt. | 17 30LB. 

5C" : 40 50_|f" 

i \ 6 hand forces 

40 

23' 

max. / n >30-40 LB. 

o I V are *at|Su'nG 
"""""Ij 16" C" large force 

LI.-TING FORCES 

close r-24^ 
to body-H h- I 

1 ^ j25LB.max 
30 -n— 5 FT. 

back lift 
is 40% 
leg lift. 

max.hand squeeze:85 LB. RX. 
77 LB. L.H. 

145 LB._ | FT 

BODY CLEARANCES CLIMBING DATA 

ail data on this chart accommodates 95% of us. adult males 

PRONE 

96 min. 

CRAWL 

SQUAT 

STOOP 

36,J—H 

a 
KNEEL 

MAINTENANCE 
REACH LEVELS 

stand 

tu 

LADDERS 

30"min 

rovide 

width: 
I5"min. 
18 opt. 
24 min. walls 

guard 
over 20' 

, \i, „J_ 16 (12 Opt) 

\ '/—.75-1.5 D. 
\ J), rung 

U24-j f 
75* 
Opt. 
range 

-6 min. 

STEP LADDERS 

X-37" 
75* X-34" 

width: 
21-24 with 

handrails 
24 min. 

between 
side walls 

6" tread 

7-10 riser 
T 

range 

STAIRS 

e;-o;opt. 
6-8 min. 

7-7.25 Opt.jl 

9.5-11.0— 
opt. tread 

width: 
24-3011 man 

s„. 42 _ 2 men 

.75-1.5 
nosing 

I 
L 'opt.range 

RAMPS 

width: 
30" min. 
42" opt. 

36 at o* 

1.75 D. 
max. 

^'o°' 
rann«J opt. range 

INGRESS a EGRESS 

min. entries: 
13-18" difficult — l man 
18-24 fair 1 man 
24-36 good 1 man 
> 36 good 2 men 

MIN. ESCAPE HATCH 

packs 

18 D. I 
18 sq. 

or I9"w.x 16" L. 

MIN. SIDE HATCH 

3I"H. 

MIN. BELLY HATCH 

a 

pack 

MIN. CATWALK 

h-22-H 

u 
!|2U 

MIN.CRAWL THRU PIPE 

25 D. 

PASSAGE WAYS 

42-48 min. 
48-54 Opt. 

K2I-24" 
min. 

30 opt. 

1959,1960 HENRY OREYFUSS 

FIGURE F-5 ANTHROPOMETRIC DATA-

13" min. clear, sideways 
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LIGHT AND COLOR (11 : 84) 

About 5 out of 8 workers lack good vision. 

Poor lighting may be the cause of worker fatigue 

and dislike of job. The cost of proper lighting 

should be offset by better workmanship, increased 

productivity, fewer accidents, and less waste. 

Light should be located to eliminate shadows on 

the work or glare and excessive brightness in the 

field of vision. The variation of brightness between 

working area and field surrounding working area 

should not be greater than 3 to 1, in working areas. 

Walls of grey or green are restful for workers in 

bright areas. 

NOISE REDUCTION 

Noise may influence work quality and quantity. 

Noise interferes with attention, annoying workers and 

affecting their output. Verbal communications are apt 

to be misunderstood where noise is high. 

Music helps in masking sound and in developing 

rhythms in work. It tends to reduce fatigue. 

"Music has been found to increase productivity 

4.7 to 11,4%. It should not be played, however, 

more than 2}£ hours a day in periods of 12 to 20 

minutes. (6 : 79) 



CONSTRUCTION MATERIALS 

Construction materials which are readily available 

in the Billings area will be used for this project— 

solely for economic reasons. 

FUTURE EXPANSION 

The project should be designed to allow for future 

change and expansion. 



CONCLUSIONS, 
RECOMMENDATIONS 



SCOPE 

The intent of this thesis is to establish 

requirements to be utilized in designing a hypothetical 

nightclub-restaurant project. If this were an actual 

project, the client would establish the spaces he 

wanted and their functions. Since an actual client 

is not available for this project, only that informa

tion which applies to nightclubs and restaurants 

in general has been compiled in this thesis. It will 

be ray job as the designer for this project to establish 

the details—square feet per building space, final 

functional arrangements of building spaces, etc. 

To establish final building details, the architec

tural designer normally employs preliminary design 

sketches and scale drawings which are then shown to 

the client for approval. These sketches and drawings 

are no included in this thesis since they are to be 

done in class next quarter,as Phase 2 of this project. 

Also, because the nightclub-restaurant combination 

is but a part of the total proposed complex (which 

has not been fully researched in this thesis) considera

tion must be given to the total complex. This analysis 

appears to be more easily comprehended in scale draw

ings involving the actual site and preliminary size 

estimates• 





SCOPE 

The following pages are added to this thesis 

to show the final design solution for this project. 
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