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ABSTRACT

Educational institutions are finding an increasing need for inexpensive
types of clear-span structure to enclose, often on a temporary basis,
areas used for recreational and athletic activities. Structures being
used for such purposes include the air-supported "bubbles", geodesic

domes, prefabricated steel buildings and other conventional as well as
experimental types.

In view of the growing interest in such applications, and to obtain,
for the benefit of all interested parties, reliable data as to the rela-
tive costs of alternative enclosure systems over various periods of time,
the Educational Facilities Laboratories has sponsored this study. The
costs of seven distinct types of readily available structures, and sev-
eral variations of two of these, have been analyzed and compared. These
costs include not only the initial costs, but also the charges for fi-
nancing, operation and maintenance, and they are compared for three
alternative annual terms of use over periods of 5, 10 and 20 years.

Detailed cost calculations for each of twelve variations of appropriate

structures are presented, and these are summarized in both tabular and
graph form. It is found that, of the various types analyzed, the air-

supported structure, if dismantled and removed each year during summer
months, costs the least over a 5-year period and appears to have a small
overall cost advantage for the 10-year period. For year-round use in
place, however, it is the most expensive type, even for the 5-year period,

due to the necessity of providing summer air conditioning. The other
(rigid) structures can be sufficiently insulated and ventilated, without
air conditioning, to provide reasonable summer comfort at much lower
overall costs. If the 20-year period of use is a possibility, the air-

supported structure, even if removed during the summer months, will
likely prove more expensive than other types, because of periodic re-
placement costs.

Conclusions resulting from the study lead to recommendations as to the
essential features of the "ideal" structure for uses of this kind.



INVESTIGATION OF COSTS

OF IN aICLOSURES FOR RECREATIONAL AREAS

Introduction

emer.11111.1

There has developed, in recent years, an increasing need among educational

institutions, both public and private, for inexpensive wide-span structures

to enclose large areas used for recreational and athletic activities. In

many cases such needs may be temporary, pending the availability of funds

for a permanent gymnasium or field house. In other situations they result

from the conviction that although a conventional field house would be an

unwarranted luxury, the provision of some kind of low -cost all-weather en-

closure can readily be justified.

Several types of structure, in a wide range of sizes, have been used to pro-

vide such enclosures for all kinds of activities. One type commonly used,

because of its low initial cost and other attractive features, has been the

air-supported, or "bubble" structure. Others have been variations of the

geodesic dome structure and prefabricated metal buildings. And because the

market for structures appropriate for this rather unique purpose is undoubt-

edly expanding, a number of other types, all aimed at minimal cost, has been

designed, and many of these have been built experimentally.

Obviously, low cost is a prime concern with all such structures, as the

original intent, in most cases where they are used, is that they are to serve

only as a temporary expedient. nut it is a well known fact that such "tempo-

rary" structures, especially if they prove to be satisfactory and useful,

often continue to serve much longer than intended, becoming quite permanent

assets. In view of the widespread interest in, and need for, structures of

this type, and for information regarding their relative costs, the Educational

Facilities Laboratories has undertaken to determine how some of the more com-

monly used types actually do compare in cost, not only initially but over

various periods of time.
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Accordingly, an analysis has been made of the costs of a number of readily avail-

able "package" types of low-cost long-span structures suitable for the purposes

indicated. These costs include not only the cost of the structure itself, but costs

of mechanical equipment and charges for financing, operation and maintenance over

periods of 5, 10 and 20 years. Furthermore, to provide data pertinent to various

operational programs, for each of these three periods, the costs of three alterna-

tive "terms" of use have been investigated:

Term A: Nine months' daytime operation, September 1 to June 1 (or 39
weeks), 8 AM to 5 PM, five days per week;

Term B: Nine months' day and night operation (39 weeks), 8 AM to
10 FM, seven days per week, and

Term C: Year-round day and night operation, 8 AM to 10 FM, seven
days per week.

Seven different types of structure have been included in the study: an air-supported

("bubble") structure, a frameless corrugated steel arch structure, two kinds of

rigid frame metal building, a geodesic dome structure, a plywood building and a

long-span trussed steel arch building. In the case of the air-supported structure,

both a 5-year and 7-year useful life expectancy were investigated, and for each of

these, for the 12-months' term of use, alternate costs of dismantling or air con-

ditioning during the summer months were computed. Three variations of the frame-

less steel arch building were also investigated, one with no insulation, one in-

sulated, and one with both insulation and skylight panels. Thus, all told, the study

hag involved twelve different variations of structure, as listed on the following

page,, each being "priced" for nine different terms of use.

Though every effort has been made to be as accurate as available information allows,

it should be understood that the results of this study are to be considered tenta,.

tive and approximate, rather than conclusive and precise. For some of the structures,

"hard" cost data has not yet been obtained, making it necessary to rely on educated

estimates to some degree. Significant errors in such estimates could of course

invalidate certain comparisons.

It should be recognized, too, that this study is by no means all-inclusive in respect

to structure type:s. It represents merely a sampling of possible solutions, and deals

only with certain arbitrarily selected versions of these structures. An analysis of

the results suggests that probably none of the rigid type structures as described
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fully represents the most economical version for periods of use exceeding 7

or 8 years. But it indicates also, that with certain minor revisions in

these structures, their costs over such periods of use could be significantly

reduced.

STRUCTURES ANALYZED
1111

Area
No.l. Description (see Appendix A for sketches and data) &L. Ft

la Air-Supported Structure, 5-year life

dismantled & stored during summers 15,0(X)

lb Air-Supported Structure, 5-year life

air conditioned in summer 15,000

lc Air-Supported Structure, 7-year life

dismantled & stored during summers 15,000

ld Air-Supported Structure, 7-year life

air conditioned in summer 15,000

2a Frameless Corrugated Steel Arch, uninsulated

(Wonder Building) 15,000

2b Frameless Corrugated Steel Arch, insulated

(Wonder Building) 15,000

2c Frameless Corrugated Steel Arch, insulated, with skylights

(Wonder Building) 15,000

3 Rigid Frame Metal Building, insulated (Butler) 14,400

4 Plywood Building with folded plate roof, insulated 14,000

5 Geodesic Dome Structure (Charter Industries)

aluminum frame, suspended fabric 10,200

6 Trussed Steel Arch Building, sheet steel covering, insulated

(Butler "Triodntic") 30,000

7 Steel Rigid Frame, metal roof, insulated; lightweight

concrete block walls (Varco-Pruden) 37,330

* Identification number used in text and on graphs and tables.

Parameters and Criteria

To make the cost comparisons as objective and meaningful as possible, the fol-

lowing general parameters and criteria were established:

1. The structure is to be located in, and priced for, the New York metro-
politan area.
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2. The enclosed space is to be used for general recreational and playground

activities not requiring special lighting or other facilities.

3. The structure is to be erected directly on the ground, with no flooring and

no interior finish or furnishings, on a site prepared by others.

4. The structure is to be capable of carrying a 30-pound snow load and with-

standing a wind load of 20 pounds per square foot.

5. Interior -4,,:mperatures are to be maintained as follows:

During the 9-months' use geriods (Terms A and B), a minimum of 60°F

during use, and 45 F during off hours;

During summer months (June 1 to September 1), a maximum of 3°F above

outdoor ambient temperature.

Appropriate allowance is to be made for solar heat gain through translucent

shell materials, and from two to four air changes per hour are to be provided

by the heating system.

6. Lighting is to be provided at the rate of 3 watts per square foot of covered

ground area, producing approximately 30 to 45 foot-candles on the ground,

depending on the type and location of lighting fixtures.

7. Building costs are to include all necessary foundation work, complete erection,

all mechanical equipment necessary for heating, lighting, ventilation and air

conditioning (if required), but no interior finish, furnishings or other equip-

ment.

For purposes of comparison, costs are to be calculated for three alternative

annual terms of usage, Terms Al B and C as previously defined.

8. Overall costs, consisting of initial building costs, operating and maintenance

costs and financing charges, are to be computed for periods of 5, 10 and 20

years, with amortization of capital costs being based on a 7% interest rate.

Approach to Cost Analysis,

There are several prerequisites for comparing the costs of two or more structures,

the most obvious being the initial cost of each structure. If the comparison is to

be valid, it's essential also that the conditions governing their use be the same in

all cases.

A true cost comparison represents total anticipated costs during the expected period

of use, however, rather than simply first costs alone. Thus the costa compared should

include not only the initial costs of the structure in place and ready for use, but

also the costs of operating and maintaining the structure during its useful life,

plus the cost of amortizing the purchase price.

Consideration must be given also to the probable useful lives of the structures being

compared. If they are essentially the same, this factor has no significance, but if
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the life expectancy of some of the structures is much shorter than that of

others, proper allowance must be made for this fact. It seems logical that

when the life expectancy of a structure exceeds the length of the period for

which costs are being compared, a reasonable salvage value, or remaining worth

value, should be credited to the cost of that structure when determining its

overall cost for the period. If, on the other hand, the useful life of a

structure is known to be less than the length of the period for which costs

are being calculated, the expense of replacement during the period must be

taken into account.

To determine the comparative costs, over a period of time, of the type of

structure being considered, the following procedure is considered proper, and

has been used in this study:

1. Establish the location where the structures are to be built, so that

all costs will be based on prices in that area.

2. Determine the initial cost of the building shell erected in place,

without mechanical equipment.

3. Establish the inter4ed annual term of use; what hours of the day,

how many days per and what months during the year it is to be used.

4. Establish the interior temperatures to be maintained during both the

hours of use and during off hours.

5. Determine design temperature and degree days, and calculate the heat

loss during winter months.

6. Calculate ventilation or air conditioning requirements during summer

months.

7. Determine the level of lighting to be provided.

8. Estimate probable initial costs of hefting, ventilation (or cooling)

and lighting equipment required.

9. Calculate the annual operating costs, - the costs of heating, ventila-
tion, cooling (if required) and lighting.

10. Estimate probable maintenance costa.

11. Determine the icoasz cost for the period of years under consideration

by adding:

a) Initial cost of building shell and, mechanical equipment, amor-
tized at the anticipated interest rate over the period,

b) Annual operating costs, multiplied by the number of years, and

c) Estimated maintenance costs during the period.

12. Determine the net cost for the period by subtracting from the gross

cost the estimated salvage value (if any) at the end of the period.
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Explanation of Cost Calculations

It should be emphasized that the purpose of this study has been to determine relative,

rather than exact costs. This, we believe, has been accomplished, and the findings

have led to certain conclusions which are stated later. The study has also, however,

raised certain questions and doubts which may warrant further investigation. To facil-

itate understanding and interpreting the results, the sources of information and some

of the assumptions made should be explained, and certain seeming inconsistencies in

the data available should also he noted.

Building Shell Costs: The initial costs used for the various structures are believed

to be reasonably correct (within 10%), but are not claimed to

be precise. Within the limits of time and budget available more accurate figures

could not be obtained. For the air - supported structures, these costs represent an

average of prices listed and quoted by several different manufacturers. For the ply-

wood building, the geodesic dome structure and the two Butler buildings, itemized

prices ( "110g") were quoted by representatives of the companies supplying such build-

ings, and prices for the Varco- Pruden rigid frame structure represent those actually

paid for a building of the same type and size recently erected in the New York area.

For the several versions of the Wonder Building, however, only a "package price", ex-

cluding costs of foundations, insulation, E,,flights and erection, was provided by the

manufacturer's representative. These prices the author supplemented with his own

educated estimate of the costs of such items. Detailed breakdowns of the various

cost estimates will be found in the Appendix, following the cost calculations and

summaries. If more accurate information is desired, all building costs, and especially

those of the Wonder Buildings, should be verified.

Costs of Mechanical Equipment and Operation: Except for -the air-supported structures,

the installation and operating costs

of heating, ventilating, air conditioning and lighting equipment were calculated by

Vogelbach & Baumann, consulting engineers, who collaborated in the study. The costs

of heating equipment and its installation have generally been found to vary, in the

rigid structures, from $1.55 to $2.86 per square foot of covered area, depending on

heat loss and building size, as shown on the graph of Figure A. The cost of lighting

installation, except in the air-supported structures, was assumed to be $1.50 per

square foot. Thus, in all of the rigid structures, the initial total cost of mechan-

ical equipment ranges from $3.05 to $4.36 per square foot of covered area.

6.
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The cost of supposedly similar equipment for the air-supported structures was obtained

from two sources: price lists published by Air-Tech Industries and conversations with

several manufacturer's representatives. These costs are seen to be much lower than

the costs used for equipment in the rigid structures as noted above, - a seeming in-

consistency that warrants further investigation. The reasons for such a large differ-

ence in these costs are not wholly clear, and of course they materially affect the

overall comparative costs.

Heating costs for Terms A and B have been based on the use of No. 4 fuel oil at 10.5

cents per gallon Lighting was assumed to require 3 watts per square foot of ground

area in all cases, but the number of hours when lighting is required is, of course,

not the same in all structures. The cost of electric power has been assumed to be 2

cents per kilowatt-hour.

Operating costs for Term C (year-round) have been calculated by adding the costs of

lighting and ventilating or air conditioning for the three summer months to the light-

ing and heating costs for Term B (9 months). This procedure, we recognize, results

in a figure which is not entirely accurate, since it neglects the fact that summer

ventilation or cooling may be required on some days before June 1 and after September

1. However, since the operating costs for these few additional days would be relative-

ly quite small, their omission does not significantly affect the overall comparison.

Replacement Costs for Air-Supported Structures: To investigate the overall cost

effects, two different terms, 5 and

7 years, were used for the life expectancy of the air-supported structures. It is

believed that, for the usual type of such structure, 5 years of useful life is the

more common experience, but that some of the better types may be expected to serve

7 years before replacement.

In both cases, the overall costs calculated for service periods longer than the

assumed life expectancy of the structure necessarily include estimated replacement

costs during the period. In all of these structures it was assumed that the mechanical

equipment originally installed in the first structure would serve through the full 20-

year term, requiring no replacement but a certain amount of repair and reconditioning.

It was also assumed that the cost of replacing the "skin" would be somewhat less than

the initial shell cost, allowing for the re-use of ground anchors and personnel doors.

The net replacement costs thus calculated for each of these structures are noted on

the cost summary sheets included in the Appendix. Whether or not these costs are

8.



entirely realistic and valid has not been verified.

As explained under "Salvage Values", these replacement costs should not be

confused with the estimated salvage values, for the reasons there stated.

Maintenance Costs: The costs tabulated under this heading in the calculations

(see Appendix) are not intended to include all maintenance

charges, but only those which are thought to be unique requirements for the

structure in question. For example, blower operation costs for the air-sup-

ported structures have been assumed to be equivalent to the costs of operating

the blower for warm air circulation in the rigid structures, and since such

costs are relatively insignificant in all cases, they have Peen disregarded.

The same applies to normal equipment maintenance and repair charges, which

are assumed to be essentially the same in all of the structures. In effect,

then, the only maintenance charges that have been included are: 1) the costs

of painting exterior metal and wood surfaces, and 2) for air-supported struc-

tures No. la and lc, the annual costs of dismantling the structure in the

spring and re-erecting it in the fall.

Salvage Values: The salvage values listed in the calculations for both the

building shell and the mechanical equipment are admittedly

and necessarily estimates, based on the Lature of the structure, but are be-

lieved to be reasonably fair allowances. They are intended to represent the

remaining salable value at the end of the period indicated if the materials

are removed from the site for use elsewhere. The replacement costs for the

ait-supported structures, referred to above, are costs based on the assumption

of continued use in the same locations and hence are not determined by simply

subtracting the salvage value from the initial cost.

Summary of Findings

The calculated comparative costs resulting from this study are shown in tab-

ular form on Table 1, and in graphic form in Figures B, C and D on the follow-

ing pages. It should be pointed out, however, that, of the twelve variations

of structure analyzed, only seven are directly comparable, for these reasons:

- the two air-supported structures, Nos. la and lc, because they are dis-

mantled and removed during the summer, do not provide full year-round

coverage and enclosure as do all of the other structures;

9.



- the geodesic dome structure is relatively small, hewing only about two-thirds

the coverage area of most of the other structures and therefore is penalized
costwise to some extent. Generally, unit costs tend to vary somewhat, in in-
verse proportion to size, and this structure would probably be a little less

expensive per square foot if it were half again as large.

- structures Nos. 6 and 7 have at least double the coverage of any of the others,

and therefore likely have some advantage in unit costs, for the reasons just
stated. A trussed arch structure of lesser span would be unfeasible, but the
No. 7 type is readily available in smaller sizes, probably at a little higher
unit cost.

Nevertheless the study has produced useful and helpful information, from which certain

conclusions regarding the relative costs of the various types of building may safely

be drawn. Chief among these appear to be the following:

1. In respect to the 9-months' terms of use (Terms A and B):

a. Over a period of 5 years, the air - supported structures are obviously

the most economical. It must be recognized, however, that on some

warm days in the spring and fall the "greenhouse effect" of solar heat

gain in these structures will likely result in some uncomfortably high

interior temperatures.

b. Over a period of 10 years, the 7-year-life air-supported structure has

the lowest overall cost of the structures analyzed, ana the 5 -year -life

structure also has a slight cost advantage. It is not unlikely, however,

that with certain design modifications in some of the other structures,

increasing the insulation and perhaps decreasing the amount of translucent

area, the relative economies might change.

c. Over the 20-year period the air-supported structures appear to offer no

cost advantages over the other types of structure. Undoubtedly several

of the other types, if better insulated, would have much lower costs by

comparison.

d. Whether the operation is 9 hours a day (Term A) or 14 hours a day (Term B)

makes little difference in the relative costs of the various structures.

2, In respect to year-round use (Term C):

a. The air-supported structures are the most expensive if left in place

during the summer, due to the necessity of air conditioning.

10.



b. If it is acceptable to have the site uncovered during the

summer months, removing and re-installing the structure each

year, the air-supported structures offer cost advantages for

the 5- and 10-year periods. Over the 20 -year period, the 7-

year -life "bubble", if used in the same way, may also be com

petitive costvise, but other types of structures with good

insulating values will likely prove to have lower overall costs.

c. Year-round operating costs for the other (rigid) structures, in

which summer air conditioning is not a requirement, depend on

either the insulating value of the shell or the amount of solar

heat gain and daylighting provided. In general, these costs

are found to average about as follows:

1

Over the 5-year period - 25 to 40A

of the initial cost of

building and equipment
Over the 10-year period - 50 to 800Y0

Over the 20-year period - 100 to 160A

3. In general:

a. The advisability of using skylight panels ... ...vhervise opaque

roofs is debatable, and depends on the intended use. For Term A

(9-hour daytime use), ample skylighting undoubtedly reduces oper-

ating costs because of the natural lighting and solar heat gain

provided, but for 9-months' day-and-night use (Term B), the heat

loss through skylights at night is likely to exceed any daytime

gain. In summer use the extra heat gain from skylights will

likely be a liability, rather than an asset, requiring more venti-

lation to maintain comfort, but they still offer the advantage of

daylighting.

The use intended for the building is also an important determinant.

For general playground types of activity, the daylighting provided

by skylights can be quite desirable. However, for tennis or other

sports necessitating the visual tracking of a ball in mid-air,

they usually are a distracting handicap.

b. AA ideal structure for year-round use in parts of the country

having 5000 or more winter degree days (e.g. the New York area)

11.



would be one having a low initial cost, high insulating value

and large removable wall sections at ground level, along with

ample high vent areas and adequate ventilating equipment, to pro-

vide reasonable summer comfort without air conditioning. In the

warmer parts of the country, where summer comfort necessitates

air conditioning in any case, there would be no removable wall

sections and less ventilating capacity, but even higher insulat-

ing values would be provided in the building shell.

12.



SUMMARY OF RELATIVE COSTS

In each column are shown, in order of increasing cost, the Key Numbers of

the various structures and, after parenthesis, the relative cost of each.
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1dc (1 00
A

la)

lb
/(1.06

7 (1.09

6 (1.23

2c (1.29

2b (1.30

3 (1.37

4 (1.43

2a (1.61

5 (1.66

20 -YEAR PERIOD

7 (1.00 7 (1.00 7 (1.00

2c

la

(1.07 lc
(1.02

lb
(1.11

6 (1.08

lc 1st/.

E' ld lb"j.°9
4 (1.14 2c (1.20
6 (1.24 2b (1.25

2b (1.26 3 (1.31

3 (1.35 4 (1.37

la 5 2a (1.59

lb
(1.98

2a (1.88 5 (1.64

lc (1.00 2c (1.00 lc (1.00

la (1.12 5 (1.05 la (1.06

7 (1.58 4 (1.14 7 (1.36

6 (1.72 7 (1.20 6 (1.44

2b (1.79 6 (1.24 2c (1.48

2c (1.92 la 2b (1.50

3 (1.94 lc (1.26 3 (1.60

4 (1.97 21)., 4 (1.61

2a (1.98 3 (1.34 5 (1.75

5 (2.34 lb)
(1.

2a (1.79
44

ld (2.38 ld i ld (1.87

lb (2.49 2a (1.77 lb (1.92

lc (1.00 2c (1.00 lc (1.00

7 (1.07 4 (1.12 la (1.05
6 (1.14 7 (1.14 7 (1.11

la (1.16 6 (1.49 2c (1.19
2b (1.23 2b 6 (1.20

3 (1.28 la (1.50 2b (1.25
2c (1.32 lc 3 (1.32

2a (1.34 3 (1.61 4 (1.34

4 (1.51 1 (1.69 5 (1.39

5 (1.55 lb 2a (1.44
ld (2.04 1(11 (1.73 ld (1.65

lb (2.28 2a (2.15 lb (1.70

7 (1.00 2c (1.00 lc (1.00
6 (1.15 4 (1.17 7 (1.01

2b (1.24 7 (1.23 2c (1.07
2c (1.26 la (1.29 6 (1.12

3 (1.27 lc (1.30 la (1.14

2a (1.37 6 (1.32 2b (1.17
lc (1.41 2b (1.33 3 (1.23

4 (1.48 3 (1.42 4 (1.26

5 (1.56 lb 2a (1.46
la (1.81 1d) (1.48 5 (1.47

ld (2.82 5 (1.64 ld (1.58

lb (4.04 2a (1.86 lb (1.92

0717iiiiClst, not including financing, less salvage value at end of perior------

KEY: la - Air-supported,57yr.,dismant.summers 2c - Fromelesq Steel Arch,insul.& skylights
lb - " " air cond. " 3 Butler Rigid Frame insulatedinsulated
lc - " " 7-yr.,dismant.summers 4 - Plywood Building, Folded Plate Roof
id - II n

" air cond. " 5 - Geodesic Dome, suspended fabric cover
2a - Frameless Steel Arch, not insulated 6 - Trussed Steel Arch (Triodetic) insulated
2b - If It " , insulated 7 - Rigid Steel Ftametinsul.roof,block walls

ONIII010.

13.
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FIGURE D COMPARATIVE COSTS PER SORE FOOT OF_COMAGE_FER_YEAR
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APPENDIX

A COST CALCULATIONS AND SUMMARIES

B DERIVATION OF BUILDING SHELL COSTS

C SOURCES OF SUPPLY OF BUILDINGS



CALCULATIONS

STRUCTURE No. la

Areas:

Rad/us 4,4.0t14. /002
S's 40 = 7

= .4o A' 154
Arc w .0/7543 5/.25x /Sit 77' /37,7/

Rom
/00'

-Surface area

approx. 1W x /37,7x/6-0

say 20,850 sq, ft.

Heating: Btu Loss - 2o,850 et x 1.20 = 2c ow

ventilating air

(1 cfm/sf)

15,000

a
a
a

= 4,200

NOTE: Btu loss for Terms B & C

differ only in structv-..es having

high daylight & sole: t gain.

Term A

4/ 220 x 60 = 2,474 200

+ 10% safety

Gross Btu Loss per hour

Deduct: Heat gain from lighting:
ape° sf x 3 x 3.4 x 2/1._

Estimated solar heat gain:
26- of gross loss

DESIGN BTU LOSS

Fuel Coat (#4 oil 0 10.50/ga1.1 70% efficiency):

141/148 x 0.00437 x 3815DD x1004.4

/f,eroo

Terms B& Cs
141/148 x 0.00437 x 42001D x 2/1/.0

/6,000

Blower operating cost for winter ventilation assumed to be same nor all.structures

Term A:

247, 320

2,720,120

34 DOO (x
:

B & C

2 720, .5-20

74, *0

/30( /7 %: 4G3s 000

2,006,3410 ZAL OZOwimmmmwommm

al $ 0,2/3 per sq.ft. per yr.

as $ (254 per sq.ft. per yr.

Lighting (3 watts per square foot):

Term A: 2 bride, x 5 da/Irk x 39 wks 3qo hrs x 3w/sf 1.17 kwh 0 20 = 0.023 /sr/yr

Term B:7hr/da x 7 daivac x 39 wks a /9// bra x 3w /sf = 5,73 loth 0 20 = $ 0415 /sf/Yr

Term C: /9// + 4. hrs x x 13 Irks 2275hrs x 3v/sr = 6.83 kwh 0 20 $ 0,/37/sf/yr

Summer Ventilavion or Air Conditioning (Term C only):

Equipment r; None

Installation Cost: $ sq. ft. as $ 0 per sq. ft.

HP x 0.74565 x 60.02 x hrs.
Operating Cost: $ 0 per sq. ft. per year

sq.ft.

Assumed Maintenance Costs: Annual dismaniling anti re-erediem of sIrticlute - 12000

For each 5.10.22: structure, Salismatillings 44e/ 4-re.e.rechoris
if 000, or 60per..sf,fit

A2



EtRUCTURE,

Air Supported (Pitman/ /edd Stored
during .541InMerS)

Area: /3;°eS.L.square feet

Materials:

Roof

Side walls

End veils

Skylights

Foundations,

Estimated Life:

Type:

SUMMAR' OF COSTS

STRUCTURE Nola

None 111(0

Vinyl-coa/ei Nylon 'aivric

Gravid Anchors
5 years

40' HEIGHT

INITIAL COSTS PER SQUARE FOOT

Dui lding shell* $ 9°
Heating & Lighting Eqpmt.$

Total for Terms A & B $ 3.50
Ventilating Eqpmt.

Air Conditioning Eqpmt. $

Total for Term C $ 3. 5-0

U-VALUES (Winter)

Roof

Skylights

Side walls, opaque

Side walls, transl. /.20

End walls, opaque
Lid walls, trans'. /, 2 0

*see Appendix B

1.20

BTU LOSS (Winter)

Total t 2,/, /, 200 Btu/hr

Per sq. ft. /45 Btu/hr

SUMMER VENTILATION/COOLING

Nooe- Structure removed

PERIOD COSTS PER SQUARE FOOT OF COVERAGE

Term A3 9 mo/yr, 5 days/Vic, 8AM -5PM.

Term B: 9 mo/yr, 7 days /wk, 8AM-10FM.

Term C:12 mo/yr, 7 days/A, 8AM-10PM.

Interior temperatures: during use, 60°F
off hours, 45°F

Interior temperatures: during use, 600P
off hours, 450F

Interior temperatures: during use, 600P
outdoor temp.41 F max.; off hours,45 F

5-Tear Period

min.

min.

min.

min.

min.,
(4 200 DD)

(3815 DD)

(4200 DD)

10-Tear Period(2siraca) 20-Tear Period (9sb7/4

Term A Term B Term C

T173.132$ 13.10 S/3.10

Bldg. coat amortized
at 7% over pariakS years

Operating: heat & light

Term A Term B Term C Tenn A Term B Term C

$ 4,27 $ 4,z7 $ $ 6.7/(1$ 6.71 $ 6.71

1./8 145 / .96 .2,36 .3.70 3,92
ventilating or air cond.

Maintenance a. GO 1.20

Gross Total Term Costs 5145 4,/2 9.07 10,41 // ,83

Less est. salvage value 0.4.0 0,4o 0.40 0,32 0,32 0.32

NET TOTAL TERM COSTS SAISL.6: $ 5,72 $ 6 43 $ S.75 $10,o9 $ 11.51

1) Crud- 107. of she cosi, go7 of mesh %
" " " " M 6o% "
h If N 5$

eqpfte,cosi of 1st. strife): on cost- of 2nd,
Znd w if ti 3rd.

# 34 # w 4th,

4.72 7.40 7.:q

2.40

17,82 20.(o 23,34

$ 17.112 $20,o $23.34

Nei cosi of' Zoe/ siractf =12,40,e
Net alit of grei strati, i2.35
Net cost or Ph "112,17

ESTIMATED SALVAGE VALUES

After 5 Tears After 10 Years After 20 Tears

Building shell: 0 % 0 %

Mechanical equipment: 25 % 20 %

0

0
A3



CALCULATIONS

STRUCTURE No. lb

Areas:

,(
do/00'

4)( 402# 1002 5/,2S'Aadius g 40
,40 /1. = /51-

Arc = .0/754-.:7 A 51.25x /5# s /37,7'

Surface area

=amrox. /,0 /X /37.7x /50

-= say 201:50 sr, ft,

Heating: Btu Loss 20 gcOsf x 1,20 = .25 0 20

=
ventilating air /5 000 x /.O = /4 200

(1 cfm/sf) 4/ 2 20 x 60 =

+ 10% safety

Gross Btu Loss per hour

Deduct: Heat gain from lighting:
/5:000 sf x 3 x 3.4x

Estimated solar heat gain:
25- f. of gross loss 680,130 ( 17 %1 13,000

NOTE: Btu loss for Terms B & C

differ only in structures having

high daylight it solar heat gain.

Term A Terms B & C

2,473,200

247,320

2 720 S20 2,720, 520

34 000 (x 6. ; 76,5'00

DESIGN BTU LOSS 2,000, 3go 2 /8/ 020
Fuel. Cost (#4 oil 0 10.50/gal., 70% efficiency):

4141/148 x 0.00437 x 3815DD x 2004,
Term A: 0.213 per sq.ft. per yr.

/5,00o s.f.

141/148 x 0.00437 x 420000 x 2121.0
Terms B & C: 0,254 per sq.ft. per yr.

1.5,000

Blower operating cost for winter ventilation assumed to be same for all structures

Lighting (3 watts per square foot):
Term A: 2 hr/da x 5 da/wk x 39 wks = 310 hrs x 3v/st = h17 kwh 0 20

20
20

=

=

$ 0.023/sf/yr
Term B: 7 hr/da x 7 da/wk x 39 wks = /9// hrs x 3w/sf = 5.73 kwh $

$
od/S/sf/yr

Term C: III/ + 4 hrs x 7 x 13 wks = 227$ hrs x 3w/sf = 6,I3 kwh 0 0.137/sf/yr

Summer Mourbiiagbicepoz Air Conditioning (Term C only):

Equipment r / / 7 Tons Refri9eroHon -307.on Paekar Urine

Installation Cost: $ 76,000 4- 15, CIO 0 sq. ft. = $ S. of per sq. ft.

//7T x 1.4 x /O hrs. x TO x $0.02
Operating Cost. = $ odfa per sq. ft. per year

/5,000 sq.ft.

Assumed Maintenance Costs: /Voile



STRUCTURE

Type: Air Swot-led (4irConchlloneid

Area: 15,000 square feet
during summers)

Materials:

Roof Vinyl- coated Von fabric

Side walls
Is

End valls

Skylights Nooye,

Foundations Ground An

Estimated Life: 5 years

SUMART OF COSTS

STRUCTURE No.l b

INITIAL COSTS PER SQUARE FOOT

Building shell* $ 1,90

Heating & Lighting Eqpmt.$ 1,60

Total for Terms A & B

Ventilating Eqpmt.

Air Conditioning Eqpmt. $ .S106

U-VALUES (Winter!

Roof

Skylights
Side walls, opaque

Side walls, tranel.

End walls, opaque
End walls, transl.

Total for Term C $ 8.56 *see Appentiiz B

/.20

/. 20

1,20

BTU LOSS (Winter)

Total: Z181,020 Btu/hr

Per sq. ft. 145 Btu/hr

SUMMER 48101Lit140/COOLING

Air Condilioning by
4 package units

PERIOD COSTS PER SQUARE FOOT OF COVERAGE

Term A: 9 mo/yr, 5 days /wk, 8AM -5W. Interior temperatures: during use, 60:F
off hours, 450F

Term B: 9 mo/yr, 7 days/wk, 8AM-10FM. Interior temperatures: during use, 600F
off hours, 45 F

temperatures: during use, 600P
temp. +3 P max.; off hours,45 P

Term C:12 mo/yr, 7 days /wk, 8AM-10PM. Interior

outdoor

5-Tear Period

Term A Term B Term C
Bldg. cost amortized

at T% over -periaatt-gyrs. S4.27 $ 4.27$10,42

Operating: heat & light _111 /,9e.

sr sir cond. o.92

Maintenance

Gross Total Term Costs sw 6./2 4334 5%07 041 20,00

Less est salvage value 0.40 0.40 /, L 7 0.3 z 0,32 1.33

min.
(3815 DD)

min.

min.
(4200 DD)

min.

11111"(4200 DD)
mine

10-Tear Period (2 lima) 20-rear Period (askar')

Tenn A Tenn B Term C Term A Tenn B Term C

$ /3./0$13,10 $27442

1,12 o 744
f2

23: 3.7o 3.ft

$ 6.71 $ 6.71 $14,12

/,f4

NET TOTAL TERM COSTS

I) Credit 10% ofshell
" I. is

d as of is d

17.82 20. Co 31,3,

$ Sios $ 512 $ /1.44 $ 8.75 $ /0.09 $ 49,L7 $ 17.12 $20.50 $__4jt

SO% ofnvechZegpml cos/ of 1st shuck on cosfof2nd. Net cost of2nd = 03; 3.0 main eon/.

GoX, " " # " 2nd " " 3rd. Net to,/ of 3rd /2.35; 4,37 se

25% " # 3rd # 4th. Nei cost if4th )02.11; 6.71

ESTIMATED SALVAGE VALUES

Building shell:

Mechanical equipments

Attar 5 Tears Alter 10 Years After 20 Tears

0% 0% 0%

2 %(of Aoriy,eplionii) 20% (crif,e9wpmt,) 0 %
A5



CALCULATIONS

STRUCTURE No. lc

Areas:

See Strodures do, /A and /0
Surface area 2 OpprOX, Zo, gc0 547, ft,

Heating: Btu Loss 20 850 sf x 1,20 = 25,020

ventilating air
(1 cfm/sf)

Deduct: Heat gain

Estimated

x
x

15,000 x 1.03 = /G,2oo

41,22o x 60 =

10%.safety

Gross Btu Loss per hour

from lighting:

/5'000 sf x 3 x 3.4 x 2h
solar heat gain:

25 tt. of gross loss

NOTE: Btu loss for Terms B & C
differ only in structures having

high daylight & solar heat gain.

Term A Terms B & C

7,473,200

24Z 32a

2,720, 520 2 72a 120

34, 000(x /A 76, 200

610 /301.===.4 17 %: 44 3/4"°

DESIGN BTU LOSS

Fuel Cost (#4 oil 0 10.50/gal., 70% efficiency):

Term As 141/348 x 0.00437 x 381500 x 2004.4
/5, 000 s

Terms B & C:
141/148 x 0.00437 x 420000 x 2/ S1,0

/5;0008.f.

Blower operating cost for winter ventilation assumed

2,,006 34o 02o

= $ 0,213 per Kat. per yr.

$ 0.254 per sq.ft. per yr.

to tie same for all structures

Lighting (3 watts per square foot):

Term A: 2 hr/da x 5 da/wk x 39 wits = 3q0 hrs x 3w/sf = 1.17 kwh 0 20 = $ 0,023/at/yr
Term B: 7 hr/da x 7 Wyk x 39 wits = 147// brs x 3w/sf = 5,73 kwh 0 20 a $ 0,//5/effrr
Term C: + 4 hrs x 7 x 13 wks = 2275hrs x 3w /sf = 6,s3 kwh 0 20 = $ 0.137 /8f/Yr

Summer Ventilation or Air Conditioning (Term C only):

Equipment: None

Installation Cost: $ 4- sq. ft. = $

I
x 0.74565 x $0.02 x hrs.

Operating Cost: a$
sq.ft.

0 per sq. ft.

0 per sq. ft. per year

Assumed Maintenance Costs: Amid dionfantling and re-erection of sfraciure - 12000
fern- 4 erecid 5clism. =4)1000. lOrlerni- Serects lo ehsm..411,000

20 yr. term- 17erecins,Zo di's/non/finis :-- $37,000.



STRUCTURE

Type: ofir Supported 0/smelt/lied $ Stored

square feet
during summers)

Areas 15 000

Materials:

Roof Vinyl- cooled Nylon Fabric

Side walls

End walls

Skylights None

Foundations Ground Anchors

Estimated Life: years

SUMMARY OF COSTS

STRUCTURE No,1C

INITIAL COSTS PER SQUARE FOOT

Building shell* $ /.97

Heating & Lighting Eqpmt.$ /40

Total for Terms A & B $_357

Ventilating Eqpmt.

Air Conditioning Eqpmt. $

Total for Term C $

U-VALUES (Winter)

Roof

Skylights
Side walls, opaque

Side walls, transl.

End walls, opaque
Did walls, transl.

*see Appendix B

1.20

1,20

1.20

BTU LOSS (Winter)

Total: 2,181, 200 Btu/hr

Per sq. ft.. /45* Btu/hr

SUMMER VENTILATION/COOLING

None - Structure removed

PERIOD COSTS PER SQUARE FOOT OF COVERAGE

Term A: 9 mo/yr, 5 days/Irk, 8AM -5P1. Interior

Term B: 9 mo/yr, 7 days/wk, 8AM-10/4M. Interior

Term C:12 mo/yr, 7 dNys/wk, 8AM-10PM. Interior

outdoor

Bldg. cost amortized
at 7% over period or

7-v:
Operating: heat & light
ventilating or air cond.

Maintenance

5-Year Period

Term A Term B Term C

$ 4.33 $ 4.53 $ 4,33
1.12 1115 1.96

temperatures: during use, 60:F
off hours, 450F

temperatures: during use, 600F

off hours, 45 F
temperatures: during use, 60:F

temp.3 P max.; off hours,45 F

min.

min.

min.
min.

m!!"(4200 DD)
MTh

(3815 DD)

(4200 DD)

10-Year Period (2strucl's) 20-Tear Period (3sireet.k)

Term A Term B Term C Term A Term B Term C

$ 7.00(I$ 700 $ 7.0o $ 10.3/1$10.3/ $ 10.31

2.34 3,70 3.12 2 ZAel 7. at*

0.60 1,20 2,46

Gross Total Term Costs 5.51 6.18 6.81 9,34 /0.70 /2.12 15%03 17,7/ 10.0 1

Less eat. salvage value 0.8o 0.20 0.20 1,15 1'.15 1.1S 0.12 0.12 0,12

NET TOTAL TERM COSTS $ 4.71, $ 5.as $ "f $ 8.21 $ q-5-5 $ /017 $ 0.9/ $ 17,51 $11,11

struch cyrrort. over 1yrs,, 2nd over 3yrs. Net cost of 2nd sfruct. /2.01/ifft,
2) " " 2nd " 7yrs,, 3ed over G yrs. Nei cos/ 01'34 s12.10/1.64.

for method ofeslimating nel costs of 2nol it 3rd s/rockres, see corres anding notes, .9rociarea /Al M.

ESTIMATED SALVAGE VALUES

Building shell:

Mechanical equipment:

After 5 Tears After 10 Years After 20 /ears

20 %(1 ft, Struck)

2C $(oriy.eqpnd.)

4 % (2nd Strsici.)
20% (ori9, 411)01

S % (33re/Stroef.)

o%
A7



CALCULATIONS

STRUCTURE No. ld

Areas:

See Structures No. /A and /13

Surface area = approx. 201 'co 1,14-

Heating: Btu Loss 20,80sf x /,20 = 2.5;02o
x

NOTE: Btu loss for Terms B & C
differ only in structures having
high daylight & solar heat gain.

ventilating air /5,000 x /-o8 = /G Zoo Term A Terms B & C

(1 cfm/sf)
44,220 x 60 = 2i4.73,Zoa
+ 10% safety 247,320

Gross Btu Loss per hour 2 720 520 2,720,5'20

Deduct: Heat gain from lighting:

/5"000 sf x 3 x 3.4 x 2/4 X00 (x V2 71,200

Estimated solar heat gains
% of gross loss 684/30( /I % 443,000

DESIGN BTU LOSS Zoo4/3lo 2,/ S 020
Fuel Cost (#4 oil 0 10.50/gali, 70% efficiency):

141/148 x 0.00437 x 3815DD x :20046.4-
Term A: 6.2/3 per sq.ft. per yr.

/5; oda s.f.

141/148 x 0.00437 x 420000 x 2/81,0
Terms B & C: 0.25¢ per sq.ft. per yr.

/5,000 s.f.

Blower operating cost for winter ventilation assumed to be same for all structures

Lighting (3 watts per square foot):

Term A: 2. hr/da x 5 da/wk x 39 wks = 3 10 hies x 3w/sf = 1./7 kwh 0 20

20

20

= 3 0,023 /dr/Yr

Term B: _z_hr/da x 7 da/wk x 39 wks =
Term C: //// +j_hrs x 7 x 13 wks =

191/ bra x 3w/sf = 5,73 kwh © $ odi5/sf/yr
22 75hrs x 3w/sf = 6,53 kwh 0 = $ 0,137 /sf /yr

Summer Vorobiasobron=ov Air Conditioning (Term C only):

Equipments 1/7 Tons Rert-iyerafion 4-3o-Ton Packa,e UHifs

Installation Cost: $ 76,000 -4- /5,000 _sq. ft. = $ S:o6 per sq. ft.

Operating Cost: 117T x 1.4 x /Ohrs.x 90da.x $0.02 = $ 0./fb per sq. ft. per year
13 000 sq. ft.

Assumed Maintenance Costs: None
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rflUCTUHE

Type: Air Sugp_orteciditionee
Areal 15,000 square feet

Materials:

Roof Vinyl-coated Nylon Fabric

Side walls
si

End walls

Skylights

Foundations

Estimated Life: 7 years

during Sum/net:9

None

Ground Anchors

SUMMARY OF COSTS

STRUCTURE Nold

INITIAL COSTS PER SQUARE FOOT

$ /,417

U-VALUES (Winter)

Building shell*

Heating & Lighting Eqpmt.$

Total for Terms A & B

Ventilating Eqpmt.

Air Conditioning Eqpmt.

Total for Term C

Roof

Skylights

Side walls, opaque

Side walls, trans'.

End walls, opaque
End walls, transl.

*see Appendix B

1.20
1.60

$ 3.57
a
1.20

$ 1
/40

$ 8,63

BTU LOSS (Winter)

Total: 2i/8/J020 Btu/hr

Per sq. ft.. 145 Btu/hr

SUMMER WOMIOXION/COOLING

Air Conditioning by
4 packeige aniis

PERIOD COSTS PER SQUARE FOOT OF COVERAGE

Term A: 9 mo/yr, 5 days/wk, 8AM -51M.

Term B: 9 mo/yr, 7 days/wk, 8AM-10EN.

Term C:12 mo/yr, 7 days/wk, 8AM-10PM.

Bldg. cost amortized
at 7% over period or

7-yr, /nee

Operating: heat & light

vemAels*emp=or air cond.

Maintenance

Gross Total Term Costs

Less eat. salvage value

Interior temperatures: during use, 60:F

off hours, 450F

Interior temperatures: during use, 600F

off hours, 450?
Interim' temperqures: during use, 6001?
outdoor tomp. +3 P max.; off hours,45 P

5-/ear Period

Term A Term B Term C

4.33

1.18

5.5/

0.8o

NET TOTAL TERM COSTS $ 4,71

min. (3815 DD)
min.

mine (4200 DD)
min.

min"(4200 DD)
min.

10-Year Dariod(2*.aen) 20-Tear Pbriod(35//10)

Term A Term B Term C Term A Term B Term C

$ /4.74 $ 10.31(2$ /0,31 $ 20.78

3,12 4.72 7.40 7.84
/.94 3.12

$ 4.33 $10,52 $ 7,000$ 7.0Q

/.85 1.14, 2,34 3.70
0.98

6,18 13,44 10.70

0.80 2.04 1'15 1.15.

$ 5,38 11,40 $ 8,21 $1.55

2o6 15:03 17.71 32.54

2,5-4 0.12 0,12 0,22

$18..4 $ 14.91 $ /7.59 "ELL

1) 1st: Struck arnort over 7yrs., 2nd over 3yrs. Net cost oF 2fra = 2.oesf. if; S&P, Ay 4/1,- conal,
" 2nd 7yrs., 3rd over 6yrs. Nef cost of 3rd slruck ='7.401s4,4"4.02

for method of esihnafiny lief costs of 7frrd ,f3rcr/ sin/Sures, see correspond:fly noles,Sftelares I/6.

ESTIMATED SALVAGE VALUES

Building shell:

Mechanical equipment:

After 5 Years After 10 Years After 20 Years

20 % (Isl. Striice..)

2C% (oril.e.p*/)

A2.5 (2nd SInia)

20 yr, (orly.egpmk)

5 %Orel firacf)

A9



CALCULATIONS

STRUCTURE No. 2a

Areas:

Volume: Z/40 x /50 = 321,000 cui CI:

Rad = gx302#/004
8x30 - 54'75'

"6/c = . 3o; 4a=124

Arc .,0/75f3x 56.75x /Zit- = /231

Roafarea x /23,x = 24,110 sf, ft,

End area.= go x boor o.7125".-- 2/4o ve,
x

4280 sq, f.
Paintlinf area .= Sa), 25 000

Heating: Btu Loss 24,fi0 et x /.28 =i SO 85V
4,210 x 44ao,

ventilating air
(1 cfm/sf)

Deduct: Heat gain

Estimated

/5,000 x hog = /64200
37,7/o x 60 =

+ 10% safety

Gross Btu Loss per hour

from lighting:

/5000 sf x 3 x 3.4 x 1.0

solar heat gain:

% of gross loss %:

NOTE: Btu loss for Terms B & C
differ only in structures having

high daylight & solar heat gain.

Term A Terms B & C

3,100, 000
110,000

3,410 000

/53, 000 (x

DESIGN BTU LASS

Fuel Coat (#4 oil 0 10.50/8111, TO%

141/148 x 0.00437
Term A:

x :
Terms B & Cs

efficiency):

3815DD x 3 257
s.f.

4200DD x 3 25.7

s.f.

3/257, 000

$ 0.34.4 per sq.ft. per yr.

$ perper Nat. per yr.

Blower operating cost for winter ventilation assumed to be same for all structures

Lighting (3 watts per square foot):

Term A: 9 hr/da x 5 da/wk x 39 wks = /755 hrs x 3w/sf -C27 kWh 0 20 = $ oilocisf/yr
Term B: 14 hr/da x 7 da/wk x 39 vice it _3122 hrs x 3w/if = /1,47 Icwh 0 20 in $ 0.23 bi,f/yr
Term C: 3:2 2 +11.1irs x 7 x 13 wks = ,coda hrs x 3v /af = 29 kWh 0 20 = $ ez3oC/effrr

Summer Ventilation lagiksiat.Gondliolkiesituse- (Term C only):
Equip:wilt s 4 -75 Fans a) 35,000 cfin each
Installation Cost: $ 2200 4- /5;000 sq. ft. =

Operating Cost:
30}1P x 0.74565 x $0.02 x /Z50 hrs.

15/000 sq.ft.

$ 0,147 per sq. ft.

$ 0.038 per sq. ft. per year

Assumed Maintenance Costs: .excrior pal/11111y I coat' in /17%)451h I igf4 rears

10 ifier surface S9.ft, /Der coat

110



STRUCTURH

Type: Frameless Corrujedeci Steel Arch ("Wonder')

Areal /S, 000 square feet

Materials:

Roof Steel ShceJ, flea ,17 Corrtyas Painled

Side walls same

End walls Fibirt5/ass-reinforced Plem6e
removable to "height

Skylights None.

Foundations Concrete low "14

Estimated Life: 25 years

SUMMARY OF COSTS

STRUCTURE NO 2a

INITIAL COSTS PER SQUARE FOOT U-VALUES (Winter)

Building shell* S.3.74

Heating & Lighting Eqpmt.S 4,16

Total for Terms A & B $,8.0

Ventilating Eqpmt. $

Air Conditioning Eqpmt.

Total for Term C $ 8,25

Roof

Skylights

Side walls, opaque

Side walls, trans'.

End walls, opaque
End walls, transl.

*see Appendix B

/.28
BTU LOSS (Winter)

Total: 4257,000 Btu/hr

Per sq. ft. Btu/hr

SUMMER VENTILATION/40MM-

Venfilafing fans pro aby
76 air chan9es per hour

PERIOD COSTS PER SQUARE FOOT OF COVERAGE

Term A: 9 mo/yr, 5 days /wk, 8AM -5114. Interior

Term B: 9 mo/yr, 7 days/wk, 8AM-10PM. Interior

Term C:12 mo/yr, 7 days /wk, 8AM F-10PM. Interior
outdoor

Bldg. cost amortized

at 7% over period 59.83

5-Year Period

Term A Tenn B Term C

Operating: heat & light

ventilating .0SsiieesseVe

Maintenance

Gross Total Term Costs /2.08

Less WA. salvage value 2.73

2.25
ONO

NET TOTAL TERM COSTS s. 9.35

temperatures: during use,
off hours,

temperatures: during use,

off hours,

temperatures: during use,

temp...3 F max.; off hours

60
o

min.

60:0-F min.
45F min.

(3815
DD)

(4200 DD)
45 Flmin.

60°F min.'',

145°F min.
%.200 DD)

10-Year Period 20-Year Period

Term A Term B Term C Tern A Term B Term C

$ 9.83 $ 10.05 $ 11.53 $ 11.53 $ 11.75 $ 15.27 $ 11.27 $ 15.55

3.05 3.43 4.5.0 6./0 6.gc 1.0.o 17,20 /3.72- 0.19 0.31 0.7G

0.30 O. So 0.

12-83 13.0 /6,03 /7.63 11.19 244.5-7 27.77 30.33

2.73 2.77 2.18 2.18 2.ZI 0.37 0.37 0,37

$10.15 $ 1O.fo $ 13,0" $ 1.5;4; $16.78 $ 24.2,0 $27.40 16:21'6_.:

ESTIMATED SALVAGE VALUES
After 5 Tears After 10 Years After 20 Years

Building shell: 45. 35" % /0

Mechanical equipment: 25 / % 0%
All



CA.LCULATIONS

STRUCTURE No. 2b

Volume: 2/40 x 150 = 321,000 cu, ft.

Rad,- 4x30lti001 ..5.4,7,5,,
s x 3o

. 90 A /21
/Ire , 0/7543 x 56,75)(124 = /23'

Roof Area e /.Co x 1,23 1,31 = 24:110 sfilt

End wall 4rea x /00x 0,7125 - 2140 spit
4110 St fk

Painfiny area = say 23;000 sf, ft.

Heating: Btu Loss 24 1/0 sf x a/6 = 3, P60
4.2to x 1.09 = 4,040

x OW/

NOTE: Btu l'sa for Terms B & C

differ only in structures having
high daylight & solar heat gain.

ventilating air a oc0 x 1.02 = /4200 Term A

(1 cfm/ sf) 24,720 x 60 211 4412A 000

+ Mt safety /4S, 200

Gross BtU Loss per hour 4630,200

Deduct: Heat gain from lighting:
/3'000 sf x 3 x 3.4 x ho

Estimated solar heat gain:
% of gross loss

/03 000 (x

DESIGN BTU LOSS (477,200

Fuel Coat (#4 oil 0 10.50/gal., 70% efficiency):

141/148 x 0.00437 x 3815DD x /477.2
Term A:

$ 0114
/ 0 s.f.

per sq.ft. per yr.
5;00

141/148 x 0.00437 x 42001)D x 47%2
Terms B & C:

$ 0.172 per sq.ft. per yr.
/.5,000 sa

Blower operating cost for winter ventilation assumed to be same nor all structures

(

Terms B & C

Lighting (3 watts per square foot):

Term A: 9 hr/da x 5 da/wk x 39 wks /ICC hrs x 3w/sf == S 27 kvh. 0 20 = $ A/051sf/yr

Term B: / 4thr x 7 dab& x 39 mks = 3g22 hrs x 3w/sf = /1,47 kwh 0 20 =2 $ 0.21 /sf/yr
Term C: 3if2 2 +/Dubs x 7 x 13 wks = Sof6lu's x 3w/sf /5,24710th 0 20 a $ 0.304 isf/yr

Summer Ventilation trz=daiegGenekiekkegang (Term C only):

Equipments 4- 7 5 HP Fans as: 000 cfm each ,

Installation Cost: $ 2200 -4- /5,000 sq. ft. = $ 0./47 per sq. ft.

3o HP x 0.74565 x $0.02 x /100 hrs.
Operating Cost: = $ 0.033 per sq. ft. per year/5,000 sqft.

Assumed Maintenance Costs: Exterior ?gin/lay 'coal. in 11th, 15M It IVA leors
e 6 0 per ..11, face 'FA per coent.



STRUCTURE,

Typo: Frameless Corru9eded Steeel Arch(' Wonder")

Area: /5 000 square feet

Materials:

Roof Steel Sheet livy, Corn so la ftel, Paililec/

Side walls same

End walls _ Fiberglass-reirtforord plastic (fixed)

Skylights none

Foundations Concrete, low curb

Estimated Life: years

SUMMARY OF COSTS

STRUCTURE No,2b

INITIAL COSTS PER SQUARE FOOT

Building shell* $ 3,71

Heating & Lighting Eqpint.$ 3.49

Total for Terms A & B

Ventilating Eqpmt. ;

Air Conditioning Eqpmt. $

Total for Term C $

U- VALUES (Winter)

Roof

Skylights
Side walls, opaque

Side walls, transl.

End walls, opaque
End walls, transl.

*see Appendix B

0.1,

BTU LOSS (Winter)

Total: A477,200 Btu/hr

Per sq. ft.._./24LBtu/hr

SUMMER VENTILATION/ 000100.

Yentilating Pans providing
26 air changes per hover

PERIOD COSTS PER

Term A: 9 mob?,

Term B: 9 mo/yr,

Term C:12 mo/yr,

SQUARE FOOT OF COVERAGE

5 days/Wk, 8AM -5Bf. Interior

7 deys/Wit, 8AM-10FM. Interior

7 days /wk, 8AM-10E11. Interioi

outdoor

Bldg. cost amortized
at 7% over period $ S.78 $ f.71$1.117 $ 10,25 $ 10.25 $ 10.47 $ $ 13,G0 $13.88

Operating: heat & light 1.3/ 2.0/ _29 . 24 4.04 1..4

ventilating .oz=sez=comd. 0.17 0.44

Maintenance 0,30 0,0 0,30

Gross Total Term Costs 10.01 10,71 11.51 /2.17 /4.27 15.51 19.14 214f 24,40

Less est. salvage value 2.33 2.33 1,3 1,81 1.14 0.37 0.37 0.37

NET TOTAL TERM COSTS $ .76 $ $4 6 $ 9.14 $ 11,00 $12,46 $ 13.74 $ 11.77 $ 21,57 $ 24.03

5-/ear Period

Term A Term B Term C

temperatures: during use,
off hours,

temperatures: during use,

off hours,
temperatures: during use,

temp.41 F max.; off hours

60°P' m in.

45°F min.
(3815 DD)

60:F min.
(4200 DD)

60:F min.,/,
,4511 min.

%.200 DD)

10-Tear Period 20-Tear Period

Ter A Term B Term C Term A Term B Term C

,111

2,42 4.02 4.78
.111 1111 0.33

ESTIMATED SALVAGE VALUES
After 5 Tears After 10 Years After 20 Years

Building shell: 30 % /0 %

Mechanical equipment: 20 % 0 %
A13



CALCULATIONS

STRUCTURE No.20

Areas:

Volume: 321,000 cu, ft.

See SituciureS No, Zane/ 24

Sky1191s4 area = GGx 2x Sx 1J1 = 4315 se. ft.

s u / a i e d r a er wa l l ar ea a s 2 4 ; / /0 % 3 1 5 = 22,725 sq. ft,

nd W4/ /% area = 4 780 "%A

Area = say 23,600 si,fri,

Heating: Btu Loss 2 2,725 sf x 0./1. =

x 1.01 a
1,2S0 x jaf =

x 1,01 a /4,2,00 Term A

L/20x 60 a 5.41,2oo

ventilating air /coot)

(1 cfm/sf)

3,440
1,5/o
4.470

NOTE: Btu loss for Toms B & C
differ only in structures having
high daylight & solar heat gain.

+ 10% safety

Gross Btu Loss per hour

Deduct: Heat gain from lighting:

/5000 sf x 3 x 3.4 x 0.6"

Estimated solar heat gain:
4 of gross loss

DESIGN BTU LOSS

Fuel Cost (#4 oil 0 10.50/geli, 70% efficiency):

141/148 x 0.00437 x 3815DD x 1,572.1
/5,0008.f.

Terms B & C:
1291148 x 0.00437 x 4200DD x 1,077,3

1.5,000 a.fo

Blower operating cost for winter ventilation assumed

Term A:

/56,120

Terms B & C

1,7/7,320 1,7/7 320

74 Sou (x0.41: 91 g00

,...61122c)( J.2.1100

1,572,120 1 .577 32.0

$ 0,46 per sq.ft. per yr.

0,114 per sq.ft. por yr.

to be same nor all structures

Lighting (3 watts per square foot):
Term A: Ahr/da x 5 da/wk x 39 wks as 179 hrs x 3w /sf 2434 kWh 0 20

20
20

=
=
=

$ 0,053/sr/yr

Term B: lahr/cla x 7 da/wk x 39 wks ffs 259¢ hrs x 3v/sf = 7.722 kwh 0 $
$

D./5'4/sf/yr
Term C: 2114 + hrs x 7 x 13 wks a 314.0 hrs x 3w /sf = 9,4 20 kwh 0 OAS /sf/yr

Summer Ventilation italtigr=rzencliAeoning (Term C only):

Equipment: 4-7.5 HP Pans @ 35;000 cfm each

Installation Cost: $ 2200 -;- 15,000 _sq. ft. a $ 0,147 per sq. ft.

30 HP x 0.74565 x $0.02 x /200 hrs.
Operating Cost: = $ 0,036 per sq. ft. per year/5,000 sq.ft.

Assumed Maintenance Costs: Exterior painting 1 coal in MIL 1.5111 and 12M years

40 per surface sl.ft fer cao

A14



STRUCTURE,

Type: 1'i-oracles; Corturleai Steel Arrly("Wonder")

Area: /5. 000 'square feet

Materials:

Ronf ICCLI/j9e:11111
Side walls .54016

End walla Pidellasreinforced Plicsfle (fixed)

Skylights FiberllicssreiWoreed Plastic

Foundations Cell crefre hoW curb

Estimated Life: ?syears

STRUCTURE Noy2c

INITIAL COSTS PER SQUARE FOOT

Building shell* i 3.92

Heating & Lighting Eqpmt.113,5(e_

Total for Terms A & B $.75.AAL

Ventilating Eqpmt. $ 0./5

Air Conditioning Eqpmt. $

Total for Term C 8 7-43.

U-VALUES (Winter)

Roof 0,16

Skylights 10q
Side walls, opaque 0,14
Side walls, trailed.

End walls, opaque
End walls, transl. LO/

*see Appendix B

BTU LOSS (Winter)

Total: Ii5-771.820 Btu/hr

Per sq. ft. __2()%_._.'Btu/hr

SUMMER VENTILATION/COMM

Ventileding fans providing
26 air they-ryes per kour

PERIOD COSTS PER SQUARE FOOT $, COVERAGE

Term A: 9 mo/yr, 5 days /wk, 8AM -519M.

Term B: 9 mo/yr, 7 Orli/wit, 8AM-10PM.

Interior

Interior

Term C112 mo/yr, 7 days /wk, 8A110PM. Interior

outdoor

temperatures: during use,

off hours,

temperatures: during use,
off hours,

temperatures: during use,

temp.+3 F max.; off hours

Bldg. cost amortized

5-/ear Period 10-Tear Period

Term A Term B Term C Term A Term B Term C

at 7% over period $ 1.11 $ 9.11 $ 9.30 $ 10.65 $ /0.65" $ /0,86

Operating: heat & light /40 I.7o 1.$4 7.20 3.40 3.72

ventilating or=elie=44me. 0.18

Meintenance

Gross Total Term Costs /0,2/ 10.81 /1.34 12.1,5" 14.0.4" 14.76

Less :int. salvage value 2,24 7,24 2,30 1.41 1,41 1.72

NET TOTAL TERM COSTS $ 7.95$ 1.55 s 1.04 $ 11,16 s 12,36 $ 13,04

60°F min. /

45°F min.
(3815 DD)

60°F min. /,

45°F min.
(4200 DD)

60°F min.'',
,45°F min. vt2OO DD)

20 -Year Period

Term A Term B Term C

$ /4.12 $ /4,12 $ /4.40

1112 6.80 7.44
0. /S

0,29 0,29 0,29

/gag/ 21.21 22.31

ot12 0. gjj
$ /t.42 s 2017

ESTIMATED SALVAGE VALUES

Building shell:

Mechanical equipment:

After 5 Tears

35%

25%

After 10 Years

?5%
20%

After 20 Years

10 %

0%
A15



CALCULATIONS

STRUCTURE No. 3

Areas:
I Z

50.2

/co'

Volume: /00 x /44 x 26.01 = 375, 5'512

Roof area = 2x 50,2 x /44 = /4458 sf, ft

Side walls 4rea r-* 2,c 249r /44r G/9/2 si, let

4'z" h-nd Walls area 2-2x 26.08 x 100$4,s4=6,7051:

24
Painfin aces ='/4,451 4 4912)%14 4100iti

271700 'fart.

Heating: Btu Loss 451 sf x a.21 = 3340
6 112 X az/ = 1,45-0
6,670 X 1, 09 = 7, 270

ventilating air 14 4oe x = /5 560
(1 am/sf) 271120 x 60 =

+ 10% safety

Gross Btu Loss per hour

Deduct: Heat gain from lighting:

/4,400 sf x 3 x 3.4 x

Estimated solar heat gain:
% of gross loss

NOTE: Btu loss for Terms B & C
differ only in structures having
high daylight & solar heat gain.

Term A Terms B & C

/439.200

/63,92o
1,803,120

/44 2 go (x

D E S I G N B T U L O S S / , 4 56,24o

Fuel Coat (#4 oil 0 10.50/gal., 70% efficiency):

141/148 x 0.00437 x 3815DD x 145"4.74 0,113
/4,400 B.f.

,., 141/148 x 0.00437 x 4200DD x /454.74-
Terms B & /..640o s.f.

Blower operating cost for winter ventilation assumed to be same for all structures

Term A: per sq.ft. per Yr-

- S 0.20/ per sq.ft. per yr.

Lighting (3 watts per square foot):
Term A: 9 hr/da x 5 da/wk x 39 wks xi 1755 hrs x 3w/sf se 5.27 kwh 0 20 = S 0,10S/sr/yr
Term B: 14hr/da x 7 da/wk x 39 wife = 3122 hrs x 3w/sf = /1.47 kwh 0 20 $ 0.23 /sf/yr
Term C: 3 822 +Lt_hrs x 7 x 13 wks = .5-094 hrs x 3w/sf = 15,21 kwh 0 20 $ so.3.16/sf/yr

Summer Ventilation em=tWeAmmWatiomm6Nt (Term C only):

Equipment: 4- 7.S HP Fans Q 351000 cfm each

Installation Cost: $ 2200 /41400 _sq. ft.

Operating Cost:
30 HP x 0.74565 x $0.02 x 1240 hrs.

/4, 40o

a $ 0,/53 per sq. ft.

= $ 0,039 per sq. ft. per year

Assumed Maintenance Costs:

A16
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STRUCTURE,

Type: Seel Rigid /come. (Buller)

Area: /4400 square feet

Materials:

Roof Ribbed Sitei Sheets, Painiedi +plied /nsul.,

Side walls " // IF

End walla lc/ beryla forced Plasile

Skylights . None

Foundations Concrete

Estimated Life: 2 5- years

SUMMARY OF COSTS

STRUCTURE N0.131.

24' WAVE HOI/INT
26=2" RIDGE HT.

INITIAL COSTS PER SQUARE FOOT

Building shell* S 3.80

Heating & Lighting Eqpmt.SM0_

Total for Terms A. & B $ 7.56

Ventilating Eqpmt. $ 0.15

Air Conditioning Eqpmt. $

Total for Term C $ 7,65

U-VALUES (Winter)

Roof

Skylights
Side walls, opaque

Side walls, transl.

End walls, opaque
End walls, transl.

*see Appendix B

0,21

0.21

/.09

BTU LOSS (Winter)

Total: Y,6574,240 Btu/hr

Per sq. ft. //-6. Btu/hr

SUMMER VENTILATION/COMM

Venfilafing fans /a provide
air chances fir-how-

PERIOD COSTS PER SQUARE FOOT OF COVERAGE

Term A: 9 mo/yr, 5 days/wk, 8AM -5W. Interior temperatures: during use, 60:F min.

off hours, 450F min.

Term B: 9 mo/yr, 7 days /wk, 8AM-10FM. Interior temperatures: during use, 60F min.
off hours, 45017 min.

Ttrm C:12 mo/yr, 7 days/wk, 8AM4OPM. Interior temperapres: during use, 600F min.,
(4 200 DD)

outdoor temp. +3 P max.; off hours,45 P min.

(3815 DD)

(4200 DD)

Bldg. cost amortized
at 7% over period

5-Year Period 10-Year Period

Term A Term B Term C

$ 914 $ 9,14 $ 9,32

Operating: heat & light /44 2J6 2,54
ventilating -olsair=cond. 0.20

Maintenance

Gross Total Term Costs /0.58 /1.30 12,06

Less eat, salvage value L11 1.25 2.29

NET TOTAL TERM COSTS $ ,32 $ 9.0.5 $ 9,77

Tenn A Term B Term C

$ 10.62 $ 10.68 8 10.89

2.81 4.32 5.08
0,39

13.56 15,00 /6,36

1,28 1,28 1,9/

s 11.68 s /3./2 $ /4.4S

20-Year Period

Term A Term B Term C

$ 14.15 $ 1,IS" $ 14,42

3%76 8,64 /0./6

0.78

0,33 0.33 0.33

20,24 23.12 25:0

0,3: 0.38 0.38

$ /9.4 $ 2Z74 $1121

ESTIMATED SALVAGE VALUES

Building shell:

Mechanical equipment:

After 5 Tears

30 %

%

After 10 Years

30 %

20%

After 20 Years

/O

0
AI.7



CLLCULAT IONS

STRUCTURE No.4

Areas:

Area A= 74 W,

Area a:4565r

Volume:

/2.50 x /00 x /10 - /7,q20

Ora rie Side ova/ / area = Sx 532 /4)( /X 24
= 4540 FA

Opaque End wall dreoc .1)(20.5-x24+4x Ix 7Z
'0'2x 2x = Z21.2 $41, fl.

rata / aloof we wail area Pi 4040 4- 242* 4832

Trafriduceni area = 6x 532 ,t fx 22

/00x/40x (20-0,$) s 3goo° cm, ft, =floc 1,11-,
Pain flag area z say 7oo0

Heating: Btu Loss /7120 sf x 010 = / 792

G,432 x 0./4 =
x bog = 412135,700
x

ventilating air /4, 000 x 1.01 = /5 12o

(1 cfm/sf)

Deduct: Heat gain

.11M11.

NOTE: Btu loss for Terms B & C

differ only in structures having
high daylight & solar heat gain.

Term A

21,2 1 S x 60 = 44S3,080

+ 10% safety /4.5'3/0

Gross Btu Loss per hour

from lighting:

/4,000 sf x 3 x 3.4 x 7/9

Estimated solar heat gain:
8 % of gross loss

1,5481 3410

Terms B & C

/, 5-94390

111 deo (x '%41 // 21 300

/2 71870 ( .5*%: 7f.12o

DESIGN BTU LOSS / 3 cq 520 1,406,/ 70

Fuel Cost (#4 oil 0 10.50/gal., 70% efficiency):

141/148 x 0.00437 x 3815DD x /359,5
Term A: /4l000s.f.

$ 0,154 per sq.ft. per yr.

141/148 x 0.00437 x 4200DD x 1404,2
Terms B & C: $ 0,174 per sq.ft. per yr.

/4,00Os.f.

Blower operating cost for winter ventilation assumed to be same 2or all structures

Lighting (3 watts per square foot):

Term A: 7 hr/da x 5 da/wk x 39 vim = /345 hrs x 3w/sf a 4 o4.S kwh 0 20 = $ 0.0/2/3Vir

Term B: /2hr/da x 7 da/vk x 39 wits = 330Ghris x 3w /sf = 9.4/S kwh 0 20 = $ 0491/sr/yr

Term C: 330 +/Ohrs x x 13 wits = 42/Ghrs x 3w/sf = 12.641 kwh 0 20 rat 4 0.25.3/8f/Yr

Summer Ventilation or Air Conditioning (Term C only):

Equipment: 4- 7.511P Fans 0 3g,000 each.

Installation Cost: $ 2 200 4- /4-,000 sq. ft. = $ 0./S7 per sq. ft

3o HP x 0.74565 x $0.02 x 900 hrs.
Operating Cost: =/4.000 sq.ft. $ 0.021 per sq. ft. per year

Assumed Maintenance Costs: Painliny exterior wails /coal every 1,4 year (4 /h, Ptti, 12th 1/4/h)

0 alfie. sartc. sf. Ft. ,per coal.
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STRUCTURE,

Type: 90/

Area: /4, 000 square feet

Materials:

Roof nsuktkeiR

Side walls Instil, "WI P4/1C/J, fRP Pont*

End walls "

Skylights

Foundations

None
Concrete

Estimated Life: 25. years

SUMMARY OF COSTS,

STRUCTURE Nopill

INITIAL COSTS PER SQUARE FOOT U-VALUES (Winter)

Building shell*

Heating & Lighting Ecipmt.ILLL6_

Total for Terms A & B

Ventilating Burnt.

Air Conditioning Eqpmt..

Total for Term C

i 4:32- Roof

Skylight.
Side walls, opaque

Side walls, transl.

End wells, opaque

Did walls, transl.

*see Appendix B

0,10

Siff
$ .J2214.

0.16

/.09

0.16

1,09$

$ 9,04

BTU LOSS (Winter)

Total: 44=04070 Btu/hr

Per sq. ft.. /00,5 Btu/hr

SUMER VENTILATION/ 4300144k

Yentilaling fanf&provide

24g, 3 Jr4 ahanyes per hour

PERIOD COSTS PER SQUARE FOOT OF COVERAGE

Term A: 9 mo/yr, 5 dAys/wk, 8AM -5FM. Interior

Term B: 9 mo/yr, 7 dvs/mk, 8AM-10FM. Interior

Term C:12 mo/yr, 7 days/wk, 8AM-10PM. Interior

outdoor

Bldg. cost amortized

at 7% over period $ lo 83. S/0.83 $11.o.4

5-/ear Period

Term A Term B Term C

Operating: heat & light

ventilating or=sist=cenci.

Maintenance

Gross Total Term Costs

Less est. salvage value

NET TOTAL TERM COSTS

1.18 1.51 2,11

0.03 0,03 0.03

12,04 /2.73 /3.37

3.55 3.51 3.51

$ gh141 $ 9,/8 $ 1.71

temperatures:

temperatures:

temperatures:

temp.+3 Fmax.

during use, 6001?

off hours, 450
during use, 60 F

off hours, 45:F
during use, 60 P
; off hours,45°F

10-Tear Period

Term A Term B Term C

$ 12.66 $ /246 $12.27

234 .3,74.

WOMEN..

0.06 0.04

15.08 16.44 17.52

2,24 2,14 217

$12,24 $13.42 $14,65

min.
(3815 DD)

min.

min.
(4200 DD)

min.

min° '(4200 DD )
min.

20-Tear Period

Term A Term B Term C

$ 817.0

4,30 421 1 F,60

0,29 .52

0.06 0,12 0,12 0-12

21.0 ;4,36 26.0
o, c3 0.53 0.53

ESTIMATED SALVAGE VALUES

Building shell:

Mechanical equipment:

After 5 Tears

$21.07 $23.83 $2112.

After 10 Years

4o%
20

After 20 Tears

/0%

0
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CALCULATIONS

STRUCTURE No. 5

Areas:

32' !Na / /area = //4x a 2270 ft.

Fabric dome surface area
or if 64624. cl) 77.0x3214-//4.V

4 4C

68rrel (3c 2+4b2) /3,4255f,fi.
Volume

24 = 144 5.1' 1110,470= Z42,126 echfr.

Heating: Btu Loss 2,870 sf x 0.14 = .¢442

/3,425 X 1.2. = /4,//0,
x
x

a

NOTE: Btu loss for Terms B & C

differ only in structures having

high dAylight & solar heat gain.

ventilating air 10,200 x 1,011 /1 020 Term A Terms B & C
(1 cfm/sf)

27,590 x 60 = / 65540 0

+ 10% safety /G5,540

Gross Btu Loss per hour /,820,940 1,920,940

Deduct: Heat gain from lighting:
10,700 sf x 3 x 3.4 x 2h 23,no (x1/2 52iozo

Estimated solar heat gain:
25' % of gross loss ,AzoiLocL

DESIGN BTU LOSS / /,4371'20,343,.59

Fuel Cost (#4 oil V 10.50/gal., 70% efficiency):

Term A:
141/148 x 0.00437 x 38151)3) x /343.6

/o,tais.f.
$ 0.209 per eclat. per yr.

141/148 x 0.00437 x 42001)3) x /458.9
Terms B & Cs $ 0,2&"

/0,2003.f.
per sq.ft. por yr.

Blower operating cost for winter ventilation assumed to be same for all structures

Lighting (3 watts per square foot):

Term A: 2 hr/da x 5 da/wk x 39 wks 28 390 hrs x 3w/sf = 1.17 kwh 0 20 = $ 0,023/Ed/yr

Term B: 7_hr /da x 7 da/wk x 39 wks on / hrs x 3w/sf = .1,73 kwh 0 20 a $ 0, / /f /sf /yr

Term C: /9// +Apra x 7 x 13 wks a 2275hrs x 3w/sf = 6,85 kwh 0 20 nt $ 0,137/Elf/Yr

Summer Ventilation see.dtizerskiAiening- (Term C only):

Equipment: 3 75 fait.; Q 32,000 cfm each

Installation Cost: $ /000 4. /0, 200 sq. ft. a $ 0./77 per sq. ft.

27HP x 0.74565 x $0.02 x /275' hrs.
Operating Cost: = $ 0.042 per sq. ft. per year/0 700 nat.

Assumed Maintenance Costs: Refiacomen, arl;thric done every 6th rear:(1) %/.4s/sic of

coYereciared, Pa infr of rmela/ wall codi in /1/4,
/5/4 and /1/h year' ea,./Surl:sq.fit.per coal:
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$TRUCTURE,

Type: Geodesic Dome (c:harler lnduslries)

Area: /o, ZOO square feet

Materials:

Roof 4/1/4.7. Geodesic A-rame,..fus.penclea/Coaleci
Nylon rabric

Side walls Insul. Melo! Sheets- temottrble fee/ions

End walls Noe
Skylights None

Foundations Concrete

Estimated Life: Fahrie- ayears,- Iran, as..a//5- Zo years

SUMMARY OF C.

STRUCTURE No 15

40' INT. HEIGHT

INITIAL COSTS PER SQUARE FOOT

Building shell* $ 4.94
Heating & Lighting Eqpmt.$141

Total for Terms A & B $

Ventilating Eumt. $ 0/8

Air Conditioning Eqpmt.

Total for Term C $ 1%30

U-VALUES (Winter

Roof

Skylights
Side walls, opaque
Side walls, transl.

And walls, opaque
End walls, transl.

*see Appendix B

/-Z

0.14

.11

BTU LOSS (Winter)

Total: Sea ° Btu/hr

Per sq. ft. /43 Btu/hr

SUMMER 'VENTILATIONANOVNO-

Venlilating fans providing
26 air changes per hour

PERIOD COSTS PER SQUARE FOOT OF COVERAGE,

Term A: 9 mo/yr, 5 days/Wk, SAM -5PM. Interior temperatures: during use, 60:F min.

off hours, 450F min.

Term B: 9 mo/yr, 7 dAys/wk, 8AM-10PM. Interior temperatures: during use, 600F min.

off hours, 450F min.

Term C:12 mo/yr, 7 days/wk, 8AM-10PM. Interior temperatures: during use, 600F min.,
(4200 DD)

outdoor temp. +3 F max.; off hours,45 P min.

(3815 DD)

(4200 DD)

Bldg. cost amortized
at 7% over period $11,11 $11,11 $11.33

5-Tear Period 10-Tear Period 20 -Year Period

Term A Term B Term C Term A Term B Terme Term A Term B Term C

Operating: heat & light

ventilating esfteir=conct.

Maintenance

04 /.13 1.94
0,21

111

Gross Total Term Costs /2.27 /2.f4 /3,48

Less est. salvage value 2.7g 2,7P 2,83

NET TOTAL TERM COSTS $ 9.19 $10,1a $10.GS

$ /3.00 $ 13,00 $ 1.f .74

2,32 3,44 lit
0.42

/.45 /,4S 1.45

4,77 122,11 I22.99

zilL 2.35 (>1±2 0, RA/

$ 17,21 $ 17,21 $ 17fir

4.64 7.32 7,7e
0,84

4,40 4,40 4,4-0

24.25 2M3 ,30.CS

$,14,4%$15:20 $14,4 $ 25-74 $22.44 $32,26.

ESTIMATED SAINAaR YAMPA

Building shell

Mechanical equipment:

After 5 Tears

350
25%

After 10 Years

30 %

20 %

After 20 Tears

/off(

O %
4.21



CALCULATIONS

STRUCTURE No. 6

Areas:

6=351

z: /5o

Volume: 3,(5-0 x 200: 73 o, 000 ca.

Radius 4-x557-4-/So2
x3.5

3C 2335 ,4' loo/50
Atc,.-. 0.0) 7453 x T7.9X loo z /7/

Roorarea (ins4//) = 200A/71.'- 39; 200 sf
CA-ass Secht at-e41 It d.6y5X .?;'s /50 3,650 se
2:007.441 //arras a 3, 0 x";,c x Z = 933 0 ,-,1:
Iir/n619 ore4 r 34, 200x 4Y,14+ 1200(9

Say A5:0003,-,

Heating: Btu Loss 34 zoo sf x 40,4 = 47o
',330 x /.of= /70

ventilating air 3a,000
(I. cfm/sf)

Deduct: Heat gain

Fuel

Estimated

x
x
x /OS = 32,400

NOTE: Btu loss for Terms B & C
differ only in structures having
high daylight & solar Heat gain.

Term A

48,040 x 60 = 2,142400
+ 10% saf

Gross Btu Loss per hour

from

,3_000 sf x 3 x 3.4 x 100

solar heat gain:

% of gross loss

DESIGN BTU LOSS

Cost (#4 oil 10.50/gal., 70% efficiency):
141/148 x 0.00437 x 3815DD x 2,464 :6

30,000s.f.

Terms B & C: 141/148 x 0.00437 x 4200DD x 2,8444
30,000sa.

Term A:

782 740
3,1 70 44o

3 0.000 (x

2 864 640

(

Terms B C

$ 0 6' 2 per

= $ 0,/47 per

sq.ft. per yr.

sq.ft. per yr.
Blower operating cost for winter ventilation assumed to be sLaw for all structures

Lighting (3 watts per square foot):
Term A: Lhr /da x 5 da /wk x 39 wks = /75-51r5 x 3w /sf = 5.27 kwh 0 20 = $ 0.105/sr/yr
Term B: /4 hr/da x 7 daiwk x 39 wits = 3 222hrs x 3w/sf = /1.47 kwh @ 20 = $ 0,231sf/yrTerm C: 3822 +/.4hrs x 7 x 13 wks = 5o14hrs x 3-1/af = 15,29 kwh @ 20 = 0304/80Yr

Summer Ventilation ciztkitr=eondaoitiotging (Term C only):
Equipment: 8 75 HP F4,13 g 38,000 cP,n eacA
Installation Cost: $ 44100 4- 301000 sq. ft. = $ 0.144 per sq. ft.

COHP x 0.74565 x $0.02 x //Oa hrs.Operating Cost: $ 0,03330000 sq.ft. per sq. ft. per year

111...1

Assumed Maintenance Costs: Rtioncety exterior 3 coals .6e/wren /0744 irnd 20M
g 601,&,:sitt_coatt._



STRUCTURE.

Type: Ti-ufsedSieel Arch (BuflerwT-lodellic")

Area: 3°,4)1" square feet

Materials:

Roof 5Acei Peel Ribbed Ame/s,P4/Illeel,

Side walls Alone
App//Sof ksid abon

End walla A-iherylas,s-reinforced

Skylights No/re

Foundations C°Ncrel

Estimated Life: 2-5. years

SUMMARY OF COSTS

STRUCTURE Not 6

INITIAL COSTS PER SQUARE FOOT U-VALUES (Winter)

Building shell* $ 3.44
Heating & Lighting Eqpmt.$ 3,73

Total for Terms A& B 8, 6.67

Ventilating Eqpmt. $ 0./5

Air Conditioning Eqpmt.

Total for Term C

Roof

Skylights
Side walls, opaque

Side walls, trans'.

End walls, opaque -
Did walls, trans'. Lai,

*see Appendix B

Oda.
IIII

BTU LOSS (Winter)

Total: Z 8G41 64 Btu/hr

Per sq. ft. 14.5.5 Btu/hr

SUMMER VENTILATION/400MM

VeniilaiingfOns providiv
25 41r chanles ?er floor

PERIOD COSTS PER SQUARE FOOT OF COVERAGE

Term A: 9 mo/yr, 5 days /wk, 8AM -5PM. Interior

Term B: 9 mo/yr, 7 days /wk, 8AM-10PM. Interior

Term C:12 mo/yr, 7 days /wk, 8AM-10PM. Interior
outdoor

Bldg. cost amortized

temperatures: during use, 60:F

off hours, 45 F

temperatures: during use, 60:F

off hours, 450F

temperapres: during use, 600F
temp. +3 F max.; off houra,45 F

min' (3815 DD)
min.

min' (4200 DD)
min.

m!!"(4200 DD)
Ma=

5-Tear Period 10-Tear Period 20-Tear Period

Term A Term B Term C Term A Term B Term C Term A Term B Term C

at T% over period $ 3,13 $ 2.13 $ 1,31

Operating: heat & light /.39 1.f9 2.37

ventilating leab.stiaceme. - 0.17

Maintenance

Gross Total Term Costs 9.52 /0./2

Less est. salvage value 2.0l 2,01

NET TOTAL TERM COSTS $ 7.5/ $ 1.11

10.85

2,05

$ 1.5-0 $ 4.0 $ $

2.7t .3.91 4.74
0.34

12.28 13.48 _1418

/.L11 1,48 1.71

/2,51 $12,31 $/z.fle

.5,56 7 ,.76 1,48

0,27 0,27

18.41 20.81

0,34. 0.34

6.68

0.27

23.21

0.34

$ 840 $ /0,40 sil.80 $13.07 $/4071;20,47 $1.225

ESTIMATED SALVAGE VALUES
After 5 Tears After 10 Years After 20 Tears

Building shell: 35% 347 % /0%

Mechanical equipment: 2.5.% 20 % 0%
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CALCULATIONS

STRUCTURE No. 7

Areas:
5.

5/ope dimension r 1/6i 21. 2/411. = 45-544:

24!1" koofarea = Zx 65.84x 306 = le),Zgcsf,r'?

Wall area = 2 /6x3c* # 2x 21.33x/22
--- /6/705 sf, ft;

Volume: /20x 30*x

/ 22'

28.33 c 4033,600 tuft,

Heating: Btu Loss 40,2157sf x 0,12 =
g33.10/6/705 x

x
x

0.3$ = 1
=
=

ventilating air .37, 332 x 1.02 = A0,320
(1 cfm/sf)

NOTE: Btu loss for Terms B & C
differ only in structures having
high daylight & solar heat gain.

Term A Terms B & C

,C/ 505 x 60 = 3,090/300:.
/+ 10% safety 30,7,030

Gross Btu Loss per hour 3 39/330

7

Deduct: Heat gain from lighting:

37,322 sf x 3 x 3.4 x 1.0 310 ,g5"(x
Estimated solar heat gain:

% of gross loss ( A:

DESIGN BTU LOSS 3 0/2 C45'

Fuel Cost (#4 oil 10.50/gal., 70% efficiency):

141/148 x 0.00437 x 3815DD x 3,018.4
Term A:

3733 2 s ar 6 0,12g per sq.ft. per yr.

Terms B & C:
141/148 x 0.00437 x 4200DD x 3,018.4

$ 0,142 per sq.pt. per yr.37, 332 ef
Blower operating cost for winter ventilation assumed to be same for all structures

Lighting (3 watts per square foot):

Term A: 9 hrida x 5 da/wk x 39 wks ag i7 551=3 x 3V/3f SIC 5.27 kwh 0 20 = $ 0.1051sf/yr
Term B: /4hr/da x 7 da/wk x 39 wks 22 38221=8 x 3w/sf = /1,4,7 kwh 0 20 $ 0,23 /sf /yr
Term C: 3222 + /Okra x 7 x 13 wits = 001 Glirs x 3w/sf = /5,21 WI 0 20 $ 0.3o6/9f/yr

Summer Ventilation ter=icimmOesulgirlsiessieg (Term C only):

Equipment: /2 - 7.5/11, Foins .98,000 dm each
.11.1111is

Installation Cost: $ 7000 4- 37 332 sq. ft. = $ 0487 per sq. ft.
90HI) x 0.74565 x $0.02 x 800 hrs.Operating Cost: = $ 0.04- per sq. ft. per year37,331 sq.ft.

Assumed Maintenance Costs: None.
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STRUCTURE,

Rigid Steel Frame Warco-Pruden,}Type:

Area: 37 33 2 square feet

Materials:

Roof Ribbed Steel Sheets,Peek Insulation

Side walls /2"Li9htkConc,81ocks

End walls

Skylights Alone

Foundations Coneree

Estimated Life: 30 years

INITIAL COSTS PER SQUARE FOOT

Building shell* $ 2.8/

Heating & Lighting Egpmt.$ 3,05

Total for Terms A & B $ .5,86

Ventilating Eqpmt. $ 0.19'

Air Conditioning Eqpmt. $

Total for Term C $ 6.0.5

SUMMARY OF COSTS

STRUCTURE No if

U-VALUES (Winter)

Roof

Skylights
Side walls, opaque

Side walls, tranel.

hid walls, opaque 0 Tr
End walls, transl.

*see Appendix B

0.12

0.35

16'EAVE HEIGHT
'4oc6"RID66 HEIGHT

BTU LOSS (Winter)

Total: 3,0/1,a45 Btu/hr

Per sq. ft. Btu/hr

SUMMER VENTILATION/4000W

Venlilafing fans providing
25" air changes per hour

PERIOD COSTS PER SQUARE FOOT OF COVERAGE

Term A: 9 mo/yr, 5 days/wk, 8AM -5PM. Interior temperatures: during use, 60:11 min.

off hours, 450F min.

Term B: 9 mo/yr, days /wk, 8AM-10PM. Interior temperatures: during use, 600F min.

off hours, 450F min.

Term C:12 mo/yr, 7 days/wk, 8AM-10PM. Interior temperatures: during use, 60 n

outdoor temp.43°F max.; off hours,45°FF
:11.:(4200 DD)

(3815 DD)

(4200 DD)

Bldg. cost, amortixed

at 7% over pay iod

5-rear Period

Term A Term B Term C

$ 7,14 $111:$ 1,38

Operating: heat & light

ventilating or=egkeosici.

1.17 1,66

Maintenance

Gross Total Term Costs

tualli=11M

8.3/ 8.80

L033 eat. salvage value 1.46 1.46

NET TOTAL TERM COSTS $ 7.34

2.24
0.20

9.82

/.5/

$ 8.3/

10-Year Period 20-Year Period

Term A Term B Term C Term A Term B Term C

$ 8,35 $ 2.35. $ $.62 $ 11.07 $ 1407 $ 11.4/

2.34 3,32 4.48 4,61 4.6* AO

10,61 ;1.67 /3.(a /5.75 17.71 21.17

1,22 1.22 /,24 0.42 0,42 0,42

$.112 $ /0.45 $ /2,24 $ 15,33 $ 17.29 $20.75

ESTIMATED SALVAGE VALUES

Building shell:

Mechanical equipment:

After 5 Years

26's

2 5'

After 10 Years

22 %

20 S

After 20 Years

15%

0
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DERIVATION OF BUILDING SHELL COSTS

Air - supported aructures (Nos. la, lb, lc, 1d)

Package price listed by Air-Tech Industries

for 118'x 156' (18,408 sf) structure
Shipping and erection *

$ 32,650
1,850

$ 34,500

34,500/18,408 = 1.87;

Mech'l. equipment: Listed heater price $ 11,130
Shipping and installation* 3,000
Listed cost of lighting 10,000
Shipping and installation* 4,250

$ 28,380

28,380/18,408 = 1.54; say $1.60/sq.ft.

5-year life structure - 3.50/sq.ft.

Shell cost of 7-year-life structure assumed to be 70/sf higher* (41.97)

APPENDIX B

say $ 1.90/sq.ft.

Replacement costs:

Net cost of 2nd structure: Removal of 1st structure $ 1000
Cost of 2nd shell 28250
Shipping & erection of 2nd 1300

30550

(7-yr. -29400)

say $2.03/sf (5-yr.)

2.10/sf (7-yr.)
90% of original shell cost

20% of mechanicals cost

= 1.71 (1.76 for 7-yr.)

= 0.32 (1.33 with a.c.)

5-yr. structure: 1.71 + 0.32 = 2.03 w/out a.c., w/a.c. 1.71 + 1.33 = 3.04
7-yr. structure: 1.76 + 0.32 = 2.08 v/out a.c., w/a.c. 1.76 + 1.33 = 3.10

Net cost of 3rd structure: 90g of original shell cost = 1.71 (1.76 for 7-yr.)
40% of mechanical!: cost = 0.64 (2.66 w/a.c.)

5-yr. structure: 1.71 + 0,,64 =

7-yr. structure: 1.761.0.64 =
2.35 v/out a.c., w/a.c.

2.40 v/out a.c., w/a.c.
1.71

1.76

+ 2.66

+ 2.66

=
=

4.37

4.42

Net cost of 4th structure (5-year life): 90g of original shell cost = 1.71
75% of mechanicals cost = 1.20 (5.00)

5-yr. structure: 1.71 + 1.20 = 2.91 v/out a.c., w/a.c. 1.71 + 5.00 = 6.71

Wonder Building No. 2a

Package building (metal end walls, no skylights) quoted at $ 37,500
Foundation work * 5,300
Erection * 6,000
Substitution of plastic end walls

with removable sections 5,200
Exterior painting

$ 56,100

50,100/ 15,000 = $ 3.74 per sq.ft.

IrAll iterflThritarrea were iiiIiiTia-Wiluthor
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Estimated cost of Structure 2a $ 56,100
Deduct cost of removable end wall sections * 2,000

54,100
Add cost of insulation 4A) 60 per sq.ft.*(sprayed) 1,450

$ 55,550

55,550/15,000 = S 3.71 per sq.ft.

Wonder Building No. 2c

Estimated cost of Structure 2b S 55,550
Add cost of skylights, 66 t S50 each * 3,300

$ 58,850

58,850/15,000 = $ 3.92 per sq.ft.

Butler Rigid Frame Metal Building No. 3

Price quoted by area representative for 1001x 150' building with insulated
roof, 28 skylight panels, all exterior painted, including foundations,

erection and 10% mark-up S 56,160

Deduct cost of skylights 770

55,390

Add wall insulation * -114122

$ 56,340
Estimated reduction for decreasing

building length to 144' * 2,120

S 54,720

54,720/14,400 = $ 3.80 per sq.ft.

Plywood Building No. 4

Price quoted jointly by Champlin Company of Hartford, component manufacturers,

and Treeplex Company, Somerset N.J., structural service, for building completely
erected on foundations, including translucent wall areas:

S 73,400
Add for bolted (demountable)

connections *

74,5G0/14,000 = S 5.32 per sq.ft.

1,100

$ 74,500

Geodesic Dome Structure No. 5

Price quoted by Charter Industri for building of identical type and size
but without side walls:

4.51 per sq.ft. of coverage
Add for metal sidewalls with

interior applied insulation 4i 0.43
MIN

S 4.94 per sq.ft.

Replacement cover quoted at 51.35/sq.ft. of covered area; 100 per sq.ft.
A28 added for installation cost

e.7



Derivation of Building Shell Costs

Trussed Steel Arch Building_No. 6

Price quoted by Butler Mfg. Co. for identical building,

erected, but only 30 feet in height:

Estimated increase for increasing height to 35'

APPENDIX B

completely

S 100,365
2,865

$ 103,230

103,230/30,000 = $ 3.44 per sq.ft.

MarcoPruden Rigid Frame Building No. 7

Contract prices for similar building erected September 1969
in Somerset County, N.J.:

Foundations

Steel frame and insulated metal roof

Block walls @ 1.00 per sq.ft.

Add for doors and entrances *

105,500/37,322 = $ 2.81 per sq.ft.

$ 7,000
75,000
17,500

$ 99,500

6,000

$105,500

A29



SOURCES OF SUPPLY FOR THE STRUCTURES ANALYZED

Air-Supported Structures

are available from several manufacturers, including:

Air-Tech Industries, Inc.
9 Brighton Road, Clifton, N.J. 07012

Birdair Structures, Inc.
1800 Broadway, Buffalo, N.Y. 14212

Cidair Structures Company

130th & Indiana Avenue, Chicago, Ill. 60627

ILC Industries

350 Pear Street, Dover, Delaware 19901

Steel Structures of many different types are available from a large

number of manufacturers. The suppliers of the buildings analyzed

in this study are:

Wonder Trussless Building, Inc.

2901 South Cicero Avenue, Chicago, Ill. 60650

Butler Manufacturing Company
7400 East 13th Street, Kansas City, Mo. 64026

Varco-Pruden, Inc.

PO Box 6868, Pine Bluff, Arkansas 71601

Plywood Structures

are available from suppliers in all areaF of the country. Inform-

ation as to local sources may he obtained by contacting

American Plywood Association

1119 A Street, Tacoma, Washington 98401

Geodesic Dome Structures of the type analyzed in this study are

supplied by

Charter Industries, Inc.

Raleigh, North Carolina

Similar structures are available also from other sources.


