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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 conventicnal 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 date 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 alsc 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 variaticns 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 appearz %o 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 S5-year period,
due to the necessity of providing summer air conditioning. The other
(rigid) structures can be sufficiently insulated and ventilated, without
alr 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 c¢f the "ideal" structure for uses of this kind.




INVESTIGATION OF COSTS
OF INEXPENSIVE ENCILOSURES POR RECREATIONAL AREAS

Introduction ]

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
unvarranted 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. but 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
PFacilities 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 ov:r i
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 PM, seven days per week, and

Term C: Year-round day and night operation, 8 AM to 10 PM, 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 puilding 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

has involved twelve different varjations of structure, as listed on the following

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

Though every effart 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 o: 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 types. 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 usge 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

Area
No.* Description (see Appendix A for sketches and data) Sq. Ft,

la Alr-Supported Structure, S-year life
dismantled & stored during summers 15,000

1b Air-Supported Structure, S5-year life
air conditioned in summer 15,000

1c Air-Supported Structure, 7--year life A
dismantled & stored during summers 15,000 f

1d Air-Supported Structure, 7-year life ;

air conditioned in summer 15,000 ]
2a Framsless Corrugated Steel Arch, uninsulated .
(Wonder Building) 15,000
2b Prameless Corrugated Steel Arch, insulated
(Wonder Building) 15,000
2¢ Frameless Corrugated Steel Arch, insulated, with skylights
(Wonder Building) 15,000
3 Rigid Frame Metal Building, insulated (Butler) 14,400
4 Plywocd 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 strel covering, insulated
(Butler "Triodetic") 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.

3.




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 v.mperatures are to be maintained as follows:

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

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 costs 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

4.




the life expectancy of some of ihe 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:

l. 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 inter‘ed annual term of use; what hours of the day,
how many days per 'siek 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.

EERTRESA AR T TR TR TR TR T e AT T

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 heeting, 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 costs.

s 11. Determine the gross cost for the period of years under consideration
Q by adding:

a) Initial cost of building shell and mechanical equipment, amor-
f 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.

Se
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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 be 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-suppcrted 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 ("s 10%") were quoted Ly 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, s.ylights 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 ‘he 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.




FIGURE A
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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 mucii 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 costse.

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, y

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

cents per kilowatt-hour.

P T S

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 & 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.
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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 been 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 nature 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 replaceient costs for the

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

of continued use in the same location, 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 1lc, 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, heving 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 ctructure would probably be a little less
expensive per square foot if it weie 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:

l. 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 3
the most economical. It must be recognized, however, that on some |
varm 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 lowést overall cost of the structures analyzed, ana the S5-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.

é 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.

B
i

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

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

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

@ 10.
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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 l0-year periods. Over the 20-year period, the 7-
year-life "bubble", if used in the same way, may also be com-
petitive costwise, but other types of structures with good

insulating values will likely prove to have lower overall costs.

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

vhich 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:

Over the 5-year period - 25 to 40%
Over the 10-year period - 50 to 80%
Over the 20-year period - 100 to 160%

S TR TN

of the initial cost of
building and equipment

general:

The advisability of using skylight panels . .cherwise 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 heet 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.
Por 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.

An 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,
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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.




SUMMARY OF RELATIVE COSTS TABLE 1
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.
TERM A TERM B TERM C
Build'g Op.& Mtce Total Build'g Op.& Mtce Total  Build'g Op.& Mtce Total ]
Cost* & Cost & Cost & Cost* & Cost & Cost & Cost* & Cost & Cost & ;
(Ratio) (Ratio) _(Ratio) (Ratio) (Ratio) (Ratio) (Ratio) (Ratio) (Ratio)
5 — YEAR PERIOD
lc) 2¢ (1.00 lc} lc 7 (1.00 1c lc (1.00 2¢ (1.00 1lc (1,00
1000 57 (1i05 1a[(1°00 14 (100 50 (102 1a 100 1. (112 5 (1.05 1a (1.06
la 7 (1.06 la} 5 (1.10 1a - 7 (1.58 4 (1.14 7 (1.36
1b}(1'12 la 1b] {107 < 1a 1w 106 6 (1.72 7 (1.20 6 (1.44
7 (159 1bl, oo T (145 E (a2 7 (136 26 (L79 6 (1.24 2 (1.48
6 (.68 1c|'"*"" 6 (1.59 & le|'’ 6 (1.50 2c¢ (1.92 1la 2b (1.50
2b (1.76 14 2b (1.55 w 1d 26 (1,57 3 (1.94 1lc((l.26 3 (1.60 |
2c (1.88 4 (1.10 2¢ (1.69 o 4 (114 2¢ (1.58 4 (1.97 2b. 4 (1.61
4 (1,92 6 (1.26 4 (1.80 "  2b(1.21 4 (1.7 5 (2.34 n:}(1 a 20 (1.79 |
2a (1,94 3 (1.31 2a (1.98 3 (1.80 2a (1.88 14 (2,38 1a/‘"* 1d (1.87
5 (2,29 2a (2,04 5 (2,05 5 (2.29 2a (1.84 5 (1.89 1b (2.49 2a (1.77 1b (1.92
10 - YEAR PERIOD
lc 2¢ (1.00 1l¢ lc 7 (1.00 lc} lc (1.00 2c¢ (1.00 1lc (1.00
1a}(1°°° 7 (1:06 1d}(1‘°° 1a (1% 2 (1i02 1af° 7 (1.7 4 (112 1a (1.05
7 (1.03 1la 13}(1 06 la 1a}(1 o6 © (1.14 7 (1.14 7 (1.1l
6 (l.11 Ib (1.07 1b)'° < 1 (1.os 1bj*° la (1.16 6 (1.49 2c¢c (1.19
13}(1 16 lc T (1.5 g e/ 7 (1.09 2b (1.23 2b 6 (1.20
2b (1.20 4 {1.10 2b (1.35 m 5 (1.14 2c (1.29 2c (1.32 1c 3 (1.32
3 (1.25 2b (1.19 2c (1.36 o4 (1.15 2b (1,30 2a (1.34 3 (1.61 4 (1.34
2¢ (1.29 6 (1.26 3 (1.42 § 6 (1.20 3 (1.37 4 (1.51 5 (1.69 5 (1.39 |
2a (1.32 3 (1.31 4 (1.49 2b (1.21 4 (1.43 5 (1.55 11:}(1 73 28 (1,44 |
4 (1.34 5 (1.71 2a (1.69 3 (1.30 2a (1.61 14 (2.04 14/‘'""° 1d (1.65
5 (1.52 2a {2.05 5 (.76 5 (1.52 2a (1.83 5 (1.66 1b (2.28 2a (2.15 1b (1.70
20 - YEAR PERIOD
7 (1.00 7 }(1 00 1c}(1 o T (1.00 7 (1,00 7 (1.00 7 (1.00 2¢ (1,00 1lc (1.00
6 (1.16 2¢/'"° 1d)'° 2¢c (1.07 1c}(1 02 6 (1.15 4 (1.17 7 (1.01
2b (1.26 1a 7 (1.03 < 1o 1a/'\° 2b 21.24 7 (1.23 2c¢ (1.07
3 (1,31 1|10 1p(1+19 WL laly oo 3 (127 lc (1.30 la (1.14
2a (1.41 1d 6 (1.21 & 1d 1bj'"° 2a (1.37 6 (1.32 2b (1.17
lcl (1 .45 4 (1.03 2c (1.24 “ 4 (1.14 2c (1.20 1lc (1.41 2b (1.33 3 (1.23
)1 § il 2b (1.18 2b (1.27 o 6 (1.24 2b (.25 4 (1.48 3 (1.42 4 (1.26
4 (1.53 6 (1.24 3 (1.33 8 2b(1.26 3 (131 5 (1.56 11:}(1 48 28 (1.46
5 (1.59 3 (1.30 4 (1.41 3 (1.35 4 (1.37 la (1.81 1d)‘"°"" 5 (1.47
lal ) .08 5 (l.. 2a (.62 1a (1.98 5 (1.77 2a (1.59 1d (2.82 5 (1.64 14 (1.58
* Actual cost, not including financing, less salvage value at end of period.
KEY: %g - Agr—suppgrted, ST'yr. ,g}:mgg:&?umwers gc - gﬁn:}‘eﬁgg eel A:chhiixax‘sﬂui%gdskylights
lc - " " T-yr.,dismant,summers 4 - Plywood Building, Polded Plate Roof
1d - " " " air conde " 5 -~ Geodesic Dome, suspended fabric cover
. 2a - Prameless Steel Arch, not insulated 6 - Trussed Steel Arch (Triodetic) insulated
{ 2b - " " " , insulate 7 - Rigid Steel Frame,insul.roof,block walls
13.
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PER SQUARE FOOT OF COVERAGE PER YEAR

COMPARATIVE COSTS

FIGURE D -




APPENDIX

A « « COST CALCULATIONS AND SUMMARIES

B * DERIVATION OF BUILDING SHELL COSTS

C * « * SOURCES OF SUPPLY OF BUILDINGS




L e T

CALCULATIONS
1 J . o z 2
STRUCTURE No. la Radiys = Azg0itl100® _ o) )0

Areas:
Arc =.0/7543x 5/.25% 154 = [31.7'

Surface area
=approx, Lol x/37.7Tx/50

= say 20,850 5q, f.

Plaw
7507
x = differ only in structtres having
x = high daylight & sola: - t gain.
X =
ventilating air /5000 x /.08 = /6,200 Texrm A To.ws B & C
(1 cfn/at) 4/,220 X 60 = _2,473,200
+ 10% safety __ 247320
Gross Btu Loss per hour 2,720,520 2,720,520
Deduct: Heat gain from lighting:
/5,000 sf x 3 X 34x %q 34, 000 (x /2 3 76, 500

Egtimated solar heat gain:
_25 % of gross loas 680, /30 ( /7 % 463,000

DESIGN BTU LOSS 2,006,390 2,181,020
Fuel Cost (#4 oil @ 10.5¢/gal., T0% efficiency):

141/148 x 0,00437 x 3815D0D x Zooék.4
Term At 75 000 8.1s -._8 0,2/3 per sq.ft. per yr.
Terms B & C: 141/148 x 0.00437 x 42000D x 2/8/.0 = $ 0254 per sq.ft. per yr.

/5,000 s.f.

Blower operating cost for winter ventilation assumed to be same Zor all siructures

Lighting (3 watts per square foot):

Term A: 2 hr/da x 5 da/vk x 39 vks = _ 390 hrs x v/sf = __ /47 kvh @ 2¢ = $ 0,

Term B: 7 hr/da x 7 da/wk x 39 vks = _/9// hrs x /st = 573 kvh @ 2¢ = $ 0.1/5 [st/yr
Perm C: /7// +4hrs x 7T x 13 vks = _2275hrs x 3vw/af = __ 683 kvh @ 2¢ = § 0,137 [st/yr
Summer Ventilatvion or Air Conditioning (Term C only):

Equipment None

Installation Cost: $ + sq. ft. = $§ O per sq. ft.

Operating Cost: AP x 0.74565 x $0.02 x hrs. . $ ©_per sq. ft. per year

Sqofto

Assumed Maintenance Costs: Anmmwal dismiantiing and re-erection of structure - #2000

Foreach Syear structure, & djsmantlings and 4reerections
=49000, or 604 per s4.F4,

mr




. o

oUMMARI OF COSID

ARUCTURE STRUCTURE No=1g
Type1 Air Supported (Dismantled & Stored
Areat __ /5,000 _ square feet during summers)
Materials:
Roof Vl.”)’/ -coated AL ylon Fabrrc
Side walls u " "
End walls “ “ “
Skylights None
Poundations ___Ground Anchors 40" HEIGHT

Estimated Life: _5 _years

INITIAL COSTS PER SQUARE FOOT U-VALUES _ (Winter) BTU LOSS (Winter)
Building shell* $ /.90 Roof /.20 Totals __2/8/, 200 Btu/hr

Heating & Lighting Eqpmt.$ /.60 Skylights
Total for Terms A& B ¢ _3.50 Side walls, opaque

Per sq. ft. /45 Btu/hr

Side walls, transl. /.20
Ventilating Eqpat. —  End valls, opaque = SUMMER VENTILATION/COOLING
Air Conditioning Eqpmt. $ _——  End walls, transl. /.20 None - Structure removed
Total for Term C $ 3.50 #gee Appendix B

PERIOD COSTS PER SQUARE FOOT OF COVERAGE

Term At 9 mo/yr, 5 days/wk, 8AM -5PM., Interior temperatures: during use, 60 F min.
off hours, 45°F min.
Term B: 9 mo/yr, 7 days/wk, 8AM-10PM. Interior temperatures: during use, 60 F min.
off hours, 45 F min.
Term C:112 mo/yr, 7 days/wk, 8AM-10M. Interior temperatures: during use, 60°F min.,

outdoor tamp.+3°l’ max.j off hours,45°P min,

5-Year Period 10-Year Period(2sfructs) 20=Year Peviod (#s/ructs)
Bldg. cost amortized Term A Texm B Term C  Term A Term B Term C  Term A Term B Term C

at T% over pordod-Syears 8 4.27 $ 4.278 427 $ 6.7 ¢6.711 $ c.11 8 /3.7328 13.10 $/3.10

o

(3815 DD)

o O

(4200 DD)

(4200 DD)

Operating: heat & light _//& _/.85 /.76 2.3¢ 3.70 392 4.7z 140 7.3¢4
ventilating or air cond, _— — — — — — — _
Maintenance — — 0.60 — — .20 —_ _— 2.40
Gross Total Term Costs 545 6./2 6,43 q9.07 Jlo.41 /.83 /7.82 20.50 23.34
Less est. salvage value _0.40 040 040 032 0.32 _0.32 - — —

NET TOTAL TERM COSTS $ 5,05 ¢ 572 ¢ 643 ¢ 8.75¢/0.09 g 11.51 ¢ 17.82 320,50 §23.34
) Credit 107 of shell cost, S0 of mech'l, eqomt.cost of (st struct on cost of 2nd, Net cosf of Znd struct = $2.63/4.f,

A A ,60% » ¥ “. 4 A Znd w v % Frd. Net tost of Ird struct 2 2.35 «
” 7 # » , 25% " y " w oM 3,4 ” TR 4 4[/,' A/(/ 6'0‘/ ’,‘4% _‘fru‘.ﬁ ,/2'7/ ”
ESTIMATED SALVAGE VALUES
After 5 Years After 10 Years After 20 Years
Building shell: O % 2% 0 %

Mechanical equipment: 254 2o0% 0 % A3




CALCULATIONS

STRUCTURE No. 1b : 4 x g0* + (00% _ '
Radius = 8 x40 5/.2¢

b 2,40 A%z /54

Areas: )
A Arc=.017543x5.265x /54 = /37.7
\2- N
U N \\
b: \. \\
/ # Q’:' \\ . Surface area
. 0 -
70077 S approx. Lo/ x /37 7; /50
=3say 20,850 sq, 1?1,
Dlan A 7
/50"
Heating: Btu Loss - 29,850sf x /Z70=_'25020 NOTE: Btu loss for Terms B& C
X = differ only in structures having
X = high daylight & solar heat gain.
X =
ventilating air /5000 X /.08 = /6,200 Term A Torms B & C
(1 cfn/st) 41, 220 % 60 = 2,473,200
+ 10% safety 247,320
Gross Btu Loss per hour 2,720,520 2,720,520

Deduct: Heat gain from iighting:
15,000 s£ x 3 x 3.4 % %4 34,000 (x Y2 3 76, 500

Estimated solar heat gain:
25 % of gross loss 650,130 ( /7 %s __4£3,000

DESIGN BTU LOSS 2,00¢ 390 2/8/ 020

Fuel Cost (#4 oil @ 10.5¢/gal., TO% efficiency):
141/148 x 0.00437 x 3815DD x Z00¢.4

e a
Term A: /5000 5.8, = $ 0.2Z/3 per sq.ft. per yr.
Torms B & Cs 141/148 x 0.00437 x 420000 x 2/8/.0 o , 54 per squfte por yT.

15,000 Sefe

Blower operating cost for wintér ventilation assumed to be same lor all structures

Lighting (3 watts per square foot):

Term A: 2 hr/da x 5 da/vk x 39 wks = _390hrs x 3w/sf = _ /J7 kvh @ 2¢ = § 0.023/sf/yr
Term B: _Z_hr/da x 7 da/wk x 39 wks = _/9// hrs x Jw/sf = S73kvh @ 2¢ = $ 0.1!5 [st/yr
Term C: /9// +4hrs x T x13 vks = 2275hrs x 3w/af = _ 6. £23kvh @ 2¢ = 3 0.137/st/yr

Sunmer ¥entitwtion—or Air Conditioning (Texrm C only):
Equipneats _ /17 _Tons Refrigeration 4 -30Ton Package Units

Installation Cost: $ 76,000 + /5000 saq. £t. = $_ S 06 per sq. ft.

/7T x 1.4 x /Ohrs. X 90 da. x $0.02
/5,000 8q.£t.

Operating Cost: = $_0,/7¢ per sq. ft. per year

Assumed Maintenance Costs: None

A4




STRUCTURE

Type: Air Supporied (Air Conditroned
Area: _/5.000 _ square feet quring summers)
Materials:

Roof Vingl-coated Mylon Fabric

7 r~d

Side walls " " "

End walls d " 4

Skylights None

Poundations __Ground Anchors

Estimated Life: 2 years

SUMMARY OF COSTS
STRUCTURE No.1 b

40’ HEIGHT

INITIAL COSTS PER SQUARE FOOT

U-VALUES (Winter)

BTU LOSS (Winter)

Building shell* $ /.90 Roof /.20 Total: 2, /8/,020 Btu/hr
. 60 i h—

Heating & Lighting Eqpmt.$ /.69 Slfylxghts = Per sq. ft. /45 _Btufhr
Total for Terms A& B  $_3.50 Side walls, opaque

T Side walls, transl. 1290 gpomp vENTILATION/COOLING
Ventilating Eqpmt. $ — End walls, opaque — =
Air Conditioning Eqpmt. $ _5.96 End walls, transl. _/.ZO Arr Coﬂd///'am'/lj b{ ‘
Total for Term C $_8.56 #see Appendix B 4 package units

PERIOD COSTS PER SQUARE FOOT OF COVERAGE

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

5-Year Period

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

Term C:12 mo/yr, 7 days/wk, 8AM=-10PM. Interior temperagureax during use, 60::1’ min.,
outdoor temp.4+3 F max.j off hours,45 F min,

[=]

F min.
F min.
P min.

off hours, 45 (3815 D)

© © 0

off hours, 45°F min, ¢4200 DD)

(4200 DD)

10-Year Perio@(zsfruct) 20-Year Period (4sfruct)

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

Bldg. cost amortized Term A Term B Term C
at T% over pexiod Syrs. § 4.27 $ 4.278/0.42

s 45.7/8 6.71 $/4.,2 $13.10°813.10 $27.42

_0_,_4_? OJM /:‘2
s S.05¢ 572 ¢ /1.¢9

Less est. salvage value

NET TOTAL TERM COSTS

E Operating: heat & light _/./8 /.85 /. 9¢ _2.3¢6 _3.70 _3.9Z 4,72 _7240 _71.84
» vonbideobting=es air cond. _— — 0.9 — — /.76 — — 3.9Z
Maintenance — — — — — — — —_ —_
Gross Total Term Costs 5,45 6./2 /3,36 9.07 104l 20,00 17.92 20.50 39.3%
0.3z _0.32 _/.33 — —

r—— P — —————
— — p—————————

g 8.75 ¢ /0.09 /8.7 $/7-32 $20.50 ¢ 35.34

1) Cradit 10% of shell cost, 90 of mech!, eqpmt cost of Ist struct.an costof Znd, Net cost of 2nd = 12.03; 3.0¢ w/air cond.

2) " nop " ~ , 60% ” ] N 2 ] 2"4 Y] " vy ¥ 3’4. Nd fOf/ o/jrd -’2‘]5; 4,37 " »
T N 17 w o ow w3d w v 4 Bbh Net cost of #h - »‘2.71; 6.1 o n
BSTIMATED SALVAGE VALUES
After 5 Years After 10 Years After 20 Years
Building shell: 0% 2 % R
Mechanical equipments _25 % (of orig.equipmt) 20 % —(orig.equipml)—_O % A5




CALCULATIONS
STRUCTURE No. lec

Areas:
See Stryctures No. (4 and 18

Surface area » approx, 20, 850 sq. 7.

Heating:s Btu Loss - _20850sf x /.20 = _ 25,020 NOTE: Btu loss for Terms B & C
x = differ only in structures having
: : high daylight & solar heat gain.
ventilating air /5,000 X 1.08 = /4,200 Term A Terms B & C
(1 cfn/st) 41,220 X 60 = _ 2,473,200
+ 10% safety ___ 247 320
Gross Btu Loss per hour 2,720,520 2,720,520
Deduct: Heat gain from 1ighting:
/15,000 sf x 3 X 3.4 x 2/1 34 000(x /2 3 7¢,200

Estimated solar heat gain:
25 % of gross loss c80,/30 (17 % ___463 000
DESIGN BTU LOSS 2,004,390 2./81,020
Fuel Cost (#4 oil @ 10.5¢/gal., T0% efficiency):
141/248 x 0.00437 x 3815DD x 2004, 4

v 0' . . -

Term A: 75000855, = $ 0.2/3 per sq.ft. per yr
141/148 x 0.,00437 x 4200DD x 2/8/.0

Terms B & C: /5 000848+ = $ 0254 per sq.ft. per yr.

Blower operating cost for winter ventilation assumed to “e same lor all structures

Lighting (3 watts per square foot):
$ _0.023/at/yr

Term A: 2 hr/da x 5 da/vk x 39 vks = 390 hrs x 3w/st = /./7 kwvh @ 2¢ =
Term B: 7 hr/da x 7 da/wk x 39 wks = _/9// hrs x 3w/sf = __ 573 kvh @ 2¢ = $ 0,//5/st/yr
Term C:_/9// +4hrs x 7 x 13 wks = _2275hrs x 3w/sf = __ 5,43 kvh @ 2¢ = $ 0,/37/sf/yr
Sumnmer Ventilation or Air Conditioning (Term C only):
Equiprients None
Installation Cost: $ -+ sq. ft. = § O_per sq. ft.
HP x 0.74565 x $0.02 x hrs.

Operating Cost: $ O per sq. ft, per year

sqofto

Assuned Maintenance Costs: Awnual a’/';man///'na and re-erection of structure - #2000
5- Yy ferm - 4erec/ 5 d/sm. =¥9000. lalgr ferm - A’erec/ lodism. = ILoo
20 yr. term - /7erec»‘ﬂs, 20 dism an//mqs $37000.

R T T P T TN T e




STRUCTURR STRUCTURE No, 1C
Types __Air Supported (Dismantled § Stored

c/uriny Summers)

Areas __/5,000 square feet

Materials:
Roof Vinyl- coated Nylon Fabric

Side walls u " d
End walls il v v
Skylights None

Foundations GI‘OUﬂd AﬂC/’OI’S
Estimated Life: 7 _years

40' HEIGHT

SUMMARY OF COSTS

INITIAL COSTS PER SQUARE POOT U-VALUES (Winter) BTU LOSS (Winter)
Building shell® $ /.27 Roof 1,20 Totals _Z2./8/ 200 Btu/hr

.$_/.é0 i —
Heating & Lighting Eqpmt.$ _/.é0 glg:l‘g')‘\:;‘ S = Per sq. ft. /45 Btu/br
Total for Terms A& B $_3.57 o0 "= tf_ﬁd 75

’ [ ]

Ventilating Eqpat. $____  End valls, opaque _ — SUMMER VENTILATION/COOLING
Air Conditioning Eqpmt. $ _ End walls, transl. _/.20 None - Structure removed
Total for Term C $ _3.57 ‘*see Appendix B

PERIOD COSTS PER SQUARE FOOT OF COVERAGE

Term At 9 mo/yr, 5 days/wk, 8AM -5PM. Interior temperatures: during use, 60 F min. (3815 D)
off hours, 45 F min.

Term B: 9 mo/yr, 7 days/wk, 8AM-10PM, Interior temperatures: during use, 60 _F min. (4200 DD)

off hours, 45 P min.

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

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

5-Year Period 10-Year Period(Zsfructs) 20=Year Period (3sirvctt)
Bldg. cost amortized Term A Term B Texm C Term A Term B Term C  Term A Term B Term C

at T% over pex;iod/qr $ 4.33 $4.33$4,33 § 7.00('8 700 § 7.00 § /0.3/(’8 10.3] §10.3]
“ur. /i1
Operating: hoa.ty& light _/./8 _/.85 _I.9¢ 2.3 3.70 3.92 4.72 _1.90 _7.%4

ventilating or air cond. _— — — — — _— _—

Q 0 0 0 O

(4200 D)

' Maintenance — — 0.60 — — /.20 — — 2,46
Gross Total Term Costs _5.5/ 6./8 .89 4.3¢ /10.70 12.42 1503 /171 2061
Less est. salvage value _0.20 0.90 0.fo 15 115 115 012 _0.12 012

NET TOTAL TERM COSTS $.4.71 §.538 ¢¢.07 3 8.2/ ¢ 9.55 ¢ 1047 3/4.7/ $/7.59 ¢20.41

1) [t struct, amort. over Tyrs, 2nd over 3yrs, Nef cost of Znd struct, = #2.08/s9.7?.
2)n v Tw 2ud v Tyrs,3rd over Gyrs, Nefcostof 3rd struct. =/2.4o/57.{7,

For method of estimating net costs of Znd & 3rd structures, see corresponding notes, Structures/a g Is.

ESTIMATED SALVAGE VALUES

After 5 Years After 10 Years After 20 Years
Building shell: _Zo % (Ist Struct) 40 & (2nd Struct) _ & & (3rd Struct)
Mechanical equipments 25 % (orig.cqpm?) _20% (orig. eqpmt.) 0%

A7




CALCULATIONS
STRUCTURE No. 1ld

Areas:
See Structures No. IA and /8

Surface area = approx. 20,850 sg, FF

Heating: Btu Loss ~ 2g §50st x /20 =_25020 NOTE: Btu loss for Terms B & C
x = differ only in structures having
X _=_ high daylight & sola: heat gain.
ventilating air -Traao : /,08 ; /16,200 Term A Terms B & C
(1 cfn/st) 41,220 x 60 = 2,473 200
+ 10% safety 247,320
Gross Btu Loss per hour _2,720,520 2,720,520

Deduct: Heat gain from iighting:
/5,000 sf x 3 x 34 % ?/4 34.000(x Y2 3 76,200

Estimated solar heat gain:
25 % of gross loss 630/30( 17 %: ___4£3,000

DESIGN BTU LOSS 2,006,390 2,/8/,020

Puel Cost (#4 oil @ 10.5¢/gal., TO% efficiency):
141/148 x 0,00437 x 3815DD x 200é.4

S 0. * * N
Term A: 75 000 8e%s = $ 0.Z2/3 per sq.ft. per yr
Terms B & Cs 141/148 x 0,00437 x 4200DD x 2/8/.0 S 0.254 por 5q.Lte por yr.

/5,000 8efe
Blower operating cost for winter ventilation assumed to be same Ilor all siructures

Lighting (3 watts per square foot):

Term A: Z hr/da x 5 da/vk x 39 vks = _ 350 hrs x 3w/sf = __ /./7 kvh @ 2¢ = $ 0,023 /st/yr
Torm B: 7 hr/da x 7 da/wk x 39 wks = _/q4// hrs x 3w/st = _ 4573 kvh @ 2¢ = $ 0.//5/st/yr
Term C: /9// _+ 4hrs x T x 13 vks = 2275hrs x 3w/st = _ ¢ 33 kvh @ 2¢ = $ 0,/37/sf/yr

Summer ¥emtidabdion—or Air Conditioning (Term C only):
Equipmionts _ //7 Tons Refrigeration 4-30-Ton FPackage Unifts

Installation Cost: $ 76,000 + _ /5000 s8q. £t. = $_5.0¢ per sq. ft.

Operating Cost: (7T X 1.4 x /Ohrs.x 90da.x $0.02 . § 0./96 per sq. ft. per year
- 15,0008q.t.

Assumed Maintenance Costs: None




SUMMARY OF COSTS

STIUCTURE sTRuCTURE No,1d
Typer __Air Supported (Air Conditioned

during Summers)

Area: __ /5,000 square feet,

Materials:
Roof V/'n/v/-caa;‘ea’ N_y/an Fabric
Side walls ! ! "
End valls ! ! !
Skylights None

Poundations __ Ground Anchors

40’ HEIGHT
Estimated Life: _7 _years ¥

INITIAL COSTS PER SQUARE FOOT U-VALUES (Winter) BTU LOSS (Winter)
Building shell* $ /.97 Roof /.20 Total: _2,/8/,020 Btu/hr

Heating & Lighting Eqpmt.$ _/.60 Skylights

3.57 Side walls, opaque i
Total for Terms A & B $ 2.2/ Side walls, transl. /.20

Per sq. ft._ /45 Btu/hr

SUMMER VENTILATION/COOLING

Ventilating Eqpmt. $ — End walls, opaque —
Air Conditioning Eqpmt. $ 5.96 End walls, transl. _/.20 Air Conditioning by
Total for Term C $ _5.63 *see Appendix B 4 package unizs

PERIOD COSTS PER SQUARE FOOT OF COVERAGE

Term At 9 mo/yr, 5 days/wk, 8AM -5PM, Interior temperatures: during use, 602F min,
off hours, 45 F min,
Term Bt 9 mo/yr, 7 days/wk, 8AM=10PM., Interior temperatures: during use, 6021’ min.
off hours, 45 OF min.
: Term C:12 mo/yr, 7 days/wk, 8AM-10MM. Interior temperatures: during use, 60 F min.,
‘ outdoor tomp.+3°l’ max.} off hours,45 F min,

5-Year Period 10-Year Perio@(Zskuds) 20~-Year Period(3 siruct’s)
Bldg. cost amortized Term A Term B Texm C  Term A Term B Texm ¢ Term A Term B Term C

at 7% over periodor $ 435 $4.33 $/0.52 8 7008 7.00 $/4.74 $10.31°8 0,3/ $ 2078

(3815 DD)

(4200 DD)

(4200 DD)

Operating: heat % e 118 85 96 236 370 392 437 740 _7.84
ventilgting—or air cond, _— —_ 0.98 — — /.46 — — 3,92
Maintenance — — — — — — — _ —_

Gross Total Term Costs 5.5/ 6,18 /1346 9.3, 1070 20,62 /503 1171 3154
Less est. salvage value 0.80 0.80 _2.04 115 /.15 _2,5 0.2 _0.42 _92Z

NET TOTAL TERM COSTS $.4.7 $.5.38 < ll.4e ¢ 8.2/ $9.55 $/8.06 $./(4.9/ $/1.59 $32.32

1) Ist. Struct. amort, over Tyrs, 2nd over 3yrs. Net cost of Znd.Sfruct, = $2.08/sg. %, 23,10 wo/ asr cond.
v ” wo Cw., 2nd w 7yrs, 3rd over Gyrs, Nef costof 3rd struct. = {Z-W/ff, K442 z;/;.c,
For method of estimating hef costs of Znd & 3rd structures, see corresponding nofes Structures /a §/x.

i

ESTIMATED SALVAGE VAILUES

After 5 Years After 10 Years After 20 Yoars
f Building shell: _20 & (/sf Struct.) _40 % (2nd Struct) _5 R (3nd Sfruct)
Mechanical equipment: _25 % (orig.egpm?) 20 % (orig.cqpmt) 0% 19




2 z
CALCULATIONS Rad, = 320100 _ 475
STRUCTURE No, 2 Y% =.30; A°=124
Arc=.0075¢3x 56.75x /124 = /23"

Areas?
Roof area =150x123x /.31 = 24 /10 59, t

End wall area= 30x100x 0,.7/25 = 2/40 s¥

¢= /00’ Q xZ
4280 sq.f#
/".«7/'/1:‘/'”7 area = Say 25,000 39.73,

Volumet Z/40 x /50 = 32/,000 cu.f+

Heating:  Btu Loss - 24)/0 sf x /.28 = 30,850 NOTE: Btu loss for Terms B & C
42§09 X _[og = 460 differ only in structures having
: = high daylight & solar heat gain.
ventilating air /5000 x )08 = /¢ 200 Term A Terms B & C
4
(1 ofn/st) 57,7tc X 60 = _ 3 /00 000 \ Z
+ 10X safety 310,000 \ j
Gross Btu Loss per hour 3,410,000 \ /
Deductt Heat gain from lighting: >< ‘
/5,000 st x3 x3.4x /O /53,000 (x :

Estimated solar heat gain:
— % of gross loss — (___%:

— ———

DESIGN BTU LOSS 3,259 000
Puel Cost (#4 oil @ 10.5¢/gal., 70X efficiency):
141/148 x 0,00437 x 3815DD x 3257

L Term A: 2.7 = $ 0.344 per sq.ft. per yr.
Terms B & C: 141/148 x 0,00437 x 420000 x 3257 = $ 0.379 per sq.ft. per yr.

s.f.

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

Lighting (3 watts per square foot):

Term At hr/da x 5 da/wk x 39 vks =« /755 hrs x Jw/sf = £27 kvh @ 2¢ = $ 0./05/sf/yr
Torm B: /4hr/da x 7 da/wk x 39 vks = 3922 hrs x 3w/sf = /47 kvh © 2¢ = $ 0,73 /af/yr
Tern C: 3322 +/4hrs x 7 x 13 wks = _4p9¢c hrs x 3w/sf = /5,29 kwh @ 2¢ = § 0,30¢c/al/yr

Summer Ventilation es—Aie—GCenditioning (Term C only):

Equipments _ & ~ 7.5 HP Fans @ 35,000 cfm each
Installation Cost: §_Z2200 4 _ /5,000 sq. ft. = $_0./47per sq. ft.

30HP x 0.74565 x $0.02 x /Z50 hrs.
lé‘ OOQ sq.ft.

Operating Cost: $_0.038 per sq. £t. per year

Assumed Maintenance Costs: Exferior painting [ coat in [Ith, 15 th & /81 tears
(@ 64 per surface sq.f1. ,éer coat
r 1 4 1 4

T s e b S S
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SUMMARY OF COSTS

STRUCTURE STRUCTURE No:Z’ g

Typer Frameless Corrtg'qa}ea/ Steel Arch ("Wonder*)

Area: _/5.000  gquare feet

Materials:
Roo Steel Sheat, Heavy Corrugaths - Painted

Side walls samne

End walls F’é”q/dfs remforced Plastre
removable fo B'height

Skylights None,
Poundations __ Concrete - low curé

Estimated Life: 25 years

30  HEIGNHT

Rt A e v

INITIAL COSTS PER SQUARE POCT U-VALUES (Winter) BTU LOSS (Winter)

Building shell* $ 3.74 Roof /.28 Total: _3,257,000 Btu/hr
e v A L2 SO S e 22 v
g Total for Terms A& B  $.£:/0 » opaque .

: Side walls, transl. _-— SUMMER VENTILATION
- Ventilating Eqpmt. $ 0./ End walls, opaque _ — ————w , =
 Air Conditioning Eqpmt. $_—__ End walls, transl. _/.0 Ventilating fans providing

Total for Term C $ £.25  xgee Appendix B 26 a/rc/zangesper/vour

PERIOD COSTS PER SQUARE FOOT OF COVERAGE
0y .
Term At 9 mo/yr, 5 days/wk, 8AM -5RM. Interior temperatures: during use, 60 P min. (3815 DD)

off hours, 45 F min.

Term B: 9 mo/yr, 7 days/wk, 8AM-10PM, Interior temperatures: during use, 60 P min. (4200 DD)
off hours, 45 F min.

Term C:12 mo/yr, 7 days/wk, 8AM-10PM. Interior temperatures: during use, 6001’ min., (4200 DD)
outdoor temp.+3 °p max.j off hours,45 F wmin.

o O

5-Year Period 10-Year Period 20=Year Period
Bldg. cost amortized Torm A Term BTexm C Term A Term B Term C  Term A Texm B Term C
at T% over period § 7338 7.832 $/0,05 8/1.5381/.53811.75 $/52781/52781555 ’
Operating: heat & light _2.25 3.05 _3.43 4.50 (.10 b6.46 4.00 /.20 _13.72
ventilating er—air—econd, _— — 0.9 — — 0.3¢ — — 0.7¢
Maintenance — — — — — — 0.530 0.3p _0.30
Gross Total Term Costs 12.09 12.88 13.67 /6.03 17.¢3 18.99 24,57 27,77 _30.33
Less est, advgge value -—zj_{ 2.73 2.77 2./8 2.18 2.2! ___90341 =&32 __2;37

NET TOTAL TERM COSTS $.9.35 glc.15 g lo.90 $/3.85 ¢ 15,45 $16.78 §24.7220 % 27.40 § 29.926

ESTIMATED SALVAGE VALUES

After 5 Years After 10 Years After 20 Years
Building shell: 45 % 37 % 1o %
! Mechanical equipments 25 % 2% 0%

All




S T e AR e TR TR TR TR TS Tt R T R TRV R ST TS R T e Aoy e AR

CM QLATIONS Racﬂ = 4#8.3:-;1‘01001 =56,75,
STRUCTURE No. 2b o
b, = . 30 A°= /24

Arc=,0/7543 x 58,75 124 = /28’

Areas:
Roof Area = |60 x123x 1,31 = Z4:110 s3.1¢.

End wall area = 30 x/00x 0.7125= 2140 54,11,
[y N2
4/80 s4.fh

5& 7287

Pa/'nfinj areqa = say 25,000 34, ft
Volume: 2140 x 150 = 321,000 cu,ft.

Hoatings Btu Loss - 24,10 sf x 0lé = __ 3 3£0 NOTE: Btu loss for Terms B & C
- 4280 x _)ol=__ 4,660 differ only in structures having
:: = high daylight & solar heat gain.
vent;l:‘:;x/ngz;.u 15,00 X /.08 = __ 16,200 Term A Texms B & C
24,720 % 60 = _/, 422,000 \ Z
+ 10% safety /48, 200 AN /
Gross Btu Loss per hour /630,200 \ /
Deduct: Heat gain from lightings: ><
/5,000 st x 3 x 3.4 x /O /53,000 (x___3

Estimated solar heat gains
— % of gross loas — (__%

DESIGN BTU LOSS /,477, 200

Puel Cost (#4 oil @ 10.5¢/gal., TO% efficiency):
141/148 x 0.00437 x 38150D x /477.2 _ _ g /5, per sq.ft. per yr.

Term As /5,000 8.1
Terms B & C: 141/148 x °°00;‘3,7;;:,:220DD x 14772 $ 0./72 per sq.ft. per yr.
y ol

Blower operating cost for winter ventilation assumed to be same Zor all siructures

Lighting (3 waits per square foot):

Term A: 9 hr/da x 5 da/wk x 39 wks = /755 hrs x Jw/st = 527 kvh @ 2¢ = § 0./05 [at/yr
Term B: /4hr/da x 7 da/wk x 39 wks = _3£22 S772hrs x 3w/sf = 11,47kvh @ 2¢ = § 0.23 /st/yr
Texrm C: 3822 +/¢hrs x 7 x 13 vks = _SogZéhrs X Iwfst = 15,29 kvh @ 2¢ = $ 0,306 /sf/yx

Summer Ventilation op—kir—Genditiening (Term C only):
Equipmentt ____4- 2.5 HP Fans @ 35,000 cfm each
Installation Cost: $ 2200 + 15000 sq. £t. = $_0./47 per sq. ft.

. :
30HP x 0.7;‘;5?2; :2:?»5 x //00 hrs. _ $ 0.033 per sq. ft., per year

Operating Cost:

Assumed Maintenance Cosis: _ Extferior pamt‘/ﬁq /coat in_lith, 15¢th & I8th Years
@ 64  per .sur/bce szﬁs per coat-

Al12




SUMMARY OF COSTS

STRUCTURE STRUCTURE No,2b
Types Frameless Corrugated Steel Arch ("Wonder”)

Areat /5,000 _ square feet
Materials: \
Root Steel Sheet Hyy, Corr, Insulated, Fainted \\\:\\
\ \\\\

Side walls same
End valls _Fiberglass-reinforced Plastic (fixed)

Skylights none
Foundations Concrete » low curb

Estimated Life: Z5_years

30  HEIGHT

INITIAL COSTS PER SQUARE POOT U-VALUES _(Winter) BTU LOSS (Winter)

Building shell® $3.7/ Roof 0.16 Total: L £77 200 Btu/hr
Heating & Lighting Eqpmt.$ 3.49 Skylights Per sq. ft. 2 5 Btu/or

|

; 0.l
Total for Terns A& B $.Zo Side valls, spaqus 5%
14 ° ; _—_____L_
Ventilating Eqput. $.0/5 End valls, opaque  — SUMMER VENTILATION/GOOLENG:
Air Conditioning Eqpmt. $ _——_ End walls, transl. _/.09 Venfl/az’ng fans pm/;/m’mj
a
Total for Term C $ 7.35 *gee Appendix B 26 air changes per hour
PERIOD COSTS PER SQUARE FOOT OF COVERAGE
Term At 9 mo/yr, 5 days/wk, 8AM -5RM. Interior temperatures: during use, 60:P min. (3815 ID)
off hours, 4501' min,
Term B: 9 mo/yr, 7 days/vk, 8AM~-10M. Interior temperatures: during use, 60 F min. (4200 DD)
off hours, 45 OP min.

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

outdoor tomp.43°F max.; off hours,45°F min, (4200 UD)

5=-Year Period 10-Year Period 20=-Year Period
Bldg. cost amortized Term A Texm B Tezm C Ter A Term B Term C  Term A Term B Term C
at T% over period $ 572 $ 5.7 8297 8/0.2581/0.258%/0.47 $8/3.608 13.608/3.83
Operating: heat & light _/.3/ _2.0/ _2.39 2,62 4.02 _4.7% 524 8,04 4.5
ventilating oz—sir—cond, _— — 0.17 — = 0.33 — — 0.6
Maintenance — — — — — — 030 _0.30 0,30

Gross Total Temm Costs /0.01 10.79 N.:! 12087 /4:27 /5.58 /90/4 2/.?4‘ 24.40
Less est. salvage value _2.33 _2.33 _2387 _/L%/ (L3 _[.44 _0.37 _0.37 _0.27

———

NET TOTAL TERM COSTS = $.7.7¢ $_8.-4¢ 8 914 s1l.064/246 4/3.74 (8.7 21.57 §24.03

ESTIMATED SALVAGE VAIUES

After 5 Yoars After 10 Years After 20 Years
Building shell: 40 £ 20 % 10 %
Mechanical equipment: 25 % 20 % 4%

Al3
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CALCULATIONS
STRUCTURE No.2¢

See Structures No, Zand 2a

Areas:
Skylight area = 4Gx2x8x /.31 = /,385 s¢- £t

Insulated roof-wall drea= 24,110-1,385= 22,725 54.1¢.
End walls area = 4280 5. f/.

Pm‘n//ny area = say 23,600 54 *
Volume: 32/,000 cu.ft

Hoating: Btu Loss - 22725sf x 0./6 = __3,c40 NOTE: Btu loss for Terus B & C
—L388 x _Jol= L5/ differ only in structures having
_4£280 X o9 =__4¢70 high daylight & solar heat gain.
b 4 =
ventilating air /15,000 X /08 = 200 Term A Terms B & C
(1 efu/st) 2¢,020x 60 = _/,5¢1,200
+ 10% safety /56,120
Gross Btu Loss per howr _/.7/7,320 1,717,320
Deduct: Heat gain from lighting:
15,000 st x 3 x 3.4 x 0.5 76,500 (x0.083 9/, 800

Egtimated solar heat gain:
——4 % Of gross 1058 =_ég_-J——ZO—£( —2'—?-‘%: A&

DESIGN BTU LOSS 1,572,120 /1,577,320
Fuel Cost (#4 oil @ 10.5¢/gal., TO% efficiency):
141/148 x 0.,00437 x 3815DD x /,572./

Term A: 75,0008.%. = § 0,/66 per sq.ft. per yr.
Terms B & C: 141/148 x 0,00437 x 420000 x /, 577.3 = $ 0./84 per sq.ft. per yr.
/5,000 8.5, —_—

Blower operating cost for wintér véntilation assumed to be same lor all siructures

Lighting (3 watts per square foot):

Torm A: 4/4hr/da x 5 da/vk x 39 vks = _ #78 hrs x 3w/sf = _2.634 kvh @ 2¢ = § _0,053/st/yr
Term B: 9/4hr/da x 7 da/vk x 39 vks = 2594 hrs x 3w/sf = 7722 kwvh @ 2¢ = $ 0./56/st/yr
Term C: 2574 + _bhrs x 7 x 13 wks = _3/go hrs x 3w/af = _9.420kvh @ 2¢ = $ 0.188 [sf/yr

Summer Ventilation er—Air——Genditioning (Torm C only):
Equipneats __4- 7.5 HP Fans @ 35,000 cfm each
Installation Cost: §_Z200 <+ /5,000 sq. ft. = $_O.147 per sq. ft.

30HP x 0.74565 x $0.02 x /200 hrs.
[5,000_aq.ft.

Operating Cost: $_0,036 per sq. ft. per year

Assuned Maintenance Costs: Exterior painting | coat _in lth, 15th and I18th years
J 4 )
@ &4 per surface sq.ft per coaf,




STRUCTURE No,ZQ

STRUCTURE
Type: [rameless Corrugated Steel Arch(*Wonder™)

Area: _ /5,000 :square feet
Materials:
Rong Steel Sheel Hyy. Corr, Insulated. Painted
J

Side walls same
End walls Fiberalass-reinforced Plastic (Fixed)
7

o

: Skylights F/'bcr;i/a:svrainr’arced Flastic

Concrefe - low curbd 30'HEIGHT

Foundations
Estimated Life: _Z5_years

INITIAL COSTS PER SQUARE FOOT U-VALUES _ (Winter) BTU LOSS (Winter)

L ¥

Building shell* $ 3.92 Roof 0.6 Total: _/4577,320 Btu/hr

. . . : {.0
Heating & Lighting Eqpmt.$ ,3_:&_ :1&':152:;8 opaue __0_72_ Per sq. ft. /25 Btu/hr
Total for Terms A& B 8. 742 Side walls. transl. —

’ ) SUMMER VENTILATION/G6OENG

Ventilating Eqpmt. $ ¢./5 End walls, opaque — VENTILATION
Air Conditioning Eqpmt. $ _——_  End walls, transl. _ /.09 Ventilating fans providing
Total for Term C $ 7.63 *see Appendix B 26 air changes per hour

PERIOD COSTS PER SQUARE FOOT . * COVERAGE

Term At 9 mo/yr, 5 days/wk, 8AM -5SPM. Interior temperatures: during use, 60 F min. (3815 DD)
off hours, 45 F min,

Term Bt 9 mo/yr, 7 d- 's/wk, 8AM-10PM, Interior temperatures: during use, 60 F min. (4200 DD)

off hours, 45 P min.

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

outdoor temp.+3°l’ max.} off hours,45 F win,

FUESESIRA

o O

o O

(4200 pD)

=)

5-Year Period

10-Year Period

20-Year Period

Torm A Term B Tesm C Term A Term B Term C

Term A Term B Term C

Bldg. cost amortized

at 7% over period $ 9./l $ 9./| $ 930 $10.6581/0.658/0.5c 8§ 14.128/4¢.12 8 14.40
Operating: heat & light l.lo I.70 /.36 2.20 3.4 _3.72 4,40 6.80 1.44
: ventilating or—sir—oond, _— — 0./18 — — 0./8 — — 0./78
{ Meintenance _ - — — — — 0,29 0.29 0.29
Gross Total Term Costs lo.2) Jo.81 |l.34 12. 45 14.05 14.7¢ /18.8/ 212t 22.3/
Less sst. salvage value 2.2¢ _2.2¢ __2.30 .69 /.61 /.72 0.39 _031 _039

NET TOTAL TERM COSTS $. 7958 _8.55¢ 9.0¢ ¢ll./¢c$/2.3¢¢/3.04 ¢/842¢ 2082 ¢2/.92

TR

éf ESTIMATED SALVAGE VALUES

After 5 Years After 10 Years After 20 Years
E Building shell: 35 % 25 « 1o %
E Mechanical equipment: 25 % 2o % 2 %

Al5
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CALCULATIONS
STRUCTURE No. 3

Roofarea < 2x 50.2 x /44 = /4458 sq.f/
Side walls area = 2x 24-x /¢4 = ¢,9/2 54,17,
42" Fnd walls area = 2x 26.08x 100x*%s=6,670 5.£

Areas:

1z
== 50.2

Painting area = (14458 +¢412) 56+ #ook)
' /00’ ' = 27,700 54..
Volume: /00 x /44 x26.08 » 375,550 cy. ft

Heating: Btu Loss - /4,457 sf x 0.2/ = 34(;;0 NOTE: Btu loss for Terms B & C
691z x02/=__L350 differ only in structures having
670 ;J'_O_‘z = _ZLzjo high daylight & solar heat gain.
ventilating air /4400 X /o8 = /5 560 Term A Tarms B & C
(1 cfu/st) 27,320 x 60 = _/,639,200 N
+ 10% safety /163,920 \ j
Gross Btu Loss per hour _/,803,/20 \ /
Deduct: Heat gain from 1ighting: X
/4,400 sf x 3 x 3.4 x /.0 146,880 (x 3
Estimated solar heat gain:
— % of gross loss — (__%:

DESIGN BTU LOSS /,656,240
Fuel Cost (#4 oil @ 10.5¢/gal., TO% efficiency):
141/148 x 0,00437 x 3815DD x /C56.24

0/ [ ] [ [}
Term A: 72,400 .85 =8 0,/853 per sq.ft. per yr
Terms B & C: 141/148 x 0,00437 x 4200DD x /¢5¢.24 $ 0.20/ per sq.ft. per yr.

/4400 8L,

Blower operating cost for wintér ventilation assumed to be same Ior all siructures

Lighting (3 watis per square foot):

Term A: Ghr/da x 5 da/wk x 39 wks = _/755 hrs x Iw/st = _527kvh @ 2¢ = § 0, lof/sf/yr
Term B: /4hr/da x 7 da/vk x 39 vks = _3822 “3922 hrs x 3w/sf = I, 47 kvh @ 2¢ = $ 0.23 /sf/yr
Term C: 3822 +/4hrs x 7 x 13 vks = Jo% hrs x 3w/st = /5,29 kvh @ 2¢ = § _0.306/st [yr

Sumnmer Ventilation ep—im—Gendidiening (Term C only):
Equipmients 4 - 75HP Fans @ 35,000 cfm each

Installation Cost: $ 2200 + _/4400 s8q. £t. = § 0./53 per sq. ft.

<
Operating Cost: SO HP x 0.74f SE 6?0: :222 X /260 brs. $_0.039 per sq. ft. per year

Assumed Maintenance Costs:  Exferior ,ga/m‘/nq 3 coats between 10th and 20t years
@ 6f per surf sq. ft. per coat




SUMMARY OF COSTS
STRUCTURE Ne. 3

Estimated Life: 25 years

STRUCTURE

Type: Steel Rigid Frame (Butler)

Area: /4,400 square feet

Materials:
Roof _ Ribbed Steel Shects, Panted, 4/{/;//2& Insul,
Side walls ” “ " " U "
End walla "'/bcfg/dfhremfarced Plastic
Skylights _None
Poundations Concrete

24 'BAVE HEIGHT
282" R1DGE HT,

INITIAL COSTS PER SQUARE FOOT

U-VALUES (Winter)

BTU LOSS (Winter)

Building shell* $ 3.90 Roof 0.2) Total: _£65¢,240 Btu/hr

i .$ 3.70 i —
Heating & Lighting Eqpmt.$ 3.7 :g:;.‘g'h;.:lus oarse 22 Per sq. ft. /15 Bt ur
Total for Terms A& B $2.50 0% ¥ % tﬁ:qnsl —

) .
Ventilating Eqpmt. $9./5 End walls, opaque — SUMMER vx:mm'rlonﬁee'em
Air Conditioning Eqpmt. $ _— End walls, trarsl. /.09 ger;h/a/m_q/'fa/zs ro pfo;/dc
272 air

Total for Term C $ 2155 *goe Appendix B 2 ¢ dﬂje‘/ ar

PERIOD COSTS PER SQUARE FOOT OF COVERAGE
Term A: 9 mo/yr, 5 days/wk, 8AM ~5BM,

Interior

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

Interior
outdoor

5-Year Period

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

=]

temperatures: during use, 60 F min,
off hours, 45 F min,
temperatures: during use, 60 P min.
off hours, 45 oF min.
temperagures: during use, 60 P min.,
temp.+3 P max.} off hours,45 F min.

10-Year Period 20-Year Period

(3815 DD)

o O O

(4200 DD)

(4200 DD)

Term A Term B Term C

Toerm A Term B Tertm C  Term A Term B Term C

Bldg. cost amortized

at 7% over period $7./4 $ 4.14 8§ 9.32

$/0.68 81068 8/0.99 $/4./58/4.15 $1/4.42

Operating:s heat & light _/.#4 2./ 2,54 2.84 _4.32 508 5.76 _8.64 _[o./6
ventilating or—asir—coend, _— — 0.20 — — 0.39 — — 0.74
Maintenance _ — — — — — 0.33 _0.33 0.33
Gross Total Term Costs /0.58 _1[.30 [2.06 13.5¢ 1500 16,36 20,24 23.12 2549
Less est. salvage value _2.25 _2.25 _2.29 L88 _[388 /.91 0.38 0.38 0.38

NET TOTAL TERM COSTS $.8.33 ¢ _9.05¢9.77

$./1.68 §/3.12 ¢ /445 ¢ 19.8; 32274 §.25.3!

BESTIMATED SALVAGE VALUES

After 10 Yoears After 20 Years

After 5 Years
Building shell: 354
Mechanical equipment: 25 %

304
0%

/0 %

o
2 % a7
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CALCULATIONS
STRUCTURE No.4

Roof area = 25, x 00 x 140 = 17,920 5.7

Aroas: Ofa7ue Side wallqrea = §x532+/6x/x 24
_ = 4540 3q. ~#,
Area A= 76 sf, B Opague £nd wall area = #x 205524 +¥#x/x 22
Area B:4565F ||) 14 ;|24 *2x 2x 59 = 2272 54, F£.

Total cpague wall area » 45¢0+2272 ¢832sfF

Translucent wall area =6x 532 «/9x22

, =5700 sg.ft.
fainting area = say 7000 54, #.

Volume: /00 x/40x (29~0.5) = 385000 cu.ft,

Heating: Btu Loss = /7720 s2 x 0./0 = __ /792
¢ 937 x 0.16=___,013.
_S5700 X _[09=_ 42/3

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

ventilating air /4000 x /.08 = 75120 Term A Terms B & C
(1 cfu/st) 24,218 x 60 = /453,080
+ 10% safety /45 310
Gross Btu Loss per hour _/, 598,390 /598,390
Deduct: Heat gain from 1lighting:
14,000 st x 3 x 3e4 x /2 111,000 (x Y#s /12,300

Estimated solar heat gain:
8 % of gross loss /21!310(_5_%: 79,920
DESIGN BIU 0SS  /,359,520 1496,/70
Fuel Cost (#4 oil @ 10.5¢/gal., TO% efficiency):
141/148 x 0.00437 x 3815DD x /354.5

Term A: 74 00082+ = $ 0/54 per sq.ft. per yr.
Texms B & C: 141/148 x 0.,00437 x 4200DD x /40¢.2 $ 0./7¢ per sq.ft. per yr.

/4,000 s.f.

Blower operating cost for wintér ventilation assumed to be same lor all structures

Lighting (3 watts per square foot):

Term A: 7 br/da x 5 da/vk x 39 wks = _/3¢Shrs x Iw/sf = 4095 kvh @ 2¢ = §_0.082/s2/yr
Term B: /2hr/da x 7 da/vk x 39 wks = _330¢hrs x 3v/sf = _9.9/8 kwh © 2¢ = 3 0./98/s2/yr
Term C: 330¢ +/0hrs x T x 13 wks = _42/¢hrs x 3w/sf = /2.¢49 kvh @ 2¢ = § 0.253/sf/yr

Summer Ventilation or Air Conditioning (Term C only):
Equipaeats 4- 7.5HP Fans (@ 38,000 cim each
Installation Cost: $ 2200 + _ /4,000 8q. £t. = $_0./57 per sq. £t

0 [ ] S [ ] . [ ]
Operating Cost: SOHP x 0 74!56050: :2 (f)i x . 700 hrs = $_0.029 per sq. ft. per year

Assumed Maintenance Costs:  Painting exterior walls [ coat every $th year (4th, 8th, )2th £ /éth)
4 14
@ G¥ per surt $q. FL per Coat
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SUMMARY OF COSTS

STRUCTURE STRUCTURE No, 4
Typet P //vwood - Folded Plate Roof
Areat _ /4,000 square feet

Materials:
Root _/nsulated Plywd. Panels, Roll Roa/)nfi

Side walls Z1sul, Plywd. Panels FRP Fanels

End walls “ “ " ” v
Skylights None
Poundations Concrele

Estimated Life: _Z%_years

INITIAL COSTS PER SQUARE FOOT U-VALUES (Winter) BTU LOSS (Winter)
Building shell* $ 532 Roof 0./0 Total: _L406,/70 Btu/hr
: . 5
% Heating & Lighting Eqpmt.$ 3 56 zlfylights Per sq. ft. (005 Btu/br
: ide walls, opaque _0./é
: Total for Terms A& B  §_5.38 Side valls, transl. 1.0
14 d d S"MMER ‘m B2
Ventilating Eqpmt. $ 0./ End wells, opaque 0.16 ____j___,ILATION ee.aﬁm
Air Conditioning Eqpmt.. $ —_  End walls, transl. _ /.09 Ventilating fans fo provide
Total for Term C $ .04 *see Appendix B 24.3 air changes per hour

PERIOD COSTS PER SQUARE FOOT OF COVERAGE

Term A: 9 mo/yr, 5 days/vk, 8AM -5PM, Interior temperatures: during use, 60 F min. (3815 ID)
off hours, 45 F min.

Term B: 9 mo/yr, 7 days/wk, 8AM-10PM. Interior temperatures: during use, 60 F min. (4200 DD)

C 0 O

off hours, 45:P win.
Term C:12 mo/yr, 7 days/wk, 8AM-10M. Interior temperatures: during use, 60 P min., .., DD)
outdoor temp.+3 F max.j off hours,45 ¥ min.
5-Year Period 10-Year Period 20=-Year Period
Bldg. cost amortized Torm A Term BTerm C Term A Term B Term C  Term A-Texm B Term C
at T% over period $/0.863810.838/1.04 $/2668/2.66 $/2.87 $/¢.7¢ 8/6.74 $17.95
Operating: heat & light l./18 /.51 2,15 2.3¢ _3.74 _4.70 4.72 _7.44 _5.60
ventilating or—sir—cond. ._— — 9./5 — — 0,29 — — .58
Maintenance 903 003 _0.03 0.06 _0.06 _0.06 0./2 _0./12 _©0./2
Gross Total Term Costs J2.04 1273 13.37 508 [¢.46 171.52 21.60 24,36 26.3%5
Less est. salvage value ___3,2_2 3.5% :_3.5? ___{2.34 2,84 __rL57 0.53 _0.53 0.53

NET TOTAL TERM COSTS $. 947 ¢.9./8 974 % /2,24 ¢13.L2 ¢19.65 ¢2].07¢2383 ¢25.82

ESTIMATED SALVAGE VALUES

After 5 Years After 10 Years ' After 20 Years

SR RSN T T T IR R o h e TR W TATWETRT SRR T T T

Building shell: So % 4o % o %
Mechanical equipments 25 % 20 4% _o% AL9




CALCULATIONS
STRUCTURE No. 5

ame '
Fr o 2

Areas: = )
Fabric 7\\ 1

b=|32 Wallarea =/1#xmx8=2870 517,

. Fabric dome surface area
7w @b c?) _ m(#x32%+ 114%)
2 -

c= ld'diam. =

4
8mre2, b (3ci+4b%) - > /3,425 Sf,ff‘
Volume: “Z— + 24 =84C56+180,470=262,126 cu.f?
Hoating:  Btu Loss - _2,870 20 st X ‘;"2‘ T £62 NOTE: Btu loss for Terms B & C
L2422 X . - A differ only in structures having
X - high daylight & solar heat gain.
ventilating air 10,200 x /08 = [/, 020 Term A Terms B & C
(1 cfm/st)
27,590 x 60 = /,655400
+ 10% safety /65 540
Gross Btu Loss per hour 1,820,940 /820,940
Deduct: Heat gain from iighting:
/0,200 s x 3 X 3.4 x %y 23,/20 (x "2 3 52,020

Estimated solar heat gain:

25_ % of gross loss 454230 ( 17 % ___3/0,000

DESIGN BTU LOSS /,343 590 1458920
Puel Cost (#4 oil @ 10.5¢/gal., 70% efficiency):
141/148 x 0,00437 x 3815DD x /343.¢6

0.20
Term At 76,707 842 = $§ 0.209 per sq.ft. per yr.
® 5 ’
Torms B & C: 141/148 x 0,00437 x 420000 x /958,97 $ 0,25 per sqeft. per yr.
10,2008¢% —_—

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

Lighting (3 watts per square foot):

Term A: Z hr/da x 5 da/wk x 39 vks = __ 370 hrs x 3w/sf = __ /(7 kwh @ 2¢ = § 0.023/st/yr
Term B: 7 hr/da x 7 da/vk x 39 wks = _/4// hrs x 3w/sf = __ 573 kvh @ 2¢ = $ 0.//5 /st/yr
Term C: /9// + 4hrs x T x 13 wvks = 2275hrs x 3w/sf = ¢.83kvh @ 2¢ = § 0./37/st/yr

Summer Ventilation er—AisGendidiening (Term C only):
Equipnient s 3-7.5 HP Fans @ 38,000 cfm each

Installation Cost: § /800 i /0,200 aq. tt. = $ 0./77 per sq. ft.

225HP x 0.74565 x $0.02 x /275 hrs.
/0‘200 qufto

Operating Cost: $_0.04Z per sq. ft. per year

Assumed Maintenance Cosis: _Replacement of fabric doma every éflrﬁyur,@.‘[#&/xﬁ of

covered area. Fanting of & metal wall | coatin /4,

/5th and 18t  ears Q_&ff/swﬁ .@ﬁf  per coal

O T 7 O O T




STRUCTURE STRUCTURE No. 5

Type:s ___Geodesic Dome (Charter Industries)

Areas __/%.200  gquare feet
Materials:

V)
Ro Alum. Geodesic Frame, 5u;£en¢¢a/ Coated WG AVAVAY,
of lon Fabric .é} ’:‘VA"VA Q é (V)
Side walls _/nsul. Metal S/wef:-relzoggﬁ/c sections ) IAQ"'YAVAVAVQV»
End walls Noze N 7&“"""“ i
Skylights None
Poundations Concrefe A0 INT. HEIGHT

Estimated Lifes /abric- G years; Frame f walls- Zo years P

INITIAL COSTS PER SQUARE FOOT U-VALUES _(Winter) BTU LOSS (Winter)
Building shell® $ 4.94 Roof /.2 Totals _/L #5892 Btu/hr
Heating & Lighting Eqpmt.$ £./8 Skylights 0“7‘ Per sq. ft. /43 Btu/nr
4,72 Side walls, opaque

Total for Terms A& B $_ 122 . 0 = 11s, transle —

’ . ______L__smmn COOLING:
Ventilating Eqpamt. ¢ pd wvalls, opaque — VENTILATION
Air Conditioning Eqpmt. $ End walls, transl. __ — Ventilating fans proyiding
Total for Term C $ 9.30 %gee Appendix B 26 air changes per hour

AR TR TR L T T

PERIOD COSTS PER SQUARE FOOT OF COVERAGE
Term At 9 mo/yr, 5 days/vk, 8AM -5PM., Interior temperatures: during use, 60 F min.
off hours, 45 F min.

Term Bt 9 mo/yr, 7 dqya/vk, 8AM-10MM. Interior temperatures: during use, 60 P min. (4200 DD)
off hours, 45 F min.

<]

(3815 DD)

o O O

er R T YR R TET e AT VST TN AT T T ALY

Term C:12 mo/¥xr, 7 days/wk, 8AM-10MM. Interior temperatures: during use, 60:1’ min.,( 4200 DD)
outdooxr temp.+3 F max.j off hours,45 F wmin,
5-Year Period 10-Year Period 20=Year Period
Bldg. cost amortized Term A Term B Term C Term A Term B Term C  Term A Term B Term C
at T% over period $/1.1l $11,01 $/1.33 $/3.008/3.008/3.24 $/1.2/ 817218755
Operating: heat & light _//¢ L83 .94 2,32 3.66 _3.8¢ 4.4 _1.32 _7T.7¢
ventilating er—siz—cond. _— —  _o.2/ — — 0.4z — — 0.4

Maintenance — — — /.45 145 145 4,40 4,40 4,40
Gross Total Term Costs  /2.27 /2.74 /3.4¢  /¢.77 1811 /899 2625 28,93 .30.5%
Less ost. salvage value _2.7¢ _2.78 _2483 _23/ _23/ _2.35 _o49 _0.49 _0.49
$.749 $/0.16 31065 §/4.96 31590 3/i.L4 2516 8 2544 ¢ %0.06

R ST R TARTTR R AR Te S s T TR T TR

NET TOTAL TERM COSTS

ESTIMATED SALVAGE VALIES

After 5 Yoars After 10 Years After 20 Years

Building shell: 354 3oy 1o«
Mechanical equipments 25 4% _20% O % 21




CALCULATIONS

. Ce = AX35%4+ /802 /
STRUCTURE No. 6 E’ad’w;{ P X3 =779
N b - . . R
tcons. Verz— 02335 A’z joo
11’ S Arc= 0017453 x 97.9x /00 = 17/
t'/'//,«'—- o .,
~ b=35" \\\ Roof area (/'/7.54//:) =Z00x/1/.= 34200 sf
/ v \ Cross Sectn area = D675+ 35x/502 3 G50 sF
¢ = /50° Q'/ End wall arcas = jéiOx"%zxZ = 7330sF
Pﬂhl‘/'nf areq = 34200 x %3¢ + 1200(%)
Volume: 3650 x 200 =z 730,000 cu. f+ = say £5000sf.

Heating:  Btu Loss - 34,7003sf x 0./6 = 54710

NOTE: Btu loss for Terms B & C
2330 x _ltef=_/o/70 differ only in structures having

;‘ = high daylight & solar Heat gain. j
ventilating air 20,000 x /.08 = 32,400 Term A Toxmas B & C ;
(1 cfm/st) 43,040 x 60 = 2,992,400 \ / .
+ 10% safe 233,740 \N  / |
Gross Btu Loss per howwr _3,/79,440 \\ [ -‘

Deduct: Heat gain from iizhting: )/

20,000 sf x 3 x 3.4 x /0 306,000 (x : \

Estimated solar heat gain:
— % of gross loss — %2

DESIGN BTU LOSS 2,864 440
Fuel Cost (#4 oil @ 10.5¢/gal., 70% efficiency):

141/148 x 0:00437 :028?”” X L84C 5 052 por squth. per yr.

Torms B & s 141/148 x 0.00437 x 4200DD x 2,844,
30,0008.1,

Torm A:

=9 0./67 per sq.ft. per yr.

Blower operating cost for winter ventilation assumed %o be Swue¢ Zor all structures

Lighting (3 watts per square foot):

Term A: 7 hr/da x 5 da/wk x 39 wks = /755hrs x /st = 527kvh @ 2¢ = § 0./05 [at/yr
Term B: _/f_hr/da x 7 da/wk x 39 wks = 3927hrs x 3w/sf = //.47kvh © 2¢ = $ 0.23/s5f/yr
Term C: 3872 +/4hrs X T x 13 wks = _So44hrs x 2v/sf = /5.2 kwh @ 2¢ = $ _0.306/sf/yr

Supmer Ventilation er=kir—Conditioning (Term C only):
Equipmioats S-15HP Fans @ 38000 cfm each

Installation Cost:  §_4400 + 30000 sq. tt. = $ 0J4.7 per sq. ft.

<
Oporating Cost: COHP x 0.74565 x §0.02 x //00 hrs.

3co000 8q.ft.

[N

= §_0.033 per sq. ft. per year

Assumed Maintenance Costs: Fainting exterior 3 coats between 10t nd 20/ vears
7 7
@ C#per surface s5g.ft per coal
7 A
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SUMMARY OF COSTS

STRUCTURE STRUCTURE No, Q

Types Jrussed Stee! Arch (Butler"Triodetic”)

Areas 39,000  gquare feet

Materials:
Roof _Sheet Steel Ribbed Fanels, Farnted, .
M. Applied Insulation
Side walls one
End walls Fiberglass-reinforced Plastic
Skylights Nene
Foundations Concrefe

Estimated Life: _Z5 years

INITIAL COSTS PER SQUARE POOT U-VALUES _(Winter) BTU LOSS (Winter)

Building shell* $ 3.44 Roof 0.16 Totals __Z8¢4 640 Btu/hr
. . '23 . _—

Heating & Lighting Eqpmt.$ 3.Z3 Skylights Per sq. ft. 25.5 Btu/hr

67 Side walls, opaque _—
Total for Terms A& B $ 6.67 Side walls, transl, _—

Ventilating Eqpmt. $ 0.5 End valls, opaque — SUMMER. VP}"TILATIONIW
Air Conditioning Eqpmt. $ _—_ End walls, transl. _/.07 Zl/enf(/afhmy fans pra:dmj

$
Total for Term C $ 6.32 %*see Appendix B 5 ajr changes per hour

PERIOD COSTS PER SQUARE FOOT OF COVERAGE

Term A: 9 mo/yr, 5 days/vk, 8AM -5PM. Interior temperatures: during use, 60 F min.
off hours, 45 F min.

o O

(3815 Dp)

Term Bt 9 mo/yr, 7 days/vk, 8AM-10PM, Interior temperatures: during use, 60°F min.
0 (4200 DD)
off hour” 45°F min.
Term C:12 mo/yr, 7 days/vk, 8AM-10PM. Interior temperatures: during use, 60.F min.y (4000 pp)
outdoor temp.+3 F max.j off hours,45 F min.
5-Year Period 10-Year Period 20=Year Period
Bldg. cost amortized Term A Term B Term C Term A Term B Term C  Term A Term B Term C
at T% over period $ 5./385813 8583 § 9,50 $9.50 % 9,70 $)2,.58 8/2.58 8,/2.%
Operating: heat & light __/.3% /.94 _2.37 2.78 3.9 _4.14 55 7.9 .48
ventilating se—eir—cond, _— o 0.17 — — 0.34 — — 9.64
Maintenance — — — — — — 0,27 0,27 _0.27
Gross Total Term Costs _9.52 /o./12 10.85 12.28 [3.48 14.7% /841 2081 23.29
Less est. salvage value _Z.0/ _Zo/ 205 _/&d /<8 1.1 0.34 _0.34 _0.3¢

NET TOTAL TERM COSTS s 7.5/ ¢ 311 ¢ 8.0 ¢ /0.60¢ll.80 $/3.01 ¢ /80782047 $22.95

ESTIMATED SALVAGE VALUES

After 5 Years After 10 Years After 20 Years
Building shell: 354 204 1o
Mechanical equipment: 254 204 ° %
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CALCULATIONS
STRUCTURE No. 7

Areas: —_ 5/°F¢ dimension = 1/6/’+2¢,47‘ = 65, 84
(58 B

24*8" Roof area = Z2x65.84x 306 = 4o, Z?f:y.r’?

| ¥1or Watlarea = 2x/¢x305 + 2x 28.33x/22

= /6,705 sy ft,

122

Volume: /20 x 304x 2833 = /033,600 cu.ft

Heating: Btu Loss = 40,295sf x 0./2 = 4835
/6,705 X 0.38= _ 6,350

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

:’ - high daylight & solar heat gain.
ventilating air 37,332 x /08 =_f0 320 Term A Toxrms B & ©
(1 ctn/st) £1,505 x 60 = _3,090,300; \ /
+ 10% safety 309,030 \ v
Gross Btu Loss per hour _3,39%,330 ' X J/
Deduct: Heat gain from iizhting: ><
32322 sf x3x3.4x /0 380,655 (x :
Estimated solar heat gain:
— % of gross loss ___ —— (___ %

DESIGN BTU LOSS 30/8¢45
Fuel Cost (#4 oil @ 10.5¢/gal., 70% efficiency):
141/148 x 0.00437 x 3815DD x 3,0/8.6

0,/28 ot .
Term A: 37,332 8.1, = $ per sq.ft. per yr
Terms B & C; L41/148 x 0.02473';;; :2201)1) X 30186 _¢ 0142 per sq.tt. per yr.

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

Lighting (3 watts per square foot):

Term At 9 hr/da x 5 da/wk x 39 wks = _/755hrs x 3w/sf = __$.27kwh @ 2¢ = § 0./05/s8/yr
Term B: /4hr/da x 7 da/wk x 39 wvks = _3822hrs x 3w/sf = _//,47Tkwvh @ 2¢ = $ 0,23 /st/yr
Term C: 3822 +/4¢hrs x 7 x 13 wks = _509,hrs x 3w/sf = /5,29 kwvh @ 2¢ = § 0,306/sf/yr

Sunmer Ventilation er—kir—Gemdttieming (Torm C only):
Equipments _ /2 - 7.5HP Fans @ 38,000 <fm each ~

Installation Cost: $_7000 + _37,332 aq. £t. = $_0./87 per sq. ft.

<
LR oﬁi :2.25 x oo brs. $_0.04 per sq. ft. per year

Operating Cost:

Assuned Maintenance Costs: None

A24

P S T




STRUCTURE
Type:

SUMMARY OF COSTS

STRUCTURE No, 7

c/eg)

/\J/'jy'c/ Steel Frame (Varco-Pru

Areas __ 37332 square feet
Materials:

Roof _Altbbed Steel Sheets Deck insulation

Side walls /2"1.ighfw{'. Cope.Blocks

n " "

End walls

Skylights None

Poundations Concrete
Estimated Life: _32Q years

16' EAVE HEIGHT
40'-8"RIDGE HEIONT

INITIAL COSTS PER SQUARE FOOT

U=-VALUES (Winter)

BTU LOSS (Winter)

Building shell* $ 2.8/ Roof 0./2 Totals _3.0/8,645 Btu/hr
Heating & Lighting Eqpmt.$ 3,05 glgil‘g'l;:;a _— 0—.“3‘5 Per sq. ft. £/ Btu /hr
Total for Terms A & B $ 5.5 Side w alls’ tf':qnsl —

’ . SUMMER VENTILATION/SOOLING
Ventilating Eqpmt. $2./9 End walls, opaque 0.35 SUMMER VENTILATION m
Air Conditioning Eqpmt. $_—_ End walls, transl. __— Venﬁ/n{‘mg fans providing
Total for Term C §$ 6.05 *%see Appendix B 25 air 6/7"”9‘5 per hour.

PERIOD COSTS PER SQUARE FOOT OF COVERAGE

Term At 9 mo/yr, 5 days/vk, 8AM -5PM.
Term B: 9 mo/yr, 7 days/wk, 8AM-10PM.

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

5~Year Per

(<]

F min.
P min.
P min.
F min.

Interior temperatures: during use, 60
off hours, 45

interior temperatures: during use, 60
off hours, 45

Interior temperatures: during use, 60 F min.,

outdoor temp.+3 P max.j off hours,45 F mi.gx:. (4200 DD)

iod 10-Year Period 20=Year Period

(3815 DD)

o O

(4200 DD)

0 0 0O

Term A Term B Term E

Term A Term B TexmC  Term A Texrm B Term C

Bldg. cost auortized

at 7% over pexiod $ 7.0148 7.4 8 7.38 8 8358 9.35% 3.62 $//.0781/.078 (.4
Operating:s heat & light 1,17 _l.e6 _2.24 2.3¢ 3,32 _4,48 4.08 _4.64 4,96
F ventilating er—air—cond. - — 0.20 — — 0. 40 — — 2, §o
;; Maintenance h— — — — — —— — — —
: Gross Total Term Costs 8.3/ 8,80 982 10,69 11.67 13.50 /5.7 17.7/ 21.17
[ Loss est. salvage value _[.4¢ _/.4¢ _t50  _/,22 _[.22 _l2¢ _o4z _o.42 _o4z
E .
NET TOTAL TERM COSTS $. 6.85¢ 734¢ 831 $ 9471¢/0.95%12,2¢4 /5338 17.29 ¢ 20.75
ESTIMATED SALVAGE VALUES
After 5 Years After 10 Years After 20 Years
Building shell: Z5 & 224 WEX 1
Mechanical equipment: 25% _20% o % 125




APPENDIX B

DERIVATION OF BUILDING SHELL COSTS

Air-supported Structures (Nos. la, 1b, lc, 1d)

Package price listed by Air-Tech Industries

for 118°'x 156' (18,408 sf) structure $ 32,650
Shipping and erection * _1,850
$ 34,500

34,500/18,408 = 1.8T; say $ 1.90/sq.ft.
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 7T-year-life structure assumed to be T¢/sf higher* ($1.97)

Replacement costs:

Net cost of 2nd structure: Removel of 1lst structure § 1000
Cost of 2nd shell 28250 (7=yr.=-29400)
Shipping & erection of 2nd 1300

30550 say $2.03/sf (5-yr.)

2.10/st (7T-yr.)
90% of original shell cost = 1.71 (1.76 for T-yr.)
20% of mechanicals cost = 0,32 (1.33 with a.c.)

5-yr. structure: 1.71 + 0,32 = 2.03 w/out a.c., w/a.c. .
7-yr. structure: 1.76 + 0.32 = 2.08 w/out a.c., w/a.ce

1 + 1033 = 3004
1 =
Net cost of 3rd structure: 90% of original shell cost = 1.
= 0.
1

3.10

(1.76 for T-yr.)
64 (2,66 w/a.c.)

5-yr. structure: 1.71 + 0,64 = 2,35 w/out a.c., w/a.c. 1.71 + 2.66 = 4 37
T-yr. structure: 1.76 + 0.64 = 2,40 w/out a.c., w/a.ce 1.76 + 2.66 =

Net cost of 4th structure (5-yesr life): 90% of original shell cost =
75% of mechanicals cost =
5-}'1‘. structure: 1071 + 1.20 = 2091 V/Out 8eCoy W/aOCO 1071 + 5.00

406 of mechanicalc cost

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 2,100

$ 56,100

56,100/ 15,000 = $ 3.74 per sqofto

#7211 items so starred were estimated by author
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Estimated cost of Structure 2a 3 56,100

Deduct cost of removable end wall sections * 2,000
54,100

Add cost of insulation @ 6¢ per sq.ft.*(sprayed) 1,450
$ 55,550

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

¥onder Building No. 2¢

Estimated cost of Structure 2b $ 55,550
Add cost of skylights, 66 @ $50 each * 3,300
$ 58,850

58,850/15,000 = 8 3.92 per sq.ft.

Butler Rigid Frame Metal Building No. 3

Price quoted by area representative for 100'x 150' building with insulated
roof, 28 skylight panels, all exterior paintéd, including foundations,

erection and 10% mark-up $ 56,160
Deduct cost of skylights 770
$ 55,390
Add wall insulation ¥ 1,450
$ 56,340
] Estimated reduction for decreasing
building length to 144' * ___ 2,120
$ 54,720
5 54,720/14,400 = § 3.80 per sq.ft.
E Plywood Building No. 4

. Price quoted jointly bty Champlin Company of Hartford, component manufacturers,
and Treeplex Company, Somerset N.J., structural service, for building completely
erected on foundations, including translucent wall areas:

$ 73,400
Add for bolted (demountable)
connections * 1,100
? $ 74,500

74,500/14,000 = $ 5.32 per sq.ft.

Geodesic Dome Structure No. 5

YA fupresie s

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

Add for metal sidewalls with
interior applied insulation ¥ 0.43

$ 4.94 per quftQ

Replacement cover quoted at $1.35/sq.ft. of covered area; 10¢ per sq.ft.
A28 added for installation cost

$ 4.51 per sq.ft. of coverage




Derivation of Building Shell Costs APPENDIX B

Trussed Steel Arch Building No. 6

Price quoted by Butler Mfg. Co. for identical building, completely
erected, but only 30 feet in height: $ 100,365
Estimated increase for increasing height to 35' * ___2,865

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

Varco-Pruden Rigid Frame Building No. 7

PR

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

Foundations $ 7,000
Steel frame and insulated metal roof 75,000

] Block walls @ 1.00 per sq.ft. 17,500 g
$ 99,500
Add for doors and entrances * 6,000
; _—r
] : $105,500

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

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

T A kAL ke B a7

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, Il1l. 60650

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

Varco-fruden, Inc.
P0 Box 6868, Pine Bluff, Arkansas 71601

Plywood Structures

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

ation as to local sources may be 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.

flgzg A3l
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