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PREFACE

This study is concerned wifh the analysis of energy consumption in
earth sheltered dwellings. The primary goal is to quantify the energy
usage of six selected earth sheltered residences in Oklahoma. The pro-
cess of examination includes presentation of actual metered energy con-
sumption and predicted energy usage, which are compared, as well as
comparisons of design space conditioning loads to estimated actual loads.
Methodologies currently accepted are adapted to derive predictive heat-
ing and cooling loads for the earth covered dwellings.

The author wishes to express his appreciation to his major adviser,
Dr. Lester L. Boyer, Professor of Architecture and Architectural Engineer-
ing, for his guidance and assistance in formulating and organizing this
study. Appreciation is also expressed to Walter T. Grondzik, Assistant
Professor of Architecture, for his assistance in this study. A note of
thanks is given to all those associated with the Presidential Challenge
Grant Project who organized and conducted the data collection used in
this study.

Gratitude is expressed to Charles and Marge Bice for their support
over the last three years. Finally, special appreciation is extended to
my wife, Gayle, for typing the early draft of this manuscript, and for

her encouragement and many sacrifices.
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CHAPTER |
NTRODUCTION
The Energy Picture

The energy waste that developed in the early twentieth century,
primarily in industrial societies, grew out of a seemingly endless sup-
ply of fossil fuels. Because deposits were large and inexpensive to
obtain, production energy developed at such a rapid pace that all areas
of human activity became affected. fhe period produéed architecture
which reflected this abundance of energy supplies. Mechanical systems
capable of providing comfort inside spaces in any ambient conditions
revolutionized building design. Architectural design had little regard
for the performance of buildings with respect to the effects that loca-
tion, climate, orientation, and physical site characteristics had on
energy usage.

In recent years, as petroleum consumption has increased beyond pro-
duction, the world has realized that the supply of petroleum resources
is finite, and that the need for conservation is great. All sectors of
society have been affected and severe economic setbacks have occurred
because of a refusal to acknowledge the existence of an ''energy crisis."

How is energy used in the United States? The percentage of energy
consumed by each major use sector is shown in Figure 1. The commercial
and residential sectors together comprise 35 percent of the total energy

consumed. Building design can alter this percentage significantly.
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Source: Energy Conservation in the Home, Department of
Energy, EDM-1028, 1977, p. 253.

Figure 1. Total Energy Consumption by Major Use Sectors

Considering the residential sector alone, 70 percent of the energy
expended goes toward space conditioning.] Although this percentage
varies slightly from source to source, it clearly remains the largest
component of energy consumption in residential applications, and accounts
for almost 16 percent of the total raw energy used in the United States.2

The most recent federal energy program, the National Energy Plan ||
(NEP-11) estimates that an average residence will use 130 million BTUS
per year costing the homeowner up to $1,000 a year.3 The government en-
ergy plan advocates energy conservation, hoping that this will provide
valuable time to develop new technologies, new energy sources, and new
energy facilities. But as Dr. Charles Fairhurst at the University of
Minnesota suggests:

Experience to date suggests that we are unlikely to reach

goals indicated. In some cases, the technology will not become

available in time; in others the overall environmental cost of

a particular technology may be considered too high a price to

pay for the energy supply benefits of the technology. Certain-

ly we must thoroughly explore the obvious complement to the de-

velopment of new resources, i.e., finding ways to rﬁduce energy
consumption and conserve the reserves no available.



An Alternative: Earth Sheltered Housing

Using underground space for human habitat is as old as mankind it-
self, dating back to prehistoric use of caves for protection from climate
extremes. Underground space has continued to be used in contemporary
time periods mostly for storage and specialized industrial processes.

Now as energy conservation becomes a design priority, viable solutions
for residential applications have emerged using earth sheltered concepts.
As one source relates:

It is inevitable that the search for architectural forms

which respond to natural phenomena will lead us back to a re-

consideration of the design techniques which characterized the

historical periods preceding the industrial era; those which

respond to sun and wind, heat and cold, and the natural features

of the earth itself. Among these reconsiderations is the use

of the earth's tempering qualities to dampen the effects of

seasonal variations in air temperature.

Those who advocate earth covered dwellings generally support the
preservation of the natural environment as well. Perhaps the most ada-
mant proponent of underground construction is architect Malcolm Wells.
Almost twenty years ago, long before the energy problems surfaced, he
voiced ''that there just isn't any building as beautiful, or as appropri-
ate, or as important, as the bit of forest it replaces.“6

Viewed as a radical statement by most architects in that time pe-
riod, the claims he made began to make more sense by 1974. He maintained
then that ''really great architecture remains, as it began, an earth art;

7

an expression, fashioned in the earth's own materials . Although
this back~-to-nature theme made sense, few structures were built to con-
serve the natural environment. Wells contends '‘the idea of an: underground

architecture for the purpose of conservation isn't old. It is so new



that after teh years of searching | have yet to find more than one or

two examples of it.“8
The aim of most subsurface designs prior to 1973, resulted from

other nature-oriented reasons and not conservation. In midwestern states,

Oklahoma included, residences in rural settings were built underground

for weather protection from windstorms and tornadoes. Architect Ken Labs

states this aspect ''taken together with the argument for climatic efff—

ciency (energy conservation) as well as nature conservation, . . . may

restore the view of the subsurface as the ‘'natural' way to build.”9
Energy Conservation Potential

"There is now no doubt that earth-sheltered buildings require less
energy than equivalent conventional structures.“10

This statement identifies the prime motive force behind the boom in
earth sheltering. A recent Oklahoma State University study of current
earth sheltered residence owners in Oklahoma singled out the desire for
reduced heating and cooling requirements as the number one reason for
building an earth covered home.]]

The expected energy savings are due to the climate dampening effect
of the soil mass covering the structures. The earth smooths the diurnal
and seasonal temperature fluctuations. At depths below 8 inches, the
wide diurnal surface tempe}ature variance is negligible, which proves
the advantageous effect of é sod roof.12 The soil temperatures at great-
er depths respond to seasonal changes after a time lag. Heat from the
summer sun reaches the underground space in the fall months whereas the

cool winter temperatures are delayed until the early summer months. The

NEP-11 concludes that:



If best current practices were used, the average new

building could be heated and cooled with up to 50 percent less

energy than existing buildings. Use of emerging technologies

could boost that figure to as high as 60 to 70 percent.]3

' According to architect Frank Moreland, of Fort Worth, Texas, analy-

sis suggests thatireductions of 70 percent in heating and cooling loads
for earth covered dwellings are possible.”l This concept of substantial
savings in energy consumption is held by many proponents of earth shelt-
ered housing, but technical data supporting this claim remains scarce.
Dr. Thomas Bligh at MIT says ''a preliminary search indicated data little

ll]5

better than that available to Neanderthal man. Without actual perfor-
mance background, some owners and builders are mislead on the amount of

energy savings that they can achieve with earth integrated construction.]
Future of Earth Sheltered Housing

The aim of the earth sheltered housing alternative, as with any
good architectural solution, is a living and working environment respond-
ing to the human need. It is an architectural solution that can provide
a quality habitat, while at the same time preserving and conserving the
natural environment which it addresses. It is an architectural solution
that can work in concert with nature, the sun, and the seasonal changes,
and in the process conserve the energy required to maintain human com-
fort.

History reveals the subsurface alternative to be a time-
honored response to climatic variation for the purpose of human
comfort. With our current and often conflicting interests in
meeting energy needs while maintaining environmental quality,

it will serve us well to consider the heritage of underground
development; it promises us a future of great potential.

A recently published map locating approximately 450 earth sheltered



projects is presented in Figure 2. The map identifies different building

" occupancy types with residences being in the clear majority. The two
major regions of earth covered construction are easily recognized as the
states of Minnesota, Wisconsin, and Oklahoma.

Large number of projects in Minnesota are a result of intense win-
ters; those in Oklahoma are being built for year-round climate attenua-
tion as well as storm protection. It is interesting to note that the
projects indicated on the map for Oklahoma represent about half of the

identified earth sheltered structures in the state as of May, 1980.
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CHAPTER 11

PROBLEM STATEMENT
Goals of Study

This study will address the topic of energy consumption in earth
covered buildings with an emphasis on quantifying the energy conservation
potential. Actual energy performance data from selected existing earth
sheltered residences in the state of Oklahoma will be presented and
analyzed. |In addition, comparisons of actual and predicted energy con-
sumption with "energy conserving'' above grade residences will provide a
more accurate and realistic forecast of the energy conservation capabil-

ities of earth sheltered housing.
Purpose of Study

As pointed out by Bligh in his paper ''Conservation of Energy by Use
of Underground Space,”] the data base of technical support for earth
sheltered residences is limited. While the need for energy conservation
escalates as energy costs soar, it is surprising to find that the great
energy saving potential offered by many supporters of earth sheltered
housing has been quantified by so few. The lack of documentation can be
attributed to several reasons including the vernacular nature of most
earth covered dwellings, the rapid growth of the earth sheltering move-

ment, the complexity of current earth sheltered heat transfer analysis

10
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methods, and the disinterest of the government with respect to earth shel-
tered housing. In order to facilifate positive acceptance and implemen-
tation of this viable energy conserving building type, actual performance
must be identifiable and predictable beyond the gcope of rough estimates.
Earth sheltered housing is especially of interest in Oklahoma where it

not only provides storm protection and reduces heating requirements, but
reduces an equally large requirement for cooling. This study is generat-
ed by the need to know more about this potential energy saver with use of
documented performance, and the need for development of a simpler mathe-
matical analysis method which gives an accurate energy consumption esti-

mate.
Specific Objectives for Study

The specific objectives of this study attempt to quaﬁtify the
energy design effectiveness of selected earth sheltered dwellings in
Oklahoma using several methods of evaluation. The objectives are as fol-
lows:

1. Present the total energy consumption from metered billings

for six dwellings.

2. Calculate specific space heating and cooling loads for the
above dwellings using accepted methodologies adapted for
this study. |In addition, the appliance and domesti; hot
water loads will be estimated.

3. Determine the energy performance levels as specifieh in
recently published energy standards for buildings.

L. Compare the actual metered enefgy usage with the calculated
energy usage and then with published energy performance

standards for contemporary buildings as presented above.
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Limitations of Study

The most obvious limitation of this study is the sample size of six
residences. Six sites were chosen in order that each case would be iden-
tifiable throughout the study. |In addition, this small number of resi-
dences kept the study from becoming unworkable from the inclusion of all
the extensive hand calculations. Although only six cases will be consid-
ered, the sample size still allows for multiple comparisons of actual
and calculated energy consumption. No attempt is made to identify where
the actual energy flows occur in each structure, but rather to present
the total heating and cooling energy.usage for each case. In order to
identify the energy transfer modes, specific on-site monitoring would be
required which is costly and beyond the resources of this study. Because
of this lack of specific on-site data, many assumptions are made so that
calculations can be performed. In the event that monitoring activities
are initiated, the results of this study and the application of the cal-
culation methods presented may be validated more conclusively. The life-
style and habitability parameters of earth sheltered housing will not be
specifically addressed in this study, but each is recognized as being of
equal importance to the energy performance characteristics with respect
to the acceptance of this mode of habi tat. 2

One limitation of the heating season calculations is the failure of
the methodology used to assess solar contributions that reduce the heat-
ing load. A major limitation of the comparisons presented is the failure
of current thermal comfort indicators to recognize the positive radiant
wall effects of earth sheltered housing. Without a more sensitive comfort
index, the comparisons with above grade construction standards can give

misleading results as occupant comfort directly affects energy consumption.
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]Thomas P. Bligh and Richard Hamburger, ''Conservation of Energy
by Use of Underground Space,' Legal, Economic, and Energy Considerations
in the Use of Underground Space, National Academy of Engineering Report

No. NSF/RA/S74-002, 1973, p. 113.

2L. L. Boyer, M. J. Weber, and W. T. Grondzik, Energy and Habita-
bility Aspects of Earth Sheltered Housing in Oklahoma, Project Report,

Presidential Challenge Grant, Oklahoma State University, Stillwater,
March, 1980. \ .
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CHAPTER 111

DESCRIPTION OF SAMPLES

Types of Underground Construction

Table | presents a general overview of building types of earth
sheltered construction. In lieu of including complete elevational draw-
ings of exposed facades, building sections for each site, or photographs,
the descriptions of each building type described in Table | will be used
where applicable for each case. The building type-generally used in
Oklahoma is the elevational which adapts to the hilly topography of
Oklahoma well, allows for substantial earth cover over and around the

majority of the structure, and maintains good views to the outside.

Data Collection

The data assembled for each dwelling to be studied was gathered in
a study of earth sheltered housing in Oklahoma funded as a Presidential
Challenge Grant Project at Oklahoma State University. The project was
conducted by the School of Architecture and the Department of Housing

Design and Consumer Resources. ’

The data collection process utilized
an extensive survey questionnaire which was mailed to occupants of exist-
ing earth sheltered residences in the state of Oklahoma. The seventeen-

page questionnaire asked respondents to .consider aspects of their earth

sheltered dwelling including size, cost of construction, materials of

construction, passive energy design, mechanical systems, floor plan

14



TABLE |

UNDERGROUND CONSTRUCTION BUILDING TYPES

Bermed Chamber
New Earth Level Raised Building Excavated
Type Above Existing Grade Beneath Existing Grade

1. "TRUE UNDERGROUND'
internally similar
to deep space by
its isolation

A456%25%444ﬂ//7?Y;;522;22

N/
s
4. SIDE WALL PENETRATIONS,

. . rarhmOwrrdi ' Ve rrear)
for light, air, access, :

view, expansion poten- é % / /i
tial - ! / ' / A

2. ATRIUM or COUNTRYARD = —r
used for entry, for /ijjg?
light and air, for ‘//fj;/ vi
outdoor rooms “ f¢5¢7§§9§§a/

3. ELEVATION.
windows, doors, out-
side courts to
accomodate slopes

/0.

Source: Kenneth Labs, '"The Use of Earth Covered Buildings Through History,'" Alternatives in Energy
Conservation: The Use of Earth Covered Buildings, Frank L. Moreland (Ed.), Fort Worth, Texas,
1975, p. lb.

al
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layout, maintenance, habitability factors, lifestyle parameters, and

energy performance indications and documentation.

Method of Selection

The six residences chosen represent approximately fifteen percent
of the currently identified earth sheltered dwellings in Oklahoma for
which data have been collected and which have been occupied for a yea;
or longer. The six houses are all located in the Central and South Cen-
tral regions of the state as shown in Figure 3. The dwellings were not
chosen because of unusual or outstanding energy performance, but were
selected on the basis of three criteria: 1) availability of a detailed
record of energy consumption for a one year cycle, 2) no on-site utiliza-
fion of complex interactive energy systems, and 3) the accessibility of

technical construction and design data for each structure.

Ce.p

A
B

oE

Figure 3. Slte Location of Samples in Oklahoma
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Originally, the sample selection included other criteria, but due
to size constraints of the sampling frame, they were abondoned. These
other considerations were building orientation, extent of insulation,

and use of thermal mass in the structure.
Building Floor Plans

The schematic floor plans for each dwelliﬁg are presented in Fig-
ures 4 through 9. In order to maintain occupant confidentiality, the
sites will be identified as sites A through F and will be associated with
their respective county locations. fhe assortment of construction types
i; typical of Oklahoma earth sheltered residences in general, and all are

recent installations.
Technical Data for Each Site

General background information for each sample dwelling is compiled
and presented ‘in Table |l. The building floor areas shown represent
gross conditioned living floor area. For sites B, D, and F, the gross
floor area shown does not include the garage. Sites A, C, and E do not
have Garages. Table 1ll summarizes data concerhing the extent and depth
of earth cover for each residence as wéll as building orientation. All
six sites can be considered as substantially earth sheltered structures.

The insulation characteristics of each residence are presented in
Tables IV and V, as compiled from»questionnaire'data; Examination of
Table IV points out the general deliberate ommission of insulation at
earth backed walls, and the absence of roof insulation for sites B and

F. All six sites indicate uninsulated floor slabs which from field
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TABLE 11

GENERAL INFORMATION ON SAMPLE DWELLINGS

Floor Number
Location, Area Wall Roof Date of
Sample County Sq. Ft. Construction Construction Occupied Occupants
Site A Comanche 1370 Poured Poured 12-77 2
Concrete Concrete
Site B Garvin 2800 Concrete Poured 1-78 4
Block Concrete
Site C Grady 2700 Concrete Conventional. 12-77 5
Block Wood
Site D McClain 1700 Poured Bar Joist 12-77 2
' Concrete “with Slab :
Site E McCurtain - 2200 Poured Poured 7-77 4
' Concrete Concrete
Site F Murray 2000 Poured Bar Joist 4-78 3
: Concrete with Slab

LA



TABLE 111

EARTH COVERING OF SAMPLE DWELLINGS

Earth Cover - Roof

Earth Cover - Walls*

exterior view of house - facing facade.

Front Rear Right Left
Sample Extent Depth Or Extent Or Extent Or Extent Or Extent
Site A 100% - 1o S None N 100% E 100% W 100%
Site B 100% 1o~ o E None W 100% N 100% S 100%
Site C None 0" W -75% . E 75% S 75% N 75%
Conventional
Roof
Site D All o' - 8¢ SW None NE 100% SE 100% NW 100%
Except (Garage) '
Skylights
Site E 100% 1" -6 s None N 100% E 100% W 100%
Site F Al Co2 - o S None N 100% E 100% W 100%
Except , , '
Skylights
*0R: Orientation of wall; front wall is defined as major facade, right wall is with reference to

¥4



TABLE 1V

INSULATION INSTALLED ON SAMPLE. DWELLINGS

Insulation Details

Sample .
’ Roof : Front Wall Other Walls Floor

Material Thick Material Thick Material Thick Material Thick

Site A Expanded L Expanded 15" Expahded A None ---
Urethane Urethane : Urethane

Site B None -—- Sytrofoam " None ——- None -

Site C Polyurethane 1 Polyurethane " - Polyurethane 1 None ---
Fiberglass L (3" down) (3' down)

Site D Fiberglass 10" None == None == None -—-

Site E Styrofoam L Rock ? " None --- None -—-

"Wooll
Site F None - None : -—- None -—- None -—-

9¢



TABLE V

IMPLICIT INSULATION OF SAMPLE DWELLINGS

Sample

.Construction Details

Site A

_Site'B

Site C

Site D

Site E

Site F

Ceiling System

Plaster Applied
to Roof Slab

Suspended Drywall
Ceiling

Suspended Tile
Ceiling

Suspended Tile
Ceiling

Plaster Applied
to Roof Slab

Suspended Tile
Ceiling

Floor System

Slab on Grade

Slab on Grade

Slab on Grade

Slab on Grade

Slab on Grade

Slab on Grade

Earth Contact Walls: Finishes

Plaster Applied Directly to

Structure

Surface Bonding Cement

Surface Bonding Cement

Plaster Applied Directly to
Structure

Plaster and Drywall Applied
Directly to Structure

~ Drywall on Furring Strips

XA
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experience implies a lack of perimeter slab insulation as well. AIll in-
sulation is externally applied to the structure except for the fiberglass
roof insulation at sites C and D, which is internally installed.

Table V presents the interior finishes used. In most cases, a sus-
pended ceiling is used which decouples the radiant effect of the earth
covered ceiling by providing a dead air space of insulation. A majority
of the samples have wall finishes that are directly applied to the struc-
ture, which maintain better thermal contact with the earth heat sink as

compared to furred paneling. Slab on grade floors are used in all cases.
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CHAPTER 1V
METERED ENERGY CONSUMPTION
Data From Monthly Billings

The actual metered energy consumption for each residence studied
was obtained from the questionnaire response. All six of the sample resi-
dences are total electric installations and are located on rural sites.
Table VI presents the monthly consumption, expressed in KWH, for each
site as it was received from each respondent. Due to the limited avail-
ability of metered records, portions of the annual cycle for half of the
sample dwellings are non-coincident with each other. Sites A; B, and C
have energy performance data for winter-spring 1977, while sites D, E,
and F are documented for winter-spring 1978. Examination of weather rec-
ords shows that climatic conditions for these twobperiods were quite
similar. Therefore, any apparent inconsistency between the tabulated val-
ues would be attributed to factors not related to weather conditions.
Energy consumption plots are shown in Figure 10 on a monthly basis for
each site normalized as a function of gross building area (less garage),
and all six sites are considered as experiencing coincident data occur-
rences.

A few comments on the data presented in Table VI are in order. For
Site A, the high variance in energy usage could be attributed to the con-

figuration of the building. Since it has a large exposed facade, it loses

30



TABLE VI

ANNUAL CYCLE SITE ENERGY CONSUMPTION

Time

Period

Site Metered Electrical Consumption (KWH) Covered

Dec. Jan. Feb. Mar. Apr. May. Jun. Jul, Aug. Sep. Oct. Nov. .

A 1130 1710 2760 1830 540 330 480 1380 1080 1050 690 900 12/77=-
' 11/78
B 1783 8338 11503 4730 2534 2701 3370 3875 3419 3383 2372 2402 12/77-
11/78
C 2750 3500 5010 5000 3700 2000 2500 3340 3450 3450 2550 2500 12/77-
e 11/78
D 1422 1933 2222 2432 2590 1038 1155 1706 1347 1484 1265 732 6/78=
) - 5/79
E 2374 2487 2851 2657 2181 1801 2070 2314 2800 2814 2651 1981 :7/78=~
' ‘ - 7/79
F 2323 2571 2342 1737 1622 1259 2198 2272 1819 1889 929 1757 6/78-

- 5/79

1€
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heat at a much higher rate than the other samples, as reflected in the
mid-winter readings. The data forVSite B appears very suspect as the

mid-winter readings are two to five times as great as the others. Site
C has consistent high metered readings that could be attributed to both
high appliance use (with five occupants) and a non-earth roof. The re-
maining sites, D, E, and F, have energy consumption patterns typical of

Oklahoma earth shelters.]

Elements of Total Consumption

The energy consumption shown for each site is a total energy ex-
penditure comprised of the reduirements for summer and winter space con-
ditioning, domestic hot water heating, and all appliances. The
respondents for each dwelling indicated on the questionnaire features of
their residence and behavior which could account for a higher than aver-
age energy usage, i.e., two hot water heaters, kitchen appliance usage,
power tool appliances, stereo usage, etc. Four of the six sites use a
private well equipped with a pumping system for a water supply source.
On the average, for the projects examined, the appliance and domestic
water heating energy usage is estimated to account for approximately 60

percent of the total annual metered usages.
Occupant Evaluation of Energy Use

Several questions peftaining to energy consumption were included in
the questionnaire. One item requested respondents to compare the actual
energy consumption of their earth sheltered home to their expectations.
One respondent indicated actual usage was lower than the expected usage, .

two respondents indicated their expectations were met, while three
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respondents of the six cases expressed an energy consumption greater than
the expected energy usage. Reasons why actual energy consumption exceed-
ed occupant expectations could include poor thermal mass design, no con-
scious attempt to implement passive solar design, and no apparent
lifestyle changes to save energy. For most samples, the appliance load
was increased from the previously owned residence which indicates an
actual improvement in lifestyle. i

Another item asked respondents to compare their present energy con-
sumption to the energy usage of their previous home. Five of the six
cases studied indicated a lower energy consumption by an average of 45
percent over their previous residence with the remaining case, Site A,
expressing an energy consumption level equal to their prior home which
was a house trailer the same shape as their earth sheltered house. Of
considerable interest here is the fact that the earth sheltered dwellings
are, on the average, 67 percent larger than the previously owned dwell-
ings, but still maintain a lower total energy consumption level. Accord-
ing to the homeowners, this substantial energy savings has been achieved

along with an increase in the comfort, livability, and habitability as-

pects of their residences.
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CHAPTER V

PREDICTED ENERGY CCNSUMPTION

Heating Season Heat Loss Calculations

Formulation of Method

The design heat loss for each site is derived using the ASHRAE heat
loss values for below grade walls and floors, and the standard heat loss

method found in the ASHRAE 1977 Fundamenta]s.] For earth sheltered con-

struction, the heat loss through roofs and upper portions of walls will
be greater than the heat loss experienced by the floors and the lower
wall areas. This loss through roofs can be twice as great2 as that for
the floor because of the shorter heat transfer paths.

The data tabulated for heat loss from below grade basement walls
and floors was found through full scale modeling and therefore are empir-
ical values. These values are limited to standard basement depths of
seven feet and floor widths between 20 and 32 feet. Applying this method
to earth sheltered construction, which is typically 10 feet below grade
and between 12 to 40 feet wide, requires that the tables be expanded.
For this study, graphical extrapolation shown in Figure 11 was used to
determine the wall heat loss values which are presented in Table VII.
The values for the floor losses, presented in Table VII|, were extrapo-
lated mathematically. It is interesting to note in Figure 11 that at

depths below 6 feet the curves for insulated and non-insulated walls

36
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HEAT LOSS THROUGH BELOW GRADE WALLS

TABLE VII

(BTUH/ (SQ FT) (F))

Path Length Heat Loss
Depth Through Soil 1 in.
(ft) (ft) Uninsulated Insulation
0-1(Tst) 0.68 0.410 0.152
1-2(2nd) 2.27 0.222 0.116
2-3(3rd) 3.88 0.155 0.094
3-4 (4th) 5.52 0.119 0.079
4-5(5th) 7.05 0.096 0.069
5-6(6th) 8.65 0.079 0.060
6-7(7th) 110.28 0.069 0.054 !
7-8(8th) e 0.059 0.050
8-9(9th) 13.35 0.049 0.047
9-10(10th) 14.93 0.045 0.045

Note: Values above dashed line from Table |, Chapter 24,

ASHRAE 1977 Fundamentals, p. 24.4.
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TABLE V111

FLOOR HEAT LOSS (BTU/(H)(SQ FT) (F))

Depth of Width of House

Foundation

Wall Below 12 16 20 24 28 32 36 L0 Ly 48

Grade (ft) ft ft ft ft ft ft ft ft ft ft
7 .035  .032 Loz9 . .026  .023 .0213 .019 .017 . .095 .013
8 .030 .030 .027 .024 .021 .019 .017 .095 .013 .010
9 .032 .029 .026 .023 .020 .018 .016 .014 .012 .009
10 .030 .027 .024 .021 .018 .016 .014 .012 .010 .008

Note: Values above dashed line from Table 2, Chapter 24, ASHRAE 1977 Fundamen-
tals, p. 24.4,

6¢
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begin converging to the same point indicating nearly identical heat loss
characteristics regardless ofappliéd insulation thickness. Since cool-
ing is such a major concern in Oklahoma, removing insulation at certain
locations to enhance the passive cooling effects of direct earth contact
would not significantly increase the heating load.

The heat loss through the earth coveréd roof is calculated in the
same manner as a basement wall. Because the soil modulates the diurnal
temperature swing, the tables for below grade heat loss through walls
are adapted to calculate the heat flow through the roof. This involves
interpolation using the actual transfer path length and extrapolation
for insulation thicknesses greater than three inches.

Selection of the appropriate temperature difference to use for be-
low grade heat loss is still a controversial matter. For this paper,
the interior design temperature is taken to be 70°F, while the external
design temperature is an estimate of the earth temperature near the

structure. The ASHRAE 1977 Fundamentals indicates that the amplitude of

fluctuation, A, of the ground surface temperature at a four inch depth is
approximately 20°F for Oklahoma. This value is subtracted from the actual
mean annual air temperature, Ea’ for each site. The mean temperatures

were calculated from climatological records for the time periods coincid-

ing with the metered energy data.

Variables Used in Calculations

This section defines all variables used in heat loss calculations.

QI = Heat loss through earth backed walls, Btuh/F
Q2 = Heat loss through floor slab, Btuh/F
Q, = Heat loss through earth covered roof, Btuh/F
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Qh = Total heat loss through earth backed surfaces, Btuh
Q. = Heat loss through exposed construction, Btuh

Q6 = Heat loss through slab on grade edge, Btuh

Q7 = Heat loss due to infiltration, Btuh

H, = Heat loss value, Btuh/sq ft/°F

Amp = Amplitude of fluctuation, °F

A] = Floor area, sq ft
A2 = Ceiling area, sq ft
A5 = Area of exposed facade component, sq ft

L] = Perimeter length of earth backed walls, ft
L6 = Length of exposed slab edge, ft

F = Heat loss value for slab edge, Btuh/ft

text = External design temperature, °F

ta = Actual mean annuél air temperature, °F

ti = Inside design temperature, °F

t = OQutside design temperature, °F (97.5% value)

U = Air-to-air heat transfer coefficient, Btuh/sq ft °F
Procedure

The procedure for determining design heat loss consists of summing
up the heat losses that occur through the different building componenfs.
Determination of these heat losses is described below:

Step 1:

Incremental heat loss through the earth backed walls, Q], is found
by summing the tabulated incremental heat. loss values of the wall accord-
iné to its depth below grade to determiﬁe an aggregate heat loss value,

HL, per lineal foot of wall. This value is then multiplied by the
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perimeter length of earth backed wall, L]:

Q= (L) | (5.1)

Step 2:
Heat loss through the floor slab, Q2, is a function of the floor
depth below grade and the least dimension width of the floor. This

value, HL, is multiplied by floor area, A]:

g, = (HU(A) (5.2)

Step 3:
Heat loss through an earth covered roof is found by interpolating
or extrapolating the tabulated values for below grade walls, and multi-

plying by the ceiling or roof area:

Step 4:
The external design temperature, text’ is found:

oy = (£, = Anp) | (5.4)
Step 5:

The total heat loss through .surfaces in contact with the earth, Qh’
is found by combining the values determined above, and then multiplying

by the design temperature difference:

ext

0, = (@ + 0, * Q) (t; -t ) (5.5)

Step 6:
Heat loss by conduction through the exposed wall, glass, and door

areas is found using the standard heat flow equation for each component:



05 = (WA (£ -t ) | (5.6)

Step 7:
Slab on grade exposed edge heat loss, Q6’ is found using tabulated

values, F, multiplied by the length of exposed edge:

0 = (F) (L) (5.7)

Step 8:

Infiltration losses are estimated from the air requirements of ex-
haust fans in bathrooms, kitchens, and hallways, as noted by sample re-
spondents. Combustion make-up air is normally not required with all-

electric homes, except perhaps for fireplaces:

Q7 = (ti - to)(CFM)(I.OS) | (5.8)

The design heat loss is the total of values found in steps five through

eight.
Cooling Season Heat Gain Calculations

Formulation of Method

Since the conduction of heat by earth backed walls provides a cool-
ing mechanism during the cooling‘season, calculations for determining the
design cooling load must be sensitive to this factor. Methods of calcu-
lation currently used to find design cooling loads in buildings do ndt
address this cooling effect.

A chapter on Environmental Control for Survival, containing a pro-
cedure referred to as the deep earth shelter method, appears in the

ASHRAE 1978 Applications.3 By using an energy balance equation, the

method predicts resulting environmental conditions inside survival
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shelters during a specific time interval. By assuming the interior space
conditions, the energy required of an air conditioning system to maintain
these conditions can be found using the heat balance equation.

Although normally applied to completely buried shelters experiencing
a sudden load input, i.e., occupants, support lighting, and support venti-
lation, the method is tentatively utilized here for earth sheltered resi-
dences. The primary load for these structures which have a limited
amount of external exposure, is the dynamic solar heat gain. The total
design summer cooling load is comprised of the following heat gain compo-
nents: unscreened solar gain; convectional gains due to high external
air temperatures, heat from ventilation and infiltration air, and inter-
nal gains from occupants and heat-producing equipment.

The heat dissipation mechanism provided by the earth heat sink is
dependent upon soil properties. An accurate average temperature for the
soil surrounding the earth covered dwelling must be established to esti-
mate the heat sink effect. This factor is very important and requires
site~specific research in order to have realistic values for each project.

Another factor related to the earth cooling effect concerns the
amount of interior surface area which can be considered effective in pro-
viding heat conduction away from the structure. |If only a small net heat
dissipation is expected, as with earth covered roofs and front sidewalls
exposed to solar radiation, the areas should not be included in calcula-
tions of earth cooling. To reduce the possibility of net heat gain,
thick vegetation on all earth covered surfaces and external shading,
either man-made or natural, is essential.

For earth covered dwellings, two modes of cooling are considered:

heat conduction through earth backed surfaces and mechanical cooling.
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The method of calculation presented uses the plane semi-infinite model

of case three.5 Case three considers a ventilated underground shelter
from which heat is removed by the combined effects of ventilation (or
mechanical cooling) and heat conduction. By adapting this particular
case of the deep shelter method, reasonably accurate values for expected
energy consumption fdr a cooling season can be found. The air-condition-
ing energy required is calculated only for a 24-hour period, since the
dynamic sun load is repeated during that cyclic period. When using the
method, all load inputs must be expressed as a function of the number of

occupants in Btuh per person for the time period being considered.

Variables Used in Calculations

This section defines all the variables required in the adaptation

of the deep earth shelter method.

[ =]
i

Convective heat gain through glass, Btuh

Qb = Radiant heat gain through glass, Btuh

Q_ = Heat gain through opaque facade elements, Btuh

Qd = Design cooling load, Btuh

Q_ = Heat gain from lights, appliances, and equipment, Btuh
Q_ = Heat gain from occupants, Btuh

Qf = Heat gain from unconditioned spaces, Btuh

Q. = Combined external and internal heat gain input, Btuh/person
Q_= Heat rejected by mechanical refrigeration, Btuh/person
t_ = Average monthly temperature, °F

t. = Design inside temperature, °F

to = Wall temperature at earth-backed surfaces, °F

=~
I

Thermal conductivity of soil, Btu/h * sq ft * F
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a = Thermal diffusivity of soil, sq ft/h

8 = Elapsed time; for this method adaptation always 24 hours

a = Equivalent radius of the shelter, ft

S. = Total effective inner surface area of earth-backed surfaces, sq ft

S = Effective inner surface area of earth-backed surfaces per person
(sq ft)/person

h = Surface heat transfer coefficient, Btu/h * sq ft * F

T = Dimensionless time function

¢ = Temperature rise function

N = Dimensionless parameter used in determination of ¢

G = Infiltration rate, CFM/person

u_ = Value of temperature rise as function of heat transfer at earth-
backed walls, °F

n = Dimensionless parameter used in determination of u,
Procedure

Before using the adapted deep shelter method, values of several
variables must be identified either from actual site data or by assuming
values typical of the location in general. These variables are a, h, k,
G, ti’ and to.

In addition to the above items, the variable Qi must be determined
before proceeding to the steps of the deep shelter adaptation. This
value Qi is the total heat gain averaged for the 24-hour period divided
by the number of occupants. It is comprised of heat gains throught the
fenestration, opaque walls, roofs, heat gains of metabolic heat from
occupants, and heat gains from equipment. The procedure for finding

these heat gain components is described in the following steps.
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Step 1:
Heat gain through building components exposed to exterior condi-
tions.

Glass (Convective):

0, = (V) (A)(ta - ti) | (5.9)

Glass (Radiant):

Q, = (A) (SHGF)(sC) (5.10)
Opaque: | \

q_ = (V)(A) (CLTD) (5.11)
where

SHGF = sum of the solar heat gain factor averaged over the 2k4-hour

period, Btuh;

SC = shading coefficient (constant); and
CLTD = sum of the cooling load temperature difference values aver-
aged over the Zh-hourvperiod, °F.
Step 2: |

Heat gain from the occupants, Qo’ is the total metabolic heat re-
leased inside the structure averaged for the 2L4-hour period. In deter-
mining this value, expected time period of occupancy and activity levels
of those peribds are assumed. For example, consider a person who works
outside of the home during a typical day. The heat gain from this occu-
pant occurs only in the evening, at night, and in the early morning with
metabolic heat output corresponding to normal activities during those

periods of the day. Values for heat gain according to degree of activity

are found in the ASHRAE 1977 Fundamentals.6
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Step 3:
Heat gain from appliances, lights, and equipment, Qe, is found by

assuming a unit heat gain per unit floor area:

Q = [(Btuh)/(sq ft)](sq ft) (5.12)

Step 4:
Heat gain from convection through party walls, adjacent to uncondi-
tioned spaces, Qf, such as garages. This gives a conservative .value when

the garage is earth sheltered also:

o = W@ (e, - t) (5.13)

Step 5:
Determine Qi’ the heat gain load input, by combining the values cal-
culated in steps 1, 2, and 3, and dividing by the number of occupants:

LR S S .

P Number of Occupants

(5.14)

After determining the load input, Qi’ the remainder of the calculation
procedure is adapted from case three of the deep shelter method.

Step 6:

Calculate the total effective inner surface area of earth-backed
surfaces, Si, using only the surface areas that can reasonably be expect-
ed to maintain heat conduction away from the structure.

Step 7:

Divide Si by the number of occupants which then defines the para-
meter Sp.

Step 8:

Determine the equivalent radius of the shelter, a, using the follow-

ing equation:
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a="s, | (5.15)

Step 9:
Evaluate the dimensionless parameter N solving the following expres-

sion:

- (a) 1.08G + 10
N=(h) (E) osg+ 10+ (h)/(spj] (5.16)

Step 10:
Using the values of soil thermal diffusivity, elapsed time, and

. equivalent radius of the shelter, find the dimensionless time function T,

where

T=— (5.17)

Step 11:
Calculate N/T and determine the value of the temperature rise func-

tion, ¢, from the chart presented in Figure 12.
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This parameter ¢ takes into account the warming of soil in contact with
- the building as it is a function of N and T, which are determined using
the soil properties.

Step 12:

Solve for dimensionless parameter n, where

hSp
"7 To8E ¥ 10 ¥ B (5.18)
Step 13:
Find temperature rise us from Equation (5.19):
U = ! (5.19)
o [(1-n) +n¢l

Step 14:

Determine Qr’ the heat carried away by the cooling equipment:

Qr = Qi + [10(]00-—to)]+[l.08G(ta -to)] -(1.08G-+]0)U0 (5.20)

Step 15:
Multiply Qr’ determined above, by the number of occupants to. find

the design cooling load in Btuh:

Q = (Qr)(No. of Occupants) (5.21)

Assumptions

For this study, actual specific on-site data were not available, so
with inside design conditions set at 75°F and 50% RH, the following
assumptions are made.

1. The soil properties for every case were assumed for heavy, damp»

soil.”
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K

0.75 Btu/(h) (ft) (F)

o = 0.025 (sq ft)/(h)
2. The soil temperature equals 62°F, based on the estimated well
water isotherm for Oklahoma.8

3. The inside wall surface temperature is assumed to be 70°F with

a surface convection heat transfer coefficient aésumed.
h = 1.5(Btu)/ (hr) (sq ft) (F)

The temperature of 70°F was assumed because condensation on walls was
not indicated as a problem by sample occupants, so it allows for a high
dewpoint target. |If the wall temperature was near earth temperature,
assumed 62°F, then condensation would occur frequently with Oklahoma
humidity levels. But alternately, the temperature would not be at room
temperature, 75°F, due to earth heat sink cooling effects, enhanced by
good thermal contact.

L. The infiltration rate, G, was determined by estimating the air
requirements of exhaust fans in each case. Each fan was assumed to re-
quire 60 CFM when in use, and running time was generously set at 10 min-
utes per hour, so each fan provides an equivalent constant rate of 10
CFM per fan. All homes were all-electric; therefore, combustion makeup
air is not required.

5. Loads from equipment, lights, and appliances were estimated us-
ing 2 Btuh to 3 Btuh per square foot of living area, depending on degree
of appliance use indicated in the questionnaire on a 5-point scale with
less than average (1), average (3), and more than average (5).

6. Thermal characteristics of the glass equal to the following,

assuming double glazing:
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U=10.58 (Btuh)/(sq ft)(F), SC = 0.88

7. The cooling effect of the earth is not consideréd for the ceil-
ing area and the first five feet of the front side walls and floor area
extending back from the exposed facade due to the exposure to solar
radiation. This portion of surface area also served as a transition area
due to increased outdoor air temperature. The five foot setback was
arbitrary and somewhat conservative since some of the residences received
no direct radiation on the exposed wall because of porch overhangs. These
areas are nof included in the value of Si or Sp, are are assumed to pro-

vide no net gain.
Annual Cycle Energy Estimation Procedures

Space Heating

The Heating Degree Day Method9 is used to caléuiate the values of
expected energy consumption required for space heating. In order to make
comparisons between the predicted and actual metered energy consumption,
actual monthly degree days for each site are compiled from weather bureau

records for the months for which metered data are available.

Space Cooling

Since cooling degree day methods are not well defined or accepted,
the energy estimates for space cooling are based on logic and field ex-
perience.

By using a 24-hour average unit running time of 15 minutes per hour,
which field experience suggests as typical of earth sheltered installa-

tions, the daily energy usage is found by multiplying the design cooling
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load, Qd’ by 6. The monthly energy consumption is then derived simply by
multiplying by 30. The design cooling loads are determined separately

for each month.

Appliances and Domestic Hot Water

In order to compare predictive energy consuhption with the actual
metered consumption which is presented as total usage, the appliance and
water heating requirements are estimated. This combined estimate of
appliance and water heating consumption is then added to the space condi-
tioning energy expenditure to provide a total energy consumption predic-
tion. The estimates of energy used per month were compiled from two

sources, Energy Conservation in the Home]0 and Alternative Natural Energy

Sources.ll The respondents for each site evaluated their own appliance
use as less than average (1), average (3), or more than average (5) on a
5~point rating scale. The predicted appliance usage was estfmated con-
sidering this evaluation and the age, sex, and number of occupants. It
is realized that appliance usage varies from day to day and month to

month, but in order to predict the total consumption on an annual basis,

the monthly average consumption estimated will be assumed for all months.
Example Energy Calculations: Site F

In order to illustrate the methods described, example calculations
for Site F will be presented. The exposed wall area and U-factors are
determined from questionnaire responses. The procedure will include
derivation of the design heat loss, design cooling load, space condition-
ing energy consumption, and estimation éf appliance énd domestic hot

water energy usage.
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The exposed wall construction assumed is:

Typical frame construction: U = 0.07, A = 144 sq ft

Double pane windows: U = 0.58, A = 144 sq ft

Door, S.C. 1% in.: U= 0.34, A = 42 sq ft

Concrete block at garage party wall: U = 0.18, A = 240 sq ft

No insulation installed on earth-backed walls, earth covered roof
Roof earth cover = 2' - Q"

3 occupants, 3 exhaust fans.
Heat Loss

The design heat loss calculations are determined for the month of
December. The procedure steps sequence follows the outline presented in
the heating season calculation section of this chapter. The mean annual
air temperature is the actual value for this site.

Month: December

Outside design temperature = 13°F

Inside désign femperature = J0°F

Mean annual air temperature = 61.2°F

Amplitude of fluctuation = 20°F

1. Heat loss through earth-backed walls, using Table Vil:

Depth Below Grade (ft) ' (Btuh)/ (Ft) (F)

2-3 0.155
3-i 0.119
4-5 0.096
5-6 0.079
6-7 0.069
7-8 0.059
8-9 0.049
9-10 0.045

0.671



Total per foot length of wall = 0.671 (Btuh) (ft) (F)
Length of wall = 118' - o

TJotal wall heat loss = (118)(0.671) = 79.18 (Btuh)/(F).
Heat loss through floor slab using Table Viil:

36' wide

Average heat loss per sq ft = 0.014 (Btuh)/(ft) (F)
Floor area = 2000 sq ft

Total floor loss = (2000) (0.014) = 28.00 (Btuh)/(F).

Loss through roof, 2'0" transfer path:

Suspended ceiling construction with 12" air space, R = 5.87

Interpolating between R values, in Table VII| provides heat

value = 0.10 (Btuh)/(sq ft) (F)
Ceiling area = 2000 sq ft
Total ceiling heat loss (0.1)(2000) = 200.0 (Btuh)/(F).
Total loss through earth-backed surfaces:

(79.18) + (28.00) + (200.0)

307.2 (Btuh)/(F).

External design temperature = (61.2 - 20) = 41.2°F
Design temperature difference = (70 - 41.2) = 28.8°F
(307.2) (28.8) = 8847.4 Btuh.

Exposed facade losses (construction assumed):

Garage assumed 50°F

Walls: (0.07) (144)(57) = 575
(0.18) (240) (20) = 864

Windows: (0.58) (144) (57) = 4760
Doors: (0.34)(21) (57) = 4o7
(0.34) (21) (20) = 143

Total heat loss = 6749 Btuh
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7. Slab edge loss:
36'-0" exposed, uninsulated
R = 3.75, F = 31 Btuh/sq ft
(36) (31) = 1116 Btuh.
8. Infiltration loss:
3 exhaust fans @ 60 CFM each = 180 CFM, (.5) for diversity
(0.5) (180) (1.08) (57) = 5540 Btuh
Totals for Site F: Btuh
(5) Earth-backed surfaces 8,847

(6) Exposed construction 6,749

(7) Slab edge 1,116

(8) Infiltration 5,540

Design heat loss: 22,252 Btuh (December).
Heat Gain

The design heat gain for August is found using the method described
in thevsection on heat gain calculations of this chapter. The average
monthly temperature used is the actual value for this site.

Month--August

Qutside design temperature = monthly average temperature
= 81.1°F

Inside design temperature = 75°F

G = 10 CFM/person

SHGF = 13.96 Btuh/sq ft

Reference Appendix B for determination of SHGF and CLTD.
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1. Heat gain through building components:
Glass: Convective gain using Equation (5.9):
Q = (0.58) (144) (81.1 - 75) = 509.5 Btuh
Radiant gain using Equation (5.10):
Q = (144)(13.96)(.88) = 1769.0 Btuh
Wall: Heat gain using Equation (5.11):
Q_ = (0.07) (144)(9.2) = 92.7 Btuh.
2. Occupant heat gain for 24-hour test period:
2 males, 1 female

Activity: Time, (Hrs)(Heat Gain)(Occupant Number)

Sleeping: (8 hrs)(350)(2.85) = 7980
Light Work: (6 hrs) (420) (2.85) = 7182
Gone: (10 hrs)

15162

15162/24 = 632 Btuh.
3. Occupant indicates average (3) appliance use, so using Equation
(5.12):
Qe = (2000 sq ft) (2.5 Btuh/sq ft) = 5000 Btuh.
L. Heat gain from garage using Equation (5.13):
Q = (0.18) (240) (81.1 - 75) = 263.5.
5. Using Equation (5.14), the heat gain input Q is:

_ (509.5) + (1769) + (92.7) + (632) + (5000) +263.5

Q.

i 3
= 2755.4 Btuh/person.
6. S, = (L08) + (288) + (240) + (1836) = 2772 sq ft.
7. s, = (2772)/(3) = 924 (sq ft)/(person).

8. Determine a using Equation (5.15):

a =v2772 = 53 ft.



9. Find N solving Equation (5.16):

*27 . 70.75) T(1.08)(10) + (1.5)(924) *

= 1.57
10. Solving Equation (5.17):

_ (0.025) (24)

2772 = 0.0002.

T
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1. NIT = (1.57)(0.0002)0:5 = 0.022. Using the chart in Figure 12,

¢ = 0.10.
12. From Equation (5.18):

- (1.5) (924) _
n= (1.08)(10) + 10 + (1.5)(92L4) 0.985.

13. Using Equation (5.19):

- 1 -
Y = (71 - 0.985) + (0.985)(0.1) _ 8.81 F

4. Find Qr using Equation (5.20):

Q = (2755.4) + 10 (100 - 70)

+ (1.08)(10) (81.1 - 70)

(1.08) (10) + (10)(8.81)

(2755.4) + (300) + (119.88) - (183.2)

2992 Btuh/person.
15. Design cooling load, Qys using Equation (5.21):

Q = (2992) (3) = 8976 Btuh (August).

Energy Consumption Estimation

The actual heating degree days for December, 1978, 750, along with

the design heat loss, are used for the energy usage estimation.

ing these values into the heating degreé day approxihation below,

Insert-
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(22,252) (750) (24)

KWH = =597 (3673)

= 2059 KWH (December)

the expected energy consumption for spacing heating is found.
To find the expected energy consumption for August, 1978, the month
considered in the cooling load calculations, the daily energy usage is

first found:
(6 hrs/day) (8,976 Btuh) = 53,856 Btuh/day

All months are considered as having 30 days, so monthly consumption
is found by multiplying by 30. Assuming typical residential air condi-
tioning unit sizes of 2 to 3 tons, the conversion to KWH is found using

the EER value typical of this size, 6.5 Btu/watt:

(30) (53,856)
(6500)

= 249 KWH (August)

The appliance and domestic water heating consumption is estimated by
a compilation of statistically determined empirical energy consumptioﬁ
values describing the average monthly usage in a typical residence. The
appliances chosen are assumed typical of latter-day households. These
data are presented in Table I1X. On the questionnaire, the respondent in-
dicated a higher than average (5) number of appliances; therefore, to in-
sure consideration of items not included above, like power tools or a

microwave oven, the total is increased by 25 percent:
(1.25)(1025) = 1282 KwH

Combining this value with the respective space conditioning energy
usage estimates provides an expected total energy consumption in the
months indicated for site F:

December, 1978: (2059) + (1282) 3341 KWH

August, 1978: (249) + (1282) 1531 KWwH.



TABLE 1X

APPLIANCE AND DOMESTIC WATER
 HEATING USAGE FOR SITE F

- Appliance/Water Heating KWH/Month
Range Self-Cleaning Oven 100.4
Coffee Maker 8.8
Dishwasher 30.3
Mixer 1.0
Frying Pan 15.5
Broiler 8.3
Toaster 3.3
Garbage Disposal 2.5
Refrigerator/Freezer

(Frostless, 14 cu ft) 152.4
Clothes Dryer 82.7
Washing Machine

(Automatic) 8.6
Water Heater 351.6
Fan Exhaust 3.6
lron 12.0
Hair Dryer 1.2
Television (Color) 42.0
Radio/Record Player 9.1
Vacuum 5.0
Lighting 4o.0
Total 1025.1
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Predicted Values for All Sites

The expected energy consumption for all samples was found in the
same manner for each month, as the total consumption for December, 1978,
and August, 1978, for Site F was determined above. The calculations for
the heating season, cooling season, and appliance and domestic water
heating estimates for each site are included in Appendixes A, B, and C,
respectively. For each site, the calculations predicted the total energy
consumption for the months corresponding to months of actual metered
billings for the full year cycles indicated. These data are compiled

and presented in Table X.
New Methods

Because of the dynamic nature of heat transfer in earth covered
buildings, methods utilizing computer modeling are being developed and
tested against actual data. At the Ames Laboratory, D.0.E., Ames, lowa,
Richard Szydlowski and Thomas Kuehn have developed a mathematical model
which analyzes the transient heat loss in earth sheltered structures.]2
The model solves the two-dimensional transient Fourier heat conduction
equation in cartesian coordinates using an alternating direction impli-
cit finite difference technique. The model can consider variable soil
propérties, different building configurations, and varying thicknesses
aﬁd locations of external and internal insulation.

Some preliminary findings using this model found that seasonal wall
and ceiling losses in lowa, with approximately 6.5 feet of soil cover,
were not reduced to values typical of conventional construction unless
insulation was added. It also identified the trade-offs encountered by

the installation of insulation. Although the winter season heat losses"



TABLE X

PREDICTED ANNUAL CYCLE ENERGY CONSUMPTION

Electrical Consumption (KWH) Time
Period
Site Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Covered
A 25]8 3308 3110 2048 1005 980 987 1017 1026 1076 1117 1916 12/77-11/78
B L4069 5789 5045 3325 1717 1740 1771 1790 1766 1753 1699 2876 12/77-11/78
C 4230 5703 5004 -3285 1968 1968 1967 1991 1993 2015 1990 3091 12/77-11/78
D 2480 3087 2593 1742 1038 1057 1089 1123 1104 1090 1033 1747 6/78-5/79
E 3038 3809 3112 2281 1672 1694 1717 1726 1714 1696 1658 2087 7/78-7/79
F 3341 4393 3596 2375 1428 1464 1515 1540 1501 1490 1k04 2233  6/78-5/79

29
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are reduced, the passive cooling heat transfer of the wall in summer is
retarded with added insulation. Fioor insulation reduces the heat con-
duction away from the structure more in the cooling season, so it actu-
ally increases annual energy requirements.]3
A simpler method for determining the heat flow through earth covered
roofs has been developed by Dr. Edward Blick at the University of
Oklahoma. The method is generated by the temperature dampening effecf of
the first eight inches of soil at the earth's surface. Because the diur-
nal oscillations of surface air temperature are not felt below eight
inches, the average monthly surface air temperature is used fn the heat
flux equation. When considering an earth covered composite roof, the
total R-value of the roof assembly is calculated in the normal manner and

combined with the R-value of the soil. The Blick approximation equa-

tionlh of heat flux through earth covered roofs is expressed as

To j Ti
9= 71" (5.22)
e
where
?o = mean monthly air temperature;
Ti = internal room temperature;
Re = thermal resistance of the earth; and

R* = thermal resistance of the composite roof minus soil.
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CHAPTER VI
BUILDING ENERGY STANDARDS
Building Energy Performance Standards

The proposed Department of Energy Building Energy Performance
Standards (BEPS)l has been developed to establish energy performance
standards for new buildings in an effort to achieve the maximum practica-
ble improvements in énergy efficiency and increases in the use of renew-
able annual energy budget for space conditioning in Btuh/sq.ft./year, and
a separate budget for hot water heating for all residences.

BEPS identifies 78 Standard Metropolitan Statistical Areas (SMSA)
for which energy budget values have been determined. When considering
specific sites, the nearest SMSA is chosen for evaluation of the space
conditioning energy budget. At this time, the two SMSA locations in
Oklahoma available to choose from are Tulsa and Oklahoma City. The value
for Oklahoma City will be appropriate for all sites in this study. The
building type, and fuel type must also be identified in order to choose
the correct annual energy target. |In this investigation these are single
family detached and electricity, respectively.

The allowable space conditioning energy consumption for Sites A
through F is 34.3 MBtu/sq. ft./year. For all single family dwellings,

regardless of size or number of occupants, a constant energy budget of
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54,600 MBTU/year has been specified for water heating, with no identified

budget for appliance usage.
Minimum Property Standards

The Minimum Property Standards (MPS)2 developed by the Departaent
of Housing and Urban Development are building standards that outline re-
quirements for special types of new construction. They define the mini-
mum level of acceptability of design and construction for lowrent public
housing and housing approved for government mortgage insurance programs.
Considering MPS provides one level of building energy performance for
equivalent above grade dwellings that can be compared with the six earth
sheltered sites. The equivalent above grade dwellings are the same size,
configuration, and orientation as the earth sheltered counterpart.

The design loads for the equivalent dwellings are derived using the
calculation procedure used in finding design loads for '"Arkansas'' House

3

construction,” to be discussed in a later section. The most recent 1979
edition of MPS identifies the required construction features that are
assigned to the equivalent residences for the determination of building
heat loss and heat gain loads. These features include; 6' fiberglass
batts (R = 19) in the ceiling, 3 1/2" fiberglass batts in 2x4 stud ex-
terior walls, single pane weather-stripped windows with area limited to
15 percent of gross exterior wall area enclosing heated spaces, hollow
core uninsulated doors, and perimeter slab insulation (R = 3.5). The

design heating load and cooling loads calculated are presented in Table

Xl. The calculations of the loads are included in Appendix D.



68

TABLE XI

DESIGN LOADS FOR EQUIVALENT MPS
ABOVE GRADE SWELLINGS

Winter Heat Loss Summer Heat Gain
Site Btuh Btuh
A 54,073 34,330
B 61,636 , 39,051
C 66,861 41,847
D 39,148 25,737
E 56,016 35,463
F 47,945 30,568
¢ ASHRAE Standard 90-75

ASHRAE Standard 90-75, Energy Conservation in New Building Design,Ll

is a current standard which is generally accepted as a guide to energy
efficient design of new buildings. Although the performance section of-
fers an option for evaluation of earth covered structures, the commonly
used envelope prescription section, Section 4.0, does not specifically
address earth sheltered construction and the potential energy conserva-
tion benefits. 1In an effort to éauge the effectiveness of the earth cov-
ered residences in this analysis, winter and summer design loads are de-
rived for equivalent above grade residences of sample dwellings which
meet the requirements of Section 4.0 of 90-75.

The design heating and cooling loads of these above grade duplicate
dwellings are found using the required envelope U factors and perimeter

insulation identified in Section 4.0. The design heating loss for the
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equivalent structures is found using the method described in Chapter 24,

. ASHRAE 1977 Fundamentals.5 Design heat gain is determined using Heat

Transfer Multip]iers6 corresponding to U-factors required by 90-75. The
infiltration component for both design heat loss and heat . gain is estimat-
ed identically to the load in the predictive heat loss calculations in
Chapter V at a rate of 60 CFM per exhaust fan. To estimate solar gains

in heat gain calculations, the window area is assumed 10 percent of the
total exposed wall area. The predictive design loads of these equivalent
90-75 dwellings are tabulated in Table Xll. Detailed calculations are in

Appendix D.

TABLE XI1

DESIGN LOADS FOR EQUIVALENT 90-75
ABOVE GRADE DWELLINGS

Winter Heat Loss Summer Heat Gain
Site Btuh Btuh
A 45,650 25,015
B 42,672 30,233
c 48,599 | 34,612
D 35,977 23,936
E 42,326 32,110
F Lo,L461 28,840
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The '""Arkansas'' House

In the ciimate of today's energy crisis, energy conserving concepts
for the building community have started being developed. Professional
engineers, architects, and building contractors have all been attempting
to provide homes that would cost less to build and less to operate.
Frank Holtxclaw, a construction design analyst for HUD, has developed a
residential construction method which saves framing lumber, provides in-
stallation of more insulafion, and reduces construction time. His scheme
was realized in several prototype dwellings erected in Little Rock,
Arkansas, where they have shown a savings of energy costs in excess of
$200 per year.7 Stated as the main objective of the design was the de-
sire ''to gain maximum control over the interior environment of the home
.. . , to isolate the interior environmeﬁt from the variable exterior
environment."

The inclusion of the ''Arkansas'' House in this analysis provides
another energy design parameter against which earth sheltered design may
be measured. Design winter and summer loads are calculated for above
grade equivalent dwellings constructed with the energy-saving elements
of the "Arkansas'' House using the Heat Transfer Factor method presented
in the paper '""Energy Saving Homeé.“9 As with the MPS and 90-75 equiva-
lent dwellings, the above grade duplicates are the same size, shape, and
orientation as their earth sheltered "twins."

The construction characteristics of the ''Arkansas'' House include
the following; 12'" fiberglass batts in ceiling (R = 38), 6" fiberglass
batts in 6" exterior stud walls (R = 10.7), insulated doors, double pane
windows with area restricted to 8 percent of gross living area, and a

ventilation controlled attic space. The design loads for the above grade



71

equivalent dwellings, having these construction characteristics are pre-

sent in Table Xill, and the calculations appear in Appendix D.

TABLE X111

DESIGN LOADS FOR EQUIVALENT '"'ARKANSAS'' HOUSE
ABOVE GRADE DWELLINGS

Winter Heat Loss Summer Heat Gain
Site Btuh Btuh
A 20,210 16,199
B 30,573 27,061
c 31,280 27,006
D 18,919 17,662
E 22,273 22,518
F 22,894 ' 20,605

Thermal Integrity Factor

A new concept has been developed by Dr. Ray Sterling at the Univer-
sity of Minnesota which addresses the energy consumption performance of
residences with respect to primarily the heating season. A single num-
ber rating cé]led the Thermal Integrity Factor]0 is derived using the
heating season energy usage, in Btus, divided by the conditioned, living
floor area of the dwelling, and the heating degree day total for that lo-
cation. Dr. Sterling has determined that Thermal Integrity Factors of
one or less are extremely good, with poor ratings beginning at values of

eight. One example of a Minnesota earth sheltered dwelling is the Jones
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House which has a rating of 1.67 Btu/sq. ft./HDD. This 1500 sq. ft.
residence used 1.75 cords of oak wood at 12 MBtu/cord for the heating
source.

Applying the Thermal Integrity Factor rating system to the Oklahoma
earth covered dwellings in this study, shows that with the predicted
heating energy consumption of all-electric heating the ratings are fair-
ly good. For example, the Thermal Integrity Factors for Sites D and E
are 3.43 Btu/sq. ft./HDD and 3.39 Btu/sq. ft./HDD, respectively. The
actual Thermal Integrity Factors would be lower, as the actual metered
energy consumption is less than predicted usage. The Thermal Integrity
Factors of actual metered usage (minus the estimated appliance and hot
water consumption) for Sites D and E are 1.93 Btu/sq. ft./HDD and 2.4l
Btu/sq. ft./HDD respectively.

Although this concept seems to have some value when applied to the
heating season cycle, it does not comfortably address the cooling sea-
son. To achieve a similar rating for the cooling cycle a new component
must be used in place of heating degree days, which could logically be
called '"cooling degree days' (CDD). Because the formulation of an ac-
curate measure which would be a cooling degree day would appear to be
the subject of an extensive study by ftself, a possible basis for evalu-

ation is briefly discussed here.

Since heating degree days are based on a referent base of 65?F a
simple logical approach for cooling degree days would be to identify a
reference point, which might possibly be 80°F. The use of accurate and
complete weather data would be‘required in order to calculate a value
for daily and monthly cooling degree days. Because fhe cooling requir- -

ed results from a combination of solar radiation effects and increased
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air temperature, the CDD value would also need modification to include
the radiation component. Realizing that the amount of solar radiation
is dependent on latitude, using the Solar Heat Gain Factors tabulated

in the ASHRAE 1977 Fundamenta]s]] along with the 80°F reference could

conceivably produce a close approximation of ''cooling degree days'' that
might be used in calculating the Thermal Integrity Factor for cooling

season.



END NOTES

]“Energy Performance Standards for New Buildings; Proposed Rule,"
Department of Energy, Federal Register, Washington,D. C., Vol. 44, No.
230, 28 Nov. 1979, p. 68120.

2Minimum Property Standards for One and Two Family Dwellings,
Vol. 1, U.S. Department of Housing and Urban Development, Washington,
D.C. 1979.

3M. J. McGuinness, B. Stein, and J. S. Reynolds, Mechanical and
Electrical Equipment for Buildings, John Wiley and Sons, Inc., New York,
1960, p. 144,

'hEnergy Conservation in New Building Design, ASHRAE Standard 90-75,
Amer. Soc. Heating, Refrigerating, and Air-Conditioning Engineers,
New York, 1975.

5ASHRAE Handbook and Product Directory--1977 Fundamentals, Chapter
24, Heating Load, Amer. Soc. Heating, Refrigerating, and Air-Conditioning
Engineers, New York, 1977.

6McGuinness/Stein, p. 85.

‘7“Energy Saving Homes: The Arkansas Story,'' Report No. 1: Energy
Conservation ldeas to Build On, Owens-Corning Fiberglass Corporation,
Toledo, Ohio, 1975, p. 1.

8Ibid., p. 5.

9McGuinness/Stein, p. 14k,

loStu Campbell, The Undergrdund House Book, Garden Way Publishers,
Charlotte, Vermont, 1980, Appendix 3, p. 1954,

]]ASHRAE Handbook and Product Directory--1977 Fundamentals, Chapter
25, Cooling Load, Amer. Soc. Heating, Refrigerating, and Air-Condition-
ing Engineers, New York, 1977.

74



CHAPTER V11

COMPARISONS

Total Energy Consumption

Actual Metered vs. Predicted

Calculated mean values of the predicted total energy consumption
presented in Table X, Chapter V, and mean values of the actual metered
usage presented in Table VI, Chapter |V, are plotted for an annual cycle,

shown in Figure 13.

Although the lines representing the predicted and actual usage do
not coincide directly, there appears to be good agreement between the
calculated and actual values. As noted in Figure 13, Site B was not in-
cluded in the averages in this comparison mainly due to questionable
values of metered energy which substéntially varied from all five other
cases, as seen in Figure 10, Chapter 1V, where the mid-winter usage/sq.
ft. is more than twice as great as the next highest value, Site A.

The months of February and May, for which the highest and lowest
energy consumption recorded for the earth sheltered dwellings occur one
billing period later thant the respective peaks indicated by predictive
calculations; this phase shift is most likely attributed to the time lag
of the earth mass. A probable explanation for the wide variance in mid-
winter values is the inadequacy of the modified basement and degree day

methods, which do not consider passive solar gains on the roof areas or
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glazing. The difference in calculated and predicted values for the sum-
mer could be due to net solar gainé through the roof and ceiling assembly
and through unshaded exposed glazing. In most cases the glazing faces
south in contrast to isolated cases of well shaded non-south glass.

It should be restated that to achieve values of total energy usage,
estimates of appliance and domestic water heating energy were combined
with the predicted energy consumption values of space heating and cool-
ing. Annual totals of the mean values for the predicted and actual en-
ergy consumption are as follows:

Predicted: 25,397 KWH
Actual: 24,931 KwH

These totals reveal that, on the average, for a yearly energy usage, the
predictive values are 98 percent correct for this limited sample of

Oklahoma case studies. ot

Actual Metered vs. BEPS

Figure 14 compares the actual annual site energy consumption to the
BEPS (November, 1979) energy budget determined for each site. The BEPS
energy budget is a combination of the space conditioning componet (34.3
MBtu/sq. ft./year) and the water heating component (54,600 MBtu/year)
divided by the respective gross floor area of each site. The actual an-
nual energy consumption is represented by this same block of energy,
space conditioning and water heating, as one component, and the appliance
energy usage as a separate component. The appliance energy estimates are
identical to the approximations previously used in calculation of total
predicted energy consumption.

For all samples, except Site B (where mid-winter readings are
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suspect), the total gross metered annual energy consumption which in-
cludes appliance usage is less than the BEPS energy budget for space con-
ditioning and water heating alone. By dé]eting the appliance energy
consumption of the samples, the benefits of earth sheltering are further
demonstrated. A question arises as to the validity of the BEPS energy
allocation for domestic water heating. The amount budgeted appears ex-
tremely large for all single family dwellings, since dwelling size and

number of occupants are not considered.
Design Loads

Projected design loads for equivalent above grade dwellings meeting
construction requirements of MPS, ASHRAE 90-75, and the '"Arkansas'' House
are compared to the design heating and cooling loads of their earth
sheltered counterpart. Figures 15 through 20 present the comparisons of
design loads for Sites A through F respectively, as a function of gross
floor area.

The predicted loads for the earth sheltered dwellings, ESHP, are
the design heat loss and the design cooling load found using the methods
described in Chapter V. The "metered' heat loss and heat gain of each
site, ESHM, are estimated by subtracting the appliance and water heating
energy from the metered value of total consumption. The appliance and
water heating energy used is identical to the amount added to the calcu-
lated loads, ESHP, when determining the predictive total energy consump-
tion. The '"metered' heat loss is found by reversing the degree day
method using the February degree day total, and the '"actual' cooling load
is derived by reversing the energy estimation method outlined in Chapter

V using the July energy usage. The values of ESHA for case B should
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probably be discounted, as meter readings appear extremely unusual whén
- compared to all the other samples. The loads for the MPS, 90-75, and
Arkansas equivalent dwellings are those determined in Chapter VI.

Figure 15 shows the design loads for Site A. The unusually high
heat loss rate can be attributed to the building configuration as it is
long and narrow, with a large exposed wall. The relationship between
the different loads is typical of earth sheltered and above grade dwell-
ings, with MPS being the highest and ESHA being lowest.

The comparison of design loads for Site B is presented in Figure 16.
This is the only case where the predicted heat loss for the earth cover-
ed structure is higher than the load determined for the ''Arkansas''equiva-
lent dwelling. The main reason for the higher value is the lack of
insulation on the 2800 sq. ft. roof. Calculations indicate that 58 per-
cent of the ESHP value is heat loss through the roof. Passive solar
heating is impossible due to the well-shaded east-facing exposure. Be-
cause of this lack of insulation and east-facing exposure, passive
cooling strategies could be used in the summer, if the moisture content
of the soil overhead is maintained at a high level, and solar radiation
is shaded.

In Figure 17, the design heat loss rate and the ''metered'' heat loss
rate are shown as nearly identical for Site C. In all the other cases
(excluding B), the'metered' load is less than the predicted heat loss.
One reason for the departure for Site C, could be due to the non-earth
conventional roof construction. This would also be cause for the high
"metered' cooling load shown on the cooling season graph, where exposure
to direct solar radiation would make the roof temperature rise above

that of an earth sheltered roof.
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The pattern of the relationship between design loads and actual
loads is typical for Sites D and E, shown in Figures 18 and 19. On the
heating cycle, the design heat loss is considerably lower than the de-
sign loads of above grade construction, with the actual loss being even
lower; For Site D, a probable explanation for this rélationship is the
small exposed wall area, which minimizes the typically largest portion,
next to infiltration, of heat loss. For Site E, the deliberate uée of
passive solar radiation on the south facing windows and roof might ac-
count for the considerable improvement in the actual heating season
design load. Although the aétual cooliﬁg load is significantly larger
than the design load for both Sites D aﬁd E, the actual values are still
considerably less than the next best values of the ''Arkansas'' equivalent
dwellings.

The same basic relationship for the heating and cooling season de-
sign loads exists for Site F, shown in Figure 20. The predicted heat
loss is again lower than any of the other predicted values, and the esti-
mated ''metered'' heat loss is lowest on the comparative scale. The ''metered
cooling season load is greater than the predicted value, but still re-
mains better than any of the other design cooling loads.

The graphs presented in Figure Zi indicate the relative mean values
of the various standards of construction considered for Sites A,:C, D, E,
and F. Site B was not included because of questionable metered readings.
When compared to the worst case, MPS, the percentage of savings ia design
heating load for 90-75, Arkansas House, predicted earth sheltered and
estimated actual earth sheltered, are 22 percent, 57 percent, 63 percent,
and 72 percent respectively. Reasons for a lower actual value as compar-

ed to the predicted value would be attributed to passive solar input and
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the enhanced wall temperature effects on comfort discussed in the next
section. |

For the summer cooling instantaneous design predictions, when com-
pared to the worst case, MPS again, the percentage of savings for 90-75,
Arkansas House, predicted earth sheltered, and estimated actual earth
sheltered, are 15 percent, 40 percent, 72 percent, and 51 percent respec-
tively. One probable reason for the higher actual value than predicted
is the presence of unshielded passive solar gain to earth covered sur-

faces.
Comfort and Energy Consumption

The previous comparisons of design loads indicate that the earth
sheltered dwellings in this study and their '"Arkansas'' House counterparts
are both extremely good energy conserving alternatives. But, these com-
parisons are static, point measures, whereas actual energy consumption
is directly related to thermal comfort of the occupants.

Typically, thermal comfort has been identified by air temperature
alone, without consideration of the radiant effect of room surfaces.
When occupants in above grade dwellings occupy a space adjacent to an
exterior wall, they can become uncomfortable due to cool downdrafts in
winter, and hot radiant walls in summer. To counteract these impacts
and increase their comfort level, occupants will modify the space tem-
perature by changing the thermostat setting. Because this normally oc-
curs, the actual energy consumption increases beyond expected levels.

In earth sheltered dwellings, this adverse radiant effect of sur-
faces is significantly reduced which directly affects the comfort level

of occupants. The average temperature of the surrounding surfaces is
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known as the mean radiant temperature (MRT). By most estimates, if the
MRT is reduced by IOF, and the air‘temperature rises loF, then the same
level of comfort is maintained. In pre-1975 air conditioning design, the
MRT was assumed to be equal to the inside air temperature, which is not
the case in earth shelte}ed structures. Because of the passive cooling
effect of earth backed walls, ceilings, and floors, the air temperature
can be allowed to rise, thermostats can be allowed to rise, thermostafs
can be set higher, and occupants will still maintain a normal feeling of
thermal comfort. It is important to maintain good thermal contact be-
tween the deep underground and the living space in order to take advan-
tage of the earth heat sink.2 Significant comfort improvements can
occur with this deliberate MRT design enhancement even with relatively
high air temperatures.3
The same benefits of MRT occur in the heating season, only in an
opposite way. In winter, the air temperature can be permitted to go low-
er than the:72°F comfort region, and occupants will still be comfortable.
The energy stored in the earth from summer months reduces heat losses
from the space to the surrounding earth. Because of this phenomenon,
the relative MRT will be higher than in summer, while the air temperature
is lower in order to save energy. Another very significant winter strat-
egy that enhances the MRT effect is the use of passive solar heating.
When comparing earth sheltered designs to above grade designs with
respect to energy usage, this MRT aspect is not typically considered.
Because of this MRT effect of earth backed walls (and passive solar heat-
ing in winter), the thermostats can be lowered in winter and raised in
summer and occupants will experience the same level of comfort while sav-

ing energy. Taking this fact into account, and re-examining the previous



91

comparisons, it is likely that although the design loads for the
YArkansas'' House equivalent dwellihgs and earth sheltered structures

are about the same, the energy consumption would differ significantly.

As shown by the mean values in Figure 21, the '"'metered' heat loss ex-
perienced is lower than predicted values, probably due to this MRT effect
primarily, which combined with the marginal passive solar gains result in
a lower than normal thermostat setting in winter. Although the metefed
heat gain value is greater than the predicted value, probably due to un-
shaded passive gain and lack of evaporative cooling effects on the roofs,
in summer, it still remains lower than the '"'Arkansas'' House values. In
an actual case, the energy consumption indicated by the Arkansas cooling
load would be expected to increase, as occupants would, more than likely,
turn down the thermostat in order to maintain comfort when adverse MRT

conditions exist.
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CHAPTER VI I
SUMMARY AND CONCLUSIONS
Restatement of Study

As presented in Chapter 1|, the need for energy conserving solutions
in the building community has contributed to the rise of earth shelter-
ing in recent years. Because earth integrated structures have been prov-
en to be an energy saving alternative to above grade construction, earth
covered buildings have begun to be built at an almost exponential rate.
The goals of this study, as stated in Chabter 11, were to quantify the
energy performance of se]ected earth sheltered dwellings, and compare
the expected and actual energy levels with several energy standards cur-
rently used. It was out of a personal interest in this mode of habitat

that this study was initiated.
Procedure and Findings

Six dwellings located in the state of Oklahoma were analyzed in this
study. Actual metered energy consumption for each dwelling was presented
exactly as received from monthly utility billings. Heating and cooling
loads were calculated using adaptations of currently available methodolo-
gies. In order to make comparisons with the total metered energy, appli-
ance and water heating estimates were added to the calculated energy

required for space conditioning. Comparison of the actual total to the
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predicted total energy usage indicates that the predicted values are in
fairly good agreement with the actual values.

In an approach to measure the energy effectiveness of earth shelter-
ed housing, the design loads of above grade equivalent dwellings were
calculated and then compared to the predicted design loads and estimated
actual loads of the six residences in this study. The annual actual to-
tal consumbtion for the residences is compared to allowable energy budget

currently proposed by federal law.
Conclusions

Due to the complex nature of heat transfer from earth sheltered
dwellings, there is a general feeling that available hand calculation
methods are not adequate when dealing with underground construction.

The methodologies used in this study have been shown to predict with
reasonable accuracy the total annual energy consumption. Although the
comparison might indicate that the predictive methods could be used,
more actual performance data from detailed on-site monitoring is needed
in order to accept the validity of the findings presented. The bases
used for numerous assumptions should also be substantiated.

As comparisons with good, energy conscious above grade design point
out, the earth sheltering alternative is a viable answer to the energy
crisis at a residential level.

The comparisons substantiate what was expected. The particular
earth sheltered residences examined cut down on the space conditioning
requirements by as much as 72 percent in the winter and 51 percent in
the summer. The comparisons are of a classical nature, but consideration

of above grade dwellings and below grade structures in the same comparison
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is not really a fair appraisal. Because of the aissimilar boundary con-
ditions, thermal comfort is perceived differently for each case, and the
energy consumption patterns would be expected to differ from below grade
to above grade conditions. Energy savings beyond those identified could
be expected due to the ramifications of this comfort aspect. Development
of a more sensitive comfort indicator, or index, for earth sheltered

housing would also increase the accuracy of energy consumption analyses.
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HEAT Loze  cALCULATIONS

Heating Geazon : Nov, Dec, Jan, Feb, Mar
ACTUAL DEGREE DAYS

Site |
A B c D E F

400 | P47 |43e | 427 | 212 | 247

Menth

Nov

Cec 120 | G50 | W | eee | 10D | 180
Jan loel | oz | U4z | 1221 | loe]l | 1124
Feb |76 | A5 | 910 | a2 | 147 | 244
Mar 51 4ol | 49% | 424 | 262 | 24

Ocher* | 120 |21 | BB | 200 | 212 | 2%6

_

TIAL. | 2964 | 2656 |402% 4190 |24 |2pl0

¥Other= DD Total in other Menths

Prezented a6 Coincident data; actual time period
dentical to metered Aata.

Gites AB,C, ¢ Dec BT toNovy 97D

Sites DF @ Jun 178 o May 1974

oite E: Jul 971 o Jdun 474

Spuree: Epviromental  tata and Tnformation Cervice,
Natierul Zeanic and Atospheric Admineta-
ton, Natiorul Aimatic Center, pohenville, N.C.,
ol 2T \6l. 28 Ne 1-1. |
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HEAT Loes CALCULATIONS: oITE A

Mean Annual Ar Temperature = AT | AT=51°F
Dieat Lose Through Earth Backed Kalls : Table VI
Loss per fot lemgth of Wall = (2448 Bluh/&F)
length o Kall = B! —
Ttal Wall Heat Less = (11BY(0.498) = 57127 BhifF

DHeat Lo Through Flaor Shab: Table VIII/ Area=Z10

Width: (16 ) ; (0024 Bh [ F)(1210) - 213 Boub/F
PHeat Lose Thragh Revofs 2" Inculation |, 2 Zoil cover
(po7s Bvh [62F) (1z70) 4145 et/ F

4 Total Loze (@ Earth Backed Surfces : 144.9% Blbh/ T
Ext. Design Temp = (§,-A)= B11- ) = ATF
D%iﬁh Temp Difference = (70 -241) = 20.%2°F

( 44a% )(zo.2) | = 42419 Btuh
B)Expaed Facade Losses: -
Walle: (po2\(BT&)(B1) =  2145.971
Kindowe: (258)@0 §)C5T) = 271549
Doers: (624) (2 LB - 400,15
@l717.95 Bhuh
E)Hab Edge lese: Exppsed Length F-73 JF =3l
. (ec)(®? = 260 Bluf,
D Infiltraten Less 1 Exhast Fan) @ eockFM each
(ee)(izocrM)(l.op) (&) E540 Bhly
& ToTALS .
Earth Boaded Gurfres =  4241.4
Construction = l17117.9
Slab Edge = 2606.0
Infiltrttion = BB4O.O

DESIcN HEAT Lose  (2,718.2 Pl




HEAT ING ENERSY E%TIMATION L SATE A

NO\/EMBEK

(2 116)(465) (24

= l0Eh.5B
(51 (B341%) il
DECEVBER
(2 1D20XZ4) e
(EN(241%) -
- JANUARY
(ey11) (04 | par o wun
(BN (241%)
FEBRUARY
(18,776)(A76)(24)
= 272 GO
(BN(241%) Kk
MARCH
(1&,176) (BN (Z
UCIPICLI M. HALB

(B (2H2)
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HEAT Lozs cALCULATINS: omE B

Mean Annual Ar Temperature = Go.2°t, AT=51°F
DHeat Lese Through Earth Backed Kalls : Table V|
Loss per fot. lemgth 0F Wall =(e. m)uuc«/& F
length o Kall =
Ttal Wall Heat la.s (l%)COé'D AL.A6 Bluly/e
DHeat loe Thragh Flaxr Shab: Table VIl | Araa= 2800
Width: (7' Y; (.01 Bl /G E)(1800) = 2.2 Bohub/E
PMHeat lose Throgh Reef: - Ineulation | 2" ol cover
Cteco o227 Bhn/bPoE) =  $21.6 Blh/E

A Total Lose (@ BEdarth Backed Gurfaces : 15%.26 Bhuh/[F
Ext. Design Temp =Cth ~A)= @on-1o) = 402 °F
Desigh Temp Difference » (To-402) = 292°F

(2a.2)(15>.26) - 22,447 Blufy

B)E.*posf;al Facade Locses: Ang,jZo

Walls: (221 &9k - 1448 4

(2148 (6.nE)(2) = 170.41
Windows: (B5162)(e. %3(6‘17 | g4, 4+
Ceors: (2 ﬁ‘; (e24)(1) - 407.09
(2169 (0.24)(20) = 142. &
4p5%.% Btuh
E)Slab Edge lese : BExprsed Length = 26’ JF =2l
- (30) (=) = SR
D InfFiltration Less 1 Edhatst Fan) @ cocFM each
Go) (LoaH(esl) = N
& ToTALS -
Earth Badked Gurfves = 22, 4471
Construction = 4 54

DEsieN HEAT loss 2| ,4a10 Bhdy
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E_EA;[IN@ ENERSY ESTIMATION: ol TE &
NOVEMBER

(21,210)(B47)(24D

(51 (341%) e i L
DECEMBER.
(20,410)(620K24)
(512415 = AB5D.% KA
JANUARY
21,410 Aa 7
GLAOGEDNE) | jp1a.1
(BN (241%)
FEBRUARY
(1, 410)(eA2)(74)
= 5.
(5(41) ZE%E-1 K
MARCH
(21,210) (461 (24)
= 15\4.& KINH

(5D (2H2)
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HEAT Loze CALCULATIONS: SiTE &

Mean Annual Ar Temperature = 5&&°F, AT=5]°F
Dieat Loss Through Earth Backed Kalls: Table V|
Loss per ot lomgth of Kall = (2.2A2 Bhuh /& °F)
length o Kall = 220"
Ttal Wall Heat Lese = (220) (0. 2A2D= (6. 24 Bloh/F
DHeat Lo Through Flaxr Slhab: Table VIl Area= 27100
Width:(21'Y; (001 BR /PG (21000 - B3 B [F

PMHeat lose Throgh Reofs 187 Inculation | o' Coll cover
(0.066)(1100)(BT) - 10,142 Bhuhy

4 Total Loss (@ Earth Backed Surfces :
Ext. Design Temp = (E,-A)= (5-2) = 28.5 °F
Pozign Temp Difference = (T0-%8%) = 2. B°F
(24154 Bun/E) (318D THE1.5 Bl

B)Exposed Facade Losses -
Walls:  (ooT)(m24 &) (51) = 2\%0,]

Kindows: (2.52)(\6 &)(BT) = %2%. 4
Coors: -
5. G Bty
G)Fab Edge lese: Exppsed Length = © JF=0
' o
Dinfiltratien Less : Exhawst Fan) @ cockFM each
(1203 (l.o)("T) = 2512 ek
& TOTALS © |
E"I"‘U’I BW‘M Urfacss = 1147.6
Construction = Z,252.0
Slap EAge. = -
Infiltreation = 1%%1.2

DBEsieN HEAT Lose np, 026,71 Bl




HEATING _ENERST _ESTIMATION: SATE €

NOVEMBER.

(18,02)(A26)(24) | oo 5
(5N (347D
DECEMBER.
('Z%)O%@)(?@’))(Q4‘) - %E'Z& KA H
CBN(241%)
JANUARY
(’4%10303(“4‘2)(74‘) C - A272.9  xwH
(BN (2417
FEPBRUARY
(.02 paga)
(5N(241%)
MARCH
2% 0%6) (492 (24
( 2 (e(24) = 705, 2

(5N (2442)
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HEAT Lozse CALCULATIONS: omE D

Mean Annual Ar Temperature = BA1.2°F AT=251°F
DHeat Less Thrvuah Earth Packed Walle : Table V|

Lose por fot lemgth of Wall = (0.6 b /44 °F)

th o Kall = 122"

% Wall Heat Lose = (122)(0.6T): 2174 Bhib/F

DHeat lows Thragh Flaor Slab: Table Vil | Area= 1700
Nidth:(24); (0015 BRh [B>FX(1100) = 255 Bhib/F

Meat lose -Thl’UJﬂh Reof: 10" IMUthJ.@H R 4‘ ol cover

(o0 B (G2 F) (reo) - 5.5 Bhubh /F

A Total Lose (@ Barth Backed Gurfices : 192 .14 B/ F
Ext. Design Temp = (E,-A)= (A2 -1) = 2A.2°F
D‘%’iﬁh Temp Difference z (To -1 = 0. °F

(122.74) (20.25) = 4088, 4 Bhupy

B)E%P%A Facade Locses: ATWj = 20

®

Walls:  (464°) (o31) (=D ¢ 4255
(25| £ )Xe261)(10) - \®ac.®
Kindows: (1642 (0.58)(BT) - eAS, 2
Cpope: (2 &*% 0.24) (51) 4o71.0
(262 )(©.24)(20) - \4-2.8
2115.2> Bhub
)b Edge. Lese : Exposed Length= &' F = 2
| (& (>) = 24% Bt
D Infiltration Less 1 Bxhakt Fans) @ cockFM each
(&YX 185)BN0 ). 0%) - 5540 il
&) ToTALS
Earth Badked curfres = 4o 4
Expesed Construction = 2415, D
Infiertion = BE40 . O

DESIeN HEAT Lose |2,652.2 B




HEAT!N@ ENERSY ESTIMATION: - SATE D

NOVEMBER.

(2p5)(47N(24)
(57 (341%) e oW
DOECEVIBER
(l%,%'n(%(ﬂ)(ﬁ‘ﬂ - &4‘14'4 KIAH
(BN(241%)
JANUARY
(BN (247D
FEBRUARY
(1, 252) (A32)(24) vy
(sN(241%) : L
MARCH
(1%, 2572) 7
. (2A)(24) 1417 kw

(5D (2H2)
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HEAT Lozss CALCULATIONS: oITE E

Mean Apnual Ar Temperature = @0.5°F, AT=51°F
Dieat Less Thraugh Earth Brcked Walls: Tibk. V|
Loss P ?bﬁ?m iibl«lall = (0.1 Bhwh /& °F)
Tﬁ‘i Wall Heat Loie=(l4D(0.(ﬂ7= A4, G Bt [F
DHeat Lo Thragh Flaor Shab: Table VIl Aren= 2200
Width:(42); (.00 BR[G*F (2200)= 1., B [F

PHaat Lose Thragh Reof: 4" Inculation | 2" Gol cover
(0.0%5 /8 ) (2200) I1.0Bkh/E

4) Total Loss (@ Barth Backed Surfces : 184, 2 b /F
Ext. Pesign Temp =CE2,I—A)=(@.5—203 = 40.6 °F
D%iﬂh' Termp Difference = (70 ~405) = 24.%°F

(\a.2) (29.5)- sEel.4 By

BDE%POE&J Facade lLosses:
Walls:  (zows HXOoN(ET) = 1224.%

 Windows: (so &D)(osz)(51)" 165,00
toers: (21 £42)(024)(B1) ° 4o, O
27294.% Bl
G)Hab Edge lese : Exproed Length = 47" JF =2l
. (4N () = 145 By
T nfiltration Less : Exhavst Fane) @ eocFM each
(260 (1) Log) = 1257 Bkl
&) ToTANS .
Earth Boadked Gurfves =  £52). 4
Construction = 27294.%
Slab Edge = 457.2
Infitration = 1251, ©

DESIeN HEAT Lose 17,7114.7 Bhdh



HEATING ENERGY ESTIMATION: SiTE E

. NOVEMBER.

GRS

= BL. P KNH

(51 (B41%)
DECEMBER
(n120) (lo&) (24)
> = 154171 ke
(BN(241%)
JANUARY

- ( 11)ﬁ703(l0¢l3(243 . pza.4
: 224 ke

(BN (241%)

FEPBRUARY

(1, 120) (142) (24)

(BN(241%)

MARCH

(11,7120)(2¢2)(24)

= 1622.1

KIAH

(5D (2442)

=144

KNAH
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QEAT LOore CcALCULATIONS: SITE FL

- Mean Annual Ar Temperature = GL2 , AT=B1°F
 PHeat Lose Thiough Earth Brked Kol : T VI
Less Eﬁf E:t lemgth o Wall = (041 Bhe] 6 °FD
Lgkj Kiall ryl\elj«l Lo;!@ GQi)(o6T) 1.2 Bhdh/F
DHeat lowe Thiagh Flaxr Shab: Table Vill, Area= 2600
Width:(56); (OO Bluh [ £4 F)(2000)  ND.OBRH/E
PHeat lose Thivigh Reof:  Insulation | 2" Geil cover
(0. 10 b [ &2 F)(2000) OO Biuh/F

B Total Lose D Barth Backed Gurfces : 2012 Bhbh/F
Ext. Design Temp =(E-A)= (611 ~20) = H2°F
Pezigh “Temp Difference = (To-42) = 26.2°F

(229) (201.2) = 2047, 4 Bluh

BYExpezed Facade Locses: ATWaae, =70
Walle: (a4 &) (0oN(ET) V- 515

| (240 )01 (20) -~ 24
Windowe: (144 @) (5251 = 470
Coors:  (214°) (0.24)(5T) - 407

(21 5024 (20) - 42

@14 phdh
G)Slab Edge lose: Exproed Length=26' F =2l
(B2D20) = | i o
NDinfiltration | ses: Exhavst Fan) @ eocFM each
(120 (Lo sN(.5) = 540 phdn
& ToTALS - |
Earth tadeed curfives = 2847.4
Expesecd Construction = &144,0
Slab Eidge = l16.0
Infittration = 5540, 0

DEfIoN HEAT Lose  22,252.4 Bhda




HEATING ENERSY ESTIMATION: o F

= A452.6

KNR

NOVEMBER
(22,252)(241)(24)
(5N (341%)
DECEMBER.
(22,252)(150)(Z4)
(BN(241%)
JANUARY
(22,252 1124)(24)
BN (241%)
FEBRUARY
(22,2520 (B44) (24)
(5N(241%)
MARCH
 (22,252)(229)(24)

(5D (24H2)

- 2052,

KIWH

315,00

KIWH

= 2210.49

KINH

= A, D
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APPENDIX B

COOLING SEASON CALCULATIONS
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COONE ZEACN  CALCUL ATIONS

115

Cevling Geacon Menths: Apr, Moy, Jun , dul, A, epy Oct.

- AVERAGE NATHL. TEMPERAIURES

M - =

1 | A | @ c > E | F
|APR |41 | o8B | 45 | 645 | 024 | o5
Amer |eas | ea2 | e | e |ows | cae
lun | 722 |129 |25 |78 | 720 | 714
1 JuL. | 2¢&.% 56.@ &7 | &1 %.(o | 25,2
lme |71 el |eze | e2e |en7 | 2l
|2ERP | 7o T4% | 7147 |19 | Te4 | 14.%
door |62e |e#1 |47 |4 |ole |7 |

COlRCE . Envirenrental Duta and Information Gevr—

vice, Naticral Creamic: and Aimezp

hexric

Mmml%'um-boh National Ohmattc
- Center, Mh_&'\vdle N.c. Vol .21,
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AVERACE ZOAR HEAT &N FACTORS

;Valu% br @HEF found in Chapter s, AERRAE
“AT1 Fundamentale, | Half day totale added xf': then
Z}\\/@raaed Lor 24--hour pe/ioal. Interpolates e~

“dween 40 ﬁ %7° N. Lat.

B | =SHe SHEF
MONTH HEF <HEF
| Gouth North | Seuth | Nerth

1 AP o4 1= 5 | 15,1%
1| MAY cor | 427 2.2 | 19.2]
| JUN 4o | B4 22.% | 21.42

1 JUL Lo 454 5 1.2
Ao Pl 255 | 244 1996

1P |44 44 1.4 |0,%%
1ot |44 141 o4 P -1.9¢

LD Br SUNLIT  WALS

Wl Carestrvetion ému[f?'.— Fame Al - &

- Neeory - E
Tabes Found in ASiRAE AT Furvlammlejéhﬂ s,
LD cummedd up Lo whde Jaz % av&mj@( for

A4 -hour F@Y‘iO&l. Found thwt. CLTD for G 4 E werve
same  for July , which the table i et up for.
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‘T& fird COTD for other mmtheﬁ lattudes
e eqution bebw;

oD, +{(6H@FM°"® }(‘45 *a

s (WJUN v‘jm’ J‘D "

where +he GHEF valves are +the daily ke, and
& ® te averge tewmp. of ne onth n arwsﬁon.

mﬂwn{:h
This equation ﬁt:lébf)‘téﬂ( Qrom corpection 6lnawn in
‘Nete 4 Tabe 7, Mw@’? L

Y i

MINTH  [@wuth North | Esst/West
{aPr | 2de | 25 | 214
Ivar | e | e | 225
| JuN 2.5 126 », 5
1 JuL nz | we |z
1 Ao 125 | 82 |2.e
| zepP 255 | 4% | 205
ot 654 |-¢o | 24

fr Both Wall Comtruction Types. E4&
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COOLNG Lepb cALCULATIONS 4ATE A
- Heat Gain Throwgh Exposed Facade: Bxpesire, B

Ca+r &t e Glas Area= A0 « ft.,U=o0.50
Wall Area =BTl aq.t. , U= 0.0%5

APRIL: t,2641 SHeF = %52

Glass: Convective (0.58)(A0)(GAT1D) = -52T, 66

Radiant (A (2525)(08%) = Q¥5. 16
all : (Eos5) =T (241D = 1486.64

TOTAL %714,74 Buh

, oD = Z24.6

MAY  L2AB (SHeF =752 | cLTD = (15

Glazs: Convective (0.58)(A0)(61.5-18)= -~12#110

Radint.  (A0)Y(25,2)(0.25) = 200%16
Kl « o )EBTTX(s) s 252,29

ToTAL 25774, 9% Biuh

JUNE: tyT15 Zner- 225 [ 20mo= 18,5

Clacs: Corvective (0.22)(A0)(T15-15): 120,50
Radiant.  ([46)(22.5)(028) = 182.0
Wall: (o (BTN(EE) = 1.9
ToTAL 26126 Bhin
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JULY: t,=28.9 SheF = 25 20D = 1.2

Glacs: Convective (0.55)CO\E.8-15) = V2.2
Raodiant (40)(25)(0.98) : 9ew.o
Wl (o) (BTH(N.2) « 243.57

TOoTAL 25423,9% Btuh

AUGUST: t,11  =ieF =244 , 0D~ 22.5

Gl convective (6.285)A0)(A-18): 2oe.20
Radant (A0)(244)(0.08) = 2174.4%
Waill: (Cos)(B1N(e2.5): 1102, 5]

1AL 402619 Btul,

SEPTEMBER: t;16 FBF =514 ,Zhp- 25.5

Clacs: Convective (0.52)A0)(1415): B2.20
Radiant (A0)(51.D(@e?) = Hlode
Waill: (0063 (BT >=%): \ 1449

TOTAN- EA0PT1 Buh

CCTOBER ! t4=(2.6 [SHeF = 647 CITD = 65,9

Class: Comvective 0.52)A0NG1LG -157): ~641.28
Radiant (40)(64.5)(0.28) < w=oAL.=e
Wall: | Co.o22)BTNG=A « 22%2,06

TOTAL 161124 Bheb
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COOLING LOAD CALAULATIONG SITE A

Haot cain Frowm  Intermal Laadds

Equipment, Appliances, Light=

Pc&ple
Uncerditioned Spaces

EQUIPMENT , APPLIANCES, LIGHTS

(2 8 /6%) (3’70@#)(.57: 1270 2hdh
FPeorL &

1 pec W—lﬁ: L male, lfmle

Sleepi ahues) (1.28) (B350 = B12O
e&F v;( gco hre)( [@5%((4'2:5) G662

(4@4—@/@4) =40 Bhby

UNCENDIMANED SFPACES  pnane.
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cCOLING |LOAD &ALOULA;TWN‘:!éITE A

s @4+Qb +&6 "i"?; ‘l‘&e
Number of Cxeupants

Sp = 1671 /72 = 822,55 = ft.

A = Vl@éﬂ = 40-7

R omtin

N=(1%) 1w

(400 (1.oBY(16) + (16)
012 CLosy(o + Lo+ CLoxezes) |

_ (o6)

T e

oot NNT = 2021 | d=o.u4

(LY 22%.5 ) . ©.994

n= (1.o8X10) + U+ (1B (828.5)

Uo"'" = 646

[( 1-29%4- )t (024 Yo 14)]

APRIL: T a1, &= 2744 Bhh [pescon

&= (2141.4) +IeCeo 1) ] +[( 18X 1) (64170 ]

~[ (o210 + ¢ 10)] (65D
- 2801.A¢%

&)= (2802)(2) = Bwed bhh
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MAT: t,=zq65 & = 21711.4%

&er (21711, 48) + (200)+ (10.8)(A. 6*'70)—(206)(@ 5)
=N%%6.P W/p‘mw |
By (2%796.8)(2) = FE1%.T6 Bl
JUNE: t4= 7155 &= 222.6.%% | |
&= (2226.%5)+(300) + Coe)XT1.5-10) - (B.27)
= 2472.15 W/ ersen
&y: (2412.1%)(2) = 4-444 % Bhuh
JULY: ty=88.%, L= 266117
&.- (2661.97)+ (2e0)+( lo.2) (@2 =10) - (25,2
= 2014717 Bhuh [person
&4 (2014 TN = G024.5% Bhih
AUcUST: 1=, &;: 7908.4 |
Bp* (Qﬁob.zﬂ_—f (2e0) + (62 (-100+ (135,20
=270, 4 prubh /?WY)
Ry (3110.4)(2) » G240, 2> Bhuh

GEPTEMBER: t, 76 ,&i: 204124
& s (2241,24) +(2e0) + (10.2)(16-16) - (125.27)
= 40715 M/me
&y (hoiB)(2) = Bl42 Brtuh
OCTORER : t4= 6.l & = 47086, 67T
&+ (41286.6T) + (2e0) + (10.8X62.6-10) - (125-2)
= 48|%.55 Pl /pasov
oy Bz 55)(2) = A6 2.1 Bhuh
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ccoolING ENERST ESTIMATICON 'SITE. A
(@ s [ dory) (30 day [ onth) = 120 hrs [ menth -

AFPRIL

(leD)( B |
(65> Bho fratt)(Uc20) = BB Kkaw
MAY
(1) (4614
= = |24.4 KWH
JUNE
(120) (4445 ) ‘
( LBoD) = 126.49 KWH
JuLY
‘( 120) (Go?e)
TS =  |&1.0  KWH
AUGUST
(120)(C24)
=50 = |86 KwH
SEPTEMBER
(120) (B 42) -
e = 225.5  kuH
CCTOPER
(120) (621

Q&é. e xwH

i

(Az2wd
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cOOLING LapD CALCULATIONS :<ATE B
Heat Gain Thrawgh Expozed facade: Brposure,

Cont &gt Re Glaws Area =1 aft. U=o05D
Kall Area =425 6q.p. = 22

APRIL: £,2¢55 [SR&F =13.1% |, ZO05 = 2.5

Glass: Corvective (pse)(HN(6B5-15)= ~214.0T
Radiant (BN(121D(022): 5167

Nall . (oa2)(22%)(1.5) - 0,50
TOTAL 412,52 Bhuh

MAY : te=¢d2z  SHeF =182 | CLTb= (Lo
Clss: Comective (9%.060)(6A2-15)= —41,14

Rodiant. (Boa(wz> = 124 l
Kl (2e.2)(1.6Y = Blo2o
TOTAL |02 Btuh

JUNE: t914 Zner-21.4  Z0o=12.6

GClacs: Corvective (3%.0@76’],445’): aA5.85]
Radiant.  (2o16)(21.4) = o342
Nall: (1) (12.0) = 22252

ToTAL \552.272 B
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JULY: tu=g5%, SieF * 1842 ,Z00D0= |2

Glacs: Convective (3%.06)(65.515) 251.0%
Radiant (sol)(eAaz) = 441.07

Rall: (222X12) = 23840
- ToTAL |44 48> Bhuh

AUGUST: t,:8l1 SIEF 1246 ,<LTD= 8.%

Gls: Convective (22.06)(Bl) -18)= 201, &1
Radiunt  (50.16)(»A2)= T60.2%
Wall- (28.2)(&.%) = 224 .06

TOTAL 125,46 Bruh

SEPTEMBER: t; M2 SBF « o286 o000 « 4%

Clacs: Convective (32.66)(14%-15): 142,16
Radiunt (B0 1) (lo.28) = B20.66
Wall: (2o.2)(4.2) = 121.26

TOTN- 164,08 Btub

a//'TOBE'R . t¢\= é4_‘—-’ )‘/"‘Dl‘{é‘: ‘:. ‘7’41’ )6L:rp : “é

Ol : Comnective (22.66)(6477-15) = ~240.52
Radiant. (BolO)(14¢) = #11.271
Kall: - (- = —lAzo

TOTAL —1o44 Bluh
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cooliNo LopD cALAULATIONG : SITE B
- Heat ézin From  Interral Leads

Equipment, Appliances, Lights

Pcpple
- Uneerdrbiened @Faaee

ERUIPMENT | APPLIANVCES, LIGHTS

(2820 82 ) (1 ok [67) = Boas Bhi

PECPLE | 4 occupunde
“leeping: (Bhwe)(4)(2E0)= ) 200
n Youse : (6 ) (4) (@zo)= 16082
Day Aa(-‘nvitl :(lohre)(2)(420) = &4e0

(29,620) /(24 - 12751 Bheh

UNCONDITIONED SPACES
Canage. 2404% Wall, U= oz

C(OXA (- t1)

Aprl: — 1512 August: 157
ij ~l¢1.0 September. 1192
Nume: P25 Orhober: -2 4

Ju]y: 2.0
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CCOLING LOAD AALCULATIONS: SITE B

SN CU+R, + R, +Rp + R
Number oF Qauf:an"ts

&= DDA aq- P
Sp A4 = A2l e
a =Vaeed = co

|.&

N =(] 63(60"7) (1.osX 1) + (10) i
(o'—'r’) (L.o®Y(lo + Y+ (l.esx4ael ) )

= &’¢ = / | = =
Te 2 = o002 NVT =p01% , 4 =o0%

(.8XAazl)

n= (o2X) +U+(BY(a2] )

= ©.4¢%7

Uog l = 7.0

[(1—0.4@6 )+(aﬂer%)(o.l=;)]

APRIL: t,=65.5 & = 165.©

&= (116%.25)+(225) + (o) ((5.5-16) - (20.2)(7)
= \&71.6 Bl [pereon

&)= (B1.6)(: 1426 Botuh



MAY: 4,12, & = 1425,

128

& (1425 ) +(30) 4+ (102X((A.2-10) - (145.6)
= 20760 Bhb [peron |
&y B2p4.24 Bhd
JUNE: t4- ’174 &L 2112

: (2e)+ o)+ (02)(T1. 4-—70) (145.6)
= 2%58.02 Pl [porsen
&1+ 422, 6% Buh

JULY: tq=858 L.« 2142.12

&+ (21a2.12)+ (20)+ (o£)B5.210) - (145.6)
= 2%52%.1( Bhuh [pereon
C4* 10,0972 .64 Bhbh
AUGUST: ty=gl\, &, = 20%7.1

G+ (2021, 1M+ (220) + (16.5)B.1 <10)- (145 %)
£ 2311, 45 Btuh [persen

&y An4AB, 2 Biun
SEPTEMBER : t,214.% & : [426.72

G (A26,2) +(205) + (10.8)Gq.2-10)~(145.¢)

: 219164 Btubh [persers
Eu: 216% .16 BPhuh

OJTOBER- ta= GAT 8= o515

e (1601.5) + (o) + (10.8) ((47-10) - (143, &)
- od. GG Bran/P@rean
Gy CB\B et Breh



129

ccool NG ENERET ESTMATION :SITE. &
(G hrs [ day) = (20 day [month) = |20 hrs [menth

APRIL

(e (1427)

G BhfatlaD) 201% KA
MY |
(100) (B284) o
(eBeco) = 2294w
JUNE
o (120)(4 422) |
QA=) 26172 kwH
JULY
(120)(16,047)
~(eBaod 7.l KM
AUGUST |
(120)(4, 24¢)
' ( G=00) = 7256  rkwH
SEPTEMBER
(120) (&164)
(G6=c0) = 24277 gl
CCTOBPER
(120) (6B 1) oot e

(722>
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cOCLING |LcpD cALAULATIONG  SfTE €

Haat Gain thragh E%p:ead kol Reof, Glaze
An%é Glhace -~ et
Walle = Nerth ?%uth 28 Pt
Bt & West - 11} fe

B - 2T00F?

U-bactors: Glasss &5 2 =@ed
Wille = ©.07

Keob = ©.071
APRIL + a7 645 ) Gee SHEE & CTD Takles

Oz (4980105 =  —A144
(&) (3527 = 497.7%
Mall o ( |@6‘%{4&1’1) = 4bB.2o
N 15,%%)( 2 26.9%
e (15, EAB3LA) = 4457
Reof :  (182)(2.%) = bBbI1B5
- A 17 ptun

MA@ €,= e
Glacs: (4%7(—&@0 = —Gho
(4N (22%) = EE.TP
vl e (le22)(1ne) = RGH. 2P
N (|522)(11.0) = le®6?
EW (12, B4)(32.5) = BOBOY
. (1A = BB 1B.BO

. @le. |17
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JUNE * tu=T175%

Olaes + (A2H(2.5) = 2% /2.
?417 (2280 = 2117
Kallie Clgep) (s = 2A%1.¢
N (15%%) leﬁ@ = popt
(10648157~ o |
?a?& (eAean) - wpieo
ToTAL 6242, | Bt

JULY 2 &= &7
Ghes:. (Az2en(12) = ].2¢
(14)(2%) = a5280m
Wl :o (I522)(ND) = prel]
N (1522 12 . £2A0
EW (ep4) (22%) = ead
| k15,0

TOTA- GP22.% Bt

EFTEMPBER 1oL jqﬁq.g X
€517

CCTEPER~  Topl 17155.5 B
Ca= 471 - .
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cOOLING LopD CALAULATIONG: SITE ©

Heaot czin Frem Intermal Leadde

Equipment, Fppliané%) Liﬁhf{:e»
Pcaple

EQUIPMENT , APPLANCES, LIEHTS

CmOO-QZ)(Z&W’A/Pﬁ) :  Bd4eo Bl
PEOPLE ! 4 secupands

Sleeping: (&) (D) (2=0): 11 200
g (G)(H(420)= loogo
ln House: (163(2)(420) = oo

24,680 [ 24 = 12%] Bk

UNCONDITIONED &FACES

Not Aﬂp\'@@%@



COOLING |oAD CALCULATIONS: SITE <&

¥ @q"‘@b‘i’&a +§F + &g,
Number o CQecupants

&L= 4020 =
Sp - 4o20 /4 = |COB é&l.‘f“t.
A V4ozo = %4

Rronti

N=(5%)

(¢24) (1o 1o) + (10)
= 1.7

©7%) (LOBYIA + (1A + (1B 1655 )

= 0‘0 2
T s el N oo | $= ol4

(1.8X 605D
(1.oBXI0) + U+ (1B \eo )

Uo = 1 : évs

[Cl- O.a8C )+(0.48¢.)(0.z4):l |

n= = ©0,.9964

APRIL: ta-chs , &= 2doo

133

& (2465)+ (200t (100) (A 5-16)t (112D
= 2B0%% Bl fperesn
&= 4oz, 2 Bruh
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MAY: t,=¢8.) K & = 2262
&e- (2562) + (200) + (10.8)(6®.1-10)—= (13737
= 504,272 Bt /Pev'%'n
&y 14, 06,12 Bhd
JUNE: t=11.8 , Q= 2244.0
Gr: (2240.9) + (220) + (10.2)(01.5-70) - (1F1.2)

= 249%,5% Btuh [pereeom
&4: \2,a14 Btuh |

JULY: tg=21 | &L= 2267.7
&+ (22617 + (262 +(I08)X57-16) - (1313
= Z14 Btuh [persen :
Q4 4, 256 B
AUGUST : ty4= 826 &, = 24372
Rr+ (3422) + (200) + (10.2)(2.6) — (13130
= Z120, & Bhuh [parer
&= 14,4222 Bfuh

SEFTEMBER: t,: M1 & 36541

&.r (BeB4.1) +(2e0) + (lo.)AT) - (172D

= 2921.00 %%/Fefrsom
Bu: 'S, 620.72 Bhdn

OCTORER : t4- 647 &, = 542>
&+ (25A2) +(2c0)+ (io.0)(3.%) - (512D
= H10%. 46 Bhub [person ~
&= 14, 24 Btuh
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coolING ENERST BSTIMATION 'SITE <
' ((ahm/day) *(%Aay/month) = | kre/month

APRIL

(114,02

& e featlias) i KIAlk:
MY
(122 (14, o1
- (e5e0) 28, |  KAH
JUNE
) & |
('w(oégj);—’ 2 280.4] .FWH
JULY
(120 (4, 2= )
' (6‘:)6:9) = 4‘“.4‘ KIAH
AUGUST |
14,47
| a?ifsm 2) . 41%.2.  kwH
SEPTEMBER
(tw)(me,gg@
(GE00) = 424.4
CCTOBER
(1) (14,214 s

(A=Z2>))
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COOLING LcAD cALAULATIONG SATE D
- Heat Gain Threugh Expozed Facade: Bxposure,

Coax &yt G Claws Area= 1B «.fr. ,U=25D
Kall Avea = 4@ 44,;:{-,)“,,9.4;'1

APRIL: t2¢45 ,ZHEF =(2.12 , ZCTD = 2.5
Glass: Convective (&,5&)(! 63(64.6-7‘57 = ~01, 6L

Radiont  (1#) (0.88) (=12 = 261980
Nall: D (orT (25> 4255

TOTAL |4o,a1 Bhudy

MAY © t=¢e.l  SHeF = 1.2 ,2LTb = 1O

Gl : Convective (16.44)((31-15 )= =T12.04

Radiont. (1m.80(15.2) = 85,29
Kl (no2)CiLey = 18122
ToTAL 40%.41 Bivh

JUNE: toT1B Zher- 21.4  2rmo= 12.6

Clacs: Corvective (ladr‘ﬂ('ﬂ.ts—'léﬁ 6,10
Radiont.  (B.24)(214) = 32295
Naill: (Meoe2)(z.0) = 2%1.47

ToTAL 596,55 Btuh
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JULY: t,=87 , SheF = 1842 ,2Co= (2.0

Glacs: Convective (104X (B1-15)= 125,29
Radiant (1B.04)(pAaz) = 244.641
Kall: (no(12.0) 20474

ToTAL G79.21 Bhih

AUCUST: t, =826 SHeF = (346, cLTD = &%
Gl Convective (10.44)(82.0-1%) = 19,24

Radune (B.od) (2.90) = 22117
Wall- (no2)(&7) = |4 271
- ToIAL 44114 Buh

SEPTEMBER: t, M1 ,Z%F = (0.4 crp= 4%

Class: Convective (10.4'4) (’H,‘] -']53: 49,071
Radiant (.2 (l0.4) = L4 T4
Waills (1.00)(42) = 7%.19

TOTA- 286,99 Bth

CCTOBER : 1426471 SieF= 146 iD= -6

Gl comvective (10.44)((AT1-15)= ~ 161,52
Radiant (IB.24)(14¢) =* 126,21
Wil : (No6) + 2,12

TOTAL ~ 22557 Bhin
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coollNe LorD cALALTIOG SITE D

Hé'at Ain From  Intermal leadds

Equipment, Appliances, L.Iﬁh—l:a,,

Pc&plg

ERQUIPMENT | APPLANCES, LIGHTS

(557)(2 s 62) (106 85 = _Neo By

PEOPLE 2 occapands | (\nale , | feunale)

= B 1.65)(#20) = 5120
‘a"{’&g Co)X 1. 6957(4‘0(;7 4072

Q%Z/M’ = 46 Bortih

UNCNDITIONED SFPACES

Cowage , Wall awes = 15067 U= .21
(UXA) (4=

Aprl -11.2% A\ﬂust: 0%
M“‘fy" - 2?25 September: 424
Jume. 4221.725 Cedvoer: ~A52.77

Ju\\j: o



COOLING LOAD CALCULATIONS: SITE P

139

&; r Cu+R + R, +&Rp + Pe
Number o Qecupants

Gp = W[ = 122D = fr.

A V261 = 1.7

(=47) CLOBY 1Y + (1)
N =(|.¢D(—- . Lo
0% CLodY(1d + 1)+ (1 5X123¢> ) |

= 0.6 = a Ol = .l
T 2010 ~eo? NVT , ¢

(1.5 12%5)
= : = 0.4
n (1.o8X10) +U)+(IB)( 1228 ) & AAT
l = 4.‘5

e [Cl— &.a2A )+ (0424 )(0.] ):l

APRIL: ty¢4m , g = &21.%

&= (624.8)+(300) + (10.8)G45-10) - (RO 52
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MAT: t,=¢2.l & = 9%1.&

- (A271.6)t (208) + (©-8)(6#.1-10) - (190.%7)
= 1626716 Buh [persen
By OB, B2 Bruh
JUNE: t4=T1.5 K Q= 1464

&+ (146 + @) + (lo.8) (11.5-10) = (Fp.22)
= o5 Bluh fpersen
Ky 221,26 Bhh
JULY: ta=21 | &= 1924.4
& ( I424.é)+(aoo7 (o)1) ~(40-%2)
2 2212 Btuh [persem
Q4> 4420 Bruh
AUGUST: 14282.6 &= 16274
Re (1621.4) + (220 + (10.8) (3526, - 707—(010 32)
= |52 M/FW
Ry: P4t > Bl

SEPTEMBER: t,117 & 14l6

&> (1416 +(300) +(02)(11-18) —(Ae.372)

= 6204 %W/W
By D200 .70 Bt

OCTORER : t4: 6471 & - 527.2
& (5212) + (325) + (10, 63(@4'\-’103 (kvo22)

= 5271, 64 %{—uﬁ'\/PeJrSam
&= 1119.% Bluh
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coolING ENEREST BSTIMATICN :SITE. O
(G s [ day) = (80 day [ month) = |20 hrs [ mentin

APRIL

(e (1266)

T R it
MY
(12 (2054 |
C@E&O) s 56.9 KWH
JUNE
(120) (2211)
( (500) = 2249 KWH
JULY
(120)(4426)
(B = 1229  KWH
AUSUST
(120) (214¢) |
( G=00) = 102. T kwH
SEPTEMPER
(10 (22610 ‘
(GFe0) = To2 gl
CCTOPER
(120) (1479) w2

il

(7z2=)
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COOILNG Lpb cALAULATIONG  SATE E

Heat &Gain Throwgh Exposed Pacade: Bxposiure,
.ft. 5 U= ©. 58

Cn+ &t R, Glaes Area = BO
W” Area = 225 44,,"-&.)U=-0.O'7

APRIL-: t"’@f.ﬂ )Q%F = (2,13 , cLTD = 2,5

Blass: Convective C’M) (¢24-18D= -%%0.q
520,

Radiant (44(12.) =
Nall ; (2z)(2.8) = =10
TOTAL 2864 B

MAY : t-;85 SHer=w2  ZT6= Lo

Gl : convective (29)(Lpp-1B):= - |85 |
Eol. 2

Radiont 44(i2) =
Kl | (22.2)(11.6) = 20, 25
TOTAL B6?.% gt
JUNE: tg+1.| Zner-421.42 Zipo= 136
6.9

Class: Corvective (220)(11.1-18) =
Radiant. (44) (21.42) = A42.5

(722.2)( 1».¢D)= 2o |

Wall:
ToTAL 12125, B Btuh
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JULY: t,=82.¢, ZhGF = 1842 ,200B= 12.0

Glass: Comvective (24) @C-18)= 2424

Radiant  (4)(1a2)=  &%2.3
(22.5)C\1.0)= fzjz.(p__

(BB, > Buh

Wall:
TOTAL

AUGUST: t,=81 ,HGF * 1346 ,CLTD = 8.%
|94, 2

Gl Corvective (24) (BLT-T8)=
Radante  (4)(1340) = @147
19,72

Wall - (228X %) *
| TOTAL a97 .5 Btuh

SEPTEMBER"® t,:10.4 SEF = 0% ,ciD= 4.%
Class: Convective 624) 64-15) = 4o.6
456.71

»

Radiant (44 (1.265)
Wall: (22.8)(42) = B.o
55,3 Btuh

TOTA-

CCTOBER: th= gl SHeF = & JCETD = -6

Gl comvective (24)(6l&-15): -282.8
Radiant. (440 (&) = 382,06
(28)(-&) <= —12¢.0

TOTAL - |&1.6 Bruh

Wil :



144

-._CT_-OOLLN@ LOAD CALAULATIENS : I TE E A’
Haat cain From  Internal Laade

Equipment, Appliances, Lighte

Pcaple

EQUIPMENT | APPLIANCES, LIEHTS

(2Bt |47 (22006 = _4hcO Bohuh

PEOPLE - 4occupants
W By oo
 In Pouse! (o (2)(420) = &F00
(24,ce0) /(24 . 1227 Dot
UNCNDITONED SFACES

Net Applicalle




CCOLING |LoAD CALCULATINS:: SITE E

&, W " Cop+ R, + R, +&p +Re
Number o CQecupants

QL-‘- 342> aqp'f: | .
6?'%%/““ = &L o ft.

A =Voap4s = B56.9

N = (5D (%4}[ (1.o&Y1o) + (10) _ Lam

| (0'7'-’7 (LoD + (Y + (1.BY( &2 )

T 2% oo NWT =007 4= o5

(.5 212)
(1.o2XI) +UV+(IBY (P12 )

ne= = ©0,9%%1

U, = ’ = &l

[(1— 0. 4%% )t (0.18% )(o.:a)]

APRIL:  t,= (ﬂ'ﬂ; Ri= \4gl

145

&= (M’ﬁD“‘ (ze5) + (o.2)((24a-18) — (uo.b) (@.1)
= %, Phd /p%am

R)= £B24 Btuh



CMAY: t,=ce5 | & = 1625.2

146

G- (1625.2) + (25)+ (16.8)(68:5-70) ~(65.8)

= 154%, 2 Bhun [persov
Q- 1%12. 2 Briuh

JUNE: t=71.1 , Q= 1%1.6%

&= (137, &;’D + o) + (0.2 (1. I-'Io7 (5.5
: Qo4 Brwh [perser
K= 814 Bt

JULY: ta=82,6, £ 1144

&.- (114t (Goo)+ (10.2)(7%.6 ~70) - (65:8)
= 2120 Bruh [persow
&y E500.% Bruh

AUGUST: 1428l7 & : 1687

2.+ (168 + (o)t (lo. ) (B -10) - (5.8
= o020 Bhib [persen
Ry BOLO Btuh

SEPTEMBER: t,:7,4 & 155, |

& (552 )4 (208 + (108)(6.4) - (5 @7
= \@GL% Biuh [pevson
6?,;— 1445 .2 Btuh

OCTOBER: ty: 6l &= 126125

G (1267.28)+@ed) + (10.85) (-232) - (5.2

= B> Bhih /percen
62,\: @O%Q.Q M



147

cooliNe ENERGT BSTIMATION :SITE E
(G hrs [ day) = (80 day [ month) = 1222 hrs [ montih

APRIL

(led)( e5=4)

@ Bhfratd(1020) ) 1?1'5 KN
MY
(122 (1271%)
(emeo) =  204.) rud
JUNE |
| (120) (B144)
( oB0d) * 226-9 KW
JuLYy |
(120) (&520)
(cmc> '2%_'6' KIAK
AUGUST
(120) (oeo)
( G=00) = 2227 ke
SEPTEVBPER
(e (1445) |
D) = 206,72 kR
CCTOPER
| 2
(120) ¢ 0%71 1&1.6 vwi

(B
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COOLING Lepb cALLULATIONS (SHATE F

Heat ain Thraugh Exposed Bacade: Bxposure,

G+ &t e - Class Area = 144 < ft U= o.BD
Kall Area =144 cq.pt ,[= ©.07

APRIL: t,=652,3H6F =1%.13 | 20 = 2.5

- Blass: Convective ( p2m2)(-1E)= -792.4

Radiant  (126.2(1m.02)= 16649
Nall - Co.D(2B> = 222

TOTAL 24( Botulr

MAY : t=ca.2 | SHeF = 182 200D = IL.o

Glss: Comective (BRE10) (5.6 — 4840
Rodimt.  (RG.B)(1®.2): 2%61. D
Clo.N (o) 1. |

TOTAL 1924, Buh

NZIIE

JUNE: to11.9 ZneF- 21,5 2ib= 2.6

Glass: Comiective (p3.57)(2.9) = 242.2
Radiant. (‘12(0.53(21.57-: 126,72
GoN(2e): V21.4

Wall:

ToTAL 205 .2 Btuh
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JULY: t,=85% Zier: 4 ,zCo= 12

Glacs: Convective (82.52)(0%)= AOZ, 072
Rodiane  (126.8)(14) = 2%A4.00
wall: Clo.N(12) = \2lL1®

CToTAL AT .2 Btuhn

AUGUST: t,=8l.) ,SHeF 2 4 cLTD= 8%

Glrs: convective (22.52) (.= BodAB
Radiant C\z(p,$3(14~') = \11B.2
Wall: CoD) (82D = 83.%
TOTAL 22655 Btuh

SEPTEMBER: t;M> ZEBF < 3.4 ,ZED-4.%

Clocn: Comvective (82.52)(42) =  27A.2
| Radiart  (126.8)(12.4) - 1697
Waill: CloN(43) = 434

TOTAN- 2lo0l.] B

CCTOBER ! ta=h]1 Sher- &  Zib:=-6

Glass: Comvective @>.52)(—10.%)= ~860. 2
Radiant. (126.8) (&) = 1644
Waill: Clo.) (&) = - GO (o

TOTAL A%.6 Bech
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coOoLING LOAD CcALCULATIONSG: oI TE B

Heaot cain From  Interrmal laads

Eﬁuipma’\t/ Ayppliances, Liﬁhf{:e

Pwple
Uncerditioned Gpaces

EQUIPMENT , AFPLIANCES, LIGHTS

(43"“"/‘4")(2000@2) . dee M

6\e¢‘an (&7 (2. %SDC%OD ‘Mbo
Werk™ (&) (2.85)(420) -

\SIel 24 . 37 Pl

UNCONDITIONED SFPACES, -

ézzfmfdc V=0.12, A= 240G*

Aprl: ~dlo.4 Avﬁm 26%.5
May: -250.5 Seplember: 125. 2
Jume : 1255, ooy —A44E
Jwa,: EAND
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COOLING LOAD CALCULATINS: SITE F

& L T R R, + Ry ke
Number o Qcupants

Gz 212 o ft
Sp = 2112/ = A%t =.ft
a - VTAZ = B2.6

N =05 (24 (1.o&Y o) + (10)
2D (Lo2Y(1A + (1Y + (L5124 )

= &7

N7 |
W ® = 00272 = o.lo
Te gz =02 NT =0 )a}
= (.5X g424) _ :
n (lL.odXIo) +U)+(1BY(az4- ) .8
l .
He” = 8.5

[(1— ©.485 )+ (0485 )( ol ):l

CAPRIL: t4765.5, g = Mo5.9

&z (Nos1) +(2a5) + (108D 48)- (152D

= M43 M/Pem;m
R)= $3322.9 Bhh



MAY: t,=642 & = 2l0B.%

152

& (210%3) + (200) + (108) (-.2) ~ (183)
= 2212, M/PM
Q- GGl Bheh

JUNE: tg=77.9 , &= 202

o (’/2@217+(300)+(:06)(7‘D Crom

z (2822.3) Brdn/perser
&Ky B4eA.9 Bhun

JULY: ty=25.8 .= 2828.6

G+ (1829.0) +(2c0) + (1o-8)(1B.8) - (186%)
= 21262 %A/Feream
Q4> A,278.7T Bhrdh
AUcUST: ta=8L1 &; - 2421.%

Re+ (2421,2) +(206) + (0B 111D~ (123D
= (2658.2)Bruh [persen
&y 1914 ¢, B

SEFPTEMBER: t,- 1% R : 2206.5

G (2306.8) + o)+ (o) (@) - (182
= 2524 Btuh [persom
= 1571172

OCTORER : t4:64.71 &= 1427

& (1427) +GeS)+ (160.8)(-53) - (182D
= |486.D M/FW%
&y 44eo. 7> Bhih
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- cool NG ENERGT ESTIMATION :SITE F
(G hrs [day) = (80 day [month) = |20 hrs [ mentin
APRIL

- (e (B22D)

@ Bhsfrataz) 1474 KAH
MY |
(123 (664D
(@5c0) 1229
JUNE
| (180) (B4T10)
TAZZ)) = 2245 ki
JULY
(lzo) (2719)
(650 = 279477 KM
AUGUST
(120) (1771%)
( G=00) = 26.8  KwH
SEPTEMBER
(o) (15772)
(GP00) = 209.Cp ki
CCTOBER
(1p0) (440)

(6500 = 22.55 xwi




APPENDIX C

APPLIANCE AND WATER HEATING ENERGY

CONSUMPTION ESTIMATES

154
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APPLIANCE srd HOT IWATER ENERST
LoAaD ESTIMATION

. SITE BT, MENTHLY UaASE
@'y

SBoo
|1Blo
| B2

e
1440
|20

T W og Ny >

X Zalevlation in Chapter V

Crources:.

- Pwvie, Ad. and R.P. Schobert: _Alternative
Natural Energy Sources in Puilding Design
NVan Nestrand Reinhold Companyjﬂew\/prlé.) Aa14.

Enerqgy Conservation inthe Howe | Depart-
went & Energy, EDM —1029) 1477,
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SIMEA: APPUANCE  Lerio (Plie DALHD

Avea: 155710 o £ , Water Nell

] Adult  occupa

no=

&ouf&mt Bualuation : A\/@mﬁ@ Uee ()

ANerage N2 (2)

by 2%

| Appl{mnoe Bt ch)HtHy e
Natwr pump 40.0
CoPfee Matl/-@r B.%

- Pichwacher 20.%
Fr'y"qg zn 15.5

- Mixer .0
Micyowave Oven 5.
Pa oo, 4
Teeter .2
Trach Compac 4.1
Waste Pi 7.5
Freezer ( \Z (—“c) 146.71
ganz /Fheez@r (14eude) 182, 4

C oryex 22.2

- lren (7.0
Washing Machine 8.0
Nater Heater 4o .9

. Television 20 .4

lec) . KIAH

Gince  Only 1) people & A\g (e , Redice

250 Kkl /Mo
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SITE B APPLIACE LD CPuwe DIALH.D) _

Area: o t? | 4 Qeupants ; () Adukts 2 Adolescents
Crevpant Bvalution : Mere than svg Use (49
Mere than Av_gN? (=D

- APPLUANCE BT MONTHLY  KIAH
Refs Site A oG, o
(2) Humidi iere | 47 ©
. Stereo ., |
D) Televicion (colae) 55,0
_ L/iﬂh—tt; o 10. 0
1238, 5 KINH

l By 157
erame B 2L, Ble KMo

SITEC: APPUANCE LoAD (Plis DINHD

Area: LTI00PE", o Cevparrts
Cceupant. Bxaluation : figher dran Avg. Uee (5)

Avg. N2 ()
APPLIANGE BEST. MATHLY KA
Ref . Site A lodd.Co
- (2) Dehumidifiers R7/a=
Etereo .1
() Televicien | BB.o
Lights | el
|26%. 7> KWH

lrcrence By 277, for |
= WH’C@ IE‘&Q KWH/Mﬂ
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SITE D: APPUANCE LoD (Aw DALH.D
Avea: oo &P , 2 Qewrints |
Cccuant  BvAluation: Mere Than Avg. (se (4)
| Mere than A, N2, (4
APPLIANCE Eor MANTHEY KA
Ref: Site Aladjsted) 50,00

gt 4.0
lagnwnyi?fﬁw - 2|, 4
Attic Fn 24, 4
\Azuum 4.0
A44,2> EANH
lrerese B7, for Bvaluation
lww,/ Mo

SITE E: APPLIANCE La2D (Pl DLHD)
Aed: 2700 6%, 4 Occupants
revpAnt Bvaluation: A e (&)

ANg. Ne ()

APRLAC= B2 MONTHLY KINH
Ref': SHife. A el &
Deliumidifiers T 4.0

Ebeed | .

(12) Televicieon 5. o

Lights - 0.0

Pwer Tad%)[\/liec - CO.O

|25, KIARA

lnerese B for 4
AP, |40 KiNi Mo




APPENDIX D

BUILDING STANDARDS DESIGN LOAD CALCULATIONS
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DEAEN LoAD5 B MINMUM PROPERTY
 STANDARDS  EQUINALENT DNELLNGS

tLbinﬂ Heat Transfer NMethed Referenced in axwptf/ré’.
HEAT TRANSFER FACTORS

CANGTRLLTION (HTFD
_ ELEMENT WNINTER =  SUMMER
A1=F AT =228°
Windows, Girgle Pane '%.5 o 2.5
Yoors, Hilow Coree. 195 /7R
Infilbaation (W GtormDr) Bl 12. 2
Frame Wall; 52" lnsation |
() 5% 4Rl
Pitched Peof; & Inelation R
- (&~ ) oA, Vet latiom 2.4 .2
Blab on Grade: | lrevation
S (:)a-op. 2 57 o

Latent @ain in Svmmen = D07 Genen ble Cain
B people Minimum Lor Heat Cain

“Window area divided in half dor colar Cain
_Windows aran= |67, Groes Expored Avea

_For Crack Length) Al Deore 221 (2] )
- Al Windows 24 (1264



MINMUM PROPERTY <STANDARDS EQUINVALENT
DWELLING TEsBN |LovbP <dALCULATIONS

161

SITE A ¢ GENERAL DIXTA

Window Area: (o1 16eed)= 24 fz
Door Avea: 422
Net Wall Area: 122542

Linear Feet of Crack (@ Cvors, Wmdav% 215 .

&ﬂhnﬂﬁr&ﬂ 210 4
Sub Ferimeter; 20!

HEAT lose:. AT:GHF

Window: (24 (1,57 7,135
Deor: C42) (12.%) : BORT.O
WNall: (225)(53) - 9022.0
Infiltration: (25)(3L6G) a4q954.0
C&Hinﬁl C1=210) (3.4 . 4eh%.o
Ghab Edge: (2o0) (514) I, 6%7.9

[ 1]

(4]

L]

OTAL- B54-612.9 &hdh

HEAT &ANN « AT =25 F

WNindow: (24 (2.5 . 6%86.B
. (42) (26.5) . 1130
Wall: (325> (2.1) . 21872.5

n

Infillration: @5)(12.n) 2042.0
célling: (l?ﬂo) C1.8) « 2406.,0

Sernibe 16,541.0

latent Gain:@D)(1em) <« 44T1.%
Solar GainloA e%5)(24)  =10,00l. D

People (Min 2)(220X1 %) 27100.0

oL %4, 25O T BRab
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- MINMUM PROPERTY STANDARDS  EQUIVALENT
PDWELLING TESIBN |LopD  CALCULATIONS

I'T‘EE . GENERAL. DA
Window Area: (015X 1632)= 24% #°

oo Area: G2 &

Net Wall Area: 1224 &7

Linear Feet of Crack (@ Loors Windons 1 3271 105

Ceiling fea: 2eco £e°
Shb Ferimeter; 204 fe.

HEAT lose- AT:GRF

Window: (Q4-57C73v’5) . 13,0015
Deor:  (63) (12,5 . 430 B
Wall: (=224 (5,20 1017, 2
InFiltration: (=27) L&) o e, 2
cailing: (2825)C%.4) . AB20.0
Ghb Edge: (204)(51.9) 1,211, ¢

L as |, 2le BRLh

HEAT &ANN « AT =1B°F

[

4]

™

Window: (245)(26.57) . @paI2.5
pror: (62) (26.5) . 16645
Wall. (224 (z.) . lee4

Infiltration: @27X(12.2) = 4Nl 4
é‘&lmﬁ (22007C| 2) . Bo4 .o
Sernite 720,09% .8

latent éqln (023(40043 %) = @ oZ®. |
Solar GainleSYe25)(24%) = \0)4.'2% &

V@Fle Min ) (22012 _ 2700.0
ToTAN-  24q,0F>T Bhb
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~ MNMUM PROPERTY STANDARDS  EQUIVALENT
PUWELLING TESIBN |LoaD  cALAULATIONS

SITE & ¢ GENERAL DONTA

Window Area: (oB)Y(reo)= 264 i
Do Area: o4 £
Net Wall Aren 1412 &
Linedr Feet of Crack @ Doors, Windewe + %70 &
Gﬂilinﬂ Area: 2700 P
Shb Ferimeter; 270 &.
HEAT lose: AT:6%F

Window: (264)(12.5") . 19,4046

Deor:  (84)(13.5) . @l14.o0

Wall: (D) (8.2 142%.&

Infi I-tmbon @16)(>1.6) | | &8l . &

caling: (7100)(24) - 1822

b Ec%e (220)(=1.9) |1 2. 1%D,
AL

e, 2@ 1.2 Btvh
HEAT &ANN ¢ AT =2B°F

n

4

Window: (264)(24.27) s GA16.0
oo (8)(26.%) . 2226.0
Wall. Q42)(2.170) . NRAGS. A
Infilration: (F10)(12.2) . 45871, 72
céiling: (z100) C LD . 4860, O

Sernitle 21, G244

latent Gain: @3 (2,634 « G490.%
Solar Gane%5)(264) = 11022.0

Peope (Min ©)(220X1.8) = 2700.0
TOTAL 4, 246 Bion
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MINMUM PROPERTY <STANDARDS EQUINVALENT
- DWELLING TEsSIBN |Loab  cALCULATIONS

SITE D @ GENERAL DONTA
- Window Area: Co.m>(1046) = |7t fe*
Door Area: 42 £°
Net Wall Area: 842 -
Linear Feet of Crack @ Dyors, Windowe ' 26 Le
Ceiling Area: 11160 P |
Shb Ferimeter; 12ote

HEAT |lose- AT =G6G=F

Window: (1Bt0)(725) » \466.0
Deor: (420 (712,50 20871.0
CWall: (B4 (2.2 44G72.0
InFiltration:(21) (3. ¢ P25, @
ceiling: (Nes)(z.4D - B1e0.o
Gb Edge:(ROXET.4) - 1B21.0

- PTR- 24, 148.2 B

HEAT AN AT -25F

[ 7

14

L]

Window: (156 )(26.57 . A4,
tror: (A42)(26ED . 11120
Wall. (A2 (2.1 2 165, 2
Infiltration: (216)(12.27) = 263572

| C&”inﬂ'. (\100‘)(1'63 . 200.0
Sercitle |2,710.4

latent Gain: @9 (2,1107) <« 2Bl |

- Solar Gan@RE%B)(Is6) = GBIZ.O

Peope (Min D) (220X1.9) 2700.0
ToTAL 25,1265 Btun
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MINMUM PROPERTY <STANDARDS EQUINALENT
- DIWELLING tTEsIBN Loap CALCULATIONS

<TE E

¢ GENERAL. DATA

Window Area: (0.18) (1p0d) = 225 &2

Door Area: 6% £°
Net Wall Area: 1216 £6°

Linear Feet of Crxk @ Loors) Nindows 214 L,

'C?z-ilinﬂ Aea: 200 £
Sk Ferimeter; |[do £

HEAT Loz AT =G@5°F

Window: (225)(1%.5D
Peor: (6% (125D
Wall: (1216)(B2)
Infiration: (RO (2.6)
cailing: (2200) (.49

b Edge: (140)(B1.4)
OTAL

HEAT AN « AT =2F°F
Windew: (22%) (26,57
tror: (2 (2657
Wall. C12163( 2.0

Infilration: (2140 (1220
_ ééi'h'na‘. (2200)Cl. &)

Sexrsibe

Latent Gain: @) (11,476)

l6 231,55
4630, 5
A4, ©
= gqzz.4
= T1422.0
[,004.0

v

™

Be, o010, 2 Btoh

2 BA62.5

* leed. 5
* AR5%.6

= 3920,

« PQeo. O

171, A7, 4
< B2zAa2.4

Solar GaineRe%5Y(22%) = 4,39%.%

Pecre (Min )(220)(1.)

ToTAL.

= L7000,
25, 462.1 Btuh
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MINMUM  PROPERTY <SSTANDARDS EQUINVALENT
- DIWELLING TESIBN Lot cALAULATIONS

<ITeE F @ GENERAL DNTA
Window Area: (2.15)(1222)= 18542
Do Area: (P H*
Net Wall Area: apd £t°
Linear Feet of Crack @ Doors, Windowe: 267 £¢.
Ceiling frea: oo fe
Shb Ferimeter: 160 fE.

HEAT Lo AT *GEF

Window: (185X712.5) : 13,811,
Deor: (61,50 . GO B
Wall: (g4 (5.2 D B2B, 2
InFiltration: (2¢1) (31,6 247, 2
ceiling: (200) (3.4 - 200,06
Gab Edge: (1oY(5749) a2¢4. 0
L 471,444 4 Bhub
HEAT &AN « AT =2F°F
Window: (185>(2@.5) 40725
o (6% (2650 . leed. s
Wall.  (Asd)( 2.1 oG, 4
Infiltration: Q67)(12.2) 2257 4
- ceiling: (2200)(112) b
Cernitle 15,495, %
latert Gain:(22) (1%8,446) < 4642,
' Solur Gain@EE2s)(188) = 17422,

Pecpe (Min 2)(220X(1.9) 2150 . O
ToTAL 20,602 2 Bton

4]

L

L ]

(4

n

"
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DESIEN LoADS Br ASHRAE  Ao-15
- EQUIVALENT DWELLINGS

-WINTER T}lP&”A build«irg ) lneide Daet@n 'rmp'72°

ping OKC Degree Doy Total (27250 ¢ Figures noted
below, U-factore are determined.

—Figure | : U,.eq'd Kall = o.252
Figure? . Ry shb = 2.5% F=2l*
_See. A%.2.2. Ur@]g Peof’ o.05

Exvauet B req'ments @ o CFM ea. Uzed for
Anfiltration oz ; Al hare® are total electric .

u

SOUMMEPR-:  Autelde Dosign Temp. = loo® F
Typml /\bm/e —ﬂr‘ddé Conet?uotia_m aesUmed wibh
Required U-frtors.

. ¥
o -HEAT TRANGFER MULTIPLIER

“Wall - —Pmme wy veneer (V=214) . 4
- Reof - light, pitched, (U=o.00) 2.%
ratural ventilation |
“Windowe (ho 4wnmq)

- Single g\a% Notrth | P,
T . Seuth vZ.0
East /et A%, 0

_Window area acslimed as |07,
@ exposed wall area. Pacement 'typnml

* SOURCE. . M.J. McGuimes  and §. fx.am Mechanicall
. and Electrical Eauipment L F?unumqe John
S Wiley and Gores, lve. New Yoric., a7l
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DESIeN  LepDo &r 0-1% Equwalent Dnellirgs
. _WINTER HEAT Lozs aT=2A7

BITE A & (12710 &42)

Wl : (1eot> 82 (0.12)(FA) = 24,201.71
Rl (1Z108)(os e = 4ptl =
Sak: (201GX%)) = Ge>l.o
WGl = (BandCo)doplan = 1,464, ¢

TOTAL 45 49, Hbkdh

STE B (2020 &)

Weld: Qusz ozsd)ZA): 24,2642
R oo L: (1prob) o) 8/260.©
Slab: (od (D = %240
W&l (o)(Lod)(e) = 28722

ToTA- 42,6711.71 Bh

STE_ ¢ (210087)

M ! (‘7&0@") ©25)(" )= 261,77
Reol: (11050050 1A65.0
Sab. (220 L) (m) = @&lLo-O
In& - (DEXiop)(E) = Tote.4
oL 425 BA | 8t
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- DESIeN  LapDs B 1% Bqualent Dinellings.
WINTER HEAT Lose: AT=EA° =

ASITE © & (oG

Wl - (1040) (0252 XBD) = 1B 4w
Rool: (noo)(0.050(E) = BolB.o
Sl (20 &)= - 4o%0.0
NS> CORRD i

| ToL 25A11.2PRA

ome E 1 (2200 £7)

Wath- (e (@.252)(E) . 22,2612

Reof: (rzoo) (o) (Ba) = @492
Slak . Cep&)(31) . BP2H.O
lnbil - @(esXo2)(Ba) = 16464

TOTAL 41,325 Bk

STE F : (2000 8%)
Wall. (1222 (@2e2)(BD = D 2(7.4

Reol: (2000) (005) (BN = BAco.o
Shab: (154 (1) - 4740
bl ()@ ) = 11,4¢.6

T 4, Y| Bl
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DESIeN  LepDS Br 015 Equvlent Deellings

_éUMMER HeEaAT @N}{nmwspeople-l—
eézuiPmevuL

ASTE A7 ngpl@

Wadl: a1 62)(BH = 12144
Wirdow™ N) (so.4) (25D = 28140
o) (b0 4) (B2) = AleoD
24255,

Reotl Cizno8)(z2m) -
WG| 2 (e lee)(eo) =  PBEDS
= 28A72 e

Internal . &40+ 2002 __ T
TOTAL 2501471 Bkdh

SITE B 4 Faple Carmme +vI%°
Waﬂ:é(/zwﬁ2>(&.l7a)(w3 2 774, 4
19 2%2.6

(14¢962) (5.4

Kindow: NY(328)(28) = 3.0
s L

ew) @a6)(9% = .
Reok: (2200)(2.5) = T, &2
Inls . (6 (Loe)(20) = 1296. o
Interval . 1680 +5ec> * TR B, &2

O 20, 2.2%.0%

STE < ' 4 '?eo?le,
Wat: Cieod G)(B4) - @553.6
Wirdow: N (35> = 2380.0
D e 2L %o
EW ) (@eo£2)@a%) = O
Reof . (21008 (2.8 = 1506
W8 . (128 C1ep)(2D) = 25RO
Intevrad: (o2 (Bd00):  [082.9

oA BALIL Bl
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DESleN  LaopDs & 15 Equwalent Dinellirgs
SUMMEPR HEAT GAIN ! |nternal = Roople +

SITE D & 72 Perple Bp

Wall: A2, 62)(B.4") = Ho54
Winbw: N) (22) (5D = 11720
&) (22) (52) = 1664
EW?(&.Sov (9=) = %20

7.%) s AzBO

n~P.] l@o“)(/oe;? (20) = oo

lntomal: (840 t2a00) 7 4240
TR 73,9%0 Bhuh

SITE E | 4 ‘?gppla

Wall: Qasd)(5.4) = “T2ll.¢

Window: N (2762) (B5) = 18200
‘ﬂ (&) (m2) = 1A24.0

EW ) (74 8:)@%) = ceplo
Reol: (220060)(05)- »ZO-O
Wl . (28)(lon)as)= 2720

lmem/{ ILpo+ adoe> = GOS0 O

oA 972, Ho Bt
STE F | & PEoPE

Wall: Clio1)(B.4) |z Plene
5) 7 [
Wondow 1 KD Eﬁ?,ﬁ%% AR

E A 7(7%7( az) > @Be%. %

1209-@ %szp o2) (25) =BecD. O
18 (l.oBX 1) = PHPD.O

anrerml (Aeo) Haeoo) = FAC0.©
ToTAL- /Z@' P40 Q &hh
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DESIEN LOADS Br ' ARKANGAS! HOUGE.
- ERUIVALENT DNELJ—-H:I@QP

“Weing Heat T ranzter Methad Referenced in &mft@r .

_ HEAT TRANSFER BACERS

~ COETRUCTION ~ CHTP)
- BLEMENT WINTER = UMMER
C AT AT=2ES
_Windows, -lr‘éuk\(:inj el 4|2 B2
o, 5.0 & Storm (04 7.e
nfitratien (w] Gtom) 0.5 2.2
~__Fame Ml |, &' lnsulation | |
F”\q) @04—' l 06
ReoF (0 lnsvlation (R-%8)
- Contolled Nentilation 1.6 &1

Glab on Grade; 12 |
- __VDrethane QAo o

Latent Gain in Gummer =207 CSrensibe Gan
B Pecple Minimum for Heat c&ain
Window Area = (07 for Splar éain
CPr Crack Levgth; A\ Drors %x1 (U6*)
Al Windows 224 (12 %)
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IARKANGAS HOME. EQUNALENT DWELLING
DESIEN LoaD  cALCULATIONS

SITE A : CENERAL DATA
Window Area: &7, Gross Living Avea = (c.oeX@10)+ | 1O fe
or Prea: 49 L7
Net |\l Avea: (14564 £4°
Linear Feet of Crmack @ Drors Windows @ (6o €.
cailing Avea: =10 £°
Zab Ferimeter: 201 £¢ .

HEAT Loss, AT =oR°F

Window: (loa.6)@.2) . 4B1B.5
Deor « (42)(20.2) . pas.4

Wan:  (lase.4)(5.4) - 4950 &
InFileration: Cleo) (20,57 . P28 O

caling” (110)(1.¢) . 2l9z.06
S Bdge (200)(22) = 4472.0
TETA- 26,2.04.7 Brvk

HEAT GAIN, AT = 2B°F
Windaw : (104.@(!6.6) - |722.0

Lo (42> () - 2210
Wall: C1456.4) (13D = 1892,
Infiltration: (10 V227 . 1982.0
ceiling: (15710 (0.7 = Ao

Semsitle (207

Latent ain - (05X 6 863D 2.06%
Golar Cain @EXE3.2)(1A.G) = 4576

Pecpie :Min(BX(200)(1.%5) = 700
TETAL |G, 199 B+in

"
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"ARKANOAS' HOME. ERUNVALENT DWELLING
DESIeN LoalD cALCULATIONS

——

SITE P @ GENERAL DATA
Window Area: &7, Gross Living Avea = (c.oX2g00¥ 224
Leor Area: 62LE2
Net Aull Avea: 1245 L&
Linear Feet of Crmack @ Deors | Windows : 212 4¢.
celing Area: &0 fe?
Bab Perimeter: 204 f¢.

HEXT Loz, AT = &R°F

Window: (z24)(a1.2) . Ae285
Deor + (%) (20.2) . 17212.6
Wall:  (r4)(=.40) . 4101.%
Infilbeation: G12) (205> . 62460
Coling: (2825)\.4) = 44e0o

Shb Edge (1049 (22) - 44eb.o
TETA- 30,65712.4 Bhoh

HEAT GAIN, AT = 2B°F

Window: (2z4) (im2) = 25242
Do (6%)(1.8) 491, 4
Wall:  (13452(1.3) 746, 5
Infiltation: (212.)i2.2) - o064
caling:  (neco) 1) é6. O

‘ Zercide ||, 245.5
latent Gain - (2N 1), 54%) = 46T
éolqr Cain @2X22.2)(224°) = q 32,0

Pecple :Min(B)(200)(1.20) - 2L106.0
TOTAL 27,001, 7 BAvh




WRKANGAS' HOMIE. E&UI\/NENT. DWELLING
DESIEN LA cALCULATIONS

p- —

SITE & : GENERAL DATA

Window Area: &7, Gross Uvinﬂ Avea = (.oeX2100)- 216

Ror Area : 84
Net |Aall Avea: |460

Linear Feet of Crack @ Drors , Windows : %720

édlinﬂ Area: 27760
Dab Ferimeter : L20

HEAT Lo=s, AT = &R°F

Wirndow: (216)(4.7)
Deor+ (84)(26.2)
Wall: (1440) (24)
Infiltreation: (220)(10 %)
Ceiling: (2106 (1.6)
Sb Edge (220) (22°)

| TOTA-
HEAT GAIN, AT = 2B°F

. £299.2

- 1 @AG. P
. 464, &
. OO, O
. 4200.0

= 4240. O

Window: (21()(15.25)
Do (B)(1.8)
Wall: Q4eo) Q1.3)
Infiltration: (220)(12.2)
Caling: Cz100) (0.7

2|, 280.0 Bhuh

- 2412.%
= BBl
12A8.0
. PAo4.o
= |2A0.00

Seveibe || T1@0. O

Latent éain - @ 2X 116D
Gelar Cain ERXB2ZX216)

Feopie :Min (B)(7c0)(1.25)

ToTAL.

= D525

= dol%s
- 21006

271,006 . OBtuh

175
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"ARKANGAS' HOMIE. ERQUNALENT DWELLING
DESIEN LoAD cALCULATIONS

SITE D 1 GENERAL DATA
Window Area: &7, Gros Living Area * (v.ozXN60) = 12
f2or Area: 42
Net |Nall Avea: 62
Linear Feet of Crack @ brors, Windows : 14%
&&Jlinﬂ Avrea: Neo
“Dab Ferimeter: 120

HEKT Loss, AT = &F°F

Window: (1267 (4.2 . Bpem.2
Deor + (42)(20.2) - g4s.4
Wall 1 (8670(%.47) . 2%, %
Infilteation: (A2)(20.5) . AB6.5
Cenling (HOO} Q.4 = 2126.0
Shb E;%e (,w)(zzj . . 22E0.0
| TZIA- 1BAIBA Brhuh
HEAT GAIN, AT = 2B°F
Window: (126)(15.2) - 2148.%
e Cd2X(1.2) = 2216
Wall: @e2)(1.2) = 1|120. G
Infiltrarbion: CAZX(2.2) . 22546
cailing: C(r1eo)(o. 1) - W90.06

eercitde 114,64

latent Gain -Q2X1147) = 21425
Gdar Cain @eX&3.2)1267) = BE1&.0

- Pecple :Min(B)(200)(1.%5) = Aloo.o
TETAL 1, @02.1 Btuh
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"ARKANGAS" HOME. ERQUNVALENT DIELLING
DESIEN LoAD SALCULATIONS

SITE E : GENERAL DATA
Window Area: &7, EGress Living Avea = (0.02X2220): e
feor Area: %
Net | Nall Avea: 12065
Linear Feet of Grack @ rors  Windows : 757
Mlinﬁ Area: 7700
Zab ferimeter: |40

HEAT Loss, AT = &R°F

Window: (116) (44,27 . 128172
Deor + (6%)(70.2) - 1212.6
Wall: ((265(>4) : 42ol.0
Inflteation:(25N(0E) - B2¢ss
Caling: (2225014 2 2B20.0

= 4.0

Sb Edge (MO (227)
12T 272,277 .% Bhi

HEAT GAIN, AT = 2B°F
Window: (116) OB . = 2808

Do (6%) (1.8 - 491.4
Wall: (1268)(12D - 14644.5
Infiltration: (257)(12.27) - 2l254
ceiling: (2zz0)(o.7) = |BAo.6

Serpide A592. |

Latent Goin -(B(AEAZ) = 22711
Golar ain @2X22.20( 1¢) = 154948,

Pecple :Min(BX)(200)(1.%0) = 2160 .0
TETAL 27,517 2> Bruh
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UARKANGAES HOME. ERQUNALENT  DWELLING
DESIEN LoD CALCULATIONS

==

SITE F @ GENERAL DATA

Window Area: &7, Gress Living Avea = (0.08X12205)* )

f2or Area: &>
Net Aall Avea . 1ood

Linear Feet of Caack @ Dbpfé)w:'nalmvs: 222

6a'h'nﬂ Avea: rieos
Db fernmeter: O
HEAT Loss, AT = &R°F

Window: (10)(41.27 . (Ba2.0
Deor + (%) (202 . \27172.0
Wall: (leoa)(2.47) . 2430.0
Infilbeation: (228 X050 . 4&194.0
ceiling: (2eo(1.6) - 2200 .6
b e (160) (22) 2520.0
TOTA- 2, 24,2 Blvh
HEAT GAIN, AT = 2B°F |
Window: (166 (1587 - RB28.6
Do (621,80 . 44l 4
Wall:  (leod) (12D . LT
Infiltrettion: (222)(12.2) . 7240%.C
Ceiling: (2000) (0.7 - \4eo.0
cercibe 86%%7
Llatent Gain -2 8625) = 2890, 4-
Goar Cain @XBEXe8) = @O
= 2700,

Pecple :Min()(200)(1.80)

ToTAL

20,005, | Btuh
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