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THESIS STATEMENT

The demand of diminishing fossil fuels can be reduced by implementing
alternative sources of energy to supplement means of environmenial

cantrols required of regional climate conditions.

. PRGJECT DESCRIPTION

A shop for custom - -furniture making and related woodworking crafis;.

also, a residence for the owner-builder and his family.



PERSONAL STATEMENT

My value judgements are more important to me in this thesis, than is
Tinding some exzpression to substitute for them,

Ichoose to Beleive that architecturs is the result of & process that
provides a place for things to happen. Although my particular process
is intuitive, end difficult to describe, I attempt to communicate it
By interprating Geoffray Broadbenti®s three systems of design inter-
relations in the manner of ths thesis following. In short,the process
of providing a building system that reconciles. tbe human system with
the environment system, will result in an architecture that is

completely my own.
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INTRODUCTION

"An intellectual is a men who says a simple thing in a difficult ways; .
an artist is a maa who says a2 difficult thing in a simple wey."
( Bukowski) :



Before an architect can begin the creative decision-meking process
of his preference, he must know the various requirements, limitations
and objectives of the problem. Preceding the solution of any particular
protlem, is developement of some sort of program. The program guides
decisions that will affect the resulting design soIution, regardless

of whatever revered information is made available, Along theses guide-
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Iineéi ihforhation is then considered to the degree of its applicability.
The rcots from which programmed information is obtained comes from

the initiator of the project. In the thesis project following, the
initiator (the person with the-goals) is a hypothetical owner/Puilder,

In this particular case, the owner/tuilder looks to the ability of

the architect tp interpret his needs, assuming that the latter has

a better understanding of the necessary design interrelations., Cn

2 level of building design, interrelations are conceptualized by

G. E. Broadbent into the form of three major systems: an Environment
Systenm, a_Euiiding System, and a Fuman System.

I have interpreted these systems into three areas of considsrations.
In the environmeht systen, thefe are eight factors to consider in
cultural context. An attempt will be made to illustrate visually and
verbally, one chosen example of each of these factors, as they relate
to the project. In physical context, there are considerations of climéte,
8eglogy, topography, and land use. These are in essence, all natural
e?%ééiﬁé.fgctors of the physical environment affectiﬁg the cliosen
;;té: ;;;‘i; ét;;, the final design. They are communicated in the

form of site analysis.



The tuilding system is. designed to reconcile fhe environrment system
with the human system, whenever the former is incompatable with desired
activities of the latter. Considerations in this system include:

1) building technology; described as modifications of the externzl
environment to provide suitable ambience for specified activities,

2) inte;nal ambience; described as provisions of physical conditions
for performance of activities.

I have added another category to this, coneerning energy sources —
those that are existing and those that are potential, It is my belief
that careful value judgement in this category will Be helpful toward
successfil reconciliation of the other two systems. My values placed
updn the choice and use of energy sources will attempt to extend beyond
methods of climate control that is presently employed. Iddo this because
I feel that the most common modificati@ons of the extermal environment
are produced for the benifit of corporate economics rather than for
regional environment patterns.

When considering the human system, there are certain factors, needs,
of the user that canﬁot be ignored. They are listed as organic, spatial,
Iocational, sensory, and social needs. Values given to these needs to-
ward the design will relate directly to the objectives or neeés of the
ower/builder. To provide myself with a program direction, the hypo-
thetical owner/builder is chosen from a list of Buyer groups recommended

by the Solar Dwelling Design Student Competition. In this way, I Begin

the programming procedure eof the project.



These three consideration systems provide me with the lexicon by which
this thesis procedure is based, Following is an outline of the thres
systems a3 I have adapted them. It must be noted that the order of the
outline doesn’t order the body of the work in any way, it is primarily

a study guide.



ENVIRONMENT SYSTEM CONSIDERATIONS

A. Cultural Context:
1) social
2) political
3) economic
4) scientific
5) technological
6) historical
7( a2esthetic
8) religiouos

B, Physical Context:
1) climate (sun orientation, temperature, wind, precipitation)
2) geology (water, soils, vegetation)
3) topograph} (landscape)
4) Iand use (traffic patterns, existing forms, boundaries)

BUILDING SYSTEM CONSIDERATIONS

A. Euilding Technology (modifications of external environment):
1) resources (cash, materials, labor & equipment)
2) structural/space-separating systems (mass, planar, frame)
3) services (environmental, information/communication,
transportation)
4) fittings (furnishings, equipment)

B. Internsal Ambience: (atmosphere, feeling, etc.)
1) sesory {lighting, heating/cooling/ventilation, noise, odor)
2) structural mass (visible surfaces, spaces enclosed)

C. Energy Sources:

1) existing
2) potential

EUMAN SYSTEM COSIDERATIONS

A. User Requirements:

1)organic (hunger, thirst, respiration, waste eliminationm,
activity, rest)

2) spatial (functional, territorial)

3) locational (static dynamic)

4) sensory (sight, hearing, heat & col&, smell, kinaesthetic;
equilibrium)

5) social (privacy, contact)

E. User Objectives: (goalé of user in terms of security, prestige,
profit and sentiment)
Assumptions about user given in part I.



PART ONE

"Paradozically, the most frightening aspect of human life is that men
can become adapted to almost anything, even to condiiions that will =
inevitably destroy the very values that have given mankind its unigueness.

(Rene' Dubos, So human an animal)




Selection of goals is the place to begin, Goals are the focal points
of communication around which a designer and his client set up a pro-
gram, Success in reaching these goals in the case of this thesis
depends upon how accuiately one can-answér Rudyard Kipling's six
questions: what, where,when, how,why, and who. In other words, this

success is preceded by proper identification of the goals,

“"Lets say that 2 man wants to build a good house for his wife. The
most important step toward success will have been to select the right

wife." (Rex Roberts, Your Engineered House ) The following article

illustrates goals of various craftsmen that ars similar to those I

haﬁe chosen to work with,



PROS and CONS
{Crafts, May/June 1976)

Is it worth trying to set up as a furniture maker?

We asked a group of them about their reactions to the
life and set out thier replies, often contradictory,
in the piece below:

RIGHARD LA TROEE BATEM!

Works in London, making very distinctive, personal furniture.
Would encourage those who really love the work, bBut not if
they)re after the money. Doesn't think it essential to be a
good business man, '‘quality will sell itself in the end."

SETTING UP

"No Bank menager in his right mind would Iend a would Ye
furni ture maker money." Private incoms not necessary but you
do need some kind of starter. Fe himself has a freshold
workshop, a teaching job and a woking wife.

SITE OF WORKSHOP

Thinks it has been essential to his work that he has been in
London. "I't is more than enough work to make the stuff let alane
selling it." Keaven knows what would have happened if he'd bemn
hidden away in the country. Must Have room to store timber. More
raom for that in the country.

EXEIBITIONS
Essential to exhibit because then you get the response to your
work., : :

TRAINING

He went to art college and then on to the RCA. "The latter was
useless in terms of how to do it. You have to find your own
way into that and there are as many ways as there are people.
Each one needs his own kind of training, depending-on the kind
of furniture he wants to make." He learnt through art college
and then read two books wiich greatly influenced his technigue
(botk by Charles Hayward).

IN GENERAL

"Furniture mekers are thin on the ground because there isn't
the talent there and people are too greedy - they want too
much’ back for too little work."



ALAN PETERS

of Kentisbears, Devon, Makes a wide range of furnitur e. Wouldn't
discourage a young furniture maker But feels itis essential tobe
either a good Businessman or to have someone who can advise,

SETTING UP

Believes it is possible to manage wwithout large amounts of capitidi,
he himself didn®t have any bBut he does have 2 wife who was working
and he did get bank loans. Believes it's necessary to limit one's
sights and not to get too ambitious, at first. It may be necessary .
to take in contract work and only gradually develope into com—
missions. Reckons it takes et least five years to get underway.

TRAINING .

Thinks it esmential to have both en apprenticesiip and an art scheel
training, though not sure which is the best order. He did a cabinet—
mzking aporenticeship with Edward Barnsley end then went to college,
"College gives the freedom to develop design ideas; apprenticeship
gives the essential technical grounding.”

SITE OF WOXSEOP
Geographical situation of workshop is important when you set out
because you have to be easily accessible to people who have the
meney and the interest to commission. You have to show the work
to them whien you are still an unknown and so i¥f helps to be within
reach of a Iarge town.

Cnce established it is less important- pecple will come to you.
He has a workshop in Devon bBut this is for personal rather than
purely profsessional rezsons. Actually began 40 miles out of London.
Now 99% of his work is commissioned.

IN GENERAL
Thinks furniture is one of the most difficult crafts - needs a Iot
of storage and equipment.

SANDY MACKILLIGIN

Works in a converted hop kiln in Puttenham, near Guildford. Makes
all kinds of furniture ~ uses plywood and veneer but gets most
pleasure from solid hardwoods. Also makes a few small boxes,
Wauld only encourage somsone to.take up furniture if he was already
determined to do so. Thinks it depends entirely on the person.
"First, you must be a2 good furniture maker but you must also be a
good businessman, You can borrow a Iot of acumen from accountants
but you can't borrow the ability torpurchase timber and persuade
customers to pay the right price for what they want," Thinks you
have to be flexible, Nearly everyone does some other job to begin
with (he himseIf pulled beer), It probably takes five years to
get estzblished as asfurniture maker.
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SANDY MACKILLIGIE (Cont.)

SETTING UP

Doesn®t think it's very important where you set up. Wherever you
Iive, much of your standard work is done for the local community.
Easier in fact to build up a local reputation outside one of the
main eities. Tha more interesting and unusual commission will come
your way cnce you're on your feet.

TRAINING

Couldn't really recommend any of the present courses to anyonse
wanting to come out and make a design for themselves. "What's nesded
is a place that is to furniture what Harrow was to pottery.”

Need to combikme art school training with apprenticeship in work-
shop. Workshop can teach you how to make bBut can®t open your eyes

to design ideas.

EXHIBITIONS

Important to exhibit annually. Worth investing money in pieces to
have ready for exhibition, . :

IN GENERAL

"There are too many prima donnas around who come out of art school
not realiging that to be a success you have to compromise." Not

a bad thing to do to begin with, as long as you know you're doing
it and know where to draw the Iine., Thinks the main stumblinz hlock
for furniture makers is lack of commisiions from public bodies.

MAURICE LEACH

Works in Somerset. Uses the woods of Elizabethan England to make
turned country furniture in his ow» interpretation of a traditional
style.

Difficult to advise anyone to go into furnituremaking, because
unless they are good businessmen they will fail. There are good
people being trained but few with the ruthlessness and business
acumen necessary for total comm itment to the craft. Few have any
idea of the cost of setting up, eg the cost even of the machinery
necessary. The initial expense has increased with the new Public
Safety and Eealth Act - the space required for machinery is now
greater and many will have to extend their workshops.

"There-is certainly a market for handmade furniture and an
increasing one, but the craftsman must do his homework thoroghly."

SETTING UP

To set up he Borrowed money from the bank and has also had a grant
from the CAC. Has had a workshop for five years now and it is still
virtually a twemty-four hour dey. Hes just begun to pay off over—
draft, instead of adding to it each year. Total commitment the -
first essential. He 2lso has a wife wha handles all the secretarial

work and is absolutely invaluable.

SITE OF WORKSEOP

Doesn't think it matters where the workshop is — his is rather :
remote. Eighty per cent of his stuff sold from the workshop,
& ghe re§% from exhibitions.
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MAURICE LEACH (Cont.)

EXHIBITICNS
Feels it important to exhibit as much as’ possible,

TRAINING

Worked fourteen years in commercial set up after building/cerpentry
apprenticeship. Most important thing is to get thorough technical
Background so that you know the machinery ard what it can do. "If
you want to influence furniture design in the future the best

thing is to serve a long apprenticeship." He could Ye msking the
same cheair in thirty years time but in terms of finish and work-
menship it would be different in 1,000 ways.

IN GENERAL

Don't compromise, He has trade inquiries coming in, asking him to
do production Iines for large firms, reproduction, etc. But you
can’t do other peopld% work and your own.

PETER NICZEWSKI

Works at 403 workshops in London, doing marquetry, mainly on tables,
Thinks there is a chance for young people setting up in furniture,
They need not necessarily be good at business, he's useless. Has
realised now that commissions are building up and that sooner or
Iater he®ll have to get an accountant. Thinks his graphic work =
good stimulus to his other work. "The more you work, the more

ideas you get."

SITE OF WORKSHOP

Site of workshop is important, he thinks, He has always Iived in
London end as he is not a good businessman it was very importent
forhim to be at the hub of thinzs in order to get off the ground.
Luckily for him he does not have to store wood as he works in ve-
neers, Fe hopes eventually to move to the country, more for personal
than for work reasons.

TRAINING

Training depends completely on the 1na1v1dua1, and the kind of work
they want to produce. Graphics a good training for him bBecause two-
dimentional design is what primarily interests him about furniture,
Taught himself. But actually building furniture not his main concern.

IN GENERAL
"Furniture should be light-hearted and jokey."



A helpful key to identifying the client "type" of this thesis (if
such a "type" indeed exists) is to refer to statistics given by Les

Scher & Corol Wilcox from thégr article in Energy Primer (p. 170),

where they describe =n owner/builder,

"An owner/builder is defined as & person who either acts as his
owm general contractor or provides all of his owmn labor for ths con-
stmuction: &f his own dwelling. Official Bureau of Census figures show
that 20% of all the single femily homes built in the U.S. each year
are owner-built and 40% of these owner -built homes are in rural areas.
These statistics are actually under estimated, since thousands of new
rural residents have been building there homes without government re-
cogni tion. . ‘

There are several reasons why there are not more owner builders
today, including a lack of access to land; descriminatory lending poli-
cies, especially by the federal government; the growth of mass produced
housing packages, such as the mobile home; and last and foremost, restrict-
ive building codes and standards. " :

The reasons given in the Iast paragraph of the above passage are

hurdles that are to be overcome by the owner/bBuilder. I find nothing
.n%rong'with the&words4"pioneer spirit" when describing my choice of

a representative ownar/%uilder, The meaning that I would attach to

these words can be felt during the course of any adventurous under-

taking. The construction of one's own home certainly needs somewhat
>of a destination or bust philosophy. The adventure intensifies with

each compromise, whenever sacrifices are made to achieve that

destinatiqn.

The family is the client. The man is an inventor, something of a
"jack-of-all-trades", but master at woodworking, Ee had been a cabinet-
maker by trade before this desision to begin 2 custom woodworking
shop. The wife is an avid reader of literature as well as an active
gardener and nutritionist, They are a growing family; two sons, aged

12 and 10 years, and a daughter, aged 7 years.

oy
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The man wants the business to remain small, so thak he czn manage
it without paid help, He would enjoy tutoring up to three interesisd
individuals under o0ld world apprenticing tradition if it weee possitle .
He would Jike the house to bBe separate from the shop and the entire
sit e to incorporate autonomous living — someday.

The woman desires an organic household, patterned after somewhat
agrienltural living routines, She would like the household %o provide
an exanmple of independance for future development of the area.

The children enjoy the freedom of chasing around the site at full

speed,

If I were to interpret the program as a problem, here is the pro-
blep I would choose to develope. This Student Design Competition
Problem provides a carsfully thought out criteria for’ testing the

thegis statement,



definition| -
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"SUPPOSE YOU WERE GIVEN THE CHARIOT
OF THE SUN: WHAT WOULD YOU DO? "*

The AIA Research Corporation is looking
for innovative solutions to the complex
Problem of "Solar Dwelling Design."

The student is to consider how the sun as
an inexhaustible source of energy inspires
designers to rethink the relationship be-
tween energy and architecture. AIA/RC is
Seeking creative prototype designs for

houses that respond to the following
issues:

1, Solar energy, along with indigenous
Shergy resources, has significant
Implications for the design of houses.,

2. A characteristic which distinguishes
Solar energy from conventional energy
SOurces is that it is "weather dependent."

3. The weather dependent nature of solar
®hergy requires two types of design
'®sponse: (a) designs that are sensitive
'0 the daily and seasonal changes which
affect both the supply of solar radiation
80d the energy demands made on that
Supply; and, (b) designs that minimize
®nergy demand and therefore supply and
that respond to the user's specific
SOmfort and energy needs.

The €ssence of Solar Dwelling Design is
© simultaneously solve these three
coflsiderat‘.ions: (a) the implications of
Using the sun as an energy source;

(b) climate conditions and variations; and
(C) the activity patterns and energy needs
Of the users.

%
Ovig, Metamorphoses, Book 2, line 74.

Design
Solution

Implications of Using the Sun as an Alter-

native Source of Energy, This package

contains a series of reprints which intro-
duce solar energy and its use for
domestic heating, cooling and power
needs. The specific manner in which
solar energy is to be used has been left
optional. The student is not confined to
using any one "system" of solar equipment
or even to using "equipment” at all.
There are many ways to use the sun's
energy that do not require mechanical
intervention.

Mechanical solar systems should be used
only to supply energy needs which cannot
be met through direct use of the sun's
energy and should be thoughtfully woven
into the architectural form of the house,
In fact, it is critical to integrate such a
consciousness about the energy
capabilities of the sun into all aspects of
the design process.

Characteristics of the Clim:i2 and the

Effects of Its Variations. The art of

designing with the climate, of using the
weather to advantage instead of expending
mechanical energy to block it out, is not
a new concept. Before mechanical eguip-
ment was available, some houses were
finely tuned to the regional climate as a
matter of necessity.



PROBLEM DEFINITION
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In addition to the comfort this afforded
the users, the sensitive use of regional
climatic conditions also led to the
€volution of regional architectural forms.
Now that mechanical equipmeant allows us
o ignore regional climatic conditions,
the Vitality of our regional architecture
as diminished. |

The ATA Research Corporation would like
o see that vitality reinstated. Why
€Xpend energy resources, whether they
are fossil fuel or solar, to do a job that
Could be done by sensitive design? Our
INterest in the resurgence of architecture
Which responds sensitively and elegantly :
'0 regional climates is the reason that

he Solar Dwelling Design Competition
"®quires designing for a local site.

AIA/RC wants the student to investigate
he local climatic conditions and take into
ACcount such things as the types of
Vegetation and the direction of the wind.,*

€ student should become familiar with

€ many fluctuations that occur during

® daily and seasonal cycles and should
€sign for these variations. A "static
€ondition" should not be assumed.

Ac:\um Patterns and Fnergy Needs of
~Sers, Although we some*imes use the

fase "houses consume x amount of
®hergy , " it is not really the houses which
COnsume energy: it is people who consume
Shergy in the process of providing a
SOmfortable environment for themselves.

€ house is the filter we set up between
OUrselves inside and the climate outside.

The more and greater climatic modifications

We fequire our filter to make, the more

®Nergy it consumes. This includes energy

]'slsed for heating in winter, cooling in

liummer, domestic hot water heating,

¢ gh'ting and other energy needs throughout
€ year.

*
See the page entitled "Climatic
Ohsiderations”

But just as there are ways to design with
the climate, so there are ways to design
with users' needs. These begin with
sensitivity to people, their needs, their
comiorts, and how they use and respond
to different environments. If you think
carefully about key aspects of human
"comfort," and about which human
activities require what type of "comfort"
for how long, then you can begin to create
sensitive architecture that mediates
between users' energy needs and their
"comfort" needs.

To emphasize the relationship between
energy needs and comfort needs, choose
as a user a family which is representative
of one of these "buyer groups:" single
adults, young couples, growing families,
extended families, older couples,
cooperatives. If the studant designs-a
group of houses for a mixasd-market
development, choose a representative
family for each buyer group to be housed.
AIA/RC is not concerned that the student
know the representative family (or
families) personally; the only concern is
that the student has a clear understanding
of their activity pattern: , energy needs,
and the ways in which they use and
respond to different types of environments.

The AIA Research Corporation wants the
student to be specifically concerned with
the family's economic situation. AIA/RC
is looking for prototype houses which

low- and middie-income households can
afford. In order to reinforce this concern,
AIA/RC has listed below a maximun:
interior house volume and range of floor
areas for each buyer category.



THE SPECIFIC PROBLEM

Design a solar dwelling according to the
following:

1. Limit the project to single-family
housing, The scale, however, is
Obtional, and the student can work with
any number of dwellings. They may be
attached or detached, and may be arranged
in any manner (townhouse, cluster, etc.)
Within the designation "single-family
housing 44l

2. Use local climatic conditions and local
Site, preferably one that students can
€asily visit.

3. Desigh an affordable home for a
T®presentative household.

4. Work with a representative family from
ONe or more of the following buyer groups:

BUYER GrOUP

; SQ.FT, _ MAX.VOL,
Single adults

1000-1200 12000
*Oung couples 1000-1300 13000
fowing families 1200-1800 18000
Extended families 1200-1800 18000
Older couples 1000-1300 13000

Ooperatives 2200-3000 25000

ASSOCiated with each group is a recom-
Mended range of dwelling sizes intended
10 reinforce the emphasis on affordable
Omes for typical people and to discourage
Ubper-middle and high-income house
®signs, Entries with dwelling units out-
Slde of the recommended ranges must
Ndicate why this is so, especially if
'®asons are energy-related.

S. Solar energy should be a substantial
SOurce of the energy supplied. Student
©signs are to meet the following
Performance requirements:

8. Minimize the total energy required to
b Provide for users' needs,

+ Of the total energy consumed for heat-
ing, hot water, air conditioning and
Cooling, and electricity, minimize the
Proportion supplied by depletable fuels.

c. Integrate energy related technology
into the architectural form,

d. Tailor the amount and form of supplied
enerqgy to fit the various human
activities carried out in the dwelling.

e, Satisfy energy needs regardless of the
availability of solar energy; make solar
and other energy systems complementary.

f. Use site-climate conditions to
maximum advantage.

Situations may arise wherein several
performance requirements may conflict.
Students should point out and explain any
major trade-offs they have made.

6. Students must demonstrate how they
have designed with solar energy to meet
users' needs, They must show how they
have designed for annual and diurnal
changes in solar availability, how their
scheme can work effectively on a monthly
basis throughout the year, and the
percentage of total energy needs that is
met by the sun, where applicable.

Students must also describe how they have
made use of the site climate and how it
differs from regional climate. They should
indicate the assumptions they have made
about their users and how, if at all, their
dwellings will affect user life-styles,

They should assess the desirability of
such effects and answer the question -~
"WIill your buyer group purchase the homes
you have designed for them?"

EVALUATION CRITERIA

Students should keep in mind that the

National Review Board will be looking for:

e Innovative design

e Application of the principle that people--
not houses--use energy

@ Sensitive response to local climatic
conditions

e Integration of energy concepts and tech-
nology into an architectural solution

e Reasonable value and its justification
for the buyer group



The following program outline is derived from information provided
in the preceding assumptions about owner/builder and the specific
problens defined by the student competition. It is used as the list

of client objectives for this thesis project.
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PROGRAM OUTLINE

1. RESIDENCE UNIT (Under 2,000:sq.ft.)
Ground Level:
A. Social Functions (open space, approx. 850 sq.ft.)
1) cooking/eating/food prep. and preservation
2) recreation (conversation/entertainment)
B, Private Functions (closed space, approx. 450 sqe.ft.)
1) slezeping (parents) :
2) study/relaxation/reading
Upper Level:
C. ‘Private Functions (closed space, approx. 450 sq.ft.)
1) sleeping (children)
2) recreation (same as A.2) above)
D. Other Functions
1) storage (all kinds)
2) cultivation (outside garden)
3) garage (two vehicles)
4) 1% bath
2. WOFKSHOP UNIT (Approx. 1500 sq.ft.)
A, Sociel Functions (open plan)
1) woodworking (approx. 800 sq.ft.)
(a) equipment
(1) heating stove
“(2) workbenches (2)
(3) drill press
(4) jointer
(5) thickness planer
(6) bench (table) saw
(7) Bend saw
(8) jig saw
(9) stationary bBelt sander
(10) wood lathe
(b) tools (cabinet space for conventional and power toolg,
ngils, glue, paint, etc.)
(c) vented painting and varnishing area
2) display area ;
E. Private Functions (approx. 400 sq.ft.)
1) studio/office (approx. 150 sg.ft.)
2) washroom/Iav,
C. Other Functions
1) stock Iumber storage (indoor— 250 sqg.ft.,outdoor- 250 sg.ft.)
2) flammables storage (turpentine, Iaquer thinner, etc.)
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The information given so fer will undoubtedly pattern the design
soIution. The solutions chossn, however, are to relate in strategy
to an understood goal. To give & direction to the client objectives
which Iead to the program outline, I will conclude these goals:

1. Decreaéed energy dependance (min%mum, if any, fossil fuel
use

2. Increased energy potential

3. Self-construction

To these goals, I will attempt to apply the following strategy-
methods, respectfully: |
1; Energy conservative, climate control techniques
2. Utilization of alternate energy forms

3. Finishing touches provided By owner

With these goals and objectives in mind, I turn now to PART IT A
where factors exist beyond control by the owner/Yuilder. They are
the factors of the environment, which must be analyzed and synthesized

into workable criterion for a place to design.
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This complex system refers to the cultural context of environment
as well as the physical context. Since this system includes the entire
planet, I will first Iimit the scope to the Gallatin'VaIIey, then
to the Eelgrade area, then further to the Clark Ranch site., The cult-—
ﬁral céntexf deals with various factors known as: social, political,
ecgpogic; scientific, technological, historical, aesthetic, and
religious. The physical context deals with factors that can be inter-
preted in the form of maps, charts, and various other recorded data,
and is analyzed directly from these forms, When synthesizeg in
interrelation to the program, this information Iimits and influences
decisions made in 2 building system.,

According to the Belgrade Planning Report, the Belgrade area is

favorable to development. Many factors such as climate, geology,
physiography, and hydrology of the entire Gallatin Valley region
have been pressnted to me during the course of my education. I have
long ago concluded that development in the Belgrade area would be
far less harmful to the environment than development presently
practised in the Bozeman arsa. Thus I chose fhe location of the
Clark Rénch on the outskirts of Belgrade itself as the specific
gite. The site choice also conforms to the criteriz given in the
Soler Dwelling Design Competition problem definition (PART I).

In working with the cultural context, I find that explanation is
not simple, and an order is difficult to establish, Research in depth
into any factor mentioned here requires accuracy for which I have

neither the skills or the time. I have chosen, instead, to present
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a pictoral iIlustration of each of these cultural factors relative

to the sita.

The images of the existing cultural influences, represented by
these illustrations;of the Belgrade area, reflect the interpretation

of that particular cultural factor as I have observed it, The selections

are my own.

To begin with, below is the site as it exists, viewsd from 2 point

btetween the Railroad and Highway 10, just south of the site.




13

SOCIAL INFLUENCES:
The schools of Belgrade are probably the focus of social activity,

£ the young people.

for the

GRADE SCHOOL IN BELGRADE
functons,

w RBalorsd
i1 DSLgTEGE,

e

W 4+hat .
as such that also exi

Although many people commute to Bozeman for social leisure

o

~
2 v

=)

EEAUMONT CLUB-LOUNG
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POLITICAL INFLUENCES:
The presence of the law-enforcement zgency is a constant re-

minder to the people of Eelgrade that they have political identity.

BELGRADE POLICE DEPT. OFEICE

The Post Office funciions as an ever present communication to

One's congressman, when law-maxking matters arise.

BELGRADE POST OFFICE



ECONOVIC INFLUENCES:

At first, agriculture wes the primary economic baes for Belgrad

and vicinity.

-
GRAIN ELEVATORS, NOW SURROUNDED BY THE CLUTTERED SIGNS OF
"MODERN PROGRESS"

Other industry has since moved into the area, however, most
b b

the population still commute to Bozeman for a living,

77

brElee) H 0 3

e —— E——

GALLATIN HOMES INC., NOBILE HONE FACTORY

of

21
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The most apparent scientific influence in the area is the vetsri-

BEIGRADE VETERINARY HOSPITAL

TECENOLOGICAL INFLUENCES:
The obvious technological influence for years has been tranaportation
modes. The once magnonimous railroads still dominate parts of Belgrade

and vicinity.

BURLINGTON NORTHERN' RAILROAD



A favorable locatioh for an airport brought a new image to the

area-—a3 a stopping plece within a new technological era.

B 2 e

o

BELGRADE AIRPORT
HISTORICAL INFLUENCE:

Atypical "main street" development characterises Eelgrade within
the growth patterns of small towns across the entire western U.S.
As in many others, the major traffic bypasses the town along the

o

interstate highway.

MAIN STREET, BELGRADE
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AESTEETIC INFLUENCES:
The natural aesthetic dominance in the area is the magnificence

of the Bridger Renge.

N

PRIDGER RANGE, BELGRADE OUTSKIRTS IN FORGROUND

Sadly enough, thuogh, there is also a "false aesthetic" image

that is spreading like spilled children*s toys on the landscape,

o

NEW HOUSING DEVELOPMENT



RELIGICUS INFLUENCES:
With the coming of new homes and pesople, there arisss also the

inagery of there religious beliefs,

NEW CEURCH, BEING COMPLETED
The spirit of the-earlier religious foundings is maintained by

the show of traditional permanence,

OLDER CHURCH IN BELGRADE
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FACTORS WITHIN PHYSIC2ZL CONTEXT

The elevation of Belgrade is 4450F or 1335m

The average length of freeze-free season is 110 - 120 days, although
it can be cut to as short as 90 days.

Test drilling indicates that below a depth of 20f%,, the alluviun
consists predominately of cobbles and pebbles.

In the vicinity, the alluvium is at least 400ft. thick,

The depth of the water table in the vicinity can be as much as
40 to 50 feet Below the lsnd surface, even zt its highest position
during the year.

Near the margins of ths Belgrade subarea most of the wells are
20 +o §O:f§at deep, whereas in the vicinity of Belgrade, wells are

60 ta 200 feet aeép.

BELGRADE AREA MAPS

The physical environmental factors of the site are shown.
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~ MONTHLY MEAN TEMPERATURES, HEATING DEGR=E -DAYS,

£ PRECIPITATION NORMALS FOR BozEMAN ¢ TRiDENT,
MONTANA FOR THE PERIOD FROM 1941 To 1470,

MEAN : HEATING PRECAP\TATION
; TEMPERATURE DEGREE -DAY S NCRKMALS
MONTR lla07e MAN [TRIDENT [IBo2EMAN|TRIDENT || BozEMAN TR 1 DT
| JAN 20.8 | 21..3 I27Q "IN 1385 | 042 . | 028
FEB || 26,2 | 286 || 108 | 1014 | 0.5 | o026
[ MAR [I' 299 | 233 088 | 983 | 144 | o.co
7 R o e R 2 e T T L T R P 7
MAY 503 | 541 440 343 | 2,67 | a5
doN 576 | b2 || 239 | 147 || 322 | 258
JUL bb. 4 694 53 15 30 .05
AUG || 650 | 676 Moo e P2 oI R RO .16
SEP Il .55.3 | 574 || 312 | 255 | (.76 125 |
ocr Bl as o w592 las3e I 46 | 070
HNOYV B2, St i B4l g TsE L a2 1,26 049
DEC. 25.1 26,3 257 | 200 083 0.23
ANNUDAL, [ 43,1 45.5 | 8165 | 7293 || 123.66 11.79
(CoOLING DEGREEZ- DAYS FOR TRIDENT = 320 ANNUALLY FRroM |

JUN-SEP ONLY. COoUNG DEGREE - DAYS FOR BOZEMAN \WERENT Lm’sb)

!
IT IS ASSUMED THAT BELGRADE |3 A CLIMATIC MIDPOINT |

BETWEEN THE LOCATIONS OF BOZEMAN € TRIDENT, CLIMATOLOGICAL
DATA FOR BELGRADE |S THUS \NTERPOLATED FROM THE ARWVE

DATA £ SHOWN EsLow, :
MONTH MEAN HEATING- PRECIPITATION [°/, cLouD |
TEMPERATURE |DEGREE-DAYS | NORMALS COVER, (ESTIMATED)
JANFISEZN0S 1 S 1629 _0.650 sis DL
| FEB 2740 1052.5 0.455 ) g
SMAR ] mle0 | 1035.5 | I.020 56
AR I B RS el s el n PO N 6D
MAY 5245 391.5 2,210 el 2
R (R B R R T R SR DT R Y
GEUE e FaROY e e 3e 08 Tl el ESe - S B
AVG bb. 30 54.0 2658 &0 - L
O | B e e e e R e HeA T
| ot || 480 seho i 1080 L
NoV 285 | L AR5 Rl O BilS -549 .
pec || 2570 1218.5 0 .580 Gl
ANNUAL 44 20 7779.0 [1s.225 WA

( PERCENTAGE OF CLOUD COVER |$ ESTIMATED BY CALCULATING THE!
AVERAGE MONTHLY PRECIATATION NORMAL, WHICH EQUALS (269, ThE !
MONTH OF AUGUST Mo5T NEARLY CORRESPONDS TO THIS FIGURE. SINCE |
ANNUAL. MEAN SKY COVER 15 6/j0,0R 0% OF THE SKY, CLOUD CONERAGE FOR
AUGLST 15 ASSUMED TO BE &0%. THE OTHER MONTHS ARE ESTIMATED

{
PROPORTIONAL TO THEIR PRECIPITATICN, USING AUGUST AS A BASE FIGURE.) '
4 |
!
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I determined the parameters of the site by choosing existing fence
lines, and surveying them myself., I also determined the general slope
gf the site, recorded in one-foot contour intervals, which decreass
iﬁ elevation toward the north,

A row of shelterbelt trees are plannedenear the existing roadway
to the ranch house, The workshop is planned near to the Highway for
short access, The residence, 100ft. to the north of the shop, will
be 200ft. nearer the Highway than the existing house,

The entire north half of the site is to remain free of any
obstructions that would interfere with the option of a wind generator.,

Adefinition of site frontage is provided By a wooden fence, running
the Iength of the site that fronts to the Highway.

A fence around boﬁh the unloeding area and the parking area, pro-
vide a partial visual barrier between the residence_and the shop,
plus there is the distance that separates them,

The size and form of the vegetable garden wili vVary.
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There are basicly four ways in which buildings can utilize solar

energy:
1)
2)
3)
4)

Sun to Space
Sun to Mass
Sun to Collector to Storage to Space

Sun to Solar Cell to Use or Storage, to Mechaniczal equipment
to Space

I have chosen forms of the first three ways, the fourth being too

expensive for this thesis program,

The interrelations from parts I & II are synthesized in the design:

process into the final building forms showm on the following pages.

The character of these buildings are influenced considerably by an

effort to draw energy from the sun, in helping to provide for a com=-

patable interior environment.
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The workshop maintains an interior climate through passive use of
the sun's energy by'a Trombe Wall south elevation, supplemented with
a wood heating stove, (Swn to lass)

The office/studio space is regulated by opening and closing of
insulated panels over the windows, thus controlling the amount of
insolation into the space. (Sun to Space)

Water for the washroom is heated with the 2id of flat plate solar
collectors and auxillary hezting elements. (Sun to Collector to

torage to Water Tenk)

TROMBE WALL PRINCIPLE

AT VENT 70 OUTSIDE WHEN TOO HeT

7

— WARM AR
.
GLAZING -————ag/‘ NATURAL.  \ 3/

¥

+
% ¢
2

MASSIVE WALL

AR  WARMED BY

SUN e

ECTION |

THICK, ?OMV CTION \}
/ TVENTILATION |

7 |




SOLAR DOMESTIC HOT WATER SYSTEM (Process Diagranm)

STORAGE|
FiXtu=e
o i
r' ALY,
po Rt it

B0 SueRx

The domestic water supply would pass through heat storage enroute

to the conventional water heater, thus preheating the hot water

supply.

"SOLAR WATER HEATERS CURRENTLY ON THE MARKET
Sunworks® SOLECTOR
Ken Rerrington's Solar Water Heater

J. Don Field's "Trickle Collector"

39
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HANS HAUMBEERGER JR.

THERMAL STQ
HYDRONIC DISTRIBUTION FROM STORAGE

RESIDENCE

47
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The residence maintains an interior climate with the aid of direct
solar radiation, regulated by opening or closing insulated window
panels. (Sun to Space)

In addition to the above, there is an active solar collection sys-
tem, combBined with a hydronic distribution system. This equipment is
to be installed in two to four phcses, as initial cost could be
prohibitive. (Sun to Collector to Storags to Space)

A Riteway wood burning stove supplements space heating as well
as contributing to thermal storage by means of water coils that run
through the stove, and circulate directly to the thermal storage

tank.

SOLAR HEATING & DOMESTIC HOT WATER SYSTEMS (Process Diagram)

&_-~._nFMHLMﬁY (R T INING
SToRAGE e Ry
| | >

Z
AEN

FANSPY QT

Ir \+PQEHEA'T T i
UX.
Hi0 supPLY el g g Lk SR O g |

Solar radiation is absorbed by a collegtar and removed by a heat
transfer (transport) medium to storage. Heat is removed from storage
and’ distributed to the living spaces by a heat transfer mediuam (may
or may not be same medium flowing through coliector). Circulation
threcughout the system is by pumps, blowers, or other heat transfer.
medium moving devices, An auxiliary energy system is available both
to supplement the output Supplied by the solar system and to provide

for the total energy demand should the solar system become inoperzble

Manual or sutomatic controls maintain and monitor the system oper-
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A

ation. Domestic hot water is prehested by passing the water supply
through heat storage prior to passage through a conventional water

heater,

CLOSED. CIRCUIT LIQUID COLLECTOR

Pune L—(\ é..l i_“—‘wa"\éi

A heat transfer quuid — treated water, anti-freeze solution or other -
liquid - is pumped through the collector and then through a heat ex-~
change in storage and back to the collector, in a closed loop. The
Ioop is always filled with fluid, and therefore must be protected

from freezing.

HYDRONIC DISTRIBUTION

oy

rin
/

s
\J

/
PASE EOARD

b
B et
SToRAGE t, ,’Q‘;‘WP \
£
(i

Liquid from storage is pumped directly through standard baseboard

N

convector units, despite relatively low temperatures thet usually
occur in solar systems during winter. The size of baseboard units,

and the circuiting may change from ordinary hydronic systems.
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AUXILIARY HEATING, STORAGE TRANSPORT LOCP TO DISTRIBUTICN

e

0 DISTRIBUT 0N

Sﬁma&s\jr AT

AUX.

PUMP «

The auxiliary energy system is located between the sitorage and dist-
tritution component to permit a full or partial operation. The aux-—
iliary system uses the same distribution network as the solar systenm.
Valves at thé connection between systems regulates auxiliary energy
supply and prevents auxiliery from heating storage. Solar and
auxiliafy system operation is maintained and monitored by an integral

control compenent.

HEAT EXCHANGERS

A heat exchanger is a device for transferring thermal energy from
one fluid to another. In some systems, & heat exchanger may be reg-
uired between the transfer medium circulated through the collector
and the storage medium or between storage and the distribution com-

ponent.
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DOUBLE WALL CONSTRUCTICN OF HEAT EXCHANGER

g
HOT waTER OUT

OouUTER SHELL

REAT TRANSFER
MEDIUM INSIDE

oL wATER IN

'A method of providing a double separation between the transfer medium
and the poteble water supply consists of tubing or a plate coil
wrapped around and bonded to a tank. The potable water is heated as
it circulates through the coil., When this method is used the tubing

or coil must be adequately insulated to reduce heat losses,

SEWAGE SYSTEK

The Armon System, model Mark II, is a 1008gal. unit, Tft. high
Upper Section has 556gal. capacity, providing exiremely long average
retention time for rew sewage.

Excavation area requirsments for private residences:
For average sized houses of 3 or 4 bedrooms, two adults and three
chidren, as an example.

Field Test Report:
A functional result is production of clear, clean effluent from
Armon System,,filtered By passage through rock and sand areas, and
distilled by evaporation. Engineers reported laboratory tests of
unit's contents proved that double compartment system principle
achieved solids removal in excess of 90% of discharge.




(Comparative Analysis)



HEAT LOSS OF WORKSHOE
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TATAL ISR e e o R R G IDDS

W fpi= i soope = 0019

0 WALL SzcTioN
& MASONRY WALL

SECTION R~ FACTOR
1S MIPHTCWIRID S o v s s SR s e o, 170
SINGLE GLAZJ; e PG ©.880
3" AIR SPAcE + . 2,000
12" CONCRETE BLOCK, ¢ s!-—Lz Y EXPAN'D&D ”

MINERAL wooL + . . s.8zo
USED COMMAON BRICK, .. | i, A D 0.708
/4T PLABTER o i e c.2¢0
__t:‘_,“ '5\.!—2‘ QI « S i Pt . HEEA STt on’o?O
TOTAL A It. 260

U= ‘/ﬁ = ‘/n.zao = _0.990



25

O WALL SECTION ’ (,f.'.“-‘NT.\)
A FRAME WALL

SECTION R-FACTOR
ISMZH, WIND o.|70
HORI2ZONTAL BoARD SIDING 9.810
15 Ls. Felq 0,120
/4 PINE SHEATHING ©.a80
5V FIBEESGLASS INSULATION 28.930
/8" €¢PSUM BOARD 0.500
STILEAIR c.6io
HOTA LA 32.120
. ) B
u= /e = '"/az.120 = o0.020

O FLooR SECTION

BTuU LosS/Hz‘ / FOOT - OF EXPDSED SLAB EDGE = 67 sm/ug‘
EXpoesD sLAB Eber = 685D+ 26(2)= 242 FT.

Bru Loss/HR  THRoUGH

N AL

O GLASS
U=

SECTION

©0.580

(WIN Do

(For

d Flooe = (é'b(LA&-‘J.): le, 214 BTU/HE,

N )
DN
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O RocF (W= ©0.0190)

o :
seep = (6TN25) = 1675 T2

N

5 BTU/UR]

ToTAL WeAT Loss = (675 (c.c190)i00) = [315

O NORTH WALL
A FRAME SECTION (u= @‘O';JO‘) :
AREA= (7Y12.6) ~CENAYI2) +BY65) +HEN8) ]
492 — (144 + 9,5+ b‘ﬂ
B844.2- 227,5
G167 FT.°

I

o

Hear Loss = 416,77 (0.:»3:5}{200\; e SO -BTEU /HR

A WINPowW  SecTion (U= 0,580) ARsA = 144 FT.2

HEAT Loos = 144 (_0.030)(]00'3 = R252 .0 BTL{/'IP-,‘.Q

R

A DOOR SECTION  {Ugase= 1220 | U, 4= 0.430)

AREA glase = GFT.*  AREA 1 = 13,5 FT,%

PEAT Loss = 6(12:0(%) + 13,5 (D.43c)iee) = |

) pr

TOTAL HEAT LOSS= I8S0O( + 82620 v izi2:2 = Ui’_ﬁ‘!%'é PTG /1

‘O EAST whALL

N -
. AFRAME sSecTIoN (U=0030) Ar=A = 282 FT.°

~ » \/ ~ - oy 9o ap
HEAT Lo5s = 286 (e.cq0)ioe ) = 25920 BT

AWINDoOW SecTion (U= o.58
HEAT Loss = 3o (o.580)(:100) _

A DOOR SECTION (SAME As Amove)
HEAT LosS= |212,5 BTU/HR,

TOTAL WEAT LosS= 25920+ (740.0+1312.5= [5-44,5 81U/

-—
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O souTr WALL

A MASONRY SECTION (U= 0.030) ARezA = 456FT,"
REAT 0SS = 45"5/0.0&-3\(,30) A1c4.0 BTUlER

A FRAME SECTION u aasr\ AREA = Z44-(225= |91 76FT
HEAT Less = 817 S'(Ou JJ}LIU.,}-— sS4z prufue

A WINOOW SzcT)on {u= ,,803 AREA= 6225 FT.7
l»xEAT Loss = ¢2.25 (0.580)(100) =.2410.5 BTu [id2

TOTAL LosS = 4({04,0 t 5453 +2,/0,5 = [£259,6 Er0/n0)

O WEST WALL
A FRAME sSgCTioN  (U=co20) AReA = 2255 FT.°
HEAT Loss = 32575 (0.920)(100) = g976.5 BTU /HE

A WINDOW SECTION (U= ©.680) AREA= I1ZFT.®
HEAT LosS= 1z (0580) (100 = 9.0 BTU /MR

TOTAL HEAT Lo = Q1S + 6360 = {1725 BTU /HR |

[ 'F‘L.aoa _(cm,a\ PRECEDING PAGE )
HEAT Loss = [[b2l4.c BTU/PR|

Sub OF TOTALS = 3182.5 + I|,514.b + 56445 +8257.8 4 1672.5+!6,214.0
4487.9 BTu /HR

"

SUM TOTAaL HEAT LO5S = ToOTAL LO%S + L&55 DUE To AIR CHANGE
Lo5S DUE To ONE AR CHANGE/HR = (1)(46487.9) = 444879

~suu TOTAL HEAT L0%S = 444879 + 4¢187.9 = |92975.8 BTU/HE
2 1929158

Bru/ue Loss [FT? =
: V75

= 5575 _BTu/eR /F‘r"




Cl ROOF SELTION

SECTION R=FALCTaR
\S MPH, WIND . o,.l70
ASPHADLT (sHINGEES i il Sl . \0-4‘%0\
‘SLB: FELT . R Mot SRR & . - . .OII%CL
V2" PYWOOD s s Be i analie s, ue ﬁg'f;gz
I FiBeréLASS INSULATION - e
‘5/p GYPSUM BOARD .+ - - e joya
STHEL ARSI AR o/ ialns i G Vs e
TO TSR v L3925
u= e = Vizqs35 = 0016
O WALL SECTION

SECTION R- FACTOR
'S MPH. WIND . AN T ; 0’/70
HORIZONTAL BOARD. SIBING - . 0810
\S LB FELT . S S
34 SHEATHING - : 0.98¢
5" FIBERGL 455 !NSULATmM 28,930
/5" GYPSUM BOARD - ° 0500
ToTAL, (e TR 31.510

=/r = '/ 0,03



O WINDowW  SECTION (GLAZS lq?iE.&f;D
A WITHOUT PANEL .COVER
WINSULATING ‘PLATE GLASS
3 AR AIR SFPALE:
* DOUBLED | WELL CAULKED

U= _0.230 R l/b\ = | z4

A WITH PANEL COVER

SECTION : R_._ FACTO R,
ABOVE WINDOW SECTION -+ -« . - . . . .. {724
2~ 145" PLYWOOD EAVERS it iy 250
2Ys" FIBERGLASS INSLLATION + + + + « 13,150

STCL AR

TOTAL K.A...\.“,..,‘;é,,g‘;_
u='/R = Vb Sk '= 0. 05

O DOOR SECTION
., 2" coLtD wWood DboOoR

. WaoD <SToRM Doogk.

U- COEFFILENT GIVEN FOR WINTER CONDITION = 0,240



CALCULATIONS © WEAT L% = Fra(u)arn)

0O BASEMENT  (AssUME : DENSITY OF coNcReTe = 60 Lgs. /FT-
GROUND M0 TEMPERATURE = 40°F )

WALL HEAT Loss = (.0 BTU/RR/FT.2  S0. FOCTAGE = (T2FT?
HeaT Loss = 672(b) = 4032 BIY/HR

FLOOR HE ww 35 = 308 'HE/FT?- Q. FooTAGE = BOOFT?
HEAT LOoSS = 800 ()= 2400 BTU/HE

TOTAL HEAT LOSS = 4032 + 2400 = [6432 BTU/HR]|

Il FLooR (NEGLECTED DUE TO BASEMENT HEAT LOSS CALCULATION )

O RooF (u= 0.01L) 4=ea = (20Y39.5)= T790FT?
HEAT Loss = 790 (0.0ip)(100) = 1264 BIU/HER

O NoORTH WALL

A& FRAME SECTION (u: 0,03

REA = 56O0.5FT,2
HEAT L858 = Sto.s | Co

¢) =_1792 BTU /HR

/

2

A WiNDow sEcTioN (1= 0,580) 7
(EST Lok B aEelosEnld) - g0 L B TU/HR

” \
A Door.” SechioN (U= 0.240) ArEA= {97 FT.
HEAT LOSS = 9.5 C(;,;} /;{))(;C,C") I 46:‘*___5};") f T

t 1

-

wed
IR

TOTAL HEAT LosS = 792 + 20jk + 468 =[Z2275 BTu/¢

O WEST WALL

A FRAME secTioN (W= 0032) Area= 339r72
HEAT LosSS = 339 (0.032Y100) = 1084.8 BTu/HR,

A WINDOW SEcTioN (U= a.s80) AREA = \2F12
HEAT toss = 12 (o.s8c)(l00) = 496 BTU/UR

TTAL HEAT Loss = |084.8 + 896 = [178! BTU/HR |
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A WINDowW section: (u=¢6.580) .Are

" A= GEET =
HEAT Los5 = 49 (0:.580)100) = 2784 BTU/HR
TOTAL HEAT Loss = 1066 t 2784 = [3550 BTy /e

O EAST WALL (PANELS CLoseR)

A FRAME sStcTion (U= o.o?,.z) ARza= 303 BT
H’EAT L05% = 0D (0.0’i’,l_}( tOC\) — E‘J:;\, BT U /FT.:‘

(U= 0.059) ARzA= Z4FT?
142 BTU/FT®

A WINDOW SECTION WITHOUT PANEL (U =0.590) AREA =12
HeAT Loss= 12 (0.520)(100) = LA¢ BTU/FT,

A CLOSED PANEL wiNDOW SECTION
HEAT LO%Ss = 24 (o.of‘ﬂ(wo\) =

Tt

ToTAL HEAT LO3S .= 970+ 142+ (94

-5

= [igc8 BTU/FTY

D SoUTH WALL (FANELS CPEN)

A FRAME <SecmioN (Uu=0032) ABea = LOOFT?
HEAT Loss = g0 (0.532)(0c) = 1920 ETU/HR

A wWinpowl SECTION (U= O.5s80)  AreA = 204 FT*
HEAY L05S = 204 (0.5g0 )oY = 11,832 BTU/Hp

A DDOK SECTION ‘ (VU"_‘ C;.?_/(row A:’EA_: ‘,51’,.:, Frz_
HEAT Lo =

= 9.5 (0".240 ﬁa;) £

458 BTU/HAPR

TOTAL HEAT L0O%2S = 1920+ 11,8321 448 = [14,220 BETu/HR|




(83
[N

o Soutk WALL  (PANELS CleosEDd)

Sty
A FRAME ::azm (u=0.032) AREA S8Z FT.
HEAT LOSS = 582 (0032)Xica) = 1862 .4 BTU/HR

X /
A CLOSED  PANEL WINDowi SECTION (U= 0.059) AREA= l0gFT 2
Heat 105S = 108 (0.059)(1c0)= b3T.LZBTU/HR.

A WINDOW SECTION WITKOUT PANEL b= & 580) AREA= ©4FT?
HEAT Loss = 4 (0.580)(0) = 3712 .0 BTU/HR

A DooR  SECTION CUE 0240 APEA — H SFrt
HEAT L0535 = 9.5 (o,zlz-o){aooﬁ: 4680 BT /HR

TATAL HEAT LoSS = 1BL2.4 +b37.24+ 37120 4 463.0= L6950 BTU/HR!

SUM oF TOoTALS ¢

o OPEN PANEL SITUATION -
HEAT LoSS = (432 v1264 +5275 +24650 T 14220 + (78|
1 == 32,8’?,'2. BTU/HR

o (CLOSED PANEL SITUATION-
HEAT LOSS = 422+ |24 +5275 T1808 t L8O

" = 73240 BTU/HE

-+
4 |
_C\')

SUM TOTAL HEAT LoO%5 = TOTAL LOSS + LosS DUE TO AIR CHANGE .

¢ OPEN PANEL SITUATION -
Less DuE To____Allz CHANGE [HR ="/Z)\32.‘52:1>:: iball

~— > SUN TOTAL HEAT L0OSS = 32822+ 1641l = (49233 BTU/HR]
: 4 49 23% S Ry oy
BTU/HR Loss/FT*= Tana o265 BWARIFT?

o CLOoSED PANEL SITUATION —
Lows DUE TO /3 AR caﬂugt,/,k,\/ﬁ, (23, 245)= N 20

—B  syM ToTAL HEAT L05S = 232404 1,620 = [34860 BTU/HR]
; . 34-860.
BIUMR LO%s [FT2= 58> = 94 BTU/HR [FL2




HEAT Loss OF TRACT House

O ROOF SECTION

SECTION R- FACTOR
CEDAR SKINGLES + + v v+ Vo i 790
SR B P T E b RS DS R S e G A T O 20
Yk PLYWOD DAV LU ettt SR 50 U &, (25
4" BlowN WooL. INSULATioN. »: » » +r.12,480
6" FIBERGLASS INSULATIGN:. « +« 1+ i+ 31.9060
2 eYPsul BOARD . v v 0 o v s . 0450
TOTALS R s e Gl S0 el N e 15 4 65025

u="/r= 4,005 = 0020

O WALL SECTION

SECT|ON : R- FACTOR

CEDAR SIDING 0130
5 L8 FELT o020
V2" PLrwoop ' o626
3L FIBERGLASS INSULATION 18410
Vo! GYPSUM BoARD 2,450
TOTAL R 20,295

u=Ye= Yoo,3q-- = 0c50

DO WINDoW sECTiON : U =658 (asulis

0 GlAsS SLIDING DooRS W U= 1130

[1 GARAGE DooRS \ ASSUME U= 0,625

O METAL DoorS: U= 6,00



CALCULATIONS

1: 6-\"'5“ NT (A‘JSUME: e NEITY CF /‘DN/ ?:E'. < = (/_.'/- LS_‘)/’CTS

: GROUND H,0 TEMPERATURE = 40°F )
WALL HEAT . LO%S = 6.0 BTU/HRIFT? = SO FooiasE = Z90F
HEAT LSS = ‘294 (4,,._—,") = 1740 BTU/HE

FLOOR HEAT LOSS = 3.0 BTU/HR/[FI 2 S6. Fooase = |4C4FT,

HEAT LOSS = 1404 (30) = 4212 BTu/uR.

I FLOOR (NEGLECTED DUE T BASEMENT C.'.\u:uu:m'ows\)

1 ROOF (L( = O-OZO\, AREA = 1404FT*
HEAT L0955 = |404 (0.020)(ice) = 3089 BIU/UR

2

gwaLLs (u= 0.050) AREA = {7T7TFT.2
HEAT L0SS = 1777 (0090)(10c) = 8885 BTU/HR

! NiNDON% (u= 0,§Bo> ARsA = 285.5 FT.°
Heay Loss = 2855 (p.580)(100Y= 16,559 RTU/MR

Fl6LASS SLIDING DooRS  (u={.13c) AREA= 78FT?
HEAT Lpss = '78/! lBo)(:oo} 68 814 BTU/HUp

O 6ARAcE PooRs (U= 6.625)  Arga = WTFTE

Hem LOSS = 725(0 Oeofsc.b— Zi4.5 ,zzm/ug

TOTAL HEAT LOSS
/

1740+ 4212 + 3099 + 8925 + (LS5 8814 +T3125+ 24,5
150,226 BTU/HPR]

W

SUM TOTAL HEAT LOSS = TOTAL LoS5 + Loss DUE TO. AR CHANGE
LOSS DUE To ONE AIR CHANGE/HR = (1)(50826)= 50326

SUM TOTAL REAT LOSS = 50%26+50%26=(101.652 BTu/4m]
BTU/HR Lo5S/PT% e2E o aqatu/Me/FT2

2715%




THERMAL STORACE TANK HEAT LOSS

O ToP COVER SELTION

SecTion R=FACTOR U-CosFF. AREA
‘/';;_" PLY WOOD Ol 24" )
2N FIBERGLASS: ipany | OIOB 1..88 FT, ©
INSULATION !
V," PLYWeo D 025 )
Total. R 12,170

HEAT Loss = 14,98 (o.o%z>(tco)= 129812 BTy/pi

T1 INTERIOR WALL SECTION

SECTION p- FAcToR U-Coers,  AREA
" CoNCRETE | o 2212 T 2

.

HEAT L o%S i 29.3 »O‘g‘.-;c;)(;c(j): 124014 BTU.’/HE

o~

0 EXTERIOR WALL SECTION

SES oM R-FALICR, Li-COEFF, AREA .

8" EEINF, (o1t 0,646

ZiGlA= HIPER {BiSpo e e 2y a2
RIDGID (NS, :

" PLYwoon 0.625"

ToTAL R 1.78&

HEAT L0%S = 3713 (c.o%){sw\ = .89 BTU/HR

1 FLoor
SECTION R-FALTOR U-CoeFF, ATEX
2,5 " P PR8It Ay

; ' (837 i6.E88
4" CoNC. SLAB 0.320 .
ToTAL R Lol s

WEAT LO5S = lbgg (0837 Yioo) = 1412.85 Bru/We

ToTAL HEAT LOSS = 13842 t 124004 + 311,99 + 412,85
n. = 13103,30 BTu/vHP\l '
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THERMAL STORAGE CAPACITY
(Assume that hydronic distribution system begins to heat space
with water temperature at»950E.& water ih thermal storage = 15d°“.)

8.3418./g21. x (150°F. = 95°F.) = 458BTU/gal.
Tank capacity = 150gals.

150 x 458 = 68,T00BTU thermal storage capacity.

WITH A HEAT L0SS OF 3103.3BTU/hr., (p. 65) it will take approxi-
mately 22hrs. to lose 2ll of the stored thermal energy, if there are

no ETU's of energy restored to the tank,
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My house does not have central heating, nor does it have a
thermostat in every room. It has Built-in climatic variability, -
The iTlustration shows the temperatures outside and inside my passive
solar house. A passive solar house is one having large amounts of
glass on the south side and small amounts ofglass, or none at all,
on the north, My houss has 600sq.ft. of glass on the south, southeast,
and southwest, and only 8sq.ft. on the north.

In the graph the outside temperature (solid line) reaches a
daily high of 20°F at around 2 P.M. and a low of 5°F at 6 A.M. The
dashed line represents the temperature curve this passive solar
house hes followed without any human intervention (including no
source of heat). Starting from a low temperature near freezing, the
house warms rapidly upon sunrise. The maximum inside temperature
occurs at about the same time as the outside maximum, but the AT
(temperature inside minus the temperaturc outside) is TPF. As the
sun falls so does the temperature, with a rapid rate of fall starting
a2t sunset. Through the night the rate of fall decrecases, being prop-
ortional to AT. The inside temperature never resaches the minimum
outside temperature during the 16 hour dark period. Notice that the
average inside temperature is considerably higher than the esverzge
outside temperature. This is due to the greenhouse effect.

Clearly, however, this inside temperaturs range exceeds anyone'’s
comfort zome. The normal temperature curve the house follows with
my intervention is shown as the dotted line: As soon as the temper—
ature inside reaches my upper limit of 8C°PF, I open & ventilator,
allowing the excess heat to escape. When the temperaturs Begins to
fall noticeably (around 4P.M. during winter) the ventilator is closed.
At sunset a fire is started in the J¢tul 118 woodstove. A guick burst
of heat (producing lots of red-hot coals) quickly brings the temp-
erature up to 70°F for the evening social hours. At bedtime the stove
is restoked and the demper set proportidd2iily to the expected over-
night low temperature. This causes a constant rate of heat production
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and the house slowly cools down toward a morning minimum of 506- 6oﬁr3
following the outside temperature. The Jotul 118 is capable of burning
10 to 12 hours at a low.setting, and so in the morniﬁg we have a
choice of letting it burm out (sunny day) or restoking it for anothe
10 to 12 hours (cloudy day). We operate this way, using sbout 4 cords
of wood per heating secason (7700 degree-days) to heat 1700sq.ft. of
housea, '

If I found wood hard to come by, I could install reflective
window shades or install insulating shutters and rsduce the fusl
consunption to two and a half cords. ;

The temperatures in the illustration are typical of the main
living area of the house —- the "social house", Not only doecs temp~
erature change with time, but with space z2lso. The adult house has
twa speces — a full-sized loft that, without ventilation, is always
10°F warmer then the social house, and a downstzirs workspace, O‘“
cooler than the social house, In the early morning the cat and I are
found in this loft. By late morning we find each other in the social
house, and at 2P. h. on a sunny day we work (Iwork, she dozes) in the
cool workspace.

: We,23 a culture, have achieved, in splte of the Walt Disney hour
viewed electronically a2s a series of TV lines and dots in "living
color", an all time low sensitivity to nature as & dynamic environment,
Man created shalter 2s a buffer ageinst the extremes of weather. It

is not until recent times that we have. completely isolatsd ocursslves
from climate,

Fowever much we try to ignore it, weather is in our tlood, Talk
about weather cannot e entirely dismissed as an avoidance of inti~
macy. It is important to us. I used to work in a windowless basemant
office. AIl visitors from the outside world were greated by, "What's
the weather outside?" :

I have been reborn., With the exit of the thermostat came a
rebirth of awareness. I no longer call the weathermanj I don't neeé
to. Like the farmer, I hve developed an early warning system for -
subtle changes that fortell the future, I don't need to consult the
almanac for the times of sunrise and sunset; I am there, Sunrise is
when the benificient rays bBegin to warm me; sunset is when the fire
is Iit. I don't need a clock; I am a sundial, I don't need a thermo-
meter; the outside temperature is obvious, I don't need a calender
with the dnte etched by the angle of the noon reys against thz wall,

I know when tlie maple sap flows; it is when I should stop cutting
firewood because the wood is at its greenest. I accept and exult in
my nature,

e
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It can be concluded from the analysis that space heating nseds
are substantially reduceée by merely closing the insulating panels
over the windows at night. Insulating heavily, reducing infiltration
losses and decreasing total square footage also lower the space hza
ing needs.»

It should be noted that the sources and methods that determined
the data is based to relate to monthly averages, and is by no means
exact,

I hgve Iearned much about the application of solar energy and
other alternative energy sourcss such as wood and wind, and also
energy from people, I would say that the most effective method of
calculation should be supported by experiment and test results. There
is so much information being made available now, to 2id in setting
up procedures for calculations end experiments that arrive at test
results, that I feel this thesis is only a scratch on the surface,

I therefore personally conclude that basis for success in "thesis"

is that it scratches the proper surface.



AFTERWARD

Upon observation of the space heating needs graph that accounts
for insolation en the buildings, it seems that there may be too much
solar heat gain. The ventilation stage of the Trombe Wall, to my esti-
nmation, would handle this excess haet gain, inthe case of the work-
shop. With the residence, however, there is a probable nead for
ventilation thruogh the ceiling near the south wall, into the volume
of space under the roof where the flat-plate collectors are fastened.
This space, in turn, would be vented to the outside via cross-flow
ventilation throuéh_ducts by the prevailing winds from the west. On
gtill deys, there may be the need for an attic vent fan, The drawings
dqnﬂt indicate any of this, so I should at least account for this

awareness in print,
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