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IDEOLOGY 

The seed of knowledge has been planted. 
Caring and nurturing has produced a strong 
and healthy plant. Today is the time to reap 
the bountiful harvest of knowledge and con
sume the fruit to sustain mankind. 
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IMTRODUCTIOM 

The world in its natural state is a green 
world. During certain times of the year, 
a portion of the world will turn yellow and 
brown. Yet sooner or later the plant returns 
to its green state, otherwise man would not 
survive beyond the first growing season. Each 
growing season, man will plant the seeds into 
the soil, care for the plant in various ways, and 
eventually reap the harvest from the plants. 
Yet no individual has any real control or part 
in the actual creation of the harvest. 

A new approach into understanding the way 
in which plants control the very existence of 
mankind is through experimentation. This 

scientific study of plants is called botany. 
Through botany, many questions can be 
answered concerning why, when, where, 
and how plants can function in their best 
states. 

Plant experimenting and plant genetic 
engineering are new areas of research in 
the world of science, or botany. Yet these 
relatively new processes of research are 
vital in order to meet the food needs of the 
world's continually growing population. 
Countries throughout the world must take 
an active part in the development of better 
food crops. Without the dedication of scien-



tists, the world will not be able to survive 
and support the people. Breakthroughs are 
needed in today's time. 



DEVELOPMEMT OF AGRICULTURE 

Agriculture is very important to the world 
today. It is one of the oldest industries and 
people rely on the raw materials such as food 
for survival, fiber for clothing, and much of 
the material for building. The word "agricul
ture" comes from the Latin words 'ager' ("field") 
and 'cultura' ("cultivation"). It therefore means 
"cultivation of fields". (1) 

Thousands of years ago, there were no farmers. 
People lived by hunting and gathering fruit, 
berries, fish, game, and other foods found in 
the wild. In time people learned to tend flocks 
and to grow plants from seeds. After further 
development, a surplus crop could be produced 

allowing people to move into cities to live. 
Men now had leisure time to observe, to 
think, and to experiment. 

The tribes noticed that seeds from similar 
plants were not equal in the production out
put of that particular food crop. They did 
not understand why this occurred, but over 
many planting seasons, a selection process 
of seeds began to improve their crops. 

In 1839 the United States Congress set 
aside money for the use of the Patent Office 
for collecting information on agriculture 
seeds. In 1862, the Department of Agricul-



ture was formed to handle this work. After 
the Civil War, the duties of the department 
were expanded to include studies of animal 
and plant diseases, experiments, and the 
collection of statistics. 

Information on farming was collected for 
years dating back to when the farm animals 
were used extensively to cultivate the fields. 
Up until 1920, this source of labor was the 
only method in use on the farm. After this 
date, tractors, trucks, and automobiles be
came the major sources of farm power. By 
1940 the use of animals was reduced down 
to only one-tenth of the farms. Mechanized 
farm work led to a 10 percent growth increase 
in the average production per acre. 

A major part of the increase in crop produc
tion is due to improved seeds. Towards the 
end of the 19th century, Gregor Mendel per
formed many breeding experiments. With 
continued research, biologists were able to 
find information on chromosomes and how 

these determine the traits of plants. Be
tween the years 1950 and 1968 the better 
crop varieties helped increase production 
by 50 percent. In time, researchers were 
able to work with whole plants. Achieve
ments were made through complex crosses 
and backcrosses. Farmers were planting 
new varieties of crop seeds that were un
known to earlier growers. 

The most famous improvement of seeds is 
hybrid corn. The breakthrough had a dra
matic increase affect on crop production. 
Today, it is planted on more than 90 per
cent of the total corn acreage. Experi
mental laboratories of the government and 
commercial seed companies took an active 
part in the development of the hybrid corn. 
Rese£irchers produced the corns that would 
resist extreme weather conditions, 
diseases, and pests. These new research 
facilities were further used to better control 
plant diseases and pests with chemicals. In 
1945 organic chemicals were introduced 



which until this time only inorganic chemi
cals were used. At the same time, new in
secticides were coming into play. The re
search into new insecticides must be an on 
going thing because insects tend to develop 
an immunity to the sprays. Laboratories 
must test each of these new chemicals to 
determine if there is any health hazard. 

The use of new chemicals developed in the 
research laboratory has also saved crops from 
weeds. In 1944 the discovery of 2, 4-D (2, 
4 dichlorophenoxyacetic acid) helped control 
weeds without destro3ang grasses. Since 
this time over 100 new weed killers have 
been developed in the chemical laboratory. 

Great credit is given to agriculture experts 
and scientists for the increased use of ferti
lizers and lime. Lime was used around 1900 
to increase farm production in areas with 
acid soils. Farmers began to use large quanti
ties of lime and fertilizers in 1967. Farmers 
today take small samples of their field soils 

and send it to a laboratory for analysis. 
The scientists run tests on the soil to deter
mine the correct mixture of fertilizer to be 
used by the farmer. The fertilizer is com
posed of potassium, nitrogen, and phos
phorus which are the main ingredients of 
plant life. Hie scientific report will tell the 
farmer what mixture and in what propor
tion to apply fertilizer to his soils. The 
technicians in this case take an active part 
in the increased production of food crops. 

In today's time as well as that of the future, 
great progress will continue through ex
perimentation and research. History shows 
the advances made in the past decades and 
how the advances multiplied in just a short 
amount of time. The future holds an even 
better chance for new breakthroughs. 
These breakthroughs will someday answer 
the questions of needed food for the world's 
population and assure survival. 



BACKGROUMD OM PLAMT 
8CIEMCE RESEARCH 

New breakthroughs in molecular biology 
and genetic engineering are just now 
taking place. Biologists in the past only 
worked with whole plants. Today the 
focus is on the molecular level. The re
sults are genetic engineering techniques 
being combined with conventional breed
ing techniques that create new changes 
in the field of agriculture. 

During the past 20 years, molecular 
biology has moved from an exploratory 
approach to practical technology. 
Advances in research have brought about 

the identification of the genetic material in 
all cells, DNA (deoxyribonucleic acid). Deci
phering the relationship between the order 
of chemical groups and the structure of pro
teins has been undertaken in the past years 
of research. 

Today, technology focus has been on gene 
splicing or rDNA. This new agriculture re
search has four areas or steps in the study. 
The areas of focus are 1) identifying, locat
ing and purifying genes, 2) isolating the 
gene from the others on the chromosome, 
3) constructing vectors to deliver the 
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genes, and 4) cloning, duplicating or in
serting the gene into the host cell. (2) 

Scientists are also studying cell culture 
methodology. This involves growing cells 
from plants in the laboratories. Single 
cells are cultivated, selected, and regen
erated. This type of research crosses 
the gap between molecular genetics and 
plant breeding. 

An interesting new area of research being 
done today is the study of photosynthesis. 
This process determines how plants ab
sorb light energy and turn carbon dioxide 
into organic form. Institutions doing the 
research are involved with many aspects 
concerning photosynthesis. The study 
includes the fields of biology, physics, and 
chemistry. Much understanding must be 
gained before this technique is used to 
increase crop yields. Applications of the 
new studies Include areas such as trans
ferring the traits of plants, the study of 

bacteria to combat diseases, and the area 
of nitrogen fixation. (3) 

All of these research areas along with 
others, will someday help solve the 
mysteries of plant sciences. Genetic 
engineering is one process to achieve this 
goal. Important research is being done to
day, yet the affects may still be 10 years 
down the road. But with continuous effort, 
the world crop production will soon be in
creased. 



THESIS ^TATEMEMT 

The world today is ever increasing in 
population. To meet the food needs of 
the people, great progress must be made 
into new and improved food crops. This 
is accomplished through research facili
ties focusing on this task. Research 
scientists trained in the basic sciences 
apply their knowledge to understand gene 
structure, transfer and regulation of plant 
material. This research is achieved in a 
building that provides high technology 
through laboratories, growth chambers, 
greenhouses, and other areas needed in 
the process. An affectively designed in
stitute will successfully meet the goal of 

providing a better quality food source for a 
future world. For today's research is tomor
row's answer. 

10 



PROBLEMS/ 
NEEDS 

GOALS/ 
POLICIES 

STRATEGIES/ 
RECOMMENDATIONS 

Plant science deals 
with organic material 
and should reflect the 

Design a facility 
that reflects an 
organic image. 

Develope a design scheme 
that applies the symbolic 
geometric form of the plant. 

Unorganized schemes 
and plans will create 
an unsatisfactory facility 
for research and staff 
members to work affec
tively. 

Develope a fully 
operational facility 
along with maintaining 
an order and harmony 
among researchers 
and staff. 

Design a facility which Avill 
create a natural setting for the 
function of research and work
ing relationships. 
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Unplanned development 
will create obstacles in 
future expansion and 
growth. 

Make the necessary 
designs that will allow 
for future expansion. 

Develope a comprehensive 
development plan that will 
allow for future expansion 
in economical and efficient 
way. 

The project site is 
physically isolated from 
the rest of the city. 

Develope an attractive 
link between Texas Tech 
University and the project 
site. 

Widen the road and establish 
an affective traveling corrider 
between Texas Tech Univer
sity and the project site. 

Insufficient communi
cation and work relation
ships between the private 
research organizations 
and the academic institu
tions. 

Promote an understanding 
and interest between the 
private research corpora
tion and the academic 
institution. 

Establish a partnership be
tween the private and public 
institutions through shared 
information and lecture series. 

Lack of united effort in 
solving problems common 
to all. 

Promote an alliance or 
union between the private 
and academic institutions 
for developing research 
programs. 

Establish an administration 
committee to handle programs 
and research projects in an 
effort to answer common 
questions. 

12 



ACTIVITIES 

A plant science research laboratory re
volves around the process of understanding 
the many aspects of plants and plant 
material. This process involves several 
related activities that can be divided into 
three main areas as illustrated in Fig. 1. 
Each is specially defined and must be 
quite distinct from one another though 
there are many links and connections be
tween them. These areas or activities are: 

FIG. 1. ACTIVITIES DIAGRAM 
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ADMINISTRATION ACTIVITIES 
This involves the business side of 
operating the facility. The process 
is to manage and control the facility 
to achieve a smoothly running opera
tion. 

RESEARCH ACTIVITIES 
The research activity is the heart of 
the operating function. This process 
includes all parts of the facility to 
conduct research into the unknown. 

SERVICE ACTIVITIES 
The service activities includes all 
parts required in the physical opera
tion of the facility. Services include 
the sustaining of both the personnel 
and the building. 

14 



ADMIMI8TRATIOM° 
ACTIVITY AMD SPACE ANALYSIS 
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ADMINISTRATION AND MANAGEMENT OFFICES 

ACTIVITY 

Office activity covers several functions 
such as the action aimed at directing and 
managing the building. Administration 
services includes the following: personal 
management, welfare services, budgetary 
management, general services, and 
other related areas. 

EQUIPMENT 

The equipment includes the following: 
• desk with chair 
• computer terminal desk 
• file cabinets 
• book shelving 
• small coat closet 

RELATIONSHIP OF SPACE 

• The director/superintendent's 
office should be located near 
the reception area for con
venience of visiting specialists. 

• The staff management service 
should be comparatively isolated 
to ensure that interviews will 
be confidential. 

SOUND CRITERIA 

• Should be isolated acoustically 
and visually from the other 
office areas. 

16 
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RECEPTION 

ACTIVITY 

This £irea will be the first impression 
made to visitors. Since the impression 
may influence any dealings with the 
company, a feeling of warmth and 
informafity should be presented. 
Visitors should be provided with com
fortable seating while they wait for an 
appointment. 

RELATIONSHIP OF SPACE 

• The reception is located at the main 
entrance into the building. 

• The receptionist should have a full 
view of the lobby area so visitors can 
be greeted promptly as shown in 
Fig. 2. 

AREAS NEEDED WITH RECEPTION 

• Adequate storage for coats and 
hats. 

• A public pay phone and an in
ternal phone for visitors. 

• Men's and women's restrooms 
located a convenient distance 
from the lobby. 

• Small conference rooms for 
when it is not desirable to take 
the visitor back into the rest 
of building. 

• Switchboard near the reception 
desk. 

EQUIPMENT 

The following equipment is needed: 
• comfortable seating 
• table with magazines, ash trays 
• reception desk 
• plants and other items for 

atmosphere 

17 



FIG. 2. RECEPTION SCHEMATIC 
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§ 
SECRETARY AREA 

ACTIVITY 

The duties of a secretary ranges from 
private secretary to a steno-clerk. This 
area also serves as a reception or wait
ing area, filing area, and typing or work 
area. 

RELATIONSHIP OF SPACE 

Arrangement and location of a secre
taries area as shown in Fig. 3 should 
conform to the following factors: 

• An unobstructed view of the 
doorways. 

• Adequate file space for work 
performed 

• Room for storage of small 
supplies. 

• Room for visitor seating. 

/ l^ > 
/ o ^ 
1 ^ 
I u. 
\ ° 

I ^ 1 -1 ^ 
\ ^ 
\ O i 

/ OFFICE J 

J SECRETARY V 

I ^^^^ I 

lu \ 
O \ 
•̂  1 
u. 1 

' 2 \ 
Ui I 0^ 1 UJ 1 
^ 1 

i z / \ o / \ o / 

FIG. 3. TYPICAL RECEPTION AREA 
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EQUIPMENT 

The following equipment is needed: 

• large desk for word processing 
equipment and space to work 

• comfortable chair for secretary 
• seating for visitors 
•files 
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J LIBRARY AND REFERENCE 

ACTIVITY 

The primary activities will involve 
reading and research of stored 
material. Arrangement of the space 
should allow easy access to material 
needed as shown in Fig. 4. An 
atmosphere must induce comfort
able reading and studying along 
with enjoyment reading. 

RELATIONSHIP IN SPACE 

• This area should be in close 
functional to the offices of the 
scientists. 

• Should be specially placed 
away from high levels of noise 
or distraction. 

LIGHTING 

• Higher levels of light should be 
placed in reading areas. 

• Lower levels of light can be used in 
• non-reading areas and where books 

are shelved. 
• Natural lighting is not essential, yet 

should be used for consulting draw
ings, prints, photographs, and re
lated materials. 

SOUND 

• The area should be sound-proofed 
for reading ease. 

EQUIPMENT 

Equipment will include the following: 
• shelving for approx. 1500 books 
• flat file 
• small card catalog 
• reading table with 4 chiars 
• 2 lounge chairs 
• computer terminal desk for book 

reference and microfilm 
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FIG. 4. LIBRARY SCHEMATIC 
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CONFERENCE ROOM 

ACTIVITY LIGHTING 

This room will be used for formal discus
sions and presentations. Arrangement 
of the room must provide clear audio and 
uninterrupted visibility to the presenter. 
The room may be divided into three areas 
separated by a movable partition as shown 
in Fig. 5. Adequate seating must be pro
vided for a minimum of 30 people in each 
room with a total of 90 people. 

RELATIONSHIP OF SPACE 

• Isolated visually and acoustically, 
and relatively independent. 

• Located on a major axis of move
ment through the main building. 

• Easily controlled natural and 
electric lighting. 

• Dimmer controls on specially 
located down lights to allow 
writing during slide presentations. 

EQUIPMENT 

Equipment will include the following: 
• conference table 
• comfortable seating 
• lecture podium 
• slide projector and screen 
• chalkboard 
• controllable window covers 
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FIG. 5. CONFERENCE SCHEMATIC 
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LUNCHROOM 

ACTIVITY 

This area will serve as a place for 
seating and relaxing during the lunch 
hour. A kitchen will allow people to 
store their lunch in a refrigerator 
and to heat their lunch in an oven or 
microwave oven. Vending machines 
can provide drinks and snacks to 
someone needing these things. The 
atmosphere should promote a definite 
chgmge of pace. 

RELATIONSHIP OF THE SPACE 

• It should be located away from 
area due to the noise level 
created from people talking and 
eating. 

• The lunch room should have a 
view to the outside for both 
scenery and natural lighting. 

EQUIPMENT 

The folowing equipment is needed: 
Lunch Room 

• tables with chairs 
• vending machines 
• large waste baskets 

Kitchen 
• microwave oven 
• conventional oven 
• large refrigerator 
• sink 
• cabinets with counters 

LIGHTING 

• Natural light should be used 
when possible. This will give a 
relaxed atmosphere to those on 
their lunch hour. 

25 



fl FILE ROOM 

ACTIVITY 

The file room can be an active area or an 
inactive area. If the area is used often, 
then people will be in and out during the 
working day. Legal documents and letters 
will be stored in metal cabinets. If it is 
used mainly as a storage of documents, 
then it does not have to be near the user. 
This space may need to be fire-proof. 

RELATIONSHIP OF SPACE 

•ACTIVE 
It needs to be near the 
secretaries. 

• INACTIVE 
It can be in an area not used. 

EQUIPMENT 

The following equipment is needed: 
• metal file cabinets 
• fire proof cabinets 
• shelves 

26 



fl MAIL AND COPY 

ACTIVITY 

This area serves two purposes. First, 
the mail room is used for distributing 
internal mall to the various people by 
placing mail into boxes or slots. It 
can also serve as an area for mailing 
letters. Secondly, this area can be 
used as a copy room. Various copies 
such as letters can be done in this 
room. A bulletin board can serve as a 
message board and display items of 
interest. 

RELATIONSHIP OF SPACE 

• It should be convenient to the 
secretaries and to the mail-
person picking up and deliver
ing the mail. It should also be 
placed away from areas due to 
the noise. 

SOUND CRITERIA 

• Should be completely soundproofed. 

EQUIPMENT 

The foUowing equipment is needed: 
Mail Room 

• msiil drop basket 
• slotted or small boxes for distribut

ing (wall mounted) 
Copy Room 

• various copy machines 
• waste basket 
• small counter top or table 
• bulletin board 

27 



RESEARCH" 
ACTIVITY AMD ^PACE AMALYSÎ  
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fl RESEARCH OFFICES 

ACTIVITY 

This office space should create an 
atmosphere that is conducive to writing 
and reading. The scientists should be 
able to relax and enjoy time away from 
the laboratory in his office. 

RELATIONSHIP OF SPACE 

• It should be located on an ex
terior wall as to provide a view 
to the outside. 

• It should be located either in 
the area of the laboratories or 
directly across from the labora
tories. 

EQUIPMENT 

The following Is equipment needed: 
• desk with chair 
• work table 
• computer terminal desk 
• files 
• large private book shelves 
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fl LABORATORY 
ACTIVITY 

This area is ued for the purpose of find
ing and answering questions that re-
scEirchers feel are important. This may 
include chemical or non-chemical ex
periments. Special conditions are 
required for the successful function of 
the lab. These will be presented in the 
items below. 

RELATIONSHIP OF THE SPACE 

• The laboratories should be 
located next to each other to 
centralize the utilities. 

• Private offices and workshops 
should be near the laboratories 
for convenience. 

• Should not be close to the 
administration area or public 
areas due to odor, noise, and 
security reasons. 

SERVICES REQUIRED FOR THE LAB 

The services includes the following: 
Drainage 

- sanitation and waste water 
Water Supply 

- cold, hot, chilled, distilled, and/or 
demineralized 

Gas 
- manufactured gas, natural gas, 

liquefied petroleum 
- bottled, underground service, 

tanks 
Compressed air 

- high and/or low pressure 
Vaccuum 

- liquid pump with traps 
- gas pump with filters 

Special gas 
- oxygen, hydrogen, nitrogen 

Fire protection 
- automatic fire detection 
- hoses and extinguishers 
- automatic sprinkler system 
- room-flooding carbon dioxide 
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Disposal and/or treatment 
- sand filter, postchlorination 
- removal of solids or entire 

chemical 
- neutralizing or decomposing 

chemical ingredients 
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ARRANGEMENT OF THE LABORATORY 

Island-Type Benches 
• The advantages are safety and 

convenience: it does not impede 
emergency exit and also save 
steps, for the personnel can walk 
around either side of the bench 
as shown in Fig. 6. 

FIG. 6. ISLAND-TYPE BENCH 

Peninsular-iype Benches 
• The advantage is that this method 

is less expensive, but workers 
can't move completely around the 
bench as shown in Fig. 7. 
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FIG. 7. PENINSULAR-TYPE BENCH 
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HOOD DESIGN CRITERIA SAFETY SHOWERS AND EYE IRRIGATORS 

' Venting hoods should be placed 
so as to minimize interferences 
such as air disturbances from ad
joining doors, ventilator units, 
and laboratory personnel traffic 
as shown in Fig, 8. 

' Should be located as far from the 
exit as possible due to the chance 
of fire from the hood and the escape 
of personnel. 

• Should be standardized and repeti
tive in location within each 
laboratory. 

• Should provide a pull chain and/or 
pull chain handle placed where it 
can be quickly located by the 
smallest person groping for it. 

FIG. 8. HOOD ARRANGEMENT 
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LIGHTING CRITERIA 

• The lighting can be electric or 
from natur^ sources, yet it must 
be in enough amounts to allow 
detailed work on plants by the 
people. 
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fl HEADHOUSE 

ACTIVITY 

The headhouse is a preparation area 
for plants being used in the green
houses. The area can be used for 
potting, taging, sorting, and general 
maintenance of plants. The area 
should be fairly open to allow for a 
number of plants and related 
materials. Tables need to be placed 
for convenience of workers when 
they are preparing the plants. 

RELATIONSHIP OF SPACE 

• The greenhouse is considered 
part of the greenhouse and 
must be adjacent to it. 

• It can also be near or adjacent 
to the growth chambers which 
require the same preparation 
of tiie plants. 

EQUIPMENT 

The following equipment is needed: 
• work benches or tables 
• cabinets 
• sink 
• wide doors into the greenhouse 
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fl GREENHOUSES 

ACTIVITY 

The greenhouse is used in the process 
of growing plants. The conditions in
side the greenhouse are not as strictly 
controlled as would be within the growth 
chambers. However, conditions must be 
maintained within a set criteria. The 
following are those requirements for 
growth: 

1) The air temperatures during 
both day and night should be 
accurately controlled, accord
ing to the species that is to 
be grown. 

2) Lighting is an essential part 
of the growing process. The 
length as well as the intensity 
of illumination controls the 
development of many plants. 

3) In general, plants grow best 
when the relative humidity of 
the air is fairly high, some
where in the range of 50-88 
percent. 

RELATIONSHIP OF SPACE 

• The location of the greenhouse may 
come in two ways. First, it may be 
attached to the main building or 
separate from it. This will depend 
on how frequently the greenhouses 
are used and the convenience in get
ting to them. 

• The orientation of the greenhouses 
should be designed to obtain the 
maximum use of solar radiation. 
This is usually on the southern side 
of the project. 

LIGHTING CRITERIA 

• The lighting is primarily by natural 
sunlight, yet electric lights should 
be placed within the greenhouses. 

• The natural lighting should not be 
obstructed by large trees or build
ings. 
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4) Controlled ventilation within 
the greenhouse is essential. 
Ventilation renews the air and 
keeps the CO2 supply fairly 
constant. It also removes any 
toxic exhalations of plants. 

Controllable shading should be pro
vided either by a moveable device or 
by specialized types of glass. 
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AIR CIRCULATION CRITERIA EQUIPMENT 

The air-conditioned greehouses must 
meet the following requirements: 

1) Circulate a sufficient volume 
of air to remove radiation heat. 

2) Distribute the air evenly 
throughout the whole green

house as shown in Fig. 9. 

The following equipment is needed: 
• wide doors for movable tables 
• tables and/or benches 
• controllable shading devices 
• water supply with drains 

FIG. 9. AIR-CONDITIONED GREENHOUSE FIG. 10. NATURAL AIR GREENHOUSE 
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fl GROWTH CHAMBERS 

ACTIVITY 

The chambers will be used for special 
growth of plants. The conditions within 
Sie chamber are strictly controlled by 
the researcher. The chambers are manu
factured by companies that specialize in 
the growth chambers. Space should be 
allowed for the placement of these 
chambers since the units are bought in
stead of constructed on the site. Size is 
shown in Fig. 11. 

RELATIONSHIP OF SPACE 

• Chambers can be placed near the 
greenhouses £md the headhouse 
or near the research labs dealing 
with the growth of plants. 

FIG. 11. TYPICAL GROWTH CHAMBER 

39 



fl SHOPS 

ACTIVITY 

These areas are used to make or 
service special equipment needed by 
the research scientist. Several shops 
can specialize in a certain type of 
service. 

RELATIONSHIP OF SPACE 

• It should be located near the 
laboratories for convenience. 

• Place away from the offices 
due to the noise level produced 
by the shops. 

SOUND CRITERIA 

• These areas should be sound
proofed. 

EQUIPMENT 

The shops require different equipment 
depending on the specialization. 
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fl SPECIAL EQUIPMENT ROOM 

ACTIVITY 

This area will contain large and special 
equipment needed in scientific re
search. One of a kind items that will be 
shared by all the scientists. Sizes may 
range from small to large items. Plenty 
of wall space should be allowed for future 
equipment. 

RELATIONSHIP OF SPACE 

• Since this area is to be used by 
everyone, then it needs to be 
located near the research lab. 

• Should not be near rooms that 
produce noise or vibrations due 
to the sensitive equipment and 
measuring devices. 

EQUIPMENT 

The following equipment is needed: 

• equipment will be determined 
by the scientists and director 
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SECURITY 

ACTIVITY 

This area will be used for checking the 
premises and for keeping control on 
equipment. 

RELATIONSHIP OF SPACE 

• Its location should take into 
account: 

- the need for swift interven
tion 

- the danger of too easy public 
access 

- the network of automatic 
control and surveillance 
systems. 

• Should not open to the outside 
unless there is no possibility of 
unlawful entry and/or obstruction. 

EQUIPMENT 

The equipment needed for this activity 
will be determined by the director and 
the staff. 
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STAIRWAYS 

ACTIVITY 

The purpose of stairways is to move 
people from one floor to another. In 
case of fire, then the stairs are used 
to get people down the ground floor 
and to safety. The design and location 
of stairs will have to comply to state 
and local laws. 

RELATIONSHIP OF SPACE 

• Travel to most exits should not 
exceed 150 ft. 

• Should be placed over one 
another. 

• Decorative stairways can be 
planned for the lobby but should 
not be considered as one of the 
two required exits from the 
building. 
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fl ELEVATORS 

ACTIVITY 

These are used to move people from one 
level to another, except during fires. 

RELATIONSHIP OF SPACE 

• Passenger 
- Should be located at the 

vertex of travel between 
corridors and reception 

room. 

• Service 
- Location should be next 

to stock rooms and receiving 
areas. 

EQUIPMENT 

The following is needed: 

• Hydraulic-type elevators would 
probably be the best economical 
elevator for two-three story 
building. 
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fl TOILET AND JANITOR 

ACTIVITY EQUIPMENT 

These areas will service the people of 
the building. Maintenance areas will be 
used to keep the building clean and in 
an acceptable status. 

RELATIONSHIP OF SPACE 

• Restrooms 
- Location of these areas should 

not exceed 150 feet from the 
people 

The following equipment is 

• Water closets 
1 
2 
3 
5 

• Sinks with mirrors 

Janitor area 

needed: 

persons 
1-15 

16-35 
36-55 
81-110 

• Janitor space 
- It should be located next to 

the restrooms. If there is 
more than one story, then 
the janitor spaces should be 
stacked above each other. 

• janitor's sink 
• shelves and cabinets for storage 

of cleaning supplies and restroom 
items 

• water cooler or drinking fountain 
recessed into the corridor wall 
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fl MECHANICAL 

ACTIVITY 

This will house the equipment needed to 
operate the facility. The requirements 
are to provide heating and cooling along 
with power. Two rooms can be used to 
handle the equipment. First the general 
equipment which will service the offices 
and public areas. The second room can 
house the equipment needed for research 
labs and special areas. 

Large equipment that may vibrate will 
need to be placed on shock absorbing 
pads. DupUcate equipment may be re
quired to allow for breakdown or service 
repair. 

RELATIONSHIP OF SPACE 

* It should be placed away from 
other areas due to noise level. 

• It should open to the outside for 
easy replacement or repair of 
equipment. 

SOUND CRITERIA 

• Should be sound-proofed. 

• Insulation of equipment to reduce 
transfer of vibrations and sound 
should be considered. 

EQUIPMENT 

The following equipment is needed: 
• heating and cooling 
• electrical distribution 
• generator for back-up service 
• water heaters and coolers 
• special water treatment 
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fl 
SERVICE AND LOADING DOCK 

ACTIVITY 

The service and loading dock will re
ceive and send supplies through this 
area. The area should be large enough 
to allow for any large items. Wide doors 
will allow easy access to and from the 
building. 

RELATIONSHIP OF SPACE 

• The area should be near the 
storage room. 

• It should be orientated near 
areas that ship and receive any 
number of items and equipment, 
ment. 

• Since the service area is con
sidered an unsightly area, place
ment of the space should be 
considered in the total aesthetics 
of the facility. 

EQUIPMENT 

The following equipment is needed: 

• raised receiving dock for light to 
medium sized trucks (with bumpers 
for protection) 

• covered area 
• wide doors into the building 

LIGHTING AND WEATHER CRITERIA 

• Outside lighting should be pro
vided for both safety and security 
reasons. 

• The receiving docks should be 
covered to protect items from rain 
and other conditions during the 
transaction. 
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PARKING 

ACTIVITY 

This area will be used for the parking 
of vehicles. This will include both 
employee and visitor parking. The 
parking area may be divided between 
employees and visitors or may be put 
into one area. 

Access to and from the parking area 
should allow for quick and easy move
ment of the vehicles. Congerstion 
should be avoided during the morning 
arrival and evening discharges of 
employees. 

The parking area should be well lite 
during the night time for SEifety purposes. 
Landscaping can enhance the parking 
area and make it a more pleasing area. 

Appropriate stall widths and numbers of 
parking spaces should be considered 
during the design phase. Particular 
attention should be given to the grading 
of the parking area to assure run-off of 
rain water. 

RELATIONSHIP OF AREA 

• The parking area should be within a 
considerable short distance to the 
building. 

• Handicapped stalls should be the 
closest to the building with little or 
no obstruction in access to the build
ing. 

LIGHTING CRITERIA 

• Parking areas should be well lite 
during night time hours. 

EQUIPMENT 

The following equipment is needed: 

• concrete or permanent wheel 
stops 

• painted striping for stsill lights 
• handicapped stalls and access 

ramps 

49 



USER^ 

The users of the building includes all 
those who work and staff the build
ing. Table 1 lists the users and is for 
design purposes. Changes will be 
made in future times as the facility 
grows and conditions change. 

Table 1. 
USERS OF THE FACILITY 

20 scientists 
35 technicians/assistants 

2 gardeners 
2 garden assistants 
1 computer expert 
1 electronic technician 
1 director/superintendent 
1 assistant superintendent 
3 bookkeepers 

15 secretaries 
2 receptionists 
1 security guard 
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1 security guard assistant 
1 grounds keeper 
1 grounds keeper assistant 
2 janitors 

89 total users 
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^PACE SUMMARY 
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TABLE 2 

ADMINISTRATION AREAS 

# O F 
SPACES 

1 

1 

10 

4 

1 

2 

1 

1 

1 

SPACE 
NAME 

library 

conference (2 rooms) 

offices (administration) 

secretary pools 

mail/copy 

file/storage 
lobby/reception 

lounge/break 

lunchroom 

SIZE OF 
EACH SPACE 

35x55 (1925) 

30x50 (1500) 

12x15 (180) 

15x20 (300) 

10x15 (150) 

10x10 (200) 

30x35 (1050) 

20x20 (400) 

40x60 (2400) 

TOTAL 
SPACE 

1925 

1500 

1800 

1200 

150 

200 

1050 

400 

2400 
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# O F 
SPACES 

15 

5 

20 

30 

2 

13 

1 
1 

5 

2 

3 

5 

TABLES 

RESEARCH AREAS 

SPACE 
NAME 

chemical labs (wet) 

labs (general) 

offices (scientist) 

offices (technician) 

storage (general) 

storage (in labs) 

electronic 
equipment (large items) 

growth chambers 

greenhouses (large) 

greenhouses (small) 

headhouses 

1 

SIZE OF 
EACH SPACE 

20x30 (600) 

20x20 (400) 

12x15 (180) 

12x15 (180) 

12x15 (180) 

5x8 (40) 

20x20 (400) 

25x35 (575) 

6x12 (72) 
40x40 (1600) 

20x20 (400) 

6x10 (60) 

TOTAL 
SPACE 

9000 

2000 

3600 

5400 

360 
520 

400 

575 

360 

3200 

1200 

300 
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TABLE 4 

SERVICE AREAS 

# O F 
SPACES 

SPACE 
NAME 

SIZE OF 
EACH SPACE 

TOTAL 
SPACE 

1 

2 

2 

1 

1 

2 

1 

security office 
restroom (M/F units) 

shop (general) 

mechanical (general) 

mechanical (special) 
janitor/maintenance 

grounds maintenance 

10x12 (120) 

15x25 (375) 

15x15 (225) 

25x40 (1000) 

20x40 (800) 

6x8 (48) 

10x10 (100) 

120 

750 

450 
1000 

800 

96 
100 

The total number of rooms and total 

square footage is for design reference 

only. Actual sizes will be determined 

during the design phase of the pro

ject development. 

TOTAL NUMBER OF ROOMS: 135 

TOTAL AREA IN SQUARE FEET: 40,856 
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DESIGM COMCEPT^ 

The layout of the facility and complex 
can be arranged in several different ways. 
Each has several advantages and must 
be considered during the design 
phase. These options came from the 
layouts of existing research facilities 
with the same type of research activity. 
These facilities are referenced in the 
apendices or under the title of 'case 
studies'. The case studies can be 
studied in further detail. The major 
design concepts in the following pages 
are those taken from the case students. 
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BUILDING LAYOUTS 

The layout and arrangement of rooms can 
be accomplished in two major ways. First, 
the research laboratories with offices can 
be contained within one building along with 
all other t3^es of rooms as shoAvn in Fig. 
12. This Eillows easy access for a re
searcher to move from one space to 
another without ever being exposed to 
weather elements. The major building 
would contain all of the activities of ad
ministration, research, and service. The 

FIG, 12. ONE CONTAINMENT BUimiNG 

disadvantage of having one building is 
the lack of containment of noise, smell, 
and other distracting elements. If one 
laboratory is using a particular chemical, 
then seepage may drift throughout the 
entire building. The same can be said 
concerning noise. 

The second type of building layout is 
the campus type as shown in Fig. 13. 

FIG. 13. CAMPUS TYPE LAYOUT 

Different departments or units would be 
contained in a particular building. These 
separated buildings would be connected by 
covered walkways. This layout allows dif-
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ferent research departments to experiment 
Avithout affecting other departments. A 
disadvantage of this system is the exposure 
of people to weather while moving from one 
space to another. These walkways may be 
protected or enclosed, yet cannot be venti
lated along with the building. Special air
locks or traps can also be used to connect 
one department or laboratory to another. 
This layout allows a great flexibility in the 
arrangement of buildings on the site 
and also provides the opportunity to use 
landscaping. Many types of trees and 
shrubs, along with ground covers and 
water fountains can enhance the beauty 
and help in the transition from one 
building to another. 

INTERIOR LAYOUT 

The interior arrangement of research 
laboratories and offices is usually found 
in particular design method as shown in 
Fig. 14. This is illustrated in detail in 

the case studies referenced in the 
apendices. The schematic layout is 
shown below. This arrangement allows 
the researcher to have an office direct
ly across from the laboratory for con
venience. The offices and labs are side 
by side for convenience and service to 
the spaces. A service corridor is placed 
between the labs or under the labs. 
This allows the labs to be serviced by 

OFFICES 

HALLWAY 

OFFICES 

FIG. 14. INTERIOR ARRANGEMENT 

the numerous utilities. This space also 
allows easy repair on broken pipes and re
placement of damaged equipment. 
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GREENHOUSE LAYOUTS 

The greenhouses need a headhouse to 
prepare plants before and after use in 
the greenhouse. One headhouse can 

FIG. 15. GREENHOUSE LAYOUT 

service several greenhouses as shown 
in Fig. 15. This can be arranged like 
spokes of a tire with the headhouse be
ing the hub and the spokes being the 
greenhouses. A hallway or covered walk
way can connect this unit to the rest of 
the buildings. 

BUILDING FORM 

The building will be plastic in form. 
Plastic is sculptural and should reflect 
in the building design. This type of 
form is not defined as a material, but 
in configuration. Most any material can 
accomplish this task. 

Materials range from wood to bricks and 
to concrete. Hard, rectilinear plastic 
forms or soft, curvilinear forms are two 
ways to accomplish the organic building 
image. Some examples of these forms 
are illustrated in graphic form as shown 
in Fig. 16. 

/Z71 

FIG. 16. ORGANIC FORMS 
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IMAGED 

The image of the project is an important 
item that must be considered during the 
design phase. An image is a mental con
cept that one forms about a project or 
organization. The image may be bene
ficial to the facility or may even bring it 
down. The image may come from the 
applications such as the construction of 
facades, the use of building materi£ds, 
and design of the facility. 

Images can be divided into several areas 
throughout the entire project as shown 
in Fig. 17. The first being the site 
image. The site contains aU the pieces 

of the project and can become very com
plex. The second image is the building 

FIG, 17. IMAGE CONCEPT 
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itself. The building works closely with 
the site since it is contained within it. 
The buflding is the major focal point of 
the site and is, therefore, important to 
the overall project. Last is the interior 
image. 

The interior is important in that it is 
viewed by the employees and must be 
acceptable by them. The interior works 
with the building in forming the image. 
Interiors may be influenced by views to 
the outside and the site development. 
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SITE IMAGE 

The site plays an important role in the 
synthesis of the project. The site is the 
first impression received by a visitor or 
by someone passing by. This image wiU 
be perceived in many different ways as 
to how the buflding and its surrounding 
elements fit into the existing community. 
The site interacts with the buflding or 
bufldings as an envelope that contains 
all the parts. 

The site can be enhanced in many ways. 
One such way is the use of landscaping 
as a tool. Since the project involves the 
experimentation into new food plants, 
the use of plants should be used exten
sively through the site as well as indoor 
public areas. 

Placement of these plants can amplify 
the affectiveness of them. Sweet smeU-
ing plants can be placed near windows 

or doors where people can enjoy the odor. 
Colorful flowers can be placed along walks 
and near areas where people can view them. 
Trees serve many uses in landscaping. They 
can shade during the summer months and 
permit light through the winter months. 
The combination of all types of plants can 
be used to screen unsitely areas such as 
parking lots and service areas. 

Planters and arrangements of plants should 
be in a natural and free flowing way. Since 
plant material has natural shapes and sizes, 
the arrangement should be the same. 
Curved or round edging along with curing 
sidewalks should be used in natural plant 
settings. 
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BUILDING IMAGE 

The building or buildings are seen as the 
main object in the total image scheme. 
The building is the center piece in the 
showcase of the complete environmental 
context. The building must fit within the 
environment and the surrounding area. 

Since the majority of the public will not 
enter the buflding itself, the exterior will 
be the factor which the public identifies 
with and will remember. The facade 
design will be the link between the 
public's perception and the project's 
image. Buflding material can be used to 
enhance the overall image of the project. 
Smooth buflding materials should be 
used in curving motion like those of 
natural plants. Since plant life is an or
ganic material, the building can be ex
pressed in an organic way. The work
ings of the plant can be superimposed 
into the design and function of the pro

ject. Integration between the buflding and 
the site should be designed early into the 
design process. The image of the project 
can be perceived as natural setting without 
contrast. 
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INTERIOR IMAGE 

The interior image is primarily one that 
the employees are concerned with and 
not the public. The inside conditions 
and factors can have great impact on the 
way the facflity operates in a smoothly 
flowing way. Well designed rooms and 
arrangements of rooms will keep 
employees from becoming discontent 
with their work space. Color choice and 
the use of weU lite areas also has an im
pact on the weU being of the employee. 
The use of plants and/or water fountains 
can greatly enhance the beauty of the in
terior as weU as keeping an equilibrium 
among the people. 
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EC0MOMIC AMALYSISo 
FUMDIMG = IMC0ME = COSTS 

FUNDING 

Funding for the proposed plant science 
research facility will primarily come 
from the private sector. Various in
stitutes can provide the initial start-up 
money with research grants providing 
the operating costs. 

Private funding can come from large 
foundations or can be several grants 
combined to support funding research. 
The range of private funding can be 
between a few hundred thousand and 

several mfllion dollars. Most grant money 
is applied over a set number of years. This 
is usually between one and six years. The 
institution in turn receive commercially 
seUable research for the marketplace. 

Government funding can also bring about 
large sums of money for research. Another 
form of funding comes from universities 
which receive academic knowledge from 
the applied research. 
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The joint effort of private, academic, 
and government funding will provide 
the operating costs for the plant science 
research facility. 

FUNDING: CASE EXAMPLES 

The following are examples of funding 
for various research centers. These 
provide insights as to how to obtain 
money for both operation and research. 

Center For Advanced Research in 
Biotechnoloau 

'The center with an initial budget of 
$1.4 miflion wiU use the resources of 
the University of Maryland, National 
Bureau of Standards, and private in
dustry in cooperation with the 
Montgomery County government". (4) 

Michigan Biotechnoloau Institute 

'The institute encourages private sector 
enterprises in the field of applied biology. 
The institute obtained start-up funding 
through an Economic Development 
Authority grant for $6 mfllion and has ob
tained a grant for $20 million from Kellogg 
Foundation". (5) 

Indiana Corporation For Science and 
Technoloau 

'This organization is a consortium between 
the private/industry/public and academic 
sectors. The funding is for application-
orientated research that must lead to some 
product, process, service or other market
able item. SmaU amounts of funding for a 
few small projects in the biotechnology 
field have been allotted to the center". (6) 

6 6 



Cornell Biotechnoloau Prnnrnm 

"The Institute was formed by a joint ef
fort between the University and several 
corporations. So far, three corporations 
(Eastman Kodak, General Foods, and 
Union Carbide) have agreed to partici
pate in the institute. Each of these 
corporations has pledged $2.5 mfllion 
over a six year period along with Corning 
Glass Works who has also made a sub
stantial contribution to the institute". (7) 

Ben Franklin Partnership Program of 
Pennsulvania 

"Much of Pennsylvania's state sup
ported research and development 
activity is conducted within this pro
gram, with a total budget in 1985 of 
$73 mflflon. This program emphasizes 
the adaptation of scientific research to 
the commercial marketplace through 
the joint involvement of private, 

academic and state sectors". (8) 

National Science Foundation 
Industry/Universitu Cooperative 
Research Centers 

"Joint support from NSF and industry in 
starting a center produces a broad-based 
program that is large enough to be of in
terest to industry. There are also several 
university/industry partnerships have 
developed in the biotechnology field that 
are of benefit to both parties. For instance 
Agrigenetics formed a limited partnership 
to attract capital in 1981. This partner
ship has contracts with several dozen 
university research workers and their in
stitutions. Patents resulting from the 
sponsored research belongs to Agri-
genetics and in this way the investment 
fund can be expensed as an R&D invest
ment by partners. About $55 million was 
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raised and approximately one-half will 
fund Agrigenetics own in-house re
search program, the other half will 
be dispersed to number of U.S. and 
foreign institutions. 

Monsanto has a contract with the 
RockefeUer Foundation to spend $4 
million dollars over 5 yesirs to study 
plant molecular biology". (9) 
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INCOME 

The facility itself will not produce an 
income other than through cooperate 
stock holdings through research break
throughs. 

The site not being used for agriculture 
research can produce a small income 
for the facility. The unused land can 
be leased to local farmers to produce 
aimual crops. This additional income 
can be used in the maintenance of the 
site and building. 
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TABLE 5. PROJECT COST 

LAND COSTS 

- cost of land is $1,200 an acre 
- 200 total acres to be used 
- additional 412 acres avaflable 

for future farming 

Site: 
Farm Land: 

UTILITIES 

$ 240,000 
494.400 

$ 734,400 

- gas, electric power, rural telephone, 
water wells are available on the site 

- hook-up and connection costs to be 
incurred in construction cost 

CONSTRUCTION COSTS 

- 4,400 s/f greenhouses $ 334,000 
($76 s/f)(cooling, heating, 
glass, benches, controls, 
humidifiers) 

- 1,100 s/f research lab 1,430,000 
($130 s/f) (chemical labs, 
general labs, electron lab, 
equipment, growth chambers, 
shops) 

- 2,500 s/f general space 
($54.15 s/f) (offices, library 

1,353,750 

conferences, lobby, mechanical. 
lounges, reception, restrooms, 
storage, etc. 

- testing 
- site work 

(excavating basement, 
landscaping, parking. 
general site work) 

- overhead expenses 
- architect 

(including expenses) 
- insurance 

TOTAL 

TOTAL PROJECT COST 

7.000 
350.000 

278,012 
417,018 

47.515 

$4,517,695 

$5,252,095 
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SITE AND 
EMVIROMMEMTAL AMALYSÎ  

The overall physical elements of the 
environment for the site is an impor
tant aspect to be considered. Each 
piece of information can be used in the 
development of the site, building, and 
other sections of the project. Condi
tions of the environment play an active 
role in the total development of the 
project and should be considered in all 
phases of design. 

LOCATION 

The project site is located at the inter

section of North University St. (FM 1264) 
and Bluefleld St. (FM 2641). Currently it 
is located one-half mile north of the city 
limits. The site analysis map reveals ex
isting conditions of the site as shown in 
Fig. 18. 

CONNECTION 

The site is located on the axis of two major 
roads as shown in Fig. 19. To the East, the 
Lubbock International Airport is located 
along with a connection to Interstate 27 
and to the South, Texas Tech University. 
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These two major connections provide 
easy access for visiting personnel from 
either out-of-town or from the university. 
A major connection should be linked and 
maintained with the university. Inter
action between these two sites is vital in 
the function of the facflity. North Loop 
289 located two miles South of the site 
allows traffic from aU over the city to 
arrive with ease. Interstate 27 brings out 
-of-town visitors to within two miles of 
the project site. 

GENERAL SITE INFORMATION 

The Lubbock area is a combination of 
the desert conditions to the West and 
the more humid conditions to the East. 
This produces a semi-arid region that is 
conducive to a wide variety of growing 
conditions (see Table 9-10). Most of 
the annual precipitation falls during the 
warm period between April and October. 

This rainfall helps the growth of many 

types of natural and planted crops. The 
thunderstorms that produce the rain often 
results in excessive downpours and a rapid 
run-off. Control of this water must be 
undertaken to keep valuable soil from being 
eroded away. Lubbock receives a great 
amount of sunshine which makes it a valu
able asset to the growth of crops. In the 
winter months, Lubbock receives about 67 
percent the total available sunshine which 
is vital to the maintaining of solar collectors 
and greenhouses. During the summer 
months, the available sunshine reaches a 
total of 78 percent. The high percentages 
of sunshine makes this area a reliable place 
to produce food crops and for experimenta
tion on these food crops. 

The Lubbock area is known for the 
occasional severity of the wind. Wind 
speeds on the average is about 13 miles 
per hour, yet speeds averaging well over 25 
miles per hour are not uncommon. These 
prevailing winds are southwesterly from 
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November through April and southerly 
from May through October. When the 
winds become harsh, it often becomes 
a sandstorm that is dense enough to ob
scure visibflity. 

The low humidity is a positive aspect of 
the site. The average relative humidity 
for the area is 39 percent. Yet this 
average is somewhat deceiving because 
the amount of moisture in the air has a 
24 hour swing ranging from 75 percent 
at 6:00 a.m. drying to about 40 percent 
at 6:00 p.m. 

During the winter, cold Canadian air 
moves into the area and cause sharp 
drops in the temperature. The ex
treme lows rarely last longer than 48 
hours. In the dead of winter the freez
ing temperatures are recorded almost 
every night, but warming during the 
daytime hours. From late October to 
early April is when the snow generally 

occurs. The snowfall is light and seldom 
remains on the ground for more than three 
days. However, more than 20 inches has 
occurred to set new records. These snow 
loads should be taken into account when 
designing bearer loads on a building roof. 

SOIL CHARACTERISTICS 

A major portion of the soil is a windblown 
sand that may reach 25 feet in depth in 
some areas. The U.S. Sofl Conservation 
Service under the Amarillo-Acuff unit cur
rently categorizes the soils as deep, nearly 
level to gently sloping, moderately per
meable with loEimy soils. The sofl is layered 
into the following: 0-12 inches is neutral 
brown loam, 12-38 inches is a reddish-
brown sandy clay loam, 38-58 inches is a 
pink sandy-clay loam that is 40% soft 
masses and concentrations of calcium car
bonate. This sofl has good potential uses 
for seepage pits due to the rapid seepage 
rate. The soil has a moderate to low load 
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bearing capacity at shallow depths. 

WATER CHARACTERISTICS 

Tlie water in the area is a valuable re
source for both agriculture and for 
human consumption. The OgaUala 
Aquifer currently supplies the agricul
ture area through irrigation. The water 
level is currently at a level of 123 feet 
below the surface with a drop of 2 feet 
per year. New techniques in agricul
ture wlU have to be developed in order 
to preseve the water resource. 

VEGETATION 

The vegetation that is supported in the 
Lubbock area due to the climate zone 
is quite extensive. There are many 
types of trees, shrubs, and ground 
covers that can be used to enhance the 
site. Each plant type has its own char
acteristics such as shape, color, and 

odor. The actual choice and location of 
these plants must be considered in the 
total development of the project. 

The following are a few of the plants and 
their characteristics: 

LEGEND (For Tables 6-8) 

FL 

FR 

BF 

O 

EC 
E 

SE 

RFC 

YFC 

BFC 

— flowers 
— fruits 

-- flowers 

— flowers 

— flowers 

— flowers 

— flowers 

-- flowers 

— flowers 

— flowers 
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TABLES 

SHRUBS FOR LANDSCAPING 

SHRUBS FL FR BF 0 EC E SE RFC YFC BPC 

Yucca Torreyl 
Yucca Camarosana 
Yucca Recurvifolia 
Yucca Aloefolia 
Scotch Broom 
Crape M3rrtle 
Rose of Sharon 
BriUiant Holly 
Yaupon Holly 
Myrtus Crepe M)n:tle 
Mandina Ehvarf 
Myrtus Dwarf 
Mahonia 
Ehaphiolepic 
Agave Lecheguflla 

X 
X 
X 
X 
X 
X 
X 

X 

X 
X 
X 
X 

X 
X 

X 
X 

X 
X 
X 
X 

X 
X 

X X X 

X 
X 
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TABLE? 

TREES FOR LANDSCAPING 

TREES FL FR EF 0 EC E SE RFC YFC BPC 

Arizona C3Tpress X 
Limber Pine X 
Austrian Pine X 
Japanese Black Pine X 
Incense Cedar X 
Pinyon Pine X 
Pecan X X 
Honey Locust X 
Red Oak X X X 
Soapberry X X 
Golden Raintree X X 
Crabapple X X X 
Desert Wiflow X 
Jujude X X 
Mesquite ^ 
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TABLES 

GROUND COVERS FOR LANDSCAPING 

GROUND COVER FL FR BF 0 EC E SE RFC YFC BFC 

Halle Honeysuckle 
Hesperaloe 
Liriope 
Strawberry 
Tarn Juniper 
Buffalo Juniper 
Vinca Major 
English Ivy 
Monkey Grass-Mondo 
Teucriaum 

X 

X 
X 

X 

X 
X 

X X X 
X 
X 

X 
X 
X 
X 
X 
X 
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TABLE 9 

CLIMATE DATA 

Month 
Flain 
(in) 

Wind 
(MPH) 

Degree 
Days 

Temperatures 
Min Max Avg 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

Total Heating Days: 
Total Cooling Days: 

5-1 
5-1 
5-1 
1-2 
2-4 
2-4 
2-4 
1-4 
2-4 
1-4 
5-1 
5-1 

3,655 
1,878 

13 
15 
17 
16 
15 
25 
12 
11 
12 
12 
13 
15 

600 
400 
400 
100 

0 
0 
0 
0 

50 
50 

100 
600 

25 
25 
30 
40 
50 
60 
65 
60 
55 
55 
45 
25 

55 
60 
70 
75 
80 
95 
95 
95 
90 
90 
80 
60 

42 
45 
53 
57 
67 
78 
82 
77 
75 
75 
64 
45 
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TABLE 10 

THIRTY YEAR AVERAGES 

70 

Average annual temperature 59.7̂ ^ 
Warmest month (July) 79.7' 
Coldest month (December) 38.9° 
Days over 90 degrees 79 days 
Days under 32 degrees 97 days 
Annual precipitation 18.4 in 
Armual snowfall 4.2 in 
Wettest month (October) 2.7 in 
Dryest month (August) 0.5 in 
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PLAMT AMAT0MY 

Plants come in a wide variety of sizes, 
forms, and structures. Yet, underl3ang 
the variations in form and complexity, 
there is a simple, uniform structure 
found in a plant. The body of a plant 
consists fundsmientally of a cylindrical 
axis which bears appendages such as 
branches, leaves, flowers, and fruits. 
Below the surface of the ground is the 
root system which also lies along the 
central axis. All the parts work to
gether for the purpose of survival. 
Many design concepts can be pulled 
from and based on the workings of the 
plant. Understanding the pieces of 

the plant can be used throughout the design 
process for a complete and functional 
operating facility. 

STEM 

The stem is considered to be the support 
or structure of the plant. The stem ascends 
from the ground and supports branches and 
leaves. It is the reinforcement of the stem 
that gives the plant the stiffness needed to 
hold the plant off the ground. The stem 
also serves as the circulatory path in which 
water and nutrients are passed between the 
roots and other parts of the plant. 
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ROOTS 

The roots of most plants grow into the 
soil. They are an extension of the stem 
and can grow to many different shapes 
and sizes. Roots serve two main purposes 
- as a means of anchorage or support, and 
as absorbers of water and mineral salts 
from the soil. As a support, roots hold 
the plant against wind and during rains 
which washes the soil away. The second 
purpose of the roots is to gather water 
and nutrients to sustain the plant and to 
further its growth. 

LEAVES 

Leaves are the food factories of green 
plants. The food is used to help the 
plant become full-grown and healthy. 
The leaves take materials from the air 
and the ground. One of the materials 
is carbon dioxide which is a gas taken 
from the air. This combined with water 

taken from the ground through the roots 
is used to manufacture sugar. The process 
of making the food is called photosynthesis. 

SEEDS 

Flowering plants make new plants through 
the means of seeds. Inside a seed is a baby 
seed called an embryo. If the conditions are 
just right between temperature and mois
ture, then the embryo will begin to grow. 
The embryo breaks out of the protective 
seed coat and makes it way through the soil 
towards the surface. With the use of sun
shine, the young plant will mature and soon 
produce other new seeds. Seeds are dis
persed in a number of ways. Some fall only 
a few inches from the parent plant while 
others may travel several miles. Whatever 
the way, the seed must find good soil and 
plenty of space and sunshine if it is to 
develope into a strong, healthy plant. 
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FRUITS 

Fruit is the part of a plant that con
tains the seeds. Fruits include apples, 
strawberries, and oranges; but fruits 
also include vegetables, nuts, and 
grains. The fruits protect seeds and 
scatter them to help in the survival of 
the plant. Fruits are often eaten by both 
man and animals. Thus the fruits are 
important in sustaining mankind. 

FLOWERS 

A flower is the part of the plant that 
forms pollen or seeds or both. Only 
seed-bearing plants have true flowers. 
A common conception of flowers is that 
they are just brightly colored parts of 
the plants. Yet the flower is an impor
tant part in the reproduction and 
survival process of the plant. Most con
sider the flower as a colorful object 
which is used to decorate and enhance 

the beauty of an area. The wide variety of 
color should be used in the design process 
and used to enhance the overall image of 
the project. 
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FUTURE EXPAMSI0M 

The expansion of any business is an 
important issue to be considered while 
in the process of site selection and 
design. The site chosen for the 
plant science project has several advan
tages. It has great expansion capa
bilities with its wide expanse of open 
land. As research continues there may 
be a need to add to the existing building 
or may include the use of the farm land. 
Researchers can use the farm land to 
experiment in the growth of many new 
plants on a larger scale. 

If the facflity approves the expansion. 

then there will be a need to construct other 
buildings. The buildings will include areas 
for large and small farming equipment. 
Servicing areas will be needed to maintain 
the equipment and other machinery. Stor
age buildings will be needed to store both 
equipment and harvested crops. Shops are 
also included in the expansion process. 
With the use of the farm land, there will be 
a need for irrigation pipes and watering 
devices. Existing wells will provide the 
necessary water to the crops as needed. 

Experience has proved that boundaries of 
research are limitless. Therefore, great 
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consideration must be made into the 
possibflity of expansion. It is said that 
"the research plant has yet to be buflt 
which in time did not continue to grow 
beyond any predictions made for its 
ultimate size and complexity. There
fore, it requires careful planning, bold 
concepts and strong convictions to 
assure adequate and satisfactory space 
to meet future research needs of the or
ganization in terms of site and location 
of building units and services". (10) 
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PLAMT 8CIEMCE REGULATEOM^ 

Today there are many new experiments 
in the biotechnology field and these must 
be regulated. Federal regulation is shared 
among many agencies with no one agency 
with compolete power. Today the re
search activities are regulated by the 
foUowing committees and agencies: 

1. "NIH Recombinant DNA 
Advisory Committee (RAC) -
Monitors certain biotechnology 
research and approves all ex
periments on geneticaUy 
engineered organisms within 
the public sector. 

2. Food and Drug Administration — 
Regulates new drugs and FDA Re-
combinate DNA Coordination 
Committee sets biotechnology 
policies within FDA. 

3. USDA Recombinant DNA Advisory 
Committee ~ Intentifies issues 
with regard to rDNA research and 
application activities, and makes 
recommendations. The commit

tee also provides input and assist
ance to the USDA representative 
to the NIH Recombinant DNA 
Advisory Committee and 
additionally serves as the USDA in-
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6. 

formation clearinghouse on 
scientific research in the field. 
Environmental Protection 
Agency ~ Presently, the Toxic 
Substances Control Act (TSCA) 
authorizes EPA to acquire infor
mation on chemical substances 
in order to evaluate potential 
hazards, and the Federal In
secticides Fungicide and 
Rodenticide Act (FIFRA) has 
jurisdiction over pesticides 
and health and environmental 
effects. 

The Occupational Safety and 
Health Administration and the 
National Institute of Occupa
tional Safety ~ OSHA and 
NIOSH are concerned with 
the welfare of biotechnology 
employees. 
Other committees that are 
involved in regulatory issues 
include the Interagency 

Risk Management Committee in
itiated in 1984, and the White 
House Office of Science Techno

logy and Policy's Cabinet Council 
Working Group, £ind the Inter
agency Committee on Food, Agri
culture and Forestry Research". 
(11) 
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CASE STUDII 

Case studies provide references to ex
isting or past facilities that reveal design 
information relevant to the project. 
These facflities provide examples of both 
good and bad designs. Though the case 
studies may be dated, there are a num
ber of concepts to be taken from them. 
The foUowing examples are older faciU-
ties, yet the equipment in use is the 
state of the art and thus keeps the re
searchers in today's current standing. 
With the new equipment, an older 
building is stiU functional and stfll re
tains its design concepts. These con
cepts are the main reasons for research 

into case studies. A few examples of re
lated projects are found in the foUowing 
pages. 
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fl SHELL OIL COMPANY 

Agricultural Research Laboratory 
Modesto, California 
Austin, Field & Fry, Architects 

'These facflities have been buflt in a 
lush and beautiful area among the many 
ranches and orchards. The adequacy 
of this site proved no problem for the 
needed additions to the existing facfli
ties since the topography and area 
available simplified the planning in re
lationship to the various bufldings. The 
Architects and Engineers after con
siderable study decided upon designing 
the new buildings in precast concrete 
with a brick wainscot. 

Each individual laboratory (Fig. 20) fol
lows the standard layout used by the 

u <*) 

FIG. 20. SHELL OIL COMPANY 
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SheU Oil Company all over the world 
with one unusual feature, the utflity lines 
instead of being underground are over
head and drop down into pipe chases to 
each bench and hood (Fig. 21). In turn, 
each laboratory building is intercon
nected with the utiUty lines which are 
located on the top of all the covered 
walks. This provides easy access for re
placements and repa:irs with a tremen
dous saving in time. 

The campus-tjqje layout is enhanced by 
beautiful landscaping and three decorative 
reflecting pools with one of the three being 
located at the main entrance to the Admini
stration Building (Fig. 22). 

The operation of this laboratory consists of 
research and experimentation in the field 
of insecticides, fertilizers, and other t5q)es 
of products needed in the agricultural in
dustry. Among the other facilities of the 
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laboratory is the Entomology Buflding 
wherein under perfect control of the 
air conditioning rooms, aU types of in
sects are raised for experimental pur
poses." (12) 

CONCLUSION 

The many advantages of this facility begins 
with the layout. Separate buildings con
taining research labs and offices allows each 
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unit to function without affecting the 
others. The courtyards admit fight into 
all labs and offices. The court offers a 
relaxing view of pools and planting for 
everyone to enjoy. For those using the 
cafeteria and library the view and access 
to the courts aUow personnel to escape 
the work schedule. The landscaping 
surrounding the faciUty expresses the 
use of growing material which is a func
tional part of the Agricultural Research 
Laboratory. Access to the individual 
labs can be done without affecting any 
other part of the facflity. 

The disadvantage of this layout would 
come during extreme weather condi
tions. The covered walkways may not 
protect against the elements. With the 
many access points, security may be a 
problem. 
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FIG. 23. SHELL OIL BUILDING LAYOUT SCHEMATIC 
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yh^^il-IBRARY î ^̂ A^̂ ""̂ '̂  J^ 
1 PATIO i ^ " ' " * / \ * " "^"^ 
V J /LANDSCAPED^ 
^ - — ^ (ENTRANCE ] 

\ oat 
1 J 3 

PARKING 

94 



fl EARHART PLANT RESEARCH LABORATORY 

THE BUILDING 

The Earhart laboratory was a one story 
building with a basement approximately 
the same size as the ground floor 
(Fig. 24). The research being done was 
of the nature that required all persons 
entering the building to change clothing. 
All supplies and equipment entering the 
buflding were decontaminated to avoid 
the compfications and possible adverse 
effects from pests, plant diseases, and 
other unwanted contaminants. 

The only source of contaminants enter
ing the buflding was through air intakes. 
Normal operation in a year's time re
quired 300,000 tons of air entering the 
laboratories. An electrostatic precipitator 

and mechanical filters removed the larger 
particles. The remaining contaminants 
were removed as the air passed through 
charcoal filters. 

The buflding included the following: 

- 6 individual greenhouses with 
temperature, humidity, and 
natural daylight controlled 
separately. 

- 10 darkrooms kept at different 
temperatures and humidities. 

-9 general laboratory rooms kept 
at different temperatures. 

- 1 rain room. 
- 1 wind room. 
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- 2 gas rooms. 

- 25 electrically Ughted cabinets. 

* total of 54 different conditions 
which were maintained simul
taneously 

* total space for growing plants 
was 4,584 square feet 

-TECHNICAL STAFF-

The operation of this laboratory was 

very complex. The technical staff were 
required to have the highest competence. 
The staff consisted of a superintendent, 
assistant superintendent, mechanic, and 
three gardeners. 

PLANT GROWING METHODS 

All the plants grown in the laboratories 
were placed in plastic or metal containers 
of various sizes. The containers were filled 
with sand, gravel, or vermicufite. This re
sulted in a need to store both container and 

P» 

FIG. 24. EARHART LABORATORY CROSS-SECTION 
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the soils used. 

-CONTROLS AND MACHINERY-

The control room was one of the more 
complex rooms in the buflding. It con
tained the foUowing: 

- indicators for 20 separate air-
conditioning systems. 

- time-clock panel which con
trolled 70 electric light panels 
on any cycle and period. 

- motor indicator panel. 
- different recorders for temp

erature and CO2. 
- records of the space occupied 

and the equipment used by ex-
perimentors using the facilities. 

-THE BASEMENT-

Immediately below the control room on 
the ground floor was the large switch 

panel where all the electrical power for 
the building was centralized. 

All the equipment and machinery required 
to maintain the temperature, humidities, 
wind velocities, and other conditions was 
located in the basement. 

The basement contained ducts, pipes, and 
conduits which delivered air, hot water, 
and cold water to the air conditioners. 
This left a bare minimum of head room in 
which to move around. 

GREENHOUSES 

The air-conditioned greenhouses had glass 
only on the room. On this roof a thin 
stream of water flowed constantly to help 
control the temperature. The rate of flow 
was kept to a minimum by having a very 
slight slope. 

A great deal of the experiments involved 
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the moving of plants to the various 
greenhouses, electrically lighted rooms, 
and darkrooms. Since 1/3 to 1/2 of the 
plants were moved on trucks twice 
every day, the distance between the 
rooms had to be kept to a minimum. 
This was accomplished by placing the 
rooms around a central hall (Atrium). 

-PLANT LIGHTING-

The greenhouses used natural dayUght 
as a source for growing plants. How
ever, the California sun varied in inten
sity. For some of the experiments, the 
plants were started in the greenhouse 
and then moved to a room with uni
formed Ught conditions such as the 
electrically lighted rooms. 

The Earhart Laboratory originally used 
the eight-foot slimline fluorescent lamp 
(tube) due to its economy and high out
put. In 1961, some of the lights were 

replaced with a newer and more effcient 
type of l£imp. This was the Sylvania VHO 
(Very High Output) lamp which increased 
the hght. 
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Stntf ACE m ^ 
SQ. FT. TOTALS 03 

Plant Fomng space:— PH 

Greenhoaaes 

2ofl4xl6'(ClmAGreen]unue) 448 ^ 
4 o f 2 0 z M ' 1920 . 

2368 ^ 

Ardfidally H^ted rooms, amstant temperature 
7 of 8 X 12' (each divided into 3 compartments) 672 
5 of 8 z 8' (each divided into 2 compartments) 320 
2 of 8 x 4 ' 64 

1056 
Constant tempenture dark rooms 
6 of 8 X 12' 576 
3 of 8 X 8' 192 
1 of 8 X 4' 32 

800 
Constant temperature laboratories in basement 
9 with about 40 sq. ft. working space 360 

Total controlled temperature growing space 4584 

Temperature control facilities:— 

Control room and main switchboard 300 
Air conditioners 1600 
Heating (boiler room) 400 
Cooling (tempieaaors, pumps, cold water storage) 600 
Air cleaning 400 
Auxiliary machineiy (transformers, deionizer, 

Kathabar, motor generator, etc.) 700 
Total apace for air conditioning 4000 

Space required for the handling of plants:— 

Atrium (apace for moving of trucks, photographing, 
analysng results, e t c ) 

Potting and washing area 
Harvesting and weighing room 
Drying ovens, grinding room, spraying cabinet 
Sterilizing and fumigating 
Total plant li«ii«<liiig facilities 

Offices and other stajf facilities:— 

Offices 
Instrument makers' shop, wood working area 
Laboratory 
Photographic rooms 
Storage space 
Dressing rooms 
Total auxiliary facilities 

1000 
600 
300 
200 
100 

500 
500 
400 
150 

1000 
250 

2200 

2800 
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