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Preface 

The plains of west Texas are typically vast open landscapes with little to look at and 
even less to worry about. If there is one aspect of this region that can be considered contrary 
to this statement, it must be the sky. With little else that is unique to this area, the seemingly 
endless atmosphere can be absolutely fascinating at times. Cloud formations across these 
plains can be particularly interesting. In some instances, they also can be very dangerous. 

This danger can come in the form of damaging winds, rain, hail, lightning, and torna
does that can be unfortunate effects of cloud formations that develop into severe weather. It is 
this risk that creates the need for a facility that is capable of monitoring, observing, measuring, 
and forecasting severe weather. The National Weather Bureau currently works for this spe
cific purpose. The storm development process is so sophisticated however, there is still a 
great deal to learn for the benefit of human preservation. West Texas is an ideal place for a 
facility such as this due to the vast plains that give nearly 100% visibility to the surrounding 
weather on a clear day. 

The ultimate goal of this project is to present a potential prevention method against the 
powerful forces that are associated with severe weather. There are already similar measures 
being taken in similar circumstances, but the reality of the situation is that the more we know 
about severe weather formation, the easier it will be to predict what severe weather might do. 

Figure 2: Cumulonimbus Thunderstorm, Bernard 
Hulsehoff, 2002. 
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Abstract 

Thesis Statement: Patterns can be abstracted from the natural process of cloud formations 
due to the specific reactions the clouds have to their surrounding forces. 
These patterns can be metaphorically applied to architecture. 

Facility Statement: As the growth of a storm is a direct, functional response to the 
forces in place that create it, a severe weather research facility 
should have adirect, functional architectural design response. 

Context Statement: The contextual response of a severe weather observatory in west 
Texas should positively reflect the natural cloud formations that 
appear across the skyline. 

Scope of Project: 
The project is an atmospheric research laboratory in Lubbock, TX. Lubbock is a west 

Texas city of almost 200,000 and is the largest city in the area known as the south plains of 
Texas. 1 The primary case study that will be used to determine the scope of this project is the 
National Center for Atmospheric Research (NCAR) by Pei, Cobb, Freed & Partners (Figure 
3). NCAR is a 2 14,500 sf project with major spaces including laboratory spaces, offices, an 
exhibition lobby, a library, a computer room, and a dining hall.2 This atmospheric research 
laboratory will be a regional project (as apposed to NCAR's national status) and therefore 
will be scaled down to be more appropriate. The adjusted scale of the Atmospheric Research 
Laboratory of West Texas is approximately 80,000 sf to accommodate about 100 users. 

Figure 3: National Center for Atmospheric Research, 
Wiseman pg 73. 
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Conceptual 

The natural environment contains a series of patterns that are functionally very similar. 
Some refer to this pattern as life; however, the same progress exists within many things that 
cannot be classified as organisms. Any living organism at some point has to develop from 
infancy. As this development proceeds, the identity will grow, feed, and develop into its 
predetermined natural form. The same is true with many other natural phenomena. Fire, for 
example, from it's conception, will under the correct conditions grow, feed, and even breathe 
and develop into its predetermined form. This form is not controlled by genetic codes as is 
true within organisms, rather it is controlled by the existing environmental conditions present at 
the time of the fire's ignition. Another example is cumulus cloud formation. Clouds are born 
as a result of the right forces and conditions coming together in order to create them and will 
develop to meet their predetermined form. The form of any cloud has already been determined 
even before it has been created. The earth's chemistry at any time has already provided the 
necessary forces for a specific developmental response. Since there is a natural process for 
cumulus and cumulonimbus cloud formation, a series of patterns can be abstracted from this 
cloud formation. 

In west Texas, storms typically are the result of a violent clash of warm-moist air from 
the Gulf of Mexico and cold dry air from the Rocky Mountains. However, the growth process 
itself is much more complicated. Storm clouds are buoyancy driven.3 Temperatures within 
clouds are usually very cold and either close to or below :freezing. So in order to maintain 
buoyancy, warm-moist air is required. This warm air when lifted by a cloud formation's 
updraft, releases enough latent heat to provide the buoyancy that is necessary for a storm to 
grow.4 Differentiating zones of pressure lifts the air. In most storm settings, the warm surface 
air contains lower atmospheric pressure than the cold, higher elevated air.5 The atmosphere 
tries to maintain a balance, and this is why the warm air rises. Metaphorically speaking, all 
storms feed off of this warm surface air. Just like living organisms and fire, storms breathe 
also. This process of convection is a storm's way of life sustainment. 

The natural forms these storms take on have distinct patterns. Every cumulus cloud 
has specific functional regions. Small cumulus clouds have several distinct zones: updraft 
turrets, precipitation trails, aggregation zones, and anvil tops (Figure 5). Larger and more 
dangerous cumulonimbus clouds have additional zones such as flanking lines, 

Figure 4: Cloud fonnation over the plains, Bernard 
Hulsehoff, 2002. 
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Conceptual 

back-sheared anvils, overshooting tops, etc. (Figure 6). There are documented and defined 
structures of the natural form of cloud development. Patterns of these natural cloud forms 
can be abstracted from images of these cloud formations. 

It is my belief that through architecture, the process of cloud formation and 
development can be represented metaphorically as a series of patterns. This process of 
development is a very distinct process. It is clear when a typical, unassuming cumulus cloud 
begins to transform into a dangerous cumulonimbus cloud. It is a rolling, churning expansion 
across the landscape. Architecture can respond to this. 

If a cloud is the motivation for an architectural work, then it could easily be 
translated formally when one imagines the boiling up of a cloud as it moves across the 
horizon. The process of a cloud breathing can also be related to design. Any design may 
have a symbolic "life-force", including architecture. However, I believe that an architectural 
design response of this sort should be specific. Previously, I discussed how the growth of a 
storm is a direct functional response to the forces in place that enacted its creation. This is a 
very important concept when designing a building to emulate cloud formation. The building . 
too should be functional. As cloud formation is a defined natural process, building functions 
are clearly defined and architecture should respond to these functions in a direct manner. 

An atmospheric research facility should be just that, a facility for researching the 
atmosphere. All research equipment, devices, spaces, and even furniture should be a 
functionally appropriate response. There are many high technological devices associated with 
severe weather observation and prediction. These devices are beautiful. They are beautiful 
because they have been designed not for aesthetical purposes, but for the one form that 
serves the device's function the best. These devices should be icons for an atmospheric 
research facility. They should provide a starting point for the entire design character of the 
architecture. 

So in tum, it would be highly inappropriate to design this building with emphasis 
towards ornamentation. This building should not try to be anything that it is not. I hope that 
this representation of the west Texas landscape will enhance a building in this area by 
strengthening its character and sense of place. 

DOWNOIW'TS 

Figure 5: Small cumulus cloud model, Houze pg 270. 
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Figure 6: Large cumulonimbus schematic, Houze pg 273. 
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The Patterns 

Before patterns can be extracted from storm formations, it needs to be made clear 
what a storm exactly is. The most obvious form is present in a singular storm cell over a 
relatively small and concentrated area. In this sense, a storm is the kinetic enactment of a 
storm cloud that affects one particular region. This is the most obvious situation because it is 
the most visible to an individual. This is a phenomenon that can be observed by the human 
eye. This however, is rarely the case when the storm is viewed from a distance. When a storm 
is viewed from a far, it is much more difficult to discern one part from the whole (Figure 7). 

Figure 7: Satellite 
view oflarge storm 
fonnation. Scorer, 
pg. 21.3. 

This distant observation is typically made by radar instrumentation or satellite observation. 
Almost always, the apparent localized storm is a small part of a larger system of 

storms. So then this creates the question: What is the storm? Is each individual cell of a 
system a storm or is it all a cohesive natural response in the form of one large storm? The 
answer to this question is that it is situational. Enough afternoon heat and humidity can trans
form any typical cumulus cloud into a buoyant enough mass to produce precipitation. But 
severe weather is always the product of a larger system. There is always more than just these 
two forces at work when severe weather is created. Severe weather is the focus of this study. 

Figure 9: Cumulonimbus cloud formation. Lutgens 
pg. 113. 
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The Patterns 

Because these systems are so large, not uncommonly spanning thousands of miles, it is 
impossible to discern one distinct pattern within severe weather. The truth is, there are dozens 
of patterns and combinations of patterns that will occur every day in some part of the world. 

Another problem is that these storms are so large that each storm system contains cloud 
formations that typically would not be classified as a storm. Often, the formations that appear 
hours, even days before ensuing severe weather are the leading edge of a system. Now it is not 
too difficult to argue that nearly all could patterns can in some form or another be considered a 
storm. 

There are four families of cloud formations categorized by developmental 
characteristics and altitude.6 The first of these families, in progression oflowest altitude to 
highest, is called the clouds of vertical development. This category is what classifies the two 
most common cloud forms, cumulus and cumulonimbus. A cumulus cloud is a "dense, billowy 
cloud often characterized by flat bases . . . (they) may occur as isolated clouds or closely 
packed" (Figure 8)7. cumulonimbus clouds, most commonly associated with severe weather, 
are described as "towering clouds ... spreading out on top to form an "anvil head". Associated 
with heavy rainfall, thunder, lightning, hail, and tornadoes" (Figure 9)8

• 

The next family of clouds are known as the low clouds. These clouds form at altitudes 
below 2,000 m. The most common cloud formation within this family is the stratus cloud 
(Figure 10). These clouds are described as "a low uniform layer resembling fog but not resting 
on the ground"9• Another member of this family is the nimbostratus variety (Figure 11). These .. 
clouds are an "amorphous layer of dark gray clouds".10 These clouds often accompany cold 
front and are notorious for creating large amounts of freezing precipitation. The final 
formation categorized as a /ow cloud is stratocumulus (Figure 12). These clouds are" . .. soft, 
gray clouds in globular patches or rolls. These clouds may join together to make a continuous 
cloud."11 

The third family of clouds is known as middle clouds. These clouds occupy the 
altitudes of 2,000 to 6,000 m. There are two patterns of cloud formation in this category. One 
of these is altocumulus cloud (Figure 13). These clouds are ''white to gray clouds often made 
up of separate globules: "sheepback" clouds." 12 The other formation in this family is the 

Figure 11 : nimbostratus cloud formation. Lutgens pg. 113. 

Figure 12: stratocumulus cloud formation. Lutgens pg. 113. 
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The Patterns 

altostratus (Figure 14). Altostratus clouds are described as a "stratified veil of clouds that are 
generally thin and may produce very light precipitation. " 13 

The fourth and final family is the high clouds. These clouds are created at altitudes 
greater than 6,000 m. This family is comprised of the cirrus variety. They typical cirrus clouds 
are "thin, delicate, fibrous ice-crystal clouds" (Figure 15)14• They sometimes appear as hooked 
filaments called "mares' tails." Another member of the cirrus family is the cirrocumulus cloud 
(Figure 16). This cloud is described as "thin, white ice-crystal clouds, in the form of ripples, 
waves, or globular masses all in a row."15 

The final cloud pattern created within the high cloud family is the cirrostratus (Figure 17). 
These clouds are "thin sheets of white ice-crystal clouds that may give the sky a milky look." 16 

These clouds often produce halos around the sun and moon. 

Figure 14: Altostratus cloud formation. Lutgens pg. 113. 

Figure 15: Cirrus cloud 
~ formation. Lutgens pg. 112 . .,,.we ~ .. d t ,-u 

Figure 17: Cirrostratus cloud formation with halo. Lugens, 
pg. 112. 
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The Metaphorical Response 

Now that the natural cloud formations have been defined, how should they be related 
metaphorically to architecture? The easiest way to observe these patterns is obviously by their 
physical composition. If you examine the cloud formations intuitively, it is not too difficult to 
begin to abstract compositional patterns. 

The first example that stood out to me was the altocumulus cloud. This formation 
seems to create a blanket of linear forms across the sky. When I view this formation is see 
repetition. Repetition can be a very beautiful compositional element in architecture (Figure 
18). Repetition can create a sense of cohesiveness even in the most barren of site circum
stances. This would be a very nice addition to a design on an open plain such as this facility's 
site in Lubbock, TX. 

Stratus clouds have a very strong, unwavering horizontal nature about them. 
Horizontality can also be a very beautiful design element in architecture (Figure 19). This 
aesthetic element has already been used extensively in open plain type environments. 
Horizontality is noticeable in many Wrightean works. His style of horizontality was known as 
prairie school architecture. 

There is a very strong character within the cirrus family of clouds as well. Cirrus 
clouds feature beautifully whimsical curves. This is an element that when designed carefully 
can create a very nice character within a space (Figure 20). Curved forms are however typi
cally ornamental. Architectural ornamentation is a design element that should be limited within 
this facility. 

Another interesting formation within this family is the cirrostratus. This is the forma
tion that so often creates halos around the sun and moon. This naturally occurring circle in the 
sky could be a source of motivation for the designer. In this instance, circles within the design 
may not be entirely unfounded. The circle could be an element that can now be justifiably used 
within the architecture (Figure 21 ). 

The cirrocumulus also has an interesting composition. This cloud formation simply 
creates a pattern. This pattern, unlike the others, is balanced. Cirrocumulus is composed of 
many nearly equally shaped cloud forms which create an almost synthetic appearance across 
the sky. A balanced pattern within architectural design is almost always an attractive element 

Figure 18: An expample ofhow repetition can be used in 
architecture. 

Figure 19: An expample of how horizontality can be used in 
architecture. 

··-

Figure 20: An expample of how curves can be used in 
architecture. 

Figure 21 : An expample of how circles can be used in 
design. 
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The Metaphorical Response 

to add to buildings (Figure 22). 
Of all the defined cloud formations, I believe that the cumulonimbus is by far the most 

powerful in both composition and metaphorical meaning. Multiple metaphors can be easily 
drawn from this one cloud formation. One of these is growth and expansion. Cumulonimbus 
clouds feature a furious boiling and upwelling of mass as it grows into its most powerful form. 
This expansion can easily be related to architecture through plan composition (Figure 23). 
Expansion can also be integrated into a building's section. This could potentially create a nice 
dialogue throughout the building. 

Another distinct characteristic of cumulonimbus is the towering verticality of the storm. 
Verticality is a very powerful design element in architecture (Figure 24). Verticality can at
tempt to add a sense of importance to a building. This design element however is most com
monly used in urban settings and would be in stark contrast to any horizontal designs. 

Lastly, a metaphor that can be drawn from cumulonimbus is simply power. These 
storms are a wealth of violent mass and energy. The appearance of powerful architecture can 
also be a design element (Figure 25). If the scale of a building is altered to make man appear 
insignificant, then the architecture of that building could be considered powerful or imposing. 

Figure 22: An expample ofhow patterns can be used in design. 

Figure 23: An expample of how expansion can be used in 
architecture. 

I ,"Ii:!:_ II 
01 

llJ ~ .: ~ ii ii .. ~ 
Figure 24 & 25: An expample of how verticality (left) and scale 

(right) can be manipulated in architecture. 
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Facility Mission 

The facility shall provide the people of west Texas a premier severe weather research 
facility to ultimately improve storm prediction and to improve the health, safety, and welfare of 
the public by helping them be more informed in the event of a dangerous storm. 

II 



Facility Analysis 

Facility Statement: As the growth of a storm is a direct, functional response to the forces 
in place that create it, a severe weather research facility should have a 
direct, functional architectural design response. 

Facility Issues: There are three primary issues that will be used in the architectural develop 
ment of this research facility. The first of these is to provide an adequate 
facility for both research and observation for the future building users. Before 
anything else, this building must function sufficiently in order for it to be a 
successful building. The second major issue is to incorporate the advanced 
weather observation devices with the architectural design. These devices have 
natural, functional forms that should be respected during the design phase of 
this project. Lastly, the facility should reflect the surrounding plains in the 
architecture by using storm patterns as a metaphor. 

Summary oflssues: 

Issue 1: Provide an adequate facility 
Issue 2: Incorporation of weather devices 
Issue 3: Use of storm metaphors 

12 



Special Equipment 
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Facility Issues (Special Equipment) 

NEXRAD Doppler Radar 

The most advanced weather detection device available today is the NEXRAD WSR-
88D Doppler radar (Figure 26). 17 This device is the first integrated weather radar system 
incorporating advanced radar design, data processing, real-time dissemination to multiple 
users, networking and automated storm tracking, storm development trends and warnings. 18 

The system has a life estimated around twenty years. This makes the system a durable and 
reliable weather forecasting device. The Doppler radar system has an effective range of 460 
kilometers of monitoring radius. At the furthest point of its viewable radius, it can record 
measurements at 230 kilometers per hour. This radar system does require a Pentium-based 
computer to record its measurements. This machine must have an adaptable 16-million color 
palette look-up tables, split screen, zoom and lapse functions. The display must be dual 19" 
CRT high-resolution color monitors with a resolution of 640x512 pixels. 

--------------~ -

Figure 26: Doppler radar tower, Lockheed Martin 2002. 
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Facility Issues (Special Equipment) 

Wmd and Temperature Profiler 

The Wmd and Temperature Profiler is a unique piece of equipment for observing the 
atmosphere (Figure 27). 19 Lockheed Martin is the only provider of such a device in the world. 
This is the only tool scientists have for observation of the troposphere. This piece of 
equipment can accurately measure atmospheric conditions up to an altitude of 16.25 
kilometers. It offers many benefits such as increased accuracy of weather forecasting, 
improved commercial airline travel efficiency, real-time wind data for space shuttle launch and 
recovery, can continuously measure upper winds at missile, rocket, and artillery test ranges, 
and it is a very effective tool for meteorological analyses. 

Figure 27: Wind and temperature profiler, Lockheed 
Martin 2002. 
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Facility Issues (Special Equipment) 

ESAR (Environmental Situation Assessment Radar) 

The Environmental Situation Assessment Radar (ESAR) is a multi-purpose X-Band 
high-resolution radar with a variety of meteorological and environmental applications (Figure 
28, 29).20 This system is the most effective piece of equipment for use in detection of 
micro bursts and other convective events such as large thunderstorm development. The ESAR 
is capable of indicating dangerous microburst situations two to five minutes before they occur. 
This device is also capable of tracking unnatural cloud formations such as chemicaVbiological 
clouds that may appear on a battlefield. 

Figure 28: Exterior view of an ESAR unti, Lockheed 
Martin 2002. 

Figure 29: Interior view of an ESAR unti, Lockheed 
Martin 2002. 
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Facility Issues (Special Equipment) 

Barometers 

Barometers are tools used to measure atmospheric pressure (Figure 30). They are 
helpful in storm detection because on the onset of a storm, barometric pressure typically drops 
dramatically. The amount of pressure drop is usually consistent with the severity of a storm. 
"The objective ofbarometry is to measure the static pressure exerted by the atmosphere. 
Static pressure is the force per unit area that would be exerted against any surface in the 
absence of air motion. It is an isotropic, scalar quantity. Dynamic pressure is the force per 
unit area due to air motion. It is a vector quantity, following the wind vector."21 

h 

Fig. 2 -2 A simple m ercury barometer. 

Figure 30: Diagram ofa typical, simple mercury barometer, 
Brock pg. 25. 
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Facility Issues (Special Equipment) 

Anemometers 

Anemometers are tools used to measure wind velocity (Figure 31 ). They are helpful in 
storm evaluation particularly in determining storm severity and storm damage estimations. "It 
is common to express the wind as a two-dimensional horizontal vector since the vertical 
component of the wind speed is usually small near the earth's surface."22 This means that 
when researchers are evaluating wind velocities they represent the velocities as simple 
directional arrows across a terrain. 

Figure 31: Photograph of an anemometer, 
www.biral.com/. 
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Facility Case Study 

National Center for Atmospheric Research (NCAR) (Figure 32)23 

Who: I.M. Pei 
Where: Boulder, Colorado 
When: 1961-1967 
Size: 243,000 sf (including 30,000 sf terraces and outdoor spaces)+ surface parking 
Client: National Science Foundation, University Corporation for Atmospheric Research 

NCAR was established in 1960 to provide optimum facilities for theoretical and 
practical scientists. One of the key issues to the client was that this building would become a 
national symbol of atmospheric research, confirming its legitimacy as an exact science. 

The facility is arranged in a series of red/brown towers that were inspired by nearby 
Indian cliff dwellings at Mesa Verde. The red/brown coloration came from local aggregates. 
The concrete was then bush-hammered to better merge with the mountainous surroundings. 
These towers divide laboratory spaces into several different areas which all NCAR to provide 
greater isolation between work areas. This building also takes advantage of multiple leveled 
outdoor terraces and roof laboratories for this same purpose. 

The construction method for this facility is almost entirely concrete walls. The only 
materials in this building that are not concrete, masonry, or glazing is in the interior. 
This building features a mile-long approach road that intentionally makes visitors curious as to 
what they are moving towards as they approach the building. 

Figure 32: National Center for Atmospheric Research, 
Wiseman pg 83. 

20 



Facility Case Study 

Mauna Loa Observatory (Figure 33)24 

Who: NOAA/CMDL engineers 
Where: Northern flank of Mauna Loa volcano, Hawaii 
When: 1957 
Size: Unknown (accommodates 12 users) 
Client: NOAA/CMDL 

Mauna Loa Observatory is located on the Island of Hawaii at an elevation of3,397 m 
on the northern flank ofMauna Loa volcano at 200 north. "Mauna Loa Observatory has 
grown to become the premier long-term atmospheric monitoring facility on earth and is the Figure 33: Mauna Loa Observatory, NOAA/CMDL 2002. 

site where the ever-increasing concentrations of global atmospheric carbon dioxide were 
determined."25 The observatory is a group of 10 different buildings from which 250 different 
atmospheric parameters are measured by 12 NOAA/CMDL and other scientists and engineers. 
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Facility Case Study 

Atmospheric Research Observatory (Figure 34)26 

Who: NOAA/CMDL engineers 
Where: South Pole, Antarctica 
When: 1997 
Size: 3000 sf 
Client: NOAA/CMDL 

"The Atmospheric Research Observatory (ARO) at the Amundsen-Scott South Pole 
Station is a National Science foundation facility used in support of scientific research related to 
atmospheric phenomena. ARO is located approximately five hundred meters grid east
northeast of the main station, physically separated and generally upwind of all other station 
facilities". 27 

Current or recent programs of the ARO include: "an ultraviolet spectroradiometer 
operated by Biospherical Instruments, Inc. for the National Science Foundation, Rayleigh and 
sodium lidar studies of the atmosphere carried out the National Aeronautics and Space 
Administration (NASA) and the University oflllinois, investigations oflong-wave radiation 
processes on the Antarctic plateau carried out by the University of Washington and NASA, 
and a research program investigation nitrogen chemistry in the Antarctic troposphere headed 
by the Georgia Institute of Technology and the National Center for Atmospheric Research 
(NCAR)".2a 

Figure 34: Atmospheric Research Observatory, NOAA/ 
CMDL2002. 
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Spatial Analysis 

Laboratory Space 

The laboratory space will be the primary area for daily work and research 

This area is the most critical portion of the building. As this building is a research 
laboratory, the laboratory space must be first in the mind of the architect. This space needs to 
be very efficient and versatile. A generally open floor plan with moveable equipment and 
:furniture would be ideal. Additionally, ample day lighting will create the most positive 
working environment in this particular instance. However, this space must have some sort of 
means for eliminating natural light for experimental purposes (Figure 35). 

Following the example ofl.M. Pei's NCAR, the laboratory space should be very large 
in square footage in relation to the amount of users. NCAR features approximately 200 sf of 
office space per user. 29 This figure includes square footages of research offices and roof 
laboratories. 

Therefore, provide a laboratory space of approximately 40,000 sf to 
accommodate current and projected users of this space as well as all of the necessary 
furniture and equipment. This space should be designed to serve 50-100 users at 200 sf 
per person. This space can, and probably should be divided (NCAR features 
laboratories on seven levels).30 

•O 

Figure 35: An example ofhow louvers can be utilized to control 
natural light in the laboratory spaces. 
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Spatial Analysis 

Library 

The library will function as a space for employees to reference existing 
information as well as a space for archiving data that is recorded at the facility. 

Documentation and reference materials are two key features of any successful research 
facility. This facility will require appropriate furniture such as bookshelves, cabinets, flat files, 
etc. The majority of floor area within this space will be reserved for book and other resource 
storage and shelving. The library should provide areas for both public reading and private 
reading (Figure 36). This space will also require a support staff for maintenance and upkeep. 

Therefore, a library should be provided at approximately 5,000 sf including space 
for support staff. 31 

(] 

Figure 36: An expample of how both public and private reading 
areas can be provided. 
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Spatial Analysis 

Exhibition Lobby 

The exhibition lobby is a public space that contains a display of images and 
information that pertain to the research facility's studies. 

This area should resemble a small museum like area. Large circulation paths should 
direct the public around the exhibit space. Surrounding spaces not within the exhibition 
parameters must be secured. Display cases and image safe lighting (such as indirect natural 
light or fluorescent light) should be available in this area (Figure 37). This area can also be 
used as a waiting area for guests of employees. Places of rest should be provided such as 
chairs and benches. The exhibition space should provide enough space for 50 patrons at 100 
sf per person. 

Therefore, provide an exhibition lobby of 5,000 sf as an informative space as well 
as a place for waiting. 32 

... 
:Q .: 

Figure 37: Example ofhow indirect natural light could 
be utilized in the exhibition lobby. The illustration 
displays clearstory coves that allow light in the space. 
However this light only makes direct contact with the 
higher portions of the walls, creating indirect light. 
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Spatial Analysis 

Additional Lobbies 

Additional lobbies should be provided to accommodate multiple spaces such as 
laboratories, dining halls, and the computer room. 

The additional lobbies will be used to provide a place of rest for patrons as well as 
spaces of transition. Therefore, ample space should be provided for rest, such as chairs and 
benches (Figure 38). The square footage for this area can vary widely with different design 
responses. This can vary due to number of divided laboratory spaces and how efficient all 
other functional spaces are in relation to the amount of corridors needed to serve them. NCAR 
features "additional lobbies" as being equal to fifty percent of the size of the exhibition lobby.33 

Therefore, provide additional lobbies in a total not to exceed 2,500 sf. This space 
will be divided to serve multiple areas. 

D 0 
D D 

Figure 38: An expample of how a space for rest can be provided 
within additional lobbies. 
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Spatial Analysis 

Computer Room 

A computer room is necessary for use and maintenance of facility computers. 

A large computer room is necessary for gathering electronic data and other information 
related to storm measurements. This space will house all equipment that is directly connected 
to exterior weather observation devices. This space will also be used for computer storage and 
repair. Information technology employees will work in this space and should have adequate 
workstations and offices. Natural light should be available in the offices, but minimized as to 
prevent glare on the computer monitors (See Figures 35 and 37). 

Therefore, provide a computer room at approximately 3,000 sf.34 
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Spatial Analysis 

Conference Rooms 

Conference rooms are necessary for both internal and external functions and 
presentations. 

Conference rooms are necessary tools for any successful business. This buildings 
conference rooms should provide adequate audio/visual accommodations. Natural light should 
be brought into these spaces whenever possible for efficiency. However, this light needs to be 
controlled, so that it would not interfere with any kind of projected presentation (Figure 39). 
Common spaces should also be included around the conference rooms to further encourage 
social interaction. 

Therefore, provide approximately 1,000 sf of conference rooms and common 
spaces.35 

0 

Figure 39: Example of how natural light could be 
controlled in the conference rooms. The illustration 
displays an operable device that can close across the base 
of a skylight. 
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Spatial Analysis 

Food Service 

A kitchen and dining area should be provided for daily employee meals and for 
group presentations. 

The kitchen and dining area contains many functions. The primary function of this 
space is the food preparations and the dining area itsel£ External views would be appropriate 
for the dining area due to the typical relaxed nature of a lunchtime meal. This feature may 
enhance this experience (Figure 40). Other functions of this area include: food storage, cold 
storage, trash, and a chef's office. There should be a minimum of 1,500 sf for food 
preparation and a minimum of 1,000 sf for dining. 

An additional related space is the outdoor dining terrace. This space should not 
exceed 1,000 sf.36 

Therefore, provide a kitchen and dining area not to exceed 4,000 sf and an 
outdoor dining terrace no larger than 1,000 sf.37 

Figure 40: Illustration of an external view from a 
dining area. External views can create a more 
comfortable environment in such a space. 
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Spatial Analysis 

Storage 

General building storage will be necessary for all users of the building except for 
visitors. 

General storage is a space that should be divided to best accommodate the design. 
Laboratory spaces will need the majority of general storage. The remainder of storage should 
be reserved for general equipment and janitor 's closet(s). 

Therefore, provide general building storage to accommodate multiple spaces to the 
extent of approximately 2,500 sf.38 
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Spatial Analysis 

Mechanical Room(s) 

Mechanical systems need to service all parts of the building. 

Mechanical rooms must be adjacent to all parts of the building(s). These rooms are 
necessary to house the equipment used to heat and cool the building. These spaces are also 
used for plumbing controls, electrical cabinets, and conduit junctions. 

Provide mechanical rooms to serve all portions of the facility but not to exceed a 
total of 1,000 sf.39 
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Spatial Analysis 

Toilets 

Toilets need to be easily accessible to both employees and visitors. 

Toilets should be located in convenient places of the building, with all users in mind, 
and on all possible levels of the building. No space within the restrooms should infringe upon 
a 4' -0" circle (with the exception of non-ADA closets) to provide easy access for physically 
challenged users (Figure 41 ). The materials that should be selected for the toilet spaces should 
be either water proof or highly water resistant. 

Therefore, toilets should be provided throughout the building to the extent of 
approximately 1,000 sf. 40 

Figure 41: An illustration depicting how a toilet facility 
should provide enough space in order to be wheel chair 
accessable. 
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Spatial Analysis 

Security 

A security desk will be necessary to watch over pieces in the exhibition lobby as 
well as to assist other employees. 

The security desk should be near the entry, which should be in close proximity to the 
exhibition lobby (Figure 42). The security desk can also be used as a place for public 
information and assistance. Security camera monitors should be located at the security desk. 
This space should be large enough for two to four security personnel to work, observe, and 
direct. 

Provide a security desk for assistance and observation at approximately 250 sf.41 

l 
Exhibition Lcbby 

Security Desk 

Figure 42: An example of how the security desk could be in 
close proximatey to the exhibition lobby. 
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Spatial Analysis 

Loading Dock 

A service dock is needed for loading and unloading of equipment and supplies. 

A service dock is a very necessary space for this building. The laboratory spaces will 
likely be making many deliveries as well as receiving them. This space will be used for such 
transactions. Also, the library and food service will also use this space. However, this area 
will also need to be used for waste disposal. The design should accommodate the loading area 
in such a way that food and trash are not exchanged in the same area. This will help prevent 
possible health complications for users. 

Therefore, provide a service dock(s) at approximately 800 sf.42 
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Spatial Analysis 

Equipment Repair 

An equipment repair room is necessary for upkeep and maintenance of 
laboratory and other devices. 

An equipment repair room is needed to help the support staff of the facility. This space 
will be used by maintenance to repair damaged equipment that may be harmed in the 
laboratory spaces. This space can also be used for general repairs of other less technical pieces 
of the building such as furniture or exhibit pieces. 

Therefore, provide an equipment repair room at approximately 500 sf.43 
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Spatial Analysis 

Garage 

A garage will be necessary to house storm chasing vehicles. 

Storm chasing vehicles will be necessary to observe storms that are in the general area 
of the facility but not close enough for direct observation. A garage will be necessary to house 
these vehicles as well as their equipment. This space can also be used for vehicle repair, 
equipment installation, vehicle equipment storage and spare part storage. This space should be 
large enough for three to five vehicles. 

Therefore, provide a garage for the facility at approximately 1,800 sf. 44 
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I 
Space Summary 

I 

Space Approximate Square Footage 

I Laboratory 40,000sf1 
Library 5,000 sf 
I Exhibition Lobby 5,ooo sf I 
Additional Lobbies 2,500 sf 
I Computer Room 3,ooo sf I 
Conference Rooms 1,000 sf 

IF ood Service 5,000 sfl 
Storage 2,500 sf 

I Mechanical 1,ooosf I 
Toilets 1,000 sf 

I Security 25osf I 
Loading Dock 800sf 

I Equipment Repair 5oosf 1 

Garage l ,800sf 

Total Square Footage 69,350 sf 

15% Circulation Factor 10,403 sf 

Gross Square Footage 79,753 sf 

-
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I 
Spatial Connectivity Matrix 

I 

Labs Lib. Ex Lob Add Lo. Conf. F.S. Stor. Mech. Toilet Sec. L.D. E.R. Gar. 

I Laboratory • 0 • • 0 • 0 • 0 0 • 01 
Library • • • 0 0 • 0 0 0 0 0 0 
I Exhibition Lobby 0 • 0 0 0 0 0 • • 0 0 OI 
Additional Lobbies • • 0 • • 0 0 • 0 0 0 0 
I Conference Rooms • 0 0 • 0 • 0 0 0 0 0 ol 
Food Service 0 0 0 • 0 • 0 0 0 • 0 0 
I Storage • • 0 0 • • 0 0 0 • • 01 
Mechanical 0 0 0 0 0 0 0 0 0 0 0 0 
I Toilets • 0 • • 0 0 0 0 0 0 0 ol 
Security 0 0 • 0 0 0 0 0 0 • 0 n 
I Loading Dock 0 0 0 0 0 • • 0 0 • 0 ol 
Equipment Repair • 0 0 0 0 0 • 0 0 0 0 0 
I Garage 0 0 0 0 0 0 0 0 0 0 0 0 I 

Diagram Key: Direct Connection • Indirect Connection • No Necessary Connection 0 
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Contextual Description 

40 



Location 

Lubbock, TX 

Lubbock is a relatively large city in west the Texas high plains with an approximate 
population of200,000. These high plains are a prodominately agriculture driven region. The 
economic impact of cotton alone to this area is approximately 3.5 billion dollars.45 

As a whole this area does not vary much in elevation. This area is a lower portion of 
the great plains of America. Tall grasses are the primary vegitation. Most trees are not 
indigenous. But this is not necessarily a negative aspect of the region. The open plains provide 
a very interesting environment with vast horizontal spaces and seemingly endless views of the 
sky. 

Figure 43: Approximate location of Lubbock in 
relation to the restofthe state of Texas. 

41 

-



Contextual Case Study 

United States National Guard Armory and Marine Corps. Reservist Station (Figure 44) 

This military installation is one of the few existing structures in the general proximity of 
this program's facility site. From the site, this structure is located about one quarter mile to 
the west. This building is primarily used to securely house military vehicles such as personnel 
trucks, jeeps, hummer transport vehicles, and light armored vehicles. The secondary function 
of this facility is to provide a place for United States Marine Corps. reservists to check in as 
they duty requires to and participate in administrative functions. 

Architecturally, this is one of the few buildings in Lubbock that blends traditional 
materials with more progressive modern materials. This building also displays its traditional 
materials in ways that are much different than a typical Lubbock building. 

The traditional masonry materials such as brick, is constructed in a smooth curve 
around the primary fayade of the building. Slowly transitioning to the more modern materials, 
the brick blends into small stone block, and then large stone block. It is from the large stone 
block that the new materials are built up on. These materials are primarily steel and glass, but 
they are presented in a unique way for the Lubbock area. Structural steel is expressed at the 
corners of the "guard" towers with glass infill between the columns (Figure 45). Steel is also 
used as a shading device over the glass, however this is mostly an ornamental piece. 

Figure 45: U.S. National Guard Armory, Lubbock, TX 
Author, 2002. 
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Contextual Case Study 

Lubbock International Airport (Figure 46) 

The other prominent building in the general area ofthis site is Lubbock International 
Airport. From the site, the airport is located about one quarter northwest. The plan of the 
airport is a typical half-circle shape that functions well for airplane terminals. The structure of 
the airport is pre-cast concrete. 

The airport itself is not very large. It only supports nine terminals. The interior is 
devoid of ornament other than the small exhibits that have been added by the management. 
These exhibits were most likely added to create a western feel to the airport. The interior is 
primarily defined by exposed concrete and glass. Glass is the other primary interior material. 
It is used to provide separation from circulation spaces and retail. It is also used to separate 
secure areas and non-secure areas. 

Figure 46: Lubbock International Airport, 
www.lubbockairport.com 2002. 
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Site Analysis 

Aerial Photograph 
The site (red box depicted in Figure 47) 
of this research facility is about one 
quarter mile to the southwest of Lubbock 
International Airport. Existing on site is 
a NEXRAD doppler radar tower used by 
the National Weather Service (Figure 48). 
The primary access to the site is from 
Martin Luther King Jr. Blvd. This 
throughfare runs south until it hits south 
loop 289, on the southeast corner of 
Lubbock. However it is most likely that 
the majority of traffic will come to 
Martin Luther King Jr. Blvd. via Interstate 
27 which runs north and south between 
Lubbock and Amarillo. 

Figure 47: (left) 
Aerial 
photograph of 

the site.46 

Figure 48: (right) 
photograph of 
NEXRAD 
doppler radar 
tower on site. 
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Site Analysis 

Topography Map 
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This is a USGS topography map of the 
research facility site (red box). This map 
indicates that the site is relatively flat and 
rests at approximately 3,260 ft. above 
sea level. Due to the relatively flat nature 
of this site the only major site work that 
must be done is to build up a dirt pad 
below foundation slabs for drainage 
purposes. 

Figure 49: USGS topography map of Lubbock, TX.47 
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Project Documentation 

Presentation Description: 

In Lubbock, the wide open skies and more specifically, the storms can be visually 
tracked them for hundreds of miles without the interuption of hills and many trees. 

It was desired in this project to link sky, storms, site, and architecture. The link from 
sky to storms and to site ended up being an existing Doppler radar tower near Lubbock 
Intemation Airport. This is the location of this project. 

The intent was to design a severe weather research laboratory that might operate that 
particular Doppler tower along with several other high-tech weather observation instruments, 
all in one location. The other instruments inculde: anemometers, barometers, wind and 
temperature profilers, and an ESAR, and environmental, situational assessment radar. 

This building is designed to accommodate approximately 100 people. The primary 
spaces are: laboratories, a library, a dining area, an exlubition lobby, conference rooms, 
and a computer room for instrument data collection. Other spaces include equipment repair, 
mechanical rooms, restrooms, a loading dock, storage, and trash storage. 

This building represents a metaphor for the storms and storm patterns that the 
users of this facility will be studying. To translate these patterns in to architecture, several 
characteristics were identified: repetition, horizontality, verticality, curves, circles, scale, and 
expansion (see earlier programatic writings: "The Metaphorical Response"). 

Additionally, these forms were organized into an overall organizational design idea. 
This building is designed to reflect the collision of two storm fronts. The lower level of the 
building, which is intended to be a primarily public space, represents a curvilinear storm front 
that moves NW to SE. This is visibly evident in the first floor plan of the building with the 
sweeping forms that appear to be pushed in that direction. The upper level which is intended to 
be a more private level for employees, 
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Project Documentation 

represents a more linearly vectored front that moves NW to SE. This orients the laboratories 
of the building to the SW, the direction in which storms most frequently approach this area. 
The exception to the primarily employee only aspect of the second floor is the observation 
decks which comprise the remainder of the second level. 

Material selection that was made for this building, used the existing Doppler radar 
tower as inspiration. The tower is a solid sphere which is held by a relatively light structure. 
Reversely, the building's aesthetic uses a massive natural material, concrete, for the lower level 
and a relatively light steel structure for the upper level.The structure of the lower level is cast 
in place, load bearing walls for vertical support and waflle and flat slabs for horizontal spans. 
The structure of the upper level comprises steel trusses and steel space frames. 
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Presentation Drawings 
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Figure 50, 51: Figure 50 (above) is a photograph ofa 
preliminary sketch model. Figure 51 is a priliminary floor 
plan. 
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Structural Axonometric 

Figures S3 and S4: Figure S3 (above) is a preliminary 
structural model of the first floor. Figure S24(below) is a 
preliminary structural model for a typical laboratory on the 
second level. 
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Elevations 

51 



Project Documentation 

Wall sections/ detail 
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Figure 55: a preliminary section sketch. 
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Sections 
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Figure 56: Preliminary building section sketch 
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Figure 57: Preliminary perspective sketch. 
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Renderings 
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