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Preface 

In t roduc t ion 

The Quitman Independent School PIstrlct is currently in dire need of a new 
educational facility to house the elementary school age children in their community. The 
need stems from issues of overcrowding and building deterioration (from age ar\d 
overuse) that have plagued the town for several years. The school will accommodate 
approximately 650 students (qrades K through 6), and will be depended upon to have a 
life span of a t least 30 years. 

Of particular interest to the client (and the designer) is the need to provide 
occupant protection during the event of a life threatening tornado. The use of technology 
transfer (via multiple research disciplines) will be of critical Importance in the 
development of appropriate systems of protection for all patrons of the facility. 
Technology transfers will also be used to provide appropriate answers concerning the 
structural, economic, and educational effectiveness of the school facility over i ts 
approximate life span. 

The ultimate goal of this project is to present the effectiveness of technology 
transfer in creating a more appropriate architectural response to the destructive effects 
of nature's most violent storm - the tornado. 

SymboJB eynonymoue with 
Quitman Indepndent School 
District: (A) - The oll-burnlng 
lamp, a symbol (7f academics, 
and (B ) - t he bulldog, 
Quitman's mascot 
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Abstract 

Theeig Statement: Architecture can provide significantly Improved protection. In the event of a 
j disastrous windstorm, through technology transfer, building form 

considerations, and building material Innovations. 

Facility Statement: The facility should be designed and constructed such that structural 
Integrity Is maximized while the damaging effects of missile Impacts are 
minimized. 

Context' Statement: The contextual response should serve a two-fold purpose: to minimize the 
vulnerability of the facility In a damaging windstorm, and to act as a venue for 
presenting technology transfers and for justi-fylng their uses In future design. 

Scope of Project: 
The project Is an elementary school In Quitman, Texas - a small, yet growing, town just 

north of Tyler. The school will accommodate approximately 750 students and will have a total 
building area of approximately 56,000 S(\. ft.. The primary consideration, beyond that of 
ade(\uate education of the students. Is to provide a significantly Improved amount of protection 
regarding the possible phenomena of a disastrous tornado. Since the defined purpose of the 
architect concerns the health, safety, and welfare of building patrons. It Is Impossible to 
Imagine a separation of architecture from design concepts related to windstorm protection. The 
consideration of each architectural element with respect to Its potential as a life saving element 
could produce significant positive repercussions throughout many disciplines. These 
repercussions will ultimately Improve the equality of architecture In the future, as well as, 
contribute to the advancement of knowledge tha t Is necessary to transcend the boundaries that 
may appear In the future. 





The Role of the Architect 

The role of the contemporary architect is one that is weighted with a variety of 
responsibilities. The architect is responsible for providing a usable and comfortable 
interior space which is pleasant and appropriate for the user. In addition, the architect is 
counted on to enclose this interior space in a beautifully aesthetic envelope. The 
architect must provide amenities that occasionally create excitement and awe within the 
building, as well as making available the necessities that produce an effective building. 
The architect is asked to consider the influences of both style and tradition and 
collectively produce a harmonious combination of the two that speaks of the Intentions 
and dreams of the user and the context. However, the primary issue in architecture is 
that of protection. Occupant protection is not only critical in architectural design, it's 
the law. After all, if there are no occupants, then why have architecture, and 
subsec^uentiy why have architects? 

In the AlA's Handbook of Professional Practice, the architect's role (as 
established by law) Is described as being responsible for the health, safety, and welfare of 
the user. This is c^uite a commendable endeavor and a great responsibility for anyone, 
including the architect. However, are there certain limits to this endeavor? Is there a 
certain boundary (i.e. economics, practicality, etc.) that limits the safety of design and 
ultimately jeopardizes the life of the user? Of course there is. The dreams of the 
architect are many times compromised by the costs and budget limitations, political 
issues, and several other factors. However, regardless of the setbacks to innovation, the 
architect must sustain his role of the provider of safety by devising economical and 
practical applications that go beyond that of the ordinary building. If the architect is to 
remain responsible for the health, safety, and welfare of the user, then the product of the 
architect must be designed with consideration given to the possibility of a tornado 
striking the structure. Although this seems like an insurmountable task, it is a task that 
can be, and has been, accomplished. However, the architect must realize that he cannot 



The Role of the Architect (continued) 

complete the task alone. He (or she) must Instead use technologies developed through 
sister disciplines or possibly developed through natural means In order to propose a 
solution to such a complex problem. 

The new role of the contemporary architect is one of even greater responsibility 
than before. The architect must realize that considerations that are not made regarding 
any and every phase of architecture are considerations that could ultimately jeopardize 
his client. The role of the contemporary architect is one of progression, and will continue 
to be so as long as the hands of time continue to turn. The architect is challenged by 
this role, but is also capable of appropriately responding , and in turn the architect will 
contribute greatly to the future of his profession - a future dependent on advancement 
through technology transfer. 



Norman foeter on Technology/Transfer 

"Words cannot describe the appearance, feel or workings of a building - the 
experiences of spaces, inside or outside, deserted or Inhabited, Involves all of our senses. 
When I try to explain any project with words. It becomes apparent, as I weave from the 
social to the technical to the aesthetic, from one concern to another, that the design Is 
about merging the many worlds of separate disciplines. 

It Is not possible to separate the nature of design from the process that 
conceives it. If the built reality Is the embodiment of diverse disciplines, then It should 
surely follow that the conception of the design must harness the talents of Individuals 
with those specialist skills.'^ 

Sir Norman Foster 
Norman Foster. Selected and Current Works of Foster and Partners 

Norman Foster's Miiiineum Tower 
project. (Dobney, p. 119) 

H 



fl?^^^^"^?„^5^ Technology Transfer 

Everything made now is either a replica or a variant of something made a little time ago and so 
on back without break to the first morning of human time,'^ 

George Kubler 
The Shape of Time: Remarks on the History of Things 

\ Technology transfer is dependent on the fact that humankind develops knowledge 
through historical experiences. Technology transfer is not about reinventing the wheel, 
but rather using the wheel in a new and truly innovative way that increases efficiency and 
ultimately improves the quality of human life in some way. Technology transfer serves a 
twofold purpose in the realm of architecture. Not only does technology transfer allow the 
architect to produce a more appropriate product, but by maintaining the use of 
technology transfer through future generations, architecture can serve as an 
ever-present reminder of the advancement of knowledge from past centuries to centuries 
beyond. 

"...We can trace seo^uences of improvements and refinements made to singular classificatione of 
artifacts, subseciuently branching off into new inven-tions which may continue along new branches until 
those lines of artifacts drop out of use or inspire other inventions, thereby adding branchlets. 

The evolution of things also comprises for humankind an always shifting milieu of memories and 
meanings.'* 

Norman Crowe 
Nature and the Idea of a Man-Made World 

%''*' I 

^̂ 1̂ Piiotograpiis A, B, and C above 
stiow the teciinology transfer of 
dried grasses into an efficient 
arcli system for shelter, 
(Rudofeky, 1965) 



Nature and I ts Technologies of Protection 

The fundamental sources of all our knowledge still remain rooted in nature. 
Norman Crowe 

Nature and the idea of a Man-Made World 

j Architects, engineers, and theorists have sought to understand, and in some 
cases duplicate, the efficiency of design that is found in nature. Various natural struc
tures seemed to be designed with properties and concepts that, to this day, are not ap
propriately applied In man-made designs. Two such designs are evident In the physical 

(Structures that house and protect both the turt le and the armadillo. 

Inherent protection of the turt le 
The turt le is probably the greatest evidence of the protection provided by nature 

to a creature that would otherwise be essentially defenseless. The turtle, having minimal 
speed and virtually no characteristics of camouflage, relies on the structure which 
surrounds i t for both shelter and protection. The ability of the turtle to retract i ts limbs, 
provides i t a substantial amount of protection even during periods of extreme 
vulnerability. 

I The three banded armadillo 
The three banded armadillo demonstrates the flexibility of the protective 

materials found in nature. Since the armadillo is often hunted by various predators, it 
has an enormous need for protection regarding life safety. With the combined 
characteristics of a very tough outer shell and the ability to fold into an essential sphere, 
the armadillo can create a shelter for itself that prohibits the penetration of danger. 

The turtle's Inherent ability to 
retract Ite vulnerable llmbe. 
(Microsoft Encyclopedia) 

The natural protection of the 
armadillo Is provided by Its ability 
to roll Into a sphere. 
(Montgomery, p. 15) 
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[Arcjiltectural Jssues Regardlng^ Technology Transfer 

Sustainabii i ty 
The advantage of technology transfer Is that the product research has already been 

completed for the client. A variety of synthetic and hybrid materials have been developed, tested, 
and proven to contain characteristics that maximize the efficiency and longevity longevity of the 
product. Therefore, sustainabiiity becomes an Issue of choosing the appropriate technologies for 
specific performance reo\ulrements, rather than attempting to develop new technologies. 

In addition to producing sustainable materials, technology transfer contains an Inherent 
ability to maximize the potential to sustain human life. By applying the materials and concepts 
that have been developed by sister disciplines, contemporary architecture can become a collective 
assemblage of the most appropriate life saving systems currently available. In turn, the 
protection of occupants Inside a facility could become much greater, ultimately leading to the 
subsecjuent sustainabiiity of human life (In the event of a disastrous tornado). 

Advancement of Knowledge 
j The ultimate goal of technology Is the advancement of knowledge that will Improve the 
'overall cjuallty of life. Through this advancement, society Is able to develop new goals that will 
lead to progress for future generations rather than a maintenance of mediocrity. In an ethical 
sense, one of the collective goals of technology transfer (through both architecture and sister 
disciplines) Is an advancement of knowledge for future generations. The contemporary designer/ 
developer should consider technology transfer to be the fuel of progression Into the future. Just 
as an automobile needs fuel {gasoline, propane, etc.) to be driven down the highway, so to do 
[architecture and related design disciplines need fuel (technology transfer) to ensure their 
j momentum Into the next century. (See Fig. 9) 

Therefore, the architectural profession should not see technology transfers as potential 
luxuries of a design, but rather necessities of a design that cannot be compromised. 

Man's constant application 
and subsecjuent evaluation 
of his product {the machine) 
la what ultimately leads to 
the advancement of 
l<nowledge. (Flach, Hancock, 
Caird, and Vicente, p. 46.) 



Architectural Issues Regarding Technology Tranefer 

Conservation 

The Issue of conservation Is one t ha t has concerned mankind for several decades 

consideration of th is issue allows a general determination of the available resources for 

&ub6eo\uent generations. The primary considerations of technology transfer regarding 

conservation are two fold: conservation of natural resources, and conservation of human 

resources. 

I The conservation of natural resources via technology transfer refers the ability of the 

'architectural profession to use products t h a t have already been manufactured. The use and 

reuse of materials will allow the profession to contribute to conserving the natural resources 

of the land by recycling old or used materials. 

j Technology transfer also contributes to the conservation of human resources. Since 

technology transfer Inherently depends on using trends. Ideas, and concepts t ha t have 

already been developed, th is will allow conservation of "brain power", and will also allow this 

^"braln power" to be used t o Invent a new technology rather than reinvent an old one. 

I 

jResponglvenegg 

Responsiveness Is probably the primary criterion for measuring the overall 

appropriateness of an architectural project. Project responsiveness may be categorized Into 

several Issues: responsiveness to the user, responsiveness to the context, and 

responsiveness to nature. 

Through technology transfers, the architect is given a palette which allows him the 

ability t o someday assemble an epitome of responsive design. The architecture will be able t o 

provide the ultimate protection, maximum, comfort, and ultimate respect for nature t ha t 

defines responsive architecture. Architectural systems and materials will not limit the 

imagination, but will allow architecture to add to the experience of human life. 
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Cyborg Architecture 

The use of technology transfer and the response provided by i ts four critical 
characteristics - sustainabiiity, advancement of knowledge, conservation, and 
responsiveness - will allow the architecture of the 21st century to become an architecture 
of imagination. Essentially the architecture of the future will allow the user to experience 
the excitement and curiosity that makes architecture intriguing, as well as feel the 
protection and shelter characteristics that will enable the user to be much more at ease 
in a threatening situation. In essence, technology transfer will be a great asset to the 
architect of the future in creating the "cyborg architecture". 

As seen in many of the current science fiction movies, cyborgs, for the most part, 
have all of the mobility and beauty that make humankind fascinating, but also have the 
strength, durability, and construction that allow the machine to resist almost any attack 

jor threat, in short, the cyborg has all of the assets of both the human and the machine, 
but none of the detriments that threaten either the machine or the flesh. Therefore, the 
cyborg is the epitome of efficiency, durability, and function. 

The architecture of the future is dependent on the actions taken by the 
architect. These actions can either consistently have minimal Impact, or In contrast 
.could create ripple effects that are felt throughout the future of mankind. 



Case Study 

Norman Foster - The Use of Masts t o Create Space 

! location: Hong Kong 

Architect: Norman Foster and Assoxiates 

Pgtg; 1935 

General Information: The Hong Kong and Shanghai 
Bank is a 47-story structure which use various 
technology transfers to create space and promote 
longevity in a very dense city. 

Norman Foster was presented a great challenge when he entered the competition 
for the Hong Kong and Shanghai Bank. What was recjuired of Foster was "nothing less 
than the best bank building in the world." * The building is located In one of the most 
densely populated areas of the world, therefore efficiency of space was a primary design 
factor. Another of the key issues is the fact that Hong Kong is located near the ocean 
and therefore corrosive, salty winds blowing in from the coast would need to be 
considered. In order to accommodate the needs of both the facility and the natural 
context, Foster chose technology transfers to provide an appropriate response. 

The building is suspended by four sets of so-called masts arranged in three bays. 
(See Fig. 11) At five levels of the design, two-story trusses frame into the masts and 
support the weights of the floors below them.' Ultimately, the design can be compared 
to that of a sailboat. Just as a sailboat uses a mast to carry the loads of its sail and 
wind loads that develop on the sail, the Hong Kong Bank structure uses masts to 
support the floors below them. By using these masts, Foster was able to eliminate the 
use of columns in the design and ultimately provide more usable space within the 
building. (See Fig. 12 and Fig. 13, p. 11) 

In response to the anti-corrosive needs of the structure (due to salty air form 
the nearby sea) Foster demanded that the structural steelwork be surrounded by a 
half-inch deep cementitious barrier coat developed by an English company. The steel is 

m^30d 

^̂ n Maets of the Hong 
Kong Bank: (A) -
actual photo, and (B) 
- structural axono
metric (Pobney, p. 36) 
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Case Study 

Norman foster - The Use of Masts t o Create Space (continued) 

'•• then wrapped in a ceramic fiber blanket for fire protection. The floors consist of 
prefabricated elements finished with modular panels. These are supported on pedestals 
and are removable for access for access to under-floor air-conditioning, telephone, and 
telecommunication services. 
j Foster's completion of the Hong Kong and Shanghai Bank is evidence of the 
Importance of technology transfers. Not only was foster able to produce a building that 
is given a visual hierarchy within the Hong Kong skyline, he was also able to use 
technology transfers (such as that of the sailboat) to aco[ulre the specific goals and 
needs of the project. This project stands as a constant remainder to the contemporary 
designer of the legitimacy and essential need of considering technology transfers in the 
design process. 

WBKSfflKfVSfSf^^!?^^?^^^^!^^'^^?'^^^^^^^^^' 

Open-plan offices provided by 

load-carrying masts. (Pobney, 

p- 36) 

Interior leisure space. 
(Dobney, p. 39) GBI Exterior photo of the Hong 

Kong Bank a t night. (Dobney, 
p. 33) 
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Casê  Study 

The Compass Centre - Stealth Through Geometry 

' location: Heathrow Airport, United Kingdom 
Architect: Nicholas Grimshaw and Partners 
Pate: 1994 

General Information: The Compass Centre Is 
comprised of 3 Interconnected buildings measuring 
^&& metres long, with a tota l floor area of 22,300 
m . The facility is only 3 stories high, enabling i t to 
remain invisible on radar screens. 

The Compass Center is a aviational control center located adjacent to one of the 
world's largest airports - Heathrow International Airport. This adjacency, coupled with 
the sophisticated machinery within contemporary aircraft, demands that the facility 
meet very particular re<\uirements: the safety of the radar system, and the air traffic i t 
controls must not be impaired.' Therefore the building must maintain a stealth-like 
equality so that aircraft are not confused by its existence. 

Rather than use sophisticated stealth materials that the defense department 
uses to absorb radar waves, the facility uses technology transferred from simple 
geometric applications to ensure that it does not hinder the aviational traffic of the 
airport. The facade uses rounded and sloping configurations of glass and aluminum to 
diffuse the radar waves. (See Fig. 15) These waves are then directed Into an adjacent 
parking lot by the sloping sides of the building facade. (See Fig. 16) These impressive sun 
shades are also used at night to conceal the interior light of the building so that i t does 
not distract in-coming or out-going air traffic. 

The significance of this project is the realization that technology transfers are 
available in many different disciplines. Technology transfer need not be exclusively 
involved with research and development, but rather by giving careful consideration to prior 
knowledge and then determining the most appropriate way to solve the design problem. 

The curved blinde eerve to abeorb 
radar wovee, as wall a« conceal 
distracting light. (Î ietvoldt, p. 125) 

The sloping facade allows radar 
waves to be directed toward the 
ground where they will not disturb 
the aircraft. (Î lewoldt, p. 122) 
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R. 3uckmlns ter Fuller - The Pymaxlon House 

The sophistication and innovation of technology has rarely been so intensely 
explored as In the architecture of Richard Buckminster Fuller. (See Fig. 22, p. 14) Fuller's 
designs spoke of both his architectural and engineering experience by promoting a 
complete and harmonious marriage of form and function. One of Fuller's most intriguing 
examples of the abilities of applied technologies is evident in his Pymaxlon House of the 
late 1920's. "As early as 1927 Fuller had advanced in his IPymaxion House project a 
concept that would have rendered Le Corbusier's Maison Sovoie of 1930 technically 
obsolete." " The structure of the house is hung from a central mast, which contains the 
heating, lighting, and plumbing for the facility. As described in Fuller's patented drawings 
of the Dymaxion House, the house is supported by a central mast, with the weight of the 
house being supported by exterior compression s t ruts and tension cables. The exterior 
shell of the structure is composed of triangular, non-shatterable vacuum plates. The top 
of the structure is shielded by a Duralumin hood that streams wind over the top of the 
structure, protecting the persons inside. 

The house utilizes a hexagonal form which is comprised of adjacent triangular 
modules that are arranged into the necessary rooms of the house. (See Fig. 17 and Fig. 
16) Whether intentionally or unintentionally. Fuller chose one of the most common 
geometric forms that exists in nature. The hexagon (comprised by adjoining triangles) is 
possibly one of nature's most efficient forms, as evident in the formation of the bee's 
honeycomb, various molecular structures, and plant cells. (See Fig. 20, p. 14) 

Many things can be learned by the architectural and engineering considerations of 
Buckminster Fuller. The f i rst of these lessons is that the architecture of the future is 
dependent on the knowledge of the past. Just as Fuller used nature's ancient building 
form - the hexagon - to create his Dymaxion House, contemporary architecture is also 

iVlWATWMrAVAfATAVATATAll'lWAWil 

iViTAVi''>'rikTAYAV,Ki,'twwrA'i'ATiVAiin! 

Buckminster Fuller's 
patented drawings of 
his Pymaxlon House: (A) 
- elevation, and (B) -
plan. (Ivlarlcs, p. 80) 

^^Q Close packing of 
hexagons. (Pearce, p. 3) 
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Case Study 

R. Buckminster Fuller - The Pymaxion House (cont inued) 

dependent on precedence to produce appropriate design. Another lesson that 
can be learned from the Dymaxion House is that architectural invention is a 
justified and commendable effort. Although Fuller's design was never completely 
accepted by the design professions and consumer industries, the architecture 
and engineering disciplines have ultimately Improved because of the efforts of 
men such as Fuller. Without inventive approaches to design, such as the 
Dymaxion House, the design disciplines would potentially suffer from the wasted 
time and energy that would be spent in maintaining monotonous concepts that 
lack character and interest. However, because of Innovative and technological 
uses of materials and construction methods, the design professions can claim 
to be many of the most exciting disciplines available today and in the future. 

The hexagonal bonding 
found In molecules Is also 
evident In the tJymaxlon 
House. {Pearce, p. 3) 

9 The triangular and hexagonal 
cell formations of the Juncus 
plant. (Pearce, p. 17) 

Axonometric Prawing of 

the Pymaxlon House. 

(Marks, p. 82) 

Photograph of Fuller 
(1895-1983), three 
weeks before hi death. 
(Pawley, p. 2) 
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X*!^ ^9^^?[ Facility and \te Heed for Protection 

Throughout the course of history, changes In economics, politics, technologies, 
and various other means have greatly Influenced the evolution of the contemporary school 
facility. Over time, the growing desire for knowledge has directed the evolution of the 
school building. Early education was generally focussed around only one area of study, 
i.e. warfare, poetry, music, etc., and was usually dependent on the regional culture. The 
typical, ancient "school building" was many time a c^uite modest space, as a result of a 
limited audience, for example, Isocrates {ancient Greek philosopher) taught philosophy in 
his own home. 

As time progressed, however, the influences of science, mathematics, and religion 
brought many more avenues of study to ancient school sett ing. ' In turn, more students 
attended schools in order to improve their knowledge of various subjects that obviously 
affected their lives. With this Increased enrollment came the need to accomodate these 
children in a much larger facility, as the small houses of the various teachers became 
increasingly unequipped. Ultimately, i t was understood that i t was much more efficient 
to concentrate a large number of students in a common facility in order to provide a 
reasonable, and ec^uai education for each of these students. 

for the most part, this is the situation that is seen in cities, towns, and 
communities all across the world today. Various school facilities house anywhere from a 
mere handful of students to possibly a few thousand. In many cases, especially in small 
communities with only one elementary school and one junior high/ high school, the 
elementary school has a greater concentration of lives. It is these cases which should be 
of critical importance to the contemporary architect. If the job of the architect is truly 
to promote the health, safety, and welfare of the users, then the architect must give 
careful consideration to the fact that the elementary school is a facility that not only 
houses a large number of occupants, but it also houses occupants of the highest 
vulnerability and least experience during threatening situations. 



Facility Mission 

I The facility, through technology transfers of appropriate materials and innovative 
design concepts, should be constructed to mitigate the damaging effects of tornadic 

; winds and airborne debris, and ultimately improve occupant protection and life safety. 
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Facility Statement: The facility should be designed and constructed such that structural 
integrity is maximized and the damaging effects of missile Impacts 
are minimized in order to provide significantly Improved tornado 
protection. 

Facility Issues 
A variety of issues may potentially effect the success of a school facility 

regarding its educational and social effectiveness during its lifetime. However, when the 
primary goals of the facility are concentrated on tornado protection, the key issues 
become substantially more focussed. These issues are based on the principal effects of 
a destructive tornado, and in order of Importance include: "first, the disintegrating 
pressure of wind against windows, doors, and walls; second, the devastating effect of 
missiles propelled by these winds; third, the collapse of high portions of buildings such 
as chimneys into lower parts which otherwise would suffer little damage, and; fourth, the 
explosive pressure differential when air pressure inside a building is momentarily greater 
than outside." ' If we consider the f i rst and fourth issues listed above to be correlated to 
wind velocities, then the three primary issues, as described by Michele Melaragno become: 
"wind forces per se. air pressure changes between the interior and exterior of buildings, 
and the impacts of missiles." 

Summary of Issues 

Issue 1: Forces due to wind velocities 
Issue 2: Internal and external pressures on and around the facility 
Issue 3: Missile Impact 

17 



Distinct Tornado ^e^lone 

in order for the designer to approach a project where the primary goal is t h a t of 

tornado protection, he or she must f i r s t understand the fundamental anatomy of the 

s to rm. Although tornadoes contain an Inherent complexity t h a t makes them quite 

mysterious and di f f icul t t o predict, a compilation of studies have enabled researchers t o 

separate the s to rm into four distinct regions. The designations (See Fig. 24) are as 

follows: 

a.) Region I - The core flow 

b.) Region II - The boundary layer 

c.) Region III - The corner flow, and 

d.) Region IV - The t o p layer 

Characterist ics of these layers are as follows: 

a.) Region I - The core flow:'' The core flow extends from the tornado centerllne out to a radius of 
a few kilometers. The top and bottom of this region are not clearly defined. This area of the 
tornado Is crucial to the tornado In that some of the more significant angular momentum values 
are contributed to the tornado from the core flow region. The wind velocities of this region are of 
critical Importance to the designer especially regarding the design of multi-story facilities. 

b.) Region II - The boundary layer. This region Is characterized by strong Interaction of the flow 
and the surface. The boundary layer region extends from the surface to perhaps as high a© a few 
hundred meters altitude. The boundary layer region of the tornado Is located near the surface of 
the ground around the Immediate periphery of the tornado. This layer contains wind velocity 
values that are significantly smaller than those of the core flow region. However, this area Is of 
importance, because It generally contains smaller debris that could potentially do minimal 
damage to the facility (especially to exterior windows). 

'///// / ///.j!^,|xk>^,^:/,/:;„.r;^4/^^ 

Graphic representation of 
tornado regions. {Peterson, 
p. 107) 
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c.) Region III - The corner flow: Region III Is the small corner flow bounded by approximately ZtOO 
meters. In this corner flow region, both radial and vertical gradients are Important In the 
equations of motion. It Is within the corner flow region of the tornado where the maximum 
velocities and sharper pressure gradients of the tornado occur. Unfortunately, for the designer, 
the chaotic nature of this region prohibits exact design criteria. However. It Is this region that Is 
considered the "worst case". In terms of wind velocities and relative pressures that should be 

; considered In the design process. Essentially, this area of the tornado Is the most Important 
region In terms of architectural and engineering design. 

id.) Region IV - The top layer:^ Region IV. representing the top of the tornado, has received 
\ comparatively little attention compared to the other regions of flow. The severe thunderstorm 
iform which the tornado emanates extends upward Into the earth's lower stratosphere from this 
region. Unfortunately, limited Information Is available concerning the characteristics of this 
region of the tornado. The primary concern of this region Is that It contains the at contains the 
atmospheric conditions that sustain the life of the tornado. 

Graphic representation of 
tornado regions. (Peterson, 
p. 107) 



Wind Velocity Profiles 

All destructive aspects of a tornado are either directly or indirectly related to 
wind velocity. Relatively high wind velocities will produce significantly greater lateral 
forces and greater windward and leeward pressures than will low velocities. Greater wind 
velocities will also tend to throw missiles and debris at higher speeds that can prove to 
be detrimental to both the building envelope and the structure itself. Therefore, it is 
profitable for the architect, engineer, and various other designers to understand the 
fundamental characteristics of wind velocities In order to try and lessen their destructive 
effects. 

One of the several criterion that is examined during wind design is based on the 
topography or context of the surrounding area. The criterion is primarily based on the 
number of obstructions and their respective heights, that will ultimately Influence the 
flow of wind. Four topographic categories have been developed, each having an assigned 
velocity profile that generally characterizes the wind velocities (relative to height above 
the ground) of that specific category. (See Fig. 26) The categories are as follows: 

1.) Exposure A - Large city centers 
2.) Exposure B - Forests/ Suburbs 
3.) Exposure C - Open terrain 
4.) Exposure D - Open sea 

Characteristics of these categories are as follows: 

1.) Exposure A: large city centers with a t least 507. of the buildings having a height of a t 
least 70 ft." 
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Velocity profiles of the four 
different exposure categories. 
{Daniels, p. 51) 

20 



Wind Velocity Profiles 

2.) Exposure B: urban and suburban areas, well-wooded areas, or other terrain with 
numerous closely spaced obstructions having the size of a single family dwelling or 
larger.' 

r. 3.) Exposure C: open terrain with scattered obstructions having heights generally less 
than 30 f t . " 

4.) Exposure D: fiat, unobstructed coastal areas directly exposed to wind blowing over 
large bodies of water." 

I The Importance of the velocity profiles to the designer Is quite obvious in the 
graphical comparison of the various exposure categories. As seen in the graphs (See Fig. 
27). as obstructions become higher, the wind velocities are decreased near the surface of 
the earth. Therefore, from a design standpoint, the designer must give consideration to 
concepts that tend to "raise" the velocity profile and ultimately decrease wind velocities 
near the earth's surface. Theoretically, if the wind velocity near the structure is 
decreased then the facility has a much greater chance of suffering minimal damage. 

Velocity profiles of the four 
different exposure categories. 
(Panlels, p. 51) 



"Safe Spots" Within a Facility 

What makes a "safe spot"? 
Occupant protection - "anyone needing protection when severe weather 

threatens" - is based on two primary criteria. These criteria, which become guidelines 
for the design of "safe spots" within the building, include location and size. 

"Safe Spot" Rec^uirements (for facilities having no basement) 

regarding location: 
1.) lowest fioor* - wind velocity tends to Increase with elevation 
2.) interior spaces [such as the double loaded corridor (See Fig. 26 and Fig. 29)]" 

post-storm evaluations seem to show that interior walls suffer little damage 
even if exterior walls are destroyed 

3.) spaces opening to the east and north* - the typical approach of a tornado is 
from the southwest, therefore the northern and eastern sides of the 
building generally suffer the least damage 

regarding size: 

4.) relatively small spaces - spaces such as gymnasiums, cafeterias, and 
auditoriums tend to suffer the heaviest damage due, in part, to there large 
roof spans and wide, unobstructed spaces. 

regarding area: 
The required "safe spot" area for a mature adult is 6 ft^''' This allocation is 

decreased to 5 f t for junior high age kids, and 4 f t for small, elementary age children. 
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Double-loaded corridors make 
good safe spots". (Welgel, 
1975) 
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Totally Interior spaces (shaded 
area In figure) make the most 
protective spaces. (Harris, 
Mehta, and McDonald, p. 551) 



"Safe Spote" Within a Facility -jCore Areas'' 

Rarely are communities afforded the luxury of designing an entire school as a 
storm shelter. Therefore, i t is crucial that the architect be aware of the considerations 
and design principles that apply to the development of specific protective areas within a 
facility. Several criteria must be considered in order to design the appropriate shelter 
areas within a school. These criteria include: 

1.) Placement of the protective area as far from the exterior walls of the facility 
as possible. The exterior walls will inevitably suffer the most severe damage 

due to the storm and can be used to decrease the speeds of potential missiles 
that could threaten the structural integrity of the protective areas. 

2.) The protective areas must also be resistant to the forces that result from 
wind velocities and pressures. There are primarily two basic types of load 
resisting wall designs: 

a.) Heavy steel frames which support the walls and the roofs. This method 
is quite effective, yet questionable due to some minor faults. Not only 

does this method require some special construction (thereby 
increasing costs), but some of the structure may protrude into 
adjacent spaces of the facility, 

b.) Series of room-sized boxes made of heavily [steel] reinforced [concrete] 
walls and roofs. This central core can be designed to inherently resist 
lateral wind forces. 

3.) One of the most crucial aspects of designing the safe area is consideration of 
the uplift forces that tend to pull the roof off of the structure. Structures 
are generally designed to resist the gravity loads of the roof, while little 
attention is given to the possibility of the roof lifting off. Some 
considerations concerning this issue are: 

H Core etructuree: (A) - Indepen
dent core; (B) - extended contin
uous walls; (C) - grade beams 
Increasing resisting moment, 
and; (D) - continuous slab 
Increasing resisting moment, 
(Melaragno, p. 142) 
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^^^?-^po't^g" Within a Facility - Core Areas (continued) 

a.) Bracing the bottom of the roof structure (typically trusses or beams) 
to provide a positive connection to the walls, 

b.) Use rigid members that produce sufficient resisting forces to ensure 
that failure of the structure is minimized. If the forces are unbelievably 
extreme, pre-deslgn failure point within the structure that allow a 
minimal failure rather than catastrophic failure. This idea is 
comparable to that of the "crumple zones" in an automobile. 
Designated areas in the side panels of the automobile are designed to 
fail in such a way that passenger injuries are minimized in a collision 
event, 

c.) Extra weight added to the roof to help resist uplift and removal form 
the structure. 

4.) The protective area must also be resistant to various missile impacts. 
Several different methods of missile resistance are available, but two of the 
most common are: 

a.) 6" thick reinforced concrete wall, and 
b.) &" concrete masonry unit wall with steel reinforced cells that are filled 

with additional normal weight concrete. 
5.) Appropriate ventilation must also be incorporated into the design of these 

structures if they are to be effective in minimizing the effects of relative 
pressures around their exterior walls and roofs. 
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ASCE7-95; Formula for Wind load Deelan 

The ASCE 7-95 Code has been established as a standard for determining wind 

loads on s t ruc tures fo r both engineering and architectural applications. ASCE 7-95 

relates many variables regarding s i te and building type information t o produce a formula 

for minimum wind load design. The formula is as follows: 

p = qGC, where q = 0.00256K,K^V^I 

The explanation of the equation variables are as follows: 

p = design pressure In psf 
q = velocity pressure In psf 
0.00256 = constant for density of air and dimension conversions 
Kj = velocity pressure exposure coefficient 
K^ = topographic factor 
V = basic wind speed In mph 
l = Importance factor . , 
G = gust effect factor 
C = pressure or force coefficient 

Subsequent evaluation of these variables shows t h a t the only variables t h a t can 

be manipulated through architectural design t o lessen wind pressures is the variable q. 

which is dependent on the height of the s t ruc ture and i ts shape characterist ics. All 

other variables are determined by researched calculations or natural l imits such as 

topography and wind speed. Therefore, i t is impor tant t o note t h a t the role of the 

archi tect in maintaining low wind pressures is dependent on his ability t o decrease the 

surface area in contact with the wind forces (surface area of exterior walls) as well as 

carefully considering the aerodynamic character ist ics of the final building design. 
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Facility Alternatives Regarding Technology Transfers 

Alternative Construction Methods 

The following Is a brief introduction to some of the contemporary 
alternative construction methods that contain characteristics that classify 
them as potentially legitimate building systems for tornado protective design. 
The following study will examine the windstorm protection characteristics of the 
following construction methods: 

1.) Straw Bale Construction 
2.) Rammed Earth Construction 
3.) Cast Earth Construction 
4.) Earthship Building Systems 
5.) Rastra Building Systems 

Straw Bale Construction 
Straw bale construction is made of leftover stems of harvested grain and various 

grasses, which are considered a waste product by the American farmer. Enough of this 
straw is discarded per year by American farmers, nearly 2 million tons, to build 5 million 
2,000 sq. f t . homes. 

Straw bale can be used in either a loadbearing or non-loadbearlng situation. In the 
case of loadbearing walls, straw bales are stacked and tied together with threaded rods 
from the bottom plate of the wall to the top plate. The bales are joined together by 
'compression and all vertical loads are transferred through the straw bales to the 
I foundation. In the non-loadbearlng situation, the straw bales are considered infill, and 
are placed between a loadbearing, heavy timber structure. The bales are then veneered 

iwlth a plaster or stucco finish. 

Axonometric detail of straw 
bale construction. (Demkin, p. 
6) 



jFacility Alternatives Regarding Technology Transfers 

Alternative Const ruc t ion Methods (cont inued) 

The primary advantage of straw bale construction is that i t possesses an 
inherent mass that contributes to a great wall thickness for the structure. The 
significance of this advantage is that a potential airborne missile may not be able to 
penetrate the wall thickness created by the straw bales. Another advantage of straw 
bale construction is the low cost of the material. However, although material costs are 
minimal, construction costs could be greater, considering that straw bale construction 
has received minimal acceptance in the building industry. Another concern of straw bale 
construction is a missiles ability to penetrate the seam or joint where the bales remain 
essentially unconnected. If these joints present problems of missile penetration, straw 
bale construction must either be modified or discarded as a legitimate building system 
with regard to windstorm protection. 

Rammed Earth Construction^ 
Rammed earth construction consists of pounding moist earth into a formwork to 

create monolithic walls of earth. This form of construction involves mixing soil, water, and 
usually Portland cement into a constructed form using a hydraulic tamper. The 
advantages of this system are its use of Inexpensive, local materials in a thick wall 
system that maintain a high thermal mass and a high energy efficiency. One other 
advantage, specifically regarding tornado protection, is that the wall contains a 
significant thickness so that i t could be a potential missile absorbing element in the 
design. However, since this construction method is not widely used, construction costs 
will be a limiting factor in i ts actual design applications. 
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Facility Alternatives^e^jdln^ Technology Transfers 

Alternative Construction Methods (continued) 

Cast Earth Construction 

Unlike rammed earth, cast earth construction uses a mixture of gypsum plaster. 
In place of portland cement. The material mixture of soil, water, and plaster is cast into 
forms using current poured concrete techniques and tools. One of the befits of cast 
earth construction is that i t can be produced a t a plant (similar to concrete), shipped by 
truck, and then pumped from the truck. Therefore, low labor and material charges are 
Inherent with cast earth construction. The strength of cast earth construction is 
considerable stronger than that of rammed earth making i t a better choice to prevent 
missile penetration. Also the set-up time for cast earth is much less than that of 

! rammed earth. 
I 
I 

Earthship Building System"^ 

The Earthship system is based on the Integration of disposed steel belted tires to 
rammed earth construction. The construction technique consists of stacking the tires 
like bricks and then packing them full of dirt. Eventually each tire is packed to a total 
weight of 300 pounds, therefore creating a loadbearing system in all exterior walls. The 
completed bearing wall is approximately 3 f t . thick and provides a significant thermal 
mass. The walls are veneered with stucco, and resemble an adobe home when completed. 
The benefit of this construction is that it is formed of a material (rubber tires) that is 
considerably resistent to missile impacts. The overall thickness of the wall (3 ft.) also 
proves to be an asset to this building system, because missiles will typically have a hard 
time penetrating a mass of such depth. 
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f^gH'l^y Alternatives Regarding Technology Transfers 

Alternative Construction Methods (continued) 

Rastra Building System -, ^ 
I The Rastra building system Is made of recycled polystyrene beads, covered with a 
' cementuous skin and molded Into hollow elements that - when erected - create a forming 
system for steel-reinforced concrete. Bonded together with a non-toxic polyurethane 
foam until concrete is poured, the elements form walls and ceilings with internal grid 
patterns that produce concrete loadbearing structures (horizontally, vertically, and 
diagonally) that are 7007o stronger than conventional wood-framed buildings. By volume, 
Rastra elements are 907o polystyrene and 107o Portland cement. By weight, they are 107o 
polystyrene and 907o cement. 

Some of the benefits of Rastra are an impressive, insulating R-value of 24, and its 
; inherent fire-resistance characteristics. Fire testing conducted In 1996 Indicates that 
Rastra passed a 5 hour direct fiame test at over 2,000 degrees Fahrenheit. Rastra also 
contains impressive structural characteristics. The internal concrete grid forms a post 
and beam matrix approximately six inches in diameter. The design of the matrix allows 
reinforcement to be placed diagonally as well as horizontally and vertically. 

1 The benefits of Rastra, with respect to tornado protection, seem obvious. With 

'the Rastra system, a structural wall can be constructed with similar characteristics to 
that of a concrete wall. The difference is that forms must be constructed and later 
removed from a concrete wall, where the Rastra system itself serves as the concrete 
forms. With i ts other inherent advantages, the Rastra building systems provides one of 
the more sensible, alternative construction methods for a tornado protective structure. 
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Alternat ive Mater ia ls S tudy 

One of the many advantages that are available to the contemporary designer is 
the Improved quality of building products and materials that are available for various 
: uses. Research and development interests throughout the world have contributed to the 
development of hybrid and synthetic materials with physical properties that are almost 

, unbelievable. The following study will briefly examine several of these alternative materials 
I In an attempt to determine their usefulness as legitimate assets in increasing occupant 
protection in the event of a destructive windstorm. The materials to be examined are: 

1.) Kevlar by DuPont 
2.) Spectra by Allied Signal Corporation 
3.) Nomex by DuPont 
4.) Vectran by Hoechst Celanese 
5.) Korex by DuPont 
6.) Shark Skin by 3M 
7.) Spider Silk 



.Facility Alternatives Regarding Technology Transfers 

Alternative Materials Study (continued) 

92 

A. Kevlar by DuPont 
Kevlar was initially developed and discovered by DuPont in the 1970's. Kevlar 

possess characteristics of great strength, durability, and longevity. These 
characteristics are derived from the fact that: 

1.) It is a long chain-like molecule known as a polymer. 
2.) The fibers are an array of molecules that are oriented parallel to each other. 

This alignment is classified a crystalline structure. 
3.) It is a polyaromatic amide which contributes to its high yield strength. 
4.) The individual polymer bonds are held together by hydrogen bonds that form 

between the polar amide groups on adjacent atomic chains. 

The current applications of Kevlar vary from ballistics protection to marine hull 
construction and reinforcement. The use in these applications is primarily due to the 
high strength to weight ratio of the product. The characteristics of Kevlar are as follows: 

a.) High tensile strength and low weight 
b.) High structural integrity 
c.) High modulus 
d.) Low electric conductivity 
e.) Chemically resistant 
f.) Little shrinkage at high temperatures 
g.) Holds shape well 
h.) Hard to cut 
1.) Flame resistant 

Chemical bonding of Kevlar Into 
sheets. {Goodwin, p.9 - from 
DuPont Kevlar technical Guide) 



Facility Alternatives Regarding Technology Transfers 

Alternative Materials Study (continued) 

B. Spectra by Allied Signal Corporation 
Spectra Is a high molecular weight polyethylene which has the highest modulus of any 

fiber, with the exception of carbon. Spectra Is limited In many Industrial applications do to 
Its creep property, meaning t ha t the fiber will permanently stretch when placed under high 
constant load. However, the creep factor Is of minor Importance regarding missile Impact on 
a structure, because the loads are considered short-term impact loads rather than constant 
loadings. Spectra's performance based characteristics include excellent flex, UV resistance, 
and i ts insusceptibility t o abrasion. Spectra has strength properties tha t are ten times tha t 
of ordinary steel. I ts high strength t o weight ratio allows It t o be used In various applications 
ranging from bulletproof body armor to deep sea fishnets. (See Fig. 34) The main drawback 
of Spectra Is Its high costs which exceeds even tha t of Kevlar. 

C. Nomex by DuPont 
Nomex Is a honeycomb, aramid material t ha t derives Its strength from the orientation 

and alignment of paper (similar t o corrugated cardboard). Due to Its honeycomb shape, 

considerable area is reduced while maintaining strength. (See Fig. 35A) Therefore, one 

obvious advantage of Nomex Is Its high strength to weight ratio. Many applications of Nomex 

require t ha t It be sandwiched between two surface laminations, therefore resulting a strength 

to weight ration t ha t Is 10 times greater than tha t of steel. (See Fig. 35B) 

The application of this material t o exterior walls of a structure could be quite 

successful In t ha t Its extraordinary strength (along the oriented axis) could serve t o 

prevent penetration of missiles Into a facility. In addition, because of Its light weight, Nomex 

would help to decrease labor cost, and therefore overall construction costs during i ts 

application. 

Spectra used In construction of 
deep sea fishnets. (Swannet, p.3) 

(A) - Honeycomb appearance of 
Nomex, and (B) - sandwiching Into 
sheets. (DuPont photo) 



Facility Alternatives Regarding Technology Transfers 

Alternative Materials Study (continued) 

D. Vectran by Hoechst Celanese 

Vectran is the latest, new high modulus yarn currently available. Vectran is a 
polyester based liquid crystal fiber manufactured by Hoechst Celanese. Vectran has a 
modulus similar to that of Kevlar, but due to i ts molecular composition has better flex 
and abrasion resistance, although its UV properties are worse. These characteristics 
make Vectran an interesting candidate as a performance fiber, although it is more 
expensive that both Kevlar and Spectra. 

E. Korex by DuPont^ 

Korex is an aramid, honeycomb panel (similar to Nomex) that was developed by 
DuPont in 1992. Korex has an extraordinarily high strength to weight ratio, similar to 
that of Nomex. Korex, however is more damage resistant than its Nomex counterpart. 
One advantage of Korex in a potential construction situation is i ts ability to be cut and 
molded into a variety of shapes. (See Fig. 36 A & B) However, because of this ability, 
special tools may be required for construction and application that could ultimately 
Increase building costs. 
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Facility Alternatives Regarding Technology Transfers 

Alternative Materials Study (continued) 

F. Shark Skin bv 3M 
Shark skin is a new, specially designed plastic film designed by 3M researchers to 

reduce aerodynamic drag on aircraft. This ribbed plastic film provides an exterior skin 
that is covered with tiny riblets that create numerous small vortices that reduce surface 
turbulence. The riblets are barely perceptible to the touch, and they appear like a matte 
finish on an aircraft's skin. People have nicknamed the material "shark skin" because of 
its similarity to the predator's drag-cutting outer envelope. Little information is 
currently available about the project due to i ts experimental status. However, if this 
material proves to be helpful in decreasing wind drag then i t could potentially be beneficial 

i In reducing the effects of wind drag and turbulence on a building due to tornadic winds. 

G. Spider Silk 
I One of the strongest materials available to the future of the windstorm 
protection is provided by the silk of a spider. What makes this material so intriguing is 
the fact that i t has both a high tensile strength and high elasticity. The strength 
properties of spider silk are comparable to those of Kevlar, therefore implying that spider 
silk has potentials for multiple applications. However, the inherent problem with this 
natural product of the spider is that it is practically impossible to efficiently produce 
this material. Therefore, although the future applications of this material are promising, 
current uses remain limited. 



Facility Issues 

Issue #1 - Resulting Forces Due to Wind Velocities 

Goal #1: Minimize wind forces 
Since wind forces create significant horizontal loads on building structures 

during a tornado, the most direct approach on decreasing the Impact of these loads is to 
attempt to minimize the wind forces. 

Performance Requirement #1: Minimize Surface Area 
Although tornado winds are quite chaotic and unpredictable, they are 

typically modeled as producing direct forces In the horizontal direction. Therefore, in 
order to minimize the overall forces of these winds, the architecture must minimize the 
allowable surface area over which these forces may act. 

Concept Diagram #1 

By lowering parte of the building 
Into the ground, the wind hag less 
surface area to create force on. 

Concept Diagram #2 

Spans (e above) of the primary j 
structure are a critical concern. \ 
By minimizing these spans, It will 
decrease the effective force that ; 

• each member must resist. 



Facility Issues 

Performance Requirement #2: Application of Aerodynamic Principles 
Many times buildings are designed In a way in which the relationship 

between the structure and the wind is a "force meets force" relationship. In order to 
minimize the effects of wind forces, the building design should apply concepts of 
aerodynamic design in order to become a more passive element regarding wind forces.^ 

Concept Diagram #1 Concept Diagram #2 

winds 

Building Section 

winds 

- ^ ^ ^ 
y III 

Building Section 

= ^ ^ 

> * : ^ ^ 'w^<^ 
Sloping walls will allow the 
forces of the wind to be 
minimized by allowing them 
an easier route over the 
building. 

Overhangs provide an 
aerodynamic hindrance in 
a windstorm. Windstorms 
apply forces to these 
elements tha t tend to 

j "peel" the roof from the 
I walls. Therefore, 
overhangs must be 

i minimized or eliminated 
from the design to provide 
the most positive 
aerodynamic effects. 

Concept Diagram #3 

The rounding of corners 
on walls tend to provide 
less resistance to 
extreme winds, in turn, 
detrimental aerodynamic 
forces will be reduced 

J 



Facility Issues 

Goal #2: An Attempt to Use Wind Forces 
j Since the forces produced by tornadic winds are of great magnitude, the 
'architecture should attempt to use these forces to generate greater protection for the 
I building. 

Performance Requirement #1: Wind Forces as "Triggering" Devices 
Even with the current technology available to meteorologist that has. over 

the years, allowed increased warning times, occupants of a building may still be limited to 
the amount of decisions, regarding their protection, that can be made before a tornado 
strikes. Therefore, the architecture should use wind forces to make these protective 
decisions for the user by allowing the forces to (almost Instantaneously) "trigger" 
protective elements in the design. 

Concept Diagram #1 Concept Diagram # 2 

A 

. r ^ ^ w 
wind forces 

3 

safe area 

exterior room 

As significant winds create uplift 
pressures of window awnings (A), 
the awnings should "react" by falling 
over the windows and helping them 
resist debris impacts. (B) 

safe area 

B 

/> <^ '^ 

wind/ deVris 

» 
^ 

As doors opening to safe areas 
(primarily double loaded corridors) 
feel pressures due to a breach in 
the building envelope, the doors 
should trigger self-locking mecha
nisms tha t protect occupants of 
the safe areas from debris. 
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jFacility Issues 

Performance Requirement #2: Allow the Structure to Fail 
Another approach considering the use of wind forces in design is to 

actually let the building structure fail under the wind loads. By allowing the structure to 
fail, the architecture should provide a means for the structure to fold or fall against 
itself that ultimately increases occupant protection. 

Concept Diagram #1 Concept Diagram #2 

winds/ debris 

B 

! Inevitably, the outer wails of the structure will feel the pressures of the 
i tornado's winds. (A) However, should part of the structure fail, i t should 
do so in a way tha t does not damage the safe area, but rather reinforces 

• i ts protective characteristics. (B) 



Facility Issues 

issue #2 : Internal and External Pressure Differences 

Goal #1: Minimize the "Suction" Effect Due to Pressure Differences 
As wind passes over and around roofs and leeward walls of a structure, 

differences in pressure occur between the inside and outside of the structure creating a 
"suction" effect. In response, the architecture should consider alternative design 
techniques that will minimize the "suction" effect that tends to pull roofs and leeward 
walls off of buildings. 

Performance Requirement #1: Architectural Elements that Maintain Pressure Balance 
The tendency for pieces of a structure to be pulled away from the primary 

structure is ultimately a result of the desire of wind pressures to reach a balanced or 
equilibrium state. In turn, the architecture should provide elements and concepts that 
attempt to achieve an equilibrium state regarding the pressures surrounding the 
structure. 

Concept Diagram #1 

' Roof and wail panels can be 
allowed to blow away from the 
structure to relieve pressure. 

Concept Diagram # 2 

•"'LLIJJ'"' 
BSAFEI 

Hallway doors with significant 
distance away from the safe 
areas can be blown off to relieve 
pressure from the Interior. 
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Facility Issues 

issue #3: Missile Impact 

Goal #1: Minimize Structural Failure 
In many cases, a considerable amount of damage has been the result of 

failure of an entire wall due to the loss of integrity of some of i ts structural members 
after subsequent strikes by various missiles. Therefore, the design should use concepts 
and building systems that attempt to minimize the structural failure that Is possible 

due to missile impacts. 

Performance Requirement #1: Placement of the Primary Structure in Protected Areas 
Many times the interior walls of a structure will remain reasonably 

undamaged during a tornado even if the exterior walls have been virtually destroyed. 
Therefore, to insure structure integrity of the facility, the design should place the 
primary structure of the facility within i ts overall center rather than in and around its 
perimeter walls. 

Concept Diagram #1 Concept Diagram #2 



Facility Issues 

Goal #2: Minimize Missile Penetration 
One of the most uncertain and devastating of all events that occur during 

a tornado is the probability that occupants could be injured by missile penetration 
through the exterior walls of a facility. Therefore, the design, through Innovative 
materials and building systems, should deter missile penetration through the exterior 
"skin" of the building. 

Performance Requirement #1: Materials that Yield 
In the past, many structures have been constructed of materials, such as 

wood and brick, that have only the capacities to resist forces or to break under forces, 
but no ability to bend or yield. To avoid missile penetration through the building 
periphery, the architecture must consider the use of materials and systems that yield 
and, acting essentially as nets, catch the debris before it punctures the building envelope. 

Concept Diagram #1 Concept Diagram #2 

Performance based materials, 
such as Kevlar act as a net by 
stretching to catch missiles. 

More common materials, such as steel 
conform to the shape of the missile, 
but stil l yield enough to catch It. 

B?Sf!T^ 
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Facility Issues 

Performance Requirement #2: Missile Absorbing Masses 
An Important concept to consider si that obstacles traveling a t high 

speeds can. In some cases, be trapped by the mass through which they are required to 
travel. Therefore, the design should consider the prospect of using missile absorbing 
masses to eliminate missile penetration. 

Concept Diagram #1 

) Straw bale 

construction 

contains a large 

mass of densely 

acked straw tha t 
could stop a missile's 
velocity. 

Concept Diagram #2 

X I 

The approximate two 
foot thlcl<ness of the 
Earthship tire wall 
should provide 
adet\uate mass to 
prevent missile 
penetration. 

Concept Diagram #3 

.̂ (T^ 

The absorbing 
characteristics of 
Styrofoam In Rastra j 
construction could 
also prevent missile 
penetration. 
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Facility Issues 

Goal #3: Reduce the "Generation" of New Missiles 
I Throughout the history of tornado devastation, i t has been known that 
larger missiles, such as tree limbs or pieces of lumber, can impact the windows of a 
building and essentially "generate" new, smaller missiles that can greatly threaten 
occupants' lives. Therefore, the design, through considerations of material selection and 
placement, should minimize the potential of new missiles to be "generated" during the 
tornado event. 

Performance Requirement #1: Minimal Use of Modular Building Elements 
If a brick or block wall breaks or crumbles, in the event of a tornado, the 

thousands of bricks that have lost their bond with each other become thousands of 
missiles that could produce serious or even fatal injuries to the occupants of the 
building. Therefore, the architecture should consider the use of building materials that 
have a greater likelihood of maintaining a consistent nature, rather than disintegrating 
Into several more potential missiles. 

Concept Diagram #1 

Panelized 
components will fall as 
a single piece rather 

than 
generating new missiles. 

Concept Diagram #2 

r ^ ^ 

Laminated glass, or other 
high strength glasses should 
be used so that they break 
from there frames rather 
than break Into shards. 

Concept Diagram # 3 

¥ 

Adecjuately reinforced 
masonry will act as a 
system and will not 
easily be broken Into 
new missiles. 
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Facility Issues 

Performance Requirement #2: Minimize Sidelighting/ Maximize Skylighting 
In the event of a tornado, studies have Indicated that since missiles are 

generally thrown horizontally, windows within walls (sidelighting) are generally broken an 
blown Into the building constituting considerable threats to the occupants. However, In 
similar studies, skylights yield to the pressures that tend to blow them off and away 
from the building, minimizing the chance of injury. Therefore, the architecture should 
attempt to maximize skylighting, and minimize sidelighting. in order to reduce the amount 
of new missiles that could potentially be produced during a tornado. 

Concept Diagram #1 

f̂  
B 

Clerestory type windows are 
protected when they are on 
the wind's leeward side. (A) 
When they are on the wind
ward side they will not pro
duce missiles, but rather 
falling debris. (B) 

Concept Diagram #2 

Skylights will 
probably be 
pull off of the 
structure and 
will generate 
no real threat 
of glass 

; missiles. 

44 



Facility Case Study 

Meadowlawn Elementary School 

location: Montlcelio. Indiana 
Pate: April 3.1974 
Time; 5:16 P.M. 
Building Population: 540 (Including staff); no one was In building during storm 
Tornado Direction: Southwest 
/Approximate Wind Speeds: 120-140 m.p.h. 
Facility Considerations: Single story facility with no basement level 

Building Construction: 
Exterior Walls: glass and metal curtain wall. End walls 4" brick, 6" block 
interior Walls: plaster on metal studs. Block In multipurpose and boiler rooms. 
Koof System: steel frame. Steel open-web Joists, with metal decking and Insulation. 

Hazardous Elements: 
; • The south exterior walls failed causing unrepairable damage to the original classroom wing. 
• The windows blew Into the windward side classrooms 

:* Wind entering windward rooms caused ballooning effect that lifted metal roof deck. 
; • Glass In the unbaffied entranceway blew through the corridor. The wids In this corridor also created a wind 

tunnel that caused some uplift of the roof deck. 
I* The winds blew Into the classrooms fading west, throwing furniture and piling It Into the center of rooms. 

Protective Elements: 
\* The steel frame remained intact 
\* Interior partitions stopped Incoming missiles from reaching adjacent rooms or corridors. 
I* North and east rooms recleved little damage. 
I* Roof fans lifted off the multipurpose room, helping to ecjuailze pressure differences. 
i* Gymnasium did not collapse. (Partially due to Its location - northeast corner of the facility) 
j * Office spaces, workroom, lockers, and storage spaces were undamaged due to short roof spans. 

Floor plan of Meadowlawn Ele
mentary School. {Defense Pre
paredness Agency, p. 15) 
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Facility Case Study 

Monroe Central School 

Location: Parker. Indiana 

Pate: April 3,1974 

Time; 3:46 P.lvl. 

Bulidina Population: 690 (Including s ta f f ) ; 14 occupants during tornado 

Tornado Direction; South-southwest 

Approximate Wind Speeds: 110-130 m.p.h. 

Facility Considerations: Single story, no basement, siab-on-grade facil i ty, located in rural set t ing. 

Building Construct ion; 

Mult ipurpose l?oom: exterior walls; 4 " brick, 5 " concrete block 

structure: rigid steel frame, load bearing south end wall, 2 " pressed fiber board 

roof deck on steel tees 

Majority of Building: exterior walls: glass and metal curtain wall, 4 " brick, &" block 

Interior walls: &" block 

structure; precast concrete frame, precast concrete hollow core roof plank 

Hazardous Elements: 
* The windward glass curtain walls blew In. allowing a ballooning effect, causing the load-bearing end 

walls t o blow out . 

;• North south corridors became wind tunnels throughout their entire length. 

•The windward, high, load-bearing masonry wall of hte multipurpose room (having long span) collapsed, 

and the winds allowed bricks and concrete blocks t o become missiles. 

Protective Elements; 

• The completely Interior spaces remained Intact and offered protect ion f rom missiles. This was due In 

part t o the shor t spans of these spaces. 

• Leeward side rooms recleved the least damage. 

• The st ructura l frame remained intact. 

i* The heavy concrete roof remained intact over most of the building. 

Floor plan of Monroe Central 
School. {Defense 
Preparedness Agency, p. 19) 
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Facility Case Study 

Xenia High School 

location: Xenia. Ohio 
Pate; April 3.1974 
Time: 4:45 P.M. 
Building Population; 1450 (Including staff); 15 occupants during tornado (12 students, 3 staff) 
Tornado PIrectlon; Southwest 
Approximate Wind Speeds: ^AO-^&0 m.p.h. 
Facility Considerations: Two story, no basement, siab-on-grade facility. 

Building Construction: 
Structure: 
lightweight steel frame, open web steel Joists, 2" gypsum roof deck (original bidg. and add'n B) 
loadbearing masonry walls, hollow-core precast concrete roof planks (addition A) 
precast concrete frame, double-tee floor/ roof beams (addition C) 
ioadbering masonry wail, precast concrete tee beams (giri's gym) 
loadbearing masonry walls, steel trusses (auditorium and boy's gym) 

Hazardous Elements: 
* Windward side windows were blown into the facility. 
* High single-story, loadbearing masonry walls of the long span rooms failed, allowing roofs to fail In. 
* Unbaffled west entrances allowed the east-west corridors to become wind tunnels. 

;• Pebris from nearby homes, vehicles, and the park became missiles which hit and entered the school. 
:* The 46-foot-hlgh masonry chimney collapsed. 

Protective Elements: 
* the completely Interior spaces remained intact, especially In the smallest spaces. 
* Most of the corridors perpendicular to the storm path offered considerable protection. 
' The concrete structural frame of addition C remained intact. 
* The heavy concrete roof remained in place wherever the supports were rigid frames. 
* The concrete block interior partitions stopped Incoming missiles from reaching adjacent Interior spaces. 
* As a result of combinations of the above protective elements, considerable shelter spaces existed in scat
tered locations throughout the building. 

SHELIES ilWilfr 

i 1 primarj ' 

l -L 

4" 

Floor plan of Xenia High School. 
(Defense Preparedness Agency, 
p. 24) 
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Spatial Analysis 

1 Principal's Office 

The principal's office will be used to support and facilitate the administrative 
duties and needs of the principal. 

This area will accommodate the various obligations and responsibilities of the 
elementary school principal. These duties will include computer and telephone contacts with 
others as needed, the filing of important documents of relevance (to the school and the 
principal himself), and meetings with various individuals or small groups of people. 

The office should accommodate a maximum of four people and should allow each of 
these people an average of 30 sq. ft. of floor space. Approximately 120 sq. ft. of the total floor 
space of the room should be allocated as open space containing the appropriate furnishings to 
facilitate the individual meetings of the principal. 

Therefore, provide a principal's office of approximately 240 sq. ft." to 
accommodate the executive needs of the school principal. One half (120 sq. ft.) of the 
total square footage should be allocated specifically for the principal, his furnishings, and 
the occasional visitor. The other half (120 sq. ft.) should be used to provide space for 
organized meetings that the principal may have. 

Space; Principal's Office 
Activities; Various administrative duties 

of the elementary school principal 
issues: Privacy/ low sound transmission 

Must accommodate various 
communication alternatives 
{telephone, computer, etc.) 

Must provide the necessary space 
and furnishings to accommo
date various meetings (with 
parents, guests, and faculty/ 
s taf f members) 

Character: Professional, dignified space 

Users: Principal, guests 
Total Occupancy; 4 
Adjacency: Waiting Room/ Secretary's 

Office 
Equipment; Computer, telephone, fax 

machine {possibly), filing/ 
organizing furnishings 

Size; 240 s(\. f t . (120 scj. f t . for personal 

use; 120 sc^. f t . for small group 
meetings) 



Spatial Analysis 

2 Waiting Room/ Secretary 

The waiting room and secretary office will be used as a place for patrons of the 
school to temporarily reside as they wait for direction from the secretary. 

The waiting room will be used to direct visitors of the school to various rooms of 
interest throughout the school. Visitors may also inquire about various concerns through the 
secretary who is located in this room, the waiting room will also be used as a place where 
visitors, students, or teachers should temporarily reside as they wait for appointments with the 
school principal. 

The waiting room will accommodate a total of 10 patrons and will provide 
approximately 40 sq. ft. per person. 

Therefore, provide a waiting room of approximately 400 sq. ft.'' as a place for 
patrons to temporarily reside within the school as they wait for further instruction. 

Space; Waiting Room/ Secretary 
Activities; Gathering/ waiting area for 

guests or students 
Place of Incjulry about 

Information available 
through the secretary 

issues; Convenience to Users 

Comfort 
Character. Pleasant, welcoming space 

Non-lntlmldatlng 
i Users: Secretary, students, guests 
[Total Occupancy: 10 

I Adjacency: Principal's Office, School Entry 
I Ec^ulpment: Telephones, computer, filing/ 

organization eciulpment 
Furnishings necessary to 

provide appropriate and 
pleasant waiting area 

Size: 400 scj. f t . 



Spatial Analysis 

3 Counselor's Office 
The counselor's office will be used as a place for the school counselor to 

investigate the needs, concerns, and behaviors of school patrons (teachers or students). 

The office will provide adequate space and furnishings to accommodate both the 
needs of the counselor and the subject. The space will be used for one-on-one interaction 
sessions (many times concerning confidential matters) and can occasionally involve a third 
person. The office needs to be greatly concerned with the psychological concerns of the 
subject. Therefore, the room should be both pleasant and unintimidating so that the 
interaction is profitable for everyone involved. 

The office should provide a space to accommodate three persons and should allocate 
approximately 60 sq. ft. for each of these persons. 

Therefore, provide a counselor's office of approximately 180 sq. ft. with the 
appropriate space and furnishings to ensure a pleasant and unintimidating interaction 
between the counselor and subject. 

Space; Counselor's Office 
Activities; investigation of needs, concerns, 

and behaviors of school 
patrons {students and 
faculty) 

One-on-one Interaction 
(occasionally Involving a 
third person) 

Issues'. Privacy/ Confldentalllty 
Low sound transmission 

Character; Encouraging, comfortable, 
secure, pleasant, 
unintimidating 

Users; counselor, subject 
Total Occupancy: 3 
Adjacency: Waiting Room, Health Center 
Equipment; Pleasant, comfortable 

furnishings 
Size; 1S0s<n.ft. 



Spatial Analysis 

4 Health Center 

The health center will be used to facilitate student ailments, while these students 
await the arrival of a guardian and possible subsequent trip to a more properly equipped 
health facility. 

The health center will be equipped with the necessary instrumentation that facilitates 
basic medical and heahh care by a registered nurse. The function of the space will be to 
provide eye examinations (primarily preliminary chart evaluations), physical readings (height, 
and weight), the uncovering and discovery of hearing disabilities, etc. The space will also be 
used for ill children to repose while they wait for more involved attention. The space should 
also provide the necessary adjacent storage spaces that will house various medicines and 
treatments that may be necessary or appropriate. 

The health center should allow room for 5 persons and should allow approximately 50 
sq. ft. per person. 

Therefore, provide a health center of approximately 250 sq. ft." for the school's 
nurse and any student who may potentially need medical attention. 

Space; Health Center 
Activities; Adec^uate response to 

emergencies 
Facilitation of ailments 
Awaiting the arrival of a parent/ 

guardian 
issues; Cleanliness! Sanitation 

Privacy! semi-privacy 
Character: Pleasant, comfortable, 

encouraging 
Users: School nurse, students, faculty 

(possibly) 
Total Occupancy: 5 
Adjacency; Counselor's Office, Waiting Room 
Ec^ulpment: Necessary Instrumentation 

tha t facilitates basic 
medical and health care 
by a registered nurse 

Eye charts, weighing scales 
Adec^uate storage for 

medications 
Size; 250 sc\. f t . 



Spatial Analysis 

5 Nurse's Office 

The nurse's office will be used as a place for the response of the nurse to all 
relevant medical information pertaining to the students of the school. 

The nurse's office will provide adequate space and furnishings for the administrative 
duties of the school nurse. These duties might include the storage of medical histories of each 
of the school's inhabitants, waivers and insurance forms, etc. This space should also 
accommodate personal counseling of the students (via the nurse) concurring appropriate heahh 
and hygiene. 

The space should provide approximately 100 sq. ft. for the nurse and should be located 
directly adjacent to the heahh center. 

Space; Nurse's Office 
Activities; Administrative duties of the 

school nurse 
Filing of relevant medical 

Information 
issues; Appropriate work area 

Security of confidential Information 
Character; Pleasant, lively 
Users; School nurse 
Total Occupancy: 1 
Adjacency; Health center 
Ec^^lpment; Computer, telephone, filing 

ec^ulpment 
Size; 100 so^. f t . 

Therefore, provide a nurse's office of approximately 100 sq. ft. 
medical and health responsibilities of the school nurse. 

that will serve the 
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6 Work Room 

The work room will be used as a preparatory area for all of the administrators 
and faculty of the school. 

This area will provide the necessary equipment and machinery for the reproduction of 
class assignments, letters, menus, bulletins, etc. by the administrative staff". The space will also 
provide the necessary accommodations for faxing information and for the use of E-mail. The 
space should also provide the necessary equipment for the mending of textbooks and the 
packaging of outgoing materials. This space sill also be used for unpackaging, storage, and 
distribution of office supplies for both the administration and faculty. 

The work room should allow an occupancy of 10 people at a single time while 
allocating approximately 50 sq. ft. per person. 

Therefore, provide a work room of approximately 500 sq. ft.̂ ' with basic 
packaging, receiving, and reproductional provisions necessary for the administration 
and faculty. 

Space: Work Room "1 
Activities; Preparation of materials for 

teacher Instruction 
Paci(aglng/ unpackaging of out 

going! Incoming materials 
Communications (faxing and 

E-mail) 
Issues; Availability, convenience 
Character: Modest, efficient 
Users; School faculty 

Total Occupancy; 10 

'; Adjacency: Administrative offices 
Equipment; Xerox machines, fax machine, 

computer (E-mail), 
telephone, various office 
supplies 

Size; 500 so\. f t . 
L„ . 



Spatial Analysis 

7 Lounge/Kitchenette Space: lounge! Kitchenette 

The lounge/ kitchenette will be used as a rest area for staff members as well as a 
food preparatory area before meals. 

This area will contain the necessary equipment and furnishings for appropriate 
preparation of various meals that will be consumed by the staff members. The area will also 
provide simple furnishings that promote a friendly and pleasant atmosphere that is needed for a 
relaxing lounge space. 

The area will allow for a maximum of 20 occupants at any given time with an allocation 
of 25 sq. ft. per person. 

Therefore, provide a lounge/ kitchenette area of approximately 500 sq. ft. that 
will accommodate the preparation of meals while maintaining a relaxing atmosphere for 
its inhabitants. 

Activities; Relaxation 

Meal Preparation 
issues: Privacy, convenience 
Character; Pleasant, non-lntlmldatlng, lively ; 
Users; School faculty 
Total Occupancy: 20 
Adjacency: Administrative offices, faculty/ 

s taf f restrooms ; 
(possibly) j 

Equipment; Food preparation equipment ' 
(microwave, refrigerator, 

etc.) 
Relaxing furnishings 

Size; 5 0 0 sq. f t . 



Î p^t îal Analysis 

8 Faculty/Staff Restrooms 

The faculty/ staff restrooms will provide an available restroom space that is 
convenient for inhabitants of the administration offices of the school. 

This area will provide the standard accommodations for both men's and women's 
restrooms. The restrooms will be located near the administrative offices to promote 
convenience for the school staff". 

There will be two restrooms (one men's restroom and one women's restroom) each 
allowing a total occupancy of 4 persons with a space allocation of approximately 25 sq. ft. per 
person. 

Therefore, provide faculty restrooms (both men's and women's) that collectively 
total 200 sq. ft." and promote convenience through proximity to the school staff. 

illljl 

: Space; Faculty/ Staf f Restrooms 
i Activities; Typical restroom uses 
i Issues; Convenient facilities 
I Clean, sanitary environment 

• Character; Clean 
Users; Faculty/ s taf f 
Total Occupancy; 4 
Adjacency; Lounge/ Kitchenette (possibly) 
Equipment; Typical restroom furnishings 
Size; 200 sq. f t . (men's - 85 sq. f t . ; 

j women's -115 sq. ft.) 



Spatial Analysis 

9 Main Computer Room 

The main computer room will be used to house the "brain" of the computer 
network throughout the school. 

This area will provide all of the necessary computer connections that will help to 
maintain an effective computer network linking all staff and educational classrooms within the 
school. Temperature is crucial in this room as great amounts of heat are generated by the 
permanent use of computer systems. 

Space: Main Computer Room 1 
Activities: School computer networking 

I activities 
; issues; Temperature control 

Security 
\ Character: Modest, efficient 
Users: Authorized faculty 
Total Occupancy: 5 
Adjacency: Administrative Offices 

Equipment: Computer networking equipment; 
Size: 125 sq . f t . j 

This area should allow space for about 3 persons at any given time and will allow a 
total floor area of 125 sq. ft.. 

Therefore, provide a main computer room of approximately 125 sq. ft. for the 
effective maintenance of a computer network throughout the school facility. 



Spatial Analysis 

10 Operating Center 

The operating center will be used to collect and distribute general information 
that pertains to all students and faculty of the school. 

The operating center will contain a PA system and an announcer's station, master 
telephone controls, and the school's master clock. This room and its operator(s) are 
responsible for the collection and announcement of any and all information that pertains to the 
students and faculty of the school and that can be relayed through the PA system of the school. 

This area will allow an occupancy of 3 persons while maintaining space allocations of 
approximately 60 sq. ft. per person. 

Therefore, provide an operating center of approximately 180 sq. ft. that will 
accommodate the distribution of information throughout the school by various means. 

Space: Operating Center 
Activities: Collection and distribution of 

general Information 
pertaining to students 
and faculty of the school 

Iflsues: Organization 
Convenience 

Character: Modest, efficient 
, Users: Authorized faculty 
[Total Occupancy: 5 
Adjacency: Main Computer Room 
Equipment: PA system and announcer's 

stat ion 
Master telephone controls 
Master clock 

Size; 150 sq. f t . 

1 
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11 Resource Center 

The resource center will provide an area comparable to a children's library that 
will contain space for group interaction and study, individual study, and the collections 
of various resource materials such as books and magazines. 

This area will be used as an area for the individual teacher to do presentations when the 
classroom does not contain the necessary materials. The space will be a central collection of 
books, tapes (audio and video), magazines, and various other resource materials that are 
valuable to both the teachers and the students. The area should contain furnishings for group 
studies as well as those for individual carrel study. 

This room will accommodate up to 60 persons adequately with a space allocation of 
approximately 40 sq. ft. per person. 

Space; Resource Center 
Activities: Group Interaction and study. 

Individual study 
iaaues: Organization, convenience 
Character: Positive learning environment, 

pleasant 
Users: Faculty, students 
Total Occupancy: 60 
Adjacency: Resource librarian's office, 

resource office, resource 
workroom, presentation 
storage, seminar rooms 

Equipment; Books, tapes {audio and video), 
periodicals, computer 
resources 

Size: 2400 sq. f t . 

Therefore, provide a resource center of at least 2400 sq. ft." that will provide the 
necessary amenities and materials for the advancement of knowledge. 

1 



^?3^?^ ^5?!*/?!^ 

12 Resource Librarian's Office 

The resource librarian's office will be used as a place for the librarian to perform 
the various administrative duties that are required of the resource center steward. 

The space will provide appropriate accommodations for functions such as inventory 
reports of resources within the center, new arrivals and additions to the center, and other duties 
required of the librarian that ensure a productive resource center that will uhimately prove to 
be a great compliment to the longevity of the learning that is expected in the school. 

The area will allow 120 sq. ft. of total floor space that may be occupied by up to 2 
persons, but is primarily reserved for the use of the librarian. 

Therefore, provide a resource librarian's office of approximately 120 sq. ft." that 
will enable the resource center librarian to efficiently maintain an invaluable resource 
collection for the school. 

Space; Resolurce Librarian's Office 
Activities: Administrative duties of the 

resource llbrarulan 
Issues; Organization 
Character; Modest, efficient 
Users; Librarian, possibly an additional 

staf f member 
Total Occupancy; 2 

Adjacency: Resource center, resource office 
Equipment; filing equipment, packaging/ 

\ unpackaging equipment 

iSIze; 120 sq . f t . 

1 
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13 Resource Office 
The resource office will provide space adjacent to the resource library that can 

serve as a beneficial preparatory area for the resource teacher. 

This area will provide a small space for the collection of thoughts and materials of the 
resource teacher before the presentation delivery. This space is available to any of the teachers 
of the school (on a reservation basis), but should not be considered to have adequate space for 
large collections of teaching materials. The space is provided for simple preparation and 
organization of teaching materials. 

Two of these areas will be provided adjacent to the resource center and will provide 60 
sq. ft. of available floor area. 

Therefore, provide a total of 120 sq. ft."of total floor space for the provision of 
two resource offices to be used as organization areas for the resource teacher. 

Space; Resource Office 
Activities; Preparation of presentation 

materials by the resource 
teacher 

Issues: Convenmlence 

Character: Modest, efficient 

Users: Resource librarian, resource 

teachers 

Total Occupancy: 2 

Adjacency; Resource center, resource work 
room 

Equipment; fiilna equipment, various 
equipment used In 
preparation of 
presentations 

Size: 120 sq. f t . 
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14 Resource Workroom 
The resource workroom will be used for various tasks that involve preparation 

and maintenance of materials that will be used in the resource center. 

This area will be used for the mending and repairing of books, magazines, and other 
resource materials to be housed in the resource library. The area will also contain the adequate 
space necessary for the shipping and receiving of various resource materials. Finally, the space 
will provide the appropriate machinery (i.e. copy machines) necessary for the various functions 
of the resource librarian and resource teachers. 

The area will allow for a maximum of 3 occupants and will provide 50 sq. ft. for each 
occupant. 

Therefore, provide a resource workroom of approximately 150 sq. ft. that will 
facilitate the multiple tasks that are performed by the resource center administrators. 

Space; Resource Workroom 
Activities: Mending and repairing of books, 

magazines, and various 
rescues materials 

Packaging! unpackaging of 
resource materials 

issues: Orgalnzatlon 
Character: Modest, efficient 
Users; Resource librarian, faculty 
Total Occupancy: 5 
Adjacency: Resource center 
Equipment; Machinery and equipment 

necessary for the repair 
of resource materials 

Size; 150 sq. f t . 

I 
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15 Presentation Storage 

The presentation storage area will be used to house various presentation 
machinery and instrumentation that is not provided in each individual classroom. 

This area will be used to house various presentation equipment that may be accessed by 
any teacher of any teaching level or discipline, and at any time. Materials kept in this area will 
include overhead projectors, VCR/ television set-ups, specific computer programs, etc. 

The area will allow space for only one occupant at any given time and will provide 150 
sq. ft. of space for the various storage needs. 

Therefore, provide a presentation storage room of approximately 150 sq. ft. for 
the storage of miscellaneous presentation equipment. 

Space; Presentation Storage 
Activities; Storage of various presentation 

Instruments and 
machinery t ha t Is not 
provided In each Individual 
learning center 
{classroom) 

issues; Adequate space, efficiency 

Character: Modest 
Users: Faculty 
Total Occupancy: 1 
Adjacency; Resource center 
Equipment; Overhead projectors, VCR! 

television set-ups, 
computer programs, etc, 

(•Note; the equipment listed Is equlpmetn 
housed within hte space and not equlpmetn 
necessary to maintain the space) 
Size; 150 sq. f t . 



Spatial Analysis 

16 Seminar Room 

The seminar room will be used as needed for small group lectures or lessons in 
conjunction with materials that are acquired from the resource center. 

There will be two seminar rooms located near the resource center. Each of these rooms 
will serve a two-fold purpose - 1.) to provide resource teachers adequate workspace for small 
group meetings with their students, and; 2.) as a meeting place for groups of students involved 
in group assignments in the resource center. 

Each seminar room will provide space for up to 20 occupants each, and will provide 
150 sq. ft. of space for the groups studies that apply to these spaces. 

Therefore, provide a total of approximately 300 sq. ft." for two seminar rooms 
that will facilitate group interaction related to studies that develop in the resource 
center. 

Space; Seminar Room(s) 
Activities; Small group lectures 

Lessons correlating to resources 
collected from the 
resource center 

issues; Adequate space 
Convenience 

Character: Dependent on the resource 
teacher 

Users; Resource teachers, varolus faculty 
Total Occupancy; 20 
Adjacency: Resource center 
Equipment: varies {depending on the 

presentation! lesson) 
Size; 300 sq. f t . (2 rooms & 150 sq. f t . 

each) 



Spatial Analysis 

17 Individual Classroom/ Learning Center 

The individual classrooms will be used for structured study and concept 
reinforcement under the supervision of the students' assigned teacher. 

The student will spend most of his or her time in the individual classroom/ learning 
center under the supervision and direction of a single teacher. The area should contain 
adequate furnishings (desks, chairs, etc.) for the typical learning environment, as well as 
supplementary space that can be used at the teacher's discretion to provide emphasis to the 
educational topic. The learning centers should each have adequate equipment (lavatories, etc.) 

for preparation and clean-up of potential experimental studies, and should provide the space 
necessary to facilitate a variety of educational disciplines (biology, geology, etc.). Each 
learning center should also have a designated area which houses a small bank of computers that 
is linked via networking to school library and internet information. 

Space: Individual Classroom! learning 
Center 

Activities: Structured study and concept 
reinforcement under the 
supervision of one 
teacher 

issues; Flexibility 
[Character: Varies {dependent on teacher) 
i Users; Teachers, students 
[Total Occupancy; 25 
i Adjacency: Va rles 

! Equipment; Varies {dependent on teacher) 
Size; 20.000 - 27,000 sq. f t . (34 room & 

600 - &00 sq. f t . per 
room) 

There should be 34 learning centers (classrooms) in the school and each should provide 
600 - 800 sq. ft." of usable floor area for the various educational functions that may occur in 
them. 

Therefore, provide a total of approximately 20,000 - 27,000 sq. ft. of total floor 
space to accommodate a total of 34 individual classrooms and learning centers within the 
school. 



Sgatjal Analysis 

18 Restrooms 

The restrooms will be used to provide the necessary and convenient 
accommodations for the individual classrooms throughout the school. 

There should be 8 restroom facilities (4 boys and 4 girls) located at various, convenient 
locations throughout the school facility. It is important that these facilities be scaled giving 
great regard to the working heights of the elementary school students. Each boy's restroom 
should contain lavatories, water closets, urinals, and mirrors as considered appropriate. The 
girl's restrooms should also provide lavatories, water closets, mirrors, and counter space as 
necessary. 

Each of the restroom facilities should facilitate up to 5 occupants and should be 
approximately 150 sq. ft. in total floor area. 

Therefore, provide a total of approximately 1,200 sq. ft.'" of floor space for the 
necessary accommodations of boy's and girl's restrooms. 

Space: Restrooms 
Activities; Typical restroom uses 
issues: Convenient facilities 

Clean, sanitary environment 
Appropriately scaled furnishings for 

use by children 

Character; Clean 
Users; Students, faculty 
Total Occupancy; 5 

Adjacency: Varies 
Equipment; Typical restroom furnishings 
Size; 1.200 sq. f t . (4 boy's restrooms ® 150 

sq. f t ; 4 girl's restrooms 
150 sq. ft.) 
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Spat[al Analysis 

19 Music Center 

The music center will be provided as a place of encouragement and advancement 
of knowledge concerning both instrumental and vocal music. 

This area will be used for the primary purpose of musical education. The area will 
provide a small office for a music instructor of singing, instrument playing, and theory. The 
space will also contain adequate space for the collection and storage of the various instruments 
that might comprise a small elementary school band. 

The spatial geometry should be such that great regard is given to the collaborative 
effectiveness of the entire group. 

The space should accommodate a maximum of 50 persons with an allocation of 20 sq. 
ft. per person. 

Therefore, provide a music center of approximately 1,000 sq. ft." that will 
accommodate those students interested in the fine art of music. 

Space; Music Center 
Activities: Encouragement and 

advancement of 
knowledge for those 
Interested In both 
vocal and Instrumental 
music 

issues; Sound quality, sound transmission 
Character: LIvely 

Users: Music teacher, students 
Total Occupancy: SO 
Adjacency: 
Equipment: seating for aspiring musicians, 

Insturment storage 
Size: 1.000 sq. f t . 
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20 Speech Lab 

The speech lab will be provided as a supplementary classroom that is dedicated to 
the maintenance of proper reading and speaking habits. 

The speech lab will house various instructional video and audio tapes, as well as 
recording machines necessary for teaching correct speech patterns, and correcting bad speech 
habits. 

The speech lab will contain adequate space for 12 occupants and will be provided a 
total floor space of 300 sq. ft. 

Therefore, provide a speech lab of approximately 300 sq. ft." for the enforcement 
and encouragement of correct speech patterns. 

r^ Space; Speech Lab 
Activities: Maintenance ofproper reading 

and speaking habits 
Issues; Concentrated studies, minimize 

distractions/ 
Interruptions 

j Character: Varies {depends on the speech 
I teacher) 

\ Users: Speech teacher, selected students 
I Total Occupancy: 12 
Adjacency: 

Equipment; Instructional vlseo and audio 
tapes, recording 
machines 

Size: 500 sq. f t . 



Spatial Analysis 

21 Gymnasium/ Indoor Recreation Area 
The gymnasium/ indoor recreation area will be available to promote physical 

education and team involvement among students of similar ages. 

The gymnasium will be used as an area to involve students in general calisthenics 
exercises as well as indoor sports such as basketball, badminton, and volleyball. The 
gymnasium will also contain movable seating that may be accessed during the event of a large 
assembly of people. 

The gymnasium will accommodate a maximum of 200 people and will have a total area 
between 6,000 and 7,000 sq. ft.. 

Therefore, provide a gymnasium of approximately 6,000 to 7,000 sq. ft." to 
promote and enhance the physical education of the students of the school. 

Space; Gymnasium/ Indoor Recreation Area 
Activities; Physical education, team sports, 

various recreasltonal 
games/ activities 

Issues: adequate lighting, sound 
transmission 

Character; Typical gym environment 
Users; Physical education Instructor, 

students 
Total Occupancy; 200 

Adjacency; 
Equipment; basketball goals, various court 

arrangements (volleyball, 
badminton, etc.) 

Size; 6,000 - 7,000 sq. f t . 



Spatial Analysis 

22 Gymnasium Office 

The gymnasium office will be used for preparation of the day's activities by the 
school's physical education teacher. 

There will be two gymnasium offices that will serve as preparatory offices for the daily 
exercises and physical education that will take place each day as developed by the physical 
education teacher. The gymnasium offices will also house relevant information on the physical 
heahh of each student such as height, weight, emergency contact, etc. that will ensure both a 
safe and pleasant experience for each child. 

Each of these offices will be occupied by one coach/ physical education teacher and will 
be designed to have 100 sq. ft. of usable floor space. 

Therefore, provide gymnasium offices two gymnasium offices, each of 
approximately 100 sq. ft.," that will be used in the preparation and development of the 
P.E. sports and activities of the day. 

Space; Gymnasium 0fflce(9) 
Activities: Preparation of dally gym 

activities by the physclai 
education Instructor 

Issues: Organization 
Character; Lively 

Users: Physical Education coach(s) 
Total Occupancy: 1 

Adjacency; Gymnasium/ Indoor Recreation 
Area 

Equipment: filing equipment, weighing scales 
Size; 200 sq. f t (2 offices @ 100 sq. f t . 

each) 
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SpatiaI Analysis 

23 Recreational Storage 

The recreational storage area will be used for both short and long term storage of 
recreational equipment that is not currently in use. 

This area will provide adequate spatial requirements for the storage of mainly small 
recreational equipment, such as footballs, tennis racquets, soccer balls, etc.. The recreational 
storage area should be located adjacent to both the gymnasium and the gymnasium offices for 
security and convenience purposes. 

This area should provide shelving other storage type furnishings and will allow between 
300 and 400 sq. ft. of total storage space. 

Therefore, provide a recreational storage area of approximately 300-400 sq. ft." 
for the storage of various recreational tools and equipment that will be available each 
school day. 

Space: Recreatlohnal Storage 
Activities: short and long term storage of 

recreational equipment 
not currently In use 

issues; Convenience, organlzalton 
Character: Modest, effeclent 
Users: Physical education coaches, 

authorized faculty 

Total Occupancy: 3 
Adjacency: Gymnasium/ Indoor recreational 

facility 

Equipment; All recreational equipment (i.e. 
basketballs, volleyballs, 
tennis raquets, etc.) 

Size; 3 0 0 sq. f t . 

L 
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24 Gymnasium Restroom 

The gymnasium restrooms will be used to provide direct access to restroom 
facilities of all patrons of the gymnasium. 

This area will be located in proximity to or directly adjacent to the gymnasium, and will 
provide the typical fiimishings of men's and women's restrooms. The men's restroom will 
provide lavatories, water closets, urinals, and mirror space. The women's restroom will 
provide lavatories, water closets, mirror and counter space. 

There will be one men's and one women's restroom that will allow an occupancy of up 
to 5 persons at a time and will be designed within a total of 150 sq. ft.. 

Space; Gymnasium Restroom 

Activities; Typical restroom uses 
issues: Convenient facilities 

Clean, sanitary environment 
Appropriately scaled furnishings for 

use by children 
Character; Clean, modest 
Users; Students, faculty 

Total Occupancy; 5 
Adjacency; Gymnasium! Indoor recreational 
facility 
Equipment; Typical restroom furnishings 

Therefore, provide one men's and one women's restroom, each of approximately 
150 sq. ft.," in proximity to the gymnasium for convenience of the patrons of the gym. 
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Spatial Analysis 

25 Dining Hall 

The dining hall area will be used for the collection and service of daily meals to 
the students and faculty of the school. 

The dining hall will have movable furnishings (tables, chairs, etc.) that will allow for 
muhiple eating arrangements, and also for ease of maintenance and custodial clean-up. The 
dining hall will contain the necessary facilities to accommodate patrons that wish to enjoy 
either a sack lunch or a lunch prepared by the dietitian and staff 

Space; Pining Hall 

Activities: Student and faculty dining 
Issues; Cleanliness 

Appropriate lighting 
Character: Flexible, provides Independence 
Users: Students, faculty 
Total Occupancy: 200 
Adjacency: Pining hall kitchen 
Equipment; Adequate tables, chairs, 

booths, etc. 
Size: 3.000 sq. ft. 

The dining hall will provide space for approximately 200 students at a time and will be 
approximately 3,000 sq. ft. in size. 

Therefore, allow a dining hall of approximately 3,000 sq. ft." to accommodate the 
dining requirements of the school patrons throughout the school day. 
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Spatial Analysis 

26 Dining Hall Kitchen 

The dining hall kitchen will be used as a preparatory area for all meals that will 
be eaten in the dining hall on any given day. 

The kitchen area will contain preparation areas and all necessary cooking appliances 
and utensils that are necessary in maintaining an efficient meal preparation service. The kitchen 
will provide an appropriate amount of space so that work might be done with greatest 
efficiency. The kitchen area will contain only appliances of highest sanitary quality, such as 
stainless steel, in order to maintain a heahhy environment for both the patrons of the dining hall 
and the kitchen staff. 

The kitchen area will allow a total occupancy of 8 persons and will be allocated a total 
floor area of 800 sq. ft.. 

Space; Pining Hall Kitchen 
Activities: Preparation of dally meals 
issues: Efficiency, cleanliness, operablllty, 

adequate space for 

mobility 
Character; Modest 
Users; Kitchen s ta f f 
Total Occupancy; 6 

[Adjacency: Pining Hail 
i Equipment: High quality, easy maintenance 

appliances (usually 
stainless steel) 

Food preparation utensils 

(pots, pans, etc.) 
Size; 500 sq. f t 

Therefore, allow a kitchen of approximately 800 sq. ft. to directly serve the food 
preparation needs of the dining hall patrons on a daily basis. 
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27 Refrigerated Storage 
The refrigerated storage area will be used to store all foods that can only maintain 

their freshness within a cool, controlled space. 

This area will be used for storing all items that need refrigeration. 

Therefore, provide a refrigerated storage area of approximately 80 sq. ft.." 

Space; Refrigerated Storage 
Activities: Storage of foods tha t can only 

maintain freshness In 
cool, controlled space 

Issues; Climate control 

Character: typical 
Users; Kitchen s ta f f 
Total Occupancy; 1 

Adjacency; Pining Hall Kitchen 
Equipment; Refrigeration equipment 

Size: 50 sq. f t . 
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Spatial Analysis 

28 Dry Storage 

The dry storage area will be used to house bulk dry goods that will be used for 
preparation of the daily meals offered by the dining hall. 

The area will be used to store all dry goods, non-perishable foods, and products 
needing no refi'igeration. 

Therefore, provide a dry storage area of approximately 150 sq. ft." for the storage 
of foods needing no refrigeration. 

Space; Pry Storage 
Activities: Collection of bulk dry goods used 

In dally meal preparation 
issues; Moisture control 
Character: typical 
Users; Kitchen staf f 
Total Occupancy; 1 
Adjacency: Pining Hall Kitchen 
Equipment: N/A 

Size; 150 sq. f t . 



Spatial Analysis 

29 Dietitian's Office 

The dietitian's office will be used as a preparatory area for the daily, weekly, or 
monthly schedules of the meals offered by the kitchen staff in the dining hall. 

This area will provide adequate desk and shelf space for appropriate texts and materials 
relating to health, dietetics, and meal plans for elementary school students. This area should 
contribute and compliment the overall efficiency of the meal preparation process by the kitchen 
staff. 

This area will accommodate only the school dietitian and will occupy approximately 
100 sq. ft. of total floor area. 

Therefore, provide a dietitian's office of approximately 100 sq. ft." for the meal 
schedule preparation for dining hall patrons. 

Space; Oletltian's Office 
; Activities; Pally, weekly, and monthly meal 

schedule preparation 
Iggues: Provide adequate space to 

compliment meal 
preparation tasks 

Character: Modest, efeclent 

Users; Pletltlan 
Total Occupancy: 1 

Adjacency: Pining Hall 
.Equipment: Computer, telephone 
jSlze: 100 sq . f t . 
1 
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Spatial Analysis 

30 Kitchen Staff Toilets/ Lockers 

The kitchen staff toilet/ lockers will be designed to provide convenience for the 
kitchen stafTand to maintain a sanitary working environment. 

The lockers and toilet area of the kitchen staflFwill provide the appropriate 
accommodations to facilitate storage of personal belongings of the khchen staff" while at work. 
The toilet area will also provide the necessary equipment for the washing and cleansing of the 
kitchen staff so that a sanitary environment is maintained during food preparation. 

The area will accommodate up to 8 employees and will allow approximately 15 sq. ft. 
per person. 

Therefore, provide a kitchen staff toilet/ locker area of approximately 120 sq. ft." 
for the storage of personal belongings and maintenance of a sanitary environment in 
regard to the kitchen staff. 

Space; Kitchen Staf f Toilets/ lockers 
[Activities: Personal preparation before 
I cooking duties 

Issues: Cleanliness, convenience 

Character; Clean, modest 
Users: Kitchen staf f 

Total Occupancy; 8 
Adjacency: Kitchen (possibly) 

Equipment; Storage lockers, typical 
j restrom furnishings 

Size; 120 sq. ft. 
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31 Wash Room 

The wash room will be used for the cleaning of dishes, flatware, and various 
containers used during the mealtime period and used in preparation of meals on each 
school day. 

The wash room will provide the necessary utilities, appliances, and hardware needed to 
clean and store the dishes that have been used within the dining hall each day. 

The wash room occupancy will be 3 persons and the total area allocated for this space 
will be 300 sq. ft.. 

Therefore, provide a wash room of approximately 300 sq. ft.' for the cleaning of 
dishes used within the dining hall on any given school day. 

Space: Wash Room "1 
Activities: Cleaning and washing of dishes, 

containers, flatware, 
drinking glasses, etc. 

Issues; Convenience, cleanliness 
\ Character; Modest 
i Users; Kitchen staf f 
Total Occupancy: 5 
Adjacency: Pining Hall Kitchen 
Equipment: Necessary utilities, 

dishwashers, storage 
racks 

Size: 5 0 0 sq. f t . 
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{Context Issues 

Hlstortcal Contempt 

Important Historical Figures 
Quitman, Texas has a fascinating history and was named after a Mississippi 

politician who came to the aid of the Texans in their fight for Independence from Mexico. 
Quitman was named In honor of John Anthony Quitman (1796-1656), a lawyer and Major 
General in the United States Army. 

The City of Quitman was founded In 1650 and was chosen as the county seat of 
Wood County. The county was named after George Thomas V/ood, Texas' second 
governor. 

Issue; The Need for and identifying Element 
Although Quitman and Wood county were both named after influential men in the 

histories of both the State of Texas and the United States of America, the architecture 
does not suggest the pride that should be obvious considering the town's respectable 
beginnings. The town also shows little evidence, beyond the existence of the county 
courthouse, of being a productive and influential county seat. The architecture of the 
town speaks of modesty and intimidation when i t should probably evoke feelings of pride 
and dignity. Quitman needs a significant piece of architecture that will demand that the 
town is Identified, both locally and throughout the state. 

Pesign Response: The design, through the use of technology transfers, should produce 
an architectural icon that speaks not only of the pride of the town, but also of i ts 
anticipated Influences both locally and statewide. 



Context Case Study 

Berlin's Jewish School - Creating Identity Through Architecture 

Arcliitect/ Engineer: Zvi Hecker 
location: Berlin, Germany 
Completion Pate; unknown (because of 

i project status) 

Zvi Hecker's Jewish school In Berlin is a c^uite obvious example of architecture that 
is used as an Identifiable element within a community. "Hecker's project is a singular 
attempt to integrate the particular programme of a Jewish school and to understand i t 
as a metaphor of a still greater task, namely that of an optimistic outlook for the Jewish 
community in Berlin. It deals creatively and imaginatively with a child's need as a whole 
human being and does not treat the school merely as a function of the daily routine."' 
According to Hecker, the idea of the school sprang form his "persistent interest in the 
sunflower, i ts commonplace usefulness, solar dynamics, and above all i ts cosmic 
relationship of spiral orbits, intersecting one another along precise mathematical 
trajectories."' 

In essence, Hecker's proclaimed characteristics of the sunflower are the 
fundamental issues that many architects strive to achieve in their work - functionality 
(usefulness), dynamics, and harmonious local and global contextual relationships. 

The noteworthlness of Hecker's work is evident In the project's ability to provide 
the functional needs of a school building while also creating an identifiable element within 
the city. By creating such a harmonious departure from the architecture of the 
community, Hecker has created an element that will not only be identifiable through this 
specific community, but also as a reminder of the strife that was inflicted on the Jewish 
community in Germany throughout the early and mid-twentieth century. 

^^^^m Site plan of Zvi Hecker's Jewish 
School In Berlin. (Architectural 
Review, p. 72) 
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Context Issues 

Built Context 

Issue; Contextual Dynamics Through Pleasant Opposition 
Quitman contains a built context that is stereotypical of "Small Town, USA". The 

layout of the town consists of a "main" street which serves as a spine in organizing the 
most Important buildings in the town (i.e. the schools, the hospital, city hall, etc.). Over 
time, the growth of the town has not been expressed in i ts architecture. It seems that 
rather than applying new and Innovative architectural practices, to mimic the 
advancements of the town, most of the architecture tends to "follow suit" and become 
monotonous. It is critical that the community break this cycle of monotonous 
architecture, and allow a new architectural trend to be established that will speak of the 
growth and aspirations of the town. 

Pesign Response; The elementary school facility, through the use of innovative materials 
and dynamic forms, should create a harmonious departure from the typical and 
sometimes predictable architecture that contradicts the growth of the town. 

Frank Gehry's Guggenheim 
Museum Bilbao opposes the 
"norm" by using Immaglnatlve 
shapes and Innovative 
materials. (Stein, p. 82) 



I Context Case Study 

The Eiffel Tower 

Architect/ Engineer: Gustave Eiffel 
location: Paris, France 
Completion Pate; 1gg9 
Structure; Cast iron 
Weight; 9,700 tons 
Height; nearly 1,000 f t . 

The Technology Transfers of an Icon 

Quite possibly one of the greatest "icon" structures to ever employ technology 
transfers is the Eiffel Tower in Paris, Prance. The tower was originally erected to com
memorate the centennial of the French Revolution, and at the time was nearly twice as 
tall as the world's tallest man-made structure - the Washington Monument. 

Eiffel's design marked the f i rst time in history that engineering forms were the 
goal of a tower builder. Before then function was dictated by human concerns: worship 
or military surveillance. Eiffel, however, used technology transfers regarding building ma
terials, building construction, and systems Innovations to create an architectural icon 
that to this day serves as a reminder of the possibilities of architectural and engineering 
collaboration. 

The technology transfers used by Eiffel a t this time seem to be fairly minor contri
butions to architecture, but actually these contributions have helped both the architect 
and engineer develop a better understanding of materials and buildings systems that can 
still be applied in contemporary architecture. The first example of technology transfer 
used by Eiffel is that he became the first man to ever use cast iron construction to build 

The Eiffel Tower etande, not only 
ae a reminder of the Innovative use 
of caet Iron, but also ae an Icon 
etructrue tha t has always been, 
and will always be associated with 
the city of Paris, France. 
(Newhouse, p. 96) 
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Context Case Study 

The Eiffel Tower (cont inued) 

vertically. Until this time, many horizontal structures (primarily bridges) had been built 
using cast iron, but not a tall structure. With engineering precision, and patience. 
employing 30 draftsmen for 16 months, Eiffel had successfully transferred the 
technology of bridge design Into one of the most beautiful towers ever known to the 
architectural world. 

Another of Eiffel's technology transfers is evident in the four legs of the tower. It 
is in these legs that Eiffel placed hydraulic jacks. With these jacks, Eiffel could raise or 
lower the jack height to ensure that the tower (and all of i ts components) were brought 
into perfect alignment and loads were transferred appropriately. Eiffel also transferred 
some of his knowledge of bridge construction to the assembly effort of the Eiffel Tower. 
The cast iron pieces were designed, prefabricated, and then brought to the site for 
assembly. The construction of the Eiffel Tower marks one of first major projects in which 
prefabrication was a factor in reducing construction assembly time of a tall structure. 

As we can see, Gustave Eiffel was more than a mere architect or engineer. His 
case is one of significant precedence in depicting the Importance of technology transfer. 
Not only did Eiffel use a known technology to design and develop systems of construction 
that are still evident in contemporary architecture, but he ultimately used collaborative 
technologies to create one of the greatest architectural icons of all time, and a lasting 
reminder of the Importance of technology transfer. 

Hultlpla etagae of completion of the 
Eiffel Tower - January 7,180S (C); 
April 27.1S8S (B), and; an unknown 
date In ISSS (A). The Eiffel Tower 
etill eerve© ae proof of an architect/ 
bulldlar "etracthlng the llrnhte" of 
building construction technli^uae and 
building material properties. 
(Newhouee, p. 93) 
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Context Issues 

Natural Context 

location: 
Quitman, Texas is located In the northern part of East Texas. This area of Texas 

is located a t the southern t ip of "tornado alley". As seen in Figure 69, Quitman is 
located on the border of the tornado area that is classified as high risk. The need for 
this community to invest in tornado protection rec^uires little argument considering the 
high tornado risk status of the area. 

This area of Texas is commonly referred to as the Piney Woods of East Texas. This 
nickname was given to the area because of the vast amount of tall pine trees and 
numerous pine thickets in the area. The fact that this area contains such an abundant 
amount of these trees is probably beneficial to the area in terms of windstorm 
protection. Not only can these evergreen trees divert winds year around, but during a 
tornado situation they could potentially be used to catch debris. 

The map depict natural hazard risks. 
Quitman Is located In the extreme 
risk category for tornadoes. (AIA, p. 
13) 
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Site Analysis 

Primary Transpor ta t ion Route 

Secondary Transportation Route 

Tert iary T ranspor ta t ion i?oute 

"Note; Vehicular access to the site regard
ing adjacent streets. It Is Important to 
note t ha t many vehicles will also be access
ing Hivy. 154 via rural farm-to-market roads 
outside of town. 

I The primary circulation 
route to the site will be on State 
Highway 154. (See Pig. 70) 
Secondary feeder roads will 
generally feed Into thie primary 

: thoroughfare of the town. 
; Secondary circulation to the site 
should be considered to come from 
Wayside Drive, Lance Road, and 

' Paul Street from the West, and 
Tomie Street from the East. It Is 
important to note that a vast 
amount of the students attending 
the school will live in more rural 

i settings surrounding the town and 
will approach the site via Highway 
154 after accessing this highway 
from various Farm-to-Market 
roads. 

I A majority of the students 
will be brought to the site by 

i school bus along Highway 154. The 
' other students will be "dropped 
off" by parents or guardians at the 
school's entrance. 
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Site Analysis 
Typical tornado winds will 
approach a site form the South
west travelling Northeast. This 
particular site is heavily 
surrounded by pine trees on all 
four sides, and particularly from 
the Southwest. (See Fig. 71 and 
Fig, 72B) These trees could prove 
an asset to the site in terms of 
lowering wind velocities around 
the building. 



Context Issues 

Natural Context 

issue: Increased Protection Through Natural Vegetation 
Natural vegetation located on any particular site can produce "mixed emotions" 

concerning the event of a windstorm. In some cases, wind forces cause trees located 
near a facility to fall on top the building causing severe structural damage. However, the 
trees may also act as an asset in many cases. Vegetation located near the site may 
provide a significant obstruction so that the wind velocity profile is essentially raised, 
subseciuently lowering forces and pressures due to wind speed. The trees may also act 
as a "safety net" by catching airborne missiles that could prove to be a detriment to the 
structure. In most cases, it appears that nearby vegetation serves as a greater asset 
than detriment to the facility. Therefore, placement of the project should be such that i t 
utilizes the potential safety characteristics of the natural vegetation while minimizing the 
chance of structural failure due to a falling tree. 

Veslgn Response: The project, by proper placement and orientation with regard to 
vegetation, should enhance the protective features of the site while minimizing the 
potential detriments of the natural vegetation. 

' * * ' r ^ ^ 
This tree stopped this 
small trailer from 
possibly causing 
structural damage to a 
nearby facility. 

•Note: The placement of the facility should be such that existing trees will not fall onto 
the facility causing structural failure. Any trees planted subsec^uent to the completion 
of the project should follow a similar approach regarding their placement. These newly 
planted trees should be placed such that consideration of their height (at maturity not 
at youth) will not allow them to fall on the structure during the event of a windstorm. 
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Context Issues 

Natural Context 

Issue: Increased Protection Through Natural Vegitation 

Concept Diagram #1 Concept IPiagram #2 Concept Diagram #3 

1 AIR FLOW 

: ;2 j_: ; -— s»^^^s 

:^^; 

a^jT • M M ' -

:- l l 
: REQIIteCTINB AIR ^LOW ' 

Trees, and other vegetation, 
placed near buildings can help 
to redirect the wind over the 
structure, (Klesling) 

I WIMP ) 

HALTINO WINO PATTERN 

BFfUSfD WIND 

DIFFUSING WIND PATTERN 
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Space Summary 

Spatial Description 

Administration Spaces 
Principal's Office 
Secretary/ Waiting Room 
Counselor's Office 
Health Center 
Nurse's Office 
Lounge/ Kitchenette 
Main Computer Room 
Operating Center • 
Resource Librarian's Office 
Resource Office 
Dietitian's Office 
Net Area 

Service Spaces 
Work Room (faculty) 
Faculty/ Staff Restrooms 
Resource Work Room 
Presentation Storage 
Restrooms (general) 
Kitchen Staff Toilets/Lockers 
Net Area 

Instructional Spaces 
Resource Center 
Seminar Room 
Individual Classroom 
Music Center 
Speech Lab 
Net Area 

Area 

240 sq. ft. 
400 sq. ft. 
180 sq. ft. 
250 sq. ft. 
100 sq. ft. 
500 sq. ft. 
125 sq. ft. 
180 sq. ft. 
120 sq.ft. 
60 sq. ft. 
100 sq. ft. 

500 sq. ft. 
200 sq. ft. 
150 sq. ft. 
150 sq. ft. 
150 sq. ft. 
120 sq. ft. 

2,400 sq. ft. 
150 sq. ft. 
800 sq. ft. 

1,000 sq. ft. 
300 sq. ft. 

1 

1 
j 
1 Quantity 
! 
i 1 
1 1 
1 1 

1 
1 
1 
1 
1 
1 
2 
1 

1 
1 
1 
1 
8 
1 

1 
2 

' 34 
1 
1 

1 1 

Total Area 

240 sq. ft. 
400 sq. ft. 
180 sq. ft. 
250 sq. ft. 
100 sq. ft. 
500 sq. ft. 
125 sq. ft. 
180 sq. ft. 
120 sq. ft. 
120 sq. ft. 
100 sq. ft. 

2,315 sq.ft. ., 

1 
500 sq. ft. j 
200 sq. ft. j 
150 sq. ft. 
150 sq. ft. 

1,200 sq.ft. 
120 sq. ft. 1 

2,320 sq. ft. 

2,400 sq. ft. 
300 sq. ft. 

27,200 sq. ft. 
1,000 sq. ft. 

; 300 sq. ft. 
j 31,200 sq. ft. 

Total 
Users 

4 
10 
3 
5 
1 

20 
3 
3 
2 
2 
1 

10 
4 

^ 1 
I 1 

40 i 
8 

60 
40 
850 
50 
12 

Reference 
Space 

Number ! 

1 
2 
3 
4 
5 
7 
9 
10 
12 
13 
29 

6 
8 
14 
15 
18 
30 

11 
16 
17 
19 
20 

Reference 
Page 

48 
49 
50 
51 
52 
54 
56 
57 
59 
60 
76 

53 
55 
61 
62 
65 
77 

58 
63 
64 
66 
67 

^ 



Space Summary 

Spatial Description 

Recreational Spaces 
Gymnasium/ Indoor Rec. Area 
Gymnasium Office 
Recreation Storage 
Gymnasium Restroom 

j Net Area 

Dining Spaces 
Dining Hall 
Dining Hall Kitchen 
Refrigerated Storage 
Dry Storage 
Wash Room 

I Net Area 

Area 

7,000 sq. ft. 
100 sq. ft. 
400 sq. ft. 
150 sq. ft. 

3,000 sq. ft. 
800 sq. ft. 
80 sq. ft. 
150 sq. ft. 
300 sq. ft. 

Total Area 

7,000 sq. ft. 
200 sq. ft. 
400 sq. ft. 
300 sq. ft. 

7,900 sq. ft. 

3,000 sq. ft. 
800 sq. ft. 
80 sq. ft. 
150 sq. ft. 
300 sq. ft. 

4,330 sq. ft. 

200 
8 
1 
1 
3 

Reference 
Space 

Number 

21 
22 
23 
24 

Summary of Space Allocations 

Net Square Footage 
Net Area ^ 48,065 sq. ft. 

Total Usable Area* 
jTotal Usable Area = Net Square Footage/1.3 = 36,975 sq. ft. 

Gross Square Footage** 
i Gross Area = Net Area x 1.2 = (48,025 sq. ft. x 1.2) = 57,680 sq. ft. 

] *Total usable area is considered the area 
i allocated specifically for an individual 
j witliin a particular space. No consideration 
I is given to needed circulation space, and 
I therefore it is considered 30% less than the 
net area. 

! **Gross area takes into consideration a 
I space allocation for the various interior and 
exterior walls, and is therefore factored as 

; being a 20% greata* area than the net area. 
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Design Pfoceee - Schematic Review 1 {December 1996) 

CoY\cept #1 
The following floor plan, circulation plan, and model photographs Illustrate the f i rst 

design concept. The design intention was to provide curvilinear forms which housed all of the 
necessary programmatic spaces that were reo\ulred for the facility. The plan shows one primary, 
circular form of occupant circulation. The circulation plan shows how easily and effectively all 
building occupants can access the shelter area (library) located In the center of the facility. 

The primary concern of this design was to produce an aerodynamic form that would 
reduce the damaging effects of tornadic winds. However, it was obvious that not enough 
consideration had been given to the quality of space available to the users Inside the building. 

Study model - view #2 



Deelan Process - Schematic Review 1 {December 1996) 

Concept #1 (continued) 
The building was to use curvilinear, dynamic forms to create interest for the students, 

and to provide a pleasant contrast with the surrounding context, which is primarily brick homes. 
The exterior finish was to be galvanized metal, similar to that used by Frank Gehry in his 
Guggenheim Museum located In Bilbao, Spain. This material was chosen for the exterior because 
of the Inherent yield strengths of steels in tension. Using steel, the building skin could act as a 
net - preventing missile penetration. 

-^r-«-

• i i i i i * 1 » 
Ho«T» ».fV<mo»t 

Nortli elevation of concept #1. 

n»»f 1 r 
C f t r si.«.f*T»o^ 

East elevation of concept #1. 

i i T f r I ^ « j - m tijKiiATi*.) 

"^"57" c? gz= t ^ " \ 
i jwiif Ti y We»T «tW*Tl<r/Nj 

Soutli elevation of concept #1. West elevation of concept #1. 
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I Design Process - Schematic Review 1 {December 1935) 

Concept #2 
The second concept also proposed one primary circulation path that would allow the 

building occupants to ciuickly and easily seek shelter. The shelter space would once again be 
placed in the center of the facility so that It would provide protection based on Its location within 
the facility. As with the f i rst scheme, this concept supported a serpentine building form to 
Increase the aerodynamics (of the wind) over and around the building. 

However, as was the case In the previous design concept. It became obvious that primary 
concern was given to the building form and not to the overall equality of the interior space. 

^iifiM!iiiLiLiiii^., 

circulation plan of concept #2. 
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Design Process - Schematic Review 1 {December ]99&) 

Concept #2 (continued) 
The elevations shown below demonstrate the curvilinear, serpentine building forms 

proposed In this second concept. Structural ribs would frame the building, and be filled in with a 
performance based material such as Kevlar (by DuPont). 

However. It became obvious that the building, although Interesting In form, lacked the 
(Qualities that were necessary for a school With great regard given to the aerodynamics of the 
overall building form, the user had once again been neglected in this design concept. 

^^^M Northi elevation of concept #2. 

VMNT I . r 

Soutli elevation of concept #2. 

£->.̂ r e..evAT't+J 

East elevation of concept #2. 

West elevation of concept #2. 
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I Design Process - Schematic Review 1 {December 1996) | 

Structural Concepts 
The following Illustrations depict some of the initial design thoughts concerning the 

structural envelope of the building. The sketches shown are an attempt to use technology 
transfers of conventional materials and/or machinery in a non-conventional approach to building 
design. The proposed structural schemes shown suggest using a non-structural skin {such as a 
metal siding) stretched over a structural steel frame that would act as a net in catching 
potential missiles. These design concepts suggest the use of common machinery such as 
automobile shocks {see Fig. 92), to help the exterior sheathing of the building yield under a 
missile load. 

^ ^ i U o . , 

tnUfir %«<- r**i., 

i/jAa SecTioki 



Deelan Process - Schematic Review 1 (December 1996) 

Concept #5 
The third design proposed was driven by the idea of the protection provided In a nautilus 

shell. The sections demonstrate that the building would be partially burled into the ground, using 
the site to provide protection. This design scheme was rejected for two reasons. First, an 
enormous cost would be required In excavating the earth. Second, this study would provide very 
little new knowledge to the architecture and design professions. After all. we know that 
protection is provided by burying things in the eart^h, so It seems as If this design approach 
avoids the problem of wind protection rather than generating new and innovative design 
alternatives. 



Deelqn Process - Schematic Review 1 {December 1996) 

Additional Concepts 
Other Ideas that were explored during early phases of the design process are Illustrated 

In the figures below. Theme 1 (Fig. 95) depicts the attempt to control wind forces through the 
aerodynamics of building form. Theme 2 (Fig. 96) illustrates an example of using louvered 
shading devices that could be engaged by the wind itself to slide over the window and protect It. 

Design scheme showing building 

aerodynamics. 

Louvered shade/ window 
protection device. 

J-Nv^y 54! 
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Design Process - Schematic Review 2 (February 1999) 

Organizational Diagram 
Prior to the development of new design concepts, i t was necessary that the project be 

given greater direction and a basis of overall synthesis. An organizational diagram was created 
which related the building to the site, the interior and exterior of the building, and user patterns 
throughout the building and site. In this phase of the project, the necessary nodes of interest in 
and around the site were identified, and the spatial relationships, throughout the building, were 
established. The creation of these diagrams Is a crucial step in the design process, because 
without having solved the fundamental organizational principles of the project, the overall design 
will lack the direction needed to produce a legitimate solution. 



Design Process - Schematic Review 2 (February 1999) 

Concept #4 
The fourth concept presented during the second schematic review was one that provided many 

more alternatives for learning within the facility. Thie design proposed a dynamic form such ae that of 
a tornado. The core of the facility would be the shelter area and all circulation spaces would generate 
from thie core. The varioue wings that extend from the central space would provide a variety of 
exterior courtyards that could be used for teaching spaces. 

This deeign wae lacks aerodynamlce which preeente problems for the classroom winge. A 
windstorm could easily deetroy a wing, eince they tend to absorb wind forcee rather than deflect 
them. 

^ 9 Shelter areas In concept #4, 

Circulation plan of concept #4, 



Design Process - Schematic Review 2 (February 1999) 

Final Tliougiitg Following Schematic l̂ eview #2 
Following the second design review. It was still obvious that the design lacked 

consideration of the children. This review provided an Important turning point in the design, 
because i t led to the development of an educational agenda that would govern various aspects of 
the project until it's completion. Research on the educational philosophy of Maria Montesori now 
directed the design. Her philosophy Is student-centered rather than teacher-centered learning. 
She understood that each child learns differently, at different rates, and develops different skills 
throughout their education. The philosophy encourages each child to learn based on the unique 
talents that each individual child had. I chose to Integrate this philosophy into the design 
process at this point In order to produce some direction for the design in terms of educational 
amenities for the facility. 

• • • • 
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List of jury comments prior to the second schematic design review. 





Deeign Process - Final Deeign {February - May 1999) 

Initial Concepts Leading to the Final Design 
From that point onward, prior to the second schematic review, conceptual drawings 

Incorporated the educational ideals of the Montesori school with the occupant protection 
requirements of the thesis. At this point, exterior amenities such as a baseball field and the 
bleachers tha t served it, could potentially be used as protective elements within the facility. This 
provided a way to actually create a harmony between education and recreation - two activities 
that are crucial In a child's development. As seen in the following illustrations, the bleachers of 
the baseball field were beginning to become a part of the exterior structural envelope of the 
building. Reinforced concrete bleachers would create the building envelope, providing an asset in 
terms of building form, aerodynamics, and structural integrity. 

I 

r 



I Design Process - Final Deeign (February - May 1999) 

Preliminary Floor Plans Leading to the Final Design 
Slowly the different Influences of the organizational diagrams, concept sketches, and 

additional research began to produce a series of more tangible floor plans. At this point, the 
building integrates exterior and Interior spaces, to produce a learning environment that is more 
student-center than the conventional, contemporary school. 

The following illustrations show a central core area, radiating circulation paths, and 
centrally located shelter areas combined to create easy access to protection during a tornado. 
In terms of education, the building acknowledges that all students learn differently, and therefore 
provides not only traditional classrooms, but also group and individual learning areas. This would 
allow not only a variety of learning alternatives for children, but also teaching alternatives for the 
faculty. 
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Deeign Product - Final Deeign (February - May 1999) 

Controlling \e&uee leading to Final Design 
Two Intertwining themes are the basis of study in this thesis. From an educational 

perspective, one of the themes is to provide a quality educational experience for each of the 
children in the school. The other theme encompasses the Idea that all of these children should be 
provided protection In the event of a tornado. The final product combines the issues of each of 
these themes to produce a product that will address both the educational and protection 
concerns of a school. 

In addressing these Issues, the design Introduces a layered strategy. Regarding 
education, there are different stages of development that a child must attain in his or her 
scholastic career. Each of these stages provides a certain amount of character that will 
ultimately help to mold each of these young people into the unique individuals that they will be 
throughout life. It is Important that the architect realizes his role in the development of these 
children and provide them with an educational experience that Is uniquely superior to the 
traditional school approach. By providing various educational alternatives young children can 
develop an enthusiasm for learning that many times gets lost In the conventional classroom. 

The issue of occupant protection Is one In which a layered strategy seems quite 
legitimate. Research suggests that varying degrees of protection can be developed at the levels 
of site, building envelope, and shelter. By appropriately designing these layers, the vulnerable 
occupants of an elementary school become a much more protected community and are ultimately 
subjected to a decreased risk in the event of a disastrous windstorm. 



Deeign Product - Final Deeign (February - May 1999) 

The Site 

KeqardlnQ Education'. 
The site has been designed specifically with children in mind. A baseball field and outdoor 

performance areas have been physically Integrated Into the exterior of the building to allow the 
children to be "closer" to activities that they enjoy. Nodes. In the form of pavilions have been 
created along axes created by the building. It was the Intent that these nodes would help to 
develop the entire site while also making it a journey for the children across the site. Finally, 
burmed earth helps to distinguish the various areas of the site including learning areas, playing 
fields, and outdoor performance areas. 

KegardlnQ Occupant Safety: 
Various levels of windstorm mitigation have been created across the site. First, a 

series of trees stretch across the perimeter of the site. These would be various types of 
coniferous trees that would help to deflect debris from the building. The next layer of protection 
at the level of the site is the burmed earth. The burms serve two primary purposes: First, the 
burms deflect low flying debris and prevent it from piercing the building envelope. Second, burms 
deflect winds over and around the building. 



Deeign Product - Final Deeign (February - May 1999) 

The building Plan 

Regarding Education: 
The building has been arranged so that It Is consistent with the educational philosophy of 

the Montesori school. Children are encouraged to learn at their own pace and to develop the 
skills and talents tha t they have regarding the subjects that they enjoy. Specific disciplines, such 
as art, music, and science have designated areas within the building for the students who enjoy 
these areas of study. However, not all of the study areas are in the traditional classroom form. 
There are also group and individual study areas for those who can concentrate better in a more 
private setting. There are also larger assembly areas for when a majority of the students are 
called together for general announcements or speeches. 

Regarding Occupant Safety: 
Several areas of the building have been developed with occupant protection as the primary 

concern. First, there is a reduction In the amount of classroom "wings" which protrude from the 
building. Second, the building has been developed as one large mass. This ensures that the 
building Itself provides Increased protection to the safe areas. Shelter areas are located In the 
center of the building so that the building itself provides significant protection for the shelter 
spaces. 

As seen in the plan showing access time to the building (Fig. 112), the shelter areas are 
located so tha t most of the occupants within the building could reach the shelter in less than 
two minutes [traveling at 1 mile per hour (1.47 feet per second)]. It should be noted that some 
additional time should be added In order to allow all of the occupants to be seated correctly 
within the facility, however this would provide ample time to reach the shelter considering the 
warning times provided by contemporary meteorological instrumentation. 

•Note: Please eee the next page for building plans 
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Deeign Product - Final Deeign (February - May 1999) 



Deeign Product - Final Deeign (February - May 1999) 

The guilding Envelope 

Regarding Education'. 
The building envelope has been developed specifically with both the children and 

community at large in mind. The building envelope provides a somewhat playful and dynamic 
facility for the children while contrasting with the surrounding houses in the area. The building 
exterior consists primarily of cast concrete, stucco, and precast concrete panels. The walls of 
the assembly area protrude through the roof of the structure. A large clock marks the entry 
from the north and creates a landmark for the school. 

Regarding Occupant Safety: 
A series of concrete ribs creates the primary structure of the building. These ribs help to 

provide mass, weight, and subsequently rigidity to the exterior walls of the facility. Louvered 
shading devices, around the windows, are constructed of moderate gauge steel, and can be 
activated to protect the windows in an extreme wind event. Windows consist of Lexan glass 
polymer which has been tested as missile resistant by the Texas Tech University Wind Engineering 
Research Center. Another set of features which adds to both the architectural aesthetics of the 
building as well as the structural rigidity. Is the planters that are located within the perimeter 
walls of the structure. Constructed of cast in place concrete, they would be tied with reinforcing 
steel to the exterior walls of the building to Increase the structural redundancy of the building 
envelope. 

'Note: Please see the next page for bulWIng elevations 





Design Product - Final Deeign (February - May 1999) 

The Building Sections 

Regarding Education: 
To provide a variety of different learning atmospheres for the children, varying room 

heights were Introduced to help designate public from private spaces, and collective spaces from 
individual study spaces. Hallways are lit with natural light through semi-circular skylights above. 

Regarding Occupant Safety: 
With great regard given to wind mitigation, the surrounding landscape and building 

envelope have been designed to create structural rigidity for the building while also Increasing 
aerodynamics over and around the facility. 

Lining the perimeter of the site are coniferous trees which will decrease wind speeds and 
deflect debris from the building. Burms help to create aerodynamics over and around the facility. 

Shelter areas located In cylindrical elements In the building are constructed of reinforced 
concrete to ensure ultimate safety In an extreme wind event. The surrounding building envelope 
should provide additional protection for the shelter areas. 

'Note: Please see the next page for building sections 
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Deeign Product - Final Deeign (February - May 1999) 

The Suilding Sections 

J^^rr^^rit 
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Section A-A 
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Deeign Product - final Deeign (February - May 1999) 

The Building Structure 

Regarding Education: 
The structural system has a layered strategy as well. The building has three monolithic 

concrete structures (two of which are the safe areas). However, these massive structures are 
also contrasted with a very light, steel skeletal system. Contrasting these two systems provides 
flexibility and a variety of learning spaces within the building. 

Regarding Occupant Safety: 
The shelter areas have been designed as reinforced concrete cylinders that are ultimately 

safe In a windstorm event. Structural reinforced concrete walls which protect each entryway. 
These walls prevent the glass In the doors from being broken and also prevent the entry corridors 
from becoming wind tunnels. The reinforced concrete bleachers also provide structure to the 
building. Finally, reinforced concrete planters have been placed around the perimeter of the 
building to provide additional structural rigidity to the building envelope. 

|~MCCMANrnAL ruA.N 1 ^ 

Mechanical plan 



Deeign Product - Final Deeign (February - May 1999) 

The Wall Sections 

Gymnasium Wall: 
The gymnasium wall requires special consideration when designing for wind protection. 

These walls are typically very tall and support large spans, generally creating many problems 
concerning the structure of the building. 

In this particular case the gym wall Is designed of typical concrete masonry unit 
construction. However, the wall contains bond beams at every six courses (4 feet O.C.) along the 
vertical height of the wall. These bond beams reinforce the wall both horizontally and vertically. 

The roof of the gym is an entirely different case In Itself. Roof attachment In an extreme 
wind event has been a consistent problem In windstorm design. Here the roof Is a metal pan roof 
system with a concrete topping. The concrete top Is covered with a membrane that is heat 
sealed at the seams. The most Important consideration of the roof Is a rigorous fastening 
schedule of the roof to the structure, which probably provides the greatest asset in terms of the 
roof not being blown away. Another Important consideration is that a roof should not be 
constructed of exposed metal parts since they become "flying razorblades" after being ripped 
from the top of the structure. 
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The Wall Sections 

Typical Exterior Wall: 
Exterior walls use transfers of technology of building materials. The exterior wall consists 

of an innovative Insulated panel. The structural Insulated panel Is held In place inside the wall by 
steel C-sectlons that are anchored to the wall. The face sheets of the SIPs are steel sheet metal 
which is tack welded to the C-sectlons a t the joints. The combination of the structurally Insulate 
panel and sheet metal facing provides both a structural mass and a yielding element that can 
act as a net in preventing missile penetration. 

Shelter Walls and Ceiling: 
The walls in the shelter area are constructed of reinforced concrete and support a 

reinforced concrete waffle slab roof. This wall section has been tested by Texas Tech University's 
Wind Engineering Research Center as being safe from missile penetration. Providing ultimate 
safety for the occupants, the shelter will also remain stable (due to Its weight and mass) and 
resist missile Impacts. Section through exterior wall. 
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Interior and Exterior Spaces/ Views 
Figures 126 and 129 show various Interior and exterior views of the design. The classroom 

views show the quality of space that the children would learn In on a dally basis. The classroom 
amenities Include skylights and specially designed 
furniture which can be assembled for group study or disassembled for individual activities. 

The assembly area has a large skylight which allows natural light to enter into the space. 
(The ceiling of the area would be brightly painted with primary colors that are often related to 
young children.) 

Figure 127 Illustrates what the exterior of the building looks like as an observer would 
witness it while approaching the building. From the approach you can readily see the landmark 
clock over the entryway which tends to lead one Into the building. 
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Final Thoughts 
During this project, many lessons have been learned. One such lesson is that of 

understanding the value of two entirely different issues. This thesis Intended to address the 
issue of windstorm protection, as well as provide an appropriate educational environment. It Is 
important to understand that both of these Issues, regardless of their differences, revolve 
around a very special group of people - children. By understanding the Issues associated with 
education and windstorm protection, these concerns can be addressed in designs that respect 
both Issues simultaneously. 

In conclusion, the problems faced by designers are extremely difficult. Designers face 
almost Insurmountable odds which Include wind forces, missile Impacts, and vulnerable 
populations. However, by coupling the increasing research and development efforts with strategic 
design, architects will continue to contribute greatly to windstorm mitigation efforts, 
understand that this project has not solved every problem concerning windstorm safety in 
schools, but It is my Intention that it can contribute to the body of knowledge at both Texas Tech 
University and In the architectural and engineering design professions In general. 
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