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Abstract

The Complete Hurricane Protection System design and model for early disaster
preventionapplications will be developed and presented in this project. The purpbtiee
thesisis to design a mechanisthat will mechanically self position itself arounchausing
structure protecting it inits entirety and ultimately create a new Complete Heare
Protection System in which its functions are relevant to adversity anticipation methods. This
groundbreaking project is a pioneering model and its intention is to substitute earlier
rudimentary systems such as the accordion, electrical and standauttess, plywood
boards, adhesive foams and alternate devices to ensure the safety of property and human
life. The overall concept of the creation of a completely new hurricane protection system is
part of a larger model that will revolutionize the curremiarket. The victory in creating a
working Complete Hurricane Protection System will open a window of opportunities for
future engineers to develop safer and more reliable hurricane security mechanisms for a

diverse number of applications.

The need is ement and as concerned citizens and Florida residents, the concept of
hurricane safety and catastrophe prevention is a topic that is not lightly taken. Current
safety equipments and mechanisms that are readily available in the market are not only
costly butonly target one aspect as oppose to the Complete Hurricane Protection System
that secures and protects doors, window, roof shingles and overall building structure.
Astonishingly, Florida has suffered more hurricane incidents than any other state in the
nation. In fact, since 1951 Florida alone has incurred more than $115 billion in damages and

caused a death toll of 10,272. It is evident that the safety of the community and the
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protection of property rely directly in the ingenuity of modern engineers. Aseh
engineers, designing and manufacturing a devise that essentially saves life and protects
estates is a responsibility that must be explored and developed. It is an incredible talent of
creativity, analytical thinking and hands on applied mechanicalineegng working
together for the better being of our civilization. Our innovative concept integrates
sophisticated mechanical design along with the fundamental concepts of stress and strain
analysis and material study and selection to ultimately obtamexhanism that will open

new doors into our modern society.
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1. Introduction

1.1 Problem Statement

An innovative complete hurricane protection system will be evaluated and designed
in this project. The objective of this repois to present the concept of an advance
mechanism for hurricane protection which can be maneuvered by one person safe guarding
the entire building structure and ultimately, self retract. The main problems faced today
regarding hurricane protection are th#ftese costly, inadequate mechanisms only targeting
one problem area at a time. This has become a main concern worldwide and scientists
alongside with engineers have been working for years trying to solve such dilemma. The
new concept in this project for aomplete hurricane protection might be a solution to
produce a mechanism that will save property, human life and altogether provide peace of
mind. The main purpose of this paper is to design and modify components of a complete

hurricane protection in anteempt to realize the potential of a newly developed system.

Basically, our community dreads the forces of a hurricane in which its winds reach
over 155 mph for a hurricane level five. These winds are devastating and the mission is to
realize a completéaurricane protection system that will drastically reduce the wind before
actually reaching the house structure. The following image illustrates the effect of wind on a
house roof¢ KS NBR aSOGA2ya NBLINBaSyd | NBIl &t 27F

GKAES GKS o0ftdzS aSOGA2ya NBLINBaAaSyld NB3IA2Z2ya
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EXTERNAL WIND PRESSURE: GABLE VIEW
T L, _ I:I LOW PRESSURE

[:' HIGH PRESSURE

Figurel. External Wind Pressure

Three alternative designs will be considered and the final conceptual design will be
built on a saled prototype and tested in the scope of this project. The final concept for the
new hurricane protection system and its applications in residential and commercial sectors
should include a design that will mechanically activate from its initial storegestathout
incurring damages to the housing structure and will secure the property and finally retract
and store itself mechanically. The advantage of the new concept is focused on the avoiding
fatality and destruction of property as well as providing hoamel business owners peace of
mind. This concept will be beneficial to families, business and the nation at a large scope

and hopefully reduce the catastrophic results from this natural phenomenon.
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1.2 Motivations

There is no avoiding hurricane, by defmm hurricanes are large tropical storms

with heavy winds exceeding 74 miles per hour with large areas of rainfall. In addition, they
have the potential to spawn dangerous tornadoes. The strong winds and excessive rainfall
also produce abnormal rises iealevels and flooding. Florida has suffered more hurricane
incidents than any other state in the nation. Since 1951, this natural phenomenon has
incurred more than $115 billion in property damages and caused a death toll of 10,272
innocent lives. Therekli @ Aa GKFG 2yS 2F (GKSasS @GA0lAiva
father, mother, son or daughter. How can we not protect our families? Human life is

precious and it is our goal not only as a member in the family unit and society, but also as

engineerdo protect it.

Figure2. Hurricane Effects
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Astonishingly,even though modern society has made incredible technological
advances, human beings still find themselves being victimghief dominant tempest
Hurricanes are accountefor over 50% of the assessed cdst rebuilding property to
protect and reinforce structures from all natural disasters. Considering the large number of
yielded fatality and the high number of property damaged, it is surprising to learn that more
funding is spent on earthquake research and development than hurricane. Moreover, from
the United States hurricane budget, less than a 2% is dedicated to research and
development and systems to protect building structures from high speed winds. It is a
shame thathe hurricane expense is not utilized prior to a disaster, in order to avoid it, but
instead, it is implemented after, once the calamity has occurred and society has to face
incredible property damages and most importantly, a high number of hutivas have
been taken. Thepsychologicakffect that a hurricane causes to those victims having to
abandon their homes, losing their possessions sentimental or material and even worse
facing with the event of losing family members is devastating. It is cribaahderstand and
realize that is more than opportunity cost if hurricane research was given more attention,

the long term financial impact of hurricanes would decrease significantly.

Now a day, there are several applications in the market that may coose ¢b The
Complete Hurricane Protection System such as retractable roofs found in modern stadiums,
arenas, airports and similar structures, but do not measure. Modern society is ready and
capable of entering a new era of critical thinking and engineenhgre these structures
can be transformed for higher purposds.is understood that some homes are built in a

dome like shape offering an aerodynamic structures that will provide a stronger and more

H ORIDANTERNATIONAINIVERSITY 17| PAGE
MECHANICAL ANBATERIALBNGINEERING




TARUD ANIROMERQ;, THECOMPLETEURRICANBROTECTIOSY STEMCHPS)

resistantconstruction. For these type of structureslétto no protection is required from
0KS KdAINNAOIyYySQa 6N} GKI y2ySiKStSaax T2N (K|[p
Providing a mechanism that will deploy and provide the benefits of an aerodynamic

arrangement when needed as well as be abledtvact and offer the property owner to

conserve the appealing characteristics of a traditional home is the goal.

The Complete Hurricane Protection System (CHPS) caters building structures of
multiple levels depending on the complexity of the complexitythe qualifying structure.
Due to the nature of the innovative design, it can easily adapt to small single family houses
all the way to more multi level complex building by simply modifying basic components such
as the diameter, position and number of $halong with its railing system and beams.
Moreover, installing the CHPS to a home will reduce Windstorm Insurance up to a 50%
providing property owners to save thousands of dollars annually. Insurance company will
also greatly benefit as this system pides them with added collateral in order to protect
the property they insure and which they would have pay high dollars to repair in the case of

damage caused by wind.

As an added incentive, the CHPS offers homeowners savings on their wind and
storm insurace. Further elaborating on the concept, State Farm Insurance believes that the
mechanism is beneficial to their company since it aids them in ptiogethe property from
hurricare disasters. They agree that for home owners who have this system in theeh

could potentially receive a hefty discount on their policy, up to a 50%.
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Finally, aalyzing the previous project psented, some crucial errors hauoken
identified. To begin with the previous grougonceptdid nottake on a realistic approach at
despning the overall structure, much less in determining the thickness of the structure
Additionally, to understand thatreating a large unit that will be stored under the house
and throughout its perimeter simply seems irrational at the moment. Nonetheltss
previous team opens a door of ingenuity to protecting our homes. Their analysis where
further analyzed and provided a basis to the Complete Hurricane Protection System. Thanks
to the previous project the CHPS will be able to offer a more reliadddistic approactand

a closer stepo protectingthe building structure from the strong hurricane winds
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1.3 Literature Survey

It is evident that with the new twentjirst century technology boom, a greater
O2yalOAaz2dza 2y 2dz2NJ LX I y § ibcused. ®©F tmbderd Svlizatbn i | a
interested in new advancements that are engineered to ensure our safety effectively and
efficiently. Among many available alternate hurricane protection methods, there is one type
that governs our communities in an athpt to provide a sort ofecurity shutters. It is well
known that shutters offer wide variety of applications and forms. Standard aluminum
shutters are the most commonly used type found in the market, these however, function
precisely and exclusively tprotect the windows and some doors from vast winds.
Nonetheless, no matter what application or type of shutter is implemented in protecting
property, the housing structures except for the windows are left unprotected. The CHPS
offers security and protectio to the entire building from devastating hurricane winds. The
CHPS deploys and retracts mechanically and does not require large strength or tooling to
position it; instead it utilizes a sophisticated system consisting of rods, pulleys and steel wire
to deploy and position the configuration. The purpose is to ultimately create a device that

will work effectively and efficiently by one person with the least amount of effort and at the

same time provide high reliability as well as compete with the currenfintul Q& LINE G S Qf

solutions.
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1.3.1 Introduction to Hurricanes

Hurricanesare tropical cyclones that occur in the Notlantic Ocean as well as in
theNorthSI a3 t I OAFAO hOSIyd ¢KSaAaS KdIzZNNAOIySa | N
of low pressue and numerous surrounding thunderstorms creating strong winds and heavy
rainfall. Florida is an excellent location to harvest hurricafeshree important aspects

1. { dZNNR dzy RAYy3 g4I NXY 6l GSNB 2F 20SN) yne NBf S|

2. Moist ar rising from the ocean along with the light wind in the upper region of the
clouds.

3. Convergence zone, were air currents from different directions come together at one
place, causing a low pressure system to develop.

The following figures illustratesdfida high risk and tendencies to harvest and become

victims of hurricane disasters.

Likely
More Likely ©
Most Likely

Figure3. Florida Global Positioning
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In order to communicate the intensity of an approaching hurricane, meteorologists
and emergency management officials to tpablic, the SaffiSimpson Hurricane Damage
Potential Scalewas implementd. The SaffiSimpson Hurrican®amage Potential Scale
identifies the hurricane to have five classificatspone being the weakest hurricane and five
being the strongest hurricane force. It is understood that each level hagicpéar
characteristics. Category one hurricanes travel with winds q@34mphwith no damage to
building structures however,unanchored mobile homedyushesand treesexperience a
small level of damagdexamples of category orfeurricanes aréillison d 1995 and Danny
of 1997 Category two hurricanes travel with winds ofc@80 mphallowing ®me roofing
material, door, and window damage of buildingsoccur and gnificant damage tdushes
and treesMoreover,extensive damage to mobile homesjtdoor signsand piersare seen
Some examples of category tvmirricanesare Bonnie of 199&sit hit the North Carolina
coast andGeorges of 1998sit hit the Florida Keys and the Mississippi Gulf Cdaategory
three hurricane travel with winds of 114130 nph causing suctural damage to small
residences and buildingghowingsomecurtain wall failuresAdditionally, bushesind trees
with foliage blow offas well as large trees blodown. Mobile homes andutdoor signs are
destroyed.Examples of category tbe hurricanesinclude Roxanne of 1995 at landfall on
the Yucatan Peninsula of Mexico and Fran of 1896North Carolina Category four
hurricanestravel with winds of 13155 mph creating more extensive curtain wall failures
with complete roof structure fdures as well as total damage to doors and windows. Mobile
homes are completely destructed and bushes, trees, and signs blow down. Some examples
of category four hurricaneare Luis of 1995 was over the Leeward Islaads Felix and

Opal of 1995 at peakiensity. Category five hurricane travels with winds of over 155 mph
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causingtotal roof failure on residences and commercial buildings. Additionally, some
building failuressuch as window and door damagee seeras well asmall utility buildings

may blowover. All bushes, trees, and outdoor signs are expected to blow down and mobile
homes experience complete destructioln example of categorfyve hurricanesis Mitch of

1998 at peak intensity over the western Caribbeaud Gilbert of 1988 at peak intertgiand

is the strongest Atlantic tropical cyclone of record.

_—_

74-95 MPH WINDS

s

96-110 MPH WINDS

111-130 MPH WINDS

90666

Figure4. SaffirSimpson Hurricane Scale
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The following table organizes the hurricane categories by its characteristics of

pressure, wind speed and storm surge level.

Category Central Pressure (inHgBSustained Winds (mph)Storm Surge Above Normal (ft

1 28.94 74-95 4-5
2 28.50-28.91 96-110 6-8
3 27.91-28.47 111-130 9-12
4 27.17-27.88 131-155 13-18
5 <27.17 XMPp C >18

Talde 1. Hurricane Category Scale

H ORIDANTERNATIONAINIVERSITY
MECHANICAL ANBATERIALBNGINEERING

24| PAGE




TARUD ANIROMERQ;, THECOMPLETEURRICANBROTECTIOSY STEMCHPS)

1.3.2 Hurricane Wind Testing

In the past, hurricangrotection and safetyresearchand development has run on
very low on funds proving to make very little to no advances through decades. It is fortunate
to be able to utilizea testing facility has been constructed at Florida International University
(FIU) ca#d the Wall of Wind which is designed for destructive testing on faocgde
structures. This magnitude of wind testing will significantly increase the understanding of
hurricane wind effects. While there are many universities and government facilitigs tha
currently have some form of wind testing facility, none is able to test large scale buildings
and subject these structures to extreme wind effects the way the Wall of

Wind does.

In 1999, the Idaho National Engineering and Environmental Laboratory, in
conjunction with the U.S. Department of Energy, proposed to build a lacgée wind test
facility (LSWTFJ.he purpose of this facility would be to study how idge buildings behave
under simulated extreme wind conditions. It was determined that the cdstomstructing
this LSWTF would range from $70 million to several hundred million dollars. Upon request
from the IdahoOperations Office of the DOE, the National Research Council (NRC) formed a
committee to determine whether such an LSWTF would make ecan@®anse. The
committee came to conclusion that cost for the proposed LSWTF was too high, and

therefore it would not be economically wise to construct this LSWTF [15].

In 2003, the wind engineering research team at the International Hurricane

ResearctCener (IHRC) at FIU commenced plans to build a lacgée wind testing facility at
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a much lower cost. This facility would be designed to give a better understanding of the
effects of hurricane force winds on residential structures. With a wind test faolilithis
magnitude, fullscale structures could be tested under varying wind conditions in a
controlled and repeatable environment. The facility would allow for the testing of realistic
wind loading conditions in a laboratory setting, rather than passiweliting for nature to
produce a desired amount of wind. One of the greatest benefits of testing structures on a
large scale is that many of the restrictions present in wind tunnel testing are virtually
nonexistent. For example, it is impossible to scaleviddhe effects of gravity. Roofing
materials such as tiles and shinglesmairbe scaled down and still represetheir full-sized
properties. The Wall of Wind is currently the only way to accurately tesséale structures

[15]. The Wall of Wind atlB can be seen itne following figure

Figure5. FIU Wall of Wind
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Proficiently, The Wall of Wind is designed to not only simulate hurricane force wind,
but also hurricane force rain. The high speed wind present in hurricanes coupled with the
rain also present in hurricanes resuksy’ | G NI AYyAy3 aARSgl ea¢ S¥
wind is so strong that it literally blows the rain drops before they hit the ground, making it
appear as though the rain is falling at an angle or horizontally. The Wall of Wind is fitted
with a waterinjection system that sprays water horizontally to simulate this effect [15].
During hurricanes, rainwater often gets into buildings and homes. This results in
considerable damage to the building interior and its contents. Many homes survive
hurricanes struatrally, but they suffer enough water damage to necessitate significant

interior restoration.

In addition, residents must be evacuated until repairs are completed. This is both
inconvenient and very frustrating for someone who has just been through thematia
event of a hurricane. The Wall of Wind simulates this rain and wind acting on real
component products with fulscale Reynolds and Froude numbers. In particular, it is a very
useful tool for studying the effects of high speed rain which will allow peoducts to be

developed to reduce water damage suffered during hurricanes [1].

One example of an improvement that can be made using Wall of Wind testing is
developing soffit systems with improved resistance to wind and rain. This will avoid having
high intensity rain enter buildings through the venting porosity underneath the roof
overhang. This has been shown to be a major cause of damage and loss in past hurricanes
[1]. The Wall of Wind is comprised of two fans which together generate wind speeds of up

to 120 mph [15]. The ability to generate such high speed winds, in addition to the rain
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testing just discussed, makes the Wall of Wind unparalleled for hurricane testing. The Wall
of Wind shows that hurricane research is finally taking a step in the dgéction. The
ultimate purpose of theWall of Wind is to test homes and small buildings to make them
more wind and rain resistant; this includes their structure, roofing and framework. While
this is obviously beneficial to future structures being butltdoes not really help those
houses and buildings which have already been built. A better invention for these structures
would be a way to protect the home while still allowing it to retain its structural integrity.
Retrofitting older homes and buildingsice newer technology becomes available would be

both costly and inconvenient.

Designing a form of hurricane protection such as the dome proposed in this project
would be revolutionary. In addition to the advances in building technology made by Wall of
Wind testing, homes and buildings could be completely protected using the dome. Newer
homes that will benefit from safer building structures can have the hurricane protection
dome installed to be practically hurricaspeoof. Perhaps the most exciting thingali the
Wall of Wind in the scope of this project is that it makes it possible to test the dome once it
comes closer to production. The only practical testing that can currently be carried out on
the hurricane protection dome is smaitale prototype testig such as the airboat testing
carried out in this project. Once the dome comes closer to production, a -krge

prototype could be built, and the Wall of Wind could be used to test it.
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1.3.3 Hurricane Protection Methods

Every house is affected byehwind in different ways, depending on the location,
house design, and neighboring structures. Wind damages include ripping off the roof
sheathing and damages to the gable end walls as the internal pressure adds to the wall
suction. High wind can cause nioyg debris to damage the roof as well as break windows
upon impact. Therefore, it is essential to protect the four critical areas of the house: the
roof, windows, doors and the garage doors. Roofs that are exposed to strong winds can lead
to a shorter lifespan. A typical roof contains metal hurricane straps, also called clips. These
clips are connected to the exterior walls to add strength to the structure and increase
safety. Another form of connection for the roof to the exterior walls is toe nails;ettaas

not sufficient, though, and can fail when placed under high winds [18].

There are different kinds of roof covering material such as wood, clay or concrete
tiles, metal or wood shingles, wood shakes and standing seam metal roofs. Shingles are not
resstant to hurricane force winds because an adhesive is used to apply them to the roof. To
gain more safety in the shingles against high winds, quick setting asphalt cement can be
used to bond them together. Clay tiles on the other hand are brittle in meltetherefore,
they can break off easily when put through intense weather conditions. Clay tiles can be
dangerous during high wind storms. When broken up they can turn into windborne debris.
Shingles and tiles require very high maintenance because rep&adsrare essential when
they are damaged or missing after a storm [18]. Figure 4 shows a shingle roof which has

been damaged by intense wind.
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Figure6. Shingle Damage Caused by hurricane winds

Another way to improve and strengthen the roof of the house is to correct the uplift
resistance of the roof décfrom pressure within the attic by applying wood adhesive
supports on both sides of the roof, creating a balanced support. Studies show, based on
static pressure tests, that using the wood adhesive technique increases the uplift resistance
of high winds p to three times compared to the conventional methods of strengthening

roofs [18].
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Figure7. Tile Damage Caused by Hurricane \@8n

Depending on the design of the house, various factors are taken in to account
because every house is affected differently by high speed winds. For example, a hduse tha
consists of gables end walls is subjected to high forces from the high winds and can collapse
causing tremendous damage. Therefore, strengthening these walls is essential to making
this type of house safer in case of a hurricane. Gable walls are codnectbe gable end
trusses on the top and have to be secured in place; nails are used on the top and bottom of
the wall. The position of the gable's walls in this manner can resist high winds from pushing
and pulling the structure back and forth. To secspveh a structure, the gable walls require

proper bracing which can be done in several different methods [18].

Other critical areas of the house that require extra safety measures are the garage
doors and entry doors. Garage doors are prone to more darfrage high winds because of

their increased width. Lightweight garage doors can experience damage as they can be
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forced out of the roller tracks they are initially installed in. This takes place because of the
deflection force that the garage door is putrttugh while under high winds, thus causing

the structure to fail. Several measures can be taken to strengthen garage doors such as
installing bracing on each panel or using wood or metal girts and hinges to support the ends
and the vertical supports. Thengy doors on the other hand are different in each home. For
example, some houses consist of single or double doors, and they can either be solid
wooden doors or hollow metal doors. To secure entry doors from hurricane damage a
hollow metal door is recommeled as it can withstand more damage from windborne
debris. Also, in the case of double entry doors, it is suggested to install head and foot bolts

on one of the doors to keep it constrained [18].

One of those common critical areas of the house to be et is the most fragile
component: the windows. Impact resistant shutters are the most common and- cost
effective way to protect large windows and glass doors from high winds and windborne
debris. Pressure changes within a closed house could be devastatingindow or door
were to break; therefore their protection is essential because of their fragile nature.
Different types of shutters are currently available on the market. One type of hurricane
shutter, storm panels, comes in two different materialees and aluminum. These shutters
can directly attach to the walls surrounding the window. Pieces of these shutters are
overlapped for increased strength and are attached by bolts on the tracks provided on the
walls. These shutters tend to be the most ipersive shutters on the market; they are

removable, yet very strong against high winds. Their downfall on the other hand comes
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from their high maintenance as they need a place for their storage after removal. These

shutters are time consuming to install&require professional installation.

Accordion hurricane shutters consist of one or two piece shutters that are attached
on the outside of the house against the walls near the windows. Accordion shutters are
made out of aluminum. They simply unfold simitaran accordion, hence the name, and

lock at the ends.

Some advantages of accordion shutters are that they do not require any storage and
they only require initial installation. The only disadvantage is that they run on a wheel track,
therefore maintenace is required to make sure the winds have not caused damage to the

system. Figure 5 shows an example of accordion shutters.

Figure8. House Accordian Shutters

F_ORIDANTERNATIONAINIVERSITY 33| PAGE
MECHANICAL ANDATERIALENGINEERING




TARUD ANIROMERQ;, THECOMPLETEURRICANBROTECTIOSY STEMCHPS)

Colonial hurricane shutters are similar to accordion shutters and are permanently
joined beside the windows; therefore, they reqeiino storage. They are easy to set up and
can be installed by just one person. They are also considered to be decorative, as they
embellish and protect the windows from high winds. The only disadvantage these shutters
carry is they require a storm bar feafe set up which can prolong the installation time.
These shutters are limited in size; they cannot be used for protecting doors. Bahama
hurricane shutters are similar to colonial hurricane shutters. They are attached above the
window and can be loweredown in case of a hurricane. Their storage itself provides a
good shade for the window when they are not being used, although bahama shutters have
been found to be weaker than other shutters. Electric roll down shutters are placed right
above the window, ee stored in a box when not in use and can be rolled down by pushing a
button. These are the most expensive type of shutters but the easiest to set up and offer a
well rounded protection. They also do not demand a large storage space as they roll up and
the layers are stored on top of one another. Figure 6 shows an example of colonial

hurricane shutters, while Figure 7 shows an example of electric roll down shutters.
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Figure10. House Rolling Shutters
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Hurricane glass is anothéwrm of hurricane potection for windows and doors.
Hurricaneglass can withstand impact from hurricane debris and therefore completely
eliminates the needor hurricane shutters. It is difficutio install new hurricane glass
windows in older houses, anitl can end up being quite expensive; this technology is
more easily installed on new housedurricane glass is similar to the glass of car
windshields. It consists of a plastic layer whiclsasdwiched between glasses, which
prevents future damage to #hglass. Tests have been dooe impact glass to provide
codes for the ASCE (American Society of Civil Engineers) andggdia to improve the
strength of impact glass. For impact glass to qualify as impact resistaegds to pass

an impact test asvell as a cyclic structural loading test with high wind speeds [9].

Window film is another alternative for window protection from high wind. The
most popularwindow film on the market is known as safety and security window film.
The film thickness carange from 4 mils (minimum 2 ply) to over 21 milable 2 gives a
description of the most common hurricane protection systems curreatigilable on

the market, as well as the material from which they are made. Table 2 also gives a

comparison of prices, arrged from lowest to highest.

Steel or Alumiinu Aluminum Aluminum Po!yester FimieiEes Aluminum
with Wood Frame
$7.00 $20.00 $30.00 $35.00 $75.00
Total Cost for 350@ $2,450.00 $7,000.00 $10,500.00 $12,250.00 $26,250.00
Table2. Cost Analysis and Comparison for Hurricane Protection
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1.3.4 Retractable Roof Structures

The retractable roofs of many modern stadiums offer a blueprint for a retractable
hurricane protection dome. Stadiums such as Rogers Centre (formerly known as SkyDome)
in Toronto, Ontario, @hada, Reliant Stadium in Houston, Texas and University of Phoenix
Stadium in Glendale, Arizona all employ retractable roofs. These roofs are much larger in
scale than anything that would be produced to cover a single family home, but the
mechanisms usedot retract and deploy the roofs were studied for reference. The final
design for this project borrowed many ideas from some of these roofs such as electric

motors and gear sets.

Rogers Centre is one of the most innovative architectural structures of e it
opens up a whole new realm of possibilities to gather inspiration for new ideas. It consists of
a parabolic retractable roof which spans to 680 ft wide; this allows a 90% exposure to

spatial view.

The concept of the design was originated by Mich&kn, a structural engineer,
with the help of architect Rod Robbie. Rogers Centre includes materials such as
polyurethane and inflatable rubber to cover the spaces between the panels. The panels
consist of trusses that are made out of steel covered byugated steel cladding. Having
such a strong combination of materials, this structure can withstand up to 40 mph winds
and the cyclic wear of opening and closing the roof over 200 times a year, for 100 years. The
design also takes into consideration theparsion and contraction of the whole structure

with the climate change. Another useful and important fact about Rogers Centre is that the
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design provides easy access to maintaining components such as gears, motors and wheels
[8].

Many concepts and designgere put forth for the construction of Rogers Centre,
but the retracting roof idea was chosen because of its feasibility and costs for implementing.
The idea for a dome shape was considered by Adjeleian Allen Rubeli, who designed a
mathematical model for e dome using geometry and compui@ded programs.
Computer visualization helped the process of designing the most important component of
the dome, the roof trusses. Different factors played an important role in the design process

such as fatigue, fracter sliding, structural vibration and panel deflection [8].

w23ISNB /SYiNBQa NBGINI OGAY3I NRB2F Y20S&a 08
placed on top of one another. The panels are of different sizes and are elevated from each
other. Different mech Y A Ol f 02y OSLJia INB O2YO0AYSR F2NJ
electric and hydraulic power, as well as a pysii system. The design includes logic
controllers with power and control signals, as well as cable reels that are attached to
electric winchegplaced on the moving panels. Motors ranging from 5 to 10 hp are used to
drive the design along a track. Using a gear box, the motor speed is reduced in each bogie.
The design includes large trusses supported in three directions which are connected to pins
and spherical bearings; these bearings allow the trusses to rotate in all directions. The
bearings also provide an evenly distributed load to the foogie wheels used. Each bogie
requires support in four directions, resulting in a total of eight whes, wheels assigned
for each direction. Bogies are used to support and transport the roof trusses using different

propulsion techniques similar to those found in trains and cranes. The bogies also
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experience external forces such as gravity, snow, windtla@dlynamic forces generated by

the panels [8].

Another influence for the opening and closing mechanism of the dome comes from
University of Phoenix Stadium. Built from 2008 the stadium is home to the Arizona
Cardinals National Football League (NFahdhise. The 495,000 ft2, 700 ft span roof
includes a 97,000 ft2 movable roof that retracts to create an opening over the playing field.
One important feature of the architectural concept was that the roof mass presented a
fairly lowrise form thatdidna @A & dz- t £ 8 R2YAYlF0S GKS 0dzAif RA)
translated to a 52.5 ft allowable rise over an eave perimeter span of 820 ft. This ratio would
make it impossible to realize traditional dome action economically. In addition, the design
team was faced with the challenging task of designing an opening for the retractable roof
that would be just large enough to give the feel of outdoor play when the roof is open. This

would reduce the roof mechanization costs and allow the roof panels to retzieraer

profile [10].

Lateral loads on the roof structure are the result of unbalanced drag wind loads as
well as the impact and braking requirements of the retractable roof panels; similar loads will
be experienced by the retractable dome in the hurriegorotection system. The primary
GNYziaSa dzAaSR a aLl yyAay3a Ne2F StSyYSyida I NB
similarity in form to the trusses used by I.K. Brunel in the construction of the Royal Albert
Bridge in 1859. The retractable portion the roof consists of two 180 ft wide x 259 ft span
panels that open about the center of the field. Each panel rides along the inclined top

surface of the Brunel Truss unlike previous US retractable roofs, which usually ride on flat
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rails. Polytetrafluooethylene (PTFEfoated fiberglass tensioned fabric covers the panels,

allowing a considerable amount of light into the stadium [10].

Each panel of the retractable roof is made up of eight trusses riding on four carriers
at each line of the panel suppoithe retractable trusses are shaped similarly to the Brunel
Trusses, but instead use a vierendeel system to resist unbalanced loads. A vierendeel
system refers to a system of trusses where the members form rectangular rather than
triangular openings. In tretractable roof mechanism, each pair of retractable trusses sits
on a two wheeled carrier, allowing for a predictable load distribution without a mechanical
suspension system. The two wheels of the carrier are over 3 ft in diameter and they ride on
a hadened crane rail weighing 175 Ibs. Two of the four carriers are powered and two are
idler carriers. The powered carriers are mounted to a cable drum which rides with the panel
as it moves along the rail. On each side of the rail, a wire rope cable ceneac cable
drum to a fixed point at the center peak of the Brunel Trusses. When the roof is to be
opened, the cables unwind at a steady rate while the weight of the structure drives the
panel downhill. The process is simply reversed, with the cablesngtmhck onto the drum,

to close the roof [10].
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1.3.5 Mesh Materials and Fabrics

The purpose of this design is to reduce the effects of wind in an attempt to prevent
damage that can occur to a home during natural disasters, such as hurricanes. In gre desi
the trusses serve as the foundation; however there is an 8 to 9 foot section of free space in
between each truss in the Final Design. In order to span that distance, either a fabric or
mesh material can be used to resist the wind forces that a huréicam create. This mesh
material serves two vital functions in the structure: it decreases the wind force by up to 60%
and reduces loads of the standing structure. For example, wind gusts that occur during a
Category 5 hurricane can reach over 155 mph. Mesh material would decrease these
wind gusts to a level which standard homes can withstand. The mesh material would cover

the entire dome and would be attached to the joints of each truss.

The prime requirement for this mesh material is the ability tthatiand highspeed,
high force impacts that are caused by flying debris. The combination of loose debris and the
high speed winds that occur during a hurricane can have catastrophic consequences. The
debris can be swept off the ground by the high speeddwjrand objects such as branches
can penetrate the house through unsecured windows or doors. This not only results in
damage to the structure of the home but it also reduces its integrity. Flying debris is also a
major safety issue as many injuries durafurricane are caused by projectiles flung by the
high force winds. Since the mesh material will be stored underground with the trusses, the
material must be able to resist not only the force of a flung projectile, but the effects of

normal operation suctas bending, folding and the normal wear and tear caused by the
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opening and closing of the structure. The effect of climate is also an issue to consider when
choosing a material to span the trusses. Mesh and fabric respond differently under different
climates. Within high humidity and warm climates fabrics, if exposed to standing water, can
be exposed and develop the growth of mold which can weaken the fabric and compromise

its integrity [12].

Several materials were researched in attempt to find a mesh natevhich
satisfied the primary design requirements: the strength to withstand high winds, the ability
to sustain high impact and the ability to fold and bend without breaking between cycles of
retracting the trusses. The Incord Company is a provideratdtys netting for different
applications. Their products include netting for various fields such as construction, sports
use, and even for the home and garden. Construction nets are used in high impact
situations such as falling equipment or debris that cecur during a construction accident
Ol dzaAAy3 Aye2da2NASa FtyR TFrLalftAGASad LyO2NRQA
polypropylene netting. These construction nettings come in different mesh sizes depending
on the application it is used for. This &ypf netting is considered strong and can contain
different types of mesh such as rope, wire roping, webbing, or even a combination of all
three styles which provides for an even stronger mesh. Figure 9 shows an image of different

mesh sizes available blye Incord Company.
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Figurell. a, b, ¢, Incord Mesh Models Evaluated
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For this specific project, personnel safety netting and vertical perimeter debris
netting was researched. As the personnel safety netting meets thel A40.11 standards
and is treated to withstand intense wear and tear, it satisfies the required criteria and is a
suitable choice for use in the design. Personnel safety nets are tested to withstand high
impact and high loads of 17,500 Ibs. This type efting is also a good option when
considering the effects of climate in conjunction with consumer usage. Some consumers
may opt to keep the structure fully erected for more than a few months at a time. Use of
the structure in this matter would require a table mesh which could withstand several
season and climate changes. The Incord Company provides netting that is also resistant to
'+ NIYeaz (UKSNBoeé AYyONBFraiay3da GKS YFGSNRFE Q&
which is not only durable but also made of a firgetardant material which can also be
used for prevention of wild fires. These nettings comply with the OSHA regulation and meet
the CPAB4 rules and come in different mesh sizes. These nets also have an advantage as

they are lightweght, thus adding less weight to the entire structure and are easy to install

[6].

H ORIDANTERNATIONAINIVERSITY 43| PAGE
MECHANICAL ANBATERIALBNGINEERING

t A



TARUD ANIROMERQ;, THECOMPLETEURRICANBROTECTIOSY STEMCHPS)

Another material that was researched is a fiberglass mesh cloth from Copperstate
Roofing Supply. These are rolls of high strength fiberglass cloth with a small mesh.€elrhey ar
mainly used for high strength joints, roofing seams, deck seams, tile backing and repairs.
This fiberglass mesh has alkali resistant properties giving it a good resistance to heat. This
material can also withstand intense weather because it has good ichémorrosion
resistance. The material has high warp and weft strength. It can handle high impacts
because the stresses caused by high impacts are equally spread into different directions of
the mesh and its polymeric binder coating serves to provideteadil reinforcement. By

the ASTMD standards this material has a tensile streng8® @fsi and it is lightweight [4].

Advances in material technology have grown immensely through the years and
those advancements have been implemented in large scale stestand designs. An

example of this can be seen at the Jeddah International Airport in Saudi Arabia, shown in

CAIdzNE mMnd ¢KA& FANLRNI Aa K2YS (G2 GKS 62 NJ
fabric.
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b

Figurel2. Hajj terminal at Jeddah International Airport in Saudi Arabia

Fabric roofs can carry a large amountadds and even strengthen the structure as
the loads are distributed to a grid structure made of individual threads. Fabrics can hold
greater amounts of tension compared to rigid materials such as steel and under wind loads
the curvature of the fabric helpsn the reduction of wind speed. Depending on the
application, fabrics can be loosely or tightly woven to have a grid of different layers of
thickness or have a plain weave with a grid of layers of equal thickness. The most common
types of fibers used fatensioned fabric structures are nylon, polyester, glass and aramids.
Nylon has a high strength but due to its lower modulus of elasticity, it elongates faster than
other materials under high load. Polyester on the other hand is strong but vulnerable to

climate. However this can be countered by using various coatings to prevent degradation.
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Glass fibers have a high modulus of elasticity and have a high tensile strength but come with
the tradeoffs that glass fibers are brittle in nature. Aramids on the oktzerd are an organic

material which have a high modulus of elasticity and are highly resistant to fractures.

When utilized for architectural structure and design, these materials are covered in
different coatings in order to improve their strength and ehiatie their drawbacks.

Polyvinylchloride (PVC) provides a resistance to UV light and is used for nylon and polyester
fabrics. Polytetrafluoroethylene (PTFE), also known as Teflon, is known for its resistance to
moisture and harsh climate thus extending @ik 0Qa t AFSd® ¢KS O2F (A
gualities such as high strength and fire resistance providing further strength and advances

to the fibers. They are mostly used on fiberglass fibers because the combination of these

two creates a stable material.

Based on the research done on various tensioned fabrics, PTFE, also known as
Tefloncoated woven fiberglass, was by far the best option to consider when choosing a
suitable fabric for use in this structure. A company located in New York, Birdair Inc., has
been a provider of PTFE for years and their products have been utilized in various structural
projects, large and small. They supply an extremely durable and weather resistant form of
PTFE which boasts an impressive life cycle of over 30 years. Theirtpradde utilized in
areas plagued with harsh temperature, withstanding temperatures ranging from as lew as
100°F to temperatures as high as 450°F. When used in conjunction with a
polytetrafluoroethylene coating, the material becomes resistant to everraviblet
radiation. The supplied material by Birdair Inc. is certified by the American Society for

Testing and Materials (ASTM) [2].
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Figurel13. Taoyuan County Stadium Topew

A few of the specifications for this material ind&ia tensile strength of 500,000 psi
and a modulus of elasticity df0.5x106psi. The fabric has somewhat of an elastic behavior
but can still hold its integrity by not incurring high stress or creep. Its mechanical strength is
provided by its woven fibetgss membrane, also known as beta glass, which carries
maximum flexibility gt preserves strength. The figure abogbows Taog/uan County
Stadiumtop viewz (0 KS fF NBS&ad AYyR22NJ adl RAdzYy Ay ¢
because of its dome structarwhich consists of a roof that takes advantage of the PTFE

material [2].
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Figurel4. Taoyuan County Stadium Insidéew
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1.4 Discussion

It is evident that throughout time the advances faurricane protection have been
minor degite the large amount of property damage it has caused and the high number of
death it has left behind. Utilizing the information modern engineers have at hand, society is

ready to adapt to a system that will provide security, saving and peace of mind.

Hurricanes are unpredictable, it is unknowemactly when they come or where they
head to. Theyannot be avoided mabolished;however, we can protect ourselvesd our

familiesfrom its wrath

Nonetheless, designing a structure of system that satisfies#fety conditions and
civil engineering codes as well as abbey by the mechanical engineering theorem and
analysis proves to be a challenge. Analyzing similar structures found around the world, three
conceptualdesignswill be created and further studiedtultimately select one and develop
it. Fascinatingly, these structures are proven to work and stand climate conditions in real life

applications.
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2. Project Formulation

2.1 Overview

The Complete Hurricane Protection System is the optimal solutiondtegiion our
houses families and therefore ourentire community. The innovative system offers
attainable goals that need urgent attention such as saving life and property from the wrath
of hurricane winds that can violently reach 155 miles per hour dgsiganything in its
path. Undeniably, shutters and similar systems is all there is in the market to protect
hurricane disasters for the past centuries. Inexplicably, little advance has been madge in th
field of hurricane protection regardless of the huedrbillionof dollars that Florida alone

has incurred.

Overall, the CHPS is formulated to safely and securely prttedhouse structure and
its residentsihowever, there are careful considerations and constraints that require further
evaluation. Being caful with detail is essential in tackling early problems that may result in
loss of time, money and efficiencis engineers, it is part of our responsibility to design and
produce mechanisms that are what society need and want. This combination isvairwin
situation resulting in generated sales for the manufacturer or producer and safety and

peace of mind to the property owner.

There are many motivatiopoints which are more than enough to proceed with the
conceptrealization as specified earliefhis a its own is of great importanc&ncea project
that is outweighed by either coshigh number of constraints or evenweakmotivation

should not be considered to proceed to final stagesafpletion
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2.2 Project Objectives

The objective of this projeds to create anechanisnthat ultimately protects the house
structure and its residents providing a peace of mitidizingan innovative system of
integrated spring steels and protective mesh that will cover the property and secure it by
anchoring itto the perimeter base. fle conceptof creating gprotective environment to the
entire building by significantly reducing th& speed of théhurricanewinds pushinghat
create low and high pressure area around the house destroyalty, windows and
commoncompositionof the houseis completely newThemechanism is designed twe
conservativel\seltstoredproviding easy and maneuverable access to the owner when
needed avoiding extenuating labor or dangerous heights to achieve theTdealCHPS is
designel for small room for failure during its life period. Itemtenanceis minimal
including yearly cleaning and lubrication to the system amt be keptup to elongate its

life and reduce any mechanical malfunction.

TheCHP®bjectives are briefly listeth the following:

A Analytical and kinematic analysis of drag and lift forcesarceptualdesign.

A Simulations and virtual testing using SolidWorksd Ansys with the drafted
computer aided design

A Produceconceptual desigdisplayingnechanical deign ableto activate the system,
deploying it over the housing structueand retract itafter usage

A Manufacture theworking prototypeat FIU EC machine shop

A Physical testinghrough Civil and Environmental Engineering point of view

functional prototype.
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All'in all, the CHPS significantly relies on the fundamental concepts from the mechanical
engineering discipline due to itseohancal design, analysis and calculations in the fields of
applied stress and straio its structural study,designand material seletion. Furthermore,
the CHPS did rely on soréthe fundamentallaws of Civil and Environmental Engineering
discipline mostly when designing a real application mechanism that needs to comply with
structural codes and will undergo extreme weather condisioAs seasoned mechanical
engineer scholars, the CHPS design concept was evaluated to meet the Form, Fit and
Function to ultimately manufacture the prototypeThe testing and evaluation of this
innovative concept includes verifying its success in deplayiegness over the house and
retractingit, but alsod dzo YA GGAYy 3 AG G2 Cf2NARF LYGSNYI G
pressure and velocity changes in and outside the mesh at different angles and finally
corroborate its structural design survives tesfi

In essence, the scope of this project is to begin the development and research of a
Complete Hurricane Protection System in hope to open new doors and venture into new

applications in the industry.
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2.3 Design Specifications

The Complete Hurrican@rotection System seems to pose a simply solution to serious
catastrophic results from strong hurricane winds. The objective: to protect property and
human life. Nonetheless, in order to do so, certain designs specification must be established

in order toobtain the best end product.

It is simple to asses that dr the CHPSroject a scaled down prototype must be
developed to further simulate real life animation of the mechanism. Therefore, these

specifications will be applied to the prototype as well.

Basically, ascakd prototype of a larger houseavill be created irto run all testing and
analysis ultimately to verify the quality of the design. Pressure change testing as well as
velocity change analysis will be produced to explore what the house igierpmg with
and without the Complete Hurricane Protection System implemented. Moreover the design
behavior will be observed under strong winds generated from the Wall of WiFltere are
several featuresf the mechanical design this project encompassleat require special
attention. Thesepartsinclude designs for guiding track for the mestpressureand velocity
change and effegt and power requirements. Additionally the Complete Hurricane
Protection is anticipated to operate during emergency powetageconditionsin the case

of deploying and retracting to self storage

The Complete Hurricane Protection Systemas several specifications. First, the
mechanism must self deploy to cover the entire house structure including side walls and

external fktures such as chimney and balcony. Therefore, this system must be light enough
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to work efficiently with the designed engines, but also during power outage and no

available generator where a manual shaft needs to be cranked.

Another consideration is thathe entire mesh must cover the house structure in
order to avoid the strong hurricane winds from seeping through and producing additional
unnecessary internal forces within the mesh structure. Furthermore, it is desirable the
system results in an elliptit shape for higher aerodynamic flow where edges are safely

tensioned and secured to the ground utilizing high efficiency augers

At the prototype level, he use of sensonsill be implemented in the desigin order
to generate testing data for analysisiposes Changes in qgssure andvelocity readings

will be vital in determining how to regulate each operating condition.

Once the conferencevasheldwith Dr. Kuang Hsi Wu and Dr. Girma Bitsuartiak
operating conditions of theCHP were discussed andeaestablished in the following

breakdownfound in the next page.
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Design Specification Breakdown:

I. Mechanism is to be self contained neatly and inconspicuously.

Il. The system is to deploy mechanically and automatically with minimal effort from the

operatorwithout:

A.System getting stuck at the tracks.
B.System getting held back by fixtures such as chimneys.
lll. The Mechanism is teetract mechanically to ultimately be stored.
IV.The CHPS storing unit must be able to hermetically close in order td evoDsive
to the system due to water and humidity as well as keep dirt and trash out.

I. Power supplied by motors must be sufficient to perform the pulling of the mesh.

[I. The CHPS must include a safety mechanism which will allow the user to operate the

systemduring emergency situation where there is a power outage.
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2.4 Constraints and Other Considerations

For such a system there asmmeconstraints and consideratiorthat must be noted and
taken into evaludbn in order tosuccessfully produce a workjrconceptand prototype of the
Complete Hurricane Protection SystenThe essence of the project is to design a hurricane
protection system thatvhen prompted will automatically self deploy over the house and retract
and store once the unit has been use@dking it convenient and easy to operate, therefore the
first constraint consist of this applicatiofhe most importantconstraint is that the system
OFLyy2i 0SS Ay O2yidlOG ¢6AGK GKS NR2F &i0NHzOG dzNB
on a rooftile of a shingle and damage it as it is being pulled over. It is important to not and
consider that there are many ways to surpass this constraint, such as producing an arc that
stands at each side of the house or hiding automatic arcs under the propsedgetheless,
these options were considered but were not feasible for its mechanical complexity, cost and
overall unattractive appearance added to the buildifgrthermore, the casing or housing unit
storing the system must be hermetically designed tevemt from litter from falling into the
cavity as well as avoiding rain water from corroding the devideese constraintcan be

summarized in the following:

1. When prompted will automatically self deploy over the house.

2. When prompted will automatically deletract and store protective mesh.

3. Cannot be in direct contact will shingles or roof tiles.

4. Must surpass housing extending fixtures such as chimneys.

5. Keep cost low.

6. Minimize any alterations that may causereduce theattractiveness of the house.

7. Housirg unit for the mesh must be hermetically closed after each use.
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Firstly, it must be understood and considered that the prototype house is a basic structure
of a single family home in order to simplify the concept that has the full potential to more
complexstructures. Somemore appliedconsiderations evaluated for the Complete Hurricane
Protection System is that readily available materials in the market with the lowest cost (based
on the material selection process) will used to produce and design the syStesanalogy will
result in a more marketable and attractive product. Another fact to be considered is that in
order to visually understand and test the nature and function of the project a scaled down
prototype will be createdThe prototype is scaledif the wind testing displaying the changes in
pressure and velocity inside and outside the meshicture; however certain components were
not found at the same scale ratio. FrE I YLJX S5 (GKS aNRO6£& YI GSNAI €
readily available in theequired ste, therefore, the smallest size was selected in order realize
the concept.Simultaneously, the mesh used in the prototype is the same mesh that will be used
for the full scale version; therefore, the mesh thickness and weight will not bedsdalen as
the structure of the house is. The last consideration for the CHPS prototype is the rails or track
through which the mesh is pulled is not readily in the market with the same scaled down

dimension, so in this case, a custom railed system was imedhat Florida International

' VAGSNEAGREST 9YIAYSSNAYI /1 YLHzaQ YI OKGtefitft & K2 LJ

the tracks or railed require yearly cleaning and lubrication of pathways in order to elongate the

life span of the mechanisrnThe congleration for this point can be organized in the following

1. Simple scaled prototype is created, yet concept can be applied to more complex
structures.

2. Readily available market materials are utilized in the prototype.
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3. Cost consideration is to be kept at ikswest for the prototype and the full scaled
system.

4. Ratios throughout the prototype are not able to be kept constant to the full scaled
mechanism.

5. The CHPS require yearly maintenance to elongate its life
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2.5 Discussion

After evaluating the project lgectives, design specifications, constraints and other
considerations, it can be assessed that the full completion of the project is realistic and
attainable. The completion of the project and the manufacturing of the full sized version of the
Complete Huicane Protection System is not only realistic and attainable, butasattractive
marketable option for consumemwho wish to keep their family safnd protect their familylt
is safe to determine that the concept of the complete hurricane protetsystem is a highly
demanded itenfor obvious reasons

A well engineered mechanism must evaluate thoroughly outweighing the pros and cons
as wellasunderstanding its constraints and consideration and keepiredear understanding of
the project objectie will ensure its succesEssentiallythat this project is divided into five main
responsibilities The main godk to conceptualize the idea of the complete hurricane protection
system into a working prototype.Subsequentlyto test and evaluate the ggformanceand
stability of the system and finally to further evaluate and provide further research development

with the results obtained with the prototype.
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3. Design Alternatives

3.1 Overview of Conceptual Designs Developed

All in all, adome aped structurethat covers the entire houswiill offers a higher
air flow with best aerodynamicharacteristics minimizingigh pressure and low pressure
areas caused bhigh velocity windgyenerated from the hurricandt is precisely for the
harmoniousshape that all prototypes will be evaluated using this conc&pe conceptual
designsneed to meet all the previously discussed project objectives, design specifications,
constraints and other considerations in order to successfully develop a workingtypet
that will effectively produce the desired resulteindeniably, this as many engineering
original creations, poses many challenges, however, as an engineer trademark, it is our goal

to recognize them and cleverly resolve them.

In order to provide theinnovative conceptual design of the complete hurricane
protection system, the previous team conceptual design will be included and evaluated in
order to guide and confidently improve the concept into creating a strongztel Previous
designs offer a salifoundation to the idealization of the Complete Hurricane Protection
System. Nonetheless, a®vel engineers, the study and analysis of advanced and smarter
materials will be analyze into creating the structure for alternate designs for the CHPS

vision.

Furthermore, it is important to clarify that the material selection for the mesh body
of the Complete Hurricane Protection System is not the focus regardless of its well

documented and supported selection. The goal and main objective is to victoriousiyn desi
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and conceptualize the practical and real application of the CHPS to the stage that lies ahead
of ahead of the prototype: realization of the mechanism to its full scale. In the following,
three alternative designs will be presented in which each have laemlyzed and evaluated

in order to determine its production and realization feasibility. Once these steps have been

fulfilled, the proposed design is identified and further discussed.
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3.2 Alternative Conceptual Design No. 1

For the frst conceptual @sign the dome roofed configuratioras seen in the
following figure was studied angsbme calculatins were carried out on the structur&uch
calculationsare availablein Appendix A. This preliminary analysis made it possible to
determine the lifting anddrag forces that would be exerted on the protective dome. From
these values it was possible to roughly determine the force each truss would see, making it

possible to determine the propefdeam needed for each section.

Figurel5. Dome Roofed Structure

Followingthe dimensions of each truss were determineal mockup SolidWorks
model was created using structural steel as the material. This model gave a visual

representation of the protective dome, as seen in Figure 15.
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Figure 16. Ribbed Structure of Protective Dome

Continuing the study, aimulation was then done for the middle truss. Given the fact
that this truss will need to withstand the majority of the forces and that it stands vertically
made it the simplest to model. A sinusoidal lifting force was applied to the top surface of
the structure with the assumption that the greatest lift force is directly between the two
ends. Also, a horizontal force was applied to the same surface simulagndirect force
and drag effect causely the wind during a hurricane. The SolidWorks model of this truss
with the appropriate applied forces can be seerthe following figure The results of this

preliminary test showed a maximum displacement of aba@43n.
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Figurel7. Displacement othe Middle Truss

It is important to note that here is one major drawback to this design, ang that
when the unit is stored underground, the trusses will all stack on top of one ansthee
they are all the same size. This means that a very deep hole will need to be dug
underground to be able to house the entire structure. This could prove to be problematic in
some places such as South Florida, where the natural deposits of limesiakes aigging

fairly difficult. In order to address this problem, a second design was proposed.

F_ORIDANTERNATIONAINIVERSITY 64| PAGE
MECHANICAL ANDATERIALENGINEERING




TARUD ANIROMERQ, THEGOMPLETEIURRICANBROTECTIO® STEMCHPS)

3.3 Alternative Conceptual Design No. 2

As a methodical process,fter some research on-beams, it was clear that
constructing trusses out of curved sectiorssnot an option. Curved sections obéam
would have to be custom ordered, and thus would be quite expensive. As a result, it was
decided to use a piecewise construction of straight sectionsbefim to create an arched
truss. This piecewise truss wile comprised of five straight sections ebdams, four
connecting joints and two end linkages that will be used to attach the truss to its individual

pivot joint. Figure 20 shows an example of one of these piecewise trusses.

Figurel8. Piecewise Truss Formeddfm |-Beams

To the piecewise truss formeebeams and the earlier arched design sopnes ad

cons wereobserved such asymmetrical and concentric arches, were analyzed to come up
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with the third design. As was statecefore, the symmetrical design would offer a more
predictable profile of the passing wind. The concentric design would greatly decrease the

depth needed to dig into the ground so that the dome may be stored out of sight.

In order b compensate for the bulp of trusses from having the entire dome
retracting to one side, the dome would have to retract and deploy to both sides of the
home, meaning that instead of having the dome come completely around the home and
lock on the ground, it will be deployed frotihe two opposite ends and lock to itself where
the trusses eventually meet uprhe following illustration depicta side profile of this

piecewise symmetrical dome fully retracted.

Figure19. Sde Profile of Piecewise DomRetracted
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Evidently, &en though this design is not as low profile as the concentric truss
design, it does have the benefit of having the simplest wind flow over the dome, as in the

symmetric truss design, while reducing the depth needed to dig intgtband.
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3.4 Alternative Conceptual Design No.3

Forthe third alternate conceptual desigra completely different approach waakento
produce thesystem.As mentioned earlierit, is almost impossible tsatisfy the safety
conditions to avoid hurricam disasterwith these enormous metallic dome structures in
regular neighborhoods in which the houses are located at small distance from each other.
Additionally considering that tonanufacturethe structure along with the materiadost of
any ofthe previaus two metallic shapes willesult extremelyexpensive. Thereforea third
and most convenient design waeveloped. This new design not ordyovides the house
structure with the same protection behavior of théarger and more costliemetallic
structures but also will banuch morepractical, easyo maneuver less expensive to install
and even provide a safety mechanism that will enable the operation of the system in case of

power outage

The characteristics of the Complete Hurricane Protection SystetfR$Lwiltonsist of a
fabric meshHlike material that will be rolled in a shgfbsitioned underground at one side of
the house.Oncethe system is activated by pressing one bottom, the net will be pulled in a
parabolic shape by two cables at each sidehaf house. These cables at@ be located
inside of asmallrail that is previously plackin the house withoutaltering in any fornthe
architecturalappeaanceof the house. The two cables atensequentlypulled by two small
motors that are simultaneoug controlled at the opposite side of thkeouse structure
Finally to retract the mechanism afteit has beenused the shaft thatsecures the fabric

mesh will rotatein the opposite directionthus while the shaft is rotatimp the mesh will be
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rolled backuntil it gets to its original position. The rotation of the shaft will be done by

connecting a low rpm motor directly to it.

Ly 2NRSNJ (2 LINRGSOGO GKS NR2FQa akKAy3adfSa
rolling mesh is deployedver the roof, special spring steelmaterial isintegratedinside of
the mesh at a distributive distance acting @isé. This material (spring steel) has the
unique characteristic of big able toroll 0 ¢ 1 lonédhe force isreleased fromthe
material it will return to its original positiorand shape without deformingnto a plastic
rangeyielding a possible deformatiorrigure 23 show the mechanism when is covering the

house.

Figure20. Mesh System During Deployment
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Convesely, he daribst of spring steel that ardound inside of the meshn integrated
f201f L20O1S0a (2 SyadaNB AlG FNRY wilbekddtd y 3
be rolled as the fabric mesh is rolled as well around $haft for a long pead while the
mechanism isstored under ground. The following figure further illustrateshe CHPS
mechanismonce itis in the retracting phaseafter it hasbeen used anan its wayto be
stored at the side of the house, inconspicuouslyingin anundergound box thathas been

specially designed and fabricated teoédd moisturefrom seeping in

Figure21. Mesh System During Retraction
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