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Abstract  

 

The Complete Hurricane Protection System design and model for early disaster 

prevention applications will be developed and presented in this project. The purpose of the 

thesis is to design a mechanism that will mechanically self position itself around a housing 

structure protecting it in its entirety and ultimately create a new Complete Hurricane 

Protection System in which its functions are relevant to adversity anticipation methods. This 

ground-breaking project is a pioneering model and its intention is to substitute earlier 

rudimentary systems such as the accordion, electrical and standard shutters, 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 current market. 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 eminent 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 but only 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. As novel 

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 mechanical engineering 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 obtain a mechanism 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 report is 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 that these 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 a complete 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 an attempt 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 complete hurricane 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. ¢ƘŜ ǊŜŘ ǎŜŎǘƛƻƴǎ ǊŜǇǊŜǎŜƴǘ ŀǊŜŀǎ ƻŦ ƘƛƎƘ ǇǊŜǎǎǳǊŜ ŎŀǳǎƛƴƎ ǘƘŜ άǇǳǎƘƛƴƎέ ŜŦŦŜct, 

ǿƘƛƭŜ ǘƘŜ ōƭǳŜ ǎŜŎǘƛƻƴǎ ǊŜǇǊŜǎŜƴǘ ǊŜƎƛƻƴǎ ƻŦ ƭƻǿ ǇǊŜǎǎǳǊŜ ŎŀǳǎƛƴƎ ǘƘŜ άǇǳƭƭƛƴƎέ ŜŦŦŜŎǘΦ 
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Figure 1. External Wind Pressure 
 

Three alternative designs will be considered and the final conceptual design will be 

built on a scaled 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 stored stage without 

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 home and 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 definition 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 in sea levels 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. The realƛǘȅ ƛǎ ǘƘŀǘ ƻƴŜ ƻŦ ǘƘŜǎŜ ǾƛŎǘƛƳǎ ƛǎ ǎƻƳŜƻƴŜΩǎ ōǊƻǘƘŜǊΣ ǎƛǎǘŜǊΣ ǳƴŎƭŜΣ 

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 

engineers to protect it.  

 

Figure 2. Hurricane Effects 
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Astonishingly, even though modern society has made incredible technological 

advances, human beings still find themselves being victims of this dominant tempest. 

Hurricanes are accounted for over 50% of the assessed cost for 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 that the 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 human lives have 

been taken. The psychological effect 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 critical to understand 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 come close to 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 engineering where these structures 

can be transformed for higher purposes. It is understood that some homes are built in a 

dome like shape offering an aerodynamic structures that will provide a stronger and more 
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resistant construction. For these type of structures little to no protection is required from 

ǘƘŜ ƘǳǊǊƛŎŀƴŜΩǎ ǿǊŀǘƘΣ ƴƻƴŜǘƘŜƭŜǎǎΣ ŦƻǊ ǘƘŜ Ǿŀǎǘ ƳŀƧƻǊƛǘȅ ƻŦ ƘƻƳŜǎΣ ǘƘƛǎ ƛǎ ƴƻǘ ǘƘŜ ŎŀǎŜΦ 

Providing a mechanism that will deploy and provide the benefits of an aerodynamic 

arrangement when needed as well as be able to retract 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 complexity of the 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 shaft along 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 provides 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 insurance. Further elaborating on the concept, State Farm Insurance believes that the 

mechanism is beneficial to their company since it aids them in protecting the property from 

hurricane disasters. They agree that for home owners who have this system in their house 

could potentially receive a hefty discount on their policy, up to a 50%. 
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Finally, analyzing the previous project presented, some crucial errors had been 

identified. To begin with, the previous group concept did not take on a realistic approach at 

designing the overall structure, much less in determining the thickness of the structure. 

Additionally, to understand that creating a large unit that will be stored under the house 

and throughout its perimeter simply seems irrational at the moment. Nonetheless, the 

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 reliable, realistic approach and 

a closer step to protecting the building structure from the strong hurricane winds. 
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1.3 Literature Survey  

It is evident that with the new twenty-first century technology boom, a greater 

ŎƻƴǎŎƛƻǳǎ ƻƴ ƻǳǊ ǇƭŀƴŜǘΩǎ ǿŜƭƭ ōŜƛƴƎ Ƙŀǎ ōŜŎƻƳŜ a focused. Our modern civilization is 

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 attempt to provide a sort of security: 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 to protect 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 protection 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 current marƪŜǘΩǎ ǇǊƻǘŜŎǘƛƻƴ 

solutions. 
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1.3.1 Introduction to Hurricanes  

 Hurricanes are tropical cyclones that occur in the North Atlantic Ocean as well as in 

the NorthŜŀǎǘ tŀŎƛŦƛŎ hŎŜŀƴΦ ¢ƘŜǎŜ ƘǳǊǊƛŎŀƴŜǎ ŀǊŜ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ƘŀǾƛƴƎ ŀ ŎŜƴǘŜǊ ƻǊ άŜȅŜέ 

of low pressure and numerous surrounding thunderstorms creating strong winds and heavy 

rainfall. Florida is an excellent location to harvest hurricanes for three important aspects: 

1. {ǳǊǊƻǳƴŘƛƴƎ ǿŀǊƳ ǿŀǘŜǊǎ ƻŦ ƻǾŜǊ улɕ ǊŜƭŜŀǎƛƴƎ ǿŀǘŜǊ ǾŀǇƻǊǎ ƛƴ ǘƻ ǘƘŜ ŀǘƳƻǎǇƘŜǊŜΦ 

2. Moist air 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 illustrates Florida high risk and tendencies to harvest and become 

victims of hurricane disasters.  

 

Figure 3. Florida Global Positioning 
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In order to communicate the intensity of an approaching hurricane, meteorologists 

and emergency management officials to the public, the Saffir-Simpson Hurricane Damage 

Potential Scale was implemented. The Saffir-Simpson Hurricane Damage Potential Scale 

identifies the hurricane to have five classifications, one being the weakest hurricane and five 

being the strongest hurricane force. It is understood that each level has particular 

characteristics. Category one hurricanes travel with winds of 74ς95 mph with no damage to 

building structures, however, unanchored mobile homes, bushes and trees experience a 

small level of damage. Examples of category one hurricanes are Allison of 1995 and Danny 

of 1997. Category two hurricanes travel with winds of 96ς110 mph allowing some roofing 

material, door, and window damage of buildings to occur and significant damage to bushes 

and trees. Moreover, extensive damage to mobile homes, outdoor signs and piers are seen. 

Some examples of category two hurricanes are Bonnie of 1998 as it hit the North Carolina 

coast and Georges of 1998 as it hit the Florida Keys and the Mississippi Gulf Coast. Category 

three hurricanes travel with winds of 111ς130 mph causing structural damage to small 

residences and buildings showing some curtain wall failures. Additionally, bushes and trees 

with foliage blow off as well as large trees blow down. Mobile homes and outdoor signs are 

destroyed. Examples of category three hurricanes include Roxanne of 1995 at landfall on 

the Yucatan Peninsula of Mexico and Fran of 1996 in North Carolina. Category four 

hurricanes travel with winds of 131ς155 mph creating more extensive curtain wall failures 

with complete roof structure failures 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 hurricanes are Luis of 1995 was over the Leeward Islands and Felix and 

Opal of 1995 at peak intensity. Category five hurricane travels with winds of over 155 mph 
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causing total roof failure on residences and commercial buildings. Additionally, some 

building failures such as window and door damage are seen as well as small utility buildings 

may blow over. All bushes, trees, and outdoor signs are expected to blow down and mobile 

homes experience complete destruction. An example of category five hurricanes is Mitch of 

1998 at peak intensity over the western Caribbean and Gilbert of 1988 at peak intensity and 

is the strongest Atlantic tropical cyclone of record.  

 

 

  

Figure 4. Saffir-Simpson Hurricane Scale 
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Category Central Pressure (inHg)Sustained 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 җмрс >18

 

The following table organizes the hurricane categories by its characteristics of 

pressure, wind speed and storm surge level. 

 

 

 

Table 1. Hurricane Category Scale 
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1.3.2 Hurricane Wind Testing  

In the past, hurricane protection and safety research and 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 utilize a testing facility has been constructed at Florida International University 

(FIU) called the Wall of Wind which is designed for destructive testing on large-scale 

structures. This magnitude of wind testing will significantly increase the understanding of 

hurricane wind effects. While there are many universities and government facilities that 

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 large-scale wind test 

facility (LSWTF). The purpose of this facility would be to study how low-rise buildings behave 

under simulated extreme wind conditions. It was determined that the cost of constructing 

this LSWTF would range from $70 million to several hundred million dollars. Upon request 

from the Idaho Operations Office of the DOE, the National Research Council (NRC) formed a 

committee to determine whether such an LSWTF would make economic sense. 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 

Research Center (IHRC) at FIU commenced plans to build a large-scale 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 facility of this 

magnitude, full-scale 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 passively waiting 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 scale down the effects of gravity. Roofing 

materials such as tiles and shingles cannot be scaled down and still represent their full-sized 

properties. The Wall of Wind is currently the only way to accurately test full-scale structures 

[15]. The Wall of Wind at FIU can be seen in the following figure. 

Figure 5. 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 results ƛƴ ŀ άǊŀƛƴƛƴƎ ǎƛŘŜǿŀȅǎέ ŜŦŦŜŎǘΦ ¢Ƙƛǎ ƳŜŀƴǎ ǘƘŀǘ ǘƘŜ 

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 water-injection 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 structurally, 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 the traumatic 

event of a hurricane. The Wall of Wind simulates this rain and wind acting on real 

component products with full-scale Reynolds and Froude numbers. In particular, it is a very 

useful tool for studying the effects of high speed rain which will allow new products 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 right direction. The 

ultimate purpose of the Wall 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 built, it does 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 buildings once 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 hurricane-proof. Perhaps the most exciting thing about 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 small-scale prototype testing such as the airboat testing 

carried out in this project. Once the dome comes closer to production, a large-scale 

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 by the wind 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 moving 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 life span. 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; these are 

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 

resistant 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 material; therefore, 

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 replacements are 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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Another way to improve and strengthen the roof of the house is to correct the uplift 

resistance of the roof deck from 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 up to three times compared to the conventional methods of strengthening 

roofs [18].  

 

 

 

Figure 6. Shingle Damage Caused by hurricane winds 
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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 house that 

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 connected to the 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 secure such 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 damage from high winds because of 

their increased width. Lightweight garage doors can experience damage as they can be 

Figure 7. Tile Damage Caused by Hurricane Winds 
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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 put through 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. The entry 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 recommended 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 protected 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 devastating if a window 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 materials: steel 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 inexpensive 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 and 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 similar to an 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 maintenance is required to make sure the winds have not caused damage to the 

system. Figure 5 shows an example of accordion shutters. 

Figure 8. House Accordian Shutters 
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Colonial hurricane shutters are similar to accordion shutters and are permanently 

joined beside the windows; therefore, they require no 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 for safe 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 lowered down 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, are 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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Figure 10. House Rolling Shutters 
 

Figure 9. House Colonial Shutters 
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Protection Type Storm Panels Accordian ShuttersColonial Shutters Impact Glass Roll Down Shutters

Material Steel or Alumiinum Aluminum Aluminum
Polyester Film Glass

with Wood Frame
Aluminum

Cost/ftÆ $7.00 $20.00 $30.00 $35.00 $75.00

Total Cost for 350 ftÆ $2,450.00 $7,000.00 $10,500.00 $12,250.00 $26,250.00

Hurricane glass is another form of hurricane protection for windows and doors. 

Hurricane glass can withstand impact from hurricane debris and therefore completely 

eliminates the need for hurricane shutters. It is difficult to install new hurricane glass 

windows in older houses, and it can end up being quite expensive; this technology is 

more easily installed on new houses. Hurricane glass is similar to the glass of car 

windshields. It consists of a plastic layer which is sandwiched between glasses, which 

prevents future damage to the glass. Tests have been done on impact glass to provide 

codes for the ASCE (American Society of Civil Engineers) and gain results to improve the 

strength of impact glass. For impact glass to qualify as impact resistant, it needs to pass 

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

Window film is another alternative for window protection from high wind. The 

most popular window film on the market is known as safety and security window film. 

The film thickness can range from 4 mils (minimum 2 ply) to over 21 mils. Table 2 gives a 

description of the most common hurricane protection systems currently available on 

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

comparison of prices, arranged from lowest to highest. 

 

 

Table 2. 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, Canada, 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 used to 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 our time. 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 Michael Allen, 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 by corrugated 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 the expansion 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 designs were 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 the dome using geometry and computer-aided 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, fracture, sliding, structural vibration and panel deflection [8]. 

wƻƎŜǊǎ /ŜƴǘǊŜΩǎ ǊŜǘǊŀŎǘƛƴƎ ǊƻƻŦ ƳƻǾŜǎ ōȅ ǊŜǘǊŀŎǘƛƴƎ ǘƘǊŜŜ ŘƛŦŦŜǊŜƴǘ ǇŀƴŜƭǎ ǿƘƛŎƘ ŀǊŜ 

placed on top of one another. The panels are of different sizes and are elevated from each 

other. Different mechŀƴƛŎŀƭ ŎƻƴŎŜǇǘǎ ŀǊŜ ŎƻƳōƛƴŜŘ ŦƻǊ wƻƎŜǊǎ /ŜƴǘǊŜΩǎ ŘŜǎƛƎƴΣ ǎǳŎƘ ŀǎ 

electric and hydraulic power, as well as a push-pull system. The design includes logic 

controllers with power and control signals, as well as cable reels that are attached to 

electric winches placed 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 four bogie wheels used. Each bogie 

requires support in four directions, resulting in a total of eight wheels, two 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, wind and the dynamic 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 2003-06, the stadium is home to the Arizona 

Cardinals National Football League (NFL) franchise. 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 low-rise form that did noǘ Ǿƛǎǳŀƭƭȅ ŘƻƳƛƴŀǘŜ ǘƘŜ ōǳƛƭŘƛƴƎΩǎ ǇǊƻŦƛƭŜΦ ¢ƘŜǎŜ ǊŜǉǳƛǊŜƳŜƴǘǎ 

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 retain a slender 

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 hurricane protection system. The primary 

ǘǊǳǎǎŜǎ ǳǎŜŘ ŀǎ ǎǇŀƴƴƛƴƎ ǊƻƻŦ ŜƭŜƳŜƴǘǎ ŀǊŜ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ά.ǊǳƴŜƭ ¢ǊǳǎǎŜǎΣέ ŘǳŜ ǘƻ ǘƘŜƛǊ 

similarity in form to the trusses used by I.K. Brunel in the construction of the Royal Albert 

Bridge in 1859. The retractable portion of 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. Polytetrafluoroethylene (PTFE)- coated 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 support. The 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 the retractable 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 hardened crane rail weighing 175 lbs. 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 connects each 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 cables winding back 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 the design, 

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 hurricane can 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. The 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 to withstand high-speed, 

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 speed winds, and 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 during a hurricane 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 such as 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 material which 

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 provider of safety 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 can occur during a construction accident 

ŎŀǳǎƛƴƎ ƛƴƧǳǊƛŜǎ ŀƴŘ ŦŀǘŀƭƛǘƛŜǎΦ LƴŎƻǊŘΩǎ ǇǊƻŘǳŎǘǎ ƛƴŎƭǳŘŜ ƘƛƎƘƭȅ ŘǳǊŀōƭŜ ƴȅƭƻƴ ŀƴŘ 

polypropylene netting. These construction nettings come in different mesh sizes depending 

on the application it is used for. This type of 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 by the Incord Company. 
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Figure 11. a, b, c, Incord Mesh Models Evaluated 
 

For this specific project, personnel safety netting and vertical perimeter debris 

netting was researched. As the personnel safety netting meets the ANSI A10.11 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 lbs. This type of netting 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 durable mesh which could withstand several 

season and climate changes. The Incord Company provides netting that is also resistant to 

¦± ǊŀȅǎΣ ǘƘŜǊŜōȅ ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ ƳŀǘŜǊƛŀƭΩǎ ƭƛŦŜ ŎȅŎƭŜΦ ¢ƘŜȅ ŀƭǎƻ ƻŦŦŜǊ ǾŜǊǘƛŎŀƭ ŘŜōǊƛǎ ƴŜǘǘƛƴƎ 

which is not only durable but it also made of a fire-retardant material which can also be 

used for prevention of wild fires. These nettings comply with the OSHA regulation and meet 

the CPAI-84 rules and come in different mesh sizes. These nets also have an advantage as 

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

[6]. 

DNR750R DNR180R DNR18B 
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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. They are 

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 chemical corrosion 

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 provide additional reinforcement. By 

the ASTMD standards this material has a tensile strength of 85 psi and it is lightweight [4]. 

Advances in material technology have grown immensely through the years and 

those advancements have been implemented in large scale structures and designs. An 

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

CƛƎǳǊŜ млΦ ¢Ƙƛǎ ŀƛǊǇƻǊǘ ƛǎ ƘƻƳŜ ǘƻ ǘƘŜ ǿƻǊƭŘΩǎ ƭŀǊƎŜǎǘ ǊƻƻŦ ŎƻƴǎǘǊǳŎǘŜŘ Ƴƻǎǘƭȅ ƻŦ ǘŜƴǎƛƻƴŜŘ 

fabric. 
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Fabric roofs can carry a large amount of loads 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 helps in 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 for tensioned 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. 

Figure 12. Hajj terminal at Jeddah International Airport in Saudi Arabia 
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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 other hand 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 eliminate 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 a faōǊƛŎΩǎ ƭƛŦŜΦ ¢ƘŜ ŎƻŀǘƛƴƎǎ ǘƘŜƳǎŜƭǾŜǎ ƘŀǾŜ 

qualities 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. Their product can be utilized in 

areas plagued with harsh temperature, withstanding temperatures ranging from as low as -

100°F to temperatures as high as 450°F. When used in conjunction with a 

polytetrafluoroethylene coating, the material becomes resistant to even ultraviolet 

radiation. The supplied material by Birdair Inc. is certified by the American Society for 

Testing and Materials (ASTM) [2]. 
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Figure 13. Taoyuan County Stadium Top View 

 

A few of the specifications for this material include a tensile strength of 500,000 psi 

and a modulus of elasticity of 10.5×106 psi. 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 fiberglass membrane, also known as beta glass, which carries 

maximum flexibility yet preserves strength. The figure above shows Taoyuan County 

Stadium top viewΣ ǘƘŜ ƭŀǊƎŜǎǘ ƛƴŘƻƻǊ ǎǘŀŘƛǳƳ ƛƴ ¢ŀƛǿŀƴΦ LǘΩǎ ŀƭǎƻ ƪƴƻǿƴ ŀǎ ά¢ƘŜ Dƛŀƴǘ 9ƎƎέ 

because of its dome structure which consists of a roof that takes advantage of the PTFE 

material [2]. 



TARUD AND ROMERO ς THE COMPLETE HURRICANE PROTECTION SYSTEM (CHPS) 
 

FLORIDA INTERNATIONAL UNIVERSITY   48 |  PA G E 
MECHANICAL AND MATERIALS ENGINEERING   

 

 

Figure 14. Taoyuan County Stadium Inside View 
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1.4 Discussion 

It is evident that throughout time the advances for hurricane protection have been 

minor despite 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 unknown exactly when they come or where they 

head to. They cannot be avoided or abolished; however, we can protect ourselves and our 

families from its wrath.  

Nonetheless, designing a structure of system that satisfies the safety 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 

conceptual designs will be created and further studied to ultimately 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 solution in protection our 

houses, families and therefore our entire 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 destroying anything 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 made in the 

field of hurricane protection regardless of the hundred billion of dollars that Florida alone 

has incurred. 

Overall, the CHPS is formulated to safely and securely protect the house structure and 

its residents; however, there are careful considerations and constraints that require further 

evaluation. Being careful with detail is essential in tackling early problems that may result in 

loss of time, money and efficiency. As engineers, it is part of our responsibility to design and 

produce mechanisms that are what society need and want. This combination is a win-win 

situation resulting in generated sales for the manufacturer or producer and safety and 

peace of mind to the property owner. 

There are many motivation points which are more than enough to proceed with the 

concept realization as specified earlier. This on its own is of great importance since a project 

that is outweighed by either cost, high number of constraints or even a weak motivation 

should not be considered to proceed to final stages of completion.  
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2.2 Project Objectives  

The objective of this project is to create a mechanism that ultimately protects the house 

structure and its residents providing a peace of mind utilizing an innovative system of 

integrated spring steels and protective mesh that will cover the property and secure it by 

anchoring it to the perimeter base. The concept of creating a protective environment to the 

entire building by significantly reducing the air speed of the hurricane winds pushing that 

create low and high pressure area around the house destroying walls, windows and 

common composition of the house is completely new. The mechanism is designed to be 

conservatively self-stored providing easy and maneuverable access to the owner when 

needed avoiding extenuating labor or dangerous heights to achieve the goal. The CHPS is 

designed for small room for failure during its life period. Its maintenance is minimal 

including yearly cleaning and lubrication to the system and must be kept up to elongate its 

life and reduce any mechanical malfunction.  

The CHPS objectives are briefly listed in the following: 

Å Analytical and kinematic analysis of drag and lift forces on conceptual design. 

Å Simulations and virtual testing using SolidWorks and Ansys with the drafted 

computer aided design. 

Å Produce conceptual design displaying mechanical design able to activate the system, 

deploying it over the housing structure and retract it after usage. 

Å Manufacture the working prototype at FIU EC machine shop. 

Å Physical testing through Civil and Environmental Engineering point of view on 

functional prototype. 
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All in all, the CHPS significantly relies on the fundamental concepts from the mechanical 

engineering discipline due to its mechanical design, analysis and calculations in the fields of 

applied stress and strain to its structural study, design and material selection. Furthermore, 

the CHPS did rely on some of the fundamental laws 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 conditions. As seasoned mechanical 

engineer scholars, the CHPS design concept was evaluated to meet the Form, Fit and 

Function to ultimately manufacture the prototype. The testing and evaluation of this 

innovative concept includes verifying its success in deploying the mess over the house and 

retracting it, but also ǎǳōƳƛǘǘƛƴƎ ƛǘ ǘƻ CƭƻǊƛŘŀ LƴǘŜǊƴŀǘƛƻƴŀƭ ¦ƴƛǾŜǊǎƛǘȅΩǎ ²ŀƭƭ ƻŦ ²ƛƴŘ ŦƻǊ 

pressure and velocity changes in and outside the mesh at different angles and finally 

corroborate its structural design survives testing.  

 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 Hurricane Protection 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 to obtain the best end product.  

It is simple to asses that for the CHPS project 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, a scaled prototype of a larger house will be created in to 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 is experiencing with 

and without the Complete Hurricane Protection System implemented. Moreover the design 

behavior will be observed under strong winds generated from the Wall of Wind.   There are 

several features of the mechanical design this project encompasses that require special 

attention. These parts include designs for a guiding track for the mesh, pressure and velocity 

change and effect, and power requirements. Additionally, the Complete Hurricane 

Protection is anticipated to operate during emergency power outage conditions in the case 

of deploying and retracting to self storage. 

 The Complete Hurricane Protection System has several specifications. First, the 

mechanism must self deploy to cover the entire house structure including side walls and 

external fixtures 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 that the 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 elliptical shape for higher aerodynamic flow where edges are safely 

tensioned and secured to the ground utilizing high efficiency augers  

 At the prototype level, the use of sensors will be implemented in the design in order 

to generate testing data for analysis purposes. Changes in pressure and velocity readings 

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

Once the conference was held with Dr. Kuang Hsi Wu and Dr. Girma Bitsuamlak, the 

operating conditions of the CHP were discussed and are established in the following 

breakdown found in the next page. 
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Design Specification Breakdown: 

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

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

operator without: 

A. System getting stuck at the tracks. 

B. System getting held back by fixtures such as chimneys. 

III.   The Mechanism is to retract mechanically to ultimately be stored. 

IV. The CHPS storing unit must be able to hermetically close in order to avoid corrosive 

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. 

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

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

For such a system there are some constraints and considerations that must be noted and 

taken into evaluation in order to successfully produce a working concept and prototype of the 

Complete Hurricane Protection System.  The essence of the project is to design a hurricane 

protection system that when prompted will automatically self deploy over the house and retract 

and store once the unit has been used making it convenient and easy to operate, therefore the 

first constraint consist of this application. The most important constraint is that the system 

Ŏŀƴƴƻǘ ōŜ ƛƴ ŎƻƴǘŀŎǘ ǿƛǘƘ ǘƘŜ ǊƻƻŦ ǎǘǊǳŎǘǳǊŜ ǎƛƴŎŜ ƳŜǎƘ ŀƴŘ ƛǘǎ άǊƛōǎέ Ŏŀƴ ǇƻǘŜƴǘƛŀƭƭȅ ƎŜǘ ǎǘǳŎƪ 

on a roof tile 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 property. Nonetheless, 

these options were considered but were not feasible for its mechanical complexity, cost and 

overall unattractive appearance added to the building. Furthermore, the casing or housing unit 

storing the system must be hermetically designed to prevent from litter from falling into the 

cavity as well as avoiding rain water from corroding the device. These constraints can be 

summarized in the following: 

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

2. When prompted will automatically self retract 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 cause to reduce the attractiveness of the house. 

7. Housing 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 

complex structures. Some more applied considerations 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 system. This analogy 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 created. The prototype is scaled for the wind testing displaying the changes in 

pressure and velocity inside and outside the mesh structure; however certain components were 

not found at the same scale ratio. For ŜȄŀƳǇƭŜΣ ǘƘŜ άǊƛōέ ƳŀǘŜǊƛŀƭ ŦƻǊ ǘƘŜ ǇǊƻǘƻǘȅǇŜ ǿŀǎ ƴƻǘ 

readily available in the required size, 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 be scaled down 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 machined at Florida International 

¦ƴƛǾŜǊǎƛǘȅΣ 9ƴƎƛƴŜŜǊƛƴƎ /ŀƳǇǳǎΩ ƳŀŎƘƛƴŜ ǎƘƻǇ ƛƴ ƻǊŘŜǊ ǘƻ ƳŀƪŜ ǘƘŜ ǇǊƻǘƻǘȅǇŜ ǊǳƴΦ Note that 

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

life span of the mechanism. The consideration 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 its lowest 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 objectives, 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 Hurricane Protection System is not only realistic and attainable, but also an attractive 

marketable option for consumers who wish to keep their family safe and protect their family. It 

is safe to determine that the concept of the complete hurricane protection system is a highly 

demanded item for obvious reasons.  

A well engineered mechanism must evaluate thoroughly outweighing the pros and cons 

as well as understanding its constraints and consideration and keeping a clear understanding of 

the project objective will ensure its success. Essentially, that this project is divided into five main 

responsibilities. The main goal is to conceptualize the idea of the complete hurricane protection 

system into a working prototype.  Subsequently, to test and evaluate the performance and 

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, a dome shaped structure that covers the entire house will offers a higher 

air flow with best aerodynamic characteristics minimizing high pressure and low pressure 

areas caused by high velocity winds generated from the hurricane. It is precisely for the 

harmonious shape that all prototypes will be evaluated using this concept. The conceptual 

designs need to meet all the previously discussed project objectives, design specifications, 

constraints and other considerations in order to successfully develop a working prototype 

that will effectively produce the desired results. Undeniably, 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 the innovative 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 stronger model. Previous 

designs offer a solid foundation to the idealization of the Complete Hurricane Protection 

System. Nonetheless, as novel 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 victoriously design 
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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 been analyzed 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 first conceptual design, the dome roofed configuration as seen in the 

following figure was studied and some calculations were carried out on the structure. Such 

calculations are available in Appendix A. This preliminary analysis made it possible to 

determine the lifting and drag 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 proper I-beam needed for each section. 

 

 
Figure 15. Dome Roofed Structure 

 
 

 

Following the dimensions of each truss were determined, a 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, a simulation 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 simulating the direct force 

and drag effect caused by the wind during a hurricane. The SolidWorks model of this truss 

with the appropriate applied forces can be seen in the following figure. The results of this 

preliminary test showed a maximum displacement of about 3.94 in. 
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Figure 17. Displacement of the Middle Truss 

 

 

 

It is important to note that there is one major drawback to this design, and it is that 

when the unit is stored underground, the trusses will all stack on top of one another since 

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 limestone make digging 

fairly difficult. In order to address this problem, a second design was proposed. 
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3.3 Alternative Conceptual Design No. 2  

 

As a methodical process, after some research on I-beams, it was clear that 

constructing trusses out of curved sections is not an option. Curved sections of I-beam 

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 sections of I-beam to create an arched 

truss. This piecewise truss will be comprised of five straight sections of I-beams, 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. 

 

 
Figure 18. Piecewise Truss Formed From I-Beams 

 

 
 

To the piecewise truss formed I-beams and the earlier arched design some pros and 

cons were observed such as symmetrical and concentric arches, were analyzed to come up 
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with the third design. As was stated before, 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 to compensate for the buildup 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 from the two opposite ends and lock to itself where 

the trusses eventually meet up. The following illustration depicts a side profile of this 

piecewise symmetrical dome fully retracted.  

 

 
Figure 19. Side Profile of Piecewise Dome Retracted 
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Evidently, even 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 into the ground. 
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3.4 Alternative Conceptual Design No.3  

 

For the third alternate conceptual design, a completely different approach was taken to 

produce the system. As mentioned earlier it, is almost impossible to satisfy the safety 

conditions to avoid hurricane disaster with these enormous metallic dome structures in 

regular neighborhoods in which the houses are located at small distance from each other. 

Additionally considering that to manufacture the structure along with the material cost of 

any of the previous two metallic shapes will result extremely expensive. Therefore, a third 

and most convenient design was developed. This new design not only provides the house 

structure with the same protection behavior of the larger and more costlier metallic 

structures, but also will be much more practical, easy to 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 System (CHPS) will consist of a 

fabric mesh-like material that will be rolled in a shaft positioned underground at one side of 

the house. Once the system is activated by pressing one bottom, the net will be pulled in a 

parabolic shape by two cables at each side of the house. These cables are to be located 

inside of a small rail that is previously placed in the house without altering in any form the 

architectural appearance of the house. The two cables are consequently pulled by two small 

motors that are simultaneously controlled at the opposite side of the house structure. 

Finally, to retract the mechanism after it has been used the shaft that secures the fabric 

mesh will rotate in the opposite direction, thus while the shaft is rotating the mesh will be 
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rolled back until it gets to its original position. The rotation of the shaft will be done by 

connecting a low rpm motor directly to it.  

Lƴ ƻǊŘŜǊ ǘƻ ǇǊƻǘŜŎǘ ǘƘŜ ǊƻƻŦΩǎ ǎƘƛƴƎƭŜǎ ƛǘ ƛǎ ǾŜǊȅ ƛƳǇƻǊǘŀƴǘ ǘƻ ƳŜƴǘƛƻƴ ǘƘŀǘ ǿƘƛƭŜ ǘƘŜ 

rolling mesh is deployed over the roof, special spring steel material is integrated inside of 

the mesh at a distributive distance acting as άribsέ.  This material (spring steel) has the 

unique characteristic of being able to roll осл  ŀƴŘ once the force is released from the 

material, it will return to its original position and shape without deforming into a plastic 

range yielding a possible deformation. Figure 23 show the mechanism when is covering the 

house. 

           

 

 

Figure 20. Mesh System During Deployment 
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Conversely, the άribsέ of spring steel that are found inside of the mesh in integrated 

ƭƻŎŀƭ ǇƻŎƪŜǘǎ ǘƻ ŜƴǎǳǊŜ ƛǘ ŦǊƻƳ ǎƘƛŦǘƛƴƎ ŀŎǊƻǎǎ ǘƘŜ ƳŜǎƘΦ ¢ƘŜ ǎǘǊƛǇǎ ƻǊ άǊƛōǎέ will be able to 

be rolled as the fabric mesh is rolled as well around the shaft for a long period while the 

mechanism is stored under ground.  The following figure further illustrates the CHPS 

mechanism once it is in the retracting phase, after it has been used and on its way to be 

stored at the side of the house, inconspicuously hiding in an underground box that has been 

specially designed and fabricated to avoid moisture from seeping in.  

 
 
 

         

 

 

   

 

 

Figure 21. Mesh System During Retraction 




































































































































































































































































































































