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CHAPTER 1
Overview
The intended purpose of this investigation is to understand what earthquakes are and their origin and the negative impact that they have on residential infrastructures. I will then seek to make recommendations to negate or lessen the impact caused by earthquakes on residential housing in the country of Haiti based on design, materials and practices used in San Francisco, USA. Then discuss the factors that contribute to Haiti not being able to implement the strategies used in San Francisco and the possibility of finding compatible alternatives. 

Aims And Objectives 
How to ensure safety for residential housing infrastructure established in earthquake prone areas such as San Francisco, USA and how it can be applied to construction in Port-au-Prince, Haiti to reduce damage with regards to construction methods, design, and materials. 

· Explain in detail what earthquakes are, what causes them and what makes an area prone to earthquakes, more specifically the areas of San Francisco and Port-au-Prince, Haiti. 
· Explain the effects that earthquakes have on residential housing infrastructure and its components or occupants. 
· Highlight the modifications and measures used in San Francisco on residential housing infrastructure that lessen the impact of earthquakes to make it safer for the occupants and improve the building integrity during an earthquake.
· Make recommendations based on those used in San Francisco for Haiti where applicable. 
· Discuss reasons why these recommendations or some of them may prove to be difficult for Haiti to implement and find more feasible alternatives. 

Research Methodology 
The first approach to this paper will be to first understand earthquakes and what makes the chosen areas Port-au-Prince and San Francisco earthquake prone. David Waugh’s book Geography an integrated approach and other books that are focused primarily on earthquakes will be used as well as credible online resources which are deemed as secondary research. 

However, it is important to carefully evaluate the quality and reliability of the sources used in secondary research to ensure that the analysis is accurate and trustworthy which has been done for this paper.

It should be noted the using secondary research methods means that you are using analysis, concepts and theories made by others, however this can allow you to compare different authors who have a difference of opinion and then make your own analysis, concepts, and theories as it relates to the chosen topic. 

Then newspapers and articles surrounding earthquake occurrences in both areas involved in this research paper will be used, this is a form of primary research and can be found online. This information also came from international journalist who flew in to cover the disaster because local journalists were either fighting for their lives, homeless or deceased, and media outlets such as newspapers, radio stations were all affected this shows the difficulty to attain primary information. Then, information will be found on how San Francisco has altered construction to adapt due to the frequency of earthquakes, in the form of secondary research.  Haiti’s earthquake in 2010 caused the death of hundreds of thousands of people, the destruction of buildings also being in the hundreds of thousands and the homeless and injured being even more (BRITANNICA, 2023). 

Verified online websites will also provide a wealth of information specific to the topic of earthquake engineering or earthquake resistance of buildings specific to San Francisco showing the construction methods, design and materials used to make buildings (residential housing) safer during an earthquake. 

After all the information is gathered, an opinion will be given on the practices used and then make recommendations that are suitable to Haiti.  Cost will also be looked at as it pertains to the practices and material choice which can be a key factor in the recommendations made to Haiti because of their economic status being much lower that the San Francisco, USA which when compared to Haiti has a much higher economic standing. Haiti is said to the be poorest country in the Western Hemisphere with a Gross Domestic Income per capita of 1,829.59 USD (The World Bank, 2021). While San Francisco which is only a city in the USA, which has a Gross Domestic Income per capita of 70,248.63 USD this is a very wide gap, and it is clear to see that the number one reason for Haiti not having the innovative measures used in San Francisco is the countries very low and limited spending power. (The World Bank, 2021).




Research Significance 
The significance of this paper is to highlight how disastrous earthquakes can be and the effect it has on people and infrastructure.  
Then analyse the modifications that the city of San Francisco has made to the construction of their residential buildings to reduce the impacts that earthquakes have on infrastructure relating to residential infrastructure. 

An in-depth analysis in practices and making recommendations that are applicable to Haiti where and if possible, and, if direct recommendations cannot be made, suitable and just as effective solutions will be investigated and recommended. It is important to note that earthquakes are natural occurrences and cannot be prevented especially in locations such as San Francisco which is near the San Andreas Fault which causes the earthquakes when movement occur, but, the effect on its infrastructure can be reduced, and the discussion of had Haiti had these measures in place whether the impact that the January 2010 earthquake  would have caused the catastrophic destruction it did. 

As time progresses and events happen, construction has adapted to suit these events and will continue to over time, this study is aimed at highlighting some of these aspects of modification within the industry which in turn can save lives and protect infrastructure.  











CHAPTER 2 

LITERATURE REVIEW 

San Francisco


San Francisco, USA is located near the major San Andreas fault which is where the Pacific Plate (on the west) moves north-westward relative to the North American Plate (on the east) and is a transform plate margin, where the sliding past or rubbing of one plate on the other causes friction and pressure to be built up and results in earthquakes (BAKER, 2019). There are 5 other faults which the city of San Francisco is 3slocated near to but the major ones are, the Calaveras and Hayward-Rodgers Creek faults which are both spill offs from the major fault of San Andreas (SFGATE, 2022).

In 1906 San Francisco had an earthquake with magnitude of 7.9 on the Richter scale this event destroyed San Francisco and even started a massive fire, this fire went on for three days and in the end, it was believed that more than 3000 people died and 25000 people were left homeless (National Archives, 2018).
Designing an earthquake-resistant house in San Francisco requires a combination of proper design, materials, and maintenance such as:

Seismic Bracing
Adding shear walls is one method used in residential infrastructure to reduce the impact of earthquakes on homes. “Shear wall gives high stiffness to the structure so as the structure will be stable. Applying shear wall can effectively reduce the displacement and story-drift of the structure. This will reduce the destruction comes from lateral loads such as an earthquake,” (Tarigan, Manggala and Sitorus, 2018) 

Another form of seismic bracing is the use of cross bracing which involves installing diagonal braces between the vertical studs in the walls of the building, forming an "X" pattern resulting in its name cross brace. This helps to increase the stiffness of the wall and reduce the amount of movement during an earthquake. Cross-bracing usually uses steel because of its flexibility but other materials such as wood can be used (SCHNEIDER, 2023). 

Reinforced Concrete Frame
Reinforced concrete is another material choice and design that can help reduce the effects of an earthquake on homes. It is strong and flexible and can withstand the forces of an earthquake without collapsing. Once built using the correct codes proper methods and techniques reinforced concreate will be able to survive earthquakes intact while remaining structurally sound (Portland Cement Association, 2023). 

Reinforced Slab Foundation
The California Earthquake Authority has marked using reinforced slab foundation to be a very useful earthquake resistant foundation that should be used (California Earthquake Authority, 2023). 

Concrete is a strong and durable material that can resist the lateral and vertical forces generated by an earthquake. When reinforced with steel, concrete can withstand even stronger forces, making it an ideal material for a foundation (Lysett, 2022).  This type of foundation is generally stiffer than other types of foundations, which can help to reduce the amount of movement during an earthquake which reduce the likelihood of damage to the structure of the building (Forestell, 2021). Reinforced concreate helps to absorb the energy of an earthquake which reduces impact on the building and minimize damage.

However, it is important to note that the effectiveness of a concrete slab foundation during an earthquake depends on a range of factors, including the quality of the materials used, their proportions and quality of. Workmanshit.

“In areas like California soft-story buildings or buildings that generally do not meet modern building codes are slowly being retrofitted or updated to ensure that they are as safe as can be when the next earthquake inevitably happens” (Forestell, 2021)
It is important to note that though some buildings do not live up to the code to make them earthquake resistant they can be retrofitted to support this, and this is what Haiti as a country should strive towards.
 
Haiti
The British Broadcasting Corporation (BBC) was one of the first media outlets to get first-hand information on the 2010 earthquake disaster that hit Haiti on January 12th, 2010. The first article produced by BBC was unable to give specific numbers and damage caused the earthquake and was released a day later because of the extent of the damages caused.  BBC describes the earthquake as a ‘catastrophe’ (BBC, 2010). Figures slowly came in and the United Nation (UN) stated that over 220,000 people lost their lives, 300,000 were injured and 1.5 million became homeless and these are still rough figures till this day. The earthquake in question was a 7.0 magnitude on the Richter scale which goes up to 10, 10 being the highest, apart from the initial wave two waves followed called aftershocks 5.9 and 5.5 respectively.  The epicentre of the earthquake was 10 miles from the capital of port-au- prince (Pallardy, 2019). 

Deeper investigation found that Haiti does not have its own national building codes and it is left to the discretion on the engineers or builders to follow their own set of rules as they see fit this was stated by Pierre Fouche who is a Haitian national who has a Doctorate in earthquake engineering from the University of Buffalo in New York (Joyce, 2019). Fouche further stated that many persons live and even work in buildings that are not even reinforced much less to the building being earthquake proof. The building codes used in Haiti at the time of the earthquake were old-fashioned French building codes or Canadian codes that had no provisions for seismic activity and still up to the discretion of the engineer to follow these codes (Serisier, 2021). One Haitian homeowner who lost her home in the 2010 disaster told the Wall Street Journal that when her house was being built the local workmen, she hired to build her home did not even get a construction permit to build and even cut down on ‘expensive’ materials such as cement to cut costs (Serisier, 2021). Construction workers often opt to cut cost by using cheaper steel or no steel at all and mix cement with sand that contains impurities which weakened the integrity of the cement. 

Though little progress in being made there are some organisations like Engineering for Change who are helping Haiti to construct earthquake resistant homes for those in need, however there is little funding available for this project so only a small amount can be built. Their team also stated that buildings collapsed in Haiti because:
· The blocks used were not strong enough or had proper reinforcement. 
· Undersized concrete columns that were not reinforced or did not have enough. 
· Lack of a coherent lateral system (Engineering for change, 2014)





CHAPTER 3 


METHODOLOGY 

This research paper aims to compile and assess the opinions of different construction professionals to compare their usefulness and credibility in connection to the topic. The information used to complete this paper was collected though online research using websites and books that can be found online relating to the topic at hand. Using information that came from media outlets such as BBC and CNN to be used as primary sources. These are classed as primary sources because they explained in detail what happened in an event such as the 2010 earthquake in Haiti and its effects and toll and told the story and is the closet one can get to having the original story especially in the time where because of the earthquake occurrence it was hard to get communication. BBC and CNN were one of the first media outlets gain information and explain the situation in Haiti to the world at the time it occurred. 

The rest of the information was taken from secondary research which ranged from government sites, and articles from professionals within the scope of earthquake engineering or proofing in both Haiti and San Francisco. Information on material and design choices applicable to residential infrastructure was researched and the most suitable design choices and materials was taken were taken into consideration. 

In the end this paper’s entire research basis was that of online research using both primary and secondary, and with all that information collected it was analysed and a comparison between the two cases study areas were done with no quantitative or qualitative research methods used. 


CHAPTER 4
RESULTS
Research as highlighted that San Francisco is an earthquake prone area because of its location near six (6) faults San Andreas being the largest and most problematic of the six (6). The Pacific Plate is moving northwest relative to the North American Plate, which is moving to the southeast. This creates a lot of pressure and tension where the plates meet which may lead to earthquakes. Haiti is earthquake prone because it is located on top of the Enriquillo-Plantain Garden fault where the Caribbean plate is moving eastward with respect to the North America plate and this movement may generate earthquakes and is the cause of Haiti’s 2010 earthquake disaster.

San Francisco has had their devastations over the years and have moved to make amendments to be more prepared to protect and reduce the effects of the frequent earthquakes especially in residential infrastructure.  San Francisco which only is a city and is at a better financial status than Haiti which is a country. The world bank stated that Haiti’s GDP per capita is only $1,829.59 USD which ranked 171st and San Francisco a city in the United States of America, where the USA ranked 11th with $70,248.63 USD. Haiti is not in a position financially to focus heavily on quality when it comes to construction let alone to afford to add and use more expensive materials and designs to ensure that their homes are somewhat earthquake resistant. 

Based on research there are three (3) recommendations that are used in the San Francisco area on residential infrastructure that should be used or implemented in Haiti’s new construction or to be used in the retrofit of existing structures.
The first is the use of Seismic Bracing in the form of shear walling, shear walls are vertical elements in a building's structural system that are designed to resist lateral forces such as those generated by earthquakes. These walls work by transferring the seismic forces acting on a building’s foundation, thereby reducing the risk of structural damage or collapse.
The use of shear walls in building design is an effective way to reduce the impact of earthquakes. In addition to providing lateral stability, shear walls also contribute to the overall stiffness of the building, which helps to minimize building distortion during seismic events. Shear walls can be made of a variety of materials, including reinforced concrete, steel, or wood. 

The second recommendation is using a reinforced concrete frame, like shear walls they are also designed to resist lateral forces such as those generated by earthquakes by providing a stiff and stronger structural system. Reinforced concrete frames can also be designed with shear walls to add to the structure’s resistance to seismic activity. 
To reduce the effects of earthquakes, reinforced concrete frames are designed to distribute seismic loads throughout the structure, thereby reducing stress concentrations and preventing localized failures. The columns and beams in the frame are designed to work together to resist the lateral forces generated by an earthquake, and the connections between the columns and beams are designed to be strong and ductile to resist the effects of the earthquake. 

Reinforced concrete frames can also be designed with dampers, which are devices that are designed to absorb or disperse energy during an earthquake which reduces the amount of force that is transferred through the structure.


There are several types of dampers that can be used with reinforced concrete frames, including viscous dampers, friction dampers, and tuned mass dampers. 

Viscous dampers are made up of a piston that moves within a fluid-filled cylinder, such as oil or water. When an earthquake hits, the piston within the cylinder moves, dispersing the earthquake's energy and lowering the forces delivered to the structure.

Friction dampers are made up of a sliding plate wedged between two plates that are connected to the building frame. When an earthquake hits, the sliding plate moves in relation to the fixed plates, causing friction and dispersing the earthquake's energy.

Tuned mass dampers are constructed from a mass attached to a spring and a damper connected to the building frame. When an earthquake hits, the mass moves in reaction to the building's motion, reducing the forces delivered to the structure.

Reinforced concrete frames with dampers are intended to act in harmony to lessen the effects of earthquakes on buildings and other structures. The dampers within the frame are precisely positioned to absorb or dissipate energy during an earthquake, and the reinforced concrete frame provides the necessary stiffness and strength to resist the lateral forces produced by the earthquake.

Finally, reinforced slab foundations are like conventional slab foundations but are reinforced with additional steel bars or wire mesh to provide improved strength and stability. The reinforcement is often inserted into the concrete in a grid pattern and is designed to withstand the lateral forces produced by earthquakes. Reinforced slab foundations, like reinforced concrete frames, can be combined with shear walls to increase a building’s resistance to earthquakes. 
In addition, reinforced slab foundations can also be designed with dampers or base isolation systems to further reduce the effects of earthquakes. 

It was also found that even after Haiti’s encounter with the 2010 earthquake the government had not implemented any building codes that will promote safe building practices let alone stive to enforce them. Also, the country and its residents are still poor as Haiti is the dubbed the poorest country in the western hemisphere. 




 




















CHAPTER 5 

DISCUSSION 

There are several challenges that it difficult for Haiti to implement better earthquake-resistant construction methods such as:
Poverty
Haiti is one of the poorest countries in the Western Hemisphere, with a large portion of the population living in poverty. Many Haitians cannot afford to build or retrofit their homes with earthquake-resistant construction methods, which can be more expensive than traditional or cheaper construction methods. Therefore, they will opt to use cheaper building methods and material which will not provide any form of resistance against seismic activity.
Lack of resources
Haiti also lacks the resources needed to apply earthquake-resistant construction technologies, such as building materials and trained professionals. Many building materials must be imported, which can be costly and difficult to obtain in a timely manner. As a result, locals are forced to use unrefined local materials such as sand, which can contain impurities such as shells that, when mixed with cement, weaken the integrity of the cement or blocks.
Lack of enforcement of building codes
Haiti does not use its own building codes and the codes that are used are not appropriate for the seismic activity that Haiti faces. Many buildings are constructed without permits or inspections, and some builders may not be aware of or may choose to ignore the building codes that Haiti uses. Building without codes and guidance means that projects will be completed as the builder(s) see fit which naturally they will choose the easiest and cheapest route. By doing this the integrity of the project goes down and earthquake proofing measures will not be put in place. 

Lack of Awareness and Education
 There is often a lack of awareness and understanding about the importance of earthquake-resistant construction techniques among the general population and even some construction professionals in Haiti. This can result in a lower demand for such methods and a lack of incentives for their implementation.

Shear walls are made from different materials, where using wood to make them will be a more feasible option for Haiti rather than other materials such as steel, concrete etc. Using reinforced concrete frame is more expensive and the need for cement and steel and the access to them will prove challenging for Haiti and importing products are my costly.   Reinforced slab foundation though this can be found in Haiti it is usually found in larger and commercial buildings. However, the lower income homes will have poorly constructed inadequate foundations. It should be noted that these three recommendations though may seem more costly upfront, in the long run had they been implemented the 2010 earthquake’s impact would have been significantly.  It is also sad to note that since the 2010 disaster there has been no major change to the country’s building codes and the codes which existed are not being enforced and persons withing construction in Haiti still construct as they see fit.

2023 has made thirteen years since the tragic earthquake in 2010 and Haiti’s construction industry has not seen a significant turnaround there are some organizations who are trying to improve construction method however this needs to be a holistic approach. Overall, implementing earthquake-resistant construction methods in Haiti will require a multi-faceted approach that addresses challenges. Which include increasing access to funding, resources, providing training and education to builders and homeowners, creating, and enforcing building codes that suit Haiti and its location. Additionally, addressing poverty and improving the overall economic situation in Haiti can also help to make earthquake resistant construction methods more accessible and affordable. The other option is seeking or getting help from different foundations or governments to help  reduce the cost of construction for the poorer and less economically inclined homeowners or prospective homeowners. 





















CHAPTER 6
REFLECTION 
Obtaining the relevant knowledge and data connected to the issue, proved to be a considerable challenge during my dissertation study. These obstacles made acquiring credible and complete information extremely difficult. 

The scarcity of accurate and current information on earthquake-resistant construction practises in Haiti was one of the most significant problems I encountered. Due to the countries' lack of established standards, codes, and records, it was difficult to find relevant research, articles, and academic publications that clearly addressed the subject. The lack of publicly available data on this topic impacted my ability to build a solid foundation of knowledge and hampered my grasp of Haiti's current earthquake-resistant construction initiatives.

The lack of organised sources or dedicated databases providing important research and studies hindered information gathering even further. As a result, I had to rely on a variety of sources, including academic journals as well as articles from international agencies and media outlets. Because of the scattered structure of the available information, much work was expended on locating and verifying various sources to ensure the data's legitimacy and dependability.

Also, the language barrier posed a significant challenge. Many excellent resources and studies especially local newspaper articles covering the 2010 earthquake in Haiti have been published in their native language of Haitian creole or even French, demanding the use of translation services. This added an extra layer of complexity that prolonged the data collection and processing procedure. 

Furthermore, the scarcity of first-hand data and the lack of executing field research in Haiti influenced and reduced the depth and breadth of my dissertation. There was no access to construction sites, interviews of local stakeholders, and collecting real-time data on present building practises and earthquake-resistant procedures this impacted the research heavily. I was unable gather in the field first-hand information and had to rely on the experience of others that they chose to publish therefore my opinions will be heavily influenced by their point of view.
Given these significant hurdles, my approach was to find as much online data as I possibly could and then evaluate its legitimacy based on who wrote it, their credentials amongst other criteria. Though difficult I was still able to overcome many of these challenges and assemble a complete body of information to complete this dissertation. Though speaking to construction experts in Haiti or even San Francisco would have proved extremely beneficial and would have given well needed information and data was found and enabled me to still make recommendations for Haiti.

When gathering information on San Francisco’s practices used to increase earthquake resistance in residential infrastructure required in dept investigation, because information published on earthquake resistant measures mostly speaks to high rise commercial infrastructure where the topic at hand requires measures that are compatible with residential infrastructures that can be found in Haiti. Therefore, methods research that are used in San Francisco were investigated to ensure that they can be applied to residential structures. 

The factor of Haiti’s economic status also made it difficult to make recommendations that they will be able to put into practice. Some alternatives were made that will be a more viable and cheaper option for Haiti.

Completing this dissertation has shown me the importance use of various data collection methods that I was unable to use due to the location of my study areas. In the future a careful understanding if the course of work and limitations that may follow will be examined before deciding on a topic. 

Finally, the challenging process of acquiring information for my dissertation emphasised the importance of my research and the urgency of solving present gaps in knowledge on earthquake-resistant construction practises in Haiti. The difficulties I encountered highlighted the importance of continuing efforts to increase data accessibility, create comprehensive databases, and promote collaboration among researchers and practitioners to continue to advance the field and improve Haiti's built environment's earthquake-resistant qualities.










CHAPTER 7 
CONCLUSION 
Finally, this dissertation has investigated the difficulties and complications that Haiti has encountered in implementing earthquake-resistant construction systems. An in-depth examination of the socioeconomic, institutional, and cultural elements at work indicates that Haiti faces substantial challenges in improving the resilience of its built environment.

The widespread poverty in Haiti restricts the financial resources available for establishing earthquake-resistant building, and a lack of knowledge and awareness about these approaches further impedes their adoption. Weak governance and inadequate institutional capacity are other impediments, as is the implementation of building codes and regulations. Cultural and socioeconomic reasons, as well as the lack of recent large earthquakes, all contribute to a lower priority for seismic resilience in building practises.
The difficulty in obtaining the knowledge and resources required for earthquake-resistant building exacerbates the problem. It is difficult to create and implement successful solutions due to a scarcity of trained professionals and a lack of detailed data and research particular to Haiti.

Despite these obstacles, it is critical to recognise the significance of addressing the issue of earthquake-resistant construction in Haiti. Haiti can progressively overcome these obstacles through raising awareness, boosting education, and strengthening governance and institutional ability. Collaboration among stakeholders, including government agencies, non-governmental organisations, and international organisations, is critical in designing and executing comprehensive seismic resilience methods in construction practises.

While this dissertation shines light on Haiti's issues, it also emphasises the importance of ongoing research and practical remedies. Further research should focus on establishing earthquake-resistant construction solutions that are both cost-effective and culturally appropriate for Haiti's particular context. Efforts should also be made to mobilise resources, give technical assistance, and enable capacity-building projects to empower local communities and professionals.

Finally, by addressing Haiti's numerous challenges, the country can make significant strides towards implementing better earthquake-resistant construction methods, ultimately improving the resilience of its built environment, and safeguarding the lives and livelihoods of its people.
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