Session No. 14



Course Title: Comparative Emergency Management

Session 14: Structural Mitigation

Time: 1 hr


Objectives:

14.1 Provide a Broad Understanding of Structural Mitigation

14.2 Explain the Various Structural Mitigation Techniques and Provide Examples from The United States and Abroad

													

Scope:

During this session the instructor will define structural mitigation, and present the concepts behind the various methods of conducting structural mitigation.  


Readings: 

Student Reading:

Coppola, Damon P. 2006. Introduction to International Disaster Management. Butterworth Heinemann. Burlington. Pp. 179-185 (‘Structural Mitigation’).

UNISDR. 2006. Disaster Risk Reduction: 20 Examples of Good Practice from Central Asia. Pp. 32-37. http://www.unisdr-wana.org/eng/resources/wana-publications/20-Good-Examples-of-Good-Practice.pdf

UNISDR. 2004. Safe Building Construction and Protection of Critical Facilities. From Living With Risk. Chapter 5.3. http://www.unisdr.org/eng/about_isdr/basic_docs/LwR2004/ch5_Section3.pdf 


Instructor Reading:

Coppola, Damon P. 2006. Introduction to International Disaster Management. Butterworth Heinemann. Burlington. Pp. 179-185 (‘Structural Mitigation’).

UNISDR. 2006. Disaster Risk Reduction: 20 Examples of Good Practice from Central Asia. Pp. 32-37. http://www.unisdr-wana.org/eng/resources/wana-publications/20-Good-Examples-of-Good-Practice.pdf

UNISDR. 2004. Safe Building Construction and Protection of Critical Facilities. From Living With Risk. Chapter 5.3. http://www.unisdr.org/eng/about_isdr/basic_docs/LwR2004/ch5_Section3.pdf 


General Requirements:

Power point slides are provided for the instructor’s use, if so desired.

It is recommended that the modified experiential learning cycle be completed for objectives 14.1 – 14.2 at the end of the session.



General Supplemental Considerations:

The reading from Introduction to International Disaster Management includes several sidebars that provide expanded information on most of the topics included in this session, and images that provide illustrations of the mitigation measures presented.  It is recommended that the instructor assign this session prior to class so that students are able to incorporate this added information to the class discussions.


Objective 14.1: 	Provide a Broad Understanding of Structural Mitigation

Requirements:

Provide students with a general overview of the more technical, engineering-based structural hazard mitigation.  Describe the principal structural mitigation categories and provide examples that illustrate how different nations utilize this practice to reduce hazard likelihood or consequence.  Facilitate classroom discussions to explore student experience and knowledge and to expand upon this lesson material.  

Remarks:

I. In the previous session, the instructor presented to students the function of mitigation.  

A. Mitigation as a general practice is performed in order to reduce either the likelihood of a hazard from manifesting as an actual event, or reducing the consequences of the hazard should an actual event occur.

B. Mitigation measures fall into two general categories, characterized by their dependence on physical modifications to the built or natural environments.  These include: 

1. Structural Mitigation

2. Nonstructural Mitigation

C. The first of these two categories is the subject of this session.

II. The mitigation grouping that includes measures characterized as “Structural” pertains to those measures that involve or dictate the necessity for some form of construction, engineering, or other mechanical changes or improvements aimed at reducing hazard risk likelihood or consequence (see slide 14-3, 14-4).
 
A. Structural mitigation measures often are considered attempts at “man controlling nature” when applied to natural disasters. 

B. Structural mitigation measures are also often very expensive, as they tend to be associated with complex technical requirements that include research, analysis, engineering, maintenance, and monitoring.

C. Likewise, structural mitigation measures are characterized by the full range of regulation, compliance, enforcement, inspection, maintenance, and renewal issues that accompany them.

III. As is true with nonstructural mitigation, there typically exists a unique set of structural mitigation measures that have been developed or identified for each hazard, each of which has been found to reduce its associated risk in some manner.  

A. Taken as a group, all of these structural mitigation measures may be further grouped into a number of general categories. 

B. Each of these categories is described below.  And for each mitigation category, examples of how it could be applied to one or more individual hazard types follows. 

C. The general structural mitigation groups to be described are (see slide 14-5): 

1. Resistant construction

2. Building codes and regulatory measures

3. Relocation

4. Structural modification

5. Construction of community shelters

6. Construction of barrier, deflection, or retention systems 

7. Detection systems

8. Physical modification

9. Treatment systems

10. Redundancy in life safety infrastructure


Supplemental Considerations

N/a


Objective 14.2: Explain the Various Structural Mitigation Techniques and Provide Examples from The United States and Abroad

Requirements:

Lead a student lecture that provides expanded detail on the various structural mitigation techniques outlined in Objective 14.1.  Provide examples of structural mitigation practice throughout the world using the included references and citations, and through any other examples the instructor locates in addition to these.  Expand upon each of these techniques through facilitation of student discussions.  

Remarks:

I. The Instructor can begin this objective by explaining to students that each of the structural mitigation measures listed in the previous objective will now be explained in greater detail, and illustrated through examples from throughout the world.

A. The Instructor should encourage students to share their own knowledge and experience of each of these measures in order to add to the material contained in this session material.  

B. If the instructor has pre-assigned the assignment included in the supplemental considerations detailed at the end of this objective, he or she should explain that students will present their research findings as each structural mitigation measure is discussed.

II. Resistant Construction (see slide 14-6)

A. Physical structures have the a significantly-increased likelihood of resisting sustained hazard forces or impacts if the structures are designed in such a way prior to construction such that they are equipped specifically to resist those forces. 

B. The practice of resistant construction is something that capitalizes on advances in architectural and construction research and practice, as well as institutional learning (academic, societal, or otherwise), in order to make the ability to resist or avoid outside forces intrinsic to the structures.

C. In most cases hazard forces are not single static factors, but rather representative of a range within which specific points of resistance may be noted.  

1. For instance, the forces associated with wind are generally represented not as a single force entitled “Wind”, but rather ranges of wind force represented by wind speed (in miles of kilometers per hour).  

2. Hurricane force winds, which are winds exceeding 73 miles per hour, can exert a much greater force than those associated with a tropical depression or tropical storm.

D. Ask the Students, “What are some of the different kinds of forces that can negatively impact built structures?”  

1. Students should be able to imagine the effects of different hazards to brainstorm answers for this question.  

2. For instance, the following forces, and the associated causative hazards, might be named by students:

a) Temperature (extreme heat or cold)

b) Wind (hurricane or tornado)

c) Water (including the force of moving water (flow) and standing water) (precipitation, floods, storm surges, tsunamis)

d) Flame (fire, wildfire)

e) Vertical and horizontal movement of the earth (earthquakes)

f) Expanding Gases (terrorism)

g) Projectiles (Hurricanes, Tornadoes, Terrorism)

h) Mass (landslides, mudslides)

i) Gravity (snow, ice, hail)

E. Through awareness and education, individual, corporate, and government entities can be informed of the hazards that exist and the measures that can be taken to mitigate the risks of those hazards, allowing resistant construction to be considered. As a mitigation option, designing hazard resistance into the structure from the start is the most cost-effective option and the option most likely to succeed.

F. Of course, whether builders choose to use hazard-resistant design depends upon whether or not they have access to the financial resources, the technical expertise necessary to correctly engineer the construction, and the material resources required for such measures. 

1. Ask the Students, “If a property owner invests in resistant construction, and the treated hazard risk never actually occurs (for instance, no hurricane ever effects a structure designed to resist wind forces), was the investment a waste of money?  Why or why not?”

G. In many industrialized countries, like the United States and Japan, hazard resistant construction has been refined through modern scientific discovery.  

1. A good example of this are the advancements in earthquake resistant design that have occurred which allow for the safe construction of sky scrapers in seismically-active Japan.  

2. In Yokohama, for instance, structures were limited in height to 102 feet after experience with repeat earthquake events showed that structures over this height tended to survive, while those taller tended to fail.  

3. This law was repealed in 1965 when overcrowding led to a need for vertical development.  New design construction has allowed Japan’s tallest skyscraper, The Yokohama Landmark Tower, to be built at a height of 971 feet, thanks to flexible materials.  

4. However, the architects incorporated the design of Japanese “five-story” pagodas to support the building’s resistance, out of recognition that these structures very rarely sustain failure when exposed to seismic forces (Japan Atlas, n/d). 

5. The instructor can illustrate this example with images found on the internet or elsewhere.  The official website of the tower provides images of the tower’s structure: http://www.yokohama-landmark.jp/office/english/p08.html 

H. The example of the Yokohama Tower illustrates an extreme example of how construction styles may incorporate hazard resistant design developed over time by cultures that have had to adapt to living with a hazard.  However, on a more widespread scale, evidence of this is found throughout the world even in rural communities, in the homes of individuals.  

1. This is often seen in areas that regularly experience flooding, including annual flooding.  In these cases, it is common to see houses built on stilts or elevated in some other fashion.  

2. Another example of a culturally adjusted hazard-resistant construction style is the houses built by the Banni in India.  

a) These round structures are very well equipped to resist the shaking of earthquakes. 

b) Little funding and minimal added effort are required to design these mitigation measure into the construction from the start, but building a standard, nonresistant house and altering it at a later time is both cost- and ability-prohibitive.

c) More information on Banni structures (Bhungas) can be found at: http://timesofindia.indiatimes.com/articleshow/551890147.cms

3. Ask the Students, “Is there anything in your house or the building where you live that represents hazard resistant construction that you might not see in other parts of the country where certain hazards are not persistent?”

4. Ask the Students, “What could we learn from cultures like the Banni?  How could their experience help architects in the United States?  How is their experience irrelevant?”

III. Building Codes and Regulatory Measures (see slide 14-7)

A. Hazard-resistant construction, which was explained in detail above, is a proven method for reducing hazard vulnerability in select cases. However, without codified standards and regulations that dictate employment of those standards, the method is optional and the risk reduction is no longer uniform across the affected population.  

1. In other words, the builder of the house must correctly incorporate resistant construction methods if this mitigation measure is to be of any value.

2. Governments and professions ensure that members of the population apply hazard-resistant construction by creating building codes to guide construction and passing legislation that requires those codes be followed.

B. Building codes and their accompanying regulatory enforcement measures are one of the most widely adopted structural mitigation methods, used in almost every country of the world in some form. 

1. With sufficient knowledge about what hazards are likely to affect a region or a country, and to what magnitude, engineers can develop standards of building construction, known as ‘codes’, that guide those building structures in ensuring that their designs and subsequent products are able to resist the forces of hazards affecting the area where construction is taking place. 

2. When properly applied, building codes offer a great deal of protection from a wide range of hazards. They are a primary reason for the drastic drop in the number of earthquake deaths in the developing countries during the last century. 

C. Unfortunately, these measures have several negative aspects, or obstacles, that prevent them from being used more widely and more effectively.

1. Though simple in theory, inherent problems with codes and regulations can drastically decrease their effectiveness.

2. Ask the students, “What are some of the inherent obstacles to this structural mitigation measure?”

3. The assigned readings from Introduction to International Disaster Management provides a number of obstacles that exist.  Students may also provide additional obstacles based upon their knowledge and experience.

D. The instructor can illustrate these inherent problems by distributing the following article for students to read in class.  This article describes how a lack of uniform enforcement of building codes in Italy led to many building failures during the earthquake that struck there in April of 2009.  The article “Lax Code Enforcement Seen in Some Building Collapses in Italy”, from April 7, 2009, can be found at http://www.nytimes.com/2009/04/08/world/europe/08codes.html. 

1. Ask the Students, “What problems led to building collapses in the 2009 Italy earthquake described in this article?”

2. Ask the Students, “Could these problems occur in the United States?  What could be done to counteract them?” 

IV. Relocation (see slide 14-8)

A. Occasionally, the most sensible way to protect a structure or a people from a hazard is to relocate it or them away from the area likely to be impacted by the hazard. 

B. Flooding is the most common reason that structures are relocated. 

1. Floodplains are dictated by geography, and it can be very difficult and often prohibitively expensive to prevent an area within this high-likelihood flood area from becoming affected in future events.  By moving away from the affected area, to one where floods cannot occur, the moved individuals or structures have effectively eliminated their flood risk.

2. Though destroying the original structure and rebuilding elsewhere is often less expensive and technically more feasible that moving a structure intact, such actions are either impossible or undesirable in certain circumstances. 

3. Ask the Students, “Can you think of an example where it might not be desirable to destroy a structure and rebuild it from scratch in a new location, even if doing so would be significantly cheaper than moving the old structure to a new location?”

a) Students can think of historic or cultural structures that have no replacement value.  These structures are one of a kind, and their history is what makes them valuable.  Rebuilding them new would fail to recreate the reason people found them to be valuable in the first place.

b) The Abu Simbel temple in Egypt is one example where this was the case.  This centuries old structure, which would have been flooded after the damming of the Nile at Aswan, was moved about 700 feet from its original location to protect it.  The instructor can guide students to an article about this decision on the National Geographic website (http://news.nationalgeographic.com/news/2001/02/0221_abusimbel.html) 

4. In some instances where the hazard area is especially large, it may be necessary to move an entire community. 

a) One such example is the town of Valdez, Alaska, which was condemned and relocated in 1967 after hazard assessments showed that the entire town was built upon unstable soil. 

b) Fifty-two of the original structures were moved to a new site four miles away, while the rest were destroyed and rebuilt in their new location.

c) The instructor can distribute the short article “When Valdez Moved: The Good Friday Earthquake” to provide background on the move (http://www.gi.alaska.edu/ScienceForum/ASF13/1337.html) .  This article also illustrates how a settlement can be located in a high risk area due to some other feature or benefit that is provided, and that the original decision can lead to growing risk over time (as it did in the case of Valdez).  

(1) Ask the Students, “Prior to the 1964 earthquake, there were several experts who voiced concern about the town’s risk, each stating that the town should be relocated.  However, the town was not relocated until after a disaster occurred.  Are there any areas in the United States where you believe this patter is being repeated?  What would it take to relocate the city or town?”

d) China was faced with moving hundreds of communities prior to the completion of the Three Gorges Dam, as those communities would be permanently flooded by water retained behind the structure.

e) China faced incredible pressure in fulfilling this mission as many opponents felt that the hazard itself could have been eliminated by building the dam elsewhere or abandoning the project altogether.

f) Ultimately, over 1.4 million people were moved out of harms way to allow for flooding behind the dam.  The Chinese claim that the dam relieved flood risk to many more people who live in communities along the length of the Yangtze River.

V. Structural Modification (see slide 14-9)

A. Experience with actual hazard events, scientific research, and innovation continually provide new information about hazards and vulnerability. 

B. This new information often reveals two things: 

1. Structures in identified risk zones are not equipped to resist the forces of a likely hazard

2. New options exist to strengthen the structure such that it would survive events that it might not otherwise survive.

C. When it is discovered that a structure is built to standards below what is required to resist possible hazard forces or impacts, there are three treatment options available: 

1. The first is to accept the increased risk, and do nothing to change the structure of the building. 

2. The second is to demolish the structure and rebuild it to accommodate the new hazard information or such that it incorporates new technology. 

3. The third, and often the most appropriate action, is to modify the structure such that it resists the anticipated external forces. 

D. This third action is most often referred to as ‘retrofitting’. How the retrofit affects the structure depends on the hazard risk that is being treated. The required reading from Introduction to International Disaster Management provides several examples of retrofitting options to manage each hazard type.  

1. Ask the students to provide examples of retrofitting options, either from the reading or from their own experience, for each of the following: 

a) Cyclonic storms

b) Earthquakes 

c) Floods

d) Wildfire 

e) Hail

f) Tornadoes 

g) Lightning 

h) Extreme heat 

i) Terrorism 

E. Building retrofits can often be seen in areas where previously unknown seismic faults result in an unexpectedly strong earthquake.  The new hazard information results in a reassessment of structural integrity and resilience to anticipated forces, and those considered unfit are addressed through retrofit.  Retrofitting can also be a method of choice when building stock begins to age and their vulnerability to external forces increases.

1. Following the 1985 Mexico City earthquake, for instance, after 1,700 schools were damaged or destroyed, the government invested heavily to retrofit over 3,000 schools in order to bring them up to newly-designed seismic building codes (World Bank, 2001).

2. However, for most of the housing units, it was determined by the government that retrofitting would cost more than demolishing and rebuilding the structures.  This decision allowed city planners to ensure that reconstruction was done so using resistant construction and according to newly-established building codes and regulations.

3. Ask the Students, “In situations such as those posed by the Government of Mexico following the 1985 earthquake, are there any circumstances where the decision of whether to retrofit or to rebuild stems from factors other than financial ones?”

4. Students may identify several reasons, such as cultural heritage that cannot be replaced and for which a value cannot be placed.  Retrofitting might also be a wiser choice if there is a question of materials availability.

VI. Construction of Community Shelters (see slide 14-10)

A. The lives of community residents can be protected from a disaster’s consequences through the construction of shelters designed to withstand a certain type or range of hazard consequences. 

B. Rather than hardening individual structures (as described in ‘structural modification’), or enforcing building codes, both of which would serve to protect not only the residents inside the structures but also the structure itself, community shelters are an economical way to protect human life while accepting existing risk to structures.  

C. For this reason, shelters are the option of choice when it is either unlikely or unrealistic for all or a majority of community members to be able to protect themselves from the hazard in their homes or elsewhere. 

D. Three systems must be in place in order for shelters to work. 

1. First, there must be an effective early warning system that would enable residents to have enough time to travel to the shelter before the hazard event consequences struck. This immediately rules out several hazards for which warning is impossible or unlikely, such as earthquakes or landslides. 

2. Second, there must be a public education campaign that both raises awareness of the existence of the shelter and teaches residents how to recognize when to travel to the shelter.

3. And third, there must be a system to maintain the shelter in non-disaster times, and staff the shelter in actual disaster events.

E. During the Cold War, many countries built shelters or designated qualified buildings to protect citizens from the dangerous fallout effects of a nuclear attack. 

F. Community shelters are much more likely to be utilized in poor communities in both the wealthy and poor countries of the world, where housing construction is especially deficient. 

1. But even in rich countries, and in rich communities, there are times when individual mitigation and preparedness is not enough and community shelters are the last resort for the majority of the population.

2. For this reason, it can be a very wise idea for community development projects to design public and community buildings (including schools and government buildings) to double as a shelter in the event of a disaster.

3. Communities can also study existing buildings to identify what structures would require little or no modifications to make them resistant to the community’s hazards, and therefore suitable for community shelter designation.

G. Many nations at risk from hurricanes, for instance, spend considerable effort building community wind shelters, and identifying structures capable of withstanding hurricane forces.

1. This is especially true in the small island states of the Caribbean where the hurricane risk is exceptionally high but where the general building stock is rarely constructed to withstand hurricane winds and associated flooding.

2. The World Bank, which funds a significant portion of development throughout the developing nations, has been investigating ways to increase disaster resilience through development.  One way that it proposes to do this is to ensure that community buildings funded through its loans are studied to determine whether they could be constructed in such a way, and in ideal locations, that they could double as a disaster shelter for the community’s population.  This was one of the options explored in the reconstruction following the December 2004 Indian Ocean tsunami events.

3. The Instructor can illustrate how community emergency shelter construction provides dual use benefits by distributing the article “Safe Shelter to Protect Against Natural Disasters” from a Maldives news outlet (http://www.minivannews.com/news_detail.php?id=6018). 

VII. Construction of Barrier, Deflection, or Retention Systems (see slide 14-11)

A. The forces that many hazards exert upon man and the built environment can be controlled through specifically engineered structures. 

B. These structures, which prevent such forces from ever impacting the built or human target of their protection, fall under three main categories: barriers, deflection systems, and retention systems.

C. Barriers are designed to halt the movement or impact of a physical force or a force of energy. 

1. Barrier systems function by absorbing the impact of whatever force is being exerted. They are, in other words, blocking devices.

2. Barriers can be made from a wide range of construction materials, including trees, bushes, soil, stone, concrete, or metal. 

3. Depending upon the hazard type, and the means by which it exerts its force, barriers may be built on just one side of a structure, on several sides, or completely around it (including above and/or below). 

4. The required reading from Introduction to International Disaster Management provides several examples of barriers and the hazards to which they may be effectively applied.  

a) Ask the Students to name a hazard and a barrier system that can absorb the force from that hazard. 

D. Deflection systems are designed to divert the physical force of a hazard, allowing it to change course so that a structure situated in its original path escapes harm. 

1. Like barriers, deflection systems may be constructed from a full range of materials, both natural and manmade. 

2. The required reading from Introduction to International Disaster Management provides several examples of deflection systems and the hazards to which they may be effectively applied.  

a) Ask the Students to name a hazard and a deflection system that can divert the force from that hazard.

E. Retention systems are designed to contain a hazard, thereby preventing its destructive forces from ever being released. 

1. These structures generally seek to increase the threshold to which hazards are physically maintained. 

2. The required reading from Introduction to International Disaster Management provides several examples of retention systems and the hazards to which they may be effectively applied.  

a) Ask the Students to name a hazard and a retention system that can contain the force from that hazard.

VIII. Detection systems (see slide 14-12)

A. Detection systems are designed to recognize a hazard that might not otherwise be perceptible to humans. 

B. Detection systems have applications for natural, technological, and intentional hazards. 

C. As more funding is dedicated to the research and development of detection systems, their ability to prevent disasters or warn of hazard consequences before disaster strikes increases. 

D. With natural disasters, detection systems are primarily used to increase the lead time for preparedness or response activities, which in turn increases the number of lives saved.  However, there is often little that can be done to actually prevent the occurrence of the hazard.

E. With technological and intentional hazards, however, it may be possible to prevent an attack, explosion, fire, accident, or other damaging event. 

1. The required reading from Introduction to International Disaster Management provides several examples of detection systems and the hazards to which they may be effectively applied.  

2. Ask the Students to name a hazard and a detection system that can provide advance warning about the occurrence of that hazard.

F. The great loss of human life that occurred during the 2004 Indian Ocean tsunami has been blamed primarily on the lack of or breakdown in follow-up warning systems.  

1. Despite that detection systems existed, and that countries like the United States were aware that a tsunami risk existed following the large earthquake that struck off the coast of Indonesia that morning, there was little that could be done to prevent the deaths of an estimated 220,000 people.

2. Since that time, an international effort, funded by USAID and the United Nations, has been initiated to increase the reach and effectiveness of tsunami warning throughout the Pacific Ocean and Indian Ocean regions. 

3. The instructor can access more information about the tsunami warning system that is under development and currently in use at the following websites:

a) USAID: http://www.usaid.gov/rdma/programs/activity_85.html 

b) University of Washington:  http://www.geophys.washington.edu/tsunami/general/warning/warning.html

IX. Physical Modification (see slide 14-13)

A. Physical modification is the group of mitigation measures that alter the physical landscape in such a manner that hazard likelihood or consequence is reduced. 

B. Risk reduction through physical modification can be achieved through simple landscaping measures, or through the use of engineered devices. 

1. The required reading from Introduction to International Disaster Management provides several examples of physical modification systems and the hazards to which they may be effectively applied.  

2. Ask the Students to name a hazard and a physical modification system that can provide a reduction in hazard likelihood or consequence.

X. Treatment Systems (see slide 14-14)

A. Treatment systems seek to remove a hazard from a natural system that humans depend on. 

B. These systems may be designed for nonstop use or for use in certain circumstances where a hazard is known to be present. 

C. Examples include:

1. Water treatment systems

2. HEPA air filtration ventilation systems

3. Airborne pathogen decontamination systems

4. Hazardous materials (HAZMAT) decontamination systems 

XI. Redundancy in Life Safety Infrastructure

A. One last structural mitigation measure is redundancy in life safety infrastructure. 

B. As humans have evolved beyond subsistence living, they have become more dependent upon each other and on societal infrastructure. 

C. Today, private and government infrastructure may provide an individual with food, water, sewerage, electricity, communications, transportation, medical care, and more. 

D. With such great dependency on these systems, failure in any one could quickly lead to catastrophe. 

E. Examples of life safety systems into which redundancy may be built include:

1. Electricity infrastructure

2. Public health infrastructure

3. Emergency management infrastructure

4. Water storage, treatment, conveyance, and delivery systems

5. Transportation infrastructure

6. Irrigation systems

7. Food delivery	

F. Critical infrastructure can include many of the social services that characterize what makes a community function.  For instance, schools are a critical component of a community in terms of that community’s long-term viability.  The same could be said for places of employment. 

1. The Instructor should refer students to the UNISDR reading required for this session.  In this reading, several infrastructure protection mechanisms are described.  The justification for taking such action is described as such: 

a) Protect as many lives as possible by emphasizing places of public assembly or refuge, such as religious buildings, theatres and sports stadiums.

b) Safeguard the younger generation that is the future of all societies, and the facilities essential for their growth and development, by ensuring safe schools, colleges and other educational institutions.

c) Maintain the economy and protect livelihoods, by ensuring the protection of local factories, means of transportation and communication, markets, vital crops or economically important natural resources. 

d) Maintain the viability and operational capabilities of facilities and key resources needed to address the population’s safety and well-being at the time of crisis, such as hospitals and local health facilities, clean water systems, evacuation centers, police and fire service facilities, emergency operations centers and airports.

e) Protect irreplaceable monuments of cultural heritage or collective identity, or unique environmental habitats that define a community’s economic worth or social basis.

2. The ISDR Living with Risk chapter provides several examples of critical facility instruction from around the world.  

a) The Instructor can ask the Students to identify these examples from the reading, and explain how their lessons relate to emergency management practice in the United States.  

b) The Instructor should encourage students to explain what the United States could learn from the example, but also to try to determine if there are any fundamental differences about the political, economic and social conditions in the United States that might make a one-to-one transfer of knowledge unlikely or impractical.  

XII. If the Instructor has internet access, he or she can show the following short videos to students.  These videos depict structural mitigation in different countries.

A. Video 1 is entitled “Structural Mitigation in Maharashtra”: http://www.youtube.com/watch?v=XJa--y7z4fU 

B. Video 2 is entitled “Greenspan Flood Mitigation Systems”: http://www.youtube.com/watch?v=QJL0xQ0X1Ro 

1. Ask the Students, “What kind of structural mitigation measures are described in this video?”

2. Ask the Students, “How is risk reduced as a result of these measures?”

3. Ask the Students, “Are there any limitations or potential risks associated with these mitigation measures?  In other words, how strongly do you feel that these measures will provide long-term protection from the hazards that are being addressed?”

Supplemental Considerations

Structural mitigation measures and techniques are highly diverse, and range in actual use far beyond what is contained in this course session.  The instructor can greatly expand upon the learning potential of this session by assigning each student to research and present on one of the measures described in this session.  Each student should consider the following:

· What is the structural mitigation measure (describe briefly)

· What hazard or hazards is treated?

· Does the mitigation measure limit hazard consequence or likelihood – or both?  Explain.

· How does the mitigation measure work?

· What costs are associated with the mitigation measure?

· How has the mitigation measure been used in actual practice?

Students should be able to provide illustrations and/or articles about the mitigation example they have selected.
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