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Preface
Nowadays, when severe natural phenomena occur, health facilities generally experience temporary or permanent interruption of their services, damage to their infrastructure, and the partial or total loss of the considerable investment made in building and furnishing them—all of which has a significant negative impact on the social and economic development of the country and its inhabitants. Such situations arise because all too often, in the design of such facilities, the sole objective regarding the performance of the building in disaster situations has been protecting the lives of the staff and users. While this is an indispensable goal, and one that has been met with a certain degree of success, the consequence of such a limited vision has been, in practice, the building of facilities that offer little or no protection to the investment made or to their crucial function within the health system.

Historically, to make matters worse, the choice of where the facilities were to be located has often been made with little awareness of the natural hazards present in the area and their likely effects on structures, operations, and the surrounding community. Finally, it is by no means rare to find construction or maintenance practices that curtail or even neutralize altogether the few safety measures that were incorporated in the design of the facility.

A turnaround is needed.  While improving the safety of existing infrastructure is difficult and relatively costly, the incorporation of investment and functional protection in the design and construction of new facilities is simple and comparatively inexpensive. The value of applying such criteria has already been proven in such disasters as the earthquakes that hit Northridge (Los Angeles) in the United States in 1994 and Kobe in Japan in 1995, where hospitals and other important facilities within the epicenter area managed to remain in operation. 
Such an approach, however, requires an awareness of the facility’s desirable level of performance in the face of different disaster scenarios of varying intensity. The objective can be life safety, investment protection, or functional protection. To reach the chosen objective it is necessary to reorganize the way in which new health facilities have traditionally been conceived and buil. What is needed is the use of designs and construction methods that take into account the natural hazards likely to affect the site and the surrounding region, as well as the performance objective desired. International experience shows that basing a new project on such a philosophy only increases total costs by less than 4 percent. This is a fraction of the direct losses the sector suffers annually as a result of insufficient disaster preparedness—not to mention the social, political, and economic impact of the breakdown in services, or the total loss of a costly and much needed hospital, laboratory, or blood bank, in the midst of a major emergency.

This handbook is aimed at health sector administrators, professionals, and consultants whose task is the management, design, construction, and inspection of new health facilities. It specifies the activities that must be carried out throughout all relevant stages, including preliminary planning, the selection of the team of professionals that will participate in the project, the choice of site, and the design and construction of the project itself.
PAHO/WHO Collaborating Center for
Disaster Mitigation in Health facilities
University of Chile 

Chapter I

Natural Phenomena and Health Infrastructure 
1. Introduction
Major natural disasters in the last two decades have affected at least 800 million people.  They have caused thousands of deaths, as well as economic losses of more than 50 billion U.S. dollars. Growing population density in several regions of the planet—and the consequent settlement of high-risk areas—are likely to make matters worse. Between 1981 and 2001, according to the Pan American Health Organization, more than 100 hospitals and 650 health units in the hemisphere were severely damaged by the action of natural phenomena, causing direct economic losses of close to 3.1 billion dollars.

Tables 1 through 3 show some of the effects of adverse natural phenomena on health infrastructure.

	Table 1

Effects of Hurricanes On Health Systems

	

	Event & Location
	Date
	Nature of the Phenomenon
	Overall Effects

	Jamaica,

Hurricane Gilbert
	1988
	Category 5
	24 hospitals and health centers damaged or destroyed. 5,085 patient beds lost.

	Costa Rica and Nicaragua,

Hurricane Joan
	1988
	Category 4
	4 hospitals and health centers damaged or destroyed.

	Dominican Republic, Hurricane Georges
	1998
	Category 3
	87 hospitals and health centers damaged or destroyed.

	Saint Kitts-Nevis,

Hurricane Georges
	1998
	Category 3
	Joseph N. France Hospital in Saint Kitts suffered severe damage. 170 beds lost.

	Honduras, Hurricane Mitch
	1998
	Category 5
	78 hospitals and health centers damaged or destroyed. 

Honduras’ national health network severely affected, rendered inoperative just as over 100,000 people needed urgent medical attention.

	Nicaragua, Hurricane Mitch
	1998
	Category 5
	108 hospitals and health centers damaged or destroyed.


	Sources
	:
	Based on Natural Disasters: Protecting the Public Health, Scientific Publication Nº575, Pan American Health Organization, 2000.

	
	
	Health in The Americas, 2002 Edition, Volume I, Pan American Health Organization, 2002.


	Table 2

Effects of Floods on Health Systems

	

	Event & Location
	Date
	Nature of the Phenomenon
	Overall Effects

	Pacific and Andean Region of South America 
	1997-1998
	Floods associated with the El Niño Phenomenon 
	The floods placed grueling demands on the health system to combat acute respiratory infections, acute diarrheic diseases, vector-borne diseases (malaria, classic dengue, hemorrhagic dengue, yellow fever, encephalitis, Chagas disease, etc.), water- and food borne diseases (cholera, salmonellosis, typhoid fever, viral hepatitis, multiple intestinal parasitism, etc.) and skin diseases (scabies, bacterial infections and mycoses, etc.).

	Ecuador
	1997
	Floods associated with the El Niño Phenomenon 
	Chone Hospital, not yet inaugurated at the time of the flood, suffered severe losses in medical equipment, furnishings, supplies and drugs.

	Venezuela 
	1999
	Torrential rains affecting states along the Eastern, Central and Western coasts of the country
	The floods affected 31 hospitals and 687 outpatient clinics.


	Sources
	:
	Crónicas de Desastres Nº 8: Fenómeno El Niño 1997-1998, Pan American Health Organization, 2000.

	
	
	Health in The Americas, 2002 Edition, Volume I, Pan American Health Organization, 2002.


	Table 3

Effects of Earthquakes on Health Systems

	

	Event & Location
	Date
	Magnitude
	Overall Effects

	San Fernando, California
	1971
	6.4
	Three hospitals suffered severe damage and were unable to operate normally at the very moment they were most needed. Worse still, most of the disaster-related deaths and injuries occurred in the two hospitals that collapsed. Olive View Hospital, one of the most severely affected, had to be demolished and rebuilt.  Since this was done in the traditional fashion, however, the new facilities suffered severe non-structural damage in the earthquake of 1994, putting them out of service. 

	Managua, Nicaragua
	1972
	5.6
	The General Hospital was severely damaged. It had to be evacuated and, subsequently, demolished.

	Guatemala City, Guatemala
	1976
	7.5
	Several hospitals required evacuation.

	Popayán, 

Colombia
	1983
	5.5
	Damage and interruption of services at the San José University Hospital.

	Chile
	1985
	7.8
	79 hospitals and health centers damaged or destroyed. 3,271 beds lost.

	Mendoza,

Argentina
	1985
	6.2
	Over 10 percent of the total hospital beds in the city were lost. Of the 10 facilities affected, one had to be evacuated; two were subsequently demolished.


	Table 3 (Continued)

Effects of Earthquakes on Health Systems

	

	Identity
Event
	Date
	Magnitude
	Overall effects

	Mexico City, Mexico
	1985
	8.1
	Structural collapse of five hospital facilities and major damage to another 22.  At least 11 facilities had to be evacuated. Direct losses were estimated at US$ 640 million. The hospitals that suffered the most were the National Medical Center of the Mexican Social Security Institute (IMSS), the General Hospital, and Benito Juárez Hospital. Between the patient beds destroyed and those taken out of service due to evacuation, the seismic event caused a sudden deficit of 5,829 beds.  At the General Hospital, 295 died; at the Juárez, 561. Among the casualties: patients, doctors, nurses, administrative staff, visitors, and newborns.

	San Salvador, 

El Salvador
	1986
	5.4
	2,000 beds lost. Over 11 hospital facilities affected: 10 had to be evacuated, one condemned. Total damage was estimated at US$ 97 million.

	Tena, 

Ecuador
	1995
	6.2
	Velasco Ibarra Hospital (120 beds) suffered moderate non-structural damage—cracking on several walls, breaking of glass windows, collapse of ceilings, elevator system failure, and damage to water and oxygen pipes—forcing evacuation of the facilities.

	Aiquile,

Bolivia
	1998
	6.8
	Carmen López Hospital severely damaged.

	Armenia,

Colombia
	1999
	5.8
	61 health facilities damaged.

	El Salvador
	2001
	7.6
	1,917 hospital beds--39.1 percent of the country’s total capacity--lost. Severely damaged San Rafael Hospital was able to continue providing partial services—outdoors, on the hospital grounds. Rosales Hospital lost its capacity to provide surgical services as a result of the damage to several key wings. San Juan of Dios (San Miguel) and San Pedro (Usulután) Hospitals suffered considerable damage, and were only able to continue providing partial services outdoors, on their grounds. The Oncology Hospital had to be completely evacuated.


	Sources
	:
	Based on Principles for Natural Disaster Mitigation in Health Facilities, Pan American Health Organization, 2000.

	
	
	Based on Natural Disasters: Protecting the Public Health, Scientific Publication Nº575, Pan American Health Organization, 2000.

	
	
	Health in The Americas, 2002 Edition, Volume I, Pan American Health Organization, 2002.

	
	
	Daños Observados en los Hospitales de la Red de Salud Asistencial de El Salvador en el terremoto del 13 de Enero de 2001, Informe Preliminar, Boroschek, K. y R. Retamales, 2001.


Adverse natural phenomena affect health systems’ operations in two ways:

· Directly, by 

· Damaging healthcare facilities. 

· Damaging the infrastructure of the region, leading to the breakdown of public services indispensable to health facility operations as well as the destruction of access roads. 

· Indirectly, by 

· Causing an unexpected number of deaths, injuries, or disease outbreaks in the affected community, exceeding the capacity of the local healthcare network.


· Prompting spontaneous or organized migrations away from the affected area towards other areas whose health systems’ capacity may be overwhelmed by the new arrivals. 
· Increasing the potential risk of a critical outbreak of communicable or psychological diseases among the affected population.
· Causing food shortages that lead to malnutrition and undermine resistance to various diseases.
Table 4 lists the most common effects of the natural hazards considered in this handbook:
	
	Table 4

Likely Effects of Various Natural Hazards

	

	Effect
	Earthquakes
	Strong Winds
	Tsunamis and Flash floods
	Ordinary Floods 
	Landslides
	Volcanic and Lahar Activity

	Loss of lives
	High
	Low
	High
	Low
	High
	High

	Severe injuries requiring complex treatment
	High
	Moderate
	Low
	Low
	Low
	Low

	Major risk of communicable diseases
	Potential risk following all significant phenomena 
(Likelihood increases with crowding and the degradation of sanitary conditions)

	Damage to health facilities
	Severe (structure and equipment)
	Severe
	Severe but localized
	Severe (equipment only)
	Severe but localized
	Severe (structure and equipment)

	Damage to water supply systems
	Severe
	Light
	Severe
	Light
	Severe but localized
	Severe

	Food scarcity
	Infrequent (generally caused by economic or logistical factors)
	Common
	Common
	Infrequent
	Infrequent

	Large migrations
	Infrequent (common in severely affected urban areas)
	Common
(Generally limited)


	Source
	:
	Vigilancia Epidemiológica Sanitaria en Situaciones de Desastre, guía para el nivel local, Pan American Health Organization, 2002.


The interruption of a health facility’s operations after a disaster may be short-term (hours or days), or long-term (months and years). It all depends on the magnitude of the event and its effects on the sector. Magnitude cannot be controlled; its consequences, however, can be. 
When it comes to a future health facility, the effects of these phenomena can be controlled if site selection is guided by sound information and criteria, and the design, construction, and maintenance can withstand local hazards. For instance, Concepción’s Main Hospital in the south of Chile managed to continue operating in spite of being near the epicenter of the country’s most devastating earthquake of the 20th Century, which took place on 21-22 May 1960. 
Failures are, by and large, more widely publicized than successes—but the Concepción case is by no means exceptional. Another example worth noting is the vastly different behavior of two hospitals, located right next to each other, that were hit by the Northridge earthquake of 1994. The first, USC Medical Center Hospital, had been designed employing a seismic protection system called base isolation. Not only did it suffer no structural damage, but none of its equipment or key contents was overturned in the quake, and the facility remained in operation throughout the crisis and beyond.  The other, adjacent facility had been designed and built according to traditional standards.  Its damage was so severe it could not continue to operate, and it was eventually demolished.

2. Economic aspects
Several reports by the United Nations Economic Commission for Latin America and the Caribbean (ECLAC) has published state unequivocally that natural disasters are a significant obstacle to the economic and social development of the countries in the region. While adverse natural phenomena do not discriminate between industrialized and developing countries, their consequences can be very different. In 1998, for instance, 95 percent of the deaths associated with natural disasters took place in developing countries. There, adverse natural phenomena are far more likely to devastate the population’s standard of living and their development prospects. By contrast, natural phenomena generally affect only marginally the economy and population of developed countries.
  (See Table 5).
	Table 5

Effect of Natural Disasters On National Economies

	

	Location
	Event
	Date
	Effect on the Economy

	Managua, Nicaragua
	Earthquake, 7.2 on the Richter scale
	1972
	Fall of 15 percent in GDP and 46 percent in Managua’s industrial and productive activity.

	Mexico
	Earthquake, 8.1 on the Richter scale
	1985
	GDP fell by 2.7 percent

	Nicaragua
	Hurricane Joan
	1988
	GDP suffered an additional 2 percent reduction, 17 percent in the agricultural sector. 

	Ecuador
	Floods caused by the El Niño Phenomenon
	1997-1998
	GDP growth 1.2 percent lower than expected in 1998.

	Dominican Republic
	Hurricane Georges
	1998
	GDP reduction of 1 percent compared to annual forecast.

	Nicaragua
	Hurricane Mitch

	1998
	GDP growth of 4 percent, 1.1 points lower than forecast for that year.

	Honduras
	Hurricane Mitch

	1998
	Fall in GDP of 7.5 percent.


	Source:
	ECLAC/IDB, A Matter of Development: How to Reduce Vulnerability in the Face of Natural Disasters, prepared for the “Confronting Natural disasters: A Matter of Development” Seminar, 2000


The effects of a natural disaster are amplified in the health sector, for several reasons: first, it is one of the sectors that tend to suffer important economic losses in such situations, given the significant investments required; second, its recovery also implies large outlays, difficult to procure at a time when the rest of the country is also trying to recover; and third, it needs to quickly recover its capacity, not only to continue meeting the normal demand for its services, but also to care for the population directly affected by the event. 
3. Disaster vulnerability reduction in health facilities
In recent years, after hurricane Mitch and the major El Salvador earthquakes, several countries, among them Argentina, Bolivia, Chile, Colombia, Costa Rica, Honduras and Peru, and international institutions such as PAHO/WHO, ECLAC, the Inter-American Development Bank (IDB) and the World Bank, have begun to raise awareness concerning the need to promote strategies for mitigating the vulnerability and managing the risks facing health systems in the region. Considerable progress has been made in the field of disaster education in medicine and nursing faculties, in schools of architecture and engineering. The lessons learned reveal that most of the losses in health infrastructure were due to location in vulnerable areas, inadequate design, or the lack of proper maintenance. While most efforts have focused on assessing and reducing the vulnerability of existing health facilities, in recent years a new and encouraging trend has taken hold: investing in new infrastructure based on investment or functional protection criteria. In Chile, for instance, starting in 1999, it is mandatory for project consultancy groups to include specialists in hospital vulnerability, whose role it is to ensure that performance criteria are incorporated into the design and construction of new health infrastructure.

The Pan American Health Organization, through its Public Health in the Americas initiative, has defined a set of Essential Public Health Functions (EPHF). Aimed at the health authorities of the region at all levels—central, intermediate, and local—they set the foundation for evaluating the current healthcare situation, improving public health practices, and strengthening the leadership of sanitary authorities. Among the essential functions agreed upon in June 2000, during the 126th session of PAHO’s Executive Committee, is reducing the impact of emergencies and disasters on health, which is to be achieved through the following actions:

i. The planning and execution of public health policies and activities regarding prevention, mitigation, preparedness, response, and early rehabilitation.

ii. A multiple focus that addresses the threats and etiology of all possible emergencies or disasters that can affect a country.
iii. Participation of the entire health system, and the broadest possible intersectoral cooperation, in reducing the impact of emergencies and disasters on healthcare.

iv. The promotion of intersectoral and international cooperation in finding solutions to the health problems caused by emergencies and disasters.

4. Objectives and scope of this handbook
The experience of several countries revelas that is possible to employ a methodology for the design and construction of new health facilities that is capable not only of ensuring the safety of human lives, as has been the case, but also of ensuring the safety of the investment in the facility and its continued operation as well. Depending on the characteristics of the health network and the economic resources available, it is strategically possible to build health facilities that enjoy a high level of functional and investment protection.  While no one can demand that such facilities remain perfectly intact and fully functional both during and immediately after a severe emergency, it is reasonable to expect them to recover in a reasonably short time, and at a reasonable cost.  Finally, if resources are limited or the natural or technical conditions do not allow it, health facilities can still be built that, confronted with severe natural phenomena, can suffer moderate or even considerable damage without imperiling the lives of their occupants—much as is the case now. 

In order to meet the new and more ambitious performance objectives, it is necessary to establish new design and construction criteria—and engage in quality assurance from start to finish. Experience shows that the financial cost of applying these measures represents less than 4 percent of the total construction cost, and in some cases is practically zero since it only implies choosing a different location or changing the underlying design philosophy. In any case, the amount is marginal when compared to the economic costs of retrofitting or rehabilitating a structure damaged by a natural disaster—not to mention the social, political and economic impact of the temporary or permanent loss of a health facility.

The traditional stages in the project development cycle for the construction of new health facilities are the following:

Preinvestment:

Stage I: Identity of the need for a new health facility. At this stage, consideration is made of variables such as the characteristics of the existing healthcare network, current development policies, the rate of utilization of existing services, expected demand, epidemiological and demographic profiles, health policies, and geographical characteristics of the area. Directly associated with this stage is the search for financing for the development of the new facility.

Stage II: Assessment of options to meet this need. At this stage the various options for meeting the need for a new health facility are identified, assessed, and compared. The definitive location of the facility is an essential variable in this process.

Stage III: Medical architectural program and preliminary plans. In this stage the services and spaces desired are defined and preliminary plans are drafted in order to determine the functional relations and basic characteristics of the new infrastructure.

Investment:

Stage IV: Project design. In this stage the project plans, specifications, budget, and tender documents are drawn up.

Stage V: Construction. At this stage, the new infrastructure comes into physical existence.

Operations:

Stage VI: Operations and maintenance. While this stage is not part of the development of the new infrastructure, it is indispensable that in the previous stages the way the facility will operate and remain functional is defined in advance.

The chief purpose of this handbook is to assist health sector administrators and professionals whose mission is the management, design, construction, and inspection of new hospitals, laboratories, and blood banks with a view to protecting the operation of these facilities and the investment made in them. With this in mind, the new characteristics of the project development stages will be described in the pages that follow, and the procedures for selecting the performance objective will be specified.  We will also discuss how to assess the various siting, design, and construction options, as well as how to select the professional teams that will be involved in the project. While this handbook is not a design or building code, relevant basic concepts will be presented, and reference will be made to specific documents where one can find the appropriate technical recommendations needed to meet the performance objective desired.

In drafting this handbook, only some natural hazards have been taken into account: seismic events, hurricanes and strong winds, landslides, floods, and volcanic eruptions.  Other phenomena—such as drought, fire, or man-made hazards—have been excluded, either because they are unlikely to damage the facility’s operation or investment, or because they are adequately covered elsewhere. 
It is also important to acknowledge that different natural phenomena present different challenges to the development of the project. In the case of floods or volcanic activity, generally the only technically and financially feasible option is to select a site that offers the desired level of safety. If landslides, mudslides, or floods are the prevailing hazards, it is often possible to modify the variables that control the phenomenon—for instance, by engaging in extensive tree planting, or building ditches and other water-diversion structures. When it comes to seismic events, hurricanes and strong winds, it is necessary, in addition to correctly choosing the site, to design the structures so that they are resistant to such phenomena. In the specific case of earthquakes, it is necessary to provide safety to the entire infrastructure, both internal and external. In the case of strong winds, protection efforts focus mainly on exposed external components. In extreme situations, the only solution is to distribute the risk by building not one facility but several, distributed spatially, that can perform the desired healthcare functions. Being located in different sites should improve the odds of effective protection, since even if some of them are affected, functional damage will not be total. Being aware of these differences and options should facilitate appropriate and cost-effective risk management.

5. Definition of basic concepts 

Below, concepts of a general nature are defined to assist the reader.  Definitions of more specific concepts will be presented further on, as part of the relevant chapters. 

	Natural hazard
	An event of natural origin and sufficient intensity to cause damage in a particular place at a particular time.



	As-built Report
	Set of documents concerning project managers, contractual documents, the professionals involved in regional and local risk assessments, the design of the project, construction and inspection procedures, applicable codes and standards, certificates of component safety, final plans for the structure, its components and protection systems, and certificates of compliance with project specifications.



	Structural components


	Elements that are part of the resistant system of the structure, such as columns, beams, walls, foundations, and slabs.



	Non-structural components
	Elements that are not part of the resistant system of the structure. They include architectural elements and the equipment and systems needed for operating the facility. Among the most important non-structural components: architectural elements such as façades, interior partitions, roofing structures, and appendages.  Non-structural systems and components include lifelines; industrial, medical and laboratory equipment; furnishings; electrical distribution systems; HVAC systems; and vertical transport systems



	Structural detailing
	A set of measures, based on the theoretical, empirical and experimental experience of the various participating disciplines, for protecting and improving the structural component performance. 



	Non-structural detailing 
	A set of measures, based on the theoretical, empirical and experimental experience of the various disciplines, aimed at protecting and improving the non-structural component performance.


	Tender documents
	Legal documents that stipulate the characteristics of the design or building contract or contracts (parties involved, financial amounts, deadlines, forms of payment, etc.) and the technical characteristics of the construction (general and detail plans, structural and non-structural components, standards and codes that must be followed, specialized inspection requirements, recommended and unacceptable construction methods, etc.).



	Specialized inspection 
	Activities aimed at ensuring that the requirements of the project are met in matters such as quality of the work, the use of construction processes and materials of a quality commensurate with the goals of the project, the fulfillment of the provisions established in the standards and codes referenced in the contracts, and the procurement of component safety certificates and others. 



	Quality assurance
	A set of actions aimed at ensuring that project performance objectives are met.



	Risk 
	Extent of the likely losses in the event of a natural disaster. The level of risk is intimately associated with the level of protection incorporated into the structure.



	Critical services
	Services that are life saving, involve hazardous or harmful equipment or materials, or whose failure may generate chaos and confusion among patients or the staff.



	Resistant system 
	A structural system especially designed to withstand the impact of natural phenomena. The structural system must be designed in such a way that its detailing is proportional to the performance objective chosen for the structure.



	Protection systems
	Devices and procedures aimed at providing safety to the structural and non-structural components of the building and meeting the performance objective.



	Vulnerability
	The likelihood of a facility that enjoys a particular level of protection suffering material damage or being affected in its operations when exposed to a natural hazard.




Chapter II

Protecting the Healthcare System
1. Introduction
The consequences of a disaster on a health facility are not restricted to the panic that may ensue among the staff and patients, or total or partial damage to its structure.  They may also include the partial or total loss of the operational capacity of the facility and, therefore, its capacity to meet and alleviate healthcare demand at the very moment the local community most urgently needs such services. Moreover, the technical and economic restrictions generally faced by the health sector hinder its prompt recovery. It is not unusual for hospitals to continue smarting from the impact of a natural disaster 10 years or more after its occurence.

At present technological advances, as well as changes in design philosophy and quality assurance regarding the construction and maintenance of health infrastructure, make it possible to limit the damage caused by disasters and set different performance levels for investment and functional protection.  However, it is not always possible to reach high protection levels. Natural or technical restrictions, such as the need for a health facility on a small island with considerable volcanic activity and a substantial population, or economic restrictions, when the need to expand the system to meet health targets clashes with the need to ensure the safety of the facilities, can compromise the desirable performance objective.  Finally, there are political restrictions, such as the need to build on a site that will please a given constituency.

Although economic resources may be limited, and particular situations may impose technical restrictions on the fulfillment of higher performance objectives, a detailed assessment is still required to ensure the optimal utilization of available resources. The starting point should be a clear overview of the existing health network, including its operational characteristics, spatial distribution, the degree to which it complies with health policies and meets health targets, the epidemiological and demographic profile of the population, and the natural hazards that threaten it. The real functional capacity of all existing health network facilities must be assessed, taking into account to the fullest extent possible all actual data regarding the natural hazards they must contend with, and their current level of vulnerability.

Once the actual characteristics of the healthcare network have been identified, and the need to build a new health facility within this network in a specific location has been established, it is necessary to define the role that the new facility will be called on to play, both in normal times and during emergencies of various kinds and intensities. 
Based on the role required with respect to various natural and other hazards, the level of overall functional performance must be set for each specific health facility—that is to say, whether it is meant to continue providing services as smoothly as possible during the emergency, or whether the criterion is for the structure to withstand the disaster in such a way that recovery and rehabilitation can take place after a reasonably brief interruption. The level of overall performance is a function of the level of protection selected for each one of the services provided. All this will have a bearing on the characteristics of the site, the specifics of the infrastructure to be built, and the basic services it can realistically be expected to provide based on different scenarios. (See Flow Chart 1).

In practical terms, three broad performance objectives can be listed: functional protection, investment protection, and life safety. 

	Life safety 
	The minimum requirement for any infrastructure, and the criterion most commonly used in the design and construction of health facilities.


	Investment protection
	The protection of all, or at the very least the key components of, the health facility’s infrastructure and equipment, even if the facility itself cannot continue to function. Based on this criterion, it is possible to design and build infrastructure that can restart operations within a reasonable time—although not immediately—at a cost that can be met by the Institution.



	Functional protection 
	Investment protection is implicit in this objective, which in addition calls for the construction of systems that can remain operational during a disaster or recover their functional capacity in a relatively short time.




The approach hereby proposed, which focuses on setting performance objectives for each of the services to be provided by the facility, given the various hazards present in the region and their likely intensity, calls for two potential intensity levels to be considered when designing a facility: the traditional design level for each hazard, and a maximum credible scenario, which would call for exceptional protection measures. Although not always practicable, basing the protection strategy on the latter scenario is the most desirable approach.  In the case of earthquakes, for instance, the minimum protection level should shield the facility from a seismic event with a 10 percent probability of exceedance over a 50- year period. On the other hand, the high-protection level would withstand an earthquake so exceptionally strong that it would only have a two- percent probability of exceedance in 50 years.
Flow chart 1
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In order to sensitize all project participants concerning the need for disaster mitigation, it is advisable that the various stakeholders agree in writing on the performance objective to be met, defining protection goals for the facility in normal times and in the event of various disaster scenarios. Form 1 may help in this awareness-raising effort.  One should be filled for each hazard present in the area where the infrastructure will be sited.

2. Basic services
The overall performance objective for the facility is directly related to the level of protection that its services will require. Tables 6A and B list some of the medical and support services for which protection levels should be set. The level of protection must be aligned with the overall performance objective desired for the facility; however, is not necessary that all services should enjoy the same level of protection defined overall for the entire facility.

	Table 6a

Typical Medical Services in a Hospital

	

	Blood Bank
	Internal Medicine
	Pediatric Neurology

	Cardiology
	Kinesiotherapy
	Pediatric Surgery 

	Dental Services
	Laboratory
	Pediatrics

	Dermatology
	Neonatology
	Pharmacy

	Ear, Nose and Throat
	Nuclear Medicine
	Plastic Surgery - Burns


	Emergencies – Adults
	Obstetrics and Gynecology
	Pneumology

	Emergencies – Children
	Oncology
	Psychiatry

	Endoscopy
	Ophthalmology
	Recovery Rooms

	General Inpatient Care
	Orthopedics and Traumatology 
	Sterilization

	Hemodyalisis

	Other Medical Services
	Surgery

	ICU/ITU
	Outpatient Clinic
	Surgical Wings

	Imaging, Diagnostic
	Pathological Anatomy
	Urology


	Table 6b

Typical Support Services and Systems 

	

	Administration
	Escape Routes
	Non-sterile Materials Storage

	Air Conditioning (HVAC)
	Filing and Case Management 
	Oxygen System 

	Boilers, Thermal Power Station
	Fire Alarm/Suppression System
	Powerhouse

	Clinical Gases 
	Food Services

	Sewerage

	Communications 
	Industrial Gases 
	Sterile Materials Store-Rooms

	Drinking Water
	Industrial Water 
	Vertical Transport System

	Electrical Distribution 
	Laundry
	Other Support Services, Systems 

	Emergency Standby Electrical System 
	Mobilization and Transport
	


3. Classification of medical and support services
In order to select correctly the performance objective for each service, it is advisable to consider the the risks to which it is exposed, the activities it involves, the characteristics of its components, and its relative importance.
	Critical Services and Systems 
	Must be classified as specified below



	Critical services involving life-saving or other essential functions
	Those services that must remain in operation to meet the vital healthcare needs of current in patients and provide first aid and other services to the victims of the disaster. Also included in this group: those services whose failure could cause prolonged delays in the recovery of critical functions.



	Critical services involving hazardous or harmful materials 
	Damage to these services increases the risk of fires, explosions, air pollution, or water contamination that could injure the staff, patients, or visitors.



	Critical services whose failure may cause the patients or staff to panic
	Those services whose failure may cause alarm, chaos or confusion among the staff, patients, or visitors to such a degree that the quality or even the provision of health care may be compromised.



	Special Services and Systems 
	Services that, without being critical, involve components that would be difficult or expensive to replace.



	Other Services and Systems 
	Those services whose contents can suffer minor failure that can be repaired quickly and does not lead to prolonged interruptions or significant decreases in healthcare quality.


4. Protection levels required for each service
Just as a performance objective must be set for the facility as a whole, its services and support systems should also be classified in accordance with the performance goals and various hazard scenarios that may affect them. 
	Functional Protection (FP)
	The facility is able to operate normally immediately—or nearly so—after an emergency. Losses in functional capacity, if any, are temporary and do not endanger patients or staff. To meet this goal, infrastructural (structural and non-structural) components and organizational or functional components must perform with a similar degree of success. Such components are only allowed a limited degree of damage. The functional protection objective implicitly incorporates the investment protection and life-safety performance objectives.



	Investment protection (IP)
	At this intermediate level of protection, the goal is to prevent damage to the infrastructure of those services that it would be difficult or costly to replace. To meet this goal, both the structural and the non-structural components must perform similarly. In some cases, investment protection may result indirectly in functional protection.



	Life Safety (LS)
	It is acceptable for the service to suffer considerable damage to its structural or non-structural components as long as such damage does not put lives at risk. As a result, it may be necessary to carry out significant repairs after the disaster. Such repairs may be economically impracticable.




Depending on the classification of each service based on the importance of the activities and components involved, performance objectives such as those recommended in Table 7 should be set. 
	Table 7

Performance Objectives for the Various Services

	

	Classification of the Service
	Performance objective

	
	FP
	IP
	LS

	Critical services
	
	
	

	Vital or essential
	
	
	

	Hazardous or harmful
	
	
	

	Likely to cause chaos or confusion
	
	
	

	Special Services 
	
	
	

	Other Services 
	
	
	


The protection goals contained in the table above may be redefined, as agreed upon by the Project Coordination Team, depending on the economic capacity of the Institution and the project’s role and importance within the overall health network.
5. Definition and characterization of the performance objectives for infrastructural components 

Once a performance objective has been set for the facility as a whole, as well as for each of its services, it should determine the organizational, safety, and control performance criteria for the prevention or mitigation of any damage to infrastructural components. 
Infrastructure is typically divided into two groups: the structure, and the non-structural elements. The structure comprises all those essential elements that determine the overall safety of the system, such as beams, columns, slabs, walls, braces, or foundations. The non-structural elements are those that ultimately enable the facility to operate; they are divided into architectural elements, equipment and content, and services or lifelines. A reasonable level of protection for the non-structural components of each service should be chosen.
	Functional Protection of Components (FPC)
	The structural system must perform in such a way that the building can continue to be used safely both during, and immediately after, an adverse event. The structural elements must remain nearly as rigid and resistant as before the emergency. Any damage that occurs should be minimal, with no repairs required for operational continuity (what is known as controlled damage). 
Non-structural components should continue to perform their functions without alteration, both during and after the emergency. Any damage should be minimal and allow for the continuing occupation of the premises.



	Investment Protection of Components (IPC)
	Damage to the structural system is acceptable so long as the replacement of service components is not unduly arduous or expensive. It should be possible to repair any damage that occurs at reasonable expense and in a short period of time, so as to minimize interference with the functions ordinarily performed.



	Life-Safety Protection of Components (LPC)
	Damage to structural and non-structural components is acceptable so long as it does not endanger the patients, visitors, or employees. Repairs may be expensive and interfere severely with the operations of the facility in the medium and even long term. 




The performance objective for any component must be at least equal to the performance objective set for the overall service to which it belongs, or with which it interacts.

6. Setting the performance objective for each service
Form 2 may be used to set the performance objective for the health facility and the services it provides. This form should be filled jointly by the Institution’s representatives and the professionals involved in the design and execution of the project. A similar form should be filled for each likely disaster scenario and each level of protection contemplated.

7. Degree of detail of the project
The performance objective set for the facility, together with the risk level estimated by the multidisciplinary group of specialists who participated in its conception, should determine the degree of detail with which the project is to be designed. Broadly speaking, two levels of detail may be considered—each having significant implications for the site studies to be carried out, the design procedures to be followed, or the qualifications of the professionals hired to build the project or practice quality assurance. Table 8 shows the available options in relation to the performance objective chosen.

	Table 8

Level of Detail of the Required Studies 

	

	Performance Objective
	Level of risk

	
	High
	Low

	Functional protection
	D
	D

	Investment protection 
	D
	B 

	Life safety
	D
	B 

	

	
	D : Detailed Study

	
	B : Basic Study 


Table 9 summarizes the main characteristics of the studies referred to in the previous table.

	Table 9

Characterization of the Project

	

	
	Level of Detail of the Study

	
	Detailed 
Study
	Basic 
Study

	Requirements that must be met by the participating professional teams 
	(See Chapter V)
	(See Chapter V)

	Studies required
	
	

	Identity of siting options 
	
	

	Compilation of hazard information at the regional level
	
	

	Compilation of hazard information at the local level for each of the potential sites
	
	

	Definition of facility protection options 
	
	

	Identity of services requiring protection
	
	

	Define level of protection for the various services and their components
	See Table 7
	See Table 7

	Protection systems’ design requirements for structural components, non-structural components,  and medical and industrial equipment
	
	

	Requirements  based on national and international standards
	
	

	Requirements  specific to the project or to health facilities in general 
	
	

	Expected results 
	
	

	Detail plans
	
	

	Technical specifications
	
	

	Tender documents
	
	

	Certificates (See Table 19b)
	
	

	Calculation logs (See Table 19a)
	
	

	Typical Completion schedule 1
	8-12 months
	6-10 months

	Quality assurance program for the project (See Chapter VI)
	
	

	
	
	

	Notes:
	1
	The completion schedules are only meant to serve as examples. The duration of any given study will depend, among other variables, on the dimensions and performance objective of the facility and the natural hazards prevalent in the area.
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Chapter III

General Criteria for Selecting a Safe Site
1 Introduction
The identity of siting options and the selection of the definitive site for the facility must be based on an assessment of the healthcare needs of the population and the characteristics of the existing health network. The choice of site will also be affected by public health policies and any demographic, geographical, sociopolitical or economic criteria set by the institution. Other important considerations are the performance objectives sought for the facility at normal times and during emergencies, the comparative analysis of the natural and technological hazards present at the various potential sites, the estimated cost and technical feasibility of implementing the necessary protection systems, the economic resources available, and the findings of the cost/benefit analysis of the options as illustrated in Flowcharts 2 and 3.

This assessment must cover not only the specific sites but also their surroundings. The way in which natural phenomena affect the surrounding population, the population of reference and the infrastructure must be evaluated, particularly their impact on lifelines and access roads. 
Flow chart 2

Site preselection
	
[image: image5]


Flow chart 3

Site selection
	
[image: image6]


2 Process for selecting siting options 

2.1 Variables of site selection
It is not the purpose of this handbook to show in detail how to rank the various siting options.  Instead, relevant criteria will be mentioned, such as the key factors that must be taken into account when selecting an adequate and safe location. It is advisable that the Institution define qualitative and quantitative specifications for assessing and comparing each of the siting options. These specifications may be of varying degrees of complexity. What matters is that they facilitate the decision-making process by testing each site’s capacity to meet the desired performance objective. If none of the siting options can meet it, it will be necessary to select a less ambitious performance objective—or continue searching for acceptable siting options.  

All the information on local risks that may be needed for choosing the siting options might be limited to existing data found in land-use management plans, local or regional development plans, technical reports, local zoning laws and regulations, or the opinions of experts. Even so, on-site inspection of each of the options and their surroundings should be carried out by the Assessment and Selection Team. If the health facility will be designed to meet a high performance objective, however, detailed studies must be carried out to characterize the prevailing hazards. No site should be selected if any of the detailed information required is lacking.

In selecting the site, moreover, one must consider the proximity to certain industrial facilities (chemical plants, refineries, mining processing plants, etc.), military facilities, landfills, airports, routes used for the transport of hazardous materials, and so on, facilities that—because of their operations, the emission of toxic agents, or the possibility of eventual accidents at normal times or during an emergency—might affect the safety of the contemplated health facility.

An aspect worth considering is the feasibility of having the local regulatory plan modified in such a way that no activities can be carried out in the future that endanger the hospital and its operations.

2.2 Site selection procedures 
The selection of the site involves three stages, each with its own activities or substages. 
Stage 1: Compilation of background data
Stage 2: Assessment of siting options
Stage 3: Site selection
2.2.1
Stage 1: Compilation of background data
2.2.1.1
Preliminary studies
When the different siting options have been selected by the Client Institution, it will be necessary to evaluate any background data available concerning each of the options. The team in charge of site selection must determine whether the available data are sufficient or more information is required in order to compare the various options and select the definitive site. Table 10 lists some of the activities that should be carried out at this stage.

	Table 10

Preliminary activities

	

	Selection of professional team (see Chapter V)

	Definition of protection objectives and expected level of damage

	Definition of siting options

	Delimitation of the boundaries within which the potential sites would  be located

	Area to be occupied by the facility

	Area of influence 

	Roads

	Lifelines

	Review of local regulatory plans 

	Preliminary studies

	Human settlements and infrastructure in the region

	Inhabited area

	Services

	Roads and available forms of transportation

	Review of existing laws and regulations 

	Review of regional development plans 

	Review of existing cartography 

	Review of general information regarding the sites of interest and their surroundings

	Review of background data regarding adverse natural phenomena that have taken place in the region, such as landslides or mudslides, strong winds, floods, seismic events or volcanic eruptions

	Compilation of preliminary geotechnical data regarding the potential sites

	Compilation of information gathered for other projects that have been developed in the area

	Opinion of government bodies and NGOs

	Opinion of experts


At this stage, the team of specialists participating in the project must estimate the probability of occurrence of the various natural phenomena considered in this handbook. This is necessary in order to define the level of detail of the studies required to characterize the hazards in the sites chosen. In case not enough information is available, or there are doubts regarding that information, the team of specialists must inform the Project Director and Coordination Team and recommend which studies are needed to characterize the prevailing hazards on each site. The level of detail of the studies will also be determined, naturally, by the performance objective chosen for the facility (see Table 8).

2.2.1.2 Studies required for assessing the risks prevalent in each of the siting options
At the beginning of this stage, the team of specialists must evaluate if the information compiled during the preliminary stage is sufficient to preselect the best potential sites for the facility. If it is, the next step is to carry out a closer evaluation of the siting options, as discussed further on in this chapter. If the information required is not available, the team of specialists must carry out all studies necessary for producing the information that will characterize the hazards prevalent in each site. An example of the types of studies required can be found in Annex A.

2.2.2
Stage 2: Assessment of the siting options
2.2.2.1
Processing the data
The information compiled during the preliminary studies, or that obtained later as needed, must be processed in order to characterize the hazards and level of risk at each of the siting options. Flow chart 4 summarizes the main variables that must be quantified in order to determine the natural hazards prevalent at each site.
Flow chart 4

Quantification of the Risk
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To obtain the results summarized in the chart above the tasks specified in tables 11a through 11f must be carried out.
	Table 11a

Assessment of landslide risk

	

	Assessment of conditions for the occurrence of a landslide

	Historical background

	Vegetation

	Geological conditions

	Natural strata

	Topographical conditions

	Steepness of slopes

	Geomechanical conditions

	Stratigraphic sections

	Strata of low cohesion and low shear-strength soil 

	Soil and rock degradation

	Watercourse-related hazards (destabilization)

	Seismic hazard

	Human intervention

	Assessment of slope stability 

	Preliminary assessment

	Detailed assessment

	Dimensions of the risk of landslides

	Surface affected and volume displaced

	Velocity of the landslide

	Safety factors 

	Likelihood 

	Production of landslide risk maps (microzoning)


	Table 11b

Assessment of mudslide risk

	

	Assessment of conditions for the occurrence of mudslides

	Historical background

	Meteorological conditions 

	Vegetation

	Geological conditions

	Naturally unstable strata

	Topographical conditions 

	Steepness of slopes

	Geomechanical conditions

	Stratigraphic sections

	Low-cohesion soil with low shear strength

	Soil and rock degradation

	Drainage and permeability

	Human intervention

	Dimensions of the risk of mudslides

	Surface affected and volume of material displaced

	Mudslide speed

	Likelihood

	Production of mudslide risk maps (microzoning)


	Table 11c

Assessment of the risk of strong winds

	

	Assessment of conditions for the occurrence of strong winds

	Historical background

	Meteorological conditions 

	Topographical conditions

	Dimensions of the risk of strong winds

	Wind speed

	Likelihood

	Production of wind speed  maps (microzoning)


	Table 11d

Assessment of flood risk 

	

	Assessment of conditions for the occurrence of floods

	Historical background

	Meteorological conditions 

	Existence of watercourses in the area

	Topographical conditions (low-lying areas)

	Permeability and use of the soil

	Risk of flood by tsunami

	Human intervention

	Identity of critical points – Calculation of hydraulic axes

	Identity of critical overflow points during floods

	Dimensions of the risk of flooding

	Surface affected

	Height of flood water level

	Flow speed 

	Likelihood 

	Production of flood risk maps (microzoning)


	Table 11e

Assessment of seismic risk

	

	Characterization of seismogenic conditions

	Establishment of frequency-magnitude ratios

	Estimation of the maximum probable seismic event 

	Estimation of seismic risk

	Probabilistic seismic hazard analysis

	Definition of attenuation factors

	Estimation of the duration of strong ground motion

	Estimation of the predominant period of ground motion

	Deterministic seismic hazard analysis

	Dimensions of the seismic risk

	Linear response spectrum 

	Foundation-soil liquefaction potential 

	Likelihood of massive landslide (See section on landslides)

	Likelihood of tsunamis (See section on floods)

	Production of seismic risk maps for each of the siting options


	Table 11f

Assessment of volcanic risk 

	

	Assessment of likelihood of volcanic activity

	Likelihood of lateral explosions

	Likelihood of being in the path of pyroclastic flows 

	Likelihood of being in the path of lava flows 

	Likelihood of massive landslides 

	Likelihood of mudslides

	Likelihood of contamination by gases and ashes

	Likelihood of solid and particulate matter emissions 

	Likelihood of tsunamis

	Dimensions of the risk of volcanic activity

	Surface affected (area of influence of volcanic action)

	Velocity of the flows

	Degree of toxicity of gases emitted

	Magnitude of related ground motion

	Characterization of probable mudslides (See section on mudslides)

	Characterization of probable floods due to tsunamis (See section on floods)

	Likelihood

	Production of volcanic risk maps (microzoning)


2.2.2.2
Technical and economic feasibility of protection systems
In the case of each likely natural hazard, the technical and economic feasibility of implementing overall protection systems for the structure through the execution of peripheral works and other actions must be evaluated.  The following table lists some of these actions.
	Table 12

Actions that can assist in the overall protection of the facility

	

	Strategies for protection against landslides and mudslides

	Slope stabilization

	Soil stabilization through the use of geotextiles

	Knocking down unstable masses

	Reforestation

	Cleaning natural watercourses, canals

	Construction of drainage facilities

	Construction of alluvial terraces

	Constant monitoring (instrumentation); early warning systems

	Strategies for protection against strong winds

	Production of technical detailing specifications 

	Reforestation

	Permanent monitoring of meteorological conditions; early warning systems

	Strategies for flood protection 

	Construction of protection barriers at critical points of the watercourse

	     Construction of gavions [retaining walls made of rocks and chicken wire] along the full length of the watercourse

	Cleaning natural watercourses and canals

	Construction of drainage facilities

	Reassessment and improvement of rainwater collection and drainage

	Reinforcement of the structural system

	Others

	Strategies for seismic protection

	Production of technical specifications for seismic-resistant design

	Strategies for protection against volcanic activity

	Permanent monitoring and early warning system


2.2.2.3
Impact of hazards on the sites under consideration 
In the case of each prevailing hazard, an assessment must be made of its likely impact on the population to be served, as well as on local lifelines, related agencies, and overall access to health services. The likely impact of the phenomenon on the health network of the region—and, where appropriate, of the country—must also be assessed. This assessment should not only consider the network’s infrastructure but also the functional, economic, and political aspects. All too often, while damage to health infrastructure may be manageable from a technical viewpoint, the political impact can be devastating.

2.2.3
Stage 3: Site selection
2.2.3.1
Selection of the best option
The information compiled must be processed in order to select the safest and most convenient site for the facility. Table 13 summarizes the minimum activities required for the selection of the best site.
	Table 13

Site selection 

	

	Production and superimposition of hazard data

	Assessment of the level of risk at each of the siting options

	Characterization of the hazards present at each site

	Cost assessment for the overall protection of the structure

	Cost assessment for the protection of key services, systems and components

	Vulnerability assessment (likely impact of each hazard)

	Comparative cost/benefit analysis of the various options

	Selection of definitive site for the structure


In some circumstances it is not possible to meet the desired performance objective due to the extreme conditions in which the target population is forced to live. Given the lack of safe locations, the project’s performance standards should guide siting choices in ways such as the following:

i. Dividing the functions of the facility in such a way that they are carried out in different locations that are remote from each other.

ii. Procuring mobile or temporary facilities.

iii. Producing effective reference systems so that the population can easily be transferred to health facilities in other areas.

These options make it possible to distribute or reduce the risk.  They also increase costs and make operations more complex than might be desired, but may be the only reasonable alternative if the level of risk is too great.
2.2.3.2 Production of document summaries
The information obtained during the preliminary stage through the risk assessments and the process of site selection must be summarized in a document that should include, at the very least, the following content:

· Explanation of the reasons for the choice of site. 
· Description of the risks identified in the site.

· Causes of those risks.

· Characterization of the risks.

· Design recommendations for the facility, including the length of time it can remain cut off from basic services (water, electricity, etc.).

· Design and protection recommendations for the area of influence.

· Protection objectives for the health facility.

3 Assessment of site safety 
Form 3 below should assist the Project Director and the Coordination Team in selecting a safe site for the hospital.

	Form 3
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Nombre Hospital:

Servicio de Salud:

Alternativa de ubicación:

Amenazas de la Naturaleza Presentes en la Alternativa:

Suficiente

Insuficiente
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Bajo

Detallado

Básico

Especialistas Requeridos para Estudios de Amenazas:

Otros Aspectos a Considerar en la Selección de Sitio:
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Cercanía con industrias

Instalaciones militares

Plantas químicas

Rellenos Sanitarios

Refinerías
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Centros de procesamiento 

Rutas de transporte
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Características de las amenazas
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:
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Posibilidad de control:
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Probabilidad de ocurrencia:

Posibilidad de control:
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Chapter IV

Design and Construction of the Project
1. Introduction
After selecting the correct site for the facility, it is time to design a project that provides a level of safety commensurate with the performance objective chosen. The protection systems to be used for this purpose must meet two requirements: it must be feasible to build them, and it must not be difficult to provide them with an effective level of maintenance. A poor design will lead to constraints during the other stages of the project that could make it difficult, even impossible, to meet the performance objective.
The acceptable level of damage to the structural and non-structural components of the facility is directly related to the time—and expense—needed for recovery, as defined by the Institution for the various hazards and levels of risk. Table 14 shows the acceptable levels of damage to the facility’s components in terms of the recovery time for different degrees of risk. While recovery times cannot be guaranteed in advance, the matter must be addressed effectively, since it corresponds to the Institution’s very real need to predict when it will be able to start providing its services again during an emergency.

	Table 14

Acceptable Levels of Damage to Components1

	

	
	Intensity of the Hazard
	Acceptable Level of Damage

	Recovery time
	Credible Maximum Desired
	Minimum Recommended
	Structural Components
	Non-structural Components

	Immediate (Hours)
	
	
	Minor
	Minor

	Short (Weeks)
	
	
	Minor to Moderate
	Minor to Moderate

	Moderate (Months)
	
	
	Moderate
	Moderate

	Long (More than one Year)
	
	
	Moderate to Severe
	Severe

	Very Long (Or Never)
	
	
	Severe
	Not Considered


	Notes :
	1
	Annex B contains a series of tables, adapted from FEMA 356, listing accepted levels of damage to structural and non-structural components in the event of a “design” earthquake (one two-thirds of the intensity of the maximum considered earthquake, or MCE), based on two different performance objectives for the structural system.


The design process involves seven clearly differentiated stages:

· Drafting of a Medical Architectural Program.

· Selection of the Preliminary plan Development Team.

· Drafting of the Preliminary plan.

· Selection of the Project Development Team.
· Development of the Project.

· Selection of the General Contractor.

· Construction.

In order to implement these stages, it is vital for the Client Institution, which sets the goals and requirements, to act rigorously in the selection of two main teams: 
· The Execution Team, which carries out the various tasks required at each stage.

· The Reviewing Team, whose job is quality assurance in compliance with the project goals and needs of the Client Institution.
Chapter V describes the various types of professionals that need to be involved in the project, and the criteria they must meet. As part of the quality assurance strategy, it is necessary to underscore the role played by the Reviewing Team in ensuring that the performance objective is actually met. The Team must establish up coordination mechanisms that can effectively evaluate the implementation of the project and the incorporation of the agreed-upon protection measures. At each stage of the design process, and for each service to be provided, the Team must evaluate whether the performance objective has been achieved.

2. Stages in the design and construction of the facility
2.1.
Stage 1: Preliminary Plan
The design process has, as its starting point, a Medical Architectural Program, defined by the Institution, which stipulates the services the new facility will provide and the physical space it will require to do so. The Program typically specifies all the services to be provided, the functional areas needed, and the desired dimensions in square meters. It is on the basis of this Program that the Preliminary Plan will be drafted, and which will define how the services and spaces will be handled. This process must include the definition of the physical characteristics of the facility and its operation.

Taking into consideration the hazards the facility may face, it will be necessary to choose protection methods and systems that can meet the challenges posed by these hazards. For instance, in areas of high seismicity, buildings must be regular in their geometric plan and elevation, and systems that do not lead to sharp deviations in the structural system must be selected. In addition, it is desirable at this stage to establish whether there will be constraints on the form and distribution of the facility as a result of the structure’s protection systems. For instance, if a seismic base isolation system is used, a discontinuity at the isolation interface will be required not only throughout the entire floor plan but also in the immediate perimeter areas, in order to accommodate any displacements that may occur. This situation compels the use of special designs that must be considered at this stage. Likewise, in high-wind areas, the type of roof covering and façade elements is highly relevant. In flood-prone areas, meanwhile, it may be necessary to employ fills above the level of reference that would normally not be considered.

Usually, more than one preliminary plan will be produced for each facility. The selection of the definitive plan, in addition to any functional and aesthetic considerations that may influence the final choice, should be guided by how thoroughly the existing regional and local risks have been taken into account, along with the necessary solutions to secure the performance objective set for the project. Table 15 should be of help in assessing any preliminary plan in terms of the performance objective set for the facility.

	Table 15

Preliminary Plan Selection

	

	Prevalent Hazards:

	Ways in which those hazards may affect the facility 

	Ways in which the preliminary plan takes the effects of the various hazards into account

	Location

	Shape

	Structural system, and level and type of protection

	Dependence on external services and agencies 

	Special protection elements contemplated

	Particular design considerations

	Measures to ensure that the performance objective will be met


Since it is during the Preliminary Plan stage that the requirements of the Medical Architectural Program will be interpreted, and formal solutions found for the protection challenges it poses, it is essential that the Execution Team have enough experience to perform this correctly.
2.2.
Stage 2: Selection of the Design Team
This is the time to define the requirements that must be met by the specialists who will develop the definitive project, and to select the various work groups.

2.3.
Stage 3: Design
The first step in this stage is to to carry out the detailed studies needed for the production of the definitive project, which will consist of technical specifications, plans, mockups, and tender documents (see Flow Chart 5).

Due to the additional complexity of any health facility in comparison with ordinary bldgs without the same stringest occupancy requirements, a large number of professionals (grouped by discipline as specified in Table 24) must participate. Each team of specialists will be in charge of developing a specific subproject: the structure, the heating, ventilation and air conditioning (HVAC) system, the various support services, and so on. Coordination is required for all these activities, and therefore clear procedures and protocols must be defined for the generation and sharing of information. Appropriate coordination is the key to the successful completion of this stage.

From the point of view of vulnerability reduction and the fulfillment of the performance objective, the Design Coordination Team must advise each of the specialized work groups on the functional and protection requirements specified for the facility and its services. Each team of specialists will be called on to prepare a document in which it clearly explains how it will achieve these objectives and, most importantly, what their requirements and restrictions will be in relation to the other disciplines in order to meet these objectives.

The design of the project will be the result of the integration of the work of all the participating disciplines on each section of the contemplated facility, so it bears repeating that coordination is indispensable. The safety criteria chosen for each section has to be the same across all disciplines, and the ways in which they will be met must be established in advance by all teams. The protection systems that will be incorporated must then be included in the construction documents outlining the physical details of the system to be built: the technical specifications and the various plans. 

Flow Chart 5

Design of the Project
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When considering the overall safety of the infrastructure in question, it is common to classify its components into two groups: the structure itself, and the non-structural elements. Generally, the design team in charge of the structure is proficient in two disciplines: structural engineering and architecture. In the design of the non-structural elements, all disciplines must be equally involved.

2.3.1.
Design of the structure
2.3.1.1. Characteristics of the structural design
The structural system must meet the performance objectives defined for the facility as a whole and the services it will provide. The structural engineering team is chiefly responsible for the safety of the structure. When the performance objectives of the facility and its services call for investment and functional protection, the team must provide a structural system that not only safeguards the structure itself but also the non-structural elements. Put differently, the structure not only must protect—it must make it feasible to implement procedures for protecting the non-structural systems. For this reason, the structural system needs to be approved by all the disciplines represented in the project.

At present, non-traditional structural systems provide different levels of safety both for the structure and the non-structural elements. For instance, in the case of seismic demand, several hospitals have been built successfully employing seismic base isolation systems, which create an interface between the foundations and the structure through the use of rubber or friction-pendulum bearings that simulate a car’s suspension system. Such systems keep the seismic energy from reaching the structure through dissipation, reducing significantly the impact of strong ground motion on the structure and non-structural elements. 

The structural system and its components must be designed to withstand the permanent and potential forces that affect a structure, including its dead load (its own weight) as well as its live load (the structure in operation), its seismic load, wind load, snow or ash load, temperature changes, hydrostatic and hydrodynamic soil factors, total and relative settlements of foundations, and so on, all of which are defined and regulated by existing design standards.

In general terms, the design must incorporate structural detailing that can effectively meet the protection objective for each level of risk. It is also important to incorporate in the design any systems that, in case of damage and functional losses, may enable the facility’s services to recover within a predefined timeframe. 
Given the materials that are employed in construction, there will always be some degree of damage. For instance, damage to reinforced concrete buildings may present itself as fissures, cracking, or the partial or total collapse of the material. However, no level of damage is acceptable if it put the lives of the users or staff at risk. To the fullest extent possible, moreover, situations must be prevented that can cause panic among the staff and the evacuation of the facility when it is technically unnecessary.

The following form summarizes the aspects that must be evaluated by the Design Coordination Team in order to verify that a level of safety adequate to the design of the structural system has been incorporated.
Form 4
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Nombre Hospital:

Ubicación:

Arquitecto:

Ingeniero Est:ructural

Amenaza:

Objetivos de Protección del Sistema Estructural por niveles de amenaza

2

Máxima Creíble o Probable

Protección de Componentes Estructurales

Demanda de Diseño

Normas consideradas:

Especialista a cago del estudio:

Especialidad:

Características de la demanda:

Nivel de la amenaza:

Intensidad:

Otro parámetro de referencia:

Periodo de Retorno asociado:

Notas:

EVALUACIÓN DE SEGURIDAD DEL SISTEMA ESTRUCTURAL

1
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Este formulario se complementa con la evaluación efectuada por el especialista en estructuras.
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FORMULARIO COORDINADOR DE PROYECTO
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2.3.1.2. Information provided by the Structural Design Team
The Structural Design Team must request, and later provide, the information required by the other disciplines for the design of the equipment, systems, and other non-structural components. Table 16 illustrates some of the data that must be exchanged.
	Table 16

Information that must be provided by 

the Structural Design Team

	

	Story drift ratio

	Forces acting on the points of support

	Acceleration at each story

	Others (Specify)


The Project Coordination Team must ensure that this information is taken into account by all the other disciplines working on the design of the project.

2.3.1.3. Safety assessment of the structural system
The specialists in charge of the structural design of the facility must be able to guarantee that the protection criteria set by the institution will be met. The following forms, included for illustrative purposes only, list the minimum background data that must be assessed by each of the specialist teams if seismic or high-wind hazards are present at the facility’s intended site.
	Form 5
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2.3.2.
The design of non-structural components
2.3.2.1
Characteristics of the design of non-structural components
Non-structural elements are those components that, while not being part of the resistant system of the structure, are crucial to the effective operation of the facility. In the case of hospitals, close to 80 percent of the total bill for the facility goes into non-structural components, among them architectural elements, medical and laboratory equipment, office equipment, electrical and mechanical-industrial equipment, distributed lines, and basic installations. 

The impact of damage to the facility’s non-structural components may vary. For instance, damage to medical equipment or to the lifelines that supply medical and support services can actually cause loss of lives or—what often amounts to the same thing—the loss of the functional capacity of the facility. While less dramatic, partial or total damage to certain components, equipment, or systems may entail prohibitive repair and replacement costs. Major damage to systems, components, or equipment containing or involving harmful or hazardous materials may force the evacuation of some parts of the facility, resulting in a loss of operational capacity.

Secondary effects of the damage to non-structural components are also important, for instance the fall of debris in hallways or escape routes, fires or explosions, or the rupture of water or sewerage pipes. Even relatively minor damage, it should be stressed, can compromise aseptic conditions in the affected areas, putting critical patients at risk.

Non-structural components must incorporate a level of protection that is proportional to the performance objective that has been defined for the medical or support service in question, as well as all other services that are directly or indirectly related to them. Each team of specialists must be responsible for the design of the protection systems required by the components of their competence, and must certify, by following the procedures described in section 2.3.2.2, that the performance objective defined by the institution has been met.

The Project Coordination Team must ensure that the subprojects designed by the various disciplines are correctly integrated and compatible with each other, and it should hold regular coordination meetings in which representatives of each team are present. Moreover, the Coordination Team will be responsible for ensuring that each work group is provided in timely fashion with the most up-to-date information regarding the work of the other teams and the overall progress of the project.

Table 17 and Form 7 should assist the Project Coordination Team in verifying that protection systems are being effectively incorporated in the various non-structural components that typically require protection.
	Table 17

Typical Non-structural Components that Require Protection

	

	Architectural
	Equipment and Furnishings
	Basic facilities

	Partitions
	Medical equipment
	Medical gases

	Interiors 
	Industrial equipment
	Industrial gas

	Façades
	Office equipment
	Electric distribution

	Suspended ceilings
	Furniture
	Telecommunications

	Roofs or decks
	Contents
	Vacuum

	Cornices
	Supplies
	Drinking water

	Terraces
	Clinical files
	Industrial water

	Chimneys
	Pharmacy shelves 
	Air conditioning

	Plaster
	
	Steam

	Glass windows
	
	Piping in general

	Appendages
	
	

	Canopies
	
	

	Antennas 
	
	


	Source: 
	Boroschek, R. and Astroza, M. Disaster mitigation in Health facilities: Non-structural Aspects, Pan American Health Organization, 2000.


The protection of non-structural systems calls for a logical sequence: first, interior safety and the stipulation of requirements for the immediate exterior (characteristics of supports, anchoring, etc.); secondly, the safety of the immediate exterior (furnishings, ceilings, supplies and others); and, finally, the safety of the overall structure. The following table summarizes the main ways to protect non-structural components:

	Table 18

Main Forms of Protection

	

	Non-structural Component
to Protect
	Protection Provided by:

	
	Structure
	Architecture
	Furnishings

	Architectural
	
	
	

	Industrial equipment
	
	
	

	Medical and laboratory equipment 
	
	
	

	Distributed systems 
	
	
	


	Form 7
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2.3.2.2
Assessing the safety of non-structural components
Non-structural components require protection systems that can guarantee the achievement of the performance objective set for the project. Assessing the degree to which the protection goals for the different disaster scenarios have been met may be done in several ways, most commonly through mathematical modeling or certificates issued by the supplier or manufacturer of the component or system.

Tables 19a and 19b summarize the procedures that each discipline must follow in order to assess potential protection systems. 
	Table 19a
Safety Assessment of Systems, Equipment and Non-structural Components
through Mathematical Analysis1

	

	Minimum required content of Calculation Log2

	Identity of the specialist

	Name of the specialist

	Discipline

	Classification of the system, equipment or component

	Architectural element

	Lifeline 

	Medical or laboratory equipment 

	Industrial equipment

	Isolated electrical or mechanical equipment 

	Distributed electrical or mechanical equipment 

	Level of protection under consideration

	Performance objective for the overall facility and the area where the system, equipment or component is located

	Performance objective for the services supported by the system, equipment or component

	Performance objective for the system, equipment or component itself

	Standards considered in the analysis

	National standards 

	International standards 

	Other standards specific to the project

	Description of the structure where the system, equipment or component will be located

	Geometrical dimensions

	Number of stories

	Height of stories

	Estimated load of the various stories of the building

	Essential facts on the dynamic properties of the building

	Other essential facts

	Behavior determining the response of the system, equipment or component

	Interior safety

	Support element or anchoring

	Anchoring

	Bracing

	Stability (overturning, sliding)

	Deformation

	Resistance

	Highest level of damage tolerated

	Interaction with other elements

	Dependence on other elements

	Other (specify)

	Description of the system, equipment or component

	General description, function, and dependence on other systems, equipment or components

	Weight, distribution of the weight, and location of the center of mass in different conditions of use and operation

	Geometrical dimensions 

	Chief materials and mechanical characteristics

	Support systems 

	With vibration isolation system 

	Without vibration isolation system

	Detail plans or sketches 

	Interior safety certificate issued by the supplier or manufacturer

	Background facts on performance in previous emergencies

	Description of built-in protection systems 

	Systems used for the interior safety of the component

	Systems used to increase the safety to the support element

	Systems used for anchoring and stabilization

	Systems used for damage control

	Systems used to prevent interaction with other components

	Other systems used to provide safety to the system, equipment or component

	Characteristics of the equipment when in operation (Evaluate only relevant equipment)

	Frequency of operation

	Storage capacity 

	Loads produced during the operation of the equipment

	Operational temperature

	Operation in corrosive environment 

	Identity of least favorable actions and load combinations 3

	Bracing characteristics of systems, equipment and components 

	Description of the structural concept

	Degree of Inclination of the braces

	Length of the braces

	Profile section of braces

	Thickness of the bracing element

	Capacity of the material

	Elasticity of the material

	Distance between braces

	Detail plans 

	Anchorage characteristics of systems, equipment and components 

	Description of the structural concept

	Resistance of the materials

	Number of anchoring elements

	Diameter of the anchoring elements

	Embedded length of the anchoring elements

	Plans of the anchoring elements

	Characteristics of system, equipment or component support elements

	Material

	Shape of the elements

	Resistance of the materials

	Other characteristics of the support elements

	Classification of the system, equipment or component 

	Fundamental period To

	Rigid equipment or component 

	High deformability

	Limited deformability 

	Low deformability

	Flexible equipment or component 

	High deformability

	Limited deformability

	Low deformability

	Spatial distribution

	Isolated element

	Distributed element

	Number of points of support

	Response

	Sensitive to acceleration 

	Sensitive to deformation 

	Contents

	Hazardous or difficult-to-replace materials 

	Materials not dangerous nor difficult to replace

	Interaction with other systems, equipment and components

	Not linked 

	Linked

	Dependence on other systems, equipment and components

	Independent

	Dependent

	Other relevant classifications

	Method of analysis

	Equipment included in structure analysis model

	Equipment not included in structure analysis model

	Static analysis 

	Dynamic analysis

	Characteristics of the demand 

	Summary of factors that determine the demand

	Return period associated with the expected demand 

	Damping considered

	Factors that may modify the response

	Demand as it is considered in the design

	Results

	Internal efforts 

	Utilization factors of bracing elements 

	Utilization factors of anchoring elements

	Estimated deformation

	Assessment of the system, equipment or component’s bracing or anchoring elements

	Stability

	Assessment of interaction with other systems, equipment or components

	Assessment of potential impacts

	Assessment of potential contamination by hazardous or harmful materials

	Confirmation that Objectives have been met


	Notes:
	1
	The table above applies to architectural elements, industrial equipment, medical and laboratory equipment, lifelines and other components of the services that need to be protected. In the case of each item, the data regarding the equipment or component analyzed should be evaluated individually.

	
	2
	The calculation log should include all computational processes and the results of the intermediate calculations.

	
	3
	In addition to the load caused by the potential emergency--the dead load, the live load, the load caused by the failure of the equipment, the load associated with electrical or mechanical failure, the load derived from the interaction with other equipment or components, and the load stipulated in the contract standards.


	Table 19b

Standardized Safety Assessment of Systems, Equipment and Non-structural Components 
through Certification by the Supplier or Manufacturer1

	

	Analysis-based Certification

	A calculation log must be attached covering the contents specified in 19a, in accordance with the level of detail required by the study. This document will be used for reviewing the safety of the component

	Experimental Certification 

	Identity of accredited laboratory 

	Standards of reference employed in the tests

	Description of test procedures 

	Demand applied in the tests

	Results of the tests

	Certification Requirements 

	Conditions of use and operation

	Conditions of installation

	Other conditions

	Date of certification and validity of the certification

	Certification of compliance with standards specified in the contract

	Description of limitations and applicability of the certification


	Notes:
	1
	The previous table applies to architectural elements, industrial equipment, medical and laboratory equipment, lifelines and other standard components related to the services that will be protected. 


2.3.2.3
Safety assessment of non-structural components
The various teams of specialists must guarantee that the performance objective set for the project has been met. The following form, included for illustrative purposes only, lists the minimum background data that must be taken into consideration by each of the disciplines:

	Form 8
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The design stage concludes with the production of the final plans, technical specifications, mockups, budgets of reference, and tender documents. At this stage, both the Design Execution Team and the Project Reviewing Team must deliver a document certifying that the Protection Objective has been met. 

2.4.
Stage 4: Selection of the General Contractor
The selection of the General Contractor who will engage in the actual construction of the facility must meet all relevant national legislation and standards. Among the selection criteria, the experience of candidate firms in the building of disaster-resistant health facilities should be considered. Chapter V describes the requirements that must be met by the companies interested in bidding for the contract.

2.5.
Stage 5: Construction
It is at this stage that the performance objective set for the facility must be realized. Quality assurance Procedures such as those mentioned in Chapter VI must now be rigorously followed in order to ensure that protection goals are met.

While the project’s specifications and plans should guide the construction process, in practice it is often necessary to introduce modifications or clarify the meaning of certain requirements. In such situations, any request for modifications presented by the Contractor must be meticulously evaluated, and any alteration to the original plans should be approved by the Client Institution, the Design Team, and the Reviewing Team. Modifications to the facility’s performance objective must be subjected to careful analysis and discussion, which needs to be documented—thereby ensuring that the facility’s real operational capacity within the overall health network has been correctly determined.

3. References
3.1 Standards, codes and general protection reference material
American Society of Civil Engineers, ASCE 7-98: Minimum Design Loads for Buildings and Other Structures. 
Applied Technology Council, ATC 51: U.S.-Italy Collaborative Recommendations for Improving the Seismic Safety of Hospitals in Italy, California, 2000.

Building Officials Code Administrators International, International Building Code 2000. 

Building Seismic Safety Council (BSSC), FEMA 368: NEHRP Recommended Provisions for Seismic Regulations for New Buildings and Other Structures, Washington, D.C., 2001.

Building Seismic Safety Council (BSSC), FEMA 369: NEHRP Recommended Provisions for Seismic Regulations for New Buildings and Other Structures, Commentary, Washington, D.C., 2001.

Departments of the Army, the Navy and the Air Force, NAVY NAVFAC P-355.1: Seismic Design Guidelines for Essential Buildings, Technical Manual, Washington, D.C., December 1986.

Departments of the Army, the Navy and the Air Force, NAVY NAVFAC P-355.2: Seismic Design Guidelines for Upgrading Existing Buildings, Technical Manual, Washington, D.C., September 1988.

Deutsches Institut für Normung, DIN 4149-1: Buildings in German Earthquake Zones; Design Loads, Dimensioning, Design and Construction of Conventional Buildings, 1981.

European Committee for Standardization, Eurocode 8: Design of Structures for Earthquake Resistance. Part 1: General Rules, Seismic Actions and Rules for Buildings, Brussels, 1998.

Federal Emergency Management Agency, FEMA 276: Example Applications of the NEHRP Guidelines for the Seismic Rehabilitation of Buildings, Washington, D.C., April 1999.

Federal Emergency Management Agency, FEMA 310: Handbook for the Seismic Assessment of Existing Buildings, Washington, D.C., 1998.

Federal Emergency Management Agency, FEMA 356: Prestandard and Commentary for the Seismic Rehabilitation of Buildings, Washington, D.C., November 2000.

Federal Emergency Management Agency, FEMA 55: Coastal Construction Manual.

Federal Emergency Management Agency, FEMA 74: Reducing the Risk of Nonstructural Earthquake Damage, TO Practical Guide, Washington, D.C., September 1994.

International Standards Organization, ISO 3010:2001: Basis for Design of Structures—Seismic Actions on Structures.

International Standards Organization, ISO 4354:1997: Wind Actions on Structures.

Office of Statewide Health Planning and Development (OSHPD), Building Standard Administrative Code, Part 1, Title 24, C.C.R, December 2001.

U.S. Army Corps of Engineers, Engineering Division, Directorate of Military Programs, TI 809-4: Seismic Design for Buildings, Technical Instructions, Washington, D.C., December 1998.

3.2 Standards, codes and references specific to protection of structural components and non-structural.
Tables 20 and 21 show examples of specific standards, codes and references that may be considered in the design of the protection systems of the structural and non-structural components.

	Table 20

Protection of Structural Components

	Natural hazard 
	Standards, Codes and References  Specific to Design and Analysis

	Strong winds
	American Society of Civil Engineers, ASCE 7-98: Minimum Design Loads for Buildings and Other Structures. 

Building Officials Code Administrators International, International Building Code 2000. 

Deutsches Institut für Normung, DIN 4149-1: Buildings in German Earthquake Zones; Design Loads, Dimensioning, Design and Construction of Conventional Buildings, 1981.

European Committee for Standardization, Eurocode 8: Design of Structures for Earthquake Resistance. Part 1: General Rules, Seismic Actions and Rules for Buildings, Brussels, 1998.

Federal Emergency Management Agency, FEMA 55: Coastal Construction Manual.
Federal Emergency Management Agency, FEMA 74: Reducing the Risk of Nonstructural Earthquake Damage, A Practical Guide, Washington, D.C., September 1994.

International Standards Organization, ISO 4354:1997: Wind Actions on Structures.

	Seismic event
	American Society of Civil Engineers, ASCE 7-98: Minimum Design Loads for Buildings and Other Structures. 
Applied Technology Council, ATC 51: U.S.-Italy Collaborative Recommendations for Improving the Seismic Safety of Hospitals in Italy, California, 2000.

Building Seismic Safety Council (BSSC), FEMA 368: NEHRP Recommended Provisions for Seismic Regulations for New Buildings and Other Structures, Washington, D.C., 2001.

Building Seismic Safety Council (BSSC), FEMA 369: NEHRP Recommended Provisions for Seismic Regulations for New Buildings and Other Structures, Commentary, Washington, D.C., 2001.

Building Officials Code Administrators International, International Building Code 2000. 
Departments of the Army, the Navy and the Air Force, NAVY NAVFAC P-355.1: Seismic Design Guidelines for Essential Buildings, Technical Manual, Washington, D.C., December 1986.

Departments of the Army, the Navy and the Air Force, NAVY NAVFAC P-355.2: Seismic Design Guidelines for Upgrading Existing Buildings, Technical Manual, Washington, D.C., September 1988.

Deutsches Institut für Normung, DIN 4149-1: Buildings in German Earthquake Zones; Design Loads, Dimensioning, Design and Construction of Conventional Buildings, 1981.

European Committee for Standardization, Eurocode 8: Design of Structures for Earthquake Resistance. Part 1: General Rules, Seismic Actions and Rules for Buildings, Brussels, 1998.

Federal Emergency Management Agency, FEMA 74: Reducing the Risk of Nonstructural Earthquake Damage, A Practical Guide, Washington, D.C., September 1994.

Federal Emergency Management Agency, FEMA 276: Example Applications of the NEHRP Guidelines for the Seismic Rehabilitation of Buildings, Washington, D.C., April 1999.

Federal Emergency Management Agency, FEMA 310: Handbook for the Seismic Assessment of Existing Buildings, Washington, D.C., 1998.

Federal Emergency Management Agency, FEMA 356: Prestandard and Commentary for the Seismic Rehabilitation of Buildings, Washington, D.C., November 2000.

International Standards Organization, ISO 3010:2001: Basis for Design of Structures—Seismic Actions on Structures.
Office of Statewide Health Planning and Development (OSHPD), Building Standard Administrative Code, Part 1, Title 24, C.C.R, December 2001.

U.S. Army Corps of Engineers, engineering Division, Directorate of Military Programs, TI 809-4: Seismic Design for Buildings, Technical Instructions, Washington, D.C., December 1998.


	Table 21

Protection of Non-structural Components

	Non-structural Component
	Standards, Codes and References Specific to Design and Analysis
	Professional Team Required

	Isolated (not distributed) electrical and mechanical equipment

Industrial equipment
	American Petroleum Institute, API 650: Welded Steel Tanks for Oil Storage, Washington, D.C.

Deutsches Institut für Normung, DIN IN 61587-2: Mechanical Structures for Electronic Equipment - Tests for IEC 60917 and IEC 60297 - Part 2: Seismic Tests for Cabinets and Racks (IEC 61587-2:2000), 2001.

Ishiyama, Y., Criteria for Overturning of Rigid Bodies by Sinusoidal and Earthquake Excitations, Earthquake Engineering and Structural Dynamics, Vol. 10, 1981.

Institute of Electrical and Electronic Engineers, IEEE C 37.81: Guide for Seismic Qualification of Class 1E Metal-Enclosed Power Switchgear Assemblies, New York, 1989.

Institute of Electrical and Electronic Engineers, IEEE C 37.98: Seismic Testing of Relays, New York, 1987.

Institute of Electrical and Electronic Engineers, IEEE 344-1987: Recommended Practice for Seismic Qualification of Class 1E Equipment for Nuclear Power Generating Stations, New York, 1987.

International Electrotechnical Commission, IEC 60068-3-3: Environmental Testing – Part 3, Seismic Test Methods for Equipment, 1991.

International Electrotechnical Commission, IEC 60255-21-3: Electrical relays - Part 21: Vibration, Shock, Bump and Seismic Tests on Measuring Relays and Protection Equipment - Section 3: Seismic Tests, 1988.

International Electrotechnical Commission, IEC 61166-21-2: High-Voltage Alternating Current Circuit-Breakers - Guide for Seismic Qualification of High-Voltage Alternating Current Circuit-Breakers, 1993.

International Electrotechnical Commission, IEC 62271-002: Amendment 1 to IEC 61166: Gas-Insulated Metal-Enclosed Switchgear for Rated Voltages of 72.5 kV and Above - Guide for Seismic Qualification.
International Electrotechnical Commission, IEC/TS 61463: Bushings - Seismic Qualification, 2000.

International Electrotechnical Commission, IEC 61587-2: Mechanical Structures for Electronic Equipment – Tests for IEC 60917 and IEC 60297 - Part 2: Seismic Tests for Cabinets and Racks. 

Ishiyama, Y.., Criteria for Overturning of Rigid Bodies by Sinusoidal and Earthquake Excitations, Earthquake Engineering and Structural Dynamics, Vol. 10, 1981.
	Electrical engineer
Mechanical engineer
Seismic engineer
Structural engineer
Vulnerability assessment specialist
Hospital architect
Industrial equipment specialist

	Pipes, ducts and electrical conduit systems 
Fire safety systems 
	National Fire Protection Association, NFPA 13: Standard for the Installation of Sprinklers Systems.

Sheet Metal and Air Conditioning Contractors National Association, Seismic Restraint Manual: Guidelines for Mechanical Systems & Addendum Nº1.
WSP 029, Aseismic Design Manual for Underground Steel Water Pipelines, 1989.
	Electrical engineer
Mechanical engineer
Seismic engineer
Structural engineer
Vulnerability assessment specialist 
Fire Protection Specialist

	Medical and laboratory equipment 

Furniture
	International Electrotechnical Commission, IEC 60068-3-3: Environmental Testing - Part 3: Guidance. Seismic Test Methods for Equipment, 1991. 

Ishiyama, Y., Criteria for Overturning of Rigid Bodies by Sinusoidal and Earthquake Excitations, Earthquake Engineering and Structural Dynamics, Vol. 10, 1981.
	Hospital architect
Medical equipment specialist
Seismic engineer
Structural engineer
Vulnerability assessment specialist
Furniture designer

	Systems of Suspended ceilings 

Lighting fixtures Systems
	American Society for Testing and Materials, ASTM E 580: Standard Practice for Application of Ceiling Suspension Systems for Acoustical Tile and Lay-in Panels in Areas Requiring Moderate Seismic Restraint, 2000.

Ceilings and Interior Systems Construction Association, Guidelines for Seismic Restraint, Direct Hung Suspended Ceilings Assemblies: Seismic Zones 3-4, 1991.

Uniform Building Code Standard 25-2: Metal Suspension Systems for Acoustical Tile and for Lay-in Panel Ceiling.
	Hospital architect

Specialist lighting fixtures
Seismic engineer

Structural engineer

Vulnerability assessment specialist

	Vertical transport systems
	American Society of Mechanical Engineers, ASME A17.1: Safety Code for Elevators and Escalators, 1996.

Deutsches Institut für Normung, DIN IN 61587-2: Mechanical Structures for Electronic Equipment - Tests for IEC 60917 and IEC 60297 - Part 2: Seismic Tests for Cabinets and Racks (IEC 61587-2:2000), 2001.

Japanese Elevator Association, Guide for Earthquake Resistant Design and Construction of Vertical Transportation.

Standard New Zealand, NZS 4332:1997: Non Domestic Passenger and Goods Lifts. 1997.
	Vertical transport specialist

Mechanical engineer

Electrical engineer

Seismic engineer

Structural engineer

Vulnerability assessment specialist

	Roofing structures
	Federal Emergency Management Agency, Against the Wind.


	Hospital architect

Seismic engineer

Structural engineer

Vulnerability assessment specialist

	Partitions and façade elements
	American Architectural Manufacturers Association, Aluminum Curtain Wall Design Guide Manual

American Architectural Manufacturers Association, Aluminum Store Front and Entrance Manual
American Architectural Manufacturers Association, Design Windloads for Buildings and Boundary Layer Wind Tunnel Testing

American Architectural Manufacturers Association, Installation of Aluminum Curtain Walls

American Architectural Manufacturers Association, Maximum Allowable Deflection of Framing Systems for Building Cladding Components at Design Wind Loads

American Architectural Manufacturers Association, Metal Curtain Wall Fasteners

American Architectural Manufacturers Association, Metal Curtain Wall Manual

American Architectural Manufacturers Association, Rain Penetration Control – Applying Current Knowledge

American Architectural Manufacturers Association, Structural Design Guidelines for Aluminum Framed Skylights

American Architectural Manufacturers Association, Voluntary Specifications for Hurricane Impact and Cycle Testing of Fenestration Products.
Federal Emergency Management Agency, Against the Wind.
	Hospital architect

Seismic engineer

Structural engineer

Vulnerability assessment specialist



	Doors and windows
	American Architectural Manufacturers Association, Glass and Glazing.

Federal Emergency Management Agency, Against the Wind.

International Standards Organization, ISO 6612:1980: Windows and Door Height Windows Wind Resistance Tests. 
	Hospital architect

Structural engineer


Chapter V

Assessment of the Work Team
1. Professional requirements 
A key aspect of quality assurance, especially in the case of health facilities with high protection requirements, is the selection of experienced professional teams who remain active and up to date in the field. For this reason, the selection of the professionals and firms that will conceive and make the project a reality must be based on an objective appraisal of their qualifications, such as their professional level, the number of projects completed, the square meters that have effectively been built, and their previous participation in health sector projects.
1.1
Specialists required for the preliminary-stage and hazard assessments 
The preliminary stage of the project, including the hazard and risk assessments, calls for the hiring of professionals in the fields listed in table 22.
	Table 22

Professionals Required for Hazard Assessment

	

	
	Natural Hazards

	Professionals Needed
	Mudslides
	Landslides
	Hurricanes
	Floods
	Seismic events
	Volcanic eruptions

	Urban Development Specialists
	
	
	
	
	
	

	Topographers
	
	
	
	
	
	

	Geologists
	
	
	
	
	
	

	Soil Mechanics Specialists
	
	
	
	
	
	

	Meteorologists
	
	
	
	
	
	

	Hydrologists
	
	
	
	
	
	

	Hydraulic Engineers 
	
	
	
	
	
	

	Seismologists
	
	
	
	
	
	

	Wind Engineers (specialized in hydrodynamics)
	
	
	
	
	
	

	Seismic Engineers 
	
	
	
	
	
	

	Structural Engineers
	
	
	
	
	
	

	Volcanologists
	
	
	
	
	
	


These professionals must be selected in compliance with the criteria defined in Table 23.

It cannot reasonably be demanded that the disaster vulnerability assessment specialists have previous experience in the design of hospital infrastructure. Nevertheless, it would be useful if they had. On the other hand, experience in hazard and risk assessments is indispensable.

	Table 23

Professional Requirements for Team Involved in Preliminary Plan and Design of the Facility


	Position
	Minimum Certified Experience 
	Experience in Hospital Design
 (Last 10 Years)

	
	
	Total Surface Built
	Other Requirements

	Director
	10 years
	> 150,000 m2
	At least 2 Hospitals with Surface Built > 10.000 m2

	Coordination Team
	10 years
	> 150,000 m2
	At least 2 Hospitals with Surface Built > 10.000 m2

	Specialists 
	10 Years
	> 100,000 m2
	At least 1 Hospital with 

Surface Built > 10.000 m2

	Risk Assessment Specialists 
	10 years
	-
	-

	Assistants
	5 years
	-
	-


1.2 Specialists required for the preliminary plan, design, construction and inspection of the project
The Preliminary Plan Team, the Coordination Team, the participating specialists, and the Building Contractor must show that they have at least 10 years’ experience in the design, construction and inspection of health infrastructure, not only generally but with specific reference to the role they intend to play in the construction fo the new health facility. 
Some of the key disciplines that must participate in the design, construction, and inspection of the project are listed in Table 24.

	Table 24

Specialists Required for the Design, 
Construction and Technical Inspection of the Works1

	

	Air conditioning3
	Geotechnical engineering
	Structural design4

	Architecture2
	Industrial equipment5
	Telecommunications8

	Budgeting and finance
	Lighting fixtures
	Vertical transport

	Built-in furnishings
	Medical and laboratory equipment 
	Vulnerability

	Clinical gases
	Medical furnishings
	Waste management 

	Construction methods 
	Medicine and nursing
	Water treatment9

	Electrical installations
	Pneumatic mail
	Other (specify)

	Fire safety7
	Sanitary facilities6
	

	General safety
	Signage
	


	Notes:
	1
	The professionals whose disciplines are listed on this table must be selected according to the criteria defined in Table 23. The professionals in charge of the design, construction and technical inspection of the works must prove that their experience is in keeping with the goals of the project.

	
	2
	The architect must carry out or supervise the safe design of the structural components of his or her competence, including façade elements, interior partitions, suspended ceilings, and appendages.

	
	3
	Included in this discipline: A/C systems, heating, ventilation, etc.

	
	4
	Depending on the conditions of the contract, the specialist must carry out the structural review of the non-structural components’ protection systems.

	
	5
	Included in this discipline: laundry, food or dietary services, sterilization, etc.

	
	6
	Included in this discipline: drinking water and sewerage networks, natural gas, etc.

	
	7
	Included in this discipline: dry and wet networks, sprinklers, etc.

	
	8
	Included in this discipline: closed-circuit TV, telephony, internal communications, etc.

	
	9
	Included in this discipline: Dialysis, boiler room, sterilization, laboratory, etc.


2. Criteria for the selection of the Execution Team and other consultants
The following tables specify the information that must be presented and certified by the specialists and consultancy firms that aspire to participate in the project:

	Table 25a

Information Required of Consultancy Firms

	

	General Information 

	Identity of the potential contractor

	Full name of the company

	Legal domicile 

	Year of incorporation

	Articles of incorporation

	Legal representative

	Business license

	Contractor’s management and professional staff (incl. subcontractors, if applicable)

	Name

	Professional or technical degree

	Professional or technical discipline

	Position in the company (if applicable)

	Academic and government certificates 

	Current activities and projects underway

	Company cash flow and credit status

	Average annual financial revenues and other resources, in dollars

	Average annual profits from projects done in the past 5 years, in dollars

	Banking and credit references


	Table 25b

Requirements that Must Be Met by Consultancy Firms

	

	Technical Requirements 

	Certified company experience (works or services)

	Project name

	Project client

	Project field (according to table 25c)

	Economic value of the project

	Built surface of the project

	Total surface of the project

	Execution period

	Disciplines involved

	Technologies employed

	Standards and codes applied

	Experience in similar projects 

	Certified experience of all relevant specialized staff 

	Project name

	Project client

	Economic value of the project

	Built surface of the project

	Total surface of the project

	Execution period

	Professional field 

	Project director

	Project manager

	Specialist

	Designer

	Assistant

	Other

	Activities carried out by the professional (only those that can be certified)

	Field (as specified in Table 25c)

	Disciplines applied

	Experience in similar projects 

	Standards and codes applied

	Listing of equipment, machinery, and tools to be employed

	Other technical requirements that the institution or coordination team consider relevant for the execution of the project.


	Table 25c

Project Areas

	

	Planning and feasibility

	Administration

	Basic engineering assessments 

	Engineering

	Architecture and urban planning

	Construction

	Inspection

	Miscellaneous evaluations and assessments 


3. Assessment of the Work Team
	Form 9
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Chapter VI

Project Quality Assurance Procedures 
1.    Guiding principles for the review and inspection of the project
The following table lists some of the basic principles that must be heeded in order to ensure the quality of the project, including review and inspection mechanisms at each stage to ensure the meeting of Performance Objectives.

	Table 26

Basic Principles that Should Guide the Review and Inspection of the Project

	

	· A high performance objective calls for a high degree of specialization among project participants. Special attention must be paid to the analysis and detailing of the components, as well as to building practices and the meticulous inspection of the construction process.

· Design and construction should meet the principles and quality criteria of the ISO9000 standard.

· At each stage of the project, participating specialists must review the work underway to make sure it meets the standards of their particular discipline.  In addition, they should engage in interdisciplinary reviews across disciplines as a form of double-checking.

· At each stage of the project (including both design and construction), independent inspections must be carried out. The specialists in charge of the design and construction of the facility must carry out their activities in full awareness that such inspections will take place. 

· Before the final plans are issued for each of the components or disciplines, a draft must be issued to the various teams of specialists for review and commentary.

· All quality standards that the project requires must be documented. No tacit or oral agreements will be accepted. 

· The Technical Inspection Team must comprise a multidisciplinary group of specialists with expertise proportional to the overall protection requirements of the project. The team must include at least one representative from each of the disciplines listed in table 24.

· The Technical Inspection Team must guarantee that all the provisions stipulated in the tender documents are met. 

· The Technical Inspection Team must make every effort to ensure that its role is preventive rather than corrective.

· Each standard system, equipment, or component must be certified to meet the performance objectives of the project.

· Any modification to the original project during the construction stage must be approved by all the parties: the Client Institution, the Project Director, the Coordination Team, the specialists, the Technical Inspection Team, and the Contractor. The characteristics of the modification must be described in detail in the As-built Report.

· Materials, systems or equipment defined in the project specifications may be replaced by a technical equivalent proposed by the Contractor, subject to the prior approval of all the parties. The characteristics of the technical equivalent must be clearly described in the As-built Report.

· Any project involving operational or investment protection objectives calls for an As-built Report. In projects where the performance objective only calls for the safety of the occupants, an As-Built Report must be produced if expressly demanded by the institution or the Coordination Team.

· Other principles should be applied if the work group considers them necessary or relevant.




2. Project Quality Assurance during the Preliminary and Design Stages
The following table specifies the tasks required for the correct execution of the project in its preliminary stage, including regional and local hazard studies, as well as its design phase.

	Table 27

Quality Assurance Program for the 

Initial and Design Stages of the Project

	

	Project Definition

	Definition of the objectives and scope of the project

	Definition of the Participants (see Chapter V)1

	The Client Institution

	The Project Director 

	The Planning and Coordination Team 

	The specialists that will integrate the Project Execution Team

	Participating consultancy firms and other participating firms 

	The Review Team, with representatives from each of the relevant disciplines

	Assignment of functions and responsibilities, and limits thereof1

	The Client Institution’s functions and responsibilities

	The Project Director’s functions and responsibilities 

	The Coordination and Planning Team’s functions and responsibilities 

	The Project Execution Team’s functions and responsibilities

	Participating consultancy firms and other participating firms’ functions and responsibilities 

	The functions and responsibilities of the Review Team

	Work Plan

	Procedures for assessing the professional candidates to the Execution Team

	Completion schedules for the preliminary risk assessments and other studies, and for designing the facility

	Overall budget for the assessments, design, and construction of the facility

	Definition of communication channels and protocols 

	Between the specialists and the Institution, Project Director, and Coordination Team 

	Among and within the various specialist teams 

	Schedule of coordination meetings with representatives of the various specialist teams, the Institution, the Project Director, and the Coordination Team

	Deadlines for the delivery and update of plans and specifications2

	Definition of review, follow-up, and control mechanisms 

	Reviews by the Project Director or his or her staff

	Reviews by the teams of specialists3

	Reviews across disciplines4

	External professional inspection


	Definition of review mechanisms for the final project 5

	General review regarding the fulfillment of design criteria

	Review of calculation logs

	Review of siting plans

	Review of architectural plans

	Plans of the various sections of the facility

	Floor plans 

	Section and elevation plans

	Architectural detailing and finishing plans

	Other architectural components (doors, windows, stairs, appendages, signs, etc.)

	Review of structural plans 

	General specification plans

	Foundation plans 

	Floor plans 

	Section and elevation plans

	Structural detailing


	Review of layout plans for basic facilities, lifelines, clinical gases, A/C ducts, electrical wiring, etc.

	Review of installation plans for equipment, furnishings and other components

	Review of plans for details, connections and anchoring of components

	Review of other plans

	Review of tender documents

	Review of technical specifications

	Review of equipment installation specifications 

	Review of construction and procedures manual

	Review of general contract conditions 

	Review of units of measures, quantities of materials and so on, completion schedule, construction budget and forms of payment

	Review of other tender documents

	Definition of inspection procedures during the construction process

	Listing of construction procedures that require inspection or specialized inspection, and type of inspection required

	Listing of components and services that require inspection or specialized inspection, and type of inspection required

	Characteristics of the expected reports (See Table 29)


	Notes:
	1
	The selection of the participating design professionals, as well as the assignment of responsibilities, must be carried out with special care. Conflicts of interest tend to affect the quality of the project.

	
	2
	Each discipline must work based on the most up-to-date information issued by the other disciplines in timely fashion.

	
	3
	Each plan, technical specification, or tender document must be checked by at least one expert from another discipline than that of the expert who produced it. 

	
	4
	Multidisciplinary projects need to be checked at each stage by all the disciplines involved.

	
	5
	Before the final plans are issued, they must be submitted to the other disciplines for review and commentary.


3. Project Quality Assurance: the Construction Stage of the Project
The following table specifies the minimum tasks that must be carried out in order to ensure the correct execution of the project in its construction stage.
	Table 28

Quality Assurance Program for 
the Construction Stage of the Project

	

	Conditions for the start of the construction 

	Final design plans approved

	Technical specifications approved

	Tender documents approved by the parties

	Contract signed

	Responsibilities of the Client Institution, Project Director and Coordination Team

	Present the Contractor with a feasible project 

	Provide the necessary financing 

	Provide an adequate site 

	Choose the most suitable Technical Inspection Team

	Participate in the decision-making process in matters critical to the project or unregulated issues

	Report to the Specialists and to the Construction Firm, in timely fashion, any modifications to the project

	Remain up to date on the progress and state of the construction

	Meet any other responsibilities stipulated in the contract

	Definition of the Equipment Designer’s functions during the construction stage

	Report to the Institution, Project Director, and Coordination Team, in timely fashion, any changes to the original project 

	Assist the Technical Inspection Team in protection matters (a interpreter of the technical specifications)

	Participate in the decision-making process concerning matters critical to the project, 
                 or unregulated matters that require attention

	Evaluate protection options presented by the Construction Firm to the Technical Inspection Team

	Carry out on-site specialized inspections 

	Issue certificates of approval of the works

	Definition of Consultancy Firms and Suppliers (See Chapter V)

	The General Contractor’s main functions

	Manage the administrative and legal aspects  of the intended construction 

	Review upon receipt the architectural, structural, equipment, and detail plans 

	Review upon receipt all technical specifications 

	Ensure that the construction meets all the plan and specification requirements and permits set by law. 

	Ask suppliers to provide all safety certificates required

	Supervise the pace at which the construction advances

	Control all resources used in the construction

	Carry out any tests needed to ensure the quality of the project

	Produce reports on the progress of the construction

	Establish program of payments to Suppliers and Subcontractors

	Keep the Construction Log up to date

	Carry out any other tasks stipulated in the contract

	Definition of the Construction Firm’s responsibilities

	Be fully aware of the details and objectives of the project

	Acquire materials, hire labor, and arrange subcontracts of a quality befitting the requirements of the project

	Assume responsibility for the actions of all subcontractors

	Assume responsibility for the construction methods and sequences 

	Update the Construction Log in timely fashion 

	Respond in timely fashion to the requirements of the Institution and Coordination Team, Technical Inspection Team, Specialists, and External Inspectors

	Provide access to external inspections, inspections by the Project Director, by the Technical Inspection Team and the other disciplines in charge of the design of the construction1

	Report to the Technical Inspection Team any modification, voluntary or involuntary, to the original project

	Report to the Technical Inspection and Coordination Teams in timely fashion the results of any tests

	Assume responsibility for on-site safety during the construction process

	Carry out any other tasks called for in the contract

	Definition of the Technical inspection Team (See Chapter V)

	Definition of the Technical Inspection Team’s Functions

	Control the implementation of the construction program based on the performance objective assigned.

	Review the construction procedures

	Regularly engage in inspections regarding the quality of the construction materials used

	Verify the quality of the labor employed

	Assist the General Contractor in specific technical matters

	Supervise the work of the external inspectors

	Verify compliance with project specifications

	Participate in the decision-making process in matters critical to the project or unregulated issues

	Act as a permanent liaison between the Contractor and the Institution, the Project Director, and the Coordination Team

	Continually check the construction log

	Safeguard and control contractual documents

	Verify the application of the correct safety measures during the construction process

	Carry out any other contractual obligations

	Definition of external bodies in charge of inspections and tests2

	Produce an inspections and tests program3

	Requirements affecting external inspection and test groups 

	Operate independently of the building firm

	Be fully aware of the details and objectives of the project

	Be fully aware of the plans and specifications of the project

	Be fully aware of the stages of the construction process

	Continuously and effectively inspect the materials, equipment and procedures used in the construction4

	Extract representative samples based on the methods and materials employed on the construction

	Report to the Construction Firm and the Technical Inspection in timely fashion (See Table 29)

	Carry out any other tasks called for in the contract

	Definition of channels and protocols of communication of results of trials and tests

	From the body in charge of inspections to the Construction Firm

	From the Construction Firm to the Technical Inspection Team

	From the Technical Inspection Team to the Design Team and the Institution

	As-Built Report on the facility5

	Listing of professionals and specialists that participated in the project

	Reports on regional and local risk (if applicable)

	Definitive calculation logs 

	Construction Log and related documents

	Inspection Reports 

	Test results

	Safety certificates for the components, and certification of correct construction practices

	Listing of codes and standards that were applied 

	As-built plans of architectural components and furniture

	As-built plans of the structural system

	As-built plans of the mechanical and electrical systems and equipment

	As-built plans of basic facilities, clinical gases, ducts, A/C, fire extinguishing network, etc.

	Other As-built information as defined by the Institution and the Coordination Team

	Definition of criteria for acceptance of the works

	Effective conclusion of the works stipulated in the contract

	Compliance with the specifications of the project 

	Approval of As-built Report 

	Satisfactory implementation of tests on the operation of services, systems and equipment 

	Fines paid

	Return of deposits

	Reception of the construction by fiscal bodies

	Delivery of the construction to the institution

	Signed minutes of final reception of the works

	Other criteria stipulated in the contract


	Notes:
	1
	The Client Institution or the specialists that participated in the design stage may demand that the Construction Firm stop the works if the safety requirements and quality standards stipulated in the project documents are not being met.

	
	2
	All equipment and tools used in the inspections, trials or tests must have certificates of calibration issued by a recognized institution.

	
	3
	The body in charge of the trials and tests must have permanent access to the construction site.

	
	4
	The body in charge of the trials and tests may reject the use of particular materials and equipment.

	
	5
	The As-Built Report must be produced for any building with a functional or investment protection objective. For buildings with a life-safety performance objective, the As-Built Report must be produced if is expressly requested by the Institution, the Project Director or the Coordination Team.


The following table lists the key contents of the construction inspection report.
	Table 29

Characteristics of Inspection Reports 

	

	Inspection or Test Report

	 General Information (date, hour, etc.)

	Staff in charge of the inspection or test

	Procedures employed during inspection or test

	List of equipment used during the inspection or test

	Certificate from body in charge of calibrating the equipment and tools used in the inspection process

	Results of the inspection or test

	Characteristics of the materials inspected or tested

	Characteristics of construction processes inspected

	Results of the tests of materials or tests of operation

	Inspected activities carried out or completed in compliance with project plans and specifications

	Aspects in which there is no compliance with the project plans, specifications, standards and/or codes

	Report of Non-compliance 

	Description of the non-compliant feature (including text and/or sketch specifying how aspect does not comply with the plans, etc.).

	Location of the non-compliant feature

	Qualitative description of the non-compliant feature

	Other characteristics of the non-compliant feature

	Actions needed to correct non-compliance

	Processes that must be modified in order to prevent the recurrence of non-compliance

	Deadlines for correcting the problem
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ANNEX A
STUDIES REQUIRED FOR 
CHARACTERIZING NATURAL HAZARDS 
The scope of the various studies needed to characterize prevailing hazards depends in great measure on the local conditions of each region. However, by way of reference, the following tables list some of the details that must be taken into account when considering the various hazards considered in this handbook.
Table A.1 - Landslides
Table A.2 - Mudslides
Table A.3  - Strong winds and hurricanes
Table A.4  - Flood
Table A.5  - Earthquakes
Table A.6 - Volcanic activity
	Table A.1

Collection of Background Data for the Assessment of Local Landslide Risk 

	

	Collection of data related to:

	Topography of the region

	Vegetable covering of the region

	Overall characterization of the soils of the region

	Topographical studies 

	Evidence of historical or recent landslides 

	Estimation of the volume and shape of unstable masses

	Assessment of current landslide velocity 

	Geological studies 

	Assessment of soil degradation 

	Prevalent types of strata and sediments

	Prevalent kinds of seismic faults and fractures

	Geological characterization of the materials 

	Soil mechanics studies

	Geomechanical characterization of the materials 

	Stratigraphic characterization

	Execution of bores or soundings

	Identification of stratigraphic sections

	Identification of low resistance strata

	Characterization of fault lines (interface with rock base)

	Terrain tests

	Site density 

	Extraction of unaltered samples (only if detailed assessment is required)1

	Maximum and minimum densities 

	Determination of shear resistance parameters in drained and non- drained conditions

	Geophysical studies (only as a complement to soil mechanics)1

	Stratigraphic characterization

	Geoseismic profile

	Resistivity

	Gravimetry

	Characterization of seismic demand

	See Regional Seismicity Study


	Table A.2

Collection of Background Data for Assessment of Mudslide Risks 

	

	Collection of data related to:

	Topography of the region

	Vegetable covering of the region

	Overall characterization of the soils of the region

	Topographical studies 

	Identification of local morphological characteristics that influence the likelihood of mudslides

	Characterization of vulnerable slopes 

	Height of the slope

	Length of the slope

	Steepness of the slopes

	Identification of melting snow masses 

	Geological studies 

	Same as in assessment of landslide risk

	Soil mechanics studies

	Same as in assessment of local landslide risks, but must also carry out the following:

	Geomechanical characterization of materials 

	Terrain tests

	Measurement of soil permeability 

	Standard penetration test

	Liquefaction potential assessment 

	Hydrology studies 

	Characterization of local runoff regimes 

	Meteorological studies

	Pluviometry

	Characterization of region’s pluviosity 

	Annual and monthly precipitation 

	Daily precipitation

	Type of precipitation and location of snow lines

	Spatial and temporal distribution of precipitation

	Production of precipitation intensity-duration-frequency curves

	Other background data on the region

	Overall characteristics of runoff surface

	Inclination and length of vulnerable slopes 


	Table A.3

Collection of Background Data for Assessing the Risk of Strong Winds and Hurricanes

	

	Collection of data related to:

	Topography of the region

	Vegetable covering of the region

	Overall characterization of the soils of the region

	Topographical studies 

	Characterization of local factors that influence the formation of turbulences

	Meteorological studies

	Wind intensity in the region

	Measurement of wind speeds 

	Study of wind height distribution 

	Other background data on the region

	Characteristics of the buildings that surround the potential site


	Table A.4
Collection of Background Data for Assessing the Risk of Flood

	

	Collection of data related to:

	Topography of the region

	Vegetable covering of the region

	Overall characterization of the soils in the region

	Local Topographical Studies 

	Identification of low-lying areas in the sector

	Characterization of the river basin 

	Surface of the basin

	Length of the basin

	Maximum, minimum and median slopes of the basin

	Characterization of the watercourses

	Meteorological studies

	Pluviometry

	Characterization of region’s pluviosity 

	Annual and monthly precipitation 

	Daily precipitation

	Type of precipitation and location of snow lines

	Spatial and temporal distribution of precipitation

	Production of precipitation intensity-duration-frequency curves

	Fluviometry, hydraulics and hydrology studies

	Estimation of water volume (fluviometry)

	Study of historical river surges

	Estimation of water volume in situ

	Regional analysis of river surges

	Synthetic unitary hydrogram

	Rational method 

	Calculation of exceedance probabilities 

	Hydrological studies 

	Characterization of local runoff regimes

	Hydraulic studies 

	Compilation of background data for calculating hydraulic axes

	Other background data on the region

	Overall characteristics of surface runoffs


	Table A.5

Collection of Background Data for Assessing Seismic Risk

	

	Regional seismicity study 

	Study of historical seismicity in the region

	Cataloging of seismic events in the region

	Identification and characterization of the sources of seismic events

	Local topographical studies 

	Identification of morphological characteristics 

	Local geological studies

	Identification of geological faults1

	Geomorphological characterization of the materials

	Soil mechanics studies

	Identification of freatic level

	Stratigraphic characterization

	Execution of bores, trenches and/or soundings

	Geophysical methods (See specific point)1

	Seismic characterization of the foundation soil

	Terrain tests 1

	Extraction of unaltered samples (only if detailed study is required)

	Maximum and minimum densities 

	Drained and non-drained support capacity 

	Standard penetration test 

	Density in situ

	Modified proctor 

	Laboratory tests 

	Maximum and minimum densities

	Consolidation

	Triaxial

	Classification

	Assessment of liquefaction potential 

	Geophysical studies1

	Stratigraphic characterization and identification of freatic level 

	Wave propagation velocity: Cross hole and Down hole

	Geoseismic profile

	Electrical resistivity

	Gravimetry


	Table A.6

Collection of Background Data for Assessing the Risk of Regional Volcanic Activity

	

	Collection of data related to:

	Topography of the region

	Overall characterization of the soils in the region

	Topographical studies local

	Identification of local morphological characteristics

	Detection of historical evidence of eruptions 

	Identification of lava-flow paths

	Volumes of water stored in craters

	Existence of snow in the area (only if applicable)

	Local geological studies 

	Characterization of volcanic activity in the region

	Delimitation of the area at risk

	Estimation of the magnitude and area of influence of possible events

	Other background data on the region

	Evidence of volcanic activity


	Notes:
	1
	These studies must be carried out only if detailed studies are required, as well as in special cases.


ANNEX B

ACCEPTED LEVELS OF DAMAGE
TO STRUCTURAL AND NON-STRUCTURAL COMPONENTS 

(SEISMIC SCENARIO)
The following table, adapted from FEMA 356, specifies the damage levels that may be considered acceptable for a non-health facility subjected to a design earthquake, depending on two different performance objectives for the structural system. In the specific case of a health facility, it is advisable to set down in writing the acceptable damage levels for the two levels of risk described in this handbook. This level of acceptable damage must be approved by the Institution and the Coordination, Design and Review Teams. The following is for illustrative purposes only.
	Table B1

Acceptable Structural Damage for Two Levels of Protection

	Type of Component
	Functional Component Protection (FCP)
	Life-Safety Component Protection (LCP)

	

	Reinforced concrete frame systems 
	Low level of cracking (unit deformations lower than 0.003).

Creeping of beams and columns in very few sectors.

No permanent deformations.


	Considerable damage to beams and ties: loss of coverings and significant cracking 

Deformation of ductile elements.

Limited cracking and failure of joints in non-ductile columns. Severe damage to short columns.

Interstory deformations of up to 1 percent are acceptable.

	Steel moment-resistant frame systems 
	Creeping of beams and columns in very few sectors. 
No fractures. 

No visible permanent local warping or deformation of the elements.
	Local warping of some beams and severe distortion of ties may take place.

Failure of some of the moment connections. The shear connections remain intact.

A few elements may suffer partial failure. 
Interstory deformations of up to 1 percent acceptable.

	Braced steel frame systems 
	Low level of creeping and warping of bracing systems. 

No visible permanent brace deformations.
	The bracing system may suffer deformation and display warping. The failure of these elements is not acceptable.

Connection failure is acceptable.

	Reinforced concrete wall systems
	Only a low level of cracking in walls (width of cracks of less than 1.6 mm) is acceptable. Beam couplings may suffer cracking (width of cracks of less than 3.2 mm).
	Damage to wall edging elements is acceptable, as is damage around openings, some detachment of coverings, and cracks due to bending.

Significant cracking due to bending and shearing in beam couplings is acceptable.

	Reinforced masonry wall systems 
	Cracks of less than 3.2 mm in width are acceptable. Leaking or displacements beyond the plan are not acceptable.

Permanent interstory deformations of up to 0.2 percent are acceptable.
	Generalized cracking of walls (width of crack of less than 6.4 mm) is acceptable. So is the damage around wall apertures and corners the failure of some units.

Permanent interstory deformations of up to 0.6 percent are acceptable.

	Confined masonry wall systems 
	Minor cracking in the masonry panels is acceptable (width of cracks of less than 3.2 mm). Minor damage to veneers and coverings is acceptable.

Permanent interstory deformations are not acceptable.
	A high level of damage to the masonry panels is acceptable. However, neither the leaking of the panels nor the fall of coverings is acceptable.

Permanent interstory deformations of up to 0.3 percent are acceptable t

	Wood paneling wall systems 
	Minor cracks in the plaster and coverings are acceptable.

Permanent interstory deformations of up to 0.25 percent are acceptable.
	Moderate damage to the joints and panels is acceptable.

Permanent interstory deformations of up to 1.0 percent are acceptable.

	Prefabricated system joints 
	Damage to the joints is not acceptable.

Minor damage (width of cracks of less than 1.6 mm) is acceptable in the joints area.
	Local damage in the area of joints is acceptable, but not the failure of the joints, nor is the dislocation of elements.

	Foundations
	A low level of settlements and uplifting is acceptable.
	A total settlement of less than 15 cm, and a differential settlement of less than 4cm/m, is acceptable.

	Metal diaphragms 
	The connections between the units and the connections to the support elements must remain intact. A low level of panel distortion is acceptable.
	Damage to isolated welding is acceptable, as is local warping along some specific points of the panels.

	Wood diaphragms 
	The joints must not show damage of any type.
	Light cracking around some connections is acceptable. 

	Reinforced concrete diaphragms 
	Cracks of a width of less than 3.2 mm are acceptable.
	Generalized cracking (width of cracks of less than 6.4 mm) is acceptable. So is localized damage.

	Prefabricated diaphragms 
	Only a low level of cracking, localized in the joints, is acceptable.
	Generalized cracking (width of cracks of less than 6.4 mm) is acceptable. So is localized damage.


	Table B2

Acceptable Damage to Architectural Components for Two Levels of Protection 

	Type of Component
	Functional Component Protection (FCP)
	Life-Safety Component Protection (LCP)

	

	Chimneys
	Negligible damage.
	General damage. No collapse.

	Suspended ceilings
	Damage generally imperceptible. Slight dislocations in isolated hanging panels. Some cracks in rigid ceilings. 
	General damage. Some suspended ceiling modular panels may fall. Moderate cracks in hard ceilings may occur. 

	Stairs
	Negligible damage.
	Some cracks. The element remains operational.

	Façades, parapets and curtain walls 
	Minor damage.
	General damage. Collapse is allowed in sectors where people cannot be present.

	Marquees
	Minor damage.
	Moderate damage.

	Interior partitions
	Cracks (width of less than 1.6 mm) around openings and corners.
	General damage. Some severe cracks. 

	Doors
	Minor damage. Doors remain operational.
	General damage to doors. Some doors will get stuck.

	Glass surfaces
	Some glass surfaces cracked. None breaks. 
	Generalized cracking. Small fractures of glass surfaces.

	Office furniture (shelves, cabinets, desk equipment, etc.)
	Desk equipment remains in place and operational. Some filing cabinets may slide and open, but do not tilt or spill their contents.
	Some equipment falls off the desks. Some light-weight filing cabinets may overturn, so long as they pose no risk during evacuation.

	Computers and communication systems 
	The systems do not suffer damage and remain operational.
	Cables may be disconnected. The equipment may slide, but not overturn.

	Manufactured equipment in general1
	The equipment remains safe and operational. 
	The equipment slides but does not fall over. Some equipment may need repair. No risk for patients or employees. The equipment that provides critical services remains in operation. The equipment with dangerous or harmful contents does not suffer damage.

	Medical equipment in general
	The equipment remains safe and operational. 
	The equipment slides but does not fall over. Some equipment may need repair. No risk for patients or employees. The equipment that provides critical services remains in operation. The equipment with dangerous or harmful contents does not suffer damage.

	HVAC equipment 
	Units remain safe and operational. 
	Units uncouple themselves from their supports. Ruptures occur, but no collapse, of ducts or piping, or direct joints to the equipment.

	Clinical gases
	Systems remain in operation. 
	Systems remain in operation.

	Generators
	The equipment remains operational. 
	Damage to supports. Some equipment may not function. The equipment that provides critical services remains fully operational.

	Emergency lighting
	System remains in operation.
	Some lighting fixtures may be loosened. 

	Fire safety system
	Damage negligible. Systems remain safe and operational.
	Some sprinklers may be damaged by impact with suspended ceilings. Some leaking may occur.

	Drinking water and sewerage systems
	Systems remain in operation. 
	Some attachment and bracing systems may suffer damage. 

	Fire alarm systems 
	System remains in operation.
	Sensors mounted on suspended ceilings may be damaged. Some may be out of order.

	Duct systems 
	Damage negligible. The systems remain safe and operational.
	Ducts may be loosened from their connections to equipment and outlets. Some supports may fail.

	Lighting fixtures
	Damage negligible.
	Some lighting fixtures may break and fall off.  Some light-weight fixtures may fall except in critical service areas.

	Vertical transport systems
	Vertical transport systems remain operational.
	Vertical transport systems may fail, but counterweights will not be derailed. 

	General piping systems 
	Damage negligible. The systems remain safe and operational.
	Minor damage to joints. Some leaks, easy to repair. Certain suspension and bracing components may be damaged but the systems remains suspended and stable.


	Notes:
	1
	Includes industrial, mechanical, electrical, kitchen, and laundry equipment.


ANNEX C

COMPLEMENT TO
TERMS OF REFERENCE
FOR THE REDUCTION OF VULNERABILITY
IN THE DESIGN OF NEW HOSPITALS
COMPLEMENT TO
Terms of Reference for Vulnerability Reduction in the Design of New Hospitals
The following text is included for illustrative purposes only, and is solely meant to provide suggestions for enhancing the vulnerability reduction of health facilities through the inclusion of the recommended provisions in the traditional Terms of Reference for the design of a hospital or other kind of health facility.

1. General issues
1.1 The present Terms of Reference are an integral part of the call to tender for the design of __________________ Hospital, and stipulate the additional requirements that must be met in the design of the hospital components’ protection systems to ensure that they meet the performance objectives defined for the facility in both normal and emergency conditions. The performance objectives for this hospital are presented in Table xx.

1.2 These provisions set minimum requirements only. Each consultant, specialist or supplier must establish and identify additional conditions that its design or product must meet in order to satisfy the protection performance objectives set by the Institution.

1.3 Quality assurance principles and means applied in this project will be recorded in a single document. No tacit agreements or implicit demands will be tolerated. 
2. Definition of the performance objectives
2.1 The facility and its services must withstand the following hazards: landslides, mudslides, strong winds and hurricanes, floods, earthquakes, and volcanic activity. For each hazard, two levels of intensity are specified. For each hazard and level of intensity, the Institution has defined the following performance objectives for the intended services. 

	EVENT
	Minimum level recommended
( Percentage/Years)
	Performance objective
(LS/IP/FP)
	Maximum credible level desired
( Percentage/Years)
	Protection objective
(LS/IP/FP)

	Landslide
	
	
	
	

	Mudslide
	
	
	
	

	Flood
	
	
	
	

	Earthquake
	
	
	
	

	Strong winds
	
	
	
	

	Volcanic activity
	
	
	
	


2.2 The standby capacity (i.e., the capacity to remain isolated from critical utilities and services external to the hospital) is shown in the following table:

	Service
	Standby Capacity

	

	Drinking water
	# hours

	Electricity
	# hours

	Oxygen
	# dies

	Oil
	# dies


2.3 The stipulated times for the recovery of functional capacity in the case of each service are presented in Table xx (e.g., Table 14).

2.4 The hazard characterization documents, design procedures specific to each one of the hazards, and geotechnical properties of the proposed site, as specified below, are an integral part of this tender. (All relevant tender documents should be listed here).
3. General design of the hospital
3.1 The design procedures must meet ISO9000 quality standards.
3.2 The person in charge of each team of specialists must have had at least 10 years’ experience in hospital infrastructure design relevant to the job he or she is intended to perform. In addition, his or her participation in the design of hospitals with a total built surface larger than 100,000 m2, and with at least one hospital built with a surface larger than 10,000 m2 during the same period, must be documented and certified.

3.3 The candidates to the various professional teams must present documents that certify their participation in the design of hospitals that have met investment protection and functional protection standards. 
3.4 The documents produced during the design process, including specific protection considerations, should include the following: 
i. Calculation logs.

ii. Certificates that the performance objectives defined by the Institution have been met.

iii. Mockups.

iv. Siting plans.

v. Architectural plans: general distribution plans, floor plans, section and elevation plans, architectural detailing plans and any other relevant plans.

vi. Structural plans, including general specification plans, foundation plans (based on the information provided by the soil mechanics specialists), floor, section and elevation plans, structural detailing plans, etc.
vii. Plans displaying the layout of basic facilities, lifelines, clinical gases, air conditioning, electrical distribution, etc.

viii. Industrial, mechanical, and electrical equipment floor plans.

ix. Furniture floor plans.

x. Technical specifications.

xi. Specifications for equipment installation.

xii. Construction and building procedures manual.

xiii. General conditions contained in the contract.

xiv. Construction Program: units of measure, quantities, completion schedule, budget, and forms of payment, et alia.

xv. Terms of reference and other tender documents.

3.5 The documents listed above shall be easily understandable and clear enough to prevent errors of interpretation.

3.6 The systems used for component protection shall be feasible to build and amenable to effective maintenance.

3.7 Each team of specialists must prepare a document setting out clearly how it will meet the facility’s performance objectives and, particularly, what their requirements and restrictions are in relation to the other disciplines. Such documents must define, moreover, the criteria for analysis and design, and the codes of reference employed. They must be produced at the start of the project, and approved by the Client Institution.

3.8 The Project Director and Coordination Team will supervise the correct integration of the various construction efforts by the participating teams, including the architecture, structural calculation, and installation teams.  In order to do this, they shall coordinate all the specialist teams.  For this purpose, all the specialist teams will receive from the Director and Coordination Team specific coordination plans setting out in detail the layout of all the systems, equipment and components of the facility. These plans will superimpose the subprojects developed by all the disciplines and specify the layout and the points at which installations will meet, as well as the location of the various components, suspended ceilings, lighting fixtures, outlets, sanitary devices, HVAC devices, built-in furnishings, industrial equipment, medical equipment, and fire safety systems. Likewise, they will specify the layout of all the wiring, piping and ducts and their passage through walls, beams, foundations, columns, etc. These plans must be studied in detail by the Coordination Team and the specialist teams in order to ensure that the protection systems will work.

3.9 Before the final plans are issued, drafts must be delivered to the other disciplines for review and commentary.

4. The design of the structure
4.1 The structural system chosen for the facility must meet the performance objectives set for the hospital and its services.

4.2 The team of structural engineering specialists will be in charge of ensuring the safety of the structure. When the performance objective of the facility and of its services is functional and investment protection, the team must provide a structural system that not only safeguards the structure but also the non-structural elements. Put differently, the structure must not only protect itself, but must make it possible to carry out the procedures required for the protection of the non-structural systems. For this reason, the structural system needs to be explicitly approved by all the participating disciplines.

4.3 The structural team must design their subproject in coordination with the architectural and other teams (sanitary, air conditioning, electrical, etc.) so as to meet their protection requirements, including perforations, anchoring, etc.

4.4 The structural system and its components must be designed to withstand permanent and eventual demands on the structure, including its dead load, live load, seismic and wind loads, snow and ash loads, temperature changes, hydrostatic and hydrodynamic thrust forces, total and relative foundation settlements, etc.

4.5 The structural design must incorporate such detailing as will ensure, for each level of risk, that the performance objective will be met.  It is important to include in the design any systems needed for guaranteeing that, in the event of damage and functional loss, services can be restored within a predefined timeframe. 
4.6 The structural team must provide the information required by the other disciplines for the design of the equipment, systems, and other non-structural components.

4.7 The structural team must certify that the performance objective set by the Institution for the facility has been met.

5. Design of non-structural components
5.1 The non-structural components must enjoy a level of protection that meets the performance objective set for the medical or support services to which they belong or to which they are directly or indirectly linked.

5.2 Each specialist team will be responsible for the design of the protection systems required by the components of their competence, and for certifying the fulfillment of the performance objective set by the Institution.

5.3 All the non-structural components to be protected must be adequately supported. The points of support of these elements must enjoy a level of safety comparable to that of the element itself.

5.4 In those cases in which the non-structural components exert pressures or lean on other non-structural components, the joint stability of all of them must be guaranteed.
5.5 The safety of any equipment containing hazardous materials must be clearly demonstrated.

5.6 The safety of the non-structural components may be assessed through analysis or the supplier or manufacturer’s certificate of safety.

5.7 If the safety assessment of the non-structural systems, equipment, and components is carried out through an analysis by the relevant team, they must present a calculation log recording, at a minimum, and as needed, the type of system, equipment or component, a description of the component, the performance objective considered in the design of the protection systems, the standards applied in the analysis, a description of the structure where the component is located, the behavior that determines the response of the component, characteristics of the component when in operation, characteristics of the component’s bracing, anchoring and support systems, the method of analysis, the demand considered, the results obtained, and an assessment of the component’s interaction with other systems, equipment or components.

5.8 If the safety assessment of standard non-structural systems, equipment, and components is based on the supplier or manufacturer’s certification through in-house analysis, that supplier or manufacturer must present a calculation log with the same contents described in provision 5.8.

5.9 If the safety assessment of standard non-structural systems, equipment, and components is based on the supplier or manufacturer’s certification through experimental means, the supplier or manufacturer must present a document with the following information: identification of the laboratory, standards of reference considered in the tests, description of the testing procedures, and test results.

5.10 In addition to the certificates described in provisions 5.8, 5.9 and 5.10, the following information should be provided: requirements for meeting the certification conditions (conditions of use, operation, installation, etc.), date of certification and validity of the certification, certification of compliance with the standards specified in the contract, and description of the applicability and limitations of the certificates.
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�  World Health Organization (WHO), Public Health in the Americas: New Concepts, Performance Analysis and Bases for Action, Scientific and Technical Publication Nº 589, 2002.


� Principles of Natural Disaster Mitigation in Health Facilities (Pan American Health Organization, 2000), Disaster Mitigation for Health Facilities: Guidelines for Vulnerability Appraisal and Reduction in the Caribbean (PAHO, 2000), and FEMA 55: Coastal Construction Manual (Federal Emergency Management Agency, 1996) list the basic requirements for each hazard. 


� Cif. PAHO/WHO Collaborating Center on Disaster Mitigation in Health Facilities, Bases Metodológicas: Evaluación de Vulnerabilidad Sísmica de Edificaciones Estructuradas con Pórticos de Concreto Preformado, Evaluación de Elementos Arquitectónicos y Evaluación de Equipamiento, Universidad de Chile, 2000


� I.e., they must be specified according to Form 1.A, or its equivalent, in the case of each likely hazard.
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_1106512733.doc


Información General del Hospital







Nombre Hospital:







Ubicación:







Arquitecto:







Ingeniero Est:ructural



















Amenaza:







Objetivos de Protección del Sistema Estructural por niveles de amenaza







2







Máxima Creíble o Probable







Protección de Componentes Estructurales







Demanda de Diseño







Normas consideradas:







Especialista a cago del estudio:







Especialidad:







Características de la demanda:







Nivel de la amenaza:







Intensidad:







Otro parámetro de referencia:







Periodo de Retorno asociado:







Notas:







EVALUACIÓN DE SEGURIDAD DEL SISTEMA ESTRUCTURAL







1







1.-







El







equipo







de







coordinación







deberá







llenar







un







formulario







por







cada







amenaza







de







la







naturaleza







considerada







en







el







diseño.







Este formulario se complementa con la evaluación efectuada por el especialista en estructuras.







2.-







El







nivel







de







protección







de







los







componentes







estructurales







dependerá







del







objetivo







de







protección







definido







para







el







hospital bajo distintos escenarios de amenaza. 







FORMULARIO COORDINADOR DE PROYECTO







Protección de Función (POC)















































Protección de Vida (PVC)















































Protección de Inversión (PIC)















































Protección de Función (POC)















































Protección de Vida (PVC)















































Protección de Inversión (PIC)















































Mínimo Recomendado







Deslizamiento















































Viento















































Inundación















































Sismo















































Volcanismo















































De acuerdo a norma















































Según estudio de amenaza local















































Mínimo Recomendado















































Máxima Creíble




















































_1106513612.doc


Características de los Materiales







Material 1







Material 2







Material 3







Características de los hormigones







Porcentaje:







Resistencia especificada del hormigón:







Módulo de elasticidad del hormigón:







Características de los aceros







Porcentaje:







Tensión de fluencia del acero:







Tensión última del acero:







Elongación del acero:







Características de las albañilerías







Porcentaje:







Resistencia de las unidades:







Módulo de elasticidad de las albañilerías:







Módulo de corte de las albañilerías:







Características de la Construcción







Características del Suelo de Fundación







Capacidad de soporte







Estática







Dinámica







Balasto







Estático







Dinámico







Características de la Demanda de Diseño







Información General del Sitio de Emplazamiento







Demanda de Diseño







Normas consideradas:







Propiedades por nivel de amenaza:







Máxima Creíble















Mínimo Recom.







Presión básica de diseño:







Distribución en altura de presiones (Descripción):







Especialista a cago del estudio:







Especialidad:







Propiedades por nivel de amenaza:







Máxima Creíble







Mínimo Recomendado







Dirección de las ráfagas de viento:







Presiones de diseño:







Distribución en altura de las velocidades de viento (Descripción):







Inspección especializada durante la construcción:







Velocidad máxima esperada de las 







ráfagas de viento:







No















































Si















































De acuerdo a norma















































Según estudio de amenaza local















































Centro de ciudad, terreno muy rugoso o rodeado por áreas de bosques















































Campo abierto















































Area costera desprotegida, loma, colina o valle donde se produce "efecto túnel"




















































_1106514186.doc


Información General del Establecimiento







Nombre:







Ubicación:







Arquitecto:







Ingeniero Estructural:







:















Amenaza:







Objetivos de Protección de Componentes No Estructurales por Niveles de Amenaza







2







Máxima Creíble o Probable







Protección de Componentes No Estructurales







Demandas de Diseño







Normas consideradas:







Nacionales:







Internacionales:







Específicas del proyecto:







Especialista a cargo del estudio:







Especialidad:







Características Principales de la Demanda:







Nivel de la amenaza:







Intensidad:







Otro parámetro de referencia:







Periodo de Retorno asociado:







Comentarios:







Notas:







EVALUACIÓN DE SEGURIDAD DE COMPONENTES NO ESTRUCTURALES







1







2.-







El







nivel







de







protección







de







los







componentes







no







estructurales







dependerá







del







objetivo







de







protección







definido







para







el







etablecimiento bajo distintos escenarios de amenaza. 







1.-







El







Director







y







grupo







coordinador







del







proyecto







deberán







llenar







un







formulario







por







cada







amenaza







de







la







naturaleza







considerada en el diseño.







FORMULARIO COORDINADOR DE PROYECTO







Protección de Función (POC)















































Protección de Vida (PVC)















































Protección de Inversión (PIC)















































Protección de Función (POC)















































Protección de Vida (PVC)















































Protección de Inversión (PIC)















































Mínimo Recomendado







Deslizamiento















































Viento















































Inundación















































Sismo















































Volcanismo















































De acuerdo a norma















































Según estudio de amenaza local















































Mínimo Recomendado







































































Máxima Creíble




















































_1108415465.doc


Define Facility’s Performance Objective







(As a function of the desired response within the health system 







And based on different hazard scenarios)







Define Performance Objective for Medical Services 







And Support Services and Systems







Define Protection Levels for the Various Services’ 







Structural And Non-Structural Components












_1106514904.doc


Información General del Equipo, Sistema o Componente a Proteger







Nombre de componente a proteger:







Ubicación:







Especialidad correspondiente:







Nombre especialista







:







Objetivos de Protección del Equipo, Sistema o Componente No Estructural por Niveles de Amenaza







2







Máxima Creíble o Deseado







Clasificación del Equipo, Sistema o Componente No Estructural:







Evaluación de Seguridad del Equipo, Sistema o Componente No Estructural:







Se deben chequear los siguientes contenidos en la memoria de cálculo 







Evaluación de Seguridad interna







Evaluación del elemento al cual se ancla o apoya el equipo, sistema o componente no estructural







Evaluación de los apoyos y anclajes







Evaluación de los arriostres







Evaluación de estabilidad al vuelco y al deslizamiento







Evaluación de deformaciones







Evaluación de resistencia







Evaluación de mecanismos de control del daño







Evaluación de interacción con otros sistemas y componentes no estructurales







Evaluación de dependencia de otros sistemas y componentes no estructurales







Otros Contenidos (Especificar)







Demandas Consideradas en el Diseño de los Sistemas de Seguridad







Normas consideradas:







Nacionales:







Internacionales:







Específicas del Proyecto:







Características Principales de las Demandas Consideradas:







Nivel de la amenaza:







Demanda Sísmica:







Demanda Viento:







Otras Demandas:







EVALUACION DE SEGURIDAD DE EQUIPOS, SISTEMAS Y COMPONENTES NO ESTRUCTURALES







ESPECIALISTAS







Servicio Crítico















































Servicio No Crítico















































Distribuido















































Protección de Función (POC)















































Protección de Vida (PVC)















































Protección de Inversión (PIC)















































Protección de Función (POC)















































Protección de Vida (PVC)















































Protección de Inversión (PIC)















































Mínimo Recomendado







Elemento Arquitectónico















































Línea Vital















































Equipo Médico o de Laboratorio















































Equipo Industrial















































Equipo Eléctrico o Mecánico Aislado















































Equipo Eléctrico o Mecánico Distribuido















































Por medio de análisis 















































De acuerdo a norma















































Según estudio de amenaza local















































Mínimo Recomendado















































Máxima Creíble




























































































































































































































































































































































































































































































































































































_1106513763.doc


Análisis Desarrollado







2







:







Notas:







1.-







El







objetivo







de







protección







de







los







sistemas







estructurales







debe







ser







superior







o







igual







al







objetivo







de







protección







establecido







para







el







servicio







en







que







se







encuentra







o







con







los







cuales







se







encuentra







directa







o







indirectamente







relacionado.No







obstante,







este







dependerá







del







objetivo







de







protección establecido para el establecimiento para distintos escenarios de amenazas.







2.-







El







tipo







de







análisis







de







la







estructura







debe







definirse







en







consideración







de







las







características







de







la







estructura,







de







los







objetivos







de







protección







del







edificio







y







de







los







códigos







de







diseño







utilizados.







Se







listan







como







ejemplo







los







análisis







requeridos







por







"ASCE







7-98:







Minimum







Design Loads for Buildings and Other Structures".







Simplificado















































Detallado




























































































































_1106513367.doc


Tipo de Análisis Sísmico Desarrollado







4







Conclusiones de Evaluación de Vunerabilidad:







Notas:







1.-







El







objetivo







de







protección







de







los







sistemas







estructurales







debe







ser







superior







o







igual







al







objetivo







de







desempeño







establecido







para







el







servicio







en







que







se







encuentra







o







con







los







cuales







se







encuentra







directa







o







indirectamente







relacionado.







No







obstante,







este







dependerá







del







objetivo







de







protección establecido para el establecimiento para distintos escenarios de amenazas.







2.-







La







clasificación







del







suelo







de







fundación







y







de







la







zona







sísmica







debe







efectuarse







conforme







los







códigos







de







diseño







locales







y







estudios







específicos considerados en el proyecto.







4.-







El







tipo







de







análisis







de







la







estructura







debe







definirse







en







consideración







de







las







características







de







la







estructura,







de







los







objetivos







de







protección del edificio y de los códigos de diseño utilizados.







3.-







Extraído







de:







"Perfil







Biosóismico







de







Edificios",







Guendelman,







T.,







Guendelman,







M.,







Lindenberg,







J.,







Septimas







Jornadas







Chilenas







de







Sismología e Ingeniería Antisísmica, La Serena, Chile, 1997.







Lineal estático















































Lineal dinámico















































No-Lineal Estático















































No-Lineal dinámico















































El sistema estructural es vulnerable















































El sistema estructural es medianamente vulnerable















































El sistema estructural no es vulnerable




















































_1106513559.doc


Información General del Establecimiento







Nombre Establecimiento:







Ubicación:







Sistema de Salud







Arquitecto:







Ingeniero Estructural:







:







Objetivo de Protección del Sistema Estructural







1







Máxima Creíble o Probable







Información del Sistema Estructural:







Sistema Estructural Predominante







Longitudinal







Transversal







Marcos de hormigón armado/prefabricado







Marcos de acero resistentes a momento







Marcos de acero arriostrados







Marcos de acero con muros de hormigón armado







Marcos de acero con muros de relleno de albañilería







Marcos de madera







Muros de corte hormigón armado/prefabricado







Muros de albañilería armada 







Muros de albañilería confinada







Muros de paneles de madera







Otro (Especificar)







Tipo de fundación







Dirección Longitudinal







Dirección Transversal







Características del Sistema Estructural







Tipo de estructura







Estructura regular en elevación







Estructura regular en planta







Periodo de la estructura







Cuociente Altura/Ancho base







Altura de la estructura







Cuocientes Demanda/Capacidad







Porcentajes







%







%







%







Desplazamientos de entrepiso







Desplazamientos de piso







Resonancia dinámica







Vibración fuera de plano







Impacto con estructuras adyacentes







Capacidad de disipación de energía







Condición







EVALUACIÓN DE SEGURIDAD CONTRA RAFAGAS DE VIENTO DEL SISTEMA ESTRUCTURAL







ESPECIALISTA ESTRUCTURAS







Abierta















































Cerrada















































Sí















































No















































Sí















































No















































Menor a 1 seg















































Mayor a 1 seg















































Menor a 5















































Mayor a 5















































Menor a 20 m















































Mayor a 20 m















































Menor que 1















































Entre 1 y 2















































Mayor que 2















































Cumple















































No Cumple















































Sí















































No















































Adecuada















































Intermedia















































Inadecuada















































Si















































No















































Cumple















































No Cumple















































Sí















































No















































Protección de Función (POC)















































Protección de Vida (PVC)















































Protección de Inversión (PIC)















































Mínimo Recomendado







Protección de Función (POC)















































Protección de Vida (PVC)















































Protección de Inversión (PIC)















































Aislada















































Corrida































































































































Aislada















































Corrida















































Dirección
















































































































































































































































































































































































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Información General del Establecimiento







Nombre Hospital:







Ubicación:







Arquitecto:







Ingeniero Estructural:















Objetivo de Protección del Sistema Estructural
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Máxima Creíble o Deseado







Información del Sistema Estructural:







Sistema Estructural Predominante







Longitudinal







Transversal







Marcos de hormigón armado/prefabricado







Marcos de acero resistentes a momento







Marcos de acero arriostrados







Marcos de acero con muros de hormigón armado







Marcos de acero con muros de relleno de albañilería







Marcos de madera







Muros de corte hormigón armado/prefabricado







Muros de albañilería armada 







Muros de albañilería confinada







Muros de paneles de madera







Otro (Especificar)







Sistema Adiciónal de Protección Sísmica







Tipo de fundación







Dirección Longitudinal







Dirección Transversal







Características del Sistema Estructural







Continuidad vertical







Estructura regular en elevación







Piso suave/blando







Piso flexible







Contracción de planta







Discontinuiad de planta







Estructura regular en planta







Flexibilidad del diafragma







Compatibilidad de deformaciones







Torsión elástica







Torsión inelástica







Condición







EVALUACIÓN DE SEGURIDAD SISMICA DEL SISTEMA ESTRUCTURAL
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Tipo  de Amenaza
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:







        Variable que caracteriza la amenaza







Objetivo de Operación del Hospital
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:







Objetivos de Operación de Servicios y Sistemas de Apoyo 
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:







Servicios Médicos:







PO







PI







PV







PO







PI







PV







Anatomía patológica







Obstetricia y ginecología







Banco de sangre







Odontología







Bodegas de material estéril







Oftalmología







Bodegas de material no estéril







Oncología







Cardiología







Otorrinolaringología







Sistema de gases clínicos







Pabellones quirúrgicos







Sistema de oxígeno







Pediatría







Cirugía







Policlínico adosado







Cirugía infantil







Psiquiatría







Cirugía plástica quemados







Salas de recuperación







Dermatología







Traumatología y ortopedia







Endoscopía







Urgencia adultos







Esterilización







Urgencia infantil







Farmacia







Urología







Hemodiálisis







UTI/UCI







Hospitalización indiferenciada







Otros servicios médicos







Imageneología
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Medicina nuclear
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Agua potable
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Central térmica y calderas







Vías de escape
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Movilización y transporte







OBJETIVOS DE PROTECCION DE SERVICIOS Y SISTEMAS DE APOYO







Protección de Operación (PO)















































Protección de Vida (PV)















































Protección de Inversión (PI)







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Mínimo Recomendado















































Máxima creíble o probable












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































_1106494192.doc


Objetivos de Protección de Otros Servicios y Sistemas de Apoyo







2







PO







PI







PV







Servicios o Componentes Críticos







Vitales







Peligrosos







Esenciales







Dañinos







Que pueden causar caos







Servicios o Componentes Especiales







Otros Servicios







Notas:







2.-







Los







objetivos







de







protección







que







se







establecen







en







este







formulario







constituyen







niveles







mínimos







de







protección.







Se







recomienda







que







el







diseño







de







los







sistemas







de







seguridad







se







efectúe







considerando







un







objetivo







de







protección







de







operació.







Los







objetivos







de







protección







aquí







indicados







deben







ser







acordados







en







conjunto







por







la







Institución,







equipo







médico







y







especialistas







de







proyecto.







Protección







de







Operación







implica







intrínsicamente







Protección







de







la







Inversión







y







Protección







de







la







Vida.







Protección







de







Inversión







implica,







en







muchos







casos,







Protección







de







la







Operación.







1.-







Para







cada







establecimiento







que







forma







parte







de







una







red







nacional







o







local







de







salud,







debe







establecerse







un







objetivo







de







protección







general,







acorde con el nivel de protección esperado para el establecimiento bajo distintos escenarios de desastre. 




















































































































































































































































































































































































































































































































































































































































































































































































































































































_1106492943.doc


OBJETIVO DE PROTECCION















_____________________







_________







_____________________







(NOMBRE)







_____________________________________________________________







(UBICACIÓN )







_____________________________________________________________







(SISTEMA DE SALUD)







NIVEL DE PROTECCION







OPERACION







INVERSION







VIDA 







INVERSION







VIDA 







VIDA







Para Demanda Máxima Posible o Nivel Deseado







OPERACION







INVERSION







VIDA 







INVERSION







VIDA 







VIDA







Para Demanda Mínima Recomendada







Firma 1







Firma 2












_1106423665.doc
[image: image1.png]






