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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

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)

g

f

e

d

c

Protección de Vida (PVC)

g

f

e

d

c

Protección de Inversión (PIC)

g

f

e

d

c

Protección de Función (POC)

g

f

e

d

c

Protección de Vida (PVC)

g

f

e

d

c

Protección de Inversión (PIC)

g

f

e

d

c

Mínimo Recomendado

Deslizamiento

g

f

e

d

c

Viento

g

f

e

d

c

Inundación

g

f

e

d

c

Sismo

g

f

e

d

c

Volcanismo

g

f

e

d

c

De acuerdo a norma

g

f

e

d

c

Según estudio de amenaza local

g

f

e

d

c

Mínimo Recomendado

g

f

e

d

c

Máxima Creíble

g

f

e

d

c




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


	
[image: image3.wmf]Información General del Establecimiento

Nombre Hospital:

Ubicación:

Arquitecto:

Ingeniero Estructural:

Objetivo de Protección del Sistema Estructural

1

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

ESPECIALISTA ESTRUCTURAS

Aislada

g

f

e

d
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Corrida

g

f
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Protección de Función (POC)
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Sí

g
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d
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Sí
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Aislada

g

f

e

d

c

Corrida
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f
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d

c

Sí

g

f

e

d

c

No

g

f

e

d

c

Sí

g

f

e

d

c

No

g

f

e

d

c

Mínimo Recomendado

Protección de Función (POC)
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d
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g

f

e

d

c

Dirección

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

g

f

e

d

c

Aislación de Base
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Dispositivos de Disipación de Energía
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Mecanismo de colapso

Control de degradación de capacidad

Ductilidad

Desplazamientos de entrepiso

Desplazamientos de piso

Resonancia dinámica

Vibración fuera de plano

Impacto con estructuras adyacentes

Capacidad de disipación de energía

Perfil Biosísmico

3

  Calificación

Rigidez

Altura Total/Período Traslacional (m/seg)

Efecto P-

D (
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/

M

b

)

Desplazamiento total nivel superior (1000
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/H)

Máx. Desplaz. de entrepiso en CG (1000
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Máx. Desplaz. de entrepiso en extremo (1000
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/h)
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Periodo Rotacional/Periodo Traslacional

Masa eq. rotac. acoplada/Masa eq. traslac. directa

Excent. dinámica (M

t

/Q

b

)/Radio de giro basal

Masa eq. traslac. acoplada/Masa eq. traslac. directa

Corte basal indirecto/Corte basal directo

Momento basal indirecto/Momento basal directo

Redundancia Estructural y Demanda de Ductilidad

Nº de elementos relevantes en la resistencia sísmica

Factor de reducción espectral efectiva

Condición
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Conclusiones de Evaluación de Vunerabilidad:

Notas:

1.-

El

objetivo

de

protección

de

los
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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 
	
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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
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� 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. 
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1







2.-







El







nivel







de







protección







de







los







componentes







no







estructurales







dependerá







del







objetivo
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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
















































































































































































































































































































































































































































































































































































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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"








































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Información General del Establecimiento







Nombre Hospital:







Ubicación:







Arquitecto:







Ingeniero Estructural:















Objetivo de Protección del Sistema Estructural







1







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







ESPECIALISTA ESTRUCTURAS







Aislada















































Corrida















































Protección de Función (POC)















































Protección de Vida (PVC)















































Protección de Inversión (PIC)















































Sí















































No















































Sí















































No















































Sí















































No















































Sí















































No















































Sí















































No















































Sí















































No















































Sí















































No















































Sí















































No















































Sí















































No































































































































Aislada















































Corrida















































Sí















































No















































Sí















































No















































Mínimo Recomendado







Protección de Función (POC)















































Protección de Vida (PVC)















































Protección de Inversión (PIC)















































Dirección























































































































































































































































































































































































































































































































































































































































































































































Aislación de Base















































Dispositivos de Disipación de Energía















































Otro








































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Tipo de Análisis Sísmico Desarrollado
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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








































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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








































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