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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.





































































































































































































































































































































































































































� 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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