NATURAL DISASTERS NON-STRUCTURAL RESISTIVE DESIGN (formerly CD-54)





1.  PURPOSE:  VHA policies require that VA medical facilities are capable of continuing operation during times of war and national security emergencies and of mitigating the effects of natural or manmade disasters. Patient buildings, domiciliaries, ambulatory care centers, research facilities, and energy centers require protection in order to serve during and after a natural disaster.  Specific provisions for emergency utility services, emergency site access facilities, and resistive design of non-structural building elements are indicated for earthquakes, hurricanes, or major floods.  Additional requirements are provided in Department of Veterans Affairs (VA) design manuals.  The designers shall exercise professional judgment in following these requirements to satisfy specific conditions.





2.  GENERAL:  Each case for implementation of all or part of these requirements for emergency utility services, emergency site access facilities, and non-structural hurricane or major flood design must involve a review by appropriate representatives from the VA facility and the Office of Facilities Management.





2.1  Installation.  Determinations for installation shall be based on the following factors:





2.1.1  The planned health services that the facility is to perform after the natural disaster.





2.1.2  The distance from other medical facilities that could provide assistance during and after a natural disaster.





2.1.3  The intensity of anticipated damage to the utility services of the surrounding community. 





2.1.4  The likelihood of the immediate availability of alternate services for natural gas, water, and electricity.





2.2  Earthquake Areas.  Seismicity ratings such as Moderate Low or Moderate High etc., for VA facilities are indicated in Table 4 of H-18-8, Seismic Requirements.





2.2.1  Emergency Utility Services and Site Access Facilities: Requirements apply only where Moderate High, High and Very High Seismicities are indicated.�


2.2.2  Resistive Design of Non-Structural Building Elements:�


2.2.2.1  For new buildings, seismic restraints apply for equipment, where Moderate Low, Moderate High, High and Very High Seismicities are indicated.�


2.2.2.2  For existing buildings seismic restraints apply for equipment where Moderate High, High and Very High Seismicities are indicated.


2.2.2.3  For new and existing buildings seismic restraints apply for piping and ductwork where Moderate High, High, and Very High Seismicities are indicated.





2.2. 3  Where local Seismic Code is more stringent, comply with local code.





2.3  Hurricane Areas.  These requirements apply to VA medical and ambulatory care centers located within 16 kilometers (10 miles) of the Atlantic Ocean and 16 kilometers (10 miles) of the Gulf of Mexico.  These requirements also apply to all inland VA medical and ambulatory care centers in Florida and those in Hawaii and Puerto Rico.  Design for wind forces that comply with local codes.  If there are no local codes, use wind forces indicated in American Society of Civil Engineers (ASCE) 7-98 or later version if available .





2.4  Major Flood Areas.  These requirements apply in areas, not listed above for hurricanes, that can be subject to major flooding.  Examples are buildings or sites that are located below the 100-year flood plain.





3.  EMERGENCY UTILITY SERVICES





3.1  Design.  Base the design of these emergency facilities on the medical or ambulatory care centers continuing in operation for a 4-day period immediately following a natural disaster.  It is reasonably expected that any disrupted outside utility services will be either repaired or alternate sources of supply and access facilities will be established within that 4-day period or relocation of patients and staff will occur.





3.1  Electric Power Services





3.2.1  Provide emergency electric power service facilities in accordance with the requirements of "Essential Electrical Systems", in the Electrical Design Manual as modified and supplemented herein. 





3.2.2  Size the electrical facilities to supply the electric demand load of the medical or ambulatory care centers when operating under disaster emergency conditions, including power for lighting and receptacles in congregate areas which may be used temporarily for treatment of in-hospital and community injured, and power for heating, ventilating, and air-conditioning (HVAC) equipment listed in paragraph 3.3, but not for laundry equipment.





3.2.3  Design the emergency electric power facilities with sufficient adaptability to enable the medical or ambulatory care center's management to disconnect on a selective basis certain loads on the emergency electric system.





3.2.4  Locate the auxiliary generators on the secondary service.  Brace batteries to serve generators to prevent movement during earthquakes.





3.2.5  Provide a 4-day emergency supply of fuel oil in a standby storage tank for the exclusive use of the emergency generators.





3.2.6  Locate emergency generators above the 100-year flood plain.





3.3  Air-Conditioning System





3.3.1  Medical Center.  During disaster emergencies, the air-conditioning system for hospital projects shall be capable of cooling one operating room, one intensive care unit, and one


recovery room by utilizing chilled water system separate from the main chilled water system.





NOTE:  See VA HVAC design manual for hospital projects which require a separate air-cooled chilled water system for these areas.





3.3.2  Ambulatory Care Center and/or Ambulatory Care Area of the Hospital.  Provide an independent air-cooled air-conditioning system with emergency power for critical and other areas.  Contact the VA facility to determine the areas to be served in the hospital.





3.3.3  Research Building.  No additional air-conditioning requirements for disaster protection.





3.3.4  Air-Conditioning Equipment.  Locate air-conditioning equipment above the 100-year flood plain.





3.4  Heating System.  Design the heating system to comply with National Fire Protection Association (NFPA) 99.





3.5  Water Services





3.5.1  Emergency Water Supply.  In addition to the standard water supply requirements, provide the following:





3.5.1.1  Earthquake Areas.  Where available, provide a valved-off standby emergency water service connection to an independent water system operated by another public agency, a university, or a private water company.  It is preferred, but not required, that the emergency water connection be capable of delivering the design water service requirements of the VA facility.  Because of their vulnerability to earthquakes, do not provide wells for post-earthquake emergency use.





3.5.1.2  Hurricane Areas.  Where available, provide a valved-off standby emergency water service connection from an independent water system operated by another public agency, a university, or a private water company.  Connect well pump(s) to an emergency generator.  Provide treatment equipment for potable water as indicated in paragraph 3.5.4.





3.5.1.2.1  Medical Center.  Provide a well(s) to supply a total daily emergency demand of 380L/day/bed (100 gallons per day per bed) for potable and cooling tower water.  Depending upon the location of the nursing home, domiciliary, research building or energy center, they may require a separate well from that used for the hospital building.  





3.5.1.2.2  Ambulatory Care Center and/or Ambulatory Care Area of the Hospital.  Provide a well(s) to supply a daily potable water emergency demand of 4L/m2 (0.1 gallons per gross square foot) of floor area for 4 days.





3.5.1.3  Major Flood Areas.  Where available, provide a valved-off standby emergency water service connection from an independent water system operated by another public agency, a university, or a private water company.  If possible, the emergency water connection shall be capable of delivering the design water service requirements.  Provide a well(s) to comply with requirements indicated for hurricanes in paragraph 3.5.1.2.





3.5.2  Building Service Lines.  Serve bed buildings, research building, and ambulatory care buildings in earthquake area with two independent water lines; each providing full demand. Provide other buildings with one water supply.





3.5.3  Water Storage Tank(s).  Provide a water storage tank(s) for earthquake, hurricane, and major flood emergency use.  Locate the emergency water storage tank(s) either within or close to the hospital, research, or ambulatory care building. If research building is located near hospital building, separate water storage tanks are not necessary.  To prevent stagnation, design the water to flow continuously through the emergency water storage during normal operating periods.  Equip the storage tank(s) with a water level gauge calibrated in liters (gallons) and a water meter to record the usage in liters (gallons).  Locate shut-off valves on inlet lines to the emergency water storage tank(s) for isolation from contaminated sources of supply.  Design pumps of sufficient capacity to operate the plumbing systems within the building at emergency usage rates in conjunction with the storage facility.  An existing water storage tank may serve as the emergency water storage provided it meets the requirements of this construction standard.





3.5.3.1  Medical Center.  Base storage capacity on 380 L/day/bed (100 gallons per day per bed) for 4 days.





3.5.3.2  Ambulatory Care Center and/or Ambulatory Care Area of the Hospital or Research Building.  Base storage capacity on 4 L/day/m2 (0.1 gallons per day per gross square foot) of floor area for 4 days.





3.5.4  Potable Water Treatment.  Water testing equipment shall be provided to test for chlorine residual during disaster emergencies.  Standby chlorinating equipment shall be provided at storage tank discharge for emergency use to maintain a chlorine residual of 0.5 mg/L.  Provide addition water treatment as necessary to meet drinking water requirements of the Environmental Protection Agency.





3.6  Sanitary Sewer Service





3.6.1  Earthquake Areas.  Provide at least one emergency sanitary sewage holding tank adjacent to hospital, research, and ambulatory care building for temporary retention of sanitary sewage discharged following an earthquake.  Size the capacity of the holding tank(s) for a hospital on 190 L (50 gallons) per bed.  Size holding tank for the ambulatory care center or research building on 4 L/m2 (0.1 gallons per square foot).  Provide method of blocking flow downstream from each tank if sewer should rupture downstream and sewage discharges on grade.  Design top of tank to be below building floor to prevent backflow into the building.  Provide tank with 900 mm (36 inch) manhole access.  Maintain a minimum sewage flow velocity of 600 mm (two feet) per second.  Include all provisions necessary to facilitate the choice of one or a combination of the following sewage disposal operations:  





3.6.1.1  Daily removal of all contents by a commercial septic tank cleaner.





3.6.1.2  Daily removal of all contents by a portable pump discharging to an intact off-site sanitary sewer.





3.6.1.3  Daily removal of liquid contents by gravity flow, or by a portable pump discharging to an on-site emergency leaching basin constructed after an earthquake.





3.6.1.3.1  Using a commercial septic tank cleaner, remove accumulated sludge following a 4-day operating period of liquid sewage disposal.





3.6.1.3.2  Manually apply powdered chlorine to disinfect liquid sewage before discharging to a leaching basin.





3.6.2  Hurricane and Major Flood Areas.  Sanitary sewage holding tanks are not necessary.





3.7  Natural Gas Service





3.7.1  Earthquake Areas.  In addition to a manual shut-off valve, provide an earthquake sensitive automatic safety shut-off valve in the on-site gas supply line serving the medical center or ambulatory care center.  If gas is the normal fuel for the boiler plant, provide a minimum of 10-days non-emergency supply of fuel oil in on-site storage tanks.  Design a safe and reliable means of ready access for maintenance and operation of the emergency fuel oil storage tanks.





3.7.2  Hurricane and Major Flood Areas.  No additional requirements above that required in VA Design Manuals.





3.8  Steam Service





3.8.1  Earthquake Areas.  Do not purchase the steam supply in whole or part from an off-site or non-VA owned facility.  Provide an on-site boiler plant either contiguous or close to the hospital and research buildings or ambulatory care center and above the 100 year flood plain.  Design the boiler plant and its emergency fuel oil storage facilities to resist the same seismic forces as the hospital or ambulatory care building.  If local code is more stringent, comply with local code.





3.8.2  Hurricane and Major Flood Areas.  An off-site steam supply is an acceptable alternate to an on-site boiler plant.





3.9  Central Oxygen Services





3.9.1  Earthquake Areas.  Design, fabricate, and install bulk oxygen supply and storage facilities, procured on a supply contract basis for the medical center, to resist seismic forces and prevent dislocation and overturning of the liquid oxygen storage tank, standby reserve liquid oxygen tank, or standby reserve liquid oxygen cylinders.  Provide four days of liquid oxygen storage in the reserve tank or cylinders.  Design the outside oxygen supply line from the bulk storage facility to the hospital’s central oxygen system to minimize disruption from earthquakes and to facilitate repairs.





3.9.2  Hurricane and Major Flood Areas.  No special requirements above that indicated in VA design manuals.





4.  EMERGENCY SITE ACCESS FACILITIES





4.1  Design.  Base the design of these emergency facilities on the medical center continuing in operation at full bed capacity or the ambulatory care building remaining in operation for a 4-day period immediately following a disaster.  Within that 4-day period, it is reasonably expected that unless an epicenter was very near the site (which would cause relocation of patients and staff), any disrupted site access facilities would be either repaired or alternate sources of supply and access facilities would be established.





4.2  Ground Transportation





4.2.1  General.  Preferably, provide public access to the VA premises by two or more off-site public roads. Provide at least two separate on-site entrance roads to the VA facility above the 100-year flood plain, preferably each connecting to a different off-site public access road.  Design the on-site roads that are essential for continuing the operation of the medical or ambulatory care center to minimize obstructions from fallen trees, building debris, landslides and other dislocations caused by disasters.





4.2.2  Earthquake Areas.  Design on-site bridges, overpasses, retaining walls, culverts, and other road structures, which conduct essential traffic, to comply with local seismic code requirements.





4.2.3  Hurricane and Major Flood Areas.  No special requirements above that required in VA design manuals or indicated in paragraph 4.2.1.





4.3  Air Transportation.  Provide a safe and reliable on-site space for ready access of emergency helicopters on a parking area, road, or lawn.  Provide an appropriate access for transporting patients and supplies both ways between the helicopters and hospital or ambulatory care building.





5.  RESISTIVE DESIGN OF NON-STRUCTURAL BUILDING ELEMENTS





5.1  Definitions.  Non-structural building elements include all components or systems that are not part of the building’s structural system whether inside or outside, above or below grade.  Non-structural elements of buildings include:





5.1.1  Architectural Elements.  Facades that are not part of the structural system and its shear resistant elements; cornices and other architectural projections and parapets that do not function structurally; glazing; nonbearing partitions; suspended ceilings; stairs isolated from the basic structure; cabinets; bookshelves; medical equipment; and storage racks.





5.1.2  Electrical Elements.  Power and lighting systems; substations; switchgear and switchboards; auxiliary engine-generator sets; transfer switches; motor control centers; motor generators; elevator and transport systems; selector and controller panels; fire protection and alarm systems; special life support systems; and telephone and communication systems.





5.1.3  Mechanical Elements.  Heating, ventilating, and air-conditioning systems; medical gas systems; plumbing systems; sprinkler systems; pneumatic systems; boiler equipment and components; and mechanical and structural elements for transport systems, i.e., elevators and dumbwaiters, including hoisting equipment and counterweights.





5.1  Earthquake Resistive Design Requirements





5.2.1  General.  Clearly indicate special seismic details for restraining non-structural elements of hospital, research, or ambulatory care buildings and energy centers on the contract drawings.  Include restraints, flexibility of service connections and field reinforcements, or a combination of those provisions for earthquake-resistive design provisions for non-structural elements of buildings.  Examples of such design provisions are described below:





5.2.2  Restraints.  Provide bolts, anchors, hangers, braces, and other restraining devices to limit earthquake-generated differential movements between non-structural elements and the building structure.  Brace suspended items, including piping, conduit, ducts, lighting fixtures, and in both directions to resist swaying and excessive movement.





5.2.3  Flexibility.  Keep mechanical and electrical systems crossing building expansion or seismic joints to a minimum, and provide flexibility to allow for earthquake-generated differential movements.  Where possible, restrict these crossings to lower stories.  Where these systems must cross such joints, provide flexible joints, expansion loops, or other effective methods of incorporating flexibility.  Allow for anticipated differential movement for sleeves and openings.  Use flexible electrical raceways where connecting components would experience damaging relative movements.





5.2.4  Field Reinforcement.  Reinforce all field fabricated non-structural elements of buildings and equipment to resist damage from earthquake-generated motions. 





5.2.5  Architectural Items at Seismic Joints.  At seismic joints, detail ceiling and wall construction to allow movement without damage.  Do not cross seismic joints with suspended ceiling systems with lay-in tiles.  Do not assume finishes in the vicinity of seismic joints to be sacrificial.





5.3  Hurricane and Flood Resistive Design Requirements





5.3.1  Automatic Transport Systems.  Provide sump pump pit for portable stormwater pump in elevator pit.





5.3.2  Electrical Systems.  Locate emergency generators above the 100-year flood plain.





5.3.3  Heating, Ventilating, and Air Conditioning Systems.  Locate HVAC equipment above the 100 year flood plain.





5.3.4  Plumbing, Fire Protection, Medical Gas, Laboratory Gas, and Dental Gas Systems.  Locate pumps and compressors above the 100-year flood plain.





5.3.5  Domestic Water and Sprinkler Systems.  Locate building service shut-off valves above the 100 year flood plain.





5.3.6  Site Development.  Locate first floor of buildings above the 100-year flood plain and grade to ensure natural drainage is away from buildings.





5.3.7  Steam Generation System.  Locate energy center above the 100-year flood plain.





5.4  Additional Hurricane Resistive Design Requirements





5.4.1  Architectural Elements





5.4.1.1  Roofs.  Provide pavers in lieu of gravel and provide scuppers.





5.4.1.2  Windows:





5.4.1.2.1  Install fully-tempered laminated glass with a 2.3 mm (0.09-inch) interlayer anchored to the frame with silicone anchor bead.  Windows used shall be in conformance with American National Standards Institute/American Architectural Manufacturer’s Association (ANSI/AAMA) 101-93, Glass Table.  





5.4.1.2.2  A less preferred option is to use hurricane shutters to protect the windows.





5.4.2  Automatic Transport Systems.  Provide housing for elevator equipment located on roof as required in NFPA for fire protection.





5.4.3  Air Conditioning Systems.  If possible, avoid the installation of outdoor equipment such as cooling towers, roof mounted fans, ventilators, and air-conditioning units on the roof.  If exterior installation is necessary, properly secure equipment to withstand wind forces that comply with local codes.  If there are no local codes, use wind velocities indicated in ASCE 7-98 or later version if available.
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