Earthquake Mitigation for Hospitals:
Workshop

Part 10 — Integration Opportunities
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Slide 1 – Part 10 Title Slide
Earlier we looked at planning and managing an earthquake risk reduction program in a general sense. We also have touched upon some mitigation opportunities available for implementation during your normal course of business. In this session we will focus on specific opportunities where earthquake mitigation can be integrated into your existing facility programs.  
Notes to Instructor:
It is suggested that questions from the audience be once again encouraged as they come up to facilitate workshop interaction among the participants.



Integration Opportunities for Structural
and Nonstructural Mitigation

Categories of Hospital Maintenance and
Capital Improvement Projects

Patient Care Improvements

New Technology Accommodation
Fire and Life Safety Improvements
Roofing Maintenance and Repair

Exterior Wall and Window
Maintenance/Facade Modernization
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The developers of FEMA 396 looked specifically at the unique aspects of hospitals with regard to identifying opportunities to integrate incremental seismic rehabilitation measures with other maintenance and capital improvement activities.  What the authors found were ten categories of maintenance and capital improvement areas used in daily operations where earthquake mitigation opportunities exist.  Within each of these categories, specific structural and nonstructural mitigation activities were identified for integration into existing maintenance and capital improvement programs.  The ten categories identified are:
Patient Care Improvements.  Any time you renovate or upgrade a space is the time to also implement seismic mitigation.
New Technology Accommodation.  This activity typically involves routing conduit and cabling throughout a facility.  As the construction proceeds through the building, take the opportunity to integrate earthquake mitigation into the area, such as safety wiring lights and bracing a ceiling system or fire protection piping system.
Fire and Life Safety Improvements.  Again, these type of improvements are typically mandated and are also routed throughout the building.  As the construction goes forward, look to integrate seismic bracing of the systems, partition walls, and other items needing bracing, or anchorage.
Roofing Maintenance and Repair.  This typical activity offers numerous opportunities to integrate earthquake mitigation. During a new roofing project, for example, remove heavy roof ballast and install an adhered more energy efficient membrane that is lighter.  This removes a significant amount of mass from the building, and thus, reduces the earthquake forces the structure has to resist.  During reroofing,  strengthening is more cost effectively performed on the roof deck before the new roof is placed.  Also, additional deck fastening, wall drags or collectors, and wall out-of-plane bracing is best installed during a re-roof.
Exterior wall and window maintenance.  Like re-roofing, these activities also offer cost-effective opportunities to integrate seismic strengthening such as improving masonry out-of-plane connections into floor diaphragms, and strengthening shear walls.


Integration Opportunities for Structural
and Nonstructural Mitigation

Categories of Hospital Maintenance and
Capital Improvement Projects

Underfloor and Basement Maintenance
& Repalr

HVAC Improvements

Energy Conservation / Weatherization
Hazardous Materials Abatement
Building Additions
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The remaining integration opportunities are: 
Underfloor and Basement Maintenance & Repair.  Integration opportunities within this category include replacing aging equipment (installing it with seismic anchorage). Repairing deteriorated wood elements or cracked and bowed walls allows opportunities to improve foundations with underpinning as well as other foundation elements.
HVAC improvements.  Replacement of aging equipment, or installation of a new more energy efficient HVAC system offers integration opportunities to install a seismic system and perform other mitigation activities as the construction progresses through the building.
Energy Conservation/Weatherization.  We spoke of the roof replacement earlier.  This category is tied with the Roofing category as well as several other categories.  The implementation of energy conservation typically involves the building envelope, and HVAC system improvements, where earthquake mitigation can piggy-back the construction activities of these programs.
Hazardous Materials Abatement.  Much of this work will likely be triggered by JCAHO accreditation requirements. These mandated abatement type programs offer opportunities to include earthquake mitigation.  The building will likely have to be locally vacated while the abatement is performed; thus, it also offers the best time to implement building and nonstructural seismic strengthening.
Building Additions.  This involves new construction, which should be designed and constructed to resist earthquake forces from the get-go, but it also offers the opportunity to perform structural mitigation on the adjoining structure, or look at using the new addition to assist in resisting the earthquake forces from the adjoining building (similar to our examples looked at earlier).



Integration Opportunities for Structural
and Nonstructural Mitigation
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Lets take a look at the matrices defining earthquake mitigation opportunities for several of the ten maintenance and capital improvement categories presented earlier.
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Table C-1: Patient Care Improvements

Level of
Seismicity

Examples
From
FEMA 396

AATAYATATAYATAYR A YA YA YA YA

NAIATAIAIAYAAVR A VA TATA YA

Building
Structural
Element

Foundation
Foundation
Foundation

Horizontal
Elements

Horizontal
Elements

Horizontal
Elements

Vertical
Elements

Vertical
Elements

Vertical
Elements

Vertical

Vertical

Elements
Vertical

Elements
Vertical

Elements
Vertical
Elements
Vertical
Elements
Vertical
Elements

Structural
Sub-System

Diaphragms
Diaphragms
Diaphragms

Load Path
Braced
Frames

Braced
Frames
Braced
Framas

Moment
Frames

Moment
Frames

Shear Walls
Shear Walls
Shear Walls

Shear Walls

Wood

Seismic Performance Improvement

Bracing and Detailing of Sprinkler and Piping
Suspension and Bracing of Lights

Fastening and Bracing of Ceilings

Ancharage and Bracing of Emergency Lighting
Attachment and Bracing of Cabinets and Furnishings

Fastening and Bracing of Equipment (Mechanical
and Electrical)

Support and Detailing of Elevators

Bracing or Reinforcing Masonry Walls at Interior Stairs

Attachment and Bracing of Large Ductwork

Restraint of Hazardous Materials Cos ers
Bracing of Interior Partitions (Masonry & Woed)

Glazing Selection and Detailing

Underfloor Bracing of Computer Access Floor

Ancharage of Steel Stud Backup

Collector and Drag Element Improvement
Anchor Bolts

Cripple Stud Bracing

New Foundations

Mezzanine Anchorage and Bracing
Swengthening at Openings
Swengthening at Re-entrant Corners
Lateral Resisting System to Diaphragm Connection
Capacity/Stiffness

Continuity

Connections

Beam Column Capacity/Stifiness

Beam Column Connection

Capacity

Continuity

Extension of Wood Interior Walls to Roof

Lateral Stability

Out-of-Plane Anchorage of Concrete or Masa
Wall

Vertical Load Carrying Structure

Masonry'

Unreinforced

Reinforced

Concrete

Diaphragm
Diaphragm
Diaphragm

Concrete

3 |

Vertical Load Carrying
Structure:

= Wood

= Unreinforced Masonry
» Reinforced Masonry

= Concrete

= Steel

Slide 5


Presenter
Presentation Notes
Slide 5 – Integration Opportunities for Structural & Nonstructural Mitigation
Here is the Matrix sheet for Patient Care Improvements.  Each of the ten categories of opportunities are laid out the same.  The upper section addresses opportunities for nonstructural equipment and systems.  The lower portion of the form identifies structural opportunities within each category.  The mitigation opportunities are further categorized based on the type of building structure you are considering.  The four key building types are:
Wood
Masonry
Concrete, and 
Steel



Generalized Building Structure
Earthquake Performance

Stiff Structures

Flexible Structures

Unreinforced Masonry
(Brick)

Concrete Frame with
URM Infill

Concrete Tilt-Up

Steel Frame w/URM
Infill Shear Walls

Reinforced Masonry

Decreasing Vulnerability

Concrete Shear Wall

—
-

Steel Braced Frames

Concrete Precast Frame
(Parking Garages)

Concrete Moment Resisting
HENES

Steel Moment Resisting Frames
Light Metal Frame Buildings
Wood Frame Buildings
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Slide 6 – Generalized Building Structure Earthquake Performance
 As we learned earlier certain structures are more susceptible to earthquake damage than others.  From our earlier discussion, here is our hierarchical graph of various building structure types and their expected earthquake performance.  Unreinforced masonry is one of the most vulnerable building types, and wood is least vulnerable.  The integration opportunities presented on the matrix sheets provide specific strengthening options based on the structure type.
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The lower section of the matrix sheet presents the integration opportunities specific to the building structure itself.  This list of elements that typically require strengthening in order to improve the earthquake performance of the building are noted as foundations, horizontal and vertical elements.  These are then further identified based on the building structure type and their likelihood that they will require strengthening.  
Let’s take a look at several of these structural elements.



Structural Mitigation

Member strengthening
Connection strengthening

Addition of new Lateral Force-Resisting
Systems

Foundation strengthening
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The matrix table provides a list of structural strengthening items that typically are required in one form or another for all seismically deficient structures;  member and connection strengthening, for example, or the addition of new structural elements like a braced frame and new foundations. 
Let’s look at an example.  You have planned some patient care improvements in a wing of your building.  You know you have an older vintage steel frame building.  From our matrix (last column) you will likely require collector and drag element improvements, as well as need to improve both the horizontal diaphragm and vertical lateral load resisting elements.  This space will be completely gutted for the patient care improvements.  So, now is the time to design and construct the seismic improvements in conjunction with the new patient improvements.  
This is the whole idea behind looking for integration opportunities for implementing earthquake mitigation.  Earthquake mitigation now becomes “smart” mitigation.
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and Nonstructural Mitigation
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Similar to our structural improvements, the upper portion of the form provides a list of seismic performance improvement opportunities for nonstructural components, equipment, and systems.  You’ll immediately see that many of the boxes are filled in.  This is because nonstructural components are very common from one facility to the next, and in fact, are the most opportunistic elements in which to integrate seismic mitigation.  Any time you go into a space for facility improvements, replacement, or upgrades, offers the opportunity to perform seismic mitigation.
Let’s take a look at several of these.



Integration Opportunities for Structural
and Nonstructural Mitigation

Building Utilities

Architectural Components
Medical Equipment

Furniture and Contents
Communications / IT Systems
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The mitigation opportunities for nonstructural components can be categorized into 4 general classes of components:
Building utilities.  This category generally includes all those mechanical and electrical components that provide a safe and comfortable environment to work in:  heating and cooling, electrical power throughout the building, water supply, and waste disposal.  Ductwork and conduit run throughout the building, but the equipment is typically located in dedicated mechanical or electrical rooms where implementing mitigation measures will not disrupt hospital operations.  
Architectural components.  These items – ceilings, walls, finishes, etc. are exposed and require integration in order to implement mitigation measures and keep facility disruption to a minimum.
Medical Equipment is another category that requires careful thought on implementing mitigation measures.
Furniture and contents can be strengthened reasonably easy, but are best integrated into normal facility activities.
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Building Utilities

Patient Care Improvement
_ighting/Electrical

~ire Extinguishing System
Mechanical and Plumbing Systems
Bollers
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Opportunities for strengthening building utilities exist with:
Patient Care Improvements.  Again, the rooms or full wings will be vacated in order to implement the patient care improvements.  Now is the time to also implement building utility seismic mitigation measures.
Lighting/electrical improvements offer the opportunity to safety wire lights to prevent them from falling and impacting patients or staff below.
Upgrading the fire extinguishing system, by code, requires that it be seismically installed as it is a life-safety system.  Ensure that the design team knows and implements this requirement.
Patient care improvements typically include mechanical and plumbing system improvements.  This is the time to design and install seismic bracing and anchorage.
Boilers.  Properly anchoring/restraining gas boilers for seismic forces is critical.  The gas piping should also be braced.  If there is a gas leak, there is a fuel source for a potential fire.  Mitigation during patient care improvements offers a great opportunity to implement seismic strengthening.
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Architectural Components
Cellings
Partitions
Cladding
Access Floors
Canopies
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Architectural components are also best upgraded seismically during –
Patient care improvements
Fire and life safety improvement projects
Exterior wall and window work  
Anytime you have planned activities or improvements to rooms, wings, or major areas offers the best opportunity to implement seismic strengthening of architectural components.  
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Medical Equipment
X-Ray and Scanning Devices
Cabinets and Storage
Refrigerators
Benchtop Equipment
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Opportunities to strengthen and mitigate seismic risk to medical equipment is more difficult.  Replacement offers the greatest opportunity to implement proper seismic anchorage and restraint measures.  
Tall elements that have a susceptibility to overturning like cabinets and refrigerators can be easily restrained and anchored to an adjacent wall by a facilities maintenance staff.  There are many self-implemented brackets and restraints to mitigate the risk to components like this.  
The same goes for benchtop equipment.  There are many tethers, restraints, quake pads to prevent sliding that are available to prevent damage to benchtop equipment that again can be installed by a facility’s maintenance staff. 
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Furniture and Contents
Storage racks
Shelving
File Cabinets
Bookcases
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No real outside expertise is required to implement seismic mitigation for furniture and contents.  Many times relocating an item to another less occupied area is sufficient to mitigate the risk.  This approach is appropriate, for example, when bookcases or file cabinets are located adjacent to a corridor wall that is the major exit to an area.  
Again, “smart” mitigation is what we are after.  Smart mitigation becomes cost-effective mitigation.
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RISK = f (HAZARD, VULNERABILITY)

Risk Is a function of both the potential hazard
(seismic ground motion) and vulnerability (lack of seismic

preparedness in structural and nonstructural systems)
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Remember that Risk is a function of both the hazard – how much the ground is going to move at your facility – and the vulnerability of your buildings and nonstructural components.  You may have vulnerable building structures, but if the earthquake hazard is sufficiently low, the risk may be acceptable.  Or, if the earthquake hazard is high and the building has been designed to resist earthquakes (in accordance with a recent seismic code) the risk may be acceptably low.  Or, there may be other combinations where the risk is unacceptable and mitigation actions are necessary.  A facility risk assessment that quantifies what the vulnerabilities are and the resulting risk to facility operations is invaluable in guiding facility management in cost-effectively addressing seismic mitigation and risk reduction to the facility.



Questions?
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Slide 16 – Questions
Does anyone have any questions or comments?
Notes to Instructor:
It is suggested that questions from the audience be requested to engage the audience. 
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