Appendix B
Site Assessment Checklists
Overview
FEMA has developed checklists for evaluating and compiling data about
tornado refuge areas. This work was performed for FEMA by the engineering
consulting firm of Greenhorne & O’Mara, Inc., under the Hazard Mitigation
Technical Assistance Program. The checklists can be used to evaluate existing
refuge areas or to select potential new refuge areas within buildings in
tornado-prone areas as well as areas subject to high-wind events such as
hurricanes. Prudent engineering guidelines were used in the development of
the checklists. Therefore, using the checklists and reviewing design or
construction plans in the absence of engineering analysis allows for a
reasonable assessment of the vulnerability of potential refuge areas.
The objectives of the checklists are twofold: (1) to identify structural and nonstructural vulnerabilities to tornado events, and (2) to rank a group of facilities
to determine which have the least structural resistance to high wind forces and
are in greatest need of retrofitting solutions.
The checklists are divided into five sections; the evaluation process is based
on a multi-hazard approach with an emphasis on the wind hazard:

• General Building Information
• Selecting the Refuge Area
• Wind Hazard Checklist
• Flood Hazard Checklist
• Structural Seismic Hazard Checklist
In the General Building Information section, data pertaining to the building
site are gathered, including site name, address, point of contact, and historical
information about building performance, maintenance problems, and repairs.
Other data collected for this section include population, building size and
shape, power sources, and an assessment of the surrounding environment and
general condition of the building.
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In the section titled Selecting the Refuge Area, the user is guided through a
preliminary process to identify potential refuge areas, eliminating areas that
are more vulnerable to wind events and focusing on those that provide more
protection. Several areas may be needed to accommodate all occupants. If
refuge areas have not been identified by the building occupants, the designer/
evaluator will need to calculate the refuge space requirement at the site. Thus,
the first step in selecting the refuge area is to calculate the space needed for
the maximum possible number of occupants (e.g., students, staff) at any given
time. The next step is to look for available space, noting accessibility and
potential vulnerabilities.
Once the refuge areas have been identified, the screening is focused on those
areas. The hazard checklists consist of detailed questions about structural,
cladding and glazing, envelope protection, and non-structural issues. Penalty
points are assigned to answers that indicate inadequate building strength or
unfavorable circumstances under hazard conditions. The checklists are used to
gather information that provides a “big picture” and allows a thorough
analysis to be conducted. Scores on the checklists will highlight specific
deficiencies and provide the means of ranking a group of facilities. The scores
will identify refuge areas that are candidates for retrofit designs as well as
those that are poor candidates because of excessive vulnerabilities.
The wind hazard checklist is divided into four sections in which information
is gathered related to common failure modes that occur under the effects of
tornadoes. The four sections are as follows:

• Structural Issues – Building materials used for framing and critical components are identified. The existence of a continuous load path is determined,
and the overall structural resistance of the building is assessed.
• Cladding and Glazing Issues – Non-structural components that are often
vulnerable to missile impact and high wind pressures are identified (e.g.,
windows and roof coverings).
• Envelope Protection – Refuge walls and roof coverings are evaluated for
their susceptibility to a breach by either missile impact or high wind
pressures. When the building envelope is breached, additional wind pressures are imposed on interior surfaces.
• Non-structural Issues – Issues related to the adequacy of a refuge area that
do not concern building performance are evaluated (e.g., ADA accessibility,
availability and sufficiency of a backup power source, and having an
evacuation plan in place prior to a severe event).
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Flood and seismic hazard checklists are included to ensure that the
building is not vulnerable to multi-hazards. If a multi-hazard vulnerability
exists, a mitigation strategy must be developed that responds to all
possible threats. The flood hazard checklist relies on information obtained
from a National Flood Insurance Program (NFIP) Flood Insurance Rate
Map (FIRM)—a map that shows 100-year flood hazard areas and 100year flood elevations within a community. This section also examines
localized flooding and drainage problems that may exist outside the
identified floodplain. The seismic checklist uses the 1997 Uniform
Building Code Seismic Zone Map of the United States and guidelines
from FEMA 154, Rapid Visual Screening of Buildings for Potential
Seismic Hazards: A Handbook, from the Earthquake Hazards Reduction
Series. These two references are used to outline a simplified procedure for
the seismic evaluation. If seismic calculations are required for the refuge
in question, the designer is advised to use the seismic sections of the 2000
IBC or the guidance presented in FEMA 273, NEHRP Guidelines for the
Seismic Rehabilitation of Buildings.
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EVALUATION CHECKLISTS FOR HIGH-WIND REFUGE AREAS
Wind hazard evaluation checklists were developed by FEMA for use in assessing a building’s
susceptibility to damage from high wind events such as tornadoes. The checklist evaluation
process will guide the user in identifying potential refuge areas at a site with 1 or more
buildings. If the refuge area selected is to be considered for use as a “shelter,” it should be
structurally independent, easily accessible, and contain the required square footage. Most
importantly, the refuge area should be resistant to wind forces or made more resistant with
mitigation retrofits.
An inspector can use the checklists to assess the ability of the refuge area to resist forces
generated by a tornadic event. These checklists were designed for the evaluation of tornado
refuge areas but may also be used to evaluate refuge areas for other high-wind events,
such as hurricanes. The checklists consist of questions pertaining to structural and nonstructural characteristics of a facility. The questions are designed to identify structural and
non-structural vulnerabilities to wind hazards based on typical failure mechanisms. Structural
or non-structural deficiencies may be remedied with retrofit designs, but, depending on
the type and degree of deficiency, the evaluation may indicate that the structure is unsuitable
as a refuge area. The checklists are not a substitute for a detailed engineering analysis,
but can assist the decision-makers involved with hazard mitigation and emergency
management to determine which areas of buildings can best serve as refuge areas.
The checklists can also be used to comparatively rank a group of facilities within a given
geographic region. A scoring system was developed for use with the checklists. For each
question on the checklist, penalty points are associated with noted deficiencies. Therefore,
a high score reflects higher hazard vulnerability and a low score reflects higher hazard
resistance, but only relative to the other buildings considered in the scoring system. This
evaluation process helps determine which building will perform best under natural hazard
conditions in the least subjective manner possible. The checklists help identify the areas
within buildings that are least vulnerable to damage from high winds and will likely require
the least mitigation to achieve near-absolute protection.
Five sections are provided: General Building Information, Selecting the Refuge Area,
Wind Hazard Checklist, Flood Hazard Checklist, and Structural Seismic Hazard Checklist.
A summary score sheet has been provided with the evaluation checklists to compile the
evaluation scores for each natural hazard. A description of common building types and a
glossary of terms are presented following the checklists.
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CHECKLIST INSTRUCTIONS
The checklists are designed to walk the user through a step by step process and should
be filled out in sequence. This process is a rapid visual screening and does not involve any
destructive testing or detailed engineering calculations. A large portion of the checklists
can be filled out using data obtained from design or construction plans. It is important to
verify this data during a field inspection and note upgrades (i.e., expect roof replacements
on older buildings). If building plans are not available for this evaluation, the accuracy of
the checklists is compromised. Additional information can be acquired from building
specifications, site visits, and interviews with building maintenance personnel who can
provide historical information on specific problems, repairs, upgrades, and school
procedures.
General Building Information: This section is for collecting information for reference
purposes. All questions relate to the entire building or buildings at the site. The user may
need to refer back to the General Building Information section to answer hazard related
questions in other sections. This section is not scored.
Selecting the Refuge Area: The focus of the evaluation is to select appropriate refuge
areas that might provide protection from high wind and tornadic events. The criteria
contained in this section will guide the user on how to select good candidate refuge areas.
Several refuge areas may be needed to provide enough usable space for the entire
population in need of protection. A separate checklist should be filled out for each potential
refuge area. This section is not scored.
Wind Hazard Checklist: This checklist applies only to the refuge area(s). If more than one
area is selected, a separate checklist should be filled out for each area. A glossary with
diagrams is provided (starting on page 26) to help the user with unfamiliar terminology.
Answer the questions and determine a score for this hazard.
Flood Hazard Checklist: This section applies to both the refuge area and to the entire
building. A Flood Insurance Rate Map (FIRM) is required to answer most of the questions
in this section. Answer the questions and determine a score for this hazard.
Structural Seismic Hazard Checklist: The checklist for the seismic threat pertains to the
entire building. A Seismic Activity Zone Map is provided to help assess the seismic threat.
Answer the questions and determine a score for this hazard.
Summary Score Sheet: After answering and scoring all of the questions in the checklists,
the Summary Score Sheet should be filled out. The score sheet is used to compile all of
the scores for each refuge area associated with each site for comparison. The total scores
will enable the user to rank each building and its potential as an adequate refuge area.
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Checklist Instructions

Transfer checklist scores to the Summary Score Sheet to include subscores from the wind
section for each refuge area evaluated. The highest Area Total Wind Hazard Score should
be placed in the Highest Wind Hazard Score block. The Total Score is the sum of the
Highest Wind Hazard Score, Flood Hazard Score, and Seismic Hazard Score. The Total
Scores will reflect the expected performance ranking of the buildings when placed in order
from lowest to highest score, (i.e., least vulnerable to most vulnerable structure).
Low scores on the checklists indicate structural features that provide some level of protection.
Higher scores indicate that a refuge area is more vulnerable to wind damage. The lowest
possible cumulative score for Zone 4 (region most vulnerable to tornado hazards) is 20
and a refuge area with this score would likely provide significant protection from a highwind event; however, it is very unlikely that any building, even one with an engineered
storm shelter, would have this score. For example, a pilot study of 10 schools in Wichita
(located in Zone 4) resulted in scores ranging from 56 to 161.
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General Building Information
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SELECTING THE REFUGE AREA
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WIND HAZARD CHECKLIST
Address the following evaluation statements, giving the most appropriate answer for each question. After
selecting the appropriate answer, take the score for that answer (# in the parentheses) and enter it into
the score block for that question. Evaluation judgment is subject to limitations of visual examination.
Questions have been grouped into sections based on structural issues, cladding and glazing, envelope
protection, and non-structural issues. These questions apply only to the refuge area. After all questions
have been appropriately scored, sum the score column and determine the final wind hazard score
for the refuge area.
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FLOOD HAZARD CHECKLIST
Address the following evaluation statements, giving the most appropriate answer for each question. After
selecting the appropriate answer, take the score for that answer (# in the parentheses) and enter it into
the score block for that question. Evaluation judgment is subject to limitations of visual examination.
Elevations are required only if a flood hazard has been identified at the building site. If no flood hazard
exists at the site, answer all flood-related questions “not applicable.” After, all questions have been
appropriately scored, sum the score column and determine the final flood hazard score for the
building/structure.

Page 18

Flood Hazard Checklist

Page 19

Structural Seismic Hazard Checklist

STRUCTURAL SEISMIC HAZARD CHECKLIST
Address the following evaluation statements, giving the most appropriate answer for each question. After
selecting the appropriate answer, take the score for that answer (# in the parentheses) and enter it into
the score block for that question. Evaluation judgment is subject to limitations of visual examination and
availability of plans. (NOTE: This checklist is based on the guidelines set forth in the FEMA publication

Rapid Visual Screening of Buildings for Potential Seismic Hazards: A Handbook, FEMA 154. One significant
difference is the scoring procedure used in this manual. Do not compare a building scored on this checklist
system with a building scored according to the procedure in FEMA 154. The comparison will not be valid.)
After, all questions have been appropriately scored, sum the score column and determine the
final structural seismic hazard score for the building/structure.
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Figure 2

Seismic Activity Zone Map of the United States.

NOTE: This map is based on data compiled from the 1997 UBC and the 1997 NEHRP spectral response
maps for a 0.2-second response. This map should be used for multi-hazard evaluation only. If seismic design
calculations are required, the designer should use the 2000 IBC or the 1997 NEHRP provisions (FEMA 273).
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Explanation of Building Characteristics

High Rise:
For the purposes of this checklist, a wood frame structure will not be considered a high-rise building.
For buildings constructed of masonry units (i.e., brick, block, etc.) if the building is five stories and
taller, it is considered a high-rise. For all remaining building types, the building must be eight stories or
taller to be considered a high-rise building. If the building is determined to be a high-rise, assess
penalty.
Poor Condition:
A building will be considered to be in poor condition if the building condition for the appropriate building
type has been observed. Assess penalty if:
MASONRY JOINTS: The mortar can be easily scraped away from the joints by hand with a
metal tool, and/or there are significant areas of eroded mortar.
MASONRY UNITS: There is visible deterioration of large areas of masonry units (i.e., significant
cracking in the mortar joints, cracks through the masonry blocks themselves, voids or
missing blocks or units, etc.).
DETERIORATION OF STEEL: Significant visible rusting, corrosion, tearing, or other
deterioration in any of the steel elements in the vertical or lateral force-resisting system.
DETERIORATION OF WOOD: Wood members show signs of decay, shrinkage, splitting, fire
damage, or sagging, or the metal accessories are deteriorated, broken, or loose. Wood
members also showing signs or “tracks” from insect infestation.
DETERIORATION OF CONCRETE: Visible deterioration of concrete (i.e., cracking, spalling,
crumbling, etc.) or significant exposure of reinforcing steel in any of the frame elements.
CONCRETE WALL CRACKS: Diagonal cracks in the wall element that are 1/4 inch or greater
in width, are found in numerous locations, and/or form an X pattern.
CRACKS IN BOUNDARY COLUMNS: Diagonal cracks wider than 1/8 inch in concrete columns
on any level of the structure.

Vertical Irregularity:
Are there “steps” in elevation of the building? Are some floors set back or do they extend outward from
the footprint of the building? Are all of the walls of the building vertical or are there walls that slope
inward or outward as viewed from the base of the building? Is the building located atop a small hill? If
so, there are vertical irregularities; assess penalty.
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Soft Story:
Are there open areas with tall ceilings on any floor of the building? Tall ceilings will typically be 1.25
times greater in height than the height of the floor just above or just below. Does the first floor (first few
floors) contain parking areas, shops, large common areas, or lobbies? Is the first floor of the building
taller than the other floors of the building? Are large windows (floor to ceiling) or open areas present in
one or all walls of the building? If any of the above elements are observed, the building is said to have
a soft story; assess penalty. Note: One-story buildings do not have a soft story.
Plan Irregularity:
Does the building have a highly irregular floorplan? Is the floorplan of the building an “L,” “E,” “H,” “+,” “T,”
or other such irregular configuration? Is the building long and narrow; length/width ratio greater than
2:1? If so, there are plan irregularities; assess penalty.
Pounding:
How close is the next adjacent building? Are the floors of two adjacent buildings at different elevations?
An adjacent building presents a threat of pounding if the lateral distance between the two buildings is
less than 4" x # stories of the smallest building. For example, if a ten-story building and a four-story
building are adjacent to one another, there is a potential pounding problem if the buildings are not
more than 16" apart. (4" x 4 stories = 16" of separation required); assess penalty.
Large (& Heavy) Cladding:
Is the exterior of the building covered in large concrete, or stone panels? If large panels exist, were the
connections that secure these panels designed for seismic requirements? If it cannot be positively
determined that the connections were designed for seismic requirements, assume that they were not.
If large panels are present and they have been determined to be connected with non-seismic connectors,
cladding deficiencies exist; assess penalty.
Post Benchmark:
A building is considered to be “Post Benchmark” if it was designed after modern seismic provisions
were accepted by the local building code or the code that has been specified by the local jurisdiction.
If the building was not designed for seismic requirements or it is not known if the building was designed
for seismic requirements, it is not post benchmark; assess penalty.
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COMMON BUILDING TYPES AND GLOSSARY OF TERMS

The following is a guide for selecting the type of building/type of construction of the building
evaluated. The primary designations that the building types are divided into are Wood, Steel,
Concrete, Pre-Cast Concrete, Reinforced Masonry, Partially Reinforced Masonry, and
Unreinforced Masonry.

BRACED FRAME
A building frame system in which all vertical and lateral forces are resisted by shear and
flexure in the members, joints of the frame itself, and walls or bracing systems between the
beams and columns. A braced frame is dependent on bracing, infill walls between the columns,
or shear walls between the columns to resist lateral loads.
CONCRETE
These buildings have walls and/or frames constructed of reinforced concrete columns and
beams. Reinforced concrete walls will be seen as smooth surfaces of finished concrete. If this
is a concrete frame, concrete masonry units (CMUs) are often used as shear (internal) walls
placed between the columns and the beams.
ENGINEERED STEEL (Heavy)
These buildings are constructed of steel beams and columns and use either moment or braced
frame systems. These buildings are designed specifically for that site and are not a “preengineered” or “prefabricated” building.
LOAD BEARING WALL SYSTEM
A building structural system in which all vertical and lateral forces are resisted by the walls of
the building. The roof structure will be attached to the walls of the building and any forces in the
roof system will be transferred to the walls through this roof/wall connection.
MOMENT FRAME
A building frame system in which all vertical and lateral forces are resisted by shear and
flexure in members and joints of the frame itself. A moment frame will not utilize bracing, infill
walls between the columns, or shear walls between the columns to resist lateral loads.
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PARTIALLY REINFORCED MASONRY (PRM)
These buildings have perimeter, bearing walls of reinforced brick or CMU and the vertical wall
reinforcement is spaced at more than 8 inches apart and a maximum spacing of 72 inches
apart. Reinforcing for these walls will not be evident when viewing the walls; this information
may be attained by using reinforcement locating devices or from reviewing project plans. Roof
systems will typically be constructed of wood members, steel frames and trusses, or concrete.
They may also have roofs and floors composed of precast concrete.
PRE-CAST (Including Tilt-up Construction)
These buildings typically have Pre-cast and Tilt-Up Concrete that will run vertically from floor
to ceiling/roof. These buildings often have pre-cast or cast-in-place concrete roof systems, but
may have very large wood or metal deck roof systems. These buildings could also be Pre-cast
Concrete Frames with concrete shear walls, containing floor and roof diaphragms typically
composed of pre-cast concrete.
REINFORCED MASONRY (RM)
These buildings have perimeter, bearing walls of reinforced brick or CMU and the vertical wall
reinforcement is spaced at a maximum spacing of 8 inches apart; if the reinforcement is in
CMU walls, every cell must contain reinforcing steel and grout. Reinforcing for these walls will
not be evident when viewing the walls; this information may be attained by using reinforcement
locating devices or from reviewing project plans. Roof systems will typically be constructed of
wood members, steel frames and trusses, or concrete. They may also have roofs and floors
composed of precast concrete.
STEEL (Light/Pre-engineered)
These buildings, at a minimum, will have a frame of steel columns and beams. These buildings
may be constructed with braced frames. These buildings may be “pre-engineered” and/or
“prefabricated” with transverse rigid frames. Interior shear walls may exist between the columns
and beams of the frame. In addition, exterior walls may be offset from the exterior frame
members, wrap around them, and present a smooth masonry exterior with no indication of the
steel frame.
UNREINFORCED MASONRY (URM)
These buildings have perimeter bearing walls of unreinforced brick or concrete-block masonry.
Roof systems will typically be constructed of wood members, steel frames and trusses, or
concrete. They may also have roofs and floors composed of precast concrete. Most masonry
wall systems that were constructed prior to the 1970s are unreinforced masonry.
WOOD
These buildings are typically single or multiple family dwellings of one or more stories. Wood
structures may also be commercial or industrial buildings with a large floor area and with few,
if any, interior walls. Typically, all walls and roof systems are constructed of timber frames.
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The following is a glossary of terms that has been provided to ensure clarity and provide
definitions for terminology used in these checklists.

BASE FLOOD
The flood having a 1-percent probability of being equaled or exceeded in any given year; also
referred to as the 100 year flood.
BASE FLOOD ELEVATION (BFE)
The elevation of the base flood in relation to the National Geodetic Vertical Datum of 1929 (or
other vertical datum as specified). BFEs are shown on NFIP Flood Insurance Rate Maps
(FIRMs) as either A zones or V zones.
CONTINUOUS LOAD PATH
A continuous load path can be thought of as a “chain” running through a building. The “links” of
the chain are structural members, connections between members, and any fasteners used in
the connections (such as nails, screws, bolts, welds, etc.). To be effective, each “link” in the
continuous load path must be strong enough to transfer loads without breaking. Because all
applied loads (gravity, dead, live, uplift, lateral, etc.) must be transferred to the foundation, the
load path must connect to the foundation.
EXTERIOR INSULATION FINISHING SYSTEM (EIFS)

Figure 3: EIFS wall construction.
EIFS is a multi-layered exterior wall system used on both commercial buildings and homes. It
comprises an insulation board mounted to a substrate. The insulation is protected by a plastic
finish coat. Mesh reinforcing may be used to strengthen the system. Mesh reinforcing is located
in a base coat that is between the insulation board and the finish coat.
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500-YEAR FLOOD ELEVATION
The elevation of the 500-year flood in relation to the National Geodetic Vertical Datum of 1929
(or other vertical datum as specified). 500-year flood elevations can be found in NFIP Flood
Insurance Study (FIS) reports. 500-year floodplains are shown on NFIP Flood Insurance Rate
Maps (FIRMs) as either B zones or shaded X zones.
FLOOD INSURANCE RATE MAP (FIRM)
Insurance and floodplain management map issued by FEMA that identifies areas of 100-year
flood hazard in a community. In areas studied by detailed analyses, the FIRM also shows
BFEs and 500-year floodplain boundaries and, if determined, floodway boundaries.
FLOOD RESISTANT MATERIAL
Any building material capable of withstanding direct and prolonged contact with flood waters
without sustaining significant damage. The term “prolonged contact” means at least 72 hours,
and the term “significant damage” means any damage requiring more than low-cost cosmetic
repair (such as painting).
MASONRY WALL: HEIGHT TO THICKNESS RATIO (h/t)
Height to thickness refers to the height of a masonry wall compared to the thickness of the
wall. The height of the wall should be measured from the foundation up to the point at which
the wall is laterally supported. In a one-story building, the maximum height will typically be
found at the point at which a wall extends to the highest roof support. In a multi-story building,
the tallest floor height will indicate the height of the wall. Inspection of a doorway section in a
masonry wall will allow an evaluator to determine the thickness of the wall. The largest ratio
that is found is the most critical.
MASONRY WALL: LENGTH TO THICKNESS RATIO (l/t)
Length to thickness refers to the length of a masonry wall compared to the thickness of the
wall. The length of the wall is typically measured from a wall corner to the next adjacent wall
corner. Wall spans, however, can be quite long. If there are any vertical columns in a wall, the
length will then be measured from column to column or from vertical support to vertical support.
Inspection of a doorway section in a masonry wall will allow an evaluator to determine the
thickness of the wall. The largest ratio that is found is the most critical.
PARAPET
A parapet is a small wall located atop a building that extends above the roof level. Parapets are
typically located along a wall face at the top of the roof. They are most commonly seen on flat
roofs and are usually a few feet tall and will be a minimum of 8" thick. They are often constructed
of unreinforced masonry and are susceptible to damage by lateral forces caused by wind and
seismic forces.
TACK WELD
A small weld intended only to secure a building element (i.e., roof deck) in place during
construction. If the type of weld cannot be determined, it should be considered no better than
a tack weld and “Other” should be selected.
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