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Unit IV

FEMA Tornado
Safe Room

Benefit-Cost Analysis Course

Unit IV Objectives

Describe the tornado severity
classifications

Understand life safety vulnerability
from tornadoes

Name and characterize the types
of Safe Room projects

Utilize FEMA Guidance for Safe
Room Design

Benefit-Cost Analysis Course
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Unit IV Objectives (continued)

Identify eligible and ineligible
mitigation activities/projects

Learn how to document mitigation
information in a BCA

Follow an example BCA

&) FEMA

GV e

Benefit-Cost Analysis Course

Tornado Statistics

Tornadoes are among the most destructive forces of nature.

A tornado is “a violently rotating column of air, pendant
from a cumuliform cloud or underneath a cumuliform
cloud, and often (but not always) visible as a funnel cloud.”

On average, more than 1,275 tornadoes have been
reported nationwide each year since 1997 (NOAA).

From 1950 through 2006, tornadoes have caused
5,506 deaths and 93,287 injuries, as well as
devastating personal and property losses.

The most violent tornadoes are capable of
tremendous destruction, with wind speeds over
200 miles per hour near ground level.

Damage paths over 50 miles long and over 1 mile wide
have been reported. Tornado occurrence data from the NOAA

Storm Prediction Center records:
&) FEMA

http://Awww.spc.noaa.gov/climo/historical. html

GV e
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OVERVIEW OF TORNADO SEVERITY CLASSIFICATIONS

Tornado Severity Classifications

The figure below shows previous Fujita categories are equal to
current Enhanced Fujita (EF) categories (F3 equals EF3), but the
EF wind speeds have been updated. The information in the figure
below can be found at www.spc.noaa.gov/fag/tornado/ef-scale.

Fujita Scale EF Scale

Fujita Scale 3-Second Gust (mph) EF Scale 3-Second Gust (mph)

FO 45-78 EFO 65-85
F1 79-117 EF1 86-110
F2 118-161 EF2 111-135
F3 162-209 EF3 136-165
F4 210-261 EF4 166-200
F5 262-317 EF5 Over 200

Benefit-Cost Analysis Course

0!'# + 7 30/ '#
( $ I 1)6
0!# # o# " +3
# < I =#( ( I
$ +3 +
+ ! # 30!#" & $#
#( ! " o/ '# L #4# |
( "# $#
b# " 1+# $ 3 3 #(
" + 0/ 0!'# # 3
T# | + 7! 3 + > "
" '/ o'!# +
I +3 "



01 .,& 0.1 1&5

&, 1*5

Damages by Classification

EF0-Gale Tornado Category 65 -85
mph, Light damage

EF1-Moderate Tornado Category
86-110 mph, Moderate damage

ééééé

¥ FEMA

Benefit-Cost Analysis Course
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Damages by Classificatioricontinued)

EF2-Significant Tornado
Category 111 —135 mph,
Considerable damage

EF3-Severe Tornado Category
136-165 mph, Severe damage

Benefit-Cost Analysis Course
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Damages by Classificatioricontinued)

EF4-Devastating Tornado Category
166-200 mph, Devastating damage

EF5-Incredible Tornado Category
>200 mph, Incredible damage

¥ FEMA

Benefit-Cost Analysis Course
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Average Tornado Size

EF Classes Length (miles) Width (feet)
EFO 0.9 93
EF1 2.9 210
EF2 6.6 413
EF3 14.0 865
EF4 27.1 1,511
EF5 33.9 1,823

The national average for the length and width of tornadoes in each
EF category has been established from historical data.

Benefit-Cost Analysis Course
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OVERVIEW OF TORNADO HAZARD FACTORS

Tornado Occurrences in the U.S.

TORNADD ACTIVITY IN THE UNITED STATES®
This figure shows e Pl inh o it (S0
the combined EF3, / : "
EF4, and EF5
tornado counts
across the United
States (the
tornadoes most
likely to produce
injuries or deaths).*

Benefit-Cost Analysis Course

EF-Scale Degrees of Damage

The EF-Scale defined typical structures and infrastructures as
Damage Indicators (Dls).

Structures withstand increasing wind speeds differently depending
on the quality of typical construction practices and materials.

Each Dl is assigned estimated wind speeds for ten Degrees of
Damage (DOD) ranging from “threshold of visible damage” to
“total destruction”.

Different structure types are completely demolished at different
wind speeds.

Benefit-Cost Analysis Course
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Life Safety

Life Safety — Avoidance of
casualties by mitigation that
eliminates or reduces the
potential for structural failure

Injury Classes — Relates
structure damage to life safety
(injury/death).

Rk

& FEMA

By

Benefit-Cost Analysis Course
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Residential Home Damage Classes

Degree of DT i Expected Wind
Damage (DOD) g P Speed Value (mph)

1 Threshold of visible damage 65
Loss of roof covering material (<20%), gutters, and/or

2 awning; loss of vinyl or metal siding 79

3 Broken glass in doors and windows 96

Uplift of roof deck and loss of significant roof covering
material (>20%); collapse of chimney; garage doors collapse

4 inward; failure of porch or carport 97

5 Entire house shifts off foundation 121
Large sections of roof structure removed; most walls remain

6 standing 122

7 Exterior walls collapsed 132

8 Most walls collapsed, except small interior rooms 152

9 All walls collapsed 170

Destruction of engineered and/or well constructed residence;
10 slab swept clean 200

8% FEMA

Benefit-Cost Analysis Course
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Structure Types

The structure types represent the current location, before-
mitigation, of the population during a tornado event.

The two most predominant structures types surrounding the
proposed Safe Room help determine the risk.

Manufactured Housing (includes mobile homes)

One- or Two-Family Residences

Small Professional Building

Institutional Building

Pre-engineered Metal Building (PEMB)

School (K-12)

Open Areas

) FEMA

Benefit-Cost Analysis Course
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Structure Types (continued)

One- or Two-Family Residences

Usually wood construction

Roof is flat, sloped, gable, hip or
combination

Roof covering of asphalt
shingles, tile or slate

Manufactured Housing

Steel undercarriage supported
on concrete block piers
Asphalt shingles or one-piece
metal roof covering

Benefit-Cost Analysis Course
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Structure Types (continued)

Small Professional Building

Usually masonry construction
Steel or wood roof structure

Institutional Building

Range in height from 1-10 stories
Normally reinforced concrete

¥ FEMA

Benefit-Cost Analysis Course
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Structure Types (continued)

School (K-12)

Generally large one- or two-story
buildings with flat roofs

May be all-steel structure or an
all-reinforced concrete structure
or a combination of both

¥ FEMA

Benefit-Cost Analysis Course
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Structure Types (continued)

Metal Building

Warehouses, industrial facilities, and
small arenas
Metal panel walls and standing seam

roof

Open

Open fields, fairgrounds, and

campgrounds

No protection from a structure

assumed
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Occupancy Introduction

Factors that affect occupancy:

Structure use (type)
Time of day
Tornado warning response

Distance/travel time to Safe Room

Benefit-Cost Analysis Course

Time of Day

Occupancy levels will change throughout a 24-hour period, depending
on the structure use near the Safe Room.

More people are generally in a school building or a work place than at
home during the day. On the other hand, most people are at home in
the evening and at night.

) School (K-12 Residential
Time of Day (0/53) ) (%)
Day 90 10
Evening 40 60
Night 0 100
Benefit-Cost Analysis Course
+ '3 = 3
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Tornado Warning Response

The occupant response percentage depends on
the time of day.

At different times of the day, occupants will hear
and/or respond to a warning differently.

Typically, more people are likely to go to a Safe
Room during the day than in the evening or at
night.

Benefit-Cost Analysis Course
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Safe Room Occupancy Radius

0.5 Mile

Benefit-Cost Analysis Course
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Injury/Death Table

Risk of injury or death varies depending on the strength of the
tornado, the population, and the structure type.

Safe Rooms are most effective in areas that have high probability
of stronger tornadoes, higher populations, and fewer buildings that
will protect their occupants.

An expert panel with extensive knowledge of tornado risk
convened to create injury/death tables for each structure type.

Benefit-Cost Analysis Course
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Example Injury/Death Table - Residential
DEgEs e o Treat and _— o B Wind
Da:]fage Description Self Treat (%) Release (%) Hospitalized (%)  Fatal (%) ?r':]:ﬁl)j
no damage
2 or very minor 5 5 0 0 79
minor damage 20 20 5 0 97
moderate
6 damage 20 20 10 0 122
severe
damage/
7 partial collapse 30 20 10 5 132
9 total collapse 30 30 20 10 170
complete
10  destruction 10 10 30 35 200
Benefit-Cost Analysis Course
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REVIEW OF TORNADO SAFE ROOM MITIGATION MEASURE

CLASSIFICATIONS

Safe Room Definition

FEMA previously defined protected areas by their use:

Residential and in-residence applications were called safe rooms .

Community and other non-residential applications were called
community shelters .

New terminology in updated FEMA 361 and FEMA 320 publications:

A safe room may be a building, or portion thereof, providing near-
absolute protection via its structural system and exterior wall and roof
systems which provide life-safety protection from wind events such as
tornadoes or hurricanes. A safe room may serve a single house or an
entire community.

Benefit-Cost Analysis Course
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Near-Absolute Protection

“Near-absolute protection means that, based on our current knowledge of
tornadoes and hurricanes, the occupants of a safe room built according to this
guidance will have a very high probability of being protected from injury or death.

... to date a wind event exceeding the maximum design criteria in this publication
has not been observed.”

From Design and Construction Guidance for Community Safe Rooms, FEMA 361, Chapter 1, Page 1-2

Benefit-Cost Analysis Course

+$# 3 # ' $01 ' 2



01 .,& 0.1
&, 1*5

1&*5

Safe Room Types

Residential Safe Room:
A small, specially designed (“hardened”) room

Provides a place of refuge for the people who live in
the home

Can be constructed outside the home, either above
or below ground

Maximum occupancy of 16

Community Safe Room:

Constructed to protect a large
number of people

Most federally funded Safe Room
grants are for community Safe
Rooms

Benefit-Cost Analysis Course
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Safe Room Typegcontinued)

New Safe Room

Installed during initial construction

Retrofit Safe Room

Portions of an existing building are hardened

Benefit-Cost Analysis Course

Safe Room Typegcontinued)

Stand-alone Safe Room
Structure designed specifically as Safe Room

Advantages include:

¢ Can be designed large enough to accommodate at-risk
population

« Away from debris and other buildings that may collapse

Internal Safe Room
Hardened area or room in an existing building

Can be community, residential, or small business

Benefit-Cost Analysis Course
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Name That Safe Room

Based on the descriptions on the following slides,
determine if the Safe Room is:

Residential or Community
New or Retrofit

Stand-alone or Internal

Benefit-Cost Analysis Course

Safe Room #1

9 | was built to protect the Dervish family
during a tornado.

9 | used to hold just coats and boots.

9 I am in the middle of the house.

Benefit-Cost Analysis Course
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Safe Room #2

9 I was built when the Whirley Middle
School was built.

Y Kids play basketball in here and they
don’t have to go outside to get to me.

Y | can hold more than 300 people.

Benefit-Cost Analysis Course

Safe Room #3

9 | can hold the entire village of Tormato
(population 200).

9 Airborne debris is less likely to impact me
because of my location.

9 The town tore down the Roller Whirled
Skating Rink to build me.

Benefit-Cost Analysis Course
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Square Footage of Safe Rooms

Minimum net usable floor area per occupant in square feet

Community Residential
Standing or seated 5 5
Wheelchair 10 10
Bedridden 30 30
One- and two-family
dwelling NA 3

From Design and Construction Guidance for Community Safe Rooms, FEMA 361, CH 3.3 and 8.4

According to FEMA 361, each community safe room should be sized
to accommodate a minimum of one wheelchair space for every 200

occupants.
Benefit-Cost Analysis Course
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FEMA 320/361

FEMA 320

Focused on residential Safe Room uses for all wind-
induced hazards

Applicable to some non-residential Safe Room uses

FEMA 361

Detailed design criteria for both residential and non-
residential uses (community, private, industrial, etc.)

Background information, hazard information, and
commentary on the design criteria

Benefit-Cost Analysis Course
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Eligible Projects

Wind mitigation projects for the primary Burpose of
immediate life-safety protection are eligible under HMA
programs (PDM, HMGP).

Under HMA the term Safe Room applies to Tornado
residential, non-residential, and community Safe
Rooms.

Check with FEMA or the BCA Helpline website
(BCAToolkit information for tornado at
http://www.bchelpline.com/BCAT oolkit/
resources_tornado.html) for the latest tornado safe room
policy memos and FY10 HMA Unified Guidance.

Benefit-Cost Analysis Course

REVIEW OF TORNADO SAFE ROOM BCA DATA

INPUTS AND DOCUMENTATION
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Tornado BCA Resource Materials
BCA Resource Kit CD

Hazard Maps

Web sites

% "+ 3 HS (
% "™ I 3" I#
% """ Ol# I<#

Tornado Safe Room BCA Module-Key Inputs

U7

Location (State, county)

Type of Safe Room

Project cost

Safe Room maximum occupancy

Square footage of Safe Room

Design wind speed

Radius of community using Safe Room
Structure types occupants are currently using

Occupancy and response information

Benefit-Cost Analysis Course
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Tornado BCA Documentation:
General Guidance

The documentation should include
Data used in place of justification for the use of data in place of
FEMA standard or default FEMA values. Examples include:

values MUST be Warning response percentages (special
documented use facility may have higher response
levels). Source: Facility manager

Data MUST be provided, Scope of work (SOW), Cost estimate
documented, and

obtained from a credible
source

Safe room design information

Benefit-Cost Analysis Course
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Tornado BCA Documentation:
Location/Construction Type

State and
county

Safe Room
construction

type

None required

Indicate construction type
and materials that will be
used in the Safe Room

Community or residential
New or retrofit

Internal or stand-alone

Required for the software
to apply default
probability and severity
data

Reference or provide
copy of engineering or
architectural
specifications used

Engineer, architect or
contractor responsible for
Safe Room design

Benefit-Cost Analysis Course

Tornado BCA Documentation:
Maximum Occupancy/Gross Area

Safe Room
maximum
occupancy

Gross area
of the Safe
Room

The maximum number of
people that the Safe Room is
designed to hold

Include a description of
estimate method

Total area from wall to wall
for the portion of the building
being used as a Safe Room

Include a description of the
estimate method

Engineer, architect or
contractor who is
responsible for Safe Room
specifications

Occupancy data can also
come from state or
national sources, such as
the US Census Bureau

Design drawings, tax
records, appraisals or
engineering documents

Benefit-Cost Analysis Course
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Tornado BCA Documentation:
Usable Area/Wind Speed Design

Usable area
of the Safe
Room

Wind Speed
Design

Usable area is determined
by subtracting from the
gross floor area the floor
area of features that cannot

be removed or stored during
use as a safe room.

Find location on Wind Speed
Design Map. Design must be
effective for the risk
associated with the location

Include a description of the
estimate method

Engineer, architect or
contractor who is
responsible for Safe
Room specifications

Must meet criteria for
minimum square feet per
person

Engineer, architect or
contractor who is
responsible for Safe
Room specifications

Benefit-Cost Analysis Course

Tornado BCA Documentation:
Radius/Structure Types

Radius of the
community

that will use
the Safe
Room

Structure
types

Estimate a radius around
the Safe Room location

A 0.5 mile radius or 5
minute walking distance is
FEMA standard.

Structure types occupants
are currently using

A maximum of two structure
types may be selected

Local map from census
or municipality

GIS map

Radius map showing
structure detail

Benefit-Cost Analysis Course
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Tornado BCA Documentation:
Occupancy/Response Rates

Census Data

Determine the occupancy of Documentation from
the structures facility records and

Occupancy building managers

Current occupancy
information from tax

records
Default values are given for Override requires
Response the warning response documentation such as
rates percentages. letter from facility
manager

Benefit-Cost Analysis Course

Tornado Probability

Tornado probability is automatically calculated by the
module.

The probability is based on the Safe Room county and state
location that the user enters.

The software shows the individual tornado counts by EF
class for the county selected.

These counts are compiled from NOAA tornado data
collected from 1950 through 2006.

The data were analyzed using advanced computer mapping
techniques (GIS) to create expected tornado counts for
each county.

Benefit-Cost Analysis Course
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Occupancy

Using the radius map, count the number of each type of structure.

Determine the total population within the designated radius. This
may be based on census block data within radius.

Divide the population into the two most predominant structure

types.

Benefit-Cost Analysis Course

Death/Injury

The Federal Aviation
Administration (FAA) rates
the value of a person’s
injuries, from a minor
injury to a fatality.

The Willingness to Pay
(WTP) values are based
on four levels of severity.

FEMA will update these
values periodically.

Injury Severity $ WTP Value
Levels (rounded)
Dead — Fatal $5,800,000
Hospitalized $1,088,000
Treat and
Release $90,000
Self Treat $12,000

Federal Aviation Administration, 2008. Revised Department Guidance: Treatment of
the Value of Preventing Fatalities and Injuries in Preparing Economic Analysis

Benefit-Cost Analysis Course
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OVERVIEW OF TORNADO BCA TOOL

BCA Software

Case Study 1

Benefit-Cost Analysis Course

Tornado Safe Room BCA Tool

Add a new
structure

Select the State
and county from
the drop-down

County is required
for tornado
probability lookup

Benefit-Cost Analysis Course
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Tornado Safe Room BCA Tool

Add a new project

Organization is
subapplicant

POC is the person
who can answer
guestions about
the project

Benefit-Cost Analysis Course

Tornado Safe Room BCA Tool

Add the structure
to the project

Benefit-Cost Analysis Course
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Tornado Safe Room BCA Tool

Select Tornado
Safe Room to
begin the
mitigation
project
analysis

Benefit-Cost Analysis Course

Tornado Safe Room BCA Tool

Is this a New Safe
Room or a
Retrofit?

Is it a Stand-alone
or an Internal Safe
Room?

Is it a Community
Safe Room or a
Residential Safe
Room?

Enter justification
for each selection

Benefit-Cost Analysis Course
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Tornado Safe Room BCA Tool

Enter the project
useful life

Select Yes to
detailed SOW

Select Yes to
detailed Cost
Estimate

Enter the Mitigation
Project Cost

Enter your Annual
Project
Maintenance Costs

Determine if your
estimate reflects
current prices

Benefit-Cost Analysis Course

Tornado Safe Room BCA Tool

What forms of documentation
would you provide in this
area of the module?

Benefit-Cost Analysis Course




01 .,& 0.1 1&5
&, 1*5

Tornado Safe Room BCA Tool

Table lists the
number of
tornadoes in each
EF class that have
occurred in the
county of the
structure

No user input
required

Benefit-Cost Analysis Course

Tornado Safe Room BCA Tool

Input data for:

Safe Room
maximum
occupancy

Gross area of the
Safe Room

Usable area of
the Safe Room

Design wind
speed

Benefit-Cost Analysis Course
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Tornado Safe Room BCA Tool

What forms of documentation
would you provide in this
area of the module?

Benefit-Cost Analysis Course

Tornado Safe Room BCA Tool

Input data for:

The radius of the
community
served by the
Safe Room

The structure
types (up to two)
currently used
during a tornado
event

Benefit-Cost Analysis Course
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Tornado Safe Room BCA Tool

Input data for:

The percent of
total occupants
from each
structure type for
each time period

The response
percentage for
each structure
type, only if you
need to override
the calculated
results

Benefit-Cost Analysis Course

Tornado Safe Room BCA Tool

Summary of
occupancy
response

To edit, the user
must

to the Occupancy
and Response
Information
screen

Benefit-Cost Analysis Course
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Tornado Safe Room BCA Tool

Display of the
injury/death
table

User does not
enter
anything on
this screen

Benefit-Cost Analysis Course

Tornado Safe Room BCA Tool

Summary of
benefits and
costs

BCR value

select |

to change any
values used in
the analysis

Benefit-Cost Analysis Course
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Check on Learning

FEMA Tornado Safe Room
BCA Module

Mitigation Activities and
Mitigation Projects

Benefit-Cost Analysis Course

Unit IV Conclusion

FEMA Tornado Safe Room

Remember: it is always about risk
regardless of the hazard

Good mitigation projects address
high-risk situations

Poor mitigation projects
address low-risk situations

Benefit-Cost Analysis Course
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Data Type Value Source
State
County
Zip Code

Mitigation Project

Mitigation Type

Project Useful Life (years)

Mitigation Project Cost

Annual Project
Maintenance Cost

Project Start/End Dates

Safe Room Maximum
Occupancy

Total square footage of
building

Total square footage of
Safe Room

Design Wind Speed (mph)

Radius of community that
will use Safe Room

Structure types used
during tornado before Safe
Room (maximum of 2)

Occupancy percentages
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