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MAT Program Mission

» Evaluate post-disaster building performance
- [dentify knowledge gaps
* Promote best practices and successes

* Improve codes/standards/materials

* Provide recommendations et P
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MAT Deployment Decision

The 25 MAT studies developed
over the past 30 year focusing on
hurricanes, floods, tornadoes,
and terrorism events.

* New insights for design and
construction guidance

* Findings will be of national
significance

St. John’s Regional Medical Center,
Joplin, MO
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2011 Spring Tornado Outbreak: April
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2011 Spring Tornado Outbreak: April
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2011 Spring Tornado Outbreak: April
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2011 Spring Tornado Outbreak: April
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Alabama Swath Map

Tornadoes are numbered chronologically
by time of touchdown beginning
on the morning of April 27th.
*Tornadoes 2, 41, and 54 were
ranked EF-2, EF-5, and EF-4 in MS.

EF-Rating
— EF5

: . Projection Information:
prepads ra ] Datum: North American Datum 1983
oty e Projection: UTM Zone 16N

‘ || Map Compiled by: NWS Birmingham, AL

Source: NWS, FEMA "
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MAT Objectives and Applications

At the invitation of Alabama, Georgia, Missourl,
Mississippi & Tennessee:

* Assess building performance
* Investigate safe room and shelter performance

* Provide recommendations to mitigate future tornado
damage

» Advocate mitigation during recovery
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MAT Timeline
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MAT Parthers FEMA

Region VII
FEMA
FEMA JFO DR-1971 (AL)
Region IV JFO DR-1972 (MS)
JFO DR-1973 (GA)
JFO DR-1974 (TN)
QYARTM@
%_0/”\4»,\ JFO DR-1980 (MO)
FEMA HQ S m /
x\"'ﬁo“MOS%&”o
Other f@ q
= Government
AN Non-profit Agencies (13) B A
Associations F E M A 47T OF S
INTERNATIONAL (7)
CODE COUNCIL ‘]1 c 5
Small Industry
Business (19) m
(3) StrongTie
Academia :
(11)

THE UNIVERSITY OF
TEXAS TECH UNIVERSITY
ALABAMA  Wind Science & Engineering

Research Center-

Numbers represent organizations or other agencies, including team members, reviewers, and other acknowledged parties
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Sites Visited by the MAT
P
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Observations are vital -- but perishable
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Occupied nursing home

Tree-fall

Tuscaloosa, AL
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New Housing Complex

Tuscaloosa, AL

ekl s

NV
s o
g, T

Y
_

s Lt o
-

e ) T

IS PN AN ."““ S,

-:“x'-;“-“‘g.)!;t*"‘»l?-g}-\ﬁ" e .

SRR R
‘. >

2011 SPRING TORNADOES MAT REPORT RELEASE




New Housing Complex
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Sales Office

2011 SPRING TORNADOES MAT REPORT RELEASE




Elementary School
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Elementary School

Tuscaloosa, AL
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Emergency Operations Center
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Public Works Department Refuge Area
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Recovery Advisories

- RA 1 - Tornado Risks and Hazards in )
the Southeastern United States = —

« RA 2 — Safe Rooms: Selecting Design Criteria

- RA 3 - In-Residence and Stand-Alone Safe Rooms

- RA 4 — Safe Rooms and Refuge Areas in the Home

« RA5 & 6 — Critical Facilities in Tornado-Prone Regions
(for facility owners and A/E professionals, respectively)

« RA7 — Rebuilding and Repairing Your Home After a
Tornado

 RA 8 — Reconstructing Non-Residential Buildings After
a Tornado
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Findings and Recommendations:

Critical Facilities

Existing facilities

- Best available refuge
area

* Tree fall and other
collapse hazards

Figure 2: Collapsed concrete masonry unit (CMU) walls at a
Joplin, MO, school restroom (2011 Tornado)
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Findings and Recommendations:

Critical Facilities

New facilities
« Safe rooms
* Minimize damage

* Ensure continuity
of operations
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Findings and Recommendations:

Critical Facilities

Table 1: Summary of Provisions to Minimize Building Damage by New facilities
Enhancement Level
Enhancement » Safe rooms
T Recommendations
« Resist test Missile E * Mlnlmlze damage
« Special roof system . . .
Level 1 » Avoid listed roof and wall coverings Ensure C.Oﬂtlr]UIty
« Design fire station apparatus bay doors Of operatlons

for a basic wind speed of 150 mph

p— « Level 1 enhancement recommendations
eve
« Design for basic wind speed of 150 mph

L '3 « Level 2 enhancement recommendations
eve
« Special roof deck and exterior walls
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Findings and Recommendations:

Critical Facilities

New facilities
» Safe rooms
* Minimize damage

* Ensure continuity of operations
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MAT Report - FEMA P-908

3. Design and Construction Considerations
4. Residential Buildings

5. Commercial and Industrial Buildings

6 & 7. Schools & Critical Facilities

8. Infrastructure

9. Sheltering & Safe Rooms

Mitigation Assessment Team Report

App F. Recovery Advisories Spring 2011 Tornadoes:

April 25-28 and
App G One' and TWO'Famlly ReSIdenCES Building Performance Obsjrf:tionyay 22

Recommendations, and Technical
FEMA P-908 / May 2012

Guidance
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Recommendation Summary

49 Total Recommendations

Codes and Standards
- Improve risk identification and guidance

14

- Safe rooms / storm shelters required for some occupancies
- Continue code adoption
Residential Construction 1
Commercial and Industrial Buildings
- Design/construction/materials solutions 9
- Perform vulnerability assessments or install safe rooms or storm

shelters
Critical Facilities 5
Infrastructure Facilities 4
Tornado Refuge Areas, Hardened Areas, and Safe Rooms
- Perform vulnerability assessments of refuge areas/hardened areas g
- Research travel time, more guidance on locating safe rooms for

communities
EF Scale 5
Post-Tornado Imagery 3
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Residential Buildings:

Above-Code Best Practices

Conclusion: Voluntary
Implementation of better design
and construction practices
could mitigate damage

Recommendation: Implement voluntary best practices to mitigate
damage to one- and two-family residential buildings

Reference MAT Report Appendix G
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Commercial and Industrial Buildings:

Long Spans and Large Footprints

Conclusion:

| Current codes and

_ _ standards are insufficient
== to manage building

== performance in wind

- 4 overload events

Recommendations:

Change risk category for large-footprint commercial structures
with long-span roofs to Risk Category Il in ASCE 7-10

Install a storm shelter or safe room or identify best available
refuge areas in large-footprint buildings

&' FEMA. 2011 SPRING TORNADOES MAT REPORT RELEASE



Conclusion: IBC-compliant
facilities can be susceptible to
building damage

Recommendation: Propose IBC code change to require FEMA
361 or ICC 500-compliant safe room/storm shelter in new K-12
schools in areas where shelter design wind speed is 250mph
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Recommendation: Propose IBC
code change to require FEMA 361
or ICC 500-compliant safe
room/storm shelter in new K-12
schools in areas where shelter
design wind speed is 250mph

SECTION 423
STORM SHELTERS
423.1 General. In addition to other applicable requirements in this code and this section, storm shelters
shall be constructed in accordance with ICC-500.

423.1.1 Scope. This section applies to the construction of storm shelters constructed as separate
detached buildings or constructed as safe rooms within buildings for the purpose of providing safe refuge
from storms that produce high winds, such as tornados and hurricanes. Such structures shall be
designated to be hurricane shelters, tornado shelters, or combined hurricane and tornado shelters.

423.2 Definitions. The following terms are defined in Chapter 2:
STORM SHELTER.

Community storm shelter.

Residential storm shelter.

423.3 Group E Occupancies. In areas where the shelter design wind speed for tornadoes is 250 MPH
er Figure 304.2(1) of ICC 500. all Group E Occupancies with an agaregate occupant load of 50 or more
shall have a storm shelter constructed in accordance with ICC 500. The shelter shall be capable of
housing the total occupant load of the Group E occupancy.
Exceptions:
1. Group E day care facilities.

2. Group E occupancies accessory to places of religious worship.
3. Buildings meeting the requirements for shelter design in ICC 500.

2011 SPRING TORNADOES MAT REPORT RELEASE 38



Other Critical Facilities:

Code Requirements

Conclusion: IBC-compliant
facilities can be susceptible to
building damage

Recommendation: Propose IBC code
change to require FEMA 361 or ICC 500-
compliant safe room/storm shelter in new
critical facilities o

W, 4 X
7 O) 8 Amarican Samoa 200 mph [ 130 mph
tumm = G 250 m -
& Guam 250 mph 160 mph
- 1 Vakaos ave nomnal 1180 36cond Gust wind Kpeads i mies Hawar 160 mph
e e e Bt . 200 mon
TV e —— 10 Gt maters ot second. Virgin iwlands 200 mph . 200 moh
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Other Critical Facilities:

Code Requirements

E
§

7

nE
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Recommendation:
Propose IBC code
change to require FEMA
361 or ICC 500-
compliant safe
room/storm shelter in
new critical facilities

SECTION 423
STORM SHELTERS
423.1 General. In addition to other applicable requirements in this code and this section. storm shelters

shall be constructed in accordance with ICC-500.

423.1.1 Scope. This section applies to the construction of storm shelters constructed as separate
detached buildings or constructed as safe rooms within buildings for the purpose of providing safe refuge
from storms that produce high winds, such as tornados and hurricanes. Such structures shall be
designated to be hurricane shelters, tornado shelters, or combined hurricane and tornado shelters.

423.2 Definitions. The following terms are defined in Chapter 2:

STORM SHELTER.
Community storm shelter.
Residential storm shelter.

423.3 Critical Emergency operations. In areas where the shelter design wind speed for tornadoes per
Figure 304.2(1) of ICC 500 is 250 MPH. 911 call stations. emergency operation centers and fire, rescue
ambulance and police stations shall have a storm shelter constructed in accordance with ICC 500.
Exception: Buildings meeting the requirements for shelter design in ICC 500.

40



Refuge and Safe Rooms: Usage

Conclusions:

People traveled excessive
distances to community shelters
and safe rooms

Guidance for identifying how to
communicate where community-
wide protection is lacking

b — \
Recommendations:

Research travel time to, and use of, safe rooms and
storm shelters

Locate safe rooms or storm shelters close to people who
will use them
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Refuge and Safe Rooms:

Labeling and Signage

Conclusion: There is a
lack of proper labeling
and signage for areas
where people seek refuge
from tornadoes

Recommendation: Submit proposal for code change to IBC
regarding identification of best available refuge areas
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Refuge and Safe Rooms:

Vulnerability

Conclusion:

Tornado refuge areas
located in large, single-

- @& » . storybuildings performed
SN s = poorly

i —— —

\ s\

Recommendations:
ldentify best available refuge areas
Perform vulnerability assessments

%’ FEM;A. 2011 SPRING TORNADOES MAT REPORT RELEASE



Building Codes and Standards Changes

4 BEIT NOW RESOLVED BY THE MEA
SENECA R-7 BOARD OF EDUCATIOIN
21ST DAY OF OCTOBER, 2C
SENECA BOARD OF EDUCATION Dt
| FEMA SAFE ROOM, IN APPREC!/
i EMERGENCY RESPONDERS. FIREF!
o SPOTTERS, LAW ENFORCEMENT, /
MANAGEMENT AND TO Tl
WHO LOST LOVED ONES (

ICC 500 compliant shelters in school
facilities with 50 or more occupants and
all first-responders facilities

May 2012: passed the 2015 IBC first
public I-code hearing
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Building Codes and Standards Changes

e Standard does not address
tornadoes

« Commentary has 2
paragraphs about
tornadoes, and a wind
speed map from 1983

- Expanded Commentary
and the wind speed map
from FEMA 361 is being
developed for balloting
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Building Codes and Standards Changes

* MAT recommendations
considered

* 14 proposals submitted to
committee

* MAT observations used
for justification of
proposed changes

CONSTRUCTION OF
STORM SHELTERS

|CC Sﬂﬂ-ﬂﬁﬂﬁ

Amercan Naond stanted
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HMA Considerations

Conclusions

Travel Distances (Proximity)

Public action/movement patterns, safe room type selection

Labeling/signage, unregistered safe rooms, access, safe room location.

Anchoring, Ventilation

Non BS Eligible Costs

Recommendations

Visual Aides: Check Lists or Flip Charts

Alternate Electrical Source

Travel Time Research, Safe Room Location/Proximity to users

Register Safe Room
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Putting Results into Action

Recovery advisories
Training

Summit

Video

Interviews

Models

Codes advocacy
Structures Congress

| remember being a little worried about the cost
of the MAT but | was confident it was the right
thing to do. It is so great to see all the benefit
that came from their good work. | won't hesitate
to bring them in again in the future, and will
share with other FCOs.

Michael Byrne, FCO

Peer reviewed journal articles
FEMA Administrator’'s Award
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Safe Room Training

* Preparing a Successful Safe Room Grant

Application
* Birmingham, AL

« Kansas City, MO and Springfield, MO
- Evaluating Buildings for Use as Best Available

Refuge

« Athens, Dalton, Tifton and Barnesville, GA |
- Kansas City, MO Joplin, MO, Jefferson City, MO v

* Design and Construction for Safe Rooms -~

« Birmingham, AL

« St. Charles, MO and Jefferson City, MO

Here’s what they’re saying.

“‘Hands-on...Practical

¥ FEMA

Lots of Info...Not Watered Down...Great study guide.”

2011 SPRING TORNADOES MAT REPORT RELEASE 49



Putting Results into Action

EEmeegyrenreseemny  MAT developed six new Recovery Advisories (RAs) are now avail-
able for download from the FEMA Library:
http://www.fema.gov/library/viewRecord.do?1d=4723

FEMA MITIGATION ASSESSMENT TEAM (MAT)
INVESTIGATES TORNADO DAMAGE

Tom Smer, AIA, TL Sserrn Consurnine

TLSMITIE MU GHES NET

The Federal Emerzency Management Azency (FEMA) deploysd a
Mitgation Assessment Toam (MAT) 2o investizate buildngs dam-

aged during the April sormado cutbreak In'm:nnom occumed in
AL, MS, TN, and GA. Azother MAT was dsployndmmnmpm

©6 damage that occurred in Late May at Joplia, MO.

* RAI —Tomado Risks and Hazards in the Southeastern Urnited States

« RA2 — Safe Rooms: Selecting Design Criteria

*+ RA3 — Residential Sheltering: In-Residence and Stand-Alone
Safe Rooms

« RA4 — Safe Rooms and Refuge Areas in the Home

* RAS — Critical Facilities Located in Tornado-Prone Regions:
Recommendations for Facility Owners.

*« RAG — Critical Facilities Located in Tornado-Prone Regions:
Recommendations for Architects and Engineers.

The team’s goals wars: (1) i 2nd %045 the p
of safe rooms and shalters, mddocumnz&x:.\gu obun‘d. Q)

msstigate and assess residantial buildmg performance, focuu;cn
ewss construction whare possible: (3) evaluss the performancs of
large commarcial facilities that wers directly imapacted: (<) imves-
tg2%s and 2%es5 the performance of critcal and sswential facilities
(0.5, bospanals, schools, smergancy oparation centers, fire stations,
commamication towsds, etc.); () evaluas cperational issues result-
g fom dumage of critical facibitios (6.2, the effect of damags on
respanse and recovery); 2nd (6) svaluate and provide Seld evidence
% determine the tornado ratng: on the EF Scale for the evaluated
Jocatioms.

The MAT comsists of FEMA parsonnel mdcm:‘m -;b)xtmx»
%r exparts. The membars ars rop d by

and metearclogists. After returning from the fisld mvestigations, t
MAT d.wdupod six now Racovery Advisones (RAs) are now zgf¥
able for downlead from the FEMA Library-
Bop:/www fenma. gov Bbrary riewRoecord doTid=4723

+  RAl-Tomado Risks and Fazards I the Scufj

+ RA2-Safo Recom: Selecting Design Cgfin

+  RA3-Residensal Sheltering: In-Bgffianc.
Safs Rooms

+ RA4-Safo Room: and Rafuge Arsas in the Home

+ RAS - Critical Facilities Located in Tornado-Proze Regioms:
Recommandations for Facdlity Owners

+ RA6 - Cratical Facilites Located @ Tornado-Proze Regioms:
= dations dor Archi =

Eng

In the aftermath of the May 3, 1990 Oklahoma and Kansas ternados
fFEVA}-t)owumw:ngEV.Apubmbodh:ﬂmzkdn.p
and gudancs for resid safo rooms (FEMA 320)
and commuxity safe rooms (FEMA 361). A significant outcoms
of the recemt MAT investizaton: pertains to the developmant of
Fdance for aitical and essential Hcdities. Recovery Advisories
RAS and RAS provide recommsndations to mainimize budding
dmugo&:n.“aknd mnm&ioos These RAs also provide

American Association for Wind
Engineering newsletter, August 2011

Soms to avoid for those facili-
Ses wmcmodoparnmm nrwﬁm—kh: violemt
sormado (EF4 or EFS).

The MAT is proparing 3 comprabensive repest St will be avadable 2
around the ead of the year =
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Putting Results into Action

ASCE Structures Congress, March 2012, paper and
presentation on RA5 and RAG:

« Enhancing Tornado
Performance of Critical | =
Facllities: Findings = =<y SP
and Recommendations = ——— S SEeg /\» b
of FEMA’s Mitigation R| [l [A mr |
Assessment Team < |

Reprinted in May
iIssue of Civil ¢ S, A
Engineering (90,000 / =S| -
circulation) @R ¥ WANY
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f ing dumage placed additionsl bunden

After a series of poscerful tornadses struck several
states in April and May of last yea, the Federal
Emergency Mancagement Agency dispatched a team to

asess the perf of residential and !

buildings and such oritical facilities as baspitals and
emergency operations enters. The taam’s obserts

formed the basis of several publications isswed by the
agency referred to as tormado recovery advisories.

soreeen

By Thomas L. Smith, AIA,
Manuel Perotin, P.E., CFM, MASCE,
and Erin Walsh

¥ TORNADOES ia the spriag o
breaking in their intermity 20 sover
y the ke of [ and peoperty damage
they cusad. I Apeil 2 larpe outbesk of tor-
nadoes struck several states, inchuding Mis-
sissippi, Teanessee, Alsharma, and portions
of Genggia. Appraxinarsdy 190 tormadoes
touched down oa Apeil 27 and Apel 28,
Killing soene 361 pessoes, injuring hun-
s moee, a0d cusing at beast $6
billion i peopesty daenage. On May 22 Jopdin, Misousi, was dev-
e by 2 lape tornado with winds in exass of 200 mph that
Killed 2t lest 141 peoons, isjumsd mom

ment Agency (FEMA) in Juse
- cisry.

il and commercial buildings, 25 well 25 such critical facities 25
bxspitals, e stations, police stations, schooks, and emespency op-
ention conters, that had been struck by weak (EFO-EF1), stroag
(EF2-EF3), o viokn tormadoes (EF$-EFS). (See table |, 0a page
55, for the wind spens sssociated with the EF ratings.) The toena-
X ty afectal many critical facilities, destroyiag som

ctemysting operations at athers. Some of the db-
were damage] by winds thar wes below current

cal facilities that wers cbeervad performed
pocely, 2 most did oot perform aay better thaa the commercial
buildings. The damage to critical facdities e in occupant
deaths ao

uries and jespardizad many ather cccupants. Busld
o respore and aoovery

wav 2otz Civil Englueering [53
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* Building Science Helpline
received over 1,800
Inquiries related to safe
rooms in the past 12
months

 SafeRoom@fema.dhs.qov
* (866) 927-2104
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Lasting Impacts

Building Code Changes to Require Safe Rooms
for Schools and First-Responder Facilities

IBC 2015 requirement to have an ICC 500 compliant shelter
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Lasting Impacts

Mind-set and guidelines (RA5 and RAG6 ) to:
* Minimize damage from weak and strong tornadoes (EFO0-EF3)

« Maintain continuity of operations if struck by violent tornadoes
(EF4-EF5)

| i -—Hz
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