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In August 1999 the Federal Emergency
Management Agency (FEMA) awarded the
Applied Technology Council (ATC) a two-year
contract to update the FEMA 154 report, Rapid
Visual Screening of Buildings for Potential
Seismic Hazards: A Handbook, and the
companion FEMA-155 report, Rapid Visual
Screening of Buildings for Potential Seismic
Hazards: Supporting Documentation, both of
which were originally published in 1988.

The impetus for the project stemmed in part
from the general recommendation in the FEMA
315 report, Seismic Rehabilitation of Buildings:
Strategic Plan 2005, to update periodically all
existing reports in the FEMA-developed series on
the seismic evaluation and rehabilitation of
existing buildings. In addition, a vast amount of
information had been developed since 1988,
including: (1) new knowledge about the
performance of buildings during damaging
earthquakes, including the 1989 Loma Prieta and
1994 Northridge earthquakes; (2) new knowledge
about seismic hazards, including updated national
seismic hazard maps published by the U. S.
Geological Survey in 1996; (3) other new seismic
evaluation and damage prediction tools, such as
the FEMA 310 report, Handbook for the Seismic
Evaluation of Buildings — a Prestandard, (an
updated version of FEMA 178, NEHRP Handbook
for the Seismic Evaluation of Existing Buildings),
and HAZUS, FEMA'’s tool for estimating potential
losses from natural disasters; and (4) experience
from the widespread use of the original FEMA
154 Handbook by federal, state and municipal
agencies, and others.

The project included the following tasks:

(1) an effort to obtain users feedback, which was
executed through the distribution of a voluntary
FEMA 154 Users Feedback Form to organizations
that had ordered or were known to have used
FEMA 154 (the Feedback Form was also posted
on ATC’s web site); (2) a review of available
information on the seismic performance of
buildings, including a detailed review of the
HAZUS fragility curves and an effort to correlate
the relationship between results from the use of
both the FEMA 154 rapid visual screening
procedure and the FEMA 178 detailed seismic
evaluation procedures on the same buildings;
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(3) a Users Workshop midway in the project to
learn first hand the problems and successes of
organizations that had used the rapid visual
screening procedure on buildings under their
jurisdiction; (4) updating of the original FEMA
154 Handbook to create the second edition; and
(5) updating of the original FEMA 155 Supporting
Documentation report to create the second edition.

This second edition of the FEMA 154
Handbook provides a standard rapid visual
screening procedure to identify, inventory, and
rank buildings that are potentially seismically
hazardous. The scoring system has been revised,
based on new information, and the Handbook has
been shortened and focused to facilitate
implementation. The technical basis for the rapid
visual screening procedure, including a summary
of results from the efforts to solicit user feedback,
is documented in the companion second edition of
the FEMA 155 report, Rapid Visual Screening of
Buildings for Potential Seismic Hazards:
Supporting Documentation.

ATC gratefully acknowledges the personnel
involved in developing the second editions of the
FEMA 154 and FEMA 155 reports. Charles
Scawthorn served as Co-Principal Investigator and
Project Director. He was assisted by Kent David,
Vincent Prabis, Richard A. Ranous, and Nilesh
Shome, who served as Technical Consultants.
Members of the Project Advisory Panel, who
provided overall review and guidance for the
project, were: Thalia Anagnos, John Baals, James
R. Cagley (ATC Board Representative), Melvyn
Green, Terry Hughes, Anne S. Kiremidjian, Joan
MacQuarrie, Chris D. Poland, Lawrence D.
Reaveley, Doug Smits, and Ted Winstead.
William T. Holmes served as facilitator for the
Users Workshop, and Keith Porter served as
recorder. Stephanie A. King verified the Basic
Structural Hazard Scores and the Score Modifiers.
A. Gerald Brady, Peter N. Mork, and Michelle
Schwartzbach provided report editing and
production services. The affiliations of these
individuals are provided in the list of project
participants.

ATC also gratefully acknowledges the
valuable assistance, support, and cooperation
provided by Ugo Morelli, FEMA Project Officer.
In addition, ATC acknowledges participants in the
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FEMA 154 Users Workshop, which included, in
addition to the project personnel listed above, the
following individuals: Al Berstein, U. S. Bureau
of Reclamation; Amitabha Datta, General Services
Administration; Ben Emam, Amazon.com,;
Richard K. Eisner, California Office of Emergency
Services; Ali Fattah, City of San Diego; Brian
Kehoe, Wiss Janney Elstner Associates, Inc.;
David Leung, City and County of San Francisco;
Douglas McCall, Marx/Okubo; Richard Silva,
National Park Service; Howard Simpson, Simpson

Gumpertz & Heger Inc.; Steven Sweeney, U. S.
Army Civil Engineering Research Laboratory;
Christine Theodooropoulos, University of Oregon;
and Zan Turner, City and County of San
Francisco. Those persons who responded to
ATC’s request to complete the voluntary FEMA
154 Users Feedback form are also gratefully
acknowledged.

Christopher Rojahn, Principal Investigator
ATC Executive Director
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summuary and Application

This FEMA 154 Report, Rapid Visual Screening
of Buildings for Potential Seismic Hazards: A
Handbook, is the first of a two-volume publication
on a recommended methodology for rapid visual
screening of buildings for potential seismic
hazards. The technical basis for the methodology,
including the scoring system and its development,
are contained in the companion FEMA 155 report,
Rapid Visual Screening of Buildings for Potential
Seismic Hazards: Supporting Documentation.
Both this document and the companion document
are second editions of similar documents
published by FEMA in 1988.

The rapid visual screening procedure (RVS)
has been developed for a broad audience,
including building officials and inspectors, and
government agency and private-sector building
owners (hereinafter, the "RVS authority"), to
identify, inventory, and rank buildings that are
potentially seismically hazardous. Although RVS
is applicable to all buildings, its principal purpose
is to identify (1) older buildings designed and
constructed before the adoption of adequate
seismic design and detailing requirements, (2)
buildings on soft or poor soils, or (3) buildings
having performance characteristics that negatively
influence their seismic response. Once identified
as potentially hazardous, such buildings should be
further evaluated by a design professional
experienced in seismic design to determine if, in
fact, they are seismically hazardous.

The RVS uses a methodology based on a
“sidewalk survey” of a building and a Data
Collection Form, which the person conducting the
survey (hereafter referred to as the screener)
completes, based on visual observation of the
building from the exterior, and if possible, the
interior. The Data Collection Form includes space
for documenting building identification
information, including its use and size, a
photograph of the building, sketches, and
documentation of pertinent data related to seismic
performance, including the development of a
numeric seismic hazard score.

Once the decision to conduct rapid visual
screening for a community or group of buildings
has been made by the RVS authority, the
screening effort can be expedited by pre-planning,
including the training of screeners, and careful
overall management of the process.

Completion of the Data Collection Form in the
field begins with identifying the primary structural
lateral-load-resisting system and structural
materials of the building. Basic Structural Hazard
Scores for various building types are provided on
the form, and the screener circles the appropriate
one. For many buildings, viewed only from the
exterior, this important decision requires the
screener to be trained and experienced in building
construction. The screener modifies the Basic
Structural Hazard Score by identifying and
circling Score Modifiers, which are related to
observed performance attributes, and which are
then added (or subtracted) to the Basic Structural
Hazard Score to arrive at a final Structural Score,
S. The Basic Structural Hazard Score, Score
Modifiers, and final Structural Score, S, all relate
to the probability of building collapse, should
severe ground shaking occur (that is, a ground
shaking level equivalent to that currently used in
the seismic design of new buildings). Final S
scores typically range from 0 to 7, with higher S
scores corresponding to better expected seismic
performance.

Use of the RVS on a community-wide basis
enables the RVS authority to divide screened
buildings into two categories: those that are
expected to have acceptable seismic performance,
and those that may be seismically hazardous and
should be studied further. An S score of 2 is
suggested as a “cut-off”, based on present seismic
design criteria. Using this cut-off level, buildings
having an S score of 2 or less should be
investigated by a design professional experienced
in seismic design.

The procedure presented in this Handbook is
meant to be the preliminary screening phase of a
multi-phase procedure for identifying potentially
hazardous buildings. Buildings identified by this
procedure must be analyzed in more detail by an
experienced seismic design professional. Because
rapid visual screening is designed to be performed
from the street, with interior inspection not always
possible, hazardous details will not always be
visible, and seismically hazardous buildings may
not be identified as such. Conversely, buildings
initially identified as potentially hazardous by
RVS may prove to be adequate.

FEMA 154

Summary and Application

vii



Contents

FEMA FOTEWOIT ...ttt ettt ettt et et e s bt e s bt e sbte s abeeab e e bt e bt e s bt e sbeeeaeesateentean 111
PIOIACE ..ot ettt e et e e e e e b e e ta e e e be e e bb e e tb e e e beeeetbeeabaeeabeeebee e taeeareeerreeaares v
SUMMAry and APPLICALION .....ccveivvieriieiieiieite et et et e steeteebeebe e seesseesteessseasseesseesseesseesssessseassesssesssensseessesssenns vii
LISt OF FIGUIES ...t etietieeiie ettt ettt ettt e et e et et e bt e satesateenteeate e seesseesnseentesneesnseenseenseenseesanesnsenns xiii
5 T 1 o) USRS Xix
THIUSEEAION CIEAILS ..vvviiiiiiiieiie ettt ettt et e et e e et e eete e e tbeeeabeeessseeesseeensseessseeensseesaseesnsesessesensseenssens XXi
Lo INEEOAUCTION .ttt ettt ettt e b e s bt e s bt sat e et e bt e bt e s bt e s bt e sb e e sheesateeab e e beebeenbeennee 1
0 O 27 T¢) ¢4 (0111 U« FO OO TR 1

1.2 Screening Procedure Purpose, Overview, and SCOPE .......cccvevvieviierrienienieree e e ere e esreesieesenesene e 2

1.3 Companion FEMA 155 REPOTT.....c.ccciiirieiiieiieiieeti et et eieestesitesvesesessseesseessaessaesssessnesssesssesssesssseens 3

1.4 Relationship of FEMA 154 to Other Documents in the FEMA Existing Building Series .................. 4

1.5 UseS Of RVS SUIVEY RESUILS ...cvieciiiiiiiiiiiieiietetese ettt et ettt teesaaesenessaessbeesseessaesseessnenens 4

1.6  How to Use this HandbOOK........cc.oeoiiiiiiiiieiiiee et 4

2. Planning and Managing Rapid Visual SCIreening...........ccccevcvireiieriieniienienie ettt eie et re v eseennesene e 5
2.1 Screening Implementation SEQUEINICE. .........c.eecvierreerreerrerererreeieesseesseesseessaesssesssesseesseesseesseesssesssessseans 5

2.2 Budget Development and Cost ESHMALION.........c.cccviriieriieiieiieeieeieeieeieesee e sereereeseesseessaesenessneans 6

2.3 Pre-Field PLANNING .......ccoiiiiiiiieieeseesieeste sttt ettt estaessbeesteesse e saesssesssesnseesseenseensassseesssessseans 6

2.4 Selection and Review of the Data Collection FOrm ...........cccvevieviiiieiiiiniieieceeceeeee e 7
2.4.1 Determination of SeiSMiCIty REGION .....cccccviiviriiiiiieiieriiereesieeie et eie e seeseaesnessseesseens 8

2.4.2  Determination of Key Seismic Code Adoption Dates and Other Considerations................... 8

2.43  Determination Of CUt-Off SCOTE .......cccvireiiiiiiiiieriierierie ettt sae e es 10

2.5 Qualifications and Training fOr SCIEENETS .........ccveriieriierierieiieeie et eie e esteeseeseeesaeseressseenseesseensees 11

2.6 Acquisition and Review of Pre-Field Data.........ccccccveviirieriiiiiiiicieceeeesee e 11
2.6.1  ASSESSOT’S FILES ...ttt ettt e 11

2.6.2  Building Department Files..........ccocoieriiiiiiiiiiiieriesiesieeee ettt es 12

2.6.3  SANDOIT MAPS .. .eiiiiiiieiieiieeieeit et et e steseesaeebe e baeseesstesssesssessseessaessaesseesssessseansesnseesseennns 12

2.6.4  MUniCIpal Databases.........ccuevevieeiieriieriierieiie et ete ettt esre e e s e esteesteeseaeenaesnseeseenseennns 15

2.6.5  PTEVIOUS STUAIES ...eoviiiiiieiiiieieeee ettt sttt ettt b e et be ettt et e teseeeneens 15

2.6.6  SOilS INTOTMATION ...c..eeutitieiieiiieiee ettt ettt ettt sb e eseeeneen 15

2.7  Review of Construction DOCUMENLS .........cccveeiiiiriieriieiesierie et et ereeieesieeseeseaessaesesesnseenseenseensens 17

2.8 Field Screening Of BUIldiNgS ........cccvevievieiieiiiieiieieeieereeseesete e sreeseeteesseessaessaesssesnsesnsesssessseensens 18

2.9  Checking the Quality and Filing the Field Data in the Record-Keeping System ...........ccccceeveneeneee. 18

3. Completing the Data Collection FOIM ..........coouiiiiiiiiiiiiie ettt 19
T8 N 13 (016 1h (¢ 510 s EO OO OO USROS 19

3.2 Verifying and Updating the Building Identification Information.............cccceceveviienciieecee e 20
3.2.1  NUIMDET OF STOTIES.....uietiiiiiiieeie ettt ettt sttt et e bt e bt e s bt e satesateeateenteenteas 20

3.2.2 0 Y eAr BUILE ettt sttt 20

3.2.3  Screener IdentifiCation...........ccoiiiriiiiiiii ettt 20

3.2.4  TOtal FIOOT AT@A ....outiiiietieitie ettt ettt sh e sttt e b e b e bt e sbtesateeaeeeneeas 21

3.3 Sketching the Plan and Elevation VIEWS .........cccceeiiiiiiieiiiiieciie et e sttt sveeeiaeeseveesvaeeseveesens 21

3.4 DetermMining SO TYPE .eeeuvieiiiieiiieeiie ettt e et e et e st e et e e sbeeetbeessbeeessaeessseessseeessseesnsseensses 21

3.5 Determining and Documenting OCCUPANCY ........eeervierrieeiiieerrieeiteeesteesreeessreesreeessseesseesssesessessnnes 22
3.5.1  OCCUPANCY ...vvieiiiieiiieeiie ettt esiteeettees vt e ssteeestteessseeassesassseessseeessseesssaeassesessaessseessssenssesasseenns 22

3.5.2  OccuPAnCY LOAd......ccooiiiiiiiiiiicciie ettt ettt e et et e e esaae e sbe e s baeetaeeeaaaenns 23

FEMA 154 Contents ix



3.6 Identifying Potential Nonstructural Falling Hazards ............ccccevviriiniinciienieenieseecie e 23
3.7 Identifying the Lateral-Load-Resisting System and Documenting the Related Basic

SEUCTUTAL SCOTE ...ttt ettt ettt ettt s b et e bt eb et e bt et e sbe e st et e sbeeneenbesaeenes 24

3.7.1 Fifteen Building Types Considered by the RVS Procedure and Related Basic
SHUCTUTAL SCOTES ...ttt ettt ettt b et e bt sb et e b eat et ebe et e nbeeseeneas 24
3.7.2  Identifying the Lateral-Force-Resisting SyStem.........c.cccuvvevirieeriieniienienienie e ere e 25
3.7.3  INterior INSPECHIONS ....eecvvereiiiieeiieieeseestteeteere et et e ebe e teeseaessaessteasseesseesseesseesssesnsesnsesnseensens 36
3.7.4  Screening Buildings with More Than One Lateral-Force Resisting System........................ 37
3.8 Identifying Seismic Performance Attributes and Recording Score Modifiers ..........cccevvervenrennnns 38
3.8.1  Mid-RiSE BUILAINGS.....cceeiiiiiiiiieiiesieesteste sttt ettt saesteesbe e ta e saesnaesnseensesnsaenseas 38
3.8.2  High-RiSe BUILAINGS ......eevuiiiiiiiiiiiieiiecitecie ettt steste b e esbeeseessnesnsesnsesnseensees 38
3.8.3  Vertical IIT@QUIATILY ......c.ecciieiieiieieste ettt e st e et e e be e e e ssaessaesssesnseenseas 38
3.8.4  Plan IIT@QUIATILY .....eocuieieiieieeieeie ettt ettt st e stae st e esbeesse e saesseesssesnseensesnseensens 40
385 PIE-COM@ ...ttt sttt e h et bt sae et 40
3.8.6  POSt-BenChmMAark.........c.cocooiiiiiiiiiiiieeeee et 41
3.8.7 SO TYPE CoD, 0T E .ottt st esnnesnsaenneas 41
3.9  Determining the FINal SCOTE........cccviiiiiiiiiieiieiterteseste ettt ettt seesaesae s b e esseesaeseesnseenseensens 41
3.10 Photographing the BUilding...........cccccveriiiiiiiiiiieiierieriesieeie ettt see e sreete et sseesneesnseenseensees 42
311 COMMENES SECHIOM ...eccutiiiiiieeiiieitieeetee et ee et e eeteeeeteeetteeeabeesseeeeaseeeatesesseesssesesseessseessssessesesseennses 42
4. Using the RVS Procedure RESUILS........cccoiiiiiiiiiiiiiiiceitcteeet ettt s 43
4.1  Interpretation OFf RVS SCOTE .....ccuiiiiiiiiiieiie ettt sttt et ettt sae e bt e sateenseeseas 43
4.2 Selection 0f RVS “CUut-Off” SCOTC ......uiiiiiiiiiiitiiecte ettt e 43
4.3 Prior Uses of the RVS ProCedUuIe ..........ccuiiiiiiiiiiiiiiiece et e 44
4.4 Other Possible Uses of the RVS Procedure...........occuiiiiiiiiiiiiiicceccee e e 45
4.4.1 Using RVS Scores as a Basis for Hazardous Building Mitigation Programs.............c..c...... 45
4.4.2 Using RVS Data in Community Building Inventory Development ..........cccccocevveeverenniennene 46
4.43 Using RVS Data to Plan Postearthquake Building-Safety-Evaluation Efforts..................... 46
4.44 Resources Needed for the Various Uses of the RVS Procedure..........c..ccovveviiiiciiiicneennnn. 46
5. Example Application of Rapid Visual SCrEENING.........ccccvieriiiriieriierierreereereereesieeseesenesreesreesseesseessessees 49
5.1 Step 1: Budget and Cost ESHMALION ........ccveeviieiieiieiieciieii et eieesteeseesaesveereesreeteesesesenessnessseessens 49
5.2 Step 2: Pre-Field PIANNING .......c.ccocviiiiiiiiiieieeieecie ettt ettt sie e st staessbeesreesta e saesesessseseseasseessens 50
5.3 Step 3: Selection and Review of the Data Collection FOrm ..........cccoccvvvvvieviienienieciecieeieeeeveeen, 50
5.4 Step 4: Qualifications and Training for SCIEENETS........cccuevverevierrierrieriieseerresre e esreesreesreesreseresses 51
5.5 Step 5: Acquisition and Review of Pre-Field Data..........cccceoveviiiiiiiieiieieneeceece e 51
5.6 Step 6: Review of Construction DOCUMENLS...........c.eevviiriieriierierieeriereereereeseeseresereeereesreesseesseesees 55
5.7 Step 7: Field Screening of BUildings........c.cccvveviiiieiieiiieiiciiereesieesee e eve v veeseeesenesereenes 55
5.8 Step 8: Transferring the RVS Field Data to the Electronic Building RVS Database........................ 64
Appendix A: Maps Showing SeiSmiCity REZIONS .........cccuiriiiiiiiriiiieiie ettt 65
Appendix B: Data Collection Forms and Quick Reference GUide ...........ccceeevieiiiieiiiieniieciie e 77
Appendix C: Review of Design and Construction DIaWINgS ...........ccceevverereivieerieereeseesieessesresnessseesseessesssees 83
Appendix D: Exterior Screening for Seismic System and AZE .......ccecveriieriierienienie et 85
DLl INITOQUCTION ..ttt ettt ettt h ettt a et b et e e e e bt et e st e eat e be s bt ebeenteebeeaneneeeneenees 85
D.2  What to Look for and HOW t0 FInd Lt .........cocoiiiiiiiiiiieeee e 85
D.3  Identification of BUilding AZE.......cccoiierierierieiieeiteieeseestesetesteste e eteesteestaessaesssesnseessesnseesseensens 85
D.4 Identification of StruCTUIAl TYPE ...cveevvierierieiieeiieieeieereesee e ete e sreereesteestaeseaessnesnsesnsesnseenseensens 89
D.5 Characteristics of Exposed Construction Materials.............ccoeeveeiierienienieenienie e 95
Appendix E: Characteristics and Earthquake Performance of RVS Building Types........cccccevoeviiiiiiiveneennen. 99
E.1  INEEOAUCTION ..tiiiiiiiiiiii ettt ettt e ettt eeta e e taeeeabeeetseesabeeentas e sseeenseeesseenssesensseennnes 99
E.2 W00d Frame (W1, W2) ..ottt ettt ettt ste st e bt be e st e saeesnseenseenseas 99

Contents FEMA 154



E.2.1  CRATACTEIISTICS ..uvvvveeeieieeeeieeeeeeeeeeeeee ettt e e e e e e ee et e eeeeeeeseseaaaeeeeesssssenaaateeessssssansaareessessnnnnes 99

E.2.2 Typical Earthquake Damage ..........ccccveviiriiiiiiiieiieniieseeseeste e ere e eseesseesseesenesenesnseens 100

E.2.3 Common Rehabilitation TEChNIQUES ........ccceevviiriiiiiieiieriieiiecie e sne e ens 102

E.3  Steel Frames (S1, S2) oottt ettt et eete e e tee e e teeeteeeeaseeeaseeeenreeereeanns 103
E.3.1  CRATACIETISTICS ..veevieiieriieeieeteeteesteesteesteesstesssessseesseessaesseesssesssessseesseesseesseesseesseesssessesssenns 103

E.3.2 Typical Earthquake Damage ..........c.ccceeriiriiiiiniiieiierieeseesie e ere e eie et seeessaesenesnsesnseens 105

E.3.3 Common Rehabilitation TEChNIQUES ........ccccevviiriiiiiiieiieriieriesie et 105

E4  Light MEtal (S3) .ueeieiieiiiieiestet ettt ettt ettt b ettt ettt n et ne e 106
E.4.1T  CRATACIETISTICS ..veevieiieriieeieeteeteesteesttesseesstesssessseesseesseesseesssesssesssesnseesseesseesseesssesssenssesssenns 106

E.4.2 Typical Earthquake Damage ............cccueriiriiiiiniiieiienieeseeseeste e ere e e seeessaessnesaseenseens 107

E.5 Steel Frame with Concrete Shear Wall (S4)......cccvevciiiiieiiieieieee e 107
E.5.1  CRATACIETISTICS ..vvevieiieriierieeteeteeteesttesseesstesssessseesseessaesseesssesssesssessseesseesseessessssesssssssesssenns 107

E.5.2 Typical Earthquake Damage ..........ccccueriiriiiiiiiiieieerieeseesee ettt eie e sseessaessnesnneenseens 108

E.6  Steel Frame with Unreinforced Masonry Infill (S5).......cccvveviiriiniiirieiiieieeeeeeeeee e 108
E.0.1  CRATACIETISTICS ..vvevieiieriieeieetieteesteeseesseesetesssessseesseessaesseesssesssesssessseesseesseesseesssesssssssesssenns 108

E.6.2 Typical Earthquake Damage ..........ccccuerviriiiiiniieieeieeseesie e ereete et seeeseeesenesnsesnseens 109

E.6.3 Common Rehabilitation TEChNIQUES ........ccceevviriiiiiiiiieriieciecie et ens 110

E.7 Concrete Moment-Resisting FTame (C1)........ccvecverieriiniiiniieieeeeseesee e ere e eieesseeseeesenessseesseens 110
E.7.1  CRATACIETISTICS ..vvevieiieriieeeieereeteeteesteesseesetesssesssessseessaesseesssesssesssessseesseesseesseesssesssensesssenns 110

E.7.2 Typical Earthquake Damage ...........cccueriiriiiiiiiiiiierieeseeste e sre e ieesee e sseesenesesesnseens 112

E.7.3 Common Rehabilitation TEChNIQUES ..........ccevvuiriiiiiieriierierieeie e ens 113

E.8  Concrete Shear Wall (C2)......coviiiiii ettt ettt ee e e v e e etee e e tveeevaeeetsaesaseeerseeeneeanes 113
E.8.1  CRATACIETISTICS ..veevieiieriiereieereeteesteesteeseeesstesssessseesseessaesseesssesssesssesssessseesseesseesssessssnssesssenns 113

E.8.2 Typical Types of Earthquake Damage ...........cccccveviiirieriieiieiirecie e 114

E.8.3 Common Rehabilitation.........c.cecieeiierieniiisiiiie e eie ettt sre e sre e esseeseesseessaesenesnneans 114

E.9 Concrete Frame with Unreinforced Masonry Infill (C3)........cccevevvreiieiiienienienierieeieereeie e 114
E.O.1  CRATACIETISTICS ..vveveeiiesiieriiesreeteeteeseeseesseessaessnesssessseanseasseesseesseesssesssesssesssesssesssensssenssenns 114

E.9.2 Typical Earthquake Damage ..........cccccueriiriiiiiniieiieieeseeseeste et ere et seeessaeseaesnseenseens 116

E.9.3 Common Rehabilitation TEChNIQUES ........ccceevvuiriiiiiiieriieriieriecie et sne e ens 116

E. 10 Tilt-up Structures (PCL) ..oivieiiiiiecieeie ettt ettt ste st ere e estaesteessaesssessseensaessaesssessessssesssenns 116
E.10.1 CRATACIETISTICS ..vveveeiieriieseieeteeteeteesteesseesseesssessseasseesseesseesssesssesssessseessessseessessssessasssesssenns 116
E.10.2 Typical Earthquake Damage ............ccceevieriiiiiniiieieeieeseesiesre e sre e eseeseeeseeessaesenesnneens 117
E.10.3 Common Rehabilitation TEChNIQUES ........ccccevvuiriiiiiieiieriieriesie et see e sneens 118

E.11 Precast Concrete FTame (PC2).......ccviiiiiieiiiiiecieeie ettt eteeteesaesaessaesssesnseensaessassnessseens 118
E. 11,1 CRATACIETISTICS ..vveveeiieriieeeieereeteeteeseesseesseesssessseasseesseesseesssesssesssessseessessseessessseessassssesssenns 118
E.11.2 Typical Earthquake Damage ...........ccceerieriiiiiniieieeieeseesee st sre et eseeessaesenesnseens 120
E.11.3 Common Rehabilitation TEChANIQUES ........cccceveviriiiiiieriieniierierie e see e sreens 120

E.12 Reinforced Masonry (RM1 and RIM2) .......ccooiiriiiciiiiieiieieecte sttt seens 121
E.12.1  CRATACIETISTICS .vvveveeieesiieeiieeieeteeteeteesseesseesssesssessseesseesseesseesssesssessseessessseessessssessaesssenssenns 121
E.12.2 Typical Earthquake Damage ...........ccceereeriiiiieiiieieeieesieesieste e ere et eseeeseaesenesnseens 121
E.12.3 Common Rehabilitation TEChNIQUES ........ccccevvviriiiiiiieriienieeriesie e sneere e 121

E.13 Unreinforced Masonry (URM) .......ccoccuiiiiieriienienienie sttt seestaesae e esbeeseessaessaesnsesnsesnsesssenns 122
E.13.1  CRATACIETISTICS ..vvevieiieriieeeieereeteeteeteesseesseesssesssessseesseesseesssesssesssessseesseesseessesssesssaesssesssenns 122
E.13.2 Typical Earthquake Damage ............ccceevieriiiiiniiieieeieeseeseesre e et seeesseesenesnsesnneens 126
E.13.3 Common Rehabilitation TEChNIQUES ........ccccevvuiriiiiieiienieerierieeie e sne e ens 126
Appendix F: Earthquakes and How Buildings Resist Them...........cccooiiiiiiiiiiiiiiiieeeee e 129
F.1  The Nature of EarthqUakes ..........ccociiriiiiiiiiieieeeeietese ettt et e saae e 129
F.2  Seismicity of the United StateS.........cociiriiieiiieiieiierie ettt et ste et e saee e ens 130
F.3  Earthquake EffeCtS.. ..ottt ettt ettt sttt et e steesbeeseeeenneens 131
F.4 How Buildings Resist Earthquakes ...........cccoooiiiiiiiiiiiiieceeeeeese ettt 134
RETEIEIICES ...ttt ettt e bt e s bt e s at e e et e bt e bt e bt e sbe e eat e eabe e beenbeesaeesaneens 137
PrOJECt PATTICIPANTS .....eoutieiieiietieeiie ettt ettt et ettt et e s at e sateeateeabeenbeebeesseeensesnteenseenseenseesaeesnsesnsenns 139

FEMA 154 Contents xi



	FEMA 154
	FEMA Foreword
	Preface
	Summary and Application
	Table of Contents
	List of Figures
	List of Tables
	Illustration Credits
	1.  Introduction
	2.  Planning and Managing Rapid Visual Screening
	3.  Completing the Data Collection Form
	4.  Using the RVS Procedure Results
	5.  Example Application of Rapid Visual Screening
	Appendix A.  Maps Showing Seismicity Regions
	Appendix B.  Data Collection Forms and Quick Reference Guide
	Appendix C.  Review of Design and Construction Drawings
	Appendix D.  Exterior Screening for Seismic System and Age
	Appendix E.  Characteristics and Earthquake Performance of RVS Building Types
	Appendix F.  Earthquakes and How Buildings Resist Them
	References
	Project Participants



