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The Adventures of Terry the Turtle and Gracie the Wonder Dog


Not so far off in the town of Shakeyville  
lived Gracie the Wonder Dog and her brother George. 


Shakeyville was a very quiet town, nestled near 
beautiful mountains.
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Shakeyville had a mayor named Terry the Turtle 
who was very concerned that all of the citizens 
of Shakeyville be earthquake ready. You see, 
Shakeyville was in earthquake 
country and everyone knew it 
was just a matter of time until 
an earthquake would shake 
their little town.
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Gracie and George had a wonderful friend named 
Abbey who was their next door neighbor. Nala lived 
across the street from Abbey. The four of them made 


up the Shakeyville Seismic Patrol.
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Gracie the Wonder Dog, George, Abbey, and Nala 
cared very deeply about what happened to the people 
in Shakeyville. They volunteered at the Shakeyville 
Elementary School to inform and teach the  
students about earthquake  
preparedness.
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Gracie knows how  
important it is to be  
prepared for an earthquake  
because she knows that most  
of the United States is  
earthquake country.  
Gracie and the Seismic Patrol also  
helped other people in the  
community.


They accompanied Mayor Terry 
the Turtle to the Shakeyville 
Community Center, the hospital, 


and other places where people 
gathered to teach them about 


earthquake preparedness.
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One cold, crisp day, Gracie and the Seismic Patrol 
went to the Shakeyville Elementary School. “Good 
morning everyone!” Gracie said with excitement in 
her voice. “We are here today to teach you all how to 
be safe when we have an earthquake in Shakeyville.” 


Gracie told the 
students not to 
be scared of an 
earthquake, but to 
replace fear with 
preparedness.
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Gracie explained that there is a lot they could  
do to make their classroom safe.  


Abbey asked the students to turn their desks away 
from the windows. Nala talked about tying and 


bolting things down, like computers, TVs, and heavy 
objects that could fall and injure them.
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Gracie asked Mrs. Hillary to remove all the big boxes 
that were up on the file cabinets so they wouldn’t fall  


down on the students. Mrs. Hillary began making 
changes to the classroom right away. All the students 


helped, except Wellington. He just sat  
in the chair and watched.
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The boys and girls in Mrs. Hillary’s class paid very 
close attention to the Seismic Patrol. After they had 


made their classroom safe, Gracie told them to listen 
very carefully because she was going to tell  


them the most important thing of all.
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“‘Drop, Cover, and Hold’  
are the key words 


in earthquake preparedness,” Gracie said.  
“If the earth starts to shake while 


you are in your classroom,  
Drop, Cover, and Hold  


under your desk or table.”
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Gracie continued,  
“Students, watch as Nala teaches you how to  


“Drop, Cover, and Hold.”  
Nala calmly and quietly listened for Gracie to start 


the earthquake drill by saying, 
“Earthquake! Drop, Cover, and Hold!”


As soon as Nala heard the words, she calmly and 
quietly got under the desk, covered her head, and held 


on to the leg of the desk so the desk wouldn’t move 
away from her.
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Gracie then announced that the drill was over and 
Nala got up, checked herself for injuries,  
and then checked the student next to her. 


Gracie asked the students if they would like to 
practice the earthquake drill and  


“Drop, Cover, and Hold.”


They were excited to practice, because now they 
knew they would be safe when the ground started 


shaking. Gracie especially liked the way Scooter was 
tucked nice and tight under his desk.
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His name was Wellington. Gracie went back to his 
desk and asked, “Wellington, why didn’t you practice 
the earthquake drill?” Wellington quickly answered, 


“We’re never going to have an earthquake. This 
preparedness stuff is for the birds!”


Suddenly, Gracie 
discovered a little boy in 
the back who didn’t want 
to practice.  
 







��
The Adventures of Terry the Turtle and Gracie the Wonder DogThe Adventures of Terry the Turtle and Gracie the Wonder Dog


Gracie went over to stand by Wellington and said, 
“Wellington, I hope you never experience an 


earthquake, because you are not prepared. Abbey, 
Nala and I are very sorry you didn’t practice with 
the other students.” Gracie returned to the front of 


the room and continued teaching the students about 
earthquakes and other natural hazards  


found in the United States.
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After Gracie finished 
teaching about earthquake 
preparedness, George 
explained the importance 
of having a disaster kit. 
George began describing  
what needs to be in a 


disaster kit. “Make sure 
you have enough food and 
water to last at least three 


days,” he said. “If you can’t get home, the school will 
take good care of you, but you will need to have food 
and water close by.”
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As George talked to the students about all of the 
things they should have in their disaster preparedness 


kit, he opened his kit and held up each item for the 
kids to see. “You should have food,” he said, “the 


kind that doesn’t go bad, such as beef jerky, granola 
bars, candy bars, and cans of soup or tuna.”
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George held up his water jug and a little bowl to hold 
water. He had big plastic trash bags, a flashlight with 
extra batteries, and tucked neatly in his bag was a 
battery-powered radio so he could hear news reports. 
George also had a whistle that he could blow for help 
if help was needed, and first aid supplies. 


“Wow!” the kids yelled. “George, you have 
everything! We’re going to make our kits look just 
like yours.” Well, they all agreed except, yep, you’re 
right, Wellington.
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Ellie, one of Mrs. Hillary’s students, asked,  
“What if I’m outside and the earth starts to shake?” 


Nala thanked Ellie for asking an important 
question. Nala replied, “Remember 


kids, if you’re outside, stay away 
from buildings, trees and power 


lines, and don’t forget to Drop, 
Cover, and Hold. If you’re in 


a car with your parents or 
a friend, pull over and stay 
in the car until the shaking 


stops.” 


Gracie concluded the lesson with the students. As 
she was leaving the classroom, Gracie exclaimed, 


“Remember, if the ground starts to shake,  
Drop, Cover, and Hold.”
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Two months later, on a crisp winter afternoon the 
earth started to shake. Gracie and her team were in 
their underground doghouse just waking up from a 
nap. “What’s happening?” George asked curiously. 


Gracie hopped up off the ground and yelled, 
“Earthquake!” She called out,  


“Drop, Cover, and Hold!” 
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It wasn’t a moment 
later when her phone 
started to bark. Gracie 
anxiously picked up 
the phone and Mayor 
Terry the Turtle was 
on the line. 


 
“Gracie, we need your help!” exclaimed Mayor Terry.  


“We’ve just experienced an earthquake in 
Shakeyville. We need you and the Seismic Patrol to 
go over to the Shakeyville Elementary School and 


check on the students. Please make sure they  
are okay and no one has been hurt.”
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Gracie and her 
team didn’t 
hesitate. They 
put on their 
safety suits and flew 
over to the school. Looking 
down from the sky they could see the 
damage that was caused by the earthquake. They were 
hoping that the students at Shakeyville Elementary 
had followed proper earthquake procedures when the 
ground started shaking. 


“There’s the school!” Nala yelled.  
“Yep, I see it!” replied Abbey.  


“From the sky, the school looks to be in pretty good 
condition,” said George. 
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Once Gracie and the Seismic Patrol were in the 
school, they began inspecting the building  


room by room.


“Nala and Abbey, you take the rooms on that side of 
the hallway,” Gracie ordered. “George and I will take 


the rooms on this side!”
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As Gracie and George went through the building, 
they could tell the students of Shakeyville Elementary 


School were well prepared. Students had dropped 
under their desks for protection, covered their heads, 
and held on to the legs of their desks. They also had 
prepared their own disaster kits. Gracie and George 


were especially interested to see Mrs. Hillary’s class.
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Mrs. Hillary greeted Gracie and George. “Oh Gracie 
and George, we’re so glad you’re here! Wellington 


has a bump on his forehead from a book that fell off 
the bookshelf. He wasn’t paying attention to you 


when you were here and now I’m afraid he’s hurt. He 
never brought a disaster kit to school, so he doesn’t 


have any food or water either.


Can you help him!”
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“Certainly, we can help him!” Gracie said. Gracie 
sat down on the floor by Wellington, opened up the 
Disaster Kit she carried on her back and took out a 
bandage and gently placed it on Wellington’s head. 
“Now, that should feel better,” Gracie commented 


while patting his head. “Oh Wellington,  
      you should have listened.”
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Wellington was very sorry. In a somber voice he 
started to apologize. “Gracie,” he said, “I’m sorry 
I didn’t listen the first time. I’m sorry that I said 
those things to you when you were here teaching 


us how to be safe if an earthquake happens. I wish 
I had listened. Boy, I’ve learned my lesson. I’ll be 
earthquake safe the next time the ground shakes!”  


“And that could be soon!” said Gracie.  
“Earthquakes are often followed by other  


earthquakes called aftershocks.”
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Just then, Nala and Abbey walked in Mrs. Hillary’s 
door. “All the students at Shakeyville Elementary 


School are just fine!” Abbey exclaimed.


Gracie and the Seismic Patrol started to walk out the 
door when Mrs. Hillary’s class yelled, “Thank you, 


Gracie! Thank you, George! Thank you, Nala!  
Thank you, Abbey!”
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Even Wellington now was a believer in earthquake 
preparedness. He couldn’t wait to start  


building his earthquake kit.


As the Seismic Patrol flew up into the sky, the 
students in Mrs. Hillary’s class continued to  


wave and cheer!
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Smiling from ear to ear, the Seismic Patrol flew  
back home to the underground doghouse  


to take a much-needed nap.


“Earthquake preparedness really works,” said Abbey.


“You bet it does!” said George. “Let’s head home to 
get something to eat? I’m really hungry.”
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While the Seismic Patrol was sleeping, Gracie’s 
phone started to bark.


Gracie raised one eyebrow and grinned.  
“Well team, looks like the Mayor needs our help 


again. Let’s get going....”











Notice to Parents and Teachers:


This booklet is not meant to be an exhaustive 
guide to earthquake education and safety, 
but is a useful tool for teaching children about 
risks from earthquakes. It can also serve to begin 
a discussion of earthquake safety, and safety 
from all types of natural and manmade 
hazards. For guidance on helping children 
deal with the confusion and fears that can 
arise during and after a disaster, refer to the FEMA/
American Red Cross brochure Helping Children 
Cope with Disaster, FEMA 478, which is available 
in both English and Spanish. You can order a 
copy of FEMA 478 from the FEMA Distribution 
Facility at 1-800-480-2520. You can also download FEMA 478 in PDF 
form from the FEMA website at http://www.fema.gov/preparedness/
prepare_guides_links.shtm. For hazard information developed 
specifically for children and families, please visit the websites listed 
below, or call your state or local emergency management office.


FEMA for Kids – http://www.fema.gov/kids/


FEMA U.S. Fire Administration for Kids –  
http://www.usfa.fema.gov/kids/flash.shtm


FirstGov for Kids – http://www.kids.gov/k_safety.htm


USGS Earthquake Hazards Program for Kids – 
http://earthquake.usgs.gov/4kids/


Safe Kids Worldwide – http://www.safekids.org/


CodeRedRover.org – http://www.coderedrover.org/


Home Safety Council –  
http://www.homesafetycouncil.org/index.aspx
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PREFACE 
The first edition of this guide was prepared 
under contract to the Southern California 
Earthquake Preparedness Project (SCEPP), a 
joint state-federal effort. It was prepared by 
Scientific Service, Inc., a firm specializing in 
engineering and emergency planning consulting 
related to natural and man-made hazards. It 
was written and researched by Robert 
Reitherman with the assistance of Dr. T. C. 
Zsutty; they provided architectural and 
structural engineering expertise, respectively, in 
the field of non structural earthquake damage. 


The second edition was published in 1985 by 
the Bay Area Regional Earthquake Preparedness 
Project, now part of the California Office of 
Emergency Services, Earthquake Program. 
Revisions were based on the suggestions of 
users and a peer review committee consisting of 
Christopher Arnold, president, Building Systems 
Development, Inc.; Richard Eisner, director of 
BAREPP; Eric Elsesser, vice president, 
ForelllElsesser; William Holmes, structural 
engineer, Rutherford & Chekene; John Meehan, 
chief, structural safety, Office of the State 
Architect; and Gilbert Najera, Southern 
California Earthquake Preparedness Project. 


The revisions made in the second edition of the 
guide consisted primarily of modifying graphics, 
updating construction cost estimates, and 
identifying the need for engineering and 
architectural assistance in designing and 
carrying out the guide's recommendations. 


This third edition was prepared by Wiss, 
Janney, Elstner Associates, Inc., for the Federal 
Emergency Management Agency (FEMA) under 
the National Earthquake Technical Assistance 
Contract (EMW-92-C-3852). The objective of 


this revision is to incorporate lessons learned 
from earthquakes that have occurred since the 
second edition was published, provide additional 
details, distinguish between do-it-yourself details 
and those for which there is additional 
engineering required, update the cost estimates 
presented, and incorporate new techniques,and 
trends in earthquake engineering. The format of 
the document has been substantially revised. 
Review comments and suggestions were 
provided by the advisory panel, which was 
composed of Christopher Arnold, Richard 
Eisner, William Holmes, and Robert 
Reitherman. 


Individual photo credits are provided, both for 
photos carried over from previous editions and 
for those new to the third edition. Some new 
anchorage or bracing details have been adapted 
from other publications that are listed in the 
References (References 16 to 21). 


Disclaimer FEMA and Wiss, Janney, Elstner 
Associates have attempted to produce reliable 
and practical information in this publication, but 
neither they nor any consultants involved in 
preparing or reviewing material contained in 
this guide can guarantee that its application will 
safeguard people or property in case of an 
earthquake. The state of the art of earthquake 
engineering is not sufficiently developed to 
perfectly predict the performance of 
non structural elements or to guarantee adequate 
earthquake protection if these or other 
guidelines are followed. Professional expertise 
is recommended to increase the probability that 
intended levels of earthquake protection will be 
achieved. Liability for any losses that may 
occur in an earthquake or as a result of using 
this guidance is specifically disclaimed. 







111 HOW TO USE THIS GUIDE 
PURPOSE 
Thls guide was. developed to fullill several 
different objectives amd address a wide_ audience 
with varying needs. The primary intent is to 
explain the sources of nonstructural earthquake 
damag-e in simple tenns. and to provide 
information on effective methods of reducing 
the potential risks. The r-eeommendations 
contained in this guide a,]':e intended to reduce 
the potential hazards but cannot completely 
eliminate them. 


INTENDED AUDIENCE 
This guide is intended primarily for use by a lay 
audience= building owners, facilities managers, 
maintenance personnel, store or office 
managers, corporate/agency department heads, 
business proprietors, homeowners, etc. Some 
readers may be small-business owners with a 
small number of potential problems that could 
be addressed in a few days' time by having at 
handyman install some of the generic details 
presented in this guide. Other readers may be 
responsible foi" hundreds of facilities and may 
need a survey methodolo gy to help them 
understand the magnitude of their potential 
problems,. 


The purpose of this section is to help readers 
identify those portions of the guide that may be 
applicable to their particular situation and 
interests. The prospective audience can be 
subdivided into the four general categories 
described below. Each description contains a 
list of the chapters that may be the most useful 
for that group of readers. The chapter contents 
are also described below. 


General Interest The lay reader who wants 
an illustrated overview of the subject of 
non structural ,earthquake damage. 


Suggested reading for the 
general interest reader: 
Chapters 1 and 2 and the 
nonstroctural examples in 
Chapter 4. 


Do-It-Yourself The reader who wants a 
general overview of the subj eet, help in 
identifying potential hazards, and specific 
guidance with suggested upgrade details that the 
reader can implement him- or herself. 


Suggested reading for the 
do-it-yourself reader: 
Chapters 1, 2, 3, and 4. 


I Chapter 4 -contains some 
'generic details and 


installation guidelines. 


Facilities/Planning Personnel Facilities 
or pIamring personnel who need an overview of 
the subject as well as a survey methodology 
applicable to an organizational setting., This 
guide contains forms and checklists that can be 
used to survey .a facility to identify potential 
hazards, estimate seismic vulnerability and 
potential earthqua.k:e losses and repair -costs., and 
estimate the costs in implementing hazard 
r-eduction methods. The guid,e differentiates 
between methods that can be readily 
impl-emented by a handyman and those that 
require professional assistance. The guide also 
contains a discussion of various implementation 
strategies and general guidance on earthquake 
preparedness and emergency planning. 







Suggested reading for , 
/acUities/planning personnel: , " 
Chapters 1;'7 and survey" 
fonns and checklists , 
(AppetidixesA, B, and C). 


Architect/Engineer The AlE who has little 
or no knowledge of nonstructural earthquake 
damage and needs an introduction to the subject 
and a list of sources that will provide more 
detailed technical information. 


Suggested reading for " 
architect/engineer unfamiliar .' 
with 'the subject matter: 
Chapters 1-7, survey forms 
and checklists' (Appencdixes 
A,B,andC), imdannotated 
bibliography.' , 


The categories and suggested reading above are 
intended to be helpful, not restrictive. Readers 
are encouraged to use this guide and/or adapt 
the forms and checklists herein in any way that 
is helpful to' their particular circumstances. 
Self-diagnosis and self-implementation by the 
nonengineer may be adequate in many instances, 
and an attempt has been made to provide 
enough detail to allow for complete 
implementation of some of the simpler 
protective measures. However, there are limits 
to the self-help approach, as explicitly stated 
below. 


LIMITATIONS 
If this were a guide that explained how a person 
could administer his or her own physical exam, 
diagnose any health problems, and prescribe and 
carry out the appropriate treatment, certain 
obvious questions would arise: How far along 


that path can an untrained person proceed before 
requiring the services of a physician? Wouldn't 
the layperson get into trouble trying to practice 
self-help medical care? 


There are similar 
limitations and 
caveats that must be 
made explicit in this 
guide's attempt to 


When in doubt, 
consult a civil 
or structural 
engineer. 


instruct laypersons in self-help earthquake 
engineering. In addition to the individual notes 
found later, which point out specific areas 
where expertise is required" the general 
disclaimer should be made here that the use of 
earthquake engineering expertise is often 
desirable to improve the reliability of identifying 
and reducing earthquake risks. When in doubt 
about a health problem, consult a doctor. When 
in doubt about the IIseismic health ll of a facility, 
consult a civil or structural engineer, or an 
architect. On the other hand, many self-help 
techniques are commonly recommended by 
doctors, such as taking one's temperature, 
treating minor colds with commonsense 
measures rather than costly trips to the doctor, 
managing one's diet with only occasional 
professional advice, and so on. Similarly, this 
guide attempts to provide advice for self-help 
earthquake protection measures and presumes 
that the advice will be applied wisely and that 
expert assistance will be obtained where 
necessary. 


CHAYfER CONTENTS 
The material in this book is organized as 
follows. 


Chapter 1 - How to Use This Guide 
Information to help readers with different 
interests find the relevant portions of this guide. 


Chapter 2 - Overview General discussion 







of the problems associated with nonstructural 
earthquake damage. 


Chapter 3 - Survey and Assessment 
Procedur.es Guidelines on how to survey the 
non structural items in a facility and assess the 
vulnerability of these items to earthquake 
damage.. The appendixes contain inventory 
forms and detailed checklists with information 
designed to help identify vulnerable items. 


Chapter 4 - Nonstructural Examples: 
Earthquake Damage and Upgrade 
Details Examples for selected nonstructuraI 
items. . Each example typicaIly includes a 
photograph showing earthquake damage to an 
unanchored or inadequately anchoi"ed item and 
suggested upgrade details that can be used! to 
reduce the seismic vulnerability of such items. 
Some of the simpler details in this chapter are 
marked! Do-It-Yourself and can be installed by a 
handyman following the installation guidelines 
contained in the text. The details marked 
Engineering Required ,are schematic only" and 
design professionals should be retained to 
evaluate these systems and develop appropriate 
upgrade details. The design of upgrade details 
to protect against earthquake damage to these 
items is complicated and requires specialized 
professional expertise. 


Chapter 5 Developing an 
Earthquake Protection Program A 
discussion of various implementation strategies: 
whether to use existing staff or outside 
,consultants; whether to embark on an ambitious 
upgrade program or combine the upgrades with 
ongoing maintenance or remodeling;, how to 
evaluate the success of a program. 


Chapter 6 
Ouidelines 


Emergency Planning 
A discussion of emergency 


response planning" that is, how to include 
potential damage to nonstructural components in 
an emergency plan. Have emergency exits been 
designated that do not have glass, v,eneer, or 
heavy canopies. that are vulnerable to damage? 
Who is r.esponsible fol:" shutting off the water 
and gas if the pipes, break, and is that person-
and an alternate--available 24 hours a day? 
Does the organization pmvide training for 
employees on what to do in an earthquake? 


Chapter 7 - Facilities Developm,ent 
Guidelines For essential facilities ,and/or 
large organizations. In these cases, it may be 
appmpriate to develop formal construction 
guidelines. or specifications for the installation of 
nonstructtrral components. Such guidelines 
might include a statement of the desired 
performance for particular equipment, 
requirements for inspection during construction, 
Ol:" specification of a particular design code Ol:" 
force level to be used in the design of 
·equipment anchorage. 


Glossary Earthquake engineering terms used 
in this guide .. 


References References cited! in the text. 


Annotated Bibliography Additional 
references that may be useful to architects, 
engineers, or others seeking more detailed 
information about this topic. 


Appendix A - Nonstmcturallnventory 
Fonn 


Appendix B Checklist of 
Nonstructural Earthquake Hamrds 


Appendix C - Nonstructural Risk 
Ratings 







[l] OVERVIEW 
The primary focus of this guide is to help the 
reader understand which non structural items are 
most vulnerable in an earthquake and most 
likely to cause personal injury, costly property 
damage, or loss of function if they are 
damaged. In addition, this guide contains 
recommendations on how to implement cost
effective measures that can help to reduce the 
potential hazards. 


DEFINITIONS 
At the outset, two terms frequently used in the 
earthquake engineering field should be defined. 


Structural The structural portions of a 
building are those that resist gravity, 
earthquake, wind, and other types of loads. 
These are called structural components and 
include columns (posts, pillars); beams (girders, 
joists); braces; floor or roof sheathing, slabs, or 
decking; load-bearing walls (i.e., walls designed 
to support the building weight and/or provide 
lateral resistance); and foundations (mat, spread 
footings, piles). For buildings planned by 
design professionals, the structure is typically 
designed and analyzed in detail by a structural 
engineer. 


Nonstructural The non structural portions of 
a building include every part of the building and 
all its contents with the exception of the 
structure--in other words, everything except the 
columns, floors, beams,. etc. Common 
non structural components include ceilings; 
windows; office equipment; computers; 
inventory stored on shelves; file cabinets; 
heating, ventilating, and air conditioning 
(HV AC) equipment; electrical equipment; 
furnishings; lights; etc. Typically, non structural 
items are not analyzed by engineers and may be 
specified by architects, mechanical engineers 


(who design HV AC systems and plumbing for 
larger buildings), electrical engineers, or 
interior designers; or they may be purchased 
without the involvement of any design 
professional by owners or tenants after 
construction of a building. Figure 1 identifies 
the structural and non structural components of 
a typical building. Note that most of the 
structural components of a typical building are 
concealed from view by nonstructural materials. 


SIGNIFICANCE OF 
NONSTRUCTURAL DAMAGE 
Why is non structural earthquake damage of 
concern? What are the direct effects of damage 
to nonstructural items? What are the secondary 
effects or potential consequences of damage? 


The following discussion covers three types of 
risk associated with earthquake damage to 
non structural components: life safety, property 
loss, and interruption or loss of essential 
functions. Damage to a particular non structural 
item may have differing degrees of risk in each 
of these three categories. In addition, damage 
to the item may result in direct injury or loss, 
or the injury or loss may be a secondary effect 
or consequence of the failure of the item. 


FLSl 
~ life Safety The first type of risk is 
that people could be injured or killed by 
damaged or falling non structural components. 
Even seemingly innocuous items can be lethal if 
they fallon an unsuspecting victim. If a 
25-pound fluorescent light fixture not properly 
fastened to the ceiling breaks loose during an 
earthquake and falls on someone's head, the 
potential for injury is great. Examples of 
potentially hazardous nonstructural damage that 
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FaUure of office partitions, ceilings, and light fixtures 
Earthquake Damage: 1994, Northridge, California 
Photo Credit: WISS, Janna Eistner Associates Inc . 
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Shard of broken nontempered glass that fell several stories from a multistory building 
Earthquake Damage: 1994, Northridge, California 
Photo Credit WISS Janne Eistner Associates Inc. 
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has occurred during past earthquakes include 
broken glass, overturned tall .and heavy cabinets 
or shelves, faIling ceilings or overhead light 
fixtures, ruptured gas lines or other piping 
containing hazardous materials, damaged friable 
asbestos materials, falling pieces of decorative 
brickwork or precast concrete panels, and 
·collapsed masonry walls or fences. (Figures 2 
and 3). 


Several specific examples will help to illustrate 
the point. 


• More than 170 campuses in the Los Angeles 
Unified School District suffered damage--most 
of it nonstructuraI--during the 1994 Northridge 
earthquake. At Reseda High School, the ceiling 
in a classroom collapsed and cover·ed the school 
desks with debris. The acoustic ceiling panels 
fell in relatively large pieces, approximately 3 
feet or 4 feet square, accompanied by pieces of 
the metal ceiling runners and full-length sections 
of strip fluorescent light fixtures. Because the 
earthquake occurred! at 4:31 a.m., when the 
building was unoccupied, none of the students 
wer,e injured [1]. 


• A survey of elevator damage fonowing the 
1989 Lorna Prieta earthquake revealed 98 
instances where counterweights ·came out of the 
guide rails and 6 instances where the 
counterweight impacted the elevator cab,. 
including one case where the counterweight 
came through the roof of the cab. Fortunately, 
no injuries were reported [2]. 


• One hospital patient on a life-support system 
died during the 1994 Northridge earthquake 
because of failure of the hospital's electrical 
supply [3]. 


• During the 1993 Guam ,earthquake, the fire
rated nonstructural masonry partitions in the exit 
corridors of one resort hotel were extensively 
cracked" causing many of the metal fire doors in 
the corridors to jam. Hotel guests had to break 


through the gypsum wallboard partitions 
between rooms in order to get out of the 
building, a process. that took as long as sev,er.al 
hours. It was fortunate that the earthquake did 
not cause a fire in the building, and no serious 
injuries. were r,eported. 


Property Loss For most 
commercial buildings, the foundation and 
superstructure account for approximately 20-
25 % of the original ·construction cost, while the 
mechanical, electrical, and architectural 
elements account for the remaining 75-80%. 
Contents belonging to the building occupants, 
such as movable partitions, fumitur>e, files., and 
office or medical equipment, represent a 
significant additional expense. Damage to the 
nonstructuralelements and contents of a 
building can be costly, since these components 
account for the vast majority of building costs. 
Immediate property losses attributable to 
contents alone are often ·estimated to be one 
third of the total earthquake losses [4].. 


Property losses may be the result of direct 
damage to a nonstructurnl item or of 
consequential damage.. As used here, the term 
property loss refers only to immediate,. direct 
damage. If water pipes or fire sprinkler lines 
break, the overall. property losses will include 
the cost to repair the piping plus the cost to 
repair water damage to the facility. If the gas 
line to a water heater ruptures and causes a fire, 
clearly the property loss will be much gr>eater 
than the cost of.a new pipe fitting. On the other 
hand, if many fIle cabinets overturn and all the 
contents end up on the floor, the direct damage 
to the cabinets and documents will probably be 
negligible {unless they are also affected by 
water damage), but employees may spend many 
hours or days refiling the documents. If a 
reserve water tank is situated on the roof of a 
building,. the consequences of damage may be 
more severe than they would be if it were in the 
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Failure of heavy stucco soffit at building entrance 
Earthquake Damage: 1994, Northridge, California 
Photo Credit: Robert Reitherman 
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basement or outside the building in the parking 
lot. 


A few individual cases may help illustrate the 
potential for property loss. (See Figure 4). 


• A surv,ey of 25 commercial buildings 
following the 1971 San Fernando earthquake 
revealed the fonowing breakdown of property 
losses: structural damage, 3 %;, electrical ,and 
mechanical, 7%; exterior finishes, 34%; and 
interior finishes, 56%. A similar survey of 50 
high-rise buildings, which were far enough 
away from the earthquake fault to experience 
only mild shaking, showed that none had major 
structural damage but 43 suffered damage to 
drywall or phster partitions, 18 suffered 
damaged elev.ators, 15 had broken windows, 
and 8 incurred damage to air conditioning 
systems. [5]. 


Many offices and smaIl businesses suffer losses 
as a result of non structural earthquake damage 
but may not keep track of these losses unless 
they have earthquake insurance that will help 
cover the cleanup and repair costs. The next 
examples, which are more dramatic, involve 
library and museum facilities whose function is 
to. store and maintain v.aluable contents, where 
the non structural losses are easy to identify. 


• Following the 1989' Lorna Prieta earthquake, 
two libraries in San Francisco ,each suffered 
over a million dollars in damage to building 
contents; the money was spent primarily on 
reconstructing the library stacks, rebinding 
damaged! books, and sorting and reshelv:ing 
books. At- one of these facilities, $100,000 was 
spent rebinding a relatively small number of 
rare books [6, 7]. 


• A survey of eight museums in the San 
Francisco Bay Area following the 1989 Lorna 
Prieta earthquake indicated that approximately 
150 out of more than 500,000 items had 
suffer,ed some type of damage, resulting in 


losses on the Drder of $10 million. At the 
Asian Art Museum in San Francisco, with a 
collecti.on estimated to have a market value of 
$3 billion, damage to 26 items resulted in a total 
loss Df $3 million, .or roughly 1 %. All eight of 
these facilities had implemented some fDrm of 
seismic mitigation before the earthqllake, and 
these measures prevented more serious losses 
[2, 8]. 


Loss of Function In addition to 
the life safety and property loss considerations, 
there is the additional possibility that 
nonstructural damage will make it difficult or 
impossible to carry out the functions normally 
accomplished in a facility. After the serious life 
safety threats have been dealt with, the potential 
for postearthquake downtime or reduced 
productivity is often the most important risk. 


Many external factors may affect postearthquake 
operations, including power and water outages, 
damage to transportation structures, civil 
disorder, ponce lines" curfews, etc. These 
effects are outside the control of building 
owners and tenants and hence outside the scope 
of this discussion. 


The following are examples of nonstructural 
damage that resulted in interruptions to 
postearthquake emergency operations or to 
business. 


.' During the 1994 Northridge earthquake, 
nonstructural damage caused temporary closure, 
evacuati.on, or patient transfer at ten essential 
hospital facilities. These hospitals generally had 
little or no structural damage but were rendered 
temporarily inoperable, primarily because of 
water damage. At ov'er a dozen of these 
facilities, water leaks .occurred when fue 
sprinkler, chilled-water, or other pipelines 
broke. Hospital personnel wer,e apparently 
unavailable or unable to shut off the water, and 







Complete loss of suspended ceiling and light fixtures 
Earthquake Damage: 1994, Northridge, California 
Photo Credit: Wiss Janne Elstner Associates, Inc. 


Damage to inventory on industrial storage racks 
Earthquake Damage: 1994, Northridge, California 
Photo Credit: WISS, Janne ,Elstner Associates, Inc. 
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Broken sprinkler pipe at Olive View Hospital in Sylmar-pipe ruptured at the elbow joint due to 
differential motion within the ceiling plenum. Water leakage from broken fire sprinklers and water lines 
forced the hospital to close for several days. 
Earthquake Damage: 1994, Northridge, California 
Photo Credit: Robert Reitherman 
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HVAC damage at Holy Cross Medical Center in Sylmar-damage to signage and louvers caused when 
suspended fans in the mechanical penthouse swung and impacted the louver panels. HVAC service 
outage caused the temporary evacuation of all patients. 
Earthquake Damage: 1994, Northridge, California 
Photo Credit: Robert Reitherman 
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in some cases water was flowing for many 
hours. At one facility, water up to 2 feet deep 
was reported at some locations in the building 
as a result of damage to the domestic water 
supply tank on the roof. At another, the 
emergency generator was disabled when its 
cooling water line broke where it crossed a 
separation joint. Other damage at these 
facilities included broken glass, dangling light 
fixtures, elevator counterweight damage, and 
lack of emergency power due to failures in the 
distribution or control systems. Two of these 
facilities, Los Angeles County Olive View 
Medical Center and Holy Cross Medical Center, 
both in Sylmar, California, had suffered severe 
structural damage or collapse during the 1971 
San Fernando earthquake and had been 
demolished and entirely rebuilt [3]. (See Figure 
5). 


• Of 32 data processing facilities surveyed 
following the 1989 Lorna Prieta earthquake, at 
least 13 were temporarily out of operation for 
periods ranging from 4 to 56 hours. The 
primary cause of outage was loss of outside 
power; at least 3 facilities with Uninterruptible 
Power Supplies (UPS) or Emergency Power 
Systems (BPS) did not suffer any downtime. 
Reported damage included overturning of 
equipment (2 facilities); damage to access floors 
(4 facilities); movement of large pieces of 
computer equipment over distances ranging 
from a few inches to 4 feet (26 facilities); and 
dislodged ceiling panels (13 facilities). Twenty 
of these facilities reported having an earthquake 
preparedness program in place at the time of the 
earthquake, 3 reported no program, and 
information was unavailable for 9 facilities [2]. 


• The 1971 San Fernando earthquake caused 
extensive damage to elevators in the Los 
Angeles area, even in some structures where no 
other damage was reported. An elevator survey 
indicated 674 instances where counterweights 
came out of the guide rails, in addition to 
reports of other types of elevator damage. 


These elevators were inoperable until they could 
be inspected and repaired. Many thousands of 
businesses were temporarily affected by these 
elevator outages. The State of California 
instituted seismic elevator code provisions in 
1975, and while these provisions appear to have 
helped reduce the damage, there were still many 
instances of counterweight damage in the San 
Francisco area following the 1989 Lorna Prieta 
earthquake [2], and 688 cases in the Northridge 
earthquake [3]. 


In some cases, cleanup costs or the value of lost 
employee labor are not the key measures of the 
postearthquake impact of an earthquake. For 
example, data processing facilities or financial 
institutions must remain operational on a 
minute-by-minute basis to maintain essential 
services and monitor transactions at distant 
locations. In such cases, spilled fIles or damage 
to communications and computer equipment 
may represent less tangible but more significant 
outage costs. Hospitals and fire and police 
stations are all facilities with essential functions 
that must remain operational after an 
earthquake; damage to their non structural 
elements can be a major cause of loss of 
functionality. 


CAUSES OF 
NONSTRUCTURAL DAMAGE 
Earthquake ground shaking has three primary 
effects on non structural elements in bUildings. 
These are inertial or shaking effects on the 
nonstructural elements themselves, distortions 
imposed on non structural components when the 
building structure sways back and forth, and 
separation or pounding at the interface between 
adjacent structures (Figure 6) . 


Inertial Forces When a building is shaken 
during an earthquake, the base of the building 
moves in unison with the ground, but the entire 
building and building contents above the base 
will experience inertial forces. These inertial 







forces can be explained by using the analogy of 
a passenger in a moving vehicle. As a 
passenger, you experience inertial forces 
whenever the vehicle is rapidly accelerating or 
decelerating. If the vehicle is accelerating, you 
may feel yourself pushed backward against the 
seat, since the inertial force on your body acts 
in the direction opposite that of the acceleration. 
If the vehicle is decelerating or braking, you 
may be thrown forward in your seat. Although 
the engineering .aspects .of earthquake inertial 
forces are more complex than a single principle 
.of physics, the law first formulated by Sir Isaac 
Newton, F = rna, or force is equal to the mass 
times the acceleration, is the basic principle 
involved. In general, the ,earthquake inertial 
forc·es are gr·eater if the mass is greater (if the 
building .or obJect within the building weighs 
more) or if the acceleration or severity of the 
shaking is greater. 


File cabinets, emergency power-generating 
equipment, freestanding bookshelves, office 
equipment, and items stored on shelves or racks 
can all be damaged! because of inertial forces .. 
When unrestrained items are shaken by an 
earthquake, inertial forces may cause them to 
slide, swing, strike other obj eets, or overturn. 
Items may slide off shelves and faU to the floor. 
One common misconception is that large, heavy 
.0 bjects.are stable and not as vulnerable to 
earthquake damage as lighter objects, perhaps 
because we may have difficulty moving them. 
In fact, many types of .objects may be 
vulnerable to earthquake damage caused by 
inertial forces: since inertial forces during an 
earthquake are proportional to the mass or 
weight of an object, a .heavily loaded file 
cabinet requires much stronger restraints to keep 
it from sliding or overturning than a light one 
with the same dimensions. 


Building Distortion During an earthquake, 
building structures distort, or bend, from side to 
side in response to the earthquake forces. For 
example, the top of a tall office tower may lean 


over a few feet in each dir,ection during an 
earthquake. The distortion over the height .of 
each story, known as the story drift, might 
range from lA inch to several inches, depending 
on the size of the earthquake and the 
characteristics .of the particular building 
structure. Windows, partitions, and other items 
that are tightly locked into the structure are 
forced to go along for the ride. As the columns 
or walls distort and! become slightly out of 
square, if .onJy fmaIl instant, any tightly 
confined windows or partitions must also distort 
the same amount. The more space there is 
around a pane of glass where it is mounted 
between stops or molding strips, the more 
distortion the glazing assembly can 
accommodate before the glass itself is subjected 
to earthquake forces. Brittle materials like 
glass, plaster or drywall partitions,and masonry 
infill or veneer cannot tolerate any significant 
distortion and will crack when the perimeter 
gaps close and the building structure pushes 
directly on the brittle elements. Most 
architectural components such as glass panes, 
partitions, and veneer are damaged because of 
this type of building distortion, n.ot because they 
themselves are shaken or damaged by inertial 
forces. 


There have also been notable cases of structural
nonstructural interaction in past earthquakes, 
where rigid nonstructural components have been 
the cause of structural damage or collapse. 
These cases have generally involved rigid!, 
strong architectural components, such as 
masonry infill or concrete spandrels, that inhibit 
the movement or distortion of the s.tructural 
framing and cause pr·emature failure .of column 
or beam elements. While this is. a serious 
concern for structural designers, the focus .of 
this guide is on earthquake damage to 
nonstructural components .. 


Building Separations Another source of 
nonstructural damage inv.olves pounding or 
movement across separation joints between 
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adjacent structures. A separation joint, is the 
distance between two different building 
structures, often two wings of the same facility, 
that allOows the structures to. move independently 
of one another. A seismic gap is a separation 
joint provided to accommodate relative lateral 
movement during an earthquake.. In order to 
provide functionalcontinllity between separate 
wings, building utilities must often ·extend 
across these building separations, and 
architectural finishes must be detailed to 
terminate on either side. For base-isolated 
buildings. that are mounted on seismic shOock 
.absorbers, a seismic isolation gap Ooccurs at the 
ground level, between the foundation and the 
base of the superstrucrure. The separation joint 
may be only an inch or two in older 
construction or as much as a foot in some newer 
buildings, depending on the expected horizontall 
movement, or seismic drift. Flashing, piping, 
fire sprinkler lines, HV AC ducts, partitions, and 
flooring all have to. be detailed to accommodate 
the seismic movement expected at these 
locations when the two structures move closer 
together or further apart. Damage to items 
cros.sing seismic gaps is a common type of 
earthquake damage.. If the size of the gap is 
insufficient, pounding between adjacent 
structures may result in damage to structural 
components but often causes damage to. 
non structural components, such as parapets, 
veneer,. or cornices on the facades of older 
buildings. 


l\1ETHODS FOR REDUCING 
NONSTRUCTURAL HAZARDS 
There are a variety of methods available to 
reduce the potential risks associated with 
earthquake damage to nonstructural components. 
These methods range from simple commonsense 
steps one can take oneself to complex solutions 
requiring professional help. Simple steps might 
include relocating top-heavy furniture away 
from the doonvay or bed in a bedroom and 
installing some of the simple do-it-yourself 


anchorage details pr·esented in this guide.. Large 
organizations with complex facilities may need 
to hire professional consultants to design 
engineering details for building utilities and 
architectural components. For facilities such as 
hospitals, museums, libraries, research 
laboratories, and industrial facilities, 
professional consultants would probably be 
needed to provide specific design details for 
speci~ed building contents as well. 


Facility Survey Nonstructural hazards may 
be present in any type of facility-a home, an 
office,. a church, a day care center, a retail 
store, a nursing care facility,. a school, a light 
manufacturing plant. Chapter 3 includes 
guidelines for perfonning a facility survey to 
identify potential nonstructural hazards. The 
forms and checklists provided in this guide are 
intended for use by laypersons, i.e .. , 
nonengineers, who are familiar with the building 
or facility to be surveyed. The process of 
conducting the survey should help to increase 
user awareness of the potential problems. The 
results of the survey should help building 
owners, managers, and/or occupants understand 
the scope of the potential problems and assess 
the building"s seismic vulnerability, or present 
level of risk of nonstructural earthquake 
damage. 


Commonsense Measures A facility 
survey may identify many items that represent 
a high or moderate risk in their present lOocation 
but that could readily be relocated to reduce the 
potential risk. The answers to the following 
questions may help identify commonsense 
measures that can be used to reduce many of the 
potential risks. 
• Where do you, your family, and your 
·employees spend the most time? Are there 
heavy, unstable items. near your desk or bed that 
could be mov·ed1' What is the probability that 
someone will be injured by various items if they 
fall? Which .areas of the building have a higher 
occupant load and hence a potentiali y higher life 







safety risk? Are there items that no longer 
serve a useful function and can be removed? 
What items can be relocated to prevent possible 
injury and do not need to be anchored to 
prevent damage or loss? 


• If something slides or falls, in what direction 
is it likely to go? While the answer to this 
question is not always obvious, it may be useful 
to rearrange some furniture and move tall or 
heavy objects to where they cannot block a door 
or an exit. Shelved items might be rearranged 
so that heavier items are near the bottom and 
lighter ones near the top. Incompatible 
chemicals can be moved to prevent mixing if the 
containers break. Excess supplies or inventory 
could be stored in the original shipping 
containers until ready for use, in order to reduce 
the possibility of breakage. 


Upgrade Details There are many 
techniques available to reduce potential 
nonstructural earthquake damage. Possible 
upgrade schemes might include one or more of 
the following measures: use anchor bolts to 
provide rigid anchorage to a structural floor or 
wall; brace the item to a structural wall or 
floor; provide a tether or safety cable to limit 
the range of movement if the item falls or 
swings; provide stops or bumpers to limit the 
range of movement if the item slides; provide 
flexible connections for piping and conduit 
where they cross seismic joints or connect to 
rigidly mounted equipment; attach contents to a 
shelf, desktop, or countertop; provide base 
isolation or seismic shock absorbers for 
individual pieces of vital equipment. 


Some of these methods are designed to protect 
the functional integrity of a particular item, 
some are designed merely to reduce the 
consequences of failure. It is important to 
understand the applicability and limitations of 
the various upgrade schemes and to select an 
appropriate scheme for a particular item in a 
particular context. 


Critical and expensive items warrant specialized 
attention. For essential facilities in areas where 
severe shaking is anticipated, any or all of the 
following elements may be needed in order to 
provide an appropriate level of non structural 
protection: specialized engineering expertise, 
higher design forces than those required by the 
code, experienced specialty contractors, special 
construction inspection, load-rated hardware, 
vendor-supplied equipment that has been tested 
on a shaking table, special design details such as 
base isolation for individual pieces of 
equipment, larger seismic gaps to prevent 
pounding between adjacent structures, or stiffer 
structural systems such as shear walls to avoid 
excessive distortion of the structural framing. 


OrganiZJllional Planning Programs In 
an organizational setting, an effective program 
to reduce nonstructural earthquake hazards may 
have to be integrated with other organizational 
functions, including earthquake preparedness, 
emergency response, facilities maintenance, 
procurement, long-term planning, and/or 
facilities development. Some organizations 
might choose to embark on an ambitious 
program to anchor all of their existing 
equipment and contents, while others may 
concentrate on new facilities and new 
equipment. Many different implementation 
strategies are possible. Programs to develop 
employee awareness and provide emergency 
training might be in order for some 
organizations, since a successful non structural 
hazards reduction program has to address the 
many human factors issues along with the 
engineering issues. 


BUILDING CODE 
REQUIRE:MENTS FOR 
NONSTRUCTURAL 
COMPONENTS 
By and large, advances in earthquake 
engineering made in recent decades have been 
successfully applied to the task of making 







building structures safer. In comparison, ther,e 
has been much less application of this technical 
knowledge to the nonstructural components of 
buildings, although this is gradually changing. 
Design professionals, oode committees, and 
building owners are learning that the seismic 
resistance of critical nonstructuraf components 
must be addressed as part of the design process, 
since failures of nonstructural -components may 
threaten the safety of building occupants and 
r,esult in significant financial loss. 


Code Philosophy Surveys of eXlstmg 
buildings indicate that many nonstructural items 
are never explicitly designed to resist horizontal 
forces. Instead, they are installed in accordance 
with oOommon construction practice, which 
varies little from seismic to nonseismic areas. 
Modern building codes typicaHy include some 
seismic provisions, that apply to a limited list of 
nonstructural items. Many nonstructural items 
are not specifically addressed in the provisions 
and may therefore be interpreted as being 
exempt from code requir,ements. For example. 
some specific code provisions, apply tOo concrete 
masonry unit fences taller than 6 feet, but a 5 
foot tall masOonry wall without proper 
reinforcing can also be a hazard. 


The fact that the building code is not as specific 
about nonstructural items as it is about the 
structural portions of buildings is indicative of 
the general intent of the earthquake provisions 
to provide a minimum level of life safety and tOo 
avoid legislating property damage control 
measures. In general, the concepts of life safety 
and prevention of structuralcollap-se have been 
us-ed almost interchangeably in the thinking 
under lying the earthquake regulations in the 
building code, although it is apparent that there 
are significant nonstructural dangers to life and 
limb as well. In some ,cases, the potential for 
nonstructural property loss or outage is a strong 
reason for obtaining more than the code 
minimum level of protectiO'n. Indeed, even 
code requirements in early 1994 for the design 


of nO'nstructural items in medical facHides in 
California, which were more stringent than 
those for office and r,esidential occupancies, 
wer,e apparently not restrictive enough to 
completely prevent disruption of service 
following the January 1994 Northridge 
earthquake. 


The point of this discussion is to emphasize the 
life safety focus O'f current building code 
provisions, which are intended primarily to 
reduce potential injuries, not to prevent costly 
damage or loss of function. Code provisions, 
for nonstructur.al components are subject to 
revision every three years,. and in the future 
these provisions may be revised to aim for a 
higher level of nonstructural protection. 


Engineering Design TO' design protective 
devices such as bolted connections, snubbers, or 
restraining cables, engineers use a percentage of 
the weight of the object as the horizontal 
earthquake for,ce that must be resisted by the 
design details. Design guidelines dev,eloped by 
the National Earthquake Hazards Reduction 
Program (NEHRP) are contained in NEHRP 
Recommended Provisions jor the Development of 
Seismic Regulations for New Buildings ['9]. 
Many state and local codes have adopted similar 
design provisions. for nonstructural components. 
These provisions specifically address earthquake 
inertial forces. The engineer must a[so account 
for the effects of buHding distortion (i.e., 
seismic relative displacements between two 
connectiO'n points in the same building or 
structural system) and the effects of building 
separations (Le., seismic relativ,e displacements 
between two connection points on separate 
buildings or structural systems) in the design. 


The following is a brief description of the 
simplest type of engineering design procedure. 
Minimum design l,evels for architectural, 
mechanical, and electrical systems and 
components -are described in the NEHRP 
provisions. The provisions specify horizontal 







seismic force factors to be used for the design 
of specific items, such as partitions, parapets, 
chimneys, ornaments, tank supports, storage 
racks over 8 feet tall, equipment or machinery, 
piping, and suspended ceilings. According to 
the NEHRP procedure, the design force depends 
on a variety of factors such as, the seismic 
zone, the type of component, the location of the 
item within a building, and the type of 
occupancy. Design forces are generally greater 
for emergency generators than for HV AC 
equipment, greater for police and fire stations 
than for ordinary office buildings, and greater at 
the roof than at the ground. 


To use a specific case, the specified horizontal 
force for a piece of rigid equipment situated at 
ground level in a commercial facility in the Los 
Angeles area is 40% of the weight of the item. 
If the equipment weighs 1000 pounds, the 
engineer must design the bracing and floor or 
wall anchorage details to resist 400 pounds of 
horizontal force acting through the center of 
gravity of the item in any direction. If the item 
is used to store hazardous contents or is located 
on a floor above ground level, the NEHRP 
provisions require higher design forces. Under 
some circumstances, an owner who is 
particularly concerned about postearthquake 
operations may want a greater level of 
protection than is provided by the minimum 
requirements in the NEHRP provisions. In this 
case, the owner and engineer or equipment 
vendor should discuss the performance criteria 
at the beginning of the project, as described in 
Chapter 7. 


This discussion of seismic forces is intended to 
illustrate the design procedure and the 
magnitude of the loads, not to turn the 
layperson into an engineer. This guide does not 
advocate the use by nonengineers of the 
calculation procedure described above. 


SEISMIC HAZARD 
The seismic risk for a particular non structural 
component at a particular facility is governed by 
a variety of factors, including the regional 
seismicity, the proximity to an active fault, the 
local soil conditions, the dynamic characteristics 
of the building structure, the dynamic 
characteristics of the non structural component 
and any connections to the structure, the 
location of the nonstructural component within 
the building, the function of the facility, and the 
importance of the particular component to the 
operation of the facility. While all of these 
factors may have to be considered in the 
evaluation of equipment in a hospital or nuclear 
facility, we will consider only the issue of 
regional seismicity for the purposes of this 
discussion. 


The seismic hazard in a given region or 
geographic location is related both to the 
severity of ground shaking expected in the area 
and to the likelihood, or probability, that a 
given level of shaking will occur. Seismologists 
review historical earthquake activity, locations 
and characteristics of mapped faults, and 
regional geology to estimate the seismic hazard. 
This information is often depicted on a seismic 
hazard map. 


For the purposes of this guide, seismic hazard 
has been characterized in terms of three levels 
of shaking intensity: namely light, moderate, 
and severe. The seismic hazard maps presented 
in Figure 7 show the geographic areas in the 
United States where light, moderate and severe 
shaking are likely to occur in future 
earthquakes. 


For engineering purposes, earthquake shaking is 
often characterized by an effective peak 
acceleration (EPA), measured as a percentage of 
the acceleration of gravity. The effective peak 
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acceleration is often less than the maximum 
acceleration recorded during an earthquake. 
The three shaking intensity levels correspond 
approximately to the following EPA ranges: 


• Light, less than O.ISg 
• Moderate, between O.ISg and 0.3g 
• Severe, greater than 0.3g 


Several examples of earthquake motion recorded 
during the 1994 Northridge earthquake may help 
to put these acceleration ranges in perspective. 
The Northridge earthquake had a magnitude of 
6.7. The magnitude of an earthquake is a 
measure of the amount of energy released by the 
fault rupture or ground shaking; it does not 
provide any information about the intensity of 
shaking at any particular location. During this 
earthquake, the intensity of ground shaking was 
severe in Northridge, near the earthquake 
epicenter. Several stations recorded ground 
motion with maximum accelerations in excess of 
0.9g. Nevertheless, the majority of stations in 
downtown Los Angeles, at distances of 
approximately 30-40 kilometers from the 
epicenter, recorded moderate ground shaking-
between O.lSg and 0.30g. Stations in Long 
Beach, approximately 60 kilometers from the 
epicenter, recorded light ground shaking--Iess 
than 0.15g [10]. EPA's from the Northridge 
earthquake records are lower than the maximum 
recorded accelerations indicated above, but the 
EPA's also show the same trend, that is, the 


shaking intensity became less severe as the 
distance from the epicenter increased. While 
few people outside California may need to 
worry about the intensity of shaking experienced 
in Northridge, many areas of the country may 
experience the moderate or light shaking that 
was felt in downtown Los Angeles and Long 
Beach during the Northridge earthquake. 


One further note regarding shaking intensity will 
serve to illustrate what appears to be one of the 
most extreme cases to date of recorded 
earthquake shaking intensity. A peak horizontal 
acceleration of 1.7g was recorded at the roof 
level of the Los Angeles County Olive View 
Medical Center in Sylmar during the Northridge 
earthquake. The roof acceleration was 2.6 
times higher than the ground acceleration 
(0.6Sg) measured near the building [11]. The 
horizontal forces on items at the roof level were 
170 % of their weight, if only for an instant. 
Although some roof-mounted items at the 
hospital were severely damaged, most of the 
anchored items performed well because they 
were designed using the special seismic 
requirements of the California Hospital Seismic 
Safety Act. While this is an extreme case, 
standard code provisions are not adequate to 
protect items in essential facilities from shaking 
of this intensity. Even the above-average 
requirements of special codes, such as 
California's Hospital Act, are being revised to 
include lessons from the Northridge earthquake. 







rn NONSTRUCTURAL SURVEY 
PROCED'URES 


What types. of nonsiructural components are 
present in a particular facility? How does the 
owner or manager know what the potentiali. 
problems are? How will a specific nonstructural 
item perform in an earthquake, and what are the 
consequences of failure in terms of life safety, 
property loss, and interruption or loss, of 
function? If the decision is made to upgrade a 
facility, which problems should be addr,essed 
first? This. chapter includes guidelines that will 
help answer these ,questions. 


TYPICAL 
NONSTRUCTURAL COlVIPONENTS 
The non structural components listed in the 
tables and checklists provided in the appendixes 
are items that are most commonly found in 
commercial, multiple-unit residentiali., or public 
buildings. A complex facility such as a 
hospital" research laboratory, or industrial plant 
will contain many additional types of specialized 
,equipment that are not addr,essed in this guide. 
The common components can be divided into 
three general categories as follows. 


• BuiJiling Utility Systems 
These are typically built-in non structural 
components that form part of the 
building. Examples include mechanical 
and electrical equipment and 
distribution systems, piping and conduit, 
fire detection and suppression systems" 
elevators or escalators, HV AC systems, 
and roof-mounted solar panels. 


• Architectural Components 
These are typically built-in nonstructural 
components that fonn part of the 
building. Examples include partitions 
and ceilings, windows, doors, lighting, 


interior or exterior ornamentation, 
exterior panels, veneer, and parapets,. 


• Furniture and Contents 
These are nonstructural ,components 
belonging to tenants m- occupants. 
Examples include office, computer, and 
communications equipment; cabinets and 
shelving for record and supply storage;, 
library stacks; kitchen and laundry 
facilities; furniture; movable partitions; 
lockers; and vending machines.. 


Not every conceivable item is. included in these 
lists, so some judgment is needed to identify the 
critical items in a particular facility .. In general, 
items that are taller, heavier, or important to 
operations, items that contain hazardous 
materials, and items that are more expensive 
should be included before items that are shorter, 
lighter, nonessential,. inexpensive, and do not 
contain hazardous materials. 


FACILITY SURVEY 
As a frrst step, it may be useful to perform a 
survey of your facility to identify nonstructurnl 
components that may be vulnerable to 
earthquake damage.. As noted earlier, 
consultant expertise may he advisable. Keep in 
mind three basic questions as. each nonstrucrural 
item is considered.: 


• Would anyone get hurt by this item in an 
earthquake?' 


• Would a larg,e property loss result? 
.' Would interruptions and outages. be at serious 


problem!' 


For some items, the answers to these three 
questions may not be immediately obvious., 







since failure of an item may result in both direct 
damage and consequential damage. For 
example, if a fire sprinkler line breaks, this may 
cause minor damage to the sprinkler itself but 
result in major damage to architectural finishes 
and contents of the building. Even if the 
building did not sustain any other damage, the 
occupants may not be able to use the facility 
until the fire safety system is repaired. The 
potential direct and indirect property loss in this 
case is much greater than the repair cost for the 
sprinkler system. As another example, the 
battery rack used to start an emergency 
generator is generally located in a locked 
mechanical room and is unlikely to hurt anyone 
even if the rack and batteries all fallon the 
floor, resulting in a total loss for the battery 
rack. The direct life safety threat, that is, the 
threat of injury, is probably low, but if the 
emergency generator doesn't work, building 
occupants may be injured attempting to evacuate 
the building in the dark, or the lives of hospital 
patients on life-support systems may be 
jeopardized. Gas-fired residential water heaters 
rarely fall and hit anyone, but they have caused 
many postearthquake fires due to ruptured gas 
lines. In short, it is important not only to view 
each item as a discrete object that could tip or 
fall and hurt someone directly, but also to 
consider the consequences of failure. 


A word of caution is in order regarding the field 
survey. When looking at mechanical equipment 
or office machines, it is sometimes easy to 
confuse a leveling bolt, which merely rests on 
the floor, with an anchor bolt, which is securely 
fastened to the floor. In the case of bookshelves 
in an office area, there may be hardware 
anchoring the shelving to the wall, but unless 
the hardware is secured to a solid wall or 
directly to a stud in a partition wall that is also 
braced, the anchorage may be ineffective in a 
strong earthquake. Anchor bolts that are 1A 
inch in diameter may be adequate to restrain a 
light file cabinet but are probably too small to 


effectively restrain any large piece of 
mechanical equipment. Thus, if any braces or 
anchors are visible, it is important to consider 
whether they will be effective for the expected 
shaking intensity. 


Survey Forms The field survey may be 
performed by using the forms and checklists in 
Appendixes A, B, and C. Appendix A contains 
a blank non structural inventory form that can be 
used to record field observations. The questions 
in the checklist provided in Appendix B will 
help identify vulnerable nonstructural items and 
potential hazards associated with each item. 
The questions on the checklist are all stated in 
such a way that a tlnotl answer is indicative of 
a potential problem. Items with potential 
problems should be listed on the non structural 
inventory form. The space provided for notes 
may be used to identify the type of problem 


. observed, e.g., tlunanchored, tI tlunbraced, tI 
"bolts undersized, tI tlbolts no good, missed 
stud, tI etc. Information regarding the existing 
vulnerability, upgrade costs, and priority may 
be added to the form later, after the initial field 
survey is complete. Appendix page A-3 
illustrates a sample non structural inventory 
form. 


During the initial survey, it may be helpful to 
create a list containing a large number of items. 
The initial list may be shortened later, perhaps 
by dropping low-priority items. At the initial 
stage, it is better to be conservative and 
overestimate vulnerabilities than to be too 
optimistic. 


ASSESSMENT PROCEDURES 
Following the initial field survey, additional 
information must be added to complete the 
non structural inventory form. Estimated risk 
ratings for many common items are listed in 
Appendix C. Upgrade costs for selected items 
are found with the details shown in Chapter 4. 







Estimating the Shaking Intensity For 
the purposes of this nonstructuraI survey, the 
seismic risk, or sha:king intensity, for a 
particular geographic location may be estimated 
by using the seismic maps shown :in Figure 7. 
This figure shows the areas in the United States 
that are likely to experience light, moderate, or 
severe ground shaking during a future 
earthquake. Some of the areas that· may 
experience severe shaking ar,e California; the 
area near New :Madrid, 1\.fissouri; the islands of 
Hawaii, Puerto Rico, and Guam (not shown); 
and portions of western Washington and 
southern Alaska. Locations such as southern 
Dlinois, South Carolina, and much of New 
England may experience moderate shaking, 
although most of the Continental United States 
east of the Rockies will likely experience light 
shaIcing. 


Shaking-intensity estimates based on the seismic 
risk maps in Figure 7 should 'b e adequate for 
items situated at or near the ground in simple, 
nonessential facilities. For other situations, it 
may be advisable to choose the next higher 
shaking intensity or to seek the advice of 
professional consultants. 


Estimating the earthquake forces ona particular 
item in a particular building can be a difficult 
technical problem. In order to perform 
engineering calculations, an engineer may have 
to consider one or more of the following 
factors: the proximity of the building site to an 
active fault, the soil. conditions at the site, the 
flexibility of the building structure, the location 
of the item in the building" the flexibility of the 
floor framing or walls in the immediate vicinity 
of the item, the flexibility of the item, the 
weight and configuration of the item, the 
characteristics of any connection details between 
the item and the structure, the expected relative 
displacement between two connection points in 
adjacent stories or across a seismic gap, the 
function of the item, tbe function of the facility. 
One reason the use of professional consultants 


for complex facilities is recommended is that the 
seismic risk maps in Figure 7 do not take any of 
these additional factors into consideration. 
Clearly, the complexity and detail of 
engineering calculations should be 
commensurate with the complexity and 
importance of the facility and the item in 
question. 


In addition" it may he appropriate to consider 
more than one earthquake scenario for a 
particular facility, since earthquakes of different 
magnitudes may occur at different average time 
intervals. For instance, a major earthquake 
with severe shaking might be likely to occur 
about once every 1000 years at a particular site, 
whereas the maps in Figure 7 are weighted 
toward more probable events and may show 
only moderate shaking for the site., While 
some installations may have to anticipate the 
most severe shaking,. others may fmd it more 
economical to plan for a smaller, more frequent 
event. 


Estimating Seismic Risk The risk ratings 
provided in Appendix C are based on a review 
of damage to nonstructural components in past 
earthqua,k;es and the judgement of the authors 
and their advisory panel. Estimates of future 
earthquake damage to ·either the structural or 
nonstructural components of a building are only 
that -- estimates -- and should be used with 
discretion. The approximations provided in this 
guide are adequate for the purpose of making an 
initial determination of the seismic risk of the 
nonstructural components ofa simple facility. 
For a facility that is more complex, or one 
where the potential risk is high, more detailed 
analyses should be performed by an in-house 
engineer or professional consultant.. 


The seismic risks for life safety, property loss, 
and loss of function have been rated simply as 
high, moderate, or low for different levels of 
shaking intensity . Appendix C contains more 
detailed notes concerning the definitions and 







assumptions used in assIgmng risk ratings. 
Stated briefly: Life Safety Risk is the risk of 
direct injury by the item; Property Loss Risk is 
the risk of incurring a repair or replacement 
cost as a result of damage to the item; Loss of 
Function Risk is the risk that the item will not 
function as a result of the damage incurred. The 
estimated risk ratings shown in Appendix C 
assume that the item is unbraced and 
unanchored and are intended for buildings with 
ordinary occupancies, not for essential facilities. 
The primary purpose of this information is to 
assist in assigning priority ratings, described 
below, and to help in identifying the most 
critical hazards. 


Estimating Upgrade Costs Upgrade cost 
estimates are provided with selected details in 
Chapter 4. These unit cost estimates can be 
used to produce subtotals for each category 
itemized on the non structural inventory form, 
and then added together to estimate the total 
seismic upgrade cost for the entire facility. If a 
number of repetitive protective measures are to 
be installed in a large facility, the unit cost may 
be lowered. 


The cost estimates can only be considered rough 
guides, since it is not possible to account for all 
the specific differences in construction 
conditions found in buildings or to allow for the 
variation in contractors' costs in changing 
construction market conditions and different 
regions of the country , or the difference 
between in-house labor versus outside contractor 
costs. The cost estimates cover labor and 
materials only and do not include any 
engineering or architectural services that may be 
required. 


More detailed cost estimates should include the 
impact of any disruption that the installation of 
upgrade devices might necessitate, and any 
inconvenience associated with the daily use of 
the devices. For example, some of the upgrade 
measures described can be installed only when 


the building is not in normal use, and a scale 
factor might be needed to account for increased 
labor rates for work to be done during 
nonbusiness hours. The installation of straps or 
other removable restrainers for movable 
equipment implies that users will reattach the 
strap each time the anchored item is moved, 
perhaps resulting in an increase in the cost of 
operations in some facilities. 


Detail Type Two types of upgrade details 
are presented in Chapter 4 of this guide and 
indicated in the lists presented in Appendix C. 
These two types of details are designated Do-It
Yourself and Engineering Required and are 
described in more detail in Chapter 4. The 
non structural inventory form includes space to 
indicate the detail number or detail type. 


Priority Rating A simplified priority rating 
system might be used to indicate which items 
are more vulnerable to earthquake damage and 
to indicate those items whose failure is most 
likely to have serious consequences. All the 
items could be assigned a high, medium, or low 
priority, or each item or type of item could be 
ranked in order from highest to lowest. The 
highest priority might be assigned to those 
components where all three risk ratings are 
high. If loss of function is not a serious 
concern, the highest priority might be assigned 
to items where the life safety risk is high and 
the upgrade cost is lowest, since these hazards 
could be reduced most cost-effectively. 


The assignment of priorities may vary widely 
for different types of facilities, and this guide 
merely provides some guidelines that can be 
used to establish a ranking system. 


Cross-References Chapter 4 contains 
specific damage examples and anchorage details 
for a number of the listed items. For those 
items, cross-references are provided between the 
examples and the checklists in Appendixes B 







and C. 


CO:MPARISON OF ALTERNATIVES 
Separate lists might be prepared to compare 
relative cost estimates for different approaches. 
One list could describe a complete upgrade 
package covering all the vulnerable items 
identified in the survey, while another might 
consist ofa minimally protective and less 
expensiv·e package that addresses only the most 
,critical problems. On the .other hand, separate 
lists might be prepared considering different 
levels of shaking intensity. In this way, costs 
can be compared! fo1' two different levels of 
protection. The nonsilructural inventory form 
provided in Appendix A can easily be 
reproduced with the use of spreadsheet or 
database software to facilitate the process of 
estimating upgrade costs, sorting in .order of 


priority, comparing costs for different intensity 
levels" and so on. 


General advice on the subj eet of where to draw 
the line between completeness and quality, on 
the one hand" andcos[, on the other, is difficult 
to provide. It is better to focus on the most 
significant problems and address them 
effectively than to develop an all-inclusive list 
that is too extensive to implement. A two-phase 
approach may be desirable: Draw up a short list 
of the most critical items and address these frrst. 
After evaluating the success .of the first phase,. 
develop a second-phase program to addr,ess less 
critical items further down the list. The 
installation of seismic upgrade details is often 
easier than it might first appear. The important 
thing is. to make a start and to do the first effort 
wen. 







[!] NONSTRUCTURAL EXAMPLES: 
EARTHQUAKE DAMAGE AND 


UPGRADE DETAILS 
This chapter includes specific examples of 
selected non structural items. In most cases, the 
example includes a photograph of earthquake 
damage that occurred to an unanchored or 
inadequately anchored item paired with a 
drawing of suggested upgrade details that can be 
used to reduce the seismic vulnerability of the 
item. Some of these are simple, generic details 
that can be installed by a handyman; these 
details are marked Do-It-Yourself. Others are 
schematic details that need to be developed by 
a design professional for a particular situation 
and in some instances will require installation 
by a specialty contractor; these details are 
marked Engineering Required. Enough 
examples have been provided to allow for an 
effective initial survey of most ordinary
occupancy buildings. The end of this chapter 
includes installation guidelines to accompany the 
Do-It-Yourself details. 


NONSTRUCTURAL EXAMPLES 
Photos of earthquake damage and suggested 
upgrade details are presented for a variety of 
common nonstructural items. While these 
examples do not cover every case, many items 
not included here would be damaged and/or 
upgraded in a manner similar to one that is 
shown. For example, the detail shown for an 
air compressor is applicable to many pieces of 
mechanical or HV AC equipment that are 
mounted on vibration isolation springs. 
Similarly, the wall and floor anchorage details 
shown for tall shelving or file cabinets are 
applicable to other items, such as storage 
cabinets or personnel lockers. The detail shown 
for a fire extinguisher could also be applied to 
a fire hose cabinet. Many types of desktop or 


countertop equipment found in offices, 
hospitals, or laboratories could be restrained by 
using the suggestions for desktop computers, 
although special detailing may be warranted for 
expensive equipment. Seismic protection 
schemes for newly installed items are often 
similar to the anchorage or restraint details 
shown. 


The examples have been divided into three 
categories: utility systems that are part of the 
building; built-in architectural components; and 
furniture and contents, which are typically the 
property of the occupants or tenants rather than 
a permanent part of the building. The examples 
are listed in Figure 8. 


Earlhquake Damage The photographs 
presented here cover a variety of situations and 
have been taken over a 25-year period. 
Photographs from the 1971 San Fernando 
earthquake generally show damage to. items that 
were not restrained, while some of the more 
recent photographs depict damage to items that 
appeared to be braced or anchored but whose 
bracing and anchoring details were apparently 
inadequate to resist the severity of the shaking. 


Upgrade Details The examples presented in 
this chapter show representative details for 
protecting common items from earthquake 
damage. The two different types of details are 
described below. 


• Do-It-Yourself These are simple, generic 
details for typical non structural items. Enough 
information is provided that a handyman can 
install them using common tools and readily 







available materials. Most of the examples for 
furniture and contents include simple details that 
are marked Do-It-Yourself. These details are 
applicable for many common items found in the 
horne, office, or small business. At the end of 
ilhls chapter are guidelines on the proper use and 
installation of these details. 


• Engineering Required These are schematic 
details showing common solutions for the items 
in question. These sketches do not contain 
sufficient information for installation; they are 
provided primarily as an illustration of the 
required scope of work. The designation 
Engine,ering Required has been used for items 
where the self-help approach is most likely to be 
ineffective. The recommendation of this guide 
is that design professionals be retained to 
evaluate the vu]nerability of these items and 
design appropriate anchorage or restraint details, 
particularly where safety is an issue. As stated 
earUer, this recommendation may apply to all 
items in specialized facil:i.ties such as hospitals 
and emergency operations or communications 
,centers, where interruption or loss of function is 
unacceptable. 


Recent experience has shown many instances 
where fire sprinkler and! other water lines, 
HVAC equipment, emergency generators, water 
tanks, ceilings, parapets, glazing, and so on 
were damaged when subjected to severe shaking 
and failed to perform as expected. The lesson 
learned from this experience is that the 
protection of many items, particularly building 
utilities and architectural components in 


facilities that are expected to remain functional 
during and! after a major earthquake, is a 
complex undertaking that should! be ad!dressed 
by engineers and ,architects with specific 
expertise in this area. Asa result, most 
building utility systems and architectur.all 
components have been given the designation 
Engineering Required. Several of the items 
listed under furniture and contents have also 
been given this designation. 


The upgrade details for these items, are 
schematic only and are pr,esented here with 
estimated installation costs" primarily for 
planning andlor budgeting purposes.. Facilities 
personnel can use this information in 
conjunction with the survey forms and checklists 
induded in this guide to estimate the scope of 
the work needed and obtain initial cost estimates 
for planning purposes. 


Upgrade Cost The cos.t estimates provided 
with the details in this chapter may be used as 
a rough guide for planning or bud!geting 
purposes .. The values ar,e intended to cover the 
costs of materials and labor. They do not 
include., any allowance for architectural or 
engineering fees, permits, special inspection" 
etc. These estimated costs represent a 
professional opinion based on information 
available at the time of publication in 1994. 
Actual construction costs may vary significantly, 
depend!ing on the timing of construction" 
changes in conditions, the availability of 
materials, regional cost variations, and other 
factors. 







Figure 8 : N onstructural Examples 


Detail Nonstructural Item Type of Detail Page 


U BUILDING UTILITY SYSTEMS 


U2 Batteries and Battery Rack Engineering Required 30 


U3 Diesel Fuel Tank Engineering Required 31 


U8 Electrical Bus Ducts and Primary Cable Engineering" Required 32 
System 


UlO Fire Extinguisher and Cabinet Do-It -Yourself 33 


U15 Propane Tank Engineering Required 34 


U19a Water Heater: Corner Installation Do-It-Yourself 35 


U19b Water Heater: Wall Installation Do-It-Yourself 36 


U21 Piping Engineering Required 37 


U29 Chiller Engineering Required 38 


U32 Air Compressor (or other HVAC Equipment) Engineering Required 40 


U35 Suspended Space Heater Engineering Required 41 


U36 HV AC Distribution Ducts Engineering Required 42 


U37 Air Diffuser Do-It -Yourself 43 


U38 Residential Chimney Engineering Required 44 


A ARCIllTECTURAL ELEMENTS 


A2a Built-In Partial-Height Partitions Engineering Required 45 


A2b Built-In Full-Height Partitions Engineering Required 46 


A3 Suspended T -Bar Ceilings Engineering Required 47 


A5a Suspended Light Fixtures Do-It-Yourself 48 


A5b Pendant Light Fixtures Do-It-Yourself 49 


A9 Stairways Engineering Required 50 


A12 Windows Engineering Required 51 


A15a Unrein forced Brick Parapets Engineering Required 52 


A15b Veneer Engineering Required 53 


A16 Freestanding Walls or Fences Engineering Required 54 


A21 Exterior Signs Engineering Required 55 







Detail NonstructuraI Item Type of Detail Page 
, 


C FURNITURE AND CONTENTS 


C8 Large Computers and Access Floors Engineering Required 56 ; 


ClO Desktop Computers and Office Equipment 
I 


Do-It -Yourself 57 
I 


Cl2a TaIl Shelving Engineering Required 58 


C12b Library Stacks Engineering Required 59 


C12c Tall Shelving: WaH Unit Do-It-Yourself 60 


C13 Tall File Cabinets Do-It-Yourself 61 
I 


: I 


Cl8 Flexible Connection for Gas or Fuel Lines Do-It-Yourself 62 I 


! C19 : Drawer and! Cabinet Latches (Kitchen, Office, Do-It-Yourself 63 
1 


Laboratory, ,etc.) i 


, 
C20 Freestanding Wood Stov,e Do-It -Yourself 64 


i 


C21 Compressed-Gas Cylinders I Do-U-Yourself 
I 


65 


C22 Containers of Hazardous Materials Engineering Required 66 ; 


i 


C26 Fragile Artwork ~I Do-It-Yourself 67 


C27 I Freestanding Half-Height Partitions Do-It-Yourself 68 I 


C28 i Miscellaneous Furniture Do-It-Yourself I 69 ! 







BATTERIES AND BATTERY RACK 


Earthquake Damage: 1971, San Fernando, California 
Photo Credit: John F. Meehan 


SEISMIC RESISTANT BATTERY 
RACKS ARE AVAILABLE FROM 
VENDORS THAT MAY BE 
BOLTED TO THE FLOOR 
AND'OR WALL 


BOLTED ~.) FLOOR 
BRACING OF LEGS 
MAY BE REQUIRED 


Schematic Upgrade Detail U2 


Approximate Cost: $200 


ACID 
RESISTANT 
STRAP 


U2 







Unbraced Day Tank , Hospital, Puerto Rico 
Photo Credit : Wiss, Janney, Elstner Associates, Inc . 


FLEXIBLE 
CONNECTION 
TO GENERATOR 


ANCHOR 
BOLTS 


TANK 


Schematic Upgrade Detail U3 


Approximate Cost: $500 - $1000 


WELDED OR SOL TED 
CONNECTIONS 


J 


BRACE 


CONCRETE PAD 


U3 







ELECTRICAL BUS DUCTS AND PRIMARY CABLE SYSTEM 


Unbraced Overhead Conduit and Pipes 
Photo Credit: Eistner Associates, Inc. 


• ELECTRICAL BUS DUCTS AND CABLE LINES SHOULD BE ABLE TO ACCOMMODATE 
MOVEMENT AT LOCATIONS WHERE THEY CROSS SEISMIC JOINTS BETWEEN 
BUILDING WINGS. PROVlOE FLEXIBLE CONNECTIONS AT SEISMIC JOI NTS. 


• PROVIDE FLEXIBLE CONNECTIONS AT LOCATIONS WHERE DUCTS OR CABLE ARE 
ATTACHED TO RIGIDLY MOUNTED EOUIPMENT 


• DUCTS AND CABLE LINES SHOULD HAVE BOTH TRANSVERSE AND LONGITUDINAL 
SEISMIC BRACING SIMILAR TO THAT RECOMMENDED FOR PIPING SEE PIPE 
BRACING DETAIL U2 1. 


Schematic Upgrade Detail ua 
Approximate Cost: $200 - $500 per brace U8 







FIRE EXTINGUISHER AND CABINET 


Unrestrained Extinguisher 
Photo Credit: Wiss, Janney, Eistner Associates, Inc. 


LATCH ON DOOR 
MUST NOT LOCK 


UNLESS GLASS 
CAN BE EASIL Y 


BROKEN FOR 
ACCESS. 


Upgrade Detail U 1 0 


Approximate Cost: $300 


_--- GOOD LOCATION 
FOR FLASHLIGHT 


CABINET 
BOLTED 


~-~~WALL 


STUD 


QUICK
RELEASE 


STRAP 


U10 







EarIIIquoIte~: 1971. Son _. Cel_ 


PROPANE 
TANK 


CAST-IN-PLACE 
ANCHOR 
BOLT 


FLEXIBLE 
HOSE 
CONNECTION 
TO SUPPLY LINE 
(SEE DETAIL C1B) 


CONCRETE PAD 
LARGE ENOUGH 
TO AVOID 
OVERTURNING 


GROUND 


(OREX_P_AN_S_I_O~Nr-:-~~=r~ __ ~~~~~ ____ 11 ____ _ BOLT) 
• 
• 


• 


_ Upo'- DetaIl U15 


Approximate Coli: $900 


• 
• • • 


• 
• • 


• • • 


U16 







• WATER HEATER: CORNER INSTALLATION 


FIRST STUD NOT 
BEHIND HEATER 


12" MAX. 
1"MIN. 
FROM COMBUSTIBLE 
MATERIAL, TY'PICAl 


WATER 
~ --.H'-----+-I-HEATER 1/4" I} X 3" LAG 


ENCIRCLE TANK ONE FULL ""'~"- SCREW WfF' r ---
WRAP FROM FRONT 
AND BACK WiTH 
PLUMBER'S TAPE 
(4 PiECES TOTAL) 


3/4" X 24 GAUGE 
PLUMBER'S TAPE 
(PERFORATED 
METAL STRAP) 


PLAN 


-0 •• _ • .'. e" .' •• , • 


WATER 
HEATER 


.. . . . . . " 


"... ' ••• " •.• : •• • I I 


WASHER 


FLEXI BlE WATER 
CONNECTIONS 


1/4" ~ EXP. ANCHORS 


CONCRETE OR 
MASONRY WALL 


WI 2" MIN. .----
EMBEDMENT 


FLEXIBLE GAS 
CONNECTION 







114" o x 3" 
LAG SCREW WOOD 
WIFLAT STUD 


PLAN qWWASHER-


FLATTENED 


CONCRETE 
114" 0 EXP. ANCHOR 
W12" MIN. 
EMBEDMENT 7? 


OR 
MASONRY 


FLEXIBLE WATER 
I .CONNECTION 


I. 


3/4" X 24 GAUGE 
PLUMBER'S 
TAPE 


WATER 
HEATER 


FLEXIBLE
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, 
Earthquake Damage: 1971. San Fernando. California 
Photo Credit: John F. Meehan 


TRANSVERSE BRACING 


c 


.,._~ ANGLE BRACE 


~--PIPE 


.~ ___ PIPE CLAMP 


~~--------ANGLEBRACE 


LONGITUDINAL BRACING 


Schematic Upgrade Detail U21 


Approximate Cost: $200 - $500 per brace 


~ __ PIPE 







Failed chiller mounts due to insufficient uplift resistance. 
Earthquake Damage: 1994, Northridge. Califomia 
Photo Credit: Wiss. • Elstn.r Associates. Inc. 


/., ... .. 


, 


Failed chilLer due mount due to insufficient shear resistance. 
Earthquake Damage: 1980. Livermore. California 
Photo Credit: William T. Holmes 


Schematic Upgrade Detail: See Detail U32. Air Compressor U29a 







I 


• 


• 


mount with no uplift resistance and insufficient shear resistance. 
Credit: Elstner Inc. 


, . , 


• 
• 


mount with no uplift resistance and insufficient or no shear resistance. 
Credit: Wiss. Janney, Bstner Associates. Inc. 


Detail: See Detail U32. Air Compressor U29b 







COMPRESSOR (OR OTHER HVAC 


- n w 


1994, CoIIfomi. 
_ Inc. 


SUFFICIENT GAPS TO AllOW 
, ..... ~ HVAC EQUIPMENT SPRINGS TO ISOLATE EQUIPMENT 


VIBRATlON UNDER NORMAL USE 


TWO STEEL Z's OR OTHER 
RESTRAINTS ON EACH OF 
TlHE FOUR SIDES TO PREVENT 
UPWARD AND LATERAL 
EARTHQUAKE MOTION 


Upgnodo DetIiI U32 


NEOPRENE 
t:...-- "BUMPER" 


PADS 


ANCHOR BOLTS 


SPRING MOUNT 
(CHECK WlTH 
VENDOR FOR 
SEISMIC MODEL) 


NOTE; 
SPECIAL CARE SHOULD 
BE EXERCISED DURING DESIGN 
AS MANY RECENT FAilURES 
HAVE BEEN OBSERVED. 


Coat: Dependa an individual .... ; .300 - .1 ,200 







CONNECT 
FRAME TO 
STRUCTURE 
ABOVE OR 
WALL. 


SPACE 
HEATER 


.• ~ "L-
. ,,,4\:. 


. . ". "'" 


• 


""~"'''~' ',It 
-'''''''- ...... 


~o " • • 'v 


l GAS ~~t~HE~AT!!I!ER 
FELL FROM CEILING 
ABO V 


FLEXIBLE CONNECTION 


FOR A SUSPENDED 
r---rHE-' WELD OR 


BRACING TO FRAME. 







DISTRIBUTION DUCTS 


-
from "'" unk. 
Northridge, CalWomi. 


Janney, EJatnor 


ATTACH SECURELY 
TO 
STRUCTURE ABOVE 


D,~~7" ANGLE 
BRACING 


~DeIaIIU38 
$200 - $600 


DUCT 


NOTE: SEE 
SMACNA 
GUIDELINES FOR 
MORE 
INFORMATION 







All dIIfusers fell to the floor. 
Damage: 1994. Northridge. California 


Eistner Inc 


12 GAUGE WIRES AT EACH 
CORNER OR ATLEAST 
AT DIAGONALLY OPPOSITE 
CORNERS 


ANCHOR WIRES ___ ___ 
TO STRUCTURE 
ABOVE 


DIFFUSER 


Upgrodo Detail U37 
Approximate Cost: $50 


MINIMUM 
3 TIGHT TURNS 


ATTACHMENT 
FOR FLEXIBLE 
HVAC DUCT 


U37 







RESIDENTIAL CHIMNEY 


CHIMNEY 12 GAUGE X 3" MOUNllNG ANGLE SET 


SECTION 
THRU 


CHIMNEY 


BENT SHEET IN ROOFING MAS IC 
METAL STRAP 


SHEET 
METAL 


FLASHING 


ROOF RAFTER ~~O'i; 


Upgrado Detail U38 (Recommended only lor "' ... 01 low to moderate oeIamlc:ttyl. 
Al>!l<oximate Coat: $1 .000 


FLAT BLOCK 







PARTIAL-HEIGHT PARTITIONS 


~: 1994, Northridge, California 
W ... , Janney. Elatner Associ81:ea, Inc. 


60' 
MAXIMUM 


PARTIAL-HEIGHT 
I 


• HEAVlER BRACES OR CLOSER SPACING 
MAY BE REQUIRED IF PARTITION IS USED TO 
SUPPORT OR SEISMICALLY RESTRAIN HEAVY 
SHELVES OR OTHER NONSTRUCTURAL ITEMS 


~DetoilA2. 


COlt: Vanes .20·.40 per lineal foot 


• 
\ 


/ 


1 
o 


ANCHOR 
BOLT 


OR LAG BOLT 
ATIACHED 


TO 
CEILING 


STRUCTURE 
ABOVE 


__ -2-A"GLE BRACES 
AT APPROXIMATELY 
6' ON CENTERS 


5/16" DIAMETER 
BOLT, TYP. 


ONE BOLT OR 
THREE (3) 
#12 SHEET METAL 
OR WOOD SCREWS, TYP. 


A2a 







BUILT -IN FULL-HEIGHT PARTITIONS 


I 


Earthquake 1994. CeIIIomIa 
Photo Credit: E1a1f1er Inc. 


-. • 


• 
• 
• 


I 


STRUCTUREABOVE~. -I .. 
--...:::o~li~~1 ~[~~ .. ~I ir----:-PA~R=TlTION FREE TO SLIDE 


__ --~~~ - \ATTOPBUTRESTR~NED 
METAL OR -- LATERALLY. PACKING OR 
WOOD STUDS SEALANT REQUIRED FOR 


• HEAVIER GAGE METAL STUDS AND 
ATTACHMENTS MAY BE REQUIRED IF 
HEAVY SHELVES ARE TO BE LATERALLY 
SUPPORTED BY PARTITION 


• ADDITION OF MID-HEIGHT BLOCKING OR 


L 


v 


ACOUSTIC ISOLATION. 
FIRE RATING MUST BE 
CHECKED FOR FIRE 
SEPARATION WALLS 
("1 -HOUR" WALLS, ETC.). 


SURFACE-MOUNTED "SEISMIC ,r-VL..TT PARTITION FIXED AT BASE. 
MOLDING" PROVIDES FLEXIBILITY FOR v I ~ __ -
EQUIPMENT ANCHORAGE LOCATIONS ... 


• FOR GLAZED PARTITIONS. SEE r ..... 
"WlNDOWS". " I 


• . - --
Schematic Upgrade Detail A2b 


Approximate COlt: Varles, on 







SUSPENDED T -BAR CEILINGS 


1994, Nonhridge, California 
Elstner Associates, Inc. 


ANCHOR~RES 
TO STRUCTURE 
ABOVE 


___ - DIAGONAL BRACING ~RES 
(NO. 12 GAUGE) ADJUSTABLE 


APPROX. 45' 


• PROVlDE 4-WAY 
DIAGONAL BRACING 
AND COMPRESSION 
STRUT 
APPROXIMATELY 
EVERY 12 FT. EACH 
WAY. 


MAIN RUI~NE,R--" 


ScIIomatIc Upgrede Detail A3 
Coot: .60 per braee 


----~ LENGTH 
COMPRESSION 
STRUT TO 
PREVENT 
VERTICAL 
MOVEMENT 


IN 


CR()SS RUNNER 


A3 







SUSPENDED LIGHT FIXTURES 


Earthquake Damage: 1994, Northridge, California 
Photo Credit: Wlss, Eistner Associates, Inc. 


12 GAUGE WlRES @ EACH,~oc-__ _ 
CORNER OR AT LEAST @ 
DIAGONALLY OPPOSITE 
CORNERS. 


ANCHOR V'.1R.~E'BS( )ve\\. 
STRUCTURE '" 


• FOR EXPOSED 
FLORESCENT LIGHT 
BULBS OR FIXTURE 
LENSES SUBJECT 
TO FALLING, 
SECURE IN PLACE 
WITH 2 V'.1RES THAT 
WRAP BENEATH 
THE LENS OR BULBS 
ANDATIACH 
SECURELY TO THE 
FIXTURE. 


Upgrade Detail U5a 


LAY-IN LIGHT 
FIXTURE 


Approximate Cost: $50 per fixture 


MINIMUM 3 TIGHT TURNS 
1-112" AT EACH END OF WlRE 


A5a 







" ~( n~. , . 


" • » 


at Northridge Junior High School 
1994. Northridge. California 


ALTERNATE: 
RUN CABLE OUTSIDE 
STEM AND ATTACH 
TO CEILING JOIST 
WiTH A LAG SCREW 


CEILING 


BOLT TO 
FIXTURE 


DetaU A6b 
Cost: $80 


Research 


, , 
:.1 r. 


L. McGavin 


SLACK 


CABLE 


HOLLOW 
FIXTURE 
PIPING 


... 
... .." - , 


A5b 







Earthquake 1994. Caltfornia 
Photo Credit: Inc. 


• TO PREVENT DAMAGE TO STAIRS THEY SHOULD BE MODIFIED TO ALLOW THEM TO 
SLIDE AT LANDINGS WITH "GANG PLANK" DETAILS; THIS IS DESIRABLE FOR 
FLEXIBLE FRAME BUILDINGS. 


• IF STAIR ENCLOSURES ARE CONSTRUCTED USING BRITTLE MATERIALS. SUCH AS. 
HOLLOW CLAY TILE. GLASS BlOCK PARTITIONS. OR SKYLIGHTS. IT IS 
RECOMMENDED THAT THEY BE ENCAPSULATED OR REPLACED TO PREVENT 
FALLING HAZARDS AND DEBRIS IN THE STAIRWELL. 


• PROVIDE ANCHORAGE FOR PIPES. LIGHTING OR DUCTS IN STAIRWELLS TO 
PREVENT FALLING HAZARDS AND DEBRIS. 


Schematic Upgrade Dolan A9 
Approximate Cost: Depends on A9 







EIrthquoke Domoge: 1994. _ridge, CaIHorni. 


• USE OF TEMPERED GLASS WILL GREATLY REOUCE THE SEISMIC HAZARO. 
TEMPEREO GLASS MAY STILL BREAK, BUT WILL BREAK INTO SMALL OULL 
FRAGMENTS INSTEAD OF LARGE DANGEROUS SHARDS. 


• POLYESTER SHATTER RESISTANT FILMS ARE AVAILABLE THAT HELP HOLD 
TOGETHER FRAGMENTS OF ANY PANES THAT CRACK IN AN EARTHOUAKE. 
(TYPICAL SOLAR FILM MAY NOT BE ADEOUATE FOR THIS PURPOSEI . 


• USE OF LAMINATED GLASS FOR STOREFRONTS REDUCES SEISMIC RISK AND ALSO 
INCREASES PROTECTION FROM BURGLARY OR VANDALISM . 


• SMALLER, OPERABLE, AND WOODEN FRAMED WINDOWS TOLERATE MORE LATERAL 
DRIFT. 


• FOR NEW CONSTRUCTION, STIFFER BUILDINGS AND GLAZING WITH MORE THAN 
THE STANDARD EDGE CLEARANCES MAY BE DESIRABLE. CHECK WHETHER OR NOT 
THE BUILDING'S CALCULATED SEISMIC DRIFT HAS BEEN CONSIDERED IN THE 
DESIGN OF THE GLAZING. 


__ Upgrade IlataiI A 12 


Approximate Coat: Depend. on daaign A12 







UNREIN FORCED BRICK PARAPETS 


Earthquake 
Photo Credjt: 


1989. Lome Prieta. California 
Eistner Inc. 


CONTINUOUS STEEL ANGLE 
UNREINFORCED -1iF9<U"===r 
BRICK PARAPET 6" MAX. 


ANCHOR 
BOL TS ~"--' 


• TYPICAL BRACE 
CONFIGURATION 
SHOWN; PARAPET 
AND ROOF 
CONDITIONS MAY 
VARY WDELY. 


Schematic Upgrade Detail A 168 


Approximate Cost: $60 per foot 


THRU BOLT 


,=~"JOIST 


THRU BOLTS 


WATERPROOFING IS 
VERY IMPORTANT. 


WOOD BLOCK 


THRU BOLTS 
ENDS COUNTERSUNK 


HOLDOWNS NAI ED CLIP 
ANGLE 







Earthquake Damage: 1994. Northridge. Cahfornia 
Photo Credit: Roben Reitherman 


• SEE APPLICABLE BUILDING CODE REQUIREMENTS FOR LIMITATIONS REGARDING THE 
HEIGHT. AREA. UNIT SIZE. AND UNIT WEIGHT OF EITHER ADHERED OR ANCHORED 
VENEER SVSTEMS. REFER TO THE CODE SECTIONS FOR SPECIFIC REQUIREMENTS 
FOR BACKING. TIES. AND REINFORCEMENT. (FOR EXAMPLE. SECTION 1403 OF THE 
1994 UBC). 


• VENEER SVSTEMS MUST ALSO AT LEAST MEET THE MINIMUM LATERAL FORCE 
REOUIREMENTS FOR NONSTRUCTURAL COMPONENTS. (FOR EXAMPLE. THE 
REQUIREMENTS FOR EXTERIOR AND INTERIOR ORNAMENTATION AND APPENDAGES 
IN CHAPTER 16 OF THE 1994 UBC). 


• REMOVAL OF VENEER MOUNTED OVER ENTRANCES OR OTHER POTENTIALL V 
CROWDED LOCATIONS IS THE MOST RELIABLE UPGRADE SOLUTION. 


Schematic Upgrade Detail A 1 5b 


Approximate Cost: Varies A15b 







FREESTANDING WALLS DR FENCES 


-. 


Earthquake Damage: 1994. Nonhridge, California 
Photo Credit: Robert Reitherman 


. 
/ 


, . I • 


- i- -


• MANY MILES OF POORLY CONSTRUCTED CONCRETE MASONRY UNIT ICMU) FENCES 
WERE DAMAGED DURING THE 1994 NORTHRIDGE EARTHQUAKE. COLLAPSE OF 
WALLS WITH INADEQUATE OR ABSENT REINFORCING AND/OR FOUNDATIONS WAS 
COMMON IN NORTHRIDGE AND SYLMAR. IN MANY CASES, MOST OF THE 
SIDEWALK WAS COVERED WITH DEBRIS, AS SHOWN ABOVE. 


• FREESTANDING WALLS OR FENCES BUILT OF CMU, BRICK, OR STONE NEED TO BE 
ENGINEERED AND CONSTRUCTED WITH APPROPRIATE FOUNDATIONS, ADEOUATE 
REINFORCEMENT, AND GOOD ~UALITY MORTAR. 


• STANDARD DETAILS FOR LOW FENCES OR SHORT RETAINING WALLS MAY BE 
AVAILABLE FROM THE LOCAL BUILDING DEPARTMENT. 


Schematic Upgrade Detail A 16 


Approximate Cost: Depends on the design A18 







, 
( 


1979, Imperial Valley, ea-"Ia 


RUSTPROOFING 
ESSENTIAL 


Inc. 


TOP STRUT, RATHER THAN CHAIN . 
CAN PREVENT "SEISMIC BOUNCING" 


CONNECTIONS 


on,.y "'~=====~=!,=,==l. ./ DIRECTLY TO 
~ -- STRUCTURE. 


HEAVY 
MARQUEE, 
SIGN, CANOPY 


CANTILEVER 
BACK-UP ~~n 
CAPABILITY 


A21 







LARGE COMPUTERS AND ACCESS FLOORS 


• 


-


T.....,..arv bracing lor collapsed """ ... floor 
EanhquoIce Damage: 1994. Northridge. california 
Photo Crod~: Wias. Elatnor Associotos. Inc. 


VARIOUS RESTRAINT 
SCHEMES 
ADVOCATED FOR CABINET' 


• CASTERS TO SOMEWHAT 
ISOLATE COMPUTER 
FROM MOTION 


• PRETENSED THREADED 
ROD FROM COMPUTER 
CABINET BASE THROUGH 
RAISED FLOOR 


• TETHER CABLES 


PLACE ANGLES 
AROUND CABLE 
OPENINGS TO 
PREVENT COMPUTER 


~~====~~~~EETFROM 


U 
FALLING INTO HOLES. 


PROVlDE DIAGONAL BRACES AND BOLT 
PEDESTAL BASES TO CONCRETE SLAB BOLT PEDESTAL BASES TO CONCRETE SLAB 
(REQUIRED FOR HEAVILY LOADED FLOOR \USUALLY ADEQUATE FOR PEDESTALS UP TO 


e~~6t~L~b':~~f&1~L~E?~JlgKM~J~LS • HIGH). 


_ Upgrade o.tall C8 
Approximate Cost: _ floor alone -- $3 - $7 per SQuare foot 


Cabinet restraint ~- $ 300 - $ 500 per cabinet 


56 







COMPUTERS AND OFFICE EQUIPMENT 


• 


- L 


... , 
.;. 


" . 
. 'r.~, .. 


computerS may fall and suffer damage 
. WiA. Satner Associates. Inc . . \-. 


HOOK AND 
LOOP 
MATERIAL 


\ 
+ ...... 


ADHESIVE 
BACKED 
LATCHES 


CONNECTING STRAP 


Coat: $50 per computer 


RUBBER "DOORKNOB" BUMPERS 


• 


GLUED ON OR,L-/ 
THREADED MOUNTS 


. ~~~'BICYCLE" OR 
"BUNGEE" 


ELASTIC 
CORD 


SHELF EDGE 


C10 







TALL SHELVING: FREESTANDING 


NO BRACING ACROSS TOPS 


?#( P f .. -- NO 


r 
Earthquake Damage: 1972. Managua, Nicaragua 
Photo Credit: John F. Moo""n 


STEEL ANGLE 


TOP OF 


SHELVI;N~GI;;;;;;;~;;;; 


S'-8" 
MIN. 


STEEL STRAP-->< 
CROSS BRACING. 


SHELVING 


UNIT TIE (STEEL STRAP 
WITH 1/4" • BOLTS) 


Scherna1ic Upg,odo Detait e12. 
Approximate COlt: $20 lineal foot of shelving 


• 


l 


I 


I 


BOLT ANGLE 
TO WALL OR STUD 


NeHOR TO WALL (NOTE: 
TUD WAlLS NOT STRONG 


ENOUGH FOR MUL nPLE 
ROWS OR LONG RANGES. 


BOTTOM OF 
SHELVING UNIT 


EXPANSION 
ANCHOR BOLT 
(3/QMIN. 
DIAMETER 
X 2112" MIN. 
EMBEDMENT) 


C12a 







Failure of library shelving 
Earthquake 1987. Whittier Narrows, california 
Photo Credit: . Research Institute, Larry Parsons 


Failure of inadequately upgraded library shelving 
Earthquake Damage: 1987. Whittier Narrows. California 


Photo Credit: Earthquake Engineering Research Institute. Marshall Lew & 


.. , 


Brandow C 12b 







TALL SHELVING: WALL UNIT 


, J; 
~\ ~ . 


. , r 


• 
• 


FaBure of inadequately upgraded shelving; toggkt bolt pulled out of gypsum board. 
brIhquoke Domago: 1994. Nonhridge. Cal~ornia 
Photo CrodIt: EI_ Associates. Inc. 


BRACKE~ 
AT TOP OR 


AT SID S BOOK 
CASE 


114"~ x 2" WOOD 
SCREW (SHOWN) 


OR 114" ~ 
MACHINE BOLT 


WITH NUT & 
WASHER 


BOOKCASE 


BOOKCASE 


BOOKCASE 


METAL. WIRE. OR ELASTIC 
GUARDRAILS OR PLASTlC 
STRIP WILL HELP 
PREVENT OBJECTS FROM 


---- FALLING OFF SHELVES 


Upgrade Dotail e12e 


Approximate Cost: $20 per lineal foot of shelving 


~"""_LAG SCREW 


EXTERIOR 
ANGLE 


BRACKET 


WOOD STUD 


~"""r-LAG SCREW 


INTERIOR 
ANGLE 


BRACKET 


IN 
• TYP.) 


"2" CUP 
BRACKET 


WOOD STUD 


C12c 







. 
,1\ 
) . .......... 


E.rthquake Damage: 1994. Califomia 
Photo Credit: Wi... EI_ Inc. 


ANGLE USED TO 
FASTEN UNITS TO~ 
WALL STUD 
2- 1/4", BOLTS OR 1----~:5<~ 
1/4" . LAG SCREWS 
WITH 2" MIN . .c ....... 
EMBEDMENT IN ...... """ 
WOOD STUD • 


~. 
FOR FREE-STANDING 
UNITS. FASTEN 
CONTINUOUS ANGLE TO 
UNITS AND FLOOR 


Upgrade Detail e13 


Approximate Cost: $20 per lineal foot 


• 


TOP CONNECTIONS 
TO TIE UNITS 


TOGETHER TO FORM 
A MORE STABLE 


SHAPE. 
STEEL STRAP AND 


3/16". BOLT MIN. (USE 
THRU BOLT WTH NUT 


& WASHER.) 


ALTERNATIVE: BOLT 
SIDES OF ADJACENT 


CABINETS 
TOGETHER AT 4 


CORNERS. USE 114", 
BOLT WTH NUT & 2". 


FENDER WASHERS 
EACH SIDE. 


---- STRONG LATCHES 
ON DRAWERS 


C13 







FLEXIBLE CONNECTION FOR GAS OR FUEL LINES 


Flexible connection at pipe attachment to tank 
Photo Credit: Elstner Inc. 


Upgrade Detail C18 


FLEXIBLE 
UTILITY 
PIPING 


SHUT·OFF VALVE 


UTILITY INLET 


NOTE. 
REQUIRES PLUMBING EXPERTISE. 
ENGINEERING MAY BE REQUIREO 
FOR LARGE DIAMETER PIPING . 


RIGID CONNECTION TO HEATER, WATER HEATER, 
STOVE, OR OTHER EQUIPMENT 


Approximate Cost: $100 for residential appliance; varies for larger items C18 







DRAWER AND CABINET LATCHES 


Unrestrained drawers and cabinets 
Photo Credit: Wiss. Janney, Eismer 


Upgrade Detail C19 


Approximate Cost: $50 per cabinet 


Inc. 


INSTALL STRONG MECHANICAL 
CABINET CATCHES (SAFETY HASP, 
SLIDE BOLT, TOUCH·DOOR CABINET 
CATCH, ClIp·ROLLER OR 
SNAP·ACTION CABINET CATCH, ETC.) 


ALTERNATIVE: PROVIDE 
BABY·PROOF CLOSURE 


INSTALL MECHANICAL DRAWER 
CLOSURE (BABY ·PROOF 
LATCHES, DRAWER LOCKS, OR 
OTHER SPECIALTY LATCHES) 


C19 







FREESTANDING WOOD STOVE 


,. 


, ( 
~ t. ') 


. , 


-----
Unrestrained wood burning stove 


It 
i ( 


"- -' '----... "'IJ " v .. " 
\ j '-' . ;:<i ...... "7 


• 


• 


Photo Credit: Wiss. Janney, Eistner Associates, Inc. 


ROOF 
RAFTER 


RADIATION 
SHIELD 
WITH FLUE 
CLAMP 


Upgrade Detail C20 


Approximate Cost: $500 


CLIP FLUE TO 


I 
AT ROOF 


STEEL 


8"SQUARE 


BRICK "'Ig:=,=~~~' 3/8"0 PADWlTH -
LAG BOLT W/2" GROUT 


il'B~BED .. IN POCKET GROUT POCKET 
WOOD STUD ALTERNATIVE 


SCREW FLUE --.. .... _.::BOL T 


WALLED FLUE PIPE. 1" MIN. 
GROUT 


I _;;;;;;;;;;;;;;;;;;;;;;;;;::;:;~ BED 
i" BOLT ALTERNATIVE 


C20 







COMPRESSED-GAS CYLINDERS 


• ...::...- ... 
EarthQuake Damage: 1971, San Fernando. Cahfornia 
Photo Credit: Scientific Service. Inc. 


1/4" DIAMElrER .__- ___.. 
SCREW EYE 
EXPANSION 
ANCHOR TO 
CONCRETE) 


GAS 
CYLINDER 


1/4" <I> . 


THREADED 
CONNECTOR 
(SAFE WORKING 
LOAD 500 LB.) 


Upgrade Detail e2l 


o 


Approximate Cost: $30 per lineal foot; $50 for single units 


I' 
Ii 


t - , 


; ~ J. 


• 


CLOSED-LINK STEEL CHAIN 
(SAFE WORKING LOAD 500 LB.) 


STRONGER HARDWARE AND 
WALL SUPPORT REQUIRED 
FOR MULTIPLE CYLINDERS. 
ENGINEERING RECOMMENDED. 
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CONTAINERS OF HAZARDOUS MATERIALS 


Spined pharmaceutical and medical supplies. 
Earthquake Damage: 1994. Nonhridge, Californta 


Robert Reitherman 


SUPPLY SHELF 


WOOD, METAL, OR PLEXIGLAS 
"LIP" EDGE SCREWED TO 
SHELVING UNIT 


OR 
~-:"':-'"'-=--=-~""":"';;;i-_ PROVIDE NYLON STRAP 


ANGLE 
BRACKET 


OR BUNGEE CORD 
AROUND INDIVIDUAL 
ITEMS 


Y -- SUPI'LY SHELF 


-----~A~~II~N_~ BOXES OR 
"E.GGCRATE" BOX TO HOLD 
SMALL BOTTLES 


METAL ~RE , OR 
ELASTIC GUARDRAILS. 


BOLT 


Schematic Upgrade Detail C22 


Approximate Cost: Varies 


• ANCHOR STORAGE 
SHELVES 


• PROVIDE SAFETY LIP OR 
SHELF EDGE 


• PROVIDE MECHANICAL 
LATCHES FOR CABINETS 
AND DRAWERS 


• STORE SMALL OR 
BREAKABLE ITEMS IN 
ORIGINAL PACKING OR 
EGGCRATE BOXES, NOT 
LOOSE ON SHELF OR IN 
DRAWER 


• STORE INCOMPATIBLE 
MATERIALS AT A SAFE 
DISTANCE TO AVOID 
MIXING IF THE 
CONTAINERS FALL 


• ORDER HAZARDOUS LAB 
CHEMICALS IN 
UNBREAKABLE PLASTIC 
BOTTLES OR IN GLASS 
BOTTLES ~TH AN 
EXTERIOR PLASTIC 
SAFETY COATING 
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GLASSWARE,-.......... GLASSWARE 


BEE'S WAX OR DENTAL 
WAA. CAN RESTRAIN 
SMALL LIGHTWEIGHT OBJECTS. 
(REMOVE WITH CARE - WAX MAY 


MONO-FILAMENT FISHING LINE ~ 
USED FOR GUY WlRES 


LEAVE SMALL STAIN ON BASE OF OBJECT). 
ALTERNATlVE: USE PATCHES OF 
HOOK AND LOOP MATERIAL. 
[CAUTION - GLUE MAY AFFECT 
FINISH ON BASE OF OBJECT]. 


ANGLE BRACKET 


BENT WJRE ARMS 
TO ENCIRCLE THE 
OBJECT. PROVIDE 


" PADDlNG TO 
PROTECT ARTWORK. 


DISPLAY 
CASE 


PLACE OBJECT 
, fN CLOSE-FITIING 
GLASS OR 
PlEXI G LASS 
DISPLAY CASE. 
PEDESTAL MUST 
BE ANCHORED. 


WOOD, PLA.STIC, OR PLEXIGLAS 
UP EDGE SCREWED TO 
SHELVING UNIT. 


Upgr,ade Detail C26 


1 Approximate Cost: Varies C26 







FREESTANDING HALF-HEIGHT PARTITIONS 


" 
Partitkm damage at Veterans Administration Medical Center in Sepulveda. 
Earthquake Damage: 1994, Northridge, California 
Photo Credit: Earthquake Research Institute. James O. Malley 


I 
TO THE FLOOR; ATTACHED TO STABLE FURNITURE SUCH AS 


; ANDIOR ARRANGED USING STABLE LAYOUTS. 


PARTITIONS THAT 
SUPPORT HEAVY 
SHELVES ARE 
MORE LIKELY 
TO FALL. 


___ BOLTTO 


-_..J.J.~-P--- FLOOR 
OR TO 
STABLE 
FURNITURE 


Upgrade Detail C27 


Approximate Cost: $10 per hneal foot 


A "ZIG-ZAG" LAYOUT 
IS MORE STABLE 
THAN A STRAIGHT 
LAYOUT WITH NO 
PERPENDICULAR 
WALLS 
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MISCELLANEOUS FURNITURE 


n 


Earthquake Damage: 1994. Northridge. California 
Photo Credit: Eistner Inc. 


_:-- ANGLE BRACKET 


HUTCH, 
DISPLAY CASE, ETI:'I:~~~ 


KEEP TOP FREE 
OF HEAVY ITEMS 
ESPECIALLY IF 
LOCATED NEAR 
A PERSON 
SITTlNG AT DESK 
OR LYING IN BED. 


EYEBOLT 
EMBEDDED 
IN 
WOOD 
STUD 


FRAMED 
ITEM 


WIRE 
ATTACHED TO 
FRAME INITH 
CLOSED HOOK 
OR CLOSED 
WIRE LOOP 


OR 
ELASTIC GUARD, 
RAILS. 


MICROWAVE, TV, OR STEREO EQUIPMENT, 
(SEE DETAIL C10 FOR COMPUTER EQUIPMENT) 


PROVIDE ADDED RESTRAINT 


(TWINE, NYLON, MONOFILAMENI~~~i~~~E3::::::::,., I ETC.) FOR POT THAT COULD 
•. ,,,,e ,\NuCAUSE INJURY 


POTTED 
PLANT ---=~:::~~,::"-:-H()OK AND 


LOOP 
MATERIAL 


Upgrade Detail C28 


Approximate Cost: Varies, approximately $50 per item C28 







INSTALLATION NOTES 
For those details where the self-help approach is 
acceptable, a few words of caution are in order. 
Many items shown in the upgrade details can be 
purchased at any hardware store, but it is 
important to select hardware that is appropriate 
for the task at hand. A toggle bolt mounted in 
gypsum board may hold a light picture frame on 
the wall, but is not appropriate for any of the 
details shown in this guide. At the other 
extreme, a l-inch-diameter bolt is too large for 
a 2x4 wood stud, since the 11,4-inch-diameter 
hole you drill for the bolt will essentially 
eliminate the I1h-inch-wide stud. The following 
discussion provides general guidelines on 
hardware selection and installation procedures 
for the Do-It-Yourself details shown in this 
chapter. 


Positive Connections The objective of 
non structural anchorage or restraint details is to 
provide what engineers refer to as a positive 
connection between the item and a hard 
attachment point, such as a solid wall, braced 
partition, concrete floor, or built-in countertop. 
Positive connections generally consist of some 
combination of screws, bolts, cables, chains, 
straps, steel angles, and other steel hardware. 
Positive connections do not rely on the frictional 
resistance produced by the effects of gravity. 
Neither the frictional resistance between the 
base of an object and the floor or other support 
nor such mechanical friction connections as 
C-clamps or thumbscrew clamps can be 
considered a positive connection. 


The most common non structural connection 
details are.for wall attachments, floor or ceiling 
attachments, countertop attachments for smaller 
items, and attachments between adjacent items 
to create a more stable configuration. 


Typical Wall Attachment Details Many 
types of non structural items can be anchored, 
braced, or tethered to an adjacent wall to 


provide stability in an earthquake. Before 
installing any anchorage details, however, one 
should determine whether the wall has adequate 
structural capacity to support the non structural 
items. The wall element should consist of 
concrete, masonry, or structural framing 
members securely attached to the structural 
framing at both the top and bottom of the wall. 


ANCHORAGE TO WOOD 
OR METAL STUD PARTITION WALLS 
Any type of attachment hardware or brace 
should be attached directly to a structural stud, 
not to the gypsum board or plaster wall 
covering. Gypsum board and most other 
interior wall coverings have little capacity to 
resist out-of-plane loading, that is, loads 
perpendicular to the wall. Most likely, a toggle 
bolt or nail will simply pull out during an 
earthquake, leaving a hole in the wall. 


Typical wood and metal stud walls are 
constructed with vertical studs located at either 
16 inches or 24 inches on centers. Many 
interior partition walls extend only to the ceiling 
line and should not be used to anchor heavy 
non structural items unless the top of the 
partition wall is braced to the structure above. 
Heavy items anchored to unbraced partitions 
may bring the partitions down with them if they 
fall during an earthquake. Partition bracing 
should consist of diagonal elements of similar 
size and material as the vertical studs, spaced 
every few feet, connecting the top of the 
partition to the structure above. Engineering 
advice may be needed if the partitions appear 
questionable. 


The structural studs should be located at the 
start of a project to see that they are within 
reach of the items to be anchored. In situations 
where many items must be anchored to a stud 
wall, it is sometimes advantageous to install a 
mounting strip first in order to avoid having to 
relocate items to line them up with studs. 
Sometimes referred to as seismic molding, a 







mounting strip is a horizontal member mounted 
to the walll and anchored to each stud. The strip 
should be located at or near the top of the items 
to be anchored!. Furniture or cabinets may then 
be anchored directly to the mounting strip 
without regard to the stud locations. A 
mounting strip may be constructed of a 
structural-grade wood 2x4 or 2x6 or a 
continuous steel channel or angle. 


Recommended Hardware: 
• Attach steel angle directly to wood studs 
using a minimum ~-inch-diameter by 3-inch lag 
bolt. Embed the bolt at least 2 inches intOo the 
wood stud. 
• Attach steel angle to metal studs using #12 
sheet-metal screws long enough to penetrate the 
flange material. Use twOo screws per 
connection, located 3 inches apart vertically. 
• Attachments to sheet-metal shelving or 
cabinets may be made by using a minimum 
t,4-mch-dia:.meter machine bolt. Where possible, 
attach the bolt through two layers of material, 
for ,example where the top and side or back and 
side pieces overlap. Otherwise, use an 
oversized 2-inch-diameter by 3/32-mch-thick 
fender washer with the nut on the inside of the 
cabinet to provide additional strength. 
• For seismic molding, use #14 flat-head wood 
screws with countersunk heads, with at least 2 
inches embedded into the wood stud behind the 
wall covering. Locate screws along the 
centerline of the 2x4 or 2x6, and anchor the 
strip to each stud with maximum spacing of 24 
inches on centers. For attachments to the 
molding strip', do not screw or bolt ,anything 
within 1 inch of each edge of a wood member. 
• Small quick-release safety hooks (carabiners) 
and nylon cord or straps are often available at 
sporting-goods stores that carry m0'untain
climbing equipment. These items may be useful 
for tethering small office equipment. 


Not Recommended: 
• Toggle bolts mounted in gypsum board or 
plaster are not recommended for any of the 


details presented here. 
• Nails have little capacity in tension or 
withdrawal, i. e., when you pull direct! y on the 
head of the nail. Thus, nails are not 
recommended fOor any 0'f these details either. 


ANCHORAGE TO 
CONCRETE OR MASONRY WALLS 
Connections to existing concrete or grouted 
masonry walls should! be made with concrete 
anchor b olts. Many types of anchors are 
available from various vendors, including 
expansiOon anchors, sleeve anchors, and! epoxy 
anchors. Since the installation procedures and 
capacities for these anchors vary widely, it is 
important to check the 10'cal building code or 
vendor literature for the allowable load capacity 
and install the anchors in accordance with the 
manufacturer's r,ecommendatiOons. Holes into 
concrete or masonry walls should! be drilled 
with care to' avoid cutting any reinforcing steel 
(rebar). A magnetic device can be used! to 
locate the steel prior to drilling. If rebar is 
encountered while drilling, stop, ,and rel0'cate 
the hole; do not cut through the rebar. 


The capacity of an anchor' bolt in concrete is 
governed by the strength of the concrete, the 
bolt diameter, the depth of embedment of the 
bolt into the concrete, the spacing between 
adjacent bolts, and the distance to the edge of 
the concrete. In order to develop the full 
capacity of a concrete anchor" the spacing 
should be at least 12 diameters, with a minimum 
edge distance Oof 6 diameters. The minimum 
embedment length is typically 8 bolt diameters. 
The bolt will have a greatly reduced capacity if 
it is too near an edge or too dose to an adjacent 
bolt or if it has insufficient embedment into the 
concrete. 


The most common anchor bolts are wedge 
anchors, wher,e part of the shank expands to 
press against the sides of the hole as the nut is 
tightened. Other types of anchors include 
sleeve anchors and epoxy anchors. Sleev,e 







anchors consist of a threaded sleeve installed 
directly into the concrete, flush with the 
concrete surface, and a bolt that is screwed into 
the sleeve. Sleeve anchors may be 
advantageous in situations where items may be 
moved frequently. The bolt may be removed, 
leaving the sleeve flush with the wall (or floor) 
and without leaving a protruding bolt. Epoxy 
anchors are inserted into slightly oversized holes 
with epoxy or polyester resin so that the 
adhesive will hold the bolt in place. Extreme 
care is required to ensure that the epoxy 
components are mixed in the proper proportions 
within the hole; otherwise the bolt will never 
reach the manufacturer's rated capacity. 
Quality control is critical for these bolts, and 
they are not recommended unless the installation 
is performed by experienced personnel. 


Recommended Hardware and Procedures: 
• Do not cut reinforcing steel or electrical 
conduit in concrete or masonry walls. Locate 
the steel or conduit with a magnetic device prior 
to drilling. 
• Follow manufacturer's recommendations for 
installation. Remove dust from the hole prior to 
inserting the anchor bolt by using a hand-held 
vacuum cleaner; or blow the dust out with a 
bellows or a bulb. 
• For anchorage to reinforced concrete walls, 
expansion anchors are the most common and 
easiest to install. Typical sizes for wall 
anchorage of nonstructural items might be a 
3/8-inch-diameter A307 bolt with 3-inch 
minimum embedment (allowable seismic loads 
1450 pounds shear and 650 pounds tension) or 
a Ih-inch-diameter A307 bolt with 4-inch 
minimum embedment, 5-inch edge distance, and 
6-inch spacing (allowable loads 2000 pounds 
shear and 1850 pounds tension) [12]. 
• To check the installation procedures and 
quality of workmanship, test a sample of 
installed bolts with a proof load. 
• Use galvanized or preferably stainless steel 
bolts and other hardware in locations where they 
will be exposed to moisture or weathering. 


• Corrosion-resistant chains, eyebolts, and 
quick-release safety hooks can often be found at 
marine supply stores. These fasteners may be 
needed to provide wall anchorage for gas 
cylinders or other items stored outside or in a 
damp location. 
S For anchors in walls constructed of concrete 
masonry units, the expansion anchors should be 
installed only in grouted cells, i.e. locations 
where the cavity in the masonry unit is filled 
with grout and reinforcing steel. In order to 
achieve adequate embedment into the grout, 
longer bolts may have to be used in concrete 
masonry unit walls than in concrete walls. 
Unreinforced masonry walls, particularly 
cantilever partition walls, may not have 
adequate strength to anchor heavy non structural 
items. For light loads, up to 100 pounds or so, 
masonry toggle bolts can be used in ungrouted 
cells. 
• For unrein forced brick walls, engineering 
assistance is recommended. Published 
capacities for expansion anchors typically apply 
to concrete, not to brick. Anchorage to the 
floor may be a preferable solution in a brick 
building. 


Not Recommended: 
• Adhesive or epoxy anchors are not 
recommended unless installed by experienced 
personnel. Proper quality control is critical for 
this type of anchor bolt. 
• Inserts made of lead or plastic placed in holes 
drilled in concrete or masonry and used with lag 
screws have very limited capacity and are not 
recommended. 


Typical Floor and Ceiling Attachment 
Details For heavy items, anchorage to a 
concrete floor slab is often preferable to wall 
anchorage because it avoids the additional 
seismic load to the wall. Ceiling attachment 
details are required for many types of piping, 
ducts, light fixtures, and overhead fans or 
heaters. The type of detail used in each 
situation will depend on the structural materials 







of the flom and ceiling framing. 


ANCHORAGE TO WOOD FRAMING 
Because wood flooring typically does not have 
adequate strength to resist large concentrated 
forces, floor or ceiling anchorage hardware 
should be attached directly to the floor or 
ceiling beams or joists. 


Recommended Hardware and Procedures: 
• Locate the floor or ceiling joists prior to 
beginning work. If wood beams or joists are 
not situated within a convenient distance, wood 
blocking may be used to provide additional 
anchor locations. Install blocking perpendicular 
to the joists, using, as a minimum, a member of 
the same size as the joists. Anchor the blocking 
with framing clips to the joists at each end. Do 
not toenail the blocking. 
• Wood scr,ews or lag bolts should be used for 
simple anchorage 'connections for lighter items. 
A lA-Inch-diameter by 3-inch lag bolt will be 
adequate for many types of connections. 
• For anchorage of heavier items to the roof or 
tloor,add blocking beneath the anchor location, 
run A307 bolts through the blocking, and 
tighten them on the underside with nuts and 
washers. 


Not Recommended: 
• Do not anchor items directly to wood or 
plywood floor or roof sheathing, as these 
materials typically do not have adequate 
capacity to resist significant out-or-plane loads. 
• Nails are not r'ecommended for nonstructural 
anchorage details. 


ANCHORAGE TO STEEL FRAMING 
Caution should be used in anchoring 
nonstructuraI items to structural steel framing. 
Engineering expertise may be needed to 
determine whether holes can be drilled through 
structural steel framing without compromising 
the integrity of the structural members. 


There are several types of connection details 


that do. not require holes through the steel 
framing. 


Recommended Hardware: 
.' Vendor catalogues of hard!ware that ,can be 
used to provide both vertical and lateral support 
for piping often include fittings specifically 
designed for steel framing. While C-c1amps are 
not recommended, there are a variety of other 
devices that clamp mechanically around the 
flange of a steel beam or are designed to fit 
between column flanges. These devices are 
typically load-rated by the v,endors and come in 
:a variety of sizes. Besides bracing piping, this 
type of hardware might be used for bracing or 
anchoring items like lights or ceiling fans. 


Al,,{CHORAGE TO 
CONCRETE FLOOR OR ROOF SLABS 
Concrete ,expansion anchors are the most 
common type of hardware used to anchor items. 
to. a concrete slab on grade or a structur.al!. floor 
slab. For heavy loads or concrete slabs less 
than 4-inches thick, it may be preferable to use 
through-bolts, i.e., machine bolts that go 
through the concrete slab and are fastened with 
nuts and steel plate washers on the underside of 
the slab. 


Recommended Hardlwar,e and Procedures: 
• Refer to discussion of expansion anchors 
under concrete wall anchorage details. 
• Do not cut reinforcing steel in concrete slabs 
or beams. Locate the reinforcing steel and 
electrical conduit with a magnetic device prior 
to drilling holes in concrete slabs. 
.' For anchorage to a concrete foundation pad!, 
slab on gra.de" or suspended floor, check the 
drawings for the thickness of the concrete, or 
drill a small pilot hole frrst. While short 
expansion bolts may be adequate to pI'event 
sliding of low equipment, longer bolts with 
greater embedment are generally needed to 
prevent the combination of sliding and 
overturning forces for items that ar,e taller than 
they are wide. 







• Typical hardware for floor anchorage of 
lighter non structural items might be with a 
l/z-inch-diameter A307 bolt with 4-inch 
minimum embedment and 6-inch spacing 
(allowable loads 1500 pounds shear and 1400 
pounds tension). For heavy items, larger bolts 
are needed. For example, a l-inch-diameter 
A307 bolt with 7-inch minimum embedment and 
12-inch spacing (allowable loads 3750 pounds 
shear and 2850 pounds tension) [12]. 
Engineering assistance is recommended for very 
heavy items. 
• If equipment is resting on leveling bolts or 
must be level for proper operation, vertically 
slotted connections may be needed to allow for 
adjustment. 


Not Recommended: 
• A lA-inch-diameter expansion anchor has an 
allowable capacity for seismic loading of 650 
pounds shear and 250 pounds tension [12]. 
(Note that the capacities cited above are for 
pure shear or pure tension. Combinations of 
shear and tension must be considered 
simultaneously, resulting in reduced capacity. 
For example, if you pull on the bolt with 200 
pounds of tension, it will have the capacity to 
resist only approximately 300 pounds of shear.) 
These bolts are generally too small for most 
equipment or for fully loaded file cabinets, 
unless a number of bolts are used in 
combination. 


Typical Shelf or Countertop 
Attachment Details If important or 
essential contents are to be secured, the shelf or 
mounting surface should be secured prior to 
anchoring non structural items. While standard 
desks and office tables are unlikely to overturn, 
they may slide during an earthquake. Desktop 
computers and printers can be anchored to the 
desk by means of hook-and-Ioop tape or various 
types of security devices designed to prevent 
theft. 


Recommended Hardware and Procedures: 
• Unanchored desks or tables may slide and 
pull on the electrical cords of office equipment 
if the items are anchored to the tabletop. 
Electrical cords should have adequate slack to 
allow for movement of unanchored desks or 
tables. 
• Loose shelves should be secured to their wall 
or shelf brackets. Wood shelves that rest on 
wall-mounted brackets may be secured to the 
brackets with lh-inch-Iong wood screws. 
., Many types of vendor-supplied anchorage and 
security devices are available for computer 
equipment. These may also be adapted for 
other types of countertop equipment, such as 
medical or laboratory equipment. Heavy-duty 
hook-and-Ioop tape with adhesive backing may 
be purchased at most hardware and fabric stores 
and can readily be cut into patches or strips. 
• Desktop computer equipment usually consists 
of several independent components. If items are 
stacked, make sure each component is anchored 
to the one beneath it and that the bottommost 
item is anchored to the desk. For tall 
configurations of items that do not have to be 
moved frequently, it may be more advantageous 
to tie an assembly of components together with 
nylon strap and then anchor the base to the 
desktop. 
• For light and nonessential items on shelves or 
countertops, a 1- to 2-inch lip secured to the 
edge of the counter or shelf may be adequate to 
prevent miscellaneous items from falling off. In 
this case, individual items need not be anchored. 


Purchasing In some instances, it is easier to 
install non structural anchorage details for newly 
purchased equipment than for existing 
equipment. Many items are available off the 
shelf or can be special-ordered with seismic 
detailing. Some file cabinets come with 
predrilled holes for floor anchorage and strong 
latches on the drawers. Battery racks, industrial 
storage racks, and computer access floors can 







be ordered that meet seismic requirements 
specified in the building code. It is always 
useful to inquire about the availability of seismic 
details when purchasing new equipment 


Patching, Painting, and Corrosion 
Protection Most of the details shown here 
assume that the nonstructural item is situated in 
a dry" interior loOcation. In these 10catioOns. , 
some cosmetic patching and painting may be 
desirable, primarily for aesthetic reasoOns. 


For basements" roofs., or other exterior 
locations., it is. important to provide adequate 
protection from weathering and ,corrosion. If 
attachment details perforate a roof membrane, 
appropriate sealants. or localized repair win be 
needed to avoid roof leakage. If expansion 
anchors. or other steel hardware will be exposed 
to moOist conditions or weathering, either 
stainless sreel or galvanized hardware should be 
selected to avoid corrosion and deterioration. 
Many types oOf paints and coatings are available 
that will help toO retard corrosion. Exterior 
earthquake protection devices may need periodic 
maintenance to avoid deterioration. 


In cases. where a ,chain, latch, or tether is 
installed and users must remove and replace 
some hardware whenever they need to use the 
item, it may be helpful to select a bright or 
distinctive paint color as a reminder that the 
chain or hook needs to be refastened. 


Safety Precautions As with any type oOf 


construction work, there are safety pr,ecautlons 
that must be followed while installing 
nOilistructural attachment details. Employers and 
tradesmen must comply with numerous local, 
state, and federal safety regulations and follow 
guidelines. established for specific trades or 
industries. The following is not compr,ehensive 
but is a brief list oOf safety precautions that merit 
emphasis in connectioOn with the nonstructural 
attachment details shown here. 


Recommended Procedures: 
• The people doing the installation work should 
have adequate training and supervision. Office 
workers or volunteers may not have the 
necessary background. 
• Electrical hazards are present around ,any· 
equipment supplied with electrical power.. It 
may be necessary to disconnect the power 
before starting work. Transformers are 
especially hazardous,. Transformers, 
switchgear,. and other electrical cabinets should 
be handled or opened onI y by qualified 
personnel. 
• The installation of most nonstructural 
restraint details involves the use of power tOOols. 
Personnel should use safety goggles and other 
protection recommended by tool manufacturers, 
and all workplace safety standards should be 
followed. 
• Many heavy pieces of furniture or ·equipment 
may have to be moved temporarily in order to 
install seismic restraint details. Unless proper 
lifting techniques are utilized, back injuries or 
other injuries may result [19]. 







rt~~l DEVELOPING EARTHQUAKE 
PROTECTION PROGRAMS 


The preceding sections of this guide have 
provided information. The question is how to 
apply this information effectively. How should 
protective techniques be implemented? The 
answer depends on the nature of the physical 
conditions in the facility and the characteristics 
of the organization. The following suggestions 
can be considered by the reader in the context 
of his or her own situation. 


SELF-HELP VS. 
USE OF CONSULTANTS 
Self-help implementation of ~ program can be 
adequate where the potential hazard is small or 
the in-house familiarity with engineering or 
construction is greater than average. For larger 
facilities, engineering or architectural 
engineering consultants may be employed to 
survey the seismic vulnerability and design 
specific upgrade details. In some cases, after an 
initial survey is conducted and a report prepared 
by an expert, the remainder of the 
implementation can be handled in-house without 
further assistance. 


One of the larger non structural earthquake 
hazard evaluation and upgrade programs is that 
of the u.S. Department of Veterans Affairs 
(V A) for its hospitals. The typical procedure 
followed by the V A has been to hire consultant 
experts to assess the seismic risk at the site, to 
review the facility and list specific non structural 
items that are vulnerable to future earthquakes, 
and to provide estimated upgrade costs and 
group the items by priority. Once the 
consultants have established the program 
outline, the VA maintenance staff at each 
hospital has been given many of the 
implementation tasks. As mentioned in the 
introduction, there are limits to the self-help 


diagnosis and prescription approach; especially 
if larger buildings or more serious safety 
hazards, property risks, or critical functional 
requirements are involved, the use of 
consultants may be advisable. 


Types of Consultants Various types of 
consultants are available, each of which may 
have a different type of expertise. The choice 
of a particular consultant will depend on the 
nature and complexity of a particular facility. 
Many of the consultant designations below 
correspond both to a specialized field of study 
or practice and to a category of state license. 
Not all practicing design professionals are 
licensed. If building permits are required for 
the anticipated work, it may be important to 
ascertain that the consultant has an appropriate 
license for the state where the facility is located. 


• Earthquake Engineer This ,is a commonly 
used term, but no state has such a license 
category, and earthquake engineers are not 
listed in the Yellow Pages. An earthquake 
engineer is a structural or civil engineer (see 
below) experienced in earthquake design and 
analysis. 


• Structural Engineer A structural engineer 
is a civil engineer (see below) who has gone on 
to obtain an additional license based on work 
experience and examinations specifically on 
topics relating to structural engineering. Not all 
states issue a separate license for structural 
engineers. California is an example of a state 
where schools, hospitals, and some high-rise 
structures must be designed by licensed 
structural engineers. Structural engineers are 
more likely to be familiar with building 
construction than many civil engineers, who 







specialize in other areas. Some structural 
engineers have had ,extensive experience in 
designing non structural anchorages and 
protective measures, often involving hospitals 
because of their stricter building code 
requirements. Structural ,engineers are listed in 
the Yellow Pages under "Engineers; structural. 1I 


• Civil Engineer A civil engineer may be 
licensed by the state. Some civil engineers 
specialize in structural engineering. Other civil 
engineers specia]ize in fields such as airport and 
harbor design, utility systems, or soils 
engineering, which do not involve the structural 
design and analysis of buildings. 


• Mechanical Engineer A mechanical 
engineer may have a state license based on 
education, experience, and examinations. Some 
mechanical engineers practice aspects of their 
discipline completely unrelated to buildings 
(such as the design of power plants, automotive 
engines, or machinery) .. Mechanical engineers 
who specialize in the design of HV AC systems, 
or "mechanical" systems, for buildings are often 
familiar with these types of non structural items, 
but they typkally rely on structural engineering 
·consultants for the design of earthquake bracing 
for mechanical equipment 


.' Architect An architect may also hav,e a 
state license based on education, work 
experience, and examinations. Since architects 
must be knowledgeable about many aspects of 
building design and construction" generally only 
a small part of their education, work 
experience, and examinations is devoted to 
structural engineering. Even architects licensed 
in California generally do not perfonn seismic 
computations or make structural detailing 
decisions but instead rely on in-house or 
consultant structural engineers. For new 
construction, the engineer usually works as a 
sub consultant to the architect, rather than 
directly for the owner. Architects, not 


engineers, are generally responsible for the 
design of windows, partitions, ceilings, and 
many other non structural items. It is important, 
therefore, for thearchltect to be made aware of 
the client's concerns regarding protection from 
nonstructural earthquake damage, since the 
architect will design and provide specifications 
for most of the non structural components . 


• Interior Designer An interior designer or 
space planner would not be ,expected to have 
any particular background in earthquake 
engineering, though in some cases this designer 
will be intimately involved with the specification 
of fIle cabinets,. furniture, fmish materials, an~ 
so on. Designs by interior designers can be 
reviewed by a structural engineer to ensure 
appropriate detailing for earthquake hazards .. 


• Specialty Contractor Contractors in 
various specialties, as well as general 
contractors, may be licensed by the state. 
Contractors can implement upgrade schemes 
designed by others or may be able to help 
devise the upgrade technique if no formal 
engineering is required. For example, 
contractors ,experienced in the installation of 
new suspended ceilings in accordance with 
current earthquake code provisions may be 
capable of installing seismic upgrade details for 
older, unbraced ceilings. Individuals skilled in 
the building trades cam. bring special talents to 
bear if they are made aware of seismic problems 
and! solutions. At one large research and 
development facility, for example, .all the light 
fixtures have been thoroughly upgraded for 
earthquakes over a few years, thanks mostly to 
the efforts of one electrician. 


IMPLEMENTATION STRATBGIES 
There are a number of options to consider in 
implementing a program to reduce the 
vulnerability of nonstructuraI components .. 
Some of these are discussed below. 







Integration with Maintenance Programs 
One of the easier means of gradually 
implementing earthquake protection in an 
existing building is to train maintenance 
personnel to identify and properly correct 
non structural hazards that they may discover as 
they survey the building for other purposes or to 


,correct problems identified by an outside 
consultant engineer. The disadvantages of this 
approach are that protection is increased only 
gradually and the potential cost savings from 
doing several related projects at the same time 
may be lost. Note (under the heading 
Sustaining Protection, below) that a maintenance 
program can also be used for upkeep of 
protective measures. 


Remodeling If there are other reasons for 
remodeling, there may be an opportunity to 
increase the protection of several nonstructural 
components at the same time, especially 
ceilings, partitions, windows, air conditioning 
ducts, or other built-in features. A word of 
caution: in some cases, remodeling efforts have 
reduced rather than increased the level of 
earthquake protection through the accidental 
modification of components that originally 
received some seismic protection as a result of 
the input of a structural engineer or architect. 
If an architect, interior designer, or contractor 
is handling the remodeling, the possibility of 
incorporating additional earthquake protection 
into the space should be discussed, and a 
structural engineer's expertise should be 
employed where indicated. 


Purchasing A guideline with a list of 
nonstructural items could be created to indicate 
special purchasing considerations. For example, 
file cabinets should have strong latches and wall 
or floor attachments, bookcases should have 
bracing and floor or wall attachments. 
Increasingly, vendors are marketing items with 
"seismic-resistant" details such as predrilled 
holes for anchorage. The effective use of these 


guidelines requires coordination between the 
purchasing and facilities functions. 


Incremental Upgrading In some cases, it 
may be possible to upgrade different areas 
within a building at different times or to select 
one or more types of non structural components 
throughout a building and upgrade them at the 
same time. Some projects can be completed in 
a weekend, making it possible to upgrade 
equipment or other items without interrupting 
the normal work flow. Companies with annual 
shutdown periods may find it wise to upgrade 
the highest-priority items during each annual 
shutdown. Work that interrupts the use of a 
space, such as setting up ladders or scaffolding 
to work on the ceiling or ceiling-located items, 
could be restricted to limited areas in a facility 
at a given time, minimizing the overall 
disruption. 


An all-at-once implementation process, similar 
to that used in new construction, can be used in 
existing facilities either when the extent of the 
work required is small or when the work is 
extensive but the resulting disruption is 
tolerable. A favorable time for this approach is 
when a building is temporarily vacant. 


New Construction For new construction, 
it is possible to anchor, brace, or restrain all the 
critical nonstructural items at the same time 
according to a unified design. As noted earlier, 
it is more efficient and less costly to install 
anchorage details during construction than to 
upgrade existing buildings. 


For large organizations, the development and 
adoption of nonstructural guidelines to be used 
by designers or contractors, as discussed in 
Chapter 7, could be considered. For small 
companies or organizations,· a letter or 
conversation with the architect could be used to 
bring up the matter of designing earthquake 
resistance into non structural items. Providing 
the architect or other designer with a copy of 







this guide might be advisable. 


Sustaining Protection Some non structural 
protection devices, such as anchorage hardware 
for exterior objects, may deteriorate with time 
if not protected from rust. Over time, interior 
fastenings and restraints may be removed! as 
people move equipment or other items and fail 
to reinstall the protection devices. Chains used 
to restrain gas cylinders or elastic shock cords 
on bookshelves are effective only when they are 
in use. It is sometimes more problematic to 
maintain the human aspects than hardware 
aspects .of nonstructural protection. As noted 
above remodeoog projects can sometimes result 
in the 'elimination of protective features if there 
are no seismic guidelines. Training is required 
to ensure that gas cylinders, storage rack 
contents,. office equipment, chemicals, and so 
on, are properly stored. 


Maintenance personnel may be the people most 
likely to periodically survey the building. to 
ascertain whether earthquake protection 
measures are still effectively protecting 
mechanical equipment such as emergency 
generators, water heaters, special equipm~nt, 
and so on. Supervisors can be made responsIble 
for an annual review of their work spaces. If 
there is a separate facilities or physical plant 
.office in an organization, that may be at logical 
place for the responsibility for sustaining 
protection to reside. Organizations with safety 
departments have successfully assigned the role 
.of overseeing non structural earthquake 
protection to this functional area. 


An earthquake hazard mitigation program 
should conform to the nature of the 
o.rganization. In the case of the University of 
California" Santa Barbara, the implementation 
and maintenance o.f a campuswide program to 
address nonstructura:l.earthquake hazards was 
initiated by a one-page policy memo from the 
chancellor. Each department head was made 
responsible for implementation of the policy, 


and the campus Office ,of Environmental Health 
and Safety was given the job of advising 
departments on implementation, making 
surveys" and evaluating the program's overall 
effectiveness [13, 14]. 


EVALUATION 
How good is a nonstructural earthquake 
protection program? Is it worth the cost? What 
is the best way to evaluate its strong points and 
deficiencies? 


There are two basic techniques. to employ in 
accomplishjng this task. The first is to ask, 
How well has the program met its stated! 
objectives? Have the costs been within the 
budget? Have the tasks been completed .on 
schedule? Is the scope of the effort as broad .as 
was originally intended, or hav,e some items 
been neglected that were targeted for upgrades? 
Have employee training exercises Dr other 
features of the response plan all been 
implemented? How well have the measur~ 
been implemented? Have the upgrade details 
b een correctly installed? Is the training taken 
seriously?' 


The second basic evaluation technique is to ask, 
If the ·earthquake happened today, how much 
better off would we be than if we had never 
developed a nonstructural protection progrnm.? 
This crull be done in a rough cost-benefit fonnat 
by estimating the total cost o.f the program, 
indudingestimated staff time. A fairly ·crude 
method, described below" can be used to 
estimate the potential benefit due to property 
loss savings. 


The risk ratings in Appendix C are presented in 
tenns of a low, moderate, or high poten~ for 
property loss. If we consider only duect 
property loss to. the item itself, then these 
ratings might be approximately equivalent to .a 
loss equal to a percentage of the replacement 
,cost ·of each item, as follows: 







Low 
Moderate 
High 


0%-20% (10% average) 
20%-50% (35% average) 
50%-100% (75% average) 


For areas that expect only light- or moderate
intensity shaking in an earthquake, it can be 
assumed that direct property losses following 
the implementation of the upgrade will be 
negligible. In areas that expect severe shaking, 
it can be assumed that property losses for 
upgraded items will be low, with an average 
loss of 10 %, as indicated above. The benefit, 
then, is the difference between the expected 
losses without the program and the expected 
losses with the program in place. . 


When using this method, it is important to 


remember that it covers only direct losses to the 
item; i.e., the maximum property loss is limited 
to the replacement cost for each specific item. 
As stated earlier, property losses due to broken 
water or fire sprinkler pipes might be well in 
excess of the cost to repair or replace the 
piping. 


In many cases, the value of not experiencing 
outages and not sustaining injuries will be very 
significant, and property loss savings cannot be 
the sole measure of the benefit. Cost-benefit 
computations such as those described above 
should be used only as a guide, not as automatic 
decision-making devices, since the upgrade 
costs, damage costs, and potential savings can 
be estimated only very approximately. 







I.sUI EMERGENCY PLANNING 
GUIDELINES 


What types of nonstructuraI damage_ should be 
addressed in an earthquake response plan? How 
should training and exercises be conducted to 
take the prospect of non structural damage into 
account? 


IMPLICATIONS OF 
NONSTRUCTURAL DAMAGE 
FOR EMERGENCY PLANNlNG 
The first step is to develop a valid picture of the 
probable postearthquake state of the facility. 
The nonstructural survey and vulnerability 
analysis will indicate what types of items are 
present and provide an approximate assessment 
of their earthquake resistance. The better this 
survey and analysis are, the more likely it is 
that the envisaged postearthquake conditions will 
.actually materialize. Less expert assessments 
will be more likely to either overestimate or 
underestimate damage. Even with the most 
thorough of analyses, however,. ther·e is silll 
great uncertainty in the process of estimating 
earthquake performance. 


One approach to this uncertainty is to assume 
the worst. This conservative approach is not 
warranted and is prohibitively expensiv·e for 
purposes of allocating construction money to 
upgrade items, but in the initial stage of the 
emergency response planning process, it may be 
inexpensiv.e to at least briefly consider the 
impact of severe damage to each nonstructural 
item on the list. What would be the emergency 
planning implications if each particular 
nonstructural item were to be severely 
damaged? 


For example, what would be the consequences 
if an emergency power generator were to be 


damaged or if its support services wer·e to be 
rendered inoperative. This will provide the 
worst-case scenario. 


A particular generator may be anchored to the 
concr,ete slab with adequate boIts; it may have 
an independent fuel supply; the batteries may be 
restrained; and the cooling water system, if any, 
may be braced or anchored. The owner or 
operator may test the generator monthly and 
rna y be confident th(l!t it will. work after an 
earthquake. However, oOut of 100 very well 
protected generators such as the one described 
above, at least a few would probably faj] to run 
after a large ,earthquake. The probable outcome 
is that the generator will work properly, but 
there is. still an outside chance that it won't. In 
the 1994 Northridge earthquake, a number of 
facilities, including more than one major 
hospital that was designed and constructed under 
the State of California's Hospital Seismic Safety 
Act, had temporary emergency power outages .. 


If there are inexpensive backup measures that 
can be included in the pIan or in the training 
program or eX!ercises" then this. may be a form 
of inexpensive msurance. Such inexpensive 
measures. might include occasionally including 
in an earthquake scenario the ·complete absence 
of electricity (by switching off all electricity 
except where it would be dangerous to 
occupants or deleterious to ·equipment); testing 
battery-powered exit lights; buying a supply of 
flashlights. and batteries; maintaining a list of 
local suppliers of rental generators; and 
exploring whether r·ecreational vehicle 
generators could supply power to run some 
essential functions and, if so, including the idea 
as a backup tactic in the earthquake plan 
(employees could be quickJly queried to see 







whether some RVs might be available for use 
by the company or organization). 


After the worst-case outcome has been 
considered with regard to each non structural 
item, it will then be necessary to consider the 
probable-case scenario. Because emergency 
planning resources are limited, extensive effort 
cannot be devoted to every conceivable 
problem. Once a facility survey has been 
completed, the estimated vulnerabilities 
indicated on the non structural inventory form 
can be used as a guide. 


Human Response As protection against 
almost all types of non structural damage, the 
common advice to take cover beneath a desk or 
table is generally valid. While the photos of 
earthquake damage presented in this guide may 
appear frightening, a careful look will show that 
if an occupant had been in the vicinity of the 
damage but kneeling under a desk or table, 
serious injury would have been unlikely. 
Taking refuge in a doorway is not 
recommended, since lintel beams over doorways 
provide little protection from falling debris, 
which can occur in and near doorways, 
particularly in exterior walls of buildings. 
Taking refuge under a desk or table is a simple 
measure to undertake, but this advice requires 
some training and exercises if the technique is 
to work. Some people may have an immediate 
impulse to try to run outdoors if the shaking is 
severe or lasts for more than a few seconds. 
Many adults will feel embarrassed about 
crawling under a table. The quarterly 
earthquake drills for school students, now 
required by law in both public and private 
schools in California, appear to be very 
successful in getting students to take cover 
quickly and follow instructions during 
earthquakes. Similar drills, if only annual, are 
necessary if adult office workers, salespeople, 
or government employees are to be expected to 
respond quickly and protect themselves when 
the need arises. 


In settings where there are no desks or tables, 
occupants should get down beside the next best 
thing. In an auditorium or public assembly 
setting, kneeling down between the seats is the 
best advice. It may be possible to move away 
from obvious hazards, such as items on tall 
industrial storage racks, and to put oneself in a 
safer position at the other side of a room, but in 
a very severe earthquake it may be impossible 
to stand up or walk. 


EARTHQUAKE PLANS 
The following points relating to nonstructural 
damage should be addressed in an earthquake 
plan. 


Pre-Earthquake Tasks The document can 
describe the identification and upgrading of 
non structural items and the procedures for 
routinely checking to see that protective 
measures are still effective. If emergency 
training for employees is anticipated, then that 
should be written into the plan also. 


Earthquake Emergency Response Tasks 
What tasks must be accomplished immediately 
after an earthquake? The tasks can be made 
contingent upon the severity of the earthquake 
and the amount of damage that is immediately 
seen to have occurred. If the structure of the 
building is obviously damaged--if there are 
sizable cracks in concrete walls, floors, or 
columns; if the building is leaning out of plumb; 
or if any portion of it has pulled apart or 
collapsed--then evacuation of the building will 
obviously be in order. This is not the time for 
a thorough survey of non structural damage. If 
th,ere is no apparent structural damage, a survey 
of the mechanical equipment, elevators, and so 
on, could be listed as the appropriate response. 
Hazardous material storage areas should be 
quickly checked for spills. 


Responsibilities For each task, someone 
must be assigned responsibility. If no 







r'esponsibility is assigned in the plan, it is likely 
that no one will carry out the task. Because the 
earthquake may happen at any time and will 
have roughly a 75 % chance of happening 
outside normal work hours, backup positions for 
responsibilities should be listed. To minimize 
the obsolescence of the plan, it is pr,eferab1e to 
list positions rather than individuals' names, but 
in any event, someone must have responsibility 
for the plan itself and for keeping it current. 
Figure 9 provides a blank form for use in 
collecting information that may be helpful in 
formulating an earthquake plan. 


TRAINING 
How should you establish an earthquake tr,alning 
program? Ironically, the best advice may be to 
avoid estabJishlng a separate earthquak!e training 
prOogram ,and, instead" to integrate earthquake 
training tasks into other ongoing training 
programs. Because of the infrequency of 
earthquakes,even the best ,earthquake training 
program may slowly lose its effectiveness or 
completely die out. In addition, an earthquake 
training program that requires its own separate 
funcling will probably have a relatively lOow 
priority in the overall ranking of training 
,cOoncerns .. But it may be possible to find ways 
of slightly ,expanding existing training programs 
--at smaII cost--to deal with the problems unique 
to earthquakes. 


Fire safety is typically the most common of 
hazards on which hazard training is based. In 
the process of instructing employees about 
extinguishers, alarms, notification procedures, 
safe storage methods, exiting, ,and other fIre
related topics, it may be possible to incorporate 
anearJthquake safety training unit at the same 
time. It is essential to have procedures for 
controlling leaks from fire sprinlders and other 
pipe lines. Security staffs should be trained in 
the process of responding to earthquakes at the 
same time they are familiarized with other 
emergency plans for theft, fire, or other 


hazards. Maintenance personnel must be 
trained in certain upkeep and operational aspects 
of the HV AC system, elevators, plumbing" 
lights, sprinkler system" and so on, and many of 
these items are precisely the components of a 
building that will require attention man 
,earthquake hazard reduction or response plan. 
Workplace safety training sessions. ar'e ideal 
forums for dealing with earthquake safety. 


To minimize the number of earthquake training 
requirements, consider the unique ,as:pects of 
earthquake problems that are not ,already 
covered by preparations fol" other hazards., For 
example, the fact that the phones may not work 
is one of the key ways in which ,earthquake 
response differs from that for fIre or other 
hazards. If an emergency plan addr,esses 
building evacuation, it should identify gathering 
points that at a safe distance from falling 
hazards adjacent to other buildings. Individual 
emergency plans may contemplate a telephone 
outage, an electrica1. outage, the need tOo 
evacuate the building, traffic disruption, injury, 
pipe leakage, or window breakage,. but it is 
unlikely that the response plan forarry oth,er 
hazard win consider that an these events may 
occur simultaneously. At .a minimum, having 
an earthquake backup pIan for reporting injuries, 
or flres in the ev,ent that the telephones are 
inoperable is one essential feature to include. 


The nearest fire station should be located ,and 
indicated on a street map so that aid can be 
quickly summoned in person if the phones are 
out. Even if emergency medical services are 
nOot provided by the fire department, the radio 
equipment available at fire stations will allow 
for communication with other agencies. 


In addition to adding earthquake training to 
other ongoing training programs, it may be 
reasonable to occasionally devOote brief training 
sessions exclusively to earthquake preparedness. 
An annual training schedule can easily be 
coordinated with an annual exercise schedule, as 







discussed below. 


EXERCISES 
The vulnerability estimates summarized on the 
non structural inventory form can be used to 
compile a list of non structural damage situations 
for inclusion in an earthquake scenario to be 
used for an exercise. 


The list of non structural damage events may 
grow lengthy and may include contingencies that 
would be very costly and disruptive to simulate. 
For example, full-scale evacuations of high-rise 
buildings without the use of the elevators are 
rarely conducted; rather, one or two floors are 
evacuated periodically. Turning the electricity 
off will accurately simulate an 
earthquake-caused power outage and the 
attendant problems of visibility in windowless 
office areas, lack of air conditioning, and so on, 
but this may be too disruptive, or in some cases 
unsafe, to do throughout an entire office 
building. In a large company or government 
office, one department, one wing, or one work 
area of the building could be included in a more 
realistic simulation of effects while employees in 
the remainder of the facility are allowed to 
function normally or simply participate in a 
brief "take cover" exercise. 


Employees with specialized earthquake response 
tasks--such as the maintenance personnel who 
check for water or gas leaks, supervisors who 
are responsible for checking on the well-being 
of employees in their areas, and safety or 
security officers responsible for communications 


within the building or with outside emergency 
services--should have more frequent training and 
exercises. A brief annual exercise, such as 
having people take cover beneath desks and 
reminding them not to use elevators after 
earthquakes, is probably adequate for most 
employees, whereas more frequent brief drills 
may he warranted for employees with 
specialized tasks. An important test of 
preparedness for nonstructural damage is to 
check to see whether the responsible personnel 
can quickly identify which valves to shut in 
order to control water pipe leakage in any part 
of the facility. 


PERSONAL EMERGENCY KITS 
Each employee should be encouraged to have 
their own Personal Emergency Kit containing a 
supply of necessary medical prescriptions, a 
flashlight, portable battery powered radio, a 
water bottle or soft drink, and an energy bar or 
some snack food. For women who wear high 
heels, it may also be useful to keep a pair of flat 
shoes handy, since evacuation procedures often 
require women to remove their high heels. 
Other items like a jacket, mittens, hat, or 
thermal blanket might be useful depending upon 
the local climate. 


MASTER EARTHQUAKE 
PLANNING CHECKLIST 
The checklist in Figure 10 provides an overview 
of the tasks involved in establishing an 
earthquake protection program to address 
non structural components. 







1. Facility/organization name 


2. Address 


3. Building ownersbip: ____ owned by occupant,, ___ ,]eased by occupant 


4. Type of organization: ____ company, ____ -"'govemment agency , ___ oilier 


5. Organizational structure (overall organizational chart) 


6. Functional' responsibilities 
Who has responsibility for ilie following: 


authorization for earthquake program, budgeting 
detailed administration of earthquake program 
safety training courses 
posters, brochllfes, memos, newsletters 
workplace safety, compliance with safety regulations 
fEe brigades, emergency response team 
first aid, health ,care 
personnel: absenteeism, help with personal problems 
insurance 
risk management, risk control 
facilities management: new construction and remodeling 
facilities management: A & E contracts 
facilities management: maintenance 
facilities management: operation of mechanicaY electrical systems 
facilities management: postearthquake safety inspections 
security 
operational authority for ,evacuations, building closing 
public relations, press statements 
communications 
food service 
transportation: personnel, cargo 


7. Relationship to off-site portions of the organization 
Which communication/transportation/interaction links are most essential? 


s. Relationship to other organizations 
Which links are essential? 


9. On-site functions 
Which are essential? 


Information-Gathering Cbecklist: .organizational Characteristics 
Figure 9 







1. Task: Establish executive policy requiring a non structural evaluation, and allocate funds for 
initial work. 
Responsibility: Chief Executive Officer, Board of Directors, Manager, Executive Committee. 


2. Task: Survey the facility for non structural vulnerabilities. 
Responsibility: Outside consultant or in-house engineering, maintenance, safety, or other 
department. 


3. Task: Analyze the conditions, and estimate future earthquake effects. 
Responsibility: Same as for number 2. 


4. Task: Develop a list of non structural items to be upgraded, with priorities and cost estimates. 
(If a Facilities Development Guideline document is to be produced, coordinate performance 
criteria to be used on future new construction with upgrade standards). 
Responsibility: Same as for number 2; may include bids from contractors. 


5. Task: Decide what items will be upgraded, how the work will be done, and by whom. 
Responsibility: Same as for number 1, with input from number 2. 


6. Task: Implement the upgrade-program. 
Responsibility: In-house staff or contractors, with administration of contracting or tasking by 
number 2 or in-house construction administration office. 


7. Task: Develop an earthquake response plan that contemplates non structural damage, with 
pre-emergency, during, and post-emergency earthquake tasks and responsibilities itemized. 
Responsibility: Consultant or in-house safety or other department, with general policy and 
budgeting same as for number 1. 


8. Task: Train personnel in accordance with the plan developed in number 7. 
Responsibility: Training, safety, or other department. 


9. Task: Plan and implement exercises that will test the training of number 8 and the planning of 
number 7. 
Responsibility: Same as for number 7 or number 8. 


10. Task: Evaluate the performance of the above program, preferably within one year after inception 
or according to the deadlines set in an implementation schedule, and annually thereafter. 
Responsibility: Same as for number 1 in smaller organizations, or same as for number 7. 


Master Nonstructural Earthquake Protection Checklist 
Figure 10 







/71 FACILITIES DEVELOPMENT 
GUIDELINES 


For a large organization, the development of 
formalized nonstructural construction guidelines 
may be appropriate to ,control the work of 
architects, engineers,. interior designer/space 


. planners, contractOl"s, and occupants. As a 
general rule regarding new construction or 
renovation, if the construction drawings do not 
show specific attachments and bracing and if the 
written specifications do not mention 
earthql.lake-protective devices, such as anchors, 
braces, and so on, then it is unreasonable to 
assume that the contractor who builds or installs 
the items will devise special protective measures 
and spend time and materials to incorporate 
them. Current building code provisions for 
nonstrucrural components generally apply to a 
limited! number of items, so compliance with 
code requirements may not address all the 
potential hazards. For instance, furniture and 
contents weighing 1,ess than 400 pounds and 
mounted less than 4- feet above the floor are 
typically excluded from the provisions [9]. 


NONSTRUCTURAL 
CONSTRUCTION GUIDELINES 
Written guidelines may be useful for a large 
organization attempting to prevent '0r limit 
Il10nstructuraI damage. Such guidelines should 
be drafted with the assistance of 
archltecturaIlengineering consultants and might 
include the elements described below. 


Scope To what purchases, remodeling, or 
new construction dO' the guidelines apply? 
Guidelines cannot apply to all non structural 
items, since this broad definition would mean 
that furnishings such as wastepaper baskets, 
chairs, wall clocks, curtains" and so on, would! 
all be included. Items that might appropriately 


be excluded are lightweight, nonhazardous" 
unessential, and inexpensive items that are not 
mounted! overhead! or above a certain height off 
the floor. The height criteria typically in use 
range from 42 inches to 5 feet, though desk or 
table height (30 inches) may be more 
appropriate for a facility where young dilldren 
are present. 


The guidelines might apply only to work done 
by outside designers and contractors" to in-house 
facilities work and maintenance" or to' individual 
workplace standards. It is preferable to' address 
these three audiences separately. The scope 
might include new construction only, 
renovations, or both. Including both cases is 
recommended. 


Responsibility Who has the in-house 
responsibility for maintaining the guidelines and 
ensuring their implementation? This should 
usually be the same office that .oversees or 
coordinates architecture and engineering 
proj eets. What responsibilities does the 
designer or contractor have for n'0tifying or 
certifying to the .owner that provisions of the 
guidelines. are being followed? This 
responsibility should be written into the 
contract. 


General Intent The importance of the 
nonstructuralearthquake protection program 
should be stated, preferably ina ,cover letter or 
introoucto·ry statement from the chief ,executive, 
department head"or gov,erning board. If the 
guidelines are the onI y ensured means of 
communicating about the earthquake hazard to 
designers or contractors, introductory 
information couId be added as well (such as 
examples of the types of damage that might be 







expected to occur if the guidelines are not 
followed). This guide provides more 
background information on this topic than most 
designers or contractors have previously 
acquired, and portions or all of it could be made 
available to them to accomplish this purpose. 


Performance Criteria If the client wants 
a design professional (architect or engineer) to 
do more than merely conform to the minimum 
requirements of the building code, it is desirable 
to explicitly describe the higher level of 
performance desired. This can be done in 
language such as the following: "In the event 
that a major earthquake occurs at the site (i.e., 
an earthquake with a __ % probability of 
exceedance in __ years), the following 
non structural items should remain undamaged 
and functional, assuming that the structure 
remains serviceable. For all other non structural 
items, only life safety is important, and the 
anchorage provisions of the local building code 
(or applicable code) should be followed, 
including anchorage of any item weighing more 
than pounds, or located more than 
___ above the floor and weighing more 
than pounds." Another way to state 
the basic performance criteria would be, 
"Within hours/days after the most 
severe earthquake that is expected to occur on 
average (e.g., once a century), the 
following non structural items should be at least 
___ percent functional." 


As an alternative, other published criteria could 
be referenced. For example, some of the 
requirements imposed on California hospitals in 
Title 24 of the California Administrative Code 
might be appropriate for other essential 
facilities, but referencing that code would have 
to be done selectively because it includes many 
provisions that may not be applicable. Of 
course, it may not be easy to meet the desired 
level of performance, so this should be 
discussed with the engineering consultant prior 
to developing a specification. It is also 


sometimes difficult to verify whether the intent 
of a performance criterion has been met until 
the earthquake occurs. 


The criteria should include an indication as to 
how much the client is willing to pay to obtain 
the higher level of protection. Estimates could 
be prepared for each job and approved by the 
client. Or a general statement could be made 
that "any cost up to percent additional 
cost" (with the percentage specified in terms of 
total construction cost or estimated cost for that 
nonstructural item only) that the architect or 
engineer thinks reasonable is allowable. Costs 
estimated to be in excess of this limit would 
have to be brought to the attention of the client 
for explicit approval during design. 


Quality Assurance What means of 
verifying and testing compliance with the 
guidelines will be required? For example, if 
upgrade details with anchorage into concrete 
slabs or walls is to be a common element of 
future projects, specific procedures for load 
testing (pulling) a percentage of installed anchor 
bolts could be specified. For installation of 
drill-in anchor bolts in concrete for hospitals in 
California, which are subject to stricter 
earthquake regulations than most buildings, the 
state requires in-place proof-testing of half of 
the bolts to twice their allowable loads. If any 
bolts pull out, then the adjacent bolts must also 
be tested. 


Coordination with Nonseismic 
Specifications, Codes, and Guidelines 
The need to provide earthquake protection 
without sacrificing fire, security, or other 
requirements should be stated in the guidelines. 
One common conflict arises in the acoustically 
desirable use of vibration isolators to allow 
equipment such as air conditioning units or 
generators to operate without transmitting the 
full force of noisy vibrations into the building. 
The easiest earthquake solution is to bolt the 







equipment rigidly to the supporting structure, 
but this would compromise the spring-mount 
vibration isolation system. Restraining angles 
(snubbers) cam be installed; properly designed 
snubbers will provide seismic restraint while 
also allowing the acoustic solution to operate 
unhlndered. Another conflict arises in the 
design of fire and corridor doors. These doors 
must be tight to meet fire regulations but often 
jam closed due to interstmy drift during an 
earthquake, making ev.acuation difficult. 


Nonstructural Design Requirements 
Most design and construction contract language 
will requirecornpliance with locally applicable 
codes,. However, since the code provisions 
apply to a limited number of non structural 
items, most codes would not r'eqllire earthquake 
anchorage or restraint for a computer, a tall me 
cabinet, a heavy mirror, .or small containers of 
chemicals. In addition, a client might desire to 
provide a higher level of protection than the 
code minimum to some items that are listed in 
the code. If the guidelines call for measures 
that are in excess of local code requirements, 
this should be dearly stated. lIWhichever 
requirements are more restrictive" is a phrase 
that could be used to indicate that the ,code must 
be met or, if the guidelines so require, 
exceeded. This is related to the subtopic 
Performance Criteria above. 


The design fo~ce level is another question that 
should be addressed in the guidelines. Force 
level is the term for the amount of ,earthquake 
inertial force an item is designed to resist. The 
building code specifi,es different percentages of 
the weight of an object to be used ,as the 
horizontal earthquake force" as described in 
Chapter 2. Since many items are not cover,ed 
by the code, the client or design professional 
must select the inertial force level to be used for 
the design of items that fall outside the code 
provisions. A design coefficient of 100% (if the 
object weighs 100 pounds, then its anchorage 
must be able to resist a horizontal force of 100 


pounds) would be ,a genernlly _,conservative 
criterion for most items in most buildings in 
most: parts .of the United States. The cost of 
this extra conservatism is often small., smce the 
labor cost: will probably be the same and the 
difference in hardware ,costs is. generally quite 
small. 


Prescriptive Details If there are ,efficient 
and r,eliable specific methods to address 
repetitive nonst:ructural problems, then these 
might be detailed with drawings and required, 
where applicable. Chapter 4 provides a starting 
point for the deve10pment: .of such standard 
details, which should be reviewed by a 
knowledgeable design professional to ensure 
their appropriateness for the cases, at hand. The 
references listed in the annotated bibliography 
provide additional sources of information. 


STRUCTURALINONSTRUCTURAL 
INTERACTION 
Although the focus of this guide is .on 
nonstructural performance,. there are a variety of 
ways to design or modify the structural system 
of a building in an effort to limit nonstructural 
damage. For new construction, it may useful 
for the owner" architect, and engineer to discuss 
the advantages and disadvantages of various 
structural systems at the very early stages of the 
proj ect. It is important: for the owner to 
understand the interaction between the structural 
system and the non structural components., 
Structural systems are often described in terms 
of their lateral stiffness or flexibility. For 
instance, a concrete shear wall building is 
generally stiffer than a steel frame sttuct:ure of 
comparable size., The design team might choose 
a flexible frame system, which may appear 
more economical because such systems can 
often be designed for lower earthquake forces 
by code than a shear waIl system of comparable 
size. Buildings. designed to have less drift, or 
horizontal sway, such as shear wall buildings or 
buildings with a frame that is stiffer than the 







code mInimum, will experience less 
non structural damage. If the increment of cost 
to upgrade the structural framing system is 
small, it may be advantageous to exceed the 
minimum code requirements and select a 
structural system that will provide improved 
non structural performance. It may also be 
desirable to provide movement joints to allow 
for protection of windows and partitions during 
earthquakes. The design of these joints is also 
related to the flexibility or expected seismic 
drift in the building. 


If a client wants to reduce the potential for 
non structural earthquake damage and expects to 
receive extra attention in the structural, 
architectural, mechanical, or electrical design of 
the many features that make up a modem 
building, then it is vital that the client and the 
design team discuss these issues at the outset in 
order to develop a clear picture of the project 


objectives. 


FEES FOR 
PROFESSIONAL SERVICES 
If the architect, engineer, or interior 
designer/space planner is called upon to perform 
a service not usually provided, the fee will 
logically be higher. In most cases the 
engineer's drawings, specifications, and 
calculations cover only the building structure. 
The architect, mechanical engineer, and interior 
designer specify the non structural components of 
the building, but they may not have the 
expertise to adequately address the subject of 
earthquake performance. Designing upgrade 
details for a wide variety of non structural 
components can be time consuming. If the 
consultant has to make field visits to observe the 
construction, this will also involve additional 
time and expense. 







GLOSSARY 
Base - The portion of a building ,embedded in or 
resting on the ground surface. 


Base isolation - A method whereby a building 
superstructure is separated from its foundation 
using flexible bearings :in order to reduce the 
earthquake forces. This method can also be 
used as ,an upgrade technique for some types. of 
large and! or sensitive equipment. 


Bending - The curvature of structural or 
nonstructuraJ. components in response to certain 
types of applied loading. (For example, a beam 
bends or flexes in response to the weight it 
supports). 


Distortion - The change in the configuration of 
an object or building as it bends or twists out of 
shape in response to ,earthquake loading. 


Drift - The horizontal displacement of a 
building resulting from the application of lateral 
forces l usually forces from earthquake or wind. 


Earthquake shaking - The vibratory movement 
of the ,earth's crust caused by seismic activity. 


Expansion joint - A separation joint provided 
to allow for thermal expansion and contraction. 


Flexible connection - The anchorage of an 
object to a structural member or braced 
nonstructural component, usually using 
hardware such as springs, cables, or corrugated 
tubing, whlch is designed to allow the object to 
move r,elative to the structural member or 
braced nonstructural component. For example, 
flexible hose connections are advisable for all 
gas-fired ,equipment. 


Force level - The :intensity of ,earthquake forces. 


Foundation - That part of a structure which 


serves to transmit vertical and lateral torces 
from the superstructure of a building to the 
ground!. 


Frame - A type of structural system in wmch 
the loads are carried by a grid or framework of 
beams and columns, rather than by load-bearing 
walls. 


Inertial forces - Forces necessary to overcome 
the tendency for a body at rest to stay at rest or 
for a body in motion to stay in motion .. 


Intensity - See Shaldng intensity. 


Interstory drift - The horizontal displacement 
that occurs over the height of one story of a 
building resulting from the application of lateral 
forces." usually forces from earthquake or wind .. 


Lateral force resisting system - The elements 
of a structure that resist horizonta1 forces. 
These elements are typically frames, braces or 
shear walls. 


Magnitude - A measure of earthquake size 
which describes the amount of energy released. 


Mitigation - An action taken to reduce the 
consequences of an earthquake. 


Moment - The moment of a force about a given 
point, typically referr.ed to as lithe momene' , is 
the turning effect" measured by the product of 
the force and its perpendicular distance from the 
point. 


Positiveconnectiom. - A means of anchorage 
between a nonstruc1tural item and a structural 
member or braced nonstrucrural component that 
does not rely on friction to resist the anticipated 
,earthquake forces. Positive connections .are 
typically made using hardwar,e such as. bolts, 







steel angles, or cables rather than C-clamps or 
thumb screws. Nails, adhesives and toggle 
bolts typically do not have enough capacity to 
provide positive connections for the seismic 
anchorage of non structural items. 


Pounding - The impact of two structures during 
an earthquake. Pounding frequently occurs 
when the seismic gap between two adjacent 
wings of a building, or two neighboring 
buildings separated only by a few inches, is 
insufficient to accommodate the relative lateral 
movement of both buildings. 


Rigid connection - The anchorage of an object 
to a structural member or braced non structural 
component, usually using hardware such as 
bolts or brackets, which is designed to prohibit 
the object to move relative to the structural 
member or braced non structural component. 


Schematic upgrade detail - A drawing 
outlining the basic elements of an upgrade 
scheme, but lacking dimensions, element sizes, 
and other specific information necessary for 
construction. 


Seismic - Of, relating to, or caused by an 
earthquake. 


Seismic drift - The horizontal displacement of 
a building resulting from the application of 
lateral earthquake forces. 


Seismic gap or seismic joint - The distance 
between adjacent buildings, or two portions of 
the same building, which is designed to 
accommodate relative lateral displacements 
during an earthquake. 


Seismic risk - The chance of injury, damage, or 
loss resulting from earthquake activity. 


Seismic stop - A rigidly mounted bumper used 
to limit the range of lateral motion of spring
mounted mechanical equipment. 


Seismic upgrade - Improvement of the 
resistance of a structural or non structural 
component to provide a higher level of safety or 
resistance to earthquake forces. For 
non structural components, seismic upgrade 
schemes typically involve the addition of 
anchorage hardware or braces to attach the 
non structural item to the surrounding structure. 
In some instances, the non structural item may 
also require internal strengthening. 


Separation joint - The distance between 
adjacent buildings, or two portions of the same 
building, which is designed to accommodate 
relative displacements between the two 
structures. Seismic gaps and expansion joints 
are two types of separation joint. 


Shaking intensity - The amount of energy 
. released by an earthquake as measured or 
experienced at a particular location. Intensity is 
subjectively measured by the effects of the 
earthquake on people and structures. 


Shear wall - A wall designed to resist lateral 
forces parallel to the wall. 


Snubber - A device, such as a mechanical or 
hydraulic shock absorber, used to absorb the 
energy of sudden impulses or shocks in 
machinery or structures. Snubbers are often 
used to brace pipe runs where thermal 
expansion and contraction is an important 
consideration. 


Upgrade detail - A drawing presenting the 
necessary elements of an upgrade scheme, 
including dimensions, element sizes, and other 
specific information in sufficient detail so that 
the drawing can be used for construction. 


Vertical force resisting system - The elements 
of a structure that resist the gravity loads or 
self-weight. 
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ANNOTATED BIBLIOGRAPHY 
This brief bibliography can direct those whO' 
r,equire mme detailed information to other 
bibliographies, such as those contained in the 
references below, and thus is not meant to be 
comprehensive. This bibliography includes. 
technical publications and nontechnical 
publications, both listed in alphabetical order, 
and also information on several organizations or 
government agencies with a specific focus on 
earthquake engineering issues. These 
O'rganizations may be able to' help the reader 
identify more recent publications than those 
listed here. 


Technical Publications 


Applied Technology Council. 1992. A TC-29: 
Proceedings of Seminar and Workshop on 
Seismic Design and Peiformance of Equipment 
and Nonstructural Elements in Buildings and 
Industrial Structures. Redwood City, Calif.: 
ATC. 


o These proceedings contain papers with 
performance data,. analytical methods, and/or 
suggested details for many specific items, 
including elevated tanks, ceilings" flre 
sprinklers, HV AC ducts. and equipment, and 
,computer access floors. Most of these papers 
also contain extensive reference lists pertinent to 
each specific topic. 


Ayres, J. M., T. Y. Sun,. and F. R. Brown. 
1973. lINonstructural Damage to. Buildings. II In 
The Great Alaska Earthquake of 1964: 
Engineering. Washington D.C.,: National 
Academy of Sciences. 


Ayres, J. M., and T. Y. Sun. 1973. 
~'Nonstructural Damage." In The San 
Femando~ California, Earthquake of February 


9, 1971.. Washington, D.C.: National Oceanic 
and Atmospheric Administration. 


o These were the first two comprehensive 
postearthquake damage analyses devoted to the 
topic of nonstructural components.. The authors 
are mechanical engineers. 


Building Seismic Safety Council. 1992. 
NEHRP Recommended Pr.ovisions for the 
Development of Seismic Regulations for New 
Buildings. Part 1--Provisions (FEMA 222), 
Part 2-Commentary (FEMA 223). 
Washington, D.C.: FEMA .. 


o The 1994 edition was in drn£t format the 
time this document went to press. 


Building Seismic Safety Council. 1992. 
NEHRP Handbook for the Seismic Evaluation of 
Existing Buildings. (FEMA 178). Washington, 
D.C.: FEMA. 


Building Seismic Safety Council. 1992. 
NEHRP Handbook/or the Seismic Rehabilitation 
of Existing . Buildings.. (FEMA 172). 
Washington, D.C.: FEMA. 


o Hems 4, 5, .and 6 are all part of a series of 
FEMA documents produced by the National 
Earthquake Hazards Reduction Program 
(NEHRP). These documents may be obtained 
without charge by writing to the address listed 
at the end of this bibliography. 


Dowrick, D. J. 1977. Earthquake Resistant 
Design: A Manual for Engineers and Architects. 
New York: John Wiley & Sons .. 


o A comprehensive text, including two chapters 
on nonstructural issues: "Earthquake Resistance 







of Services," which concerns mechanical and 
electrical components, and IIArchitectural 
Detailing for Earthquake Resistance." The book 
has an international perspective with references 
to many different codes. 


Earthquake Engineering Research Institute. 
1984. Nonstructural Issues of Seismic Design 
and Construction. Publication No. 84-04. 
Oakland, Calif.: EERI. 


o This is a technical overview based on a 
workshop sponsored by the National Science 
Foundation. It includes several technical papers 
and a discussion of key issues, and it lists many 
additional references. 


International Conference of Building Officials. 
1994. Uniform Building Code, Volumes 1-3. 
Whittier, Calif.: ICBO. 


o See especially the "Earthquake Regulations. " 
The UBC contains specific requirements for 
some items, such as steel storage racks. New 
editions of the UBC are issued every three 
years. The earthquake regulations are taken 
almost verbatim from the SEAOC "Blue Book, II 
listed below, which also includes a useful 
commentary . 


McGavin, Gary L. 1981. 
Protection of Essential Building 
Design, Engineering, Installation. 
John Wiley & Sons. 


Earthquake 
Equipment: 
New York: 


o A book-length treatment of the subject. 
Especially appropriate for large, complex 
projects, such as hospitals or power plants. 


Office of the State Architect, Structural Safety 
Section. 1991. Interpretation of Regulations 
#IR 23-7, Title 24 California Administrative 


Code: Anchorage of Non-Structural Building 
Components and Hospital Equipment. 
Sacramento: California OSA. 


o The regulations legally pertain only to 
essential non structural items in California 
hospitals, but the regulations can provide a 
guide as to anchorage engineering of especially 
essential items for other types of buildings. The 
Office of the State Architect has been centrally 
involved in earthquake code regulations since 
the 1933 Long Beach earthquake. 


Schiff, Anshel J. 1980. Pictures of 
Earthquake Damage to Power Systems and 
Cost-Effective Methods to Reduce Seismic 
Failures of Electric Power Equipment. West 
Lafayette, Ind.: Purdue Research Foundation. 


o This is one of the few works in this subject 
area that is readable by the nontechnical 
audience. Engineering appendix and 
bibliography also included. 


Structural Engineers Association of California. 
1990. Recommended Lateral Force 
Requirements and Commentary. San Francisco: 
SEAOC. 


o Also known as the SEAOC "Blue Book." 
The "Requirements" are adopted almost 
verbatim into the Uniform Building Code, while 
the "Commentary" explains the assumptions, 
limitations, and caveats that must be understood 
for the regulations to be used intelligently. The 
Structural Engineers Association of California 
has been active in the development of seismic 
code regulations, standards of practice, 
research, and testing for several decades. 


Structural Engineers Association of Northern 
California. 1993. Fall Seminar: Non-Structural 
Components--Design and Detailing. San 







Francisco: SEAONC. 


o These seminar notes include nine papers on 
the design and detailing of cladding, interior 
systems, and mechanical systems. Several of 
these papers also include extensive reference 
lists. 


U.S. Department of Defense. 1982.. Seismic 
Design for Buildings. Tri-Service Manual TM 
5-809-10. Washington" D.C.: Superintendent of 
Documents .. 


o Commentary and calculation examples are 
provided; see especially Chapters 9, 10, and 11. 
Generally parallels the DBC but is written as a 
design aid rather than a code. 


u.s. Department of Defense. 1986. Seismic 
Design Guidelines for Essential Buildings.. Tri
Service Manual TM 5-809-10-1. Washington, 
D.C.: Superintendent of Documents. 


o Chapters. ·6 and 7 cover nonstructural 
components and nonbuilding structures, 
respectively. Includes s.everal design examples. 
(Revised ·edition by Wiss , Janney, Elstner 
Associates, Inc., due out in 1995). 


U.S. Department of Defense. 1986. Seismic 
Design Guidelines for Upgrading Existing 
Buildings" Tri-Service Manual TM 5-809-10-2. 
Washington, D.C.: Superintendent of 
Documents. 


o Portions of Chapter 6, Chapter 9, and the 
design examples in Appendix Gare related to 
non structural items. 


U.S. Department of Veterans Affairs, Office of 
Construction. 1976. Study to Establish Seismic 
Protection Provisions for Furniture, Equipment, 


and Supplies for VA Hospitals.. Washington, 
D.C.: VA. 


o This guide shows typical nonstructural 
damage inside a hospital and illustrated r,estraint 
techniques with cost estimates for a variety .of 
types of hospital equipment and furnishings.; it 
inc1udesa brief engineering appendix. 
Relevant for buil.dings other than hospitals, 
especially if laboratories are present. 


Yancey, C. W. C., and A. A. Camacho. 1978.. 
Seismic Design of Building Service Systems: The 
State of the Art. National Bureau .of Standards 
Technical Note 970. Washington, D.C.: NBS. 


o A literature survey and review of present 
practice, especially with regard to the specific 
mandatory regulations .of building codes. The 
National Bureau of Standards, a federal bureau, 
has been involved with earthquake research and 
postearthquake damage reports. 


Rihal, Satwant, Barry J. Goodno, Hiroshi Ito,. 
and R.obert Reitherman. 1993. IlNonstructural 
Elements. n In Design of Low-Rise Buildings 
Subjected to Lateral Forces" ·edited by Ajaya 
Kumar Gupta and Peter James Moss. Ann 
Arbor: CRC Press. 


o A chapter in .a book intended fol' architects, 
engineers, building officials, and university 
professors. Most of this chapter concerns 
earthquakes rather than wind, and additional 
references are listed. 


Reitherman, Robert, and Steve Minor. 1989. 
Technical Guidelines for Eanhquake Protection 
of Nonstructural Items in Communications 
Facilities. Oakland: California Office of 
Emergency Services Earthquake Program. 


o Intended for the facilities staffs who install 







and maintain telecommunications equipment. 
Includes simplified design guide for the 
selection of anchor bolts, drawings of anchorage 
and bracing details, and installation guidance. 


Technical Standards 


The following list of publications includes many 
of the specific design, fabrication, and/or 
installation requirements for particular 
non structural items. 


American Institute of Steel Construction 
(AISC). 1989. Manual of Steel Construction: 
Allowable Stress Design. Ninth Edition. 


American Petroleum Institute (API). 1988. 
Welded Steel Tanks for Oil Storage. API 
Standard 650. 


American Society of Mechanical Engineers 
(ASME). 1990. Safety Code of Elevators and 
Escalators. ASME AI7.1. 


American Society of Mechanical Engineers 
(ASME). Including addenda through 1993. 
Code for Pressure Piping. ASME B31. 


American Society of Mechanical Engineers 
(ASME). Including addendum through 1993. 
Boiler and Pressure Vessel Code. 


American Society For Testing and Materials 
(ASTM). 1991. Standard Specification for the 
Manufacture, Performance and Testing of Metal 
Suspension Systems for Acoustical Tile and Lay
in Panel Ceilings. ASTM C635. 


American Society For Testing and Materials 
(ASTM). 1991. Standard Practice for 
Installation of Metal Ceiling Suspension 
Systems for Acoustical Tile and Lay-in Panels. 
ASTM C636. 


American Water Works Association (AWWA). 


1984. Welded Steel Tanks for Water Storage. 
DlOO. 


Ceilings and Interior Systems Construction 
Association (CISCA). 1991. Recommendations 
for Direct-Hung Acoustical Tile and Lay-In 
Panel Ceilings, Seismic Zones 0-2. 


Ceilings and Interior Systems Construction 
Association (CISCA). 1990. Recommendations 
for Direct-Hung Acoustical Tile and Lay-In 
Panel Ceilings, Seismic Zones 3-4. 


Institute of Electrical and Electronic Engineers 
(IEEE). 1975. Recommended Practice for 
Seismic Qualification of Class IE Equipment for 
Nuclear Power Generating Stations. IEEE 
Standard 344. 


Manufacturers Standardization Society of the 
Valve and Fitting Industry (MSS). 1988. Pipe 
Hangers and Supports: Materials, Design, and 
Manufacture. SP-58. 


National Fire Protection Association (NFPA). 
1991. Standardfor the Installation of Sprinkler 
Systems. NFPA-13. 


Rack Manufacturers Institute (RMI). 1990. 
Specification for the Design, Testing, and 
Utilization of Industrial Steel Storage Racks. 


Sheet Metal and Air Conditioning Contractors 
National Association (SMACNA). 1985. 
HVAC Duct Construction Standq,rds, Metal and 
Flexible. 


Sheet Metal and Air Conditioning Contractors 
National Association (SMACNA). 1980. 
Rectangular Industrial Duct Construction 
Standards. 


Sheet Metal and Air Conditioning Contractors 
National Association (SMACNA), Sheet Metal 
Industry Fund of Los Angeles, and Plumbing 
Industry Council. 1992. Guidelines for Seismic 







Restraint of Mechanical Systems and Plwnbing 
Piping Systems. 


Nontechnical References 


California Office of the State Architect and 
California Office of Emergency Services. 1990. 
Identification and Reduction of Nonstructural 
Earthquake Hazards in California Schools. 
Sacramento and Oakland: California OSA and 
California DES 


o Survey forms and drawings of bracing 
concepts for 27 non structural items. 


FllvIS" Inc." and! VSP Associates.. 1987. Data 
Processing Facilities: Guidelines for Earthquake 
Hazard Mitigation. Sacramento, Calif .. : VSP, 
Inc. 


o Intended for owners and operators of data 
processing facilities (DPF). Contains 
illustrative material on nonstructural hazards and 
upgrades for raised floors and mainframe 
computer systems, as well as components found 
in buildings in general. Not intended as a seIf
help guide" but provides DPF manager with a 
basis for discussing design criteria with an 
engineer. 


Noson, Linda,. Todd Perbix, and Padraic BUI'ke. 
1989. Safer Schools: Earthquake Hazards, 
Nonstructural. Olympia, Wash.: Washington 
Superintendent of Public Instruction. 


o Includes background information on 
,earthquakes. in Washington, survey checklists, 
and 32 pages of illustrations of nonstrucfilral 
hazard reduction measures. 


Olshansky, Robert B. No date (c. 1992). 
Reducing Earthquake Hazards in the Central 
U.S.: Nonstructural Hazards. Memphis, Tenn.: 
CentraJi United States Earthqu~e Consortium. 


o Prepared for the U.S. Geological Survey by 
the University of lllinois at Urbana-Champaign, 
Department of Urban and Regional Planning. 
lliustrations and ,explanations of nonstructural 
damage. 


Reid! & Tarics Associates. 1982. Seismic 
Restraint Handbook for Furniture, Equipment, 
and Supplies. Was.hington, D.C.: Vetera.r..; 
Administration. 


o In addition to detailed administration 
procedures applicable to VA hospitals, the 
handbook contains detailed forms for collecting 
nonstructural s.urvey data and producing cost 
estimates or lists. of required materials and! 
labor. Includes 18 pages of restraint details. 
Originally intended! for use by engineering staffs 
at V A medical facilities,. without the use of 
ou~ide contractors or additional d!esign/analysis 
aSSIstance. 


Reitherman, Robert. 1989. Nonstructural 
Earthquake Hazard Mitigation for Hospitals and 
Other Health Care Facilities. FEMA 
Publication SM {Student Manual) 370. 
Washington, DC: FEMA. 


o Six chapters devoted to the non structural 
topic, some of them generally applicable and 
others more specific to hospitals. This is a 
manual used for a two-day course devoted to 
earthquake hazard reduction and emergency 
preparedness for hospital facilities .. 







Organizations 


1. Federal Emergency Management Agency 
(FEMA); California Office of Emergency 
Se~ices (OES) Earthquake Program; Central 
Umted States Earthquake Consortium (CUSEC). 


A wide variety of publications, brochures 
checklists, videotapes, and slide sets related t~ 
earthquake preparedness and non structural 
hazard mitigation are available from many state 
and federal agencies. Some of the items are 
tailored to meet differing needs in particular 
areas of the United States. Some are tailored 
for specific types of facilities, such as hospitals, 
schools, day care centers, nursing homes, or 
single-family residences. Many are available 
free of charge. 


FEMA has regional offices throughout the 
country, and most states have an office or 
department of emergency services that may have 
similar material. The list below includes only 
several key agencies. 


Federal Emergency Management Agency 
Mitigation Directorate 
500 C Street. S. W. 
Washington, D.C. 20472 


State of California 
Governor's Office of Emergency Services 
Earthquake Program 
2800 Meadowview Road 
Sacramento, CA 95832 
(phone 916-262-1800; Fax 916-262-1840) 


Central United States Earthquake Consortium 
2630 East Holmes Road 
Memphis, TN 38118 
(phone 901-345-0932; Fax 901-345-0998) 


2. The National Center for Earthquake 
Engineering Research (NCEER) is associated 
with the State University of New York at 


Buffalo. Founded in 1987, NCEER sponsors 
acad~mic research in earthquake engineering, 
publIshes a quarterly bulletin, and has an 
ext~nsive list of technical reports available by 
mail. NCEER also has a bibliographic database 
called QUAKELINE that covers the literature of 
earthquake engineering and natural hazards 
mitigation. The database contained over 24,000 
records as of January 1994; approximately 400 
additions are made each month. The database 
is accessible on Internet, through both academic 
computing services and commercial providers. 


National Center for Earthquake Engineering 
Research 
State University of New York at Buffalo 
Red Jacket Quadrangle, Box 610025 
Buffalo, NY 14621-0025 
(phone 716-645-3391; Fax 716-645-3399· , 
QUAKELINE Info: Phone 716-645-3377) 


3. The Earthquake Engineering Research 
Institute (EERI) was organized in 1949 as a 
nonprofit·. corporation with the objective of 
reducing the impact of earthquakes by means of 
seismic studies, inspection of earthquake 
damage, education, and technology transfer 
including conferences and the publication of 
newsletters, reports, technical papers, and 
conference proceedings. EERI has members in 
47 states and 51 foreign countries, including 
many practicing engineers, architects and . ' seIsmologists, as well as university professors 
and government personnel. Eartlujuake Spectra, 
a monthly publication: of EERI, contains articles 
covering a wide range of topics related to 
earthquakes. EERI has an extensive publication 
list that also includes videotapes and annotated 
slide sets showing examples of damage during 
many past earthquakes. 


Earthquake Engineering Research Institute 
499 14th Street 
Oakland, CA 94612-1902 
(phone 510-451-0905; Fax 510-451-5411) 







4 .. The Earthquake Engineering Research Center 
(HERe) is associated with -the University of 
California at Berkeley. In addition to the 
extensive shake table testing program, which 
has been going on for many years and! which 
has, produced hundreds of research reports" 
EERC has an extensive library-of earthquake
related rnaterlalsand at large collection of 
earthquake slides, and it puhlishes a newsletter. 
EERC reports and slide sets are available for 
sale. 


The National Information Service for 
Earthquakie Engineering (NISEE) distributes 
computer software fOi" earthquake engineering 
and is associated with EERC. NISEE also 
maintains a computer database of information on 
·earthquake engineering, accessible through 
Internet. 


Earthquake Engineering Research Center 
University of California" Berkeley 
1301 South 46th Street 
Richmond, CA 94804-4698 
(phone 510-231-9554) 


5. The Applied Technology Council (ATC) is a 
nonpmfitcorporation serving the structural 
engineering profession. The majority of its, 
publications are related to technical topics in 
seismic analysis and design, postearthquake 
damage evaluations, new technological advances . 
in seismic design, and so on. The specific 
focus of the o~ganization is to provide a link 
between academic research and professional 
practice. ATC sponsors several technica:l 
workshops each year. 


Applied Technology Council 
555 Twin Dolphin Drive, Suite 270 
Redwood City, CA 94065 
(phone 415-595-1542; Fax 415-593-2320) 







APPENDIX A 


NONSTRUCTURAL INVENTORY FORM 
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Facility: __________ ----'Assumed Intensity: _____ _ 


Pri.~rif'ul Nonstructural Location Quantity 


Item 


Risk ER Estimated Upgrade Cost 


LS PL LF 


LS Safety) PL IPrlnnl~rIv of Function) ER 


Per Item Subtotal 


Total 


Inventory Form 
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l (low) M 'Mt~ttEl!r#ltlF!' 


Notes 


H (High) 







Facility: _----'-~:..:.=..;:;O;.:.;ff~ic:..::e ___ ~ _ ___:Assumed Intensity:_S_e-,-Vs-,-,_ r-=-e~ __ _ 


Nonstructural location Quantity Risk ER Estimated Upgrade Cost Notes 


Item LS PL LF Per Item SUbtotal 


2 Air conditioner roof H H M X $500.00 $500.00 Sits on springs; no seismic restra.lnts 


Suspended ceiling throughout 5,000 H H H X $4,000.00 No diagonal wires 


5 Water heater utility M M M X $200.00 Gas fired; no flexible pipe 


4 Tall shelving storage 40 H M M X 


6 Half~height M M M $1,200.00 Stable layout (has returns) 


3 Suspended lights offices 50 H M M $2,500.00 Fixtures just rest loosely on ceiling grid 


Total $9,200.00 


FL (Loss of Function) ER L (Low) M , ••• ~, ........ 


Sample Inventory Form 
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APPENDIXB 


CHE'CKLIS,T OF NONS,TRUCTURAL 
EARTHQUAKE HAZARDS 


How to Use This Checklist 


This checklist is intended tOo be used in surveying buildings to assess whether the nonstructural 
elements (electrical, mechanical,. architectural, and furniture or cOon tents) pose a danger to the 
buildmg occupants or are likely to cause firumciaI loss or interruption fDllowing an earthquake. 
The questions in this form have been stated in such a way that a "NO" answer indicates there 
may be a potential problem with the item. Write "Y" for Yes and "N" for No in the box 
provided. The list may be used in conjunction with the nonstructl.lral inventory form provided 
in Appendix A. As an example, a line item in the inventory form should be cr,eated for each 
instance where a questiDn in this form is answered "NO". 


BUILDING UTILITY SYSTEMS 


ElVIERGENCY 
EQVIPlVIENT 


POWER-GENERATING 


Emergency power-generating equipment 
generally consists of the fonowing components: 


Ul. Generator 


D Is the emergency generator adequately 
secured, especially if mounted on motDr 
vibration isolatiDn springs? 


U2. B.atteries, battery rack [See Example U2j 


D 
D 
D 
D 


Are the batteries securely attached tOo the 
battery rack? 
Is the battery rack cross-braced in both 
directiDns? 
Does the battery rack have anchor bolts 
secured to a concrete foundation pad? 
Is the foundation 13iIge enough to keep 
the rack from sl:i.dmg or tipping? 
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U3. Diesel fuel tank [Se.e Example U3] 


D 
o 
D 
D 
o 


Is the tank securely attached to the 
supports? 
Are the tank SUPPDrts braced in both 
directions? 
Is the bracing attached with anchor bolts 
to concrete walls or foundation pad? 
Is the foundation 13iIge enDugh to keep 
the tank from tipping over or sliding? 
Is the wall strong enough to support the 
tank? 


U4. Fuel line, cooling water lin,es, exhaust 
flues 


D Are these lines attached with flexible 
connections that 3iIe able to 
accommodate relative . movement at 
junctiDns to spring-mounted equipment, 
at building entry and ex:it points, and at 


. expansion joints -within the building? 







ELECTRICAL EQUIPMENT 


The emergency power system includes both 
power-generating equipment and the electrical 
distribution system: 


US. Transformers 


D Are transformers properly anchored· to 
the floor or wall? 


U6. Motor Control Center (MCC) 


D Are the motor control centers properly 
anchored to the floor or wall? 


FIRE DETECTION AND SUPPRESSION 
SYSTEM 


The fIre detection and suppression system may 
include any or all of the following components: 


U9. Smoke detectors, irre alarm system, 
control system for automatic fire doors 


D 
D 


Are fire and smoke detectors properly 
mounted? 
Is the control equipment for the fire 
alarm system and automatic fire doors 
securely anchored? 


UIO. Fire extinguisher or fire hose cabinets 
[See Example UI0] 


D 
D 


Are the ftre extinguisher cabinets and! or 
hose cabinets securely mounted? 
Are the fire extinguishers secured with 
quick-release straps? 


Uli. Fire sprinklers and distribution lines. 


D Are the fIre sprinkler piping components 
laterally braced? 


iT7. Electrical switchgear 


D Is the switchgear properly anchored to 
the floor or wall? 


US. Electrical bus ducts and primary cable 
system [See Example US] 


D 


D 


Are electrical cables or conduit able to 
distort at the connections with the 
equipment or where they cross seismic 
joints between buildings? 
Are the bus ducts or cable conduits 
laterally braced? 


(Caution: Only qualified personnel should open 
access panels on electrical equipment). 


D 
D 


Is the ceiling braced so the ceilings 
won't break the sprinkler heads? 
Are the distribution lines able to 
accommodate movement where they 
cross seismic joints between buildings? 


U12. Fire water pump 


D Is the ftre water pump anchored, or is it 
mounted on vibration isolation springs 
with additional seismic restraints? 


U13. Emergency water tank or reservoir 


D 
D 
D 


Is the water tank or reservoir securely 
attached to its supports? 
Are the tank supports braced in both 
directions? 
Are the supports or braces properly 
anchored to the foundation? 


U14. Smoke control systems 


D 
D 


Are the fans properly braced and! or 
anchored? 
Are fan control centers securely 
anchored? 







PROPANE TANKS 


Propane tanks may be used for backup power, 
heating, or cooking. These systems include: 


UIS. Propane tank [See Example UiS] 


o 
D, 
D 
D 


Is the tank securely anchored to the 
supports? 
Are the tank supports braced in both 
directions? 
Are the supports or braces anchored to a 
concrete foundation pad? 
Is the foundation large enough to keep 
the tank from sliding or tipping ov,er? 


PLUMBING SYSTEM 


The plumbing system may include: 


UIS ... Gas-frred water heater or boiler 


D 
D 


Are the water heaters or boilers securely 
anchored to the floor or waH? 
Does the gas line have a flexible 
connection to the water heater that is 
able to accommodate movement? 


U19. ResidentiaJ] water heater [See Examples 
U19a and Ui9bj 


D 
o 


Are the water heaters securely anchored 
to the floor or wall? 
Does the gas line or electrical conduit 
have a flexible connection to the water 
heater that is able to accommodate 
movement? 
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UI6. Shut-off vaJ]ve 


D 
o 


Does the system hav,e an automatic, 
earthquake-triggered shut'-off valve? 
If the shut-off is manual, is a wI'ench 
stored within easy reach? 


U17. Gas OF fuel supply pipe 


D 
o 


Are the supply pipes laterally braced? 


Do the pipes have flexible connectioIl!S at 
the tank: that ar,e able to accommodate 
relative movement? 


U20. Distribution p,mnps 


D Are the distribution pumps anchOI'ed, or 
are they mounted on vibration IsoJi.ation 
springs with additional seismic lateral 
restraints? 


U21. Hot and cold water pipes, hot water 
return, wastewater pipes [See Example U21j 


D 
D 


D 


o 
D 


Are the pipes laterally braced at 
reasonable intervals? 
Do the pipes have flexible connections to 
boilers or tanks that are abLe to 
accommodate mov,ement? 
Are the distribution lines able to 
accommodate movement where they 
cross seismic joints between buildings? 
Are pipe penetrations through structural 
walls or framing members large enough 
to allow for some seismic movement? 
Are the pipes free of asbestos insulation 
that could. be damaged by movement in 
an earthquake? 







ELEVATORS, ESCALATORS 


The transport equipment generally includes: 


U22. Elevator cab 


D Is the elevator cab properly attached to 
the guide rails? 


U23. Cables, counterweights, and guide rails 
(for cable-traction systems) 


D 


D 
D 


Are the cables installed in such a way 
that they are protected against 
misalignment during an earthquake? 
Are the counterweights properly attached 
to the guide rails? 
Are the guide rails securely attached to 
the building? 


U24. Elevator motor and motor control 
cabinets 


D Are the motor and motor control 
cabinets properly anchored? 


HEATING, VENTILATING, AIR 
CONDITIONING (HV AC) SYSTEM 


The HV AC system may include any or all of 
the following components, depending on the size 
of the facility: 


U28. Boilers and furnaces 


D 
D 


Are boilers and furnaces securely 
anchored with adequately sized bolts? 
Are furnaces, and furnace or boiler 
bases, constructed without using 
unreinforced masonry? 
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U25. Elevator cab and hydraulic elevator 
equipment (hydraulic systems) 


D Are the components of the hydraulic 
system properly anchored? 


U26. Escalator 


D Is the escalator control equipment 
securely anchored? 


U27. People mover (moving walkway) 


D Is the control equipment for the people 
mover properly anchored? 


(Caution: The moving parts or components of 
these systems need to be evaluated by qualified 
personnel. Inappropriate seismic restraints may 
compromise the safe operation of these systems.) 


U29. Chillers [See Examples U29a and U29bJ 


D Are chillers securely anchored, or are 
they mounted on vibration isolation 
springs with added seismic restraints? 


U30. Heat pumps or heat exchangers 


D Are pumps or heat exchangers anchored, 
or are they mounted on vibration 
isolation springs with added seismic 
restraints? 







U31. Fans, blowers, filters. 


D Are fans, blowers, and filters securely 
anchored, or are they IDOl.mted on 
vibration isolation springs with added 
seismic restraints? 


U3·2 .. Air compressors [See Example U32] 


D Are air compr·essors anchored, or are 
they mounted on vibration isolation 
springs with added seismic restraints? 


U33. Roof-mounted HV AC units 


D Are the HV AC units securely anchored,. 
or are they mounted on vibration
limiting springs with added seismic 
restraints? 


U34. Wa1lI-mounted room air conditioning 
units 


D Are the air conditi.oning units securely 
mounted to the waH or shelf? 


l\1ECHANlCAL AFPENDAGES 


This category may include the following: 


U38. Small stacks or residential chimneys 
[See Example U38j 


D 
D 


Is the brick chimney braced to the roof? 


Are stacks bolted to the supports or 
foundation by means of anchor bolts of 
adequate length and double nuts? 
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U35. Suspended room heaters or fans [See 
Example U35/ 


D Are the suspended room heaters, 
especiaJIy gas-fired ones,. laterally 
braced, and are gas-fIred heaters fitted 
with flexible gas connections? 


U36. Distribution ducts. [See Example U36} 


D Are the distribution ducts laterally 
braced? 


D Are the distribution ducts able to 
aocommodate movement at IocatioIl!S 
where they cross seismic jomts? 


U37. Diffusers [See Example U37] 


o 


D 


Are the air distribution grills or diffusers 
anchmed to adequ.ately supported sheet
meta] ducts or to the ceiling grid or 
wall? 
Do the diffusers hav,e positive 
independent support, such as at least two 
hanger wires per diffuser? 


U39. Roof-mounted equipment, vents, or 
flues 


o Is roof-mounted equipment pmperly 
anchored? 


U40. Solar panels 


D 
D 


Are the solar panels securely anchored 
to the roof? 
Is the piping laterally braced? 







ARCHITECTURAL ELEMENTS 


BUILT-IN PARTITIONS 


These may include elements of many different 
materials and construction types: 


Ai. Permanent block wall partitions (concrete 
masonry unit, brick, hollow clay tile) 


D Are block wall partitions reinforced? 
(Most brick or hollow clay tile w,alls in 
pre-1933 California buildings are 
unreinforced. In other regions, 
unreinforced masonry elements may be 
found even in current construction.) 


CEILINGS AND SOFFITS 


A3. Ceilings (acoustic tile, gypsumboard, 
plaster) [See Example A3] 


D 
D 
D 


Does the suspended ceiling have 
adequate diagonal bracing wires? 
Are decorative ceiling panels and/or 
latticework securely attached? 
For plaster ceilings, is the wire mesh or 
wood lath securely attached to the 
structural framing above? 


LIGHTING 


AS. Suspended overhead lighting, fixed or 
track lighting [See Examples ASa and ASb] 


D 


D 


Do the lay-in fluorescent light fixtures 
have positive support, independent of the 
ceiling grid, such as at least two 
diagonally opposite hanger wires per 
light fixture? 
Do chandeliers or other hanging fixtures 
have safety cables to prevent them from 
impacting each other or a window? 
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D Are concrete masonry unit (eMU) 
partitions detailed to allow sliding at the 
top? 


A2. Partial- and full-height stud wall 
partitions [See Examples Ala and Alb] 


D 
D 


Are partial-height partitions braced to 
the structure above the ceiling line? 
If partitions function as lateral support 
for tall shelving or cabinets, are these 
partitions rigidly attached or braced to 
the structure above the ceiling line? 


A4. Soffits (stucco, gypsumboard, plaster) 


D 


D 


D 


D 


Are decorative finishes and/or 
latticework on beam soffits or beneath 
exterior eves securely attached, 
particularly over exits? 
For stucco soffits, is the wire mesh or 
wood lath securely attached to the 
structural framing above? 


Do pendant or stem light fixtures have 
safety cables so they will not fall if the 
fixture sways and breaks the stem 
connection, or are they braced to prevent 
swaying? 
Are spot lights or track lights securely 
attached to resist seismic shaking? 


A6. Emergency lighting and exit lights 


D Are emergency lights and exit lights 
mounted to protect them from falling off 
shelf supports? 







DOORS AND EGRESS ROUTES 


A7. Primary exit doors 


D If ,exit doors are heavy metal fire doors 
iliat might jam if the building racks 
during an earthquake, is there a crowbar 
or sledgehammer located. near the exit to 
facilitate emergency exiting? 


AS. Automatic doors. with optical or floor 
sensors., mechanized ron-up doors 


D Do these doors have a manual override 
in case of a power outage after an 
,earthquake? 


A9. Stairways [See Example A9] 


D Do steel stairs in multistory buildings 
have sliding supports at one end. that can 
accommodate interstory displacements? 


WINDOWS 


Note: The term safety glass means tempered, 
lam.m.ated, or wired glass; glass covered 
with shatter-resistant flim; or plastic 
panels. 


A12. Glazing [See Example Al2] 


D 


D 


Is it known whether the glazing was 
designed by an architect! engineer to 
accommodate lateral movement? 
Do large windows, especially storefront 
windows, have safety glass? 
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D Have any unreInforced masonry 
partitions in stairwells been removed, 
strengthened, or encapsulated? 


AI0. Building utilities and architectural 
finishes along ,egress routes (p,ip,ing" ducts, 
ceilings, lights,. partitions,. etc.) 


D Ar,e piping, ducts" ceilings, lights, 
partitions, and other elements braced 
adequately to prevent falling obstructions 
along egr,ess routes? 


All. Furniture and/or contents ,along egress 
routes (c.abinets., shelving, etc,.) 


D 


D 


Are furniture and! or contents along the 
egress routes sufficiently anchored to 
prevent objects from obstructing the 
egress route? 
Are unanchored furniture and/or 
contents kept far enough from the exits 
so they will not slide and obstruct the 
doors? 


A13. Overhead glazing or skylights 


D 
D 
D 


Are transoms (glass panes over doors) 
made of safety glass'?' 
Are skylights made of safety glass or 
covered with shatter-resistant filrn.? 
Ar,e large panes made of safety glass, or 
is it known whether the glazing assembly 
was designed by an ,architect! engineer to 
accommodate the expected seismic 
distortion of the surrounding structure? 


A14. Interior glass or glass block partitions 


D Are the glazed partitions laterally braced. 
to the structure? 







PERMANENT ORNAMENTATION AND 
APPENDAGES: EXTERIOR OR 
INTERIOR 


AIS. Parapets, cornices, veneer or other 
decoration [See Examples Al5a and Al5b] 


D 
D 
D 


Are parapets or cornices reinforced and 
adequately braced? 
Do other decorative elements have 
positive anchorage to the building? 
Does the veneer have positive anchorage 


. to the building? 


A16. Freestanding walls or fences (concrete, 
CMU, brick, or stone) [See Example Al6] 


D 


D 


D 


Is it known whether freestanding walls 
or fences were designed by an 
architect/engineer to resist lateral forces? 
Are CMU walls adequately reinforced 
with vertical bars set in grout-filled cells 
and horizontal bars embedded in the 
mortar joints? 
Is it known whether CMU walls or 
fences were built with adequate 
foundations to prevent them from tipping 
over in an earthquake? 


A17. Hanging appendages 


D Are hanging appendages braced or 
secured with a safety cable? 
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AIS. Exterior lighting 


D Are exterior light fixtures properly 
supported or securely attached to the 
structure? 


A19. Flagpoles 


D Are flagpoles securely attached to the 
structure? 


A20. Tall sculptures (over about 5 feet) 


D 


D 


Are heavy or sharply pointed sculptures 
anchored to prevent overturning during 
an earthquake? 
Do hanging sculptures have a safety 
cable to prevent them from swinging 
excessively or falling? 


A21. Heavy signs or exterior billboards 
[See Example A2l] 


D Are exterior signs or billboards 
adequately braced and anchored? 
Are interior signs securely attached with 
positive connections? 


A22. Clay roof tiles 


D Are clay roof tiles secured to the roof 
with one nail-and-wire connection per 
tile? 







FURNITURE AND CONTENTS 


COMl\ruNICAT]ONS EQUIPl\1ENT 


CommunicatiollS and emergency 
communications systems may include: 


C1. Radio and short-wave r.adio equipment 


D Is radio equipment restrained to keep it 
from sliding off shelving or tabletops'? 


C2. Telephone, cellular phone, and fax 
equipment 


o 
D 


Is important equipment restrained to 
keep it from sliding off shelving or 
tabletops? 
Are telephones placed on desktops or 
counters far enough from the edge that 
they will not slide and faU off? 


C3. Public address system 


D Is the public addiess system restrained 
to prevent the equipment from sliding 
and falling off the shelving? 


C4. Suspended speakers in conference room 
or auditorium 


o Are sound system speakers in elevated 
locatiollS anchored to the structure or 
hung with safety cables? 
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cs. :M:icrowav,e equipment (antennae, 
receiver, transmitter, etc.) 


D Is the microwave communications 
equipment securely braced and! or 
anchored? 


C6. Computer networks, data storage 


D 


o 
D 


Is computer information vital to 
operations. backed up and stored off
site? 
Is critical computer equipment securely 
anchored to supports? 
Is sensitive computer or 
communications equipment located out 
of range of fIre sprinkler heads or 
joints. in the sprinlder pipes where they 
ar,e less prone to water damage if the 
sprinlder lines break? 


C7. Wall-mounted televisions or 
surveillance cameras 


D Are wall-mounted televisions. or 
surveillance cameras in elevated 
locations securely anchOI'ea: to support 
shelves or brackets that are in turn 
adequately connected to fue wall? 







OFFICE AND COMPUTER EQUIPMENT 


This category may include a broad range of 
equipment, such as: 


CS. Large computer equipment, tape drives 
[See Example C8] 


D 


D 


Are computers, tape racks, and 
associated equipment that is about 
twice as tall as wide, anchored, 
tethered, and/or braced? 
Is heavy computer equipment anchored 
to the structural floor slab and braced 
independently of the computer access 
floors? 


C9. Computer cabling 


D Is computer cabling long enough to 
accommodate lateral movement within 
the building? 


STORAGE OF RECORDS AND SUPPLIES 


Storage for files, accounting records, and 
emergency supplies may include: 


C12. Bookshelves and library stacks 5 feet 
or taller [See Examples C12a, C12b, e12c] 


D 


D 


D 
D 


Are bookshelves properly anchored 
with brackets to a solid wall or stud, 
or anchored to the floor? 
Are bookshelves fitted with edge 
restraints or elastic cords to keep books 
from falling? 
Are large and heavy books located on 
the lowest shelves? 
Are rare books given extra protection 
to prevent falling and water damage? 
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CIO. Desktop computer equipment or 
printers [See Example C10] 


D 
D 


Are computer monitors anchored to 
desktops or computers? 
Are desktop computers and printers 
mounted with positive restraint, resting 
on high-friction rubber pads, or located 
far enough from the edges of desks and 
tables to prevent them from sliding and 
falling in an earthquake? 


Cll. Computer access floors 
[See Notes with Example C8] 


D 


D 


Are computer access floors braced with 
diagonal steel members, or is it 
verified that the vertical pedestals are a 
seismically qualified model, installed in 
accordance with the manufacturer's 
recommendations? 
Do cable openings in the access floor 
have edge guards to prevent equipment 
legs from sliding into the openings? 


C13. Tall vertical or lateral file cabinets 
[See Example C13] 


D 
D 


D 


Do the file cabinet drawers or doors 
latch securely? 
Are tall file cabinets anchored with 
wall brackets to a solid wall or stud, 
anchored to the floor, or bolted to one 
or more adjacent cabinets to form a 
more stable configuration, i.e., a larger 
"footprint" ? 
Are unanchored cabinets located so that 
they will not fall or slide and block an 
exit? 







C14. Tall storage racks. or shelving 


D 


D 
D 


D 


Are taB storage racks or shelves 
securely anchored to the floor or 
walls? 
Are heavily loaded racks or shelves 
braced in both directions? 
For racks significantly taller than wide, 
are large anchor bolts used to anchor 
,each leg to a concr,ete slab? 
Ar,e breakable items secmed to the 
shelves or racks, or are they stored in 
stable tmits (e.g., are they shelved in 
the original packing boxes, or are 
small items shrinkwrapped together)? 


KITCHEN AND LAUNDRY EQUIP:MENT 


These facilities may include any or all of the 
foBowing items: gas and/or electric stoves and 
ovens, built-in or countenop microwave 
ovens, garbage compactors, dishwashers, 
rdrigerators and freezers, clothes washers and 
dryers, ironing and pressing equipment. 


C17. Large kitchen or laundry equipment 


D Are all of the these items secmely 
anchored to the floor, wall, or 
countertop? 


CIS. Gas and/or electric hook-up 
[See Example C18] 


D Are the gas or electric hook-up lines 
able to accommodate movements at the 
equipment interface and where they 
cross seismic joints between buildings? 
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CIS. Emergency supply cabinet (water., 
medicine, food, etc.) 


D 


D 


Is the cabinet in an accessible location 
that is not likely to be heavily 
damaged? 
Is the cabinet properly braced and 
anchored,. and are the cabinet doors 
securely latched? 


C16. Especially valuable and fragile 
merchandise 


D Are valuable or fragile items protected 
against tipping over or falling off 
shelving or pedestals? 


C19. Drawer and ,cabinet latches (kitchen, 
laboratory, offive, etc.) [See Example CI9] 


D Are the drawers and cabinet doms 
latched securely,. e. g., with special 
latches or baby-proof hardware that 
win not fly open in an earthquake? 


C20. Freestanding wood stove (wood!, pellet, 
or gas-rIred) [See Example C2,OJ 


D 


D 


Is the stove secure]y anchored to the 
hearth or floor framing in a m:mner 
that will not conduct heat to any 
combustible materials? 
Is the exhaust flue anchor.ed to the 
stove, are tlIe flue sections. secured 
together, and :is the flue anchored to 
the wall with· some type of thennal 
radiation shielding? 







HAZARDOUS MATERIALS 


Hazardous materials may include: 


C21. Compressed-gas bottles or cylinders 
(oxygen, carbon dioxide (C02), ammonia) 
[See Example C21] 


D 


D 


Are gas cylinders tightly secured with 
one chain near the top and one near the 
bottom, or are they otherwise 
restrained? 
Are the chains or restraints securely 
anchored to a wall or counter with 
screws or bolts rather than clamps? 


e22. Chemical, laboratory, or medical 
supplies [See Example C22] 


D Are chemical supplies secured with 
shelf lips several inches high, or are 
they stored in "egg crate" containers in 
drawers, so that the containers will not 
overturn or fall and spill? 


FURNITURE, INTERIOR DECORATION 


C2S. Potted plants or indoor landscaping 
resting on shelves above the floor [See 
Example C28] 


D Are heavy potted plants on file cabinets 
or tall shelves restrained to prevent 
falling? 


C26. Valuable and fragile·artwork or 
decorative vases [See Example C26] 


D Are valuable or fragile items protected 
against tipping over and/or falling off 
shelves or pedestals? 
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D 
D 


D 


D 


Are chemicals stored in accordance 
with manufacturers' recommendations? 
Are incompatible chemicals stored at 
an appropriate distance from one 
another so that they will not mix if the 
containers are broken? 
Are the chemicals in each cabinet 
catalogued properly and marked 
clearly? 
Are Material Safety Data Sheets 
(MSDSs) stored in a location separate 
from the chemicals? 


C23. Cabinets for hazardous materials 


D Are cabinets for hazardous materials 
securely attached to the floor or to a 
sturdy wall? 


C24. Asbestos 


D Has asbestos insulation been removed, 
or has it been encapsulated to reduce 
the possibility of damage in an 
earthquake? 


C27. Freestanding half-height movable 
partitions [See Example C27] 


D Are freestanding partitions braced or 
arranged in stable layouts? 


C2S. Miscellaneous furnishings 
[See Example C28] 


D Are unanchored furnishings located 
where they cannot slide or overturn to 
block corridors or doors? 


C29. Lockers, vending machines 


D Are personal or storage lockers and 
vending machines anchored and 
braced, or are they clear of exits? 







APPENDIXC 


NONSTRUCTURAL RISK RATINGS 


Explanation of Risk Ratings 
The risk ratings that appear in tins Appendix are 
based on the following assumptions: 


Life Safety (LS) Risk: Risk of being injured 
by the item. This does not include the overall 
impact on life safety systems in a building, such 
as loss of emergency power in a hospital or loss 
of fire detection capability. These disruptions 
of service are covered under Function below. 


Property Loss (PI.,) Risk: Risk of incurring 
a repair or replacement cost because of 
damage to the item. This property loss, as 
used here, includes the cost of fixing a broken 
pipe but not the indirect cost of water leakage 
damage, and includes the cost of repairing a 
computer but not the loss of business revenue 
computer downtime might cause. These :indirect 
effects cannot be estimated here on a generic 
basis. 


Loss of Function (LF) Risk: Risk that the 
item will not function because it has been 
damaged.. This includes some comideration of 
the impact of this loss of function of the 
component on the operation of an ordinary 
occupancy building. Not included are off-site 
functional impacts, such as the loss of function 
of a piece of equipment because of a city-wide 
power outage. Outages of power, water, and 
other utility company or agency services are 
real problems to consider but are outside the 
scope of the item-by-item ratings here. 


Unanchored" unbraced items are assumed. 
The risk ratings are based on the assumption 
that the item has been installed without seismic 
bracing, anchorage, restraint, or allowance for 
differential movements. In areas of the U. S. 
where seismic building code provisions have 
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o~y recently been enforced, this assumption 
will be generally true. In areas of the western 
U.S. where seismic codes have been enforced 
for some time, this assumption may not always 
be true. Particularly in buildings constructed in 
the western states since the mid-1970s, some 
nonst:ructw:a1 items may be anchored or braced, 
but the assumption of unanchored and unbraced 
items win still be true for many items on these 
lists. 


The item is assumed to be located at or near 
the ground leveE, or in a low-rise building ... 
The most common case of a re]atively stiff 10w
rise building with structural walls is presumed 
in the ratings her,e. Items such as full-height 
partitions and glazing are mor,e likely to be 
damaged in flexible buHdings that experience 
large lateral deformations,. Damage to items 
sensitive to imposed deformation will be greater 
in buildings or portions of build:ings that are 
more flexible, such as mid-rise and. high-rise 
build.ings; flexible frame buililings without 
significant structural walls; "soft stories" of 
buildings with structural walls in most stories 
~ut with a story, typically the ground story, that 
IS much less lateraUy stiff because of the 
absence of walls; the "soft wall" sides of 
bearing wall buildings where there is little or no 
solid wall area, such as the face of a typical 
commercial storefront building. 


A building of ordinary occupancy is assumed .. 
Some nonstructural items in special facilities 
would be rated differently. For example. 
shelving in an ordinary occupancy building is 
assumed her,e, but the same shelving would be 
r~ted.quite differently w1th regard to Life Safety 
nsk ill a lab, Property Loss risk in a museum . ' 
or nsk of Loss of Function in a communications 
center. 







U1 


U2 


U3 


U4 


US 


U6 


NONSTRUCTURAL RISK RATINGS 


SH LS 


UTILITY SYSTEMS 


EMERGENCY POWER-GENERATING EQUIPMENT 


Generator· 


Batteries and battery rack 


Diesel fuel tank 


Fue1line 


ELECTRICAL EQUIPMENT 


Transformers 


Motor control center (MCC) 


SH= Shaking intensity 
ER= Engineering required 
PG= Upgrade detail page number 


Light 


Mod 


Severe 


Light 


Mod 


Severe 


Light 


Mod 


Severe 


Light 


Mod 


Severe 


Light 


Mod 


Severe 


Light 


Mod 


Severe 


Type of Risk 


LS = Life safety 
PL = Property loss 
LF= Loss of function 


C-2 


L 


L 


L 


L 


L 


L 


L 


H 


H 


L 


H 


H 


'L 


L 


M 


L 


L 


M 


PL LF 


L M 


M H 


H H 


L L 


H M 


H H 


L L 


H L 


H M 


L L 


H L 


H M 


L L 


L L 


M M 


L L 


L L 


M M 


Risk Rating 


L= Low 
M= Moderate 
H= High 


ER I PG 


yes I 


yes I 30 


yes I 31 


I 


yes I 


yes I 







U7 


US 


U9 


I 


UI0 


Ull 


U12 


UB 


i 


SH 


Electrical switchgear Light 


Mod I 


Severe 


Electrical bus ducts and primary cable Light 
system 


Mod 


Severe 


FIRE DETECTION AND SUPPRESSION SYSTEM 


Smoke detectors, fire alarm system, Light 
controOl for automatic fire doors 


Mod 


Severe 


Fir,e extinguisher .or fire hose cabinets Light 


I Mod 
I 
I 


Sever,e ! 


Fire sprinklers and distribution lines Light 


Mod 


Severe I 


Fire water pump Light 


Mod 


Severe 


Emergency water tank or reservoir Light 


MoOd 


I Severe 


Type of Risk 


SH = Sh2king intensity LS= Life safety 
ER = Engineering required 
PG= Upgrade detail page number 


PL= Property loss 
LF= Loss of function 
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i 
j 


LS 


L 


L 


M 


L 


L 


M 


L 


L 


L 


L 


M 


M 


L 


L 


M 


L 


L 


M 


L 


M 


H 


i 
I 


I 


I 


I 


PL LF , ER 


L L , yes 


L L I 
I 


M M I 


L L I yes I 


M M 


M M 


L I L ! 


L L 
Ii 


L I L 


L I L 


H L , 


H L 


M M 
I 
! yes 


H H 


H H I 


L L i yes Ii 
I II 


L L 
I 


M L 


L L yes 
I 


H 
I 


L 


H I L 


Risk Rating 


L=Low 
M= Moderate 
H= IDgb 


PG 


I; 


32 


33 I 


I 







VI4 Smoke control systems 


PROPANE TANKS 


VI5 Propane tank 


VI6 Shut-off valve 


VI? Gas or fuel supply pipe 


PLUMBING SYSTEM 


VIS Gas-fired water heater or boiler 


VI9 Residential water heater 


V20 Distribution pumps 


SH= Shaking intensity 
ER = Engineering required 
PG= Upgrade detail page number 


SH 


Light 


Mod 


Severe 


Light 


Mod 


Severe 


Light 


Mod 


Severe 


Light 


Mod 


Severe 


Light 


Mod 


Severe 


Light 


Mod 


Severe 


Light 


Mod 


Severe 


Type of Risk 


LS = Life safety 
PL= Property loss 
LF= Loss of function 


C-4 


LS 


L 


L 


L 


L 


H 


H 


L 


H 


H 


L 


H 


H 


t 


L 


M 


L 


M 


M 


L 


L 


L 


PL LF 


L L 


M L 


M L 


L L 


H M 


H M 


L L 


H M 


H M 


L L 


H M 


H M 


L L 


L L 


M M 


L L 


H L 


H L 


L L 


M L 


M M 


Risk Rating 


L= Low 
M= Moderate 
H= High 


ER PG 


yes 


yes 34 


yes 


35, 
36 


yes 







U21 
i 


U22 


U23 


! 


~ I 
I 


U24 


U25 


U26 


U27 
I 
I 


SH 


Hot and cold water pipes, hot water Light 
return, wastewater pipes 


Mod 
! 
: 


Severe i I 


ELEVATORS, ESCALATORS 


Elevator cab I Light I 


Mod 


Severe 


Cables, counterweights and guide rails Ught 
(for cable-traction system) 


Mod 


Severe 


Elevator motor and motor control cabinets Light 


Mod 


Severe 


Elevator cab and hydraulic elevator Light 
equipment (hydraulic systems) 


Mod 


Severe 
I 


Escalator i Light 


! 
Mod 


i 
. Severe 


People mover (moving walkway) Ught 


Mod 


Severe 


Type of Risk 


LS = Life safety SH = Shaking intensity 
ER= Engineering required 
PG= Upgrade detail page number 


PL= Property loss 
LF= Loss of function 


C-5 


I 
I 


LS 


L 


M 


M 


L ! , 


L 


M 
i 


I 


L I 


H 


H I 


L 


L 


L 


L 


L 


M 


L 


L 


L 


L 


L 


L 


PL LF ER 


L L yes 


M M 


M M 


L I 
I 


L yes 


M M 


M M I 
I 


L I L yes I 


M 
I 


M 
I 


M I M 


L L ! yes I 


M M 


H M I 


I 


L L I yes ~ 
M M 


M M 


L L 


M 
I 


L 


M L 


L L 


L L i 


M L 


Risk Rating 


L=Low 
M= Moderate 
H= High 


y,es 


yes 


PG 


37 


I 
I 
I 


I 


I 
I 
I 


: 


i 







U28 


U29 


U30 


U31 


U32 


U33 


U34 


U35 


SH LS PL LF ER 


HEATING, VENTILATING, AIR CONDITIONING (HV AC) SYSTEM 


Boilers and furnaces Light 


Mod 


Severe 


Chillers Light 


Mod 


Severe 


Heat pumps or heat exchangers Light 


Mod 


Severe 


Fans, blowers, filters Light 


Mod 


Severe 


Air compressors Light 


Mod 


Severe 


Roof-mounted HV AC units Light 


Mod 


Severe 


Wall-mounted room air conditioning units Light 


Suspended room heaters or fans 


SH= Shaking intensity 
ER= Engineering required 
PG= Upgrade detail page number 


Mod 


Severe 


Light 


Mod 


Severe 


Type of Risk 


LS = Life safety 
PL = Property loss 
LF = Loss of function 


C - 6 


L 


L 


M 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


L 


M 


L 


H 


H 


L 


H 


H 


L L 


L L 


M M 


L L 


L L 


M M 


L L 


L L 


M M 


L L 


M L 


M M 


L L 


M L 


M M 


M L 


M L 


H M 


L L 


M L 


M L 


L L 


H L 


H L 


Risk Rating 


L= Low 
M= Moderate 
H= High 


yes 


yes 


yes 


yes 


yes 


yes 


yes 


PG 


38, 
39 


40 


41 







U36 


U37 


! 


! 


U38 


U39 


U40 


:1 


SH 
I 


Distribution ducts Light 


Mod 


Sever,e 


Diffusers Light 


Mod 


Severe 


:MECHAl'tlCAL APPENDAGES 


Small stacks or residential chimneys Light 


Mod 


i Sever,e 
i 


Roof-mounted ,equipment, ,vents or flues 
:1 
! Light 


Mod 


Sever,e 
I 


Solar panels ;1 Light 


Mod 


Severe 


Type of Risk 


LS= Life safety SH = Shaking intensity 
ER= Engineering required 
PG= Upgrade detail page numher 


PL= Property loss 
LF = Loss of function 


C-7 


LS 


L 


L 


M 


L 


H 


H 


L 


M 


H 


L 


L 


M 


L 


L 


M 


PI, I,F , 


L L 


L L ! 


M L 


L L 


H L 


H L i 


L L 


M L 


M M 


L L 


M L I 


M M i 
I 
I 


L L 
, 


L L 


M L 


Risk Rating 


L= lLow 
M= Moderate 
H= lligb 


ER I 
I, 


PG 
I 


yes I 42 


! 43 
:1 


-~-


:1 44 yes I 


II 
I 
! 


yes II 


I 


I'I 


I 


yes i 







Al 


A2 


A3 


A4 


A5 


A6 


SH 


ARCHITECTURAL ELEMENTS 


PARTITIONS AND CEILINGS 


Permanent block wall partitions (CMU, Light 
brick, hollow clay tile) 


Mod 


Severe 


Partial- and full-height stud wall partitions Light 


Mod 


Sever~ 


Ceilings (acoustic tile, gypsumboard, Light 
plaster) 


Mod 


Severe 


Soffits (stucco, gypsumboard, plaster) Light 


Mod 


Severe 


LIGHTING 


Suspended overhead lighting, fixed or Light 
track lighting 


Mod 


Severe 


Emergency lighting and exit lights Light 


Mod 


Severe 


Type of Risk 


LS = Life safety SH= Shaking intensity 
ER= Engineering required 
PG= Upgrade detail page number 


PL= Property loss 
LF = Loss of function 


C-8 


LS 


L 


H 


H 


L 


M 


M 


L 


M 


H 


L 


M 


H 


L 


H 


H 


L 


M 


H 


PL LF 


L L 


H H 


H H 


L L 


M H 


H H 


L L 


M M 


H H 


L L 


M M 


H H 


L L 


L L 


M M 


L L 


L L 


M L 


Risk Rating 


L= Low 
M= Moderate 
H= High 


ER PG 


yes 


yes 45, 
46 


yes 47 


48, 
49 







A7 


A8 
I 


A9 


AIO 


All 


i 


AI2 


A13 
! 


I 


SH 


DOORS AND EGRESS ROUTES 


Primary exit doors i Light 


Mod 


! Sever,e 


I Automatic doors with optical or floor Light 
sensors, mechanized roll-up doors i 


I 


Mod 


Severe 


Stairways Light 


Mod 


! Severe 


Building utilities and architectural finishes 
I 


Light 
1 along egress routes (ceilings, lights. 


Mod partitions, etc.) 
Severe 


! 
Furniture andlor contents aloOng egress I 


Li~ht 
routes (cabinets, shelving. etc.) 


Mod , 


Severe 


WINDOWS 


I Glazing Light 


i Mod 


Sever,e 


Overhead glazing or skylights Light 


I ! MoOd 


Severe 
i 


Type of Risk 


SIll = Sha!dng intensity LS = Life safety 
ER = Engineering required 
PG= Upg<ade detail page number 


PL= Property loss 
LF = Loss {)f function 
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i 
LS 


L 
! 


L 


M 


L 


L 


M 


L 


H 


H 
I L I 


I H 


H 


L 
! H 


H 


I L 


! 
M 


H 


L 


H 


H 


! 
I 


! 


i 


I 
I 


I' 


i 


II 
I 
I 


i 


PL LF 


L L 


L L 
I 


M M 


L L 


M L 


M M 


L I L 


M I L 


M H 


L L 


M 
I 


L : 


M L 


L L 


M L 


M L i 
I 


L L 


M I L ! 
I 


M M 


L i L 
! 


M L 


M M 


Risk Rating 


L= Low 
M= Moderate 
H= High 


ER PG III 


yes 
I ! 


I, 


I 


yes 


! 


yes 50 


yes , 


I 
I 
I 


yes 51 
, 
I 


yes 


, 


~ 







Al4 


Al5 


Al6 


Al7 


Al8 


Al9 


A20 


SH LS PL LF ER PG 


Interior glass or glass block partitions Light L L L yes 


Mod M M L 


Severe H H M 


PERMANENT ORNAMENTATION AND APPENDAGES: INTERIOR OR 
EXTERIOR 


Parapets, cornices, veneer or other Light 
decoration 


Mod 


Severe 


Freestanding walls or fences (concrete, Light 
CMU, brick, or stone 


Mod 


Severe 


Hanging appendages Light 


Mod 


Severe 


Exterior lighting Light 


Mod 


Severe 


Flagpoles Light 


Mod 


Severe 


Tall sculptures (over 5 feet) LigJ'lt 


Mod 


Severe 


Type of Risk 


LS = Life safety SH= Shaking intensity 
ER= Engineering required 
PG= Upgrade detail page number 


PL = Property loss 
LF= Loss of function 
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M 


H 


H 


L 


L 


H 


L 


H 


H 


L 


M 


M 


L 


L 


M 


L 


M 


H 


M L 


H L 


H L 


L L 


L L 


H M 


L L 


H L 


H M 


L L 


L L 


M M 


L L 


L L 


M L 


L L 


M L 


H L 


Risk Rating 


L= Low 
M= Moderate 
H= High 


yes 52, 
53 


yes 54 


yes 


yes 


yes 







A21 


I 


A22 


, 


Cl 


, 


C2 


C3 


C4 


C5 


I 


SH 


Heavy signs or exterior billboards Light 
, 


Mod 


Severe 


, Clay roof tiles Light 


Mod 


Severe 


I FURNITURE AND CONTENTS 


II 


CO~CATIONSEQUJWMffiNT 


Radio and short-wave radio equipment Light 


Mod 


Severe 


Telephone, cellular phone and fax Light 
equipment 


Mod 
! 
, Severe' 


Public address system Light 


Mod 


Severe 
i 


, Suspended speakers :in confer,ence room or Ii Light 
auditorium 


Mod 


Severe 


Microwave equipment (antennae, receiver, Light 
transmitter, etc.) 


Mod 


Severe 


Type of Risk 


LS = Life safety SH = Shaldng intensity 
ER= Engjneering required 
PG= Upgrade detail page number 


PL= Property loss 
LF= Loss of function 
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I 


LS 


i 
! L 


H 


H 


L 


L 


M 


L 
I 


L 


L 


L 


L 


L 


L 


L 
I 
! L 


L 


M 


H 


L 


L 
, 


M 


i 


I 


, 


I 


:I 


I 


i 


I 
PL LF 


L L 


H L I 


H L 
! 


L L 


M L 


H M 


, 


L 
I 


L 


H H 


H H 


L L 


H M 


H M 


L L 
i 


H L 
i 


H L 


L L 
\ 


M L 
! 


H L 
'i 


L I L 


M L I 
I 


H M 


Risk Rating 
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Preface
This guide has been prepared for direct dissemination to the general public and is 
based on the most reliable hazard awareness and emergency education information 
available at the time of publication, including advances in scientifi c knowledge, 
more accurate technical language, and the latest physical research on what happens 
in disasters.


This publication is, however, too brief to cover every factor, situation, or difference 
in buildings, infrastructure, or other environmental features that might be of inter-
est.  To help you explore your interest further, additional sources of information 
have been included.


The guide has been designed to help the citizens of this nation learn how to 
protect themselves and their families against all types of hazards.  It can be used 
as a reference source or as a step-by-step manual.  The focus of the content is on 
how to develop, practice, and maintain emergency plans that refl ect what must be 
done before, during, and after a disaster to protect people and their property.  Also 
included is information on how to assemble a disaster supplies kit that contains 
the food, water, and other supplies in suffi cient quantity for individuals and their 
families to survive following a disaster in the event they must rely on their own 
resources.


Are You Ready? is just one of many resources the Department of Homeland Security 
provides the citizens of this nation to help them be prepared against all types of 
hazards.  The Department of Homeland Security’s Ready Campaign seeks to help 
America be better prepared for even unlikely emergency scenarios.  Information 
on how the public can be ready in case of a national emergency – including a 
possible terrorism attack involving biological, chemical, or radiological weapons 
– can be found by logging on to the Department of Homeland Security’s web site, 
www.ready.gov, or by calling 1-800-BE-READY for printed information.
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CERT 
Following a disaster, community members may be on their own for a period of 
time because of the size of the area affected, lost communications, and impassable 
roads.


The Community Emergency Response Team (CERT) program supports local re-
sponse capability by training volunteers to organize themselves and spontaneous 
volunteers at the disaster site, to provide immediate assistance to victims, and to 
collect disaster intelligence to support responders’ efforts when they arrive.


In the classroom, participants learn about the hazards they face and ways to prepare 
for them.  CERT members are taught basic organizational skills that they can use to 
help themselves, their loved ones, and their neighbors until help arrives.


Local government, or one of its representatives, sponsor CERT training in the com-
munity.  Training consists of 20 hours of instruction on topics that include disaster 
preparedness, fi re safety, disaster medical operations, light search and rescue, team 
organization, and disaster psychology.  Upon completion of the training, partici-
pants are encouraged to continue their involvement by participating in training 
activities and volunteering for projects that support their community’s disaster 
preparedness efforts.


For additional information on CERT, visit training.fema.gov/EMIWeb/CERT or 
contact your local Citizen Corps Council. 
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Citizen Corps 
Citizen Corps provides opportunities for people across the country to participate 
in a range of measures to make their families, their homes, and their communities 
safer from the threats of crime, terrorism, public health issues, and disasters of all 
kinds.  Through public education, training opportunities, and volunteer programs, 
every American can do their part to be better prepared and better protected and to 
help their communities do the same.


Citizen Corps is managed at the local level by Citizen Corps Councils, which bring 
together leaders from law enforcement, fi re, emergency medical and other emer-
gency management, volunteer organizations, local elected offi cials, the private sector, 
and other community stakeholders.   These Citizen Corps Councils will organize 
public education on disaster mitigation and preparedness, citizen training, and 
volunteer programs to give people of all ages and backgrounds the opportunity to 
support their community’s emergency services and to safeguard themselves and 
their property.


By participating in Citizen Corps programs, you can make your home, your neigh-
borhood and your community a safer place to live.  To fi nd out more, please visit 
the Citizen Corps Web site, www.citizencorps.gov or visit www.fema.gov.


Activities under Citizen Corps include existing and new federally sponsored pro-
grams administered by the Department of Justice (Neighborhood Watch and Vol-
unteers in Police Service), FEMA (Community Emergency Response Teams - CERT), 
and Department of Health and Human Services (Medical Reserve Corps), as well 
as other activities through Citizen Corps affi liate programs that share the common 
goal of community and family safety.
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Certifi cate of Completion
As an option, credit can be provided to those who successfully complete the entire 
guide and score at least 75 percent on a fi nal examination.  To take the fi nal exami-
nation, log on to training.fema.gov/emiweb/ishome.htm and follow the links for 
Are You Ready? An In-depth Guide to Citizen Preparedness IS-22.  Those who pass the examina-
tion can expect to receive a certifi cate of completion within two weeks from the 
date the examination is received at FEMA.  Questions about this option should be 
directed to the FEMA Independent Study Program by calling 1-800-238-2258 and 
asking for the Independent Study Offi ce or writing to:


FEMA Independent Study Program
Emergency Management Institute
16825 South Seton Avenue
Emmitsburg, MD 21727


Facilitator Guide
Teaching others about disaster preparedness is a rewarding experience that results 
from knowing you have helped your fellow citizens be ready in the event a disas-
ter should strike.  As a tool to aid those who want to deliver such training, FEMA 
developed a Facilitator Guide with an accompanying CD-ROM for use with this Are 
You Ready? guide.  The materials are appropriate for use in training groups such as 
school children, community organizations, scouts, social groups, and many others.


The Facilitator Guide includes guidelines on how to deliver training to various 
audiences, generic lesson plans for teaching disaster preparedness, and information 
on how to obtain other resources that can be used to augment the material in the 
Are You Ready? guide.  The CD-ROM contains teaching aids such as electronic visu-
als that refl ect key information and handouts that can be printed and distributed 
to reinforce what is being presented.  To obtain a copy of the Facilitator Guide and 
CD-ROM, call the FEMA Distribution Center at (800) 480-2520 or request it by 
writing to:


Federal Emergency Management Agency
P.O. Box 2012
Jessup, MD 20794-2012
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Why Prepare


There are real benefi ts to being prepared.


• Being prepared can reduce fear, anxiety, and losses that accompany disasters.  
Communities, families, and individuals should know what to do in the event 
of a fi re and where to seek shelter during a tornado.  They should be ready to 
evacuate their homes and take refuge in public shelters and know how to care 
for their basic medical needs.


• People also can reduce the impact of disasters (fl ood proofi ng, elevating a 
home or moving a home out of harm’s way, and securing items that could 
shake loose in an earthquake) and sometimes avoid the danger completely.


The need to prepare is real.


• Disasters disrupt hundreds of thousands of lives every year.  Each disaster has 
lasting effects, both to people and property.  


• If a disaster occurs in your community, local government and disaster-relief 
organizations will try to help you, but you need to be ready as well.  Local 
responders may not be able to reach you immediately, or they may need to focus 
their efforts elsewhere. 


• You should know how to respond to severe weather or any disaster that could 
occur in your area—hurricanes, earthquakes, extreme cold, fl ooding, or 
terrorism.  


• You should also be ready to be self-suffi cient for at least three days.  This may 
mean providing for your own shelter, fi rst aid, food, water, and sanitation.


Using this guide makes preparation practical.  


• This guide was developed by the Federal Emergency Management Agency 
(FEMA), which is the agency responsible for responding to national disas-
ters and for helping state and local governments and individuals prepare for 
emergencies.  It contains step-by-step advice on how to prepare for, respond 
to, and recover from disasters.


• Used in conjunction with information and instructions from local emergency 
management offi ces and the American Red Cross, Are You Ready? will give you 
what you need to be prepared.
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Using Are You Ready? to Prepare 
The main reason to use this guide is to help protect yourself and your family in the 
event of an emergency.  Through applying what you have learned in this guide, you 
are taking the necessary steps to be ready when an event occurs.


Every citizen in this country is part of a national emergency management system 
that is all about protection–protecting people and property from all types of haz-
ards.  Think of the national emergency management system as a pyramid with you, 
the citizen, forming the base of the structure.  At this level, you have a responsibil-
ity to protect yourself and your family by knowing what to do before, during, and 
after an event.  Some examples of what you can do follow:


Before • Know the risks and danger signs.
 • Purchase insurance, including fl ood insurance, which is not 


 part of your homeowner’s policy.
 • Develop plans for what to do.
 • Assemble a disaster supplies kit.
 • Volunteer to help others.


During • Put your plan into action.
 • Help others.
 • Follow the advice and guidance of offi cials in charge of the 


 event.


After • Repair damaged property.
 • Take steps to prevent or reduce future loss.


           
You will learn more about these and other actions you should take as you progress 
through this guide.


It is sometimes necessary to turn to others within the local community for help. 
The local level is the second tier of the pyramid, and is made up of paid employees 
and volunteers from the private and public sectors.  These individuals are engaged 
in preventing emergencies from happening and in being prepared to respond if 
something does occur.   Most emergencies are handled at the local level, which 
puts a tremendous responsibility on the community for taking care of its citizens.  
Among the responsibilities faced by local offi cials are:


• Identifying hazards and assessing potential risk to the community.


• Enforcing building codes, zoning ordinances, and land-use management pro-
grams.


• Coordinating emergency plans to ensure a quick and effective response.


• Fighting fi res and responding to hazardous materials incidents.


• Establishing warning systems.


• Stocking emergency supplies and equipment.


• Assessing damage and identifying needs.
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• Evacuating the community to safer locations.


• Taking care of the injured.


• Sheltering those who cannot remain in their homes.


• Aiding recovery efforts.


If support and resources are needed beyond what the local level can provide, the 
community can request assistance from the state.  The state may be able to provide 
supplemental resources such as money, equipment, and personnel to close the 
gap between what is needed and what is available at the local level.  The state also 
coordinates the plans of the various jurisdictions so that activities do not interfere 
or confl ict with each other.  To ensure personnel know what to do and efforts are 
in agreement, the state may offer a program that provides jurisdictions the oppor-
tunity to train and exercise together.


At the top of the pyramid is the federal government, which can provide resources 
to augment state and local efforts.  These resources can be in the form of:


• Public educational materials, such as this guide, that can be used to prepare 
the public for protecting itself from hazards.


• Financial grants for equipment, training, exercises, personnel, and programs.


• Grants and loans to help communities respond to and recover from disasters 
so severe that the President of the United States has deemed them beyond 
state and local capabilities.


• Research fi ndings that can help reduce losses from disaster.


• Technical assistance to help build stronger programs.


The national emergency management system is built on shared responsibilities and 
active participation at all levels of the pyramid.  The whole system begins with you, 
the citizen, and your ability to follow good emergency management practices—
whether at home, work, or other locations.


 Are You Ready? An In-depth Guide to Citizen Preparedness is organized to help you through 
the process.  Begin by reading Part 1 which is the core of the guide.  This part 
provides basic information that is common to all hazards on how to create and 
maintain an emergency plan and disaster supplies kit.


Part 1:  Basic Preparedness 


• A series of worksheets to help you obtain information from the community 
that will form the foundation of your plan.  You will need to fi nd out about 
hazards that threaten the community, how the population will be warned, 
evacuation routes to be used in times of disaster, and the emergency plans of 
the community and others that will impact your plan.


• Guidance on specifi c content that you and your family will need to develop 
and include in your plan on how to escape from your residence, communi-
cate with one another during times of disaster, shut-off household utilities, 
insure against fi nancial loss, acquire basic safety skills, address special needs 
such as disabilities, take care of animals, and seek shelter.
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• Checklists of items to consider including in your disaster supplies kit that will 
meet your family’s needs following a disaster whether you are at home or at 
other locations.


Part 1 is also the gateway to the specifi c hazards and recovery information con-
tained in Parts 2, 3, 4, and 5.  Information from these sections should be read care-
fully and integrated in your emergency plan and disaster supplies kit based on the 
hazards that pose a threat to you and your family.


Part 2: Natural Hazards


• Floods
• Hurricanes
• Thunderstorms and lightning 
• Tornadoes
• Winter storms and extreme cold
• Extreme heat
• Earthquakes
• Volcanoes
• Landslides and debris fl ow
• Tsunamis
• Fires
• Wildfi res


Part 3: Technological Hazards


• Hazardous materials incidents
• Household chemical emergencies
• Nuclear power plant emergencies


Part 4: Terrorism


• Explosions
• Biological threats
• Chemical threats
• Nuclear blasts
• Radiological dispersion device events


Part 5: Recovering from Disaster


• Health and safety guidelines
• Returning home
• Seeking disaster assistance
• Coping with disaster
• Helping others
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References
As you work through individual sections, you will see reference points.  These are 
reminders to refer to previous sections for related information on the topic being 
discussed.   


FEMA PublicationsThroughout the guide are lists of publications available from FEMA that can help 
you learn more about the topics covered.  To obtain these publications, call the 
FEMA Distribution Center at 1-800-480-2520 or request them by mail from:


Federal Emergency Management Agency
P.O. Box 2012
Jessup, MD 20794-2012


Other PublicationsOther publications cited throughout this guide can be obtained by contacting the 
organizations below:


American Red Cross National Headquarters
2025 E Street, NW 
Washington, DC 20006
Phone: (202) 303-4498 
www.redcross.org/pubs/dspubs/cde.html


National Weather Service
1325 East West Highway
 Silver Spring, MD 20910
www.nws.noaa.gov/education.html


Centers for Disease Control and Prevention
1600 Clifton Rd, Atlanta, GA 30333, U.S.A
Public Inquiries: (404) 639-3534 / (800) 311-3435
www.cdc.gov


U.S. Geological Survey
Information Services
P.O. Box 25286
Denver, CO 80225
1 (888) 275-8747
www.usgs.gov
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Disaster Public Education 
Web sites
You can broaden your knowledge of disaster preparedness topics presented in this 
guide by reviewing information provided at various government and non-govern-
ment Web sites.  Provided below is a list of recommended sites.  The Web address 
for each site refl ects its home address.  Searches conducted from each home site’s  
page result in the most current and extensive list of available material for the site.


Government Sites


Be Ready Campaign www.ready.gov
Agency for Toxic Substances and Disease Registry www.atsdr.cdc.gov
Centers for Disease Control and Prevention www.cdc.gov
Citizen Corps www.citizencorps.gov
Department of Commerce www.doc.gov
Department of Education www.ed.gov
Department of Energy www.energy.gov
Department of Health and Human Services www.hhs.gov/disasters
Department of Homeland Security www.dhs.gov
Department of Interior www.doi.gov
Department of Justice www.justice.gov
Environmental Protection Agency www.epa.gov
Federal Emergency Management Agency www.fema.gov
Food and Drug Administration www.fda.gov
National Oceanic and Atmospheric Administration www.noaa.gov
National Weather Service www.nws.noaa.gov
Nuclear Regulatory Commission www.nrc.gov
The Critical Infrastructure Assurance Offi ce www.ciao.gov
The White House www.whitehouse.gov/response
U.S. Department of Agriculture www.usda.gov
U.S. Fire Administration www.usfa.fema.gov
U.S. Fire Administration Kids Page www.usfa.fema.gov/kids
U.S. Geological Survey www.usgs.gov
U.S. Offi ce of Personnel Management www.opm.gov/emergency
U.S. Postal Service www.usps.gov
USDA Forest Service Southern Research Station www.wildfi reprograms.com
Non-government Sites
American Red Cross www.redcross.org
Institute for Business and Home Safety www.ibhs.org
National Fire Protection Association www.nfpa.org
National Mass Fatalities Institute www.nmfi .org
National Safety Compliance www.osha-safety-training.net
The Middle East Seismological Forum www.meieisforum.net
The Pan American Health Organization www.disaster-info.net/SUMA
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In this part of the guide, you will learn preparedness strategies that are common to all disasters.  You plan only once, 
and are able to apply your plan to all types of hazards.  


When you complete Part 1, you will be able to:
• Get informed about hazards and emergencies that may affect you and your 


family.
• Develop an emergency plan.
• Collect and assemble disaster supplies kit.
• Learn where to seek shelter from all types of hazards.
• Identify the community warning systems and evacuation routes.
• Include in your plan required information from community and school plans.
• Learn what to do for specifi c hazards.
• Practice and maintain your plan.


1
Basic


Preparedness
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1.1
Getting Informed
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Getting Informed1.1


Learn about the hazards that may strike your community, the risks you face from 
these hazards, and your community’s plans for warning and evacuation.  You can 
obtain this information from your local emergency management offi ce or your 
local chapter of the American Red Cross.  Space has been provided here to record 
your answers.


Hazards
Ask local authorities about each possible hazard or emergency and use the work-
sheet that follows to record your fi ndings and suggestions for reducing your 
family’s risk.  


Possible Hazards and 
Emergencies


Risk Level 
(None, Low, 
Moderate, or 


High)


How can I reduce my risk?


Natural Hazards


1. Floods


2. Hurricanes 


3. Thunderstorms and 
Lightning 


4. Tornadoes


5. Winter Storms and 
Extreme Cold


6. Extreme Heat


7. Earthquakes


8. Volcanoes


9. Landslides and Debris 
Flow


10. Tsunamis


11. Fires


12. Wildfi res
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Technological Hazards


1. Hazardous Materials 
Incidents


2. Nuclear Power Plants


Terrorism


1. Explosions


2. Biological Threats


3. Chemical Threats


4. Nuclear Blasts


5. Radiological Dispersion 
Device (RDD)


You also can consult FEMA for hazard maps for your area.  Go to 
www.fema.gov, select maps, and follow the directions. National haz-
ard maps have been included with each natural hazard in Part 2 of this 
guide.
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Getting Informed1.1


Warning Systems and Signals
The Emergency Alert System (EAS) can address the entire nation on very short no-
tice in case of a grave threat or national emergency. Ask if your local radio and TV 
stations participate in the EAS.


National Oceanic & Atmospheric Administration (NOAA) Weather Radio (NWR) is 
a nationwide network of radio stations broadcasting continuous weather informa-
tion directly from a nearby National Weather Service offi ce to specially confi gured 
NOAA weather radio receivers.  Determine if NOAA Weather Radio is available 
where you live.  If so, consider purchasing a NOAA weather radio receiver. 


Ask local authorities about methods used to warn your community.


Warning System What should we do?


EAS


NOAA Weather Radio
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 Getting Informed 1.1


Evacuating Yourself and 
Your Family 


When community evacuations become necessary, local offi cials provide informa-
tion to the public through the media.  In some circumstances, other warning 
methods, such as sirens or telephone calls, also are used.  Additionally, there may 
be circumstances under which you and your family feel threatened or endangered 
and you need to leave your home, school, or workplace to avoid these situations.


The amount of time you have to leave will depend on the hazard.  If the event is 
a weather condition, such as a hurricane that can be monitored, you might have 
a day or two to get ready.  However, many disasters allow no time for people to 
gather even the most basic necessities, which is why planning ahead is essential.  


Ask local authorities about emergency evacuation routes.  


Record your specifi c evacuation route directions in the space provided.


Is there a map available with evacuation routes marked?  Yes        No


Evacuation: More Common than You Realize


Evacuations are more common than many people realize.  Hundreds of 
times each year, transportation and industrial accidents release harmful 
substances, forcing thousands of people to leave their homes.  Fires and 
fl oods cause evacuations even more frequently.  Almost every year, people 
along the Gulf and Atlantic coasts evacuate in the face of approaching 
hurricanes.
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Evacuation Guidelines
Always: If time permits:


Keep a full tank of gas in your car if an 
evacuation seems likely.  Gas stations may 
be closed during emergencies and unable 
to pump gas during power outages.  Plan to 
take one car per family to reduce congestion 
and delay.


Gather your disaster supplies kit.


Make transportation arrangements with 
friends or your local government if you do 
not own a car.


Wear sturdy shoes and clothing 
that provides some protection, 
such as long pants, long-sleeved 
shirts, and a cap.


Listen to a battery-powered radio and follow 
local evacuation instructions.


Secure your home:  
• Close and lock doors and 


windows.
• Unplug electrical equipment, 


such as radios and televi-
sions, and small appliances, 
such as toasters and micro-
waves.  Leave freezers and re-
frigerators plugged in unless 
there is a risk of fl ooding.


Gather your family and go if you are in-
structed to evacuate immediately.


Let others know where you are 
going.


Leave early enough to avoid being trapped by 
severe weather.


Follow recommended evacuation routes.  Do 
not take shortcuts; they may be blocked. 


Be alert for washed-out roads and bridges.  
Do not drive into fl ooded areas.  


Stay away from downed power lines.


Evacuation Guidelines
Always: If time permits:


Keep a full tank of gas in your car if an 
evacuation seems likely.  Gas stations may 
be closed during emergencies and unable 
to pump gas during power outages.  Plan to 
take one car per family to reduce congestion 
and delay.


Gather your disaster supplies kit.


Make transportation arrangements with 
friends or your local government if you do 
not own a car.


Wear sturdy shoes and clothing 
that provides some protection, 
such as long pants, long-sleeved 
shirts, and a cap.


Listen to a battery-powered radio and follow 
local evacuation instructions.


Secure your home:  
• Close and lock doors and 


windows.
• Unplug electrical equipment, 


such as radios and televi-
sions, and small appliances, 
such as toasters and micro-
waves.  Leave freezers and re-
frigerators plugged in unless 
there is a risk of fl ooding.


Gather your family and go if you are in-
structed to evacuate immediately.


Let others know where you are 
going.


Leave early enough to avoid being trapped by 
severe weather.


Follow recommended evacuation routes.  Do 
not take shortcuts; they may be blocked. 


Be alert for washed-out roads and bridges.  
Do not drive into fl ooded areas.  


Stay away from downed power lines.
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Community and Other Plans
Ask local offi cials the following questions about your community’s disaster/
emergency plans.


Does my community have a plan?        Yes   No


Can I obtain a copy?          Yes   No


What does the plan contain?


How often is it updated?


What should I know about the plan?


What hazards does it cover?


In addition to fi nding out about your community’s plan, it is important that you 
know what plans are in place for your workplace and your children’s school or day 
care center.


1. Ask your employer about workplace policies regarding disasters and emer-
gencies, including understanding how you will be provided emergency and 
warning information.


2. Contact your children’s school or day care center to discuss their disaster pro-
cedures.  


School Emergency Plans 
Know your children’s school emergency plan:


• Ask how the school will communicate with families during a crisis.


• Ask if the school stores adequate food, water, and other basic supplies.


• Find out if the school is prepared to shelter-in-place if need be, and where 
they plan to go if they must get away.


In cases where schools institute procedures to shelter-in-place, you may not be 
permitted to drive to the school to pick up your children.  Even if you go to the 
school, the doors will likely be locked to keep your children safe.  Monitor local 
media outlets for announcements about changes in school openings and closings, 
and follow the directions of local emergency offi cials.


For more information on developing emergency preparedness plans for schools, 
please log on to the U.S. Department of Education at www.ed.gov/emergencyplan.


Community and Other Plans
Ask local offi cials the following questions about your community’s disaster/
emerge


Does my community have a plan?        Yes   No


Can I obtain a copy?          Yes   No


What does the plan contain?


How often is it updated?


What should I know about the plan?


What hazards does it cover?


In addition to fi nding out about your community’s plan, it is important that you 
know what plans are in place for your workplace and your children’s school or day 
care center.


1. Ask your employer about workplace policies regarding disasters and emer-
gencies, including understanding how you will be provided emergency and 
warning information.


2. Contact your children’s school or day care center to discuss their disaster pro-
cedures.  


School Emergency Plans 
Know your children’s school emergency plan:


• Ask how the school will communicate with families during a crisis.


• Ask if the school stores adequate food, water, and other basic supplies.


• Find out if the school is prepared to shelter-in-place if need be, and where 
they plan to go if they must get away.


In cases where schools institute procedures to shelter-in-place, you may not be 
permitted to drive to the school to pick up your children.  Even if you go to the 
school, the doors will likely be locked to keep your children safe.  Monitor local 
media outlets for announcements about changes in school openings and closings, 
and follow the directions of local emergency offi cials.


For more information on developing emergency preparedness plans for schools, 
please log on to the U.S. Department of Education at www.ed.gov/emergencyplan.
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Workplace Plans
If you are an employer, make sure your workplace has a building evacuation plan 
that is regularly practiced.


• Take a critical look at your heating, ventilation and air conditioning system 
to determine if it is secure or if it could feasibly be upgraded to better fi lter 
potential contaminants, and be sure you know how to turn it off if you need 
to. 


• Think about what to do if your employees can’t go home.  


• Make sure you have appropriate supplies on hand.







1.2
Emergency Planning 


and Checklists
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Now that you’ve learned about what can happen and how your community is pre-
pared to respond to emergencies, prepare your family by creating a family disaster 
plan.  You can begin this process by gathering family members and reviewing the 
information you obtained in Section 1.1 (hazards, warning systems, evacuation 
routes and community and other plans).  Discuss with them what you would do if 
family members are not home when a warning is issued.  Additionally, your family 
plan should address the following:


• Escape routes.
• Family communications.
• Utility shut-off and safety.
• Insurance and vital records.
• Special needs.
• Caring for animals.
• Saftey Skills


Information on these family planning considerations are covered in the following 
sections.


Escape Routes
Draw a fl oor plan of your home.  Use a blank sheet of paper for each fl oor.  Mark 
two escape routes from each room.  Make sure children understand the drawings.  
Post a copy of the drawings at eye level in each child’s room.


Where to Meet Establish a place to meet in the event of an emergency, such as a fi re. Record the 
locations below:


Where to meet…


Near the 
home


For example, the next door neighbor’s telephone pole


Outside the 
immediate 
area


For example, the neighborhood grocery store parking lot
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Family Communications 
Your family may not be together when disaster strikes, so plan how you will con-
tact one another.  Think about how you will communicate in different situations.


Complete a contact card for each family member.  Have family members keep these 
cards handy in a wallet, purse, backpack, etc.  You may want to send one to school 
with each child to keep on fi le.  Pick a friend or relative who lives out-of-state for 
household members to notify they are safe.


Below is a sample contact card.  Copies to fi ll out can be found in Appendix C.  
Also in Appendix C is a more detailed Family Communications Plan which should 
be completed and posted so the contact information is readily accessible to all fam-
ily members.  A copy should also be included in your family disaster supplies kit.


Utility Shut-off and Safety
In the event of a disaster, you may be instructed to shut off the utility service at 
your home.  


Below is some general guidance for shutting off utility service:


Modify the information provided to refl ect your shut off requirements as di-
rected by your utility company(ies).
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Natural Gas Natural gas leaks and explosions are responsible for a signifi cant number of fi res 
following disasters.  It is vital that all household members know how to shut off 
natural gas.


Because there are different gas shut-off procedures for different gas meter confi gu-
rations, it is important to contact your local gas company for guidance on prepara-
tion and response regarding gas appliances and gas service to your home.


When you learn the proper shut-off procedure for your meter, share the informa-
tion with everyone in your household.  Be sure not to actually turn off the gas 
when practicing the proper gas shut-off procedure.  


If you smell gas or hear a blowing or hissing noise, open a window and get every-
one out quickly.  Turn off the gas, using the outside main valve if you can, and call 
the gas company from a neighbor’s home.


Water Water quickly becomes a precious resource following many disasters.  It is vital that 
all household members learn how to shut off the water at the main house valve.


• Cracked lines may pollute the water supply to your house.  It is wise to shut 
off your water until you hear from authorities that it is safe for drinking.


• The effects of gravity may drain the water in your hot water heater and toilet 
tanks unless you trap it in your house by shutting off the main house valve 
(not the street valve in the cement box at the curb—this valve is extremely 
diffi cult to turn and requires a special tool).


Preparing to Shut Off  Water


• Locate the shut-off valve for the water line that enters your house.  It may 
look like this:


• Make sure this valve can be completely shut off.  Your valve may be rusted 
open, or it may only partially close.  Replace it if necessary.


CAUTION – If you turn off the gas for any reason, a qualifi ed 
professional must turn it back on.  NEVER attempt to turn the 
gas back on yourself.
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• Label this valve with a tag for easy identifi cation, and make sure all household 
members know where it is located.


ElectricityElectrical sparks have the potential of igniting natural gas if it is leaking.  It is wise 
to teach all responsible household members where and how to shut off the elec-
tricity.


Preparing to Shut Off Electricity


• Locate your electricity circuit box.


• Teach all responsible household members how to shut off the electricity to 
the entire house.


Insurance and Vital Records
Obtain property, health, and life insurance if you do not have them.  Review exist-
ing policies for the amount and extent of coverage to ensure that what you have in 
place is what is required for you and your family for all possible hazards.  


Flood Insurance


If you live in a fl ood-prone area, consider purchasing fl ood insur-
ance to reduce your risk of fl ood loss. Buying fl ood insurance to 
cover the value of a building and its contents will not only provide 
greater peace of mind, but will speed the recovery if a fl ood occurs. 
You can call 1(888)FLOOD29 to learn more about fl ood insurance.


FOR YOUR SAFETY:  Always shut off all the individual 
circuits before shutting off the main circuit breaker.
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Inventory Home Possessions Make a record of your personal property, for insurance purposes.  Take photos or a 
video of the interior and exterior of your home.  Include personal belongings in 
your inventory.


You may also want to download the free Household and Personal Property Inven-
tory Book from the University of Illinois at www.ag.uiuc.edu/~vista/abstracts/
ahouseinv.html to help you record your possessions.


Important Documents Store important documents such as insurance policies, deeds, property records, 
and other important papers in a safe place, such as a safety deposit box away from 
your home.  Make copies of important documents for your disaster supplies kit.  
(Information about the disaster supplies kit is covered later.)  


Money Consider saving money in an emergency savings account that could be used in any 
crisis.  It is advisable to keep a small amount of cash or traveler’s checks at home in 
a safe place where you can quickly access them in case of evacuation.


Special Needs
If you or someone close to you has a disability or a special need, you may have to 
take additional steps to protect yourself and your family in an emergency.


Disability/Special
Need


Additional Steps


Hearing impaired May need to make special arrangements to receive 
warnings.


Mobility impaired May need special assistance to get to a shelter.


Single working 
parent


May need help to plan for disasters and emergencies.


Non-English 
speaking persons


May need assistance planning for and responding to 
emergencies.  Community and cultural groups may be 
able to help keep people informed.


People without 
vehicles


May need to make arrangements for transportation.


People with special 
dietary needs


Should take special precautions to have an adequate 
emergency food supply.


Planning for Special Needs If you have special needs:


• Find out about special assistance that may be available in your community.  
Register with the offi ce of emergency services or the local fi re department for 
assistance so needed help can be provided.  
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• Create a network of neighbors, relatives, friends, and coworkers to aid you 
in an emergency. Discuss your needs and make sure everyone knows how to 
operate necessary equipment.


• Discuss your needs with your employer.


• If you are mobility impaired and live or work in a high-rise building, have an 
escape chair.


• If you live in an apartment building, ask the management to mark accessible 
exits clearly and to make arrangements to help you leave the building.


• Keep specialized items ready, including extra wheelchair batteries, oxygen, 
catheters, medication, food for service animals, and any other items you 
might need.


• Be sure to make provisions for medications that require refrigeration.


• Keep a list of the type and model numbers of the medical devices you require.  


Caring for Animals
Animals also are affected by disasters.  Use the guidelines below to prepare a plan 
for caring for pets and large animals.


Guidelines for PetsPlan for pet disaster needs by:


• Identifying shelter.


• Gathering pet supplies.


• Ensuring your pet has proper ID and up-to-date veterinarian records.


• Providing a pet carrier and leash.


Take the following steps to prepare to shelter your pet:


• Call your local emergency management offi ce, animal shelter, or animal con-
trol offi ce to get advice and information.  


• Keep veterinary records to prove vaccinations are current.  


• Find out which local hotels and motels allow pets and where pet boarding 
facilities are located.  Be sure to research some outside your local area in case 
local facilities close.  


• Know that, with the exception of service animals, pets are not typically per-
mitted in emergency shelters as they may affect the health and safety of other 
occupants.  







Are You Ready?


30


Emergency Planning and Checklists1.2


Guidelines for Large Animals If you have large animals such as horses, cattle, sheep, goats, or pigs on your prop-
erty, be sure to prepare before a disaster.  


Use the following guidelines:


1. Ensure all animals have some form of identifi cation.


2. Evacuate animals whenever possible.  Map out primary and secondary routes 
in advance.  


3. Make available vehicles and trailers needed for transporting and supporting 
each type of animal. Also make available experienced handlers and drivers.


 Note: It is best to allow animals a chance to become accustomed to vehicular 
travel so they are less frightened and easier to move. 


4. Ensure destinations have food, water, veterinary care, and handling equip-
ment. 


5. If evacuation is not possible, animal owners must decide whether to move 
large animals to shelter or turn them outside.  


Safety Skills
It is important that family members know how to administer fi rst aid and CPR and 
how to use a fi re extinguisher. 


Learn First Aid and CPR Take a fi rst aid and CPR class.  Local American Red Cross chapters can provide 
information about this type of training.  Offi cial certifi cation by the American Red 
Cross provides, under the “good Samaritan” law, protection for those giving fi rst 
aid.


Learn How to Use a Fire 
Extinguisher Be sure everyone knows how to use your fi re extinguisher(s) and where it is kept.  


You should have, at a minimum, an ABC type. 







1.3
Assemble a Disaster 


Supplies Kit
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You may need to survive on your own after a disaster.  This means having your 
own food, water, and other supplies in suffi cient quantity to last for at least three 
days. Local offi cials and relief workers will be on the scene after a disaster, but they 
cannot reach everyone immediately.  You could get help in hours, or it might take 
days. 


Basic services such as electricity, gas, water, sewage treatment, and telephones may 
be cut off for days, or even a week or longer.  Or, you may have to evacuate at a 
moment’s notice and take essentials with you.  You probably will not have the op-
portunity to shop or search for the supplies you need. 


A disaster supplies kit is a collection of basic items that members of a household 
may need in the event of a disaster.


Kit Locations 
Since you do not know where you will be when an emergency occurs, prepare 
supplies for home, work, and vehicles.


Home Work Car


Your disaster supplies 
kit should contain 
essential food, water, 
and supplies for at least 
three days.       


Keep this kit in a desig-
nated place and have it 
ready in case you have 
to leave your home 
quickly. Make sure all 
family members know 
where the kit is kept. 


Additionally, you may 
want to consider having 
supplies for sheltering 
for up to two weeks.


This kit should be in 
one container, and 
ready to “grab and go” 
in case you are evacu-
ated from your work-
place. 


Make sure you have 
food and water in the 
kit.  Also, be sure to 
have comfortable walk-
ing shoes at your work-
place in case an evacu-
ation requires walking 
long distances.


In case you are strand-
ed, keep a kit of emer-
gency supplies in your 
car. 


This kit should contain 
food, water, fi rst aid 
supplies, fl ares, jumper 
cables, and seasonal 
supplies.
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Water
How Much Water do I Need?You should store at least one gallon of water per person per day.  A normally active 


person needs at least one-half gallon of water daily just for drinking. 


Additionally, in determining adequate quantities, take the following into account:


• Individual needs vary, depending on age, physical condition, activity, diet, and 
climate.  


• Children, nursing mothers, and ill people need more water.  


• Very hot temperatures can double the amount of water needed. 


• A medical emergency might require additional water.


How Should I Store Water?  To prepare safest and most reliable emergency supply of water, it is recommended 
you purchase commercially bottled water. Keep bottled water in its original con-
tainer and do not open it until you need to use it.


Observe the expiration or “use by” date. 


If you are preparing your own 
containers of waterIt is recommended you purchase food-grade water storage containers from sur-


plus or camping supplies stores to use for water storage. Before fi lling with water, 
thoroughly clean the containers with dishwashing soap and water, and rinse com-
pletely so there is no residual soap. Follow directions below on fi lling the container 
with water.


If you choose to use your own storage containers, choose two-liter plastic soft 
drink bottles  – not plastic jugs or cardboard containers that have had milk or fruit 
juice in them. Milk protein and fruit sugars cannot be adequately removed from 
these containers and provide an environment for bacterial growth when water 
is stored in them. Cardboard containers also leak easily and are not designed for 
long-term storage of liquids. Also, do not use glass containers, because they can 
break and are heavy.


If storing water in plastic soda 
bottles, follow these stepsThoroughly clean the bottles with dishwashing soap and water, and rinse com-


pletely so there is no residual soap.


Sanitize the bottles by adding a solution of 1 teaspoon of non-scented liquid 
household chlorine bleach to a quart of water. Swish the sanitizing solution in the 
bottle so that it touches all surfaces. After sanitizing the bottle, thoroughly rinse out 
the sanitizing solution with clean water.


Filling water containers
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Fill the bottle to the top with regular tap water. If the tap water has been commer-
cially treated from a water utility with chlorine, you do not need to add anything 
else to the water to keep it clean. If the water you are using comes from a well or 
water source that is not treated with chlorine, add two drops of non-scented liquid 
household chlorine bleach to the water.


Tightly close the container using the original cap. Be careful not to contaminate the 
cap by touching the inside of it with your fi nger. Place a date on the outside of the 
container so that you know when you fi lled it. Store in a cool, dark place.


Replace the water every six months if not using commercially bottled water.


Food
The following are things to consider when putting together your food supplies:


• Avoid foods that will make you thirsty.  Choose salt-free crackers, whole grain 
cereals, and canned foods with high liquid content. 


• Stock canned foods, dry mixes, and other staples that do not require refrigera-
tion, cooking, water, or special preparation.  You may already have many of 
these on hand.  Note: Be sure to include a manual can opener.


• Include special dietary needs.
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Basic Disaster Supplies Kit
The following items are recommended for inclusion in your basic disaster supplies 
kit:


• Three-day supply of non-perishable food.


• Three-day supply of water – one gallon of water per person, per day.


• Portable, battery-powered radio or television and extra batteries.


• Flashlight and extra batteries.


• First aid kit and manual.


• Sanitation and hygiene items (moist towelettes and toilet paper).


• Matches and waterproof container.


• Whistle.


• Extra clothing.


• Kitchen accessories and cooking utensils, including a can opener.


• Photocopies of credit and identifi cation cards.


• Cash and coins.


• Special needs items, such as prescription medications, eye glasses, contact lens 
solutions, and hearing aid batteries.


• Items for infants, such as formula, diapers, bottles, and pacifi ers.


• Other items to meet your unique family needs.


If you live in a cold climate, you must think about warmth.  It is possible that you 
will not have heat.  Think about your clothing and bedding supplies.  Be sure to 
include one complete change of clothing and shoes per person, including:


• Jacket or coat.


• Long pants.


• Long sleeve shirt.


• Sturdy shoes.


• Hat, mittens, and scarf.


• Sleeping bag or warm blanket (per person).


Be sure to account for growing children and other family changes.  See Appendix B 
for a detailed checklist of disaster supplies.  You may want to add some of the items 
listed to your basic disaster supplies kit depending on the specifi c needs of your 
family.
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Maintaining Your Disaster 
Supplies Kit
Just as important as putting your supplies together is maintaining them so they are 
safe to use when needed.  Here are some tips to keep your supplies ready and in 
good condition:


• Keep canned foods in a dry place where the temperature is cool.


• Store boxed food in tightly closed plastic or metal containers to protect from 
pests and to extend its shelf life.


• Throw out any canned good that becomes swollen, dented, or corroded.


• Use foods before they go bad, and replace them with fresh supplies.


• Place new items at the back of the storage area and older ones in the front.


• Change stored food and water supplies every six months. Be sure to write the 
date you store it on all containers.


• Re-think your needs every year and update your kit as your family needs 
change. 


• Keep items in airtight plastic bags and put your entire disaster supplies kit in 
one or two easy-to-carry containers, such as an unused trashcan, camping 
backpack, or duffel bag.







1.4
Shelter
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Taking shelter is critical in times of disaster.  Sheltering is appropriate when condi-
tions require that you seek protection in your home, place of employment, or 
other location where you are when disaster strikes.  Sheltering outside the hazard 
area would include staying with friends and relatives, seeking commercial lodging, 
or staying in a mass care facility operated by disaster relief groups in conjunction 
with local authorities.  


To effectively shelter, you must fi rst consider the hazard and then choose a place 
in your home or other building that is safe for that hazard.  For example, for a 
tornado, a room should be selected that is in a basement or an interior room on 
the lowest level away from corners, windows, doors and outside walls.  Because the 
safest locations to seek shelter vary by hazard, sheltering is discussed in the various 
hazard sections. These discussions include recommendations for sealing the shelter 
if the hazards warrants this type of protection.


Even though mass care shelters often provide water, food, medicine, and basic sani-
tary facilities, you should plan to take your disaster supplies kit with you so you 
will have the supplies you require.  Mass care sheltering can involve living with 
many people in a confi ned space, which can be diffi cult and unpleasant.  To avoid 
confl icts in this stressful situation, it is important to cooperate with shelter manag-
ers and others assisting them.  Keep in mind that alcoholic beverages and weapons 
are forbidden in emergency shelters and smoking is restricted. 


The length of time you are required to shelter may be short, such as during a 
tornado warning, or long, such as during a winter storm.  It is important that you 
stay in shelter until local authorities say it is safe to leave.   Additionally, you should 
take turns listening to radio broadcasts and maintain a 24-hour safety watch.  


During extended periods of sheltering, you will need to manage water and food 
supplies to ensure you and your family have the required supplies and quantities.  
Guidance on how to accomplish this follows. 


Managing Water
Essentials 1. Allow people to drink according to their needs.  Many people need even 


more than the average of one-half gallon, per day.  The individual amount 
needed depends on age, physical activity, physical condition, and time of year.
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2. Never ration water unless ordered to do so by authorities. Drink the 
amount you need today and try to fi nd more for tomorrow. Under no circum-
stances should a person drink less than one quart (four cups) of water each 
day.  You can minimize the amount of water your body needs by reducing 
activity and staying cool. 


3. Drink water that you know is not contaminated fi rst.  If necessary, suspi-
cious water, such as cloudy water from regular faucets or water from streams 
or ponds, can be used after it has been treated.  If water treatment is not 
possible, put off drinking suspicious water as long as possible, but do not 
become dehydrated.


4. Do not drink carbonated beverages instead of drinking water. Carbonated 
beverages do not meet drinking-water requirements.  Caffeinated drinks and 
alcohol dehydrate the body, which increases the need for drinking water.


5. Turn off the main water valves. You will need to protect the water sources 
already in your home from contamination if you hear reports of broken 
water or sewage lines, or if local offi cials advise you of a problem. To close the 
incoming water source, locate the incoming valve and turn it to the closed 
position. Be sure you and other family members know how to perform this 
important procedure.


• To use the water in your pipes, let air into the plumbing by turning on 
the faucet in your home at the highest level. A small amount of water will 
trickle out. Then obtain water from the lowest faucet in the home.


• To use the water in your hot-water tank, be sure the electricity or gas is 
off, and open the drain at the bottom of the tank. Start the water fl owing 
by turning off the water intake valve at the tank and turning on the hot-
water faucet. Refi ll the tank before turning the gas or electricity back on. If 
the gas is turned off, a professional will be needed to turn it back on.


Water Sources
Safe Sources Unsafe Sources


Melted ice cubes Radiators


Water drained from the water 
heater (if the water heater has 
not been damaged)


Hot water boilers (home heating system) 


Liquids from canned goods 
such as fruit or vegetable 
juices


Water beds (fungicides added to the water or 
chemicals in the vinyl may make water unsafe to 
use)


Water drained from pipes Water from the toilet bowl or fl ush tank


Swimming pools and spas (chemicals used to 
kill germs are too concentrated for safe drinking 
but can be used for personal hygiene, cleaning, 
and related uses)


Review


Section 1.2: 
Emergency 
Planning and 
Checklists
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Water Treatment Treat all water of uncertain quality before using it for drinking, food washing or 
preparation, washing dishes, brushing teeth, or making ice.  In addition to having 
a bad odor and taste, contaminated water can contain microorganisms (germs) that 
cause diseases such as dysentery, cholera, typhoid, and hepatitis.  


There are many ways to treat water.  None is perfect.  Often the best solution is a 
combination of methods.  Before treating, let any suspended particles settle to the 
bottom or strain them through coffee fi lters or layers of clean cloth.


Make sure you have the necessary materials in your disaster supplies kit for the cho-
sen water treatment method.  


There are three water treatment methods. They are as follows:


• Boiling


• Chlorination


• Distillation


These instructions are for treating water of uncertain quality in an emergency situ-
ation, when no other reliable clean water source is available, or you have used all of 
your stored water.  


Boiling


Boiling is the safest method of treating water. In a large pot or kettle, bring water 
to a rolling boil for 1 full minute, keeping in mind that some water will evapo-
rate. Let the water cool before drinking.


Boiled water will taste better if you put oxygen back into it by pouring the water 
back and forth between two clean containers.  This also will improve the taste of 
stored water.


Chlorination


You can use household liquid bleach to kill microorganisms. Use only regular 
household liquid bleach that contains 5.25 to 6.0 percent sodium hypochlorite. 
Do not use scented bleaches, color safe bleaches, or bleaches with added cleaners.  
Because the potency of bleach diminishes with time, use bleach from a newly 
opened or unopened bottle.


Add 16 drops (1/8 teaspoon) of bleach per gallon of water, stir, and let stand for 
30 minutes. The water should have a slight bleach odor. If it doesn’t, then repeat 
the dosage and let stand another 15 minutes. If it still does not smell of chlorine, 
discard it and fi nd another source of water.


Other chemicals, such as iodine or water treatment products sold in camping or 
surplus stores that do not contain 5.25 to 6.0 percent sodium hypochlorite as the 
only active ingredient, are not recommended and should not be used.


Distillation


While the two methods described above will kill most microbes in water, distil-
lation will remove microbes (germs) that resist these methods, as well as heavy 
metals, salts, and most other chemicals.


Review


How I Should Store 
Water, Section 1.3
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Distillation involves boiling water and 
then collecting only the vapor that con-
denses.  The condensed vapor will not 
include salt or most other impurities. To 
distill, fi ll a pot halfway with water.  Tie a 
cup to the handle on the pot’s lid so that 
the cup will hang right-side-up when the 
lid is upside-down (make sure the cup is 
not dangling into the water) and boil the 
water for 20 minutes. The water that drips 
from the lid into the cup is distilled.


Effectiveness of Water 
Treatment Methods


Methods Kills 
Microbes


Removes other contaminants (heavy met-
als, salts, and most other chemicals)


Boiling √


Chlorination √


Distillation √ √


Managing Food Supplies
Safety and Sanitation 


Do: Don’t:


• Keep food in covered containers 
• Keep cooking and eating utensils 


clean 
• Keep garbage in closed contain-


ers and dispose outside, burying 
garbage if necessary  


• Keep your hands clean by wash-
ing them frequently with soap 
and water that has been boiled or 
disinfected 


• Use only pre-prepared canned 
baby formula for infants 


• Discard any food that has come 
into contact with contaminated 
fl oodwater 


• Discard any food that has been at 
room temperature for two hours 
or more


• Discard any food that has an un-
usual odor, color, or texture


• Eat foods from cans that are swol-
len, dented, or corroded, even 
though the product may look safe 
to eat


• Eat any food that looks or smells 
abnormal, even if the can looks 
normal


• Use powdered formulas with 
treated water


• Let garbage accumulate inside, 
both for fi re and sanitation rea-
sons


Note:  Thawed food usually can be eaten if it is still “refrigerator cold.” It can be 
re-frozen if it still contains ice crystals.  To be safe, remember, “When in doubt, 
throw it out.”  







Are You Ready?


42


Shelter1.4


Cooking • Alternative cooking sources in times of emergency include candle warmers, 
chafi ng dishes, fondue pots, or a fi replace.


• Charcoal grills and camp stoves are for outdoor use only.


• Commercially canned food may be eaten out of the can without warming.


• To heat food in a can:


1. Remove the label.


2. Thoroughly wash and disinfect the can. (Use a diluted solution of one part 
bleach to ten parts water.)


3. Open the can before heating.


Managing without Power Here are two options for keeping food safe if you are without power for a long 
period:


• Look for alternate storage space for your perishable food.


• Use dry ice.  Twenty-fi ve pounds of dry ice will keep a 10-cubic-foot freezer 
below freezing for 3-4 days.  Use care when handling dry ice, and wear dry, 
heavy gloves to avoid injury.







1.5
Hazard-Specifi c 


Preparedness
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Hazard-Specifi c Preparedness1.5


There are actions that should be taken before, during, and after an event that are 
unique to each hazard.  For example:


• Seeking a safe shelter during a tornado.


• Reducing property loss from a hurricane.


Information about the specifi c hazards and what to do for each is provided in Parts 
2, 3, and 4.  Study the material for those hazards that you identifi ed in Section 1.1 
as the ones that have happened or could happen.  Share the hazard-specifi c infor-
mation with family members and include pertinent material from these parts in 
your family disaster plan.







1.6
Practicing and 


Maintaining Your Plan
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Practicing and Maintaining Your Plan1.6


Once you have developed your plan, you need to practice and maintain it.  For ex-
ample, ask questions to make sure your family remembers meeting places, phone 
numbers, and safety rules.  Conduct drills such as drop, cover, and hold on for 
earthquakes.  Test fi re alarms.  Replace and update disaster supplies.  


For More Information
If you require more information about any of these topics, the following are 
resources that may be helpful.


FEMA Publications Disaster Preparedness Coloring Book. FEMA-243. Coloring book for ages 3-10.  Also avail-
able in Spanish.


Before Disaster Strikes. FEMA A-291. Contains information about how to make sure you 
are fi nancially prepared to deal with a natural disaster.  Also available in Spanish.


The Adventures of Julia and Robbie: Disaster Twins. FEMA-344. A collection of disaster related 
stories.  Includes information on preparedness and how to mitigate against disasters.


FEMA for Kids. L-229.  Provides information about what FEMA (specifi cally fema.gov) 
has to offer children.


Community Shelter. FEMA 361. Contains guidelines for constructing mass shelters for 
public refuge in schools, hospitals, and other places.


Food and Water in an Emergency. L-210 If an earthquake, hurricane, winter storm, or 
other disaster strikes your community, you might not have access to food, water, 
and electricity for days, or even weeks.  By taking some time now to store emer-
gency food and water supplies, you can provide for your entire family.  Also avail-
able online at www.fema.gov/pdf/library/f&web.pdf.


Helping Children Cope with Disaster.  FEMA L-196.  Helps families understand how to 
help children cope with disaster and its aftermath.  


Assisting People with Disabilities in a Disaster. Information about helping people with 
disabilities in a disaster and resources for individuals with disabilities.  Available 
online at www.fema.gov/rrr/assistf.shtm.


American Red Cross
 Publications  Facing Fear: Helping Young People Deal with Terrorism and Tragic Events.  A school curriculum 


designed to help alleviate worries and clear up confusion about perceived and 
actual threats to safety.  Available online at www.redcross.org/disaster/masters/
facingfear, or contact your local Red Cross chapter.  
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2
Natural


Hazards


Part 2 includes information about many types of natural hazards.  Natural hazards are natural events that threaten 
lives, property, and other assets.  Often, natural hazards can be predicted.  They tend to occur repeatedly in the same 
geographical locations because they are related to weather patterns or physical characteristics of an area.  


Natural hazards such as fl ood, fi re, earthquake, tornado, and windstorms affect thousands of people every year.  We 
need to know what our risks are from natrual hazards and take sensible precautions to protect ourselves, our fami-
lies, and our communities.  


Use Part 2 to learn about the hazards that pose a risk to you.  Include the pertinent information in your family di-
saster plan.  Specifi c content on each hazard consists of the characteristics of that hazard, terms associated with the 
hazard, measures that can be taken beforehand to avoid or lessen the impact of these events, and what individuals 
need to do during and after the event to protect themselves. 


When you complete Part 2, you will be able to:


• Know important terms.
• Take protective measures for natural hazards.
• Identify resources for more information about natural hazards.
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Floods
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Floods are one of the most common hazards in the United States.  Flood effects can 
be local, impacting a neighborhood or community, or very large, affecting entire 
river basins and multiple states.


However, all fl oods are not alike.  Some fl oods develop slowly, sometimes over 
a period of days.  But fl ash fl oods can develop quickly, sometimes in just a few 
minutes and without any visible signs of rain.  Flash fl oods often have a danger-
ous wall of roaring water that carries rocks, mud, and other debris and can sweep 
away most things in its path.  Overland fl ooding occurs outside a defi ned river or 
stream, such as when a levee is breached, but still can be destructive. Flooding can 
also occur when a dam breaks, producing effects similar to fl ash fl oods.


Be aware of fl ood hazards no matter where you live, but especially if you live in a 
low-lying area, near water or downstream from a dam.  Even very small streams, 
gullies, creeks, culverts, dry streambeds, or low-lying ground that appear harmless 
in dry weather can fl ood.  Every state is at risk from this hazard.  
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What Would You Do?
You and your family moved from a city neighborhood in San Francisco, CA, to 
a suburb of Phoenix, AZ.  Since earthquakes were a threat in your area, you al-
ways kept some extra food, water, and other supplies on hand and maintained an 
earthquake insurance policy, just in case something happened.  You think this kind 
of preparation is no longer necessary based on what your neighbors have told you.  
According to them, the biggest threat they face is lack of water caused by the very 
dry weather.  You continue to see public service announcements from the federal 
government about fl ood insurance and the need to protect yourself from fl ood 
damage.  Surely, there would be no need for fl ood insurance where you live with 
its bare hills, deep canyons, and dry land. 


• Are you at risk for fl ooding, or is this more of a risk to people who live else-
where?
         Yes          No


• Is there a need to have a disaster plan and a disaster supplies kit?
          Yes          No


• Should you consider purchasing fl ood insurance?
          Yes          No


Know the Terms


Familiarize yourself with these terms to help identify a fl ood hazard:


Flood Watch
Flooding is possible. Tune in to NOAA Weather Radio, commercial radio, 
or television for information.


Flash Flood Watch
Flash fl ooding is possible. Be prepared to move to higher ground; listen to 
NOAA Weather Radio, commercial radio, or television for information.


Flood Warning
Flooding is occurring or will occur soon; if advised to evacuate, do so 
immediately.


Flash Flood Warning
A fl ash fl ood is occurring; seek higher ground on foot immediately.


Answer key
1. Yes  2.Yes  3.Yes
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Take Protective Measures
Before a Flood To prepare for a fl ood, you should:


• Avoid building in a fl oodplain unless you elevate and reinforce your home.


• Elevate the furnace, water heater, and electric panel if susceptible to fl ooding.


• Install “check valves” in sewer traps to prevent fl ood water from backing up 
into the drains of your home.


• Construct barriers (levees, beams, fl oodwalls) to stop fl oodwater from enter-
ing the building.


• Seal walls in basements with waterproofi ng compounds to avoid seepage.


During a Flood If a fl ood is likely in your area, you should: 


• Listen to the radio or television for information.


• Be aware that fl ash fl ooding can occur.  If there is any possibility of a fl ash 
fl ood, move immediately to higher ground.  Do not wait for instructions to 
move.


• Be aware of streams, drainage channels, canyons, and other areas known to 
fl ood suddenly.  Flash fl oods can occur in these areas with or without such 
typical warnings as rain clouds or heavy rain.


If you must prepare to evacuate, you should do the following:


• Secure your home.  If you have time, bring in outdoor furniture.  Move es-
sential items to an upper fl oor.


• Turn off utilities at the main switches or valves if instructed to do so.  Discon-
nect electrical appliances.  Do not touch electrical equipment if you are wet or 
standing in water.   


Review


See Section 1.1: 
Getting Informed
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If you have to leave your home, remember these evacuation tips:


• Do not walk through moving water.  Six inches of moving water can make 
you fall.  If you have to walk in water, walk where the water is not moving.  
Use a stick to check the fi rmness of the ground in front of you.


• Do not drive into fl ooded areas.  If fl oodwaters rise around your car, aban-
don the car and move to higher ground if you can do so safely.  You and the 
vehicle can be quickly swept away.  


After a FloodThe following are guidelines for the period following a fl ood:


• Listen for news reports to learn whether the community’s water supply is safe 
to drink.


• Avoid fl oodwaters; water may be contaminated by oil, gasoline, or raw sew-
age.  Water may also be electrically charged from underground or downed 
power lines.


• Avoid moving water.


• Be aware of areas where fl oodwaters have receded.  Roads may have weakened 
and could collapse under the weight of a car.


• Stay away from downed power lines, and report them to the power company.


• Return home only when authorities indicate it is safe. 


• Stay out of any building if it is surrounded by fl oodwaters.  


• Use extreme caution when entering buildings; there may be hidden damage, 
particularly in foundations.


• Service damaged septic tanks, cesspools, pits, and leaching systems as soon as 
possible.  Damaged sewage systems are serious health hazards.


• Clean and disinfect everything that got wet.  Mud left from fl oodwater can 
contain sewage and chemicals.


Driving: Flood Facts


The following are important points to remember when driving in fl ood 
conditions:
• Six inches of water will reach the bottom of most passenger cars


causing loss of control and possible stalling.
• A foot of water will fl oat many vehicles.
• Two feet of rushing water can carry away most vehicles including


sport utility vehicles (SUV’s) and pick-ups.
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Additional Information
Flood Insurance Consider the following facts:


• Flood losses are not covered under homeowners’ insurance policies.  


• FEMA manages the National Flood Insurance Program, which makes feder-
ally-backed fl ood insurance available in communities that agree to adopt and
enforce fl oodplain management ordinances to reduce future fl ood damage.


• Flood insurance is available in most communities through insurance agents.  


• There is a 30-day waiting period before fl ood insurance goes into effect, so 
don’t delay.


• Flood insurance is available whether the building is in or out of the identifi ed 
fl ood-prone area.


Knowledge Check
Decide whether the following statements are true or false.  Check the appropriate column.  When you have fi nished, check your 
answers using the answer key below.


 T  F Statement


❏ ❏ 1. Flood emergencies occur in only 12 states.


❏ ❏ 2. A “fl ood watch” announcement on the radio indicates that fl ooding is possible.


❏ ❏ 3. Flash fl oods may occur with little warning.


❏ ❏ 4. Flood risk varies from one region to another.


❏ ❏ 5. National fl ood insurance is available only for buildings within an identifi ed fl ood-prone area.


❏ ❏ 6. It is safe to walk through fl oodwater if you can see the ground under it.


❏ ❏ 7. It takes at least 3 feet of fl oodwater to make a motorized vehicle fl oat. 


❏ ❏ 8. After fl ood waters recede from a roadway, the road could still be dangerous.


❏ ❏ 9. To prepare for a fl ood emergency, you should have a NOAA Weather Radio as well as a
commercial radio.


Answer key
1. False  2. True  3. True  4. True  5. False  6. False  7. False  8. True  9. True
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For More Information
If you require more information about any of these topics, the following are 
resources that may be helpful.


FEMA Publications• After a Flood: The First Steps. L-198.  Information for homeowners on prepared-
ness, safety, and recovery from a fl ood.


• Homeowner’s Guide to Retrofi tting: Six Ways to Protect Your House from Flooding. L-235.  A 
brochure about obtaining information about how to protect your home from 
fl ooding.


• Homeowner’s Guide to Retrofi tting: Six Ways to Protect Your House from Flooding. FEMA-312.  
A detailed manual on how to protect your home from fl ooding.


• About the Flood: Elevating Your Floodprone House. FEMA-347.  This publication is in-
tended for builders, code offi cials and homeowners.


• Protecting Building Utilities From Flood Damage.  FEMA-348.  This publication is 
intended for developers, architects, engineers, builders, code offi cials and 
homeowners.


Other PublicationsAmerican Red Cross


• Repairing Your Flooded Home.  sixty-page booklet about how to perform simple 
home repairs after fl ooding, including cleaning, sanitation, and determining 
which professionals to involve for various needed services. Local Red Cross 
chapters can order in packages of 10 as stock number A4477 for a nominal 
fee.  Also available online at www.redcross.org/services/disaster/0,1082,0_
570_,00.html


National Weather Service


• Hurricane Flooding:  A Deadly Inland Danger.  20052.  Brochure describing the 
impact of hurricane fl ooding and precautions to take.  Available online at 
www.nws.noaa.gov/om/brochures/InlandFlooding.pdf


• The Hidden Danger:  Low Water Crossing.  96074E.  Brochure describing the 
hazards of driving your vehicle in fl ood conditions.  Available online at 
www.nws.noaa.gov/om/brochures/TheHiddenDangerEnglish.pdf
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2.2
Tornadoes
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Tornadoes are nature’s most violent storms.  Spawned from powerful thunder-
storms, tornadoes can cause fatalities and devastate a neighborhood in seconds.  
A tornado appears as a rotating, funnel-shaped cloud that extends from a thun-
derstorm to the ground with whirling winds that can reach 300 miles per hour.  
Damage paths can be in excess of one mile wide and 50 miles long.  Every state is 
at some risk from this hazard.   


Some tornadoes are clearly visible, while rain or nearby low-hanging clouds ob-
scure others.  Occasionally, tornadoes develop so rapidly that little, if any, advance 
warning is possible.  


Before a tornado hits, the wind may die down and the air may become very still. 
A cloud of debris can mark the location of a tornado even if a funnel is not vis-
ible.  Tornadoes generally occur near the trailing edge of a thunderstorm.  It is not 
uncommon to see clear, sunlit skies behind a tornado.
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The following are facts about tornadoes:


• They may strike quickly, with little or no warning.


• They may appear nearly transparent until dust and debris are picked up or a 
cloud forms in the funnel.


• The average tornado moves Southwest to Northeast, but tornadoes have been 
known to move in any direction.


• The average forward speed of a tornado is 30 MPH, but may vary from sta-
tionary to 70 MPH.


• Tornadoes can accompany tropical storms and hurricanes as they move onto 
land.


• Waterspouts are tornadoes that form over water.


• Tornadoes are most frequently reported east of the Rocky Mountains during 
spring and summer months.


• Peak tornado season in the southern states is March through May; in the 
northern states, it is late spring through early summer.


• Tornadoes are most likely to occur between 3 p.m. and 9 p.m., but can occur 
at any time.


Take Protective Measures
Before a TornadoBe alert to changing weather conditions.


• Listen to NOAA Weather Radio or to commercial radio or television newscasts 
for the latest information. 


• Look for approaching storms.


Know the Terms


Familiarize yourself with these terms to help identify a tornado hazard:


Tornado Watch
Tornadoes are possible.  Remain alert for approaching storms.  Watch the 
sky and stay tuned to NOAA Weather Radio, commercial radio, or televi-
sion for information.


Tornado Warning
A tornado has been sighted or indicated by weather radar.  Take shelter 
immediately.
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• Look for the following danger signs:


-   Dark, often greenish sky


-   Large hail


-   A large, dark, low-lying cloud (particularly if rotating)


-   Loud roar, similar to a freight train.


If you see approaching storms or any of the danger signs, be prepared to take shel-


ter immediately.


During a Tornado If you are under a tornado WARNING, seek shelter immediately!


If you are in: Then:


A structure (e.g. residence, small 
building, school, nursing home, 
hospital, factory, shopping center, 
high-rise building)


Go to a pre-designated shelter area such as 
a safe room, basement, storm cellar, or the 
lowest building level.  


If there is no basement, go to the center 
of an interior room on the lowest level 
(closet, interior hallway) away from 
corners, windows, doors, and outside 
walls.  Put as many walls as possible 
between you and the outside. Get under a 
sturdy table and use your arms to protect 
your head and neck. 


Do not open windows.


A vehicle, trailer, or mobile home Get out immediately and go to the lowest 
fl oor of a sturdy, nearby building or a 
storm shelter.  Mobile homes, even if 
tied down, offer little protection from 
tornadoes.  


The outside with no shelter • Lie fl at in a nearby ditch or depression 
and cover your head with your hands. 
Be aware of the potential for fl ooding.


• Do not get under an overpass or 
bridge.  You are safer in a low, fl at 
location.


• Never try to outrun a tornado in 
urban or congested areas in a car 
or truck.  Instead, leave the vehicle 
immediately for safe shelter.  


• Watch out for fl ying debris.  Flying 
debris from tornadoes causes most 
fatalities and injuries.
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Preparing a Safe Room


Extreme windstorms in many parts of the country pose a serious threat to build-
ings and their occupants.  Your residence may be built “to code,” but that does not 
mean it can withstand winds from extreme events such as tornadoes and major 
hurricanes.  The purpose of a safe room or a wind shelter is to provide a space 
where you and your family can seek refuge that provides a high level of protection.  
You can build a safe room in one of several places in your home:


• Your basement.


• Atop a concrete slab-on-grade foundation or garage fl oor.


• An interior room on the fi rst fl oor.


Safe rooms built below ground level provide the greatest protection, but a safe 
room built in a fi rst-fl oor interior room also can provide the necessary protection.  
Below-ground safe rooms must be designed to avoid accumulating water during 
the heavy rains that often accompany severe windstorms. 


To protect its occupants, a safe room must be built to withstand high winds and 
fl ying debris, even if the rest of the residence is severely damaged or destroyed.  
Consider the following when building a safe room:


• The safe room must be adequately anchored to resist overturning and uplift.


• The walls, ceiling, and door of the shelter must withstand wind pressure and 
resist penetration by windborne objects and falling debris.


• The connections between all parts of the safe room must be strong enough to 
resist the wind.  


• Sections of either interior or exterior residence walls that are used as walls of 
the safe room, must be separated from the structure of the residence so that 
damage to the residence will not cause damage to the safe room.


Additional information about Safe Rooms avaliable from FEMA


Taking Shelter from the Storm: Building a Safe Room Inside Your House. L-233.  Brochure provid-
ing details about obtaining information about how to build a wind-safe room to 
withstand tornado, hurricane, and other high winds


Taking Shelter from the Storm: Building a Safe Room Inside Your House. FEMA-320.  Manual with 
detailed information about how to build a wind-safe room to withstand tornado, 
hurricane, and other high winds
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Locate the Safest Place


On the following home layout diagrams, locate the safest place to seek shelter should you not be able to evacuate.


Apartment


One-Story Home


Dining
Room


Kitchen


Bath


Bedroom


Bedroom


Living
Room


DW


W D


Dining
Room Kitchen


Bath


Bath


Master
Bedroom


Bedroom


Living
Room


Veranda


W.I.C.
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DW


First Floor


Second Floor


Dining
Room


Living
Room


Kitchen


Bath


Garage


Veranda


Bath


Bath


Master
Bedroom


Bedroom Bedroom


Two-Story Home


Answer key


Apartment: Bathroom,  One-Story Home:WIC (walk in Closet),  Two-Story Home: First fl oor bathroom
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After a Tornado
Follow the instructions for recovering from a disaster in Part 5.


For More Information
If you require more information about any of these topics, the following are 
resources that may be helpful.


FEMA Publications Tornado Fact Sheet. L-148.  Provides safety tips for before, during, and after a tornado


Tornado Protection—Selecting Refuge Areas in Buildings. FEMA 431.  Intended primarily to 
help building administrators, architects, and engineers select the best available 
refuge areas in existing schools
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A hurricane is a type of tropical cyclone, the generic term for a low pressure 
system that generally forms in the tropics.  A typical cyclone is accompanied by 
thunderstorms, and in the Northern Hemisphere, a counterclockwise circulation of 
winds near the earth’s surface.  


All Atlantic and Gulf of Mexico coastal areas are subject to hurricanes or tropical 
storms.  Parts of the Southwest United States and the Pacifi c Coast experience heavy 
rains and fl oods each year from hurricanes spawned off Mexico. The Atlantic hur-
ricane season lasts from June to November, with the peak season from mid-August 
to late October.  


Hurricanes can cause catastrophic damage to coastlines and several hundred miles 
inland.  Winds can exceed 155 miles per hour.  Hurricanes and tropical storms can 
also spawn tornadoes and microbursts, create storm surges along the coast, and 
cause extensive damage from heavy rainfall.    


Hurricanes are classifi ed into fi ve categories based on their wind speed, central 
pressure, and damage potential (see chart).  Category  Three and higher hurricanes 
are considered major hurricanes, though Categories One and Two are still extreme-
ly dangerous and warrant your full attention. 


Hurricanes can produce widespread torrential rains.  Floods are the deadly and de-
structive result. Slow moving storms and tropical storms moving into mountainous 
regions tend to produce especially heavy rain.  Excessive rain can trigger landslides 
or mud slides, especially in mountainous regions.  Flash fl ooding can occur due to 
intense rainfall.  Flooding on rivers and streams may persist for several days or more 
after the storm.   


Saffi r-Simpson Hurricane Scale


Scale Number Sustained Winds Damage Storm
 (Category) (MPH)  Surge


 1 74-95 Minimal:  Unanchored mobile homes, 
   vegetation, and signs 4-5 feet


 2 96-110 Moderate:  All mobile homes, roofs, 
   small craft; fl ooding 6-8 feet


 3 111-130 Extensive:  Small buildings; low-lying 
   roads cut off 9-12 feet


 4 131-155 Extreme:  Roofs destroyed, trees 
   down, roads cut off, mobile homes
    destroyed, beach homes fl ooded 13-18 feet


 5 More than 155 Catastrophic:  Most buildings
    destroyed, vegetation destroyed,  
   major roads cut off, homes fl ooded Greater than 
    18 feet
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Between 1970 and 1999, more people lost their lives from freshwater inland 
fl ooding associated with land falling tropical cyclones than from any other weather 
hazard related to tropical cyclones.


Naming the Hurricane


Since 1953, Atlantic tropical storms have been named from lists originated by the National Hurricane 
Center and now maintained and updated by an international committee of the World Meteorological 
Organization.  The lists featured only women’s names until 1979. After that, men’s and women’s names 
were alternated.  Six lists are used in rotation.  Thus, the 2001 lists will be used again in 2007.


The only time there is a change in the list is if a storm is so deadly or costly that the continued use of 
the name would be inappropriate for reasons of sensitivity.  When this occurs, the name is stricken 
from the list and another name is selected to replace it.


Sometimes names are changed.  Lorenzo replaced Luis and Michelle replaced Marilyn.  The complete 
lists can be found at www.nhc.noaa.gov under “Storm Names.”
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Know the Terms


Familiarize yourself with these terms to help identify a hurricane hazard:


Tropical Depression
An organized system of clouds and thunderstorms with a defi ned surface 
circulation and maximum sustained winds of 38 MPH (33 knots) or less. 
Sustained winds are defi ned as one-minute average wind measured at 
about 33 ft (10  meters) above the surface.


Tropical Storm
An organized system of strong thunderstorms with a defi ned surface cir-
culation and maximum sustained winds of 39-73 MPH (34-63 knots).


Hurricane
An intense tropical weather system of strong thunderstorms with a well-
defi ned surface circulation and maximum sustained winds of 74 MPH 
(64 knots) or higher.


Storm Surge
A dome of water pushed onshore by hurricane and tropical storm winds.  
Storm surges can reach 25 feet high and be 50-100 miles wide.


Storm Tide
A combination of storm surge and the normal tide (i.e., a 15-foot storm 
surge combined with a 2-foot normal high tide over the mean sea level 
creates a 17-foot storm tide).


Hurricane/Tropical Storm Watch
Hurricane/tropical storm conditions are possible in the specifi ed area, 
usually within 36 hours.  Tune in to NOAA Weather Radio, commercial
radio, or television for information.


Hurricane/Tropical Storm Warning
Hurricane/tropical storm conditions are expected in the specifi ed area, 
usually within 24 hours.


Short  Term Watches and Warnings
These warnings provide detailed information about specifi c hurricane 
threats, such as fl ash fl oods and tornadoes.
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Take Protective Measures
Before a HurricaneTo prepare for a hurricane, you should take the following measures:


• Make plans to secure your property.  Permanent storm shutters offer the best 
protection for windows.  A second option is to board up windows with 5/8”
marine plywood, cut to fi t and ready to install.  Tape does not prevent win-
dows from breaking.


• Install straps or additional clips to securely fasten your roof to the frame struc-
ture.  This will reduce roof damage.


• Be sure trees and shrubs around your home are well trimmed.  


• Clear loose and clogged rain gutters and downspouts.  


• Determine how and where to secure your boat.  


• Consider building a safe room.


During a HurricaneIf a hurricane is likely in your area, you should:


• Listen to the radio or  TV for information. 


• Secure your home, close storm shutters, and secure outdoor objects or bring 
them indoors.  


• Turn off utilities if instructed to do so.  Otherwise, turn the refrigerator ther-
mostat to its coldest setting and keep its doors closed.


• Turn off propane tanks.


• Avoid using the phone, except for serious emergencies.


• Moor your boat if time permits.


• Ensure a supply of water for sanitary purposes such as cleaning and fl ushing 
toilets.  Fill the bathtub and other large containers with water.  


Review


For more informa-
tion on safe rooms
See Section 2.2: 
Tornadoes 
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You should evacuate under the following conditions: 


• If you are directed by local authorities to do so.  Be sure to follow their in-
structions.


• If you live in a mobile home or temporary structure—such shelters are 
particularly hazardous during hurricanes no matter how well fastened to the 
ground.


• If you live in a high-rise building—hurricane winds are stronger at higher 
elevations.


• If you live on the coast, on a fl oodplain, near a river, or on an inland water-
way.


• If you feel you are in danger.


If you are unable to evacuate, go to your wind-safe room.  If you do not have one, 
follow these guidelines:


• Stay indoors during the hurricane and away from windows and glass doors. 


• Close all interior doors—secure and brace external doors. 


• Keep curtains and blinds closed.  Do not be fooled if there is a lull; it could be 
the eye of the storm—winds will pick up again.


• Take refuge in a small interior room, closet, or hallway on the lowest level.


• Lie on the fl oor under a table or another sturdy object.


After a Hurricane Follow the instructions for recovering from a disaster in Part 5.


Review


Guidelines for 
sheltering 
See Section 1.4: 
Shelter
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Knowledge Check
You Make the Call


Read the following and respond to the question below.  See the answer key below to check your answer.


Your neighbor said that in the event a hurricane threatens, the household would get ready by closing the win-
dows and doors on the storm side of the house and opening the ones on the side away from the wind.  They 
also will tape the windows to prevent damage to the glass.


Is this a good idea?


Answer Key
No!  All of the doors and windows should be closed (and shuttered) throughout the duration of the hurricane.  
The winds in a hurricane are highly turbulent and any open window or door can be an open target for fl ying 
debris.


As for the tape, it is a waste of effort, time, and tape.  It offers no strength to the glass and no protection against 
fl ying debris.
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For More Information
If you require more information about any of these topics, the following are 
resources that may be helpful.


FEMA Publications Against the Wind: Protecting Your Home from Hurricane and Wind Damage. FEMA-247. A guide 
to hurricane preparedness.  Available online at www.fema.gov/txt/hazards/
hurricanes/survivingthestormhurricane.txt


Community Hurricane Preparedness. IS-324. CD-ROM or Web-based training course for 
federal, state, and local emergency managers.  Web-based version available online at 
http://meted.ucar.edu/hurrican/chp/index.htm 


Safety Tips for Hurricanes. L 105. Publication for teachers and parents for presentation to
children.  To order, call 1(800)480-2520.


Other Publications Protect Your Home against Hurricane Damage, Institute for Business and Home Safety. 110 William 
Street, New York, NY  20038







2.4
Thunderstorms 


and Lightning
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All thunderstorms are dangerous.  Every thunderstorm produces lightning.  In the 
United States, an average of 300 people are injured and 80 people are killed each 
year by lightning.  Although most lightning victims survive, people struck by light-
ning often report a variety of long-term, debilitating symptoms.


Other associated dangers of thunderstorms include tornadoes, strong winds, hail, 
and fl ash fl ooding.  Flash fl ooding is responsible for more fatalities—more than 
140 annually—than any other thunderstorm-associated hazard.


Dry thunderstorms that do not produce rain that reaches the ground are most 
prevalent in the western United States.  Falling raindrops evaporate, but lightning 
can still reach the ground and can start wildfi res.
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The following are facts about thunderstorms:


• They may occur singly, in clusters, or in lines. 


• Some of the most severe occur when a single thunderstorm affects one loca-
tion for an extended time.


• Thunderstorms typically produce heavy rain for a brief period, anywhere 
from 30 minutes to an hour.  


• Warm, humid conditions are highly favorable for thunderstorm development.  


• About 10 percent of thunderstorms are classifi ed as severe—one that pro-
duces hail at least three-quarters of an inch in diameter, has winds of 58 miles 
per hour or higher, or produces a tornado.


The following are facts about lightning:


• Lightning’s unpredictability increases the risk to individuals and property.  


• Lightning often strikes outside of heavy rain and may occur as far as 10 miles 
away from any rainfall.


• “Heat lightning” is actually lightning from a thunderstorm too far away for 
thunder to be heard.  However, the storm may be moving in your direction!


• Most lightning deaths and injuries occur when people are caught outdoors in 
the summer months during the afternoon and evening. 


• Your chances of being struck by lightning are estimated to be 1 in 600,000, 
but could be reduced even further by following safety precautions.


• Lightning strike victims carry no electrical charge and should be attended to 
immediately. 


Know the Terms


Familiarize yourself with these terms to help identify a thunderstorm 
hazard:


Severe Thunderstorm Watch
Tells you when and where severe thunderstorms are likely to occur.  
Watch the sky and stay tuned to NOAA Weather Radio, commercial radio, 
or television for information.


Severe Thunderstorm Warning
Issued when severe weather has been reported by spotters or indicated by 
radar.  Warnings indicate imminent danger to life and property to those in 
the path of the storm.
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Take Protective Measures 
Before Thunderstorms and 
Lightning To prepare for a thunderstorm, you should do the following:


• Remove dead or rotting trees and branches that could fall and cause injury or 
damage during a severe thunderstorm.


• Remember the 30/30 lightning safety rule: Go indoors if, after seeing light-
ning, you cannot count to 30 before hearing thunder.  Stay indoors for 30 
minutes after hearing the last clap of thunder.


Thunderstorms


The following are guidelines for what you should do if a thunderstorm is likely 
in your area:


• Postpone outdoor activities.


• Get inside a home, building, or hard top automobile (not a convertible).  
Although you may be injured if lightning strikes your car, you are much safer 
inside a vehicle than outside.


• Remember, rubber-soled shoes and rubber tires provide NO protection from 
lightning.  However, the steel frame of a hard-topped vehicle provides in-
creased protection if you are not touching metal.  


• Secure outdoor objects that could blow away or cause damage.


• Shutter windows and secure outside doors. If shutters are not available, close 
window blinds, shades, or curtains.


• Avoid showering or bathing.  Plumbing and bathroom fi xtures can conduct 
electricity.


• Use a corded telephone only for emergencies. Cordless and cellular telephones 
are safe to use.


• Unplug appliances and other electrical items such as computers and turn off 
air conditioners. Power surges from lightning can cause serious damage.


• Use your battery-operated NOAA Weather Radio for updates from local of-
fi cials.


Avoid the following:
• Natural lightning rods such as a tall, isolated tree in an 


open area
• Hilltops, open fi elds, the beach, or a boat on the water
• Isolated sheds or other small structures in open areas 
• Anything metal—tractors, farm equipment, motorcy-


cles, golf carts, golf clubs, and bicycles
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During a Thunderstorm 
If you are: Then:


In a forest Seek shelter in a low area under a thick growth 
of small trees.


In an open area Go to a low place such as a ravine or valley.  Be 
alert for fl ash fl oods.


On open water Get to land and fi nd shelter immediately.


Anywhere you feel your hair 
stand on end (which indi-
cates that lightning is about 
to strike)


Squat low to the ground on the balls of your 
feet.  Place your hands over your ears and your 
head between your knees.  Make yourself the 
smallest target possible and minimize your 
contact with the ground.  DO NOT lie fl at on 
the ground.


After a ThunderstormCall 9-1-1 for medical assistance as soon as possible.


The following are things you should check when you attempt to give aid to a vic-
tim of lightning:


• Breathing - if breathing has stopped, begin mouth-to-mouth resuscitation.


• Heartbeat - if the heart has stopped, administer CPR.


• Pulse - if the victim has a pulse and is breathing, look for other possible 
injuries. Check for burns where the lightning entered and left the body.  Also 
be alert for nervous system damage, broken bones, and loss of hearing and 
eyesight.
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Knowledge Check 
Decide whether the following statements are true or false.  Check the appropriate column.  When you have fi nished, verify your 
answers using the answer key below.


 T  F Statement


❏ ❏ 1. Every thunderstorm produces lightning.


❏ ❏ 2. Never touch a person struck by lightning.


❏ ❏ 3. Dry, cold conditions favor development of a thunderstorm.


❏ ❏ 4. If you can count to 25 after seeing lightning and before hearing thunder, it is safe to stay 
outdoors.


❏ ❏ 5. It is safe to use a cordless telephone during a thunderstorm.


❏ ❏ 6. Rubber-soled shoes and rubber tires provide protection from lightning.


For More Information
If you require more information about any of these topics, the following 
resource may be helpful.


Publications National Weather Service


Facts about Lightning.  200252.  Two-page factsheet for boaters.  Available online at
www.nws.noaa.gov/om/wcm/lightning/resources/LightningFactsSheet.pdf


Answer key:


1. True 2. False 3. False 4. False 5. True 6. False







2.5
Winter Storms and 


Extreme Cold
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Heavy snowfall and extreme cold can immobilize an entire region.  Even areas that 
normally experience mild winters can be hit with a major snowstorm or extreme 
cold.  Winter storms can result in fl ooding, storm surge, closed highways, blocked 
roads, downed power lines and hypothermia.


Take Protective Measures
Before Winter Storms and 
Extreme Cold Include the following in your disaster supplies kit:  


• Rock salt to melt ice on walkways


• Sand to improve traction


• Snow shovels and other snow removal equipment. 


Prepare for possible isolation in your home by having suffi cient heating fuel; regu-
lar fuel sources may be cut off.  For example, store a good supply of dry, seasoned 
wood for your fi replace or wood-burning stove.


Know the Terms


Familiarize yourself with these terms to help identify a winter storm 
hazard:


Freezing Rain
Rain that freezes when it hits the ground, creating a coating of ice on 
roads, walkways, trees, and power lines.


Sleet
Rain that turns to ice pellets before reaching the ground. Sleet also causes 
moisture on roads to freeze and become slippery.


Winter Storm Watch
A winter storm is possible in your area. Tune in to NOAA Weather Radio, 
commercial radio, or television for more information.


Winter Storm Warning
A winter storm is occurring or will soon occur in your area.


Blizzard Warning
Sustained winds or frequent gusts to 35 miles per hour or greater and 
considerable amounts of falling or blowing snow (reducing visibility
to less than a quarter mile) are expected to prevail for a period of three 
hours or longer.


Frost/Freeze Warning
Below freezing temperatures are expected.


Review


See Section 1.3: 
Assemble a Disaster 
Supplies Kit
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Winterize your home to extend the life of your fuel supply by insulating walls and 
attics, caulking and weather-stripping doors and windows, and installing storm 
windows or covering windows with plastic.


To winterize your car, attend to the following:


• Battery and ignition system should be in top condition and battery terminals 
clean.


• Ensure antifreeze levels are suffi cient to avoid freezing.


• Ensure the heater and defroster work properly.


• Check and repair windshield wiper equipment; ensure proper washer fl uid 
level.


• Ensure the thermostat works properly.


• Check lights and fl ashing hazard lights for serviceability.


• Check for leaks and crimped pipes in the exhaust system; repair or replace as 
necessary.  Carbon monoxide is deadly and usually gives no warning.
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• Check breaks for wear and fl uid levels.


• Check oil for level and weight.  Heavier oils congeal more at low temperatures 
and do not lubricate as well.


• Consider snow tires, snow tires with studs, or chains.


• Replace fuel and air fi lters.  Keep water out of the system by using additives 
and maintaining a full tank of gas. 


During a Winter Storm The following are guidelines for what you should do during a winter storm or 
under conditions of extreme cold:   


• Listen to your radio, television, or NOAA Weather Radio for weather reports 
and emergency information.


• Eat regularly and drink ample fl uids, but avoid caffeine and alcohol.


• Avoid overexertion when shoveling snow.  Overexertion can bring on a heart 
attack —a major cause of death in the winter.  If you must shovel snow, stretch 
before going outside.


• Watch for signs of frostbite.  These include loss of feeling and white or pale 
appearance in extremities such as fi ngers, toes, ear lobes, and the tip of the 
nose.  If symptoms are detected, get medical help immediately.


• Watch for signs of hypothermia.  These include uncontrollable shivering, 
memory loss, disorientation, incoherence, slurred speech, drowsiness, and ap-
parent exhaustion.  If symptoms of hypothermia are detected, get the victim 
to a warm location, remove wet clothing, warm the center of the body fi rst, 
and give warm, non-alcoholic beverages if the victim is conscious. Get medi-
cal help as soon as possible. 


• Conserve fuel, if necessary, by keeping your residence cooler than normal. 
Temporarily close off heat to some rooms.


• Maintain ventilation when using kerosene heaters to avoid build-up of toxic 
fumes.  Refuel kerosene heaters outside and keep them at least three feet from 
fl ammable objects.


Dress for the Weather


• Wear several layers of loose fi tting, lightweight, warm clothing rather 
than one layer of heavy clothing.  The outer garments should be
tightly woven and water repellent.


• Wear mittens, which are warmer than gloves.
• Wear a hat.
• Cover your mouth with a scarf to protect your lungs.
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• Drive only if it is absolutely necessary. If you must drive, consider the 
following:


- Travel in the day, don’t travel alone, and keep others informed of your      
schedule


-  Stay on main roads; avoid back road shortcuts


If a blizzard traps you in the car, keep these guidelines in mind:


• Pull off the highway.  Turn on hazard lights and hang a distress fl ag from the 
radio antenna or window.


• Remain in your vehicle where rescuers are most likely to fi nd you.  Do not set 
out on foot unless you can see a building close by where you know you can 
take shelter.  Be careful; distances are distorted by blowing snow.  A building 
may seem close, but be too far to walk to in deep snow.


• Run the engine and heater about 10 minutes each hour to keep warm.  When 
the engine is running, open an upwind window slightly for ventilation.  This 
will protect you from possible carbon monoxide poisoning.  Periodically clear 
snow from the exhaust pipe. 


• Exercise to maintain body heat, but avoid overexertion.  In extreme cold, use 
road maps, seat covers, and fl oor mats for insulation.  Huddle with passengers 
and use your coat for a blanket. 


• Take turns sleeping.  One person should be awake at all times to look for res-
cue crews. 


• Drink fl uids to avoid dehydration.


• Be careful not to waste battery power.  Balance electrical energy needs—the
use of lights, heat, and radio—with supply. 


• Turn on the inside light at night so work crews or rescuers can see you. 


• If stranded in a remote area, stomp large block letters in an open area spelling 
out HELP or SOS and line with rocks or tree limbs to attract the attention of 
rescue personnel who may be surveying the area by airplane.


• Leave the car and proceed on foot—if necessary—once the blizzard passes.
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After a Winter Storm Follow the instructions for recovering from a disaster in Part 5.


For More Information
If you require more information about any of these topics, the following are 
resources that may be helpful.


Publications National Weather Service


Winter Storms…The Deceptive Killers.  Brochure packed with useful information includ-
ing winter storm facts, how to detect frostbite and hypothermia, what to do in a 
winter storm, and how to be prepared.  Available online at: www.nws.noaa.gov/
om/brochures/wntrstm.htm 


Centers for Disease Control and Prevention


Extreme Cold:  A Prevention Guide to Promote Your Personal Health and Safety.   An extensive docu-
ment providing information about planning ahead for cold weather, safety both 
indoors and outdoors in cold weather, and cold weather health conditions.  Avail-
able online at: www.phppo.cdc.gov







2.6
Extreme Heat
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Heat kills by pushing the human body beyond its limits.  In extreme heat and high 
humidity, evaporation is slowed and the body must work extra hard to maintain a 
normal temperature.


Most heat disorders occur because the victim has been overexposed to heat or has 
over-exercised for his or her age and physical condition.  Older adults, young chil-
dren, and those who are sick or overweight are more likely to succumb to extreme 
heat.  


Conditions that can induce heat-related illnesses include stagnant atmospheric 
conditions and poor air quality.  Consequently, people living in urban areas may 
be at greater risk from the effects of a prolonged heat wave than those living in 
rural areas.  Also, asphalt and concrete store heat longer and gradually release heat 
at night, which can produce higher nighttime temperatures known as the “urban 
heat island effect.”  
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Take Protective Measures


Before Extreme HeatTo prepare for extreme heat, you should:


• Install window air conditioners snugly; insulate if necessary.


• Check air-conditioning ducts for proper insulation. 


• Install temporary window refl ectors (for use between windows and drapes), 
such as aluminum foil-covered cardboard, to refl ect heat back outside.


• Weather-strip doors and sills to keep cool air in.


Know the Terms


Familiarize yourself with these terms to help identify an extreme heat 
hazard:


Heat Wave
Prolonged period of excessive heat, often combined with excessive hu-
midity.


Heat Index
A number in degrees Fahrenheit (F) that tells how hot it feels when rela-
tive humidity is added to the air temperature.  Exposure to full sunshine 
can increase the heat index by 15 degrees.


Heat Cramps
Muscular pains and spasms due to heavy exertion.  Although heat cramps 
are the least severe, they are often the fi rst signal that the body is having 
trouble with the heat.


Heat Exhaustion
Typically occurs when people exercise heavily or work in a hot, humid 
place where body fl uids are lost through heavy sweating.  Blood fl ow to 
the skin increases, causing blood fl ow to decrease to the vital organs.  This 
results in a form of mild shock.  If not treated, the victim’s condition will 
worsen.  Body temperature will keep rising and the victim may suffer 
heat stroke.


Heat Stroke
A life-threatening condition.  The victim’s temperature control system, 
which produces sweating to cool the body, stops working.  The body tem-
perature can rise so high that brain damage and death may result if the 
body is not cooled quickly.


Sun Stroke
Another term for heat stroke.
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• Cover windows that receive morning or afternoon sun with drapes, shades, 
awnings, or louvers. (Outdoor awnings or louvers can reduce the heat that 
enters a home by up to 80 percent.)


• Keep storm windows up all year.


During a Heat Emergency The following are guidelines for what you should do if the weather is extremely 
hot:


• Stay indoors as much as possible and limit exposure to the sun.


• Stay on the lowest fl oor out of the sunshine if air conditioning is not available.  


• Consider spending the warmest part of the day in public buildings such as 
libraries, schools, movie theaters, shopping malls, and other community 
facilities.   Circulating air can cool the body by increasing the perspiration rate 
of evaporation.


• Eat well-balanced, light, and regular meals.  Avoid using salt tablets unless 
directed to do so by a physician. 


• Drink plenty of water.  Persons who have epilepsy or heart, kidney, or liver 
disease; are on fl uid-restricted diets; or have a problem with fl uid retention 
should consult a doctor before increasing liquid intake.


• Limit intake of alcoholic beverages.


• Dress in loose-fi tting, lightweight, and light-colored clothes that cover as 
much skin as possible. 


• Protect face and head by wearing a wide-brimmed hat.


• Check on family, friends, and neighbors who do not have air conditioning 
and who spend much of their time alone.


• Never leave children or pets alone in closed vehicles.


• Avoid strenuous work during the warmest part of the day.  Use a buddy sys-
tem when working in extreme heat, and take frequent breaks.  
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First Aid for Heat-Induced Illnesses


Extreme heat brings with it the possibility of heat-induced illnesses.  The follow-
ing table lists these illnesses, their symptoms, and the fi rst aid treatment.


Condition Symptoms First Aid


Sunburn Skin redness and pain, 
possible swelling, blis-
ters, fever, headaches


• Take a shower using soap to remove 
oils that may block pores, preventing 
the body from cooling naturally.  


• Apply dry, sterile dressings to any 
blisters, and get medical attention.


Heat Cramps Painful spasms, usu-
ally in leg and abdom-
inal muscles; heavy 
sweating


• Get the victim to a cooler location. 
• Lightly stretch and gently massage af-


fected muscles to relieve spasms.  
• Give sips of up to a half glass of cool 


water every 15 minutes. (Do not give 
liquids with caffeine or alcohol.) 


• Discontinue liquids, if victim is nau-
seated.


Heat 
Exhaustion


Heavy sweating but 
skin may be cool, 
pale, or fl ushed.  Weak 
pulse. Normal body 
temperature is pos-
sible, but temperature 
will likely rise.  Faint-
ing or dizziness, nau-
sea, vomiting, exhaus-
tion, and headaches 
are possible.


• Get victim to lie down in a cool place.
• Loosen or remove clothing.
• Apply cool, wet cloths.  
• Fan or move victim to air-conditioned 


place. 
• Give sips of water if victim is con-


scious. 
• Be sure water is consumed slowly. 
• Give half glass of cool water every 15 


minutes.  
• Discontinue water if victim is nause-


ated. 
• Seek immediate medical attention if 


vomiting occurs.


Heat Stroke (a 
severe medical 
emergency)


High body tempera-
ture (105+); hot, red, 
dry skin; rapid, weak 
pulse; and rapid, shal-
low breathing.  Victim 
will probably not 
sweat unless victim 
was sweating from re-
cent strenuous activity. 
Possible unconscious-
ness.  


• Call 9-1-1 or emergency medical ser-
vices, or get the victim to a hospital 
immediately.  Delay can be fatal.  


• Move victim to a cooler environment.  
• Remove clothing.  
• Try a cool bath, sponging, or wet 


sheet to reduce body temperature.
• Watch for breathing problems. 
• Use extreme caution.
• Use fans and air conditioners.
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Additional Information


An emergency water shortage can be caused by prolonged drought, poor water 
supply management, or contamination of a surface water supply source or aquifer.


Drought can affect vast territorial regions and large population numbers.  Drought 
also creates environmental conditions that increase the risk of other hazards such as 
fi re, fl ash fl ood, and possible landslides and debris fl ow.


Conserving water means more water available for critical needs for everyone.  Ap-
pendix A contains detailed suggestions for conserving water both indoors and out-
doors.  Make these practices a part of your daily life and help preserve this essential 
resource.


After Extreme Heat Follow the instructions for recovering from a disaster in Part 5.


Knowledge Check
You and a friend have been outdoors in the sun for some time.  Shortly after coming inside, your friend complains of nausea 
and headache but tells you not to worry as it is probably a food allergy.


What would you advise him or her to do?


Answer:  Seek immediate medical attention and discontinue intake of water.
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For More Information
If you require more information about any of these topics, the following 
resource may be helpful.


PublicationsNational Weather Service


 Heat Wave:  A Major Summer Killer.  An online brochure describing the heat index, heat 
disorders, and heat wave safety tips.  Available online at: www.nws.noaa.gov/om/
/brochures/heat_wave.htm
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2.7
Earthquakes
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One of the most frightening and destructive phenomena of nature is a severe 
earthquake and its terrible aftereffects.  An earthquake is a sudden movement of the 
earth, caused by the abrupt release of strain that has accumulated over a long time.  
For hundreds of millions of years, the forces of plate tectonics have shaped the 
earth, as the huge plates that form the earth’s surface slowly move over, under, and 
past each other.  Sometimes, the movement is gradual.  At other times, the plates 
are locked together, unable to release the accumulating energy.  When the accumu-
lated energy grows strong enough, the plates break free.  If the earthquake occurs 
in a populated area, it may cause many deaths and injuries and extensive property 
damage.  
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Take Protective Measures
Before an EarthquakeThe following are things you can do to protect yourself, your family, and your 


property in the event of an earthquake:


• Repair defective electrical wiring, leaky gas lines, and infl exible utility con-
nections.  Get appropriate professional help.  Do not work with gas or electri-
cal lines yourself.


Know the Terms


Familiarize yourself with these terms to help identify an earthquake
hazard:


Earthquake
A sudden slipping or movement of a portion of the earth’s crust, accom-
panied and followed by a series of vibrations.


Aftershock
An earthquake of similar or lesser intensity that follows the main earth-
quake.


Fault
The fracture across which displacement has occurred during an earth-
quake.  The slippage may range from less than an inch to more than 10 
yards in a severe earthquake.


Epicenter
The place on the earth’s surface directly above the point on the fault 
where the earthquake rupture began.  Once fault slippage begins, it ex-
pands along the fault during the earthquake and can extend hundreds of 
miles before stopping.


Seismic Waves
Vibrations that travel outward from the earthquake fault at speeds of 
several miles per second.  Although fault slippage directly under a struc-
ture can cause considerable damage, the vibrations of seismic waves cause 
most of the destruction during earthquakes.


Magnitude
The amount of energy released during an earthquake, which is com-
puted from the amplitude of the seismic waves.  A magnitude of 7.0 on 
the Richter Scale indicates an extremely strong earthquake.  Each whole 
number on the scale represents an increase of about 30 times more 
energy released than the previous whole number represents.  Therefore, 
an earthquake measuring 6.0 is about 30 times more powerful than one 
measuring 5.0.
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• Bolt down and secure to the wall studs your water heater, refrigerator, fur-
nace, and gas appliances.  If recommended by your gas company, have an 
automatic gas shut-off valve installed that is triggered by strong vibrations.


• Place large or heavy objects on lower shelves.  Fasten shelves, mirrors, and 
large picture frames to walls.  Brace high and top-heavy objects.


• Store bottled foods, glass, china, and other breakables on low shelves or in 
cabinets that fasten shut.


• Anchor overhead lighting fi xtures.


• Be sure the residence is fi rmly anchored to its foundation.


• Install fl exible pipe fi ttings to avoid gas or water leaks.  Flexible fi ttings are 
more resistant to breakage.


• Locate safe spots in each room under a sturdy table or against an inside wall. 
Reinforce this information by moving to these places during each drill.


• Hold earthquake drills with your family members: Drop, cover, and hold on!


During an Earthquake Minimize your movements during an earthquake to a few steps to a nearby safe 
place. Stay indoors until the shaking has stopped and you are sure exiting is safe.


If you are: Then:


Indoors • Take cover under a sturdy desk, table, or bench or against 
an inside wall, and hold on. If there isn’t a table or desk 
near you, cover your face and head with your arms and 
crouch in an inside corner of the building. 


• Stay away from glass, windows, outside doors and walls, 
and anything that could fall, such as lighting fi xtures or 
furniture.


• Stay in bed—if you are there when the earthquake 
strikes—hold on and protect your head with a pillow, 
unless you are under a heavy light fi xture that could fall. 
In that case, move to the nearest safe place.


• Use a doorway for shelter only if it is in close proximity 
to you and if you know it is a strongly supported, load-
bearing doorway.  


• Stay inside until the shaking stops and it is safe to go 
outside.  Most injuries during earthquakes occur when 
people are hit by falling objects when entering into or 
exiting from buildings.


• Be aware that the electricity may go out or the sprinkler 
systems or fi re alarms may turn on.


• DO NOT use the elevators.


Outdoors • Stay there.
• Move away from buildings, streetlights, and utility wires.
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If you are: Then:


In a moving 
vehicle


• Stop as quickly as safety permits and stay in the 
vehicle.  Avoid stopping near or under buildings, trees, 
overpasses, and utility wires.


• Proceed cautiously once the earthquake has stopped, 
watching for road and bridge damage.


Trapped under 
debris


• Do not light a match.
• Do not move about or kick up dust. 
• Cover your mouth with a handkerchief or clothing.
• Tap on a pipe or wall so rescuers can locate you.  Use a 


whistle if one is available.  Shout only as a last resort—
shouting can cause you to inhale dangerous amounts of 
dust.


After an Earthquake  • Be prepared for aftershocks.  These secondary shockwaves are usually less vio-
lent than the main quake but can be strong enough to do additional damage 
to weakened structures.


• Open cabinets cautiously.  Beware of objects that can fall off shelves.


• Stay away from damaged areas unless your assistance has been specifi cally 
requested by police, fi re, or relief organizations.


• Be aware of possible tsunamis if you live in coastal areas. These are also known 
as seismic sea waves (mistakenly called “tidal waves”).  When local authorities 
issue a tsunami warning, assume that a series of dangerous waves is on the 
way.  Stay away from the beach. 
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Knowledge Check
Check your knowledge about what to do during an earthquake.  For each question, choose answer A or B and circle the correct 
response.  When you have fi nished, check your responses using the answer key below.


What action should you take during an earthquake?  The answer varies by where you are when an earthquake 
strikes.  For each situation, pick the best course of action from the choices given. 


1.  At home A.  Stay inside
B.  Go out to the street


2.  In bed A.  Stand by a window to see what is happening
B.  Stay in bed and protect your head with a pillow


3.  In any building A.  Stand in a doorway
B.  Crouch in an inside corner away from the exterior wall


4.  On the upper fl oor of an
     apartment building


A.  Take the elevator to the ground fl oor as quickly as possible
B.  Stay in an interior room under a desk or table


5.  Outdoors A.  Run into the nearest building
B.  Stay outside away from buildings


6.  Driving a car A.  Stop the car in an open area
B.  Stop the car under an overpass


Answer key


1. A  2. B  3. B  4. B  5. B  6. A
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For More Information
If you require more information about any of these topics, the following are 
resources that may be helpful.


FEMA PublicationsAvoiding Earthquake Damage: A Checklist for Homeowners.  Safety tips for before, during, and 
after an earthquake


Preparedness in High-Rise Buildings. FEMA-76.  Earthquake safety tips for high-rise dwell-
ers


Learning to Live in Earthquake Country: Preparedness in Apartments and Mobile Homes. L-143.  Safe-
ty tips on earthquake preparation for residents of apartments and mobile homes


Family Earthquake Safety Home Hazard Hunt and Drill. FEMA-113.  How to identify home 
hazards; how to conduct earthquake drills


Earthquake Preparedness:  What Every Childcare Provider Should Know. FEMA 240. Publication 
for teachers and for presentation to children.  Available online at www.fema.gov/
kids/tch_eq.htm
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2.8
Volcanoes
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A volcano is a vent through which molten rock escapes to the earth’s surface.  
When pressure from gases within the molten rock becomes too great, an eruption 
occurs.  Eruptions can be quiet or explosive.  There may be lava fl ows, fl attened 
landscapes, poisonous gases, and fl ying rock and ash.  


Because of their intense heat, lava fl ows are great fi re hazards.  Lava fl ows destroy 
everything in their path, but most move slowly enough that people can move out 
of the way.


Fresh volcanic ash, made of pulverized rock, can be abrasive, acidic, gritty, gassy, 
and odorous.  While not immediately dangerous to most adults, the acidic gas and 
ash can cause lung damage to small infants, to older adults, and to those suffer-
ing from severe respiratory illnesses.  Volcanic ash also can damage machinery, 
including engines and electrical equipment.  Ash accumulations mixed with water 
become heavy and can collapse roofs. 


Volcanic eruptions can be accompanied by other natural hazards, including earth-
quakes, mudfl ows and fl ash fl oods, rock falls and landslides, acid rain, fi re, and 
(under special conditions) tsunamis.  Active volcanoes in the U.S. are found mainly 
in Hawaii, Alaska, and the Pacifi c Northwest.
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Take Protective Measures
Before a Volcanic Eruption• Add a pair of goggles and a disposable breathing mask for each member of 


the family to your disaster supplies kit.


• Stay away from active volcano sites.


During a Volcanic Eruption  The following are guidelines for what to do if a volcano erupts in your area:


• Evacuate immediately from the volcano area to avoid fl ying debris, hot gases, 
lateral blast, and lava fl ow.


• Be aware of mudfl ows.  The danger from a mudfl ow increases near stream 
channels and with prolonged heavy rains. Mudfl ows can move faster than you 
can walk or run.  Look upstream before crossing a bridge, and do not cross 
the bridge if mudfl ow is approaching.  


• Avoid river valleys and low-lying areas.  


Protection from Falling Ash


• Wear long-sleeved shirts and long pants.
• Use goggles and wear eyeglasses instead of contact lenses.
• Use a dust mask or hold a damp cloth over your face to help with 


breathing.
• Stay away from areas downwind from the volcano to avoid volcanic ash.
• Stay indoors until the ash has settled unless there is danger of the 


roof collapsing.  
• Close doors, windows, and all ventilation in the house (chimney vents, 


furnaces, air conditioners, fans, and other vents).
• Clear heavy ash from fl at or low-pitched roofs and rain gutters.
• Avoid running car or truck engines. Driving can stir up volcanic ash 


that can clog engines, damage moving parts, and stall vehicles. 
• Avoid driving in heavy ash fall unless absolutely required.  If you have 


to drive, keep speed down to 35 MPH or slower.
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After a Volcanic Erruption Follow the instructions for recovering from a disaster in Part 5.


Knowledge Check
Read the scenario and answer the question.  Check your responses with the answer key below.


Scenario


About an hour after the eruption of Mount St. Helens, ash began to fall in Yakima, a city in eastern Washington.  
The ash fall was so extensive and it became so dark that lights were turned on all day.  It took 10 weeks to haul 
away the ash from Yakima’s streets, sidewalks, and roofs.


Assume you were a resident of  Yakima during this time.  What would you need to protect yourself when going 
outside?


For More Information
If you require more information about any of these topics, the following are 
resources that may be helpful.


Publications National Weather Service


 Heat Wave:  A Major Summer Killer.  An online brochure describing the heat index, heat 
disorders, and heat wave safety tips.  Available online at: www.nws.noaa.gov/om/
/brochures/heat_wave.htm


U.S. Geological Survey


 Volcano Hazards Program.  Website with volcano activity updates, feature stories, 
information about volcano hazards, and resources.  Available online at: http:
//volcanoes.usgs.gov 


Answer key


1. Face masks  2. Goggles  3. Eyeglasses instead of contact lenses  4. Clothing to cover as much of the body as 
possible







2.9
Landslides and 


Debris Flow (Mudslide)
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Landslides occur in all U.S. states and territories.  In a landslide, masses of rock, 
earth, or debris move down a slope.  Landslides may be small or large, slow or 
rapid.  They are activated by storms, earthquakes, volcanic eruptions, fi res, and hu-
man modifi cation of land.


Debris and mud fl ows are rivers of rock, earth, and other debris saturated with 
water.  They develop when water rapidly accumulates in the ground, during heavy 
rainfall or rapid snowmelt, changing the earth into a fl owing river of mud or 
“slurry.”  They fl ow can rapidly, striking with little or no warning at avalanche 
speeds.  They also can travel several miles from their source, growing in size as they 
pick up trees, boulders, cars, and other materials.


Landslide problems can be caused by land mismanagement, particularly in moun-
tain, canyon, and coastal regions.  Land-use zoning, professional inspections, and 
proper design can minimize many landslide, mudfl ow, and debris fl ow problems.







 Landslides and Debris Flow (Mudslide) 2.9Are You Ready?  


107


N
at


ur
al


 
H


az
ar


ds


Take Protective Measures
Before a Landslide or 


Debris FlowThe following are steps you can take to protect yourself from the effects of a land-
slide or debris fl ow:


• Do not build near steep slopes, close to mountain edges, near drainage ways, 
or natural erosion valleys.


• Get a ground assessment of your property.


• Consult an appropriate professional expert for advice on corrective measures. 


• Minimize home hazards by having fl exible pipe fi ttings installed to avoid gas 
or water leaks, as fl exible fi ttings are more resistant to breakage (only the gas 
company or professionals should install gas fi ttings).


Recognize Landslide Warning Signs


• Changes occur in your landscape such as patterns of storm-water drainage on 
slopes (especially the places where runoff water converges) land movement, 
small slides, fl ows, or progressively leaning trees.


• Doors or windows stick or jam for the fi rst time.


• New cracks appear in plaster, tile, brick, or foundations.


• Outside walls, walks, or stairs begin pulling away from the building.


• Slowly developing, widening cracks appear on the ground or on paved areas 
such as streets or driveways.


• Underground utility lines break.


• Bulging ground appears at the base of a slope.


• Water breaks through the ground surface in new locations.


• Fences, retaining walls, utility poles, or trees tilt or move.


• A faint rumbling sound that increases in volume is noticeable as the landslide 
nears.


• The ground slopes downward in one direction and may begin shifting in that 
direction under your feet.


• Unusual sounds, such as trees cracking or boulders knocking together, might 
indicate moving debris.


• Collapsed pavement, mud, fallen rocks, and other indications of possible debris 
fl ow can be seen when driving (embankments along roadsides are particularly 
susceptible to landslides).
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During a Landslide or 
Debris Flow The following are guidelines for what you should do if a landslide or debris fl ow 


occurs:


• Move away from the path of a landslide or debris fl ow as quickly as possible.


• Curl into a tight ball and protect your head if escape is not possible.


After a Landslide or 
Debris Flow The following are guidelines for the period following a landslide:


• Stay away from the slide area.  There may be danger of additional slides.


• Check for injured and trapped persons near the slide, without entering the 
direct slide area.  Direct rescuers to their locations.


• Watch for associated dangers such as broken electrical, water, gas, and sewage 
lines and damaged roadways and railways.


• Replant damaged ground as soon as possible since erosion caused by loss of 
ground cover can lead to fl ash fl ooding and additional landslides in the near 
future.


• Seek advice from a geotechnical expert for evaluating landslide hazards or 
designing corrective techniques to reduce landslide risk.


• Follow the instructions for returning home in Part 5.
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Answer Key


1. Mounting pressure for approving the development of lands subject to landslides and earth failures has in-
creased development in these unsafe areas.


2. Work with others in the community to enact and enforce regulations that prohibit building near areas sub-
ject to landslides and mudslides.  In areas where the hazard exists and development has already occurred, 
work to promote protective measures such as encouraging homeowners to get a professional ground assess-
ment of their property and educating residents about the warning signs.


Knowledge Check
Review the following information and answer the questions.  Check your responses with the answer key below.


Landslides occur in all 50 states—it is estimated that they cause between 25 and 50 deaths each year in the U.S. 
and thousands more in vulnerable areas around the globe.  The number of landslides in the United States is ex-
pected to increase.


1. What might account for the projected increase in landslides?


2. What can you do to help reverse the upward trend?
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Tsunamis
2.10
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Tsunamis (pronounced soo-ná-mees), also known as seismic sea waves (mistak-
enly called “tidal waves”), are a series of enormous waves created by an underwa-
ter disturbance such as an earthquake, landslide, volcanic eruption, or meteorite.  A 
tsunami can move hundreds of miles per hour in the open ocean and smash into 
land with waves as high as 100 feet or more.


From the area where the tsunami originates, waves travel outward in all direc-
tions. Once the wave approaches the shore, it builds in height. The topography of 
the coastline and the ocean fl oor will infl uence the size of the wave.  There may be 
more than one wave and the succeeding one may be larger than the one before.  
That is why a small tsunami at one beach can be a giant wave a few miles away.  


All tsunamis are potentially dangerous, even though they may not damage every 
coastline they strike.  A tsunami can strike anywhere along most of the U.S. coast-
line.  The most destructive tsunamis have occurred along the coasts of California, 
Oregon, Washington, Alaska, and Hawaii.


Earthquake-induced movement of the ocean fl oor most often generates tsunamis.  
If a major earthquake or landslide occurs close to shore, the fi rst wave in a series 
could reach the beach in a few minutes, even before a warning is issued.  Areas are 
at greater risk if they are less than 25 feet above sea level and within a mile of the 
shoreline. Drowning is the most common cause of death associated with a tsu-
nami.  Tsunami waves and the receding water are very destructive to structures in 
the run-up zone. Other hazards include fl ooding, contamination of drinking water, 
and fi res from gas lines or ruptured tanks. 


Know the Terms


Familiarize yourself with these terms to help identify a tsunami hazard:


Advisory
An earthquake has occurred in the Pacifi c basin, which might generate 
a tsunami.


Watch
A tsunami was or may have been generated, but is at least two hours 
travel time to the area in Watch status.


Warning
A tsunami was, or may have been generated, which could cause 
damage; therefore, people in the warned area are strongly advised 
to evacuate.







 Tsunamis 2.10Are You Ready?  


113


N
at


ur
al


 
H


az
ar


ds


Take Protective Measures
During a TsunamiThe following are guidelines for what you should do if a tsunami is likely in your 


area:


• Turn on your radio to learn if there is a tsunami warning if an earthquake oc-
curs and you are in a coastal area.


• Move inland to higher ground immediately and stay there.  


If there is noticeable recession in water away from the 
shoreline this is nature’s tsunami warning and it should 
be heeded. You should move away immediately.
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After a Tsunami   The following are guidelines for the period following a tsunami:


• Stay away from fl ooded and damaged areas until offi cials say it is safe to re-
turn.


• Stay away from debris in the water; it may pose a safety hazard to boats and 
people.


Save Yourself—Not Your Possesions


Like everyone else in Maullin, Chile, Ramon Atala survived the 1960 Chile 
earthquake.  However, he lost his life trying to save something from the 
tsunami that followed.
 
Mr. Atala was Maullin’s most prosperous merchant.  Outside of town, he 
owned a barn and a plantation of Monterey pine.  In town, he owned a 
pier and at least one large building and also had private quarters in a wa-
terfront warehouse.


Mr. Atala entered this warehouse between the fi rst and second wave of the 
tsunami that struck Maullin.  The warehouse was washed away and his 
body was never found.
 
It is unclear what he was trying to save.  What is clear is that no possession 
is worth your life and that it is important to get to higher ground away 
from the coast and stay there until it is safe to return.







2.11
Fires
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Each year, more than 4,000 Americans die and more than 25,000 are injured in 
fi res, many of which could be prevented. Direct property loss due to fi res is esti-
mated at $8.6 billion annually.


To protect yourself, it is important to understand the basic characteristics of fi re. 
Fire spreads quickly; there is no time to gather valuables or make a phone call. In 
just two minutes, a fi re can become life-threatening.  In fi ve minutes, a residence 
can be engulfed in fl ames.


Heat and smoke from fi re can be more dangerous than the fl ames.  Inhaling the 
super-hot air can sear your lungs.  Fire produces poisonous gases that make you 
disoriented and drowsy.  Instead of being awakened by a fi re, you may fall into a 
deeper sleep. Asphyxiation is the leading cause of fi re deaths, exceeding burns by a 
three-to-one ratio.  


Take Protective Measures
Before a Fire Smoke Alarms


• Install smoke alarms.  Properly working smoke alarms decrease your chances 
of dying in a fi re by half.


• Place smoke alarms on every level of your residence. Place them outside bed-
rooms on the ceiling or high on the wall (4 to 12 inches from ceiling), at the 
top of open stairways, or at the bottom of enclosed stairs and near (but not 
in) the kitchen.


• Test and clean smoke alarms once a month and replace batteries at least once a 
year.  Replace smoke alarms once every 10 years.


Escaping the Fire


• Review escape routes with your family.  Practice escaping from each room.


• Make sure windows are not nailed or painted shut.  Make sure security grat-
ings on windows have a fi re safety opening feature so they can be easily 
opened from the inside.  
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• Consider escape ladders if your residence has more than one level, and ensure 
that burglar bars and other antitheft mechanisms that block outside window 
entry are easily opened from the inside.


• Teach family members to stay low to the fl oor (where the air is safer in a fi re) 
when escaping from a fi re.


• Clean out storage areas. Do not let trash, such as old newspapers and maga-
zines, accumulate.


Flammable Items


• Never use gasoline, benzine, naptha, or similar fl ammable liquids indoors.


• Store fl ammable liquids in approved containers in well-ventilated storage 
areas.


• Never smoke near fl ammable liquids. 


• Discard all rags or materials that have been soaked in fl ammable liquids after 
you have used them. Safely discard them outdoors in a metal container.


• Insulate chimneys and place spark arresters on top.  The chimney should be 
at least three feet higher than the roof. Remove branches hanging above and 
around the chimney.


Heating Sources


• Be careful when using alternative heating sources.


• Check with your local fi re department on the legality of using kerosene heat-
ers in your community.  Be sure to fi ll kerosene heaters outside, and be sure 
they have cooled.


• Place heaters at least three feet away from fl ammable materials.  Make sure the 
fl oor and nearby walls are properly insulated.


• Use only the type of fuel designated for your unit and follow manufacturer’s 
instructions.


• Store ashes in a metal container outside and away from your residence. 


• Keep open fl ames away from walls, furniture, drapery, and fl ammable items.  


• Keep a screen in front of the fi replace.


• Have heating units inspected and cleaned annually by a certifi ed specialist.


Matches and Smoking


• Keep matches and lighters up high, away from children, and, if possible, in a 
locked cabinet. 


• Never smoke in bed or when drowsy or medicated.  Provide smokers with 
deep, sturdy ashtrays.  Douse cigarette and cigar butts with water before dis-
posal. 
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Electrical Wiring


• Have the electrical wiring in your residence checked by an electrician.


• Inspect extension cords for frayed or exposed wires or loose plugs.


• Make sure outlets have cover plates and no exposed wiring.


• Make sure wiring does not run under rugs, over nails, or across high-traffi c 
areas.


• Do not overload extension cords or outlets.  If you need to plug in two or 
three appliances, get a UL-approved unit with built-in circuit breakers to pre-
vent sparks and short circuits.


• Make sure insulation does not touch bare electrical wiring.


Other 


• Sleep with your door closed.


• Install A-B-C-type fi re extinguishers in your residence and teach family mem-
bers how to use them. 


• Consider installing an automatic fi re sprinkler system in your residence.


• Ask your local fi re department to inspect your residence for fi re safety and 
prevention.


During a Fire If your clothes catch on fi re, you should:


• Stop, drop, and roll—until the fi re is extinguished.  Running only makes the 
fi re burn faster.


To escape a fi re, you should:


• Check closed doors for heat before you open them. If you are escaping 
through a closed door, use the back of your hand to feel the top of the door, 
the doorknob, and the crack between the door and door frame before you 
open it.  Never use the palm of your hand or fi ngers to test for heat—burning 
those areas could impair your ability to escape a fi re (i.e., ladders and crawl-
ing). 


Hot Door Cool Door


Do not open.  Escape through a win-
dow.  If you cannot escape, hang a 
white or light-colored sheet outside 
the window, alerting fi re fi ghters to 
your presence.


Open slowly and ensure fi re and/or 
smoke is not blocking your escape route.  
If your escape route is blocked, shut the 
door immediately and use an alternate 
escape route, such as a window.  If clear, 
leave immediately through the door 
and close it behind you.  Be prepared to 
crawl.  Smoke and heat rise.  The air is 
clearer and cooler near the fl oor.
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• Crawl low under any smoke to your exit—heavy smoke and poisonous gases col-
lect fi rst along the ceiling.   


• Close doors behind you as you escape to delay the spread of the fi re.


• Stay out once you are safely out. Do not reenter. Call 9-1-1.


After a FireThe following are guidelines for different circumstances in the period following a 
fi re:


• If you are with burn victims, or are a burn victim yourself, call 9-1-1; cool 
and cover burns to reduce chance of further injury or infection. 


• If you detect heat or smoke when entering a damaged building, evacuate im-
mediately.


• If you are a tenant, contact the landlord.  


• If you have a safe or strong box, do not try to open it.  It can hold intense 
heat for several hours.  If the door is opened before the box has cooled, the 
contents could burst into fl ames.


• If you must leave your home because a building inspector says the building is 
unsafe, ask someone you trust to watch the property during your absence.


• Follow the instructions for recovering from a disaster in Part 5.
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Knowledge Check
Answer each question and check your responses using the answer key below.  


1. You need to escape a fi re through a closed door.  What, if anything, should you do before opening the door?


2. What should you do if your clothes are on fi re?


3. What actions should be taken for burn victims?


4. To reduce heating costs, you installed a wood-burning stove.  What can you do to reduce the risk of fi re from 
this heating source?


5. To escape in thick smoke, what should you do?


Answer key


1. Check the door for heat with the back of your hand
2. Stop, drop, and roll
3. Call 9-1-1 and cool and cover burns
4. Have the stove cleaned and inspected by a certifi ed specialist
5. Crawl close to the fl oor
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For More Information
If you require more information about any of these topics, the following are 
resources that may be helpful.


FEMA PublicationsAfter the Fire: Returning to Normal. FA 046.  This 16-page booklet provides informa-
tion about recovering from a fi re, including what to do during the fi rst 24 hours, 
insurance considerations, valuing your property, replacement of valuable docu-
ments, salvage hints, fi re department operations, and more.  Available online at 
www.usfa.fema.gov/public/hfs/pubs/atf/after.shtm


Protecting Your Family From Fire. FA 130.  This pamphlet was written to provide the 
information you need to decide what you must do to protect your family from fi re. 
Topics include children, sleepwear, older adults, smoke detectors, escape plans, and 
residential sprinklers.  Available online at www.usfa.fema.gov/public/hfs/pubs/
hfs_pubs2.shtm


Fire Risks for the Hard of Hearing.  FA 202; Fire Risks for the Older Adult. FA 203; Fire Risks for 
the Mobility Impaired. FA 204; Fire Risks for the Blind or Visually Impaired.  FA 205
These reports address preparation for fi re risks for populations with special chal-
lenges.  All  are available online at www.usfa.fema.gov/fi re-service/education/
education-pubs.shtm
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Wildfi res
2.12
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If you live on a remote hillside or in a valley, prairie, or forest where fl ammable 
vegetation is abundant, your residence could be vulnerable to wildfi res.  These fi res 
are usually triggered by lightning or accidents.  Wildfi res spread quickly, igniting 
brush, trees, and homes.


Take Protective Measures
Before a Wildfi re To prepare for wildfi res, you should:


• Mark the entrance to your property with address signs that are clearly visible 
from the road. 


• Keep lawns trimmed, leaves raked, and the roof and rain gutters free from 
debris such as dead limbs and leaves. 


• Stack fi rewood at least 30 feet away from your residence. 
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• Store fl ammable materials, liquids, and solvents in metal containers outside 
your residence at least 30 feet away from structures and wooden fences. 


• Create defensible space by thinning trees and brush within 30 feet around 
your residence.  Beyond 30 feet, remove dead wood, debris, and low tree 
branches. 


• Landscape your property with fi re resistant plants and vegetation to prevent 
fi re from spreading quickly.  For example, hardwood trees are more fi re-resis-
tant than pine, evergreen, eucalyptus, or fi r trees. 


• Make sure water sources, such as hydrants, ponds, swimming pools, and 
wells, are accessible to the fi re department. 


• Use fi re resistant, protective roofi ng and materials like stone, brick, and metal 
to protect your residence.  Avoid using wood materials.  They offer the least 
fi re protection. 


• Cover all exterior vents, attics, and eaves with metal mesh screens no larger 
than 6 millimeters or 1/4 inch to prevent debris from collecting and to help 
keep sparks out.


• Install multi-pane windows, tempered safety glass, or fi reproof shutters to 
protect large windows from radiant heat. 


• Use fi re-resistant draperies for added window protection. 


• Have chimneys, wood stoves, and all home heating systems inspected and 
cleaned annually by a certifi ed specialist. 


• Insulate chimneys and place spark arresters on top.  The chimney should be at 
least 3 feet above the roof.


• Remove branches hanging above and around the chimney.


Follow Local Burning Laws


Before burning debris in a wooded area, make sure you notify local authorities, 
obtain a burning permit, and follow these guidelines:


• Use an approved incinerator with a safety lid or covering with holes no larger 
than 3/4 inch. 


• Create at least a 10-foot clearing around the incinerator before burning debris. 


• Have a fi re extinguisher or garden hose on hand when burning debris.
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During a Wildfi re If a wildfi re threatens your home and time permits, take the following precautions:


• Shut off gas at the meter.  Only a qualifi ed professional can safely turn the gas 
back on.


• Seal attic and ground vents with pre-cut plywood or commercial seals.


• Turn off propane tanks.


• Place combustible patio furniture inside.


• Connect garden hose to outside taps.  Place lawn sprinklers on the roof and 
near above-ground fuel tanks.  Wet the roof.


• Wet or remove shrubs within 15 feet of your residence.


• Gather fi re tools such as a rake, axe, handsaw or chainsaw, bucket, and shovel.


• Back your car into the garage or park it in an open space facing the direction 
of escape.  Shut doors and roll up windows.  Leave the key in the ignition and 
the car doors unlocked.  Close garage windows and doors, but leave them 
unlocked.  Disconnect automatic garage door openers.


• Open fi replace damper.  Close fi replace screens.


• Close windows, vents, doors, blinds or noncombustible window coverings, 
and heavy drapes.  Remove fl ammable drapes and curtains.


• Move fl ammable furniture into the center of the residence away from win-
dows and sliding-glass doors.


• Close all interior doors and windows to prevent drafts.


• Place valuables that will not be damaged by water in a pool or pond.


If advised to evacuate, do so immediately.  Choose a route away from the fi re haz-
ard.  Watch for changes in the speed and direction of the fi re and smoke.


After a Wildfi re Follow the instructions for recovering from a disaster in Part 5.


For More Information
If you require more information about any of these topics, the following 
resource may be helpful.


FEMA Publications Wildfi re: Are You Prepared? L-203.  Wildfi re safety tips, preparedness, and mitigation 
techniques. 
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3
Technological


Hazards


Technological hazards include hazardous materials incidents and nuclear power plant failures.  Usually, little or no 
warning precedes incidents involving technological hazards.  In many cases, victims may not know they have been 
affected until many years later.  For example, health problems caused by hidden toxic waste sites—like that at Love 
Canal, near Niagara Falls, New York—surfaced years after initial exposure.


The number of technological incidents is escalating, mainly as a result of the increased number of new substances 
and the opportunities for human error inherent in the use of these materials.


Use Part 3 to learn what actions to include in your family disaster plan to prepare for and respond to events in-
volving technological hazards.  Learn how to use, store, and dispose of household chemicals in a manner that will 
reduce the potential for injury to people and the environment.


When you complete Part 3, you will be able to:
• Recognize important terms.
• Take protective measures for technological disasters.
• Know what actions to take if an event occurs.
• Identify resources for more information about technological hazards.
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3.1
Hazardous Materials 


Incidents
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Chemicals are found everywhere.  They purify drinking water, increase crop pro-
duction, and simplify household chores.  But chemicals also can be hazardous to 
humans or the environment if used or released improperly.  Hazards can occur 
during production, storage, transportation, use, or disposal.  You and your commu-
nity are at risk if a chemical is used unsafely or released in harmful amounts into 
the environment where you live, work, or play.


Chemical manufacturers are one source of hazardous materials, but there are many 
others, including service stations, hospitals, and hazardous materials waste sites.


Take Protective Measures
Before a Hazardous 
Materials Incident Many communities have Local Emergency Planning Committees (LEPCs) whose 


responsibilities include collecting information about hazardous materials in the 
community and making this information available to the public upon request.  The 
LEPCs also are tasked with developing an emergency plan to prepare for and re-
spond to chemical emergencies in the community.  Ways the public will be notifi ed 
and actions the public must take in the event of a release are part of the plan.  Con-
tact the LEPCs to fi nd out more about chemical hazards and what needs to be done 
to minimize the risk to individuals and the community from these materials.  The 
local emergency management offi ce can provide contact information on the LEPCs.


You should add the following supplies to your disaster supplies kit:


• Plastic sheeting.


• Duct tape.


• Scissors.


During a Hazardous 
Materials Incident Listen to local radio or television stations for detailed information and instructions.  


Follow the instructions carefully. You should stay away from the area to minimize 
the risk of contamination.  Remember that some toxic chemicals are odorless.  


Review


See Section 1.3: 
Assemble a Disaster 
Supplies Kit
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If you are: Then:


Asked to evacuate Do so immediately.


Caught Outside Stay upstream, uphill, and upwind!  In general, try to go 
at least one-half mile (usually 8-10 city blocks) from the 
danger area. Do not walk into or touch any spilled liquids, 
airborne mists, or condensed solid chemical deposits.


In a motor vehicle Stop and seek shelter in a permanent building. If you must 
remain in your car, keep car windows and vents closed 
and shut off the air conditioner and heater.


Requested to stay 
indoors


• Close and lock all exterior doors and windows. Close 
vents, fi replace dampers, and as many interior doors as 
possible.


• Turn off air conditioners and ventilation systems. In 
large buildings, set ventilation systems to 100 percent 
recirculation so that no outside air is drawn into the 
building. If this is not possible, ventilation systems 
should be turned off.


• Go into the pre-selected shelter room.  This room 
should be above ground and have the fewest openings 
to the outside.


• Seal the room by covering each window, door, and 
vent using plastic sheeting and duct tape.


• Use material to fi ll cracks and holes in the room, such 
as those around pipes.


Shelter Safety for Sealed Rooms


Ten square feet of fl oor space per person will provide suffi cient air to 
prevent carbon dioxide build-up for up to fi ve hours, assuming a normal 
breathing rate while resting. 


However, local offi cials are unlikely to recommend the public shelter in 
a sealed room for more than 2-3 hours because the effectiveness of such 
sheltering diminishes with time as the contaminated outside air gradually 
seeps into the shelter. At this point, evacuation from the area is the better 
protective action to take.


Also you should ventilate the shelter when the emergency has passed to 
avoid breathing contaminated air still inside the shelter. 
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After a Hazardous 
Materials Incident   


The following are guidelines for the period following a hazardous materials inci-
dent: 


• Return home only when authorities say it is safe. Open windows and vents 
and turn on fans to provide ventilation. 


• Act quickly if you have come in to contact with or have been exposed to haz-
ardous chemicals. Do the following: 


-  Follow decontamination instructions from local authorities. You may be 
advised to take a thorough shower, or you may be advised to stay away 
from water and follow another procedure.


-  Seek medical treatment for unusual symptoms as soon as possible.


-  Place exposed clothing and shoes in tightly sealed containers.  Do not 
allow them to contact other materials.  Call local authorities to fi nd out 
about proper disposal.


-  Advise everyone who comes in to contact with you that you may have 
been exposed to a toxic substance.


• Find out from local authorities how to clean up your land and property.


• Report any lingering vapors or other hazards to your local emergency services
offi ce.


• Follow the instructions for recovering from a disaster in Part 5.







3.2
Household Chemical 


Emergencies
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Nearly every household uses products containing hazardous materials or chemi-
cals.


Cleaning Products


• Oven cleaners


• Drain cleaners


• Wood and metal
cleaners and polishes


• Toilet cleaners


• Tub, tile, shower cleaners


• Bleach (laundry)


• Pool chemicals 


Indoor Pesticides


• Ant sprays and baits


• Cockroach sprays and baits


• Flea repellents and shampoos


• Bug sprays


• Houseplant insecticides


• Moth repellents


• Mouse and rat poisons 
and baits 


Automotive Products


• Motor oil


• Fuel additives


• Carburetor and fuel
injection cleaners


• Air conditioning refrigerants


• Starter fl uids


• Automotive batteries


• Transmission and brake fl uid


• Antifreeze 


Workshop/Painting Supplies


• Adhesives and glues


• Furniture strippers


• Oil- or enamel-based paint


• Stains and fi nishes


• Paint thinners and turpentine


• Paint strippers and removers


• Photographic chemicals


• Fixatives and other solvents 


Lawn and Garden Products 


• Herbicides


• Insecticides


• Fungicides/wood preservatives 


Miscellaneous


• Batteries


• Mercury thermostats or
thermometers


• Fluorescent light bulbs


• Driveway sealer 
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      Other Flammable Products 


• Propane tanks and other compressed gas cylinders


• Kerosene


• Home heating oil


• Diesel fuel


• Gas/oil mix


• Lighter fl uid 


Although the risk of a chemical accident is slight, knowing how to handle these 
products and how to react during an emergency can reduce the risk of injury.


Take Protective Measures
Before a Household 


Chemical EmergencyThe following are guidelines for buying and storing hazardous household chemi-
cals safely:


• Buy only as much of a chemical as you think you will use.  Leftover material 
can be shared with neighbors or donated to a business, charity, or govern-
ment agency.  For example, excess pesticide could be offered to a greenhouse 
or garden center, and theater groups often need surplus paint. Some commu-
nities have organized waste exchanges where household hazardous chemicals 
and waste can be swapped or given away.  


• Keep products containing hazardous materials in their original containers and 
never remove the labels unless the container is corroding. Corroding contain-
ers should be repackaged and clearly labeled. 


• Never store hazardous products in food containers.


• Never mix household hazardous chemicals or waste with other products. 
Incompatibles, such as chlorine bleach and ammonia, may react, ignite, or 
explode.


Take the following precautions to prevent and respond to accidents:


• Follow the manufacturer’s instructors for the proper use of the household 
chemical.


• Never smoke while using household chemicals. 


• Never use hair spray, cleaning solutions, paint products, or pesticides near an 
open fl ame (e.g., pilot light, lighted candle, fi replace, wood burning stove, 
etc.)  Although you may not be able to see or smell them, vapor particles in 
the air could catch fi re or explode.
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• Clean up any chemical spill immediately.  Use rags to clean up the spill. Wear 
gloves and eye protection.  Allow the fumes in the rags to evaporate outdoors, 
then dispose of the rags by wrapping them in a newspaper and placing them 
in a sealed plastic bag in your trash can.


• Dispose of hazardous materials correctly.  Take household hazardous waste to 
a local collection program.  Check with your county or state environmental or 
solid waste agency to learn if there is a household hazardous waste collection 
program in your area.


Learn to recognize the symptoms of toxic poisoning, which are as follows:


• Diffi culty breathing.


• Irritation of the eyes, skin, throat, or respiratory tract.


• Changes in skin color.


• Headache or blurred vision.


• Dizziness.


• Clumsiness or lack of coordination.


• Cramps or diarrhea.


Be prepared to seek medical assistance:


• Post the number of the emergency medical services and the poison control 
center by all telephones.  In an emergency situation, you may not have time 
to look up critical phone numbers.   The national poison control number is 
(800)222-1222.


During a Household 
Chemical Emergency If there is a danger of fi re or explosion:


• Get out of the residence immediately.  Do not waste time collecting items or 
calling the fi re department when you are in danger.  Call the fi re department 
from outside (a cellular phone or a neighbor’s phone) once you are safely 
away from danger.


• Stay upwind and away from the residence to avoid breathing toxic fumes.


If someone has been exposed to a household chemical:


• Find any containers of the substance that are readily available in order to pro-
vide requested information.  Call emergency medical services.  


• Follow the emergency operator or dispatcher’s fi rst aid instructions carefully.  
The fi rst aid advice found on containers may be out of date or inappropriate.  
Do not give anything by mouth unless advised to do so by a medical profes-
sional.


Discard clothing that may have been contaminated.  Some chemicals may not wash 
out completely.  
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Checking Your Home
There are probably many hazardous materials throughout your home.  Take a tour 
of your home to see where these materials are located.  Use the list of common 
hazardous household items presented earlier to guide you in your hunt.  Once you 
have located a product, check the label and take the necessary steps to ensure that 
you are using, storing, and disposing of the material according to the manufactur-
er’s directions. It is critical to store household chemicals in places where children 
cannot access them. Remember that products such as aerosol cans of hair spray and 
deodorant, nail polish and nail polish remover, toilet bowl cleaners, and furniture 
polishes all fall into the category of hazardous materials.
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For More Information
If you require more information about any of these topics, the following are 
resources that may be helpful.


FEMA Publications Household Hazardous Materials:  A Guide for Citizens.  IS 55.  An independent study resource 
for parents and teachers.  Web-based safety program focused on reducing the num-
ber of deaths and injuries in the home.  Available online at http://training.fema.gov/
emiweb/is/is55.asp


Chemical Emergencies.  A pamphlet promoting awareness of chemical hazards in 
the home, how to prevent them, and what to do if exposed.  Available online at 
www.fema.gov/pdf/rrr/talkdiz/chemical.pdf


Backgrounder:  Hazardous Materials.  0.511. Information sheet available online at 
www.fema.gov/hazards/hazardousmaterials/hazmat.shtm


USFA:  Factsheet:  Baby-sitters Make the Right Call to EMS.  0510.  Available online at 
www.usfa.fema.gov/public/factsheets/mtrc.shtm


Other Publications American Red Cross


Chemical Emergencies.  Extensive document describing the hazards of house-
hold chemicals and what to do in an emergency.  Available online at 
www.redcross.org/services/disaster/0,1082,0_581_,00.html
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Nuclear Power Plants
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Nuclear power plants use the heat generated from nuclear fi ssion in a contained 
environment to convert water to steam, which powers generators to produce 
electricity.  Nuclear power plants operate in most states in the country and produce 
about 20 percent of the nation’s power.  Nearly 3 million Americans live within 10 
miles of an operating nuclear power plant.


Although the construction and operation of these facilities are closely monitored 
and regulated by the Nuclear Regulatory Commission (NRC), accidents are pos-
sible.  An accident could result in dangerous levels of radiation that could affect the 
health and safety of the public living near the nuclear power plant.


Local and state governments, federal agencies, and the electric utilities have emer-
gency response plans in the event of a nuclear power plant incident.  The plans 
defi ne two “emergency planning zones.”  One zone covers an area within a 10-
mile radius of the plant, where it is possible that people could be harmed by direct 
radiation exposure.  The second zone covers a broader area, usually up to a 50-mile 
radius from the plant, where radioactive materials could contaminate water sup-
plies, food crops, and livestock.


The potential danger from an accident at a nuclear power plant is exposure to 
radiation.  This exposure could come from the release of radioactive material 
from the plant into the environment, usually characterized by a plume (cloud-like 
formation) of radioactive gases and particles.  The major hazards to people in the 
vicinity of the plume are radiation exposure to the body from the cloud and par-
ticles deposited on the ground, inhalation of radioactive materials, and ingestion of 
radioactive materials. 


Radioactive materials are composed of atoms that are unstable.  An unstable atom 
gives off its excess energy until it becomes stable.  The energy emitted is radiation.  
Each of us is exposed to radiation daily from natural sources, including the Sun 
and the Earth.  Small traces of radiation are present in food and water.  Radiation 
also is released from man-made sources such as X-ray machines, television sets, 
and microwave ovens.  Radiation has a cumulative effect.  The longer a person is 
exposed to radiation, the greater the effect.  A high exposure to radiation can cause 
serious illness or death.  


Minimizing Exposure to Radiation


• Distance - The more distance between you and the source of the ra-
diation, the better.  This could be evacuation or remaining indoors to 
minimize exposure.  


• Shielding - The more heavy, dense material between you and the source 
of the radiation, the better.  


• Time - Most radioactivity loses its strength fairly quickly.  
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If an accident at a nuclear power plant were to release radiation in your area, local 
authorities would activate warning sirens or another approved alert method.  They 
also would instruct you through the Emergency Alert System (EAS) on local televi-
sion and radio stations on how to protect yourself.


Take Protective Measures
Before a Nuclear Power Plant 


EmergencyObtain public emergency information materials from the power company that 
operates your local nuclear power plant or your local emergency services offi ce. 
If you live within 10 miles of the power plant, you should receive these materials 
yearly from the power company or your state or local government.


Know the Terms


Familiarize yourself with these terms to help identify a nuclear power 
plant emergency:


Notifi cation of Unusual Event
A small problem has occurred at the plant.  No radiation leak is expected.  
No action on your part will be necessary.


Alert
A small problem has occurred, and small amounts of radiation could leak 
inside the plant.  This will not affect you and no action is required.


Site Area Emergency
Area sirens may be sounded.  Listen to your radio or television for safety 
information.


General Emergency
Radiation could leak outside the plant and off the plant site.  The sirens 
will sound.  Tune to your local radio or television station for reports.  Be 
prepared to follow instructions promptly.
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During a Nuclear Power Plant 
Emergency The following are guidelines for what you should do if a nuclear power plant 


emergency occurs. Keep a battery-powered radio with you at all times and listen to 
the radio for specifi c instructions.  Close and lock doors and windows.


If you are told to evacuate… If you are advised to remain indoors…


• Keep car windows and 
vents closed; use 
re-circulating air.


• Turn off the air conditioner, ventilation 
fans, furnace, and other air intakes.


• Go to a basement or other underground 
area, if possible.


• Do not use the telephone unless 
absolutely necessary.


If you expect you have been exposed to nuclear radiation:


• Change clothes and shoes.


• Put exposed clothing in a plastic bag.


• Seal the bag and place it out of the way.


• Take a thorough shower.


Keep food in covered containers or in the refrigerator.  Food not previously covered 
should be washed before being put in to containers.


After a Nuclear Power Plant 
Emergency Seek medical treatment for any unusual symptoms, such as nausea, that may be 


related to radiation exposure.  


Follow the instructions for recovering from a disaster in Part 5.
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Technological Hazards Knowledge Check
Answer the following questions. Check your responses with the answer key below.


1. What are some things you can do to reduce the threat from hazardous materials in your home?  


2. What should you do if you are caught at the scene of a hazardous materials incident?


3. What is the telephone number for the National Poison Control Center?


4. What are three ways to minimize radiation exposure?


5. Are there special warning requirements for nuclear power plants?  If so, what are they?


6. What does it mean when a nuclear power plant has issued a general emergency?  What actions should you 
take?


7. If you are at home and instructed to shelter-in-place because of a chemical release, where will you go? 


8. If you are in a car and unable to seek shelter in a building and a chemical release occurs, you should?


9. Who can you contact to fi nd out about hazardous materials stored in your community?


10. What are some common placess hazardous materials may be present in the community?
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Answers:


1.  a. Learn to identify hazardous materials.
b. Follow manufacture’s instructions for storage, use, and disposal.
c. Never store hazardous products in food containers.
d. Keep products in original containers unless the container is corroding. 
e. Never mix household hazardous chemicals or waste with other products. 
f. Take household hazardous waste to a local collection program.
g. Never smoke while using household chemicals.
h. Clean up spills immediately with rags.
i. Buy only as much of a chemical as you think you will use.


2.  a. Do not walk into or touch any spilled liquids, airborne mists, or condensed solid chemical deposits.
b. Stay upstream, uphill, and upwind!   In general, try to go at least one-half mile (usually 8-10 city blocks) 


from the danger area.


3.   (800)222-1222


4.  Distance, shielding, and time.


5.  Yes.  Nuclear power plants are required to install sirens or other approved warning systems. 


6.  Radiation could leak outside the plant and off the plant site.  The sirens will sound.  Tune to local radio or tele-
vision station for reports.  Be prepared to follow instructions promptly.


7.  An above ground room with the fewest exterior doors and windows.


8.  Keep car windows and vents closed and shut off the air conditioner or heater.


9.   Local Emergency Planning Committee (LEPC).  The local emergency management offi ce can provide contact 
information for the LEPCs.


10.  Agricultural operations and farms, auto service stations and junkyards, chemical manufacturing and storage 
facilities, construction sites, dry cleaners, electronics manufactures, paint shops, hospitals, hazardous materials 
waste sites, and transportation routes. 
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4
Terrorism


Throughout human history, there have been many threats to the security of nations.  These threats have brought about 
large-scale losses of life, the destruction of property, widespread illness and injury, the displacement of large numbers of 
people, and devastating economic loss.  


Recent technological advances and ongoing international political unrest are components of the increased risk to national 
security.  


Use Part 4 to learn what actions to include in your family disaster plan to prepare for and respond to terrorist threats.  


When you complete Part 4, you will be able to:
• Recognize important terms.
• Take protective measures for terrorist threats.
• Know what actions to take if an event occurs.
• Identify resources for more information about terrorist threats.
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4.1
General Information 


about Terrorism
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Terrorism is the use of force or violence against persons or property in violation of 
the criminal laws of the United States for purposes of intimidation, coercion, or 
ransom.  Terrorists often use threats to: 


• Create fear among the public.


• Try to convince citizens that their government is powerless to prevent 
terrorism.


• Get immediate publicity for their causes. 


Acts of terrorism include threats of terrorism; assassinations; kidnappings; hijack-
ings; bomb scares and bombings; cyber attacks (computer-based); and the use of 
chemical, biological, nuclear and radiological weapons.


High-risk targets for acts of terrorism include military and civilian government 
facilities, international airports, large cities, and high-profi le landmarks.  Terror-
ists might also target large public gatherings, water and food supplies, utilities, 
and corporate centers.  Further, terrorists are capable of spreading fear by sending 
explosives or chemical and biological agents through the mail.


Within the immediate area of a terrorist event, you would need to rely on police, 
fi re, and other offi cials for instructions.  However, you can prepare in much the 
same way you would prepare for other crisis events.


The following are general guidelines:


• Be aware of your surroundings.  


• Move or leave if you feel uncomfortable or if something does not seem right.


• Take precautions when traveling.  Be aware of conspicuous or unusual behav-
ior.  Do not accept packages from strangers.  Do not leave luggage unattended.  
You should promptly report unusual behavior, suspicious or unattended pack-
ages, and strange devices to the police or security personnel.


• Learn where emergency exits are located in buildings you frequent.  Plan how 
to get out in the event of an emergency.


• Be prepared to do without services you normally depend on—electricity, 
telephone, natural gas, gasoline pumps, cash registers, ATMs, and Internet 
transactions.
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• Work with building owners to ensure the following items are located on each 
fl oor of the building:


- Portable, battery-operated radio and extra batteries.


- Several fl ashlights and extra batteries.


- First aid kit and manual.


- Hard hats and dust masks.


- Fluorescent tape to rope off dangerous areas.
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Terrorists have frequently used explosive devices as one of their most common 
weapons. Terrorists do not have to look far to fi nd out how to make explosive de-
vices; the information is readily available in books and other information sources.  
The materials needed for an explosive device can be found in many places includ-
ing variety, hardware, and auto supply stores. Explosive devices are highly portable 
using vehicles and humans as a means of transport.  They are easily detonated from 
remote locations or by suicide bombers.


Conventional bombs have been used to damage and destroy fi nancial, political, 
social, and religious institutions.  Attacks have occurred in public places and on city 
streets with thousands of people around the world injured and killed. 


Parcels that should make you suspicious:


• Are unexpected or from someone unfamiliar to you.
• Have no return address, or have one that can’t be verifi ed as legiti-


mate.
• Are marked with restrictive endorsements such as “Personal,” “Confi -


dential,” or “Do not X-ray.”
• Have protruding wires or aluminum foil, strange odors, or stains.
• Show a city or state in the postmark that doesn’t match the return ad-


dress.
• Are of unusual weight given their size, or are lopsided or oddly 


shaped.
• Are marked with threatening language.
• Have inappropriate or unusual labeling.
• Have excessive postage or packaging material, such as masking tape 


and string.
• Have misspellings of common words.
• Are addressed to someone no longer with your organization or are 


otherwise outdated.
• Have incorrect titles or titles without a name.
• Are not addressed to a specifi c person.
• Have hand-written or poorly typed addressess.
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Take Protective Measures
If you receive a telephoned bomb threat, you should do the following:


• Get as much information from the caller as possible.  


• Keep the caller on the line and record everything that is said.


• Notify the police and the building management.


During an ExplosionIf there is an explosion, you should: 


• Get under a sturdy table or desk if things are falling around you. When they 
stop falling, leave quickly, watching for obviously weakened fl oors and stair-
ways.  As you exit from the building, be especially watchful of falling debris.  


• Leave the building as quickly as possible. Do not stop to retrieve personal pos-
sessions or make phone calls.  


• Do not use elevators.


Once you are out:


• Do not stand in front of windows, glass doors, or other potentially hazardous 
areas.


• Move away from sidewalks or streets to be used by emergency offi cials or oth-
ers still exiting the building.


If you are trapped in debris:


• If possible, use a fl ashlight to signal your location to rescuers.


• Avoid unnecessary movement so you don’t kick up dust.


• Cover your nose and mouth with anything you have on hand. (Dense-weave 
cotton material can act as a good fi lter.  Try to breathe through the material.)


• Tap on a pipe or wall so rescuers can hear where you are.


• If possible, use a whistle to signal rescuers.


• Shout only as a last resort.  Shouting can cause a person to inhale dangerous 
amounts of dust.


Review


Safety guidelines 
for escaping fi res 
in Section 2.11
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After an Explosion Follow the instructions for recovering from a disaster in Part 5.


For More Information
If you require more information about any of these topics, the following 
resource may be helpful.


Publications American Red Cross:


Terrorism, Preparing for the Unexpected.  Document providing preparation guidelines for 
a terrorist attack or similar emergency.  Available online at www.redcross.org/
services/disaster/0,1082,0_589_,00.html







4.3
Biological


Threats







Biological Threats4.3 Are You Ready?


156


Biological agents are organisms or toxins that can kill or incapacitate people, live-
stock, and crops.  The three basic groups of biological agents that would likely be 
used as weapons are bacteria, viruses, and toxins.  Most biological agents are dif-
fi cult to grow and maintain.  Many break down quickly when exposed to sunlight 
and other environmental factors, while others, such as anthrax spores, are very 
long lived.  Biological agents can be dispersed by spraying them into the air, by 
infecting animals that carry the disease to humans, and by contaminating food and 
water.  Delivery methods include:


• Aerosols—biological agents are dispersed into the air, forming a fi ne mist 
that may drift for miles.  Inhaling the agent may cause disease in people or 
animals.


• Animals—some diseases are spread by insects and animals, such as fl eas, 
mice, fl ies, mosquitoes, and livestock.


• Food and water contamination—some pathogenic organisms and toxins 
may persist in food and water supplies.  Most microbes can be killed, and tox-
ins deactivated, by cooking food and boiling water.  Most microbes are killed 
by boiling water for one minute, but some require longer.  Follow offi cial 
instructions.


• Person-to-person—spread of a few infectious agents is also possible. Hu-
mans have been the source of infection for smallpox, plague, and the Lassa 
viruses. 


Specifi c information on biological agents is available at the Centers for Disease 
Control and Prevention’s Web site, www.bt.cdc.gov.


Take Protective Measures
Before a Biological Attack The following are guidelines for what you should do to prepare for a biological 


threat:


• Check with your doctor to ensure all required or suggested immunizations are
up to date.  Children and older adults are particularly vulnerable to biological 
agents.
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• Consider installing a High Effi ciency Particulate Air (HEPA) fi lter in your fur-
nace return duct. These fi lters remove particles in the 0.3 to 10 micron range 
and will fi lter out most biological agents that may enter your house. If you 
do not have a central heating or cooling system, a stand-alone portable HEPA 
fi lter can be used. 


During a Biological AttackIn the event of a biological attack, public health offi cials may not immediately be 
able to provide information on what you should do.  It will take time to deter-
mine what the illness is, how it should be treated, and who is in danger.  Watch 
television, listen to radio, or check the Internet for offi cial news and information 
including signs and symptoms of the disease, areas in danger, if medications or 
vaccinations are being distributed, and where you should seek medical attention if 
you become ill.


The fi rst evidence of an attack may be when you notice symptoms of the disease 
caused by exposure to an agent.  Be suspicious of any symptoms you notice, but 
do not assume that any illness is a result of the attack.  Use common sense and 
practice good hygiene.


If you become aware of an unusual and suspicious substance nearby:


• Move away quickly.


• Wash with soap and water.


• Contact authorities.


• Listen to the media for offi cial instructions.


• Seek medical attention if you become sick.


If you are exposed to a biological agent:


• Remove and bag your clothes and personal items.  Follow offi cial instructions 
for disposal of contaminated items.


• Wash yourself with soap and water and put on clean clothes.


• Seek medical assistance.  You may be advised to stay away from others or even 
quarantined.


Filtration in Buildings


Building owners and managers should determine the type and level of 
fi ltration in their structures and the level of protection it provides against 
biological agents.  The National Institute of Occupational Safety and 
Health (NIOSH) provides technical guidance on this topic in their publi-
cation Guidance for Filtration and Air-Cleaning Systems to Protect Building Environments 
from Airborne Chemical, Biological, or Radiological Attacks. To obtain a copy, call 
1(800)35NIOSH or visit www.cdc.gov/NIOSH/publist.html and request
or download NIOSH Publication 2003-136.


Review


Shelter
in Section 1.4







Biological Threats4.3 Are You Ready?


158


After a Biological Attack In some situations, such as the case of the anthrax letters sent in 2001, people may 
be alerted to potential exposure. If this is the case, pay close attention to all offi cial 
warnings and instructions on how to proceed.  The delivery of medical services 
for a biological event may be handled differently to respond to increased demand. 
The basic public health procedures and medical protocols for handling exposure to 
biological agents are the same as for any infectious disease.  It is important for you 
to pay attention to offi cial instructions via radio, television, and emergency alert 
systems.


Using HEPA Filters


HEPA fi lters are useful in biological attacks.  If you have a central heat-
ing and cooling system in your home with a HEPA fi lter, leave it on if it 
is running or turn the fan on if it is not running.  Moving the air in the 
house through the fi lter will help remove the agents from the air.  If you 
have a portable HEPA fi lter, take it with you to the internal room where 
you are seeking shelter and turn it on.


If you are in an apartment or offi ce building that has a modern, central 
heating and cooling system, the system’s fi ltration should provide a rela-
tively safe level of protection from outside biological contaminants.  


HEPA fi lters will not fi lter chemical agents.


Review


Getting
Informed
in Section 1.1
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Chemical agents are poisonous vapors, aerosols, liquids, and solids that have toxic 
effects on people, animals, or plants.  They can be released by bombs or sprayed 
from aircraft, boats, and vehicles.  They can be used as a liquid to create a hazard to 
people and the environment.  Some chemical agents may be odorless and tasteless.  
They can have an immediate effect (a few seconds to a few minutes) or a delayed 
effect (2 to 48 hours).  While potentially lethal, chemical agents are diffi cult to de-
liver in lethal concentrations.  Outdoors, the agents often dissipate rapidly.  Chemi-
cal agents also are diffi cult to produce.


A chemical attack could come without warning.  Signs of a chemical release include 
people having diffi culty breathing; experiencing eye irritation; losing coordination; 
becoming nauseated; or having a burning sensation in the nose, throat, and lungs. 
Also, the presence of many dead insects or birds may indicate a chemical agent 
release.


Take Protective Measures
Before a Chemical Attack The following are guidelines for what you should do to prepare for a chemical 


threat:


• Check your disaster supplies kit to make sure it includes:


- A roll of duct tape and scissors.


- Plastic for doors, windows, and vents for the room in which you will shelter 
in place. To save critical time during an emergency, pre-measure and cut the 
plastic sheeting for each opening.


• Choose an internal room to shelter, preferably one without windows and on 
the highest level. 


During a Chemical Attack The following are guidelines for what you should do in a chemical attack.  


If you are instructed to remain in your home or offi ce building, you should:


• Close doors and windows and turn off all ventilation, including furnaces, air 
conditioners, vents, and fans.


• Seek shelter in an internal room and take your disaster supplies kit.  


• Seal the room with duct tape and plastic sheeting.


• Listen to your radio for instructions from authorities.


Review


Shelter safety for 
sealed rooms in 
Section 3.1
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If you are caught in or near a contaminated area, you should: 


• Move away immediately in a direction upwind of the source.


• Find shelter as quickly as possible.


After a Chemical AttackDecontamination is needed within minutes of exposure to minimize health con-
sequences.  Do not leave the safety of a shelter to go outdoors to help others until 
authorities announce it is safe to do so.


A person affected by a chemical agent requires immediate medical attention from a 
professional.  If medical help is not immediately available, decontaminate yourself 
and assist in decontaminating others.  


Decontamination guidelines are as follows:


• Use extreme caution when helping others who have been exposed to chemi-
cal agents.


• Remove all clothing and other items in contact with the body. Contaminated 
clothing normally removed over the head should be cut off to avoid contact 
with the eyes, nose, and mouth. Put contaminated clothing and items into a 
plastic bag and seal it.  Decontaminate hands using soap and water. Remove 
eyeglasses or contact lenses. Put glasses in a pan of household bleach to de-
contaminate them, and then rinse and dry. 


• Flush eyes with water.


• Gently wash face and hair with soap and water before thoroughly rinsing 
with water.


• Decontaminate other body areas likely to have been contaminated. Blot (do 
not swab or scrape) with a cloth soaked in soapy water and rinse with clear 
water.


• Change into uncontaminated clothes. Clothing stored in drawers or closets is 
likely to be uncontaminated.


• Proceed to a medical facility for screening and professional treatment. 
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A nuclear blast is an explosion with intense light and heat, a damaging pressure 
wave, and widespread radioactive material that can contaminate the air, water, and 
ground surfaces for miles around. A nuclear device can range from a weapon car-
ried by an intercontinental missile launched by a hostile nation or terrorist organi-
zation, to a small portable nuclear devise transported by an individual.  All nuclear 
devices cause deadly effects when exploded, including blinding light, intense heat 
(thermal radiation), initial nuclear radiation, blast, fi res started by the heat pulse, 
and secondary fi res caused by the destruction. 


Hazards of Nuclear Devices


The extent, nature, and arrival time of these hazards are diffi cult to predict. The 
geographical dispersion of hazard effects will be defi ned by the following: 


• Size of the device.  A more powerful bomb will produce more distant effects.


• Height above the ground the device was detonated.  This will determine the 
extent of blast effects. 


• Nature of the surface beneath the explosion.  Some materials are more likely 
to become radioactive and airborne than others. Flat areas are more suscep-
tible to blast effects. 


• Existing meteorological conditions.  Wind speed and direction will affect ar-
rival time of fallout; precipitation may wash fallout from the atmosphere.


Radioactive Fallout


Even if individuals are not close enough to the nuclear blast to be affected by 
the direct impacts, they may be affected by radioactive fallout.  Any nuclear blast 
results in some fallout.  Blasts that occur near the earth’s surface create much 
greater amounts of fallout than blasts that occur at higher altitudes.  This is be-
cause the tremendous heat produced from a nuclear blast causes an up-draft of 
air that forms the familiar mushroom cloud.  When a blast occurs near the earth’s
surface, millions of vaporized dirt particles also are drawn into the cloud.  As 
the heat diminishes, radioactive materials that have vaporized condense on the 
particles and fall back to Earth.  The phenomenon is called radioactive fallout. 
This fallout material decays over a long period of time, and is the main source of 
residual nuclear radiation.


Fallout from a nuclear explosion may be carried by wind currents for hundreds 
of miles if the right conditions exist.  Effects from even a small portable device 
exploded at ground level can be potentially deadly.


Nuclear radiation cannot be seen, smelled, or otherwise detected by normal 
senses.  Radiation can only be detected by radiation monitoring devices.  This 
makes radiological emergencies different from other types of emergencies, such 
as fl oods or hurricanes.  Monitoring can project the fallout arrival times, which 
will be announced through offi cial warning channels.  However, any increase in 
surface build-up of gritty dust and dirt should be a warning for taking protective 
measures. 
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Electromagnetic Pulse


In addition to other effects, a nuclear weapon detonated in or above the earth’s
atmosphere can create an electromagnetic pulse (EMP), a high-density electrical 
fi eld.  An EMP acts like a stroke of lightning but is stronger, faster, and shorter. 
An EMP can seriously damage electronic devices connected to power sources or 
antennas.  This includes communication systems, computers, electrical appli-
ances, and automobile or aircraft ignition systems.  The damage could range 
from a minor interruption to actual burnout of components.  Most electronic 
equipment within 1,000 miles of a high-altitude nuclear detonation could be 
affected.  Battery-powered radios with short antennas generally would not be 
affected.  Although an EMP is unlikely to harm most people, it could harm those 
with pacemakers or other implanted electronic devices.


Protection from a Nuclear Blast


The danger of a massive strategic nuclear attack on the United States is predicted 
by experts to be less likely today.  However, terrorism, by nature, is unpredictable.


If there were threat of an attack, people living near potential targets could be 
advised to evacuate or they could decide on their own to evacuate to an area not 
considered a likely target.  Protection from radioactive fallout would require tak-
ing shelter in an underground area or in the middle of a large building.


In general, potential targets include:


• Strategic missile sites and military bases.


• Centers of government such as Washington, DC, and state capitals.


• Important transportation and communication centers.


• Manufacturing, industrial, technology, and fi nancial centers.


• Petroleum refi neries, electrical power plants, and chemical plants.


• Major ports and airfi elds.
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The three factors for protecting oneself from radiation and fallout are distance, 
shielding, and time.


• Distance — the more distance between you and the fallout particles, the bet-
ter.  An underground area such as a home or offi ce building basement offers 
more protection than the fi rst fl oor of a building.  A fl oor near the middle of 
a high-rise may be better, depending on what is nearby at that level on which 
signifi cant fallout particles would collect.  Flat roofs collect fallout particles so 
the top fl oor is not a good choice, nor is a fl oor adjacent to a neighboring fl at 
roof.


• Shielding — the heavier and denser the materials—thick walls, concrete, 
bricks, books and earth—between you and the fallout particles, the better.


• Time — fallout radiation loses its intensity fairly rapidly.  In time, you will be 
able to leave the fallout shelter.  Radioactive fallout poses the greatest threat to 
people during the fi rst two weeks, by which time it has declined to about 1 
percent of its initial radiation level.


Remember that any protection, however temporary, is better than none at all, and 
the more shielding, distance, and time you can take advantage of, the better.


Take Protective Measures
Before a Nuclear Blast To prepare for a nuclear blast, you should do the following:


• Find out from offi cials if any public buildings in your community have been 
designated as fallout shelters.  If none have been designated, make your own 
list of potential shelters near your home, workplace, and school.  These places 
would include basements or the windowless center area of middle fl oors in 
high-rise buildings, as well as subways and tunnels.  


• If you live in an apartment building or high-rise, talk to the manager about 
the safest place in the building for sheltering and about providing for building 
occupants until it is safe to go out. 


• During periods of increased threat increase your disaster supplies to be ad-
equate for up to two weeks. 


Review


Update your 
supplies;
see Section 1.2
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During a Nuclear BlastThe following are guidelines for what to do in the event of a nuclear explosion.


If an attack warning is issued:


• Take cover as quickly as you can, below ground if possible, and stay there 
until instructed to do otherwise.


• Listen for offi cial information and follow instructions. 


If you are caught outside and unable to get inside immediately:


• Do not look at the fl ash or fi reball—it can blind you.


• Take cover behind anything that might offer protection.  


• Lie fl at on the ground and cover your head. If the explosion is some distance 
away, it could take 30 seconds or more for the blast wave to hit.


• Take shelter as soon as you can, even if you are many miles from ground zero 
where the attack occurred—radioactive fallout can be carried by the winds for 
hundreds of miles.  Remember the three protective factors:  Distance, shield-
ing, and time.


After a Nuclear BlastDecay rates of the radioactive fallout are the same for any size nuclear device.   
However, the amount of fallout will vary based on the size of the device and its 
proximity to the ground.  Therefore, it might be necessary for those in the areas 
with highest radiation levels to shelter for up to a month.


The heaviest fallout would be limited to the area at or downwind from the explo-
sion, and 80 percent of the fallout would occur during the fi rst 24 hours.


People in most of the areas that would be affected could be allowed to come out of 
shelter within a few days and, if necessary, evacuate to unaffected areas.


Taking shelter during a nuclear blast is absolutely necessary.  There 
are two kinds of shelters—blast and fallout.  The following describes 
the two kinds of shelters: 


• Blast shelters are specifi cally constructed to offer some protec-
tion against blast pressure, initial radiation, heat, and fi re. But 
even a blast shelter cannot withstand a direct hit from a nuclear
explosion.


• Fallout shelters do not need to be specially constructed for 
protecting against fallout.  They can be any protected space, 
provided that the walls and roof are thick and dense enough to 
absorb the radiation given off by fallout particles.


Review


Shelter
requirements in 
Section 1.4


Review


Shelter
requirements in 
Section 1.4
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Returning to Your Home


Remember the following:


• Keep listening to the radio and television for news about what to do, where to 
go, and places to avoid. 


• Stay away from damaged areas. Stay away from areas marked “radiation 
hazard” or “HAZMAT.” Remember that radiation cannot be seen, smelled, or 
otherwise detected by human senses.


Follow the instructions for returning home in Part 5.
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Terrorist use of an RDD—often called “dirty nuke” or “dirty bomb”—is consid-
ered far more likely than use of a nuclear explosive device.  An RDD combines a 
conventional explosive device—such as a bomb—with radioactive material. It is 
designed to scatter dangerous and sub-lethal amounts of radioactive material over a 
general area.  Such RDDs appeal to terrorists because they require limited technical 
knowledge to build and deploy compared to a nuclear device.  Also, the radioactive 
materials in RDDs are widely used in medicine, agriculture, industry, and research, 
and are easier to obtain than weapons grade uranium or plutonium. 


The primary purpose of terrorist use of an RDD is to cause psychological fear and 
economic disruption.  Some devices could cause fatalities from exposure to radio-
active materials.  Depending on the speed at which the area of the RDD detonation 
was evacuated or how successful people were at sheltering-in-place, the number 
of deaths and injuries from an RDD might not be substantially greater than from a 
conventional bomb explosion. 


The size of the affected area and the level of destruction caused by an RDD would 
depend on the sophistication and size of the conventional bomb, the type of ra-
dioactive material used, the quality and quantity of the radioactive material, and 
the local meteorological conditions—primarily wind and precipitation. The area 
affected could be placed off-limits to the public for several months during clean-
up efforts.  


Take Protective Measures
Before an RDD Event There is no way of knowing how much warning time there will be before an at-


tack by terrorists using an RDD, so being prepared in advance and knowing what 
to do and when is important.  Take the same protective measures you would for 
fallout resulting from a nuclear blast.


During an RDD Event While the explosive blast will be immediately obvious, the presence of radiation 
will not be known until trained personnel with specialized equipment are on the 
scene. Whether you are indoors or outdoors, home or at work, be extra cautious.  
It would be safer to assume radiological contamination has occurred—particularly 
in an urban setting or near other likely terrorist targets—and take the proper pre-
cautions.  As with any radiation, you want to avoid or limit exposure. This is particu-
larly true of inhaling radioactive dust that results from the explosion.  As you seek 
shelter from any location (indoors or outdoors) and there is visual dust or other 
contaminants in the air, breathe though the cloth of your shirt or coat to limit your 
exposure.  If you manage to avoid breathing radioactive dust, your proximity to the 
radioactive particles may still result in some radiation exposure.  


Review


Nuclear Blast
Section 4.5
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If the explosion or radiological release occurs inside, get out immediately and seek 
safe shelter. Otherwise, if you are:


Outdoors Indoors


• Seek shelter indoors 
immediately in the nearest 
undamaged building.


• If appropriate shelter is not 
available, move as rapidly as 
is safe upwind and away from 
the location of the explosive 
blast.  Then, seek appropriate 
shelter as soon as possible.  


• Listen for offi cial instructions 
and follow directions.


• If you have time, turn off ventilation 
and heating systems, close windows, 
vents, fi replace dampers, exhaust fans, 
and clothes dryer vents.  Retrieve your 
disaster supplies kit and a battery-
powered radio and take them to your 
shelter room.


• Seek shelter immediately, preferably 
underground or in an interior room of 
a building, placing as much distance 
and dense shielding as possible 
between you and the outdoors where 
the radioactive material may be.  


• Seal windows and external doors 
that do not fi t snugly with duct tape 
to reduce infi ltration of radioactive 
particles.  Plastic sheeting will not 
provide shielding from radioactivity 
nor from blast effects of a nearby 
explosion.


• Listen for offi cial instructions and 
follow directions.  


After an RDD EventAfter fi nding safe shelter, those who may have been exposed to radioactive material 
should decontaminate themselves.  To do this, remove and bag your clothing (and 
isolate the bag away from you and others), and shower thoroughly with soap and 
water.  Seek medical attention after offi cials indicate it is safe to leave shelter.


Contamination from an RDD event could affect a wide area, depending on the 
amount of conventional explosives used, the quantity and type of radioactive mate-
rial released, and meteorological conditions.  Thus, radiation dissipation rates vary, 
but radiation from an RDD will likely take longer to dissipate due to a potentially 
larger localized concentration of radioactive material.   


Follow these additional guidelines after an RDD event:


• Continue listening to your radio or watch the television for instructions from 
local offi cials, whether you have evacuated or sheltered-in-place. 


• Do not return to or visit an RDD incident location for any reason. 


• Follow the instructions for recovering from a disaster in Part 5.
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Terrorism Knowledge Check
Answer the following questions.  Check your responses with the answer key below.


1    What would you do, if you were at work and…


a.  there was an explosion in the building?


b.  you received a package in the mail that you considered suspicious?


c.  you received a telephone call that was a bomb threat?


2  If caught outside during a nuclear blast, what should you do?


3 What are the three key factors for protection from nuclear blast and fallout?


4 If you take shelter in your own home, what kind of room would be safest during a chemical or 
biological attack?


5 In case of a chemical attack, what extra items should you have in your disaster supplies kit?


Answer Key


1. a.  Shelter from falling debris under a desk and then follow evacuation procedures
b.  Clear the area and notify the police immediately  
c.  Keep the caller on the line and record everything that was said


2. • Don’t look at the fl ash
• Take cover behind anything that offers protection
• Lay fl at on the ground
• Cover your head


3. Distance, shielding, time
4. An interior room on the uppermost level, preferably without windows
5. Plastic sheeting, duct tape, and scissors.
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The Homeland Security Advisory System was designed to provide a national frame-
work and comprehensive means to disseminate information regarding the risk of 
terrorist acts to the following: 


• Federal, state, and local authorities


• The private sector


• The American people


This system provides warnings in the form of a set of graduated “threat condi-
tions” that increase as the risk of the threat increases. Risk includes both the prob-
ability of an attack occurring and its potential gravity.  Threat conditions may be 
assigned for the entire nation, or they may be set for a particular geographic area 
or industrial sector.  At each threat condition, government entities and the private 
sector, including businesses and schools, would implement a corresponding set of 
“protective measures” to further reduce vulnerability or increase response capabil-
ity during a period of heightened alert.


There are fi ve threat conditions, each identifi ed by a description and corresponding 
color.  Assigned threat conditions will be reviewed at regular intervals to determine 
whether adjustments are warranted.


Threat Conditions and Associated 
Protective Measures 
There is always a risk of a terrorist threat. Each threat condition assigns a level 
of alert appropriate to the increasing risk of terrorist attacks. Beneath each threat 
condition are some suggested protective measures that the government, the private 
sector, and the public can take.


In each case, as threat conditions escalate, protective measures are added to those 
already taken in lower threat conditions.  The measures are cumulative.
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Citizen Guidance on the Homeland 
Security Advisory System
Low Risk 


• Develop a family emergency plan. Share it with family and friends, and practice the plan. 
Visit www.Ready.gov for help creating a plan. 


• Create an “Emergency Supply Kit” for your household. 
• Be informed. Visit www.Ready.gov or obtain a copy of “Preparing Makes Sense, Get Ready 


Now” by calling 1-800-BE-READY. 
• Know where to shelter and how to turn off utilities (power, gas, and water) to your home. 
• Examine volunteer opportunities in your community, such as Citizen Corps, Volunteers in 


Police Service, Neighborhood Watch or others, and donate your time. Consider complet-
ing an American Red Cross fi rst aid or CPR course , or Community Emergency Response 
Team (CERT) course . BLUE


Guarded Risk Y


• Complete recommended steps at level green. 
• Review stored disaster supplies and replace items that are outdated. 
• Be alert to suspicious activity and report it to proper authorities. 


Elevated Risk YELLOW 


• Complete recommended steps at levels green and blue. 
• Ensure disaster supplies are stocked and ready. 
• Check telephone numbers in family emergency plan and update as necessary. 
• Develop alternate routes to/from work or school and practice them. 
• Continue to be alert for suspicious activity and report it to authorities. 


High RiskORANGE


• Complete recommended steps at lower levels. 
• Exercise caution when traveling, pay attention to travel advisories. 
• Review your family emergency plan and make sure all family members know what to do. 
• Be Patient. Expect some delays, baggage searches and restrictions at public buildings. 
• Check on neighbors or others that might need assistance in an emergency. 


Severe Risk  


• Complete all recommended actions at lower levels. 
• Listen to local emergency management offi cials. 
• Stay tuned to TV or radio for current information/instructions.
• Be prepared to shelter or evacuate, as instructed. 
• Expect traffi c delays and restrictions. 
• Provide volunteer services only as requested. 
• Contact your school/business to determine status of work day. 


*Developed with input from the American Red Cross. 
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Knowledge Check
1. By following the instructions in this guide, you should now have the following:


• A family disaster plan that sets forth what you and your family need to do to prepare for and respond 
to all types of hazards.


• A disaster supplies kit fi lled with items you would need to sustain you and your family for at least 
three days, maybe more.


• Knowledge of your community warning systems and what you should do when these are activated.


• An understanding of why evacuations are necessary and what you would need to do in the case of an 
evacuation.


• Identifi cation of where the safest shelters are for the various hazards.


Compare the above actions with the personal action guidelines for each of the threat levels.  Determine how well you are pre-
pared for each of the fi ve levels.


2. What is the current threat level?  ___________________________


Hint:  To determine the current threat level, check your cable news networks or visit www.dhs.gov.  Keep 
your family informed when changes in the threat level occur, and go over the personal 
actions you need to take.
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For More Information
If you require more information about any of these topics, the following 
resource may be helpful.


Publications American Red Cross


American Red Cross:  Homeland Security Advisory System Recommendations for Individuals, Families, 
Neighborhoods, Schools, and Businesses.  Explanation of preparedness activities for each 
population. Available online at www.redcross.org/services/disaster/beprepared/
hsas.html
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5
Recovering


from Disaster
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Health and Safety 
Guidelines
Recovering from a disaster is usually a gradual process.  Safety is a primary issue, as 
are mental and physical well-being.  If assistance is available, knowing how to ac-
cess it makes the process faster and less stressful.  This section offers some general 
advice on steps to take after disaster strikes in order to begin getting your home, 
your community, and your life back to normal.


Your fi rst concern after a disaster is your family’s health and safety.  You need to 
consider possible safety issues and monitor family health and well-being.  


Aiding the Injured Check for injuries.  Do not attempt to move seriously injured persons unless they 
are in immediate danger of death or further injury.  If you must move an uncon-
scious person, fi rst stabilize the neck and back, then call for help immediately.


• If the victim is not breathing, carefully position the victim for artifi cial respi-
ration, clear the airway, and commence mouth-to-mouth resuscitation.


• Maintain body temperature with blankets.  Be sure the victim does not be-
come overheated.


• Never try to feed liquids to an unconscious person.


Health • Be aware of exhaustion.  Don’t try to do too much at once.  Set priorities and 
pace yourself.  Get enough rest.


• Drink plenty of clean water.  


• Eat well.


• Wear sturdy work boots and gloves. 


• Wash your hands thoroughly with soap and clean water often when working 
in debris.


Safety Issues  • Be aware of new safety issues created by the disaster.  Watch for washed out 
roads, contaminated buildings, contaminated water, gas leaks, broken glass, 
damaged electrical wiring, and slippery fl oors.


• Inform local authorities about health and safety issues, including chemical 
spills, downed power lines, washed out roads, smoldering insulation, and 
dead animals.
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Returning Home
Returning home can be both physically and mentally challenging.  Above all, use 
caution. 


General tips: 


• Keep a battery-powered radio with you so you can listen for emergency up-
dates and news reports.


• Use a battery-powered fl ash light to inspect a damaged home.  
Note:  The fl ashlight should be turned on outside before entering—the bat-
tery may produce a spark that could ignite leaking gas, if present. 


• Watch out for animals, especially poisonous snakes.  Use a stick to poke 
through debris.


• Use the phone only to report life-threatening emergencies.


• Stay off the streets.  If you must go out, watch for fallen objects; downed elec-
trical wires; and weakened walls, bridges, roads, and sidewalks.


Before You Enter Your YomeWalk carefully around the outside and check for loose power lines, gas leaks, and 
structural damage.  If you have any doubts about safety, have your residence in-
spected by a qualifi ed building inspector or structural engineer before entering.


Do not enter if:


• You smell gas. 


• Floodwaters remain around the building.


• Your home was damaged by fi re and the authorities have not declared it safe.


Going Inside Your HomeWhen you go inside your home, there are certain things you should and should 
not do. Enter the home carefully and check for damage.  Be aware of loose boards 
and slippery fl oors.  The following items are other things to check inside your 
home:
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• Natural gas.  If you smell gas or hear a hissing or blowing sound, open a 
window and leave immediately.  Turn off the main gas valve from the outside, 
if you can.  Call the gas company from a neighbor’s residence.  If you shut off 
the gas supply at the main valve, you will need a professional to turn it back 
on.  Do not smoke or use oil, gas lanterns, candles, or torches for lighting 
inside a damaged home until you are sure there is no leaking gas or other 
fl ammable materials present.  


• Sparks, broken or frayed wires. Check the electrical system unless you are 
wet, standing in water, or unsure of your safety.  If possible, turn off the elec-
tricity at the main fuse box or circuit breaker.  If the situation is unsafe, leave 
the building and call for help.  Do not turn on the lights until you are sure 
they’re safe to use.  You may want to have an electrician inspect your wiring.


• Roof, foundation, and chimney cracks. If it looks like the building may col-
lapse, leave immediately.  


• Appliances. If appliances are wet, turn off the electricity at the main fuse 
box or circuit breaker.  Then, unplug appliances and let them dry out.  Have 
appliances checked by a professional before using them again.  Also, have the 
electrical system checked by an electrician before turning the power back on.


• Water and sewage systems. If pipes are damaged, turn off the main water 
valve.  Check with local authorities before using any water; the water could be 
contaminated.  Pump out wells and have the water tested by authorities before 
drinking.  Do not fl ush toilets until you know that sewage lines are intact.


• Food and other supplies. Throw out all food and other supplies that you sus-
pect may have become contaminated or come in to contact with fl oodwater.


• Your basement. If your basement has fl ooded, pump it out gradually (about 
one third of the water per day) to avoid damage.  The walls may collapse and 
the fl oor may buckle if the basement is pumped out while the surrounding 
ground is still waterlogged.


• Open cabinets.  Be alert for objects that may fall.


• Clean up household chemical spills. Disinfect items that may have been con-
taminated by raw sewage, bacteria, or chemicals.  Also clean salvageable items. 


• Call your insurance agent.  Take pictures of damages.  Keep good records of 
repair and cleaning costs.
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Being Wary of Wildlife and 
Other AnimalsDisaster and life threatening situations will exacerbate the unpredictable nature of 


wild animals.  To protect yourself and your family, learn how to deal with wildlife.


Guidelines  


• Do not approach or attempt to help an injured or stranded animal. Call your 
local animal control offi ce or wildlife resource offi ce. 


• Do not corner wild animals or try to rescue them.  Wild animals will likely 
feel threatened and may endanger themselves by dashing off into fl oodwaters, 
fi re, and so forth.


• Do not approach wild animals that have taken refuge in your home.  Wild 
animals such as snakes, opossums, and raccoons often seek refuge from 
fl oodwaters on upper levels of homes and have been known to remain after 
water recedes.  If you encounter animals in this situation, open a window or 
provide another escape route and the animal will likely leave on its own.  Do 
not attempt to capture or handle the animal.  Should the animal stay, call your 
local animal control offi ce or wildlife resource offi ce.


• Do not attempt to move a dead animal. Animal carcasses can present serious 
health risks.  Contact your local emergency management offi ce or health de-
partment for help and instructions.


• If bitten by an animal, seek immediate medical attention.


Seeking Disaster Assistance
Throughout the recovery period, it is important to monitor local radio or televi-
sion reports and other media sources for information about where to get emergen-
cy housing, food, fi rst aid, clothing, and fi nancial assistance.  The following section 
provides general information about the kinds of assistance that may be available.
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Direct Assistance Direct assistance to individuals and families may come from any number of organi-
zations, including: 


• American Red Cross.


• Salvation Army.


• Other volunteer organization.  


These organizations provide food, shelter, supplies and assist in clean-up efforts.


The Federal Role In the most severe disasters, the federal government is also called in to help indi-
viduals and families with temporary housing, counseling (for post-disaster trau-
ma), low-interest loans and grants, and other assistance.  The federal government 
also has programs that help small businesses and farmers.


Most federal assistance becomes available when the President of the United States 
declares a “Major Disaster” for the affected area at the request of a state governor.  
FEMA will provide information through the media and community outreach about 
federal assistance and how to apply.  


Coping with Disaster
The emotional toll that disaster brings can sometimes be even more devastating 
than the fi nancial strains of damage and loss of home, business, or personal prop-
erty.  


Understand Disaster Events •  Everyone who sees or experiences a disaster is affected by it in some way.  


•  It is normal to feel anxious about your own safety and that of your family and 
close friends.  


•  Profound sadness, grief, and anger are normal reactions to an abnormal event. 


•  Acknowledging your feelings helps you recover. 


•  Focusing on your strengths and abilities helps you heal. 


•  Accepting help from community programs and resources is healthy. 


•  Everyone has different needs and different ways of coping. 


•  It is common to want to strike back at people who have caused great pain. 


Children and older adults are of special concern in the aftermath of disasters.  Even 
individuals who experience a disaster “second hand” through exposure to extensive 
media coverage can be affected.  


Contact local faith-based organizations, voluntary agencies, or professional coun-
selors for counseling.  Additionally, FEMA and state and local governments of the 
affected area may provide crisis counseling assistance.
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Recognize Signs of Disaster 
Related StressWhen adults have the following signs, they might need crisis counseling or stress 


management assistance:


•  Diffi culty communicating thoughts.


•  Diffi culty sleeping.


•  Diffi culty maintaining balance in their lives.


•  Low threshold of frustration.


•  Increased use of drugs/alcohol.


•  Limited attention span.


•  Poor work performance.


•  Headaches/stomach problems.


•  Tunnel vision/muffl ed hearing.


•  Colds or fl u-like symptoms.


•  Disorientation or confusion.


•  Diffi culty concentrating.


•  Reluctance to leave home.


•  Depression, sadness.


•  Feelings of hopelessness.


•  Mood-swings and easy bouts of crying.


•  Overwhelming guilt and self-doubt.


•  Fear of crowds, strangers, or being alone.


Easing Disaster-Related 
StressThe following are ways to ease disaster-related stress:


• Talk with someone about your feelings—anger, sorrow, and other emotions—
even though it may be diffi cult. 


• Seek help from professional counselors who deal with post-disaster stress.


• Do not hold yourself responsible for the disastrous event or be frustrated be-
cause you feel you cannot help directly in the rescue work. 


• Take steps to promote your own physical and emotional healing by healthy 
eating, rest, exercise, relaxation, and meditation. 


• Maintain a normal family and daily routine, limiting demanding responsibili-
ties on yourself and your family. 


• Spend time with family and friends. 


• Participate in memorials. 
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• Use existing support groups of family, friends, and religious institutions. 


• Ensure you are ready for future events by restocking your disaster supplies kits 
and updating your family disaster plan.  Doing these positive actions can be 
comforting.


Helping Children Cope 
with Disaster Disasters can leave children feeling frightened, confused, and insecure.  Whether a 


child has personally experienced trauma, has merely seen the event on television, 
or has heard it discussed by adults, it is important for parents and teachers to be 
informed and ready to help if reactions to stress begin to occur.


Children may respond to disaster by demonstrating fears, sadness, or behavioral 
problems.  Younger children may return to earlier behavior patterns, such as bed-
wetting, sleep problems, and separation anxiety.  Older children may also display 
anger, aggression, school problems, or withdrawal.  Some children who have only 
indirect contact with the disaster but witness it on television may develop distress.


Who is at Risk? 


For many children, reactions to disasters are brief and represent normal reac-
tions to “abnormal events.”  A smaller number of children can be at risk for more 
enduring psychological distress as a function of three major risk factors:


• Direct exposure to the disaster, such as being evacuated, observing injuries 
or death of others, or experiencing injury along with fearing one’s life is in 
danger


• Loss/grief: This relates to the death or serious injury of family or friends


• On-going stress from the secondary effects of disaster, such as temporarily 
living elsewhere, loss of friends and social networks, loss of personal property, 
parental unemployment, and costs incurred during recovery to return the 
family to pre-disaster life and living conditions. 


What Creates Vulnerabilities in Children?


In most cases, depending on the risk factors above, distressing responses are 
temporary.  In the absence of severe threat to life, injury, loss of loved ones, or 
secondary problems such as loss of home, moves, etc., symptoms usually dimin-
ish over time.  For those that were directly exposed to the disaster, reminders of 
the disaster such as high winds, smoke, cloudy skies, sirens, or other reminders 
of the disaster may cause upsetting feelings to return.  Having a prior history of 
some type of traumatic event or severe stress may contribute to these feelings.
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Children’s coping with disaster or emergencies is often tied to the way parents 
cope. They can detect adults’ fears and sadness.  Parents and adults can make 
disasters less traumatic for children by taking steps to manage their own feelings 
and plans for coping.  Parents are almost always the best source of support for 
children in disasters.  One way to establish a sense of control and to build confi -
dence in children before a disaster is to engage and involve them in preparing a 
family disaster plan.  After a disaster, children can contribute to a family recovery 
plan.   


A Child’s Reaction to Disaster by Age 


Below are common reactions in children after a disaster or traumatic event.


Birth through 2 years.  When children are pre-verbal and experience a trauma, 
they do not have the words to describe the event or their feelings.  However, they 
can retain memories of particular sights, sounds, or smells.  Infants may react 
to trauma by being irritable, crying more than usual, or wanting to be held and 
cuddled.  The biggest infl uence on children of this age is how their parents cope.  
As children get older, their play may involve acting out elements of the traumatic 
event that occurred several years in the past and was seemingly forgotten.


Preschool—3 through 6 years.  Preschool children often feel helpless and pow-
erless in the face of an overwhelming event.  Because of their age and small size, 
they lack the ability to protect themselves or others.  As a result, they feel intense 
fear and insecurity about being separated from caregivers.  Preschoolers cannot 
grasp the concept of permanent loss.  They can see consequences as being revers-
ible or permanent.  In the weeks following a traumatic event, preschoolers’ play 
activities may reenact the incident or the disaster over and over again.


School age—7 through 10 years.  The school-age child has the ability to un-
derstand the permanence of loss.  Some children become intensely preoccupied 
with the details of a traumatic event and want to talk about it continually.  This 
preoccupation can interfere with the child’s concentration at school and academ-
ic performance may decline.  At school, children may hear inaccurate informa-
tion from peers.  They may display a wide range of reactions—sadness, general-
ized fear, or specifi c fears of the disaster happening again, guilt over action or 
inaction during the disaster, anger that the event was not prevented, or fantasies 
of playing rescuer.


Pre-adolescence to adolescence—11 through 18 years.  As children grow 
older, they develop a more sophisticated understanding of the disaster event. 
Their responses are more similar to adults.  Teenagers may become involved in 
dangerous, risk-taking behaviors, such as reckless driving, or alcohol or drug 
use.  Others can become fearful of leaving home and avoid previous levels of 
activities.  Much of adolescence is focused on moving out into the world.  After a 
trauma, the view of the world can seem more dangerous and unsafe.  A teenager 
may feel overwhelmed by intense emotions and yet feel unable to discuss them 
with others.


Review


See Section 1: 
Basic preparedness
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Meeting the Child’s Emotional Needs


Children’s reactions are infl uenced by the behavior, thoughts, and feelings of 
adults. Adults should encourage children and adolescents to share their thoughts 
and feelings about the incident.  Clarify misunderstandings about risk and 
danger by listening to children’s concerns and answering questions.  Maintain a 
sense of calm by validating children’s concerns and perceptions and with discus-
sion of concrete plans for safety. 


Listen to what the child is saying.  If a young child is asking questions about the 
event, answer them simply without the elaboration needed for an older child or 
adult.  Some children are comforted by knowing more or less information than 
others; decide what level of information your particular child needs.  If a child 
has diffi culty expressing feelings, allow the child to draw a picture or tell a story 
of what happened.


Try to understand what is causing anxieties and fears.  Be aware that following a 
disaster, children are most afraid that:


• The event will happen again.


• Someone close to them will be killed or injured.


• They will be left alone or separated from the family.


Reassuring Children After a Disaster 


Suggestions to help reassure children include the following:


• Personal contact is reassuring.  Hug and touch your children.


• Calmly provide factual information about the recent disaster and current plans 
for insuring their safety along with recovery plans.


• Encourage your children to talk about their feelings. 


• Spend extra time with your children such as at bedtime.


• Re-establish your daily routine for work, school, play, meals, and rest.


• Involve your children by giving them specifi c chores to help them feel they 
are helping to restore family and community life.


• Praise and recognize responsible behavior.


• Understand that your children will have a range of reactions to disasters.


• Encourage your children to help update your a family disaster plan.


If you have tried to create a reassuring environment by following the steps above, 
but your child continues to exhibit stress, if the reactions worsen over time, or 
if they cause interference with daily behavior at school, at home, or with other 
relationships, it may be appropriate to talk to a professional.  You can get profes-
sional help from the child’s primary care physician, a mental health provider 
specializing in children’s needs, or a member of the clergy.
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Monitor and Limit Your Family’s Exposure to the Media


News coverage related to a disaster may elicit fear and confusion and arouse 
anxiety in children.  This is particularly true for large-scale disasters or a terror-
ist event where signifi cant property damage and loss of life has occurred.  Par-
ticularly for younger children, repeated images of an event may cause them to 
believe the event is recurring over and over.   


If parents allow children to watch television or use the Internet where images 
or news about the disaster are shown, parents should be with them to encour-
age communication and provide explanations. This may also include parent’s 
monitoring and appropriately limiting their own exposure to anxiety-provoking 
information. 


Use Support Networks


Parents help their children when they take steps to understand and manage 
their own feelings and ways of coping.  They can do this by building and using 
social support systems of family, friends, community organizations and agencies, 
faith-based institutions, or other resources that work for that family.  Parents can 
build their own unique social support systems so that in an emergency situation 
or when a disaster strikes, they can be supported and helped to manage their 
reactions.  As a result, parents will be more available to their children and better 
able to support them.  Parents are almost always the best source of support for 
children in diffi cult times. But to support their children, parents need to attend 
to their own needs and have a plan for their own support. 


Preparing for disaster helps everyone in the family accept the fact that disasters 
do happen, and provides an opportunity to identify and collect the resources 
needed to meet basic needs after disaster.  Preparation helps; when people feel 
prepared, they cope better and so do children. 


Helping Others
The compassion and generosity of the American people is never more evident than 
after a disaster.  People want to help.  Here are some general guidelines on helping 
others after a disaster:


• Volunteer! Check with local organizations or listen to local news reports for 
information about where volunteers are needed.  Note:  Until volunteers are 
specifi cally requested, stay away from disaster areas.


• Bring your own food, water, and emergency supplies to a disaster area if you 
are needed there.  This is especially important in cases where a large area has 
been affected and emergency items are in short supply.


• Give a check or money order to a recognized disaster relief organization.  
These groups are organized to process checks, purchase what is needed, and 
get it to the people who need it most.
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• Do not drop off food, clothing, or any other item to a government agency 
or disaster relief organization unless a particular item has been requested.  
Normally, these organizations do not have the resources to sort through the 
donated items. 


• Donate a quantity of a given item or class of items (such as nonperishable 
food) rather than a mix of different items.  Determine where your donation 
is going, how it’s going to get there, who is going to unload it, and how it is 
going to be distributed.  Without suffi cient planning, much needed supplies 
will be left unused.


For More Information
If you require more information about any of these topics, the following are 
resources that may be helpful.


FEMA Publications Helping Children Cope with Disasters.  L-196.  Provides information about how to prepare 
children for disaster and how to lessen the emotional effects of disaster. 


When Disaster Strikes.  L-217. Provides information about donations and volunteer 
organizations.


Repairing Your Flooded Home.  FEMA 234.  This 362-page publication provides a step-
by-step guide to repairing your home and how to get help after a fl ood disaster.  
Available online at www.fema.gov/hazards/fl oods/lib234.shtm


After a Flood:  The First Steps.  L 198.  Tips for staying healthy, cleaning up and repairing, 
and getting help after a fl ood.  Available online at www.fema.gov/hazards/fl oods/
aftrfl d.shtm
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Appendix A: 
Water Conservation Tips


Indoor Water 
Conservation TipsGeneral


• Never pour water down the drain when there may be another use for it.  Use 
it to water your indoor plants or garden.  


• Repair dripping faucets by replacing washers.  One drop per second wastes 
2,700 gallons of water per year!  


• Check all plumbing for leaks.  Have leaks repaired by a plumber.
• Retrofi t all household faucets by installing aerators with fl ow restrictors.
• Install an instant hot water heater on your sink. 
• Insulate your water pipes to reduce heat loss and prevent them from breaking.
• Install a water-softening system only when the minerals in the water would 


damage your pipes.  Turn the softener off while on vacation. 
• Choose appliances that are more energy and water effi cient.


Bathroom


• Consider purchasing a low-volume toilet that uses less than half the water of 
older models.  Note: In many areas, low-volume units are required by law.


• Install a toilet displacement device to cut down on the amount of water need-
ed to fl ush.  Place a one-gallon plastic jug of water into the tank to displace 
toilet fl ow (do not use a brick, it may dissolve and loose pieces may cause 
damage to the internal parts).  Be sure installation does not interfere with the 
operating parts.


• Replace your showerhead with an ultra-low-fl ow version. 
• Place a bucket in the shower to catch excess water for watering plants. 
• Avoid fl ushing the toilet unnecessarily.  Dispose of tissues, insects, and other 


similar waste in the trash rather than the toilet. 
• Avoid taking baths—take short showers—turn on water only to get wet and 


lather and then again to rinse off. 
• Avoid letting the water run while brushing your teeth, washing your face, or 


shaving.
 
Kitchen


• Operate automatic dishwashers only when they are fully loaded.  Use the 
“light wash” feature, if available, to use less water. 


• Hand wash dishes by fi lling two containers—one with soapy water and the 
other with rinse water containing a small amount of chlorine bleach.


• Clean vegetables in a pan fi lled with water rather than running water from the 
tap.


• Start a compost pile as an alternate method of disposing of food waste or 
simply dispose of food in the garbage. (Kitchen sink disposals require a lot of 
water to operate properly).  


• Store drinking water in the refrigerator.  Do not let the tap run while you are 
waiting for water to cool.
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• Avoid wasting water waiting for it to get hot.  Capture it for other uses such as 
plant watering or heat it on the stove or in a microwave.


• Avoid rinsing dishes before placing them in the dishwasher; just remove large 
particles of food. (Most dishwashers can clean soiled dishes very well, so 
dishes do not have to be rinsed before washing) 


• Avoid using running water to thaw meat or other frozen foods.  Defrost food 
overnight in the refrigerator or use the defrost setting on your microwave 
oven.


Laundry


• Operate automatic clothes washers only when they are fully loaded or set the 
water level for the size of your load.


Outdoor Water 
Conservation Tips General 


• Check your well pump periodically.  If the automatic pump turns on and off 
while water is not being used, you have a leak.


• Plant native and/or drought-tolerant grasses, ground covers, shrubs, and trees.  
Once established, they do not need water as frequently and usually will sur-
vive a dry period without watering.  Small plants require less water to become 
established.  Group plants together based on similar water needs. 


• Install irrigation devices that are the most water effi cient for each use.  Micro 
and drip irrigation and soaker hoses are examples of effi cient devices.


• Use mulch to retain moisture in the soil.  Mulch also helps control weeds that 
compete with landscape plants for water.


• Avoid purchasing recreational water toys that require a constant stream of 
water.


• Avoid installing ornamental water features (such as fountains) unless they use 
recycled water. 


Car Washing


• Use a shut-off nozzle that can be adjusted down to a fi ne spray on your hose.
• Use a commercial car wash that recycles water.  If you wash your own car, 


park on the grass so that you will be watering it at the same time. 


Lawn Care


• Avoid over watering your lawn.  A heavy rain eliminates the need for watering 
for up to two weeks.  Most of the year, lawns only need one inch of water per 
week.


• Water in several short sessions rather than one long one, in order for your 
lawn to better absorb moisture.  


• Position sprinklers so water lands on the lawn and shrubs and not on paved 
areas.
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• Avoid sprinklers that spray a fi ne mist.  Mist can evaporate before it reaches 
the lawn.  Check sprinkler systems and timing devices regularly to be sure 
they operate properly. 


• Raise the lawn mower blade to at least three inches or to its highest level.  A 
higher cut encourages grass roots to grow deeper, shades the root system, and 
holds soil moisture. 


• Plant drought-resistant lawn seed.
• Avoid over-fertilizing your lawn.  Applying fertilizer increases the need for 


water.  Apply fertilizers that contain slow-release, water-insoluble forms of 
nitrogen. 


• Use a broom or blower instead of a hose to clean leaves and other debris from 
your driveway or sidewalk.


• Avoid leaving sprinklers or hoses unattended.  A garden hose can pour out 
600 gallons or more in only a few hours.


 
Pool


• Install a new water-saving pool fi lter.  A single back fl ushing with a traditional 
fi lter uses 180 to 250 gallons of water.


• Cover pools and spas to reduce evaporation of water. 
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Appendix B:
Disaster Supplies Checklists


The following list is to help you determine what to include in your disaster sup-
plies kit that will meet your family’s needs.


First Aid Supplies 


Supplies Home (√) Vehicle (√) Work (√)


Adhesive bandages, various sizes


5” x 9” sterile dressing 


Conforming roller gauze bandage 


Triangular bandages


3” x 3” sterile gauze pads


4” x 4” sterile gauze pads


Roll 3” cohesive bandage


Germicidal hand wipes or waterless, alco-
hol-based hand sanitizer


Antiseptic wipes


Pairs large, medical grade, 
non-latex gloves


Tongue depressor blades 


Adhesive tape, 2” width


Antibacterial ointment


Cold pack


Scissors (small, personal)


Tweezers


Assorted sizes of safety pins


Cotton balls


Thermometer


Tube of petroleum jelly or other 
lubricant


Sunscreen


CPR breathing barrier, such as a face shield


First aid manual
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Non-Prescription and Prescription Medicine Kit Supplies


Supplies Home  (√) Vehicle  (√) Work  (√)


Aspirin and non-aspirin pain reliever


Anti-diarrhea medication


Antacid (for stomach upset)


Laxative


Vitamins


Prescriptions


Extra eyeglasses/contact lenses


Sanitation and Hygiene Supplies


Item (√) Item (√)


Washcloth and towel Heavy-duty plastic garbage bags and ties 
for personal sanitation uses and toilet 
paper


Towelettes, soap, hand sanitizer Medium-sized plastic bucket with tight 
lid


Tooth paste, toothbrushes Disinfectant and household chlorine 
bleach


Shampoo, comb, and brush A small shovel for digging a latrine


Deodorants, sunscreen Toilet paper


Razor, shaving cream


Lip balm, insect repellent


Contact lens solutions


Mirror


Feminine supplies
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Equipment and Tools 


Tools (√) Kitchen Items (√)


Portable, battery-powered radio or 
television and extra batteries 


Manual can opener


NOAA Weather Radio, if 
appropriate for your area  


Mess kits or paper cups, plates, and 
plastic utensils


Flashlight and extra 
batteries


All-purpose knife


Signal fl are Household liquid bleach to treat 
drinking water


Matches in a waterproof container 
(or waterproof matches)


Sugar, salt, pepper


Shut-off wrench, pliers, shovel, 
and other tools


Aluminum foil and plastic wrap


Duct tape and scissors Resealable plastic bags


Plastic sheeting Small cooking stove and a can 
of cooking fuel (if food must be 
cooked)


Whistle


Small canister, ABC-type fi re extin-
guisher


Comfort Items


Tube tent Games


Compass Cards


Work gloves Books


Paper, pens, and pencils Toys for kids


Needles and thread Foods


Battery-operated travel alarm clock
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Food and Water


Supplies Home  (√) Vehicle  (√) Work  (√)


Water


Ready-to-eat meats, fruits, and vegetables


Canned or boxed juices, milk, and soup


High-energy foods such as peanut butter, 
jelly, low-sodium crackers, granola bars, and 
trail mix.


Vitamins


Special foods for infants or persons on special 
diets


Cookies, hard candy


Instant coffee


Cereals


Powdered milk


Clothes and Bedding Supplies


Item (√) (√) (√) (√)


Complete change of clothes


Sturdy shoes or boots


Rain gear


Hat and gloves


Extra socks


Extra underwear


Thermal underwear


Sunglasses


Blankets/sleeping bags and pillows
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Documents and Keys


Make sure you keep these items in a watertight container


Item Stored (√)


Personal identifi cation


Cash and coins


Credit cards


Extra set of house keys and car keys


Copies of the following:


• Birth certifi cate


• Marriage certifi cate


• Driver’s license


• Social Security cards


• Passports


• Wills


• Deeds


• Inventory of household goods


• Insurance papers


• Immunization records


• Bank and credit card account numbers


• Stocks and bonds


Emergency contact list and phone numbers


Map of the area and phone numbers of places you could go
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PREFACE



The Federal Emergency Management Agency (FEMA), which is part of the Department of 
Homeland Security, works to reduce the ever-increasing cost that disasters inflict on the nation.  
Preventing losses before they occur by designing and constructing buildings and their 
components to withstand anticipated forces from various hazards is one of the key components 
of mitigation and is one of the most effective ways of reducing the cost of future disasters. 


The National Earthquake Hazards Reduction Program (NEHRP) is the federal program 
established to address the nation's earthquake threat.  NEHRP seeks to resolve two basic issues: 
how will earthquakes affect us and how do we best apply our resources to reduce their impact on 
our nation. The program was established by Congress under the Earthquake Hazards Reduction 
Act of 1977 (Public Law 95-124) and was the result of years of examination of the earthquake 
hazard and possible mitigation measures.  Under the NEHRP, FEMA is responsible for 
supporting program implementation activities, including the development, publication, and 
dissemination of technical design and construction guidance documents.   


Generally, there has not been much technical guidance addressing residential buildings unless 
they are located in areas of high seismicity or exceed a certain size or height.  This is because 
most residential buildings were thought to perform fairly well in earthquakes due to their low 
mass and simple construction.  While buildings may not normally experience catastrophic 
collapse, they can still suffer significant amounts of damage, rendering them uninhabitable.  This 
is especially true when construction techniques are less than adequate.  What is particularly 
important from FEMA's point of view is that, given the sheer number of this type of building, 
even minor damage represents a significant loss potential and temporary housing demand that 
will need to be addressed after an earthquake by all levels of government. 


After the San Fernando earthquake in 1971, a study of residential buildings and the damage they 
suffered was conducted by a team of experts under funding from the Department of Housing and 
Urban Development (HUD) and the National Science Foundation (NSF).  HUD utilized these 
data to develop a non-engineering document entitled Home Builder's Guide to Earthquake 
Design. This manual, originally published in 1980, provided easy-to-follow information to the 
average homebuilder on steps for reducing potential earthquake damage.  In July 1992 it was 
reprinted as a joint FEMA-HUD document, also known as FEMA 232.  The manual was 
subsequently updated for FEMA and the revised publication, Home Builders Guide to Seismic 
Resistant Construction (FEMA 232), was published in August 1998. 


Since that time, there have been several significant changes that needed to be incorporated into 
this document to keep it current.  The first and most important change was the completion of the 
FEMA-funded Consortium of Universities for Research in Earthquake Engineering (CUREE)-
Caltech Woodframe Project.  This project was funded using FEMA Hazard Mitigation Grant 
Program funds available after the Northridge earthquake and was designed to address the 
unexpected amount of damage suffered by wood frame residential structures.  Similar to the 
successful FEMA/SAC Steel Moment Frame Buildings Project, this effort combined academic 
research and testing of wood frame buildings and components with the development of 
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engineering-based design guidance for future construction.  The project yielded some interesting 
findings that needed to be captured in a guidance document. 


A second change was the development and publication of the 2000 International Residential 
Code (IRC) by the International Code Council.  This model residential building code replaced 
the Council of American Building Officials (CABO) One- and Two-Family Dwelling Code, 
which did not adequately address earthquake loads. The IRC reflects on the NEHRP 
Recommended Provisions and is intended to adequately address the earthquake hazard.   


This publication presents seismic design and construction guidance for one- and two-family 
houses in a manner that can be utilized by homebuilders, knowledgeable homeowners, and other 
non-engineers. It incorporates and references the prescriptive provisions of the 2003 
International Residential Code as well as the results of the FEMA-funded CUREE-Caltech 
Woodframe Project.  The manual includes prescriptive building detail plans based on state-of-
the-art earthquake-resistant design for use by homebuilders and others in the construction of a 
non-engineered residential structure.  Further, the manual also uses the results of recent loss 
investigations as well as current research and analysis results to identify a number of specific 
above-code measures for improved earthquake performance along with their associated costs.  A 
typical modern house is used to illustrate the application and benefits of above-code measures.  
This manual replaces the Home Builders Guide to Seismic Resistant Construction (FEMA 232) 
published by FEMA in August 1998 as well as earlier FEMA and HUD versions. 


Finally, FEMA wishes to express its deepest gratitude for the significant efforts of primary 
authors J. Daniel Dolan, Kelly Cobeen, and James Russell; the members of the Project Team; the 
many reviewers and workshop attendees; and the BSSC Board of Direction and staff.  Their 
dedication and hard work made this document possible.   


Department of Homeland Security/Federal Emergency Management Agency 
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EXECUTIVE SUMMARY 



This guide provides information on current best practices for earthquake-resistant house 
design and construction for use by builders, designers, code enforcement personnel, and 
potential homeowners.  It incorporates lessons learned from the 1989 Loma Prieta and 
1994 Northridge earthquakes as well as knowledge gained from the FEMA-funded 
CUREE-Caltech Woodframe Project.  It also introduces and explains the effects of 
earthquake loads on one- and two-family detached houses and identifies the requirements 
of the 2003 International Residential Code (IRC) intended to resist these loads. The 
stated purpose of the IRC is to provide: 


. . . minimum requirements to safeguard the public safety, health, and general welfare, 
through affordability, structural strength, means of egress facilities, stability, sanitation, 
light and ventilation, energy conservation and safety to life and property from fire and 
other hazards attributed to the built environment. 


Because the building code requirements are minimums, a house and its contents still may 
be damaged in an earthquake even if it was designed and built to comply with the code.  
Research has shown, however, that earthquake damage to a house can be reduced for a 
relatively small increase in construction cost.  This guide identifies above-code 
techniques for improving earthquake performance and presents an estimate of their cost.  
Note that the information presented in this guide is not intended to replace the IRC or any 
applicable state or local building code, and the reader is urged to consult with the local 
building department before applying any of the guidance presented in this document. 


The information presented in this guide applies only to one- and two-family detached 
houses constructed using the nonengineered prescriptive construction provisions of the 
IRC. Applicable IRC limits on building configuration and construction are described.  


A typical model house is used to illustrate the concepts discussed and to identify 
approximate deflections under earthquake loading, which permits performance to be 
compared for various building configurations using the minimum code requirements and 
the above-code techniques. The above-code recommendations are based on an analysis 
of the model house as well as comparative tests performed by various researchers and the 
lessons learned from investigation of residential building performance in past 
earthquakes.  A nonlinear time-history analysis was performed for the model building 
using the SAWS computer program developed as part of the CUREE-Caltech 
Woodframe Project (Folz and Filiatrault, 2002).  Details of the analysis are presented in 
Appendix A. 


Additional appendices feature checklists for builders, designers, and plan checkers; 
explain significant differences between the 2003 and 2006 editions of the IRC; and 
present a list of reference materials.  
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Chapter 1 

INTRODUCTION 



1.1 BACKGROUND 


After the 1971 earthquake in San Fernando, California, a study of residential buildings and the 
types of damage they suffered was conducted by a team of experts with funding from the 
Department of Housing and Urban Development (HUD) and the National Science Foundation 
(NSF). Subsequently, HUD utilized the results of that study to develop a nonengineering 
guidance document entitled Home Builder's Guide to Earthquake Design. This manual was 
originally published in June 1980 to provide homebuilders with easy-to-follow guidance for 
reducing potential earthquake damage. 


In July 1992, the Federal Emergency Management Agency (FEMA) reissued the HUD manual 
with some updated material as a joint FEMA/HUD publication identified as FEMA 232.  By the 
mid-1990s, it was apparent that this publication was in need of updating, especially to take into 
account some of the early findings from the 1994 Northridge earthquake.  This update was 
prepared for FEMA by SOHA Engineers and was published by FEMA in August 1998 as the 
Home Builders Guide to Seismic Resistant Construction, again as FEMA 232. 


Since that time, significant events have occurred warranting another updating of the guide.  First 
was completion of the FEMA-funded CUREE-Caltech Woodframe Project.  This project, funded 
under the FEMA Hazard Mitigation Grant Program, addressed the unexpected damage suffered 
by woodframe residential structures during the Northridge earthquake.  Project testing of 
complete woodframe buildings and individual components that resist or transmit earthquake 
loads yielded some interesting findings that needed to be captured in a guidance document.   


Another significant event occurred in 1994 when the International Code Council was established 
to develop a single set of comprehensive and coordinated national model construction codes.  
Prior to this time, the three organizations that founded the ICC – the Building Officials and Code 
Administrators International, Inc. (BOCAI), the International Conference of Building Officials 
(ICBO), and Southern Building Code Congress International, Inc. (SBCCI) – each published a 
set of model building codes that generally were used in distinct regions of the nation.  The initial 
editions of the ICC’s International Building Code (IBC) and International Residential Code 
(IRC) were published in 2000 and updates were issued in 2003 and 2006.  The IBC replaced 
BOCAI’s National Building Code, ICBO’s Uniform Building Code, and SBCCI’s Standard 
Building Code. For prescriptive residential construction, the IRC replaced the One- and Two-
Family Dwelling Code of the Council of American Building Officials (CABO).  (Note that the 
IBC contains prescriptive and engineering provisions for light-frame wood construction.  In 
certain cases, the IBC prescriptive provisions are different from those in the IRC. The National 
Fire Protection Association’s NFPA 5000 Building Construction and Safety Code does not 
contain provisions for prescriptive residential construction.)   
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In order to address these and other changes, FEMA initiated a complete rewrite of the 1998 
document; this guide, which retains the FEMA 232 designation, is the result.  One- and two-
family detached houses of light-frame wood construction are addressed; however, the discussion 
is relevant to other materials of construction likely to be used for houses including light-frame 
cold-formed steel and insulated concrete form.  Explained in this guide are: 


•	 The basic principles of earthquake-resistant design,  
•	 The specific prescriptive seismic provisions of the 2003 International Residential Code, 
•	 The results of recent research and analysis, and 
•	 Measures exceeding code requirements that are expected to reduce the amount of 


damage from an earthquake (see Section 1.2 below). 


The guide also includes limited guidance on applying the principles of earthquake resistance to 
house additions and alterations and on anchoring typical house furnishings and equipment such 
as hot water heaters. Appendices describe the analyses performed in developing this guide, 
present checklists for builders, designers, and plan checkers; explain significant differences 
between the 2003 and 2006 editions of the IRC; and identify reference materials and participants 
in the project resulting in this guide. 


1.2 	ABOVE-CODE RECOMMENDATIONS 


The above-code recommendations included in this guide describe details that, when incorporated 
into a house, can be expected to result in improved performance above that expected from a 
house designed and constructed following the minimum requirements of the IRC. The above-
code techniques reduce the deformations of the house during an earthquake and therefore reduce 
the amount of damage.  Above-code recommendations are printed in boldface type in this guide 
and appear, with associated discussion, in boxes. While the above-code recommendations are 
expected to improve the performance of a house in an earthquake and thereby reduce damage, 
many will involve some added costs.  The costs associated with above-code recommendations 
presented in this guide are based on an estimate prepared by a homebuilder in the Seattle area 
and are cited as a percentage of the basic framing cost for the model house analyzed during 
development of this guide.  Presenting the cost increase for the various above-code 
recommendations in these terms permits homebuilders in any part of the nation to easily 
determine what the associated added cost will be in his or her area, thus allowing builders and 
potential homeowners to make reasonable cost-benefit decisions regarding implementation of the 
recommendations.  
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1.3 THE INTERNATIONAL RESIDENTIAL CODE 


As already indicated, this guide focuses on the ICC’s 2003 International Residential Code, 
which provides a comprehensive collection of requirements for prescriptive (nonengineered) 
residential construction. The IRC’s stated purpose is to provide: 


. . . minimum requirements to safeguard the public safety, health, and general welfare, through 
affordability, structural strength, means of egress facilities, stability, sanitation, light and 
ventilation, energy conservation and safety to life and property from fire and other hazards 
attributed to the built environment. 


The IRC addresses other natural hazards in addition to earthquakes (up to limits described in the 
IRC scoping provisions). When considering above-code recommendations, construction details 
intended to reduce the risk from one hazard may be slightly different from those needed to resist 
another. Thus, care should be taken to consider all natural hazards that present a risk to a 
specific site and to formulate an appropriate mitigation strategy in accordance with the 
jurisdiction’s building code. Additional guidance is provided in Section 1.8 of this guide.   


1.4 IRC SEISMIC DESIGN CATEGORIES 


The IRC designates the level of potential seismic hazard for dwellings by assigning a house to a 
Seismic Design Category (SDC) based on its location.  The IRC SDCs are A, B, C, D1, D2 and E, 
with A representing the lowest level of seismic risk applicable to residential construction and E, 
the highest. All residential buildings (detached houses and townhouses) in regions with SDC 
designations A and B, the lowest levels of seismic risk, are exempt from the seismic 
requirements of the IRC. SDC E regions have such a high level of seismic risk that, with a few 
exceptions, houses in these regions fall outside the scope of the IRC and must be designed using 
engineering principles following the International Building Code or NFPA 5000. 


Whether or not required by the IRC and across all SDCs from A to E, many of the recommen-
dations in this guide will improve the resistance of a dwelling to seismic forces, wind forces, and 
possibly the effects of other natural hazards.  The discussion and examples presented in this 
guide focus on houses located in SDCs C, D1, and D2. 


All U.S. model building codes provide maps identifying the seismic hazard.  The 2003 IRC 
seismic design maps (IRC Figure R301.1(2) shown in Figure 1-1 designate the Seismic Design 
Categories for the nation and U.S. territories.  It is a simplified version of the maps referenced by 
the IBC and NFPA 5000 for all building types. The legend correlates the Seismic Design 
Category with the acceleration expected at a location in terms of gravity (g).  A value of 100% g 
is equal to the vertical acceleration effects of gravity on Earth.  More detailed information can be 
found for a particular building site using a CD-ROM available with the building codes and from 
FEMA; the CD allows the user to input the latitude and longitude coordinates of the site or the 
zip code. Zip codes should be used with caution because they may not reflect the highest 
possible SDC in the area covered by the postal zip code.  Similar information is available on a 
U.S. Geological Survey (USGS) website – http://earthquake.usgs.gov/research/hazmaps (click on 
“seismic design values for buildings”). 
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Figure 1-1 Seismic Design Categories – Site Class D. 
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Figure 1-1 Seismic Design Categories – Site Class D (continued). 
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Figure 1-1 Seismic Design Categories – Site Class D (continued). 
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Figure 1-1 Seismic Design Categories – Site Class D (continued). 


9 







FEMA 232, Homebuilders’ Guide 


When using the seismic maps associated with the building codes, the reader should be aware that 
local soil conditions have a major impact on the seismic hazard for each particular site.  The IRC 
map incorporates an assumed Site Class of D, which is stiff alluvial soil.  If the soil conditions 
are different from stiff soil (e.g., bedrock or the soft alluvial soils often found in valleys), the 
local building department may have established special seismic requirements for these locations.  
Check with the local building department to determine if any such special regulations apply to a 
particular building site. 


1.5 BUILDING RESPONSE 


The series of drawings in Figure 1-2 
illustrates how a house responds to 
earthquake ground motion.  Before 
the earthquake occurs, the house is 
stationary, resisting only the vertical 
gravity loads associated with the 
weight of the house and its 
occupants and contents. When the 
ground starts to move during an 
earthquake, the foundation of the 
house moves sideways but the roof 
and upper stories try to remain 
stationary due to the inertia of the 
house. By the time the roof starts to 
move in the direction of the 
foundation, the foundation is already 
moving back towards its initial 
position and the roof and foundation 
are moving in opposite directions.  
This cycle repeats until the 
earthquake ground motion stops and 
the building movements slow and 
then stop. If the shaking has been 
severe enough, the house may be 
damaged and have a residual tilt or 
displacement. 


Figure 1-2 Forces induced in a 
house due to earthquake ground 
motion. 


To perform adequately in an earthquake, a house must have enough strength to resist the forces 
generated without failure. Actual earthquakes can generate forces considerably higher than those 
used for code-prescribed design (Figure 1-3). Nevertheless, design for the lower code forces 
generally has prevented life loss and therefore satisfies the purpose of the code.  Remember that 
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the primary goal of the building code is to prevent loss of life; the prevention of damage is only 
incidental.  It is for this reason that this guide presents above-code recommendations that 
describe techniques intended to improve the performance of a house during an earthquake and 
result in less damage. 


Figure 1-3 Concept of 
actual vs. code seismic 
forces. 


The reasons one- and two-family houses tend to perform adequately in earthquakes even when 
designed to the minimum code forces are because houses often are stronger than recognized in 
code-level design and because they often are constructed with ductile earthquake-resisting 
systems.  In residential construction, the finish materials and nonstructural partitions often add 
significantly to the strength provided by required bracing materials.  Houses constructed from 
ductile earthquake-resisting systems generally will perform well during an earthquake because 
they can deform without breaking.  An example of ductility is given in Figure 1-4.  The ductile 
metal spoon simply bends while the brittle plastic spoon breaks.  


Figure 1-4 Concept of ductility. 


Stiffness also is important.  The stiffer the house, the less it will move or deflect during an 
earthquake, which will reduce the amount of damage to finish materials and, therefore, repair 
costs. Stiffness is measured in buildings in terms of drift (horizontal deflection) and is usually 
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discussed as the horizontal deflection in a particular story in terms of either the amount of drift in 
inches or the percent story drift, which is the deflection in inches divided by the floor to floor 
story heights in inches (Figure 1-5).  Unfortunately, increased stiffness also generally results in 
increased seismic forces; therefore, the above-code recommendations made in this guide 
simultaneously increase strength and stiffness. 


Figure 1-5 Definition of drift. 


One way to understand how the strength and stiffness of a house affect its earthquake 
performance is to remember that the forces exerted by earthquake ground motion are resisted by 
a house’s strength while the drift (deflection) is resisted by the house’s stiffness.  An analogy 
that can be used for this is a fishing pole. The amount the pole bends is dependent on how stiff 
the pole is; whether the pole breaks or not is dependent on how strong the pole is.  A strong 
house will not fall down, but a house with relatively little stiffness will sustain considerable 
damage. 


1.6 	IMPORTANT CONCEPTS CONCERNING HOMESITE 


Site characteristics also affect how a house will perform during an earthquake: 


•	 Certain types of soil amplify earthquake ground motions;  


•	 Some types of soil slide, liquefy, and/or settle as a result of earthquake ground motions, 
all of which will result in loss of vertical support for the house; and 


•	 Fault rupture on a house site can result in both horizontal and vertical offsets of the 
supporting ground. 


It is most desirable to build on sites with stable, solid geologic formations.  Deep and unbroken 
rock formations, referred to as bedrock, generally will minimize earthquake damage whereas 
deep soft sedimentary soils will result in the maximum seismic forces and displacements being 
transferred to the house. 


Sites located over known faults and in landslide-prone sites warrant additional attention.  No 
matter how well designed, a house cannot accommodate earthquake ground motions at a site 
directly on top of an earthquake fault where the ground on either side of the fault moves in 
opposite directions. Check with the local building department to determine where known faults 
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are located. Houses should not be built within 50 feet of a known fault and, even at that distance, 
damage will still be significant.  A house damaged by direct fault movement is shown in Figure 
1-6. 


Figure 1-6 A house damaged due to fault movement.  The fault passed under 
this house near Wright's Station, on the Southern Pacific Railroad, in Santa 
Cruz County, California. The house was severed by fault movement during the 
earthquake. Photo credit: R.L. Humphrey, U.S. Geological Survey. 


Sites where landslides are likely to occur also should be avoided.  An example of damage due to 
a hillside collapsing in a landslide is shown in Figure 1-7.  Engage a geotechnical or geological 
engineer to inspect the site and/or check with the local building department to minimize the risk 
of building on a landslide-prone site. 


Figure 1-7 Houses damaged due to a landslide at the site. 

Photo Courtesy National Information Service for Earthquake Engineering,  



University of California, Berkeley
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1.7 MODEL HOUSE USED FOR GUIDE ANALYSIS 


A typical model house is used in this guide to illustrate various concepts and techniques (Figure 
1-8). An analysis of the model house identified approximate deflections under seismic loading, 
which permitted performance to be compared for various configurations using the minimum 
code requirements and the above-code techniques. 


Figure 1-8 Elevations of the model house used as an example for this guide. 


The floor plan of the model house is shown in Figure 1-9. IRC-conforming seismic bracing 
configurations were developed for SDCs C, D1, and D2. Gypsum wallboard was used to meet 
IRC seismic bracing requirements where possible because the wallboard would already be 
provided for wall finish. Where IRC bracing requirements could not be met with gypsum 
wallboard, wood structural panel (oriented strand board or OSB) wall bracing was added.  
Modifications to the basic floor plan included changing the foundation from a slab-on-grade to a 
crawl space (cripple wall or hillside condition) to illustrate the differences resulting from these 
changes. 
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Figure 1-9 Model house floor plan. 
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After the basic model house construction was analyzed, the following above-code construction 
techniques were evaluated: 


•	 A completely sheathed shear wall system in which the exterior walls were fully sheathed 
(around door and window openings) with OSB and hold-down devices were provided at 
building corners, 


•	 A shear wall system with hold-down devices provided at each end of each OSB bracing 
wall, and 


•	 An oversize sheathing panel system with each OSB sheet lapping vertically onto and 
edge-nailed to the rim joist at each floor level. 


Approximate comparisons of the performance of the basic configuration of the model house with 
the above-code configurations were made using a two-part process.  First, each house 
configuration was analyzed using a computer model to determine maximum drift or deformation 
during earthquake loading. 


Second, in order to translate the analytical results into an approximation of house performance, 
three ranges of peak transient wall drift and assumed approximate descriptions of performance 
were developed. The choice of drift ranges and performance descriptions are based on 
component and full-building test results and the judgment of those participating in the 
development of this guide.  


The approximate performance categories and corresponding story drift ranges are: 


•	 Minor damage potential – Less than or equal to 0.5% story drift 


The house is assumed to suffer minor nonstructural damage such as 
cracking of plaster or gypsum wallboard and hopefully would be “green-
tagged” (occupancy not limited) by inspectors after an earthquake, 
which would permit immediate occupancy.  Some repairs should still be 
anticipated. 


•	 Moderate damage potential – Above 0.5% to 1.5% story drift 


The house is assumed to suffer moderate damage including possible 
significant damage to materials and associated structural damage, but the 
building is assumed to have some reserve capacity in terms of strength and 
displacement capacity.  The house hopefully would be “green-tagged” or, 
more likely, “yellow-tagged” (limited occupancy) by inspectors after an 
earthquake and may or may not be habitable.  Significant repairs should be 
anticipated. 
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• Significant damage potential – Greater than 1.5% story drift 


The house is assumed to have significant structural and nonstructural 
damage that could result in its being “red-tagged” (occupancy prohibited) 
by inspectors after an earthquake. Significant repairs to most components 
of the building should be anticipated, and it may be more economical to 
replace the house rather than repair it. 


Comparisons of performance based on this approach are discussed in a number of sections in this 
guide. See Appendix A for a detailed description of the analysis.  


1.8 OTHER HAZARDS 


Although this guide has been written primarily to address the earthquake risk to a house, 
homebuilders and homeowners need to be aware of many other natural hazards.  These hazards 
can also affect how a house should be designed and constructed as well where it should be sited 
and even whether the site should be used at all. 


1.8.1 Wind 


Since wind acts on a house by imparting horizontal loads similar to those of an earthquake, the 
seismic design and construction criteria contained in the IRC and further detailed in this guide 
will provide a significant level of protection to a house’s structural system against wind loads.  
However, wind loads also act on the home’s cladding, walls, and roof coverings, and the wind 
provisions of the IRC should be followed carefully (due to the differences in the load path for 
wind versus earthquake loads). While the IRC wind provisions are adequate, additional guidance 
is available and should be considered. This guidance includes the American Forest and Paper 
Association (AF&PA) Wood Frame Construction Manual and the Southern Building Code 
Congress International (SBCCI) Standard for Hurricane-Resistant Residential Construction 
(SSTD 10). 


1.8.2 Flooding 


Care should be taken to ensure that the home site is not in a flood hazard area.  If there is any 
doubt in this regard, the local building code enforcement or floodplain management office should 
be consulted. As part of the National Flood Insurance Program (NFIP), FEMA publishes local 
flood hazard maps that delineate the extent of the flood hazard, using the Base Flood Elevation 
or BFE, which is flood elevation that has a 1 percent chance of occurring in any given year.  As 
part of its agreement to participate in the NFIP in order to make federally-backed flood insurance 
available to its residents, a community adopts and enforces a series of flood design and 
construction requirements.  Generally, these requirements mean that a home located in a flood 
hazard area must have its lowest floor and utilities elevated to or above the BFE.   
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FEMA has available a series of publications on protecting homes from flood damage.  Some of 
these publications are: 


• Design Guidelines for Flood Damage Reduction (FEMA 15) 
• Elevated Residential Structures (FEMA 54) 
• Above the Flood: Elevating Your Flood-prone House (FEMA 347) 


For flood protection of existing houses, the reader is referred to Homeowner's Guide to 
Retrofitting: Six Ways to Protect Your House from Flooding (FEMA 312). All of the above 
publications are available from the FEMA Publications Center at 1-800-480-2520.  Additional 
information is also available online at www.fema.gov. 


For guidance on the flood resistant construction provisions of the IRC, the reader is referred to 
the document Reducing Flood Losses Through the International Codes:  Meeting the 
Requirements of the National Flood Insurance Program. This publication is available online at 
www.fema.gov as well as for a modest fee from the International Code Council 
(www.iccsafe.org) at (800) 786-4452. 


Above-code Recommendations:  If a house is to be located in a flood hazard area 
and must be elevated to the BFE, it is recommended that the lowest floor of the 
house actually be elevated 2 or 3 feet above the BFE. This will result in a 
significantly lower insurance premium for the homeowner and will provide a 
significantly higher level of protection for a minimal additional cost. 


If a house is to be located just outside of a flood hazard area and is not required to 
meet a community’s flood regulations, it is recommended that the home still meet 
the community’s flood ordinances, such as not using a basement foundation, to 
provide an additional level of protection.  Further, the homeowner is still 
encouraged to purchase flood insurance.  Even if a home is just outside of a flood 
hazard area, it can still be subject to flooding as higher floods than the design flood can 
and have occurred. As a further measure of protection, flood insurance is available 
outside of the flood hazard area, usually for a very reasonable premium. 


1.8.3 Coastal Hazards 


Homesites along the coast are subject to two different hazards from hurricanes and other coastal 
storms such as Northeasters — high winds and flooding from storm surge.  Storm surge is 
caused by the storm’s low pressure and winds pushing the water onto land.  In the recent 
Hurricane Katrina, storm surge heights of almost 30 feet were measured along the coast of 
Mississippi.  Coastal flood hazard maps similar to the flood maps described above are prepared 
by FEMA; however, the coastal flood hazard area is divided into two zones, the coastal high 
hazard zone or “V-Zone” which has significant wave heights and the regular flood hazard zone 
or “A-Zone” which does not. 
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Coastal homes must be designed and built to withstand both wind and storm surge loads.  This 
requires elevating the house above mapped storm surge elevations and ensuring that the house 
can resist the loads associated with hurricane force winds.  Further, since storm surge waters can 
flow with considerable velocity which generates substantial hydrodynamic loads on the area 
below the elevated floor, this area must be built to allow water to flow through without placing 
additional loads on the structure. For this reason, any walls below the lowest floor must be made 
of “breakaway” construction. 


Note also that the coastline is a dynamic and ever-changing environment and is often subject to 
erosion. In choosing a home site, consider whether the property is subject to erosion, which 
could easily undermine and destroy the house in a relatively short period of time.  Erosion maps 
showing the rate of change of the shoreline may be available locally. 


Above-code Recommendations:  For additional protection of coastal homes, the 
following is recommended: 


•	 Houses should be elevated 2 or 3 feet above the storm surge flood elevation 
provided on local maps. 


•	 The area below the lowest floor should be kept open and free of as many 

obstructions as possible. 



•	 Houses located in A-Zones but still near the coast (also known as Coastal A-
Zones) may still be subject to waves and storm surge and should be 
constructed to V-Zone criteria. 


•	 Houses should be designed to resist damage from wind and debris.  This 
includes limiting the size and amount of glazing and actually installing the 
storm shutters before an event. 


•	 Building sites should be investigated for erosion potential prior to purchase 
and sites subject to erosion should be avoided.  Houses built where erosion is 
possible should be located as far from the shoreline as possible. 


•	 Natural features such a sand dunes and vegetation should be used as much as 
possible to protect houses from coastal forces. 


All of the above recommendations will provide better protection than currently offered by 
the IRC with little additional cost. 


The reader is encouraged to consult the FEMA Home Builders Guide to Coastal Construction: 
Technical Fact Sheet Series (FEMA 499). These fact sheets contain design and construction 
suggestions based on lessons learned in FEMA’s investigations of past hurricanes and how they 
impacted residential construction.  This document is available from the FEMA Publications 


19 







FEMA 232, Homebuilders’ Guide 


Center as well as online at www.fema.gov. For more detailed engineering design information, 
the reader may wish to consult the Coastal Construction Manual: Principles and Practices of 
Planning, Siting, Designing, Constructing, and Maintaining Residential Buildings in Coastal 
Areas (FEMA 55). This is a large document (500 pages) and is available from the FEMA 
Publications Center in paper or on a CD-ROM. 


1.8.4 Tornado 


Building codes generally do not contain tornado provisions primarily because the probability of a 
specific house being hit by a tornado powerful enough to do damage are sufficiently remote that 
it is not thought to be economically justifiable to design for one.  Therefore, further guidance on 
resisting the loads from a tornado does not exist.  If protection of a home’s occupants is a 
concern, the reader is referred to Taking Shelter from the Storm: Building a Safe Room Inside 
Your House (FEMA 320). This document is available from the FEMA Publications Center as 
well as online at www.fema.gov. 
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Chapter 2 

EARTHQUAKE-RESISTANCE REQUIREMENTS 



This chapter explains the International Residential Code’s (IRC’s) general earthquake-resistance 
requirements as well as specific IRC requirements concerning load path and house configuration 
irregularities. One- and two-family detached houses of wood light-frame construction are 
addressed; however, the discussion is relevant to other materials of construction likely to be used 
for detached houses including light-frame cold-formed steel.   


2.1 	IRC GENERAL EARTHQUAKE LIMITATIONS 


The variety of configurations used for houses is very wide and they are constructed of an equally 
wide variety of materials.  IRC Section R301.2.2 imposes some limits on configuration and 
materials of construction for one- and two-family detached houses in Seismic Design Categories 
(SDCs) D1 and D2. These IRC limitations reflect the desire to provide equal earthquake 
performance for houses designed using the prescriptive IRC provisions and for those with an 
engineered design. Application of the prescriptive IRC requirements to houses that do not 
comply with the limitations can be expected to result in inadequate performance. 


IRC Section R301.2.2 earthquake limitations do not apply to one- and two-family detached 
houses in SDCs A, B, and C; however, townhouses in SDC C are required to comply.  In 
general, design using the IRC is prohibited in SDC E, and the designer is referred to the 
engineered design requirements of the International Building Code (IBC) or other adopted code. 
There are, however, two methods by which houses designated as SDC E in IRC Figure 
R301.2(2) may be designed in accordance with IRC provisions:  (1) if site soil conditions are 
known, IRC Section R301.2.2.1.1 permits determination of the Seismic Design Category in 
accordance with the IBC, which may result in a reduced SDC, and (2) if the restrictions of IRC 
Section R301.2.2.1.2 are met, houses located in SDC E may be reclassified to SDC D2 and 
designed using the IRC provisions. IRC Section R301.2.2.1.2 requirements dictate a regular 
house configuration. 


The limitations imposed by IRC Section R301.2.2 are as follows: 


•	 Weight Limitations – For houses in SDCs D1 and D2, IRC Section R301.2.2.2.1 specifies 
maximum weights for the floor, roof-ceiling, and wall assemblies or systems.  Because 
earthquake loads are proportional to the weight of the house, an upper bound on assembly 
weight provides an upper bound on earthquake loads.  The specified maximum assembly 
weights relate directly to the weights considered in developing the IRC earthquake 
bracing provisions. The effect of the maximum weights is the exclusion of heavier finish 
materials when using the IRC provisions. Where heavier finish materials are to be used, 
an engineered design must be provided. 
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•	 House Configuration Limitations – For houses in SDCs D1 and D2, IRC Section 

R301.2.2.2.2 places limits on house configuration irregularities.  These limits are 

discussed in detail in Section 2.3 of this guide.   



•	 House System Limitations – Another scope limitation for houses in SDCs D1 and D2 is 
given in the combined requirements of IRC Sections R301.2.2.3 and R301.2.2.4. These 
sections provide limits for number of stories based on building system and limits for 
anchored stone and masonry veneer and masonry and concrete wall construction.  Some 
of these requirements are addressed in Chapter 5 of this guide. 


•	 Story Height Limitation – IRC Section R301.3 provides a scope limitation that is not 
related solely to earthquake loads but rather applies in all SDCs.  This section limits story 
height by limiting the wall clear height and the height of the floor assembly.  This limits 
both the lateral earthquake and wind loads and the resulting overturning loads.   


The IRC requires design in accordance with accepted engineering practice when the general 
earthquake limitations discussed above are not met (weight limitations, house configuration 
limitations, building system limitations, and story height limitations).  Engineered design is 
addressed in Section R301.1.3. This section permits design to be limited to just the elements that 
do not conform to the IRC limitations.  Increased assembly weight and story height will globally 
increase seismic and wind loads, generally making engineered design of the entire house 
necessary. Design of portions of the house is particularly applicable when an irregularity such as 
a cantilever, setback, or open front occurs. The extent of design is left to the judgment of the 
designer and building code official.  When multiple irregularities occur, engineered design of the 
entire house may become necessary in order to provide adequate performance.  The IRC requires 
that engineering design methods be used but does not specify whether this must be done by a 
registered design professional. State or local law governs who can perform the design; the reader 
is advised to check with the local building department for requirements. 


2.2 	LOAD PATH 


For a house to remain stable, a load applied at any point on the 
structure must have a path allowing load transfer through each 
building part down to the building foundation and supporting soils.  
The term “load path” is used to describe this transfer of load through 
the building systems (floors, roof-ceilings, bracing walls). 


Basic Concept — To understand the concept of a load path, a house 
can be represented by the chain shown in Figure 2-1.  The chain is 
pulled at the top and the load is transferred from one link to the next 
until it is transferred to the ground.  If any link is weak or missing, 
the chain will not adequately transfer the load to the ground and 
failure will result.   


Figure 2-1 Chain 
illustrating the load path 
concept. 
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Likewise, houses must have complete and adequate load paths to successfully transfer 
earthquake loads and other imposed loads to the supporting soils. 


Load Path for Earthquake and Wind Loads — The example house in Figure 2-2 will be used to 
discuss load path. The arrows provide a simplified depiction of earthquake or wind loads 
pushing horizontally on the house. Although wind and earthquake loads can occur in any 
horizontal direction, design procedures generally apply the loads in each of the two principal 
building directions (i.e., longitudinal and transverse), one at a time, and this discussion of 
loading will utilize that convention. 


Internally, the house has to convey loads from the upper portions of the structure to the 
foundation. For the example house, this is accomplished by transferring the loads through: 


• The roof-ceiling system and its connections to the second-story bracing wall system, 
• The second-story bracing wall system and its connections to the floor-ceiling system, 
• The floor-ceiling system and its connections to the first-floor bracing wall system, and 
• The first-story bracing wall system and its connections to the foundation, and 
• The foundation to the supporting soil. 


The following discussion focuses primarily on the connections between the various building 
systems; the systems themselves are addressed only briefly here but are discussed in detail in 
later chapters of this guide. 


Figure 2-2 Lateral loads induced 
in a building due to wind or 
earthquakes. 


Roof-ceiling and Floor Systems — In the example house, the roof-ceiling system will resist 
horizontal earthquake loads proportional to the weight of the roof, ceiling, and top half of the 
second-story walls. The series of arrows at the right of Figure 2-3a depicts this load.  The roof-
ceiling system deflects horizontally under the load and transfers the load to the supporting walls 
at both ends.  The single arrows at the roof-ceiling system ends depict the reaction loads to the 
supporting walls. Within the roof-ceiling system, the load is carried primarily by the roof 
sheathing and its fastening (see Chapter 6 of this guide for discussion of roof-ceiling systems).   
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Figure 2-3 Loading and deflection of roof-ceiling and floor systems. 


Similarly, the floor system will resist horizontal earthquake loads proportional to its weight and 
the weight of walls above and below. As shown in Figure 2-4b, it will deflect and transfer load 
to the supporting walls in much the same way as the roof-ceiling system.  Again, the loading is 
carried by the floor sheathing and its fastening (see Chapter 4 of this guide for discussion of floor 
systems). 


Bracing Wall Systems – The roof-ceiling reaction load is transferred into the second-story 
bracing wall system as depicted by the arrow at the top of the wall in Figure 2-4a.  The wall 
deflects under this load and transmits the load to the wall base and through the floor system to 
the first-story wall.  Resistance to the wall load is provided by the wall sheathing and its 
fastening. 
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Figure 2-4 Loading and deflection of bracing wall systems. 


The first-story bracing wall system resists loads from both the second-story wall and the second-
story floor system as depicted by the arrow at the top of the wall in Figure 2-4b.  The wall 
deflects under this load and transmits the load to the wall base and the foundation.  Again, 
resistance to the wall load is provided by sheathing and its fastening.  Figure 2-5 provides an 
exploded view of the example house that illustrates the combination of roof-ceiling, floor, and 
wall systems and their connection to the foundation below.  
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Figure 2-5 Load transfer between components in a building. 


Requirements for Connections Between Systems – As previously noted, a complete load path for 
earthquake loads requires not only adequate roof-ceiling, floor, and bracing wall systems but also 
adequate connection between these systems.  Connections between systems must resist two 
primary types of loads:  horizontal sliding loads and overturning loads.   


Load Path Connection for Horizontal Sliding – Figure 2-6 depicts the end wall at the left side of 
the house illustrated in Figures 2-2 through 2-5 and provides a detailed illustration of one 
possible path for horizontal loads from the roof assembly to the foundation.  The left-hand 
portion of the figure shows a section through the end wall in which each of the “links” in the 
load path is given a number, H1 through H11, corresponding to a connection or mechanism used 
to transfer the loads. The right-hand side of the figure shows an elevation of the same wall and 
illustrates the deformation that will occur if adequate connection is not made.  Table 2-1 at the 
end of this chapter provides a detailed summary of the load path connections for the Figure 2-6 
wall. 
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Figure 2-6 Horizontal load path connections and deformations. 


Load Path Connection for Overturning – Because the horizontal loads are applied high on the 
house and resisted at the foundation, overturning loads develop in the bracing walls.  Figure 2-7 
illustrates one possible load path for overturning loads.  The left-hand side of the figure shows a 
wall elevation in which each of the “links” in the overturning load path is given a number, OV1 
to OV8, corresponding to locations with uplift or downward loads due to overturning.  The right-
hand side of the diagram shows an elevation of the same wall that illustrates overturning 
deformations that will occur with earthquake loading from the left to the right.  Uplift or tension 
occurs at one end of a wall simultaneously with downward force or compression at the other end.   


The IRC only specifies connections (hold-down straps or brackets) to resist overturning loads for 
a limited number of bracing alternatives.  The connectors used to resist horizontal loads in most 
IRC designs will be required to resist overturning loads as well as horizontal loads.  This is a 
major difference between prescriptive design and engineered design in which resistance to 
overturning loads must be explicitly provided.  The IRC requires use of hold-down devices in 
Section R602.10.6 for alternative braced wall panels; in Section R602.10.11, Exception 2, for 
SDCs D1 and D2 when braced wall panels are not located at the end of braced wall lines; and in 
Section R703.7 when stone or masonry veneer is used.  Table 2-2 at the end of this chapter 
provides a detailed summary of the load path connections for the Figure 2-7 wall. 


27 







FEMA 232, Homebuilder’s Guide 


Figure 2-7 graphically depicts use of straps to resist overturning loads; however, overturning can 
be resisted by connections employing such other devices as bolts, nails, or hold-down brackets.  
Because different device types may deform differently under load, it is preferable to use the same 
type of device for an entire story level. Variations in connector type from story to story are 
acceptable. When considering overturning in an engineered design, it is customary to include the 
effect of dead load (the actual weight of the house) in reducing uplift and overturning loads; 
however, this level of calculation detail is beyond the scope of the IRC provisions. Hold-downs 
should be provided wherever they are required by the IRC or recommended by this guide, 
irrespective of dead load. 


Figure 2-7 Overturning load path connections and deformations. 


System and Connection Strength and Stiffness Requirements – The roof-ceiling, floor, and 
bracing wall systems are the basic members resisting earthquake loads. Adequate earthquake 
performance of a house relies on: 


• Adequate strength of roof-ceiling, floor, and bracing wall systems, 
• Adequate stiffness of roof-ceiling, floor, and bracing wall systems to limit deformation, 
• Adequate connection between systems to provide a functional load path, and 
• Adequate connection to the foundation. 


For most houses, it is generally anticipated that bracing wall system behavior will have more 
influence on the behavior of the house than the roof-ceiling or floor systems.  Further, it is 
anticipated that wall behavior at lower stories will generally be more critical than at upper stories 
due to larger earthquake loads. 


Accumulation of Loads in Systems and Connections – Wind and earthquake loads increase or 
accumulate towards the bottom of the house.  This is particularly applicable to loads in the 
bracing wall systems and their connections for horizontal loads and uplift and downward loads 
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due to wall overturning. For example, overturning connections must be sized to resist all of the 
loads generated above the connection location.  In a two-story house, the second-floor uplift 
connection, such as OV1 in Figure 2-7, will need to resist loads from the second story.  The first-
story uplift connection, such as OV5 in Figure 2-7, will have to resist the uplift loads from the 
second story plus the additional uplift from the first story.  It can generally be expected that OV5 
will need to resist a load two to three times that resisted by OV1.  Downward loads at the 
opposite ends of walls and horizontal loads accumulate similarly. Although this accumulation of 
load often is missed in design for wind and earthquake loads, it is important and should be 
explicitly considered when connections are being selected. 


Above-code Recommendation:  For overturning loads, the use of hold-down 
connectors (brackets, straps, etc.) is recommended as an above-code measure in order 
to improve load transfer and thereby decrease damage. For most of the basic IRC wall 
bracing types, the provisions rely on building weight and the fasteners resisting horizontal 
loads to also resist overturning. Wall component testing, however, indicates that this 
method is not as reliable in resisting overturning as the use of positive anchorage devices.   


2.3 HOUSE CONFIGURATION IRREGULARITIES 


A house’s configuration (shape) significantly affects its response to wind and earthquake loads.  
This section discusses the concepts and the IRC provisions for irregular house configurations. 


Ideal Earthquake-Resistant House Configuration – For earthquake resistance, the ideal house 
would have: 


• A simple rectangular shape, 
• Bracing walls distributed uniformly and symmetrically through the house, 
• No large concentrations of weight, 
• Bracing walls at upper stories located immediately above walls in stories below, 
• Wall bracing lengths that increase in lower story levels compared to the story above, 
• No split-levels or other floor level offsets. 


A version of this ideal house is shown in Figure 2-8.  This ideal configuration results in loads 
and deformations being uniformly distributed throughout the house, which permits resisting 
elements to contribute equally to earthquake resistance.  With good distribution of bracing walls, 
earthquake loads can be resisted very close to where they are generated (by house weight), which 
reduces the need for transfer of earthquake loads through floor and roof systems to other portions 
of the house. This helps reduce the poor performance that often results when such transfers are 
required. 
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Figure 2-8 Ideal building 
configuration for earthquake 
resistance. 


Deviations from Ideal Configuration – Deviations from the ideal configuration are called 
configuration irregularities. As houses deviate from the ideal configuration, loads and 
deformations are concentrated, which causes localized damage that can result in premature local 
or even complete failure of the house.  While the ideal configuration is attractive from the 
standpoint of earthquake resistance, houses with irregularities are much more popular and 
common than those without. Large open great rooms and walls of nothing but windows are 
examples of typical irregular configurations.   


House Irregularity Concepts – House irregularities often are divided into two types:  plan 
irregularities and vertical irregularities.   


Plan irregularities concentrate earthquake load and deformation in a particular area of a house.  A 
common cause is a center of mass (building weight) at a location different from the center of the 
resisting elements (bracing walls).  This can be due to non-uniform mass distribution, non
uniform distribution of bracing walls, or an irregular house plan.  Two common examples are a 
house with one exterior wall completely filled with windows with no wall bracing provided 
(Figure 2-9) and a house with a large masonry chimney at one end.  Houses with plan 
irregularities generally experience rotation in addition to the expected horizontal deformation.  
House rotation, as illustrated in Figure 2-10, magnifies the displacements, resulting in increased 
damage.   
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Figure 2-9 Irregular building configuration with open front (no second-story bracing walls 
supporting roof on right-hand portion). 


Figure 2-10 Rotational response and resistance to torsion. 
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Other common plan irregularities occur in T- and L-shaped houses that concentrate loads at the 
corners where the different wings of the house connect.  Figure 2-11 illustrates the concentration 
of loads in an L-shaped house. The noted location of load concentration is where damage would 
be anticipated. Adequate interconnection of the house wings is required for good performance.  
Figure 2-12 illustrates damage due to inadequate interconnections.  Without additional 
consideration, poor performance and additional damage or failure would be expected for 
structures with such plan irregularities.   


Figure 2-11 Concentration of  loads and possible damage and failure due to irregular plan. 


32 







Chapter 2, Earthquake-Resistance Requirements 


Figure 2-12 Roof-level damage to building with a T-shaped plan.  The damage at the roof 
corner (right-hand side) is due to stress concentrations where the wings of the building connect. 


Vertical Irregularities – Vertical irregularities concentrate damage in one story of a multistory 
house. This occurs when the stiffness or strength of any one story is significantly lower than that 
of adjacent stories.  When the stiffness of a story is significantly lower, the deformations 
associated with the earthquake loads tend to be concentrated at that “soft” story as illustrated in 
Figure 2-13. The configuration on the left (normal) provides a uniform stiffness in each story, 
while the configuration in the middle illustrates a soft story with the deflections being 
concentrated in that story.  If the displacements get large enough, they can cause complete failure 
of the soft story as illustrated in the configuration on the right.   


The CUREE-Caltech Woodframe Project found that many two-story light-frame residential 
houses exhibit soft-story behavior to some extent because the first stories feature relatively large 
window and door openings and fewer partitions (less bracing) than the second stories where the 
bedrooms and bathrooms are located.  Soft first-story behavior also was observed in the analysis 
of the model house used for this guide.  Figure 2-14 provides an exaggerated illustration of 
deformation concentrated in the first story of the model house.  Cripple walls around the 
perimeter of a crawlspace also can result in soft-story behavior.  A weak story can cause damage 
or failure to be concentrated in that story if earthquake loading approaches the story strength.   
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drift 
drift 


normal soft story 


overstress 


Figure 2-13  Deformation pattern due to soft-story behavior.   
Deformation is concentrated in the first story. 


Figure 2-14 Change in deformation patterns associated with soft-story irregularity. 


Soft and weak stories, although technically different, can occur at the same time.  Combined 
soft- and weak-story house irregularities have been the primary cause of story failure or collapse 
and earthquake fatalities in wood light-frame houses in the United States.  To date, story failure 
has only been observed in houses that would not meet the current IRC bracing requirements or 
would fall outside the scope of the IRC. Figure 2-15 illustrates soft- and weak-story behavior in 
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a single-family house. Figure 2-16 illustrates the loss of a soft and weak story in an apartment 
building. 


Figure 2-15 House experiencing soft- and 
weak-story behavior in the Cape Mendocino 
earthquake. Deformed shape of garage door 
opening shows approximately 6 inches of 
horizontal movement in the first story. 


Figure 2-16 Apartment building 
experiencing soft- and weak-
story behavior in the Northridge 
earthquake. The two balcony 
rails with little separation at the 
center of the photo illustrate the 
collapse of the lowest story. 


IRC Approach to House Configuration Irregularities – The IRC incorporates two approaches to 
limitation of irregularities.  The first and more explicit approach is found in IRC Section 
R301.2.2.2.2, which directly limits a series of irregular house configurations.  Specific 
exceptions allow inclusion of less significant irregularities within IRC prescriptive designs. For 
one- and two-family detached houses, these provisions are applicable in SDCs D1 and D2,. The 
IRC limitations on irregularities are derived from those required for engineered buildings by the 
IBC and NFPA 5000. Table 2-3 at the end of this chapter provides detailed discussion of the IRC 
Section R301.2.2.2.2 limits. Additional discussion may be found in the commentary to the 2003 
NEHRP Recommended Provisions. 
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The second and less obvious approach is the IRC requirement for distribution of wall bracing.  
Along with braced wall lines at exterior walls, interior braced wall lines must be added so that 
the spacing between wall lines does not exceed 35 feet per IRC Section R602.10.1.1 (adjustable 
to 50 feet by an exception) or 25 feet in SDC D1 or D2 per Section R602.10.11. Maximum 
spacing between braced walls in a braced wall line is also regulated.  Houses perform better if 
the walls are distributed throughout, rather than concentrated in limited portions of the structure.  
This allows the earthquake load to be resisted local to the area where it is developed.  Higher 
earthquake loads develop when loading must be transmitted to bracing walls in another portion 
of the house. Good distribution of bracing walls helps to mitigate the adverse effects of many 
irregularities. 


Stepped Cripple Walls – IRC Section R602.11.3 and Figure R602.11.3 provide specific detailing 
to reduce the effect of a concentration of load due to stepped concrete or masonry foundation 
walls. As illustrated in Figure 2-17, a direct tie to the tallest foundation segment provides 
uniform stiffness along the wall line. 


Figure 2-17 Detailing required for stepped foundation walls (ICC, 2003). 
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Above-code Recommendations:  The concentration of damage as a result of irregular 
building configuration is equally applicable to earthquake loading in all SDCs and to wind 
loading. To date, the IRC has limited application to areas of high seismic risk.  Use of the 
irregularity limitations in SDCs A, B, and C and for wind loading will contribute to 
better building performance and is recommended as an above-code measure. 


Experimental and analytical results show that typical residential buildings are prone to soft-
story irregularities. Stiffening and strengthening of soft first stories is recommended as 
an above-code measure to reduce deformation and resulting damage.  Approaches to 
increasing first-story strength and stiffness include:  increasing the length of wood structural 
panel sheathing; decreasing center-to-center spacing on sheathing nailing (although spacing 
of less than 4 inches is not recommended due to the possibility of splitting the framing and 
because other weak links could develop); using perforated shear wall construction (also called 
“continuously sheathed wall”); using segmented shear wall construction (also called “wood 
structural panel sheathed with overturning anchors”); or providing wood structural panel 
sheathing on both faces of bracing walls.  See Chapter 6 of this guide for detailed descriptions 
of these measures. 


Another common location of soft or weak stories is cripple walls.  This is particularly true 
where perimeter cripple walls have no inside face sheathing and under-floor basement areas 
have few or no interior walls. Although the IRC has increased bracing wall lengths beyond 
those required by earlier codes, further increasing length and providing interior braced wall 
lines will help to limit deformation and damage.  Additional length of wood structural 
panel sheathing at the building perimeter and interior is recommended as an above-code 
measure to limit cripple wall deformation. 
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Table 2-1 Load Path Connections for Horizontal Sliding 
Item Minimum Fastening  per 


IRC Table R602.3(1) and Discussion Illustration 


H1 


Sheathinga Nailingb 


5/16” to ½”   8d common @ 6” 
19/32” to 1”  8d common @ 6” 
11/8” to 11/4 ” 10d common @ 6” 


• Resists roof sheathing sliding with respect to blocking below.  
• Six-inch nail spacing applies to supported sheathing edges 


and blocking.  Twelve-inch spacing applies at other panel 
supports. 


• Rafter blocking is not always required by IRC; however, 
sheathing should be nailed to blocking where blocking is 
provided. 


H2 


Three 8d box (0.113”x21/2”) or three 8d common (0.131x21/2”) toenails 
each block. 


• Resists rafter blocking sliding with respect to wall top plate.  
• Use of angle clips in lieu of toenails is a recommended 


above-code measure. 
• Rafter blocking is not always required by IRC; however, it 


should be fastened where provided. 


H3 
& 
H4 


Sheathinga Nailingb 


5/16” to ½”   6d common @ 6” 
19/32” to 1”  8d common @ 6” 
11/8” to 11/4 ” 10d common @ 6” 


• Provides wall racking resistance. 
• Six-inch nail spacing applies to sheathing edges.  Twelve-inch 


spacing applies at other studs. 
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Item Minimum Fastening  per 
IRC Table R602.3(1) and Discussion Illustration 


H5 


At Braced Wall Panels 
Three 16d box (0.135”x31/2”) or three 16d sinker (0.148x31/4”) face 
nails each 16 inches on center (space evenly). 


Between Braced Wall Panels 
One 16d box (0.135”x31/2”) or one 16d sinker (0.148x31/4”) face nail at 
16 inches on center. 


• Resists wall sole plate sliding with respect to sheathing and 
blocking or rim joist below. 


H6 


Sheathinga Nailingb 


5/16” to ½”   6d common @ 6” 
19/32” to 1”  8d common @ 6” 
11/8” to 11/4 ” 10d common @ 6” 


• Resists floor sheathing sliding with respect to blocking below. 
• Six-inch nail spacing applies to supported sheathing edges 


and blocking.  Twelve-inch spacing applies at other panel 
supports. 


H7 


Three 8d box (0.113”x21/2”) or three 8d common (0.131x21/2”) toenails 
each block. 


• Resists joist blocking sliding with respect to wall top plate. 
• Use of angle clips in lieu of toenails is a recommended 


above-code measure. 
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Item Minimum Fastening (IRC Table R602.3(1) U.O.N.) & Discussion Illustration 


H8 
& 
H9 


Sheathinga Nailingb 


5/16” to ½”   6d common @ 6” 
19/32” to 1”  8d common @ 6” 
11/8” to 11/4 ” 10d common @ 6” 


• Provides wall racking resistance. 
• Six-inch nail spacing applies to sheathing edges.  Twelve-inch 


spacing applies at other studs. 


H10 


Anchor bolts in accordance with IRC Sections R403.1.6 and 
R403.1.6.1. Steel plate washers in accordance with R602.11.1. 
Requirements vary by SDC. See Chapter 4 of this guide for further 
discussion. 


• Resists foundation sill plate sliding with respect to slab-on
grade or other foundation. 


H11 


Foundation embedment in accordance with IRC Section 403.1.4 
provides for development of lateral bearing and friction, which permits 
transfer of loads between the foundation and supporting soil. 


• Resists foundation sliding relative to soil (grade). 


a. Wood structural panel sheathing; see IRC Table R602.3(1) for other sheathing materials. 
b. Common nail diameter and length:  6d: 0.113”x2”, 8d: 0.131”x2-1/2”, 10d: 0.148”x3”. 
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Table 2-2 Load Path Connections for Overturning 
Item Overturning Load Path Description and Discussion Illustration 


OV1 


When Wall 1 is loaded from left to right, the wall tries to overturn causing the lower left corner to 
uplift.  This illustration shows a hold-down strap restraining this uplift. The hold-down strap carries 
tension from an end post or studs in the second-story wall to an end post or studs in the first-story 
wall, which in turn must be anchored to the foundation (OV5) 


OV2 


When Wall 1 is loaded from left to right and an uplift load occurs at OV1, an approximately equal 
downward load occurs at OV2.  This load will be in the post or studs at the end of the wall and will 
push down on the floor framing and first-story wall.  This load will be transmitted through a first-
story post to the foundation. 


When Wall 1 is loaded from right to left, there is an uplift load in the hold-down strap at OV2.  
Because this end of the wall is not aligned with a wall end in the first story, attention is needed to 
make sure that a post is added in the first-story wall for strap nailing.  The first-story post can have 
edge nailing to the wall sheathing and transfer the uplift into the first-story wall or, alternatively, can 
be anchored directly to the foundation with an additional hold-down anchor.  One or the other of 
these anchorage methods is needed to complete the load path. 


OV3 


When Wall 2 is loaded from left to right, the wall tries to overturn causing the lower left corner to 
uplift.  The location of OV3 over a first-story header makes the load path more complex than OV1.  
Hold-down strap OV3a carries the uplift load from the Wall 2 end post to the first-story header.  
Because the uplift load can be larger than the minimum load on the header, straps OV3b and OV3c 
are shown tying the header down to the first-story posts or studs.  If this is not done, it might be 
possible for the header to pull up. 


When Wall 2 is loaded from right to left, a downward load occurs at OV3a.  This downward load 
adds to the load already in the header and the studs supporting the header.  When Wall 2 extends 
more than a foot over the header, the condition is considered an irregularity and is subject to 
limitations in SDC D1 and D2. 


OV4 
When Wall 2 is loaded from left to right and an uplift load occurs at OV3a, an approximately equal 
downward load occurs at OV4.  This load will be in the post or studs at the end of the wall and will 
push down on the floor framing and first-story wall.  This load will be transmitted through a first-
story post to the foundation. 
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Item Overturning Load Path Description and Discussion Illustration 


OV5 


When Wall 3 is loaded from left to right, the wall tries to overturn causing the lower left corner to 
uplift.  This illustration shows a hold-down strap restraining this uplift. The hold-down strap carries 
tension from an end post or studs in the first-story wall to the foundation.  The uplift load in the 
first-story end post or studs is a combination of the second-story uplift load from OV1 and the uplift 
load accumulated over the height of the first story.


 Hold-downs anchored to the foundation should be used only where substantial continuous 
foundations are provided.  Hold-downs anchored to existing foundations that are weak or that do not 
meet current dimensional requirements require engineering guidance. Hold-downs anchored to 
isolated footings require engineering guidance. 


OV6 


When Wall 3 is loaded from left to right and an uplift load occurs at OV5, an approximately equal 
downward load occurs at OV6.  This load will be in the post or studs at the end of the wall and will 
push down on the foundation.  This load will be a combination of the downward load OV2 from 
Wall 1 and the load accumulated over the height of Wall 3.  An exact engineering calculation would 
adjust this downward load based on the narrower width of Wall 2 and the uplift from the hold-down 
at OV3b. 


OV7 


When Wall 4 is loaded from left to right, the wall tries to overturn causing the lower left corner to 
uplift.  This illustration shows a hold-down strap restraining this uplift. The hold-down strap carries 
tension from an end post or studs in the first-story wall to the foundation.  The uplift load in the 
first-story end post or studs is a combination of the second-story uplift load from OV3c and the 
uplift load accumulated over the height of the first story. 


OV8 


When Wall 4 is loaded from left to right and an uplift load occurs at OV7, an approximately equal 
downward load occurs at OV8.  This load will be in the post or studs at the end of the wall and will 
push down on the foundation.  This load will be a combination of the downward load OV4 from 
Wall 2 and the load accumulated over the height of Wall 4. 
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Details 
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Table 2-3 IRC  House Configuration Irregularities. 
Irregularity 


Number 
IRC Section 
R301.2.2.2 
Description 


Discussion Illustration 


1 


When exterior 
shear wall lines 
or braced wall 
panels are not in 
one plane 
vertically from 
the foundation to 
the uppermost 
story in which 
they are 
required. 


IRC May Be Used If: The out of plane offset does not 
exceed four times the nominal depth of the floor joists 
and the detailing requirements of the exception are met. 


Engineered Design Is Required If: The out-of-plane 
offset exceeds that permitted or the detailing provisions 
are not followed. 


Discussion: Braced wall panels are intended to be 
stacked in order to maintain uniform strength and 
stiffness at each story and to aid in continuity of the load 
path. Support of braced wall panels on cantilevers and set 
backs can reduce their strength, stiffness and continuity. 


2 


When a section 
of floor or roof is 
not laterally 
supported by 
shear walls or 
braced wall lines 
on all edges. 
Also called an 
“Open Front” 
irregularity. 


IRC May Be Used If: A section of floor or roof extends 
not more than six feet beyond the braced wall line, and 
the cantilever does not support a braced wall panel. 


Engineered Design Is Required If: The floor or roof 
extension is greater than six feet or is supporting a braced 
wall panel. 


Discussion: Placement of bracing walls at the edge of 
each floor or roof section aids in the uniform distribution 
of bracing and aids in ensuring continuity of the load 
path. Where bracing walls are not provided at all edges, 
rotational behavior (plan irregularity) may result. 
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Irregularity 
Number 


IRC Section 
R301.2.2.2 
Description 


Discussion Illustration 


3 


When the end of 
a braced wall 
panel occurs 
over an opening 
in the wall below 
and ends at a 
horizontal 
distance greater 
than 1 foot from 
the edge of the 
opening. This 
provision is 
applicable to 
shear walls and 
braced wall 
panels offset out 
of plane as 
permitted by the 
exception to Item 
1 above. 


IRC May Be Used If: The braced wall panel does not 
extend more than one foot over the header below, or if 
the header meets the requirements of the exception. 


Engineered Design is Required If: The braced wall 
panel extends more than 1 foot over a header and the 
header is not selected in accordance with exception 
requirements, or if the entire braced wall panel falls on 
the clear span of the header. 


Discussion: When earthquake loads are applied to braced 
wall panels, large downward loads develop at the panel 
ends due to overturning (see Table 2). If the downward 
load falls on a header that is not strong or stiff enough, 
the effectiveness of the bracing is reduced and localized 
damage may occur. 


4 


When an 
opening in a 
floor or roof 
exceeds the 
lesser of 12 feet 
or 50 percent of 
the least floor or 
roof dimension. 


IRC May Be Used If: Floor and roof openings are kept 
to minimum size, such as standard stair openings. 


Engineered Design Is Required If: Stair openings are 
enlarged, such as to create entry foyers or two story great 
rooms, or accommodate large skylights. 


Discussion: Large floor and roof openings can affect the 
uniform distribution of earthquake loads to bracing walls, 
resulting in increased deformations and concentration of 
damage in the floor, roof and bracing wall systems. 
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Irregularity 
Number 


IRC Section 
R301.2.2.2 
Description 


Discussion Illustration 


5 


When portions of 
a floor level are 
vertically offset. 
Also called 
“Split Level” 
irregularity. 


IRC May Be Used If: Floor framing on either side of a 
common wall is close enough in elevation so that straps 
or other similar devices can provide a direct tension tie 
between framing members on each side of the wall. 


Engineered Design Is Required If: Floor framing on 
either side of a common wall cannot be directly tied 
together. 


Discussion: This irregularity results from observed 
earthquake damage in which one of two floor or roof 
levels pulled away from a common wall, resulting in 
local collapse. The direct tie limits the distance that either 
floor system can pull away, reducing likelihood of losing 
vertical support. 


6 


When shear 
walls and braced 
wall lines do not 
occur in two 
perpendicular 
directions. 


IRC May Be Used If: Required braced wall panels are 
oriented in the house longitudinal and transverse 
directions. 


Engineered Design Is Required If: Required bracing 
walls fall at angles other than longitudinal and transverse. 


Discussion: It has become somewhat common for houses 
to have walls that fall at an angle to the main transverse 
and longitudinal directions (often at 45 degrees). Where 
angled walls are not required for bracing, this is not a 
concern. Walls used for bracing must be aligned in the 
longitudinal or transverse direction. When the angle of 
bracing walls varies, the earthquake loads in the walls 
vary from those assumed in developing the IRC 
provisions. Non-standard load path detailing may also be 
required. 
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Irregularity 
Number 


IRC Section 
R301.2.2.2 
Description 


Discussion Illustration 


7 


When stories 
above grade 
partially or 
completely 
braced by wood 
wall framing in 
accordance with 
Section R602 or 
steel wall 
framing in 
accordance with 
Section R603 
include masonry 
or concrete 
construction. 


IRC May Be Used If: Concrete or masonry construction 
within a light-frame house is limited to those items listed 
in the exception (fireplaces, chimneys and veneer). 


Engineered Design Is Required If: Other concrete or 
masonry construction is mixed with light-frame walls in 
any story above grade. 


Discussion: The IRC wall bracing requirements for wood 
or steel light-frame walls are proportioned to resist 
earthquake loads from light-frame wall systems only. 
Introduction of concrete or masonry will increase 
earthquake loads beyond the wall bracing capacity. In 
addition, introduction of concrete or masonry walls will 
likely effect the distribution of wall stiffness, causing a 
plan irregularity. 
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Chapter 3 

FOUNDATIONS AND FOUNDATION WALLS 



This chapter discusses foundations and foundation walls constructed using the two most common 
foundation materials – concrete and masonry.  Although the IRC permits the use of treated wood 
for foundations and foundation walls and insulating concrete form (ICF) for foundation walls, 
this guide does not cover those materials other than to inform the reader that wood foundations in 
Seismic Design Categories (SDCs) D1 and D2 require engineering design and many of the 
reinforcement requirements for concrete also apply to ICF (see Chapter 4 of the IRC for more 
information on the use of these materials).  The subject of frost protection of foundations also is 
not discussed in this guide but, where required by the code (see IRC Section R403.1.4.1) or local 
regulations, foundations must either extend below the frost line or be protected from frost using 
approved methods. 


3.1 GENERAL FOUNDATION REQUIREMENTS 


Foundations are the interface between a house and the supporting soils.  Many issues must be 
considered when selecting a foundation system including site topography, soils conditions, 
retaining requirements, loading from the house above, frost depth, and termite and decay 
exposure. Foundations primarily provide support for vertical gravity loads from the weight of a 
house and its contents, but they also provide resistance to horizontal sliding resulting from 
earthquake ground motions and must resist vertical loads at the ends of braced walls.   
Regardless of Seismic Design Category, all houses require a continuous foundation extending at 
least 12 inches below undisturbed soil along all exterior walls as shown in Figure 3-1. 


Figure 3-1 Perimeter foundation with separately placed footing and stem wall. 
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When earthquake ground motion occurs, the resulting ground movements, velocities, and 
accelerations are imparted to the foundation and, in turn, transferred to a house or other building.  
How well the house performs during an earthquake depends on the foundation being able to 
provide: 


•	 Continued vertical support, 


•	 Friction and passive bearing at the soil-to-foundation interface to minimize movement 
and damage, 


•	 Anchorage at the foundation-to-house interface to minimize movement and damage, and 


•	 Strength and stiffness sufficient to resist both horizontal loads and vertical loads resulting 
from racking and overturning of bracing walls within the house.   


The foundation of the house must resist the sliding and overturning actions associated with an 
earthquake.  These two actions are illustrated in Figures 3-2 and 3-3.  The soil surrounding a 
foundation can resist sliding using a combination of friction along the bottom and bearing along 
the sides of the foundation; therefore, a wider and deeper foundation provides greater friction 
and greater bearing resistance than a shallow and narrow foundation.  The whole overturning 
action illustrated in Figure 3-3 is resisted at the foundation in two ways.  The portion of the 
foundation being pushed downward will bear against the soil below so a wider footing will 
provide more surface area to resist that downward load.  At the uplift end of the foundation, the 
weight of any soil located above a footing helps to resist the loads trying to pull the foundation 
out of the ground; therefore, a deep inverted T-shaped foundation will provide greater resistance 
to uplift than a shallow footing or than a foundation having a shape that avoids having any soil 
above the top of the footing. 


Figure 3-2 Sliding action resisted by foundation. 
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Figure 3-3 Overturning action resisted by foundation. 


The IRC discusses foundations (footings and stem walls) and foundation walls separately and 
contains requirements for those elements based on the materials used for their construction. This 
guide chapter is similarly organized and addresses foundations placed monolithically with a slab 
on grade and foundations having a combination footing and stem wall as illustrated in Figure 
R403.1(1) of the IRC. Foundation systems such as pilings, drilled piers, and grade beams require 
the involvement of a licensed design professional and are not discussed in this guide. 


IRC foundation wall provisions have evolved from similar provisions in the CABO One- and 
Two-Family Dwelling Code and Standard Building Code. Neither the IRC nor the other building 
codes give definitive guidance on when to use the foundation wall provisions of IRC Section 
R404 rather than the footing stem wall provisions of IRC Section R403. The 2000 IRC 
Commentary notes that the foundation wall provisions are primarily for masonry and concrete 
basement walls.  The provisions of IRC Section R404 become mandatory for wall heights of 5 
feet and greater and for walls retaining unbalance fill of 4 feet or greater.  For wall heights and 
unbalanced fill heights less than this, there are few practical differences between the foundation 
and foundation wall provisions. 


IRC Section R403.1.2 contains a general rule applicable to buildings located in SDCs D1 and D2 
that requires interior braced wall lines to be supported on a continuous foundation when the 
spacing between parallel exterior wall lines exceeds 50 feet.  However, IRC Section R602.10.9 
contains a slightly more restrictive requirement.  For a two-story house in SDC D2, a continuous 
foundation is required below all interior braced walls, even when the distance between exterior 
walls does not exceed 50 feet, unless three additional conditions can be met.  Those conditions 
are: 


•	 The distance between braced wall lines does not exceed twice the building width 

measured parallel to the interior braced wall line; 



•	 In houses having either a crawl space or basement, cripple walls cannot exceed 4 feet in 
height; and 
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• In houses having a crawl space or basement, first-floor interior braced walls are 
supported on double joists, beams, or blocking as shown in Figure 3-4. 


Figure 3-4 Interior braced wall 
on floor framing. 


Above-code Recommendation:  The main consequence of not providing a continuous 
foundation below a first-story interior braced wall line is that the floor must be strong enough 
to transfer earthquake loads from that interior location to a parallel perimeter foundation.  
This transfer of lateral loads can be accomplished using a wood-framed and -sheathed floor 
system, but this solution will definitely impart additional stresses in the floor and into cripple 
walls at the perimeter that would not occur if a foundation was provided below the interior 
braced wall line. Vertical loads due to the overturning loads in the braced wall segments also 
must be transferred to the perimeter foundation through bending action.  While the doubling 
of the floor joist is an improvement, supporting these walls directly on a continuous 
foundation is recommended to achieve above-code performance. 


For slab-on-grade construction in SDCs D1 and D2, when the conditions described above require 
an interior braced wall line to have a foundation, the foundation depth along that interior wall 
must be at least 18 inches below the top of the slab as shown in Figure 3-5. 


Figure 3-5 Foundation requirements for interior braced wall line on slab-on-grade construction. 
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3.2 CONCRETE FOUNDATIONS 


Regardless of Seismic Design Category, the minimum specified concrete strength for 
foundations (and foundation walls) is 2,500 pounds per square inch (psi) with higher strength 
necessary when a foundation is exposed to the weather and the house is located in a moderate or 
severe weathering probability area as shown in IRC Figure R301.2(3). Specifying 2,500 psi 
refers to a measure of the concrete’s compressive strength.  To enable a concrete foundation to 
resist all of the possible loads to which it may be exposed, compressive strength needs to be 
complimented with tension capacity.  Since concrete is unable to resist tension stresses without 
cracking, steel reinforcing bars are added to resist tension.  Reinforcing is particularly valuable 
when resisting cyclic earthquake loads because, within the span of a few seconds, the loads may 
start by causing compression and then reverse to cause tension in the same location.   


IRC Section R403.1.3 specifies minimum reinforcement of concrete footings located in SDCs D1 
and D2. Separate subsections within IRC Section R403.1.3 address reinforcing of foundations 
consisting of a footing and a stem wall and reinforcing of the footing along the perimeter of a 
slab-on-grade.  IRC Section R403.1.3 also contains an exception that allows omitting the 
longitudinal reinforcing in concrete footings for houses that are three stories or less in height and 
constructed with stud walls, regardless of the Seismic Design Category.   


Above-code Recommendation:  To obtain above-code performance in SDC C, it is 
recommended that the minimum foundation reinforcing requirements for SDCs D1 and 
D2 be used. This added reinforcing will provide better footing performance whether it is 
resisting earthquake loads or loads induced by differential soil settlement, expansive soils, or 
frost heave. 


Typically, the bottom portion of a concrete footing must have one horizontal No. 4 reinforcing 
bar located 3 inches up from the bottom of the concrete (clear from the soil along the bottom of 
the footing). When a foundation consists of both a footing (horizontal foundation segment) and 
short stem wall (vertical foundation segment), two No. 4 continuous horizontal reinforcing bars 
are required – one in the bottom of the footing and one near the top of the stem wall as shown in 
Figure 3-6. 
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Figure 3-6 Recommended minimum reinforcement for concrete footings and stem walls. 


Above-code Recommendations:  When horizontal reinforcing bars are used in foundations, 
they need to be continuous to perform their intended function. The IRC does not provide any 
specific guidance on reinforcing continuity; therefore, the following above-code 
recommendation is derived from the basic standard for concrete construction (ACI 318-02, 
2003).  Where two or more pieces of reinforcing steel are used to provide continuous 
horizontal reinforcing, the ends of the bars should be lapped to provide continuity.  The 
minimum recommended lap for No. 4 bars is 24 inches and for No. 5 bars is 30 inches.  
As shown in Figure 3-7, horizontal bars terminating at corners of perimeter foundations 
and where an interior foundation intersects a perimeter foundation should have a 
standard 90-degree hook of 8 inches for No. 4 bars or 10 inches for No. 5 bars. 


Figure 3-7 Above-code horizontal reinforcing lap at corners and intersections. 
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In SDCs D1 and D2, No. 4 vertical reinforcing is required at 48-inch maximum spacing if a 
construction joint (also called a “cold joint”) occurs between the footing and the stem wall.  This 
often is referred to as a “two-pour” foundation because the concrete for the footing and the 
concrete for the wall are poured at separate times.  These vertical bars (also called “dowels”) 
must extend a minimum of 14 inches into the stem wall and be hooked at the bottom into the 
footing as shown in Figure 3-6. These dowels provide a very important connection because, 
without them, earthquake loads can cause sliding to occur along the joint between the two 
separate concrete placements. Sliding along a similar construction joint between a slab-on-grade 
and a separately poured footing below the slab edge occurred during the 1994 Northridge 
earthquake and caused severe damage in houses located in Simi Valley, California.   


When a house has a concrete slab-on-grade with a thickened edge forming its perimeter 
foundation (also called a “turned-down slab edge”), one No. 4 horizontal reinforcing bar is 
required in the top and bottom of this footing as shown in Figure 3-8.  The exception to this is 
when the slab and footing are poured at the same time; in this case, a single No. 5 bar or two No. 
4 bars located in the middle third of the combined slab and footing depth may be used.  For slab-
on-grade construction in SDCs D1 and D2, interior bearing walls and interior braced walls 
required to have a continuous foundation must have the concrete slab thickened to 18 inches to 
form a foundation as shown in Figure 3-5.   


Above-code Recommendation:  Although the IRC is basically silent on how to reinforce 
these interior thickened slab foundations, it is recommended that they should be 
reinforced as described above for the foundation along the slab perimeter.  Horizontal 
reinforcing in slab-on-grade foundations should be continuous as described earlier.  


Figure 3-8 Above-code use of vertical dowels to connect a slab-on-grade to a  
separately poured footing. 
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Above-code Recommendation:  When a slab-on-grade is poured separately from the footing 
below, the IRC does not specify any vertical reinforcing across this joint.  When this 
condition occurs, however, the possibility of earthquake loads causing sliding along that joint 
is very real. The basic provisions of ACI 318-02, Sec. 11.7.9, for concrete require that all 
construction joints be provided with a mechanism for transferring loads through the joint.  
Therefore, it is recommended that the same amount of vertical reinforcing required for 
a separately poured stem wall and footing condition (No. 4 at 48 inches on center) be 
installed to connect a slab to a separately poured footing as shown in Figure 3-8.  In 
addition the surface of the construction joint should be cleaned to remove loose debris 
prior to placing the concrete slab. 


Above-code Recommendation:  Anchor bolts connecting a wood sill plate to a foundation 
also must be installed in the foundation or stem wall.  Although it is possible to install 
anchor bolts during the placement of the foundation concrete before it has hardened 
(also called “wet setting”), this is not recommended. Anchor bolts should be installed 
and secured so that they will not move prior to placing the concrete. The reason is that 
a wet setting can create a void in the concrete adjacent to the bolt.  Anchor bolts, whether 
they have heads or hooks on the embedded end, will either make a hole or carve a slot as 
they are pushed into the wet concrete.  That hole or slot forms a void over the entire length 
of the bolt’s embedment.  This void prevents the bolt from completely bearing against the 
surrounding concrete and could result in movement of the bolt when subjected to 
earthquake loads. Additional anchor bolt requirements are provided at the end of this 
chapter. 


3.3 MASONRY FOUNDATIONS 


Masonry foundation requirements are generally more dependent upon the Seismic Design 
Category of the site than concrete foundation requirements.  Solid clay masonry or fully grouted 
concrete masonry and rubble stone masonry may be used for foundations in SDCs A, B, and C; 
however, rubble stone masonry is not allowed in SDCs D1 and D2 due to its relatively low 
strength and stability. 


Above-code Recommendation:  Because of their relatively low strength and stability, 
rubble stone foundations are not recommended for use in SDC C as an above-code 
measure. 
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Above-code Recommendation:  Like concrete, a masonry foundation with a stem wall must 
have at least one No. 4 horizontal bar in the bottom of the footing and one No. 4 bar near the 
top of the stem wall.  This horizontal reinforcing needs to be continuous just as it does in 
concrete construction. Therefore, the above-code recommendations for lap splices are 24 
inches for No. 4 bars and 30 inches for No. 5 bars with hook extensions at corners as 
shown in Figure 3-7. 


In SDCs D1 and D2, masonry stem walls also must have vertical reinforcing and must be grouted 
as required by IRC Sections 606.11.3 and 606.12. (See Chapter 6 of this guide for a more 
detailed discussion of grouting in masonry wall construction.)  For a masonry stem wall 
supported on a concrete footing, the vertical reinforcing must be one No. 4 bar at 48-inches 
maximum spacing, extending into the footing with a standard hook at the bottom, similar to what 
is shown in Figure 3-6. This is necessary to prevent sliding along the bottom mortar joint 
between the concrete footing and the masonry stem wall.   


Above-code Recommendation:  In order to prevent sliding along the bottom mortar 
joint between the concrete footing and the masonry stem wall, it is recommended that 
masonry stem walls in SDC C also use the vertical reinforcing required in SDCs D1 and 
D2. 


3.4 FOOTING WIDTH 


Footing width is not dependent upon Seismic Design Category but instead is solely based on 
vertical load considerations. The minimum width for a concrete or masonry footing is dependent 
on the load bearing capacity of the soil measured in pounds per square foot (psf) and the number 
of stories and the weight of the wall it supports. For instance, when brick veneer is installed, this 
added weight requires a wider footing.   


The minimum soil bearing capacity considered by the IRC is 1,500 psf. In this case, the 
minimum footing width is 12 inches but it can increase to as much as 32 inches for a three-story 
house with brick veneer as shown in Figure 3-9.   


Bearing capacity is determined based on the soil classification determined for the site.  Soil 
classifications and corresponding bearing capacities are listed in IRC Table R401.4.1 at the 
beginning of IRC Chapter 4. The soil classification system is described in IRC Table R405.1. 
There are four distinct groups of soils that comprise a total of 15 separate soil classifications 
ranging from well graded gravels as the best and peat as the worst.  Accurate determination of 
soil bearing capacity requires correct classification of the soil at the building site and may require 
the expertise of a soils engineer or geologist.  However, most building departments have 
determined the soil classification for most of the sites within their jurisdiction.  Accurate 
determination of the correct site soil classification is important not just for determining the 
minimum footing width but also for determining the minimum reinforcing required for concrete 
or masonry foundation walls.      
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When a footing is constructed with a width at the bottom that is greater than the thickness of its 
stem wall or a width greater than the thickness required for a foundation wall (e.g., an inverted-T 
shape), the minimum thickness of the footing is 6 inches.  IRC Section R403.1.1 also specifies 
both a minimum and maximum width for the footing portion of this inverted-T foundation.  As a 
minimum, the projection of the vertical face of the footing must be at least 2 inches beyond each 
vertical face of the stem wall or foundation wall.  The maximum projection may not exceed the 
thickness of the footing. These dimensional requirements for an inverted-T foundation are 
illustrated in Figure 3-9.  These minimum and maximum projection limits of the footing beyond 
the stem wall are consistent with ACI 318 design of plain concrete footings.  Based on those 
requirements, an L-shaped footing should not be permitted unless its dimensions and reinforcing 
are designed to account for the eccentricity of the vertical load on the footing.   


Figure 3-9 Inverted -T footing dimensions. 


3.5 SPECIAL SOIL CONDITIONS 


On some sites, such as those in marshy areas or bogs, the bearing capacity of the soil may be 
known or suspected to be less than 1,500 psf.  In such a case, the IRC requires a soil 
investigation and report to determine the actual bearing capacity of the soil and to define an 
appropriate footing width and depth.  Soil testing also is necessary when it is likely that existing 
soil has shifting, expansive, compressive, or other unknown characteristics.  Local officials often 
are aware of such conditions in locations where previous buildings have been constructed and 
may have maps identifying such areas and/or special rules that apply to foundation construction 
in such areas. When existing soil data are not available, such as on previously undeveloped sites, 
it is always prudent to obtain tests to validate bearing capacity and to determine if expansive 
soils are present. 


When expansive soils that exhibit large changes in volume (usually in response to changes in 
moisture content) are encountered, foundations must be designed in accordance with IBC 
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Chapter 18 because the prescriptive requirements of the IRC assume no such special conditions 
are present. Methods to address expansive soil include foundation designs to resist the stresses 
caused by the soil volume changes that are likely to occur, isolation of the foundation, removal 
of the expansive soil, or stabilization of the soil by chemical, dewatering, presaturation, or other 
methods.  Failure to identify and adequately compensate for differential movements caused by 
expansive soils can result in excessive stresses on the foundation causing cracking of even 
reinforced concrete or masonry foundations. Foundation movement induced by expansive soil 
also can result in differential movement of the house’s wood framed walls that can crack brick, 
gypsum wallboard, and stucco finishes.  Movement of the walls can create stresses that loosen 
the nailed connections of wall sheathing used to provide lateral bracing.  These effects can, in 
turn, weaken a building’s earthquake resistance so it is very important to address expansive or 
other special soil conditions to limit differential foundation movement.   


3.6 FOUNDATION RESISTANCE TO SLIDING FROM LATERAL LOADS 


Foundations are the final link in the load path within a building to transfer the earthquake loads 
to the ground. At the foundation level, the combined lateral loads from the entire building are 
attempting to push the building laterally.  To resist movement, the foundation pushes against the 
soil that surrounds it. Consequently, footing width and depth are factors that determine the 
resistance that can be provided by the foundation to earthquake ground motions.  This is because 
footing width determines the horizontal surface area of the bottom of a foundation in contact 
with the ground and the depth determines the vertical surface area bearing against the soil on 
either side. These surface areas provide resistance to sliding through a combination of friction 
and bearing against the soil as shown in Figure 3-10.  Therefore, a wider or deeper foundation 
will be capable of resisting greater lateral loads than a narrower or shallower foundation.  
Similarly, the sliding resistance of a slab-on-grade house will be greater than that of one having 
only a perimeter foundation due to the added frictional surface area provided by the underside of 
the slab. 


Figure 3-10 Lateral resistance provided by foundation. 
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Above-code Recommendation:  For houses with the first floor located above a crawl space 
rather than a basement, IRC Section 408.5 allows finished grade under the floor to be located 
at the bottom of the footing except where the groundwater table is high, surface drainage is 
poor, or the area is prone to flooding. However, when the finished grade is located at the 
bottom of the footing, the vertical face of the footing on that side does not bear against soil.  
Therefore, as an above-code measure, in SDCs D1 and D2, it is recommended that crawl 
space perimeter footings have their entire depth below the finished grade of the crawl 
space. Embedment along both vertical faces of the footing provides additional bearing 
surface area to resist sliding loads perpendicular to the exterior walls. 


Above-code Recommendation:  To aid in providing sliding resistance, the bottom of 
footings should be level. The IRC does allow the bottom of footings to be sloped at a rate of 
not more than 1 foot vertical in 10 feet horizontal.  When this maximum slope along the 
bottom of the footing cannot be met, the bottom must be stepped.  Similarly, the top of 
foundations must be level but can also be stepped.  As an above-code measure when steps 
are used, the horizontal reinforcing should be bent to extend through the steps as shown 
in Figure 3-11. 


Figure 3-11 Above-code stepped foundation reinforcing detail. 
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Above-code Recommendation:  Special consideration also must be given to sites where the 
ground slopes upward or downward beyond the limits of the perimeter foundation to ensure 
that adequate resistance to foundation sliding and settlement are provided and to protect 
against the effects of drainage, erosion, and shallow failures of the sloping surface.  
Prescriptive rules for setbacks from either an ascending or descending slope are given in IRC 
Chapter 4. Smaller (or greater) setbacks may be approved (or required) based on a soil 
investigation report prepared by a qualified engineer. Because landslides can be triggered 
by earthquakes, any building site having natural or man-made sloping terrain above or 
below should be thoroughly evaluated for landslide potential even when the prescriptive 
setbacks of the code are met. 


3.7 SPECIAL CONSIDERATIONS FOR CUT AND FILL SITES 


A hillside site can result in foundations being supported on soils having very different bearing 
capacities. Figure 3-12 shows a situation where a portion of the foundation is supported on rock 
and the other side is supported on a fill that extends above the existing rock grade.  This 
condition often occurs when soil is removed (cut) from the high side of a lot and the lower side 
has fill material installed to create a level building pad.  Although the IRC requires all fill soils to 
be designed, installed and tested in accordance with accepted engineering practice, there is no 
specific guidance given in the IRC regarding what should be addressed.  Site-specific guidance 
on the design and placement of fill material is a particularly important concern in high seismic 
areas. 


Figure 3-12 Foundation supported on rock and fill. 


Studies of damage to houses located on cut and fill sites as a result of the 1971 San Fernando 
(McClure, 1973, Slosson, 1975) and the 1994 Northridge (Stewart, et al., 1994 and 1995) 
earthquakes document the consequences of improperly installed and compacted fill.  Figure 3-13 
shows an example of the type of damage that occurred to slab-on-grade houses during the 
Northridge earthquake.  Generally, these sites experienced settlement and extension of the fill 
portion of the site and vertical displacement along the line of transition from cut to fill.   
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Above-code Recommendation:  To meet the intent of the IRC requirement for all fill 
soils to be designed, installed and tested in accordance with accepted engineering 
practice, it is recommended that the reporting requirements conform to those specified 
in IBC Section 1803.5. 


Figure 3-13 Example of damage 
caused in building on cut and fill 
site. 


Above-code Recommendation:  Even with proper installation and compaction of engineered 
fills, earthquakes are expected to result in some differential settlement and consequent 
damage when a house has a portion of its foundation on a cut pad and other portions on fill.  
Therefore, in SDCs C, D1 and D2, sites that require a cut and fill approach should be 
avoided, particularly if a slab-on-grade foundation is used.  Where cut and fill grading 
of a site is unavoidable, increased levels of quality control should be used to ensure the 
optimum installation of the fill, and foundations should be designed to either 
accommodate or resist the expected settlement. 


3.8 FOUNDATION WALLS 


Foundation walls are typically basement walls but also include foundation stem walls that extend 
from the top of a footing to the bottom of a wood framed floor and enclose a crawl space as 
shown in Figure 3-6. Depending on the difference in ground level on each side of a foundation 
wall, certain minimum requirements for reinforcing and wall thickness will apply.  Foundation 
wall construction is dependent to some extent on Seismic Design Category, particularly for 
SDCs D1 and D2 sites. 
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Foundation walls can be constructed of concrete, masonry, or preservatively treated wood or by 
using insulating concrete form (ICF) systems.  As mentioned earlier, treated wood systems are 
not discussed in this guide.  ICF foundation walls are likewise not discussed because IRC Section 
R404.4.1 limits use of ICF foundation walls to SDCs A, B and C; however, future IRC editions 
may allow adequately reinforced ICF foundation walls in SDCs D1 and D2 if proposed code 
changes on this subject are approved. Rubble stone masonry foundation walls also are not 
permitted in SDCs D1 and D2 for reasons similar to those that prohibit this material’s use as a 
footing in SDC D1 and D2. 


Regardless of Seismic Design Category, all foundation walls must extend a minimum of 6 inches 
above the adjacent grade or, when brick veneer is used on a wall, the foundation wall must 
extend a minimum of 4 inches above the adjacent grade.   


Concrete and masonry foundation walls must conform to the prescriptive requirements of the 
IRC or may be based on other recognized structural standards such as ACI 318 for concrete or 
either NCMA TR68-A or ACI 530/ASCE 5/TMS 402 for masonry.  When concrete or masonry 
walls are subject to hydrostatic pressure from groundwater or support more than 48 inches of 
unbalanced fill, without permanent lateral support at the top and bottom, they must be designed 
using accepted engineering practice. The discussion below relates only to the IRC prescriptive 
methods for concrete or masonry foundation walls.   


Several terms used in this discussion warrant definition.  “Plain concrete” and “plain masonry” 
are not necessarily devoid of all reinforcing; however, they have less reinforcing than is required 
to be officially designated as being “reinforced.”  “Unbalanced backfill” is defined as the 
difference in height between the exterior and interior finish ground levels except that, when an 
interior concrete slab floor is present, the height is measured from the top of the slab to the 
exterior finished ground level. 


3.9 FOUNDATION WALL THICKNESS, HEIGHT, AND REQUIRED REINFORCING 


The minimum thickness of plain concrete and plain clay or concrete masonry foundation walls 
ranges from 6 inches to 12 inches depending on several variables.  These variables include: 


• The height of the wall, 
• The site’s soil classification, and 
• The height of any unbalanced backfill. 


Foundation wall thickness also must be at least equal to the width of the supported wall. 


For plain masonry foundation walls, the minimum thickness also is dependent on the use of solid 
masonry units or hollow units that can be either grouted or ungrouted.  Generally, the minimum 
thicknesses for solid masonry and grouted hollow masonry are identical whereas the minimum 
thickness for ungrouted hollow masonry is greater.  Minimum wall thickness for plain concrete 
and plain masonry walls, based on specific combinations of these variables, are listed in IRC 
Table R404.1.1(1). 
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For SDCs D1 and D2, IRC Section R404.1.4 imposes the following additional limitations on plain 
concrete and plain masonry foundation walls that are not specified in IRC Table R404.1.1(1): 


•	 Wall height is limited to 8 feet. 
•	 Unbalanced fill height is limited to 4 feet. 
•	 A single horizontal No. 4 reinforcing bar shall occur in the upper 12 inches of the wall. 
•	 Plain masonry walls shall be a minimum of 8 inches thick. 
•	 Plain concrete walls shall be a minimum of 7.5 inches thick except that a 6-inch 


minimum thickness is permitted when the wall height does not exceed 4 feet 6 inches.   
•	 Vertical reinforcing of masonry stem walls shall be tied to horizontal reinforcement 


located in the footing. 


In SDCs D1 and D2, when the foundation exceeds 8 feet in height or supports more than 4 feet of 
unbalanced fill, additional minimum reinforcing requirements apply.  First, two No. 4 horizontal 
reinforcing bars are required at the top of the wall rather than just one.  In addition, a concrete or 
masonry wall’s vertical reinforcing is required to meet additional prescriptive minimums.  The 
vertical reinforcing size and maximum spacing are dependent on wall thickness, wall height, 
unbalanced fill height, and soil classification.  Three IRC Tables — Tables R404.1.1(2), (3) and 
(4) – specify the minimum vertical reinforcing based on specific combinations of these variables.  
The IRC also allows alternative sizes and spacing of reinforcing up to a maximum spacing of 6 
feet; however, the alternate size and spacing must result in an equivalent cross-sectional area of 
reinforcing per lineal foot of wall as prescribed in the tables. 


Above-code Recommendation:  As described earlier, reinforcing should always be 
continuous; therefore, lap splices are needed where discontinuities occur in either 
horizontal or vertical reinforcing.  Lap lengths should not be less than 24 inches for 
No. 4 bars or 30 inches for No. 5 bars. 


Regardless of Seismic Design Category, all vertical reinforcing for these reinforced masonry or 
concrete foundation walls must be at least ASTM Grade 60 (yield strength of 60,000 psi).  This 
is important to note because No. 4 bars are commonly available in Grade 40, which has a lower 
yield strength. In addition, the distance from the soil side face of the wall to the centerline of the 
vertical reinforcing must be 5 inches in an 8-inch-thick wall, 6.75 inches in a 10-inch-thick wall, 
and 8.5 inches in a 12-inch-thick wall. 


3.10 WOOD-FRAMED WALL BOTTOM PLATE AND FOUNDATION SILL PLATE 
ANCHORAGE 


For the purpose of the following discussion, the terms “wall bottom plate” and “foundation sill 
plate” are used to distinguish between two different locations of wood members along a 
foundation. A wall bottom (sole) plate either is directly supported by a slab-on-grade foundation 
as shown in Figure 3-5 or is part of a cripple wall supported directly on a foundation when a slab 
on grade does not occur.  A foundation sill plate is different in that it occurs without wall studs 
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framing on top of it; instead, a foundation sill plate is the bearing support between floor joists or 
floor beams and the foundation as shown in Figure 3-6. 


In all Seismic Design Categories, where anchor bolts are required to connect a bottom plate or 
foundation sill plate to a foundation, the bolts must have a minimum embedment of 7 inches into 
a concrete or masonry foundation, and they must have a nut and washer tightened on each bolt.  
Typically, anchor bolts must be a minimum of 1/2-inch diameter and be spaced not to exceed 6 
feet on center. However, in SDCs D1 and D2, the maximum bolt spacing is limited to 4 feet for 
buildings with more than two stories.  Because the IRC prescribes bracing only for houses in 
SDC D2 up to a maximum of two stories, the closer spacing is actually only applicable in SDC 
D1 where three stories is permitted.  This decreased bolt spacing provides 50 percent more shear 
capacity at the sill-plate connection in recognition that earthquake loads generated in a three-
story building will be greater than those in a one- or two-story building.   


Some builders may choose to use 5/8-inch diameter bolts at the standard 6 feet on center spacing 
in place of using 1/2-inch diameter bolts at a required 4 feet on center spacing.  Based on bolt 
capacities listed in 2001 NDS Table 11-E, for most species of wood, 5/8-inch bolts at 6 feet on 
center spacing provide approximately 95 percent of the capacity of 1/2-inch bolts at 4 feet on 
center spacing. However, the approval of local officials should always be obtained prior to 
making any such substitution.   


In SDCs D1 and D2, the washer to be installed under the anchor bolt nut must be a 3-inch by 3
inch square plate with a minimum thickness of 1/4 inch.  This increased washer size limits the 
potential for splitting of bottom plates.   


Above-code Recommendation:  Splitting of sill plates can occur when the ends of braced 
wall segments are lifted vertically during the rocking motion braced walls undergo while 
resisting earthquake loads. Cyclic testing of shear walls has shown that a standard round 
cut washer is too small to provide any appreciable resistance to this uplift and allows sill 
plates to split but, when larger square washers are used, walls can sustain much higher 
lateral loads before sill plate splitting will occur.  For this reason, the use of plate 
washers is also recommended on anchor bolts connecting to the foundation in SDC C. 


3.11 REQUIRED LOCATIONS FOR ANCHOR BOLTS ALONG EXTERIOR WALLS  


Independent of Seismic Design Category, anchor bolts are required to connect a wall bottom 
(sole) plate or foundation sill plate to foundations located along all exterior wall lines.  A 
minimum of two anchor bolts are required in each individual length of plate, with one bolt 
located not more than 12 inches nor less than 7 bolt diameters from each end.  


3.12 REQUIRED ANCHORAGE ALONG INTERIOR BRACED WALLS 


The anchorage of wall bottom plates along interior wall lines is a bit more complex than it is for 
exterior walls. The general rule is that when interior braced walls are supported directly on a 
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continuous foundation, the bottom plate of the wall must be anchored using the same bolting 
pattern as required for exterior walls. However, the IRC currently requires a continuous 
foundation along interior braced wall lines in only a few situations.  Consequently, bolting of the 
sole plate of an interior braced wall to a foundation occurs only rarely because a foundation is 
not normally required.   


When an interior braced wall frames onto a raised wood framed floor, the code is clear that the 
anchorage connection of the braced wall sole plate uses nails.  However, the IRC is silent 
regarding exactly what kind of anchorage is required for connecting an interior braced wall to a 
slab-on-grade when a continuous foundation is not required and not provided.  One common 
example is a slab-on-grade house that has its exterior walls less than 50 feet apart and therefore 
does not require its interior braced walls be supported on a continuous foundation.  In such a 
case, the slab usually will not have the thickness necessary to allow installation of anchor bolts 
with the standard 7 inches of embedment.  However, it is reasonable to assume that the braced 
wall bottom-plate-to-slab connection should provide lateral load resistance at least equivalent to 
the typical anchorage to a foundation using bolts.  For the 1/2-inch diameter bolts at 6 feet on 
center, the bolt shear capacity from NDS Table 11E, adjusted by 1.6 for earthquake loads, ranges 
from 152 plf in Spruce-Pine-Fir lumber, to 176 plf in Southern Pine lumber.  Therefore, the 
connection to be provided to the slab should provide at least the same capacity as the 1/2-inch 
anchor bolts. For 5/8-inch bolts at 6 feet on center, the capacity ranges from 219 plf in Spruce-
Pine Fir to 248 plf in Southern Pine. 


When anchor bolts cannot be used because of limited slab-on-grade thickness, interior wall 
bottom plates often are connected to a slab-on-grade with powder-driven nails or pins as shown 
in Figure 3-14.  However, because of their small diameter and shallow embedment length into 
the slab, each powder-driven nail or pin has significantly less lateral capacity than a single 1/2
inch diameter bolt.  The nails or pins would need to be spaced at a much closer center-to-center 
spacing to be equivalent to a 1/2-inch diameter bolt at 6 feet on center.  The actual spacing 
needed to achieve equivalence with anchor bolts generally depends on the diameter and length of 
the nail or pin. 


Figure 3-14 Interior braced wall on slab-on-grade. 
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Many manufacturers of powder-driven nails or pins have published shear and tension capacity 
values for their specific products when connecting wood members to concrete.  However, it 
should be noted that powder-driven nails or pins used for this purpose generally have very little 
embedment depth into the concrete and, as a result, have very little tension capacity to resist the 
uplift that can occur at the ends of braced walls.  Because of this limited tension capacity, they 
may not perform nearly as well as bolts.  In addition, when pins are used, there is no way to 
install the square plate washers required on anchor bolts in SDCs D1 and D2 and recommended 
for use in SDC C. 


Above-code Recommendation:  In SDCs C, D1 and D2, when interior braced walls use 
wood structural panel sheathing, it is recommended that bottom plates be anchored to a 
thickened slab-on-grade using bolts as shown in Figure 3-5. Instead of the 18-inch 
thickness shown in Figure 3-5, only a minimum 10-inch thickness is necessary for the slab-
on-grade to allow for 7-inch minimum embedment of the bolt and 3 inches of additional 
clearance from the end of the bolt to the bottom of the thickened slab. 


3.13 ANCHORING OF INTERIOR BRACED WALLS IN SDCs D1 AND D2 


In SDCs D1 and D2, anchor bolts are required for interior first-story walls when: 


•	 The first-story interior wall is a bearing wall (which may or may not be a braced wall 
line) and it is supported on a continuous foundation. 


•	 The interior first story-wall is a braced wall line and that wall line is required to be 
supported on a continuous foundation. 


When applying the two rules listed above, one must differentiate between interior walls that are 
bearing walls and those that are braced walls.  Although interior bearing walls can be braced 
walls, this is not always the case.  Therefore, to apply the rules it must be determined that:  


•	 An interior wall is only a bearing wall and not a braced wall, 
•	 An interior wall is a braced wall but is not a bearing wall, or 
•	 The interior wall is both a bearing wall and braced wall. 


Summaries of the 2003 IRC minimum requirements for continuous foundations and for installing 
anchor bolts to a foundation along braced wall lines and bearing walls are presented in Tables 3
1 and 3-2, respectively. When an interior wall is both a bearing wall and a braced wall, the most 
restrictive requirement from Tables 3-1 and 3-2 applies. 
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Table 3-1 Summary of 2003 IRC Continuous Foundation and Anchor Bolt Requirements 
for Braced Wall Lines in One- and Two-family Houses 


Seismic Design 
Category 


Continuous Foundation Required At 
Braced Wall Lines 


Anchor Bolts 
Required 


Anchor Bolt 
Diameter  Spacing 


A, B and C YES along Exterior Braced Walls YES ½” @ 6’-0” 
A, B and C NO along Interior Braced Walls  NO N/A 


D1 YES along Exterior Braced Walls YES1 ½” @ 6’-0” 
½” @ 4’-0” >2 story 


D1 NO along Interior Braced Walls  
Unless wall lines spaced > 50 feet 


NO N/A 


D2 YES along Exterior Braced Walls YES1 ½” @ 6’-0” 3 


D2 NO along Interior Braced Walls 
of 1 Story unless spaced > 50 feet 


NO N/A 


D2 YES along Interior Braced Walls 
of Two-Story2 


YES1, 2 ½” @ 6’-0” 3 


1 Requires a square plate washer 3 x 3 x ¼ inch on each bolt.   

2 A continuous foundation is NOT required for interior braced wall lines of a two story building in SDC-D2, 

provided that all of the following conditions are met: A) The spacing between continuous foundations does not 

exceed 50 feet, B) cripple walls (if provided) do not exceed 4 feet in height, C) first story braced walls are supported 

on beams double joists or blocking, and D) braced wall line spacing does not exceed twice the building width 

measured parallel to the braced wall line. 

3 Buildings are limited to two-story in SDC D2, therefore anchor bolts at 4’-0” on center spacing do not apply.



Table 3-2 Summary of 2003 IRC Continuous Foundation and Anchor Bolt Requirements 
for Bearing Walls in One- and Two-family Houses 


Seismic Design 
Category 


Continuous Foundation Required At 
Bearing Walls 


Anchor Bolts 
Required 


Anchor Bolt 
Diameter  Spacing 


A, B and C YES along Exterior Walls YES ½” @ 6’-0” 
A, B and C NO along Interior Bearing Walls NO N/A 


D1 YES along Exterior Walls  YES1 ½” @ 6’-0” 
½” @ 4’-0” >2 story 


D1 YES along Interior Bearing Walls 
supported on a slab-on-grade 


YES1 ½” @ 6’-0” 
½” @ 4’-0” >2 story 


D1 NO along Interior Bearing Walls 
supported on a raised floor 


NO N/A 


D2 YES along Exterior Walls YES1 ½” @ 6’-0” 2 


D2 YES along Interior Bearing Walls 
supported on a slab-on-grade 


YES1 N/A 


D2 NO along Interior Bearing Walls 
supported on a raised floor 


NO N/A 


1 Requires a square plate washer 3” x 3” x ¼” on each bolt.

2 Buildings are limited to two-story in SDC D2, therefore anchor bolts at 4’-0” on center spacing do not apply.   
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FLOOR CONSTRUCTION



Woodframe floor systems and concrete slab-on-grade floors are discussed in this chapter.  
Although cold-formed steel framing for floor systems also is permitted by the IRC, it is not 
covered here; rather, the reader is referred to the AISI Standard for Cold-Formed Steel Framing 
– Prescriptive Method for One- and Two-Family Dwellings (AISI, 2001) for guidance. Also 
permitted but not discussed here are pressure-treated wood floor systems on ground; information 
on the use of these systems is provided in IRC Chapter 5. 


4.1 GENERAL FLOOR CONSTRUCTION REQUIREMENTS 


Woodframe floor systems form a horizontal diaphragm at each level where they occur and 
transfer earthquake lateral loads to braced walls below that floor level or directly to the 
foundation when the lowest floor is supported on a foundation.  When a floor supports walls 
above and is supported on walls below as shown in Figure 4-1, the lateral loads in the floor 
system are based on the mass of the floor itself and a portion of the mass of all the walls in the 
stories immediately above and below the floor. (See Chapter 2 of this guide for a discussion of 
the complete load path.) 


Figure 4-1 An unblocked floor diaphragm. 
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Concrete slab-on-grade floors typically are constructed with a concrete perimeter foundation and 
together these elements form the base of the building.  Lateral forces from exterior and interior 
braced wall lines are transferred to a slab-on-grade via connections between the bottom plate of a 
braced wall and the slab.  In turn, the concrete slab and foundation transfer those forces directly 
to the ground as shown in Figure 4-2.   (For more information on anchorage of braced walls to 
slab-on-grade construction, see Chapter 3 of this guide.) 


Figure 4-2 Slab-on-grade and perimeter footing transfer loads into soil. 


4.2 WOODFRAME FLOOR SYSTEMS 


Woodframe floors typically consist of repetitive joists or trusses, at a prescribed spacing, 
sheathed with either boards or wood structural panels attached to the top surface.  Finish 
materials such as gypsum board typically are applied to the bottom surface where it serves as the 
ceiling for a room below.  Blocking between joists or trusses is used at the ends of the floor joists 
or trusses (or a continuous band joist can be used at the ends) and where walls occur above or 
below. Floor systems also include beams, girders, or headers where needed to support joists.  
Joists can be sawn lumber, end jointed lumber, or a variety of prefabricated (engineered) 
members.  Examples of engineered lumber include wood I-joists, trusses, and solid rectangular 
structural composite members such as parallel strand lumber (PSL), laminated veneer lumber 
(LVL), and laminated strand lumber (LSL).  Beams, girders, or headers and blocking also can be 
either sawn lumber or engineered lumber.       
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The primary design consideration in choosing the minimum size and the maximum span and 
spacing of floor joists, trusses, beams, girders, and headers is adequate support for dead and live 
vertical loads as prescribed by the code depending on the uses that a floor must support.  Vertical 
deflection of a floor is another design consideration that can limit the maximum span of floor 
members.  Tables in IRC Chapter 5 and similar tables in other documents such as those 
published by the American Forest and Paper Association (AF&PA) or engineered lumber 
manufacturers are available for use in selecting the proper combination of minimum size and 
maximum span and spacing of floor framing members.   


4.3 CANTILEVERED FLOORS 


When floor joists cantilever beyond a support, joist size and spacing are limited by prescriptive 
tables in IRC Chapter 5. IRC Table R502.3.3(1) addresses support of a roof and one story of 
wall for roof spans up to 40 feet and snow loads up to 70 psf. IRC Table R502.3.3(2) addresses 
cantilever joists supporting an exterior balcony.  When a floor is supporting more than a roof and 
one story of wall, the maximum prescriptive cantilever distance is limited by the IRC to the 
depth of the joist. If longer cantilevers are desired, a registered design professional must design 
that portion of the floor system.  


In Seismic Design Categories D1 and D2, when cantilevered floor joists support braced wall 
panels in the story above, the cantilevered floor is limited by several additional prescriptive 
requirements in IRC Chapter 3. This is because the braced wall above and braced wall below are 
offset out-of-plane. When a floor cantilever supporting a braced wall does not meet the IRC 
limits, that portion of the house is defined as having an irregularity that prevents the use of 
prescriptive wall bracing where the irregularity occurs.  In such a case, engineering must be 
applied to resolve the out-of-plane offset of the braced walls located in the stories above and 
below that floor. The maximum permitted cantilever of a second floor supporting a braced wall 
and roof is illustrated in Figure 4-3.  (Also see the discussion of load path in Chapter 2 of this 
guide.) 


Figure 4-3 Cantilevered floor restrictions. 
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The specific limits and requirements in IRC Chapter 3 for cantilevered floors in SDCs D1 and D2 
that support braced walls are not particularly difficult to meet and appear to omit addressing the 
uplift restraint that may be necessary at the back span support of cantilever joists.  In SDCs D1 
and D2, cantilever floor joists supporting a braced wall panel may not extend more than four 
times the nominal depth of the joist when the following set of rules is met:  


•	 Joists must be 2x10 nominal or larger at 16-inch maximum spacing. 


•	 The back span of the cantilever joist must be at least twice the cantilever distance. 


•	 Joists must be doubled at the ends of the braced wall panel above. 


•	 A continuous rim joist is connected to the end of each cantilevered joist.  If that rim joist 
is spliced along its length, the splice must be made with either: (a) a 16-gage strap 
having 6 – 16d common nails on each side of the splice or (b) by using wood blocking 
having the same size as the rim joist, installed between the cantilevered joists, and nailed 
to the rim with 8 –16d common nails on each side of the splice. 


•	 The cantilever end of the joist is limited to supporting uniform loads from a roof and wall 
above and, if supporting a header above, the header span is limited to 8 feet. 


These rules are illustrated in the framing plan shown in Figure 4-4.  What is not mentioned in 
this list of rules is the need for connections to resist uplift at the back-span (interior) end of a 
cantilever joist as noted in Figure 4-4.  In IRC Table R502.3.3(1) for cantilever joists supporting 
a roof and wall, the uplift is determined using a back-span distance that is three times the 
cantilever distance (3:1).  Because the minimum back span specified in the IRC Chapter 3 (see 
Item 2 above) is only twice the cantilever distance (2:1), the uplift values in IRC Table 
R502.3.3(1) would need to be increased by a factor of 1.5 just to address the gravity loads.   


When the downward earthquake overturning load from the ends of a braced wall panel supported 
by cantilever joists are considered in addition to gravity loads, the uplift load at the back-span 
end of the joist obviously will increase.  Therefore, depending on the actual back-span-to-
cantilever-length ratio, the back-span end of the double cantilever joists supporting the ends of a 
braced wall may need to provide uplift restraint as much as twice than that listed in IRC Table 
R502.3.3(1). However, because the magnitude of the uplift load at the back-span end of a 
cantilevered joist reduces as the back-span length increases, it is possible that a cantilever joist 
that is continuous over its interior support will result in zero uplift at the back-span end.  When 
cantilever joists are continuous over an interior support, the back span increases and the uplift at 
the end of the joist is greatly reduced.  Therefore, the specific cantilever floor joist layout and 
ratio of the length of the back span to the cantilever will determine if and how much uplift may 
need to be resisted. 


Above-code Recommendation:  In SDCs C, D1 and D2, when a braced wall is supported 
at the ends of cantilever joists, the back-span uplift connection capacity should be 
determined using engineering principals for the specific back-span and cantilever 
distances involved. 
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Figure 4-4 Cantilever joist at braced wall above. 


4.4 REQUIREMENTS FOR BLOCKING   


It is important in floor framing construction to prevent joists (or trusses) from rotating or 
displacing laterally from their intended vertical position.  Rotation loads occur because, when 
floor sheathing is resisting lateral loads oriented perpendicular to the joist, those lateral loads are 
actually trying to move the top edge of the joist sideways. 


Preventing rotation is often accomplished by installing full-depth solid blocking at the ends of 
joists. The ends of joists also can be restrained by attaching the joist to a continuous rim or band 
joist or a header or, in balloon framed walls, by attaching the joist to the side of a stud.  In SDCs 
D1 and D2, additional solid blocking between joists (or trusses) is necessary at each intermediate 
support even when that location is not at the end of the joist.  For example, intermediate support 
should be located at an interior girder or bearing wall where joists are continuous over that 
support. Blocking installed between joists supported by an interior floor girder is illustrated in 
Figure 4-5. 


Blocking also is required below an interior braced wall line in all Seismic Design Categories 
when joists are perpendicular to the braced wall.  Although the IRC is silent regarding minimum 
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depth and width for these blocks, the intent of this added blocking is to provide a nailing surface 
for the 16d common nails used to connect the bottom plate of the braced wall to the floor.  This 
nailing is an important part of the lateral load path; therefore, the blocking should be of a depth 
sufficient to allow full embedment of the 16d common nails and of sufficient width to prevent 
the nails from missing the block.  


Assuming floor sheathing is at least 1/2- inch thick, the minimum depth of the blocking should 
be 1-1/2 inches. Therefore, a flat 2-inch by 4-inch block as shown in Figure 4-6 can provide 
sufficient depth and, when accurately placed below a wall, can provide a width that greatly 
reduces the potential for bottom plate nails missing the block. 


Figure 4-5 Interior bearing line. 


Figure 4-6 Blocking below interior braced wall where floor joists are perpendicular to wall. 
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When an interior braced wall also is a bearing wall and joists below the wall are parallel to the 
wall, a double joist or a beam typically is provided in the floor below the wall.  Occasionally this 
pair of joists may be spaced apart to allow for piping or vents passing vertically from the wall 
above through the floor. When this occurs, the double joists cannot be located directly below the 
wall’s bottom plate. To provide a nailing surface for the bottom-plate connection of the braced 
wall above, 2x flat blocking should be installed in line with the braced wall’s bottom plate 
between and parallel to these spaced joists as shown in Figure 4-7. 


Figure 4-7 Blocking for floor joists spaced apart for piping in floor. 


4.5 CONNECTION OF FLOOR JOISTS TO WALL TOP PLATE OR FOUNDATION 
SILL PLATE BELOW 


Floor joists (or trusses) are required to be connected to the top plate of supporting walls or to a 
foundation sill plate as specified in IRC Table R602.3(1). Each of these connections provides a 
load path to transfer loads from the floor diaphragm into the braced walls or the foundation 
below. Nailed connections must meet the following minimum requirements: 


•	 Rim or band joists parallel to a wall or foundation require a toe-nailed connection to the 
wall top plate or foundation sill plate using 8d box or common nails at 6 inch spacing. 


•	 Floor joists perpendicular to a wall top plate or foundation sill plate require a toe-nailed 
connection using three 8d box or common nails.   


•	 When blocking is installed between the floor joists, the blocking requires a toe-nailed 
connection to the wall top plate or foundation sill plate using a minimum of three 8d box 
or common nails in each block.   
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Where toe nailing is used, it must be done correctly so that it can transfer the intended loads and 
so that the nails do not split the wood when being installed.  Toe-nailed connections prescribed 
by the IRC should be acceptable when connecting joists to wall top plates or foundation sills that 
are perpendicular to the joists because these connections are not highly loaded by lateral loads.  
The primary lateral load transfer in a floor system occurs through the rim or band joists and 
through blocking that is parallel to braced walls or foundation sill plates.   


Information on proper toe-nail installation is presented in Figure 4-8; however, that idealized 
picture of nail inclination and location is difficult to achieve in actual construction.  
Consequently, many toe-nailed connections that must transfer lateral loads may not actually 
perform very well.   


Above-code Recommendation:  In SDCs C, D1 and D2, connections between joists or 
blocking and wall top plates or foundation sill plates that are parallel to the joist or 
blocking should use commercially available light-gage steel angles and nails of the 
correct diameter and length for the product.  Many of the toe-nailed connections specified 
in the IRC also can be made using light-gage steel angles through which face nails are driven 
into the two wood framing members being connected.  Although light-gage angles may 
require more time to install than toe nails, the angle connections should reduce splitting of the 
wood and can provide a more reliable connection capacity for lateral loads compared to toe 
nails. 


Figure 4-8. Toe nail configuration requirements. 
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4.6 FLOOR SHEATHING 


Floor sheathing can be either wood boards installed perpendicular or diagonally to the joists or 
wood structural panels (as subfloor or combination subfloor-underlayment) installed with the 
long direction of the panel perpendicular to the joists.  The minimum thickness for wood board 
sheathing depends on joist spacing and the orientation of the boards to the joist (e.g., perpen-
dicular or diagonal). For wood structural panels, the minimum thickness is based on joist 
spacing and the grade of sheathing panels selected. IRC Chapter 5 contains tables to use in 
determining the required minimum thickness for sheathing materials based on a variety of joist 
spacings. 


Above-code Recommendation:  Wood boards are rarely used in modern house construction 
unless the underside of the floor is intended to be visible to the interior space below to 
achieve a specific architectural effect.  As an above-code measure, wood boards installed 
perpendicular to joists should not be used in SDC C, D1, or D2 unless wood structural 
panels are installed over the boards because the wood board sheathing alone provides 
little resistance to lateral loads. In contrast, diagonally placed wood boards provide greater 
lateral capacity and should be acceptable for small rectangular-shaped floor areas. 


For modern construction, floor sheathing typically will be wood structural panels (OSB or 
plywood). These panels are fastened to the joists based on a schedule prescribed in tables in IRC 
Chapter 6. 


4.7 LATERAL CAPACITY ISSUES FOR WOOD FRAMED FLOORS USING WOOD 
STRUCTURAL PANELS 


The lateral capacity of a floor diaphragm sheathed with wood structural panels is based on five 
factors: 


• Sheathing thickness, 
• Sheathing fastener type and size, 
• Fastener spacing along supported sheathing edges, 
• Presence or absence of blocking along all edges of each piece of sheathing, and  
• Layout of the sheathing joints with respect to direction of lateral loading. 


Below is a discussion of how differences in lateral capacity can result depending on how each of 
these is applied to the construction of a floor.  


Sheathing thickness usually is selected based on the spacing of joists and, for floors, will never 
be less than 7/16 inch but normally is at least 5/8 inch.  Generally, thicker sheathing will provide 
a more comfortable floor for the occupants to walk on and will have a greater lateral capacity 
compared to thinner sheathing using the same fastener size and spacing.   


The most common sheathing fasteners used are nails with a minimum size of 6d common (0.113 
inch x 2 inches) for a floor sheathing thickness of up to 1/2 inch.  The minimum fastener size 
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increases with increasing sheathing thickness to a minimum of 10d common nails (0.148 inch x 3 
inches) for sheathing that is 1-1/8 inches thick. Larger diameter nails will provide greater lateral 
capacity than smaller nails in the same thickness of sheathing because the lateral capacity of a 
nail is directly proportional to its diameter.  Therefore, using box nails or gun nails that have a 
smaller diameter than common nails will reduce the lateral capacity of a floor diaphragm. 


Staples also can be used to fasten sheathing to framing members.  Although not commonly used, 
IRC Table R602.3 (2) has information for specifying alternative sheathing fasteners including 
staples. Generally, staples of either 15 or 16 gage can be used in place of most nails at the same 
spacing as those nails. However, when using staples, it is important to understand that they must 
be installed with the crown parallel to the framing member below the sheathing edge being 
fastened. 


Fastener spacing for floor sheathing is typically 6 inches along continuously supported panel 
edges and 12 inches along supporting members not located at panel edges.  Greater lateral 
capacity can be obtained when fastener spacing along supported edges is reduced from 6 inches 
to 4 or 3 inches. 


The IRC only requires floor diaphragms to be fastened along continuously supported panel 
edges. This includes where panel edges are located parallel to and over a joist and at the floor 
framing members forming the perimeter of the floor.  The unsupported panel edges that are 
spanning perpendicular to the joists only need to be fastened at each joist.  In engineering terms, 
this is called an unblocked diaphragm.  See Figure 4-1 for the sheathing layout and nailing 
pattern for a portion of an unblocked diaphragm. 


In contrast, a fully blocked floor diaphragm means that all edges of each sheathing panel that are 
not located on a joist are supported on and fastened to blocking.  A blocked diaphragm will have 
significantly greater lateral capacity than an unblocked diaphragm having the same thickness of 
sheathing and attached with identical fasteners because the extra fasteners along the blocked 
edges provide additional capacity.  Figure 4-9 shows the layout of sheathing and nailing of a 
portion of a blocked floor diaphragm.  Fastening the sheathing to joists or blocking along all 
panel edges allows the shear loads being carried in the sheathing to be transferred from one panel 
to the next much more effectively. This, in turn, ties the floor together better and allows the 
braced walls below that floor to resist an earthquake more as a system than as individual walls.  


Above-code Recommendation:  The IRC requires that wood structural panel sheathing be 
installed with the long dimension of the panel perpendicular to joists, but it does not specify 
staggering of panel joints along the short direction of the panels.  Although not specifically 
required by the IRC, sheathing should be installed as shown in Figures 4-1 and 4-9 to 
achieve the greatest capacity. This staggered sheathing layout pattern causes the individual 
sheathing panels to interlock and makes the whole floor act as a unit. 
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Figure 4-9 Blocked diaphragm configuration. 


Lateral loads in a floor diaphragm also are affected by the distance between braced wall lines or 
between foundations located below the floor. The loads increase with increasing distance 
between lines of parallel braced walls or foundations.  Therefore, a long and narrow floor 
diaphragm as shown in Figure 4-10 will have to transfer a greater load per foot along its short 
sides than along its long sides.  In order to limit the maximum load along a short side, IRC 
Chapter 6 places limits on the maximum spacing between braced wall lines or foundations. 


Figure 4-10 Diaphragm loads on long and short sides. 
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The size and location of floor openings such as for stairs or a two-story entry foyer can create 
concentrations of lateral loads in a floor diaphragm.  To address this, IRC Chapter 3 limits 
openings through a floor or roof to the lesser of either 12 feet maximum or 50 percent of the least 
dimension of the floor.  When openings exceed these limits, engineering of the floor or roof 
diaphragm is required.   


Above-code Recommendation:  In SDCs C, D1 and D2 , when floor openings exceed 50 
percent of the IRC prescriptive opening size limits, it is recommended that 16-gage 
straps be installed along the edges perpendicular to the joists and extended beyond the 
opening by at elast 2 feet at each end as shown in Figure 4-11. The straps can be nailed 
with 10d nails into the framing members forming the perimeter of the opening and into 
blocking beyond the corners. The straps and additional nailing act to reinforce the diaphragm 
and provide a dedicated path for lateral loads to be transferred around the opening to the 
portions of the floor beyond. Smaller openings such as those for chimneys or duct shafts do 
not require any special reinforcing. 


Figure 4-11 Reinforcing straps at large diaphragm openings. 
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4.8 CONCRETE SLAB-ON-GRADE FLOORS 


A concrete slab-on-grade can be used as the base of a first-floor level or of a basement level.  
The minimum thickness for a concrete slab-on-grade is 3-1/2 inches except where expansive soil 
is present.  Where expansive soils are encountered, a design for the slab-on-grade must conform 
to IBC Chapter 18 (see Chapter 3 of this guide for a discussion of the effects of expansive soil).   


Concrete Strength Requirements – The minimum concrete compressive strength is 2,500 pounds 
per square inch (psi). Floor slabs having an exterior surface exposed to the weather in areas of 
moderate to severe concrete weathering must have higher compressive strength as specified in 
IRC Table R402.2. A map in IRC Chapter 3 identifies locations where moderate and severe 
weathering of concrete is expected to occur. 


Reinforcing of Concrete Slab-on-Grade Floors – In the absence of expansive soils, the IRC does 
not require reinforcing of concrete slabs. Reinforcing typically is used to provide tension 
capacity in concrete and thereby reduce cracking caused by a variety of loads including 
temperature variations.  Concrete alone has very good compression capacity but has a very low 
capacity for tension. Therefore, adding reinforcing bars to a slab-on-grade will provide much 
greater resistance to tension loads originating from earthquake loads and other soil conditions 
that could induce tension stress in the slab. 


Reinforcing is required only where a slab-on-grade is thickened along its perimeter edge or 
below an interior bearing wall in SDCs D1 and D2. When exterior braced walls are spaced more 
than 50 feet apart, an interior braced wall also needs a foundation as part of the slab-on-grade in 
SDCs D1 and D2. (See Chapter 3 of this guide for information on where and how much 
reinforcing is needed in foundations provided with a slab-on-grade.)  


Above-code Recommendation:  When a slab-on-grade is placed separately from the 
perimeter footing below, the IRC does not specify any vertical reinforcing across this joint.  
When this condition occurs, the possibility of earthquake loads causing sliding along that 
joint is very real.  Therefore, as an above-code measure in SDCs C, D1 and D2, when the 
footing and the slab concrete are separately placed, it is recommended that vertical 
reinforcing dowels be placed across the joint between the slab and footing.  These 
vertical dowels should be No. 4 steel reinforcing bars at 48-inch maximum spacing. 
(More information on this subject is presented in Chapter 3 of this guide.) 


81 







FEMA 232, Homebuilders’ Guide 


82 








Chapter 5 

WALLS



5.1 	WOOD LIGHT-FRAME CONSTRUCTION 


5.1.1 General Components 


In residential construction, the walls provide the primary lateral resistance to wind and 
earthquake loads. Even in frame type houses (e.g., post-beam construction), the exterior walls 
provide most of the lateral stability to the house.  Although this guide focuses on wood light-
frame construction, alternatives such as cold-formed steel, masonry, and concrete construction 
are used in many regions of the country.  The reader is referred to the sections on masonry and 
concrete construction later in this chapter for some guidance on the use of these materials.  For 
cold-formed steel construction, the reader is referred to the American Iron and Steel Institute’s 
(AISI) industry standard for prescriptive cold-formed steel construction, Standard for Cold-
formed Steel Framing Prescriptive Method for One- and Two-Family Dwellings (2001). 


Light-frame walls provide resistance to sliding, overturning, and racking loads induced in the 
house by an earthquake as illustrated in Figure 5-1.  The walls are the principle element for 
transmitting the loads from the upper stories and roof to the foundation.  The concept of how 
these loads are transferred between the major components of the house is illustrated in Figure 5-
2, and the action of the individual wall segments resisting the lateral loads is illustrated in Figure 
5-3. Wood light-frame walls typically consist of the lumber framing covered by sheathing 
material that is attached to the wood framing with nails, staples, or screws.  Figure 5-4 illustrates 
the components of a wall that is sheathed with wood structural panels (OSB or plywood) on the 
outside and gypsum wallboard on the inside.  The figure also shows the addition of hold-down 
connectors to the framing, which are required by the IRC for some specific bracing 
configurations. When used, hold-down connectors increase the strength and stiffness of the wall 
segment. 


Four different bracing wall configurations and eight methods (materials) are recognized by the 
IRC. The bracing wall configurations include: 


•	 IRC Section R602.10.3 braced wall panels (Figure 5-5a), 
•	 IRC Section R602.10.5 continuous (wood) structural panel sheathing (Figure 5-5b), 
•	 IRC Section 602.10.6 alternate braced wall panels (similar to Figure 5-5c), and 
•	 Wood structural panel sheathed walls with hold-down connections as required by the 


exceptions in IRC Section R703.7 when stone or masonry veneer is used (Figure 5-5c). 
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Figure 5-1 Sliding, overturning, and racking action resisted by walls and foundation. 
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Figure 5-2 Exploded view of house illustrating load paths. 
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Figure 5-3 Wall action for resisting lateral loads 


Figure 5-4 Exploded view of typical residential wall segment. 
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Differences in these bracing wall configurations include sheathing materials, minimum bracing 
length, extent of sheathing, and anchorage at the wall base. Differences in overturning 
anchorage for walls are shown in Figure 5-5. 


Figure 5-5 Detailing differences for three options when using 
wood structural panel sheathed walls. 


The braced wall panel (IRC Section R602.10.3) is the most commonly used approach.  Eight 
different methods (materials) are recognized by the IRC as acceptable bracing. These are called 
“braced wall panel construction methods” in the IRC and are listed in Table 5-1. Method 1, let-
in bracing, is not allowed to be used in regions of high earthquake hazard because it often will 
fail as the walls are racked during an earthquake; therefore, this method is not discussed further 
in this guide. 


Of the acceptable braced wall panel materials, wood structural panels and diagonal lumber 
sheathing are known to perform better than others (i.e., withstand higher deformations while 
supporting higher loads). Wall panel bracing is required by IRC Section R602.10.4 to be 
provided in 4-foot minimum lengths sheathed on one face for other than Method 5 and either 4-
foot lengths sheathed on both faces or 8-foot lengths sheathed on one face for Method 5.  Other 
than with Method 5, this bracing often is provided in 4-foot-long isolated segments along the 
wall length. 
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Table 5-1 Braced Wall Panel Construction Methods (Materials) Recognized by the IRC 
Construction Method Designation Sheathing Material 


1 Nominal 1x4 inch continuous let-in bracing 
2 5/8-inch minimum thickness boards applied diagonally to 


studs 
3 Wood structural panels (OSB or plywood) 5/16-inch 


minimum thickness 
4 1/2- or 25/32-inch thick structural fiberboard 
5 1/2-inch gypsum wallboard 
6 Particleboard sheathing 
7 Portland cement plaster 
8 Hardboard panel siding 


Where braced wall panels use wood structural panel (Method 3) or diagonal lumber (Method 2) 
sheathing, the panel base anchorage to the supporting floor framing or foundation limits the 
bracing strength and stiffness.  The braced wall panel anchorage includes two critical weak links 
for uplift: the panel end stud connection and the bottom plate (sole plate) connection.  Braced 
wall panel bottom plates are specified by IRC Table R602.3(1) to be attached to the floor 
platform using three 16d common (0.162 x 3.5 inch) or 16d box (0.148 x 3.5 inch) nails every 16 
inches or are specified by IRC Section R403.1.6 to be anchored to the foundation with 1/2-inch-
diameter anchor bolts at not more than 6 feet on center.  Together, these two weak links cause 
the wall to fail along the bottom of the wall under relatively low loads (these walls have a 
capacity of approximately 150 to 400 plf, which translates to an allowable design value of about 
50 to 140 plf maximum).   


IRC Section R602.10.5, continuous structural panel sheathing, requires that all exterior wall 
surfaces on a given story level other than door and window openings be sheathed with wood 
structural panel sheathing (Figure 5-5b). This bracing wall configuration has greater strength 
and stiffness than braced wall panels with minimum wall base anchorage.  The increased 
strength and stiffness are due in part to the continuity provided by additional sheathing above 
and below windows and doors (which makes the wall-base connection capacity less critical) and 
increased overturning capacity due to required corner framing details or hold-downs at wall ends.  
In recognition of the improved strength and stiffness provided with continuous structural panel 
sheathing, IRC Section R602.10.5 permits the minimum length of bracing to be reduced and IRC 
Table R602.10.5 permits use of individual wall bracing panels that are more slender than would 
otherwise be permitted. 


Wood structural panel wall bracing with uplift anchorage provided at each end, per IRC Sections 
R602.10.6 and R703.7, is the strongest and stiffest option for resisting lateral loads.  This wall 
configuration is illustrated in Figure 5-5c.  Although sheathing, fastening, and hold-down loads 
for these walls are prescribed, the walls are essentially equivalent to engineered shear walls.  The 
alternate braced wall panel provisions of IRC Section R602.10.6 were developed to allow use of 
braced wall panels narrower than the 4-foot minimum required by IRC Section R602.10.4 (e.g., 
at the side of garage doors); however, the IRC permits an alternate braced panel to be substituted 
for each 4 feet of bracing throughout the house.  The provisions of IRC Section R703.7 use 
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increased wall strength and stiffness to compensate for the increased earthquake loads that occur 
due to the weight of stone or masonry veneer.   
As discussed above, where wood structural panel bracing is used, the strength and stiffness of the 
wall bracing is very dependent on the extent of sheathing and anchorage at the wall base.  The 
configuration shown in Figure 5-5a, using IRC minimum braced wall panel anchorage, is the 
weakest and least stiff of the wood structural panel bracing configurations.  The configuration 
shown in Figure 5-5b adds strength and stiffness by providing continuous structural panel 
sheathing and added detailing or tie-downs at wall ends.  The strongest and stiffest configuration 
is illustrated in Figure 5-5c where overturning anchors are provided at each end of each wall 
segment.  


Above-code Recommendation:  Use of the configurations shown in Figures 5-5b or 5-5c 
can significantly increase the strength and stiffness of braced wall panels sheathed with 
wood structural panel or diagonal lumber sheathing and may be used to provide 
improved performance whether or not specifically required by the IRC. Use with 
sheathing materials other than Methods 2 or 3 would provide less benefit and is not 
recommended. 


When the wood structural panel wall bracing option is used in an engineered design, the walls 
are designed according to empirical tables that provide allowable design loads in pounds per foot 
of wall depending on the thickness and grade of the sheathing and the size and spacing of the 
sheathing nails. These walls rely on hold-down anchor connections to resist the overturning 
loads and substantial connections (nails, lag screws, bolts, etc.) along the top and bottom plates 
to transmit the lateral loads between the wall framing and the floor platform or foundation.  This 
type of wall can resist allowable design loads up to 870 plf when sheathed on one face with 
wood structural panels. 


5.1.2 Design Requirements 


The 2003 IRC requires that wall bracing be provided both at exterior walls and at interior braced 
wall lines. IRC Section R602.10.1.1 specifies that interior braced wall lines must be added such 
that the distance between braced wall lines does not exceed 35 feet; however, allowance is made 
for spacing up to 50 feet. IRC Section R602.10.11 reduces the maximum spacing to 25 feet in 
SDCs D1 and D2. Within each braced wall line, IRC Table R602.10.1 specifies the minimum 
bracing as a percentage of the length of the wall line based on the wind and earthquake exposure 
and the story level under consideration (the lower in the house, the more sheathing is required to 
resist the higher loads).  Some interpretations of the IRC would allow a house located in SDC C 
to be braced according to the amounts required for SDCs A and B due to the exemption for 
detached houses in SDC C from all earthquake requirements. 


Above-code Recommendation:  Houses in SDC C should be braced according to the 
requirements of SDC D1. Use of the required percentage of wall bracing in each 25-foot 
length of wall will provide a distributed resistance system of walls rather than a concentrated 
wall system.  Experience has shown that a distributed wall system performs better in an 
earthquake than concentrated walls in only a few locations. 
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Table 5-2 excerpts a portion of this bracing information.  As previously noted, the amount of 
bracing may be modified in accordance with IRC Section R602.10.5 when continuous wood 
structural panel sheathing is provided. In addition, an alternate braced wall panel (per IRC 
Section R602.10.6) can be substituted for each 4 feet of braced wall panel.  The sheathing must 
be located at the ends of each braced wall line at least 25 feet on center.  The idea is to provide a 
distributed resisting system rather than to concentrate the resistance in a few highly loaded wall 
segments.  Overall, this provides a more robust structure that can resist the loads induced into the 
house close to the source of the load and not require the floor and roof diaphragms to transmit 
the loads long distances. Let-in bracing is allowed only for the top story of houses in SDC C due 
to its tendency to fail at relatively low lateral load levels. 


Table 5-2 IRC Sheathing Requirements for Seismic Design Categories C, D1, and D2 
Seismic 
Design 


Category Floor Level Sheathing Requirements 


C 


Top story 16% of wall line for wood structural panel 
and 25% for all other sheathing types 


First story of 2-story or 
second story of 3-story 


30% of wall line for wood structural panel 
and 45% for all other sheathing types 


First story of 3-story 45% of wall line for wood structural panel 
and 60% for all other sheathing types 


D1 


Top story 20% of wall line for wood structural panel 
and 30% for all other sheathing types 


First story of 2-story or 
second story of 3-story 


45% of wall line for wood structural panel 
and 60% for all other sheathing types 


First story of 3-story 60% of wall line for wood structural panel 
and 85% for all other sheathing types 


D2 


Top story 25% of wall line for wood structural panel 
and 40% for all other sheathing types 


First story of 2-story or 
second story of 3-story 


55% of wall line for wood structural panel 
and 75% for all other sheathing types 


First story of 3-story Not allowed prescriptively must use IBC 
design methods 


Cripple walls 75% of wall line using wood structural 
panel sheathing only 


Although the basic IRC bracing concept is reasonably straightforward, a number of other 
adjustments may modify the required length of bracing.  Close attention is required to ensure that 
the IRC requirements are met.  IRC Section R301.2.2.2.1 limits the dead load of assemblies for 
houses in SDCs D1 and D2. The maximum permitted for roof plus ceiling dead load is 15 psf 
(typical asphalt shingle roofs with gypsum ceilings); however, IRC Table R301.2.2.2.1 permits 
this assembly weight to be increased to 25 psf (for heavier roofing materials) provided that the 
length of wall bracing is increasd as specified.  Footnote d to IRC Table R602.10.1 notes that the 
earthquake bracing requirements are based on 15 psf (exterior) wall dead load and permits the 
required earthquake bracing length to be multiplied by 0.85 for walls with dead loads of 8 psf or 
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less, provided that the length is not less than required by IRC Section R602.10.4 (4 feet for all 
but let-in bracing and gypsum board, which require a length of 8 feet) nor less than required for 
wind loading. 


In addition to the adjustments to required bracing length, the second paragraph of IRC Section 
R602.10.11 (errata, second printing) permits the wood structural panel wall sheathing to begin up 
to 8 feet from the corner in SDCs D1 and D2 provided that: 


• A 2-foot braced panel is applied in each direction at the house corner or 
• Tie-downs are provided at the end of the braced wall panel closest to the corner.   


This is more stringent than for low SDCs where braced wall panels are permitted to be located 
up to 12 feet 6 inches from wall corners without providing tiedowns or sheathed corners and 
farther from corners if collectors are provided to carry loads to the braced wall panels.  However, 
a house that is tied together at the corners will resist the loads expected from an earthquake much 
better than if the corners are not connected well.  When using bracing other than wood structural 
panels in SDCs D1 and D2, braced wall panels must be located at each end of braced wall lines. 


Above-code Recommendation:  Braced wall panels should extend to every corner. 


IRC Section R703.7 presents additional bracing modifications where exterior veneer is used.  
These requirements are discussed in Section 5.2 of this guide.  For the guide’s model house, 
Figures 5-6a through 5-6c provide plan views identifying the bracing required when the house is 
in SDC C, has a light finish system such as vinyl siding, and has a crawl space.  The bracing 
requirements for the same house located in SDC D2 are shown in Figures 5-7a through 5-7c. 
Notice the significant increase in designated wall bracing due to the higher level loads expected 
in SDC D2. 
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Figure 5-6a Plan view of crawl space for model house with light-weight finish material located in SDC C. 
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Figure 5-6b Plan view of first floor for model house with light-weight finish material located in SDC C. 
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Figure 5-6c Plan view of second floor for model house with light-weight finish material located in SDC C. 
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Figure 5-7a Plan view of crawl space for model house with light-weight finish material located in SDC D2. 
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Figure 5-7b Plan view of first floor for model house with light-weight finish material located in SDC D2. 
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Figure 5-7c Plan view of second floor for model house with light-weight finish material located in SDC D2. 
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5.1.3 Cripple Walls 


Cripple walls are short frame walls that extend from the foundation to the bottom of the first 
floor. They are most often found in the western United States.  These walls often enclose a crawl 
space or serve as walls for a stepped foundation.  Historically, these walls have been the cause of 
significant failures in residential construction during earthquakes primarily due to inadequate in-
plane strength or inadequate anchorage to the foundation.  These walls are the most highly 
loaded of all the light-frame walls in a house because they have to resist the entire load from the 
house above. For cripple walls, IRC Section R602.10.2.1 specifies the length of bracing as 1.15 
times the bracing required for the story above and indicates that the spacing should be 18 feet 
instead of 25 feet. This is not applicable in SDC D2, however, where the IRC requires that the 
cripple wall bracing be a minimum of 75 percent of the wall length and be constructed using 
wood structural panels. When interior braced wall lines are not supported on a continuous 
foundation, cripple wall bracing lengths in SDCs D1 and D2 must be modified to increase the 
sheathing length by 50 percent at exterior braced wall lines or to decrease the nail spacing along 
sheathing edges to 4 inches on center (per IRC Section R602.10.11.1). 


5.1.4 Quality Assurance 


Quality assurance for the typical light-frame wall is really quite simple.  There are essentially 
three areas to inspect: 


• The sheathing nails, 
• The anchorage of the framing to the floor framing or foundation below, and 
• The anchorage of the wall framing to the roof or floor framing above. 


The most common problem that adversely affects the performance of all wall types is the 
overdriving of the nails attaching the sheathing to the studs; this is especially a problem when 
pneumatic or power-driven nail guns are used.  All of the nails used to attach the sheathing to the 
wall framing should be driven only to where the nail head is flush with the surface of the 
sheathing as shown in Figure 5-8; an improperly driven (overdriven) nail also is shown in Figure 
5-8. 


Figure 5-8 Properly and overdriven nails. 
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The most important nails are those around the perimeter of each panel of sheathing.  These nails 
govern the strength and stiffness of the panel. If the nails are overdriven (as in Figure 5-8), the 
strength of the connection is severely compromised.  For instance, if 3/8-inch wood structural 
panel sheathing is used and the nails are overdriven 1/8 inch (typical for many pneumatic nail 
tools), the strength of the wall is reduced as much as 40 to 50 percent.  It is therefore imperative 
that the sheathing nails be inspected to ensure that they are properly driven.  Many pneumatic 
nail tools have default driving pins that overdrive the nails but changing the driving pin costs 
little (less than 10 percent of the original cost of the tool).  Many tool manufacturers now provide 
an adjustment on the tool to allow the user to change the depth of the driving pin without 
replacing the part. (It is recommended that where nail heads occasionally are more than 1/16-
inch below the surface, an additional nail should be provided between existing nails.  If a 
substantial number of nails are overdriven, the sheathing should be removed and the framing 
checked for splitting before replacing the sheathing with proper nailing.)  


Nails often are located too close to the edge of the sheathing panel, which can result in the nails 
tearing out the side of the panel and weakening the wall.  Therefore, the minimum edge distance 
for nailing sheathing is 3/8 inch.  The larger the edge distance is, the stronger the wall will be.  
This is especially true for the row of nails at the bottom of the wall.  If the bottom row of nails is 
located at the mid-height of the bottom plate for the wall, the displacement capacity of the wall is 
almost double that when the nails are spaced at 3/8 inch.  When the edges of two sheathing 
panels meet on a common stud (2x nominal), the maximum edge distance should be 3/8 inch to 
prevent the nail from splitting the edge of the stud behind the sheathing. 


Another common problem is that the nails are driven through the sheathing but miss the stud 
behind. Although it is obvious that nails in the air provide no strength or stiffness, this problem 
is so common it merits emphasizing that sheathing nails must be driven into the studs and top 
and bottom plates of the wall and not miss the framing.  The use of pneumatic nail guns makes it 
very difficult for the operator to “feel” whether or not the nail has been driven into the stud 
behind; therefore, all such nailing must be visually inspected from behind to ensure that the nails 
did not miss the studs. 


Finally, the sheathing nailing around the perimeter of each sheet of sheathing should be 
symmetric about the center of the sheathing panel.  This means that there should be 
approximately the same number of nails along each parallel side of the panel as illustrated in 
Figure 5-9. 


The second area to inspect for quality assurance is the anchorage at the bottom of the wall.  For 
prescriptive walls, the nails must pass through the bottom plate into the floor framing.  If the 
nails miss the floor joists, they have no capacity to resist withdrawal and sliding.  If the wall is 
attached directly to the foundation, 1/2-inch-diameter anchor bolts should be spaced at a 
maximum of 6 feet on center, and the end bolts should be not more than 12 inches nor closer 
than 7 bolt diameters from the end of the plate.  If the house is located in SDC D1 or D2, the 
anchor bolts are required to have a steel plate washer between the wood sill plate and the nut.  
(See Section 3.10 of this guide for more discussion of the use of plate washers.)  If the walls are 
segmented (engineered), the hold-down connector needs to be attached to the end stud (usually a 
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double stud) and the bolt or threaded rod holding the connector to the foundation or story below 
needs to be tightened to a snug one-quarter turn condition. Tightening the nut more does not 
provide higher reliability due to the fact that wood is viscoelastic and the tension in the bolt will 
not be sustained over time. A common practice to prevent the nuts from loosening during an 
earthquake is to use a double nut or slack take-up device.  The hold-down should connect the end 
stud either directly to the foundation or to the top of a stud in a wall of the story below in order to 
effectively transmit the overturning loads into an active resisting element. 


Figure 5-9 Illustration of concept of equal numbers of fasteners in line 
for symmetric nailing schedule. 


Finally, the connection between the top plate and the roof framing or floor framing for the story 
above should be checked. The lateral loads are transmitted through nails or other fasteners 
connecting the top plate of the wall to the floor or ceiling joists above.  (For vaulted ceilings, the 
connection might be between the top plate and the rafters.)  If there is a wall on the story above 
that has an overturning anchor attached to the end stud, there should be an equivalent connection 
near the top of a stud in the story below that is upside down from the one on the wall above.  A 
threaded rod should connect the two hold-down anchors to transmit the loads between them.  If a 
stud is being used to transmit overturning loads from the story above, it will need to have an 
overturning anchor at its base to transmit the loads to the next story or foundation below. 
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Above-code Recommendations:  Improving the detailing of the braced wall system is the 
most effective way to obtain earthquake performance levels higher than the code minimums.  
It is also most effective to concentrate on the lower stories of the house since this is the area 
that typically has the fewest walls and experiences the highest loads during an earthquake.   


Use of continuous structural panel sheathing is recommended as an above-code 
measure (see Section 5.1.1 and Figure 5-5b of this guide).  The analyses of the model house 
used in this guide indicated that use of continuous wood structural panel sheathing with 
overturning anchors at corners significantly reduced the drift in all SDCs and improved the 
performance category from “significant damage” to “moderate damage” in SDC D2. The 
cost of making this change would be approximately 9 to 10 percent of the cost of the 
structural portion of the model house. The percentage of the total cost of the house would 
depend on the level of finishes, fixtures, windows, etc., and the cost of the land relative to 
the cost of the structural portion of the house.  The structural portion of house costs ranges 
from 15 to 25 percent of total cost; therefore, the cost of fully sheathing a typical house 
would be approximately 1.5 to 2.5 percent of its total cost. 


Use of wood structural panel sheathing extending over and nailed to the floor rim joist 
or blocking is recommended as an above-code measure. This is illustrated in Figure 5-10 
and can be accomplished either by sheathing the wall with oversized panels (9-foot panels 
on an 8-foot wall) or by cutting and blocking standard size sheets.  It is important to leave a 
vertical gap between sheathing panels at the mid-height of the band joist (approximately 3/4 
inch for green solid sawn floor framing) to allow for shrinkage of the wood floor member 
without causing the sheathing to buckle. Analytical studies of the model house used in this 
guide indicated that use of sheathing spliced on the rim joist increased the approximate 
performance category from “significant damage” to “moderate damage” in SDC D2. 
Improvements identified in the analytical study were less significant in SDCs C and D1. For 
the model house, the cost of implementing this improvement would be approximately 0.5 
percent of the cost of the structural portion of the house, essentially a no-cost item when the 
total cost of the house is considered. 


Use of hold-down anchors at each end of each wood structural panel wall segment is 
recommended as an above-code measure (see Section 5.1.1 and Figure 5-5c of this guide).  
Analytical studies of the model house used in this guide indicated that the addition of hold-
down anchors significantly reduced drift in all SDCs and the approximate performance 
category was increased from “significant damage” to “moderate damage” in SDC D2. For 
the model house, the cost of this improvement would be 18 percent of the structural cost of 
the house or 2.5 to 4.5 percent of its total cost.  This option provides a house with the best 
connectivity and is the basis for engineered shear wall construction.  Further, of all the 
options, it has the greatest effect on the stiffness and strength of the wall. 
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Above-code Recommendation:  Although not addressed in the analytical studies, use of 
the above-code measures in combination is thought to have a cumulative effect and is 
recommended.  This level of connectivity will further improve earthquake performance by 
stiffening and strengthening the walls. Additional above-code options for increasing 
strength and stiffness include spacing sheathing nails closer than the standard 6 inches 
on center (additional detailing requirements may be applicable at 3-inch or closer 
spacing; see the IBC) and placing wood structural panel sheathing on both faces of 
walls.  Use of these above-code recommendations will be most effective where the highest 
loads are present, such as lower stories and cripple wall levels. 


Figure 5-10 Sheathing detail for extending the sheathing over the band joist. 
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5.2 STONE AND MASONRY VENEER 


Masonry and stone veneer are popular exterior finish materials for residential construction 
(Figure 5-11). Veneer provides a durable finish for the house but, unfortunately, the added 
weight of these veneers increases the loads experienced during an earthquake.  The IRC permits 
use of stone and masonry veneer installed over concrete or masonry walls and over a backing of 
wood light-frame or cold-formed steel construction. 


Figure 5-11 Applications of masonry and stone veneer. 


This guide section discusses general principles of earthquake-resistant design for houses with 
veneer, specific IRC requirements important to earthquake performance, and above-code 
measures for improved earthquake performance. 


Stone and masonry veneer is addressed in IRC Sections R702.1 (interior) and R703.7 (general 
and exterior). For earthquake-resistant construction using veneer, there are two major areas of 
concern: 


• The increased earthquake loading on the house due to the weight of the veneer and 
• Adequate anchorage of the veneer. 


The weight of stone and masonry veneer permitted under the IRC provisions can vary from as 
little as 20 pounds per square foot installed for adhered veneer to as much as 70 psf installed for 
a 5-inch-thick anchored veneer with 1 inch of grout.  The weight of stone and masonry veneer 
greatly increases the overall weight of a light-frame house and, as a result, the earthquake loads.  
The IRC provisions rely exclusively on the strength and stiffness of the light-frame bracing 
systems to resist wind and earthquake loads, discounting any strength and stiffness that might be 
provided by the veneer. This is primarily because there is only limited understanding of the 
ability of the veneer to resist cyclic earthquake loading while acting in combination with the 
light-frame bracing systems and because the veneer cracks and breaks at smaller displacements 
than required for the light-frame system to achieve its capacity.  As a result, additional 
requirements apply to light-frame systems with veneer in areas with higher earthquake risk. 
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Masonry and stone veneers have been damaged in historic earthquakes.  Figure 5-12 illustrates 
damage that occurred during the Northridge earthquake that appears to be due to inadequate 
connection of the wall studs to the top and bottom plates.  In failing, the stone veneer pulled the 
wall sheathing and many of the studs out of the wall perpendicular to the pictured wall.   


Figure 5-12 Stone veneer damaged during the earthquake in Northridge, California. 


5.2.1 IRC Earthquake Requirements 


The IRC permits use of veneer above the first story above grade in SDCs D1 and D2 only for one-
and two-family detached houses of wood light-frame construction without cripple walls.   


If a house does not meet these requirements, a design professional should design the house 
following the requirements of the International Building Code or NFPA 5000. For veneer 
installed over a light-frame system, requirements are incrementally more restrictive for higher 
SDCs (IRC Section R703.7). References to the veneer provisions for SDCs C, D1, and D2 appear 
in IRC Sections R301.2.2.3.1 and R301.2.2.4.2. 


For light-frame systems, the general rule is that stone and masonry veneer not exceeding 5 inches 
in thickness is permitted in the first story above grade across all SDCs without any further 
requirements (IRC Section R703.7). 


Although this veneer will have some impact on earthquake performance, the increase in 
earthquake load close to the house base is not judged to have significant life-safety implications. 


In SDCs A and B, veneer on wood light-frame or cold-formed steel houses can be up to 5 inches 
thick and extend up to 30 feet above a noncombustible foundation with an additional 8 feet 
permitted for gable end walls.  The 30-foot limit corresponds to the height at which additional 
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vertical support of the veneer would be required in an engineered design.  Veneer in SDCs A and 
B has no imposed earthquake limitations, leaving wind provisions to control. 


In SDC C, veneer on wood light-frame or cold-formed steel houses can be up to 5 inches thick 
and extend up to 30 feet above a noncombustible foundation with an additional 8 feet permitted 
for gable end walls. It is required, however, that the length of bracing walls in other than the 
topmost story be 1.5 times the length required if veneer is not used. (Note that this provision is 
applicable to all houses in SDC C.) 


In SDC D1, wood light-frame houses are permitted to have veneer up to 4 inches in thickness for 
a height of 20 feet above a noncombustible foundation with an additional 8 feet allowed for 
gable end walls or up to 30 feet where the bottom 10 feet (first story) is anchored to a concrete or 
masonry wall.  However, IRC Section R301.2.2.2.1 assembly weight limits for concrete and 
masonry leave little allowance for veneer weight.  Where assembly weight limits cannot be met, 
engineered design of the concrete or masonry walls may be required. 


Veneer on wood light-frame walls in SDC D1 (see IRC Section R703.7) is dependent on the use 
of wood structural panel sheathing with specified nail size and spacing, increased bracing 
lengths, use of hold-downs with specified capacities at each end of each braced wall panel, and 
the prohibition of cripple walls as previously mentioned.  The minimum sheathing must be at 
least 7/16 inch thick and it must be fastened with at least 0.131 x 2.5 inch (8d common) nails that 
are spaced no more than 4 inches on center at the panel edges.  The braced wall length for the top 
story of the house must be at least 45 percent of the total wall length. Finally, the first two 
stories must have hold-down connectors installed.  The hold-down connectors for the transfer of 
loads from the second to the first story must have a minimum capacity of 2100 lb and from the 
first floor to foundation must have a minimum capacity of 3700 lb.  Load path requirements with 
hold-down devices are discussed in Chapter 2 of this guide. 


In SDC D2, veneer provisions are similar to those for SDC D1, except for a couple of small 
changes: 


•	 The maximum thickness of the veneer is limited to 3 inches, 


•	 The top story must be sheathed to 55 percent of the total wall length, 


•	 The second-to-first story overturning anchors must have a capacity of 2300 lb, and 


•	 The first-story-to-foundation overturning anchors must have a minimum capacity  

of 3900 lb. 



Anchorage requirements for anchored stone or masonry veneer are given in IRC Section 
R703.7.4. Use of galvanized corrugated sheet metal ties or metal strand wire ties is required.  
The minimum gage required is No. 9 U.S. gage wire for strand wire ties and No. 22 U.S. gage by 
7/8 inch corrugated sheet metal ties.  The maximum supported veneer area is 2-2/3 square feet 
per tie for SDCs A, B, and C.  The supported area is reduced to 2 square feet per tie for houses in 
SDC D1 and D2. 
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The intent of using ties for masonry veneer is not to prevent the veneer from cracking but rather 
to prevent the veneer from pulling away from the supporting wall system.  In earthquakes, the 
desire is to prevent damaged veneer from becoming a falling hazard and the use of ties should 
accomplish this by holding the cracked veneer to the supporting wall. 


Above-code Recommendations:  The sheet metal ties or wires used to fasten veneers 
should be corrosion resistant, should penetrate the house paper and sheathing, and 
should be embedded into the wall studs.  Fasteners that do not penetrate the studs (i.e., only 
the sheathing is penetrated) have low withdrawal resistance and significantly reduce the tie’s 
ability to hold the veneer to the wall. 


Where veneer is limited to the first story above grade, increase the length of wood 
structural panel bracing and use hold-down devices on the braced wall panels in the 
first story to increase both the strength and stiffness of the first story above grade. 
These measures will help make the deformation behavior of the light-frame system more 
compatible with the veneer and reduce cracking of the veneer. 


5.2.2 Quality Control 


All mortar joints should be completely filled and well tooled for water tightness.  This can have a 
significant effect on the strength and durability of the masonry walls and veneers.  To augment 
the tooling of joints for improving moisture control (which directly affects the longer-term 
strength of the wall), flashing and weep holes need to be placed at the bottom of the veneer so 
that any water trapped between the veneer and the structural wall behind can be directed to the 
outside of the house.  The flashing and weep holes frequently are omitted in residential 
construction, resulting in expensive repairs to the structural walls of the house. 


Veneer should be placed such that a 1-inch cavity is maintained between the veneer and the 
supporting wall. This cavity provides a drainage plane for channeling the moisture that will 
migrate from the outside surface of the veneer to the inside and then to the bottom of the wall 
where it can escape to the outside through the weep holes.  This drainage plane is very important 
to prevent the wall sheathing from being constantly wet, which will result in mold, mildew, and 
decay. 


Anchor ties that hold the veneer to the wall need to be placed at the proper spacing to ensure that 
the area of veneer attributed to each tie does not exceed the maximum allowed for the particular 
Seismic Design Category.  For SDCs D1 and D2, the spacing should be such that each tie is 
supporting no more than 2 square feet of veneer.  The ties also need to be placed such that the 
nail holding the tie to the wall is embedded into a stud and not just the sheathing material. 


Finally, if horizontal reinforcing wire is used, it should be a minimum size of W1.7 and should 
be placed at a maximum vertical spacing of 18 inches according to the 2002 Masonry Standards 
Joint Committee Code (ACI 530/ASCE 5/TMS 402, Section 6.2.2.10.2.4.).  This wire is 
embedded in the horizontal mortar joints between the courses of brick.  The brick ties that hold 


106 







Chapter 5, Walls 


the veneer onto the wall behind it should be bent around the wire to improve the effectiveness of 
the tie in preventing the veneer from falling off the wall during an earthquake. 


5.3 COLD-FORMED STEEL HOUSES 


The IRC permits cold-formed steel framing prescriptive construction.  This guide section 
discusses the general principles of earthquake-resistant design for cold-formed steel houses, 
specific IRC requirements important to earthquake performance, and above-code measures for 
improved earthquake performance. 


Cold-formed steel construction is, in most respects, like wood light-frame construction.  The IRC 
contains provisions similar to the wood light-frame provisions for cold-formed steel floors, roofs, 
and walls. The weights of cold-formed steel floor, roof, and wall assemblies are the same or 
slightly lower than those with wood light-frame construction and result in very similar 
earthquake loads.  The system resisting wind and earthquake loads most commonly consists of 
floor and roof assemblies acting as horizontal beams carrying loads to shear walls.  Cold-formed 
steel shear walls carry wind and earthquake loads to the foundation.  The IRC provides extensive 
illustrations of minimum construction requirements for cold-formed steel framing.  One 
significant difference between steel and wood light-frame construction is that steel construction 
assumes that the framing is in-line – that is, that the rafters, studs, and floor joists line up so that 
the top channels of the walls and other elements are not subjected to compression and bending 
loads. Figure 5-13 shows a cold-formed steel house under construction.   


Figure 5-13 Cold-formed steel house under construction. 

Photo Courtesy of Dietrich Metal Framing -- a Worthington Industries Company 
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5.3.1 Scope Limitations 


The IRC limits the scope of cold-formed steel houses permitted under the prescriptive provisions.  
Some scope limitations are found in IRC Chapter 3 while others are found in IRC Section R603. 


For all SDCs, steel light-frame houses are limited to two stories above grade; the maximum 
permitted plan dimensions are 60 feet perpendicular to truss or joist span and 36 feet parallel to 
truss or joist span (IRC Sections R505.1.1, R603.1.1, R804.1.1). For all SDCs, story height is 
limited to a 10 foot stud clear height plus a height of floor framing not to exceed 16 inches (IRC 
Section R301.3). For houses in SDCs D1 and D2, IRC Section R301.2.2.2.1 limits cold-formed 
steel wall assembly weights to 14 psf for exterior walls and 5 psf for interior walls.  Floor and 
roof plus ceiling assembly weights are also limited to 15 psf by IRC Section R301.2.2.2.1. 


Although some interpretations of the IRC assume the code does not directly require that the 
irregularity limits of IRC Section R301.2.2.2.2 be followed, the same limits are imposed by 
AISI’s Standard for Cold-formed Steel Framing – Prescriptive Method for One- and Two-
Family Dwellings (2001) for SDCs D1 and D2. Attention to the issues associated with 
irregularities is important to prevent torsional response overloading of critical elements in the 
wall. 


As for wood houses, the design of cold-formed steel houses is typically controlled by wind rather 
than earthquake loading through SDC C; as a result, there are no added IRC earthquake load 
requirements for SDC C.  Per IRC Section R301.2.2.4.5, houses in SDCs D1 and D2 must 
conform to the requirements of the 2001 AISI Standard for Cold-Formed Steel Framing – 
Prescriptive Method for One- and Two-Family Dwellings (AISI/COFS/PM). 


5.3.2 IRC Wind and Earthquake Requirements 


Unlike wood light-frame systems, the cold-formed steel provisions rely exclusively on bracing at 
exterior walls for wind and earthquake load resistance. IRC Section R603.7 requires that the 
exterior walls be fully sheathed. IRC Table R603.7 specifies minimum percentages of full-
height sheathing as a function of wind speed and exposure, roof slope, and story being braced.  
Per IRC Section R603.7, the minimum braced length is not permitted to be less than 20 percent 
of braced wall length and bracing panels must be a minimum of 4 feet in length to be counted 
towards the required percent with a minimum 4-foot-long bracing panel required at each corner 
of each exterior wall. The minimum wood structural panel sheathing thickness is specified as 
7/16 inch for oriented strand board and 15/32 inch for plywood.  The minimum edge fastening is 
spaced 6 inches on center using No. 8 screws.  All wood structural panel edges are to be blocked. 


A number of modifying factors are required to be applied to the tabulated percentage of full-
height sheathing. The tabulated bracing percentages are based on walls with an 8-foot clear 
height and must be multiplied by 1.10 for a 9-foot clear height and 1.20 for a 10-foot clear height 
(IRC Section R603.7).  The required sheathing percentage is permitted to be multiplied by 0.6 
where hold-down devices having 4,300 lb capacity are provided at each end of each exterior wall 
(IRC Section R603.7.2). The minimum percentages of sheathing are based on a house aspect 
ratio (ratio of greater plan dimension to lesser plan dimension) of 1:1.  The minimum 
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percentages for the shorter walls must be multiplied by 1.5 and 2.0 for house aspect ratios of 
1.5:1 and 2:1 respectively (IRC Table R603.7, footnote c). The minimum percentages are 
permitted to be multiplied by 0.95 or 0.90 for hipped roofs, depending on roof slope (IRC Table 
R603.7, Footnote d). 


AISI/COFS/PM provisions for bracing in SDCs D1 and D2 are significantly different from IRC 
requirements for areas of less earthquake risk with respect to bracing approach, percentage of 
full-height sheathing, and detailing. The IRC basic bracing provisions (SDCs A, B, and C) do 
not require use of hold-downs and permit reduction of the percentage of full-height sheathing if 
hold-downs are provided. In contrast, AISI/COFS/PM basic bracing provisions for SDCs D1 and 
D2 require use of hold-downs at each end of each required full-height sheathing segment.  An 
alternative approach allows hold-downs to only occur at each end of a braced wall line provided 
that the length of full-height sheathing is increased (up to 3x length otherwise required).  This 
alternative approach is similar to the continuous structural panel sheathing (perforated shear 
wall) method used in wood light-frame construction.  The user is referred to the AISI/COFS/PM 
document for full details of bracing requirements. 


IRC Section R505 addresses floor construction using cold-formed steel framing.  The use of 
wood structural panel floor sheathing is implied by details and fastening requirements.  IRC 
Section R503 controls selection of floor sheathing depending on the spacing of joists and 
material used.  IRC Table R505.3.1(2) requires a minimum fastening of No. 8 screws at 6 inches 
on center on the perimeter of the sheathing panels and 10 inches on center in the field.  This is 
assumed to be at supported edges with no requirements for blocking at other edges.  Similarly, 
IRC Section R804 implies wood structural panel roof framing, while IRC Table R804.3 requires 
minimum No. 8 screws at 6 inches on center at edges, 12 inches on center in the field, and 6 
inches on center at gable end trusses. 


It is very important to use appropriate framing materials and fasteners for the performance of the 
wall bracing and floor and roof systems to be acceptable.  IRC Sections R505.2, R603.2, and 
R804.2 specify material grade, corrosion protection, and identification of the materials required.  
IRC Sections R505.2.4, R603.2.4, and R804.2.4 specify fastener requirements.  Steel to steel and 
wood structural panel sheathing to steel connections are required to be made with self-drilling 
tapping screws conforming to SAE J78 with a Type II coating in accordance with ASTM B633.  
Screws are required to extend through the steel a minimum of three exposed threads.  Steel to 
steel connections are to be made with self-drilling tapping screws at a minimum edge and center-
to-center distances of 0.5 inches.  Connections are typically specified with No.  8 screws, but 
adjustments are given for use of No. 10 and No. 12 screws.  Wood structural panel sheathing to 
steel framing connections are to be made with No. 8 self-drilling tapping screws at minimum 
head diameter of 0.292 inches, countersunk heads, and a minimum edge distance of 3/8-inches.  
Gypsum wallboard ceilings are to be attached with minimum No. 6 screws conforming to ASTM 
C 954. 
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Above-code Recommendations:  There are no IRC maximum spacing limitations between 
lines of cold-formed steel bracing walls corresponding to the wood light-frame braced wall 
line spacing limits of 25 and 35 feet.  With wood light-frame construction, these spacing 
limitations are intended to help distribute the bracing walls in proportion to the house mass 
(dead load) as well as to limit the loading to the floor and roof.  This helps to reduce concerns 
regarding house rotation due to torsional irregularities and concerns regarding irregular floor 
and roof system shapes.  For cold-formed steel houses, the maximum 60-foot house 
dimension provides some limit for earthquake loads in the floor and roof; however, for 
improved earthquake performance, it is recommended that interior cold-formed steel 
braced wall lines be added such that the distance between braced wall lines does not 
exceed 35 feet. This will help lower the loads within any given wall segment and better 
distribute the earthquake loads throughout the house.  The cost associated with adding 
additional bracing walls would be consistent with the percentage increase in wall length. 


For cold-formed steel houses in all SDCs, the irregularity limitations developed for 
wood light-frame houses should be applied. 


5.3.3 Quality Control 


Quality control for cold-formed steel construction can play a major role in the satisfactory 
performance of the house.  Important steps in steel construction include ensuring proper load 
path connections. Just as in wood light-frame construction, the connections between the end 
studs and the floor or foundation become critical for the strength and stiffness to be the highest 
possible. Strong connections ensure the load path will function properly. 


Adequate lateral bracing of all floor, roof, and wall framing members is important to prevent the 
individual members (joists or studs) from buckling.  Cold-formed members have to be braced 
well before they can support significant compression loads.  Attaching sheathing to the stud or 
joist typically will provide this lateral support. 


Screws that attach the sheathing to the framing should be inspected to ensure that they are not 
overdriven (the resulting loss in capacity will be similar to that experienced in wood light-frame 
construction when nails are overdriven).  Just as in wood framing, the power tools used to install 
the screws can easily over drill the screws, leaving the head of the screw below the surface of the 
sheathing material and significantly increasing the chances of pull through. 


5.4 MASONRY WALL HOUSES 


While many houses use masonry walls for foundations, some houses are built using masonry for 
the walls above grade. Figure 5-14 shows a house constructed using masonry for the walls.  The 
IRC permits construction of houses with masonry walls in accordance with prescriptive 
provisions for concrete, brick, and stone masonry.  General provisions for masonry construction 
appear in IRC Section R606. Additional details of construction for concrete unit masonry, brick 
masonry, and masonry grouting appear in IRC Sections R607 through R609. However, it is 
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important that all masonry cells with reinforcement be grouted, and care should be taken to 
ensure that the grout is consolidated.  Discussed below are the general principles of earthquake-
resistant design for masonry wall houses, specific IRC requirements important to earthquake 
performance, and above-code measures for improved earthquake performance. 


Figure 5-14 House constructed with masonry walls. 


Masonry wall construction is significantly heavier than light-frame wall construction; however, 
in most respects, the same principles of earthquake-resistant construction apply.  The system 
resisting wind and earthquake loads most commonly consists of floor and roof assemblies acting 
as horizontal beams carrying loads to bracing walls.  Masonry bracing walls carry wind and 
earthquake loads down to the foundation with masonry walls primarily resisting loads acting in 
their strong direction – that is, parallel to the wall.  Because masonry walls are heavier than stud 
framing, it follows that the earthquake loads resisted by each wall element and connection will 
be greater. As a result, the design of the connections is as important as the proportioning of the 
floor and roof systems and bracing walls.  Significant earthquake loads also develop 
perpendicular to the wall surface due to the wall’s weight.  These loads tend to pull the walls 
away or push them toward the floor or roof, making wall to floor or roof anchorage critical.  
Damage from insufficient anchorage or connectivity similar to that shown in Figure 5-12 can 
result if these connections are not strong enough. 


5.4.1 Scope Limitations 


One of the primary approaches the IRC uses to deal with the increased earthquake loading 
associated with masonry wall houses is to limit the scope of houses permitted under the 
prescriptive provisions. IRC Section R301.2.2 introduces earthquake provisions applicable to 
houses in SDCs D1 and D2. The first scope limitation is found in IRC Section R301.2.2.2.1, 
Weights of Materials, which limits masonry walls to 8 inches thick and 80 pounds per square 
foot, which essentially prohibits the use of rubble stone masonry (IRC Section R606.2.2) as well 
as relatively thick concrete or brick masonry walls.  IRC Section R301.2.2.4.3 triggers the 
reinforcement and configuration requirements of IRC Section R606.11.3 for all houses in SDC 
D1 and of Section R606.11.4 for all houses in SDC D2. In SDCs D1 and D2, the scope of 
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prescriptive construction of houses with masonry walls is effectively limited to walls one story in 
height with up to 9 feet between lateral supports; beyond this, engineered design is required.  A 
final scope limitation in IRC Section R301.3, Item 3, limits masonry house walls to a clear height 
of 12 feet with a maximum floor framing depth of 16 inches.  An additional 8 feet of masonry 
wall height is permitted for gable end walls.  It is also worth noting that IRC Section 
R301.2.2.2.2, Item 7, prohibits the mixing of light-frame and masonry construction such that 
light-frame walls would be required to support earthquake loads due to masonry wall 
construction (e.g., mixing masonry and light-frame walls on the same story.) 


5.4.2 Wall Lateral Support, Reinforcing, and Anchorage 


General requirements for lateral support of masonry walls for all SDCs are provided in IRC 
Section R606.8.  Walls are permitted to be laterally supported by cross-walls, pilasters, 
buttresses, or structural frame members where walls span horizontally between supports and by 
floors and roofs where walls span vertically between supports.  Minimum reinforcing 
requirements apply only for masonry laid in stack rather than running bond and for interior non-
load bearing walls where they intersect with other masonry walls.  IRC Section R606.10 requires 
anchorage of masonry walls to floor and roof systems in accordance with specific details.  
However, in recent U.S. earthquakes, similar details have been observed to be susceptible to 
damage.  Performance of some of these details for supporting site-built masonry walls also is 
thought to be problematic.  Several details on how to comply with the IRC provisions are 
provided in the code itself. 


IRC Section R606.11.1.1 triggers additional requirements for floor and roof systems for houses 
in SDCs D1 and D2. Floor and roof wood structural panel sheathing is required to have all edges 
blocked and nailed at 6 inches on center. Where the floor or roof system is long and narrow 
(more than twice as long as it is wide), the nailing at sheathing edges is required to be reduced 
from 6 to 4 inches on center. 


For houses in SDC D1, IRC Section R606.11.3 places further limits on masonry walls using 
prescriptive provisions: 


• Masonry walls are limited to one-story, 
• Additional reinforcing is required, 
• Reinforcement detailing provisions for masonry columns apply, and 
• Type N mortar and masonry cement are prohibited. 


Similar additional requirements are triggered by IRC Section R606.11.4 for SDC D2. SDCs D1 
and D2 requirements are illustrated in IRC Figure R606.10(3). Again, specific design is required 
for wall to framing anchorage per IRC Section R606.11.2.2.1; thus, the anchorage to roof 
framing illustrated in IRC Figure R606.10(3) may not be the only alternative. 


In the design of wall anchorage to the floor and roof, it is important that a direct tension tie be 
provided from the wall to the floor or roof framing members if framing is perpendicular or to 
blocking that is continued across the floor or roof if framing is parallel.  Detailing in IRC Figures 
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611.8(1) to (7) shows the concept of this connection when used with concrete walls, but they are 
equally applicable to masonry construction. 


5.4.3 Parapet walls 


IRC Section R606.2.4 limits masonry thickness and height of parapets in all SDCs and sets the 
requirements for reinforcing walls of houses in SDCs D1 and D2. Parapet walls are easily 
damaged in an earthquake and attention to placement of reinforcement and bracing to stabilize 
the parapet is important. 


5.4.4 Problematic Gaps Between Prescriptive and Engineered Construction 


The current IRC requirements for masonry construction reveal significant gaps between 
prescriptive and engineered construction, creating a significant opportunity to employ above-
code measures to improve performance. 


For areas of high earthquake risk, one notable omission is the lack of a limit on the amount of 
opening in masonry walls.  Light-frame provisions require a percentage of the wall to be solid to 
provide bracing so that the bracing wall strength is in proportion to the earthquake load, but the 
same requirement is not imposed for masonry walls.  This is of particular concern when the 
house layout results in front and back walls with a large percentage of openings for doors and 
windows. 


Above-code Recommendation:  Each exterior wall and each interior bracing wall should 
have at least one, and preferably two, sections of solid wall not less than 4 feet in length.  
Further, sections of solid wall should not be spaced more than 40 feet on center and 
should be placed as symmetrically as possible (Figure 5-15). The provisions of IRC 
Section R611.7.4 for ICF walls illustrate a reasonable approach to regulation of minimum 
wall length. The improvement requires only reasonable planning and should not result in 
higher construction costs. 


IRC Section R403.1 requires that exterior walls be supported on continuous concrete or masonry 
footings and regulates minimum footing width and depth, but nothing in the IRC appears to 
require that other masonry walls be supported on foundations. 


Above-code Recommendation:  It is vital that all masonry walls be supported on 
substantial continuous footings extended to a depth that provides competent bearing. If 
this is not done the walls have a high probability of being damaged due to uneven settlement. 


There are no IRC maximum spacing limitations between lines of masonry bracing walls 
corresponding to the light-frame limits of 25 and 35 feet.  In light-frame construction, these 
spacing limitations are intended to help distribute the bracing walls in proportion to the house 
mass (dead load) as well as to limit the loading to the floor and roof, which helps prevent 
damage to the house from rotation due to torsional irregularities caused by irregular floor and 
roof system shapes.  
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Figure 5-15 Symmetric layout of walls to distribute loads uniformly and  
thereby prevent torsion. 


Above-code Recommendations:  Because prescriptive detailing is not available for the 
addition of interior masonry braced wall lines, it is recommended that the distribution 
of bracing walls be carefully balanced and that the floor and roof plans use simple 
rectangular shapes without indentions, bump-outs, or openings.  The cost associated with 
this improvement is proportional to the length of wall added in relation to the initial total wall 
length. 


The IRC also does not regulate house irregularities for masonry construction.  The concepts 
behind IRC Section R301.2.2.2.2, Irregularities 1 through 6, should apply equally to a 
masonry wall house. The exceptions to Irregularities 2 and 5 also can be applied; 
however, the rest of the exceptions are not applicable. 


Above-code Recommendation: Solid portions of wall should be stacked from floor to 
floor and masonry walls should be continuous from the top of the structure to the 
foundation. Masonry walls not directly supported on walls below require engineered 
design for gravity load support. Design for earthquake and wind loads also should be 
provided.  The cost of this improvement is negligible; it requires only proper planning when 
laying out the wall positions for the house. 
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Above-code Recommendation:  Running bond lay up of masonry units is inherently 
much stronger than a stack bond lay up.  For concrete masonry, use of open end units at 
locations of vertical reinforcement and use of bond beam units for horizontal 
reinforcement also help to increase the interlocking of the masonry construction, 
thereby increasing strength.  The cost associated with using running bond rather than 
stacked bond masonry is minimal.  The cost of bond beam masonry units for placing 
horizontal reinforcement at the top of each wall segment would be significantly less than 1 
percent of the cost of the original structural system but would dramatically improve the 
performance of the wall and connection to the floor or roof framing. 


Above-code Recommendation:  Any of the many required or recommended measures 
for areas of high earthquake risk would improve the performance of masonry wall 
houses in areas of lower earthquake risk as well as in high-wind areas.  Priorities 
include provision for reinforcing such as that shown in IRC Figure R606.10(2), wall 
anchorage using details developed to resist out-of-plane wall loads such as those shown 
in IRC Figures R611.8(1) to (7) for walls, minimum length of bracing walls, and a 
maximum spacing of bracing wall lines. 


5.4.5 Quality Control 


Quality control during masonry construction can play a major role in the satisfactory 
performance of the masonry.  The following should be monitored: 


•	 Proper placement of reinforcing in masonry. Unless specifically designed otherwise, 
reinforcing should be located as near the centerline of the masonry cavity as possible.  In 
no case should reinforcing be closer than 5/8 inch to a masonry unit wall. 


•	 Anchor bolts should be secured into place before grout placement (not placed into grout 
following the pour). 


•	 Excess mortar and other obstructions should be cleaned from the cavity to allow free 
placement of grout. 


•	 Consolidation of the grout after it is placed into the cavity is necessary to eliminate voids. 


5.5 	INSULATING CONCRETE FORM (ICF) WALL HOUSES 


The IRC permits construction of houses with concrete walls in accordance with the prescriptive 
provisions of IRC Section R611 for ICF (insulating concrete form) walls and Section R612 for 
conventionally formed walls.  ICF walls are concrete that is cast into forms that remain in place 
to serve as house insulation. The code covers three geometries of ICF forms:  flat, waffle-grid, 
and screen grid forms.  Both the waffle and screen grid consist of concrete cast into a series of 
interconnected horizontal and vertical cores within the insulation.  Interior and exterior wall 
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finishes are applied over the ICF wall form.  ICF walls may be used for the full height of the 
house or for the lower story only with light-frame walls above.  The provisions of IRC Section 
R611 are based on the use of light-frame floor, roof, and ceiling assemblies in ICF wall houses.  
The light-frame construction can be either wood or steel light-frame; however, current detailing 
developed for areas of high earthquake demand provides solutions for wood light-frame floors 
and roofs. This section discusses general principles of earthquake-resistant design for ICF wall 
houses, specific IRC requirements important to earthquake performance, and above-code 
measures for improved earthquake performance.  An example of ICF construction is shown in  
Figure 5-16. 


Figure 5-16 Insulated concrete form 
house under construction. 


ICF wall construction, like masonry, is significantly heavier than light-frame wall construction.  
In most respects, however, the same principles of earthquake-resistant construction apply.  The 
system resisting wind and earthquake loads consists of floor and roof assemblies acting as 
horizontal beams carrying loads to bracing walls.  ICF bracing walls carry wind and earthquake 
loads down to the foundation with ICF walls primarily resisting loads acting in their strong 
direction, parallel to the wall (shear walls).  Because ICF walls are heavier than light-frame 
walls, the earthquake loads to be resisted by each wall element and connection will be greater.  
As a result, proportioning of the floor and roof systems and bracing walls is important as are the 
connections between the walls and the floor and roof framing.  Significant earthquake loads also 
develop perpendicular to the wall surface due to the wall weight.  These loads tend to pull the 
walls away or push them toward the floor or roof, making wall to floor and wall to roof 
anchorage very important. 


5.5.1 Scope Limitations 


One of the primary approaches the IRC uses to address the increased earthquake loading with 
ICF wall houses is to limit the scope of houses permitted under the prescriptive provisions.  For 
ICF, some scope limitations are found in Chapter 3 while others are found in IRC Section R611. 
For all Seismic Design Categories, ICF wall houses are limited to two stories above grade.  The 
maximum permitted house plan dimension is 60 feet, and framing clear spans are limited to 32 
feet for floors and 40 feet for roofs (IRC Section R611.2). For houses in SDCs D1 and D2, IRC 
Section R301.2.2.2.1 limits the dead weight of concrete walls to 85 pounds per square foot for 
walls that are 6 inches of solid concrete.  IRC Section R611.7.4 limits the minimum nominal 
thickness of the wall to 5-1/2 inches.  Application of these criteria and the maximum unit 
weights in IRC Table R611.2 permits use of 5-1/2-inch flat ICF walls, 6- and 8-inch waffle-grid 
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walls, and 6-inch screen grid walls.  The weight of interior and exterior wall finishes is limited to 
8 psf (IRC Section R611.2). Floor and roof plus ceiling assembly weights also are limited by 
IRC Section R301.2.2.2.1 as for the other materials.   


For houses in SDCs D1 and D2, IRC Section 611.2 limits the scope to rectangular houses with a 
maximum floor and roof aspect ratio (length to width ratio) of 2:1 and requires that the ICF walls 
be aligned vertically (stacked) without cantilevers or setbacks.  An additional limitation is that 
the gable end portion of walls must be of light-frame rather than ICF construction.  Further, the 
top of the ICF wall must be anchored to a required attic floor as described in IRC Section 
R611.9. 


For houses in SDCs D1 and D2, IRC Section R301.2.2.2.2 requires engineered design for 
irregular portions of houses. The irregularities are discussed in detail in an earlier section of this 
guide. The exceptions to irregularities are mostly applicable to wood-frame construction and so 
do not apply. The 2003 IRC as printed refers to irregularities in IRC Sections R301.2.2.7 and 
R301.2.2.9, which do not exist; the intent was to reference IRC Section R301.2.2.2. IRC Section 
R611.8.3.1 repeats the prohibition of vertical offsets in floor framing (such as split levels) in 
SDCs D1 and D2. 


IRC Section R301.2.2.4.4 triggers the requirements of IRC Sections R611 and R612 for all 
houses in SDCs D1 and D2. These requirements include all of the reinforcement and detailing 
provisions for concrete walls that provide the continuity and connectivity for the system to 
function effectively under wind or earthquake loads. 


5.5.2 Wall Reinforcing and Anchorage 


Reinforcing steel is of primary importance for concrete and masonry house performance.  The 
reinforcing steel is what ties the components together and provides toughness to the concrete 
when it cracks. General requirements for reinforcing of ICF walls are provided in IRC Sections 
R611.3 through R611.5. Reinforcing is required for all ICF walls across all SDCs.  IRC Section 
R611.7.1.2 imposes additional minimum reinforcing size and spacing limits for houses in SDCs 
D1 and D2. IRC Section R611.7.1.3 provides similar limits for horizontal reinforcing and 
includes requirements to provide for continuity of reinforcing around house corners and 
termination of horizontal reinforcement.  Reinforcement is required to be doweled into the 
foundation and extend for the full height of the ICF wall, including the parapet if applicable.  
Lap splicing of reinforcing is permitted. 


Like light-frame wall bracing provisions, ICF wall provisions require a minimum length or 
percentage of the wall to be solid (without openings) so that the bracing wall strength is in 
proportion to the earthquake load. The minimum required lengths of bracing wall for ICF 
construction in each Seismic Design Category are defined in IRC Section R611.7.4. Minimum 
bracing lengths must be provided for wind load parallel and perpendicular to the ridge per IRC 
Tables 611.7(9A) through (10B). The required bracing length must be provided using wall 
segments not less than 2 feet in width.  For all houses in SDCs D1 and D2, the bracing length 
requirements of IRC Table R611.7(11) also must be met using wall segments that are not less 
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than 4 feet in width. The increase from 2 to 4 feet provides a wall that is stronger and much 
better able to withstand cyclic earthquake loading. 


Also of primary importance for house performance is the connection of the ICF walls to the 
floors and roofs, both for bracing loads parallel to the wall and out-of-plane loads perpendicular 
to the wall. The IRC addresses three types of connections to wood light-frame floors and roofs: 


•	 Top bearing connections where the light-frame floor bears on the top of the ICF wall with 
light-frame walls above (IRC Section R611.8.1), 


•	 Ledger-bearing connections where the floor or roof is supported off the face of the ICF 
wall by a wood ledger (IRC Section R611.8.2), and 


•	 Top-bearing connections where the light-frame roof bears on top of the ICF wall (IRC 
Section R611.9). 


It is important that a direct tension tie be provided from the wall to the floor or roof framing or 
blocking to resist loads perpendicular to the wall (this connection keeps the wall from pulling 
away from the floor or roof framing).  This does not necessarily occur for lower Seismic Design 
Categories. For top bearing connections, sill plate to framing connections rely on minimum 
prescriptive fastening at framing perpendicular to the wall and no provision exists for a tension 
connection at framing parallel to the wall.  For ledger-bearing connections, the direct tension ties 
shown in IRC Figures R611.8(2) through R611.8(5) are not required for lower SDCs, leaving the 
remaining ledger connection susceptible to cross-grain tension failure as illustrated in Figure 5-
17. Very specific prescriptive anchorage requirements capable of resisting perpendicular-to-wall 
loads are given for sill or ledger to wood framing connections for houses in SDCs D1 and D2. 
Included are angle clips from sill to joist or blocking, continuous straps tying blocking together, 
and direct tension ties at ledger-bearing connections.  Detailing is illustrated in IRC Figures 
R611.8(1) to 611.8(7) and R611.9. The specification of a maximum bolt size of 3/8-inch 
diameter for top-bearing connections is intended to favor bending of the bolt as a failure method 
over a brittle failure of the concrete or splitting of the wood.  Larger bolt sizes should not be 
substituted. 


Figure 5-17 Illustration of cross-grain bending of wood ledger. 
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IRC Section R611.8.3 addresses requirements for floor and roof systems. The floor and roof 
systems act as horizontal beams carrying wind and earthquake loads to the bracing walls.  The 
increased weight of the ICF walls results in increased earthquake load in the floor and roof 
systems.  For SDCs A through C, use of wood structural panel sheathing is required, and the IRC 
minimum fastening schedules of 6 inches around the perimeter of each sheet and 12 inches along 
intermediate supports are referenced.  IRC Section R611.8.3.1 triggers additional requirements 
for houses in SDCs D1 and D2. Minimum panel thicknesses are specified for floor and roof 
wood structural panel sheathing, minimum nail diameter and penetration are specified, all panel 
edges are required to be blocked, and the panel edge nailing is required to be 4 inches on center 
in SDC D1 and 3 inches on center in SDC D2. 


IRC Section R611.9.1 has similar requirements for roof construction but also contains two 
notable variations. First, the requirements apply to houses in SDCs D1 and D2. Second, where 
gable end wall conditions occur, it is required that a wood structural panel sheathed attic be 
provided to support the gable end wall (for truss roofs, the wood structural panel sheathing can 
be applied to the bottom of the truss between the truss chord and the ceiling finish material) and 
that the wall be anchored in accordance with requirements for anchorage to floor and roof 
diaphragms.  IRC Section R611.2 requires that the gable-end portion of this wall be light-framed.  
The writers of the ICF provisions preferred this solution over allowing increased ICF wall 
heights at the gable end due to the increased loads associated with concrete and the additional 
bracing requirements. 


IRC Section R403.1 requires that exterior walls be supported on continuous concrete or masonry 
footings and regulates minimum footing width and depth.  If interior ICF walls are provided, 
these too should be supported on substantial continuous footings extended to a depth that 
provides competent bearing. 


5.5.3 Problematic Gaps Between Prescriptive and Engineered Construction 


The current IRC requirements for ICF wall construction reveal some gaps between prescriptive 
and engineered construction creating an opportunity for above-code measures to improve 
performance in areas of high earthquake risk. 


There are no IRC maximum spacing limitations between lines of ICF bracing walls 
corresponding to the light-frame limits of 25 and 35 feet.  In light-frame construction, these 
spacing limitations are intended to help distribute the bracing walls in proportion to the house 
mass (dead load) as well as to limit the loading to the floor and roof.  This helps to reduce 
concerns regarding house rotation due to torsional irregularities and concerns regarding irregular 
floor and roof system shapes.  For ICF wall houses, the scope limitation to rectangular houses 
reduces the likelihood of rotational behavior. 


Above-code Recommendation: Careful balancing of bracing walls around the house 
perimeter is recommended to further limit torsional behavior.  The maximum 60-foot 
house dimension will provide some limit for earthquake loads in the floor and roof.  The cost 
of distributing the wall segments around the perimeter of the house should not result in any 
increased cost for construction. 
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For ICF wall houses, some of the irregularity limitations developed for light-frame houses have 
been made applicable.  The concepts behind IRC Section 301.2.2.2.2, Irregularities 1 through 6, 
apply equally to an ICF wall house. 


Above-code Recommendation:  Any of the many required or recommended measures 
for areas of high earthquake risk would improve performance of ICF wall houses in 
areas of lower earthquake risk as well as in high-wind areas.  Most of the 
recommendations would improve house performance in high-wind events.  Priorities 
include wall anchorage using details developed to resist out-of-plane wall loads such as 
those shown in IRC Figures R611.8(2) to R611.8(7). 


5.5.4 Quality Control 


Quality control for ICF wall construction can play a major role in the satisfactory performance of 
the house. Important steps in ICF construction include:  


•	 Reinforcing should be placed properly. Unless specifically designed otherwise, 
reinforcing should be located as near the centerline of the ICF cavity as possible but at 
least within the middle third of the wall. 


•	 Anchor bolts should be secured into place before concrete placement (not placed into 
concrete following placement of the concrete) to prevent air pockets from forming around 
the bolt which reduces its strength. 


•	 Concrete should be consolidated as it is placed into the forms to prevent voids from 
forming. 
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ROOF-CEILING SYSTEMS



Woodframe roof-ceiling systems are the focus of this chapter.  Cold-formed steel framing for a 
roof-ceiling system also is permitted by the IRC but will not be discussed; rather, the reader is 
referred to the AISI Standard for Cold-Formed Steel Framing – Prescriptive Method for One- 
and Two-Family Dwellings (2001) for guidance. Most of the recommendations for improving 
the earthquake performance of woodframe roof-ceiling systems also apply to cold-formed steel 
construction since the systems are very similar. 


6.1 GENERAL ROOF-CEILING REQUIREMENTS 


Woodframe roof-ceiling systems, regardless of the pitch of the roof, form a roof diaphragm that 
transfers earthquake lateral loads to braced walls in the story level immediately below the roof in 
the same manner that floors transfer loads from interior portions of the floor to the braced wall 
lines of the story below.  The lateral loads in the roof-ceiling are based on the mass of the roof-
ceiling assembly and a portion of the mass of the walls in the story immediately below the roof.  


Woodframe roof-ceilings typically consist of repetitive rafters and ceiling joists or prefabricated 
(engineered) trusses at a prescribed spacing. They are sheathed with either spaced solid wood 
boards or with wood structural panels attached to the top surface of the rafter or truss.  Figure 6-1 
illustrates this type of roof and ceiling framing system.  Roof members also can consist of 
repetitive beams spaced further apart than rafters, either with or without ceiling joists. 


Figure 6-1 Typical light-frame roof-ceiling system. 
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Depending on the roof shape chosen for a house, hip and valley beam members may be needed 
where intersecting rafters change the direction of their span.  Depending on the slope of the roof, 
hip and valley rafters can experience very high loads when supporting long-span rafters. 
Therefore, purlins are sometimes provided below and perpendicular to rafters.  The purlins, in 
turn, are supported by a stud or post attached to a wall or beam below.  Ridge boards also are 
often provided at the peak of a roof where sloping rafters meet.  Blocking between rafters (or 
trusses) is used at the bearing points of rafters and ceiling joists to prevent lateral movement or 
rolling of the rafter. Finish materials such as gypsum board are typically applied to the bottom 
surface of ceiling joists or the bottom chord of a truss if the space below is to be occupied. 


Rafters, purlins, ridge boards, and hip or valley members can be sawn lumber, end-jointed 
lumber, or any one of a variety of prefabricated (engineered) members.  Examples of engineered 
lumber include wood I-joists or solid rectangular structural composite members such as parallel 
strand lumber (PSL), laminated veneer lumber (LVL), or laminated strand lumber (LSL).  Roof 
beams and blocking can be either sawn lumber or engineered lumber. 


The minimum required size and maximum span and spacing of roof rafters or beams, ceiling 
joists, and trusses is based on providing adequate support for dead and live vertical loads 
prescribed by the code. Snow loads must be considered for rafters, and attic storage must be 
taken into account for ceiling joists.  Vertical deflection of rafters and ceiling joists is another 
design consideration that may limit the maximum span of these members.  Rafter spans listed in 
prescriptive tables are based on the horizontal projection of the rafter rather than being measured 
along the slope, which would be a greater distance. 


Tables in IRC Chapter 8 and similar tables in other documents such as those published by the 
American Forest and Paper Association (AF&PA) or engineered lumber manufacturers are 
available for use in selecting the proper combination of size, span, and spacing of most roof-
ceiling framing members.  Depending on the roof pitch, certain roof members require 
engineering to determine their size.  For a roof pitch less than 3:12, the size of ridge boards and 
hip or valley members must be individually determined based on their spans and the span of the 
rafters they support. 


6.2 SPECIAL FRAMING CONSIDERATIONS 


Roof rafters must either be tied together at the ridge by a gusset plate or be framed to a ridge 
board. Ridge boards in roofs having a pitch of 3:12 or greater must be at least 1x nominal 
thickness and at least the same depth as the cut end of the intersecting rafters.  Valley and hip 
members in a roof having a pitch of 3:12 or greater must be at least 2x nominal thickness and at 
least the same depth as the cut end of the rafters.  Because the cut end depth of a rafter increases 
with increasing roof pitch, a 2x8 rafter will need a 1x10 nominal ridge board and a 2x10 nominal 
hip or valley member for a pitch up to 9:12.  At a pitch exceeding 9:12, a 1x12 or 2x12 will be 
needed because the cut end of a 2x8 rafter will be greater than the 9-1/4 inch actual depth of a 
1x10 or 2x10 nominal member.  Figure 6-2 shows a 1x12 ridge board for a 12:12 pitch condition 
with the dimension for the cut end of a 2x8 rafter. 
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Figure 6-2 Ridge board for 12:12 pitch roof. 


One additional consideration when using nominal 1x ridge boards is that ceiling joists or rafter 
ties are needed at the top plate of the supporting walls to prevent the walls from spreading 
outward. The ceiling joists or rafter ties act as a brace to resist the outward thrust of the rafters at 
the wall support ends of rafters.  In the absence of ceiling joists or ties at the wall top plate, 
rafters must be supported at the ridge by a beam designed for the support of rafter loads.  In 
addition, where a nominal 1x ridge is used and a 2x valley or hip member intersects the ridge, the 
valley or hip member must be supported by a stud or post attached to a bearing wall below to 
transfer the high loads associated with hip and valley rafters.   


Above-code Recommendations:  A special condition can occur at the gable ends of a roof.  
When the exterior wall at the gable end has its double top plate level with the low ends of the 
roof framing, the wall studs are not continuous to the roof sheathing along the gable edge.  A 
section view of this condition is shown in Figure 6-3.  To provide above-code performance, 
the framing extending above the top plate to the level of the sloping gable end roof 
sheathing should be braced at regular intervals of not more than 4 feet on center at both 
the wall top plate level and along the top edge of the sloping roof edge.  This bracing 
permits the top of the exterior wall and the framing extending above to resist the lateral loads 
that are acting perpendicular to the wall.  Without this bracing, the framing above the double 
top plate could be easily displaced because a hinge can form where the gable end wall 
framing attaches to the top plate. 


Another above-code alternative to the framing shown in Figure 6-3 would be to provide 
wall studs that are continuous to a sloping double top plate located just below the roof 
sheathing (balloon framing).  When continuous studs are provided, there is no weak 
location for a hinge to form.  However, when this method is used, the required stud size, 
spacing, and maximum height must comply with IRC Table R602.3.1 or the wall studs will 
need to be engineered by a design professional.  Bracing a gable end wall also is important for 
providing resistance to high winds, especially for roofs with a steep pitch. 
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Figure 6-3 Gable end wall or gable truss bracing. 


6.3 BLOCKING AND LATERAL LOAD PATHS FOR ROOF SYSTEMS   


Rafters and ceiling joists having a nominal depth-to-thickness ratio exceeding 5:1 (e.g., 2x10) 
need blocking at their points of bearing to prevent them from rotating or displacing laterally from 
their intended position.  Rotation loads on rafters occur when the roof sheathing is resisting 
lateral loads perpendicular to the rafter because these loads are actually trying to move the top 
edge of the rafter sideways. Preventing rotation is typically accomplished by installing full-
depth solid blocking along wall top plates between rafters and ceiling joists.  Figure 6-4 
illustrates blocking installed between adjacent pairs of a ceiling joist and rafter that are bearing 
on an exterior wall. 


124 







Chapter 6, Roof-Ceiling Systems 


Figure 6-4 Blocking at rafters to exterior wall. 


However, when the nominal size of a ceiling joist or rafter is 2x10 or smaller, blocking over the 
exterior wall may be omitted.  This would be likely to occur where the roof overhang is enclosed 
by a soffit. Without an enclosed soffit, blocking is typically provided between rafters along the 
exterior wall line regardless of the rafter size to serve as a barrier between the outside and the 
attic space. 


Because attics (or spaces between rafters where ceiling finish is attached to the bottom of the 
rafter) require ventilation openings, the spaces between rafters along exterior walls are typically 
used to provide some portion (if not all) of the required attic ventilation opening.  When blocking 
is installed, ventilation openings often are provided by drilling holes in the blocking; when 
blocking is not required, ventilation can be provided through the entire opening space between 
rafters. 


Although blocking may not be required for 2x10 and smaller rafters, there still must be a load 
path for lateral loads in the roof sheathing to reach the exterior braced walls immediately below 
the roof. The most direct load path is for the roof sheathing to be edge nailed to blocking 
between each rafter. That blocking is then nailed to the wall top plate with three 8d nails per 
rafter space as prescribed in IRC Table 602.3(1). This load path is shown in Figure 6-4.  
Although alternate load paths are certainly possible, the one shown is the most direct and is 
essentially the same load path the IRC provides between a floor and the braced walls below that 
floor. 
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Above-code Recommendation:  In Seismic Design Categories D1 and D2, blocking is 
recommended between rafters along exterior wall lines to provide a surface for the edge 
nailing of roof sheathing and to provide a very direct load path to the top plate of the 
exterior braced walls. When this blocking is provided, it also is necessary to ensure that 
minimum attic ventilation opening requirements are met.  Depending on the attic area being 
ventilated, this can be accomplished by drilling holes in the blocking and, when more opening 
area is necessary, by adding gable end wall openings or ridge vents. 


6.4 CONNECTION OF CEILING JOISTS AND RAFTERS TO WALLS BELOW 


Ceiling joists and rafters (or trusses) are required to be connected to the top plate of supporting 
walls as specified in IRC Table R602.3(1). These connections also provide a portion of the load 
path that transfers loads from the roof diaphragm into the braced walls below.  Ceiling joists 
require a toe-nailed connection to the top plate using three 8d box or common nails.  Rafters also 
require a toe-nailed connection to the top plate using two 16d box or common nails.  Blocking 
installed between the rafters or ceiling joists requires a toe-nailed connection to the top plate 
using a minimum of three 8d box or common nails in each block.  Toe nailing must be done 
correctly if the needed transfer of loads is to occur; therefore, ensure that the nails do not split the 
wood. In high-wind areas, light-gage steel connectors often are used in place of these toe-nailed 
connections. The use of commercially available light gage steel connectors in place of toe nails 
can reduce wood splitting and provide more reliable load transfer.  Additional information on 
proper toe-nailing installation is illustrated in Figure 4-8. 


6.5 ROOF SHEATHING 


Wood boards installed either perpendicular or at an angle to the rafters (or trusses) or wood 
structural panels can be used as roof sheathing.  IRC Table R803.1 specifies the minimum 
thickness for wood board roof sheathing for various spacings between roof rafters, trusses, or 
beams.  


Above-code Recommendation:  Solid wood board roof sheathing is rarely used in modern 
housing construction except perhaps along roof eave overhangs.  When wood boards are used 
and are installed perpendicular to rafters they provide a very weak diaphragm with little 
stiffness. As a result, solid wood board sheathing installed perpendicular to rafters 
should not be used in Seismic Design Categories C, D1, and D2.  Wood boards installed 
diagonally would provide much better diaphragm capacity but are very rarely used in modern 
housing construction. 


Wood structural panel roof sheathing is the most common roof sheathing used in current 
construction. The minimum thickness is based on rafter (or truss) spacing and the grade of 
sheathing panels selected. IRC Table R503.2.1.1(1) is used to determine the minimum required 
thickness for wood structural panel roof sheathing materials for a variety of rafter spacings.  For 
roofs, the short direction panel joints between wood structural panels can be either staggered or 
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not staggered. Typical wood structural panel roof sheathing installation using staggered joints is 
illustrated in Figure 6-5.  


Figure 6-5 Typical roof diaphragm sheathing nailing when wood structural panels are used. 


When the roof covering consists of wood shingles or shakes, IRC Chapter 9 permits the use of 
spaced wood boards as roof sheathing.  However, spaced wood board sheathing is not permitted 
in Seismic Design Category D2. This limitation in SDC D2 is intended to provide a stiffer and 
stronger roof diaphragm that will resist the larger lateral loads anticipated in SDC D2. When 
wood boards are used, they typically are nailed to each rafter with only two 8d box or common 
nails. Wood structural panel sheathing results in the stiffest roof diaphragms, and the panels 
typically are fastened to the rafters with 8d box or common nails spaced at 6 inches along 
supported edges and 12 inches in the field of the panel.  When spaced wood boards are used, 
even fewer nails are provided than with solid wood board sheathing and even less lateral 
resistance results.  


Above-code Recommendation:  Spaced wood board sheathing is not recommended for 
use in Seismic Design Categories C and D1. 
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6.6 LATERAL CAPACITY ISSUES FOR WOOD FRAMED ROOFS 


The lateral capacity of a roof diaphragm sheathed with wood structural panels is based upon the 
same five factors as floor diaphragms.  (See the discussion in Section 4.7 of this guide for more 
information on the effects of sheathing thickness, fastener size and spacing, use of blocking, and 
layout of wood structural panel sheathing.) 


The effects of distance between braced wall lines below the roof and the effects of large roof 
openings (e.g., skylights) are also similar to those discussed for floors.  The recommendations 
for reinforcing floor diaphragms with large openings also apply when roof openings exceed the 
code maximum limits.  (See Section 4-7 for more information.) 


Although roof-ceiling systems typically are subjected to the smallest loads when a house 
experiences earthquake ground motion, several simple things can be done to improve the 
performance of the system. 


Above-code Recommendations: 


Reinforce the framing around skylights to provide positive connections to transfer the 
diaphragm loads around the opening.  Strapping and blocking as illustrated in Figure 4-11 
can be used to strengthen the roof around large openings and the additional cost for the 
blocking and strapping for a typical skylight opening would add less than 0.4 percent to the 
cost of the structural portion of the project. 


Make sure all rafters and ceiling joists are blocked at all locations where they are in 
contact with a top plate of a wall below (alternately a rim joist may be used).  For the 
exterior walls of the model house, this would cost 0.8 percent of the structural portion of the 
project. If interior walls were also blocked, an additional cost of 0.7 percent of the structural 
portion of the project would be incurred. 


Glue the sheathing to the roof framing in the same way most floor sheathing is installed 
and then block the roof as well.  Construction adhesives are typically used to prevent 
squeaky floors but they also strengthen and stiffen.  The cost of adding adhesive to the roof 
system for the model house in this guide would be 1.8 percent of the structural system, and 
adding blocking to the roof system would add another 3.4 percent to the cost of the structural 
system. 
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6.7 QUALITY CONTROL 


The most important item to monitor for quality of the roof diaphragm system is to ensure that the 
nails used to attach the sheathing to the framing are driven flush with the top of the sheathing and 
not overdriven and counter sunk into the sheathing materials.  Overdriving sheathing nails has 
been shown to reduce the strength of shear walls and diaphragms.  Evidence of a 40 to 60 
percent loss in strength of the shear wall and diaphragm has been observed in laboratory tests of 
assemblies with overdriven nails. (See Section 5.1.4 of this Guide for more discussion on the 
effects of overdriven nails and how pneumatic tools can be altered to correct for this error.) 


To ensure the quality of the roof-ceiling system, make sure blocking is installed correctly so that 
the wood framing is not split by the toe nailing. 


If adhesives are used to attach the sheathing, attention needs to be paid to the time between the 
application of the adhesive and when the nails are driven to hold the sheathing in place.  
Especially in hot weather, the adhesive tends to skin over or cure on the surface quickly, which 
reduces the adhesion between the glue and the sheathing.  Check the time allowed for each 
specific product used. 
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Chapter 7 

CHIMNEYS, FIREPLACES, BALCONIES, AND DECKS 



This chapter provides an overview of the IRC provisions for earthquake-resistant design and 
construction of chimneys, fireplaces, balconies, and decks in houses.  Above-code 
recommendations for improved earthquake performance are provided. 


7.1  CHIMNEYS AND FIREPLACES 


IRC Chapter 10 presents requirements for masonry fireplaces and chimneys and for factory-built 
fireplaces and chimneys enclosed in framing.  The provisions of the IRC are intended for the 
moderately sized fireplaces and chimneys commonly found in houses.   


Above-code Recommendation:  Where fireplaces or chimneys are large or oddly 
configured, an engineered design is encouraged in order to fully address the design of 
the chimney and fireplace and their influence on the house. 


7.1.1 Masonry Chimneys and Fireplaces 


Although the IRC permits construction of masonry fireplaces and chimneys in earthquake-prone 
regions, masonry chimneys are particularly vulnerable to earthquake damage, and such damage 
has occurred in most moderate to severe U.S. earthquakes (Figures 7-1 and 7-2).  Masonry 
fireplaces and chimneys can be heavy and rigid, and many chimneys in existing houses also are 
brittle. The movement of the fireplace and chimney in response to earthquake ground motions 
can be significantly different from the movement of the light-frame house itself, creating the 
potential for damage to both the chimney and the house. 


Figure 7-1 Chimney damage.

Photo Courtesy National

Information Service for 

Earthquake Engineering, 

University of California, Berkeley 
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Figure 7-2 Chimney damage in Northridge 
earthquake. 


The IRC triggers requirements for masonry fireplace and chimney reinforcing steel and 
anchorage to floors, roofs, and ceilings for houses in SDCs D1 and D2. Although these 
requirements cannot completely eliminate the possibility of damage to the fireplace and chimney 
in an earthquake, their use permits a chimney to better withstand earthquake loads and should 
lessen the falling hazard posed by a damaged chimney.  Although it may be possible with 
systematic engineering design to mitigate the damage often seen in masonry chimneys and 
fireplaces, the lower weight and greater flexibility of factory-built fireplaces and chimneys make 
them the better choice for light-frame houses in earthquake-prone areas. 


A substantial footing is necessary if a fireplace and chimney is to perform well under any type of 
loading. The footing should extend to a depth not less than that of surrounding footings.  IRC 
Section R1003 contains minimum footing requirements. 


IRC Section R1003.3 provides requirements for masonry chimney and fireplace reinforcing steel. 
The minimum amount of vertical reinforcing steel is four No. 4 bars for a chimney up to 40 
inches wide (a depth of approximately 24 inches is common).  An additional two No. 4 vertical 
bars are required for each additional flue or each additional 40 inches of width.  Where the 
reinforcing bars cannot run full height, a lap splice of not less than 24 inches is needed.  Grout, 
continuous from the footing to the top of the chimney, must surround the reinforcing steel.  For 
horizontal reinforcing, a minimum of 1/4-inch ties at not more than 18 inches on center is 
required in the mortar joints.  IRC Section R1003.3 also cites the Section R609 requirements for 
grouted masonry discussed in Chapter 5 of this guide.  Proper grouting and consolidation around 
the reinforcing steel is needed in order for the reinforcing and anchorage to contribute to 
earthquake resistance. Lack of grout and poorly consolidated grout are common contributors to 
earthquake damage.  It is also important to note that IRC Section R609 prohibits the use of Type 
N masonry mortar in SDCs D1 and D2. 
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Anchorage of the masonry chimney to the framing at each above grade floor, roof, and ceiling 
level is necessary. IRC Section R1003.4 provides anchorage requirements applicable in SDCs 
D1 and D2. Steel straps not less than 3/16-inch by 1-inch are required to extend a minimum of 12 
inches into the chimney masonry, hook around outer reinforcing bars, and extend not less than 6 
inches beyond the hook. Chimney anchorage locations are illustrated in Figures 7-3 and 7-4.  
The IRC provisions specify anchorage to a minimum of four ceiling or roof joists with not less 
than two 1/2-inch bolts. This description does not give details of the intended configuration and 
does not address framing parallel to the chimney wall.  Figures 7-5 and 7-6 illustrate 
implementation of this anchorage provision with detailing consistent with industry 
recommendations (MIA, 1995) and earlier Uniform Building Code provisions. Anchorage in 
general conformance with Figures 7-5 and 7-6 should be consistent with the intent of the IRC. 


Figure 7-3 Locations for earthquake 
anchorage of masonry chimney at 
exterior house wall. 
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Figure 7-4 Chimney section showing earthquake anchorage. 


Figure 7-5 Anchorage detail for framing parallel to exterior wall. 
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Figure 7-6 Anchorage detail for framing perpendicular to  
exterior wall. 


To reduce the fire hazard with respect to the surrounding wood structure, IRC Section R1001.15 
requires a clearance of 1 to 2 inches (depending on configuration) between combustible framing 
materials and the masonry chimney.  Detailing of earthquake-resistant anchorage at the floor, 
ceiling, and roof levels needs to maintain this required clearance with only the steel straps 
extending across this clearance gap. 


Even when fireplaces and chimneys show no signs of damage after an earthquake, the masonry 
or flue liner may have cracked, and inspection before reuse is recommended. 


7.1.2 Factory-Built Fireplaces and Flues 


Factory-built fireplaces and flues generally are installed within light-frame fireplace enclosures 
and chimneys.  During an earthquake, the deflections of the light-frame enclosure are compatible 
with those of the house, which greatly reduces the potential for damage.  Detailing of framing 
anchorage, however, is important. At exterior walls, as shown in Figure 7-7, the framing for the 
chimney disrupts the typical wall and roof framing.  Wall top plates often are discontinued and 
studs are balloon framed to the top of the light-frame chimney.  Measures should be taken to 
restore the continuity of the top plates and to anchor the fireplace/chimney wall framing to the 
floor and roof. Figure 7-8 shows how one light-frame chimney without sufficient connections 
behaved. No specific requirements for this construction currently exist in the IRC. Clearances to 
combustible wood framing remain important with factory-built fireplaces and chimneys and are 
typically addressed in the installation instructions. 
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Figure 7-8 Collapsed factory-built chimney, light-frame 
enclosure, and deck after the San Simeon earthquake. 


Figure 7-7 Factory-built flue Photo courtesy of Josh Marrow, Simpson Gumpertz and Heger 
and light-frame enclosure. Inc. 


Above-code Recommendations: Factory-built fireplaces and flues typically are 
installed within light-frame fireplace enclosures and chimneys that generally perform 
well during earthquakes; therefore, their use in the higher Seismic Design Categories is 
recommended. However, special attention should be given to the detailing of the 
framing anchorage and to compliance with clearances to combustible wood framing 
addressed in installation instructions. 


Use of stone or masonry veneer increases the weight of the light-frame chimney, thereby 
increasing earthquake loads proportionately. Particular care should be taken to tie the wood 
framing into the floor and roof when veneer is used.  Veneer attachment to the framing should be 
in accordance with IRC Chapter 7. See Section 5.2 of this guide for a discussion of veneer 
attachment. 


Above-code Recommendation:  Use of reinforcing steel and chimney anchorage are 
recommended to improve the performance of fireplaces and chimneys across all Seismic 
Design Categories and particularly in SDC C.  Adding reinforcement and anchorage for 
the chimney on the model house used in this guide would increase the cost of the structural 
portion of the house by approximately 2 percent, which is approximately 0.5 percent of the 
total cost. 
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Above-code Recommendation:  Both masonry and factory-built fireplaces and chimneys 
result in increased weight and earthquake loading as well as discontinuities in house 
configuration. Additional bracing walls in both directions in the vicinity of the fireplace 
are recommended to resist the additional earthquake load.  This will result in a reduction 
in the amount of window opening available, but the cost of adding the wall will likely be 
offset by the reduced cost for windows. 


7.2  BALCONIES AND DECKS 


Balconies and decks often are prominent features of modern residential construction and, for 
many people, add much desired living space (see Figure 7-9).  Although the IRC contains some 
provisions addressing balconies and decks, the earthquake resistance of balconies and decks has 
not been systematically considered in the development of the IRC provisions. This section 
addresses three aspects of balconies and decks that need consideration: 


•	 The effect of added floor area beyond braced wall lines, 
•	 Anchorage for earthquake loads, and 
•	 Vertical support. 


7.2.1 Added Floor Area Beyond Braced Wall Lines 


The bracing provisions of the IRC reflect the need to support the floor area within the exterior 
braced wall lines. The addition of balconies and decks creates additional weight and increases 
earthquake loads, a fact that was not envisioned when required bracing lengths were determined.  
Although the addition of a small balcony or deck is not likely to greatly affect the earthquake 
performance of a house, the addition of a large balcony or deck may.  Further, balconies and 
decks tend to concentrate the added earthquake load on one side of the house and one braced 
wall line. This can contribute to rotational behavior (see the discussion of plan irregularities in 
Section 2.3 of this guide) and concentrations of damage. 


Two IRC sections limit balcony and deck size: 


•	 IRC Section R502.3.3 addresses floor framing cantilevers, including exterior balconies. 
IRC Table R502.3.3(2) specifies permitted cantilevers as a function of framing size and 
spacing and live load. Permissible cantilevers range up to a maximum of 6 feet (see 
additional discussion of back-span connections in Section 4.3 of this guide). 


•	 For SDCs D1 and D2, IRC Section R301.2.2.2.2, Item 2, requires braced wall lines on all 
edges of a floor or roof. The exception to Item 2 permits floors that do not support 
braced wall panels to extend up to 6 feet beyond a braced wall line. 
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Figure 7-9 Decks and balconies in residential construction. 


Balconies extending more than 6 feet beyond the exterior house wall in all Seismic Design 
Categories fall outside of the framing provisions of the IRC and require engineered design. 


Where balconies or decks extend more that 6 feet beyond the house exterior, additional lines of 
bracing for earthquake and wind loads are sometimes provided.  When this approach is taken, it 
is important that loading in both the longitudinal and transverse directions be considered.  In 
addition, when both the house and supplemental bracing are used to support the balcony or deck, 
the load-deformation behavior of the bracing system must be compatible with that of the house.  
Where this is not the case, it is best to completely separate the balcony or deck from the house 
and provide a gap large enough to permit independent movement. 
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7.2.2 Anchorage for Earthquake Loads 


Where a balcony or deck is laterally supported by the house, adequate connection to the house is 
key to good earthquake performance.  The IRC includes two provisions that address anchorage to 
the house: 


•	 IRC Section R311.2.1 requires that the connections used to attach exterior balconies, 
stairs, and similar exit facilities to the rest of the structure provide for resistance to both 
vertical and lateral loads, but the magnitude of loads to be resisted is not specified.  Use 
of toe nails or nails subject to withdrawal is prohibited. 


•	 IRC Section R502.2.1 provides similar requirements for decks.  


Because balcony framing generally has a back span that extends into the interior of the house, 
adequate connection generally is not an issue; however, care should be taken to ensure that the 
back span is adequately fastened to the floor sheathing or to lapped floor framing and that 
blocking is provided where the cantilever bears on the exterior wall.   


Above-code Recommendation:  Deck framing, on the other hand, does not generally have 
inherent continuity into the house. Attachment only to the floor band (rim) joist is not 
sufficient and will result in failures between the band joist and the rest of the floor system. 
Engineered design of connections is recommended as is use of a positive connection, 
such as the hold-down device shown in Figure 7-10. 


Figure 7-10 Hold-down device providing positive connection of deck framing to house framing. 
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7.2.3 Vertical Support Issues 


Although beyond the scope of earthquake resistance, two issues – vertical load connections and 
moisture and decay – related to vertical support of decks and balconies are of enough 
significance to warrant discussion. 


Deck construction is notoriously problematic and typically at least one deck collapse occurs 
somewhere in the United States every week.  Inadequate connection between the deck and the 
house for vertical loads is the biggest problem. Where an engineered design is not provided, 
connections for vertical loads very often are inadequate.  Inadequate connection for lateral 
loading also can be a contributor. Attention to adequacy of vertical load connections is 
imperative for safety.  


Above code Recommendation: Providing a line of vertical support (posts and beams) 
alongside the exterior house wall can help to reduce the load on the deck-to-house 
connection. 


The interface between a balcony or deck and the exterior house wall is critical for the 
waterproofing system.  Penetration of moisture at this interface can endanger not only the 
capacity of the connection but also the interior and exterior framing members.  IRC Section 
R319.1.2 requires that the joints of exterior balconies be designed such that moisture will not 
collect in the connection area or that the connection be otherwise protected from moisture.   


Above-code Recommendation:  The joints of exterior decks should be designed such that 
moisture will not collect in the connection area or that the connection is otherwise 
protected from moisture. 


The resource list provided in Appendix E includes references addressing deck connections and 
moisture and decay issues.  


Above-code Recommendation:  As noted, balconies and decks often are subjected to 
significant lateral loads during an earthquake.  As an above-code measure for houses 
located in SDCs C, D1 and D2, the connections used to attach the deck to the house 
should be designed by a registered design professional to ensure that the loads acting on 
the deck are properly transferred to the framing of the house.  In addition, the lateral 
bracing of the deck for the sides not attached to the house and for all sides of free-standing 
decks must be sufficient to prevent a torsional response. 
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ANCHORAGE OF HOME CONTENTS 



8.1  GENERAL 


Anchorage of home contents can greatly reduce the risk of injury, property loss, and interruption 
of home use as a result of an earthquake.  Anchorage is particularly recommended for large and 
heavy items such as water heaters, bookcases, and file cabinets and for items that could cause 
injury if they fell (e.g., items on shelves above a bed).  Other priority items to anchor or 
otherwise restrain include wood stoves, similar heating appliances, and outside fuel tanks, all of 
which pose a fire risk. 


Anchorage of other home contents will further reduce disruption following an earthquake. 
Measures to anchor computers and televisions range from very simple home fixes to specialized 
restraint systems available from a number of manufacturers.  Locks on kitchen and china 
cabinets can help reduce the spilling and breakage of contents during an earthquake.  Measures 
are available to secure a wide range of other home contents including pictures, mirrors, fragile 
objects, and fire extinguishers. 


Section 8.2 provides guidance on the anchorage of water heaters.  Section 8.3 addresses 
anchorage of a number of items using excerpts from FEMA 74, Reducing the Risks of 
Nonstructural Earthquake Damage (FEMA, 1994). 


8.2 WATER HEATER ANCHORAGE 


When not properly anchored, water heaters can fall over, resulting in a fire hazard and water 
damage.  Bracing is required for new water heater installations and is recommended as a top 
priority for existing installations.  IRC Chapters 20, 24, and 28 contain some provisions for the 
installation of water heaters but do not specifically address anchorage.  Kits for bracing water 
heaters are available at many hardware stores.  As an alternative to kits, Figures 8-1 and 8-2 
provide example details for anchorage using plumber’s tape (24-gage by 3/4-inch minimum steel 
straps) and electrical conduit.  These figures are adapted from Guidelines for Earthquake 
Bracing of Residential Water Heaters (California Division of the State Architect, 2002); consult 
this publication for detailed installation instructions and additional cautions and limitations.   


Note that Figures 8-1 and 8-2 are applicable only to water heaters with a maximum capacity of 
52 gallons with two strap locations and with a maximum capacity of 75 gallons with three.  
Some jurisdictions place additional limits on water heater bracing details.  Where water heaters 
are installed on a platform, the water heater base should be attached to the platform and the 
platform should be anchored to the floor.  Placing water heaters in metal pans to retain any 
spilled water is a possible precaution in addition to bracing.  The IRC requires that water heaters 
be placed in pans where loss of water would cause damage.  Required clearances to walls and 
combustible construction need to be maintained; the water heater UL listing and local 
jurisdiction requirements should be verified prior to moving or installing a water heater.  
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Figure 8-1a and 8-1b  Securing a water heater with wall bracing. 
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Figure 8-2a and 8-2b  Securing a water heater with corner bracing. 
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8.3 SECURING OTHER ITEMS 


The examples included here show representative details for protecting common items from 
earthquake damage.  Two different types of details are discussed: 


•	 Do-it-yourself methods, which are simple generic methods for securing typical nonstructural 
items found in the home.  Enough information is provided to permit a handyman with 
common tools and readily available materials to complete an installation. 


•	 Engineered methods, which are schematic details showing common solutions for the items 
in question. These sketches do not contain enough information for installation; they are 
provided here primarily as an illustration of the scope of work required.  The designation 
“Engineering Required” has been used for items where do-it-yourself installation is likely to 
be ineffective. FEMA 74 recommends that design professionals be retained to evaluate the 
vulnerability of these items and design appropriate anchorage or restraint solutions, 
particularly where safety is an issue. 


Cost estimates are provided with the details in this section as a rough guide for planning or 
budgeting purposes. The values are intended to cover the cost of materials and labor.  They do 
not include allowance for architectural or engineering fees, permits, special inspection, etc. 
These estimates represent a professional opinion based on information available at the time 
FEMA 74 was published in 1994 so current actual construction costs may vary significantly, 
depending on the timing of construction, changes in conditions, the availability of materials, 
regional cost variations, and other factors. 


FEMA 74 provides several pages of installation notes that will be of assistance to users 
interested in selection and installation of fasteners appropriate to construction materials of the 
house (www.fema.gov/hazards/earthquakes/nehrp/fema-74.shtm). Reproductions of FEMA 74 
pages are shown in Figures 8-3a through 8-3f.  
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Figure 8-3a Reproduction of FEMA 74 suggestions for securing drawer and cabinet latches. 
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Figure 8-3b Reproduction of FEMA 74 suggestions for securing a freestanding wood stove. 


146 







Chapter 8, Anchorage of Home Contents 


Figure 8-3c Reproduction of FEMA 74 suggestions for securing desktop computers  
and office equipment. 
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Figure 8-3d Reproduction of FEMA 74 suggestions for securing freestanding walls or fences. 
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Figure 8-3e Reproduction of FEMA 74 suggestions for securing compressed-gas cylinders. 
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Figure 8-3f Reproduction of FEMA 74 suggestions for securing miscellaneous furniture. 
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Chapter 9 

EXISTING HOUSES 



Additions or alterations can reduce the earthquake resistance of an existing house. With proper 
consideration, however, earthquake resistance can be maintained or even increased as part of an 
addition or alteration. This chapter discusses the earthquake-resistance implications of additions 
and alterations and provides recommendations and references for earthquake upgrades.  


9.1  ADDITIONS AND ALTERATIONS 


Additions and alterations modify the load-resisting systems of existing houses.  Generally, both 
the systems supporting gravity loads and those supporting lateral (wind and earthquake) loads 
are affected.  For additions and alterations, IRC Section R102.7.1 requires that any new work 
conform to the IRC, but existing construction is allowed to remain unless it is made unsafe or 
will adversely affect the performance of the house.  This wording provides significant 
opportunity for interpretation by the user and building official.  IBC Section 3402 provides more 
specific guidance for acceptable reduction in strength or increase in loading, which may be 
appropriate to some additions and alterations.  The following discussion of additions and 
alterations highlights issues and concerns that should be considered when interpreting IRC 
requirements. 


9.1.1 Alterations 


Alterations to existing houses often involve modification or removal of existing bracing walls 
and portions of floors and roofs.  Figure 9-1 shows two alterations that remove exterior bracing 
walls from a house and disrupt the roof.  Interior remodels often remove interior walls that 
provide bracing for earthquake and wind loads. 


Where existing bracing walls are removed or reduced due to alterations, the remaining bracing 
walls should be checked for conformance with the bracing location, length, and bracing type 
requirements of the IRC provisions. The primary focus should be on bracing in the immediate 
vicinity of the alteration. If bracing deficiencies occur in other portions of a house, upgrade of 
those areas is encouraged. 


When skylights, dormer windows, or similar openings are added to existing roofs, the openings 
should be checked for conformance with IRC requirements.  For earthquake loading, this would 
include checking the opening size against permitted maximum sizes in the irregularities 
provisions and checking detailing against IRC requirements.  The framing around the opening 
also should be checked for gravity load requirements such as doubled rafters and headers.  If a 
significant rebuilding of the roof is occurring, a broader range of IRC provisions require 
checking as does the completeness of the load path for gravity and lateral loads. 
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Figure 9-1 Alterations to existing house:  bracing wall and roof modifications 
(left) and modification for the addition of sun room (right). 


9.1.2 Additions 


An addition to an existing house often results in both the removal of some existing bracing wall, 
roof, and floor areas and the addition of weight and, therefore, increased earthquake loading.  
Most additions can be categorized as horizontal additions, vertical additions, or a combination of 
the two. Horizontal additions generally are built along the side of an existing house and often 
require reframing of the roof.  Vertical additions generally involve the addition of an upper story.  
Figure 9-2 illustrates horizontal and vertical additions. 


Horizontal additions may create irregularities or make existing irregularities worse.  Thus, the 
IRC building configuration irregularity provisions should be reviewed to assess the post-addition 
configuration. 


Horizontal additions include the construction of new bracing walls at the new exterior of the 
house (and sometimes on the interior).  A significant reconfiguration of bracing walls at the 
interface of existing and new construction also often occurs.  All bracing walls in the addition 
and interface should be checked for conformance with the IRC as should any portions of the 
existing house where framing and bracing modifications have been made. 


152 







Chapter 9, Existing Houses 


Figure 9-2 Horizontal addition (above) and vertical addition (below). 


Finally, it is very important that the addition and the existing house be tied together very well.  
Ideally the level of interconnection should be the same as would occur if they had been built at 
the same time, but this generally cannot be practically achieved.  Top plates and sill plates should 
be strapped between the new and existing construction to provide continuity.   


Sheathing should be continuous and fastened to the same or interconnected framing members 
where possible. Where not possible, strapping of framing members should occur at a regular 
interval. Figure 9-3 shows the earthquake behavior of a house with failed cripple walls and 
adjoining (very small) slab-on-grade addition; a combination of cripple wall upgrade and 
strapping between the house and the addition would have greatly improved the performance of 
this house. 
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Figure 9-3 Cape Mendocino earthquake damage to cripple 
wall house with slab-on-grade additions. 


A vertical addition demands significantly greater consideration of both gravity and lateral 
(earthquake and wind) loads.  This is because the story that is added often will more than double 
both the gravity and lateral loads on the existing lower story.  Thus, when adding an upper story, 
the entire house, including the lower story, should be brought into conformance with current 
code requirements.  Although it should be possible to meet IRC requirements, use of the 
engineered design requirements of the IBC or NFPA 5000 may result in a more practical design. 


With any addition or alteration, it is important that the gravity and lateral load paths be checked 
in detail to ensure that they are complete and meet the requirements of the IRC, IBC, or NFPA 
5000. Additions and alterations often create nontypical load path details, and it is important that 
these details result in a complete load path with load-carrying capacity that is not less than would 
have resulted had typical details been used. In some cases, the new detailing deviates enough 
from that which is typical that engineered design should be employed. 


Adding to or altering an existing house offers a clear opportunity to voluntarily upgrade existing 
portions of the house to better resist earthquake forces.  The following section describes where 
such upgrades might be employed. 


9.2 EARTHQUAKE UPGRADE MEASURES 


As noted elsewhere in this guide, the life-safety performance of houses in past earthquakes has 
been good with only a few exceptions. There are, however, certain conditions or portions of 
houses that have repeatedly resulted in earthquake damage, loss, and, in some cases, life loss or 
injury. Among these are: 


• Missing or inadequate bolting to the foundation, 
• Inadequate cripple wall bracing, 
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• Damage to bracing and finish materials, 
• Excessive drift at garage fronts, 
• Partial or complete collapse of hillside houses, 
• Separation and loss of vertical support at “split-level” floor offsets, and 
• Damage and collapse of masonry chimneys. 


Because existing houses vary widely in configuration and construction based on age, region, 
siting, etc., it is necessary to identify upgrade measures appropriate to the particular house.  In 
deciding on voluntary upgrade measures, take into account the configuration of the house and the 
potential benefit of the upgrade. Based on the principles discussed in this guide, some simple 
upgrade measures for existing houses are described below.  This discussion addresses when the 
various upgrade measures are appropriate and suggests approximate levels of priority.  Note, 
however, that the primary objective of most published upgrade measures for houses is reduction 
of hazard to life. 


If an upgrade is being undertaken on a voluntary basis, the house generally will not be required 
to conform to all of the code requirements for new construction.  The building official or 
authority having jurisdiction should be consulted regarding minimum requirements.  It is 
recommended that a basis for the upgrade work (i.e., published prescriptive method or 
earthquake load level) be established and clearly documented.  When a house is being remodeled 
or extensively renovated, a systematic upgrade to meet the IRC requirements for new 
construction may be reasonable and may be required by the authority having jurisdiction.   


The remainder of this section provides an overview of common upgrade measures.  Those 
interested in implementing specific measures are referred to the list of references and resources 
in Appendix E for further information on implementation. 


9.2.1 Foundation Bolting 


Many houses constructed in California before the 1950s and even later in other parts of the 
United States do not have anchor bolts that attach the wall bottom plate or foundation sill plate to 
the concrete or masonry foundation.  During an earthquake, this can allow the wood framing to 
slide off the foundation, causing loss of vertical support and sometimes cripple wall or partial 
basement story collapse.  Where the headroom and foundation configuration permit, this 
situation can be remedied by adding new anchor bolts.  Common anchorage configurations are 
illustrated in Figure 9-4.  Expansion-type anchors can be used in strong concrete and masonry 
foundations. Adhesive anchors are recommended for use with unreinforced masonry or weaker 
concrete foundations but can be used with all foundation types.  When anchor bolts are added, 
use of steel plate washers in accordance with the IRC is recommended. 


If there is insufficient overhead room or the foundation configuration does not permit the use of 
anchor bolts, a wide variety of proprietary anchors are available from manufacturers.  The 
primary purpose of this anchorage is to transmit horizontal earthquake loads acting parallel to the 
foundation from the foundation sill plate to the foundation.  Where used, proprietary anchors 
should be designed for this use and loading direction by the manufacturer. 
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A high priority is suggested for addition of foundation bolting to houses that are not bolted based 
on the relatively low upgrade cost and generally high benefit.  Applicable references include the 
International Residential Code (ICC, 2003a), the International Existing Building Code Appendix 
Chapter A3 (ICC, 2003c), Training Materials for Seismic Retrofit of Wood-Frame Homes 
(ABAG), Homeowner’s Handbook (City of San Leandro, California), and Project Impact (City 
of Seattle). 


Figure 9-4 Common anchorage configurations. 


9.2.2 Cripple Wall Bracing 


Cripple walls are partial-height wood light-frame walls that extend from the top of the 
foundation to the first framed floor.  Cripple walls are very susceptible to damage during an 
earthquake but are also one of the easiest portions of a house to upgrade for improved earthquake 
performance.  Many of the cripple walls of existing houses (especially those constructed prior to 
1960) have inadequate bracing capacity due to the type of sheathing used, inadequate attachment 
of the sheathing, inadequate attachment of the framing to the foundation and first floor, or decay 
of the system. Figure 9-5a shows a house with collapsed cripple walls (note that the porch floor 
is still at the original house floor elevation).  As a minimum, this house will have to be jacked up 
to be repositioned on the foundation and have utilities reconnected.  The house in Figure 9-5b 
suffered more severe damage due to cripple wall collapse. 
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Figure 9-5a House with collapsed 
cripple walls.  Photo Courtesy of 
National Information Service for 
Earthquake Engineering, University of 
California, Berkeley 


Figure 9-5b A house with 
severe damage due to cripple 
wall collapse. Photo Courtesy 
of FEMA. 


Prior to an upgrade, the existing cripple wall system should be inspected and any sections of the 
framing that show signs of decay should be replaced.  Framing materials in areas where moisture 
is present or in contact with the foundation should be replaced with preservative treated or 
decay-resistant materials.  The upgrade should include anchorage of the foundation sill plate to 
the foundation, framing anchorage to the first-floor framing, and sheathing of the cripple walls 
with wood structural panel sheathing applied to either the exterior or interior face of the crawl 
space walls. Sheathing and connections may be installed to meet the requirements of the IRC or 
in accordance with other provisions developed specifically for upgrades.  The basic elements of 
cripple wall bracing are illustrated in Figure 9-6. 
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Figure 9-6 Cripple wall bracing. 


Upgrade of interior cripple walls also is recommended where a crawl space is large.  Where 
bracing is to be installed only at the perimeter of a large crawl space, performance can be 
improved by providing additional bracing length, reducing nail spacing from 6 inches to 4 
inches, or providing sheathing on both faces of the cripple wall.  A high priority is suggested for 
upgrading inadequately braced cripple walls based on the relatively low cost and generally high 
benefit. Applicable references include the International Residential Code (ICC, 2003a), the 
International Existing Building Code Appendix Chapter A3 (ICC, 2003c), Training Materials 
For Seismic Retrofit of Wood-Frame Homes (ABAG), Homeowner’s Handbook (City of San 
Leandro), and Project Impact (City of Seattle). 


9.2.3 Weak- and Soft-Story Bracing 


Earthquake damage often is concentrated in the first story of multistory houses because the first 
story experiences higher loads while usually having the least amount of bracing.  To reduce this 
damage, the first-story walls can be upgraded to increase their strength and stiffness.  One 
method of accomplishing this is to remove the interior finish material (usually gypsum wall 
board or interior plaster) at the bottom of the wall in the corners of the house and to add hold-
down anchors for overturning resistance. The anchors should be attached to the end studs (or 
other studs that have sheathing edge nailing) and the vertical rod or bolt should be attached to the 
foundation below (see Figure 9-7). This upgrade does not require that the entire interior finish 
be removed but only a section in each corner that is one stud spacing in width and several feet in 
height. This is an effective upgrade measure where continuous reinforced foundations exist. 
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Hold-down anchorage to isolated footings or unreinforced masonry footings is likely to be much 
less effective and engineering review is recommended. 


Figure 9-7 Weak- and soft-story bracing. 


If the interior finish material is being removed for other reasons, then additional upgrade 
opportunities present themselves.  These include additional anchorage of the top of the wall to 
the floor framing above, attachment of the bottom plate of the wall to the floor framing below, 
and the addition of blocking at the floor framing for the story above if not present at all locations 
that bear on walls. In addition, before gypsum wallboard or another finish material is attached to 
the walls, wood structural panel sheathing can be applied to the interior of the walls using 4-inch 
nail spacing around the perimeter of each sheet of sheathing and to the stud or post with the hold-
down attached. A moderate priority is suggested for soft- and weak-story bracing upgrades in 
one- and two-family detached houses based on their moderate costs.  The benefit can vary widely 
depending on the configuration of the existing house. 


9.2.4 Open-Front Bracing 


An open-front configuration occurs when bracing walls are omitted (or of grossly inadequate 
length) along one edge of a floor or roof. This is applicable to stories braced by light-framed 
walls. A number of apartment buildings with open front first stories were severely damaged or 
collapsed in the Loma Prieta and Northridge earthquakes.  In this apartment building type, called 
“tuck-under parking,” significant lengths of first-story bracing wall were omitted in order to 
provide access to under-building parking. One- and two-family houses with open-front 
configurations also are vulnerable to earthquake damage.  Two common occurrences of open-
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front configurations in one- and two-family houses are the fronts of attached garages with 
inadequate bracing length and window walls with no bracing.  These conditions are illustrated in 
Figure 9-8. 


The open-front garage condition is of most concern when there is living space over the garage.  
In newer houses, narrow wall segments at the side of garage door openings may contain pre-
fabricated bracing wall systems or engineered bracing walls that can be identified by the use of 
steel hold-down connectors or straps. Where there is no indication of such bracing systems, the 
installation of bracing is recommended.  In detached one- and two-family houses, wood 
structural panel sheathing and anchorage connectors can be added in accordance with IRC 
provisions using adhesive anchors to existing foundations (Figure 9-9).  The performance of 
narrow bracing walls with hold-down devices relies on the continuity of the existing foundation. 
If the existing foundation is not continuous, shows signs of damage or is constructed of 
unreinforced masonry or post-tensioned concrete, an engineering evaluation should be 
undertaken. Steel moment frames or collectors transferring loads to other portions of the house 
are alternative upgrade measures where use of bracing walls is not possible. 


Figure 9-8 Common open-front occurrences in one- and two-family detached houses. 
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Figure 9-9 Detailing of narrow bracing wall piers at open fronts. 


A high priority is suggested for upgrade of open fronts in the first stories of multistory houses.  A 
moderate priority is suggested in single-story houses or the top story of multistory houses. 


9.2.5 Hillside House Bracing 


A number of houses on steep hillsides collapsed or were severely damaged in the Northridge 
earthquake.  Where damage occurred, the lot sloped downward from the street level, and the 
main floor of the house was located at or near street level with either a stilt system or tall wood 
light-frame walls between the house and grade.  Many of the failures began with floor framing 
pulling away from the uphill foundation or foundation wall.  Typical damage to these types of 
houses is shown in Figure 9-10. As a result of Northridge earthquake damage, the City of Los 
Angeles has developed provisions for anchoring such houses to their uphill foundations to reduce 
the risk of failure. 


There are no prescriptive upgrade measures currently available for these hillside houses so 
upgrade requires an engineered design. Upgrade measures to improve the response of the 
structure and reduce the amount of damage that occurs during an earthquake include: 


•	 Securely anchoring the floor framing to the uphill foundation.  This will require that 
anchors (i.e., hold-down connectors) be used to attach the floor joists to the foundation 
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using adhesive anchors (see Figure 9-11). This detail should be repeated at each framed 
floor level that attaches directly to an uphill foundation. 


•	 Attaching the bottom plates of the framing of the stepped (or sloped) and downhill 
cripple walls to the foundations. Supplemental anchorage is particularly important where 
the top of the side foundations are sloped rather than stepped. 


•	 Attaching the stepped or sloped side cripple wall top plates together at all splice joints 
using strap connectors. These straps should be heavy and connected securely to both 
sides of the splice, making the top plate of the stepped cripple wall act as though it were 
one piece along the entire length of the wall. 


•	 Continuously sheathing the stepped wall and the down-hill wall with wood structural 
panel sheathing. Adequate shear transfer into and out of the cripple walls should be 
provided. 


These upgrade measures should reduce but will not necessarily eliminate earthquake damage.  A 
high priority is suggested for evaluation of hillside house vulnerability.  The need for upgrade 
should be determined based on an engineering evaluation.  Applicable references are Voluntary 
Earthquake Hazard Reduction in Existing Hillside Buildings (City of Los Angeles, 2002) and 
Framing Earthquake Retrofitting Decisions: The Case of Hillside Homes in Los Angeles (von 
Winterfeldt, Roselund and Kitsuse, 2000). 


Figure 9-10 House located on a hillside site 
damaged during the Northridge, California, 
earthquake. 
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Figure 9-11 Anchorage of floor framing to the uphill foundation. 


9.2.6  Split-Level Floor Interconnection 


Split-level houses experienced partial collapse and significant damage in the 1971 San Fernando 
earthquake. These houses had vertical offsets in the floor framing elevation on either side of a 
common wall or other support as shown in Figure 9-12.  Earthquake damage occurred when 
sections of floor and roof framing pulled away from the common wall.  (See Section 2.3 of this 
guide for additional discussion of irregularities.)  The behavior of split-level configurations can 
be improved by adequately anchoring floor framing on either side to the common wall.  Where 
offset floors are close enough in elevation that a direct tension tie can be provided between 
levels, an upgrade can be accomplished with installation of steel straps; a strap spacing of not 
more than 8 feet on center is recommended (Figure 9-12).  Where direct tension ties are not 
practical, ATC (1976) provides a variety of details for anchorage of framing to the supporting 
wall. Finish removal will often be required in order to install connections, making this upgrade 
most practical when remodel work is occurring.  It is difficult to establish a priority for this 
upgrade because significant damage was observed only in the San Fernando earthquake and 
photos suggest that the houses damaged had little or no positive connection provided between 
offset floor levels. An applicable reference is A Methodology for Seismic Design and 
Construction of Single-Family Dwellings (ATC, 1976). 
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Figure 9-12 Split-level ties for floor framing. 


9.2.7 Anchorage of Masonry Chimneys 


Fireplaces and chimneys in new construction were discussed in Chapter 7 where it was noted 
that masonry and concrete fireplaces are heavy, rigid, brittle, and very susceptible to earthquake 
damage.  IRC requirements for new construction in SDCs D1 and D2 dictate use of horizontal and 
vertical reinforcing and anchorage of the chimney to the framing at floors, ceilings, and roof.  


Chimneys on existing houses generally are even more vulnerable than new chimneys because 
they seldom have reinforcing or are anchored to the house.  Common chimney failures range 
from hairline fractures of masonry and flue liners to complete fracture (i.e., the top of the firebox 
and at the roof line) permitting large sections of the chimney to fall away from or into the house, 
shattering into a pile of rubble (see Chapter 7 for discussion and illustrations).  Chimneys are 
reported to have caused one fatality in the 1992 Landers earthquake and critically injured one 
person in the 2000 Napa earthquake (Association of Bay Area Governments). 


The upgrading of chimneys is very controversial within the earthquake engineering community.  
Upgrading of existing masonry chimneys most often includes strapping the chimney to the house 
at the roof, ceiling, and floor levels.  Where the chimney extends a significant distance above the 
roof line, braces from the top of the chimney down to the roof also may be added.  Advocates of 
chimney bracing believe that anchoring the chimney will reduce the hazard posed by falling 
portions of the chimney.  Opponents note that even with strapping, a chimney seeing significant 
earthquake loading is likely to be damaged to the point that removal and reconstruction are 
required. Opponents further point out that upgrading does not always improve chimney 
performance.  Both arguments deserve consideration and the reader is referred to the reference 
list for additional discussion. Easy and practical approaches to reducing risk to life are provided 
on the Association of Bay Area Governments (ABAG) website and include the suggestion that 
occupants should not sleep in the area immediately surrounding a fireplace with an unreinforced 
or unanchored chimney. 
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Where chimneys occur at the house exterior, steel straps similar to those discussed in Chapter 7 
can be wrapped around the outside of the chimney and anchored to floor, ceiling, and roof 
framing in much the same way as was illustrated for new construction.  Because this strap will 
have exterior exposure, heavy steel should be used and corrosion protection will need to be 
maintained.  It also is important that the IRC Section R1001.15 gap be maintained between the 
chimney face and combustible framing.  Although the addition of straps is not likely to keep a 
chimney from being damaged, it may reduce the falling hazard if it is damaged.  A recommended 
alternative is removal of the chimney or fireplace and chimney and replacement with a factory-
built fireplace and flue surrounded by light-frame walls.  


Applicable references include Info on Chimney Safety and Earthquakes (ABAG) and 
Reconstruction and Replacement of Earthquake Damaged Masonry Chimneys (City of Los 
Angeles, 2001). 


9.2.8 Anchorage of Concrete and Masonry Walls 


Under earthquake loading, concrete and masonry walls can pull away from roof and floor 
framing.  This is primarily a concern where bolted ledgers support framing and no direct 
anchorage of the wall to the framing exists.  This condition can be effectively upgraded by 
providing a tension connection between the wall and the floor and roof framing as shown in 
Figure 9-13. The connection should be made to the joists when the joists run perpendicular to 
the wall and should be made to blocking and extend at least 4 or 5 feet into the interior of the 
floor system when the joists run perpendicular.  An engineering evaluation of the existing 
condition and engineered design of upgrade measures are recommended.   


Applicable references include International Existing Building Code Appendix Chapter A2 (ICC, 
2003c) and Guidelines for Seismic Evaluation and Rehabilitation of Tilt-up Buildings and Other 
Rigid Wall / Flexible Diaphragm Structures (SEAONC, 2001). 


Figure 9-13 Anchorage of concrete or masonry walls to floor, roof, or ceiling framing. 
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ANALYSIS OF THE MODEL HOUSE USED IN THIS GUIDE 


A model single-family detached house was developed and analyzed in preparing this guide.  The 
house is described in Chapter 1, and the results of the analysis are referred to throughout the 
guide. This appendix provides additional details concerning the model house, the analysis, and 
the interpretation of analysis results. 


The analysis of the model house provided an approximate comparison of performance for 
varying wood light-frame house and bracing configurations permitted by the IRC and permitted 
the assessment of improved performance resulting from application of the above-code 
recommendations made in this guide.  While the model house and the analysis performed cannot 
represent all houses that may be constructed using IRC provisions, they do provide a specific 
example of relative performance from which trends can been observed. 


A1 MODEL HOUSE 


The model house contained both one-story and two-story portions, three bedrooms, 2-1/2 baths, 
and an area of approximately 2,500 square feet plus garage.  The house design is intended to 
reflect current configurations for wood light-frame construction but not necessarily any specific 
region of the United States. Separate analytical models were developed for common variations 
in the design including base conditions, exterior finishes, and earthquake bracing configurations.   


The base conditions are slab-on-grade construction with turned-down footings (Figure A-1), 
continuous exterior footings with level 2-foot-high cripple walls (Figure A-2), a hillside 
condition with cripple walls of varying height (Figure A-3), and a full basement with concrete or 
masonry walls (Figure A-4).  Exterior finishes are categorized as light and veneer.  The light 
finish is intended to represent low-weight finishes such as vinyl or fiber-cement board siding.  
The veneer is intended to represent a single-wythe anchored brick veneer used for the entire 
house exterior. Bracing requirements were determined for each configuration and Seismic 
Design Category (SDC) in accordance with the 2003 IRC. Chimneys of light-frame construction 
were used for all house configurations. 
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Figure A-1 Slab on grade base. Figure A-2 Level cripple wall 
base. 


Figure A-3 Hillside base. Figure A-4 Basement. 


. 
IRC prescriptive bracing requirements were determined for each combination of base condition, 
exterior finish, and Seismic Design Category.  Because use of veneer is not permitted on houses 
with cripple walls in SDC D1 and D2 (IRC Section R703.7, Exceptions 3 and 4), both the level 
and hillside cripple wall configurations with veneer were limited to SDC C.  Table A-1 is an 
example of one bracing spreadsheet.  The remaining spreadsheets used in determining bracing 
requirements for each of the designs are not included here due to their length; however, they and 
other information used in the analysis are available upon request from the Building Seismic 
Safety Council. 


Because gypsum wallboard is used in almost every U.S. residential building, it was used for the 
structural bracing wherever possible.  Since it would be installed as a finish anyway, its use for 
bracing has the least construction cost.  Wood structural panel wall bracing was used where 
length and percentage bracing requirements could not be met with gypsum wallboard.  
Alternative braced wall panels conforming to IRC Section R602.10.6 were used for the slender 
walls at the house front and garage front for slab-on-grade and basement base conditions.  The 
alternative braced wall panels require support directly on a continuous foundation; therefore, 
they could not be used in combination with cripple walls.  The IRC Section R602.10.5 
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“continuous structural panel sheathing” modifications to bracing length and percent were not 
used. See Figure 5-6a through 5-6b for an example bracing plan of a cripple wall base condition 
in SDC C. 


Several interpretations of IRC requirements were made in developing the bracing designs.  First, 
it was recognized that the roof-plus-ceiling assembly weight would fall just below the limit of 15 
psf of IRC Section R301.2.2.2.1 if the roof assembly weight were considered based on the unit 
weight on slope (12:12 roof slope) but would exceed 15 psf if the weight were adjusted to 
horizontal projected area. Although adjustment to the horizontal projected area is common 
practice in engineering calculations, it was decided that this calculation is not specifically noted 
in the 2003 IRC provisions so the roof-plus-ceiling assembly weight was deemed to fall within 
the 15 psf IRC limit.   


The second interpretation related to the use of gypsum wallboard bracing (IRC Section 
R602.10.3, Method 5). IRC Section R602.10.4 requires that gypsum wallboard braced wall 
panels applied to one side of a wall be at least 8 feet in width.  It was interpreted to mean that a 
continuous length of full-height wall not less than 8 feet wide would have to be available in order 
to use this bracing method.  Interruption of the 8-foot length by perpendicular walls was 
interpreted to mean that it was not permitted.  Where an 8-foot length of full-height wall was not 
available, wood structural panels were used as bracing instead.  Based on this interpretation and 
the configuration of the model house, wood structural panels rather than gypsum wallboard were 
used for a significant portion of the exterior wall bracing.  Where gypsum wallboard bracing can 
be applied to both faces of a wall (such as at interior walls), the minimum required length of full-
height sheathing is reduced to 4 feet.  While the perforated shear wall method that includes hold-
down anchorage at the ends of the wall line was used as an above-code option for the analysis, 
the continuous sheathed option of IRC Section R602.10.5 that allows a 10 percent reduction in 
the sheathing percentage was not used in the analysis. 


The third interpretation relates to the bracing requirements used for the model house in SDC C.  
IRC Table R602.10.1 specifically identifies sheathing length requirements for SDC C.  Some 
IRC users, however, interpret the IRC Section R301.2.2 exception to mean that the table bracing 
length requirements for SDCs A and B can be used for houses in SDC C.  Analysis of the model 
house performed for this guide used the SDC C bracing length requirements. 


The resulting bracing configurations are illustrated on a set of bracing plans and elevations for 
each of the designs are available from the Building Seismic Safety Council on a CD-ROM.  The 
increased bracing length requirements for higher Seismic Design Categories can be observed to 
have reduced allowable door and window openings. 
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Table A-1 Example Wall Bracing per 2003 IRC, Slab-on-grade Base Condition 


Seismic 
Design 


Category 


Wall 
Finish 


Total 
Stories 


Story 
Considered Wall Line 


Wall Line 
Length 


(ft) 


Type 3 
Percent 


Type 3 
Length 


(ft) 


Other 
Type 


Percent 


Other 
Type 


Length 
(ft) 


Adjustments 


Type 3 
Adjusted 


Length (ft) 


Other 
Type 


Adjusted 
Length (ft) 


Wall Line 
Spacing 
R602.10.1.1 


Wall Wt. 
Table 


R602.10.3 
Footnote d 


(1) 


Roof + Ceil. 
Table 


R301.2.2.4 


Veneer 
R703.7 
Exc. 2 


2 B 33.5 16 5.4 25 8.4 1.06 0.85 1.00 1.00 4.8 7.5 


2 2 E 30 16 4.8 25 7.5 1.06 1.00 1.00 1.00 5.1 7.9 
2 1.7 37 16 5.9 25 9.3 1.00 1.00 1.00 1.00 5.9 9.3 
2 5, 6 37 16 5.9 25 9.3 1.00 1.00 1.00 1.00 5.9 9.3 


1  (2) 
1 A 40 16 6.4 25 10.0 1.00 1.00 1.00 1.00 6.4 10.0 


C light 1 1 20 16 3.2 25 5.0 1.14 1.00 1.00 1.00 3.7 5.7 
1 8 20 16 3.2 25 5.0 1.14 1.00 1.00 1.00 3.7 5.7 
1 B 40 30 12.0 45 18.0 1.06 0.85 1.00 1.00 10.8 16.2 
1 E 29 30 8.7 45 13.1 1.06 0.85 1.00 1.00 7.8 11.7 


2 1 2 37 30 11.1 45 16.7 1.00 0.85 1.00 1.00 9.4 14.2 


1 5, 6 37 30 11.1 45 16.7 1.00 0.85 1.00 1.00 9.4 14.2 


2 B 33.5 16 5.4 25 8.4 1.06 1.00 1.00 1.00 5.7 8.9 


2 2 E 30 16 4.8 25 7.5 1.06 1.00 1.00 1.00 5.1 7.9 
2 1.7 37 16 5.9 25 9.3 1.00 1.00 1.00 1.00 5.9 9.3 
2 5, 6 37 16 5.9 25 9.3 1.00 1.00 1.00 1.00 5.9 9.3 


1  (2) 
1 A 40 16 6.4 25 10.0 1.00 1.00 1.00 1.00 6.4 10.0 


C veneer 1 1 20 16 3.2 25 5.0 1.14 1.00 1.00 1.00 3.7 5.7 
1 8 20 16 3.2 25 5.0 1.14 1.00 1.00 1.00 3.7 5.7 


2 


1 B 40 30 12.0 45 18.0 1.06 1.00 1.00 1.50 19.0 28.5 
1 E 29 30 8.7 45 13.1 1.06 1.00 1.00 1.50 13.8 20.7 
1 2 37 30 11.1 45 16.7 1.00 1.00 1.00 1.50 16.7 25.0 


1 5, 6, 7 37 30 11.1 45 16.7 1.00 1.00 1.00 1.50 16.7 25.0 


1Reduction cannot be applied to top-most story where resulting bracing length would be less than required for wind. 
2The garage and family room areas are treated as a one-story building attached to the two-story house. 
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A2 ANALYSIS USING STANDARD ENGINEERED DESIGN METHODS 


Prior to evaluation using other methods, earthquake forces and deformations were estimated 
using the linear static methods commonly used in engineering design of new buildings.  Included 
were force calculations using the International Building Code (IBC) linear static method, 
estimation of drift using the APA-The Engineered Wood Association four-term shear wall 
deflection equations at strength level forces, and amplification to estimated drifts using IBC 
amplification factors.  This approach resulted in the APA shear wall deflection equations being 
used outside of their intended range (based on force per nail limits included with nail slip 
variables). This provided clearly unrealistic shear wall deflections amplified to unrealistic 
estimated drifts (over 36 inch drifts in some cases).  Thus, it was concluded that the use of these 
engineered design estimates as predictors of performance for non-engineered buildings was not 
realistic and it was not pursued. Likewise, use of other available deflection equations that 
represent simplifications of the APA equations were not pursued.  This issue should not occur 
when using this standard deflection calculation method for engineered buildings. 


A3 ANALYSIS USING NONLINEAR METHODS 


Nonlinear time-history analysis using the Seismic Analysis of Woodframe Structures (SAWS) 
analysis program was chosen as the best available method for estimating force and deformation 
demands based on analytical studies that were verified against shake table results from the 
FEMA-funded CUREE-Caltech Woodframe Project.  Analysis models included both designated 
bracing and finish materials.  The Woodframe Project analytically predicted forces and 
deflections compared favorably with shake-table results and were clearly differentiated from 
analysis and testing results without finish materials (Folz and Filiatrault, 2002). 


The SAWS analysis program uses rigid diaphragms to represent floor and roof diaphragms.  
Walls are modeled as nonlinear springs with hysteretic parameters developed specifically to 
describe the behavior of woodframe bracing systems.  For the example house, rigid diaphragms 
were used to represent the high roof, the low roof plus second floor, and, where appropriate, the 
first floor. A simplified representation of the rigid diaphragms and wall springs for the model 
house is presented in Figure A-5. 


Ten sets of hysteretic parameters were developed from component testing data to describe wall 
bracing and interior gypsum wallboard finishes.  Figure A-6 illustrates the meaning of the 
parameters, and a summary of analytical modeling parameter values is provided in Table A-2.  
For each of the bracing materials (with the exception of No. 5 and 6), the hysteretic parameters 
were determined for a 4-foot bracing length. Because widely varying lengths are used in the 
house, the parameters were scaled for varying bracing lengths.   
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Figure A-5 Analysis model. 


Figure A-6 Hysteretic parameters for model ((Folz and Filiatrault, 2002). 


Hysteretic parameters currently available from laboratory testing of wall components vary based 
on wall boundary conditions, test set-up, and test protocol.  Parameters chosen for the analysis of 
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the model house tended towards lower bounds of strength and stiffness.  Future analytical studies 
should consider exploring upper and lower bounds. 


In order to simplify interpretation of analysis results, the analysis model uses consistent 
identification of bracing walls across all building configurations.  Because of this modeling 
approach, cripple walls have been included in the model for all building configurations; where 
slab-on-grade construction occurs, the cripple walls are modeled as extremely rigid elements 
(Property No. 9) resulting in negligible deflection.  In addition, some wall elements occur only in 
limited configurations; a bracing length of 0.1 foot is used where a bracing panel is intended to 
have no effect. 


Table A-2 Hysteretic Parameters Used for Nonlinear Dynamic Model 
Property No. Use Fo (k) FI (k) ∆u (in) So (Ko) 


(k/in) r1 r2 r3 r4 alpha beta ∆CUREE 


(in) 
Fu 


Basic Model Properties 


3 
gypsum 


wallboard 
lower bound1 


0.50 0.20 0.70 3.0 0.130 -0.050 1.000 0.030 0.40 1.10 0.80 0.47 


4 4 ft OSB w/o 
tie-down 0.59 0.15 1.00 2.8 0.096 -0.021 1.000 0.010 0.40 1.10 1.90 0.63 


5 2'-8" wall one-
sided 1.20 0.20 2.70 3.0 0.020 -0.100 1.000 0.024 0.87 1.10 2.00 0.62 


6 2'-8" wall two-
sided 2.40 0.40 2.70 6.0 0.020 -0.100 1.000 0.024 0.87 1.10 2.00 1.24 


7 
2 ft high 


cripple wall1 3.00 0.30 1.00 20.0 0.010 -0.050 1.000 0.010 0.87 1.10 1.00 3.20 


8 
1:3 stepped 
cripple wall1 3.30 0.60 1.00 23.0 0.090 -0.110 1.000 0.040 0.87 1.10 0.90 5.48 


9 
zero height 


cripple wall = 
100 x No. 7 


300.00 30.00 1.00 2000.0 0.010 -0.050 1.000 0.010 0.87 1.10 1.00 320.00 


Code Plus Properties 


10 


Code Plus fully 
sheathed 
perforated 
shear wall1 


2.30 0.05 2.20 2.6 0.200 -1.000 1.000 0.020 0.87 1.10 1.50 3.00 


11 4 ft OSB w/ tie-
down 1.70 0.50 3.00 6.8 0.040 -0.056 1.000 0.024 0.87 1.10 2.60 2.51 


12 
1Values in table are for 4 ft length. Fo, Fi  & Ko in model are scaled bylength of full height sheathing. See sepatate spreadsheets. 


The strength and stiffness contribution of exterior wall finishes was not included in the analysis.  
This approach was chosen because it would lead to a lower bound and, therefore, conservative 
estimate of deformation demand.  In addition, some exterior finish materials are believed to have 
very little impact on building behavior (e.g., vinyl siding) and information was not available on 
the contribution of some other finishes (e.g., brick veneer).  Due to the judgment necessary to 
select appropriate component testing and to derive parameters and the simplification of not 
including exterior finishes, the resulting modeling must be qualified as being approximate.   


Earthquake demand is represented using the larger horizontal acceleration record from Canoga 
Park for the 1994 Northridge, California, earthquake.  This record was chosen because it 
corresponds well with the code design spectra over a range of building periods.  The peak 
acceleration was scaled for each Seismic Design Category by dividing the maximum SDS value 
for each category by 2.5, resulting in peak accelerations of 0.2, 0.33 and 0.47g for SDCs C, D1, 
and D2, respectively. For comparison, the recorded ground motion has a peak acceleration of 
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0.42g and was scaled to 0.50g to represent Zone 4 anticipated ground motions in the CUREE 
shake-table testing. The ground motion scaling used for this analysis represents the demand used 
as a basis for code design. The demand from the maximum considered earthquake (MCE) 
ground motion (MCE) would be approximately 50 percent greater. 


Detailed assembly weights and building weights have been determined for each house 
configuration. The analysis model spreads the resulting mass uniformly over a single rectangle 
used to describe each above-ground diaphragm. The center of the mass rectangle is set at the 
calculated center of mass of the building.  This simplification, made necessary by analysis 
limitations, should have a minor effect on results. 


A4 ANALYSIS RESULTS 


The selected ground motion was run once in the horizontal X-direction and once in the 
horizontal Y-direction for each combination of base condition, exterior finish, and Seismic 
Design Category as well as for a series of above-code recommendations.  From the nonlinear 
time-history analysis, peak drifts in each of the bracing wall lines and peak reactions to 
supporting foundations were extracted and summarized in tables.  These tables are not included 
here for brevity but are available upon request from the Building Seismic Safety Council on the 
analysis CD.  The “controlling” value was the largest absolute value of the X- and Y-directions. 


A4.1 Deformation Demand Relation to Performance 


In order to translate the results of the analysis into an approximation of house performance, three 
ranges of peak transient wall drift and associated approximate descriptions of building 
performance were developed.  The choice of range and description of performance are based on 
component and full-building test results combined with the opinions of those participating in the 
development of this guide.   


The approximate performance categories and corresponding drift ranges are: 


• Minor damage potential – Less than or equal to 0.5% story drift 


The house is assumed to suffer minor nonstructural damage such as 
cracked plaster or gypsum wallboard and hopefully would be “green-
tagged” (occupancy not limited) by inspectors after an earthquake, 
which would permit immediate occupancy.  Some repairs should still be 
anticipated. 


• Moderate damage potential – Above 0.5% to 1.5% story drift 


The house is assumed to suffer moderate damage including possible 
significant damage to materials and associated structural damage, but the 
building is assumed to have some reserve capacity in terms of strength and 
displacement capacity.  The house hopefully would be “green-tagged” or, 
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more likely, “yellow-tagged” (limited occupancy) by inspectors after an 
earthquake and may or may not be habitable.  Significant repairs should be 
anticipated. 


• Significant damage potential – Greater than 1.5% story drift 


The house is assumed to have significant structural and nonstructural 
damage that could result in its being “red-tagged” (occupancy prohibited) 
by inspectors after an earthquake. Significant repairs to most components 
of the building should be anticipated, and it may be more economical to 
replace the house rather than repair it. 


Use of these three categories permits an approximate comparison of the relative performance of 
different IRC bracing solutions and above-code recommendations. 


A4.2 Discussion of Results 


Selected results of peak drift values and approximate performance category are provided in 
Tables A-3 and A-4. In most cases, the drift increased with increased SDC in spite of the 
bracing requirements also having increased.  The approximate performance often increased from 
minor or moderate to significant as the SDC went from C to D2. The primary reason is the 
inclusion of interior gypsum wallboard in the models for all Seismic Design Categories.  As the 
SDC increased, interior walls became required braced wall panels per IRC requirements rather 
than simply nonstructural partition walls; however, the analytical model did not change because 
the interior walls had already been included. The result was application of a higher demand to a 
model with only nominal increases in resistance. 


Table A-3 Selected Results for IRC Bracing Provisions, 

Slab-on-grade Base Condition 



Walls Seismic Design 
Category 


1st Story Peak 
Drift (in.) and 
Approximate 
Performance 


Light C 0.46 
Minor 


Light D1 1.02 
Moderate 


Light D2 1.72 
Significant 


Veneer C 1.29 
Moderate 


Veneer D1 1.34 
Moderate 


Veneer D2 2.21 
Significant 
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Although the building mass increased significantly with the addition of brick veneer, the increase 
in drift ranged from moderate to slight.  This is due to the IRC requirement for wood structural 
panel sheathing and hold-down devices for veneer in SDCs D1 and D2. The analysis model 
differentiated between wood structural panel shear walls with and without hold-down devices so 
the different strength, stiffness, and deformation capacity were accounted for.  Because of this, 
the IRC bracing required for brick veneer was seen to partially compensate for the increased 
demand. 


The above-code measures were applied to the slab-on-grade base condition.  The measures were 
seen to generally reduce the building drift, although drift increases were seen in a few walls due 
to changes in diaphragm rotation.  In SDC D2, the approximate performance was improved by 
one category for all three above-code measures.  In SDCs C and D1, significant decreases in drift 
were seen within an approximate performance category.   


Table A-4 Selected Results for Above-code Measures, Slab-on-grade Base Condition 


Above-code 
Recommendation Walls 


1st Story Peak Drift (in.), Approximate Performance, and  
Maximum 1st Story Drift Reduction 


SDC C SDC D1 SDC D2 


Original 
Code Minimum 


Light 0.5 
Minor Damage 


1.0 
Moderate Damage 


1.7 
Significant Damage 


Above-code 
Continuous 
Sheathing 


Light 0.3 
Minor Damage 
39 percent 


0.7 
Moderate Damage 
42 percent 


1.2 
Moderate  Damage 
30 percent 


Above-code 
Hold-downs 


Light 0.5 
Minor Damage 
28 percent 


0.9 
Moderate Damage 
36 percent 


1.0 
Moderate Damage 
47 percent 


Above-code 
Lap on Rim Joist 


Light 0.5 
Minor Damage 
6 percent 


1.0 
Moderate Damage 
7 percent 


1.4 
Moderate Damage 
24 percent 


The cost of implementing each above-code measure during construction of the house was 
estimated in terms of percentage change to the construction cost for the basic house structure.  
Comparison to total house cost was not made because variations in finishes and fixtures can 
dramatically vary the house cost. 


Use of continuous wood structural panel wall sheathing (fully sheathed) with overturning 
anchors in the corners of the house significantly reduced the drift in all Seismic Design 
Categories, and the approximate performance category was increased by one in SDC D2. The 
cost of making this change was estimated to be 9 to 10 percent of the cost of the structural 
portion of the model house used in this guide.   


The addition of hold-down anchors at the ends of each full-height wall segment (at the corners 
and edges of each door and window) significantly reduced the drift in all Seismic Design 
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Categories, and the approximate performance category was increased by one step in SDC D2. 
For the model house, the cost of implementing this improvement was estimated to be 18 percent 
of the structural cost of the house. 


Lapping wood structural panel wall sheathing over the band joist of the floors did not have a 
significant effect in SDC C or D1 but did improve the approximate performance category by one 
in SDC D2. The cost of implementing this improvement was estimated to be 0.5 percent of the 
cost of the structural portion of the house.  This above-code measure can be accomplished by 
either sheathing the wall with oversized panels (9-foot panels on an 8-foot wall) or cutting and 
blocking standard size sheets. 


Use of the above-code measures in combination is thought to have a cumulative effect in 
improving performance and so is encouraged. 
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Appendix B 

EARTHQUAKE PROVISIONS CHECKLIST 



FOR BUILDERS AND DESIGNERS  



General Earthquake-Resistance Requirements 
Load Path 


C NC N/A Priority 
HIGH Foundation anchor bolts. IRC Section R403.1.6 for all SDCs. IRC 


Section R403.1.6.1 and R602.11.1 for foundation anchor bolts and plate 
washers in SDCs D1 and D2 (and townhouses in SDC C).  


Typical 1/2-inch diameter bolts at 6 feet along all exterior walls.  Also, 
1/2-inch bolts at 6 feet along interior braced walls and interior bearing 
walls supported on a continuous foundation, in SDCs D1 and D2 (and 
townhouses in SDC C); 1/2-inch at 4 feet along all exterior walls and 
along all interior bearing walls and interior bracing walls supported on a 
continuous foundation for three-story in SDC D1 (and three-story 
townhouses in SDC C). 


3x3x1/4-inch steel plate washers: On all required anchor bolts in SDCs D1 
and D2 (and townhouses in SDC C). 


First anchor bolt should be placed seven bolt diameters minimum (3-1/2 
inches for 1/2-inch diameter, 4-1/2 inches for 5/8-inch diameter) and 12 
inches maximum from each end of a foundation sill plate. 


Sheathing and framing fasteners (except for 1/2-diameter or larger steel 
bolts) used in pressure preservatively treated wood framing members must 
have corrosion-resistant coating or be of corrosion-resistant material.   


HIGH Overturning Anchorage. IRC Section R602.10.6 for alternate braced wall 
panels, all SDCs.  IRC Section R602.10.11, second paragraph, Exception 
2, where braced wall panels are not located at corners in SDCs D1 and D2. 
IRC Section R703.7, Exceptions 3 and 4, when veneer is used in SDCs D1 
and D2. Overturning load path to foundation needed where hold-down 
anchors are used. 
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Load Path Above-code Recommendations: 


•	 Provide 4-foot anchor bolt spacing along all exterior and interior braced wall 
lines for two-story houses in SDCs D1 and D2. 


•	 Provide continuous foundation below interior braced walls with anchor bolts at 
spacing of 6 feet of less in all SDCs. 


•	 Provide corrosion-resistant coatings for anchor bolts installed through pressure 
preservatively treated foundation sill plates in all SDCs. 


•	 Do not “wet set” anchor bolts; securely place anchor bolts prior to placing 
concrete. 


•	 In SDC C, provide overturning anchorage as required in SDCs D1 and D2 for 
braced wall panels not located at corners and for houses with masonry veneer. 


•	 Add tie straps between first and second story corner studs to tie the walls 
together in SDCs C, D1 and D2. 


•	 Use oversized sheathing panels on exterior walls and lap over rim-joist.  Nail 
both into the plates (top and bottom) and the rim-joists in all SDCs. 


MED	 Minimum fastening.  All SDCs per IRC Table R602.3. 


MED	 Designed collector members aligned with and connected to the top plate of  
braced walls (continuous from the end of a braced wall line to the end of 
the braced wall panel closest to the end of the wall line).  In all SDCs 
where the first braced wall panel begins more than 12 feet from the end of 
a braced wall line.  (Section IRC R602.10.1) 


Also, in SDCs D1 and D2, where the braced wall panel uses wood 
structural panel sheathing and is not located at the end of the wall line.  
However, when either (a) a minimum 24-inch-wide panel is provided each 
side of the wall corner or (b) the braced panel end closest to the corner is 
provide with a hold-down, a designed collector is not required if the wood 
structural panel braced wall panel is located 8 feet or less from the end of 
the braced wall line.  (IRC Section R602.10.11 last paragraph) 
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Foundations and Foundation Walls 
Concrete Foundations 


C NC N/A Priority 
HIGH Horizontal reinforcing. In SDCs D1 and D2, typical one No.4 in footing. 


Additional No. 4 in concrete stem wall (if stem wall occurs).  One No. 4 
top and bottom in thickened slab footing, with alternate of one No. 5 or 
two No. 4 in middle third of footing height for thickened slab footings cast 
monolithically with slab.  (IRC Sections R403.1.3 through R403.1.3.2) 


HIGH Vertical reinforcing. In SDCs D1 and D2, one No. 4 at 48 inches 
maximum spacing where a pour joint occurs between concrete footing and 
concrete stem wall. (IRC Section R403.1.3) 


MED   Adequate support of reinforcing and anchor bolts.  Reinforcing concrete 
cover distances of 3 inches when cast against earth and 1-1/2 inches when 
concrete will be exposed to weather. 


HIGH Clean footing excavations before casting concrete. Proper concrete 
consolidation. No water added to concrete mix at site. 


MED	 Minimum concrete strength.  2500 psi, all SDCs. 3000 or 3500 psi in 
moderate or severe weathering probability areas (IRC Section R402.2 and 
Table R402.2). 


MED	 Rebar lap splice length of 24-inches (straight lap) (IRC Section 
R611.7.1.2). Rebar bend radius (outer) of 2 inches for No. 4 and 2-1/2 
inches for No. 5. Hook at corners and intersections of 8 inches for No. 4 
and 10 inches for No. 5. 


Masonry Foundations 


C NC N/A 
HIGH Horizontal reinforcing. 


HIGH Vertical reinforcing. 


MED	 Rebar lap splice length of 24-inch (straight lap) (IRC Section 
R606.11.2.2.3). Rebar bend radius (outer) of 2 inches for No. 4 and 2-1/2 
inches for No. 5. Hook at corners and intersections of 8 inches for No. 4 
and 10 inches for No. 5 (IRC Section R606.11.7.4). 


Foundation Walls 


C NC N/A 
HIGH Wall thickness. 


HIGH Horizontal reinforcing. 


HIGH Vertical reinforcing. 
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MED	 Rebar lap splice length of 24-inches (straight lap).  Rebar bend radius 
(outer) of 2 inches for No. 4 and 2-1/2 inches for No. 5.  Hook at corners 
and intersections of 8 inches for No. 4 and 10 inches for No. 5 


Above-code Recommendations: 


•	 Avoid construction of slab on grade homes on cut and fill sites where possible.  
Where this condition cannot be avoided, provide additional quality control for 
fill placement and compaction operations. 


•	 Regardless of SDC, provide not less than one continuous horizontal No. 4 
reinforcing bar in concrete footings.  Provide a second No. 4 horizontal bar in 
stem wall if occurs.  This will provide tension and bending capacity to help 
mitigate foundation damage due to earthquake, wind, soil movement and frost 
heave. 


•	 Regardless of SDC, remove lose debris in the construction joint between a 
concrete footing and a separately cast slab-on-grade. 


•	 In SDCs C, D1 and D2, provide not less than No. 4 at 4-feet vertical bars as 
dowels between a concrete footing and a separately cast slab on grade. 


•	 Regardless of SDC, provide not less than one continuous No. 4 reinforcing bar in 
masonry foundations. 


Floor Construction 
C NC N/A 


HIGH Floor sheathing nailing. Floor sheathing should be edge nailed to blocking 
above all braced wall lines, exterior and interior, as part of the load path 
(IRC Table R602.3(1), Footnote i). Blocking with edge nailing needs to 
have a load path to top of braced wall panels. 


MED SDCs D1 and D2, blocking or lateral restraint.  Required at intermediate 
floor framing member supports.  (IRC Section R502.7, Exception) 


Light-Frame Wall Construction 


HIGH Overdriven sheathing nails. For wood structural panel sheathing, nails are 
to be driven so that the top of the head is flush with the face of the 
sheathing.  (It is recommended that where nail heads occasionally are 
more than 1/16-inch below the surface, an additional nail should be 
provided between existing nails. If a substantial number of nails are 
overdriven, the sheathing should be removed and the framing checked for 
splitting before replacing the sheathing with proper nails.) 
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HIGH Sheathing nailing to hold-down posts and studs.  Hold-downs cannot carry 
any load unless the wall sheathing is edge-nailed to the hold-down post or 
stud.


 HIGH Threaded rods with properly attached nuts need to be in place before the 
wall sheathing is attached to the second side of the walls. 


Above-code Recommendations:   


•	 Increase first-story strength and stiffness to mitigate weak-story irregularity.  
Approaches include: (a) use of wood structural panel wall bracing and hold-
down connectors at each end of each full height wall segment, (b) fully 
sheathing all exterior walls including below windows and above and below 
doors and providing hold-down connectors at building corners, and (c) 
providing more than the minimum braced wall panel length. 


•	 Increase cripple wall strength and stiffness to mitigate weak-story irregularity 
by sheathing full length of exterior cripple walls. 


•	 Use oversized sheathing panels on exterior walls to increase wall stiffness and 
strength. Lap the sheathing over the floor joists and nail to both the plates (top 
and bottom) and the floor joists. 


Roof Construction 
C NC N/A 


HIGH Sheathing nailing at braced wall lines. Roof sheathing should be edge 
nailed (to blocking where present) above all braced wall lines, exterior and 
interior, as part of the load path (IRC Table R602.3(1), Footnote i). 
Blocking with edge nailing needs to be nailed to the top of the braced  
wall below to provide a complete load path.  


Cold-formed Steel Construction 
C NC N/A 


HIGH Load path connections. Connection of cold-formed steel framing 
members is different than wood light-frame connection.  The IRC 
provisions include a significant number of specific connection details. 
Attention to these details is important to the building performance for all 
load types. 
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Above-code Recommendations: 


•	 Add interior cold-formed steel braced walls such that the distance between braced

wall lines does not exceed 35 feet. 



•	 In all SDCs, apply the irregularity limitations developed for wood light-frame houses 
(IRC Section R301.2.2.2.2). 


Masonry Wall Buildings 
C NC N/A 


HIGH Construction quality control. Proper type of mortar for masonry being 
used and proper mortar mixing.  (Type N mortar is prohibited in higher 
SDCs.) Proper placement of reinforcing.  Adequate support and 
attachment of reinforcing and anchor bolts.  Cleaning out of grout space to 
allow proper grout placement, including cleaning out excess mortar if 
necessary. Provide cleanouts if necessary for adequate cleaning. 
Consolidation of grout. 


Above-code Recommendations: 


•	 Each exterior wall and each interior braced wall should have one, and preferably 

two, sections of solid wall not less than 4 feet in length. 



•	 Sections of solid wall should be spaced no more than 40 feet on center and should be 
placed as symmetrically as possible. 


•	 All masonry walls should be supported on substantial continuous footings extended 
to a depth that provides competent bearing. 


•	 The distribution of interior masonry braced walls should be carefully balanced and 
floor and roof plans should use simple rectangular shapes without jogs and openings. 


•	 Apply the irregularity limitations developed for wood light-frame houses (IRC 
Section R 301.2.2.2.2). The IRC exceptions to Irregularities 2 and 5 can be applied 
but the rest of the exceptions are not applicable. 


•	 Solid portions of wall should be stocked from floor to floor and masonry walls 
should be continuous from the top of the structure to the foundation.  Masonry walls 
not directly supported on walls below require engineered design for gravity load 
support and design for earthquake and wind loads should be provided. 


•	 Running board lay up of masonry units should be used instead of stack bond lay up. 
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Above-code Recommendations (continued): 


•	 For concrete masonry, use open end units at locations of vertical reinforcement and 
use wood beam units for horizontal reinforcing to increase the interlocking of 
masonry construction. 


•	 Apply the measures required or recommended for masonry construction in areas of 
high earthquake risk, in areas of lower earthquake risk, and in high-wind areas.  
Priorities include provisions for reinforcing  (IRC Figure R606.10 (2)), wall 
anchorage using details developed to resist out-of-plane wall loads (e.g., IRC Figures 
R611.8 (1) through (7)), minimum length of bracing walls, and a spacing limit for 
braced wall lines. 


Concrete and Insulating Concrete Form Wall Buildings 
C NC N/A 


HIGH Construction quality control. Proper placement of reinforcing.  Adequate 
support and attachment of reinforcing and anchor bolts.  Cleaning out of 
cells space to allow proper concrete placement.  Consolidation of concrete. 


Above-code Recommendations: 


•	 Carefully balance bracing walls around the perimeter of the building.   


•	 Apply the measures required or recommended for ICF houses in areas of high 
earthquake risk, in areas of lower earthquake risk, and in high-wind areas.  
Priorities include wall anchorage using details developed to resist out-of-place wall 
loads (e.g., IRC Figures R611.8 (2) through (7)). 


Stone and Masonry Veneer 
C NC N/A 


HIGH Veneer thickness limited to 5-inch nominal thickness in SDCs A, B, and 
C, 4-inch nominal thickness in SDC D1, and 3-inch actual thickness in 
SDC D2 except that up to 5-inch nominal thickness can be used in SDC D1 
and D2 if veneer only extends to first story above grade. (IRC Section 
R703.7) 
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Above-code Recommendations:  


•	 Use corrosion-resistant sheet metal ties or wires to fasten veneer.  The ties or wires 
should penetrate the house paper and sheathing and should be embedded in the wall 
studs. 


•	 Where veneer can be used only on the first story above grade, increase the length of 
the structural wood panel bracing and use hold-down devices on braced wall panels 
in the first story. 


Fireplaces and Chimneys 
C NC N/A 


HIGH Masonry reinforcing. Vertical reinforcing of not less than four No. 4 bars 
for chimneys up to 40 x 24 inches.  Should extend from bottom of 
foundation (3-inch minimum concrete cover) to top of chimney except that 
splices of not less than 24 inches are acceptable.  Must be placed such that 
reinforcing can be surrounded in grout.  Horizontal ties of 1/4-inch 
minimum at 18 inches maximum on center in mortar joint.  SDCs D1 and 
D2. (IRC Section R1003.3) 
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EARTHQUAKE PROVISIONS CHECKLIST 

FOR DESIGNERS AND PLAN CHECKERS 



General Earthquake-Resistance Requirements 


General Earthquake Limitations 


C NC N/A 
Seismic Design Category.  Buildings in SDCs A through D2 may be designed per 
the IRC; buildings in SDC E require engineered design unless the alternate 
determination of Seismic Design Category provisions of IRC Sections 
R301.2.2.1.1 or R301.2.2.1.2 are met.  (IRC Section R301.2.2) 


Assembly weight.  Weight of roof plus ceiling, floor, interior wall and exterior 
wall assemblies are limited in SDCs D1 and D2 and townhouses in SDC C (IRC 
Section R301.2.2.2.1). 


Number of stories.  Wood light-frame buildings are limited to two stories plus 
cripple walls in SDC D2 (IRC Section R301.2.2.4.1 and Table R602.10.1). Cold-
formed steel framed buildings are limited to two stories above grade in SDCs D1 
and D2 (Section R301.2.2.41). Masonry walls are limited to one story and 9 feet 
between lateral supports in SDCs D1 and D2 (IRC Section R606.11.3.1 and 
R606.11.4). 


Story height. All SDCs. Building story height is limited by the following limits 
on bearing wall clear height plus a maximum of 16 inches for the floor framing 
depth: 


Wood light frame  12 ft (IRC Section R301.3, Item 1 Exception) 

Cold-formed steel 10 ft (IRC Section R301.3, Item 2) 

Masonry 12 ft plus 8 ft at gable ends (IRC Section R301.3, Item 3) 

ICF 10 ft (IRC Section R301.3, Item 4, and Section 611) 



Load Path 


C NC N/A 


Minimum wood light frame fastening.  All SDCs. (IRC Table R602.3) 


Anchor bolts and plate washers. IRC Section R403.1.6 for all SDCs. IRC 
Sections R403.1.6.1 and 602.11.1 for SDCs D1 and D2 and townhouses in SDC C. 


Overturning Anchorage. IRC Section R602.10.6 for alternate braced wall panels, 
all SDCs. IRC Section R602.10.11 Exception 2 ,where braced wall panels are not 
located at corners for SDCs D1 and D2. IRC Section R703.7, Exceptions 3 and 4, 
when veneer is used for SDCs D1 and D2. 
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Designed collector members aligned with and connected to the top plate of braced 
walls (continuous from the end of a braced wall line to the end of the braced wall 
panel closest to the end of the wall line).  In all SDCs IRC Section R602.10.1.  In 
SDC D1 and D2, IRC Section R602.10.11 last paragraph. IRC Section 
R301.2.2.2.2 for SDCs D1 and D2 and townhouses in SDC C. 


Irregularities 


C NC N/A 
Irregularity 1:  Exterior braced wall panels not in one plane (stacked) from 
foundation to top most story in which they are required.  


    Irregularity 2:  Section of floor or roof not supported by braced wall lines on all 
edges. 


Irregularity 3:  End of braced wall panel occurs over opening in wall below, and 
extends more than one foot beyond the edge of the opening.  


Irregularity 4:  Opening in floor or roof exceeds lesser of 12 feet or 50% of least 
floor or roof dimension.  Figure 2-x. 


Irregularity 5:  Portions of floor level are vertically offset (split level). 


    Irregularity 6:  Braced wall lines do not occur in two perpendicular directions.  


Irregularity 7:  Stories braced by light-frame walls include concrete or masonry 
construction. 


Above-code Recommendations: 


• Apply irregularities to all SDCs because they are also applicable for wind load. 


• Increase first-story strength and stiffness to mitigate weak-story irregularity. 


• Increase cripple wall strength and stiffness to mitigate weak-story irregularity. 


Foundations and Foundation Walls 
General 


C NC N/A 
Continuous perimeter foundations.  All exterior walls are to be supported on 
continuous perimeter foundations.  All SDCs. (IRC Section R403.1) 


 Continuous interior foundations.  At interior braced wall lines in buildings with 
plan dimensions greater than 50 ft.  SDCs D1 and D2 . (IRC Section R403.1.2). 
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Special Soils Conditions 


C NC N/A 
Low bearing capacity.  Soils investigation required when building official 
determines that soil bearing capacities of less than 1500 psf might be present at 
site. All SDCs. (IRC Table R401.4.1, footnote b) 


Soil testing when expansive, compressible, or shifting soils are encountered or are 
likely. (IRC Section R401.4) 


Frost protection. Footings are to be below the frost line or adequate frost 
protection should be provided. (IRC Section R403.1.4.1) 


Concrete Foundations 


C NC N/A 
Minimum concrete strength.  2500 psi for all SDCs. 3000 or 3500 psi in 
moderate or severe weathering probability areas.  (IRC Section R402.2 and Table 
R402.2) 


Horizontal reinforcing. One No.4 in footing and second No. 4 in stem wall.  No. 
4 top and bottom in thickened slab footing with alternative of one No. 5 or two 
No.4 in middle third of footing height for thickened slab footings cast 
monolithically with slab. SDCs D1 and D2. (IRC Sections R403.1.3 and 
R403.1.3.2) 


Vertical reinforcing. No. 4 at 48 inches maximum spacing required where a pour 
joint occurs between concrete footing and concrete stem wall.  SDCs D1 and D2. 
(IRC Section R403.1.3) 


Masonry Foundations 


C NC N/A 
Masonry foundation type. Solid clay masonry and fully grouted concrete 
masonry permitted in all SDCs (IRC Section R403.1). Rubble stone masonry 
foundation walls limited to SDCs A through C (IRC Section R404.1.1). 


Horizontal reinforcing. One No. 4 in footing and second No. 4 in stem wall.  
SDCs D1 and D2. (IRC Section R403.1.3 and R403.1.3.1) 


Vertical reinforcing. Minimum No.4 at 4 feet on center extending into footing 
with standard hook. SDCs D1 and D2. (IRC Section R403.1.3) 
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Foundation Walls 


C NC N/A 
Wall thickness. Six inches minimum up to 12 inches required based on soil type 
at site. SDCs A through D2. (IRC Table R401.1.1(1)). 


Horizontal reinforcing. Dependent upon all thickness and material.  Minimum 
No. 4 in upper 12 inches of wall. SDCs D1 and D2. (IRC Sections R404.1.4 and 
R606.11). 


Vertical reinforcing. Varies depending on wall height and soil type at site.  
ASTM Grade 60 minimum.  All SDCs. (IRC Tables R404.1.1(2)). 


Above Code Recommendations: 


Avoid construction of slab-on-grade homes on cut and fill sites where possible.  Where 
this condition cannot be avoided, provide additional quality control for fill placement 
and compaction operations. 


Regardless of SDC, provide not less than one continuous No. 4 reinforcing bar in 
concrete footings.  Provide a second No. 4 in stem wall if present.  This will provide 
tension and bending capacity to help mitigate foundation damage due to earthquake, 
wind, soil movement, and frost heave. 


In SDCs C, D1 and D2, provide not less than No. 4 vertical bars at 4 feet as dowels 
between a concrete footing and separately cast slab-on-grade. 


In concrete foundations, lap reinforcing bars not less than 24 inches.  Bend radius 
(outer) for No. 4 bar is 2 inches and 2-1/2 inches for No. 5.  Hook at corners and 
intersections of 8 inches for No.4 bars and 10 inches for No. 5 bars. 


Regardless of SDC, provide not less than one continuous No. 4 reinforcing bar in 
masonry foundation stem walls. 


In masonry foundation walls and stem walls, lap reinforcing bars not less than 24 
inches. Bend radius (outer) for No. 4 bar is 2 inches and 2-1/2 inches for No. 5.  Hook at 
corners and intersections of 8 inches for No. 4 and 10 inches for No. 5. 


Floor Construction 
C NC N/A 


Blocking or lateral restraint. Required at intermediate floor framing member 
supports. SDCs D1 and D2. (IRC Section R502.7, Exception). 
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Light-Frame Wall Construction 
C NC N/A 


Braced wall length required for each 25 ft of wall length. (IRC Section R602.10.6) 


Sheathing attachment spacing. (Various IRC sections) 


Cold-formed Steel Construction 
C NC N/A 


Cold-formed steel framing.  Buildings in SDCs D1 and D2 need to comply with 
the AISI Standard for Cold-Formed Steel Framing – Prescriptive Method for 
One- and Two-Family Dwellings in addition to the requirements of the IRC 
Section R301.2.2.4.5. 


Masonry Wall Buildings 
C NC N/A 


Limited to one story for SDCs D1 and D2. (IRC Section R606) 


In SDCs D1 and D2, 9 feet between lateral supports. (IRC Section R606.8) 


Light-frame restricted from supporting lateral loads from masonry. (IRC Section 
R301.2.2.2.2) 


Reinforcement detailing (IRC Section R606.11). 


Concrete and Insulating Concrete Form Wall Buildings 
C NC N/A 


Limited to two stories above grade. (IRC Section R611) 


Minimum wall thickness of 5.5 inches for IFC and 6 inches for solid concrete. 
(IRC Section R611.7.4) 


Maximum plan dimension of 60 feet and aspect ratio of 2:1. (IRC Section 
R611.2) 


 Reinforcement detailing. (IRC Sections R611.3 - R611.5 and R611.7.1.2 and 
R611.7.1.3) 
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Stone and Masonry Veneer 
C NC N/A 


Veneer. In SDCs D1 and D2, veneer is not permitted on buildings with cripple 
walls. (IRC Section R703.7, Exceptions 3 and 4) 


Fireplaces and Chimneys 
C NC N/A 


Vertical reinforcement requirements (four  No. 4 Bars). (IRC Section R1003.3) 


Type N mortar prohibited in SDCs D1 and D2. (IRC Section R609) 


Anchorage requirements for SDCs D1 and D2. (IRC Section R1003.4) 
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SIGNIFICANT CHANGES FOR THE 

2006 INTERNATIONAL RESIDENTIAL CODE



During the 2006 cycle of technical updates for the International Residential Code (IRC), a 
number of important technical changes were made that will have an impact on many houses 
around the country. This appendix highlights the most significant of these changes so that the 
designer can continue to use this document when the 2006 IRC is adopted by his or her 
jurisdiction. 


D1 REVISED SEISMIC DESIGN MAPS 


In response to concerns over the perceived increases in earthquake design forces that were 
implemented with the adoption of the 2000 editions of the International Building Code (IBC) 
and IRC, the U.S. Geological Survey (USGS) conducted a detailed evaluation of earthquake risk 
on a county-by-county basis for regions with a high probability of earthquake occurrence.  The 
project incorporated significant new information about local geological and geotechnical features 
and local experts for the regions being investigated were consulted.  The result of the project is 
revised design maps that are incorporated into the 2006 editions of the IRC and IBC. In general, 
the new maps reduce the amount of geographic area affected by the high seismic risk, but the 
remaining area is also affected so some extent.  This is primarily evident in the Charleston, South 
Carolina, region where the Seismic Design Category was raised in the counties closest to 
Charleston, but the rest of the state experiences a reduction in seismic risk level.  The seismic 
design map that was adopted for the 2006 IRC is shown in Figure D-1 on the following pages. 


D2 ADDITION OF SEISMIC DESIGN CATEGORY D0 


In addition to provide some relief for the construction of houses using heavier finish materials 
such as masonry veneers and stucco, Seismic Design Category D1 was divided into two SDCs – 
D0 and D1. Since design values must be set to the highest value in the range, dividing the 
original D1 into two lowered the earthquake design load for the lower design category.  Only the 
brick masonry veneer industry has started to take advantage of this change to date.  However, it 
is expected that other materials also will propose changes in the future to take advantage of the 
lower forces associated with Seismic Design Category D0. The geographic area associated with 
the change can be seen in Figure D-1. 
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D3 CHANGE IN APPLICABILITY OF IRREGULAR BUILDING REQUIREMENTS 


During the update cycle resulting in the 2006 IRC, it was noticed that the wording requiring that 
the building conform to the requirements of IRC Section R301.2.2.2.2 only applied to wood and 
ICF concrete construction. Cold-formed steel construction had to conform to these irregularity 
requirements even through the referenced design and construction document (COFS/PM) had 
less stringent requirements and application to masonry wall buildings was not specified.  Thus, a 
change was made to require all buildings to conform to the irregularity provisions of the IRC, 
which limit the concentrations of loads and deformations that irregularities cause.  


D4 CLARIFICATION AND ADDITION OF REQUIREMENTS FOR MASONRY 
VENEER 


A significant change was made to the requirements for the use of stone and masonry veneer in 
areas of high earthquake risk.  The changes clarify veneer weight limits and stories where veneer 
is permitted.  They also clarify and illustrate the required hold-down anchorage of walls and the 
requirements for ties and other reinforcement and attachment of the veneer to the walls.  The 
change is too extensive to document here; rather, the reader is referred to the 2006 IRC for 
details. 
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Sheila Lee, City of Santa Clara, California 
Adlai Leiby, Berkeley, California 
Philip Line, American Forest and Paper Association, Washington, D.C.  
Jeff Lusk, Federal Emergency Management Agency Region IX, Oakland, California 
Joan O. MacQuarry, City of Berkeley, California 
Bonnie Manley, National Fire Protection Association, Quincy, Massachusetts 
Harry W. Martin, American Iron and Steel Institute, Auburn, California 
Zeno A. Martin, PE, APA-The Engineered Wood Association, Tacoma, Washington 
Joseph J. Messersmith, Jr., PE, Portland Cement Association, Rockville, Virginia 
Greg Mulvey, City of San Diego, California 
Steve Pfeiffer, City of Seattle, Seattle, Washington 
David Pollock, Washington State University, Pullman 
Steven E. Pryor, Simpson Strong-Tie, Dublin, California 
Kevin Reinerston, HCD Division of Codes and Standards, Sacramento, California 
Timothy A. Reinhold, PhD, PE, Institute for Business and Home Safety, Tampa, Florida 
Dennis Richardson, San Jose, California 
Alan Robinson, Tuan and Robinson Structural Engineers, Inc., San Francisco, California 
William R. Schock, City of San Leandro, California 
Roger Sharpe, City of Walnut Creek, Retired, Berkeley, California 
Thomas D. Skaggs, PhD, PE, APA-The Engineered Wood Association, Tacoma, Washington 
Steve Skalko, Portland Cement Association, Macon, Georgia 
Charles A. Spitz, AIA, CSI, NCARB, Architect-Planner-Code Consultant, Wall, New Jersey 
William W. Stewart, FAIA, Stewart-Schaberg/Architects, Chesterfield, Missouri 
Jason Thompson, SE, National Concrete Masonry Association, Herndon, Virginia 
Ray Tu, Hardy Frames, Inc., Ventura, California 
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Fred M. Turner, Seismic Safety Commission, Sacramento, California 
David P. Tyree, PE, CBO, American Forest and Paper Association, Colorado Springs, Colorado 
Calvin N. Wong, PE, City of Oakland, California 
Matt Zamani, City of San Diego, California 


2005-2006 BSSC BOARD OF DIRECTION 


Chair -- Jim W. Sealy, FAIA, Architect/Consultant, Dallas, TX 


Vice Chair -- David Bonneville, Degenkolb Engineers, San Francisco, California  


Secretary -- Jim Rinner, Project Manager II, Kitchell CEM, Sacramento, California 


Ex-Officio Member -- Charles Thornton, Chairman/Principal, Thornton-Tomasetti Group, Inc., 
New York, New York 


Members 
Edwin Dean, Nishkian Dean, Portland, Oregon 
Bradford K. Douglas, Director of Engineering, American Forest and Paper Association, 


Washington, D.C. 
Cynthia J. Duncan, Director of Specifications, American Institute of Steel Construction, 


Chicago, Illinois 
Henry Green, Executive Director, Bureau of Construction Codes and Fire Safety, State of 


Michigan, Department of Labor and Economic Growth, Lansing, Michigan (representing 
the National Institute of Building Sciences) 


Jay W. Larson,  American Iron and Steel Institute, Bethlehem, Pennsylvania 
Joseph Messersmith, Coordinating Manager, Regional Code Services, Portland Cement 


Association, Rockville, Virginia (representing the Portland Cement Association) 
Ronald E. Piester, Assistant Director for Code Development, New York State, Department of 


State, Kinderhook, New York 
James Rossberg, Manager, Technical Activities for the Structural Engineering Institute, 


American Society of Civil Engineers, Reston Virginia 
W. Lee Shoemaker, Director, Engineering and Research, Metal Building Manufacturers 


Association, Cleveland, Ohio 
Howard Simpson, Simpson Gumpertz and Heger, Arlington, Massachusetts (representing 


National Council of Structural Engineers Associations) 
Shyam Sunder, Deputy Director, Building Fire Research Laboratory, National Institute of 


Standards and Technology, Gaithersburg, Maryland (representing Interagency Committee 
on Seismic Safety in Construction) 


Charles A. Spitz, Architect/Planner/Code Consultant, Wall New Jersey (representing the 
American Institute of Architects) 


Robert D. Thomas, Vice President Engineering, National Concrete Masonry Association, 
Herndon, Virginia 
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BSSC Staff 
Claret M. Heider, Vice President for BSSC Programs 
Bernard F. Murphy, PE, Director, Special Projects 
Carita Tanner, Communications/Public Relations Manager 
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THE BUILDING SEISMIC SAFETY COUNCIL 



The purpose of the Building Seismic Safety Council is to enhance the public's safety by providing a 
national forum to foster improved seismic safety provisions for use by the building community.  For the 
purposes of the Council, the building community is taken to include all those involved in the planning, 
design, construction, regulation, and utilization of buildings. 


To achieve its purposes, the Council shall conduct activities and provide the leadership needed to: 


•	 Promote development of seismic safety provisions suitable for use throughout the United States; 


•	 Recommend, encourage, and promote adoption of appropriate seismic safety provisions in 
voluntary standards and model codes; 


•	 Assess implementation progress by federal, state, and local regulatory and construction agencies; 


•	 Identify opportunities for the improvement of seismic regulations and practices and encourage 
public and private organizations to effect such improvements; 


•	 Promote the development of training and educational courses and materials for use by design 
professionals, builders, building regulatory officials, elected officials, industry representatives, 
other members of the building community and the public. 


•	 Provide advice to governmental bodies on their programs of research, development, and imple-
mentation; and 


•	 Periodically review and evaluate research findings, practice, and experience and make re
-
commendations for incorporation into seismic design practices. 



The scope of the Council's activities encompasses seismic safety of structures with explicit consideration 
and assessment of the social, technical, administrative, political, legal, and economic implications of its 
deliberations and recommendations. 


Achievement of the Council's purpose is important to all in the public and private sectors.  Council 
activities will provide an opportunity for participation by those at interest, including local, State, and 
Federal Government, voluntary organizations, business, industry, the design professions, the construction 
industry, the research community and the public.  Regional and local differences in the nature and 
magnitude of potentially hazardous earthquake events require a flexible approach adaptable to the relative 
risk, resources and capabilities of each community.  The Council recognizes that appropriate earthquake 
hazard reduction measures and initiatives should be adopted by existing organizations and institutions and 
incorporated into their legislation, regulations, practices, rules, codes, relief procedures and loan require-
ments, whenever possible, so that these measures and initiatives become part of established activities 
rather than being superposed as separate and additional. 


The Council is established as a voluntary advisory, facilitative council of the National Institute of Build-
ing Sciences, a nonprofit corporation incorporated in the District of Columbia, under the authority given 
the Institute by the Housing and Community Development Act of 1974, (Public Law 93-383), Title VIII, 
in furtherance of the objectives of the Earthquake Hazards Reduction Act of 1977 (Public Law 95-124) 
and in support of the President's National Earthquake Hazards Reduction Program, June 22, 1978. 
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Important Numbers and Addresses
Your family may not be together when an 
earthquake strikes, so use the spaces below to 
record information that will help you communicate 
with one another. Remember, during the � rst 24 
hours following a major earthquake, use your 
telephone only in case of an emergency.


Police telephone


Fire Department telephone


Ambulance telephone


     ‘s work address


Telephone/cell phone


     ‘s work address


Telephone/cell phone


 ‘s school


Telephone/cell phone


School policy: ❏ Hold student ❏ Release student


 ‘s school


Telephone/cell phone


School policy: ❏ Hold student ❏ Release student


Name and telephone/cell phone number of an 
out-of-town relative or friend who can act as a point-
of-contact for separated family members:


Location of Disaster Supplies Kit:


Call 911 for
emergencies
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Are You Prepared for the Next 
Earthquake?


This booklet is designed to help you and 
your family plan for and survive a major 
earthquake. By taking action to be prepared, 
you can lessen the impact of an earthquake 
on your family. Set aside some emergency 
supplies, and teach your family what to do at 
home during and after a disaster. You could 
be without help for up to 72 hours, so learn 
to cope for at least that long.


Movement of the ground is seldom the actual 
cause of death or injury. Most casualties 
result from partial building collapse and 
falling objects and debris, like toppling 
chimneys, falling bricks, ceiling plaster, and 
light � xtures. Many of these conditions are 
easily preventable.


Because earthquakes occur without warning, 
it’s important to take steps now to prepare, 
so that you know what you can do and how to 
respond — constructive, protective action is 
possible.


Based on U.S. Geological Survey National Seismic Hazard Map 
for the Coterminous United States 


(http://eqhazmaps.usgs.gov/html/map_graphic.html).


Earthquake Hazards in the United States


Highest Hazard


Lowest Hazard


Hawaii


Maui


Honolulu


Kauai


Kalawao
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Have on Hand for Any Emergency – 
Ideas for Home, Workplace, and Car
Because you don’t know where you will be when an 
earthquake occurs, prepare a Disaster Supplies Kit for 
your home, workplace, and car.


❏ Water. Store at least 1 gallon of water per 
person per day and be prepared for a 72-hour 
period. A normally active person needs at 
least ½ gallon of water daily just for drinking. 
In determining adequate quantities, take the 
following into account:


• Individual needs vary depending on age, 
physical condition, activity, diet, and climate.


• Children, nursing mothers, and ill people 
need more water.


• Very hot temperatures can double the 
amount of water needed.


• A medical emergency might require more 
water.


It is recommended that you buy commercially 
bottled water. Keep bottled water in its 
original container and do not open it until 
you need to use it. Also, pay attention to the 
expiration or “use by” date.


If you choose to prepare your own containers 
of water, you should buy air-tight, food-grade 
water storage containers from surplus or 
camping supply stores. Before � lling the 
containers, clean them with dish washing 
soap and water, and rinse them completely so 
that there is no residual soap. Water stored in 
your own containers should be replaced about 
every 6 months.


In addition to water, have puri� cation tablets 
such as Halazone and Globaline, but be sure 
to read the label on the bottle before using 
the tablets.


❏ Food. It’s always a practical idea to keep 
a supply of non-perishable food on hand that 
can be rotated into your diet and replenished 
on a regular basis. Have a suf� cient supply 


H2O
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of canned or dehydrated food, powdered milk, 
and canned juices for at least 72 hours. Dried 
cereals and fruits and non-salted nuts are 
good sources of nutrition. Keep the following 
points in mind:


• Avoid foods that will make you thirsty. 
Choose salt-free crackers, whole grain 
cereals, and canned goods with high liquid 
content.


• Stock foods that do not require refrigeration, 
cooking, water, or special preparation. You 
may already have many of these on hand.


• Remember to include foods for infants and 
special dietary needs.


You should also have kitchen accessories and 
cooking utensils, especially a manual can opener.


❏ Flashlights and spare batteries. Keep a 
C ashlight beside your bed, at your place of 
work, and in your car. Do not use matches 
or candles after an earthquake until you are 
certain that no gas leaks exist.


❏ Portable, battery-powered radio or 
television and spare batteries. Most 
telephones will be out of order or used for 
emergency purposes, so radios will be your 
best source of information. You may also 
want to have a battery-powered CB or other 
two-way radio.


❏ First aid kit and manual. Keep a � rst 
aid kit at home and in your car. Also, have a 
manual such as Standard First Aid & Personal 
Safety by the American Red Cross. Have 
members of your household take basic � rst 
aid and CPR courses.


❏ Fire extinguishers. Keep a � re 
extinguisher at home and in your car. Some 
extinguishers are good only for certain 
types of � res — electrical, grease, or gas. 
Class ABC extinguishers are designed 
for safe use on any type of � re. Your � re 
department can show you how to use an 
extinguisher properly.
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❏ Clothes. If you live in a cold climate, you 
must think about warmth. You might not have 
heat after an earthquake. Think about your 
clothing and bedding supplies. Be sure to have 
one complete change of clothing and shoes 
per person, including the following:


• jacket or coat


• long pants


• long sleeve shirt


• sturdy shoes


• hat, mittens or gloves, and scarf


• sleeping bag or warm blanket (per person)


❏ Pet needs. Identify a shelter area for your 
pet, gather the necessary supplies, ensure 
that your pet has proper ID and up-to-date 
veterinarian records, and make sure you have 
a pet carrier and a leash.


❏ Special needs. Keep a supply of special 
needs items, such as medications, extra 
eyeglasses, contact lens solutions, hearing aid 
batteries, items for infants (formula, diapers, 
bottles, and paci� ers), sanitation and hygiene 
items (moist towelettes and toilet paper), and 
any items unique to your family’s needs.


❏ Important papers and cash. Be sure to 
have a supply of cash for use if ATMs, banks, 
and credit card systems are not operating. 
Also, keep copies of credit and identi� cation 
cards and important documents, such as 
insurance policies and � nancial records.


❏ Tools. In addition to a pipe wrench and 
crescent wrench (for turning off gas and water 
valves), you should have a lighter, a supply 
of matches in a waterproof container, and a 
whistle for signaling rescue workers.


Pipe Wrench


Cresent /Adjustable Wrench
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Home Preparedness
In the event of an earthquake, you may be instructed 
to shut off the utility services at your home. Teach 
responsible members of your family how to turn off the 
gas, electricity, and water at valves and main switches. 
Consult your local utilities if you need more information. 


Label the water shut-
off valve, found where 
water enters the house, 
and main water shut-off 
valve, found with meter 
in a concrete box in the 
sidewalk or yard. 


Caution: Do not shut off gas unless an emergency exists. If 
gas is ever turned off, a professional must restore service. 


Earthquake Hazard Hunt
You can identify potential dangers in your home by conducting 
an earthquake hazard hunt. Foresight and common sense are 
all that are needed as you go from room to room and imagine 
what would happen in an earthquake.


Some possible hazards are:


• Tall, heavy furniture that could topple, such as bookcases, 
china cabinets, or modular wall units.


On Off
Gas
Valve


Off


On


Water Main


Electrical Circuit Breaker


ON


Pull-out Electrical Cartridge Fuses
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• Water heaters that could be pulled away from pipes and 
rupture.


• Appliances that could move enough to rupture gas or 
electrical lines.


• Hanging plants in heavy pots that could swing free of hooks.


• Heavy picture frames or mirrors over a bed.


• Latches on kitchen or other cabinets that will not hold 
the door closed during shaking.


• Breakables or heavy objects that are kept on high or 
open shelves.


• A masonry chimney that could crumble and fall through 
an unsupported roof.


• Flammable liquids, like painting or cleaning products, 
that would be safer in a garage or outside shed.


Take steps to correct these hazards — secure or relocate 
heavy items as appropriate.


Family Earthquake Drill
It’s important to know where you should go for protection 
when your house starts to shake. By planning and practicing 
what to do before an earthquake occurs, you can condition 
yourself and your family to react correctly and spontaneously 
when the � rst jolt or shaking is felt. An earthquake drill can 
teach your family what to do in an earthquake.


• Each family member should know safe spots in each room.


• Safe spots: The best places to be are under heavy 
pieces of furniture, such as a desk or sturdy table; 
under supported archways; and against inside walls.


• Danger spots: Stay away from windows, hanging objects, 
mirrors, � replaces, and tall, unsecured pieces of furniture.


• Reinforce this knowledge by physically placing yourself in 
the safe locations. This is especially important for children.


• In the days or weeks after this exercise, hold surprise drills.


• Be prepared to deal with what you may experience after 
an earthquake — both physically and emotionally.
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How To Ride Out the Earthquake
Limit your movements during an earthquake to a few 
steps to a nearby safe place. Stay indoors until the 
shaking has stopped and you are sure it is safe to leave.


If you are indoors:


• Drop, Cover, and Hold — Take cover under 
a sturdy desk, table, or bench, or against 
an inside wall, and hold on. If there is no 
desk or table near you, cover your face and 
head with your arms and crouch in an inside 
corner of the building.


• Stay away from glass, windows, outside 
doors and walls, and anything that could fall, 
such as lighting � xtures and furniture.


• If you are in bed when the earthquake 
strikes, stay there. Hold on and protect your 
head with a pillow, unless you are under 
a heavy light � xture that could fall. In that 
case, move to the nearest safe place.


• Stay inside until the shaking stops and it 
is safe to go outside. Most injuries during 
earthquakes occur when people are hit 
by falling objects while entering or leaving 
buildings.


• Be aware that electricity may go out or that 
sprinkler systems or � re alarms may turn on.


• Do not use elevators.


If you are outdoors:


• Stay there.


• Move away from buildings, trees, 
streetlights, and utility wires.


If you are in a moving car:


• Stop as quickly as safety permits, pull to 
the side of the road, and stay in the car.


• Avoid stopping near or under buildings, 
trees, overpasses, and utility wires.







8 Earthquake Safety Checklist


• Do not attempt to drive across bridges or 
overpasses that have been damaged.


• Proceed cautiously after the earthquake has 
stopped, watching for road and bridge damage.


If you are trapped under debris:


• Do not light a match.


• Do not move about or kick up dust.


• Cover your mouth with a handkerchief or 
clothing.


• Tap on a pipe or wall so that rescuers can � nd 
you. Use a whistle if one is available. Shout 
only as a last resort — shouting can cause 
you to inhale dangerous amounts of dust.


When the Ground Stops Shaking
Check for Injuries


If anyone has stopped breathing, give 
mouth-to-mouth resuscitation. Stop any 
bleeding injury by applying direct pressure 
to the wound. Do not move seriously injured 
people unless they are in immediate danger 
of further injury. Cover injured persons with 
blankets to keep them warm.


Keep a battery-powered radio with you so you 
can listen for emergency updates and news 
reports.


Be aware of possible tsunamis if you live in 
a coastal area. Tsunamis are also known as 
seismic sea waves. When local authorities 
issue a tsunami warning, assume that a series 
of dangerous waves is on the way. Move inland 
to higher ground as quickly as possible.


Do not use the telephone unless there is a 
severe injury. For more detailed emergency 
procedures, consult your � rst aid manual.
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Wear shoes in areas near fallen debris or 
broken glass.


Check for Hazards


If possible, put out small fi res. If not, leave your 
home immediately, notify the � re department if 
possible, and alert your neighbors.


Use a battery-powered fl ashlight to inspect 
your home. Turn the C ashlight on outside, before 
entering, because the battery may produce a 
spark that could ignite leaking gas, if present.


Check gas, electrical, and water lines, and 
check appliances for damage. If you smell gas 
or see a broken line, shut off the main valve 
from the outside. Do not switch on the electricity 
again until the power company has � rst checked 
your home. Remember, if gas is turned off, 
a professional must restore service. Do not 
search for gas leaks with a lighted match.


Caution: Do not use electrical switches or 
appliances if gas leaks are suspected, because 
sparks can ignite gas from broken lines.


Switch off electrical power if there is damage 
to your house electrical wiring. If the situation 
is unsafe, leave your home and seek help.


Do not touch downed lines or broken appliances.


Check the building for cracks and damage, 
particularly around chimneys and masonry 
walls. Leave immediately if it looks like the 
building might collapse. Use � replaces only if 
the chimney has no damage and no cracks.


Clean up spilled medicines, bleaches, and 
gasoline and other fl ammable liquids.
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Check to see that water and sewage lines 
are intact before using the toilet. Plug bathtub 
and sink drains to prevent sewage backup.


Check water and food supplies. If the water 
is cut off, use emergency water supplies 
— in water heaters and melted ice cubes. 
Throw out all food that may be spoiled or 
contaminated.


Check closets and cupboards. Open doors 
cautiously. Beware of objects tumbling off 
shelves.


Use charcoal or gas grills for emergency 
cooking, only out of doors.


Do not use your car, unless there is an 
emergency. Do not go sightseeing through 
areas of damage. You will only hamper 
the relief effort. Keep streets clear for the 
passage of emergency vehicles.


Be prepared for aftershocks. These secondary 
earthquakes are usually less violent than the 
main quake, but they can be strong enough to 
cause additional damage and weaken buildings. 
Stay away from damage areas unless your 
assistance has been speci� cally requested by 
police, � re, or relief organizations.


If You Have To Evacuate


Post a message in clear view that states where you can be 
found. Take your Disaster Supplies Kit. List reunion points 
in case of separation. Such points may be the homes of 
neighbors, friends, or relatives; schools; or community 
centers. Use the blanks below to list reunion points.


1.


2.


H2O







Information about earthquake hazards and measures for reducing 
risks is available from the following:


FEMA / U.S. Department of Homeland Security
500 C Street, SW.
Washington, DC 20472
http://www.fema.gov


The National Earthquake Hazards Reduction Program
http://www.fema.gov/hazards/earthquakes/nehrp/


FEMA Publications:


You can order printed copies of the following publications by calling 
the FEMA Distribution Facility at 1-800-480-2520. As noted, some are 
available for download from the FEMA website.


After Disaster Strikes. FEMA 292. Available in both English and 
Spanish.


Are You Ready? An In-depth Guide to Citizen Preparedness, IS-22, August 
2004. Full publication and individual sections available online in both 
English and Spanish at http://www.fema.gov/preparedness/prepare_
guides_links.shtm.


Before Disaster Strikes, FEMA 291. Available in both English and 
Spanish.


Earthquake Home Hazard Hunt, FEMA 528, September 2005.


Food and Water in an Emergency, FEMA 477, August 2004. 
Available online in both English and Spanish at http://www.fema.
gov/preparedness/prepare_guides_links.shtm.


Helping Children Cope with Disaster, FEMA 478, August 2004. 
Available online in both English and Spanish at http://www.fema.
gov/preparedness/prepare_guides_links.shtm.


Preparing for Disaster for People with Disabilities and Special Needs, 
FEMA 476, August 2004. Available online in both English and 
Spanish at http://www.fema.gov/preparedness/prepare_guides_
links.shtm.


U.S. Geological Survey
12201 Sunrise Valley Drive
Reston, VA 20192


For earthquake information, consult the USGS Earthquake Hazards 
Program at:
http://earthquake.usgs.gov/


American Red Cross
National Headquarters
2025 E Street, NW.
Washington, DC 20006
http://www.redcross.org


:  2005-318-049












Earthquake Home Hazard Hunt
Recommendations for reducing earthquake hazards in your home


are presented on the other side of this poster.


FEMA 528  9/2005







This poster has information for you and your family to help you find and fix areas 
of your home that might be damaged in an earthquake and that might injure 
family members during an earthquake. Information is also provided on planning 
for an earthquake and safety steps you can take during and after an earthquake.


Your earthquake home hazard hunt should begin with all family members par-
ticipating. Foresight, imagination, and common sense are all that are needed as 
you go from room to room imagining what would happen if the earth and house 
started shaking. Anything that can move, break, or fall when your house starts to 
shake is a potential hazard. 


What would happen to heavy furniture, fixtures, and appliances?
n Look at tall bookcases and shelves. How much would fall off the shelves?  


Would the whole bookcase topple, or is it anchored to the wall?  
Anchor bookcases and other top-heavy furniture to wall studs using flexible 
fasteners (e.g., nylon straps) and lag screws. ➎


n Prevent refrigerators, washers, and other heavy appliances from moving by 
blocking the rollers.


n Add bracing to support air conditioners, particularly on rooftops.
n Do you have hanging light fixtures or plants? Could they swing and hit a window 


or swing off their hooks? As a minimum precaution, transfer hanging plants from 
heavy clay pots to lighter ones and used closed hooks on all hanging items. ➏


Check for possible flying glass.
n Replace glass bottles in the medicine cabinet and around the bathtub and 


shower with plastic containers.
n  What kind of latches are on your kitchen cabinets? Consider replacing 


magnetic “touch” latches with ones that will hold the cabinet doors shut during 
an earthquake. In some cases, a lip or low barrier across shelves may prevent 
breakables from sliding out.


n Where do you sit or sleep? Anchor heavy mirrors and pictures over beds, chairs, 
and couches with wire through eye screws into studs. Locate beds away from 
windows. ➌


Think about fire safety.
n Remove all flammable liquids, such as painting and cleaning products, to the 


garage or outside storage area. Be sure these items are secured on their shelves 
or stored away from heat sources and appliances, particularly your water heater 
and furnace.


n Secure gas lines by installing flexible connectors to appliances. ➓
n Is your water heater secured? Metal straps can be used to fasten your water 


heater to the wood studs of the nearest wall. ➑


What would happen to the house itself?
n Look at the outside of your home. What about your chimney? Masonry 


chimneys pose a real hazard in earthquakes, especially the freestanding section 
above the roof line, as bricks may fall into the house. ➍


n Check your roof. Make sure all tiles are secured – loose tiles could fall.
n Check foundation for loose or cracked plaster.
n Secure the wood sill and wall framing to the foundation using anchor bolts.
n Sheath crawlspace walls with plywood to prevent collapse. ➒
n Strengthen connections between posts and beams with bracing.


With your powers of perception more finely tuned, you may wish to extend these 
suggestions to your workplace. Check to determine whether your company has an 
earthquake safety plan.


Children can share their new awareness in the classroom. Determine whether 
their school has a practical earthquake plan, whether earthquake drills are held, 
and what the policy is if an earthquake occurs while school is in session.


Further Information
For more information about earthquake preparedness and safety, refer to the 
following publications, which are available from the FEMA Distribution Facility 
at 1-800-480-2520. As noted, some are available for download from the 
FEMA website.
After Disaster Strikes: How to recover financially from a natural disaster,  
FEMA 292. Available in both English and Spanish.
Are You Ready? An In-depth Guide to Citizen Preparedness, IS-22, August 
2004. Full publication and individual sections available online in both English 
and Spanish at http://fema.gov/preparedness/prepare_guides_links.shtm.
Before Disaster Strikes: How to make sure you’re financially prepared to deal 
with a natural disaster, FEMA 291, May 1997. Available in both English and 
Spanish.
Earthquake Safety Checklist, FEMA 526, August 2005.
Earthquake Safety Guide for Homeowners, FEMA 530, September 2005.
Food and Water in an Emergency, FEMA 477, August 2004. Available online in 
both English and Spanish at http://fema.gov/preparedness/prepare_guides_
links.shtm.
Preparing for Disaster for People with Disabilities and Special Needs, FEMA 
476. August 2004. Available online in both English and Spanish at  
http://fema.gov/preparedness/prepare_guides_links.shtm.


Visit the FEMA website at http://www.fema.gov/hazards/earthquakes/ for 
information about the National Earthquake Hazards Reduction Program (NEHRP) 
and more ways to address earthquake risks.


Take Action To Protect Yourself and  
Your Family From Earthquakes
Create and Practice Your Disaster Preparedness Plan
An emergency preparedness plan includes life-critical actions, life saving 
training, and the advance plans to enable you to respond to earthquakes and 
potential physical injuries and hazards no matter where you are.


Life-Critical Actions – Learn how to:
n Drop, cover, and hold.
n Signal for help, if you are trapped somewhere. Teach children and adults to 


use an emergency whistle and/or to knock three times repeatedly if trapped. 
Rescuers searching collapsed buildings will be listening for sounds.


Life Saving Training – Consider training in:
n First Aid
n CPR
n How to use a fire extinguisher
n How to shut off gas, water, and electricity


Your Disaster Preparedness Plan Should Include:
n Disaster Supplies Kits for home, workplace, and car
n Practicing Drop, Cover, and Hold
n Financial Plan
n Family Communications Plan that each family member understands
n Needs for all family members, including children, seniors, and pets


Financial Plan
You should store your family’s documents, such as insurance policies, deeds, 
property records, birth certificates, and other important papers, in a safe 
place away from your home (e.g., safety deposit box). Make copies of impor-
tant documents for your disaster supplies kit.
Consider saving money in an emergency savings account that could be used 
in any crisis. Back up critical files on your computer and keep a copy in a safe 
place away from your home.


Create Your Disaster Supplies Kit
Because you don’t know where you and your family will be when an earth-
quake occurs, prepare a Disaster Supplies Kit for your home, workplace, and 
car. For detailed information about the items that should be included in your 
disaster supplies kit, refer to FEMA 526, Earthquake Safety Checklist.


Family Earthquake Drill
It’s important to know where you should go for protection when your house 
starts to shake. By planning and practicing what to do before an earthquake 
occurs, you can condition yourself and your family to react correctly and 
spontaneously when the first jolt or shaking is felt. An earthquake drill can 
teach your family what to do in an earthquake.
n Each family member should know safe spots in each room.
n Safe spots: The best places to be are under heavy pieces of furniture, such as 


a desk or sturdy table; under supported archways; and against inside walls.
n Danger spots: Stay away from windows, hanging objects, mirrors, 


fireplaces, and tall, unsecured pieces of furniture.
n Reinforce this knowledge by physically placing yourself in the safe 


locations. This is especially important for children.
n In the days or weeks after this exercise, hold surprise drills.
n Be prepared to deal with what you may experience after an earthquake 


— both physically and emotionally.
n Following the drop, cover, and hold procedure is the best way to be safe 


during an earthquake.
n Take cover under a sturdy desk, table, or bench and hold on to the desk 


or table leg so that desk or table stays on top of you. Hold on until the 
earthquake shaking stops.


n Family members should practice drop, cover, and hold in the safe spots 
that you and your family have identified.


Earthquake Home Hazard Hunt Hanging Objects ➌
Prevent wall hangings from bouncing off walls:
n Secure mirrors, pictures, plants, and other objects on closed hooks.
n Secure the bottom corners with earthquake putty or adhesive pads.
n Place only soft art such as tapestries over beds and sofas.


Home Electronics ➊ 


Electronics are heavy objects and 
costly to replace. Secure TVs, stereos, 
computers, and microwaves with 
earthquake-resistant flexible nylon 
straps and buckles for easy removal 
and relocation (see Figure D).


In the Kitchen ➓
Cabinet doors, refrigerators, and 
gas appliances should be secured 
so that they will not move or fall 
over during an earthquake.
n First, secure all cabinets above 


waist level securely to the wall 
studs.


n Use latches designed for 
earthquake, child-proofing, or 
boat safety to keep cabinet doors 
from flying open and contents 
falling (see Figure E).


n Have a plumber install flexible 
connectors on gas appliances.


Furniture ➎
Follow these important guide-
lines:
n Secure all tall, top-heavy 


furniture such as bookcases, 
wall units, and entertain-
ment centers (see Figure F). 
Attach them securely to the 
wall studs with straps.


n Secure the top, on both the 
right and left sides of the 
unit, into wall studs, not just 
into the drywall.


n Use flexible mount 
fasteners such as nylon 
straps to allow furniture 
independent movement 
from the wall, reducing the 
strain on studs.


n Secure loose shelving by 
applying earthquake putty 
on each corner bracket.


n Store heavy items and 
breakables on lower shelves.


Water Heaters ➑ ➓


Water heaters should be 
braced (see Figure G). There 
are many solutions – all rela-
tively inexpensive.


Purchase and install a strap kit 
or bracing kit from your local 
hardware store.


Other options include:
n Have a licensed plumber 


strap your water heater 
according to code.


n Use heavy metal strapping 
and screws to secure the 
water heater to the wall 
studs.


The gas and water lines 
should have flexible connec-
tor pipes. These are safer than 
rigid pipes during an earth-
quake. Be sure to check the 
straps once a year. They may 
come loose as a result of vibrations or other causes.


Correcting Problems
Utilities ➐ 
Teach responsible members of your family how to turn off electricity, gas, and 
water at main switch and valves. Caution: Do not shut off gas unless an emergency 
exists. If gas is ever turned off, a professional must restore service. Contact your 
local utilities  for more information.


Label the water shut-off valve, found where water enters the house. Also the main 
water shut-off valve, found with the meter in a concrete box in the sidewalk or yard.


Weak Crawlspace Walls ➒
Wooden floors and stud walls 
are sometimes built on top of an 
exterior foundation to support 
a house and create a crawlspace. 
These walls carry the weight 
of the house. During an earth-
quake, these walls can collapse if 
they are not braced to resist hori-
zontal movement. If the walls fail, 
the house may shift or fall.


You can look under your house 
in the crawlspace to see whether 
there are any wood stud walls 
supporting the first floor. Check 
to see whether the stud walls are 
braced with plywood panels or diagonal wood sheathing. If your house has neither 
of these, the wood stud crawlspace walls are probably insufficiently braced or are 
unbraced. Please note that horizontal or vertical wood siding is not strong enough 
to brace wood stud crawlspace walls.


Plywood or other wood products allowed by code should be nailed to the studs (see 
Figure A) to strengthen your foundation. The type of wood product used, the plywood 
thickness, and nail size and spacing are all important when making this upgrade.


Many other types of foundation walls are used in the United States that may 
need upgrading to resist earthquake damage. Check with your local Building 
Department or a licensed architect or engineer for recommendations on how 
to determine whether your foundation and walls are likely to be damaged in 
an earthquake and what upgrades may be needed. Check with local officials for 
permit requirements before starting work.


Remember, it is very expensive to lift a house, repair the foundation and walls, and 
put it back on its foundation, while upgrading before an earthquake will be much 
less costly.


Garages With Living Spaces Above ➋
The large opening of 
a garage door and the 
weight of a second-story 
room built over the 
garage can result in the 
garage walls being too 
weak to withstand earth-
quake shaking, resulting 
in severe damage. If the 
narrow sections of the wall 
on each side of the garage 
door opening are not 
reinforced or braced, the 
potential for earthquake 
damage is greater.


Look at the area around 
the garage door opening 
– are there braces or 
plywood panels? If not, strengthening may be needed. Consult a licensed archi-
tect or engineer to determine the strengthening required to upgrade your garage 
walls. Your home may need to have plywood paneling or a steel frame designed 
and installed around the door opening (see Figure B). Remember to obtain a 
permit from your local Building Department before starting work.


Chimney Bracing ➍
To prevent the chimney from 
breaking away from the house, 
you should have it secured to the 
framing of the roof with sheet 
metal straps and angle bracing 
(see Figure C). If your roof 
doesn’t have solid sheathing, 
consider adding plywood panels 
above the ceiling joists. Have the 
chimney inspected by a profes-
sional to determine whether the 
chimney should be upgraded or 
replaced.


Figure A.  Strengthening weak crawlspace walls.


Figure B.  Strengthening garage walls below living space.


Figure C.  Bracing masonry chinmeys.


Figure E.  Securing cabinet doors and draws.


Figure F.  Securing top-heavy furniture.


Figure D.  Securing home electronics.


Figure G.  Securing water heaters.
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When earthquake shaking begins . . .


Drop, Cover, and Hold
FEMA 529  9/2005


Take cover under a sturdy desk or table, hold on to the desk 
or table leg so that the desk or table stays on top of you, and 


keep your head down until the shaking stops.


FEMA
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of the Guide was developed by FEMA in cooperation with the California 
Seismic Safety Commission staff. The original guide was prepared for 
publication by the staff of the Collaborative for Disaster Mitigation, San Jose 
State University.


Ordering	Information


Copies of this publication are available from the FEMA Distribution Facility. To 
order, call 1-800-480-2520 and ask for FEMA publication 530.


On	the	cover:	


Taken in Atascadero, California, on January 25, 2004, the photograph shows 
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INTRODUCTION
Earthquakes, especially major ones, are
dangerous, inevitable, and a fact of life in some
parts of the United States. Sooner or later another
“big one” will occur.


Earthquakes:


� Occur without warning


� Can be deadly and extremely destructive


� Can occur at any time


As a current or potential owner of a home*, you
should be very concerned about the potential
danger to not only yourselves and your loved ones,
but also to your property.


The major threats posed by earthquakes are bodily
injuries and property damage, which can be
considerable and even catastrophic.


Most of the property damage caused by
earthquakes ends up being handled and paid for
by the homeowner.


� In a 2000 study titled HAZUS 99: Average
Annual Earthquake Losses for the United
States, FEMA estimated U.S. losses from
earthquakes at $4.4 billion per year.


� Large earthquakes in or near major urban
centers will disrupt the local economy and can
disrupt the economy of an entire state.


However, proper earthquake preparation of your
home can:


� Save lives


� Reduce injuries


� Reduce property damage
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*For the purpose of this document, “home” includes
single-family residences, duplexes, triplexes, and
fourplexes.


As a homeowner, you can significantly reduce
damage to your home by fixing a number of known


and common weaknesses.


This booklet is a good start to begin strengthening
your home against earthquake damage.


It describes:


� Common weaknesses that can result in your
home being damaged by earthquakes, and


� Steps you can take to correct these
weaknesses.


There are no guarantees of safety during
earthquakes, but properly constructed and
strengthened homes are far less likely to collapse
or be damaged during earthquakes. FEMA advises
you to act on the suggestions outlined in this
booklet and make yourself, your family, and your
home safer.
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Figure 5 - San Simeon Earthquake, Dec. 22, 2003
This home slid 2 feet off its foundation due to 
inadequate nailing of walls to its sill plates.


Figure 4 - Northridge Earthquake, Jan. 17, 1994
Chimney collapse - common type of damage to 
unreinforced masonry.
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Figure 2 - Loma Prieta Earthquake, Oct. 17, 1989
Home moved off of its foundation and was considered 
a total loss.
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Figure 3 - Northridge Earthquake, Jan. 17, 1994
Single-family residence damaged due to failure of 
multiple elements.
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Figure 6 - San Simeon Earthquake, Dec. 22, 2003
The collapsed porch was not adequately attached to 
this single-family residence.
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Figure 1 - San Fernando Earthquake, Feb. 9, 
1971 Severely damaged split level one- and two-
story wood frame dwelling. The one-story portion 
dropped about 3 feet.
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EARTHQUAKE HAZARDS IN THE
UNITED STATES
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Earthquakes strike suddenly, without warning. Earthquakes can occur any time of the year and at any
time of the day or night. On a yearly basis, 70 to 75 damaging earthquakes occur throughout the world.
Estimates of losses from a future earthquake in the United States approach $200 billion. Forty-five states
and territories in the United States are at moderate to very high risk from earthquakes, and they are
located in every region of the country.


Hawaii


Maui


Honolulu


Kauai


Kalawao


Earthquake hazards in the United States. This map is based on seismicity and fault-slip rates and takes
into account the frequency of occurrence of earthquakes of various magnitudes. Locally, the hazard may
be greater than that shown, because site geology may amplify ground motions. Based on U.S.
Geological Survey National Seismic Hazard Map for the Coterminous United States (http://
eqhazmaps.usgs.gov/html/map_graphic.html).
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The earthquake weaknesses identified in this section, if not corrected, can result in
one or more of the following:


� Injury to occupants


� Severe damage to your home


� Broken gas and utility lines


� Fires from broken gas lines


� Damage to floors, walls, and windows


� Damage to the contents in the house


� Damage to the foundations


Please remember that:


� Retrofitting before an earthquake is relatively cheap.


� Doing major structural repairs to your home after an earthquake is very
expensive.


� Sometimes the damage is extensive enough to require the entire house to
be demolished.


� After an earthquake, there is usually a shortage of available licensed
contractors and engineers in the impacted area, because of the sudden
high demand for their services.


� An appropriate seismic retrofit will reduce damage and save you money.


Please consult your local Building Department and/or a licensed architect or
engineer for more detailed information.


EARTHQUAKE WEAKNESSES







IDENTIFY 
WEAKNESSES


The Problem


If water heaters are not properly braced, they can
topple over during an earthquake, causing:


� Broken gas lines and gas leaks


� Fires resulting in major damage to homes


� Broken water lines and flooding


How to Identify


� Is the water heater freestanding?


� Are there straps or other types of restraints
securing the water heater?


� Are there straps or restraints bolted to the


studs?


� Are there flexible pipes for water and gas
connected to the water heater?


Remember


� Replacing a water heater after an earthquake
can cost more than $500.


� Repairing fire damage and flooding damage
can cost several thousand dollars, including the
entire cost of your home!


� There are many different ways of strapping a
water heater. One example is shown on the
next page.


� Check with your local Building Department for
details of local requirements.


� Know where your main water valve is so that
you can shut it off if you have a water leak.


� Know where your main gas valve is so that you
can shut it off if you hear or smell a gas leak.
(See page 25)


Contents Damage


Unbraced Water Heaters


Figure 7 - The unbraced water heater in
this home fell during an earthquake; the
resulting fire destroyed the home.
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Water heater


Figure 8 - This unstrapped water heater
tipped over during the 1984 Morgan Hill
Earthquake. Fortunately, gas and water
lines were not ruptured.
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  Comparison of Cost:  Preventing vs. Repairing Earthquake Damage


			Project	Cost	 	 Cost	to	Repair	After	an	Earthquake
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Water heaters must be braced (securely attached) to the studs in a wall.


How-to	Resources
n	Your	local	home	improvement	store


n	Go	to	www.fema.gov,	and	under	the	Earthquake	
section,	search	for	“Brace	Hot	Water	Heaters”	for	
specific bracing instructions.


n	Publication: Guidelines	for	Earthquake	Bracing	
of	Residential	Water	Heaters.	Department	of	
General	Services,	Division	of	the	State	Architect,	
revised August 11, 2004. Available online at	
http://www.documents.dgs.ca.gov/dsa/pubs/
waterheaterbracing_08-11-04.pdf.


The	Solution


There	are	many	solutions	–	all	relatively	
inexpensive.


n	Purchase	and	install	a	strap	kit	or	
bracing kit from your local hardware 
store.


Other options include:


n	Have a licensed plumber strap your 
water	heater	according	to	code.


n	Use metal tubing or heavy metal 
strapping	and	lag	screws	and	
washers	to	secure	the	water	heater	
to	the	wall	studs.


The	gas	and	water	lines	should	also	have	
flexible pipes. These are safer than rigid 
pipes	during	an	earthquake.


Be	sure	to	check	the	straps	once	a	year.		
They may come loose due to vibrations, 
or	other	causes.


$20 to $200    $500 to total value of home (if completely destroyed)


Brace Water Heaters


Gypsum	
board


WATER 
HEATER


Straps


Flexible 
water	line	


connections


Flexible 
gas	line	


connection


Figure 9 - One method of water heater bracing.  Straps and 
screws visible with water heater in a garage installation.
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The Problem


Houses that are not bolted to the foundation can
move off their foundations during earthquakes.


How to Identify


�Go down into the crawl space – the area
between the first floor and the foundation – to
find out if your house is bolted to its foundation.


� Look for the heads of anchor bolts that fasten
the sill plate – the wooden board that sits
directly on top of the foundation – securely to
the foundation.  (See Figure 11a, page 8)


� You should be able to see the large nuts,
washers, and anchor bolts, installed at least
every 4 to 6 feet along the sill plate.  Steel
plates are sometimes used instead of anchor
bolts. (See Figure 11b, page 8)


Remember


� It is very expensive to lift a house, and place it
back on its foundation.


� Homes moving off their foundations can cause
gas lines to rupture, which in turn can result in
fires.


Home Not Anchored to Foundation


Slab Foundations


Some homes are built directly on concrete slabs.  These houses do not have crawl spaces
and foundation walls.


Nearly all homes with slab foundations that were originally built to code will have anchor
bolts or straps.


However, if the house is not bolted to the slab, you have an earthquake weakness.


Newer homes generally have anchor bolts or straps.


If you have an unfinished garage, you may be able to see the anchor bolts.


You are not required to remove siding, drywall, or plaster to determine if your house has
anchor bolts.


If your home has no foundation, or an old
concrete foundation, see page 23.


Figure 10 - This home wasn’t bolted and slid off its
foundation.  Sometimes the damage can be so bad that
houses have to be demolished.
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  Comparison of Cost:  Preventing vs. Repairing Earthquake Damage


   Project Cost  Cost to Repair After an Earthquake


 


HOW-TO 
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Figure 11 - Anchor bolts or steel plates.  A home’s crawl 
space may be formed by a wood stud wall (see next page for 
description) between the foundation and the floor joists or the 
floor joists may rest directly on the sill plate. In either case, 
you should be able to see the heads of anchor bolts or steel 
plates installed at appropriate intervals.  These fixtures fasten 
the sill plate to the foundation. 


The Solution


Drill	holes	through	the	sill	plate	into	the	foundation	
and	install	anchor	bolts.		(See Figure 11a)


If	there	is	not	enough	room	to	drill,	you	can	attach	
steel	plates	to	hold	the	sill	plate	to	the	foundation.	
(See Figure 11b)


Anchor	bolts	have	to	be	installed	properly	for	them	to	
be	effective.


You	must	obtain	the	proper	permits	from	your	local	
Building	Department	before	beginning	work.


How-to Resources
n	Detailed	information	for	do-it-yourselfers	or	


engineers	can	be	found	in	the	International	
Existing	Building	Code,	published	by	the	
International	Code	Council.


n	Go	to	www.fema.gov,	and	under	the	Earthquake	
section,	search	for	“Strengthen	Foundation	Walls”	
for specific anchoring instructions.


Anchor Foundation


$250 to $5,000   $25,000 to total value of home (if completely destroyed)


Figure 11b


Crawl 
SpaCe


Steel plates


Floor joists


Wall stud


Concrete
foundation


Crawl 
SpaCe


Sill Plate


Tops of 
anchor bolts


Concrete
foundation


Wall studs


Floor joists


                                            Figure 11a


Flooring


Flooring
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The Problem


Wooden floors and stud walls are sometimes built
on top of an exterior foundation to support a house
and create a crawl space.  (See Figure 14, page 10)


These stud walls carry the weight of the house.


During an earthquake, these walls can collapse if
they are not braced to resist horizontal movement.


If the wall fails, the house may shift or fall.


How to Identify


�Go under the house through the crawl space, to
see if there are any wood stud walls.


� If there are such walls, check to see if they are
braced.


� There should be plywood panels adequately
nailed to the studs OR there should be diagonal
wood sheathing.  (See Figure 13)


� If you have neither of these, the walls are
probably insufficiently braced or unbraced.


� Horizontal or vertical wood siding is not
strong enough to brace these walls.


Remember


� It is very expensive to lift a house, repair
these walls, and put it back on its foundation.


Structural DamageNonstructural HazardsContents Damage


Weak Crawl Space Walls


Figure 12 - Damage to home due to crawl
space wall failure.


Figure 13 - Diagonal sheathing. Common in older homes.
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The	Solution


Plywood,	or	other	wood	products	allowed	by	code,	
should	be	nailed	to	the	studs.


The	following	are	important:


n	Type	of	wood	product	used


n	Plywood	thickness


n	Nail	size	and	spacing


n	Not	covering	vents


Consult	your	local	Building	Department	for	permit	
requirements	before	starting	work.


Strengthen Foundation Walls


$500 to $2,500    $25,000 to total value of home (if completely destroyed)


First floor


Studs


Foundation


Plywood panelsFloor joists


Nails at
appropriate
intervals


Anchor bolts at
appropriate intervals


Blocking


Vent holes


Siding


Wood 
stud 
wall


How-to	Resources
n	Detailed	information	for	do-it-yourselfers	or	


engineers	can	be	found	in	the	International	
Existing	Building	Code,	published	by	the	
International	Code	Council


n	Go	to	www.fema.gov,	and	under	the	
Earthquake	section,	search	for	“Strengthen	
Foundation Walls” for specific strengthening 
instructions.


2x4 Stud


Double 
top plate


Siding


Anchor
bolt


Sill plate


Plywood


Nails at
appropriate
intervals


Figure 14 - Plywood 
or diagonal sheathing 
strengthens weak wood 
stud walls.  If your home 
has a wood stud wall 
between the foundation and 
the first floor, and the wall 
is not braced with plywood 
or diagonal sheathing, the 
house may fall or shift off 
its foundation during an 
earthquake.
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The Problem


The outside of the house is supported by wood
posts resting on unconnected concrete piers.
Siding is often nailed to the outside of the posts,
making them not easily visible.


During an earthquake these posts can fail, if they
are not braced against swaying.


If the posts fail, the house may shift or fall.


How to Identify


�Go under the house to see if there is a
continuous foundation under the outside walls.


� If you do not see a continuous foundation, you
may have an earthquake weakness.


� If you see only unconnected concrete piers and
wood posts, or only wood posts, supporting the
outside walls, you have an earthquake
weakness.


Remember


� Horizontal or vertical wood siding is not strong
enough to brace pier-and-post foundations.


� Major structural repairs, like lifting an entire
house to repair the posts and putting it back,
are very expensive.


Pier-and-Post Foundations
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Figure 15 - The pier-and-post
foundation under this home shifted
during a recent earthquake.
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HOW-TO	


  Comparison of Cost:  Preventing vs. Repairing Earthquake Damage


			Project	Cost	 	 Cost	to	Repair	After	an	Earthquake
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The	Solution


Consult	a	licensed	architect	or	engineer,	and	a	
licensed	building	contractor	who	specializes	in	
foundations, to fix this problem.


It	may	be	possible	to	make	the	foundation	safer	by	
bracing the posts.


You	might	be	better	off	to	add	a	new	foundation	and	
plywood	walls	in	the	crawl	space	to	make	sure	that	
the	house	will	not	shift	or	fall	off	its	foundation	during	
an earthquake.


How-to	Resource
n	Detailed	information	for	engineers	can	be	found	in	


the	International Existing Building Code,	published	
by the International Code Council.


Nonstructural	HazardsNonstructural	HazardsContents	DamageContents	DamageContents	Damage


Strengthen Pier-and-Post Foundations


$1,000 to $25,000        $20,000 to total value of home (if completely destroyed)







IDENTIFY 
WEAKNESSES


The Problem


Unreinforced masonry—brick, concrete block, or
stone—foundations often cannot resist earthquake
shaking. They may break apart, or be too weak to
hold anchor bolts. Homes may shift off such
foundations during earthquakes, damaging the
walls, floors, utility lines, and home contents.


How to Identify


� If your home’s foundation is brick or stone, and
looks like one of the foundations shown in the
photos here, it is probably unreinforced.


� If there is a space filled with grout between the
inner and outer faces of a brick foundation
(where anchor bolts and reinforcing steel could
be installed), it may be reinforced.


� If the outside of the foundation is covered, you
may have to look under the house to see the
type of foundation you have.


� If you are not sure what to look for, seek the
services of a licensed engineer to determine if
your foundation is reinforced or not.


Remember


� It is cheaper to do this before an earthquake
damages the house than after.


Figure 17 - Note the bricks exposed in this unreinforced
masonry foundation.


Figure 16 - This is an unreinforced stone foundation.
They typically fail during earthquakes.


Unreinforced Masonry Foundations
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HOW-TO	


  Comparison of Cost:  Preventing vs. Repairing Earthquake Damage


			Project	Cost	 	 Cost	to	Repair	After	an	Earthquake
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The	Solution


There are several ways to fix this problem.  


The most common approach is to replace all 
or part of the existing foundation with a poured 
reinforced concrete foundation.


Another solution is strengthening the unreinforced 
brick or stone foundation, which is generally 
expensive.


Seek the help of a licensed architect or engineer, 
and a licensed foundation contractor or general 
contractor.


How-to	Resource
n	Detailed information for engineers can be found in 


the	International Existing Building Code, published 
by the International Code Council.


Structural	DamageStructural	DamageStructural	DamageStructural	DamageNonstructural	HazardsNonstructural	HazardsContents	DamageContents	DamageContents	DamageContents	DamageContents	DamageHOW-TO	


Retrofit Masonry Foundations


$15,000 to $50,000     $15,000 to total value of home (if completely destroyed)







IDENTIFY 
WEAKNESSES


The Problem


Houses built on the sides of steep hills are often
set on exposed posts or columns, as shown in the
Figures 18 and 19.


The potentially hazardous conditions that are
unique to homes on steep hillsides are:


 � Stilt-type posts with or without diagonal
         bracing


 � Walls with very different heights or that are
         stepped or sloped down the hillsides.


If these posts or walls are not properly braced,
they may collapse during an earthquake.


Sometimes, the supports on the downhill side will
be hidden behind a tall wall that encloses a large
unfinished space.  (This is similar to, but taller
than, a crawl space under a typical house built on
flat ground.)


How to Identify


� Is the house located on a slope?


� Are the columns or walls supporting the home
braced?


� If you are not sure if there is bracing or if the
bracing is adequate, consult a licensed
engineer.


Remember


� It is very expensive to lift a house, repair the
posts, and put it back.


Homes Built on Steep Hillsides


Figure 18 - This hillside home was built on an
unbraced tall wall that failed.


Figure 19 - This photograph shows an interior detail of a
home similar to the one above, with substantial damage to
a building with an unbraced tall wall.
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  Comparison of Cost:  Preventing vs. Repairing Earthquake Damage


			Project	Cost	 	 Cost	to	Repair	After	an	Earthquake
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The Solution


Consult	a	licensed	architect	or	engineer,	and	a	
licensed contractor, to fix this problem.


How-to Resources


n	Detailed information can be found in the 
International Existing Building Code, published by 
the International Code Council.


Strengthen Homes on Steep Hillsides


Figure 20 - Hillside homes with sloped and tall walls or posts 
require special engineering.


$1,000 to $50,000    $10,000 to total value of home (if completely destroyed)
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IDENTIFY 
WEAKNESSES


The Problem


Houses built of unreinforced masonry – bricks,
hollow clay tiles, stone, concrete blocks, or adobe
– are very likely to be damaged during
earthquakes.


The mortar holding the masonry together is
generally not strong enough to resist earthquake
forces.


Anchorage of walls to the floor and the roof is
critical.


These houses are weak (brittle) and can break
apart.


Walls may fall away or buckle, resulting in
damage.


How to Identify


� Can bricks or stone be seen from the outside
(unless the walls are covered with stucco)?


� Do the brick walls have “header courses” of
bricks turned endways every five or six rows?
(See Figure 22)


� Was the house built before 1940?


If you cannot tell from the outside, turn off the
power and take the cover plate off one of the
electrical outlet boxes on an outside wall and look
for brick or other masonry.


If the wall is concrete or concrete block, it is very
difficult to find out if reinforcing steel was added
during construction.


You will then need:


� The house’s plans, which may be on file with
the Building Department, or


� To consult a licensed engineer to make the
determination.


Unreinforced Masonry Walls


Figure 22 - Header courses
of bricks are usually placed
endwise every six or so rows
in unreinforced masonry
walls to tie the outer layer of
bricks to the layers inside the
wall.


Remember


� It is very expensive to shore up a house,
remove damaged walls, and put in new
walls.
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Figure 21 - The plaster-covered brick walls of this
building collapsed during a recent earthquake.
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  Comparison of Cost:  Preventing vs. Repairing Earthquake Damage


			Project	Cost	 	 Cost	to	Repair	After	an	Earthquake
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The Solution


Consult a licensed architect or engineer to fix this 
problem.


One	solution	may	involve:


n	 Tying the walls to the floor and roof


n	 Installing	a	steel	frame	and	bolting	the								
wall	to	it.


How-to Resource
n	 Detailed	information	can	be	found	in	the	Interna-


tional Existing Building Code,	published	by	the	
International	Code	Council.


Strengthen Unreinforced Masonry Walls


Project and Repair costs can vary widely.


Figure 23 - Unreinforced masonry wall strengthened by 
installing a steel frame inside.
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Figure 24 - Bolting of unreinforced masonry wall to steel 
frame on the inside.
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IDENTIFY 
WEAKNESSES


House


▲▲
Garage


The Problem


The large opening of a garage door and the weight
of a second-story room built over the garage can
result in the walls being too weak to withstand
earthquake shaking.


When the narrow sections of the wall on each side
of the opening are not reinforced or braced, the
weakness is worse.


How to Identify


� Is the garage door opening in line with the rest of
the house?  (See Figure 26)


� If this is the case, additional bracing may not
be needed.


� Is the house shaped like Figure 27?  If this is the
case, are there braces or plywood panels around
the garage door opening?


� If there are no braces or plywood panels,
strengthening may be needed.


� Consult a licensed architect or engineer to
determine the strengthening required.


Remember


� Many homes with this weakness have been
severely damaged in past earthquakes.


Rooms over Garages


HOUSE VIEWED FROM ABOVE


Figure 26 - If the wall of the main house is in line
with the wall containing the door of a garage with a
room over it, the adjoining wall may help brace the
garage.


HouseGarage


Figure 27 - Additional bracing.  Home configuration
where there is no in-line wall.  Additional bracing may
be appropriate in this situation.


Garage
with room
above


HOUSE VIEWED FROM ABOVE


Figure 25 - This mountain home was built over a garage, and
its walls were not strong enough to withstand an earthquake.
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  Comparison of Cost:  Preventing vs. Repairing Earthquake Damage


			Project	Cost	 	 Cost	to	Repair	After	an	Earthquake
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The	Solution


Consult	a	licensed	architect	or	engineer	to	design	
plywood	paneling	or	a	steel	frame	around	the	door	
opening	(See Figure 28).


Have	plans	drawn.


Obtain	a	permit	from	your	local	Building	
Department.


Strengthen Rooms over Garages


Figure 28—Bracing garage walls. If your house has a 
room over the garage, the garage walls may not be strong 
enough to hold up during an earthquake unless they are 
braced with plywood panels and steel straps.


$5,000 to $25,000        $15,000 to total value of home (if completely destroyed)


How-to Resource
n	 Detailed	information	can	be	found	in	the	Interna-


tional	Existing	Building	Code,	published	by	the	
International	Code	Council.


Plywood 
panels


Steel straps


Anchor Bolts and Tie-Downs







The Problem


Many chimneys are built of unreinforced brick or
stone.  During an earthquake, these can collapse
or break and fall on the roof.


When the chimney fails, the falling stones and
bricks can:


� Cause injuries


� Damage the house


� Damage cars


Tall slender chimneys are most vulnerable.


How to Identify


� Check the mortar between the bricks or stones
with a screwdriver.  If it crumbles when you pick
at it, the chimney may be a hazard.


� Inspect the attic and floor spaces for metal ties
that should be holding the chimney to the
house.


� Determining whether a chimney is susceptible
to earthquake damage is not always easy.
When in doubt, consult a licensed engineer or
contractor.


Remember


� Do not locate patios, children’s play areas, or
parking spaces near a questionable chimney.


� Tell family members to get away from
chimneys and fireplaces during earthquakes.


OTHER EARTHQUAKE-RELATED
CONCERNS


Unreinforced Masonry ChimneysOTHER
CONCERNS


Figure 29 - This unreinforced chimney fell during a recent
earthquake.
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Figure 30 - Morgan Hill Earthquake. Broken chimney fell on
roof.
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The Solution
Tear down the old or damaged chimney and re-


place with a newly constructed chimney.


Several	steps	can	be	taken	to	reduce	the	risk	of	
damage	from	falling	chimneys,	depending	upon	
the	type	of	chimney	you	have.	They	include:


n	Add	plywood	panels	at	the	roof	or	above	the	
ceiling	joists	to	prevent	the	brick	or	stone	from	
falling	into	the	house.		


Ø	This	can	be	done	by	layering	plywood	
above	the	ceiling,	in	the	house’s	attic,	or	
nailing	plywood	under	the	shingles	when	
reroofing.


n	Replace the upper chimney with metal flues.


n	Strengthen	the	existing	chimney.


Ø	This	can	be	a	complicated	process,	
depending	upon	the	construction	and	
height	of	the	existing	chimney.


Consult	your	local	Building	Department	and	obtain	
necessary permits first.


How-to Resource
n	Go	to	www.fema.gov,	and	under	the	Earthquake	


section,	search	for	“Strengthen	Chimneys”	for	
specific strengthening instructions.


Figure 31 - Photo showing damaged chimney 
removed.  Note that the fireplace is now not 
functional.
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$2,000 to $12,000       $15,000 to total value of home (if completely destroyed)


  Comparison of Cost:  Preventing vs. Repairing Earthquake Damage


   Project Cost  Cost to Repair After an Earthquake


HOW-TO Strengthen Masonry Chimneys







OTHER
CONCERNS


No Foundation


The Problem Some older houses were built on wood beams laid directly on the ground,
without foundations. These houses may shift during earthquakes, causing
structural damage and breaking utility lines.


How to Identify Look under the house. If you see no concrete or masonry around the outside
walls, the house may lack a foundation.


What Can Be Done You may need to add a foundation to make the house earthquake resistant.
Just as when strengthening or replacing an unreinforced masonry foundation,
you will require the advice of a licensed architect, engineer, or foundation
contractor.


Old Concrete Foundation


The Problem Some older concrete foundations were made with sand or stone that interacted
chemically over time, and the concrete eventually crumbles and becomes too
soft to withstand earthquake forces.


How to Identify Inspect the foundation for large cracks in the concrete, concrete crumbling off
the foundation, or concrete crumbling when you pick at it with a screwdriver.


What Can Be Done You may need to replace some or all of the foundation. You should consult a
licensed foundation contractor or an engineer.


Foundations
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The Problem The design and construction features of some homes make them vulnerable to
earthquake damage, especially if these homes are not specifically designed and
built to resist earthquakes. Homes at risk are those with irregular shapes, large
windows (which can break in earthquakes and scatter shards of glass), more than
two stories, irregular walls, or porches and overhangs.


How to Identify Many homes with these features are strong enough to withstand earthquakes and it
is difficult to tell whether such homes need strengthening. If you have doubts about
one or more of these features in your home, or in a home you are planning to buy,
you should consult a licensed architect or engineer for an assessment.


What Can Be Done A professional can advise you on how to identify and fix earthquake weaknesses if
necessary. For example, large windows can be made safer by applying plastic film
on them.


Homes with Unique Designs







The Problem


Natural gas piping and appliances can be damaged
during earthquakes, causing gas leaks.


If ignited, this can result in fires that can burn part
of, or, the entire house.


About one in four fires after an earthquake is
related to natural gas leaks.


Gas leaks after an earthquake are more likely if:


� There are structural weaknesses.


� Gas appliances are not anchored.


� Flexible pipe connections are not used.


The primary concern is property loss from fire
damage.


The potential for life loss is limited since most
single-family homes have several safe exits.


How to Identify


� Examine all natural gas appliances (water
heaters, dryers, stoves, ovens, furnaces) to
see if they are anchored to the floor or walls,
and have flexible pipe connections.


Plan Ahead


Locate your gas meter outside your home.


Identify the exact location of the shutoff valve and
make sure that you have access to it.


Make sure you have a wrench that is readily
available to turn off the gas when needed.


NATURAL GAS SAFETY


Figure  32 - Manual shutoff valve location.


Close-up view of Valve
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Manual Gas Shutoff


� The most cost-effective way to manage the
risk from natural gas is to know how and when
to manually shut off the gas.


� Use the wrench to turn off the manual valve
located at the gas meter (See Figure 32, page
25).


� Shut off your gas only if you:


� Smell gas


� Hear gas escaping


� Suspect a broken gas pipe, appliance,
vent, or flue


Remember


� Once the gas has been shut off, service can
be restored only by utility personnel or
qualified plumbers.


� High demands for qualified personnel after an
earthquake can lead to substantial delays in
restoring natural gas service.


Resources
� Go to www.fema.gov, and under the Earthquake


section, search for “Retrofit Gas and Water Lines”
for retrofitting instructions.


� Publication: Improving Natural Gas Safety in
Earthquakes. California Seismic Safety
Commission, Adopted July 11, 2002. Available
online at http://www.seismic.ca.gov/pub/
CSSC_2002-03_Natural%20Gas%20Safety.pdf.


Automatic Gas Shutoff Options


There are a variety of automatic gas shut-off valves
available.  These cost more than manual shutoff
valves and may provide additional safety, but may
also have some disadvantages.


The types of valves available include:


� Earthquake shake-actuated valves


� Excess flow valves


� Methane detectors


� Hybrid systems


� Others


These can be installed on the “customer owned”
side of the gas meter.


Consult your local Building Department because:


� Some installations will require building permits.


� Some local jurisdictions have adopted
ordinances requiring automatic gas shutoff
devices at the time of sale or during significant
renovations.







� Decide which strengthening project or projects
you are going to do.


� Get the necessary building permits first.


� If you are “doing-it-yourself,” you still need
the proper permits.


� For more complex projects, have a licensed
architect or engineer draw up the necessary
plans and specifications.


� Interview two or three architects or
engineers.


� Ask for references or former clients.


� Talk to references or former clients.


� Compare experience, ideas, and fees.


� Submit the plans for approval to your local
building department.


� Remember: the building codes are
designed for your safety.


There are many publications that describe
strengthening projects in detail.


Visit the California Seismic Safety Commission’s
website at www.seismic.ca.gov, which provides
many useful links.


� Get the documents that relate to your project
and read them.


� This will help you to better understand what
the architect or engineer is doing, and also
what the contractor is doing.


� The International Existing Building Code
Appendix Chapter 3 contains the best current
guidelines.  Ask your local Building Department
to review a copy.


� Select your licensed contractor.


� First make sure the contractor is properly
licensed.


� Interview at least two or three contractors.


� Ask your licensed architect or engineer for
recommendations.


� Ask for references or former clients.


� Talk to references or former clients.


� Compare experience, fees, and terms of
contract.


� Get at least three written bids for the
construction work.


� The lowest bid may not be the best bid.


� Keep all plans, permits, and other records of
your strengthening project.


� Provide future buyers of your home with
these.


If your home has been designated as “historical,”
you also may need to comply with local regulations
regarding historical structures.


� Contact your local Building Department for
further help with this.


REMEMBER


Whether you do it yourself, or hire a contractor,
you need permits from your local Building
Department.


It costs far less to correct earthquake weaknesses
before an earthquake than to repair the damage
after an earthquake.


If your home is damaged in an earthquake, you will
probably also have other costs such as lodging,
medical, etc.


GETTING THE WORK DONE


DON’T HESITATE – MITIGATE!


PLANS, PERMITS, AND CONTRACTORS
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AFTER A DISASTER –


HIRE A LICENSED CONTRACTOR!


After a Disaster...


DO NOT:


� Rush into repairs, no matter how badly they
are needed.


� Hire the first contractor who comes along.


� Accept verbal promises.


DO:


� Get proof that the person you are dealing with
is a licensed contractor appropriate for the
work to be done.


� Get the contractor’s license number and verify
that it is current and valid.


� Get a written contract that contains all the
details of the job to be performed.


� Get at least three bids.


� Check references of other work the contractor
has done, if possible, in your area.


� Develop a payment schedule with the
contractor.


� Consider a completion bond on large projects.


Avoid Payment Pitfalls


� Try to limit your down payment. Some
State laws limit the amount of money a
contractor can request as a down
payment. Contact your State or local
consumer agency to find out what the
law is in your area.


� Try to make payments during the project
contingent on completion of a defined
amount of work. This way, if the work is
not proceeding according to schedule,
the payments are also delayed.


� Withhold at least 10% of the total
contract price until the project is
complete.


� Do not make final payment until:


� The building department has signed
off on it,


� You are satisfied with the job, and


� You take a final walk-through to
make sure work is complete and
done correctly.
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Geologic HazardsGEOLOGIC HAZARDS


Sellers of real estate may be required to disclose
to buyers certain information regarding natural
hazards that can affect the property being sold. In
addition to flood and fire hazard information,
disclosure of seismic hazards may also be required.


This section:


� Describes briefly the basic geology-related
hazards, and


� Introduces the government mapping pro-
grams that define which areas are suscep-
tible to those hazards.


Ground Shaking:


� Ground shaking causes 99% of the earth-
quake damage to homes.


� Areas near large active faults are more likely
to be shaken severely than areas in the rest
of the state.


Landslide:


� Earthquakes can also trigger landslides.


� Earthquake shaking can cause the soil and
rock to slide off a slope, ripping apart homes
on the slope and/or crushing homes downhill
(See Figure 33).


Fault Rupture:


� An actual crack forms and the ground is
offset along the two sides of a fault during an
earthquake (See Figure 34).


� A house built over an active fault can be torn
apart if the ground ruptures beneath it.


� If the house is built over a “creeping” fault –
one that moves slowly with no earthquakes or
a series of very small earthquakes – the
damage may not be noticed for some time.
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Figure 33 - Landslide, San Simeon Earthquake,
December 22, 2003. Landslides on San Gregorio Road in
Atascadero, California, only a short distance away from
where the homes with the most damage were located.
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Figure 34 - Fault Rupture.  Landers Earthquake of June 28,
1992, produced a surface rupture of over 50 miles along faults
in the Mojave Desert.
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Lateral Spreading:


n	Intense shaking during an earthquake can 
cause the soil to break into blocks that move 
apart from each other.  This can cause 
damage to the foundation of a house (See 
Figure 35).


Liquefaction:


n	During earthquakes, loose, wet sandy soil can 
become almost like quicksand, and lose its 
ability to support structures.  This can cause 
the foundation of a house to sink, break, or tilt 
(See Figure 36).


Tsunami:


n	A tsunami is a series of large sea waves 
caused by an underwater earthquake or land-
slide.


n	Coastal areas are prone to tsunami damage.


n	Tsunami waves can come from a great dis-
tance and can cause flooding or wash away 
houses in low-lying areas along the shore.


Dam Failure:


n	Earthquake damage to a dam can cause 
sudden and devastating flooding of houses 
downstream.


n	During the 1971 San Fernando Earthquake, 
the Lower San Fernando Dam above the San 
Fernando Valley was damaged.  Had it failed, 
it would have flooded the homes below, caus-
ing many deaths and injuries.  (See Figure 
37).  Risk of an aftershock forced residents 
in an 11-square-mile area to evacuate for the 
next 3 days.


Recommendation:


If you live in a low-lying coastal area or a 
dam inundation zone, become familiar with 
evacuation routes to higher ground and be 
prepared to evacuate such areas immediately 
after an earthquake.


Figure 35 - Lateral Spreading, Loma Prieta Earthquake, 
October 17, 1989. Lateral spreading damaged levee road 
along the San Lorenzo River.
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Figure 36 - Loma Prieta Earthquake, October 17, 
1989.  Lateral spreading, liquefaction and sand boils caused 
extensive damage in the Marina District of San Francisco, 
about 60 miles away from the epicenter.
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Figure 37 - Lower San Fernando Dam that was badly 
damaged by the 1971 San Fernando Earthquake.
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Earthquake Hazard Mapping


Enormous progress has been made in


understanding how, why, and where earthquakes


occur. This has led to the creation of maps that


highlight areas having the highest likelihood of


damaging earthquakes.


Five mapping programs have been developed to


help people lead safer lives in earthquake country.


U.S. Geologic Survey National Seismic
Hazard Maps


The USGS provides seismic hazard assessments
for the United States and areas around the world.
These hazard maps serve as the basis for seismic
provisions used in building codes and influence
billions of dollars of new construction every year.
For more information about seismic hazard
analysis, the USGS maps, and the underlying data
on which they are based, visit the USGS website
at http://earthquake.usgs.gov/hazmaps/.


The earthquake hazards map on page 3 of this
Guide is based on the USGS Seismic Hazard Map
for the Coterminous United States, available from
the USGS website at http://eqhazmaps.usgs.gov/
html/map_graphic.html.


Earthquake Fault Zone Maps


These maps show active earthquake faults prone


to surface ruptures and identify a 1,000-foot-wide


zone with the fault line at the center.


Seismic Hazard Zone Maps


These maps show areas where landslides and


liquefaction are most likely to occur during earthquakes.


Tsunami Inundation and Evacuation
Route Maps


Maps for the Pacific Coast show areas where


low-lying regions are exposed to tsunami inunda-


tion.  These maps are in various stages of prepa-


ration and availability. More information about


tsunamis and tsunami mapping is available from


the National Tsunami Hazard Mitigation Pro-


gram, Center for Tsunami Inundation Mapping


Efforts, at http://www.pmel.noaa.gov/tsunami/


time/.


Dam Inundation Maps


These maps show the areas below major dams


that may be flooded in the event of their failure.


How Are These Maps Used?


The zones defined by the maps are at greatest


potential risk when a major earthquake occurs.


This is particularly the case when the earthquake


occurs during or shortly after a heavy rainfall,


which increases the likelihood of liquefaction and


landslides.


Special geotechnical studies are required before


buildings can be built in Earthquake Fault Zones


or Seismic Hazard Zones.


Your local building or planning department can


show you copies of USGS seismic hazard maps


and other earthquake hazard maps that may be


available for your community.


The seller of real estate within a hazard zone
may be required to disclose that the property
lies within such a zone at the time of sale.
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	1.	   IF	YOU	ARE	INDOORS—STAY	THERE!		“DROP, COVER, AND 
HOLD ON.”	Get	under	a	sturdy	desk	or	table	and	hang	on	to	it,	or	
move	into	a	hallway	or	get	against	an	inside	wall.	Stay	clear	of	win-
dows, fireplaces, and heavy furniture or appliances. Get out of the 
kitchen, which is a dangerous place in earthquakes since it’s full of 
things that can fall on you. Don’t run downstairs or rush outside while 
the	building	is	shaking	or	while	there	is	danger	of	falling	and	hurting	
yourself	or	being	hit	by	falling	glass	or	debris.


	2.    IF	YOU	ARE	OUTSIDE—GET INTO THE OPEN,	away	from	build-
ings, power lines, chimneys, and anything else that might fall on you.


	3.    IF	YOU	ARE	DRIVING—STOP,	but	carefully.	Move	your	car	as	far	
out of traffic as possible. Do not stop on or under a bridge or over-
pass or under trees, light posts, power lines, or signs. Stay inside 
your car until the shaking stops. When you resume driving, watch for 
breaks in the pavement, fallen rocks, and bumps in the road.


	4.	  IF	YOU	ARE	ON	OR	NEAR	A	STEEP HILLSIDE,	WATCH OUT FOR 
LANDSLIDES,	falling	rock,	trees,	and	other	debris	that	could	be	loos-
ened	by	earthquakes.		


If You Feel a Strong Earthquake or Receive a 
Tsunami Warning When You are on the Coast 


1.			DROP, COVER, AND HOLD ON. Watch for falling objects until the 
earthquake	is	over.


2.			MOVE TO HIGHER GROUND	or	inland	away	from	the	coast	imme-
diately. A tsunami may be coming. Go on foot if possible. The first 
waves	may	reach	the	coast	within	minutes	after	the	ground	shaking	
stops. The first wave is almost never the largest. Later waves may 
be spaced tens of minutes apart and can continue arriving for many 
hours.


3.			THERE MAY BE NO TIME FOR AUTHORITIES TO ISSUE A    
WARNING.	If	you	do	not	hear	an	evacuation	announcement,	but	no-
tice a sudden drop or rise in water level or hear a loud noise coming 
from the water, nature may be warning you of impending danger.


4.			STAY AWAY FROM THE COAST.	Do	not	return	to	the	shore	after	the	
first wave. Waves may continue to arrive for hours.


5.			LISTEN TO A RADIO FOR AN “ALL CLEAR”	before	returning	to	the	
shore.


WHAT TO DO DURING AN 
EARTHQUAKE


COVER!


HOLD ON!


DROP!







Be sure you have these basic supplies on hand:


� Fire extinguisher


� Adequate supplies of medications that you or family members
are taking


� Crescent and pipe wrenches to turn off gas and water supplies


� First-aid kit and handbook


� Flashlights with extra bulbs and fresh batteries


� Portable battery-powered radio or television and extra fresh
batteries


� Water for each family member for at least 3 days (allow at least
1 gallon per person per day) and purification tablets or chlorine
bleach to purify drinking water from other sources


� Canned and packaged foods, enough for 3 days, and at least an
additional 4-day supply readily accessible for use if you are
confined to home. Don’t forget a mechanical can opener and
extra pet food!


� Camp stove or barbecue to cook on outdoors (store fuel out of
the reach of children)


� Waterproof, heavy-duty plastic bags for waste disposal


� Copies of personal identification, such as driver’s licenses,
passports, and work identification badges, and copies of medi-
cal prescriptions and credit cards


� An extra set of car keys and house keys


� Matches in waterproof container


� Map of the area marked with places you could go and their
telephone numbers


� Cash and coins


� Special items, such as denture needs, contact lenses and
supplies, extra eyeglasses, and hearing aid batteries


� Items for seniors, disabled persons, or anyone with serious
allergies


� Items for infants, such as formula, diapers, bottles, pacifiers,
powdered milk, and medications not requiring refrigeration


What to Do Before, During, and After an Earthquake


The information contained in this section does not represent weaknesses in the earthquake resistance of
homes. It is valuable information to keep in mind to reduce risks to yourself, your family, and your home.
These lists are only highlights of the actions you should take.


Gather Emergency
Supplies


How-To’sWHAT TO DO BEFORE AN
EARTHQUAKE
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Plan Ahead
1. Create a family disaster plan; practice and maintain the plan.


2. Make and complete a checklist.


3. Plan home escape routes.


4. Conduct fire and emergency evacuation drills at least twice a
year and include your pets in your evacuation and sheltering
drills.


5. Test your smoke alarms once a month (daylight savings time or
birthdays) and replace batteries at least once a year in battery-
powered smoke alarms.


6. Make sure each member of your family knows what to do no
matter where they are when earthquakes occur.


� Establish two meeting places where you can all reunite after-
ward: one right outside your home, in case of a sudden
emergency, and one outside your neighborhood in case you
cannot return home or are asked to leave your neighborhood.


� Find out about the earthquake plan developed by your
children’s school or day care.


� Remember that since transportation may be disrupted, you
may have to stay at your workplace for a day or two following
a major earthquake. Keep some emergency supplies—food,
liquids, and comfortable shoes, for example—at work.


� Pick two out-of-town contacts:


� A friend or relative who will be your household’s primary
contact,


� A friend or relative who will be your household’s
alternative contact.


7. Know where your gas, electric, and water main shutoffs are and
how to turn them off if there is a leak or electrical short; if in
doubt, ask your utility companies. Make sure that all the older
members of your family can shut off the utilities.


8. Locate your nearest fire and police stations and emergency
medical facility. Remember that telephones may not work after
an earthquake. If you can, use your land line rather than your cell
phone to call 911, but only if you need emergency help.


9. Talk to your neighbors—how could they help you, or you help
them, after an earthquake?


10. Take a Red Cross first aid and cardiopulmonary resuscitation
(CPR) training course.


11. Make arrangements with friends or relatives to temporarily house
your pets after disasters because emergency shelters will not
accept pets.


12. If your home is located near a steep hillside, in an area near the
shore of a body of water or below a dam, check with your local
building or planning department to see if you are in a landslide,
tsunami or dam inundation zone. Plan for how, when, and where
your family should evacuate.







1. If a person is bleeding, put direct pressure on the wound.  Use
clean gauze or cloth, if available.


2. If a person is not breathing, administer rescue breathing.  The
front pages of many telephone books contain instructions on
how to do it along with detailed instructions on other first-aid
measures.


3. Do not attempt to move seriously injured persons unless they
are in immediate danger of further injury.


4. Cover injured persons with blankets to keep them warm.


5. Seek medical help for serious injuries.


1. Fire or fire hazards. Put out fires in your home or neighborhood
immediately. Call for help, but don’t wait for the fire department.


2. Gas leaks. Shut off the main gas valve only if you suspect a
leak because of broken pipes or the odor of natural gas.  Don’t
turn it back on yourself—wait for the gas company to check for
leaks.


3. Damaged electrical wiring. Shut off power at the control box if
there is any damage to your house wiring.


4. Downed or damaged utility lines. Do not touch downed power
lines or any objects in contact with them.


5. Spills. Clean up any spilled medicines, drugs, or other potentially
harmful materials such as bleach, lye, and gasoline or other
hazardous materials.


6. Downed or damaged chimneys. Approach chimneys with
caution. They may be weakened and could topple during
aftershocks. Don’t use a fireplace with a damaged chimney—it
could start a fire or let poisonous gases into your house.


7. Fallen items. Beware of items tumbling off shelves when you
open the doors of closets and cupboards.


WHAT TO DO AFTER AN
EARTHQUAKE


Check for Injuries


Check for Hazards


Wear sturdy shoes to avoid injury from broken glass and debris.
Expect aftershocks.
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Note: The information in these
sections is reproduced in
whole or in part with the
permission of the copyright
owner, SBC.  The Survival
Guide is available in the White
Pages of SBC Directories ©
SBC 2004. This information
was provided by medical and
emergency service authorities
and published as a public
service. While every
reasonable effort was made to
ensure its accuracy, SBC is not
responsible and assumes no
liability for any action
undertaken by any person in
utilizing such information. Any
person relying upon such
information does so at his or
her own risk.


� Do not eat or drink anything from open containers near
shattered glass.


� Do not turn the gas on again if you turned it off; let the gas
company do it.


� Do not use matches, lighters, camp stoves or barbecues,
electrical equipment—including telephones—or appliances
until you are sure there are no gas leaks. They may create
sparks that could ignite leaking gas and cause an explosion
and fire.


� Do not use your telephone, except for a medical or fire
emergency. You could tie up lines needed for emergency
response.
If you need help and the phone doesn’t work, send some-
one for help.


� Do not expect firefighters, police, or paramedics to help you
right away. They may not be available.


Do Not . . .


1. If power is off, plan meals to use up foods that will spoil quickly, or
frozen foods. If you keep the door closed, food in your freezer
should be good for at least a couple of days.


2. Don’t light your kitchen stove if you suspect a gas leak.


3. Use barbecues or camp stoves, outdoors only, for emergency
cooking.


4. If your water is off, you can drink supplies from water heaters,
melted ice cubes, or canned vegetables. Try to avoid drinking
water from swimming pools or, especially, spas—it may have too
many chemicals in it to be safe.


Check Your Food and
Water Supplies
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Resource Organizations


Some of the organizations listed below have information to help you strengthen your home against earth-
quakes and help you and your family prepare a personal earthquake response plan. Other resources that
can help you may be available in your community; check your local telephone directory.


Structural Safety Information


American Institute of Architects
Local chapters have referral lists of licensed
architects; consult telephone directory listing for
“American Institute of Architects.”
http://www.aia.org


American Society of Civil Engineers
1801 Alexander Bell Drive
Reston, VA 20191
Telephone: (800) 548-2723
http://www.asce.org


American Society of Home Inspectors
932 Lee Street, Suite 101
Des Plaines, IL 60016
Telephone: (800) 743-2744
http://www.ashi.com
Referral list of licensed inspectors.


Federal Emergency Management Agency
Headquarters
500 C Street, SW.
Washington, DC 20472
Telephone: (800) 621-FEMA
http://www.fema.gov


FEMA provides a wide variety of information
suitable for the homeowner, including the
availability of, and registration for, Federal
disaster aid programs after a damaging
earthquake or other disasters.


International Code Council
5203 Leesburg Pike, Suite 600
Falls Church, VA 22041
Telephone: 1-888-ICC-SAFE
http://www.iccsafe.org


National Council of Structural Engineers
Associations


645 N. Michigan Avenue, Suite 540
Chigago, IL 60611
Telephone: (312) 649-4600
http://www.ncsea.com


National Fire Protection Association
1 Batterymarch Park
Quincy, MA 02169
Telephone: (617) 770-3000
http://www.nfpa.org


Geologic Information


United States Geological Survey
National Center
12201 Sunrise Valley Drive
Reston, VA 20192
Telephone: 1-888-ASK-USGS
http://earthquake.usgs.gov


This is the Federal agency responsible for
geological and earthquake hazard research,
mapping, and policy. It provides maps and other
information to the general public.


States, Cities, and Counties
Consult your telephone directory under State, city,
or county government listings for the office of
emergency services or disaster management;
city or county building and planning department; and
State, city, or county government geologist.


Emergency Planning Information
American Red Cross
Consult your telephone directory for the address
and phone number of your local chapter.
http://www.redcross.org


Geologic HazardsRESOURCE ORGANIZATIONS
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Federal Emergency Management Agency
Headquarters
500 C Street, SW.
Washington, DC 20472
Telephone: (800) 621-FEMA
http://www.fema.gov
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