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Training Overview

Part 1 - Setting the stage: What are nonstructural components and why they matter
Part 2 - Introduction to earthquake hazards

Part 3 - What happens to nonstructural components in earthquakes

BREAK #1

Part 4 - Identifying vulnerable nonstructural components

Part 5A - Strategies for protecting vulnerable components

BREAK #2

Part 5B - Strategies for protecting vulnerable components — Complex Systems
BREAK #3

Part 6 - Implementing nonstructural seismic mitigation

Part 7 - Maintaining a safe school environment
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Welcome

e Objectives for Today
« Learn about nonstructural components and why they matter in earthquakes.
« How to recognize and identify common nonstructural hazards in K-12 schools.

« Review strategies for mitigating common hazards, including understanding when
an engineer/technical consultant should be engaged.

« Become empowered to reduce earthquake risks in your school.
¢ Intended Audience

 Primary: Facilities managers of K-12 schools

« Secondary: K-12 school administration, teachers

) FEMA
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Part 1 - Setting the stage

Why is this important?

1Cd




Architectural

Mechanical,
Electrical and
Plumbing (MEP)

Furnishings
Contents

Y FEMA

S

Structural Components
+ Roof 5§ - ;L
« Floors ]
- Beams ‘
» Columns

- Foundation
« Braces
- Concrete or Masonry Walls |

& FEMA
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South Napa
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EQ r'fhan

50 years

in the US last

Year | Event Magnitude | Day & Time -
2020 | Magna, Utah 5.7 Wednesday, March 18, 7:09 am (COVID)

2020 | Puerto Rico 6.4 Tuesday, January 7, 4:24 am

2019 | Ridgecrest, California 7l Friday, July 5, 10:30 am

2018 | Anchorage, Alaska 71 Friday, November 30, 8:29 am 4=
2014 | South Napa, California 6.0 Sunday, August 24, 3:20 am

2011 | Mineral, Virginia 5.8 Tuesday, August 30, 1:51pm L]
2010 | Baja California 7.2 Sunday, April 4, 3:40 pm

2010 | Eureka, California 57 Saturday, January 9, 4:27 pm

2003 | San Simeon, California 6.5 Sunday, December 22, 11:15 am

2002 | Denali, Alaska 79 Sunday, November 3, 1:12 pm

2001 | Nisqually, Washington 6.8 Wednesday, February 28, 10:54 am —
1994 | Northridge, California 6.7 Monday, January 17, 4:30 am

1989 | Loma Prieta, California 6.9 Tuesday, October 17, 5:04 pm

1987 | Whittier Narrows, California 59 Thursday, October 1, 7:421983 am

1983 | Borah Peak, Idaho 6.9 Friday, October 28, 6:06 am

1980 | Mammoth Lakes, California 6.2 Sunday, May 25, 9:33 am "V'[l (

1971 | San Fernando, California 6.7 Tuesday, February 9, 6:01 am 19
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F—Why be concemed
damage?

1. First things damaged in an earthquake

2.
3.
4.
5.
6.
7.

Damaged in small earthquakes
May cause injury or loss of life
Can prevent school from reopening quickly or serving as shelter
80% of the cost of a building is nonstructural
Most financial losses are nonstructural

Seismic protection is required by
the building code

FEMA
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Questions?

& FEMA @,

& FEMA Pzz
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Part 2 - Earthquake Hazards

How Engineers think about earthquakes
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Ground Shaking

¥ FEMA

* Most earthquake damage results from ground shaking

Vertical
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Tsunami
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Liquefaction Landslide

Surface
Faulting
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Regional Seismic Hazard Map
llinois, Indiana, Kentucky, Missouri, Ohio

Region of Seismicity
B very High

N High

- Moderately High
I:l Moderate

- Low

Region of Seismicity
I very High
B High
[ Moderately High
[ | Moderate
- Low
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Regional Seismic Hazard Map
Alabama, Arkansas, Louisiana, Mississippi, Tennessee
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Region of Seismicity
B very High

I High

- Moderately High

l:l Moderate

I Low
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~ Regional Seismic Hazard Map
Colorado, Kansas, New Mexico, Oklahoma, Texas

Region of Seismicity
B very High

I High

- Moderately High
\_‘ Moderate

- Low
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Seismic Hazard for your school

« If your school district is in a PURPLE or RED zone on the map:
- Earthquakes are one of the most significant risks facing your facilities
- Take immediate action - undertake a comprehensive vulnerability assessment
« If your school district is in an ORANGE or zone on the map:
- Probability of severe earthquake is sufficiently high to require consideration
« Assign responsibility for vulnerability assessment
- Pay particular attention to school buildings used as shelters
« If your school district is in a GREEN zone on the map:
- Earthquakes are unlikely
- Consider implementing common sense measures where practical

—

~ Regional Seismic Hazard Map
Florida, Georgia, North Carolina, South Carolina

Region of Seismicity
B very High

N High

- Moderately High
\_I Moderate

- Low
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® Code History

e California Field Act (1933) - first
earthquake design legislation for
schools — primarily addressed
structural collapse

e Building codes generally “learn
from earthquakes” — later is better

e Starting in the late 1990’s, codes
generally meet societal standards
for safety

& FEMA
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. Immediate Life Collapse
Operational Occupancy Safety Prevention

0% Loss 100%
Building Code Design Level
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Building Code Requirements for Schools

e However,

¢ The newest codes aren’t always
adopted by local agencies

¢ Code enforcement varies throughout
the nation, especially for nonstructural
design

¢ Construction and inspection practices
vary

e New components are continually
installed in schools often by owners
and contractors without design or
inspection

& FEMA
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Less than
On 6 tall

wheels
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ﬁAre Your Buildings’ Contents Safe?

* “New” becomes “existing” as
soon as the occupancy permit is
issued

* Safety in existing school buildings
is the responsibility of
owner/operator. That means you!

35
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"What causes
nonstructural
damage?®? hd

Vertical Motion

— s

Part 3 - What happens to
nonstructural components in
earthquakes?

Understanding the basics

& FEMA
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e Inertial or shaking effects can cause
e Sliding
e Rocking
e Overturning

& FEMA
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~ Causes of Nonstructural Damage

® Building deformations cause damage to
interconnected nonstructural components

@
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Causes of Nonstructural Damage

¢ Interaction between adjacent nonstructural
components cause damage
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Consequences of Nonstructural Damage

+ ¢ Deaths or casualties

< DI
B

¢ Dollar loss

* Downtime

2/9/2021
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Risk to life safety — Overturned Furnishings

— ]
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[ Risk fo life safety -
Heavy Dislodged Components

Obstructed Exit

S

& FEMA
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Loss of Use

Masonry walls cracked inside
Hanging ceiling tiles
—= Possible asbestos

Possible boiler damage & leaking

Pipes, gas and water shut-off

—

51
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Loss of Use

2/9/2021

Quiz #1

Which school building is likely to have some nonstructural risks:
10-year old school building in a High seismicity area
New school building in a Moderate seismicity area

Recently retrofitted school building in a Very High seismicity area
All of the above

GRS

& FEMA
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Part 4 - Identifying Vulnerable
Nonstructural Components

The Hazard Hunt

BREAK #1

& FEMA
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“Recall what happens to nonsfructural
components in earthquakes

® Unanchored items can shift or overturn

® Walls and cladding can crack or become dislodged and fall
e Suspended or wall-mounted items can drop

* Equipment can be damaged and fail to operate

e Lights and ceilings can fall in occupied spaces
e Egress can be blocked
* Pipes can leak or break

+$

& FEMA
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e Fall and cause injury
* Block egress

/-"""

e Fall and cause injury
¢ Block egress
¢ Contain hazardous materials

& FEMA

& FEMA
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e Fall and cause injury

® Block egress

¢ Contain hazardous materials
¢ Result in property loss

59

¥ FEMA
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Searching for Components that can...

e Fall and cause injury

® Block egress

¢ Contain hazardous materials
® Result in property loss

* And, those whose failure can
make a building unusable

1. Wall mounted — | S | r-—---
smartboard : = j

———

2. Suspended
projector

3. Suspended
lights and
ceilings

4. Computer
storage cart

2/9/2021

1.

. Suspended

. Free standing

. Items stored on

Wall mounted
smartboard

projector

bookshelves

top of casework
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1. Wall mounted
monitor

2. Suspended
lights

3. Large glass
panes over exits

. Suspended lights
and ceiling

2. Bookshelves and
contents

66

1. Stacked printer 1. Suspended

basketball hoop —

e

2. Computer cart =g THasi 3 SaSuiE=sSU G E (= | ]2 Hangingroom | 1 B e T

2. Hanging room . ==
divider :

3. STEM cart 3. Wall mounted

U scoreboard

4. Bookshelf 4. Stacked mats  [pleletsElet S SRRl bl

A\

5. Telescoping - -
bleachers .

67 68
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1. Overhead
fume hood

2. Heavy/stacked
equipment

3. Range connected
to gas line

1. Heavy shelving |}

2. Hazardous

materials

3. Shelving near

1. Refrigerators

2. Upper cabinetry

3. Vending
Machines

1. Tall heavy

equipment

2. Specialty

equipment

3. Suspended
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1. Air Handlers

1. Canopy

2. Brick veneer

1. Water Heater

2. Electrical Panels

3. Compressor

41
1
i
1
1
I
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1. Freestanding

bookshelves

2. Computers

3. Computer cart

4. Ceiling fan

5. Smartboard




1. Basketball
hoop

2. Brick veneer

77

. Gas lines

2. Electrical
cabinet

. AC unit

-y

1. Roof parapet

2. Stairs

Confirmed ! Additional
Investigation
Required

Ceilings

2/9/2021

Veneer

Pipes &
Ducts
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Part 5 - Strategies for Protecting
Questions? Vulnerable Components

@, & FEMA @,
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Common Sense Measures @

® Relocate tall or heavy objects to not block exits

e Rearrange shelving so heavier items are on the bottom and lighter ones
are near the top

e Separate incompatible chemicals to prevent mixing
* Move rarely used files or materials to an offsite storage facility
® Back up important electronic files
¢ Remove items no longer serving awuseful function
8 ngamse
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The more slender the object, the more
likely it is to tip over.

Objects at least one and one-half times
taller than their narrowest base
dimension are the most likely to tip over
in earthquakes. Thus a four-drawer file
cabinet will be more likely to overturn
than a stockier two-drawer model wher
they are shaken.

2/9/2021
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Earthquake Engineering Rules of Thumb
The more an object weighs, the K

more forcefully it moves in an
earthquake.

A water heater weighing 400
pounds requires much stronger
restraint than a lightweight
bookshelf unit.

86

Earthquake Engineering Rules of Thumb

An anchorage or restraint is only as
strong as its weakest link.

When anchoring furnishings fo a
wall, connect directly to the wall
structure: the 2x4 studs in wood
frame construction, metal studs, or
concrete or masonry walls. If the
connection is made to the drywall
or other finish material, the screw or
bolt can easily fail.




Earthquake Engineering Rules of Thumb

The higher the object, the greater
the hazard.

An object such as a heavy storage
on a shelf six feet off the floor is a
greater hazard than the same item
located on a shelf only two feet
high.

>
o &
&
AR
& & &
& S
S O R
& &
NS o oY &
2 [N
& GG
O AR
) © o B0
X é\é{%\@%
< 4"'&@(‘ &
S A &
2 & LR
E
o‘\‘é\@

91

S

Earthquake Engineering Rules of Thumb

A rough test of the adequacy of arestraint: You should be able to pull
horizontally on the object with a force equal to its weight.

2/9/2021
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Where rear wall of bookcase is
wood or metal with mechanical
nn

[ —Equipment and
furnishings

® Bookcases, cabinets and
storage closets

frami ay he fastened
directly to wall studs with 1/4”
sheet metal screw and washer,
2 minimum, top and bottom.
L2-1/2X2-1/2 X 1/8 X 16"
min. with 1-1/4" sheet metal
"t to

Center
of studs.

L2-1/2X 2-1/2 X 1/8 X 07"
(min.) each side with 3-#10

& FEMA

sheet metal screws to cabinet
and 2-3/8” diameter expansion
anchors to floor slab.

92



& FEMA

continuous
metal angle
| fastened
| towal

sheet metal
screws to
each locker
unit

Wall Mounted Lockers

2/9/2021
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Equipment and furnishings
e File Cabinets




Equipment and furnishings
e Small refrigerators and similar /

slotted 2-clips
with concrete drill-in
anchar bolt or lag boit

Wall-mounted Items
® Monitors (Weight < 50 pounds)

i

Equipment and furnishings

e Small refrigerators and similar

slotted z-clips
with concrete drill-in
anchor bolt or lag bolt

2/9/2021

Wall-mounted Items
® Monitors (Weight < 50 pounds)

¥ FEMA
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Equipment and furnishings

e Fire extinguishers

front view

retention
stap

side view

Sou

With Mounting Bracket

EMA

P S A T W (]

Equipment and furnishings

¢ Desktop computers and monitors

heavy duty hock and

rope or cable

& FEMA

103
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Equipment and furnishings

® Desktop computers and monitors

= —

Equipment and furnishings

® Desktop computers and monitors

@,

104



Contents

e Shelved items

Wood, plastic, or metal ip

N
Eyebolt to wood
metal tud

edge scrowed to sheiving unit

BREAK #2

@,

_ﬁQuiz H2

e True or False

To reduce nonstructural hazards in your classroom it is
necessary to hire an engineer.

& FEMA
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~ Making seismic improvements
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Equipment and furnishings

e Large refrigerators and similar

Steel or aluminun
angle screwed to
refrigerator

Anchor to floor
slab

==t

Floor slab J

Anchorage to Floor I

P

109

Equipment and furnishings

¢ Vending machines

slotted z-clips
with concrete drill-in
anchor bolt or lag boft

S

Equipment and furnishings

e Large refrigerators and similar

2/9/2021
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:l‘»-—m-— Fully braced wall studs

I |~ Steel or aluminum
angle screwed to studs
and refrigerator

Screws to stud

Screws to refrigerator

Steel or aluminum
I angle screwed to
refrigerator

Il

AR R ) K
Anchors to floor slab —/ \— Floor slab

ELEVATION
Anchorage to Wall

110

S

Equipment and furnishings

¢ Computers and monitors
e Data racks

)

Expansion anchor or
_~7 through bolt to floor
e 04 total

Front View

Side View

@

of
fo strengthen the rack base
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Equipment and furnishings

¢ Computers and monitors

e Server cabinets
= B

2 bolts to cabinet

e Expansion anchor
Steel angle bolted to P
cabinet front and back orthraugh bok to

Note: If cabinets are located side-by-side
in a long row, interconnect adjacent
cabinets along vertical edges. Base
anchorage may be located at front and rear
s shown, or along the long inside face of
each cabinet.

113 114
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el
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i ishi = YouTube
Equipment and furnishings ol
¢ ook o baltsiutto wau'—l’-'_

e Library shelving attp
Sy

N\
==} ] ‘
\\H- /J’

use two (2)
angles and a
minimum of
two (2) balts

4 a = 3 I‘ . VL- ‘,
.\— o __ ™~ SRR, - ) — s
FEMA The & FEMA @,
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Suspended Items - — Suspended Items

bra
compression, & hanger wire to the
structure above

wire
° ili d-way /
Celhngs splay wilesL.\y
e Acoustic tile a —
g . 459

.:ﬂ:‘

12 gauge bracing wire
7 "wjmin. 4 tight turns

" In1-172" both ends

/ of wire - connect to

st * Ceilings

(4 total at 90°)

e Acoustic tile

with minimurn 3 tighi
Hin ruriner cross runner turms in 1-1/2" both ends
(typical)

2" (max.) from bracing
wires to compression
strut and cross runner

'y
ad

Wall stud @ 167 o.c.

Stud track screwed to wallstuds (fastening
requirements based on celling Joist pan,
. o 3)

Suspended Items 1

* Ceilings

locking, bridging
or bracing of top lange, check code
requirements)

e Framed gypsum wallboard PO

It 778,25 ga. hat channels
Tor g over /5" oyabers, o

Floor framing

| el ariling

16" typical

b) Gypsum board attached directly to furring strips (hat channel or similar)
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Suspended Items
® Ceilings

e Lath and plaster

A

(perpendicq\ar to joists)

2x ceiling joist, typical .

'y
ad

.

Ll

&/ FEMA

i)

B8]

\,

58]

™ New 1 x 2 wood strips, screw to joists with 3" lag
screw @ 16", Wood strips may be oriented parallel or

perpendicular to ceiling joists.

121

Suspended Items
e Lights

€

le———light ixture
hanger wire
ceiling » y
grid 7 —
Vi
7
screwto — |
ceiling grid recesse:
L W“ light fixture

w)J 1R
| @l
il

Recessed Light Fixtures
at Suspended Ceiling P
122
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Suspended Items
e Lights

¢ Pendant

L2

> «——single pendant

light fixture:
(unbraced) — swivel joint

PR /

“Mobsirygted crcumtere™®

brace wire —
or cable

hanging linear
light fixture

124
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Suspended Items
e Lights

e Pendant

Suspended ltems hanger angl
e Space heaters K i /fgt‘:leangle

Unobsirycteg circumiere"™®

127 198

or cable to
struciure above

other bracing option

Suspended Space Heater | AC Units I-'1l28
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€

Threaded rod to
structure Strut brace or

st Suspended Items .
J
Concrete anchor ° Screens, maps and displays

Concrete anchor

Suspended Items

® Monitors and projectors

Mounting bracket v PLAN
st
Pipe clamp
Concrete slab
Concrete anchor
(or equivalent to suit
structure)
| I
¥
i et
! e 1

Threaded rod ——-| Strut and angle fitting

hanger, typical

Mounting bracket

b screwed o
Pipo braco ~ /] projector o Stiffened rod
(2 total at 90 monitor brace, typical
Strut brace or similar

Angle fiting bolted to brace

4 O Dnublerrflflrx

T Strut \K cetna
oy
& R Screen housing
;‘:, . Bolts from screen.

o to strut
Suspended monitor or projector 5 SECTION

Steel or wood backing m[i
Theater Components
e Lighting
e Catwalks
Mourtingbracket * Heavy equipment

Wall-mounted ltems

® Monitors (Weight > 50 pounds)

Monitor
S ——— stored on catwalks
} I I \k\ I | I 1l 1 1] . .
- . i ° in
A= egem ; Rigging
i i Ul * Cloud ceilings
1 ] 18[9
b i k
il iy
[yl 1
1l T
1 i I I 1" [} 1" 1 ]
e N
.
Sheet metal screws
from mounting bracket
FRONT VIEW to backing plarlss

132
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Infrastructure

e Water heaters

= | ‘ SIIoTa
Hf 'When on g

+ 1A 516" x 3" lag bolt with
washer into structure

§ i 12 EMT condui
T with flat ends

133

IN

oF

>

frastructure

urnace/heater

Flexible connections between

equipment and piping will
P reduce the potential for pipe
- breaks and leaks
P - >
/ )
EQUIPMENT

I~
Install with at least two anchors on
ooposite sides (4 minimum. total)

Direct anchorage to slab

—

Infrastructure

¢ Gas shut-off valves

2/9/2021
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Infrastructure

e Electrical panels

& FEMA

bolts
77 to floor

@

136



2/9/2021

nfrastructure

nfrastructure

e Fire sprinklers

l»plpe hanger—s|

* Piping and conduit

transverse
bracing

)

.0

Expansion ancnors Expansion anchors
to siab to siab

Concrete stab

Swivel attachment or
other premanufactur
eonnector

longitudinal
bracing
floor or

Adjustable |
seismic fiting roof slab
Threaded rod
Strut or pipe — 5
Extend red to bear on pipe brace
o imptall premanutactured

“surge protector”

Pipe clamp.

137 138

nfrastructure

¢ Piping at seismic joints  Flexible connection to
/ accommodate movement

/" inall directions
/

& FEMA @,

139 140
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Cladding, glazing, and walls il

e Interior partitions

* Heavy interior partitions

Options:
* Remove and replace
* Build wall in front of masonry

wall
Partial Height Wall
841 g@ FEMA Full Height Wall '.1’42
141 142

T

B

_h—CIGdding, glazing, and walls

e Exterior cladding

e Adhered veneer Options:

Add fastening to
veneer

* Remove and replace
with stucco or
lightweight cladding

¢ Landscape to limit
1
144

access below




e

ﬁCIodding, glazing, and walls

e Exterior cladding
T

Engineering Evaluation
Required

& FEMA

—

\L HEH ﬁ

145

—e

_'_*Clcdding, glazing, and walls

e Glass = ——

L

|
|
Hl
|

|
[T

& FEMA

@

€

—_—

—

\L HEH ﬁ

_ﬁ—CIodding, glazing, and walls
e Glass

Options:
* Replace glass with safety glass
» Add safety film on glass
* Landscape to prevent access
below glass

-

S

- e

& FEMA
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Exterior egress

e Tile roofing

Tile Roofing

& FEMA

148
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Quiz #3

The goal of nonstructural seismic mitigation in schools is to reduce the
risk of injuries, reduce property loss, and prevent...

A. damage to the building foundation

B. extended school closures

C. impact on the environment

D. the appearance of damage

BREAK #3

@,

Questions?

2/9/2021
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Part 6 - Implementing
Nonstructural Seismic Mitigation

& FEMA

@
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Mitigation Process Creating a Plan for Mitigation

e The plan should consider:
e Nonstructural protection goals
e Program manager
¢ Funding needs
e Schedule and Phasing
¢ Expertise needed: training needed and whether to hire design professionals
* How to maintain quality control
* Monitoring progress

® The plan for mitigating nonstructural seismic hazards can be part of a
school’s comprehensive seismic mitigation plan.

@, ¥ FEMA @
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Create a Plan . Identify
for Mitigation Vulnerabilities

. N e

Incremental Seismic Mifigation

® Reduces cost and minimizes
disruptions

* FEMA 395 provides guidance for
planning and managing this
process

e Identify an individual or a
group who is responsible
for championing the
earthquake safety program

e PTAs can be allies in
promoting an earthquake-

® Review the plan regularly and

Risk Management Series

safety culture. i Incremental Seismic Rehabilitation
ty upc.la‘te with changes to school oF Sehont et (£12)
pOhCleS al’ld prOCedureS, and Providing Protection to People and Buildings

June 2003

building and campus

e improvements & i
J@r| | v @,
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for Mitigation

Jﬁlncremen’rol Seismic Mitigation

¢ Integrate mitigation with other
projects and regular maintenance

Example: Reroofing
> Bracing of Parapets
> Bracing or Removal of Chimneys

> Anchorage of Rooftop
Equipment

@

& FEMA

157

Additional Resources -

® FEMA 395, Incremental Seismic Rehabilitation of School Buildings, June
2003 (Link)

® FEMA P-1000, Safer, Stronger, Smarter: A Guide to Improving School
Natural Hazard Safety, June 2017 (Link)

° FEMA P-424, Design Guide for Improving School Safety in Earthquakes,
Floods, and High Winds, December 2010 (Link)

° FEMA E-74, Reducing the Risks of Nonstructural Earthquake Damage-A

Practical Guide, December 2012 (Link)
i
159

& FEMA
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ﬁlncremen’rol Seismic Mitigation

Example: Fire Sprinkler —

Upgrades —
» Bracing of Ceilings »'/
> Bracing of Lights

» Bracing of Large Ductwork

& FEMA
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_h—lv\i’rigca’rion Process

Implement

Create a Plan . Identify ’ Mitigation

Vulnerabilities

for Mitigation

Measures

@,

& FEMA
160
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Identify Identify
Vulnerabilities Vulnerabilities
. . ps n . e a . oa
e Use a simplified Nonstructural Safety Checklist e Use comprehensive |
. “This st is not all-inclusive but it does itemize the more common hazards. Deal with the most likely or . 2 7
checklist potentially serious conditions first. The following checklis has been adapted from “Checklist of Nonstructural checklists e R
Earthquake Hazards in Child Care Facilities, g ‘ompany for alifornia
Earthquake Preparedness Project of the California Office of Emergency Services in 1990. . includi SSeETeN o Inspecion by district
e Focus on <l S L ey ° Identlfy stairs, protected from unbraced lockers in hallways, or personnel
EQUIPMENT AND FURNISHINGS OVERHEAD ELEMENTS damage and clear from store other materials, such as tall
e } ) qags . that
vulnerabilities @ File Cabinets: Are tall cabinets, approximately E Suspended Ceiling Components: In - non- vulnerabilities or contents that might fall may fall and block exits. e
tller than desk height, secured to prevent  residenial buildings with hung ceilings, does and block exit ways? AscEat,
8 A overtuming? As a second choice, cabinets should  the ceiling have diagonal bracing wires? More _ 8
within the e ol sk e ke it Aot i r 0 e ot s i o room-by-room otigs
1 stocky combined shape. A stockier shape (wider speakers resting on the suspended ceiling gridwork iga sasy ASCE 31, Secton
classroom footprint) makes an object less likely to overturn, provided with the back-up support of two safety - braced and correctly (particularly in light and flexible 482.
and this technique could be considered partial  wires at diagonally opposite comers? e Identi type of urs) hus causing "
protection.  Teachers should be encouraged 1 @ Pendant Light Fixtures: Do light fixtures that are iy . el B S
place file cabinets against walls where facilities v rim mitigation measure SR
supported by sicsho (ietal conditt ot ‘piper about AAre heavy plaster Heavy lath and plaster ceilings in /ASCE 31, Section
personnel could anchor them. an inch in diameter) have safety wires extending : ¢ | 82 "
@ Shelving: Arc units securely attached to the wall?  up through the stem or otherwise attached to the et
@ Shelf Contents: Heavy orsharpitems are storedon ~ xture? ibrecsd;
shelves that have lips, elastic cords, or are sloped B Spot Lights, Track Lights: Are lights sccurcly Partitions and Space Division
stightly backward. Put blocks and heavy objectson  mounted so that when the fixtures shake they won’t et Pa¥ions Tesd SpOTtT o eSS AE
Towest shelves. come off and fall? sl
T © Television Sets, Computers: Are these picces of & Suspended Space Heaters: Are these heaters, sy e L
e cquipment restrained so they won't fall? Swrdy  especially if supplied with natural gas, hung with
y -
From “Nonstructural Earthquake Hazards and Schools” by Central United P From FEMA P-424, Design Guide for Improving School Safety in P
1 Y 137 P '8 Yy
T States Earthquake Consortium (CUSEC), July 2006 161 Earthquakes, Floods, and High Winds, December 2010 162
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ShakeOut

¢ International ShakeOut Day is
always the Third Thursday of
October.

® ShakeOut earthquake drills are an Sh a ke
opportunity to practice how to be

Out.

Identify

Identify
Inerabilities

Vulnerabilities

For Students

e Incorporate a Hazard
Hunt into lessons or
yearly ShakeOut

safer during earthquakes.
¢ Resources at shakeout.org

K =

COVER! |HOLD ON!

@ www.ShakeOut.org @ P
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Erom FEMA's Earthguake School Hazard Hunt Game and Poster
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'ﬁlv\i’rigo’rion Process

Implement
Mitigation
Measures

Create a Plan ' Identify .
for Mitigation Vulnerabilities

@,
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Severity of Risk

p - 2D i g

¢ Light falling hazards * Heavy falling
* Sparsely occupied hazards

space * High occupancy
¢ Unlikely to result in space

school closure ® Hazardous

* Inexpensive to materials
repair * Potential to block
egress
* Potential to result in
L long building
& FEMA donur f@e
TR 167
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Prioritizing Vulnerabilities

e Severity of Risk
> Worst-first
Low Risk

Complicated Fix

e Cost and Complexity of
Mitigation
> Implement common sense
measures first

High Risk
Quick Fix

FEMA

2/9/2021
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Easiest to
Mitigate

* Expensive to

 Inexpensive or No
mitigate cost

* DIY fix available

 Disruptive
® Requires Design
Professional

FEMA

@
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Example

Suspended Ceiling in Hallway

Suspended Ceiling in Storage Room

S s

Example

Elevated water heater

S

Example

Entrance Canopy

2/9/2021
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+ * Heavy suspended items
o Tall slender bookcases and cabinets

* Heavy cladding and entrance canopies

s * Expensive contents such as machinery

* Building furnishings and finishes
vulnerable to water

o Ceilings
¢ Piping
® Mechanical Equipment

@
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Implement

“Implementing Nonstructura Niigaion
Mitigation Process Seismic Mitigation

e Start with Worst-First and Common Sense Measures

Create a Plan ' Identify Ili’;_p_lf“;_e‘“ e Can have a big impact on making schools safer
for Mitigation Vulnerabilities AR

Measures

i

BT

J(@pe. & FEMA
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Implement
Mitigation
Measures

Design Professionals

¢ Architects and engineers can be valuable partners

in helping to explain the fundamentals of building
safety

Implement
Mitigation
Measures

" Quality Control

* Work needs to be done properly
® Requires oversight

¢ Professionals can determine vulnerabilities and
provide recommendations for prioritizing actions
for improving the safety of a school

¢ Professionals can clarify the relevant local building
code rules

_* Select engineers familiar with nonstructural design

g FEMA AR 2T (@
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S N — = Implement

7_,_,*7/’ Mitigation
Quality Confrol

¢ Even DIY in-house work requires oversight

Measures

Questions?

@,

@,
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ooy Installation of New Items
Pq” 7 - Malntalnlng q Sqfe e Create a policy or guidelines for installation of new items

S C h o OI E nvir onme ni- * Consider adding something like this to your School Facilities Manual or

maintenance requirements:
1. All newly installed wall-mounted or suspended items weighing over 20# shall be
installed in accordance with an approved earthquake resistant detail.

2. All newly installed floor-supported furniture, equipment or other components
weighing over 400# shall be installed with an approved earthquake resistant
detail.

3. Installations of all new wall-mounted or suspended nonstructural components
weighing over 20#, and all floor-mounted components weighting over 400# shall

be inspected for earthquake safety prior to use.
p { : FEMA p
179 T 180




Earthquake Safety

e Foster a culture of
earthquake safety

e Include Earthquake
safety in the curriculum

e Local professionals can

help educate students
and community

& FEMA
181
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Summary/Conclusions

* Nonstructural seismic performance is important to protecting students
and staff in an earthquake

® You can make schools safer by identifying nonstructural vulnerabilities
and implementing mitigation strategies

® Common sense and DIY measures can go a long way toward reducing
earthquake risk

® Nonstructural mitigation is an ongoing process needed throughout the

life of your school building
1Ci
183

& FEMA
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ﬁAnnuoI Checks

e Make someone responsible for annual checks
* Engage outside entities like PTA to monitor
* Have a plan for how to respond to identified vulnerabilities

182
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Thank you!
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