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NONSTRUCTURAL BUILDING ELEMENTS 

 

Furniture and Contents Do-it-yourself 
OR Engineer Mitigation Options 

Computers  
Computers, printers, monitors, projectors, 
scanners, and other electronic equipment are 
found nearly everywhere, most of them resting on 
desks and tables without restraint such as skid-
proof pads, adhesive locks, or other options. 
 
Hazard 
Desktop items may slide, tip, or collide with 
other items or fall. If one item falls, the cords 
and cables may pull other items down resulting 
in additional damage. Equipment may suffer 
internal damage and be rendered inoperable. 
Business interruption losses may result. The 
equipment can also cause injuries to 
occupants. 

DIY 

 

Tall Shelving - Free Standing & Wall Unit  
Bookcases and shelving should be anchored to 
an adjacent stud wall, or concrete or masonry 
wall.  
Any connections to stud walls must engage the 
structural studs. Where items are anchored to 
heavy partitions, the bracing or anchorage of 
these partitions to the structure above must 
also be checked for adequacy considering the 
weight imposed by all anchored items. 
Bookcase or cabinet anchorage can be located 
either outside or inside the unit as long as the 
attachment properly engages the “structural” 
studs.  
For freestanding units, it’s recommended to 
brace units and tie back-to-back units together. 
Shelving should not be adjacent to doors or 
exits if their failure would block the exit. 
 
Hazard 
Tall wood or metal shelving units frequently tip 
or overturn in earthquakes unless they are 
properly anchored. Tall, narrow shelving may 
tip, slide, overturn or collapse and the contents 
may spill. Overturned shelving may injure 
occupants and block doors or exits. Books, 
files, medical records may fall and get 
scrambled or damaged. Clean up and 
reorganization of spilled items may take many 
hours or days and result in costly business 
interruption. 

DIY 
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Library Shelving or Stacks  
Library shelving typically consists of many rows 
of tall back-to-back shelving units that are 
heavily loaded.  
What to look for regarding the shelves: heavy-
duty shelving should have cross bracing or 
solid sides and backing that will prevent 
longitudinal collapse. In addition, for units that 
will receive additional overhead bracing, the 
unit should be strong enough to receive the 
attached ties and bracing. Light duty steel 
shelving or weak wood shelving units may 
require strengthening. Steel shelving may 
require additional cross bracing. Wood shelving 
units could be strengthened with the addition of 
corner brackets or hardware to tie the top, back 
and sides more securely together. 
What to look for regarding their bracing: 
anchored shelving units to the floor; where 
shelving units are located against a structural 
wall, anchor the top of the units to the structure; 
tie freestanding back-to-back units together to 
create a larger base; a one-way grid or two-way 
grid may be installed, either at the top of the 
units or above the ceiling surface, to tie many 
units together. This grid in turn should be 
anchored to structural walls at the perimeter of 
the grid or to the structural slab or framing 
above. 
Any connections to stud walls must engage the 
structural studs. Stud walls and partitions 
typically do not have adequate lateral capacity 
to support many shelving units. Anchorage to 
structural concrete or masonry walls is 
preferred. 
The location of the library shelving will influence 
the design loading. Floor accelerations typically 
increase as you go higher in a building and at 
locations such as poorly braced mezzanine 
floors. 
Shelving should not be adjacent to doors or 
exits if their failure would block the exit. 
 
Hazard 
Unrestrained or poorly restrained library shelving 
can slide or overturn resulting in damage to the 
contents, damage to the shelving units, and 
damage to partition walls or other contents. 
Shelving failures may result in personal injuries. It 
may be costly and time consuming to repair the 
shelving units and reshelf all of the books/files. 

Engineer 
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Tall File Cabinets  
File cabinets should be anchored to the floor or 
wall. Where cabinets/shelving are anchored to 
a partition, check the partition, so that bracing 
and attachment to the structure are adequate 
for the imposed weight load. 
Adjacent freestanding file cabinets should be 
anchored together and to the floor. Gang 
multiple units together to create a more stable 
arrangement. 
Inspect strong drawer latches to prevent the 
drawers from sliding open. Fluids and files don’t 
mix; advise business if they place flower vases 
or other breakable fluid containers on top of file 
cabinets. 
 
Hazard 
Sheet metal file cabinets are often tall, narrow, and 
heavily loaded. These cabinets frequently overturn 
in earthquakes; the time required to pick up and 
reorganize files may be a significant business 
expense and result in lost productivity. 
 

DIY         
or         

Engineer 

 

Drawers and Cabinets  
For the file cabinets, do they have strong drawer 
latches to prevent the drawers from sliding open? 
 
Hazard 
Drawers and cabinet doors need to be latched 
securely, e.g., with special latches or baby-proof 
hardware so they will not fly open in an earthquake 
causing the unit to become unbalanced and tip 
over during shaking. This can spill contents and 
cause injuries to occupants. 
 

DIY 

 

Compressed-Gas Cylinders  
This category includes single or multiple gas 
cylinders. These may be attached to piping, 
anchored to carts for mobility, or stored for future 
use. When inspecting, look for restraints to keep 
them in place during shaking. 
 
Hazard 
Unanchored tanks may slide, overturn, and roll; 
connected piping may be damaged. Contents 
may be flammable or hazardous; leaking 
cylinders may be dangerous. Tank installations 
equipped with chains or straps are still 
susceptible to damage unless chains or straps 
are properly secured around the tanks. 
(Photos courtesy of Eduardo Fierro, BFP Engineers) 

DIY  
or         

Engineer 
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Containers of Hazardous Materials 
In general - unsecured, loose containers may 
slide, tip, overturn, or fall. Glassware may 
break; hazardous contents may slosh/spill and 
create noxious fumes and toxic mixtures. 
  
Hazard 
Unsecured or improperly stored hazardous 
materials resulting in a release may close 
businesses located in an otherwise undamaged 
building. Hazardous materials may include 
cleaning supplies, laboratory or production 
chemicals, medical sharps, and biohazard 
containers. These may be stored in fragile 
containers or may be in open vats in an industrial 
setting. 
 
(Photos courtesy of Jeffrey Soulages, Intel Corporation) 

DIY         
or         

Engineer 

 

Fragile Artwork  
Look for paintings, vases, glassware, ceramics, 
sculptures, or museum collections stored or 
displayed without any seismic restraints (safety 
straps, mats, small enclosures, base isolation 
platforms, and other devices) to protect fragile 
or expensive art, collectibles and other artifacts.  
Items hanging on walls should be secured with 
a positive attachment such as an eyebolt with 
closed wire loops into the wall stud. Ceramics, 
glassware, and decorative items on shelves 
should be individually restrained or have edge 
restraint for shelves. Items hanging from the 
ceiling should be anchored to structural 
framing; heavy items should not be located 
where they can swing and impact a window, 
wall, or other object. There should be positive 
restraint for statuary and large vases. Items 
displayed outdoors must be protected from 
corrosion and weathering; mounting and 
connection hardware should be corrosion 
resistant. 
 
Hazard 
Loose items on shelves or hanging items may 
slide, bang, overturn, or fall. Paintings or other wall 
hangings may fall. Sculptures may slide or fall due 
to shaking. All of these can damage the artwork 
and cause injuries. 
 
(Photo courtesy of Robert Reitherman, CUREE) 

DIY 

 

Free-Standing Half-Height Partitions  
These freestanding half-height partition walls 
that are often used to outline office workspaces. 
These (demountable) partitions are typically 
installed by tenants or occupants and may be 
readily relocated. Check the internet for 
demountable partitions with seismic rated 
capacity; some of these have been “shake 
table” tested and have improved seismic 

DIY         
or         

Engineer 
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details. 
Panel manufacturers typically have guidelines for 
acceptable panel configurations for use in 
earthquake prone areas. Shorter runs of panels 
with panels at 90 degrees to one another provide 
favorable conditions for earthquake resistance. 
Panel anchorage at the base and interconnectivity 
between panels is also needed for reliable 
performance. Where panels are not stabilized by 
return panels, or where panels are tall, bracing at 
the tops of the panels, up to the structural framing, 
may be required. Anchorage to the floor slab is 
another alternative. 
 
Hazard 
Long runs of unbraced panels are vulnerable to 
falling over. Partitions supporting overloaded 
shelving units are particularly vulnerable and 
may cause interruptions or injuries. 

 

Miscellaneous Furniture  
Furniture and fixtures come in all shapes and 
sizes. This category provides general 
recommendations for a wide range of items 
such as shop and kitchen equipment, vending 
machines, large office copiers, pianos, china 
hutches, and entertainment centers. 
Look for floor or wall anchorage for vulnerable 
items, especially items near doors, exits, beds, 
or other locations where people spend many 
hours. See if freestanding items are anchored 
together and to the floor. Observe tethers for 
items like kitchen equipment, vending 
machines, or grand pianos. See if there are 
edge restraints for drawer and cabinet latches. 
Canvas or metal straps may be used to attach 
some items where it is not acceptable to 
penetrate the furniture or housing. Multiple 
tethers may be needed for strength and 
stability; for instance a tether to only one leg 
may pull the leg off of a grand piano. 
Where several items need to be tethered and the 
edges do not line up with studs in the adjacent 
wall, a continuous steel angle or wood 2x4 may be 
attached to the wall and then the tether restraints 
in turn attached to the steel angle wood stud. 
Where items are attached to partitions, inspect 
that the partition and attachment bracing to the 
structure above are adequate for the imposed 
weight. 
 
 
Hazard 
Items on castors will roll; squat items are likely 
to slide; medium height items may slide, rock 
back and forth, or overturn; tall narrow furniture 
is likely to overturn.  

DIY         
or         

Engineer 
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Unrestrained items may slide, impact other 
items, tip, and/or overturn. Failure of one item 
may damage others or cause the collapse of 
other items. Contents supported on furniture or 
fixtures may fall, break, or spill. 
 
(Photos courtesy of Eduardo Fierro, BFP Engineers, and Maryann 
Phipps, Estructure) 
 

 
 

Building Machinery & Systems Do-it-yourself 
OR Engineer Mitigation Options 

Propane/Fuel Tank (fuel: propane, gasoline) 
During inspection, determine if the business 
has any large metal fuel tanks and if they are 
bolted and secured in place. While the drawing 
to the right is one option, recommend that the 
business owner seek an engineer’s advice to 
secure. 
 
Hazard 
Unsecured tanks may fall over, rupture, and 
leak hazardous materials creating a fire hazard 
to people and property. 

Engineer 

 

Water Heater  
Most water heaters rest on the floor although 
smaller units may be wall- or shelf-mounted. 
They should be secured with metal-gauge 
strapping 1½ times around the tank and bolted 
into wall studs. Water and/or gas connections 
should be flexible. 
 
Hazard 
Unanchored or poorly anchored tanks may 
slide or overturn. Even if the restraint is strong 
enough to prevent complete overturning, if it is 
not rigid enough, the connections to gas and 
water lines may be damaged by tank 
movement and lead to fire or to water leakage. 

DIY 
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Piping 
Piping carrying fluid, under pressure or not and 
where the fluid may be hazardous or not. It is 
separate from fire protection piping. Inspect to 
see if secured to structure. Hazardous piping 
may require additional insulation and labeling.  
 
Hazard 
Non-hazardous fluids, in case of line rupture, 
would cause property damage, but pose no 
immediate life safety danger. Like any other 
piping, failure of the pipes or pipe supports 
could results in falling hazards. Vulnerable 
locations include joints, bends, connections to 
rigidly mounted equipment and risers subjected 
to significant movement between floors. Piping 
system failures are common to all piping 
systems. Fluids may leak from damaged joints 
or broken pipe; water leakage has been a 
major source of business damage in past 
earthquakes. 

Engineer 
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HVAC Equipment and Ducts  
HVAC (Heating Ventilation Air Conditioning) 
equipment, typically of sheet metal 
construction, that is floor-mounted possibly 
on vibration isolators to prevent the 
transmission of mechanical vibrations into 
the building. Codes require anchorage for all 
equipment weighing over 400 pounds, 
equipment weighing over 100 pounds that 
are subject to overturning, and items 
weighing over 20 pounds that are mounted 
more than 4 feet above the floor.    
Ductwork is required for most HVAC 
systems. Ducts may also be floor-, wall- or 
roof-mounted, and may cross building 
separations, Note: Seismic restraints of 
ducts are not required under certain 
circumstances such as if the vertical 
hangers are less than 12 inches long or if 
the ducts have a cross-sectional area less 
than 6 square feet, as long as flexible duct 
connections are provided at connections to 
braced equipment. 
 
Hazard 
HVAC - Unanchored or inadequately 
anchored items can slide, tilt, overturn, or 
fall. Connections of fuel lines, electrical lines 
or ductwork may be damaged; machinery 
may cease to function due to misalignment. 
Vibration isolated equipment is particularly 
vulnerable to earthquake damage unless 
some type of snubbers, bumpers, or vendor-
supplied restraints are used. Open and 
housed springs do not have adequate 
capacity to resist shear and uplift caused by 
ground shaking. 
Unbraced ducts may swing and impact other 
items. They may become damaged at 
restraints or “hard spots” along the duct path 
such as at connections of braced in-line 
equipment, at connections to floor-mounted 
equipment, or at wall or slab penetrations. 
Inadequately supported ducts may come 
loose from the HVAC equipment or diffusers 
to which they are connected and fall. 
(Photos courtesy of Mason Industries and Maryann Phipps, 
Estructure) 

Engineer 
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Suspended Space Heater  
Look for any type of suspended equipment 
items (other than HVAC equipment) suspended 
in-line with ductwork, such as unit gas heaters. 
Current codes require anchorage for items 
weighing over 20 pounds that are mounted 
more than 4 feet above the floor. 
 
Hazard 
Poorly supported suspended items may lose 
support and fall causing injuries. These 
suspended items can swing and impact 
building elements or other equipment. Also, 
shaking or impact may damage their internal 
components. Connections to fuel lines or other 
connected piping may be damaged. Equipment 
may cease to function due to misalignment or 
internal damage. 

Engineer 

 

Air Compressor  
Inspect to see if HVAC dry-side equipment 
items such as air compressors, fans, blowers 
and filters that are mounted on vibration 
isolators have adequate lateral restraint 
provided by snubbers, bumpers, or restrained 
vibration isolators. If large equipment is 
mounted on a concrete housekeeping pad, is 
the pad adequately anchored into the structural 
slab? 
 
Hazard 
Unanchored or inadequately anchored items 
can slide, tilt, overturn, or fall. Connections 
of fuel lines, electrical lines or ductwork may 
be damaged; machinery may cease to 
function due to misalignment. Falling or 
swinging equipment can damage property 
and injure occupants. 
 

Engineer 

 
 

Automatic Fire Sprinkler Piping & Heads 
Fire suppression systems include many 
components, all of which must be properly 
restrained or anchored for the system to 
function as intended. Pumps, holding tanks, 
control panels, control sensors, piping and 
sprinkler heads must all be braced and 
protected from earthquake damage. In 
addition to checking for seismic restraints 
attached to the structure for each 
component, it is important to check for 
potential conflicts with other structural and 
nonstructural elements and for falling 
hazards. (Shown photo) transverse and 
longitudinal restraints on fire protection 
distribution line.  
Hazard: Fire protection piping systems’ 
vulnerable locations include joints, bends, 
connections to rigidly mounted equipment 
and risers subjected to significant relative 

 
Engineer 
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movement between floors. Sprinkler heads 
are often damaged due to conflict with 
ceiling systems; this conflict may also result 
in impact damage to the ceiling or 
subsequent water damage. 
Fluids may leak from damaged joints or 
broken pipe; property losses and business 
outages are often attributed to fluid leaks 
from fire suppression piping. Facilities may 
need to be evacuated if the fire suppression 
system is compromised. 
 
(Photo courtesy of Cynthia Perry, BFP Engineers) 

 
 

Architectural Elements Do-it-yourself 
OR Engineer Mitigation Options 

Built-In Partitions  
These can be nonstructural walls made of heavy 
or light materials. Check partition walls that should 
be connected to the structure to stabilize, with 
additional reinforcement if the wall is made of 
heavy materials and/or being used to support 
shelves or other lateral forces. 
 
Hazard 
Heavy partitions are sensitive to movement 
from shaking and may fail. Partial height 
partitions may fail unless they are laterally 
braced to the structure above or engineered 
from below. Full height partitions may fail 
unless they are isolated from the building 
movement and provided with restraint. 
Masonry may crack and spall, walls may 
collapse creating falling hazards and blocking 
corridors and exits with debris. Masonry debris 
may be particularly hazardous in stairwells and 
elevator shafts. 
Where partitions are used as lateral support for 
piping, electrical cabinets, storage shelves, or 
other nonstructural items, the failure of the 
partition wall may result in damage to these other 
components. 
 
(Photos courtesy of Cynthia Perry, BFP Engineers, Rodrigo 
Retamales, Rubén Boroschek & Associates, and Cynthia Perry, 
BFP Engineers) 

Engineer 

 
 
 
 
 
 
 
 

 
 
 
 

 

Suspended T-Bar Ceilings  
Suspended acoustic ceiling systems are used 
widely in many types of buildings. Grid should be 
bolted to structure with diagonal bracing wires also 
anchored to structure. These ceiling systems often 
include lay-in lighting and openings for air diffusers 
and sprinkler heads. Look for hanger or bracing 

Engineer 
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wire connected into the suspended ceiling to 
increase ceiling strength. 
 
Hazard 
Differential movement of the ceiling relative to 
structural elements such as columns or walls or 
nonstructural elements such as partitions, 
sprinklers heads, or fixed lighting may damage 
the ceiling. Acoustical tiles may be dislodged 
and fall out of the ceiling grid; lights, diffusers, 
and sprinkler heads may swing and damage 
the ceiling; runners and cross runners in the 
grid may separate and fall. Ceiling systems are 
especially vulnerable at the perimeter or at 
penetrations, such as a column, pipe chase, or 
fixed lighting. 
Where lights, diffusers and other services within 
the ceiling do not have independent safety 
wires, these items can fall and create a hazard 
for occupants. Conflicts between ceilings and 
sprinkler heads are a common occurrence 
causing damage to both the ceiling and 
sprinkler heads as well as water damage due to 
sprinkler leaks.  
Ceiling failures may result in building 
evacuations and loss of functionality until the 
ceiling and utilities are repaired. In a hospital 
setting or clean lab, the failure of the ceiling 
system may introduce dust and debris, 
including asbestos, into the room below 
compromising its functionality. In the case of 
asbestos contamination, this may involve costly 
removal before functionality can be restored. 
 
(Photos courtesy of Maryann Phipps, Estructure) 

 
 
 
 
 
 
 
 

Suspended Light Fixtures  
All light fixtures should have positive 
attachments to the structure to prevent falling 
hazards. Pendant fixtures in suspended ceilings 
must be supported directly from the structure 
above by no less than #9 gauge wire or an 
approved alternate support. A suspended 
ceiling shall not provide any direct support. 
Look for support wires in addition to the main 
positive attachment for these lights. 
If swinging of light fixture can cause damage to 
surrounding items, look for diagonal wires or 
bracing to restrain movement (top drawing has 
no diagonal wires and are recommended). 
For older installations, look for a safety chain or 
cable for the fixture that provide restraints for 
lenses and bulbs that can readily fall from the 
fixture. 
 
Hazard 
Suspended lights can swing and impact building 
elements or adjacent equipment, resulting in 

Engineer 
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damage to the fixture or damage to the 
surrounding items. Lenses, bulbs, or decorations 
may come loose and fall and endanger occupants. 
If the light is not sufficiently supported, or if it is 
connected only to ceiling framing which is 
damaged in an earthquake, the entire fixture may 
become dislodged and fall. Where a string of 
fixtures are attached end to end, the failure of one 
fixture can overload the supports for the adjacent 
fixtures leading to progressive collapse. 

 
Stairways  
Inspect the landings. In order to prevent stairs 
from behaving like diagonal struts between 
adjacent floors, the stairs should be designed 
with a fixed connection at one floor and a 
sliding connection at the other that allows 
movement parallel to the direction of the stair.  
If stair enclosures are built using brittle 
materials such as unreinforced masonry, hollow 
clay tile, glass block, or skylights, it is 
recommended that they be encapsulated or 
replaced to prevent falling hazards and debris 
in the stairwell. Maintaining safe exits is a 
critical element of earthquake safety. Check the 
box if you see potential issues. 
Hazard 
Stairs are primarily damaged by differential 
movement of the adjacent floors, which forces a 
stairway to try to act like a diagonal brace. Stair 
damage is more likely to occur in flexible 
buildings with larger differential movement and 
less likely to occur in stiffer buildings. 
The walls surrounding a stairway may be 
damaged during an earthquake causing debris 
to fall into the stairwell and rendering the stairs 
unusable. Brittle materials such as brick, hollow 
clay tile, or glass are particularly vulnerable and 
may create falling and debris hazards in stair 
enclosures. 
 
(Photos courtesy of Wiss, Jenney, Elstner Associates, Santiago 
Pujol, Purdue University, and PEER Godden Collection, No. J94) 

Engineer 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 
 
(Damage photos) 

 

 
Windows  
Technically called “glazing”, they include glass 
curtain walls on multistory buildings, large 
storefront windows, as well as small, operable 
wood framed windows. Glass may be annealed, 

DIY        
or      

Engineer 
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heat-strengthened, tempered, laminated or in 
sealed, insulating glass units. Glazing can be 
installed using either wet or dry glazing methods. 
Any of these may pose a significant falling hazard 
if not designed to accommodate seismic forces 
and displacements. Inspect for protective film that 
keeps glass from shattering on occupants 
 
Hazard: Glass can fall in shards, shatter into small 
pieces, or broken panes may be held in place by 
film causing injuries and creating a security issue. 
 
(Photo courtesy of Wiss, Jenney, Elstner Associates, and Eduardo 
Miranda, Stanford University) 

(Damage photos only) 

Roof Parapets 
The function of parapets is “nonstructural,” i.e., 
to prevent fire spread, create a safety railing, or 
conceal roof-mounted equipment. Some 
jurisdictions have parapet ordinances requiring 
seismic bracing for unreinforced masonry 
(URM) parapets along a public right of way. 
Parapet and roof conditions may vary widely. 
Inspect to determine if a parapet is unbraced, 
cracking, or has other damage. An engineer’s 
expertise is required to address. Also, flashing 
and weatherproofing must be provided for any 
roof-mounted connections. 
Connection details for terra cotta cornices and 
appendages similar to those for anchored veneer. 
 
Hazards 
URM parapets, cornices, and appendages pose a 
significant falling hazard and have caused 
numerous injuries and required costly repairs in 
past earthquakes. 
 
(Photos courtesy of Maryann Phipps, Estructure, and Degenkolb 
Engineers) 

Engineer 

 
 
 
 
 
 
 
 
 
 

 

Exterior Veneer  
Veneers are typically masonry, stone or stone slab 
units that are attached to the structure by means 
of either anchors or adhered. These units and their 
connections must be designed to accommodate 
the anticipated seismic drift. Inspect for veneer 
and if failure would be hazardous to people. 
 
Hazard 
Exterior veneer may pose a significant falling 
hazard to people and can cause building closures 
& costs while it is being removed. 
 
(Photos courtesy of Eduardo Fierro and Cynthia Perry, BFP 
Engineers) 

Engineer 

 
 
 
 
 
 
 
 

 

 
 
 
 

  
 
(<= Damage photo of brick veneer) 
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Exterior Signs  
For a cantilevered canopy, sign, or marquee 
that is oriented horizontally; look for vertical 
braces that will protect the item from vertical 
accelerations and prevent bouncing. 
Seismic protection requires a reliable connection 
from the appendage to structural framing. Heavy 
canopies, marquees, or signs may require 
installation of supplemental framing to minimize 
seismic demands. You may see this during the 
inspection. 
 
Hazard 
Cantilevered appendages of any type may pose a 
significant falling hazard when located above an 
entrance or along a sidewalk or street. Unbraced 
cantilevered items may bounce or swing; 
connection hardware may be undersized or 
corroded; items may collapse and fall damaging 
property and injuring people. 

Engineer 

 

Freestanding Walls or Fences  
Look for freestanding (cantilevered) walls and 
fences on the property built of either reinforced or 
unreinforced masonry.  
 
Hazard 
Unreinforced or poorly reinforced masonry walls or 
fences or those with inadequate foundations are 
vulnerable to earthquake damage. Falling masonry 
walls and fences may injure people and property 
and block pedestrian walkways, driveways, 
loading docks, streets and access for emergency 
vehicles during an emergency. When these fences 
serve as a security perimeter, their failure may 
result in a security breach following an earthquake 
resulting in additional property damage due to 
trespassing or looting. 
 
(Photo courtesy of Eduardo Fierro, BFP Engineers) 
 

Engineer 
 

 
  


