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6.5 FURNITURE, FIXTURES, EQUIPMENT AND CONTENTS  

6.5.6  MISCELLANEOUS CONTENTS 

6.5.6.4 FIRE EXTINGUISHER AND CABINET  

Fire extinguishers are often hung from a wall-mounted hook or placed in cabinets which may 
be wall-mounted. 

TYPICAL CAUSES OF DAMAGE  

 Extinguishers can fall and roll; they may be damaged and not function properly.  If 
located in a glazed enclosure, the enclosure may be damaged and the glass may break. 
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Damage Example 

  

 

Figure 6.5.6.4-1 Fire extinguishers damaged during the 2010 magnitude-8.8 Chile Earthquake at 
an industrial facility (Photos courtesy of Antonio Iruretagoyena, Rubén 
Boroschek & Associates). 
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SEISMIC MITIGATION CONSIDERATIONS 

 Provide safety fasteners with quick release straps for fire extinguishers. 
 Anchor cabinets for extinguishers and hoses to structural wall or studs.   

Mitigation Details 

 

Figure 6.5.6.4-2 Fire extinguisher and cabinet (NE). 
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6.6  INSTALLATION NOTES, SAFETY WARNINGS, AND ADDITIONAL 
GUIDELINES 

For those details for which the non-engineered 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 it is not appropriate 
for any of the details shown in this guide.  At the other extreme, a 1-inch diameter bolt is too 
large for a 2x4 wood stud, since the hole required to accommodate the bolt will unacceptably 
weaken the 1 1/2- inch wide stud and does not meet the required edge distance in NDS 2005 
National Design Standard Specifications for Wood Construction (AFPA/ANSI, 2005).  The 
following discussion provides general guidelines on hardware selection and installation 
procedures for the details shown in this chapter.   

FEMA 412 Installing Seismic Restraints for Mechanical Equipment , FEMA 413 Installing Seismic 
Restraints for Electrical Equipment, and FEMA 414 Installing Seismic Restraints for Duct and 
Pipe  contain additional details for mechanical, electrical, and plumbing components.  These 
guides include lists and tables covering many specific types of MEP equipment with 
recommendations on the type of detail, housekeeping pads, and anchorage hardware to use.  In 
addition, safety warnings that are important for anyone working on or around electrical 
equipment are included in these guides; these 
warnings are repeated here in Section 6.6.8. 

6.6.1 POSITIVE CONNECTIONS  

The objective of nonstructural 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 structural 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 that transfer 
seismic loads to structural framing.  Positive 
connections do not rely solely on the frictional 
resistance produced by the effects of gravity.  

Earthquake Forces 

Keep in mind that although 
heavy objects are hard to move 
by hand, their weight (mass) 
interacts with the shaking 
(accelerations) of an 
earthquake to produce large 
inertial forces.  Those forces 
mostly act sideways to make 
the object slide or tip, and 
there are also vertical motions 
in earthquakes that 
temporarily "lighten" an object 
and reduce frictional 
resistance. 
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Frictional resistance between the base of an object and the floor or mechanical friction 
connections such as C-clamps or thumbscrew clamps are not considered positive connections.  
The most common nonstructural connection details for wall attachments, floor or ceiling 
attachments, countertop attachments, and attachments between adjacent items are discussed 
below. 

6.6.2 TYPICAL WALL ATTACHMENT DETAILS  

Many types of nonstructural 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 nonstructural items. 
The wall element should consist of concrete, masonry, or structural framing members that are 
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 a gypsum board or to 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.  A nail or screw can simply pull out of this type of wall covering during an earthquake, 
leaving a hole in the wall.  Even a toggle bolt can pull through the wall sheathing if the 
demands are sufficient. 

Typical wood and metal stud walls are constructed with vertical studs located at either 16- or 
24-inch spacing.  Many interior partition walls in non-residential construction extend only to 
the ceiling line and should not be used to anchor heavy nonstructural 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 confirm 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 wall and anchored to each stud.  The 
strip should be located at or near the top of the items to be anchored.  Furniture or cabinets 
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may then be anchored directly to the mounting strip without regard to stud locations.  A 
mounting strip may be constructed of a structural-grade wood 2x4 or 2x6 or a continuous 
steel channel or angle.  The strip can be finished to have an appropriate architectural 
appearance.  In fact, horizontal strips a few feet off the floor were often included in older 
architectural styles and were called chair rails; even today in many settings, such as hotel 
conference rooms, there are similar architectural features. 

In new construction this is typically accommodated by installing “backing plates” directly on the 
studs, before sheathing is installed.  Backing plates are commonly 16 gauge steel plates, runner 
tracks or studs. 

Hardware – Recommended 

 Attach steel angle directly to wood studs using a minimum 1/4-inch diameter by 3-inch 
lag bolt (maximum 3/8-inch lag bolt).  Embed the bolt at least 2 inches into the wood 
stud.  

 Attach steel angle to metal studs using #12 sheet-metal screws long enough to 
penetrate the flange material.  Use two screws per connection, located 3 inches apart 
vertically. 

 Attachments for anchoring sheet-metal shelving or cabinets may be made by using a 
minimum 1/4-inch diameter 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-inch 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.  For attachments to the wood molding strip, do not screw or bolt 
anything within 1-inch of each edge of the wood member.  

 Small quick-release safety hooks (carabiners) and nylon cord or straps, are often 
available at sporting goods stores that carry mountain climbing equipment.  Self-drilling 
screws may be useful, especially for a connection to metal studs.  These items may be 
used for tethering small office equipment.  
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Hardware - Not Recommended 

 Toggle bolts mounted in gypsum board or plaster are not recommended for any of the 
details presented here.  They may be useful for items weighing only a few pounds. 

  Nails have little capacity in tension or withdrawal, i.e., when pulled directly on the head 
of the nail.  Thus, nails are not recommended for any of these details.  

ANCHORAGE TO CONCRETE OR MASONRY WALLS 

Connections to existing concrete or grouted masonry walls should be made with steel anchor 
bolts made to insert into walls after they are built.  Many types of anchors are available from 
various vendors, including expansion anchors, sleeve anchors, and epoxy anchors.  Since the 
installation procedures and capacities for these anchors vary widely, it is important to check the 
local building code or vendor literature for the allowable load capacity and to install the anchors 
in accordance with the manufacturer's recommendations.  Holes into concrete or masonry walls 
should be drilled with care, in order 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 relocate the hole; do not cut through the reinforcing steel unless directed by a 
structural engineer who has examined the specific condition.  In buildings with post-tensioned 
construction, post-tensioning cables must be positively located prior to anchor installation. 

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.  Improper installation can result in a bolt 
with virtually no capacity.  The bolt will have a greatly reduced capacity if it is too near to an 
edge or too close to an adjacent bolt, or if it has insufficient embedment into the concrete.  In 
order to develop the full capacity of a concrete anchor, as a rule of thumb, the spacing of the 
bolts should be at least 12 bolt diameters, with a minimum edge distance of 6 diameters.  The 
minimum embedment length is typically 8 bolt diameters.  Specific requirements for edge 
distance, spacing and embedment depth are determined by anchor manufacturers and code 
requirementsCaution should be used in selecting anchors to ensure that they have been 
prequalified for seismic applications and are capable of maintaining their strength under 
repeated cyclic loading including installations in cracked concrete.  The most common post-
installed anchors are expansion anchors, where part of the shank expands to press against the 
sides of the hole as the nut is tightened.  Recently, large screw anchors have been gaining 
popularity.  Other types of anchors include sleeve anchors and adhesive anchors.  Sleeve 
anchors consist of a threaded sleeve installed directly into the concrete, flush with the concrete 
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surface, and a bolt that is screwed into the sleeve.  Sleeve anchors may be advantageous in 
situations, in which 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.  Adhesive 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 and that dust is removed from it; otherwise the 
bolt will never reach the manufacturer's rated capacity. Quality control is critical for all post-
installed anchors. Installation by experienced personnel and inspection by professional 
inspectors is recommended..  

Hardware and Procedures – Recommended 

 Do not cut reinforcing steel, tendons, or electrical conduit embedded in concrete or 
masonry walls. Locate the steel or conduit prior to drilling.  There are many types of 
devices available for locating steel in concrete or masonry.  These devices require the 
user to be familiar with their limitations. 

 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 commonly used.  
 To check if an anchor is properly installed, test a sample of installed bolts with a proof 

load or by torque as required by the manufacturers, test reports, or direction by the 
design professional of record. 

 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, hardware stores, or ordered from industrial catalogues.  These 
fasteners may be needed to provide wall anchorage for gas cylinders or other items 
stored outside or in a damp location.  

 For anchors in walls constructed of concrete masonry units, the expansion anchors 
should be installed only in grouted cells, 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.  Through-bolts, 
where feasible, generally provide the highest capacity and reliability.  These are machine 
bolts that go through the concrete slab and are fastened with nuts and steel plate 
washers on the underside of the slab.  Unreinforced masonry walls, particularly 
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cantilever partition walls, may not have adequate strength to anchor heavy nonstructural 
items.  For light loads, up to 100 pounds, masonry toggle bolts can be used in 
ungrouted cells. 

 For unreinforced masonry 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.  

 Anchorage hardware, installation procedures, and code requirements are continually 
evolving.  Some types of bolts may not be appropriate for overhead applications, 
vibratory loading, seismic loading, or cracked concrete applications; check with the 
manufacturer for recommended usage. 
 

Hardware and Procedures - Not Recommended 

 Adhesive or epoxy anchors are not recommended, unless they are installed by 
experienced personnel with proper quality control.  Unless specifically tested for high 
temperature applications, adhesive or epoxy anchors should not be used in 
unconditioned environments, since their strength can be reduced at elevated 
temperatures.  

 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.  

6.6.3 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 floor and ceiling 
framing.  

ANCHORAGE TO WOOD FRAMING 
Because wood flooring such as1/2-inch plywood or 1/4 to 3/8-inch strip oak 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.  
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Hardware and Procedures - Recommended 

 Locate the floor or ceiling joists prior to beginning work.  If wood beams or joists are 
not situated within a convenient distance, then 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 screws or lag bolts should be used for simple anchorage connections for lighter 
items.  A 1/4-inch diameter by 3-inch lag bolt will be adequate for many types of 
connections. 

 For anchorage of heavier items to the roof or floor, add blocking beneath the anchor 
location, run A307 bolts through the blocking, and tighten them on the underside with 
nuts and washers. 

Hardware and Procedures - Not Recommended  

 Do not anchor heavy items directly to wood or plywood floor or roof sheathing, as these 
materials typically do not have adequate capacity to resist significant out-of-plane 
loads.  

 Nails are not recommended for nonstructural anchorage details.  

ANCHORAGE TO STEEL FRAMING 

Caution should be used in anchoring nonstructural 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. 

Hardware - Recommended 

 Vendor catalogues of hardware that can be used to provide both vertical and lateral 
support for piping often include fittings specifically designed for steel framing.  While 
C-clamps 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 vendors and come in a variety of 
sizes.  Besides bracing piping and ducts, this type of hardware might also be used for 
bracing or anchoring items like lights or ceiling fans.  
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ANCHORAGE 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 to a structural floor slab.  Most manufacturers require a minimum 
slab thickness on the order of 1.5 times the anchor embedment depth.  For heavy loads or 
concrete slabs less than 4 inches thick, it may be preferable to use through-bolts. 

Hardware and Procedures - Recommended 

 Refer to discussion of expansion anchors under concrete wall anchorage details.  
 Do not cut reinforcing steel or tendons in concrete slabs or beams.  Locate the 

reinforcing steel, post-tensioning tendons, any embedded water pipes, and electrical 
conduit prior to drilling holes in concrete slabs.  

 For anchorage to a concrete foundation pad, slab on grade, or suspended floor, check 
the drawings for the thickness of the concrete, or perform exploratory investigation to 
confirm the thickness.  While short expansion bolts may be adequate to prevent sliding 
of squat equipment, longer bolts with greater embedment are generally needed to 
prevent the combination of sliding and overturning forces for items that are taller than 
they are wide.  

 If equipment is resting on leveling bolts or must be level to allow for proper operation, 
then vertically slotted connections may be needed to allow for adjustment.  

Hardware and Procedures - Not Recommended 

Anchors that have not been qualified for seismic  applications should not be used unless they 
are specifically justified by a licensed professional and are permitted for use by the authority 
having jurisdiction.  

6.6.4 TYPICAL SHELF OR COUNTERTOP ATTACHMENT DETAILS  

If important or essential contents are to be secured, then the shelf or mounting surface should 
be secured prior to anchoring nonstructural 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-loop tape such as Velcro or by using various 
types of security devices designed to prevent theft.  
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Hardware and Procedures - Recommended 

 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 the wall or to shelf brackets.  Wood shelves that rest 
on wall-mounted brackets may be secured to the brackets with 1/2-inch long 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-loop tape 
with adhesive backing can be purchased at most hardware and fabric stores and can 
readily be cut into strips. 

 Desktop computer equipment usually consists of several independent components.  If 
items are stacked, then make sure that 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 using nylon strap and then to 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.  In this case, individual items need not be anchored.  

6.6.5 PURCHASING 

In some instances, it is easier to install nonstructural 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.  Installing a strong shelf over the top of a bank of 
file cabinets that will line a wall or using other architectural ways to provide built-in restraint 
can be cost-effective and have a non-seismic benefit.  Battery racks, industrial storage racks, 
and computer access floors that meet seismic requirements specified in the building code can 
be ordered.  It is always useful to inquire about the availability of seismic details when 
purchasing new equipment.  
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6.6.6 PATCHING, PAINTING, AND CORROSION PROTECTION  

Most of the details shown here assume that the nonstructural component in question is situated 
in a dry, interior location.  In these locations, some cosmetic patching and painting may be 
desirable, primarily for aesthetic reasons.   

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, then 
appropriate sealants or localized repair will be needed, in order to avoid roof leakage.  If 
expansion anchors or other steel hardware will be exposed to moist conditions or weathering, 
then either stainless steel or galvanized hardware should be selected to avoid corrosion and 
deterioration.  Many types of paints and coatings are available that will help 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 seismic restraint, chain, or hook needs to be refastened.  

6.6.7 SAFETY PRECAUTIONS  

As with any type of construction work, there are safety precautions that must be followed while 
installing nonstructural attachment details.  Employers and the skilled trades must comply with 
numerous local, state, and federal safety regulations and follow guidelines established for 
specific trades or industries.  The following list is not comprehensive but is a brief list of safety 
precautions that merit emphasis in connection with the nonstructural attachment details shown 
here.  

Procedures - Recommended 

 The individuals installing seismic mitigation measures 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.  See 
the electrical danger warnings in the next section. 

 The installation of most nonstructural restraint details involves the use of power tools. 
Personnel should use safety goggles and other protection recommended by tool 
manufacturers, and all workplace safety standards should be followed. 
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 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. 

 Drilling holes into metal cabinets containing electrical components or piping may void 
the equipment warranty or damage the equipment.  Care should be taken to protect the 
equipment when drilling holes. 

6.6.8 ELECTRICAL DANGER WARNINGS AND GUIDELINES 

 Only qualified personnel familiar with proper voltage equipment are to perform work 
described in this set of instructions.  Workers must understand the hazards involved in 
working with or near electrical circuits. 

 Perform work only after reading and understanding all of the installation instructions in 
this manual and the manufacturer’s literature. 

 Turn off all power-supplying equipment before working on or inside equipment. 
 Always use a properly rated voltage sensing device to confirm that the power is off. 
 Beware of potential hazards.  Wear Personal Protective Equipment as required by NFPA-

70E, Standard for Electrical Safety in the Workplace (2009), and take adequate safety 
precautions. 

 Replace all devices, doors, and covers before turning on the power to the equipment. 
 All activities must be performed by qualified personnel in accordance with local codes. 
 The following precautions should be taken for circuit breakers: 

o The circuit breaker must be removed from its compartment and isolated from 
the voltage. 

o Control voltage must be in the open (O) position. 
o The circuit breaker must be in the open (O) position.  
o All circuit breaker springs must be discharged. 

 Handle equipment carefully and install, operate, and maintain it correctly in order for it 
to function properly.  Neglecting fundamental installation and maintenance 
requirements may lead to personal injury, as well as damage to electrical equipment or 
other property. 

 Heavy equipment should be stabilized with straps and other tie-downs to reduce the 
possibility of tipping.  

 Spreader bars must be evaluated by the appropriate design professional prior to lifting.  
 When lifting, do not pass ropes or cables through lift holes.  Use slings with safety 

hooks or shackles. 
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 Damaged vent housings can constrict proper air flow and expose the interior of 
electrical voltage compartments to weather. 

 Do not make any modifications to the equipment or operate the system with interlocks 
and safety barriers removed.  Contact the manufacturer’s representative for additional 
instructions if the equipment does not function as described in this manual. 

 Complete seismic installation and proper inspection of work prior to enabling the circuit 
breakers.  

 Use out-of-service tags and padlocks when working on equipment. Leave tags in place 
until the work is completed and the equipment is ready to be put back into service. 

 Restore all seismic restraints removed for maintenance to their original installation 
configuration and torque all bolts and anchors to their proper values. 

 Carefully inspect the work area and remove any tools and objects left inside the 
equipment. 

 Remove all tools, lifting assembly, and miscellaneous items left on the equipment prior 
to enabling the circuit breaker. 

 All instructions provided in this manual and by the manufacturer are written with the 
assumption that the customer has taken the above measures before performing any 
maintenance or testing 

These electrical danger warnings and guidelines were originally developed for FEMA 413; refer 
to FEMA 412, 413, and 414 for additional warnings regarding the installation of bracing or 
anchorage details for MEP equipment, ducts, and piping. 
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A. SPECIFICATION  
This appendix contains Specification Section 130541, Seismic Restraint Requirements for 
Nonstructural Components.  This Section is intended to aggregate requirements for seismic 
restraint of nonstructural components and should be cross referenced from each specification 
section that includes nonstructural components requiring seismic protection.  This specification 
has been written to address nonstructural components for which the Contractor is assigned 
responsibility for both design and construction.  Items that have been explicitly designed by the 
design team and included on the drawings may be removed from this section, or the relevant 
section may be modified to indicate that the Contractor is required to furnish and install 
restraints only. 

The specification is intended to be used in conjunction with the responsibility matrices provided 
in Appendix B to facilitate compliance with nonstructural performance objectives. 

The Section is provided as a Microsoft Word file (.doc) file for download here and should be 
customized for use in projects. 
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Figure A-1  Screenshot showing Specification Section 130541, Seismic Restraint 
Requirements for Nonstructural Components.  
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B. RESPONSIBILITY MATRIX  
This appendix contains responsibility matrix templates for the seismic protection of 
nonstructural components.  The templates are to be used for assigning responsibility for 
design, construction, and inspection of nonstructural installations governed by ASCE/SEI 7-10.  
Three separate templates are provided for Seismic Design Categories B, C, and D/E/F, 
respectively.  In addition, a Basic Form is provided for general use.  The matrices are intended 
to be used in conjunction with the construction specification provided in Appendix A. 

The matrices are provided as a Microsoft Excel file (.xls) file for download here and should be 
customized for use in projects. 

.
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Figure B-1  Screenshot showing Responsibility Matrix for the Seismic Protection of nonstructural Components, Seismic Design 

Catergory B worksheet.  
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C. NONSTRUCTURAL INVENTORY 
FORM 
The intent is that Appendices C, D and E be used together as tools for the facility survey. The 
first step is to review the map in Figure 3.2.1-1 and discussion in Section 1.3 to see if 
nonstructural hazard mitigation is a concern for the facility in question.  If so, then Appendices 
C and D can be used in tandem to perform the survey.  Risk ratings from Appendix E could be 
added to the inventory form during the field survey or added later in order to help prioritize the 
items in the list. 

The questions in Appendix D are stated in such a way that the answer "No" or “Unknown” 
indicates that the component may be noncompliant and likely to pose a nonstructural 
earthquake hazard.  All of the noncompliant components should be entered as individual line 
items on the facility inventory form in this Appendix.  As shown below, the form provides 
columns for the following information: 

 Priority: This can be added at the end after the priorities have been established. 
 Nonstructural Item: Name or description of nonstructural component. 
 Location: Information such as building, floor, or room number. 
 Quantity: Number of items, lineal feet, or square feet. 
 Risk Rating for Life Safety (LS), Property Loss (PL) and Functional Loss (FL) from 

Appendix E. 
 Notes: Space for comments regarding the current condition, presence or absence of 

anchorage details, proximity to other hazardous items, issues with secondary damage 
such as leaks or hazardous materials release, and whether the component in question is 
important for functionality of the facility.  This might also include a photo number if 
photos of each item are taken to assist with the survey. 

The inventory form provided here has been adapted from the spreadsheet provided by the U.S. 
Bureau of Reclamation on their website under the heading “Online Orders/Free Tools,” 
http://www.usbr.gov/ssle/seismicsafety/onlineorders.html.  The website contains two types of 
downloadable survey forms: one in spreadsheet format (Microsoft Excel) and one in database 
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format (Microsoft Access).  Both of these forms have built-in sorting algorithms so that 
components with high risk in any category can be shifted to the top of the list.  These sorting 
criteria may be adjusted to suit individual needs.  Survey forms can be customized to include 
cost data, which may be useful for prioritization and planning.  Proprietary forms are also 
available for purchase from specialty vendors.
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Figure C-1 Sample inventory checklist for a facility located in an area with Moderate seismic risk. The sorting algorithm of the 

spreadsheet makes this a useful tool for prioritization. The electronic file is free to download from the U.S. 
Department of the Interior Bureau of Reclamation’s website, 
http://www.usbr.gov/ssle/seismicsafety/onlineorders.html. 
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D. CHECKLIST OF NONSTRUCTURAL 
SEISMIC HAZARDS 
This checklist is intended to be used in surveying buildings to assess whether the nonstructural 
elements (architectural, MEP, FF&E, or contents) pose a danger to the building occupants or are 
likely to cause financial loss or interruption following an earthquake.  

This checklist of nonstructural hazards is intended for use in areas where seismic hazards are a 
significant concern.  Review the discussion in Section 1.3 for the applicability of these 
nonstructural guidelines and the sidebar in Section 5.3.1 for rules regarding exemptions from 
the nonstructural provisions in ASCE/SEI 7-10 Minimal Design Loads for Buildings and Other 
Structures (ASCE, 2010) that apply to new construction.  

The form includes eight columns marked as follows: 

ITEM NO.: ID number to indicate the type of component (architectural, MEP, FF&E or contents) 
and the subgroup.  These numbers are based on the section or subsection in this text and as 
shown in the tables in Chapter 6. 

COMPONENT NAME(S): Name or description of item. 

PRINCIPAL CONCERNS: List of problems often associated with this type of item such as falling 
hazard, water or fuel leakage, broken glass.  These concerns should be taken into account 
when answering the checklist questions.  For example, the primary concern for adhered veneer 
is that it may pose a falling hazard.  If a facility has adhered veneer, but only at the base of the 
building below 6 ft, then this might be checked “Compliance,” if the purpose of the survey is to 
identify life safety hazards or might be rated “Noncompliance,” if the survey is also intended to 
help control property damage and limit losses. 

EXAMPLE:  Example number. All examples, which contain photos and detailed drawings when 
applicable, can be found in Chapter 6. 

COMPLIANCE (C): The questions in this form have been stated in such a way that an 
affirmative answer indicates that the item is not likely to pose a nonstructural hazard. 
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NONCOMPLIANCE (NC): The questions in this checklist are stated in such a way that the 
answer "No" or “Unknown” indicates that the component may be noncompliant and likely to 
pose a nonstructural earthquake hazard.  All of the noncompliant components should be 
entered as individual line items on the facility inventory form in Appendix A.  Comments should 
be entered in the survey form noting the location, condition, presence or absence of anchorage 
details, proximity to other hazardous items, issues with secondary damage such as leaks or 
hazardous materials release, and whether the component in question is important for 
functionality of the facility. 

NOT APPLICABLE (N/A): This column should be checked if none of the listed items are present 
and has been included, so that it is clear that the item was not missed or overlooked when 
performing the survey.   

CHECKLIST QUESTIONS: Questions are all “Yes-No” questions, which are answered by 
checking the appropriate box from among the previous three columns.  
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6.3 Architectural Components 

Item 
No. 

Component 
Name 

Principal 
Concerns  

Example C NC NA Checklist Questions (Yes=Compliance; No or 
Unknown=Noncompliance; NA=Not Applicable) 

6.3.1 Exterior Wall Components [Exterior falling hazards are a primary concern, 
especially items situated above 10 feet and 
items that may fall over exits, walkways, or 
sidewalks.] 

 Adhered veneer  Falling hazard 

 

6.3.1.1    Is the adhered veneer adequately attached to 
the structure?  [This includes relatively thin 
sections of tile, masonry, stone, terra cotta, 
ceramic tile, glass mosaic units, stucco, or 
similar materials attached to a structural wall or 
framework by means of an adhesive]. 

   Based on visual observations and/or tapping, is 
the veneer free of cracked or loose sections 
that may fall during an earthquake? 

 Anchored 
veneer  

Falling hazard 6.3.1.2    Is the anchored veneer adequately attached to 
the structure? [This includes thicker masonry, 
stone, or stone slab units that are attached to 
the structure by mechanical anchors]. 

   Is the masonry or other veneer supported by 
shelf angles or other elements at each floor? 

   Is the masonry or other veneer connected to a 
structural back-up wall at adequate spacing? 

   Has the veneer been adequately maintained?  
Are the anchors in good condition, free of 
significant corrosion, and inspected regularly? 

 Prefabricated 
panels  

Falling 
hazard, 
damage to 
panels and 
connections, 
broken glass 

6.3.1.3    Were the panels and connections designed by 
an architect or engineer to accommodate the 
expected seismic distortion of the surrounding 
structure? 

   Are prefabricated cladding panels detailed to 
allow relative movement between the panel and 
the structure? 
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Item 
No. 

Component 
Name 

Principal 
Concerns  

Example C NC NA Checklist Questions (Yes=Compliance; No or 
Unknown=Noncompliance; NA=Not Applicable) 

   Are prefabricated panels supported for vertical 
loads with at least two connections per panel? 

   Are prefabricated panels supported for out-of-
plane loads with at least four connections per 
panel? 

   Have the panels been adequately maintained?  
Are the panel connections in good condition, 
free of significant corrosion, and inspected 
regularly? 

   Are there adequate separations between panels 
so they will not come into contact with each 
other during an earthquake? 

 Glazing 
exterior wall 
system 

Falling 
hazard, 
broken glass 

6.3.1.4    Is it known that the glazing was designed by an 
architect or engineer to accommodate the 
expected seismic distortion of the surrounding 
structure? 

   Do large window panes and storefront windows 
have safety glass?  [All exterior glazing should 
be laminated, annealed or laminated heat-
strengthened safety glass or other glazing 
system that will remain in the frame when the 
glass is cracked.  This is particularly important 
for glazing located over 10 feet above an 
exterior walking surface]. 

 Glass blocks  Falling 
hazard, 
broken glass 

6.3.1.5    Are partial-height glass block walls laterally 
braced to the structure? 

   Is the glass block reinforced with panel anchors 
and panel reinforcing wire? 

 Overhead 
glazing or 
skylights 

Falling 
hazard, 
broken glass 

6.3.1.6    Are transoms (glass panes over doors) made of 
safety glass? 

   Are skylights made of safety glass or covered 
with shatter-resistant film? 
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Item 
No. 

Component 
Name 

Principal 
Concerns  

Example C NC NA Checklist Questions (Yes=Compliance; No or 
Unknown=Noncompliance; NA=Not Applicable) 

   Are large panes made of safety glass or is it 
known whether the glazing assembly was 
designed by an architect or engineer to 
accommodate the expected seismic distortion 
of the surrounding structure? 

6.3.2 Partitions  

 Heavy  Falling 
hazard; 
collapse or 
spalling with 
debris in 
exitways; 
large cracks 
often 
mistaken for 
structural 
damage 

6.3.2.1    Are block wall partitions reinforced?  [This 
would include concrete masonry unit (CMU), 
brick, and hollow clay tile partitions.  Most 
brick and hollow clay tile walls in pre-1933 
buildings in California are unreinforced; 
unreinforced masonry partitions may still be 
found in current construction in other parts of 
the country.] 

   Are unreinforced masonry walls braced at 
regular intervals?  [In zones of low and 
moderate seismicity, are partitions braced at 10 
foot intervals or less?  In zones of high 
seismicity, are partitions braced at 6 foot 
intervals or less?] 

   Are full-height CMU partitions detailed to allow 
sliding at the top? 

 Light  Cracking of 
plaster or 
gypsum 
board; costly 
to patch and 
paint 

6.3.2.2    Are partial-height stud wall partitions braced to 
the structure above the ceiling line? 

   Are full-height stud wall partitions detailed to 
allow sliding at the top? 

   If partitions function as lateral support for tall 
shelving or other nonstructural components, 
are these partitions adequately anchored or 
braced to the structure above the ceiling line? 

 Glazed  Broken glass 6.3.2.3    Are interior glazed or glass block partitions 
laterally braced to the structure? 

6.3.3 Interior Veneers  
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Item 
No. 

Component 
Name 

Principal 
Concerns  

Example C NC NA Checklist Questions (Yes=Compliance; No or 
Unknown=Noncompliance; NA=Not Applicable) 

 Stone and tile  Falling 
hazard, 
debris in 
exitways 

6.3.3.1    Is the adhered veneer adequately attached to 
the structure? 

       Is the anchored veneer adequately attached to 
the structure? 

6.3.4 Ceilings, Soffits  

 Suspended 
acoustic lay-in 
tile ceiling  

Dropped 
acoustical 
tiles, 
perimeter 
damage, 
separation of 
runners and 
cross 
runners; 
falling hazard 
if grid and 
lights come 
down 

6.3.4.1    Does the suspended ceiling have adequate 
diagonal bracing wires and compression struts 
to support seismic loads from the ceiling grid 
plus all lay-in items that do not have 
independent lateral supports? 

   If the ceiling supports lay-in lighting or 
diffusers, do the lay-in items all have 
independent vertical supports consisting of 
wires located at least at two diagonally opposite 
corners?  

   Do lay-in fixtures weighing over 50 pounds 
additionally have independent lateral bracing 
wires at all four corners? 

   If located in a high seismic zone, is the 
suspended ceiling supported by a heavy duty 
ceiling grid with adequate capacity and does 
the grid include supplemental hanger wires at 
light fixtures or other mechanical items? 

 Directly applied 
to structure  

Falling hazard 6.3.4.2    Are decorative ceiling panels and/or latticework 
securely attached, particularly beneath exterior 
eves over exits? 

   Are decorative finishes and/or latticework on 
beam soffits or beneath exterior eves securely 
attached, particularly over exits? 

   For plaster ceilings or stucco soffits, is the wire 
mesh or wood lath securely attached to the 
structural framing above?   
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Item 
No. 

Component 
Name 

Principal 
Concerns  

Example C NC NA Checklist Questions (Yes=Compliance; No or 
Unknown=Noncompliance; NA=Not Applicable) 

   Is the plaster or stucco in good condition and 
not deteriorated by water damage or corrosion? 

 Suspended 
heavy ceilings 

 

Falling hazard 

 

6.3.4.3 

 

   If the suspended gypsum board ceiling extends 
over more than one level, does the suspended 
ceiling system have adequate diagonal bracing? 

   Is the suspended wire mesh or wood lath 
securely attached to the structural framing 
above? 

   Is the plaster ceiling in good condition and not 
deteriorated by water damage? 

6.3.5 Parapets, Appendages,  Roof Tiles   

 Unreinforced 
masonry 
parapet 

Falling hazard 6.3.5.1    Are unreinforced masonry parapets adequately 
braced? [If there is a local parapet ordinance, is 
it known if the bracing complies with the local 
ordinance?] 

Parapets, 
cornices, 
appendages 

Falling hazard    Are parapets and cornices reinforced and 
adequately braced? 

   Do other decorative elements and appendages 
have positive anchorage to the building? 

   Are hanging appendages braced or secured 
with a safety cable? 

6.3.6 Canopies, Marquees, Signs   

 Canopy, 
Marquees, 
Signs 

Falling hazard 6.3.6.1    Are cantilevered elements braced to the 
structure with steel shapes, not chains, to 
provide restraint and prevent bouncing? 

   Are exterior signs or billboards adequately 
braced and anchored? 

   Are interior signs securely attached with 
positive connections? 

 Flagpoles Falling hazard    Are flagpoles securely attached to the 
structure? 
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Item 
No. 

Component 
Name 

Principal 
Concerns  

Example C NC NA Checklist Questions (Yes=Compliance; No or 
Unknown=Noncompliance; NA=Not Applicable) 

6.3.7 Chimneys and Stacks   

 Unreinforced 
masonry 
chimney 

Falling hazard 6.3.7.1    Is the brick chimney restrained with braces to 
the roof near the top of the chimney? 

   Is the brick chimney anchored near the roof 
line? 

Stacks Falling hazard    Are stacks anchored to the supports or 
foundation by means of anchor bolts of 
adequate length and double nuts? 

6.3.8 Stairways   

 Stairways  6.3.8.1    Do steel stairs in multistory buildings have 
sliding supports at one end that can 
accommodate the anticipated interstory 
displacements? 

   Have any unreinforced masonry partitions, 
piping, or lighting in stairwells been removed, 
strengthened, encapsulated or braced, 
especially if the stairway is used as a primary 
exit route? 

6.3.9 Freestanding Walls or Fences  

 Freestanding 
Walls or Fences 

Falling hazard 
if over 4’ tall  

6.3.9.1    Were freestanding walls or fences 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? 

   Were CMU walls or fences built with adequate 
foundations to prevent them from tipping over 
in an earthquake? 
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6.4 Mechanical, Electrical and Plumbing Components 

Item 
No. 

Component 
Name 

Principal 
Concerns  

Example C NC NA Checklist Questions (Yes=Compliance; No or 
Unknown=Noncompliance; NA=Not Applicable) 

6.4.1 Mechanical Equipment  

 Boilers, 
furnaces, 
pumps and 
chillers ( HVAC 
wet-side 
equipment) 

Sliding, 
overturning, 
broken 
gas/fuel or 
exhaust lines, 
leaking fluids, 
loss of 
function 

6.4.1.1    Are the boilers, pumps, chillers and similar 
wet-side HVAC equipment securely anchored to 
the floor or wall with adequately sized bolts? 

   Do HVAC wet-side equipment items that are 
mounted on vibration isolators have adequate 
lateral restraint provided by snubbers, 
bumpers, or restrained vibration isolators? 

   Are housekeeping pads under boilers and 
similar equipment anchored to the floor slab? 

   Does the gas line have a flexible connection to 
the water heater or boiler that is able to 
accommodate movement? 

   Are furnaces, and furnace or boiler bases, 
constructed without using unreinforced 
masonry? 

 General 
manufacturing 
and process 
machinery  

Falling 
hazards, 
hazardous 
material leaks 
or spills, loss 
of function 

6.4.1.2    Is manufacturing and process machinery and 
related equipment, cranes, tanks, piping, 
chutes, and conveyors all adequately restrained 
and anchored, particularly items that may fall 
and injure workers, result in hazardous 
materials release, or create hazardous electrical 
conditions?  

   Have all life safety hazards been addressed by 
bracing or anchoring clear falling hazards and 
other hazardous items? 

   If immediate occupancy or operations is a 
project objective, has a design professional 
familiar with nonstructural anchorage of 
manufacturing and process machinery been 
engaged to perform a detailed survey of the 
plant? 
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Item 
No. 

Component 
Name 

Principal 
Concerns  

Example C NC NA Checklist Questions (Yes=Compliance; No or 
Unknown=Noncompliance; NA=Not Applicable) 

 HVAC 
equipment with 
vibration 
isolation 

Fall off 
isolators, 
overturning, 
broken 
gas/fuel or 
exhaust lines, 
leaking fluids, 
loss of 
function 

6.4.1.3    Do 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? 

   Do roof-mounted HVAC units that are mounted 
on vibration isolators have adequate lateral 
restraint provided by snubbers, bumpers, or 
restrained vibration isolators? 

   For roof-mounted units, are the curbs 
supporting the vibration isolators securely 
attached to the structural roof framing? 

 HVAC 
equipment 
without 
vibration 
isolation  

Sliding, 
overturning, 
broken 
gas/fuel or 
exhaust lines, 
leaking fluids, 
loss of 
function 

6.4.1.4    Is equipment (e.g. gas-fired boiler, commercial 
water heater, chiller, etc.) securely mounted to 
the floor, wall, or roof with adequately sized 
bolts? 

   If large equipment is mounted on a concrete 
housekeeping pad, is the pad adequately 
anchored into the structural slab? 

   Does the gas or fuel line have a flexible 
connection that is able to accommodate 
movement? 

   For roof-mounted units, are the curbs 
supporting the vibration isolators securely 
attached to the structural roof framing? 

   Are wall- or window-mounted window air 
conditioning units securely mounted to the wall 
or shelf? 

 HVAC 
equipment 

Falling or 
swinging 

6.4.1.5    Is suspended equipment braced or anchored 
independently from the ductwork? 
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Item 
No. 

Component 
Name 

Principal 
Concerns  

Example C NC NA Checklist Questions (Yes=Compliance; No or 
Unknown=Noncompliance; NA=Not Applicable) 

suspended in-
line with 
ductwork  

hazard, 
separate from 
ductwork, 
loss of 
function 

   Does the equipment have flexible connections 
to gas, fuel, or electrical lines? 

 Suspended 
equipment 

Gas leak, 
falling hazard 

6.4.1.6    Are the suspended room heaters, especially 
gas-fired ones, laterally supported? 

   Are gas-fired heaters fitted with flexible gas 
connections? 

6.4.2 Storage Tanks and Water Heaters  

 Structurally 
supported 
tanks and 
vessels 

Tank or 
vessel 
rupture, pipe 
break 

6.4.2.1    Is the tank securely attached to the supports? 

   Are the tank supports braced in both 
directions? 

   Are the tank supports attached with anchor 
bolts to concrete walls or foundation pad? 

   Is the foundation large enough to keep the tank 
from sliding or tipping over? 

   Is the wall strong enough to support the tank? 

 Flat bottom 
tanks and 
vessels 

Tank or 
vessel 
rupture, pipe 
break 

6.4.2.2    Is the tank securely anchored to a concrete slab 
or foundation? 

   Is the foundation large enough to keep the tank 
from sliding or tipping over? 

 Compressed 
gas cylinders 

Gas leak 6.4.2.3    Are all gas cylinders tightly secured with a 
chain near the top and bottom or otherwise 
restrained from movement in each direction? 

   Are the chains or restraints securely anchored 
to a wall or counter with screws or bolts rather 
than clamps? 

   If the gas cylinders are attached to piping, are 
the restraints adequate to prevent damage at 
the piping connections?  
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Item 
No. 

Component 
Name 

Principal 
Concerns  

Example C NC NA Checklist Questions (Yes=Compliance; No or 
Unknown=Noncompliance; NA=Not Applicable) 

 Water heaters Gas leak, 
water leak, 
loss of 
function 

6.4.2.4    Are the water heaters securely anchored to the 
floor or wall? 

   Do the gas lines or electrical conduit and water 
lines have flexible connections to the water 
heater that are able to accommodate 
movement? 

   Does the water heater meet the limitations for 
use of prescriptive restraints? Is the capacity 
less than 100 gallons and is there a structural 
wall within 12 inches? 

   Does the wall have adequate strength to 
restrain the water heater? 

6.4.3 Pressure Piping   

 Suspended 
pressure piping 

Breaks, leaks, 
loss of 
function 

6.4.3.1     Are the pipes laterally restrained at reasonable 
intervals in each direction?  

   Are the restraints securely attached to the 
structure? 

   Are the pipes free of asbestos insulation that 
could be damaged by movement in an 
earthquake? 

   Are the pipes free of asbestos that would need 
to be abated before any retrofit work? 

 In-line valves 
and pumps 

Loss of 
function, 
leaks 

6.4.3.2    Are the distribution pumps anchored, or are 
they mounted on vibration isolation springs 
with additional seismic lateral restraints? 

   Are suspended valves and pumps adequately 
braced and anchored to structural elements? 

 Flexible 
connections, 
expansion 
joints, seismic 
separations 

Breaks, leaks, 
loss of 
function 

6.4.3.3    Are flexible connections provided where piping 
connects to rigidly mounted equipment? 

   Are flexible connections provided where pipes 
cross expansion joints or seismic separations 
between buildings? 
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Item 
No. 

Component 
Name 

Principal 
Concerns  

Example C NC NA Checklist Questions (Yes=Compliance; No or 
Unknown=Noncompliance; NA=Not Applicable) 

   Are pipe penetrations through structural walls 
or framing members large enough to allow for 
some seismic movement? 

 Pipe Risers Breaks, leaks, 
loss of 
function 

6.4.3.4    Are risers (vertical runs of piping) laterally 
restrained at each floor level or roughly at 20 
foot intervals? 

    For risers subject to thermal expansion and 
contraction, have the seismic supports been 
designed to allow ample thermal movement? 

 Floor-mounted 
pipe supports 

Breaks, leaks, 
loss of 
function 

6.4.3.5    Are the pipes laterally restrained at reasonable 
intervals in each direction?  

   Are the restraints securely attached to the 
structure? 

 Roof-mounted 
pipe supports 

Breaks, leaks, 
loss of 
function 

6.4.3.6    Are the pipes laterally restrained at reasonable 
intervals in each direction and do the restraints 
appear adequate for the roof level? 
[Accelerations at the roof level are typically 
higher than at lower levels of a building.] 

    Are the curbs and restraints securely attached 
to the structure and protected from weathering 
and corrosion? 

 Wall-mounted 
pipe supports 

Breaks, leaks, 
loss of 
function 

6.4.3.7    Are the pipes laterally restrained at reasonable 
intervals in each direction?  

    Are the restraints securely attached to the 
structure? 

 Pipe 
penetrations 

Breaks, leaks, 
loss of 
function 

6.4.3.8    Are pipe penetrations through structural walls 
or framing members large enough to allow for 
some seismic movement or are the pipes 
restrained to prevent impact with the structural 
element? 

6.4.4 Fire Protection Piping   

 Suspended fire 
protection 

Damage to 
sprinkler 

6.4.4.1    Are the fire sprinkler piping components 
laterally restrained in each direction? 
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Item 
No. 

Component 
Name 

Principal 
Concerns  

Example C NC NA Checklist Questions (Yes=Compliance; No or 
Unknown=Noncompliance; NA=Not Applicable) 

piping heads, leaks, 
loss of 
function 

   Is the ceiling restrained so the ceilings won't 
break the sprinkler heads? 

6.4.5 Fluid Piping, not Fire Protection  

 Hazardous 
materials 

Breaks, leaks, 
hazardous 
materials 
release 

6.4.5.1    Is the hazardous material piping laterally 
restrained at reasonable intervals in each 
direction? 

   Are the restraints securely attached to the 
structure? 

   Where required, does the hazardous material 
piping have double walls, secondary 
containment, leak detection systems or 
monitoring and are these systems designed for 
seismic loading? 

   Do the pipes have flexible connections that are 
able to accommodate relative movement at 
locations where they are attached to rigidly 
mounted equipment or where they cross 
seismic separations? 

   Does piping containing fuel or other hazardous 
materials have a seismic shut-off valve or 
excess flow valve? 

   If the shut-off for the line is manual, is a 
wrench stored within easy reach? 

 Nonhazardous 
materials 

Breaks, leaks, 
loss of 
function 

6.4.5.2    Is the piping laterally restrained at reasonable 
intervals in each direction? 

   Are the restraints securely attached to the 
structure? 

   Do the pipes have flexible connections that are 
able to accommodate relative movement at 
locations where they are attached to rigidly 
mounted equipment or where they cross 
seismic separations? 
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No. 

Component 
Name 

Principal 
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Example C NC NA Checklist Questions (Yes=Compliance; No or 
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6.4.6 Ductwork   

 Suspended 
ductwork 

Collapse, 
separation, 
leaking, 
fumes 

6.4.6.1    Are the rectangular distribution ducts larger 
than 6 sq ft in cross sectional area laterally 
supported in each direction? 

   Are circular ducts larger than 28 inches 
diameter laterally supported in each direction? 

   Are the supports and hangers securely attached 
to the structure? 

   Are the distribution ducts able to accommodate 
movement at locations where they cross 
separations between buildings? 

 Air diffusers Drop out of 
ceiling grid 

6.4.6.2    Are the air distribution grills or diffusers 
anchored to adequately supported sheet-metal 
ducts or to the ceiling grid or wall? 

   Do the diffusers have positive restraint, 
independent of the ceiling grid, such as at least 
two vertical hanger wires per diffuser? 

6.4.7 Electrical and Communications Equipment  Caution: Only qualified personnel should open 
access panels on electrical equipment. 

 Control panels, 
motor control 
centers, 
switchgear, etc. 

Sliding or 
overturning, 
broken or 
damaged 
conduit or 
electrical bus 

6.4.7.1    Are the control panels, motor control centers, 
switchgear and similar items all properly 
anchored to the floor or laterally supported by 
a structural wall? 

   Do the walls used to support these electrical 
cabinets have adequate strength to restrain 
these items? 

 Emergency 
generator 

Failed 
vibration 
isolation 
mounts; 
broken fuel, 
signal, power 

6.4.7.2    Is the emergency generator adequately secured, 
especially if mounted on motor vibration 
isolation springs? 

   Is the concrete housekeeping pad adequately 
anchored to the structural slab? 
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No. 

Component 
Name 

Principal 
Concerns  

Example C NC NA Checklist Questions (Yes=Compliance; No or 
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and exhaust 
lines; loss of 
function 

   Is the diesel fuel tank adequately braced and 
anchored? (Refer to additional questions for 
structurally supported tanks and vessels). 

   Are the fuel lines, cooling water lines, and 
exhaust flues for the emergency generator 
attached with flexible connections that are able 
to accommodate relative movement at 
junctions to spring-mounted equipment, at 
building entry and exit points, and at 
expansion joints within the building? 

   Have all the components of the emergency 
power generating system and the electrical 
distribution system been checked as part of 
this survey? 

 Transformers Sliding, oil 
leakage, 
bushing 
failure, loss 
of function 

6.4.7.3    Are transformers properly anchored to the floor 
or wall? 

 Batteries and 
battery rack 

Batteries fall, 
rack tips; loss 
of emergency 
power 

6.4.7.4    Are the batteries securely attached to the 
battery rack? 

   Is the battery rack cross-braced in both 
directions? 

   Does the battery rack have anchor bolts 
secured to a concrete foundation pad? 

   Is the foundation large enough to keep the 
battery rack from sliding or tipping? 

 Photovoltaic 
power systems 

Falling hazard 
for roof 
mounted 
panels 

6.4.7.5    Are the solar panels securely anchored to the 
roof? 

   Is the piping laterally restrained? 

 Communica-
tions 
equipment 

Sliding, 
overturning, 
or toppling 

6.4.7.6    Is the microwave communications equipment 
(antennae, receiver, transmitter, etc.) securely 
supported and/or anchored? 
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No. 

Component 
Name 

Principal 
Concerns  

Example C NC NA Checklist Questions (Yes=Compliance; No or 
Unknown=Noncompliance; NA=Not Applicable) 

leading to 
loss of 
function 

   Are the components of the public address 
system and phone system secured?   

6.4.8 Electrical and Communications Distribution Equipment   

 Electrical 
raceways, 
conduit, cable 
trays 

Electrical 
hazards, loss 
of function 

6.4.8.1    Are the raceways, bus ducts, and cable trays all 
laterally braced, including both transverse and 
longitudinal braces at reasonable spacing? 

   Are electrical cables or conduit able to distort 
at the connections with the equipment or where 
they cross seismic joints between buildings? 

 Distribution 
panels 

Electrical 
hazards, loss 
of function  

6.4.8.2    Are the electrical distribution panels securely 
anchored to the floor or wall? 

6.4.9 Light Fixtures  

 Recessed  Falling 
hazards 

6.4.9.1    Are recessed lights securely attached to the 
ceiling grid to resist seismic shaking and is the 
ceiling grid adequately braced? 

    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 lay-in fixtures weighing more than 50 
pounds have independent lateral support? 

    Are lens covers attached or supplied with safety 
devices? 

 Surface-
mounted  

 

Falling 
hazards 

 

6.4.9.2 

 

   Are spot lights or track lights securely attached 
to resist seismic shaking? 

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

   Are emergency lights and exit lights mounted 
to protect them from falling off the wall or off 
shelf supports? 
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No. 

Component 
Name 

Principal 
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Example C NC NA Checklist Questions (Yes=Compliance; No or 
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 Pendant light 
fixtures 

Falling 
hazard, light 
fixture or 
unrestrained 
bulbs 

6.4.9.3    Do chandeliers or other hanging fixtures have 
safety cables to prevent them from impacting 
each other or a window? 

   Are lens covers attached or supplied with safety 
devices? 

   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?  

 Heavy light-
fixtures 

Falling 
hazards 

6.4.9.4    Are heavy light fixtures, such as operating 
room lights, adequately braced and anchored to 
the structure independent of the ceiling 
system? 

6.4.10 Elevators and escalators  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. 

 Hydraulic 
elevator 

Loss of 
function 

6.4.10.1    Are the components of the hydraulic system 
properly anchored? 

Traction 
elevator 

Loss of 
function, 
counter-
weights out 
of guide rails, 
cables out of 
sheaves, 
dislodged 
equipment 

6.4.10.2    Are the cables installed in such a way that they 
are protected against misalignment during an 
earthquake? 

   Is the elevator cab properly attached to the 
guide rails? 

   Are the counterweights properly attached to the 
guide rails? 

   Are the guide rails securely attached to the 
building? 

   Are the motor and motor control cabinets 
properly anchored? 
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No. 

Component 
Name 
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Example C NC NA Checklist Questions (Yes=Compliance; No or 
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   Is the elevator equipped with a seismic switch? 

Escalators  Loss of 
function 

6.4.10.3    Is the escalator control equipment securely 
anchored? 

   Is it known if the escalator was designed by an 
engineer to accommodate relative movement 
between floors during an earthquake? 

   Is the control equipment for the moving 
walkway properly anchored? 

6.4.11 Conveyors, material handling   

 Conveyors Loss of 
function, 
falling hazard 
if elevated, 
contents fall 

6.4.11.1    Are supports for the conveyors properly 
anchored to the floor or wall? 

   Is the conveyor control equipment properly 
anchored? 

 

6.5 Furniture, Fixtures & Equipment and Contents 

Item 
No. 

Component 
Name 

Principal 
Concerns  

Example C NC NA Checklist Questions (Yes=Compliance; No or 
Unknown=Noncompliance; NA=Not Applicable) 

6.5.1 Storage racks   

 Light duty 
shelving 

Contents fall, 
shelves 
damaged 

 

6.5.1.1    Are tall shelving units securely anchored to the 
floor or walls? 

   If walls are used for lateral support, has the 
capacity of the walls been checked for 
adequacy to restrain the shelving? 

   Are heavily loaded shelving units supported in 
both directions? 

   For shelving units significantly taller than wide, 
are large anchor bolts used to anchor each leg 
to a concrete slab? 

http://www.fema.gov/plan/prevent/earthquake/fema74/�


Available at: http://www.fema.gov/plan/prevent/earthquake/fema74/ 
Last Modified: January 2011 

FEMA E-74 D: Checklist of Nonstructural Hazards Page D-20 

Item 
No. 
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   Are breakable items secured to the shelves, or 
are they stored in stable units (e.g., are they 
shelved in the original packing boxes, or are 
small items shrink-wrapped together)? 

 Industrial 
storage racks 

Contents fall, 
racks 
damaged 

 

6.5.1.2    Are industrial storage racks braced and 
anchored to a concrete floor slab or concrete 
walls? 

   If walls are used for lateral support, has the 
capacity of the walls been checked for 
adequacy to restrain the shelving? 

   Has the capacity of the concrete floor slab been 
checked for adequacy to resist uplift of the 
storage racks? 

   Are the racks equipped with dampers, base 
isolation, or other specialized seismic restraint 
systems? 

6.5.2 Bookcases, Shelving  

 Bookshelves Contents fall, 
shelving 
damaged 

6.5.2.1    Are bookshelves 5’ or taller properly anchored 
with brackets to a solid wall or studs, or 
anchored to the floor, particularly if they are 
located next to a bed or desk or where they 
could block an exit? 

   Does the wall or partition used to anchor the 
book shelves have adequate strength to 
support seismic loading from the shelving? 

   Are bookshelves fitted with edge restraints or 
elastic cords to keep books from falling? 

   Are large and heavy books located on the 
lowest shelves? 

 Library and 
other shelving 

Contents fall, 
shelving 
damaged 

6.5.2.2    Is it known if the lateral supports for the library 
stacks and shelving have been designed by an 
architect or engineer? 
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No. 

Component 
Name 

Principal 
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   Are library shelving and stacks properly braced 
and anchored to the floor and walls, including 
bracing to the floor above if shelving is tall and 
slender that tie the shelving units together? 

   If all shelving units are not independently 
braced or anchored, are adjacent units fastened 
together with bolts or other mechanical 
fasteners? 

   Do walls or partitions used to anchor library 
stacks have adequate strength for the imposed 
lateral loads? 

   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 or fragile books given extra protection 
to prevent falling and water damage? 

6.5.3 Computer and Communications Equipment  

 Computer 
access floors 
and equipment 

Collapse, 
separation 
between 
modules, loss 
of function 

6.5.3.1    Are the support pedestals for computer access 
floors anchored to the floor and 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 

   Are computers, tape racks, and associated 
equipment that are about twice as tall as wide, 
anchored, tethered, and/or laterally supported? 

   Does heavy computer equipment have supports 
which are braced and anchored to the structural 
floor slab independently of the computer 
access floors? 
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No. 

Component 
Name 

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

 Computer and 
communication 
racks  

Lost data or 
damaged 
equipment 
may cause 
downtime 

6.5.3.2    Is computer information vital to operations 
backed up and stored off-site? 

   Is critical computer and communications 
equipment securely anchored to the rack? 

   Are computer and communication racks 
securely anchored to the floor or wall? 

   Is sensitive computer or communications 
equipment located out of range of fire sprinkler 
heads or joints in the sprinkler pipes where 
they are less prone to water damage if the 
sprinkler lines break? 

 Desktop 
computers and 
accessories 

Falling 
hazard, lost 
data or 
damaged 
equipment 
may cause 
downtime 

6.5.3.3    Are computers and monitors anchored to 
desktops? 

   Are desktop or countertop 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? 

 Televisions and 
video monitors, 
wall-mounted 

Falling hazard 6.5.3.4    Are wall- or overhead-mounted television sets, 
video monitors, surveillance cameras or sound 
system speakers securely braced and anchored 
to the wall or ceiling or equipped with safety 
cables? 

6.5.4 Hazardous materials storage  

 Hazardous 
materials 
storage 

Hazardous 
material 
release, 
mixing of 
incompatible 
substances 

6.5.4.1    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? 

   Are chemicals stored in accordance with 
manufacturers' recommendations? 
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No. 

Component 
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   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? 

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

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

   Is the facility free of asbestos that would need 
to be abated before any retrofit work? 

6.5.5 Miscellaneous FF&E   

 File cabinets Cabinets fall, 
may block 
exits, 
contents spill 

6.5.5.1    Do the file cabinet drawers or doors latch 
securely? 

   Are tall file cabinets anchored with wall 
brackets to a solid wall or studs, 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 a door or exit? 

 Demountable 
partitions 

Collapse, 
block exit 
path 

6.5.5.2    Are demountable partitions attached to each 
other and arranged in a stable layout with many 
perpendicular wall segments? 

   Are partial-height partitions anchored to the 
floor? 
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    If tall shelving or cabinets are located next to 
the partitions, can these items be moved or 
independently anchored to the floor or 
structure? 

 

 

Miscellaneous 
furniture and 
fixtures 

 

Falling hazard 6.5.5.3    Are tall items located near beds or desks 
securely anchored to a wall with adequate 
capacity? 

   Are large kitchen and laundry equipment all 
securely anchored to the floor, wall, or 
countertop with adequate capacity? 

   Are vending machines tethered a column or 
wall to prevent tipping and sliding? 

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

   Are heavy wall pictures and other wall hangings 
well anchored to the studs or structural 
framing? 

   Are heavy hanging plants secured to prevent 
falling or impact with windows? 

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

6.5.6 Miscellaneous Contents  

 Shelf-mounted 
items 

Contents fall, 
items broken 
or mixed  

6.5.6.1    Are valuable or fragile items protected against 
tipping or falling off shelving? 

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

   Are rare or valuable items (rare books, museum 
collections, medical records) given extra 
protection against falling and water damage? 
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Example C NC NA Checklist Questions (Yes=Compliance; No or 
Unknown=Noncompliance; NA=Not Applicable) 

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

 Desktop, 
countertop 
items 

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

   Is important equipment restrained to keep it 
from sliding off shelving or tabletops? 

   Are fax machines restrained or placed far 
enough from the edge that they will not slide 
and fall off? 

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

 Fragile artwork Loss of rare 
or expensive 
art objects, 
falling 
hazards 

6.5.6.3    Are heavy sculptures anchored to prevent 
overturning during an earthquake? 

   Are heavy wall-mounted paintings, mirrors, or 
other wall hangings well anchored to structural 
studs or framing? 

   Do hanging sculptures or mobiles have a safety 
cable to prevent them from swinging 
excessively, impacting windows or other 
artwork, or falling? 

   Are fragile items restrained by mono-filament 
lines, hook and loop material, Plexiglas display 
cases, or some other seismic safety device? 

 Fire 
extinguisher 
and cabinet 

 6.5.6.4    Are the fire extinguisher cabinets and/or hose 
cabinets securely mounted? 
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 Emergency Systems 

Item 
No. 

Component 
Name 

Principal 
Concerns  

Example C NC NA Checklist Questions (Yes=Compliance; No or 
Unknown=Noncompliance; NA=Not Applicable) 

 Emergency Egress Emergency system components were not 
covered in the body of the document but are  
an important consideration for providing 
earthquake safety. 

 Emergency 
Egress 

Exit doors 
jammed, 
corridors 
blocked, no 
emergency 
lighting, 
falling 
hazards 

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

   Do automatic doors with optical or floor 
sensors and mechanized roll-up doors have a 
manual override in case of a power outage after 
an earthquake? 

   Are the building utilities and architectural 
finishes along egress routes (piping, ducts, 
ceilings, lights, partitions, etc.) braced or 
anchored adequately to prevent falling 
obstructions and to keep the egress routes 
clear after an earthquake? 

   Are the furniture and contents along egress 
routes (desks, supply cabinets, shelving, etc.) 
braced or anchored adequately to prevent 
falling obstructions and keep the egress routes 
clear after an earthquake? 

   Are unanchored furniture and contents along 
egress routes kept far enough from the exits so 
they will not fall or slide and obstruct the 
doors? 

   Have any unreinforced masonry walls in 
stairwells, corridors, and elevator enclosures 
been removed, strengthened, or encapsulated 
to prevent collapse during an earthquake? 
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   Are parapets, canopies, veneers, cornices and 
any other ornamentation above building exits 
braced and anchored to prevent collapse? 

   Are emergency lights and exit lights securely 
mounted to protect them from falling off walls 
or shelf supports during an earthquake? 

   Are transoms, skylights, corridor glazing or 
glazing above exits made of safety glass or 
covered with shatter-resistant film? 

   If the building has elevators, does the elevator 
have a seismic switch? 

 Emergency 
Power 
Generation and 
Distribution 
System 

Loss of 
function 

    Is the emergency generator adequately secured, 
especially if mounted on motor vibration 
isolation springs? 

   Is the concrete housekeeping pad adequately 
anchored to the structural slab? 

   Is the diesel fuel tank adequately braced and 
anchored? 

   Are the batteries and battery racks adequately 
braced and anchored? 

   Are the fuel lines, cooling water lines, and 
exhaust flues for the emergency generator 
attached with flexible connections that are able 
to accommodate relative movement at 
junctions to spring-mounted equipment, at 
building entry and exit points, and at 
expansion joints within the building? 

   Have the transformer, MCC, switchgear and bus 
ducts been checked? 

   Have all the components of the emergency 
power generating system and the electrical 
distribution system been checked as part of 
this survey? 
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 Fire Detection 
and Protection 
System 

Loss of 
function 

    Are fire and smoke detectors properly 
mounted? 

   Is the control equipment for the fire alarm 
system and automatic fire doors securely 
anchored? 

    Are the fire extinguisher cabinets and/or hose 
cabinets securely mounted? 

   Are the fire extinguishers secured with quick-
release straps? 

   Are the fire sprinkler piping components 
laterally restrained in each direction? 

   Is the ceiling restrained so the ceilings won't 
break the sprinkler heads? 

   Are the distribution lines able to accommodate 
movement where they cross between buildings? 

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

   Is the emergency water tank or reservoir 
securely attached to its supports? 

   Are the tank supports anchored to the floor and 
braced in both directions? 

   Are the supports or braces properly anchored 
to the foundation? 

   Are the smoke control fans properly supported 
and/or anchored? 

   Are the fan control centers securely anchored? 

 Emergency 
Supply Cabinet 

Supplies 
inaccessible 
in emergency 

    Is the cabinet properly braced and anchored to 
the floor and/or walls? 
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Item 
No. 

Component 
Name 

Principal 
Concerns  

Example C NC NA Checklist Questions (Yes=Compliance; No or 
Unknown=Noncompliance; NA=Not Applicable) 
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E. NONSTRUCTURAL SEISMIC RISK 
RATINGS 
The risk ratings that appear in this Appendix are provided as an aid to establishing priorities and 
are based on the following definitions and assumptions:  

SHAKING INTENSITY: For a particular geographic location in the United States, the shaking 
intensity may be estimated by using the seismic map in Figure 3.2.1-1 that shows the areas that 
are likely to experience minimal, low, moderate, or high ground shaking during future probable 
maximum considered earthquake events that may affect the areas.  The shaking intensity estimates 
based on the map in Figure 3.2.1-1 should be 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.  Note that for areas with light 
shaking, a full blown upgrade of nonstructural components may not be warranted, unless an owner 
is particularly risk averse; the current code would not require many of the protective measures 
recommended herein, even for new construction. 

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 (PL) 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.  

FUNCTIONAL LOSS (FL) RISK: Risk that the item will not function because it has been damaged. 
This includes some consideration 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.  
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TYPE OF DETAIL: For components where an illustrated example is provided in Chapter 6, the detail 
type is indicated as Non-engineered (NE), Prescriptive (PR), or Engineering Required (ER).  The 
example number (e.g. 6.3.1.1 for adhered veneer) is shown at the left. 

ASSUMPTION 1: The risk ratings are based on the assumption that the item has been installed 
without seismic bracing, seismic anchorage, seismic restraint, or allowance for differential 
movements.  In areas of the U.S. where seismic building code provisions have only 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 nonstructural items may be 
anchored or braced, but the assumption of unanchored and unbraced items will still be true for 
many items on these lists.  

ASSUMPTION 2: The item is assumed to be located at or near the ground level, or in a low-rise 
building.  The most common case of a relatively stiff low-rise building with structural walls is 
presumed in the ratings here. Items such as full-height partitions and glazing are more likely to be 
damaged in flexible buildings that experience large lateral deformations.  Damage to items 
sensitive to imposed deformation will be greater in buildings or portions of buildings that are more 
flexible, such as mid- and high-rise buildings; flexible frame buildings without significant 
structural walls; "soft stories" of buildings with structural walls in most stories but with a story, 
typically the ground story, that is much less laterally stiff because of the absence of walls; and 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.  

ASSUMPTION 3: For building occupancy, an ordinary occupancy category is assumed.  Thus, in 
the case of essential or specialized facilities, some nonstructural components would be rated 
differently.  For example, in this appendix the risk ratings are given for shelving in an ordinary 
occupancy building, but the same shelving would be rated quite differently with regard to Life 
Safety risk in a lab, Property Loss risk in a museum, or risk of Functional Loss in a communications 
center.  
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Example 
No.   Example Name 

Shaking 
Intensity 

Life      
Safety (LS) 

Property 
Loss (PL) 

Functional 
Loss (FL) 

Type of 
Detail 

6.3 Architectural Components  
6.3.1 Exterior Wall Components           
6.3.1.1 Adhered veneer  Low M M L 

ER Mod H H L 
High H H L 

6.3.1.2 Anchored veneer  Low M M L 
ER Mod H H L 

High H H L 
6.3.1.3 Prefabricated panels  Low M M L 

ER Mod H H L 
High H H L 

6.3.1.4 Glazed exterior wall system  Low L L L 
ER Mod M M L 

High H M M 
6.3.1.5 Glass blocks  Low L L L 

ER Mod M M L 
High H M M 

N/A Overhead glazing or skylights Low L L L 

 
Mod H M L 
High H M M 

6.3.2 Partitions         
 

6.3.2.1 Heavy (CMU, brick, hollow clay 
tile) 

Low L L L 
ER Mod H H H 

High H H H 
6.3.2.2 Light (partial- or full-height 

stud wall partitions) 
Low L L L 

ER Mod M M H 
High M H H 

6.3.2.3 Glazed  Low L L L 
ER Mod M M L 

High H H M 
6.3.3 Interior Veneers         

 
6.3.3.1 Stone and tile  Low L L L 

ER Mod H H M 
High H H M 

6.3.4 Ceilings         
 

6.3.4.1 Suspended acoustic lay-in tile 
ceiling  

Low L L L 
PR Mod M M M 

High H H H 
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Example 
No.   Example Name 

Shaking 
Intensity 

Life      
Safety (LS) 

Property 
Loss (PL) 

Functional 
Loss (FL) 

Type of 
Detail 

6.3.4.2 Directly applied to structure  Low L L L 
NE Mod M M M 

High H H H 
N/A Soffits (stucco, gypsum board, 

plaster) 
Low L L L  

 
 

Mod M M M 
High H H H 

6.3.4.3 Suspended heavy ceilings  Low L L L 
PR Mod M M M 

High H H H 
6.3.5 Parapets, Appendages, Roof 

Tiles  
        

 
6.3.5.1 Unreinforced masonry parapet Low M M L 

ER Mod H H L 
High H H L 

N/A Parapets, cornices, decoration Low M M L 

 
Mod H H L 
High H H L 

N/A Hanging appendages Low L L L 

 
Mod H H L 
High H H M 

N/A Clay roof tiles Low L L L 

 
Mod L M L 
High M H M 

6.3.6 Canopies, Marquees, Signs          
 

6.3.6.1 Canopies, Marquees, Signs  Low L L L 
ER Mod H H L 

High H H M 
N/A Heavy signs or exterior 

billboards 
Low L L L  
Mod H H L 
High H H L 

N/A Flagpoles Low L L L   
Mod L L L 
High M M L 

6.3.7 Chimneys and Stacks            
6.3.7.1 Unreinforced masonry chimney Low L L L 

ER Mod M M L 
High H M M 

N/A Stacks, small Low L L L 
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Example 
No.   Example Name 

Shaking 
Intensity 

Life      
Safety (LS) 

Property 
Loss (PL) 

Functional 
Loss (FL) 

Type of 
Detail 

Mod M M L 
High H M M 

6.3.8 Stairways          
 

6.3.8.1 Stairways  Low L L L 
ER Mod H M L 

High H M H 
6.3.9 Freestanding Walls or Fences         

 
6.3.9.1 Freestanding Walls or Fences Low L L L 

PR Mod L L L 
High H H M 

6.4 Mechanical, Electrical, & Plumbing Components 
6.4.1 Mechanical Equipment         

 
6.4.1.1 Boilers, furnaces, pumps and 

chillers (HVAC wet side) 
Low L L L 

ER 
  Mod L L L 
  High M M M 
N/A Boilers and  furnaces (rigid 

mount) 
Low L L L 

 
  Mod L L L 
  High M M M 
N/A Chillers  Low L L L 

   Mod L L L 
  High L M M 
N/A Heat pumps or heat exchangers Low L L L 

   Mod L L L 
  High L M M 
6.4.1.2 General manufacturing and 

process machinery  
Low L L L 

ER 
  Mod M M M 
  High H H H 
6.4.1.3 HVAC equipment with vibration 

isolation 
Low L L L 

ER 
  Mod L M L 
  High L M M 
N/A Fans, blowers, filters Low L L L 

   Mod L M L 
  High L M M 
N/A Air compressors Low L L L  
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Example 
No.   Example Name 

Shaking 
Intensity 

Life      
Safety (LS) 

Property 
Loss (PL) 

Functional 
Loss (FL) 

Type of 
Detail 

  Mod L M L 
  High L M M 
N/A Roof mounted HVAC units Low L M L 

   Mod L M L 
  High M H M 
N/A Roof mounted equipment, vents 

or flues 
Low L L L 

 
  Mod L M L 
  High M M M 
6.4.1.4 HVAC equipment without 

vibration isolation (rigid mount) 
Low L L L 

ER 
  Mod L L L 
  High L M M 
N/A Wall-mounted room air 

conditioning units 
Low L L L 

 
  Mod H M L 
  High H M L 
6.4.1.5 HVAC equipment suspended 

in-line with ductwork  
Low L L L 

ER 
  Mod L M L 
  High L M M 
6.4.1.6 Suspended equipment  Low L L L 

ER   Mod H H L 
  High H H L 
6.4.2 Storage Tanks and Water 

Heaters 
         

6.4.2.1 Structurally supported tanks 
and vessels  

Low L L L 
ER 

  Mod M H M 
  High M H M 
N/A Diesel fuel tank Low L L L 

   Mod H H L 
  High H H M 
N/A Propane tank Low L L L 

   Mod H H M 
  High H H M 
6.4.2.2 Flat bottom tanks and vessels Low L L L 

ER 
  Mod M H M 
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Example 
No.   Example Name 

Shaking 
Intensity 

Life      
Safety (LS) 

Property 
Loss (PL) 

Functional 
Loss (FL) 

Type of 
Detail 

  High M H M 
6.4.2.3 Compressed gas cylinders 

(oxygen, CO2, ammonia, etc.) 
Low L L L 

NE 
  Mod M M L 
  High H M M 
6.4.2.4 Water heaters Low L L L 

PR   Mod M H L 
  High M H L 
6.4.3 Pressure Piping           
6.4.3.1 Suspended pressure piping Low L L L 

ER   Mod M M M 
  High M M M 
6.4.3.2 In-line valves and pumps Low L L L 

ER   Mod M M M 
  High M M M 
6.4.3.3 Flexible connections, expansion 

joints and seismic separations 
Low L L L 

ER 
  Mod M M M 
  High M M M 
6.4.3.4 Pipe Risers Low L L L 

ER   Mod L M M 
  High M M M 
6.4.3.5 Floor-mounted supports Low L L L 

ER   Mod L M M 
  High M M M 
6.4.3.6 Roof-mounted supports Low L L L 

ER   Mod L M M 
  High M M M 
6.4.3.7 Wall-mounted supports Low L L L 

ER   Mod M M M 
  High M M M 
6.4.3.8 Penetrations Low L L L 

ER   Mod M M M 
  High M M M 
6.4.4 Fire Protection Piping           
6.4.4.1 Suspended fire protection 

piping 
Low L M M 

ER 
  Mod L H H 
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Example 
No.   Example Name 

Shaking 
Intensity 

Life      
Safety (LS) 

Property 
Loss (PL) 

Functional 
Loss (FL) 

Type of 
Detail 

  High M H H 
6.4.5 Fluid Piping, not Fire Protection          
6.4.5.1 Hazardous materials  Low L L L 

ER   Mod H H H 
  High H H H 
N/A Fuel line Low L L L 

   Mod H H L 
  High H H M 
6.4.5.2 Nonhazardous materials  Low L L L 

ER   Mod M M M 
  High M M M 
6.4.6 Ductwork           
6.4.6.1 Suspended Ductwork Low L L L 

ER   Mod L L L 
  High M M L 
6.4.6.2 Air diffuser Low L L L 

NE, ER   Mod H H L 
  High H H L 
6.4.7 Electrical and Communications 

Equipment  
         

6.4.7.1 Control panels, motor control 
centers and switchgear 

Low L L L 
ER 

  Mod L L L 
  High M M M 
6.4.7.2 Emergency generator Low L L M 

ER   Mod L M H 
  High L H H 
6.4.7.3 Transformers Low L L L 

ER   Mod L L L 
  High M M M 
6.4.7.4 Batteries and battery rack Low L L L 

ER   Mod L H M 
  High L H H 
6.4.7.5 Photovoltaic power systems 

(Solar panels) 
Low L L L 

ER 
  Mod L L L 
  High M M L 
6.4.7.6 Communication antennae Low L L L ER 
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Example 
No.   Example Name 

Shaking 
Intensity 

Life      
Safety (LS) 

Property 
Loss (PL) 

Functional 
Loss (FL) 

Type of 
Detail 

  Mod L M L 
  High M H M 
6.4.8 Electrical and Communications 

Distribution Equipment  
         

6.4.8.1 Electrical raceways, conduit, 
and  cable trays 

Low L L L 
ER 

  Mod L M M 
  High M M M 
6.4.8.2 Distribution panels Low L L L 

ER   Mod L L L 
  High M M M 
6.4.9 Light Fixtures          
6.4.9.1 Recessed  Low L L L 

PR   Mod H L L 
  High H M M 
6.4.9.2 Surface-mounted lighting Low L L L 

PR   Mod H L L 
  High H M M 
6.4.9.3 Pendant light fixtures Low L L L 

NE   Mod H L L 
  High H M M 
6.4.9.4 Heavy light fixtures Low L L L 

NE   Mod H L L 
  High H M M 
N/A Exterior lighting Low L L L 

   Mod M L L 
  High M M M 
6.4.10 Elevators and Escalators          
6.4.10.1 Hydraulic Elevator (cab and 

elevator equipment) 
Low L L L 

ER 
  Mod L M M 
  High M M M 
6.4.10.2 Traction Elevator (elevator cab) Low L L L 

ER   Mod L M M 
  High M M M 
N/A Cables, counterweights and 

guide rails (for cable-traction 
system) 

Low L L L  
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Example 
No.   Example Name 

Shaking 
Intensity 

Life      
Safety (LS) 

Property 
Loss (PL) 

Functional 
Loss (FL) 

Type of 
Detail 

  Mod H M M 
  High H M M 
N/A Elevator motor and motor 

control cabinets 
Low L L L 

 
  Mod L M M 
  High L H M 
6.4.10.3 Escalator Low L L L 

ER   Mod L M L 
  High L M L 
6.4.11 Conveyors          
6.4.11.1 Conveyors Low L L L 

ER   Mod L M M 
  High M M M 

6.5 Furniture, Fixtures, & Equipment 
6.5.1 Storage racks           
6.5.1.1 Light duty shelving Low L L L 

NE, ER   Mod H M M 
  High H M M 
6.5.1.2 Industrial storage racks Low L L L 

ER   Mod H M M 
  High H M M 
6.5.2 Bookcases, Shelving          
6.5.2.1 Bookshelves Low L L L 

NE   Mod H M M 
  High H M M 
6.5.2.2 Library  and other helving Low L L L 

ER   Mod H M M 
  High H M M 
6.5.3 Computer & Communications 

Equipment 
         

6.5.3.1 Computer access floors Low L L L 
ER   Mod L L M 

  High L M M 
N/A Large computer equipment Low L L L 

   Mod L M M 
  High M H M 
N/A Computer networks, data 

storage 
Low L L L  
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Example 
No.   Example Name 

Shaking 
Intensity 

Life      
Safety (LS) 

Property 
Loss (PL) 

Functional 
Loss (FL) 

Type of 
Detail 

  Mod L M H 
  High L H H 
N/A Computer cabling Low L L L 

   Mod L L L 
  High L L L 
6.5.3.2 Computer and communication 

racks  
Low L L L 

NE 
  Mod L H M 
  High M H M 
6.5.3.3 Desktop computers and 

accessories 
Low L L L 

NE 
  Mod L H M 
  High L H M 
6.5.3.4 Television and video monitors, 

cameras, wall-mounted 
Low L L L 

NE 
  Mod H H L 
  High H H L 
N/A Suspended speakers in 

conference room or auditorium 
Low L L L 

 
  Mod M M L 
  High H H L 
6.5.4 Hazardous materials storage           
6.5.4.1 Hazardous materials storage, 

cabinet and contents 
Low L L L 

NE 
  Mod H M H 
  High H M H 
N/A Chemical, laboratory, medical 

supplies 
Low L L L 

 
  Mod H M L 
  High H M M 
N/A Asbestos Low L M M 

   Mod L H H 
  High L H H 
6.5.5 Miscellaneous FF&E           
6.5.5.1 File cabinets, tall vertical or 

lateral files 
Low L L L 

NE 
  Mod M M M 
  High H M M 
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Example 
No.   Example Name 

Shaking 
Intensity 

Life      
Safety (LS) 

Property 
Loss (PL) 

Functional 
Loss (FL) 

Type of 
Detail 

6.5.5.2 Demountable partitions Low L L L 
NE   Mod L L L 

  High M M M 
6.5.5.3 Miscellaneous furniture  Low L L L 

NE   Mod M M L 
  High H M L 
N/A Miscellaneous furnishings  Low L L L 

   Mod L M L 
  High L M L 
N/A Large kitchen or laundry 

equipment 
Low L L L 

 
  Mod M M L 
  High H H M 
N/A Lockers, vending machines Low L L L 

   Mod H M L 
  High H M L 
N/A Freestanding wood stove 

(wood, pellet, or gas-fired) 
Low L L L 

 
  Mod L L L 
  High M M M 
6.5.6 Miscellaneous Contents          
6.5.6.1 Shelf-mounted items Low L L L 

NE   Mod M M L 
  High H M M 
N/A Especially valuable or fragile 

merchandise 
Low L M L 

 
  Mod L H L 
  High L H L 
N/A Drawer and cabinet latches 

(kitchen, laboratory, office, etc.) 
Low L L L 

 
  Mod L L L 
  High L M M 
N/A Potted plants or indoor 

landscaping resting on shelves 
above the floor 

Low L L L 
 

  Mod L L L 
  High M L L 
6.5.6.2 Desktop, countertop items Low L L L NE 

http://www.fema.gov/plan/prevent/earthquake/fema74/�


Available at: http://www.fema.gov/plan/prevent/earthquake/fema74/ 
Last Modified: January 2011 

FEMA E-74 E: Nonstructural Seismic Risk Ratings Page E-13 

Example 
No.   Example Name 

Shaking 
Intensity 

Life      
Safety (LS) 

Property 
Loss (PL) 

Functional 
Loss (FL) 

Type of 
Detail 

  Mod L M L 
  High L H M 
6.5.6.3 Fragile artwork Low L L L 

NE   Mod L H L 
  High L H L 
N/A Tall sculptures (over 5 ft) Low L L L 

   Mod M M L 
  High H H L 
6.5.6.4 Fire extinguisher and cabinet Low L L L 

NE   Mod M H L 
  High M H L 
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F. LIST OF RESOURCES RELATED TO 
NONSTRUCTURAL COMPONENTS 
This appendix is a list of available resources related to nonstructural components, including 
codes and standards, testing protocols, guidance documents, nonproprietary details, photos, 
sample specifications, proprietary details, products, and research efforts.  This list originates 
from Appendix B of the ATC-69 Report, Reducing the Risks of Nonstructural Earthquake 
Damage, State-of-the-Art and Practice Report, prepared by the Applied Technology Council for 
FEMA (ATC, 2008). 

The information in this appendix is organized into the following tables: 

Table F-1 Codes and Standards Related to Nonstructural Components F-2 

Table F-2 Guidance Documents Related to Nonstructural Components F-10 

Table F-3 Nonproprietary Details and Other Resources for Nonstructural  
Components        F-23 

Table F-4 Proprietary Details and Products for the Protection of  
Nonstructural Components      F-32 

Table F-5 Recent and Ongoing Research Related to Nonstructural 
Components        F-37 

 

http://www.fema.gov/plan/prevent/earthquake/fema74/�



