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6.4 MECHANICAL, ELECTRICAL, AND PLUMBING COMPONENTS

6.4.1 MECHANICAL EQUIPMENT

‘6.4.] .2 GENERAL MANUFACTURING AND PROCESS MACHINERY

This category covers a wide range of equipment of various shapes and sizes. It includes
isolated pieces of equipment as well as manufacturing lines that consist of numerous
components requiring precise alignment. Mechanical components may be constructed of
deformable materials and attachments or rigid components and attachments; they may be

floor-, wall-, or roof-mounted.

Current codes require anchorage for all equipment weighing over 400 pounds, equipment
weighing over 100 pounds that are subject to overturning, and items weighing over 20 pounds

that are mounted more than 4 feet above the floor.

TYPICAL CAUSES OF DAMAGE

= Unanchored or poorly restrained equipment can slide, tilt, overturn, or fall. Poorly
reinforced housekeeping pads may slide or fail.

= Components may be damaged by shaking or pounding, or may be crushed by other
fallen components. Failure of large nonstructural components may result in damage to
structural elements due to impact or falling.

= [|tems crossing seismic joints, attached to adjacent floors, penetrating structural
elements, or connections between flexible and rigid components may be particularly
vulnerable.

= Machinery may cease to function due to misalignment or internal damage.

= Contents, fluids, or hazardous materials may slosh, mix, or spill.

= Connections of fuel lines, electrical lines, optical cable, piping, or ductwork may be
damaged; runs of piping, ducts, or cable may be damaged.

= Loss of function of manufacturing equipment can cause significant business interruption

losses.
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Damage Examples

Figure 6.4.1.2-1 Damage to conveyors and equipment at a cement plant in the 2010 magnitude-
7 Haiti Earthquake (Photos courtesy of Eduardo Fierro, BFP Engineers).
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Figure 6.4.1.2-2 Damage to silos, conveyors and equipment at a grain operation in the 2010
magnitude-8.8 Chile Earthquake (Photos courtesy of Eduardo Fierro, BFP
Engineers).

FEMA E-74 6: Seismic Protection of Nonstructural Components Page 6-159


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

Available at: http://www.fema.gov/plan/prevent/earthquake/fema74/

Last Modified: January 2011

SEISMIC MITIGATION CONSIDERATIONS

= |n addition to requirements in ASCE/SElI 7-10 Minimum Design Loads for Buildings and
Other Structures (ASCE, 2010), anchorage design for equipment may be governed by
specialty codes and standards such as ASME, ASHRAE, |IEEE, API.

= See Sections 6.4.1.1 and 6.4.1.3 for sample details for floor-mounted equipment and
see FEMA 412 Installing Seismic Restraints for Mechanical Equipment (2002), FEMA 413
Installing Seismic Restraints for Electrical Equipment (2004) and FEMA 414 /nstalling
Seismic Restraints for Duct and Pipe (2004) for example details for MEP equipment,
piping and ductwork. Many of the attachment details in these documents could be
adapted for use with other types of equipment.

= Some equipment has been shake table tested and is rated for seismic loading by their
vendors; inquire about seismic load ratings and seismic anchorage details when any new
equipment is purchased.

= For vulnerable items that require a long lead time to replace, it may be prudent to stock
replacement parts or equipment in order to reduce an outage following an earthquake.

= Special attention is required for control rooms and emergency generators to ensure that
a facility may be shut down safely after an earthquake.

= Flexible connections should be provided for fuel lines and piping where they connect to
rigidly mounted equipment.

= Design of seismic bracing and anchorage for complex manufacturing systems is a
significant engineering challenge and should be handled by design professionals with
specific expertise in this area. Nonstructural bracing should be checked regularly to
ensure that the anchorage has not been compromised. It may be prudent to have a
standing agreement with a design professional familiar with the facility to perform
postearthquake inspections in order to facilitate speedy repairs and reduce the outage

time.
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