




What’s more, if the natural 
frequency of a structure is equal 
to or close to the frequency of 
the seismic input, and there is not 
sufficient damping, forces on the 
structure will tend to multiply, often 
with disastrous results. This is 
called transmissibility (see  
Figure 3). However, when the 
natural frequency of the structure 
or system is significantly below the 
input frequency of seismic force, 
little energy is transferred to the 
structure/system and minimal or no 
damage occurs. Similarly, when the 
natural frequency of the structure 
is significantly above the input 
frequency of the seismic force, the 
dynamics of the system result in the 
structure merely following the input 

force oscillation frequency without amplifying 
the seismic forces. 

Seismic certification for  
power systems

The IBC has established design standards 
for structures and systems to withstand a 
seismic event. The likelihood and severity of a 
seismic event anywhere in the U.S. is shown 
in Figure 1; however, Figure 4 shows where 
in the U.S. electrical generating systems 
require certification that they will remain 
online and functional after a seismic event. In 
general, those areas in green represent areas 
of the country where critical facilities require 
certification. Those in blue or purple may require 
certification in all building types. Within these 
regions, specific site conditions such as soil 
type or the vertical location within a building, 
can have a large effect on the seismic response 
of a structure and its contents. 

Compliance with the seismic provisions of 
IBC requires either shake-table testing in 
three orthogonal directions, or mathematical 
modeling incorporating techniques, such as 
finite element analysis, to establish whether 
the product can withstand the required amount 
of seismic activity. In practice, power system 
manufacturers use a combination of shake-
table testing and finite element analysis to 
qualify their products. Tests are performed at a 
nationally recognized test facility while analysis 
is certified by an independent approval agency.

Numerous facilities perform shake-table 
testing. These tests can verify the integrity of a 
power system design, and the results of both 
successful tests and failures can be used to 
improve design. It is not always necessary to 
test every individual component. For example, 
several transfer switch models of similar 
construction can be grouped together, with  
only the worst-case configuration (mass, size, 
center of gravity) undergoing shake testing.  
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Figure 3.  
Transmissibility 

and Multiples 
of Resonant 

Frequency

Figure 4.  Map of areas that require 
seismically certified power systems.



While it is possible to shake-table test gensets 
larger than 300kW, this is typically not done 
because of extremely high costs and a 
lengthy wait to access the few test facilities 
with suffi cient capacity. While diesel engines 
and alternators are robust machines that are 
normally immune to most seismic forces, 
mounting feet, skids, radiator supports, fuel 
tanks, ATS enclosures and the like require 
engineering analysis to determine compliance 
to the IBC. Additionally, it is generally agreed 
upon that components of a genset, such as 
electronic controls and junction boxes, cannot 
be mathematically modeled to prove they can 
withstand the forces of an earthquake. These 
components need to be evaluated separately 
from the rest of the genset through shake-table 
testing. During that testing, the fi xture design 
of the table needs to replicate the way those 
components are attached to the genset skid.

rating parameterS Determine SeiSmic 
SurViVaBility

Five critical parameters are used to certify 
and establish the seismic rating level of 
equipment. These are typically listed in the 
certifi ed equipment’s specifi cation sheet so that 
specifying engineers can use the data to verify 
that the equipment is rated for a particular site. 
Ratings apply to gensets, sound-attenuated 
enclosures, fuel tanks and transfer switches. 

SDS – IBC specifi es a “design spectral response 
acceleration” factor, SDS, that represents the 
base, unmodifi ed acceleration forces used to 

design the system for the specifi c installation 
site. Thus, SDS is a key parameter in designing 
a power system to resist seismic forces at a 
given site. SDS ranges from 0 to 2.46. Below 
an SDS of 0.167, seismic certifi cation is not 
required. 

ip – The IBC incorporates an “importance” 
factor used to specify whether the power 
system is in a critical or noncritical application. 
A rating of 1.5 designates a critical system and 
1.0 designates noncritical. The component 
importance factor, Ip, is determined to be 1.5 
if any of the following conditions apply:

1. The component is required to function for 
life-safety purposes after an earthquake, 
including fi re protection sprinkler systems.

2. The component contains hazardous 
materials.

3. The component is in or attached to an 
Occupancy Category IV structure, and 
it is needed for continued operation of 
the facility or its failure could impair the 
continued operation of the facility.

All other components shall be assigned a 
component importance factor with Ip equal 
to 1.0.

ap – The “component amplifi cation” factor 
ranges from 1.0 to 2.5 depending on the 
specifi c component in consideration. Values 
are defi ned in the IBC and are dependent on 
the components’ relative stiffness.

rp – The “component response” factor ranges 
from 1.0 to 12.0, depending on the specifi c 
component in consideration. Values are 
defi ned in the IBC and are dependent on 
the components’ relative damping. 

z/h – Since equipment mounted on an upper 
fl oor of a building will experience greater forces 
than equipment mounted at ground level, the 
location of a power system within a building 
must be taken into consideration. This factor 
is expressed as a ratio of the power system 
installation height in the building (z) to the height 
of the building (h). Its value ranges from 0 at 
ground level to 1 for rooftop installations.
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Installation and Mounting 
Considerations

Of equal importance to the design of the power 
system are installation and mounting to ensure 
that the components remain connected to the 
structure and to their foundations throughout a 
seismic event.

Specific site parameters need to be addressed 
to ensure that a power system complies with 
IBC. Geographic location, soil profiles and 
installations below-ground, at ground-level 
or on rooftops all play a role in determining 
a system’s mounting requirements and IBC 
compliance. 

Power system manufacturers supply installers 
with critical information about bases, anchor 
requirements and mounting considerations for 
seismic installations, but the installing 

contractor is responsible for proper installation 
of all anchors and mounting hardware. For 
example, anchor locations, size and type are 
specified on the installation drawing. Mounting 
requirements, such as anchor brand, type, 
embedment depth, edge spacing, anchor 
spacing, concrete strength and wall bracing, 
must be approved by the structural engineer of 
record, who is responsible for confirming that the 
system will withstand the specified seismic loads. 

Structural walls, structural floors and pads must 
also be seismically designed and approved by 
the structural engineer of record. The installing 
contractor is responsible for proper installation 
of all electrical wiring, piping, ducts and other 
connections to the equipment. It is necessary 
that these components remain intact and 
functional, and do not inhibit the functionality of 
the genset after a seismic event.

n	Anchors used for seismic installation 
must be designed and rated to resist 
seismic loading in accordance with  
ACI (American Concrete Institute) 
355.2-04 and documented in a report 
by a reputable testing agency (i.e., The 
Evaluation Service Report issued by the 
International Code Council). 

n	Anchors must be installed as specified 
on the product ADV print.

n	Anchors must be installed in minimum 
4000 psi compressive-strength normal- 
weight concrete. Concrete aggregate 
must comply with ASTM (American 
Society for Testing and Materials) C33. 
Installation in structural lightweight 
concrete is not permitted unless 
otherwise approved by the structural 
engineer of record.

n	Anchors must be installed to the 
required torque specified by the  
anchor manufacturer to obtain 
maximum loading. 

n	Anchors must be installed with spacing 
and edge distance required to obtain 
maximum load unless otherwise 
approved by the structural engineer of 
record.

n	Wide washers must be installed at 
each anchor location between the 
anchor head and equipment for tension 
load distribution. See the applicable 
installation or dimension drawing for 
specific anchor information and washer 
dimensions.

n	Equipment installed on a housekeeping 
pad requires the housekeeping pad 
thickness to be at least 1.5 times the 
anchor embedment depth.

n	All housekeeping pads must be 
seismically designed and dowelled 
or cast into the building structure as 
approved by the structural engineer 
of record. Rebar reinforcing in the 
housekeeping pad is required for 
all installations.

n	Rebar reinforcement in concrete 
must be designed in accordance with 
ACI 318-05.

n	Wall-mounted equipment must be 
installed to a rebar-reinforced structural 
concrete wall that is seismically 
designed and approved by the engineer 
of record to resist the added seismic 
loads from components being anchored 
to the wall. When installing, rebar 
interference must be considered. 

n	Floor-mounted equipment (with or 
without a housekeeping pad) must be 
installed to a rebar-reinforced structural 
concrete floor that is seismically 
designed and approved by the engineer 
of record to resist the added seismic 
loads from components being anchored 
to the floor. When installing, rebar 
interference must be considered. 

General seismic installation notes
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mounting anD miSnomerS

Mounting can be either direct or 
through anti-vibration isolators. 
In direct mounting, the product 
is fastened directly to a concrete 
pad. All sets with integral rubber 
anti-vibration mounts should also 
be direct-mounted. There is no 
need for additional isolators unless 
acousticians for the project require 
a lower vibration transmissibility 
into the structure. Figure 5 shows 
direct mounting. Be aware that 
the use of so-called “seismic 
isolators” between the tank or skid 
and concrete will not protect the 
product during a seismic event. In 
fact, the use of additional isolators 

allows the product to move more and is actually 
counterproductive during a seismic event. 

In the second mounting method, the product 
is mounted on seismically designed isolators, 
but the purpose of the seismic isolators is only 
effective in damping vibrations that might be 

transmitted from the genset to the foundation 
during normal operation. They are only called 
“seismic isolators” because they carry ratings 
for seismic applications and are designed 
to survive a seismic event. Additionally, they 
typically incorporate internal snubbing to reduce 
excessive motion of the equipment. However, 
always mount the product as the prints specify.

concluSion 

For critical applications in which it is imperative 
for the standby or emergency power system 
to survive a seismic event or other disaster, 
seismically rated power systems are available 
for earthquake-prone areas of the U.S. These 
have been designed in accordance with 
well-understood engineering principles and 
have undergone fi nite element analysis and/
or shake-table testing by independent testing 
organizations. Power system specifi ers can 
be assured that seismically certifi ed systems 
will survive seismic events, as long as the 
systems have been installed according to the 
manufacturer’s specifi cations. 

1708.5 of the iBc: Seismic qualifi cation of the mechanical 
and electrical equipment

The registered design professional in responsible charge shall state the applicable seismic qualifi cation 

requirements for designated seismic systems on the construction documents. Each manufacturer of designated 

seismic system components shall test or analyze the component and its mounting system or anchorage and 

submit a certifi cate of compliance for review and acceptance by the registered design professional in responsible 

charge for the design of the designated seismic system and for approval by the building offi cial. Qualifi cation shall 

be by an actual test on a shake table, by three-dimensional shock tests, by an analytical method using dynamic 

characteristics and forces, by the use of experience data (i.e., historical data demonstrating acceptable seismic 

performance) or by a more rigorous analysis providing for equivalent safety.
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concrete
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figure 5.  example 
of direct mounting 

to a foundation.
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