Earthguakes do not have to destroy plumbing equipment and piping.
by Jim Sadler, PE

e all were shocked and saddened

at the loss of life and devastation

resulting from the tremendous
earthquake and subsequent tsunami that
hit Japan in March. Fortunately, excellent
engineering and planning prevented fur-
ther loss of life, However, the experience
in Japan should make us question our own
preparedness if such a large earthquake
occurred in the United States,

Although the building codes have been
studied and improved after many major
earthquakes in this country, they still
provide only theoretical seismic loads
and exemptions, Design and construc:
tion teams must use this information as a
start and then specify and install proper
seismic restraints and anchorage. Quite
understandably, many engineers do not feel
comfortable providing seismic designs or
details, and they may believe that they are
limiting their liability by simply adding a
note on the drawings that says something to
Figure 1 Thadd Street, Charleston, South Caroling, after the earthquake of 1286 the effect of “systems are to be installed in
compliance with local seismic codes” This
assumes that the building inspector will
ensure that the proper selsmic restraints are

installed, but unfortunately in most arcas of
the country, inspectors are not well trained
in seismic design. As dedicated as they may
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be, without this knowledge they cannot
effectively inspect these systems.

General seismic notes also put contractors
in a predicament: They don’t know what to
estimate for seismic restraint material and
labor, which could cause them to lose the
contract. The end result is that the public is
often left unprotected.

However, with proper design and a rea-
sonable investment, the potential damage to
building systems and the risk of injury due 1o
attachment failure can be reduced consider-
ably. This article serves as a general guide
put us all on a common path toward proper
seismic design and construction.

SEISMIC RISK

We all are aware of the high seismic risk in
California, but most of the United States
has some seigmic risk as well, with specific
zones having potential seismic forces as
high as those in California. In fact, the larg-
estrecorded earthquake to ocour within
the continental United States was notin
California, but in New Madrid, Missouriin
1811. This earthquake was so powerful that
it caused church bells in Boston to sway
and ring, and it reversed the flow of the
Mississippi River, The Richter scale did not
exist back then, but by looking at historical

records of the damage, the New Madrid
earthquake can be estimated to be close in
magnitude to the recent disaster in Japan,
Numerous quakes still oceur along this
fault line that lies just outside of Memphis,
Tennessee,

Another very large quake struck South
Carolina in 1886. This quake toppled 14,000
chimmneys in Charleston and was felt in 30
states. Figure 1 is a photo from Charleston
following the quake.

The International Building Code (IBC)
prescribes higher design forees near known
fault lines. Unfortunately, since no major
earthquakes have oceurred in some of these
areas for many years, people tend to forget
the danger. Let's not fall into this trap. Many
have lived and worked in these areas for
decades and have never felt & tremor, but a
large quake could accur at any time. Hait was
hit by a massive earthquake in January 2010
that killed more than 300,000 people. The last
major quike on the island was back in 1946,

Figure 2 is a ULS. Geological Survey map
that approximates the seismic risk across the
United States. It shows the potential lateral
selsmic accelerations, or G forces, that have
a 2 percent probability of ocourring in the
next 50 years, Near the New Madrid fault
seismic forces have the potential to be as

high as three times the force of gravity acting
laterally on all structures and their contents.
Thus, a 10,000-pound boiler could experi-
ence a seismic load as high as 30,000 pounds
acting through its center of gravity. These
forces are amplified at higher elevations
within a building. (Keep in mind that only

a small percentage of faults are know, so
there are certainly high-risk areas of which
we are completely unaware. )

SEISMIC DESIGN CATEGORY

The intent of the seismic design require-
ments in the International Building Code
is to prevent equipment and piping from
breaking free of their attachments and
hitting occupants or preventing people
from getting out of the building. At essen-
tial facilities, including hospitals, police
stations, fire stations, and in some cases
schools, the code requires the equipment
not only to stay in place, but also remain
operational after an earthguake, with

the purpose of keeping these emergency
facilities going when they are needed most,
Of course, as with any aspect of building
design, good engineering judgment often
demands surpassing the minimum seismic
requirements spelled out in the code.

To determine if seismic restraints are
required, you need to determine the proj-
ect's Sefsmic Design Category. (This can be
somewhat laborious, s0 in keeping with the
objective to provide general information,
the detailed procedure will not be discussed
here. For more information regarding Seis-
mic Design Categories, refer to IBC Chapter
16: Structural Design.)

Seismic Design Categories range from
A through E with A having the lowest risk
and F having the highest, The Seismic
Design Category considers project loca-
tion, occupancy, and the soil type at the
site. Fortunately in most cases, this design
information can be found on the structural
drawings along with potential live wind and
snow loads. Category A and B bulldings
have no sefsmic requirements for plumbing,
HVAC, and electrical systems. For category
C buildings, seismic bracing is required for
life-safety systems such as sprinkler pipe or
systems carrying hazardous materials like
gas. All hospitals designated Seismic Design
Category C require restraints for all systems,
as do any buildings designated Seismic
Design Categories I, E, and B
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‘The Selsmic Design Category should be
determined on a case-by-case basis, but by
studying Figure 2 you can get a pretty good
idea of the requirements for your area, Seis-
mic restraints are required for all buildings
within the brown, red, or tan regions {more
than 0.48 G on the legend). For buildings in
thelight tan through green zones, seismic
restraints are required for all essential facili-
ties and most schools, However, even outside
of these high-risk areas, requirements for
essential [acilities are often in place.

RESTRAINT REQUIREMENTS

Once you determine that a project has a

seismic restraint requirement, the code

prescribes the seismic forces that the
equipment attachments must resist. The
code dramatically simplifies the dynamic

loading (shaking of equipment from 30

seconds to a minute) and models it stati-

cally. These theoretical static loads depend
on the location of the project, soil stiffness
atthe project site, type of equipment,
attachment type, and elevation of the
system within the building. These force

formulas can be found in ASCE/SEI 7:

Minimum Design Loads of Buildings and

Other Structures by the American Soclety

of Civil Engineers and Structural Engi-

neering Institute,

The design team must determine the best
anchorage and bracing systems to resist the
earthguake loads. This presents a design
challenge for the engineer who wants to
ensure that the anchorage is safe but does
not know during the design stage exactly
what equipment will be supplied on the
project. (Specification advice is provided
later in this article that the engineer can use
to develop general specifications and details
for the contractor.)

ASCE/SEL 7 Section 13.1.4 provides
several exemptions for systems within
a selsmic project. These exemptions are
based on equipment size, pipe diameter,
and the system's distance from the support
point. {Note: The following language is not
verbatim from the code, and the author's
commentary is included.)

* Restraints are not reguired for nen-critical
equipment (non-life-safety) that weigh less
than 400 pounds and is mounted less than 4
teet off the ground, Flexible connections must
be provided for all associated piping, duct-
wiork, and conduit
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* Suspended equipment less than 75 pounds
such as fans, heat exchangers, and humidifiers
do not require bracing if they are installed in
line with ductwork that is seismically braced,

* Suspended equipment inon-life-safety) less
than 20 pounds does not require bracing. Flex-
ible connections must be provided for 2l! asso-
ciated piping, ductwork, and conduit, {Note:
Be careful with this exemption and number 2
above, as most people would not want to get
hit by a 20-pound piece of equipment falling
from 10 feet above, much less a 75-pound
piece of equipment.}

* Piping that is supported by rods that are 12
inchies or less in length as measured from the
top of the pipe to the supporting structuns
does not require bracing. All supports must be
designed 1o avoid bending of the hangers, and
provisiens must be made for piping 10 a0o-
modate expected deflections. (Maote that all
suppaorts in the rum have to be 12 inches or less
in length to meaet this examption, so a typical
sloping waste line would not meet the criteria,
Alsa, it often is easier and less expensive to
sirmply brace the pipe 3t the standard elevation
than to try ta get the pipe within 12 inches of
the structura.)

= |f stesl or copper pipe is used and provisions
are made to avoid impact with larger pipes
of mechanical components or to protect the
piping in the event of such impact, the fallow-
ing systems do not require bracing:

* Piping in high seismic risk areas that are 1
inch or less in diameter

+ PFiping in moderate seismic risk areas that
are 2 inches or less in diameter

* Fiping in low-risk areas that are 3 inches ar
less in diameter

When looking at piping exemptions, keep
in mind that regardless of diameter, the pipe
must be kept from swinging and impacting
surrounding systems. As this requirement
can be virtually impossible to meet in
crowded ceiling spaces that have to accom-
modate duct, HVAC pipe, electrical, and
communication lines as well as plumbing
syslems, sometimes it is safer and easier to
brace everything,

As mentioned earlier, the IBC provides
some potential forces and exemptions, It is
difficult for the engineer to determine each
and every anchorage and to detail them
upfront as typically several brands of equip-
ment may be acceptable, Each equipment
brand will have different physical character-
istics and therefore different selsmic forces
and anchorage requivements. Also, as we
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Fegure & Details of seismic restraint products

Figure 7 Typical transverse cable brace restraint installed at Palornar Hospital in Marth San Diego. Brace has been
painted green to indicate that it hes been nspected and approved. Vertical formed channel rigidly locked to the hanger
rod pravants buckling.

Figure & Solid transverse and bongitudinal restraint instzlled at Palormar Haspital in North San Diege

IUNE 2011 Plumbing Systerms & Design 21



all know, equipment and piping rarely are
installed exactly where they are shown on
the drawings. All of this makes it difficult

for the design engineet to provide detailed
information, However, it is important for the
engineer to provide the contractor with gen-
eral details and specifications for the type of
attachment for which they are looking. This
leads us to specifications.

SPECIFICATIONS AND
APPLICATIONS

General Recommendations

Specifications should require seismic
restraint calculations for all connections of
equipment to the structure, These caloula-
tions should be stamped by a registered
professional engineer with at least five
years of seismic design experience and
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licensed in the state of the job location.
Seismic caleulations should be submitted
by the same company that is providing

the seismic restraint material. Having the
engineering and hardware coming from

a single supplier provides a sole source

of responsibility. Reputable suppliers of
seismic restraint products can provide this
engineering service,

‘The specification also should require all
seismic restraints to be certified by a third
party verifying their capacities. It is prefer-
able that these certifications be based on
testing versus calculations. Testing often
reveals issues that cannot be predicted with
pencil and paper.

The premier certifying agency for seis-
mic restraints is the California Office of
Statewide Health Planning and Develop-

Figure % Three-dimensonal image of bracng lecations

Figure 10 Damage at connecton of piging to heat exchanger, Northridge, Calitornia earthguake,
lanuary 1994, A proper flexible cannectar may have prevented this failure

Fgure 11 Elastomeric connectors came through the 1934 Northridge earthquake unscathed.
Fraperly constructed elastameric connectors are the best choice for attachments to equipment in

ment (OSHPD). This agency is charged
with reviewing designs for all hospitals in
the state of California. Any restraint device
to be installed at a California hospital must
be structurally tested to fallure. OSHPD
then applies a 2-to-1 salety factor to
determine the sale working capacity of the
device. Although you may never work on

a hospital in California, requiring OSHPD
certification ensures that you are getting
restrainis that have the capacity advertised
by the supplier. Many reputable vendors
have OSHPD approval for their materials,
so asking for the certification will not lock
in any one supplier.

Equipment

The two types of equipment connections
are hard mounting, where the equipment
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Figure 12 Testing shows that short pump connectars are stiffer than the
pipand 1o which they are attachod. Fexibility between equipiment and piping

is critical to limit seismic damage. When stainless hoses are necaessary,
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LIFT STATIONS

TABLE 1 1I50OLATION AND SEISMIC RESTRAIMT

RECOMMENDATIONS FOR EQUIPMENT Base models ready to
e B e e ship within 48 hours!
3-inch deflection springs for hmalllaﬂpm on upper floors,
Ml el st Sl Introducing the Qwik Pak LS
Suspended Use spring isolation d cable bracing for . : ;
pmnpgl acuuﬁ;?{yinsmveh:?ixn:mdrigria::rg:ahle series of pre-packaged Lift stations

bracing where no isolation is required. .
. engineered to adapt to almost
Water heaters Bolt equipment to the structure:. Use rubber grommets sk - ¥
at connections. Smaller heaters without provisions for every 14", 12" and 2" pump.
bolting often can be strapped to an adjacent wall. | i
Systems designed for use with

Baoilers In acoustically sensitive applications, isolate bailers
with combination isolation and snubbing devices. Use
1-inch deflection for hoilers lncated on grade and 2-inch Zoeller pumps h utcan a I'SD be
deflection for boilers located an upper stofies. In nan- fl tte d Wit h ot h er hra n [fS v
acoustical applications, bolt boilers to the structure
using rubber grommets at connections. Smaller boilers
without substructures suitable for bolting may require YDU r PEECE ﬂf M i nd

supplementary steel angles around the perimeter, 3
Wacuum pumps  Vacuum pumps typically are supplied with large steel IS UUI' Tﬂ'p PI’IDI’IWTM

frames. solate with combination isolation and smibbing
devices, Use 1-inch deflection for units installed on grade
and 3-inch deflection for units installed on upper floors.

Comprassors Use an inertia base supported on springs. Use 1-inch
deflection springs for ground floor applications and
3-inch deflection springs for installaticns an upper floors, ; ﬂﬂlﬂ
lse at least four all-directional snubbers. 4 )]

Domestic water  These units typically are supplied with steel frames that

boosters can be supported directly on combination isolation and PUMP COMPANY
snubbing devices. Use 1-inch deflection for units installed

on grade and 3-inch deflection for units installed on Zoeller Family of Water Solutions |
upper flaors,
Floorsupperted  Bolt directly to structure. Use rublber gromimets at 2 & =
tanks connections. 1 8 U D ? 2 8 ? 8 6 ?
Ceiling- Use cable or rigid bracing to prevent sway. www.zoellerpumps.com
supported tanks
Piping Use cable or rigid bracing for non-iselated piping. Use facebook.com/ZoellerPumpCompany n
cable bracing on isclated systems, Flexible connections
should b2 used to attach the piping to the equipment,
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the ground and slammed it into the struciure

is attached directly to the structure, and
flexible mounting, which involves sup-
porting equipment on springs or rubber
mounts to prevent noise and vibration
from being transmitted from the equip-
ment to the structure.

As mentioned earlier, the code approach
iz a static simplification of a dynamic event,
Although an attachment may look good stat-
ically, in the dynamic shaking of an earth-
quake the attachment bolt may be impacted
by the equipment leg dozens of times. These
shocks can result in a shear failure as shown
in Figure 3, Elastomerle neoprene collars
placed between the bolt and mounting hole
in the equipment can drastically reduce the
impact on the bolt and help prevent failure
(see Figure 4),

Resiliently mounted equipment is more
prone to fallure during an earthquake
because the isolators can resonate and
amplify the seismic forces. The code recog-
nizes this by calling for higher static design
loads for [splated equipment. Seismic snub-
bing devices for isolated equipment that
don't short-circuit the function of the isola-
tors but will limit movement in the event
of an earthquake are preferred, Separate,
stand-alone snubbers are best, but snubbers
also can be built into the isolator. A stand-
alone snubber applied to an isolated pump
base is shown in Figure 5.
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Figure 13 The Northridge quake litted this chifler and housekeeping pad off

A proper snubber should have the follow-
ing characteristics:

* Snubbers should be all-directional. In other
words, whether the earthguake shifts the
equipment east, west, north, sauth, up, or
down, the snubber showd be engaged. Bum-
per-type snubbers that resist seismic forcas in
anly one or two directions should be avoided

* Snubbers should have preapproval from
O5SHPD or some other third party confirming
their capacity.

= Snubbers should incorporate neoprene
cushions that will absarb the seismic forces.
Remember, earthguakes are dynamic events,
Attachments will endure multiple impacts,
and these loads are transmitted to the eguip-
ment. Cushions should be at least ¥ inch
thick, and the allowable pressure on the
bushing shouwld be limited to 1,000 pounds
per square inch {psi).

Each project’s equipment should be exam-
ined to determine the appropriate isolation
and seismic requirements, and these general
requirements should be shown on the equip-
ment schedule. Table 1 shows some general
recommendations for standard eguipment.
See Figure 6 for details on some of the seismic
restraint products mentioned,

PFiping
Piping must be braced to the structure
above to prevent it from swaying and pos-

Figure 14 Tr proper housekeeping pad footprint is important to ensure the
proper distance from the anchor bolt to the edge of the pad. A wider pad
winild have prevented this failure,

sibly breaking free or impacting surround-
ing systems. Specifications should call for
the maximum spacing between braces,
The spacing for transverse braces (those
that prevent piping from swaying side to
side, see Figure 7) for ductile pipe (steel or
copper) is 40 feet. The maximum spacing
between longitudinal braces {those that
prevent the pipe from moving along its
length, see Figure 8) is 80 feet. Brace spac-
ing for gas, cast iron, and non-metallic pipe
is 20 feet for transverse braces and 40 feet
for longitudinal braces,

Care must be taken when designing a
seismic bracing system for piping. Specifi-
cations should include a plan view drawing
showing all brace locations, Attachment
details also should be included. As with
equipment calculations, all seismic piping
drawings should be stamped by a registered
professional engineer.

Three-dimensional drawings can be pro-
vided by many seismic vendors. 30 draw-
ings allow the contractor to see conflicts
before systems are installed. (See Figure
9 for a typical three-dimensional image
of brace location.) 3D drawings allow the
contractor to install brace attachments as
the structure is going up rather than drilling
and setting anchors later,

A proper design also takes into account
any potential thermal growth of the system,
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Connections Between

Equipment and Piping

After the equipment and piping are
properly braced to the structure, the next
challenge is selecting the appropriate con-

nection to attach the pipe to the equipment.

The problem is that the piping is braced to
the ceiling, and the equipment is braced

to the floor. These structural elements

may move relative to one another duringa
quake. To prevent breakage where the pipe
connects to the equipment, flex connectors
must be used (see Figure 10].

#1 {10mm} REBAR
127 (306mm) LONG

Elastomeric connectors are the best
answer, as they allow movement in all direc-
tions and are resistant to fatigue (see Figure
11}. These connectors have the added benefit
of preventing noise and vibration created by
the equipment from travelling through the
piping. Elastomeric connectors can be made
fail-safe with the proper compounds and
reinforcing. Peroxide-cured EPDM elastomer
and Kevlar reinforcing are recommended,

Sometimes the system's pressure or
temperature exceeds the capability of elasto-
meric connectors, so braided stainless steel

RECOMMENDED MAIN

ko provide secondary anchorags 0" TAR
and suppor main pad Fully treaded FSHEELTEEégg::;?CGJ\ETr:ESr
recommendsd relrforcament log o botlorn DATA BELOW)
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GROSS-SECTION ~
feat tightaming and securing in
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Figure 15 A proper selsmic design includss housekeeping pad details, In this case, the Em"ﬂﬂ is wtilizing cast ifon

howsekeeping pad anchors that are instated after structural floor is in place. Design inchs

reirforcement selection.

hoses must be used. The length and number
of corrugations per length are critical for
adequate flexibility. Standard industry pump
connectors are not flexible at all, and testing
indicates that they often are siiffer than the
lengths of piping to which they are attached
(see Figure 12). As an example, a standard
4-inch-diameter pump connector is 9 inches
long, Under a pressure of 150 psi, it takes 620
pounds to displace this connector % inch
laterally, Under the same pressure, it takes
155 pounds to displace an 18-inch-long
model the same 4 inch and only 105 pounds
to displace a 24-inch version. Thus, with a
relatively small increase in length, you can
reduce the connector's spring rate dramari-
cally.

Specifying the number of internal corruga-
tions is equally important, For 4-inch diam-
elers, a minimum of 32 corrugations per foot
is recommended. Since this connector style
can only accept movement perpendicular
to its length, itis good practice to install two
connectors 90 degrees (o each otherora V
loop to ensure flexibility in all directions.

Housekeeping Pads

Following the Northridge, California
earthquake in 1994, it was discovered that
while many systems had the proper seismic
restraints, the housekeeping pads they were
attached to were destroyed (see Figures

13 and 14). Housekeeping pads must be
reinforced and doweled to the structure to
prevent damage. A typical design is shown
in Figure 15, Housekeeping pad anchor
locations and minimum dimensions are
included on the drawlng.

A WHOLE TEAM APPROACH

T hope the general guidelines discussed
here are helpful to engineers in design-
ing and specifying seismic restraints for
plumbing systems. Of course, the best
design involves coordination between the
architect, plumblng system designer, code
official, and contractor, Inviting input from
everyone on the construction team right
from the start will help create the safest,
mast effective seismic restraint systems.
PED

Jim Sadler, PE. is the national saws manager for Mason
Industiies, & manutacthuer of noise, vibration, and seismic
controd products, He s a registered Professicmal Engineer
in Mew Yok, For more information of to comiment on this
article, e=mail articles@psdmagazine.org .
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