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Essential Facilities,
Qualification Programs,
Systems, and Equipment

Essential facilities are the backbone of emergency efforts immediately after
an eatthquake. Their conlinued and successful operation is of the utmost
importance for the community’s well-being,

Early u<e of the essential facility concept came with the Civil-Diefense
Emergency Operating Centers Then in 1975, the Stiuctinal Fnginects As-
sociation of Californin (SEAOC) published recommendations for lateral
force design and defined “*essential fucilities.™ ‘The 1976 Uniform Bualding
Cade adopted SEAOCs defintion in Paagraph 2312, Section (k). which
reads.

2312{k) ESSENTIAL FACILIYIES.  Essentul facilities me those stiuclures o

boildings which must be safe or usable for emergency puiposes aiter an

earthgquake in otder to preserve the health and safety of the general pubhe

Such facilines shall inchude, birt not be limited o

1. Hospitals and other medical facihties having sutgety or medicat tieatment
areas.

Fire and Police Stations

b

Municipal Goveinment Disaster Operation and Communication Centers
deemed to be vital in emergencies

Some governing bodics have decided that facHities such as computing
centers and general services buildings also fall into the essential facility
category even though they are not specified in the building codes. In the case
of computing centers, substantial savings may be 1ealized by providing
seismic protection programs for the survivability of the equipment FExpen-
sive and sensitive computer equipment if cotrectly protected will not be as
likely to be damaged. Equipment that is damaged must be repaired or 1e-
placed, often at very high cost, Relalively inexpensive protection meisures
taken in the design phase inay reap substantial savings when a damaging
earthquake strikes. Prior determination of potential damage to equipment

n
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HGURE 310 Wie wclaina allows tor
casy remeval of shelved tfems  Phato-
graph cumtesy of Robenrt Reitherman.,

aid seismie risk dictates to the design team just when and at what levels
seismic protection is necded.

Equipment seismic qualihcation is not hited to essential fucilities by thiy
book. Retatlers, o1 instance, have used and ¢in continue to use recom-
mendations for shelved iteims. A simple shelf addition such as a puapet or
wire telainer as shown in Figure 3 1 allows the cusy removal of shelf con-
tents and yet restrains the nems duinmg an eanthquake,

DESIGN EARTHQUAKES

Chapter 2is tthed ** Earthguake Resistant Design,™ not Hathquake Proof
Design,™ for very specific reasuns. 1 is beyond cunsent comprehension and
ceonomic Teasibility to canthguake proof much of anything. Responsible
designess have long realized this and bave approached the problem aceomrd-
mply,

Prion o addicssing the sersmic gualification program o1 the Facility in
guestion, the design team necds to assess the regional seismicity, Figure 3.2a
is & seismic map showing expected qualitative seisouc risk values for the
United States, Canada, and Mexico This map has been adapted and com-
piled from the sources mdicaled in the figute. agise 3,25 1s u sersnic 1isk
map showing expected bedrock-aceeleration values for the contiguous
Uhinted Stades. 'This map was developed by Algermissen and Perking in 1976.

Refvrence 1o these maps during design projects provides designers with
peneral base of information sotlicient to begm assessing the seisnue nsk
problem. As extieme examples, desiguers in Milam County, ‘Texas (the
cenfial pat of the state), woukd nol need to averly concern themselves with
catthquake design for building equipment, Designers of essentiat fucitities in
San Bento, Cabfonun (south of the Bay Area), on the other hand, can
cxpect maxinmunm potential diniage and therefore eathquuke resistance of
bulding equipment should be & major concern.

tor essential facthty projects {focated in California, the designers can begin
by 1eferring to the local ey or county Seismic Salety and Public Safety
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FIGURE 3.2a.  Relative seismic 1isk sone map —expected damage.

Elements. These documents are available through the local planning de-
partments and desciibe in general terms the muximum ciedible and
maximum expected earthquakes for the region. They ae the rough begin-
nings of what can be lermed the design earthquake. This information is
generally more detated than that found in Figure 3.2 and provides the
grounds for preliminary conceptual designs poor to the actual determination
of the design carthquake for the specific site.

It should be noted that Figure 3 2b desigpates the expected bedrock aceel-
erahons, Bulding and equipment response probably will be significantly
dufferent Niom the expected bedrock responses shown. The vanables leading
o these different responses include:

¢ Depth of soil.
& Depthand condition of sediments (consolidaled versus unconsolidated).
® Groundwater content,
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Buwldmng shape.
Buihding stiuctural type.
Shear huilding,

Moment resisting.
Space frame.

Number of floors,
Eguipment tigidity,
Eguipment focation,

Equipment connections.

To adequately define how a building, and subsequently the equipment, will
respond, these variables must be considered when selecting or deriving.the
design earthquake.

To accurately medict equipment response, with any degree of certainty,
the fice-ficld design earthquake should be applied to the building so that
floor responses at the equipment locations can be determined, Derivation of
the floor response can be airived at by using a step-by-step time-history
analysis of the building structure ‘This is a complex solution and referral 1o
structural engincers versed in its usage is suggested,

Design earthquakes aie generally piesented in the response spectrum or
time-history format. Figures 33 « and 3.3 are examples of such design
earthquakes in the 1esponse spectrum format, Figure 3.3¢ is the ““classical
1940 El Centro earthguake. The other is a smeothed synthesized design
earthquake. The reader will note that the El Centro plot contains five curves.
These various curves represent selected percentage levels of critical damp-
ing The synthesized design earthquake contains two smoothed curves, The
term ““maximum credible earthquake' is the largest earthquake expected at
the site. The lower curve as the “"maximum probable earthquake” and repre-
sents the eathquake that is likely to occur during the useful lifetime of the
facility. The foregoing terminology generally refers to the free-field
earthquakes.

Various industiy standards have defined their own design eaithquakes for
equipment:

Safe Shut-1Jown Earthquake (SSE).
Design Basis Earthquake (DBE).
Operating Basis Eaithquake (OBE).
Design Contingency Earthquake (1CE)
Design Opeiating Earthguake (DOE).

The different titles are somewhat indicative of the industry from which (hey
anse. The fust three have their genesis in the nuclear power industry, while
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the last two were developed for the Trans-Aluska pipeline (Anderson and
Nyman, 1977). Fheir phifosophy, however, remams the same. These design
carthquakes all aliow the design team o compare the stiuchue or compo-
nett with that of an easthguake tha is ikedy to oceur for the particulan site,

In the case of essential fuclities, some equipment is more critical 1o the
huncuonal aspects of the facity than others. Thus it is logical to define two
design levels: one aimed al ¢ntical equupment ad the other mmed al suppott
cguipment. Tl book utilizes two such design catthguakes:

®  Cubeal Egquipment Earthguake (CEE).
®  Support Equipment Earthquake (SEE).
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FIGURE 3,35 Hypothictival sinoothed response spectium

Both of these design earthquakes are expressed originally as functions of
ground motion at the pairticalar site. The characteristics of this dual-level ap-
proach are presented below.

® The Cruical Equipment Earthgquake 18 the maximum e thquiake that can
reasonably be expected o oceur based on a consideration of 1egional
tectonics within the known existing geologic framewmk This eatih-
guake has o very low probabihty ot being exceeded during the Lie of the
essential fuciluy,

® The Support Equipment Earthquake is the Lugest earthquuke that the
Fucility 1s Likely (o expeicnee while itis i service This carthguake has 2
recurrence merva! from 25 1o 75 yew s, 101s possible that the facility may
expertence more than one SEE during its lifetime.

Fortmulation of the design earthguake 1equites interacuon of several pro-
fessions such as:

Airchitects

Civil cngincers.,
Engincering geologists.
Geologists
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®  Mechanical engineers.
®  Seismologists.
®  Supuctaral engineers.

The peologist, engineering geologist, and seismologist interact and prepare
the initial geolechnical report. They examine the regional and loval geology,
the fectonic Trivmework, and the local subsurlace geology. From their fiek!
observations and computer modeling they estimate the recwirence intervals
and magnitndes for the various faults that could affect the fucility to he
designed. This information is used to postulate the expected ground motion
at the site throngh compuier models of ground inleractions as the earthquake
waves iravel fromothe hypocenter to the site. The geotechnical report usuadly
presents this information in the response spectrum or time history format.

The architect, civil engineer, struetaral engincer, and mechanical engineer
have the task of transtorming the ground response motion into the floor
response motion. The earthquake waves undergo transform functions as
they pass from soil to structure and on through the stracture from level to
level, These transiorm functions are based on the foundation characteristics,
building structare characteristics, huilding geometry, damping, and so on.
The derived Boor response or equipment location response is also maost often
presented in the response spectrum lTormat, The anticipated o response
for both the CEE and SEE is the environment for which the facility equip-
went must bu designed.

Whether the design team apphies the CEE or SEF depends on whether the
cquipment invofved is considered to be critical or net. TYhe CEE (higher
bevel)is intended for use on cquipment that must operate during and after an
carthquake or where it is required for life suppori. The lower level SEE is
intended for use on ancillary support equipment that is required only for
chay-to-day operation of the facility.

SEISMIC QUALIFICATION METIHHODS

The five bisic methods by which a picee of cquipment may be seismically
qualilicd sve

Seisnic test,
Mathematical analysis,
Past expericnce.

PYesign team Judgment,

Combined gualilication approaches,

The following discussion describes in detail cach of these methods.
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Seismic Testing

Dynamic scismic testing should be considered as the primary avenue (o
gualification when the equipment will be required to remain operationul
before, during, and after the earthquake (seismic category “*A’" as discussed
in the next section) or if it is too complicated for an adeguate mathematical
analysis. Fignre 3.4 is a photograph of a value subjected to a biaxinl
carthquake test on one of Wyle Labaralories’ seismic test machines ot ils
Norco. Catitornia facility.

The abjective of seismic tesling is to provide the dynamic earthquake
motions in the laboralory situation that simulate the predicted building floor
motion as defined by the response spectrirm supplied in the design require-
ments, This spectrum is called the required response spectrum (RRS). The
seismic test table response spectrum is termed the test respounse spectrum
{TRS) und must envelop the RRS (o be considered a valid test. The {wo
principal types of seisniic testing are proofl lesting and fragility testing. Prool
testing is designed for equipment that meets one of the following conditions:

® ‘I'he equipment is to be tested to a specific requirement for a specific
application.

®  The equipment is {ikely (o require relesting for cach application.

Fragility testing determines the maximum capability of the equipment for
both single and mulliple frequency waveforms in a manner that can be used
to show compliance with future requirements. Fragility tests are conducted
unti] the equipment fails through one mechanism or another. Malfunction
{operational failurey criterin are easy to confirm by fragility test methods,
Structural failures may be slightly more diflficult to monitor and require a test
procedure specifically designed for each individual piece of equipment.
Fragility testing is an approach that equipment manufacturers may wish to

FIGURE 3.4, Staged time lapse of a
valve undergoing a biaxial scismic test.
Photo conrtesy of Wyle 1.aboratories
Scienlific Services and Systems Graup,
Roberl **Gene™ Marshall, photographer.
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.

tabe 1 order Lo supply caguipament to mone than one lacility inan cinthguake
promne aea.

When the design leam specdies dynaniic testing, they e requned 1o
provide the testing laboratory with a test specification, which should include
the tollowing information and 1equiscments.’

& Descuption of p-service mounting conditions 'The serismic test shall
simufate these conditions.

¢ Descliption ol equipment ogientation.

o Axiul test requitements (single axis o1 biaxial) Incohcrent phiasing be-
tween axes shall be ensured by employing separate driving signals (o1
eich axis

® Requued response spechium (KRS).

® | he test respense spechum C1TRS) will envelop the RRS

&  The test laboratory shall be consulted fo1 applicable waveloims.

®  Duta obtained from all the specimen response accelerometers as well as

from the tahle response accelerometers shall fnst be recorded on analog
tape, thus allowing the subsequent analysis and ploting of any requited
accelerometer 1ecord In this case, all the table tesponse data shall be
anulyzed and plotied

®  Reguired duration of stiong motion for the emthquake simulation,

® A jesonance seaich shall be conducted by a low tevel umaxial se
sweep liequency test in cach mayor egquipment axis fiom O 5 10 30 hene
A sweep rate of §octave/minute shall be employed Al data shall be
recotded on un osallograph 1ecorder.

® Accelerometers shall be mounred on both the test table and the (est
specimen.

® Descuption of the parameters that aie to be examined (., falure
crilera, efc ).

® Specimen operational charactenstics shall be monitvied and 1ecorded
before. duning. and after the dynamic testing program,

¢  Results of the dynamic testing program shall be prepaed in a wiitten
repoit format. ‘The repant shall be cerified by a registered prolessional
engineet and include, but not be Emited o, the following information,
¢ lest levels
«  Delnls ol deviations
*  Anomalies

*«  Repaiis,

VT e anthor wishes to express s grabitude fo1 the assistance provided by Wyle 1 aboratonies in
the developmant of the ollowng
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< Photopraphs ot (est actups and Faodures.
= ekt fog.
* Lquipnient Listing.

Many problems with equipment have been encountered 1 past earth-
guakes Jhe lusl section of this chapter, beginning with Figure 3 146, con-
tains pholographs of cxamples of past Failtres Dynamic seismic lesting can
reduce 1he Gulove potential by wlevning the prodoct designers of cquipment
weahnesses pisonr toinstallabon Several points have beea exeerpted
below [rom an vnpubhshed work by C. W. Roberts of Wyle | aboratorjes
entitled “"Ewvicaamental Simibation—aA Powerful tool for the Produce De-
sgner” Phe paper further emphasizes the case for dynamic tesiing to dem-
onsirale operatiliny of equipment ol its vadue ax a viable method for prod-
uct design

®  Designers ollen soft mount equipment on vibration isolddors o protect it
agidist plant inducel vibrations or vice versal without consider atian 1o
(mobon restinny) Unforunately, those isolators eopable of polorniag
The best ob aganist the selative high hequenvy plant ioduced vibrawon will
alten wmphly the elfect al low bequeney eanhquakes  Dynanue sersmic
testing can check these mounling systems as well as the eqpment re-
SpOIsE 1o assess suivivability.

& Dlogam devices isueh oy connectars and prinied cneing boardsy vigre
losse, dhese itens should be designed with some Lype of positive Lalels
Dyaanue seismic testing ean alett the produet Jesigner to potential prob-
lems betore they aceur,

& uasy-access type design fealines, such as ol oat acks, magneue doom
hatches, e, wilt open or amloteh dwing an cacthguitke and shoukd be
replaced with posiive falchimg Teatuies,

8 Dewvices which mc obviously sensitive W the Jynanue envitonment such as
merewn y weded swilches, hghtly sprung reluys, cte., should not be used in
earthguake applications. 1l they wie used, they should be monnied in a
et sa s oommnize the amplification of carthguabe effects te , o
the bottem of the cabinet). Dynamie sessnc testing can alert e product
desigout o potenting problems

& Muny o ers will have seasnne design specifications that reguize cabinets to
be designed with wo jesonant frequencies below 33 heilz  Detcvouning
vesonmant lequencies amalylically, even for relauvely simple cadinelts is a
costly task. 1 1s costly both economically und in time and etfort expended.,
In the laboratmy, o protoype catunet with masses installed to stmulate
equipment, can be nstiumened wid subyected to i Jow-amphiude sine-
WD exdialion  Resananl heguencies aie very casiy and acowalely
detected  Design chuanges tu chminate undesirable resonances or damiping
chatucteristics such as stllencrs, additions of fo.an rubber stiips 1o door
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frames ele , can be more readily conceived i the “Muce dimenswonal -~
envitonment of prototype lsudware and the “ical world™ atmosphere of
simulated dynamic condations.

® lhe typieal cabmet stinctwie s oot desgned with earthauake foads
mimd. Panel faces are commonly attached with cither selit-tapping sciews
(which hack outy o tack webds (which break), Cabinet anchonng provi-
sions e commonty ieadequate Cabinets shonld be constincted using
Huouph bolts and tocknuts v at least 25 pereent welds

® Mooy copnpment calwnet designers will locate Teivy cograpment ot the top
ol the cabinet T functional poposes, An ceample s shown i Digine
210 This top heavy ™ anangemet has been observed 1o produce targe
dynumic moments, excessive deflections and high stresses duing eath-
quake simulkalions.

Asuseful as seismic testing is, o should not be employed for all gualifica-
tion projects. Seismne testing will prove (o be a valuable resemch tood for
cuiminations of equipment  In practice, however, it should be used where
the results ol the test provide the best information for the money expended
on qualilication,

Recent drali legislation in a state with a recognized scismic probability
wonld have had manufactiners testing vittually all the equipment that they
would be sellmg te ¢ortain essential Tacilties for base anchorage. This is an
mappropriate use of testing and would have been analogous to using a
bublldoser for planting a rose bush. Where base anchorage 1s the only con-
cemn, the quakification program can be best completed by mathematical
asalysis, which is discussed below,

Mathematical Analysis

A mathematical analysis may be applicable 10 all the scismic categoies from
CAT to ST which are discussed in the next section. depending on the
mitire ol the equipment and its intended use, Analysis is the pielerred
method of seismic qualification when the following criteria can be met-

® ‘The eympment is 1equired only to operate after an carthquake (i.e . the
only concein duing the emtthquake is its stiuctural nteprity).
®  The equipment can be mathematically modeled.

Examples of reginred mathematical anafyses are shown m Tabie 3.1 for
tepresentative equipment conditions. Mathematical analyses me often not
tecammiended tor complex equipment Several decisions must be made
when eqnipment s cansidered lor analysis, Is o simple stic analysis (o he
tsed ot a dynamic analysis? The simple static analysis 1s appropriate where
cquipmeitt only necd be adequiaiely anchored. More complex installations of
eqinpment requite the construction of o dynamic math mode! for further
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TABLE 3. 1. Mathematien! Analysis Required

If the

Equipmen! 1s: Anualyze for By Using:

Rigid with high cen-  Overlurming
ter of gravity

Simple overturning and pull-
out conditions of anchorage
sysfem

Static coefhcrent methodd for
shenr of anchorape sysiem

Rigil with low genter  Shew Railine of anchm s
of pravity

Flexible equipment Natmal fiequency, ve- Simple dynamic nmath model

(simplc) locity, displacement and response specirum and base
acceleration, and hase shear method or spatie
anchorage coclficient method

Flexible equipment
{complex

Natural frequency, ve-
fociy, acceleration, and
base shear

Complex dynamic math
model, response speciram,
computer solution, base
shear

consideration. Using the dynamic model, one can calenlate the resonant
frequencies. IF the equipment in question is rigid, the response cquals the
zero period acceleration of the response spectium  If the equipment is Nexi-
ble. il is pecessmy 10 compute the dynamic response of the equipment. Rigid
equipment can generally be defined as equipment with a natural frequency in
the high Beguency vange (say more than 20 hertz). This is lermed the *fzeto
period acceferation’ and 1s the muximum acceleration contained in a re-
sponsc spectrum, Flexible equipment is equipment with a fundamental fie-
quency in the low Irequency range (say less than 20 hertz). Computing the
dynamic response for both rigid and flexible equipment can be conducted hy
means of a modal analysis  An example of such an aralysis was made in
conjunction with Figure 2.11.

An equipment stiess analysis 1s the final step required for the mathe-
matical amalysis track, At this point, the designer s in the posilion of de-
claring the cquipment to be qualified or not qualificd If the equipment meets
all 1he design 1cquitements, the designer should provide adequate doe-
umentation. If the equipment does not meet the design requiiements, 1t
should be reconsidered.,

Past Fxperience

In many cases equipment can be quahificd by past experience. The value of
this qualification spproach is realized s an economic saving to the {acilily
owncr ansl o timie <aving to the design lenm To be valid, the past experience
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gquabification procedime must be adequately documented amd fully approved
by the governing agency, the design teany, and the lLacility owner.

Dispersal of the sewsmic gualification mformation for luture projects could
be best performed by a compuler netwaork. Computel compinics coneitly
have existing systems on line that could be adapted 10 meet agency 1equne-
ments for documentatton The computer companies could sell time-sharing to
the design teams, who would then be able 1o assess which equipment had
bien previously quablivd for pancubar envinanments Equipment mamilacs
trers would be prompted 1o provide the computer data buse with their most
up-to-date goallicd equipment i order 1o remain compentive. The com-
puter system would be capable of providing (he design team with fast, inex-
pensive information

This appioach is not wuhont precedent. A similar anditing system
provided the sersmic gualilication 1ecords for the Alaska Pipebine {Ander son
and Nyman, 1977). Although these tecords were pot intended for public
dispersal, the computer progriems casily could have been adapred 1or Uus
Tunctton. Smmlar proposals have been soggested tor the puclew power m-
dustry,

In setting up such a netwoik, the computer company wounld work directly
with the governing ugencies, sclected wuchitects and engineers, and repre-
seplative equipment mannlactiners ‘They would all need (o cellaborate to
establish a usable data base. Some of the isormation that may be uselul 1o
such o program 1s:

Munufacturer nure,

Equipment name, model number, and so forth.
System of which the equipment is a pait.
Seismic qualification slatus

+  Methods of quahfication.

*  Qualified by whom,

«  Design earthquake utibized, and so forth

Fusther examinuation of this proposal will indicate the need for moe detailed
intormation and how the logistics of such a network might wark

This author believes that with proper exploration and naplementation, the
past expetience altemative can become & viable seismic gualification proce-
e

Design Team Judgment

An economic saving can also be realized as a result of the design team’s
judgment. The design team has the option of quahfying cquipment through
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FIGURE M5 Tabletop  stenlizes e
quieing design team Jodgment for o
qualificution

Inspection, adequute architectural Jetaling, o1 suggested mstallation tech-
niques for which the facility owner will be responsible. Figure 3.5 shows un
example sterdizer. The design team can mahe suggestions 1o the Facility
ownet with respect to fastallation details for this type ot equipmient, Modular
installation dJetwls for this type of equipment are discussed in Chapter 4.
Design leam judgment s alsu needed when off-the-shell commodity items or
daily use ilens, such as electric light swilches, telephones, filing cabinets,
and vending muchines are used. ‘These items can oflen be qualified by
design 1eam judgment and simple installation 1ecommendations to the facil-
ity owners. Design tcam judgment is an excellent method that can be used to
review existing facibiies that have not received adequate scismic detailing

Combined Qualilicution Approach

[n some cases it may be wdvantageous Lo combine certuin portions of the
pualification methods discusacd earlier. For example, a combined qualiticn-
Jdon progriam might be for an emergency power supply system. The nornml
operiting loads on the diesel engine itscll ate genetwily greater than e
seismic eavaonment, Therefore, the engme nught be gualiled by stanc
analysis for base anchorage, ussuming that vibration isclation is not used.
The rdiator porbion of the diiving engine 1s generally o canlileyered struc-
ture on the {ronl ol the skid and may be dynamically sensitive. "This chuyac-
teristic would justify a dJdynamic analysis of the radiato 10 delermune
its natural ftequency, and possible excursions and to determine methods of
bracing i,
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The power transfer pancl often containg dynamically sensitive swilcling
that does nol fead itsell eawily 1o mathematical modeling. which may justily
some kind of scisnic testing After thesc items have all been qualified, the
design team may apply then judgment ot installing fexible Tuel Tines

The abbreviated example presented hete shows how the design team
might arnive at the justiication for combing the approaches Tor a com-
pletely gualified system o individual picce of equipment ‘This approach can
olten save both time amd money for the overall qualificalion 1equitements
established for a building program.

Backfitting Essential Facilities

A quick tour through mest existing lacihties sadly sllusirates a lack of seis-
mic awareness for the building equupment, One is especially disturbed on
esnminimg essentml 1ncilines,

The A LA, Research Corporation postulated in a 1977 study thal essential
Macilities such as metiopolitan hospitals, pohice stations, and fire stations can
cxprect an increase in the reqgirest for services on the order of between 300
and 700 pereent as a result of a significant earthguake. Most existing cssen-
find facibtics are not ready Tor such an cvent The newer facilites are getling
belter ns bnilding codes begin 1o adiiess eyuipment requirements Most
essential Dcilitics were, however, butt prion to the intiation of cquipmnent
requirements,

It s not at all uncommon to see emetgency lighting loosely sitting atop
lilimg cabinets, vibration iselated emetgency power supphes without moetion
restiaints and prping without lateral bracing The list of hlack marks goes on
and on. Unfortunately, the chance for the survivai of many existing essential
facihties docs not appear to be very good

There s only one majot code that has pointedty addiessed the profileny of
hackfitting. As discussed in Appeadix 1, existing elevators in Califoinia all
tequire modificittions Lo their seismic resistimee VYhe reader is teferred to
Appendix 1 lor turther discussion on the particular pros and cons of the
elevator code

Howe buly expeet our existing essential lacilitics to remain operational,
campaigns lor altenng the code requinemcents must be sought Thrs back-
fitimg approach is landy common practice in the nuclear power industry
and shonld be employed at least for eritical equipment within essential
facibities. As w begioming, thie pragrams could be fainly simple. Aichitects
ancd engtneets versed in scisie quabification can make tows of Tacdlities
documenting the deficiencies that me most hkely to place a facility out of
comisston m the event ol an cinthguake. ‘Fhe price o pay lor an operating
hospital is rathers smalb when compared with the potential bairm that may
result from one that is incapable of operating.
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Facility adminisitators may apply many of the diagrammatic installation
details of Chapler 4 Tor elfective backtit programs, Facility personnel can,
themselves in many cases, spot deficiencies and coirect the situation rela-
tively ensily and inexpensively  Such o prograom might inchide mstallation of
shelf parapels on casewairk 10 restrain shelved ilems and to anchor {iling
cabinets fo prevent their toppling While an architect or engincer may be
wseful in pomting out and prescribing intricate details, the normal operating
stafl can provide guite a number of piner changes that will sigmficantly
increase the facility's polenhial for uperability

SEISMIC DESIGN CATEGORIES

Seismie design categories allow the design team 1o 1ationally speaify seismic
design piocedmes for various Lypes of equipment, We learn in subsequent
secttons how to apply the seismic category concepl so that essential facilities
will temain operntional duting and alter a major emthquake Sumply writing
a general code provision such as the UBC 1979 does net give us the neces-
sary assmance that the facilities will remam operationad. To attain the
nceded asstirance, a seismic plim must be developed. The plan should he
consistent so that aill membets of the design team will be conversing with the
same vocabilary. This scehion outhnes o busic method by which the desipn
teamn in conjuncuon with the owner can identily and seismically caleganize
the nonstructural elements in an essential Facility,

Tarst, the architect, together with the other members of the design team,
and the facihity owners review all the facility functions from a systems point
of view. This involves defining which functions are critical Lo the facility
operation, which are vnly 1equired for smoothness of operation, and which
Lall into the miscellancons catepory. The functional 1eview leads (o the
identificahion of the various operational systepr . which ate comprised of 1he
individual equipment items The following is an example list of the 11 pes of
systems under consideration.

Air handling.

Ceiling {lighting, acoustics, ctc.).
Communication

Data processing,

Emctgency power supply,

Fue protection,

Heating sirpply.

Kitchen

Medicul.

Otfice
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Piping
Records retnieval,

Sceurity monitoting.

Vanous hife supporit.

]

.

L]

& Scwage disposal
[

®  Voaoucal ecncolaton (elevitors)
]

Water supply.

Fhis Jist ol systems is incomyprlete and continues on for many dillerent types
ul facidities, Pach ol the systcms lisled above is composcd of individual
clements. Emergency power supply systems (tiless D.C powered), Tor
mstance, generally have a doving engine, a generaloi, vibralion ssolation
Glwiny s in conjundtion with motion restiints)y, a starier mechanism, battery
chargmg unil cwhuilsl provisions, distribution network, mamked conve-
mienice autlegs, fuel supply, and fuel storage capabilities. Some organized
method is reguired (o assess the relative unputtance ol the vanots systems
and tems necessiwy for the overall operation of the essential facitity, To
teet this regqunenient, the seismie categories given m Table 3 2 we pro-
posed. To ideatily the system and equipment, a dual letier designation is
suppesied. Theretore, lram Table 3 2 we know that the previous example of
the emesgency power supply system cin be placed in seishuc categoy A
The battery clhunger that is o component of thad system, however, would be
best classed i seisnue category ' CL7 Patling the two designations logether
in the dual letter format yields i seismic catepory 1o1 both the system and the
equipment of A-C.7 as shown in Figuie 3.6 The letter on the Jeft desig-

FABLE 2.2, Scismic Category Dehuitions

Seismuc Category Defiaimon

Criticol Systems o equupment thal ate 1equned For the operation of the
cyguipment “A° essettial Toaihity. life soppott. or where Tailuie wall durectly
and adversely atfect the function of other critical systems or

cyuipment

Suppuil
cguipment B

Syxlcmh o L'qllipmcnl Ik,'(-]lllll:d fur suppor] functions, the faul
ity can operate on a limited basis if o fuiluie oecurs

Suppoit Systenws o eqapment requited for prolonged operation of the
equipment U C fucibity on a duy-to-day basty
Suppoit All portable systems or cquipimient not i sesmie category ' AY

couipment D7

Miscelluneous
eyqupment * 7

Convewenee o miscellangous systems o cguipnend
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Enn:rql'luy power supjpily sysiem

s required for facility operation

A G
(B(Ilwrv charger 18 only requuced
J o d day da day buisis to keep

Liatienes chidryed suo g e
generator sel can start wnes 4

poawer failure pccurs

FIGURE .6, System and cyvipment seismic category identilication

nates the seismic categady of e overall sysiem, while the lette) on the Lighi
designates 1he seisnue category of Ui mndrvidual piece of equipment. Figure
3.7 diagrammatically shows the decision process regnired for the use of (he
seismic catepory meihod

Once the equipment and its operational system have been scisiically
culegorized, the design team is ready to apply their resoumces to quahly the
equipmert The seismic qualificinion approach depends on several factors

System cutepgony

Eguipnicnt category.

Essenual functions thal equipment must perform,

Expected carthyuake mlensity.

Eapecled level of shaking at cquipment or subcomponent location,
Inherent design of equipinent,

Late expectancy ol the facility.

Mounting chwacteristics of equipment.

Past expetience of eqinpment.

Proximily of equipment 1o other eqropment items.

When these items aie taken into account, the design leam can ratjonally
define the seismic category for both the system and the mdividual prece of
eguiphient.

The systems and equipment section ol this chapter suggests seismic cate-
gorics for approximately 150 systems and equipment items. The list may
seem long, hut o reabty is rather short The seisnue category provides for a
common ground for the quadification of many different (ypes of equipmeat.

The scismic categories wre then used for establishing i basis foi a logicul
seismic qualitication approach and ae applied 1o the seismug design
specifications discussed in the next section.
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| Systrm

Sysiein Fupnpment . Fauipment
-

wentrhoaton slonbiticabion

Tequired Yis Seisimie
tor operalality ] catriory
o hie support? it

Reguired
{or wnmediote
sugyort funenon?

Yes Scrgane
alrgnry

1ast
system/poce
neppoent?

T

caleyary

- T
P TR
for prolonged
opetalion’

Yoes

Mo

Portable
sveteing or
eonpment 7

Sersme
catrnory
0

Yes

T

Canveruenere Smisnic
or Rl —f-‘j catrgary o
imiseellannons E

FIGURE 37,0 Seismifc ooy decision pracess

SFISMIC DESIGN SPECITICATION MODELS

Onee the design team has suceessfully determined the seismic calegories for
the lacility operational systems aad the mdividual equipment items that
comprise its syslems, they need aspecilic design approach to quahify or plan
the facilily. In this section, two scismic design specifications e proposed

Essential Facilities. Qualification Programs, Systems, and Equipment 53

for use by design teams Scismic Design Specification-1(SDS-1) and Seisnuc
Design Specification-2 (SDS-2). 8NS-1 applies to systems and equipment
that can be included in seismic category “A™ or **B.”” while SDS-2 applics to
systems and equipment that can be included in seismic category *<°C,”" 1),
or "E.”

Floot 1esponse spectra, equipment location response spectra and static
design coctlicients must be supplied to the individual or organization pei-
formuing the seiemic qualification by the design team. This applies to both
SDS-1 and SNS-2. The type of information requited depends mostly on
whether the qualification requited will be performed at the system level,
equipment level, or subcomponent level. The author wishes to express his
gratitude 10 Wyle Laboralorics for their assistance in the development of
these model specifications.

Seismic Design Specilication-1 (SDS-1)

SDS-1 provides the seismic design criteria for equipment included in scis-

mic calegories *'A™ and "' B.” For consistency within this specification. the
following terms are delined:

® Design Acceleration (A)  The equipment acceleration value expressed in
units of gravity

® Design Spectrum The curves of maximum responses of equipment
subjected to a specific earthquake (critical equipment and support
equipment). ‘The response spectrum format is gencrally expressed as
acceleration, velocity, or displaccment versus frequeney (I/period) Tor a
designated equipment damping,

® Design Team  Architecis/engineers responsible for the essential facility
design.

® Eguipmient Weight (W)  The total equipment weight including contents
such as o1l and water.

¢  Critical Equipment Earthquake The maximum giound motion possible
at the site fiom any earthquake. Consideration must be given for cx-
pected effects felt at the site due Lo the distance fiom the hypocenter,
local geology, soil conditions, and so foith,

& Support Equipment Earthquake The maximum ground motion likely 1o
vccur within the life expectancy of the facility,

¢ Owner Individual, organization, company, or government agency re-
sponsible for managing Lhe facility.

®  Seiunic Category
A Systems o1 equipment requited for the operation of the fucility and
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I

hile suppore o whose Folure could doecilly and iddversely allect the
{function ol other requued systems or equipment,
B Systems on equipment that are sequited for suppost lunctions  the
tacdity can operate on o limuted basis if a Fulure occurs
®  Seismic Force (F)  Static {orce coefficent that repaesents the equiva-
bent seismic nettial force.
&  Scismic Load | he incrtal foree applied to equipment at ids Jocation as a
tesuht of an carthguake and the binlding/componeat interlace
®  Seisinic Qualitication  Demonsiiated meuns by wiinch the equipment can
be shown o resist the expected scismic loads in o manner that satishes
the design objectives

Depending on the seismic categoy and the nature of the equipment | seismic
gualification can be demonstiated by the Tollowtng means.

®  Shaie lable wess.
¢ Mathematical analysis
*  Dynuamic
*«  Llguivalent skilic coelficient

®  PPast expernience,

Presign wivm jidgment

®  Any combination of the above.

[he critical equupment earthquake design response spectium will be used
where seismie quahdication is requited of equipment that nist renuun oper-
ahonal becanse of s importance to the functiomng of the facility after an
carthiquake o where it involves bie support functions, Seismic qualilication
of other equipment m seismie cidegory A and 137 will use the support
cquipment carthquahe design response spectium The design team supplies
those performing the seismic gualification (the manulacturer, owner, private
consultant, o1 the design Lleam itself) with the tollowing requuements and
information

& Apphcable critical equipment carthquake, 1equired response spectra
(with damiping).

®  Apphcable support equipment eathquake, requited tesponse spectra
(with dumping).

& Applicable Noor design accelerations,

Applicabte equivalent stane coeificients
e ldeatification of which caitical damping Tactors sue to be used wath re-
spect 1o the design spectra,
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The viganization or idividual bidding on the seismie qualification shill sup-
ply the design team with the following information prion 1o commencing the
seismiic qualfication mograny

¢  Prce quotiabion tor the proposed method of qualilicaton,
®  Detailed qualification plan,
« I by analysis: method of analysis, design cifteria for analysis, and
professional credentids of those conducting the anaiysis
« 0 by test: detled test plan, mounting of specimen, operativnal
loads of spechnen, piroposed instrumentation of specimen, test
machine capabilities, choice of waveform(s).
* If by past experience: detailed characteristics of the experience (test
or analysis iecpoit)
«  Ifby design tcam judgment: detled explanation of rationale behind
the decision.

The design team and owners shall review and approve all proposals sub-
mutted prior (0 the actual setsmic qualification program  The owner shali
notify thie successful bidder when the scismic qualification program is to
begin for each equipment ilenmy The individual or organyzadion peirforming
the scismic qualibcation shall nouly the owner prior to any scismic test
programs so that the design team or owner may witness the west at their
oplron.

The sersmic qualification program is to be carned out as muetvally agiced
upon by the bidder this proposal plus required revisions where applicable),
the design team, and the owner. A seismic qualification procedure flow loop
is shown m Figure 3 8. The qualification report shall mclude proof of the
following-

® Seisnne test (where applicable)
«  Mounting to simulute actual in-service installation.

< Testin two perpendwular horzontal axes and vertical axis. The test
may be conducted i each direcuon independently. The design
spectra must be muluplied by 1.5 to compensale for the single axis
test. If the testis conducted in two axes simultaneously, the design
spectii must be muoltiplied by 1.2 for life support equipment or any
equipment requited for the continued operation of life suppoit
equipment, and (wo support equipment earthquake (SEE) complete
tests must be conducted prion to conducting the critical equipment
carthquake (CERE). The lower level SEL s more likely to ocour over
the hretime of the Facitity and thein cumutative effects should be
exammed o ensure operability after the higher level CEE.
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MGURE 28, Scisnuc quablication procedmie Now loop

Waveforms

{. Resonant frequency search {sine sweep 1est) al not gicater than
2 octaves/minute from 01 to 33 hertz in oll thiee major axes.
This test is to be o low-amplitude test and shonld be conducted

i all tes) pragrions,

2 Earthquake tests shall employ waveforms that e appmopriate to
the specific test, Seismic lests may employ any of the following:
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time histories, 1andom motions, randem motion with supeirm-
posed sine beats, or complex wavelorm tests. In any case, the
requited response spectium must be enveloped by the lest ve-
sponse spectium for the test to be considered vald,
+  Ciiteria for testing.
¢ Test michime calibration
* Instaliation details.
+  Continuous monifuring of equipment hefore, during, and after seis
miv test lo assure operalion of equipment.
+  Petformance anomalics observed.
*  Eguipment that has been carthquike tested is acceptahie for instal-
lation provided that the test does not result in nonrepairable failuie.

®  Mathematical analysis {where applicable).

+  Scismic¢ forces ure imposed in two horizontal axes and the verticn!
axi1s,

* nstallation details mus( be provided.
+  Static (' = AW} or dynamic analyses may be performed.
*  Operational loads must be combined with seismic loads.

*  Total scismic response lom three axis analysis may bhe taken a<
square rool sum of the syuarces of each individual response to cach
direction.

*  Maximum deflection of the equipment must be 1eporicd,

Altequipment is to be designed and instalicd to resist overturning, sheing.
and content spillage Friction duee to elastomeric feet and so forth will be
ignored in all seismic calculations and tesis. The resulls of the seismic
qualification 1eqred by SIDS-1 must be documented 1n a step-by-siepr
form suitable for andit.

Seismic Design Specification-2 (SDS-2)

SDS-2 provides the seismic design criteiia for equipment included n seis-
mic categories **C.”” *'[2."" and “E.” The seismic categories me defined

below:

C. Systems or cquipment required for prolonged operation of the facility
on a day-to-day basis

D. All poitable systems or equipment nat in scismic categamy A ™
E. Convemence or nuscellaneous systems o1 equipment.

The principal requitement of SDS-2 is that the equipment reman an-
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chared dunng and alter an cathguake, Anchorage of the equipment and
sithcompanents, which include items such as base phates, equpment eaclo-
sures, cabinets, legs, supporting stiuctures, connections, rolling stock, and
canttlevered supports, will be desigaed to resist stiding, rollimg, and content
spdlage and/on overtimg. Chore will not be an allowaoee made for liction
ab the hase of eguipment supparts becanse of the use of elastomeric teet to
rosist shuding

Lhe cquipoent shidlbe analyzed in two ntstuably perpendiculan horzomal
duections and the vertical direction A static coefficient analysis ¢f = AW s
the recommended approach The design acceleration coellicicnt A" 15 to be
provided by the design tcam The total seismic 1esponse hhom the tuee axis
anlysis pay be Grker as the square oot snm of the squases of the individual
vesponses o cach dhrection.

A proposal is notrequined ol the bidder for SDS-2. The adder, bowever,
must subant o sersmic gqualification price quotation to the destgn teaun prior
ta execution of the analysts The design team and owner will review, ap-
prove, and noufy the successlul bidder when 1o perform the analysis.

Several other methods e avatlable by which the egquipment can be
quatihed when the SD3-2 recommended approach is not appheable:

®  Scismic testing

& Dynamic mathematical analysis,
®  Pust experience.

& Dewgn team judpment.

®

Any combination of the abave

Lhase perlormmg the guahification muost coordimate any approach other than
that tecommended with 1he design team

SYSTEMS AND LQUIPMENT QUALIFICATION

This scchon distosses the systems and equipmient with which this book is
concerned. ‘The nugor systems e divided alphabetically and e listed
b low

Access floor systems

An handling systems.
Communcation systems.

INala processing sysiems.

Flevator sysiems,

Emeigency power supply systems.

e protecion systems.
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N
o

Kitchen systems.

Lighting systcms.

Aedical systems

Piping systems.
Suspended cetling systems
Water systems

o o ¢ & & 95 &

Miscetancous equipment,

The discussion of cach system contns a short general statement and o
srggestion or the overnll sysiem sesmic category  Exomples of the types of
facilitics most likely to contain major compongnts of the system in guestion
are also hisled.

Individual examples of cquipment within each system we ipcluded 1n
alphabelicad vrder A general statement desctibes important aspects of the
equipmem item, and photogiaphic examples are given for most pieces of
equipment. Suggestions for the equupment scismic categoty, Lthe appropriate
seismic specification and seismic gualibcation approaches are given tor each
equipment item. [ should be noted that these suggestions should be exam-
ined in deunl by the design feam for each appheation 10 enswe adequale
seismic guablication. Reference is also made in most cases to Chapter 4 fus
diagramunatic examples of instullation details In some cases, reference is
made to ““smular generic’” details where specific details are not supphied

Subjective scenarios me given for the degree of damage possible and the
type or conseyuence of damage for madequately protected equipment. The
relationships given heire are in pait based on observahons of past peiformance
of specific pieces of eyuipment in earthquakes and in pait on extrapolations
from the performance of similar picces of equipment. None of the scenarios
is directed toward individual manufacturers nor thewr equipment.

For some equipmient items 1eference is mude 1o photographic examples of
damuged equipment that can be found in the final pages of Chupter 3 The
suthor wishes to apolegize for the quality of seme of the photographs, as the
originals were either unavailable or uvutraceable, which necessitated copies
being maude direcily from previous publications,

This scction of Chapter 3 and all of Chapier 4 ate designed to be used in
handbook fushion by design professionals, governing agencies, fucility
owners, manufacturers, and students. First the applicable system is
identificd and then the individual equipment within that system is Jocated.
The design team then notes the suggestions for the qualfication appioach
listed for the equipment. Reference s casily made by figure number 1o
Chapter 4 for the suggested diagrammaltic instalbstion detatls, ‘1This handbouok
appioach should lead 1o new and existing (backfitted) Tacilies that ;we much
more likely to ventain operutional afier earthquakes.
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Aceess Floor Systems RELATIVE DEGREE OF BAMAGE OF INADEQUA IELY PROTECIED EQUIMMENT

. . ¢  Moderate 1o major.
Access orF tased o systems generally imply litt-out floomr modules.
Freestandmg, as well as earthquake resistant, miterfocking systems e MOSE LIKFLY 1Y PE OR CONSFQUENCE OF DAMAGE FOR
avinlable and e commonty used wheie data processing or communica- INADEQUALELY PROTECTED EQUIPMFNT
tions equipment s aegmited 1T the access Noop system should Tl doning
an calthyquake, the equipment that it suppoits is also more than likely to
(HI!

¢ Dislodged panels,
*  Disludged eguipment doe to shifting {loor
®  Flom collapsc.

SYSTEM SEISMIC CATEGORY ® [nopcrable equipment supported by floor
| ]

® AV cntcal system, General cleanup required.

SYSTEAE LEUING IN Access Floor Systems

Busmess establishments. Stanchions

Communicalion cenfers. .

Floor stanctwons (Figure 3.9) are the suppoit columns for the access floor
system. For the best peiformance, the stanchions should be anchored to the
subfloor, biaced between each other, and anchored to the floor panels.

Computingfdata processing cenlers.
Fmergeney operating centers.

Fire stations.

Government administration buiidings.
Haspitals

Police stations

Aceess Floor Svstens
ooy Panels

Access lloot pancls suppott heavy, expensive pieces of equipment and must
remu in place so that the supported equipment will not be damaged

FOUIPMENT SEISMIC CATFGORY

® AT aitical equipment

SPISMIU SPFCHICA TION

® SDS-I,

SEASARTEC QUALIH ICA HION APPROACTE

®  Equivalent static coelficient analysis
®  Desipn feam judgment.

= Sclect i floor manufactwier that has butht-in enrthguake protection
MCASHICH,

REVERINGCE DRGSO INSTALL AVON U PATES

e 41,42

FIGURF 34 Access foor slanchion
that is anchored neither (o the sublloor
new to the access floor frame.
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FOUIPMENE SEISMIE C AT GOy

® A cnbal equipment

SEISMIC SFCTHICA FYON

¢ Shis-)

SEISSIIC QUATINICA FION AVPRO AL T

® [ quivalent staliv cactlivient aalysiy
®  Dosign team judgsnent
«  Select a foor manufaciurer thin has built-in carthgquiake protection
mesuies

EVETRENCT FIGURES FOR INSTALLATION NE LA SN

e 41,42

RLL ALV E DEGREE GF DAMAGE O INADFQUATELY PROTLCTED EQUIPMENT
¢ hyno 1o modetate

MOST CERTTY 1Y PE ORCONSEQUIENCE OF DAOstaG DO
INARE GUA T kbY PRIYLELARD P QUIPMENT

®  Sholting of loor.

e Collgpse ol oor

®  [noperable cqinpriem supportad by flom
®  Goenerab cleanup requned

Al Hadling Systems

A haadimg eqgipment o found myomost bulddimg types Mosy Tuaibues can
opedate on a limiled bases il taduies showld ocew .

SESLEALSEISMIC C A LEGORY

& BT support system

SYSHENTEONNI N

®  All fucibihies

A Mandbing Systemn

Ai oty Revesters, gned Paflinvers

These items (Biguie 3010) wie not required for the succeessiul operation of the -

system, but do present a danger 1o peisonnel if they fall
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FIGURE 3 1¢.  Arr golle rhat does not

have g salety wire suspendiag it from the
struciure above Photo courtesy Ruhnan
Bvans Ruhaau Assoljates,

LQUIPMENT SEISMIC C ATFGORY

* “E" misceltanecus equipment.
SEISMIC SPECIEICATION

e SDS-2.

SEISMEC QUAE IFICALION APPROACN

®  Design team judgment

e Screw and n installation recommended; sheet metal screws aud
frichion fits comon Ll

»  Retaning safety wiie.
RELATIVE DEGRLE OF DAMAGE OF INADEQUA TELY PROTECTED EQUIPMENG
» DMoor

MOST LIKELY TYPE OR CONSRQUENCE O DAMAGE FOR
INADEQUATED ¥ PRORCTED EQUIPMENT

o Fallen regislers,
¢ Potential for personnel mjury.
& Generul cleanup,

REFERENCE FIGURES FOR FXAMELF OF DAMAGED FQUIPMEFNT

® 3,148,352 3 153,

Air Handling Svstems
Clhllers and Heaters

Chillers (1gure 3. 11 und heaters we generally conplicated cquipnient items
that must be at Jeast anchored 10 prevent flurd leuks, Flexible inlet and outlel
connections improve then swvivability.
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Alr Handling Svstenn
Puce Wanrk

Duct wink (Figiie 3,121 needs Tuteral biacing and exible joils at junctions
Bracing should not hend or wiap around other equipment.

FOUIPATE N STEISANC ¢ ART GOY

FIGURYE LAt Prysical plant an con- e T support cquipment
ditioning unit wath Aesible conned tions
The air comdoming unit as well as its
subcomponents should be considered ® SDS-2.

SEIRMIC SPICIT e ATFON

SESMIC QUALTFICATION APIPROAC I

FOUIPRIENT S1ISAIC CA TFGERY ®  Dewpn team judgment.

_ +  Flexilde conncetions at rigid balding inteifaces
L4 B support equapment. L i . i

®  [Lguivalent <tatic coefiicient analysis.
SUISATIC SPHCHICA TTON

®  SDS-1.

+  Suppoit and lateral bracing.
RFFFRINCF FIGURT S FOR INSTALLATION DE1AH S

SEASATH QEATIT LA TION AFPRO AL I [ ]‘ 4.4, 4 96 and A[‘P(.‘Hdl‘( 3

&  gquavalent static coclficient anadysis RELAIIVE DM GREF 04 DAMAGE OF INADEQUATELY PROTIC TED FOUIPMENT
«  Base andchorage

. . ¢ Maoderate
* Dvpamic analysis
= Manufactner generic qualilication. MOST LIKFLY TV PR OR CONSEQUENE E OF DAMAGT 100

INADFQUATFI.Y PROTFC IED 1 QUIPMENT
BITPHENCE THOVRISTOIINSUALL ATION LA S

® Duct work collapse
® 15 46

® Ruptmned duct work il flexible connections me not provided at nigid
RET ATV DU REE Y1 IRAREAGTY OF INADTAVA LT Y FROGECTLD FQLIM NY hlli]ding illl(‘ll:lcci

&  Moederate to nesjor,

RMOST FIREEY 1P OR CONSTOUENCF OF DAMAGY, FOR
INATHFOQUALT LY PROTECHED FPOUIPAMENT

Shifted cquipment
[oppled cogumpment,

L

*® [Troken supply fimes.
®  Inopciaine equipment
.

Floading potentual with some equipment

RETTRINCT PIGURE TOREAAMPIL OF DAMASGT T OQUIPATI N
FIGURE 312 Doctwork <howing frans-

LR Y verse bracing
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®  lnoperdine pornons o all sy stom KEFFIENCT FPIGURTS FOR INSTATD A TION DEL AN

& Cieneral cleanupreguiied

o 45 478 479,480,481, 4.82, 4.83, 484, 4 85, 486,

RELE HENCL DRGURES YOR ENAMULE CF DAMAGEHD FQUITMENL
2 RELAID L DEGREE OF DAMAGE OF INADFQUALFLY PROTECIFD LQULIMLNG

& 319 3 )50 .
H ' ®  Alinog Lo moderate.
Vir Hawddg Sysienn MUSE [ LALLY 1Y PE OR CONSLQUENG R OF DAMAGE FOR

INADFQUATITY PROTECTED LQUISMENT
Fou Unds Hoor Mounged

. ] . ® Shitting o1 oveiturmng of the fan uni.
Av handhing b vms (Figeve 3 13 tange Hrom soall to very Luge, I vibia- E E

L psolakors are cmployed, motion jestramis are required. Consideration
shiculd slser be grven 1o e caonncc i

& Resonance of equipment ff vibraton isolalors are used withoul metion
restaaints (may sesull momapor damage).

®  Possihly mopeiative fan wnits

FOUIPAME N SEISMIU § 1T GORY .
! ‘ ' & Cleanup reqguned,

® B osuppanl cguipacil
] ppart eghpoicy REFERENGCL LIGU RS TOR LN AMPLL OF DAMAGED FQUIFMI NI

o 3051, 3074, 3177,

SOSMVEC SPTURIC VETON
o 5040
SEISAHE QUALIT K Y HON APRiw IL

Atr Handling Syvtems

®  [Egunalent static coctheicnt analysis Fan Units, Suspended
J y - i

 Base andhojage

Suspended tans (bigmie 3 14 obviously present special problems should
they lall The fan unit should be anchored 1o o stiwctmal walt wherever
possible.

% Dynanuc anabysis.

»  Laoploy moton westiants ff vibration isolation s used

EQUIPMENT SEISAIC CATL GORY

& B suppoil equipiwent.
SEISMIC SPECIEICA 110N

& 5DS5-t

SEISMIC QUAL I TCATEON APPROAC

& Lguivalent static cocthciend analysy
= HEaigidly mounted (natwal fiequency generably above 30 beniz),
v Lt bracimg

®  Dyiunte analysis
= I levly mounted.

*+  Motion sestiamnts sue requnied b vibnation isolation is employe.d
FIGUHIE 3.1, Rool wonated fan umt
showing bacd mountmg wnd lesible ser-

Ve B Lonied Hions » 4.(), 4 7‘8! 4")9‘ 4 ®t), 4 HI’ 4 82’ 4.8‘, El 84' 4 »5.

REFERENCE JIGURES T ORINSTALLA TION DETAILS




