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IYATIVE DEGREF O BAMAGE OF INADFQUATELY PROTECTED FOQUIPREND
®  NMimor to moderde

AIOST TIKET Y TRP1 DR CONSI LN 61 DAMAGY 10R

INADEQUATL LY FROSTC EUD FQUIFMENG

®  Letuled clevator cas.

®  inoperable elevatms

RETY R NCT FIGURE TOR EXAMEPLE OF DAMAGLD LOUIPMENI

® 357

Elovatar Svstems— Uraciion Elevagors
Connterw erght Guide Ry

Ayres and Sun (1973) reporied 674 counterweights that had been dislodged
from then guide vawls as o restlt of the 1971 Sun Fernando catthquake. One-
sisth of the connterweights actually damaged the clevalor cars.

LOUITRUND SEISMEC AT GORY
® AT critienl equipment
STASATIE STTOIIC A TTON

® SDS-I
SETSAIC QUALTTIC ATION APPROAC T
®  Pquivalent static coelhcient analysis
*  Ral anchorage.
®  Stress anithyss,
¢ O the 1l
*  Deagn teom ndgment
¢ Speeilv proper counterweight 1ollar mndes (Figuie 3 43) that have
heen designed for the earthguake enviomment.
RETERINCE DHAURLS TOR INSEALT ALION B TAD S
® 422 423
RELATIVE DEGREE OF DAMAGT OF INAT QUATELY PROTFCTED EQUIPMENT

®  Moderate (o major,

SMOSTHERDD Y 1P ORCONSTOUNCE O DAMAGT 10R
INATHCHIARTEY PROSECIED EOVIPAII NI

®  Potentiol {or personoet oy
®  Counterweights dermled.
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FIGURE L83 Connterw erpht pnly
rinfe showing .l anchorage and coun-
terwetht inlfer guides al top of connre -
weight

¢ Counterweights damage elevitor car
& [Inoperable elevalor system

RFFERENCE FIGURES FOHR EXAMPIES OF DAMAGYE 1 $ QUIPMENT

® 154, 3155 VT ISA. % )ST. T 158

Elevator Systerrs—Traction Flevotore
Hoist Maclhin

Hoist mactine failure can cavse the hoist cables lo become entangled, which
in turn makes the entire elevator system inoperable

EQUIPMENL ST ISMIC C A TEGORY
» AT crineal equipment.
RISMIC SPPCIEICATION
® SDS-I.
BEISMIC (JUAT [H10 A 1 TON AFPROAL It
# Equivualent slatic coeflicient analysis
* Baseanthotage of haist machine to struetural member {(Figure 3.44)
REFERENCE T1GIRE LOR INS TALI ATION DETAILS
8 427,
RELATIVE DI GRFF OF DAMAGE OF INADEQUATLLY PREOAEL LT 1Y EQUIPMENT
® Minoi to mnjor.

MOST LIKELY 13V PE OR € ONSEQVENCE 01 BARMACK TOR
BADFQUATFLY PTRROFIC FV D ) UIPNE N

® Shifted hoist machine,



16 Farthquake Protectiun ol Essential Building Fgwipment

FICURE 334, Gearless horst madchine

®  loppled hoist machine.

&  lungled hoist cables.

®  Inopeiable clevator.

Llevatar Systenns —1Eraction Elevatars
Aot Conntrod Py !

AMotor contiol puncls with dypaoucally sensibive conliol devices (rigure
3 45%) regune moie stingent quabification programs than panels wath all
sedid-stiate subcomponents

EQUIPMENL S#15MIUC CATEFGORY
® AT cnitical eguipment
SEISMLC SPFUIHICALTION
® SDS-I
SEISMIC QUAL IFICALLON APPROACH
®  flquivalent static coelficient analysis,
¢ Base anchorage of contiol panels with solid-state subcompuonents,
®  Seisnnic fest,
» Contol papels with dynamically sensiive switehes, and so on.
RETLRLRUE FEGURE FOR INSTALT ATION RFIAYLS
® 425,
HED ATV BEGRER OF BAMAGE OF INABEQUATEL Y PROTEC LED TQUIPATNL

®  Mino 1o smajor,

showing bise anchorage and cahle gaide.
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FIGURE 345, Mot contiol panch
showing dynanmically sensitive swilches
This 1l slender pancl s neher base
anchored ned top byaced

MOST HIKEIY IYPR OR CONSFQUENUT OF DAMAGE FOR
BADEQUATLLY FROLTECEEDR EQUIPMENT

® Shifted eqguipment.

8 Toppled equipmen

¢ False signaling.

® Inoperible equipment.

WEFERENCE FIGURE FUR EXANMPLE OF DAMAGED EQUIFMENT

® 1159

Elevator Systems —Fraction Elevators

Motor Generator

E

Motor generators have commoniy Tailed in past earthqguakes because of
Inadequale anchorage (sce Figuie 3.46). They must be base anchored and
provided wilh (lexible clectric connections,
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FIGURE 346, {inscomed motor gen
‘ et st atopr oo preotmp The
Pnig . electie winmg to this genceator has been
f;;jy?‘ﬁ*}m “ instalfed withont skack, which mcieases
: its Eailme poteniial

FOUIPAMENT SEISADC CATFGORY

e AT

critical equuipment.

SEISMIUC ST CIFICATION

® 5D5-1

SEISMIC DUALITHCATION APPROALTY

®  Pguinalent stuic coelficient analysis,

REFERINGCE THARE TOR INSTALLALION BELIAILS

® 4729

REDAVIVE DLGREE 01 DAMAGF 0F INADEQUALFLA FROTECTED FOUIPMENT
®  Minor o major.

MOST LRI EY PYPI OR CONSHOQUENCE OF DAMAGE 10R
TNADTOUATEL Y PROTTCVED LOANIPMENIT

&  Shitted cqmpment
®  [nhoperable elevators

RIELRENCT FHGURES 1OR EXAMPLES O TAMAGED FQUHEMENT

® 59 3060, 3061

Elevator Systems—TIraction Elevators
Selescten Panel

Sclector pancls with dynamically sensitive subcomponenis can cause the
inopcialiahty of the clevaton system theeuph Talse spmaling, and <o on if not
adequately braced thigare 1 47),
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FICOURE R 47

PQUIrMENT SFISMIC € AL GORY

® AT crihieal cqunpiment
SEISMIC SPFCTRIC ATHON

¢ SDS-1.

SEISMIC QUALIICATION ATPPROFACIT

® Equivalent stauc ¢oefficient analysis,

*  Basc anchoarage and top bracing for solid-state panels.
® Scismic test.

¢ Panels with dypamically sensitive subcomponents.

PXFERFANCE EIGUIRE FOR INSTATT ATION DY TADNS
® 426,
RELATIVE DEGRFE O DARALE 01 INABLGUATILY PROTFC D FQUITMENT

® Minor to mapm

This selorotor pingt has
only boen anchored 1o the Mooy grating,
noi the steel structare below
adeguate <eismic protectson

This 15 neot
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MOSETIREEY Y P OR CORSFQUI NCEF OF DAMAGE FOR
INADEQUATELY PROTEC TR LQUEMENL

®  Shafted equuipment
®  Toppled equipment.

¢ Poundmg of adjacent cyuipment or walls if not propetly braced

Lroperability due to False signaling and so on (hansieat Balue)

cergency Power Supply Systems
Y

Limergency power supply systems are the backbone of wll tacihities following
most major disaisters. Widespread power failmes commonly siccompany de-
sttuctive carthguakes. More than any ol the other systems discnssed in this
book, vy power sepplics necd to be appioached from the systems
pomt ob view for scismie quaditication. A sigle Fulure of many subcompo-
nents e the system can place the entice system vut ol operation 'Lhis can
lcad 1o the inoperability of other equipment items that may be required to
petform critcal functions. The interrelationships of functioning systems was
demonstided mthe 1979 Imperial Valdley ecarthquake. At one esseatial facil-
ity, @ waler main burst and Nooded the emergency power supply room. Asa
1esult of the floodmg, the emergency power supply system could not fung-
tion and criical communications were hampeied because of a lack of power,
loadeguate quahlfication of the emergency power supply system and ils
components o adjacent systems will almost certinly lead o critical failures
in future carthqguehes.,

SVSTEM SEESMIC CATEGORY
® AT ciilical system.
SYSTENM TOND IN

Business establishments
Connmmmicabion centers
Computing/data processing centers
Linergency operating centers

Fie sttions

Government adnymnistation buiklings.
Hospitals.

Police <lations

Schiools

Essential bacihties, Qualitication Pragims, Systems, and Kqupmient 1£1
Emergency Paower Supply Systemy
Battery

To start farger systems, more (han one battery is tequired Baltery racks
shoukl be adeguately anchored and the battenies showld be anchared o
restritined withim thetr tacks (Fige U08) Blectie cables should Das e
plenty ol slack sid o be pulled tright for aesthetic reasons.

EQUIPMENT SEASAIE UA) FGORY

& AT cunical equipment.
RAMIC SFLCIICATTHON

¢ SDS-1.

SEISAUC QUATTETC A TION APIPROACH

®  Hquwivadent static coctlicient tnaly s
¢ Vo banery rach anchorage
® Dusign team judgmient

o For cable shack and buttery vestaunt within the 1ack,
REFERENCE FIGURES FOR INSTAYT ATON BRI ALY
¢ 430 4.3).
RELALIVE PLGREF OF DAMAGE OF INARFQUATFLY PROTECTED EQUIPME NI
8 Minor 1o major

MOST ETKELY 1Y 2L OR CONSEQUENC R OF DAMAGE FOR
NADEQUA TELY PROTECEFD KQUIPAEA T

¢ Batiery ruchs may topple il not adeguately anchored,

FIGURE 3 48, Baltenes shonld be an
Choted av shova Treve sund fle wble efeg
tod cotnections should be provided.
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®  lanciy cells may crack if not wosyaineed withm thein iacks: acid may
spill brom cracked balieries.

®  Flecnic cables tear Toose fiom the termmals, often with batlery cast
damape, tMinstalled too tightly.

®  Ymeipency power supply system cannol function,

Emergency Power Supply System
Pvhass £t

Exhaust pases are harmfud to facility peisonnel if lenks should develop.
Fiexible connections provide leak protection and should be pravided be-
tween the mamflold/mufMer (Figine 3.49) and muffler/building inter faces,
FOUIPA NE S1IAMIC CATLGORY

® AT anilical equipment

STISMEC SPECTHICATION

& SDS .

FIGURE 3,49 Flexible  conneetion
between  the  exbnst manifold i
mutllet shoukl he employed a5 show
hore, tateral haaciog abso shoufd b
been provaded by the mualfley wnit,
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SEISMIC QUALIFTCATION APPROAC T
& Eguivalent static ceefficient analysis.

* For suspension system

*  Lateral biacing.
¢ Dynamic analysis,

* To determine maximum displacements
& Dcsign team judpgment,

* Use manufacturer recommended Nexille connections
REFFRENCE FICURE FOTR INSTATI ANON DETADS

® 447

RELATIVE DEGRLE OF BAMACE OF INADEQUATELY PROTECTED EQUIPMENT
® Minor.

MOST LIKELY TYPE OR ( ONSEQUENCE OF PAMAGE, FOR

INADFQUATFLY PROTECIFD FQUIPMENT

® Inadequate suspension system can cause silencer collapsc.

® Rigid exhaust pipe connections are likely to fail,

®  Polential for personnel injury i€ exhast gases leak inlo the budding,
® System is likely to remain operational even if silencer supports fail.
Emergency Power Supply Systems

Fuel Supply F.quipmoent

The day tank (Figure 3 50) generally holds cnough fuel for 24 hows of
continued operation To assure that variations in the time fiame requirement
are met it js necessary 1o reler tolocal codes, The day tank may be binied or
fixed to the wulls o1 flour of the facility Damage would gencrally nol be
expected if the day tank is securely anchored

EQUIPMENT SEISMIU € A1LGORY

® AT aitical equipment
SEISMIC SPECIFICATION

¢ SDS-1.

BEISNHC QUALTTICATTON ATTROAC T

®  Egquivalent static coelficient anulysis
* Fixed day tank.
®  No specific reqnitements

* Buicd day tank.



