"Documento original en mal estado”



2 Earthiuake Protedtion of Essential Building Equipment

SEISMEC QUAT TRIC A TION APPROACTY

® [lesign team judgment,

»  Swing arm restiainels when not in use.
®  Equvalent static coefficient analysis.

«  Base anchorage at wall connection.
REFFRENCE FIGURF FOR INSTALLATION DETANS

e 452

HET ALIVT DEGREEF OF DAMAGE 1OR INADEQUATE LY FROIECED FQUIBNENT
® Nonc to minor.,

MOST UIRY T Y EYPE OR CONSEQUINCE OF DAMAGE FOR

INAIQUATELY PROFCTED 1LQUIEMINE

®  Possble collision with other cquipment while X-ray uast is swinging. -

Vedical Systems
N-Rav, Fived

foved Ny cginparent is requited (Frgime 1,125 for adequate palient care
mmetharely after o major catthquake  Tquipnent subcomponents are com
monh precasionsty or cecentricatly mounted and e highly sensitive to
l'}'I'HHHIC maolrons,

FOQUIPAME N SEISSITC O AT GORY
® AT crnical equipment

NEISMIC SPUCIIC ATTION

® 5D5S-

SLISMIC QUATILKC ATION APPROACH
#®  Tquivalent static coetficient annlysis
¢+ Rase analysis
®  Dynaimie analysis,
= Subcompanents,
+  Frame analysis.
®  Scismic tesl.
*  Generie qualification by manufacturer.

RETERENCT TIGURE 1 OR INSTALLATION DE1AILS

* 475
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FIGURE 3125 Typical  Xoay s
require base anchotage

RELATIVF IRCREY OF DAMAGTE OF INADT QUATELY PROTFC 1D TQUIFMENT
¢ Minor to moderale,

MOST LIKELY 1Y 1 QR COINSEDQUENCYE OF DAMAGE FUR

BADEQUATELY FROTFCTFD EQUVIPMENT

Equipment malfunc tion.

Frame rackmp.

Equipment toppling becanse of underdesigned anchorage.
Equipmcut pounding.

Genesal cleantp requited

Medical Systems
X-Ra)'. Portable

Portable X-1ay cquipmemt (Tigine 3 126) is commonly left unanchored in
Ballways and waork spaces when it is not in use, inviting disaster.

BQUIPMENT SEISRMIC CATFGORY

8 UAT crilical equipment.
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MGURE 31200 Unscoued  portable
X by unt

SEISMIC SEL A LN

® 5NSt.
SUNBC LU T A T ION APPROALTE

®  [Dosya leum udgment.
o Provide storage space when equipment is oot in use
® Lgunalent static coctheient approach,

* /\nLhurugc whea CHPMent 15 not 1w bse
HUBERENCE HIGURE FOR INSLALEATION DE JAH S
® 4 4Y

HULATIVE DEGREF OF DARMALE O INABLQUAIEEY PROICILD QUIPNE NI

&  NMinon o waoderate

MO ELIRELY 1Y OR CONSEQULNUE OF DAMAGE
FPORCINADEQUANTLLY PROTeC LI T QLIS IEN

® Lopphing.

®  Jmaway cqpment

& Uollivwen with other cgupinea

® [ quipment malfunction.

®  Gieneral cleanup required.
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Maotivn Restradnt Systems (Courfesy California Bynunics Corporation)

Unless protected. resiiently  supposted  equipment is  valnciable 1o
catthquahe Caused damage. Excessive displacements telative w ihe buldmyg
can tear connections arkd excessive equipment velodities endanger equip-
ment and sunoundings from bammenng impacts. Motion 1estrainis, if prop-
erly employed by the design teum, cun protect the equipment without com
promising day-to-day vibvation 1sotation performance unless carthguuke
crileria are unusially severe

A motian resteant (or snubber) must be stuctually adeguate and prop-
erly anchored o1 it will meiely give the illusion of protection. The low tensile
strength of conciete ofien dictates extraordinary mensures sich as embed-
ment of steel beams in concerete floois. Proper design, however, can often
aveid this costly proceduie and drilled in anchor bolts can be uscd instead.
Froper anchmage design 1s critical 1o the successful employment of any
motion testiuning device Use of an lntegral Vibration Isolation and Snub-
bing Device (ISOLATOR RESTRAINT) stmplifies installaion wih o
minimum quanity of devices, places snubbing loads at the imost desiable
locations. and jeduces pullont luads on anchoas by utdizing the equipment
weight for minimal anchotage difficullies.

The design team will generally find the best 1oute to qualification by hiav-
ing the moton restiaiat system designed by the professional design stud !l of
the manutactmer, The individoal motion restmnt manufacturers  ate
equipped to solve the installation problem with auaimal saput from the de-
sign 1cam. Requined infonmation jncludes;

¢ Equpment dia and geometry.

8 Floor mohon criter i

8 Response spectiums (or other dynamic criteria).
& Applicable code requitements.

SYSTEM SEISMEC CALLGORY

® A (ntical system.

BSTEM FOUND IN

¢ Al Licilities with resilicntly supported equipment.

Motion Restraint Systems
All-Div e tionadd Siibibers

All-ditectional snubbers are generally cylmdiical and each snubber provides
for equipment motion in all thice orthogonal axes. They can be installed
dongside o1 beneath equipment. Al disectional snubbers are generally -
stalled o two skdes of the reciprocating equipment adjacent to the vibistion

isolators.
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LOUIPALEND STISMIC € ATHGORY

® AT cntical equipment.
SFISMIU SPFCIFICATION

® SDS-I.

SFISMIC QUALITICA LION APFROACKE

®  Design team judgmced,
*  Select molion restiaint manufacturer .

* Refer to professional maotion restiaint manufactuier for selection of
suitable 1estiaint type and installation specificatious.

REILRUNCE, FIGURES TOR INSTALLATION DITALLS

® 478 479, 480, 4.81, 4 Ro

RLLATIVE DEGREL O1 DAMAGE FOR INADVQUATFLY PROT CYED EQUITMENT
®  Maderate to major.

MOST LIKELY TYI'F OR CONSEQUENC E OF DAMAGE FOR
INADTQUATELY PROTLCTED EQUIPMENT

® | quipmienl dislocation
®  Scvered supply lincs.
®  lguipment faihne

Motion Restrainf Systems
Toolaror Restraings

Fsolator restiaints e mtegral vibiation ssolators and motion restraints thal
have been combined into a single package. These isolalors arc easy 1o &
amine and maintain

FOUIPRMENT SHISMIC CATFGORY

® AT critical eguipnient
SEEPATE SPECITCARION

®  SDS-1.

SEISANC QUALIFIC ATION AFTROACH

®  Design team judgment.
* Seleet motion testiamt manufacturer.

* Reler to professtonal motion restiaiat manufachier for selection off
suttable restimnt type and installition specificidions.,
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REFFRENCY 1IGURES TOR INS [ALLATION DRTAILS
® 478,479, 480,481, 4.83, 484, 4.85.
RELATIVE, DEGREFE. OF DAMAGE FOR INADEQUATELY PROTECTED EQUIPAMENT
® Moderate to major.

MOST TIKELY TYTF OR VONSEQUFNCE OF DAMAGF FOR
INADFQUATFLY PROIFCTED EQUIPAEN T

8 Eguipmcnl distocation.
¥ Severed supply lines,
®  Equipmen! failne.

Wotien Restraint Systems

Lockout Devic es

Lockout devices are gencrally pneumatically operated and restrain equip-
ment that has been reciliently mounted from undergoing sympathetic vi-
bralions that may result from cquipment/building—isolation intcractions.
When a scisimic sensing device on the motion restiaing “feels™ huilding
motions greater than anticipated under norma) vperation, the fockout 1s
tmployed  Rams that prevent further motion of the cquipment are then
Iserted into recerving cups on the cquipment <kid, Once tripped. fockout
fevices must be manually reset.

BQUIPMENT SEISMIC CATEGORY

8 AT critical canipmem
FEISMIC SUFCFLOCATION

® SDS-1.

SEISMIC QUALIFIC A LTON APPROACH

8 Design team judgmeni.
v Select motion yestraint muanufacturer

* Refer to professionst mofion 1eshraint manufacturer for selection of
suitable restraint (vpe and mstallation specifications.

MFERENCE FIGURFS FOR INSTAT LAVION DETAILS
® 419,478 479, 480, 481
BELATIVE DEGRFT 0 F BAMAGE FOR INADEOUATFLY PROS ¢ 10D EQUIPRIENT

® Madcrate to major,
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MOST LKLY BYPE OR CONSTQUENCT OF DAMAGE 1 OR
INADEQUANT LY PROVELC TED EQULPMENL

®  Lquipment dislocation

®  Severed supply lines.

® [ quipment failue

Muotion Restraint Systems
Suahhers, Anele Stops

Fuar selected pieces of noncistical and inexpensive reciprocating equipment,
(he design team may wish to design jis own snubbers. The most common
micthod uses angle stops with rubber mertin pads. Care miust be taken to
avoud creating shock loads that can sever bolt heads, damage the equipment
itsclE, o break the bond berween the concrete and anchor bolis Aachor bolt

holes e the base st be romd and generally the same size as the anchor
bolt tather than oblong

FQUEPMENT SESMLC CALT GORY
® BT support cquipment
SEISAMIC SP1¢E T ATION
® SDS-L
SEISMIC QUALIFICATHON APPROACH
®  Design team judgment,
+  Make decision for in-house design of snubbers.
®  Dynamic analysis.,
«  Decinnne shodk loads
*  Detanune spring-mass 1esponse (equipment disptacements, ete),
*  Determine anchorage chinacleristics.
«  Deternune conect lolerances,
RUFERENCE FIGURES FOR INSTALLATION DEFAILS
® 478, 4.79, 4 80, 481, 4.82.
RETANIVE DEGREE OF DAMAGE FOR INADEQUATFLY FROTECTED FQUIPAMEND

& Moderate to miaon,

MOST LIKELY 11 PE OB CONSEQUENCL. OF DAMAGH FOR
INADEQUA THI Y PROTFCTED FQUIPMENT

®  Lquipment distocation.

®  Secvered supply lines

®  Lquipment failure.
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-

Piping Systems

Although much of the piping within a facility is not critical m itself, ruptures at
an inappiopriate place and time can lead (o the failure of other critical
equipment items; for example, a water line failure that allows the cmergency
power supply roum to (loud, thus shutting down factlity power. The basic
philosophy behind gualification of piping systems is 10 keep the hne sus-
pended and 1o keep it from dellecting <o much that o is likely to 1uptuse.
Bracing and llexible connections along with separation of the pipe 1un from
lhe building structuse/pipe interface (1 e., where a pipe passes through a
wall) sigmificantly reduce piping system fatlures. Qbviously, for critical sup-
ply lines or where a fuilure of a noncritical Iine is likely to affect the opera-
tion of an adjacent picce of equipmient in i higher seismic calegoiy, the pipe
run must be “luncd'” o that its notuiad frequeney does not fall within the
frequency generated by the carthquake.

BYSTEM SLISMIU CARGORY
& ‘B support system.
SYSTEM FOUND IN

® Al fuciliires.

Piping Systems
Pipe at Seismic Joints

PBiping at seismic joints must be capable of displacement i three orthogonal
axes simultancousty through the use of fiexible connections or ball Juints,
The inability of the pipe to move with the building would otherwise 1esult in
alikelihood of pipe Fulure.

BQUIPMEN I SLISMILC CA LEGORY
® Varies.
EBMIC SPECIFICATION
¢ SDS-1 or §DNS-2,
’mll(: QUALIFICATION APPROACH

& Design team judgment.
® Dynamuc analysis
® Pipe flex computer progiams we avalable

SFERENCE FIGURE FOR INSTALT A LIGN DETANS
b 4.93.
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REUTATTVE I GRLL, OF DAMAGE FOR INADLGUATLEY PROTICTER TOUIPKT NS
®*  Minor (0 major.

MOST LIKFLY FYPE OR CONSFQUENUE O DAMAGE FOR
INADEQUATFLY PROTFCTFI FQUIPMENT

®  Scvered pipe

*  loading

®  Sunilation prohlems,
®  Steam cscape,

Piping Svstens
Pipe Hangers, Lateral Braced Horizonial Pipe

Unhnaced honzontal pipe is subject to pipe sway, which ean transmit high
loads 1o fixed langes Lateral bracing (Figure 3 127) ean reduec the petential
lor this type of fimluie Compression posts prevent vertical pipe molions.

TQUIPMENT SFISAEC € ATEGORY

®  Vinies,

SEISAIIC SPECHICA TN

® SDS-1 o1 SDS-2.

SEISMIC QUALIFICATION APTROAC I

®  Design team Judgment

®  Dynannce amalysis,

® Pipe flex computer programs are available
REFERENCE FIGUIRES TOR INSIALLATION DETAILS

® 489 495,

RETALIVE DEGKEE OF DAMAGE FOR INADEQUATILLY PROTECLFD T QUIPMENT

®  Minor to major,

MOST LIKFLY 11 PF OR ¢ ONSLQUFNCE OF DAMAGE FOR
TNABFQUATI LY PROTECTED VQUIPMENT

®  Severed pipe

®*  Flooding

®  Sanitation problems.

®  Steam escape,

REFERENCE FIGURT S TOR FXAMEPLES OF DAMAGED FQUIFMEN

® T |82, 3 IR3.
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FIGURE 3,127. Norizontal pipc with
fuingere and Bteral Bracing

Piping Systems
Pipe Hangers, Longitndingd Broaced Hevizontel Pipe

Pipe that is unbraced in the longitudingl direction is subject to axial luads at
fixed points that may lead 1o ruptures. Compression posts prevent vertical

Pipe motions.

BOUIPMENT SFISMIC ( ATEGORY

® Varies,

MSMIC SPECIFICATION

® SDS-1 or SDS-2

MSMIC QUALIFICATION APPROACH

® Design teant judgment
® Dynamic annlysis.
® Pipe flex compuler programs are avakible.

IEFERENCF FIGEHRL FOR INSTALLATIIN BETALS
8 490



