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I.

ABSTRACT

Guidelines of the U.S. Nuclear Regulatory Commission stipulate
that, fire protection piping in nuclear safety reLaÈed areas be
designed and constructed so that failure there,of will not reduce
the functioning of systems required for safe shutdown of the re-
actor in the event of a Safe Shutdown Earthquake (SSE) incident,.
Because of the need, to install fire protect,ion systems in safety
related, areas and because of the linited experience with such
systems in nuclear por¡/er plants, a study was authorized by Divi-
sion of Systems Safety, NRC, to investigaÈe and present informa-
tion on the performance of fire suppression and fire detecÈion
systems und,er post-earthquake conditions. NRC's rnain interest
vras indicated as being in those parameters which involve system
hardware reliability, post-earthquake functional capabiliÈy, and
major types of failures which have been reported in recent earth-
quakes.

Numerous organizat,ions and 'individuals who might'have d,etailed,
specific information on earthquake damage to fire protection
systems and on special d,esign reconrmenrlations Ì{ere contacted,
during the course of Èhe study. Literature searches htere con-
d.ucted., and a considerable amount of descriptive material, data,
and design guid,elines \¡rere collect,ed and analyzed for applicabil-
ity to this subject. Case histories containing descriptions of
damage sustained by fire proÈection systems as a result of eart,h-
quakes v/ere summarized for inclusion in the report on the study.
ÈarÈhquakes included $¡ere those in San Francisco (March 1957),
Alaska (March L964) , San Fernando (February 1971), and. Point
Mugu (February 1973). Damages tTere tabulated and analyzed.

As a result of this sÈud,y, it was concluded, that automatic
sprinkler systems, installed in conformity with nationality
recognized standard,s, which includ.e special hanger and. lateral
bracing provisions for earthquake prone regions, will not suffer
significant impairments in an earthquake, unless the piping is
bróken through-major structural collapse or by falling walls.
Some mod,ifications to current rules are presented. to further
reduce potential loss of operating capabilities following an
earthquake.



No special precautions are taken at the present time to prevent
impairment of underground piping as a result of an earthquake.
Fire mains installed in conformity with naÈionally accepted. stan-
d,ards appear to withst,and earthquake forces reasonably well,
but with st.rong ground motions, breakage of cast iron and as-
bestos cement pipe and the pulling apart of slip joints can be
anticipated.. Adequate looping, the provision of sufficient
means t,o isolaÈê damaged, sections of piping, and, the provisJ-on
of connections for temporary water supplies will reduce the
probability of ma jor irnpaírments.

There was a general lack of documented. case histories on the
damage to f ire detection and. alarm syst,erns due to earthquakes.
This may be d,ue to their satisfacÈory performance or to failure
to d.ocument impairments at, a time when other damage is of much
greater and immediate importance, or both. Horvever, the evidence
Suggests that, impairrnents, if ãnY, are.minor if no severe struc-
tural rlamage occurs. "Seismic loops" have b-een suggested as a
means of preventinE failure of wiring vthere it crosses building
joints where large, differential movement can be anticipated..
Temporary impairments of fire alarm service immediatefy follow-
ing earthquakes, due to actuation of many autonatic transmitters
simultaneously as a result of ground motion, can be expecËed and
cannot reasonably be prevented.

No references trere found as to the performance of'special fire
extinquishing systems in earthquakes. There are relatively few
such systems (carbon dioxide, Halon, eLc. ), and while breakage
or impairment, may occur during an earthguake, the agent, probably
would not be discharged. Ðamage is likely to be minor, and
restoration fairly si-rnple. Standards covering these systems
have no seismic provisions.
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INTRODUCTTON

This sÈud,y was principal Iy conducted by Mr. B.M. Cohen, senior
vice presid,ent of Gage-Babcock and Associatesn Inc., a consul-
tant, Èo Brookhaven National Laboratory under the direct,ion of
.lì4r. Robert E. Hall

Numerous organizations and, individuals who might have d,etailed,
specific information on earthquake damage to fire protection
systerns and on special d,esígn recommendat,ions \Átere contacted..
Literatr¡re searches were conducted, and a considerable amount
of descriptive material, d,aÈa, and design guidelines were co.L-
lected and analyzed for applicability to this subject.

The organizations which $/ere contacted during the eourse of this
study included,:

Insurance Services Offices in San Francisco and'
Los Angeles (formerly Pacific Fire Rat,ing Bureau)

FactoryMut,ua1System,LosAn9e1esandNorwood',MasS

ïnd,ustri al Risk Insurers (Factory Insurance Association) ,
Los Angeles and Hartford,, Conn.

California SÈate Fire Marshal, Schoolhouse Section

National Automatic Sprinkler s Fire Control Association

Cast Iron Pipe Research Association, Sacramento

Defense Civil Preparedness Agency, Washington

National Science Foundation, Washington



Introductíon

Publications of the followj-ng organizations were reviewed, for
applicability to seismic design requirements or guid.elines for
fj-re prot,ecùion systems:

National Fire Protection Associati.on (Pamphlets l0 ' 11,
12, 124,, 13, L4, 15, L7, 20, 22, 24, 70, 72Ð, 73E,¡
Fire Protection Handbook)

Factory Mutual SysËem (l,oss Prevention Ðata Sheets,
Handbook of Industrial Loss Prevent,ion)

International Conference sr Building Officials
(Uniforrn Building Code, Uniform Plumbing Cod.e,
Uniform Fire Code)

American Insurance Association (National Building eooe)

Build.ing Officials & Code Administrators, Int,l. (Basic
BuiLd.ing Cod,e)

Department of Defense (seismic Design for Buildings)

Sheet Metal e Air Conditioning ContracÈors National
Association (SMACNA) (Guidelines for Seismic Restraints
of Mechanical Systems)

AfA Research Corporation (American Institute of Architects)
(Seismic Design for PoÏ.ice e Fire Stat,ions)

Àpplied Technology Council (Seismic Design Provisions for
Buildings -' L976 Draft)

Veterans Ad¡ninistraÈion (Earthquake-resistant design of
nonsÈructural building elements)

In ad,d,i.tion to the earÈhquake incident reports quoted in this
report, a Pacific Fire Rating Bureau preliminary report on the
Chilean Earthquakes (1960) and. American Iron & Steel fnstitute
report,s on the earthquakes in Yugoslavia (1963) and Venezuela
(L967) were reviewed for information pertinent Èo this study.
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DISCUSSION OF PROBLE}4

Consid,erable attention has been directed j-n the design of nuclear
povrer plants to prevent damage as a result of an earthquake which
would, jeopard,ize the safety of Èhe faciiiÈy. Even t,hough pEeserr-u
NRC fire proËection guidelines do noÈ classify the fire prot,ection
system as seismic Category f, the guideline$functionally require
that hose standpipes and hose connections which serve areas con-
taining equipmenÈ required for safe plant shutdown should be caP-
able of supplying water following a Safe ShFtdown Earthquake (SSE).
Further, NRC requires, similar to other nOn-seismic I sysÈems in
safety relaÈed areas, that the fire protectíon system should be
designed and consÈructed so that an SSE will not'red.uce the func-
tioning of other safety related sysÈems in that area due to fail-
ure of the fire protection system

At, the present tirne, the numbers and, types of fire suppression
and d,etection systems in nuclear plants are being greatly ex-
panded. Because of the linited er<perience to date, Ëhis report.
provid.es case history information and conclusions relative Èo
performance of fire suppression and fire detection systems in-
stalled, in conrmercial or ¡lublic facilities under actual post-
earthquake condit,ions .

A. RESPONSE OF NONSTRUCTUR.A.L COÞIPONENÎS TO EARTHQUAKES ]

Build,ing code requirements tend, to deal with the structural in-
tegrity of a building. Little attention is given to the perfor-
marrce of nonsÈructural components d,uring an earthquake, but with
much improved sèructural d,esign for seismie stability, build.ing
collapse has become less prevalent, and this in turn has made
nonstructural elements more vulnerable to damage and a greater
factor in life safety.

ly to nuclear plant construction permit
application d,ocketed af ter July I , 1 97 6. O1d.er plants are
considered on a case by case basis.



Discussion

Severe earthquake damage d,oes not necessarily imply tot.al de-
struction of the strucÈural systen. Damages suffered may amount
to as much as 40z. of Èhe replacement value even though the sÈruc-
ture remains standing. Such buÍldings may not be technically
destroyed, in the sense of structural collapse, but they are
functionally inoperative d,ue to damage to archit,ectural compo-
nents and, d.isruption of services and utiilities.

Earthquake induced ground failures in the form of land,slides,
settlement and liquification are particularly damaging to build-
ing supporÈ systerns such as water lines, se$ters, gês mains, and
communication lines. Loss of these syst,ems after an earthquake
has serious effects on both health and life safety (causing
fires and reducíng the ability to fight them, for inst,ance) .

Nonstructural components necessarily must be properly integrated.
with or effectivellz isolated from the basic structural frame if
excessive darnage to the build,ing is to be avoided. The horizorL-
tal d.isplacement of basic building elements is usually most
crit.ical. to nonsÈructural components. Atl floors do noÈ drift
at the sane rate or t,j.me, and. this action causes a horizontal
d.isplacement between floors; floors may move in opposite direc-
tions at the same time. This differential movement affects
ut,ility lines which run vert,ically through the building and can
cause their failure even when litÈle structural damage occurs.

The interaction between nonstrucÈural components tends to be
overlooked. Classic examples of failure in this include the
t,earing off of automatic sprinkler heads (which are rigidly
fastened to the piping) where Èhey pass Èhrough a non-lat,erally
braced suspended ceiling, and, the collapse of partitions which
rely for lateral support on suspended ceilinEs, which collapse
during the earthquake.

B. APPLICABTLITY TO }TUCLEAR POI^]ER PLANTS

Industrial plant,s and large commercial establishments' which
arê t.he principal users of automaÈic sprinkler systems, Èend to
be relatively light construction which contrasts sharply with
the heavy, reinforced conqreÈe construction which pred,ominates
in the nuclear safety-related portions of nuclear por¡¡er plants.
Despite the light construction, installed sprinkler systems



Discussion

have sustained very little d.amage in recent earthquakes, unless
major damage occurred to the building, and the less flexible
construction employed at the por¡rer plants should provide an in-
creased margin of safety. There is no acÈual experience wiÈh
sprinkler systems in power plants during earthquakes.

5
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CASE HISTORIES

A. SAN FRANCTSCO EÀR.THQUAKE, MARCH Lg57 2

The San Francisco earthquake of March 22, 1957 was a minor one
in an area long knov¡n to be seismically active. Nevertheless,
it. was Èhe strongest and mosÈ damagi.ng shock San Franciscans
have felt since the greaÈ earÈhquake of April 18, 1906. The
epicenter was at, the San Andreas fault southwesÈ of San Fran-
cisco, ât the Pacific Ocean. Principal build.ing damage was to
frame houses in the Westlake Palisad,es tracÈ wçst of DaIy City.
ThroughouË San Francisco and the area ad,jacent Èo the south the
prevailing maximum intensity based on criteria of the },'Iod,ified
Mercalli scale was 6. That is, the general pat.tern of effects
included cracked plaster, broken d,ishes, fallen knickknacks,
and shifted furniture.

Underground water lines lrere slight,ly damaged in the housing de-
velopment near the epicenter, where one 6-ín. transiÈe line and
tr'ro 2 in. galvanized 'lines broke. One of Ðaly City's aboveground
reservoirs-received a minor leak. In San Francisco, several leaks
!,tere reported in corrosion-weakened pipes, and a 12-in. pipe was
severed by ground, settlement,. Similar minor damage \¡ras reported
by other water utilities. The electric distribution system of
the Pacific Gas & Electric Company suffered practically no damage,
and no d,amage to telephone equipment occurred.

The most seriously damaged sprinkler pipingi vras in an old, Èwo-
sÈory wood, frarne building located on filled ground in San
Francisco. Actua1 damagre was the cracking of the feed main on
the second sÈory where it rises and passes through tbe second.
floor. The sprinkler equipment. did not conform to accepted
earthquake-resistanÈ construction practices.
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One sprinkler system pipe leak was reported, in South San
Francisco. At, Ëhe San Francisco Airport,, one sprinkler head
in each of two airline maintenance buildings \^tas opened. from
contact with vibrating sèrucÈural X-bracing in the roof trusses,
and a I in. pipe broke at, a cast iron fitting where it passed.
through a concrete block wall.

B. THE AI,ASKA EARTHQUAKE , I\,IARCH 19 6 4

1. NBF 9,/PFRB ReporÈ3

The most disasÈrous earthquake Alaska has experienced occurred
on March 27, 1964. The Richter magniÈude, estirnated at. 8.4, \^Ías
greater ihan ihat of the i906 San Francisco earÈhquake. The epi-
center was in the Prince lfilliam Sound area about,75 miles east,
of Anchorage. The ground motion in thal city tended to be'of
the long, rolling type, continuing for a duraÈion of I\ to 4 min-,
and as a resulÈ, the earthquake select,ively damaged. certain
classes of construction while leaving other classes relatively
undamaged. The ground motion resulted in larger earthquake
forces in Èhe taller or larger strucÈures, which received more
d,amage than did, the small bui1dings. Earthslides and ground'
set,tlement triggered, by the earthquake cause exÈensive damage.

MosÈ of the principal buildings in Anchorage have been built,
since r¡ior1d llar fI. Currently, and. during most of this period,
the Zone 3 (most restrîctive) earthquake requiremenÈs of the
Uniform Building Code h.ave been in force. Thereforer the bulk
of the major buildings in Anchorage should have had eart,hquake.
resistÌve design and construction.

Except where buildings or parts of buildings collapsed, automatic
sprinkler syst,erns withsÈood the earthquake quite wel1. Systems
incorporated earthquake bracing, flexible couplings, and ot.her
earthquake design features. AII sysÈems were inoperable during
the period when the city water system was ouÈ of service. Of the
24 complete sprinkler syst,ems in Anchorage and, adjoining Spenard
on whlch inf,ormation could be obtained, 2 were destroyed wiÈh
partial or t,otal building collapse, one !.tas damaged when the
building was severely damaged, and 2 were slightly damaged. by a
falling chimney and by a dropped rear balcony. Two heads vtere
broken and replaced Ìn a high school, and. one or 2 heads fused
in a junior high school chemicals storage room.

7



Case Histories

$Iater supply was affect,ed in a number of ways. Pumps were out
of service d,ue to disruption of electric power. Well casings
shifted. Numerous breaks in the underground distribution piping
caused an immediate ju¡np in water consumption from a rate of
3.0 mgd to 11 mgd,. Subseguent examination of pipes showed that
in many cases the spigot end of cast,-iron pipe was battered,
causing breakage of the belI, and that the rubber ring at the.
joints-of asbeãtos-cement pipe was frequently displaced, causing
Ieakage.

The municipal fire alarm system in Anchorage received, d.amage to
2 of its 3 box circuit,s. Telephone facilities were completely
disrupÈed. Emergeney fire departmenÈ communications continued.
by radio.

2. U. S. Department of ' Commerce Report,4

Provid,ence Hospit,al received moderate earthquake damage. ïts
tower porËion is 5 stories high. euilt in 1960-61, the buildings
were designed to meet, the requirement,s of the 1958 Uniform Build-
ing Çode, including its seismic Zone 3 requirements. Principal
d,amage was found j-n the walls of the east core tower, where an
8-in. thick reinforced concret,e shear wall had broken concret,e
above d,oorways. Minor concreèe and plaster cracking occurred
elsewhere. The damage to the Providence ttospital is quite sig'
nificanÈ since it, was one of Èhe beÈter designed. and constructed
build,ings in Anchorage. The problem of ducts and other mechanical
and electrical services pj.ercing shear wa1ls is a common one, and,
no d,oubÈ will give trouble to many presently constructed buildings
in future earthquakes. One run of automatic sprinkler piping
broke loose but dj.d not, release water. Property loss was about
2\Z of replacement value.

C. THE SAN FERNANDO EARTHQUAKE, FEBRUARY 1971

t. Pacific Fire Rating Bureau Reports

The San Fernando, Califorrria earthquake of February 9, 1971, is
of major insurance importance and significant public interest
because of its distinctive characteristics. It was one of the
few domestic earthquakes having its epicenter adjacent, to a
highly concentrated center of pupulation. It was caused. by the
movement of a little known "thrusÈ" fault, rather than one of
the large, f arnous faults which have been suspect for decad^es.
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While partial damage was widespread, total and. near total de-
struction of structures hras confined. to very narror^t band.s with-
in the shaken area. On t,he other hand., considering the amount
of exposed property, the percent.age of damage throughout' the
shaken area was comparaÈively small

The earthquake inflicted severe damage and major losses along
the foothills of the San Gabriel Mountains and along a narrow
east-west band of faulting on the valley floor. Overall strong
motion last.ed about 12 seconds. Its epicenÈer was in t,he San
Gabriel Mount,ains about 5 miles north of the San Fernando Valley,
much of which is a north-!{estern section of Los Angeles. Rated
at a Richter maginitude of 6.6, the earthquake released. its energy
along a thrust fault which was much closer to heavily populated
regions Èhan indj-cated bir the epicenter.

Earthquake forces in the heaviest, shaken area of the valley far
exceed^ed building code earthquake requirements and were consider-
ably beyond, those anticipated by engineers and scientists. Under
these circumstances, modern earthquake resistive structures col-
lapsed. or r,¡ere severely damaged,. However, this highest intensity
zone r¡ras conf ined Èo the area above the thrusÈ fault block. Out-
side of this area, t,he inÈensity was within expectable limits.

In the area over the wedge of the thrust fault , 876 breaks $rere
found in water lines, 380 in natural gas lines, and 1155 in
selyer 1ines. It, is important to recognize that these pipe breaks
coincid,ed with the areas having the heaviest dwelling damage.

Generally, if a sprinklered building fared well, so did. the sprin-
kler system. Out of 973 sprinklered risks contained in Pacific
Fire náting Bureau files and, located in the affected areas, 68
vtere indicated, as possibly suffering damage. These 68 were sur-
veyed, resulting in the assessmenÈ shown in the table following:

SPRINKLERED BUILDING SURVEY

None

Slight
Modqate
Scve¡e

Totals

Leakage
Loss

59

18

10

l3

100

40

t2
7

9

68

44

24

l3

l¿
100

30

16

9

13

68

9

37

19

35

100

6

25

13

24

68
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2. Fulton Compilation

A stud.y of case histories of automatic sprinkler syst,em perfor-
mance d,uring the San Fernand.o earthquake was performed by John C.
Fulton, PE, at our request,. Data describing d,amage to buildings
and to its installed fire protection equipment had been obtained
by him short,Iy after the incident and, were compiled for this re-
port. These case histories are included in summary form as
Append,ix A.

For the 55 build,ings, or ¡o:.fding complexes, reported by Fulton,
d,amage to Èhe build,ings correspond to damage of the sprinkler
system in all but seven instances five where sprinkler damage
h/as less and, two where it, was more severe. For the 48 cases
where there was no d,amage t,o the build,ing or the damage lvas minor,
there was moderate d,amage to Èhe sprinkler systems in two in-
stances. On the other ñand, in five cases where moderate damage
hras reported, to the building, sprinkler sysÈem damage was slight,.
There were two cases of moderate building and moderate sprinkler
damage and one case of severe build,ing and severe sprinkler
damage. 

,

Fult,on reporÈs thaÈ a survey of 13 sprinkler companies j-ndicated,
thaÈ they respond.ed. to L92 locations to make repairs following
the earthquake. Most incidents were to replace leaking rubber
gaskets in flexible couplings. Other commonly reported problems
included, earthquake braces pu1led out of concreÈe or wood members,
sprinklers bent or broken from conÈacting objecÈs or construction
members, leaking threads, broken fittings, and. pipes cemenÈed,
soIid..

3. IndusÈrial Ri,sk Insurers Experience

The earthquake loss experience of Industrial Risk Insurers
(Factory Insurance Association) for the San Fernando Earthquake
$¡as transmitted, to us by J. E. Troutman, Assistant, General
Manager & Manager of Engineering. Of the industrial facilities
insured, by this organization, damage to fire protection equip-
ment was reported at only eight locations- At Rye Canyon, a
12-in. inlet, valve to a 277,000 ga1. water storage tank broke,
empÈying the contents, and there were several small breaks in
sprinkler systems. At Sylmar, sprinkler pipe drops through sus-
pended, ceilings resulted in 52 breaks. The remaining failures
involved breakage of one or two pipe fittings or the separation
of a pipe from an earthquake clamp. No information is available
on the construction of the buildings or of the structural damage
sustained. -

10
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D. UNDERGROUND PTPING

1. General Experience6

The general hisÈory of underground, fire mains in recenÈ years
has been good when they have been installed in conformance wiÈh
National Fire Prot,ectión Association standards (NFPA #24) ' with
specific att.enÈion paid to the insèallation of thrust blocking
aid roading. The d-amage t,haÈ has resulted has greatly depended
on the typ" of soil, tlpe and age of pipe, and proximity Èo the
major sfróät area. NFPA #24 sets forÈh no special requirements
for earthquake resistance see also Section V-

2. San Fernan-dc and, Managua Ea.rt'hquakesT

In the l,g/]. San Fernand,o earthquake, where a magnitude of 6.6 on
the Richter scale was record.ed, ground displacements measured
6 ft. reverse and 6 ft. left lateral slip. It was noted that
both compression and extension occurred in many areas as sorne
blocks wère shortened by 5 ft. and some elongated by about 2\ ft''
In cases.of e5treme compression on clay ser¡rer pipes, bells were
broken away from the piþes. Separated joints were very evident
in areas experiencing extension or elongation.

Damage occurring to large-diameter water and gas rrield.ed' steel
pipe $tas more pievalenÈ on welded bell and spigot type joint
ttrãn on but,t-wèl¿ea. Some failures were attributed to excessive
water hammer surges induced by ground movement d.uring the earth-
quake

IilaÈer d,istribut,ion maíns in the area included welded steel, rive-
ted steel, cast iron and concrete cylinder ¡l'ipe. There was a
small arnount of asbesÈos-cement, which suffered extensive crush-
ing failure, and a small amounÈ of ductile iron Pipe, which vtas
not. damaged. There was no plastic pipe.

Joint eccentriciÈy was a critical problem. t-lost, of the failures
resulted from horizontal ground mot,ion which developed tension'
disengaging welded and caulked joints. Some of the failures re-
sulteã irom compressive action of the spigot within the bell.
Frequent failures occurred when the earthquake motion loosened
the:caulking material in the joint. Lead-caulked' and rubber-
gasketed joints on cast iron mains survived earth movements much
beÈÈer than did cement-caulked' joints-

11
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In the Manag:ua earthquake (6.2 on the Richter scale) , damage to
underground piping was somewhat different. The system cont,ained
200 miles of asbestos cement pipe and 51 miles of older casÈ iron
pipe in sizes up to L2 in. Above 12 in., the syst,em contaj.ned
mostly duct,j.le iron pipe with some older cast iron, totaling
19 mi. In the smaller sizes, there !ìÍere 391 breaks in the asbes-
tos cement and 90 in Èhe cast iron (about in direct proportion
to the amount in use). The asbestos cement PiPe was mostly af-
fected by ruplures caused by pipe ends colliding with the couP-
ling; breaks due to shearing stress in the bod,y utere also fre-
quent,. In the larger diameter piping, failures were not in the
pipe but due to separation of rubber-gasketed push-on joint,s.

Based on experience gained from these earthquakes, recommenda-
tions v¡ere proposed for specia.L couplings io be used where piPe-
lines cross active faults. The coupling provides for restrained
expansion, has enough flexibility to withstand displacemenÈs'
and. facilitates prompt, repair. Other recommendat,ions are for the
laying of pipe in the faulÈ zone and, for the use of ductile iron
pipe because of its well-known ability to bend withouL fracturing.

No other design reconmend,ations are presented for geological Iy
hazardous situations. Means for mit,igating the effect,s of broken
mains d.ue to an earthquake include alternate loops and. sufficient
valving, both to isolate Èhe damaged secÈion and. to shut, off non-
crit,ical usage. Proper location of valves, hyd.rants and, blow-of f
valves help make it possible to by5lass broken mains with tempor-
ary piping materials, such as fire hoses, etc.

çr GROUND SUCTTON TANKS

1. General Experience6

The use of ground suct,ion tanks as a suction source for fire pumps
insÈalled in private protection fire systems has been goodr pro-
viding adequate design has been d,one in regards Èo the tank foun-
dation, seismic design, and anchorage.

In conjunction with this design, the use of swing joints and
flexible couplings in Èhe pump suction feed allows for movement
of the tank and pump or pumps d"uring an earthquake. The past
history of ground, suction tanks and. fire pumps inst.alled in this
manner has been very good., with minimum damage resulting in recent
earthguakes. The above types of installaèions conform with the

L2
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applicable NFPA stand,ards (NFPA #20 and. #22), which are being
used by the Insurance Services Office of California as design
requirements. These two pamphlets incorporate some special
earthquake precautions see Sect,ion V.

2. Fulton Çor,npilation

Several of the complexes for which FulÈon pro\rided case histöries
(see SecÈion Iv.C.2) haveprivate wat,er supplies for fire protec-
tion. In each insÈance, the minor damage to the structures at.
the complex correlated with minor damage to the water supply in-
stallation. For Case No. 5, as detailed in Appendi-x A, there
v¡as an installation consisting of a 300r000 gal- ground storage
tank and, two fire pumps. There þtas no damage to the Èank, foun-
daiion, pipinE or pumps.

The complex described in Case No. 10 has a 2-million gallon tank,
which l¡¡as unaffected, but a 277,A00 gal. tank rotated, causing
breakage of a valve flange and, discharge of Èhe contenÈs.
Set,Èlement of a 250r000 gal. steel tank at the glass manufacÈur-
ing plant (Case No. 13) caused, leakage at a flexible coupling
and, at a cast-iron 6x4 reducer but the supply to,the fire Pump
!,ras not, disrupted during the emergency.

Sett,lemenÈ, of 3 in. occurred at another fire pump suction tank
(Case No. 25), causing some leakage from this 1501000 gal. in-
stallat,ion from one coupling, An elbo\,r on the t.ank fill line
also was cracked. There was no other damage.

F. FÏRE AI,ÄRM SYSTE}{S

1. General Experíence

V,ihile ground motion during an earthquake triggers the operation
of fire (and burglar) alarm systems, there is little evidence
of the failure of cornponents of the systems as a result of an
earthquake, except where collapse of a portion of Èhe building
occurs. Devices such as waterflow transmitters and. low water
level alarms are acÈuat,ed by water surges in pipelines and, by
water sloshing in t,anks, and the multiplicity of such signals
received by central station fire/burglar alarm offices tends
to completely overwhelm these facilities. (See particularly ex-
tract from report on San Fernando earthquake, below.
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Case Histories

There are accounts of bat,tery racks (at telephone exchang:es and.
for emergrency generators) collapsing, and undoubtedly, similar
failures would occur where fire alarm systems are powered by
wet,-celI baÈÈeries. Instances have been reported. where fire
punps start automatically during an earthquake, apparently due
to the closing of mercury switch conÈacts as a result of ground
motionr.and it can be assumed that similar incidents will trig=
ger fire alarm systemsr âs relays and switches operate as the
building shakes.

ContacÈ was mad,e wiÈh Phil Leung, resident expert on fire alarm'
systems for Northern Calif,ornia, Nevada and Alaska in the Insur-
ance Services Office, San Francisco. Ite sÈated, that he had never
seen nor heard cf anir Carnage to any part of the fire alarm sys-
tem as a result of an earthquake. Although he is not directly
knowledgeable with the San Fernando earthquake, he st,ated that,
he would have heard of any serious incidents involvíng fire alarm
systems

It, is possible thaÈ substantial damage occurs which is not d.ocu-
mented. Disruption of the fire alarm system in a building which
has received, earthquake damage probably would, not be considered
to be of significance, nor would repairs have a high priority,
particularly since in most instances, such- systems do not provide
a first, linã of defense against fire incidents or for life safety.
Broken waÈer lines tend. to receive more immediate attent,ion than
a broken conduit making a fire alarm system inoperative.

2. San Fernand.o Earthquake5

The San Fernando earthquake produced a confusing pattern of un-
readable signals on receiving equipment of central sÈation
services supervising fire alarm and burglary equipment' at pro-
tected premises. Wat,er leve1 devices in storage tanks $/ere
activatèd, foil was broken on intrusion-protected windowsr coñ-
tacts qrere opened on åoors, detection light beams lrere disturbed,
and. transmitters were tripped by severe shaking. Leasecl tele-
phone circuits were impaired, and there was general power failure.
In one central staÈion, over 200 alarm registers starÈed printing
signals at one time.

As in previous earthquakes' Some communication systems were
vastly overloaded, failed in one instance, and, were not coordi-
nated in some cases. One central telephone office eras destroyed
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due to equipmenÈ toppling. Emergency conrmunications by telephone
$tere imrned,iately ineffective aft,er the quake and were on a re-
duced basis for 39 days. Signaling services for sprinkler sys-
t,ems, f ire, police, etc. , suðh as those provid.ed bY private cen-
Èra1 st,ationã, did not function well immediat,ely af ter t'he shock
d,ue to unreadable signals, equipment overload, destroyed lines,
and insufficient staifing foi cãtasËrophe conditions. Radio com-
munications generally fuñctioned, but the lack of monito5ing of
other frequeãcies or otherwise coord,inating these radio línks
caused. significanÈ problems during the first few hours.
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SEISMTC PROVISTONS

V.

OF CODES AND STAT{DARDS

A. DESTGN REQUTREMENTS, AUTOMATTC SPRTNKLERS

1. PamphteÈ #13 Requirements and, ExperienceS

National Fire Protection Association (NFPA) Panphlet, #13,
St,andard for the InstallaÈion of Sprinkler Systems , is the
nationally recognized design and installation guide for auto-
mat,ic sprinkler systems and is universally used. in the United
SÈates. Sections 3-9.3 and 3-9.4 and similarly nurnbered sec-
tions in the appendix provide rules and supplemenÈary guid,ance
for protection of piping agaÍnst damage where subject Èo earÈh-
quakes. These special requirements for seisrnically active re-
gions are being applied in California, Nevada, A1aska, and
other staÈes by the auÈhorities having jurisdiction.

The experience with systems incorporating earthquake protect,ion
has been very goodr âs observed, in the Eureka earthquake' Da1y.
City earthquake of L957, and the San Fernando earthquake of 1971.
Observations of sprinkler systems installed, with earthquake
bracing d.esÌgn and installed in accordance with the NFPA +13
ediÈÌon in effect at the daèe of installation showed no loss of
sprìnkler systems, with Èhe exception of t.hose insÈaIIed in
buildings to which major structural damage occurred, such as
collapse or loss of structural members which supported t,he pip-
ing -

Flexibility of tlre systems was noted. after the Eureka earÈhquake.
The 45" braces and A braces !.¡ere pulled from the supporting
structural members, with the sprinkler systems remainj.ng intact.
This was particularly true j-n buildings where systems were pre-
dominanÈIy hung by the use of U hooks (in wood joists). In the
San Fernand.o earthquake, where a wraP-around. U hook had. been
placed, at the end of branch lines, the sprinklers $rere prevented.
from hitting the ceiling and breaking sprinkler heads.
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2. Specific Provisions

Several changes are heing propclsed, by the sectional commit,tee
on sprinkler systerns for inclusion in the next edition of the
stand,ard,, which is scheduled Èo be voted on at the November
1978 meeting of the Nat,ional Fire Protection Association.
These revisions are as follows:

Existing S¿ction 19.3.2 (a). Add a n¿w second s¿ntcncc as follows:
"The mcchanical grooved coupling at thc top of the riser shall be
installed below the four-way sway brace installed at the top of'thc
riscr as 5pccificd in 3:9.3.4.1.'.'

't Reoíse cxistkg S¿æion 3.g.i.4,.1 , ttu ftst s¿nl¿ni;c, to nad as Jollouts:

3-¡93.4.1' Fecd and.cross mains shall,be braccd to with-
starrd a fortc cqual to 50 percent of the wcight of watcr-ñlled piping,
r.lsing a two-wây sway brace.

Rcvise cxistiag S¿ction 319.3.4.6 to rcdd as follous:

3-93.4.6 Piping shall not be fastened to building scction¡
that would move diffcrcntially.

FacÈory Mutual Systemg has adopted as guid,ance for j.ts insured.
properties essentially all of NFPA #13, which has been repro-
duced in its Loss PrevenÈion Data sheet 2-8N with the mand,aÈory
text of NFPA #13 intermixed with the recoÍrmended. appendix sec-
tions of ttrat stand,ard,. Special FM guidelines have been added.
Additional guid,ance for the sprinkler sysÈem designer is con-
tained. in Factory Mutual Dat,a sheet L-2, Earthquakesr âs follows:

"fÈ js advísabLe to a77ow piping xa accotønodate itself to buÍlding
vÍbration and Xo its own inertia fotces with a minimum of stress.
À cerËajn amount of damping, however, is desÍtable. This can be
achieved bg anchozs on the feed maíns. The branch ljnes can then
be Teft free to adjust themselves to the racking effects of buiTd-
ing movement. A certain degree of flexibíLítg js afso desírab7e,
especía77g an bulk mains where fiexible couplings shouJ.d be pro-
vided about evetg 20 to 40 ft. Sìnce buiTding waLls r'¡íll Tean
inward and outward whiTe osciTTating, it js adyisabTe to provide
fLexibTe eoupTÍngs at the base and top of sprinklet rjsers to ac-
cozanodate this defTectíon. CoupTìngs at the top and bottom of
each fToor in multÍ-stotg buí7dings, aùd aTso where passíng
horizontalTg through wa77s of separate buildíngs wi77 help mÍni-
míze damage to the sprinkJers. Clearance whete rjsers and feed
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. mains pass through fioors, walTs and foundatjons would be
helpfuT. Loose f íttíng s-l,eerzes fitted with asphalt mastic can
be provided around the pipes.

"Rjser fittings, such as drain pipes and fire department pumpei.
connections, mag faiT if Ëåeg are cemented solid Ín wa77s."

Another requirement is nor¡r in conmitt.ee but $¡as not includ.ed in
that proposed text for t,he next edition of NFPA #I3. However,
it will probably be required in ner¡r sprinkler syst,ems in Cali-
fornia and Nevada. This will be the inst,allation of an addi-
tional brace at each point, on al.l horizontal piping where a
flexible coupling is used in lieu of threaded or flanged coup-
lings. It is anticipated that the 24-inch rule will apply where
two or more coupJ-ings are cLose Ëogether. As a rEhole, the use
of flexible couplings in s¡lrinkter system risers in conjunct,ion
with the correct inst,allat,ion of earthquake braeing is considered
to have been a major factor in increasing the effectiveness of
earthquake bracing in general and the integrity of Èhe sprinkler
system.

3. seismic eualificaÈion of sprinkler systems

Results of studies performed, by the SÈate of California on sej.s-
mic qualif,icaÈion of hangers and s$ray bracing for sprinkler sys-
tem pipi¡tg was provid,ed by William R. Goss, P.E., Executive
Coordinator, !{esÈern States - Nationa} Automatic Sprinkler and
Fire Control Association. He stat,es t,hat following t,he l97L
San Fernando earÈhquake, the California legislature passed.
SB 5I9, which creaÈed. a nevr State Buitding Safety Board., whose.
Purpose vtas the development of updated, seismic standards and. re-
quirements for the construction, equíppirg, and remod.eling of
hospit,als. Goss served on the Mechanical and ElectricaL sub-
cornmittee, along wíth Leon Stein, supervising structural engi-
neer in the Office of the StaÈe Architect.
The subcommit,tee I s role was Èo examine and. review installation
reguirement.s and methods for all Èypes of mechanical syst.ems as
to their ad.equacy for seismic performance. Stein has long been
associated with ãeismic design performance requiremenÈs in con-
nectj-on with Californiar s Field AcÈ, passed to improve school
earthquake safety.

During this period of time, SMACNA (Sheet Metal & Air Condition-
ing ContracÈors t National Association) cond.ucted, tests on the
seismic effectiveness of the installations of mechanical systems,
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includ,ing hangers and s$ray bracing r ês required for earthquake
protection by NFPA #13-1974. These tests indicated that the
NFPA #13 provi-sions met the seismic specifications' with the
following notations:

1. The seismic values for shot studs used for securing
hangers and bracing should be checked.

2. Lag screws should not be used in glue laminated. beams.

3. C-clarnps on I-beams should always be strapped..

4. Stress factors and approved locat,ions should be veri-
fied when fastenj.ng hangers and bracing to prefabricaÈed
truss assernblies.

In L976, Ayres & Hayaka!.ra, energy managiement consultants, re-
ceived a conÈract from the StaÈe of California to furt.her review
the seismic requirements for high life hazard construction. It
has been learned frorn K. L. Marz, earthquake research engineer
for A & H, that the automat,ic sprinkler system piping hanger and
sway brac.ing provisions of NFPA #13-1974 have been approved, as
meeting the seismic requirements of the StaÈe of'California.

SIVIACNA design recoiltmendations are contained, in the booklet,,
"Guid.elines for Seismic Restraints of Mechanical Systems, " Pre-
pared, for Sheet MeËal fndustry Fund, by Hillman, Bidd.ison &

LoevenguÈh, structural engineers, and approved by the Structural
Safety Section, Office of the St.ate ArchitecÈ' State of Califor-
nia, in L976. According to a representative from the Schoolhouse
Sectj.on, California State Fire Marshal's Office, NFPA #13 eart,h-
quake protection requirements parallel and will meeÈ the SMACNA
guidelines.

B. DESÏGN REQUIREI4ENTS, OTHER SYSTEMS8

Other National Fire Protecti<¡n Association standards cover the
design and installat,ion of special fire suppression systems'
water supply components, and fire d.etection and alarm sysÈems.
NFPA #11, Foam Extinguishing Systems, and NFPA #15, Water Spray
Fixed. Systems for Fire Protection, refer back to NFPA #I3 for
provisions relating to the installation of interior piping;
thus by inference, the earthquake hanger and. bracing require-
ments of the sprinkler standard. apply to these systems, also.
None of the other standards which wouLd grovern the installation
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of special extinguishing sysÈems at nuclear Power plants contain
any ieference whãtsoevei tó the need for earthquake protecÈion-
ghis includes #L2, carbon Dioxide systems; #I2e' Halon 1301 sys-
tems; #14, Standpipe and Hose SysÈems; and #L7, Dry Chemical
Systems.

NFPA #20, Standard for the Installation of Centrifugal Fire
Pumps, covers the v¡hole gamut, of special installaÈions and pro-
teclion wiÈh one sentence: "The fire pump, driver. and control-
ler shall be protect,ed against possible interruption of service
through damagä caused by explosion, fj-re, flood, earthquake'
rodenf,s, insãcts, windslorm, freezing, vandalism, and other ad-
verse condiiions. "

Recognitj-on of the need for special earthquake protection as
warrãnted by local conditions is given by NFPA #22, Stand'ard for
Water Tanks for Private Fire ProtecÈion. Both tanks and' towers
are required, to meet local code requirements for resisting earth-
quake d.m"g"; some ad.ditional design guid'ance is provid'ed.

No special earthquake protection is required' for underground'
yard. piping suppiying áutomatic sprinkler systems or other fire
äopprå=äi"" eqoipm"ttÈ (Wfpa #24, Standard for Outside ProtecÈion)
¡tor- does the Uniiorm Building Code or Uniform Plumbing Code con-
tain provisions to limit earthquake damage to underground file
mains-, and inquiries to insurance and fire officials in Califor-
nia also r".r"ãIed that. any und,erground piping system acceptable
,in non-earthquake prone aieas would be accepted in that state-

Likewise, no special seismic provisions apPear to exist in
nationaliy rec-ognized codes and standards for fire alarrn systems
or for electricál systems, in general. These stand'ards include
NFPA #70, National flectrical Code; NFPA #72D, Proprietary Sig-
naling Systems (fire alarm, sprinkler supervisory service, etc.);
and. NFPA #728, Automat.ic Fire Detectors'

The general lack of special earthquake damage prevention mea-
sures for most fire piotection systems, except sprinkler systems,
might be due to the i-mprobability of the need for such systems
auiing or immediately ãfter earthquakes. Unlike most sprinkler
systeñs, where a pipã break can cause substantial property dam-

^ã., a pipe or wiring break in èhe majority of the other systems
has no immediate, ad,ierse ef f ect on lif e safety or conservation
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or property. Despite the general disrupt,ion of gas and electric
utility lines, there t,end, to be few fires immed,iately following
an earthquake, and insofar as fire detect,íon and alarm systems
are concerned, the earthquake itself alerts t'he people to the
emergency situation. fn cases where substantial damage to fire
protection systems coincides wiÈh substantial damage to the
structure, the loss of the protective system is im¡naterial.
However, these arguments do not appear to be valid, when applied
to the lack of earthguake provisions for underground fire mains,
whose disrupÈion can nullify the effectiveness of otherwise in-
tact sprinkler systems for long periods of time.
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CONCLUSIONS AND RECOMMENDATIONS

It is concluded as a result of this study that auÈomat,ic sprin-
kler systems, which have been installed in conformity with the
rules of the nationally recognized NaÈionai Fire Protection
AssociaÈion Stand,ard, #13
for seismically active regions -- will not suffer signi-ficant
impairments to the interior piping, provided that there is no
major damage to the building, such as structural collapse or
falling walls, This conclusion is based on the observat.ions of
many persons v¡ho have direct knowledge of the install,at,ion re-
quirements and the post-earthquake performance. Many case his-
tories were obtained which confirmed Èhis conclusion-

t

Some weaknesses in the performance of the piping systems have
been d,ocumented and, consequently, some modificat,ions to the
currenÈ rules have been proposed by the authorities involved
and by NFPA Sectj-onal Committ,ee on AutomaÈic Sprinkler Systems.
These mod,ifications are presented herein to further reduce the
pot,ential loss of operating capabilities following an earthquake.

Many times the damage sustained by a sprinkler systen when there
was little d,amage to the build,ing h/as of sufficiently minor
nature (leakage at a fitting or a sprinkler head knocked off)
that the system was stil1 functional. However, water leakage
normally dictates that the system be shut off until repairs are
effected. Impairments such as this can be lessened by using
pre-action sprinkler systems, which reguire a double failure to
cause accidental water discharge (such âsr short-circuiting of
the detector wiring and a break in the piping)

No special precautions are taken at the present tj-me to prevent
impairmenÈ of underground piping which supplies auÈomatic sprin-
kler systems, sÈandpipe and, hose systems, and certain special
hazard extinguishing systems. Reports on the post-earthquake
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performance of underground piping systems are mixed. Extensive
outages and hundreds of breaks have been report.ed in municipal
water distribution sysÈems following an earthquake, buÈ fire
protection yard mains are reported to have good survivability.
Since public and, private systems fo11ow essentia.lly the same
material specifications and installation practic:s, the differ-
ence in performance most likely is due to the insignificant'
amount oi private mains in an urban area. It, is concluded t.hat
ordinary inst,allations of cast iron and, cement asbestos fire
mains are subject to major impairmenÈs when ground motion is
severe. Slip joints, which do not require rodding to prevent
separaÈion from internal water pressure, tend, to separate from
extensive earth movement,

there was a generai iack of documenÈed case histories on the
damage susÈained by auÈomatic fire det,ection sysËems and fire
alarm systems. This lack Of data could be due to the overall
satj-sfactory performance of these systems r or it, could be due
to the failure of peopte to document the impairments because
of the more serioui sÈructural damage or damage to waÈer mains
occurring at the same timer or both. However, tire evidence and
the observat,ions of persons familiar wiÈh. the performance of
these systems suggest Èhat impairments, if. anlr are minor Lf. no
severe structural damge occurs. Typically, Èhere is a tempor-
ary, area-wide impairnrent of fire alarm service immediately
following an earÈhquake, d.ue to actuaÈion of many automatic
pressure and water-leve1 sensors simultaneously as a result, of
ground. motion; this type of impairment is difficult' if not, im-
possible, to prevent wj.thout material degradat.ion of the sensors.

No references were found, as to the performance of special fire
extingulshing systems in earthguakes. There are relatively few
such systems (carbon dioxide, Halon, etc.), and r¡hile it is
likely Èhat the installations are prone to Èhe same type of
failures sustained by mechanical and electrical syst,ems in
general, the failure has no irn¡nediate serious consequences.
Discharge of the extinguishing agent probably would. not occur.
Damage is likely to be minor, and restorat,ion fairly simple.
The National J'iie Protection Association standards covering the
design and installation of these systems have no seismic pro-
visions.

The following recomrnend,ations are of f ered'as a result of this
study for application to installed fj-re proÈect,ion systems for
safety-related areas of nuclear po$rer plants in seismically
active regions of the U.S.:
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1. Automatic sprinkler systems should comply with the current,
rules of NFPA #13, including the earthguake hanger and. bracing
requirements. These rules should be supplemented with the amend-
menÈs t,o Section 3.l9.3 which have been proposed, for adoption
(see Section V of this report).

2. Fire d,etection and alarm syst,ems should comply v¡iÈh current
rules of the applicable NFPA standard. if loss of functional
capability in the period immediately following an earÈhquake is
acceptable. Otherwise, Èhe system should be seismically quali-
fied. In all cases, seismic loops should be provided for wiring
crossing building seismic or expansion joints.

3. piping for hose stand,pipes and hose connections serving plant
areas containj.ng equipment required for safe plant shutdown
should continue to be designed in accordance with NRC fire pro-
tection guidelines to maintain the capability of supplying water
following a postulated safe shutdown earthquake-

4. Other fixed fire extinguishing systems in the interior of
the building should comply with current rules of the applicable
NFPA stand,aid., provided thaÈ a single failure in the mechanical
or electrical portions of the system will not create an unaccept-
able cond.ition- in the period, immed.iately following an earthquake.
If such cond,ition could exisÈ, seismic qualification should be
required.

5. In situations where accidental discharge of water in sprin-
kler piping can }ead. to particularly d,angerous consequences,
the ule of a pre-action Èype of sprinkler system should be con-
sidered

6. Seismic Category I water supplies should, be capable of being
connected, to fire piot,ection systems. Also, yard' mains and other
non-seismic portioàs of the supply system should be sufficienÈIy
sectionalizeã that impaired portions can be isolated, provided.
that. alternate means are available to supply waÈer to the inter-
ior systems in such an emergency (such as laying hose lines or
aboveground. piping). Lead,-ins from yard mains to the building
inÈerior sfroutá be provided with shut-off valves both on the ex-
terior and. on the interior of the building-

7. Batteries, fuel tanks and similar ancillary equipnent for
vital fire protection systems should, be secured and. braced. Èo
resist, earthquake forces.

8. Sprinkler head, drops through suspended ceilings should be
avoided.
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Appendix A

AUTOMATIC SPRINKLER SYSTEM DAMAGE

AS RELATED TO BUILDING DAMAGE

SAN FERNANDO EARTHQUAKE, FEBRUARY 9' 197I
(Partial List)

1 ) Auto repai r garage , San Fernando . A'l I -stee'l , 65x200t
BLDG DAMAGE : Stiucture , none - Parti ti ons , moderate '
SPKLR DAMAGE: NONC

2) l,larehouse , San Fernando . Ti 1 t-up concrete , wood roof , I00xI90'
BLDG DAMAGE: Some floor cracks.
SPKLR DAMAGE: None'.

3) Department Store, San Fernando. Tilt-up concrete, pìywood roof,
75,000 sq. ft

BLDG DAMAGT: l4inor structural damage-
SPKLR DAMAGE: 3 imall cast-iron fittings broken at drops thru suspended

cei I Í ng.

4) Garrnent manufacturi ng , San Fernando - Bri ck waì I s , wood roof, 
'

I 5 ,000 sq. ft.
BLDG DAMAGE: Mínor; wood mezzanine p'latform shifted'
SPKLR DAMAGE: l-l /4 in. riser broken where passing thru mezzanine fJoor.

I spri nkl er head broken on contact wì th wal 1 '

5) Retail store, San Fernando. Reinf. brick wa'lìs, board on joist roof,
ì4,000 sq.ft.

BLDG DAMAGE: Siructural, minor. Moderate to p'laster ceiìings.
SPKLR DAI4AGE: Ilone.

6) Grocery warehouses, Pacoima.
diaphragm roofs.

BLDG DAMAGE: Structural , s'li ght '
SPKLR DAMAGE: None.

7) Metalworkjng plant, Pacoima. Several large tilt-up concrete b'ldgs,
metal deck roofs,

BLDG DAI{AGE: Not reported.
SPKLR DAMAGE: I small ìine broken.

4 1arge, tilt-up concrete bldgs, wood

21' high warehouse racks toPPìed.
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8) 6 medium-sized industrial facilities, Pacoima.
BLDG DAMAGE: Not reported.
SPKLR DAMAGE: None.

9) Occupancy not reported, Sylmar. Tilt-up concrete, pìywood roof,
4l ,000 sq.ft.

BLDG DAIvIAGE: Structural , moderate.
SPKLR DAMAGE: Numerouse broken fittings.

l0) Aerospace R&D center, Saugus. 7 major b'ldgs. Þlostly tilt-up concrete,
concrete or steel deck roofs.

BLDG DAMAGE: Structural, slight to minor.
SPKLR DAMAGE: None

lì ) Electronics plant, Saugus. Tilt-up concrete, plywood roof, 35,000 sq.ft.
BLDG DAMAGE: Minor.
SPKLR DAMAGE: None

12) Hardware store, Saugus. Reinf. brick walls, plywood d'iaphragm roof,
24,000 sq.ft

BLDG DAMAGE: Structural, minor, mostìy at roof beam-bríck pilaster connections
(supported sprinkler mains) .

SPKLR DAMAGE: 4 in. el broke at base of riser from rnain in area of. structural
damage. 4 in. tee at supply to exterior canopy broken.

l3) Glass manufacturing, Saugus. Numerous steel on steel frame bìdgs.
BLDG DAIvIAGE: Very minor.
SPKLR DAMAGE: To 7 systems. lxl-112 in. el broken by ímpact with falling

object. Leakage at I in. el at top of main riser. Broken 3-1/2 in.
fitting on cross main. Two fittings at supp'ly to exterior canopy
broken. I sprinkler head broken ïn contact with hanger.

l4) Grocery store, Granada Hi'lls. Tilt-up concrete wa'tls, plywood diaphragrn
roof.

BLDG OAMAGE: Structural, slight.
SPKLR DAMAGE: None

15) Department storq, Granada Hills. Tilt-.up concrete walls, p'lywood
dfaphragm roof, 24,000 sq.ft.

BLDG DAMAGE: Structural, none. Substantial to suspended acoustíc ceiling.
SPKLR DAMAGE: None.

l6) Departrnent/grocery store, Granada llills. Reinf. brick and ti'lt-up con-
crete wal'ls, plywood diaphragm roof.

BLDG DAI'IAGE: Structural , none.
SPKLR DAMAGE: I leaking fìtting
17\ Grocery store, Granada Hills. Steel frame, brick filled, plywood

diaphragm roof.
BLDG DAMAGE: Structural, slight. Moderate to suspended ceiìíng.
SPKLR DAHAGE: None.
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18) Department store, Granada Hills. Reinf. brick walìs, plywood diaphragm
roof.

BLDG DAMAGE: Structural, slight.
SPKLR DAMAGE : Mi nor 1 eaks at 2 fi exi bl e coupl ì ngs .

l9) Grocery store, Granada Hills. Reinf. concrete frame, brick pane'l walls,
wood truss roof.

BLDG DAMAGE: Structural, minor
SPKLR DAMAGE: None.

20) Instrument manufactuning, Sunland. Tilt-up concrete walls, plywood roof.
BLDG DAMAGE: Structural, minor.
SPKLR DAMAGE: None.

21) Grocery store, Sunland. Concrete frame, brick panel walls, p'lywood
J: - -L-- -- -^^.Cu I dPltf -crgilt f'uu ¡ .

BLDG DAMAGE: Structural, minor to moderate. Exterior wall deflection;
partiaì roof diaphragm failure and roof deflection.

SPKLR DAMAGE: Bulk main sagged 2 fl., no ìeaks.

22J MachÍne shop, Chatsworth. Tilt-up concrete walls, plywood roof.
BLDG DAMAGE: 51 i ght.
SPKLR DAMAGE: None

23) Hardware store, Simi. Tilt-up concrete'walls, plywood roof.
BLDG DAMAGE: Minor.
SPKLR DAMAGE: None.

?4) Grocery store, Reseda. Reinf. brick walls, plywood roof.
BLDG DAMAGE : Mi nor.
SPKLR DAMAGE: None

25). Grocery warehouse, Northridge. Tiìt-up concrete walls, plywood roof,
276,000 sq. ft.

BLDG DAMAGE: None reported.
SPKLR DAMAGE: I leaking 5 in. elbow. 2 sway braces pul'led loose.

?6) Grovery store, Canoga Park. Reinf. brick waìls, plywood roof.
BLDG DA|IAGE: None.
SPKLR DAMAGE: Î,lone.

27) Grovery store, Canoga Park. Tilt-up concrete walls, p'lywood roof.
BLDG DAI4AGE: Structural, slight.
SPKLR DAMAcE: None.

28) Aerospace R&D compìex, Canoga Park. 8 maior bldgs. Tilt-up concrete
or reinf. brick walls, steel deck and plywood roofs.

BLDG DAMAGE: S1 i ght.
SPKLR DAI',IAGE: I sprinkler head leaked when struck by object. I head opened

when struck by vibrating PiPe.
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?9) Aerospace R&D faci'lity, Canoga Park. 4 maior bldgs. of reinforced
concrete construction.

BLDG DAMAGE: Extensive minor cracking of concrete structural elements.
SPKLR DAMAGE: None.

30) Department store, Canoga Park. 2 stories, reÌnf. concrete frame,
ti ì t-up concrete exterior wal I s , I 70,000 sq. ft.

BLDG DAMAGE: Structural, slight.
SPKLR DAMAGT: None.

3l) Department store, Canoga Park. 2 stories, reinforced concrete floors
and roof on steel frame. Reinf. brick walls 1st, tiìt-up concrete
walls 2nd. Partial basement.

BLDG DAMAGE: Structural, slight. Architectural, extens'ive.
SPKLR DAMAGE: Slight leak at one 4 in. fitting-

32) Department store, Canoga Park. 3 stories, reinf. 99nc¡9!e frame,. steel
deck roof, concrete block exterior panel walls, 240x350'.. Adjoining
2-level reinf. concrete mall and 3-story atrium.

BLDG DAMAGE: Structural , sl i ght. Archi tectura'l , extensi ve.
SPKLR DAMAGE: None in store.- I leaking coupling on 6 in- main in mall.

33) Department store, Canoga Park.
deck roof, .l32,000 sq.ft.

2 stories, reinf. concrete frarne, steel

BLDG DAMAGE: Structural , slight. Architectural , extensive. 
_

SPKLR DAMAGE: 2 heads leaking after contact wÍth objects. 2 earthquake' sway braces pulled loose

34) Aircraft manufacturìng pìant, Burbank. Numerous bldgs- of heavy con-
struction (mostly cõnärete wal1, steel deck roof).

BLDG DAMAGE: Structural , mi nor to some. bl dgs .

SPKLR DAMAGE: None to 50 systems, except I head opened above a suspended
ceiling, I slight leak in a riser, and several earthquake braces bent.

35) Aircraft manufacturing plant, Burbank. Numerous bidgs., mostly wood

frame construction,-including several large aircraft hangars of pre-
earthquake code vintage.

BLDG DAMAGE: Structural , sl Í ght.
SPKLR DAMAGE: None.

36) Aircraft rnanufacturing, Burbank. Numerous bìdgs., steel frame, mostly
steel panel waì'ls, iteet deck on wood pìank on steel truss roofs.

BLDG DAMAGE: Minor.
SPKLR DAMAGE: I head opened. I minor leak at a hose drop. 5 additionaj

mi nor I eaks at fi tti ngs .

37) Ai rcraft engi ne overhaul , Burbank. 4 major bl dgs . , steel or .wood -framewalls, woõd roofs on 3 bldgs., ti'lt-up concrete and plywood roof, on

4th
BLDG DAMAGE: M'inor
SPKLR DAI'IAGE : Leaks at 2 fl exi bl e coupf i ngs .
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38) Warehouse, Burbank. Concrete bìock walls, wood roof.
BLDG DAMAGE: Architectural to brick veneer.
SPKLR DAMAGE: Major leakaEe from 6 in. flexibìe coupling. (Waterflow

a'larm not received by central station service.)

39) Aircraft parts manufacturing, Burbank. Numerous bldgs, heavy steej
frame, concrete or stee'l panel walls, mostly wood planks on ioists
floors and roofs

BLDG DAMAGE: Structural, minor
SPKLR DAMAGE: Breakage of 3-112 in. cross main and 1-1/2 in. drop to hose

station. Breakage of 2 in. branch line in machine shop, probably
when hit by vibrating building cross-bracing rod.

40) Department store, Panorama City. Reinf. concrete construction.
BLDG DAI4AGE: Structural , sl i ght.
SPKLR DAMAGE: None.

4l) Department Store, Panorama City. Concrete construction, steel deck roof.
BLDG DAI4AGE : Structural , sl i ght.
SPKLR DAMAGE: None.

42) Hardware store, Panorama City. Tilt-up concrete walls, wood roof.
BLDG DAMAGE: Structura'l , minor.
SPKLR DAMAGE: None

43) Grocery store, Panorama City. Tilt-up concrete walls, plywood roof.
BLDG DAMAGE: Structural, siight.
SPKLR DAMAGE: NONC

44) Hardware store, Panorama City. Concrete block walìs, plywood roof.
BLDG DAI'IAGE: Structura'l , none
SPKLR DAMAGE: NONE

45) Grovery store, Panorama City. Steel frame, concrete block walls,
pìywood roof.

BLDG DAI"IAGE: Structura'l , none.
SPKLR DAMAGE: Minor leaks from 3 flexibìe couplings on bulk main.

46) Electronics manufacturing, Panorama City. Reinf. brick walls, piywood
roo f.

BLDG DAI'4AGE : Structuraì , sl i ght .

SPKLR DAMAGE: None.

47) Helicopter manufacturing, Panorama City. Steel frame, mostly wood walls,
mostly pìank on wood truss roof.

BLDG DAMAGE: Structural, slight.
SPKLR DAMAGE: None to numerous systems.
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48)

BLDG

SPKLR

4e)

BLDG

SPKLR

s0)

BLDG

SPKLR

5ì)

BLDG

SPKLR

Automobile manufacturing, Panorama City. Numerous bìdgs of heavy con-
struction, stee:l frame, steel deck roofs.

DAMAGE: Structural, slight to minor.
DAI4AGE: 8x8x6 tee at top of exterior riser broke where entering 2nd
floor. 5 leaks at fittings, all in Znd story of buildings.

Department store, North Hollywood. 4 stories, reinf. concrete construc-
tion, 450,000 sq.ft. Adioining 1-story mall.

DAMAGE: Structural, sl ight.
DAMAGE: Leak at branch line in penthouse.

0ffice building, Los Ange'les. 4 stories under construction, steel frame,
reinf. concrète bìock walls, concrete floors, suspended acoustic
ceilings.

DAMAGE : Structural , s'l i ght. ,

DAMAGE: Numerous breaks at drops through cast
T-bar ceiling grids, which were not lateraìly

Pri nti ng pl ant, Los Angeì es . 5 b1 dgs , 2 and 3

walls, wood floors and roofs.
DAMAGE: Structural', moderate. Brick wall around stairway penthouse

col I apsed.
DAMAGE: l-l/4 in. branch line broken. by fa1ling bricks. (System de-
signed without earthquake protection.) I

rosettes at junctions of
braced

stories, unreinf. brick

52) Furniture warehouse, Los Angeles. Multi-bldg complex, reínf. concrete
and unreinf. brick wa]ls, wood floors and roofs

BLDG DAMAGE: Structural, minor to moderate. Brick parapets feì'l in several
locations, breaking thru wood t'oofs.

SPKLR DAMAGE: 4 branch lines broken by faì'ling bricks.

53) Department store warehouse, Los Angeles. Tilt-up concrete walls,
pìywood roof.

BLDG DAMAGE: None.
SPKLR DAMAGE: Slight leak around threads of a 4 in. fÍtting.

54)-58) 5 industrial pìants, Vernon. Only locations with damage !o sprinkìer
systems reported by fire department. No construction details available.

BLDG DAMAGE: Not reported.
SpKLR DAMAGE: 54) air¿ SS) Deteriorated pipe broke. 56) I head broke on

contact wiih purtin. 57) 2 in. tee broke at cross main.' 58) 3 lag
bolts on earthquake braces pulled loose; no 'leakage.

59) Machine shop and warehouse, Sy'lmar. Steel column and wood beam frame,
tilt-up concrete walls, plywood roof. A special study was made of the
damage to this building becaus.e the sprinkler system received extensive
damage. The 240 ft. x 160 ft. bui'lding was located near Bradley Ave.
and Õswald St., l0 mi. southwest of epicenter but only 1-1/4 ni. south
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of the nearest surface fault trace. Peak ground acceleration was
estimated at about 30%G. Except for a Z-story office section, the
building was I story in height.

BLDG DAþIAGE: Structural, severe; collapse of 23% of roof area attributed
in part to placement of air conditioners on roof.

SPKLR DAMAGE: Severe. In addition to darnage occasioned directly by the
colìapse of the roof, two 8 in. flexibìe couplings broke apart,
causing 86 ft. of I in. pipe to fall; an 8 in. cast iron eì impacted
with a wall and shattered; a circumferential fracture occurred in an
8x6 reducer,'a 6 in. flexìble coupling broke without dropping the
piÞe, and two I in. hose drops broke at the connection to the main.
Many hangers pulìed loose.
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