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1. GENERAL 

1.1 This section provides REA borrowers. consulting engineers. contrac-
tors and other interested parties with technical information for use 

1n providing earthquake protection for central office switching systems 
and its associated equipment. including carrier and radio equipment. 

1.2 This is the first issue of this section. It is issued for use in 
preparing plans and specifications for central office switching 

systems. 

1.3 This section describes the effects of earthquakes. the areas where 
they present risks. and the measures that can be implemented to 

mitigate the interruption to telephone service. The data presented will 
also include identification of the various standards applied to structures 
to resist the forces associated with earthquakes. 

1.4 A decision relative to the need for earthquake protection is a part 
of the preparation of the site requirements in the REA Form 522. 

"General Specification for Digital. Stored Program Controlled Central 
Off\ ce Equipment.'' and other equipment specif\ cations. 

1.5 The information presented here does not take precedence over the 
building and safety codes established by the local governing bodies. 

1.6 Prediction of an earthquake is an event beyond the scope of this 
section. The random and unpredictable nature of earthquake motions 

means that one cannot fully ensure that there will be no loss of life or 
injury to persons or damage to the equipment. 
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2. EARTHQUAKE EXPERIENCE 

2.1 Genera1 

As a starting point, consider the definition supplied by the 
American Heritage Dictionary. 

"An earthquake ts the motion of the earth's crust resulting from the 
sudden relaxation of strains accumulated along geologic faults and by 
volcanic action resulting 1n movements in the earth's surface." 

These movements of the earth's surface are transmitted to the buildings 
and their contents within the affected area. 

2.2 Movement of the earth's surface can range from minor earth shaking 
causing slight or no movement of objects upward to violent motion 

resulting in catastrophic failure of buildings, destruction of equipment 
in the buildings and ultimately loss of life. The areas likely to 
experience the most violent earthquakes are well defined as are areas 
subject to less violent earthquake activity. 

2.3 The sudden movement or acceleration of the earth's surface in both 
the horizontal and vertical directions cause the buildings and their 

contents to move. The movement of the earth's surface may be a single 
movement to a new position of rest or it may be a series of smaller 
movements finally reaching a new position of rest. In both cases, the 
building and contents begin to vibrate at their natural frequency. The 
point of consideration here is directed toward individ~al pieces of the 
building or equipment such as a beam, a floor slab, an equipment shelf or 
card. In those cases where these pieces have a natural resonant frequency 
close to the frequency generated by the earthquake, damage is experienced. 

2.4 Damage experienced in buildings includes broken beams and slabs, 
ceilings falling, etc., and finally collapse. All of this has often 

been shown in news reports. Central office equipment damage includes 
batteries falling from their stand or upset of the entire battery rack. 
In the equipment room switching and transmission equipment and cable 
racks upset and fall to the-floor as a unit or in individual sections. 
Hithin the equipment racks card shelves bend, back planes fracture, 
c00111untcation cables disconnect or break and printed circuit boards 
fracture as a result of the shelf bending or disconnect from the shelf. 
These are some of the most violent demonstrations of earthquake activity. 
Less violence ts more often the case ranging downward to rattling cups, 
disturbing the canary, and finally only being measureable on sensitive 
test instruments. 

2.5 Secondary effects of the earthquake include broken cables, mechanical 
stress and escape of liquids and gases. The broken cables interrupt 

power distribution and have the potential to start fires. Logic circuits 
encountering broken or partially broken cables will act erratically or not 
at all. Mechanical stress in the printed circuit board shelf can cause 
cracks to break some of the printed wires or their connections in the back 
plane or in the printed circuit boards. 
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Leaking water, gas, fuel, etc. from broken piping or loosened joints are 
sources of damage to the equipment including explosion, fire and water 
damage. 

2.6 The final result is the interruption to telephone service tn an 
area trying to recover from the earthquake. Whether restoration of 

service can be accomplished in minutes or weeks is dependent on the 
severity of the damage sustained. 

3. BUILDING CODES 

3. l Many government authorities at the local or state level have pre­
scribed building codes which include requirements for consideration 

of earthquakes. The local authority in most cases uses one of the follow­
ing codes: 

Uniform Building Code 
Baste Building Code 
Standard Building Code 

The Uniform Building Code is tn most widespread use. 
of the Baste Building Code and Standard Building Code 
not modifying the local building code for many years. 
out of date, the latter two are still requirements in 

The continued use 
is the result of 
While they may be 

some communities. 

3.2 New building codes are in existence or are being prepared. The 
American National Standards Institute <ANSI) has issued "Minimum 

Design Loads for Buildings and Other Structures" <ANSI A58.1, 1982) which 
includes a section on earthquakes. A later, more comprehensive treatment 
of earthquakes ts tn the process of securing national acceptance. The 
document is currently entitled "Tentative Provisions for the Development 
of Seismic Regulations for Buildings." It was prepared by the Applied 
Technology Council in association with the Structural Engineers Associa­
tion of California under the auspices of the National Science Foundation 
and National Bureau of Standards. It was first issued in 1978 and amended 
in 1982. 

3.3 Hhtle the requirements of the building codes identtfted tn paragraph 
3.1 must be met, the tnformatton presented in the Applied Technology 

Council document <see paragraph 3.2) should be reviewed due to its 
detailed information on seismic risk. 

4. MEASUREMENT OF EARTHQUAKES 

4. 1 General 

In order to appreciate the effects of earthquakes, it is useful to 
use some form of measurement. Hhile the "Richter Scale" 1s fre­

quently heard tn news reports, it is not a good way to describe the 
resulting damage. The "Modified Mercalli Intensity Scale" more accu­
rately describes the damage that has been experienced. 
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4.2 The Richter Magnitude Scale is a measure of the amount of energy 
released by the earthquake as the earth's crust and surface move to a new position of rest. A logarithmic scale ts used with no maximum limitation. Up to the present time, no seismic event has been as high 

as 9 on the Richter Scale. 

4.3 The Modified Mercall1 Intensity Scale was developed to measure the effect experienced at a particular area. Twelve divis1ons are used on the scale, each with its unique description. These descriptions were modified 1n 1931 to include modern features such as tall bu1ld1ngs, cars and underground water pipes. This method gives consideration to the 
ground and 1ts geological features underlaying the area. 

4.4 The relationship between the Richter and Mercalli Scales can be 
demonstrated by the reports of the same earthquake. Dale City, CA, <south of San Francisco> experienced an earthquake on March 22, 1957. It measured 5.3 on the Richter Scale. Values on the Mercalli Scale ranged from I to VII arranged in roughly circular (isoseismal> areas with the highest values at the center. 

4.4.l Table l, Relationship Between Magnitude and Intensity, provides a basts for understanding the significance of Richter Scale 
measurements. 

4.4.2 Table 2, Modified Hercalli Scale of'Earthquake Shock Intensities, 
describes the different levels of intensity that may be experienced at a given location. The Modified Herca111 Scale is a basis to begin the selection of design parameters for the earthquake protection for buildings and equipment. As the Tables 1 and 2 demonstrate, there are a wide span of effects resulting from earthquakes. A usable approach has to be selected for evaluating the seismic risk potential for specific areas. 

4.4.3 Several maps have been prepared, showing the risk assigned to areas of the country. Figure 1, ESSA/C&GS Seismic Risk Map, was issued in 1969. It identified four levels of risk ranging from none to major destruction. A similar map, Figure 2, Map for Seismic Zones - Contiguous 48 States, and Figure 3, Hap for Seismic Zones - Hawaii, Alaska and Puerto Rico, was issued by the American National Standards Institute in ANSI A58.l-1982. 

4.4.4 Over the years measurements of earthquakes and analyses of 
recorded data have been used to develop the mathematical methods for the representation of the earthquake forces. One of the earlier efforts along this line resulted 1n the U.S. Geological Survey Open File 76-416, 11Probablistic Estimate of Maximum Acceleration in Rock,11 by S. T. Algermtssen and D. M. Perkins dated 1976. Based on this and other work, the Applied Technology Council <see paragraph 3.2> issued maps 

1dentifying forces to be considered for vertical and horizontal 
acceleration. The values are assigned on a county basts, including a probability evaluation that these forces may be experienced. This does not mean that a different value wouldn't be appropriate based on better 
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local 1nformat1on. These maps are too big to be included in this docu­
ment. They are part of National Bureau of Standards Special Publication 
510 and may be ordered from the Superintendent of Documents, U.S. 
Government Printing Office, Washington, D.C. 20402. 

5. EARTHQUAKE BRACING 

5.1 General 

The material applied and the requirements on the building are chosen 
in response to the earthquake forces to be handled, the requirements 

of the local building codes and the value assigned to maintainfng tele­
phone service. 

5.2 Earthquake bracing 1s applied 1n several forms depending on the 
equipment unit to be secured and the characteristics of the building. 

It ranges from simply us1ng larger bolts to anchor the equipment cabinets 
to the floor to elaborate systems of trusses connecting the equipment to 
the ceiling and walls. In order to allow the use of standard production 
equipment and cabinets for the switching system, the equipment lineups 
have additional bracing or frames placed around groups of cabinets (e.g., 
four cabinets). Card retention equipment 1s sometimes supplied depending 
on the card - card cage mechancial interface. 

5.3 Battery chargers are supplied in very heavy frames suitable for use 
in meeting the earthquake bracing requirements. The major difference 

to be noted is that the chargers are only mounted in the bottom of the 
equipment rack. 

5.4 Battery racks are generally the first item considered for earthquake 
bracing. The bracing takes the form of side and end racks on each 

shelf with added retainers between groups of cells or individual cells, 
hold down devices for the cells, increased anchoring to the floor and 
heavier iron work used 1n the battery rack construction. The battery 
cables from the power board and chargers are normally quite large and 
rigid. A section of flexible braid of suitable current carrying capacity 
is sometimes connected between the battery terminals and the battery 
cables to avoid any stress on the battery. 

5.5 Since 1982, some of the small capacity digital switching systems 
have been supplied 1n cabinets mounted on wheels. The manufacturer 

has earthquake bracing for use in this situation. Early installations of 
this type of equipment should be reviewed to insure that earthquake 
bracing is supplied where needed. This may involve additional cost on 
the part of the owner. 

5.6 The overall effect of applying earthquake bracing is to increase the 
floor space required and the design requirements for the floor and 

walls of the building. The forms of bracing discussed above are applic­
able only_as needed. The_ COE manufacturer will determine the response 
needed when earthquake bracing is required by the owner for the .equipment 
being supplied. 
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6. IMPACT 

6.1 General 

Earthquake bracing should be specified when new central office 
switching systems are to be supplied in susceptible areas. Exist­

ing systems should be reviewed to ensure the equipment added since 
initial installation has been installed to meet the earthquake bracing 
requirements. 

6.2 The maps discussed in paragraph 4.4.3 identify seismic risk areas 
assigning values from Oto 3 or Oto 4. It is recOfllTlended that any 

site having a value of 2 or higher. on either Figure l or Figure 2, be 
given consideration for requiring earthquake bracing. The boundaries of 
the seismic risk zones are not precisely defined. Locations within 50 
miles of these boundaries in the O and l areas should be investigated to 
determine apparent risk and local practice. More precise boundary defini­
tion can be found in the Applied Technology Council document discussed in 
paragraph 4.4.4. As always, compliance with local building codes must be 
provided. 

6.3 Costs associated with the provision of earthquake bracing can range 
from less than 1 percent of a large switching system to 5 percent of 

a small switching system. Building costs are not included since the local 
building code requirements will generally result in a suitable building. 

7. CONCLUSION 

7.1 General 

The threat of earthquake activity is widespread. Seismic activity 
resulting in a risk factor of 2 or higher has been assigned to 

portions or all of 40 states. The areas of seismic activity have been 
identified. The purpose of this section is to make REA borrowers and 
their consulting engineers aware of the need to consider earthquake 
bracing as part of system planning. purchase and installation. 
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Table 1 - RELATIONSHIPS BETWEEN MAGNITUDE AND INTENSITY 

Magnitude Effects (Intensity> 
(Richter) <Mod. Mer ca 11 D 

1 Only observed instrumentally. 

2 Can be barely felt <Intensity 
II> near epicenter. 

4.5 felt to dtstances of some 20 
miles from the epicenter; may 
cause slight damage <Intensity 
VII> 1n small area. 

6+ Moderately destructive. 

7+ Major earthquake. 

8+ Great earthquake (1857, 1872, 
1906). 
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I 
2 -MODIFIED ME~CALLI 

Not fell "' people, nc:ept IMder npecl1Hr f-•hle 
c~llnces. H.,_, dizzinn1 or n1uw1 ""'' be 
ftperienced. 

VI 

II 

III 

IV 

V 

~Ii~ birch ind 1ni,,,.I• •~ Unt'l•Y or di,turbed. 

Tren, •tructu-. liquick. bodies of w,tt,r m1y ,w1y 

lf:Ally. and doors rn,y swi,. wry slowly. 

fell ........ "' • ._,....., etpeei,lly"" upper,._ 
ol fflUfti1lory .,_,1diftp. 111111 "' -ilift or ner,,­,_.,..._ 
As ift Cr,~ I, birch and an;,,,.1, are diSlurhNI. and 

tren. structu~. liquids and bodies of water rn,y sway. 

Ha"l1ng object, sw,n11, especi1lly if they ,re dt:licllely 

~-
fell..._."'_., people, wwally • a rapid .awa­
tion lha1 ""'' - be -..,,1rec1 as .. e,rthqvah II 
littC. Vibra'""' II ....,;i. eo lhal due lo pas1ina of a light, 

or lightly loHed -'rt, or """' lrucb - distance 
_a,. Ovralion _, be nlirn,led In - CIOff, 

,..__,,,s m,y be 1pprt:e11ble on Uppt'r lev,el, of 1111 

structu-. Standing motor ca .. may rock sh,:htly. 

fell ...... "'-,. • ....._."' few. Aw•-.,_ 
indmdouk, ,...icularly lighl llflpert. but fri,:hteM no 

- nc:epl !how ..,...,hffl1i.e from previous eq,eri­

ence. Vib<alion lllie that due lo pining of heavy. or 

hemly loaded lrud,1. Senulion li._e I he1vy body 

1lriliing buildit,g. or the falling of he1vy objt:et1 lnsiclf/. 

O,fflf"'\. wind~ •nd doors r•Ulf'; JI.,, •• , .. •nd crock• 

ery clink ind cla1h. Wills 1nd housP fr1n,., crHk, 

~i•lly if inten,1ty i\ in the upper r,na~ of th,s gr1de. 

Han••"• t>l•J("Ct\ nftN' SW1nR,. ltquids in ~n vtt\WIS 

•~ d,-1u,IK'<I •hahtly. St1hnn1ry automnb1IPS rock 

noticl'•bly, 

fell lndoo<t by practically -,.,..e, .,.,,.,.,_ by -i 

people. Oirt:etion can often be ntimated by thaw out• 

doors. Awa .. en1 rftlny, or moll sleepers. Fri,:hten1 a f..,.. 
people. with sli11h1 eacilernt'nl; IOrnt' persons run out• 
doorL 

8uildin111 ,,....,ble throughout Dishes and ,:l1ssware 

~•It to w,~ l'"•ft'flt. Windows cr,clt in some <•~. 
but not gl'nt'r1lly, v,.,.. ind sm1II or unst1blt: objrct, 

0¥f'ftum en miny m,1,ncf',. and • fPW t,11. H,ng,nJ 

object, 1nd doors ,wing ft<'nl'r,lly or con,ider,bly, P,c­

ture-s lr.noclr. .ag.afnst w.all,, or swing out of pl•cr. Doors 

ind shuue,. op('ft or close abruptly. Pl'ndulum clocks 

VII 

VIII 

llop, or run f•st or ,low. Sm1II objects movt', ind JX 
furntsh,ng, m.ay sh,ft to , ,li1ht pw;fpnt, Sm.all .amounts 

of ltqu,d, ,p,11 from -11-1111,ed appn cont•in('r,. Tree, 

and bu,he, ,hike ,hgh1ly. 

SCALE OF EARTHQUAKE SHOCK INTENSITIES 

Felt by neryone, Indoors and outdoors. Aw,.__ ,II 

1leepen. Fri11htt'n1 m1ny people; gent'ral ncilt'-nl, 

and '°""' person, run outdoors. 
Pt:rsnns mnvt, un\lt'1d,ly, TrPPS 1nd hu,he• sh•kl' 

sl1gh1lv 10 mod"r.1h•ly. liquids .arp wt 1n slron,t mohon. 

Sm1II hell, in churc hf:S ind \<hoots rong. Poorly hu,lt 

bmldmK~ m•y bf" d.am.aJed. Pl.astf"t r,11, in ,m.aff 

,mnunl\ Othe-r pl.a!-ff'r cr.acks snm•wh,t. M.any d"h~ 

•nd K'"""· and I few windows. brt'•k. Knick-knick<, 

bonlc, and piclurrs r,n. Furniture ~rlurns in m.any 

in,1.an("'C!S. Hf'.avy furn,shin9ts mcwe. 

Frightfflt ~- Generaf •'•-• and _.,._ run, 
outdoors. 
PN>PI<' find ii ,:liff1cull to ,tand, Person, driving cars 

nohct: •h•k1ng. TrPPS and bushes sh1ke modet1lt'ly to 

slron,:ly. W1¥PS form on ponds. likes 1nd \ltt'1m,. 

W1tpr i, mudd1l'd, Cr,.,..f or .,nd Slrl'lffl b1nk, c,ve 

in, l•r,:t' church hrll, rina. SuspPnd.-d objt'CIS quivpr. 

D•m•~'" i, n.-11h,t1hll' in build1n~s of aood d~•1Kn ind 

construction; sli,tht tn mod""'" in '"°II-built nrdint1ry 

bu,ld,ng,; con<1d,-r1ble in poorly bu,11 or b1dly dt'­

•i,:nc,d build,n,:,. 1dnbP hou•~•. old w•II• (.,.pt'ci1lly 

wht-rf" 1.atd up w11hnuf mort.arl, \f)trf•'-, ("IC. f'lt1,1«-r .an<f 

s.nmr ~•uccn ft1II. M..any wtndo~ .and somp furn,hu" 

br.-,k lnn..-nt'd hrockwork •nd tol"' ,h,kt: down. WP•k 

chimn<-ys hrf'.ak ,1 thp rooflt~. Com,cc•"' bll from 

fnwr,, .and h,Rh hu1lcl1n,t,. 811clts ..Jnd Slon<"S ''" cf,,. 
lod,wd Ht-avy "'""'U'l' ovprlurl'I\. Concrptf' irr1ft.ahon 

ditch.,., .arc-com.,d,•r.,thly d.am,Rt"d, 

Gfflrr,I fri11hl, and al- appr01che1 panic, 

Prr\011, drivm~ c,HS ,1r(' d1\turl'K"d T rf"l"\ \h.alc,. ,1,on~­

ly, •nd br•nchr, •nd trunk, hrrak oll (p,.,..n.,lly p•lm 

frtt\) <,nd 1'nd mo<f t"rupt, in ,m.1II ,mnunh. Jlow of 

'"''"f!"' And wt•tf, 1\ h•mr,oro1r1ly and ,omrtimt'\ fl<"· 

n1.1m•ntly th.m.:«-rl l)ry wt•II, u•nMv flow. Tt•mr,rrdhUt" 

or "'f'Htllft ;uul Wt·lf \\",lh•J' \".If•«·, ().1n1.1r:1• '"J:hl Ill hrtclc 

,-trm turt'\ hmh 4''1"~ ,.1lly lo with,t.tnd ('Jrllu,u.1lr.t-\; 

((Nhult•r.1hlt• m nrtf1n.uy 1,ulKt,.nh.>I lmihhn,:it., "-'1lh 

~unc• ,,.utt.11 ,0U.11h«•. lw.1vy in ,nntt- wondrn hnm,,·,. 

with ''"""' turnhlms: tfnwt1 r.,nc•I w.,n, lm•.11.. ,lW,IV HI 

fr,mt" ,t,uchlff"'- O,•c.1yf:"cf r,11,nJ\ hrt".ilc: off W,tlit. f.lfl. 

Sof,d ,tone- w.a11\ < ,.,cir. ,nd hrP.alr. \f"rioudy. Wet tcrc,und 

and !t1<'f11 ~lop,•, narlr. to ,nmr t"wt.-nt. Chimnf'y\, 

column,. monum<"nl\ .1nd f.iC'tory st.1<h ,nd tnwt"rs 

1W1'-f ,md r,11. V("ry ht",lvy fu,mturr fflOV("\ cnn,picu­

ousfy or ov,rturns. 

P 1nk 11 general. 
Ground crarlts cnn"f)icuou,ly. O,maJt." is con,idrr.ahlp 

in m.1,onry ,1,uct,u("\ hu,lt f'\J'>f"Ciallv tn w1th,tt1nd 

f"lt1h,1u1lr.ps; R'<"'' in ntht"r m.1,onrv huild,ntt,-fflmf' 

con,,, .... in l1r~ part,,;,,.,,.. ,..,od ,,,_"°"""built 

•\J>E'Ct.alfv to w1th,t,1nd t"Jrthqu.alr.f'\ ,art" thrown oul of 

plumb, olhf'n "" ,h1flt'd wholly off found•toon,. RN· 

l'rYOirs ••• seriously d•m•~<'d. ind und"r~round ptp<'S 

sornclunps b,l',lc., 

X P•k k .-,al. 
Ground, f:Speeillly when '°""' •rid -•· cr,ck< up 10 

w,dth, of ....,..,.1 ,nchc,s; f1S\ur"' up to • y,rd ,n w,d1h 

run p.a,,llpl l<l c.1n.1I .and s1rr,m hanlr., l1nd,11d1nJ i\ 

considPrt1hl .. from riYf"r h,nk, ,nd ,tttip co,,1,. So1nd 

•nd mud ,hill\ horozon11llv on hf'•chf', ind 1111 l•nd. 

W,ter ll'Vel ch•n~.., 1n -11,. Wiler " lhrown on b,nks 

of c.1n,1,. l.altf',. f1V('r\, PIC o,m,. dtlr.f" . .-mh.ank~n,, 

,,., s.-nously d.am.1Rt-d. Wrll-buill woodttn ,1,uctur~ 

.and h,ed«es ,1,p \t"vt•re-ly dJm11ttad. 1ntf \Offlf' collt1fl"f', 

Oan«Prous cr.aclt, d..-vrlop ,n f"•ct-11.-nt hr1clt w,fl, Mo,t 

m,sonry and fr.am~ ,tructur~. ,1nd thf'ir four,d1hon,. 

are dr,troyt'd R•1lrNd r,,1, bf:nd ,1,,:htly, Popf' """' 

buri..d in .,,,th ll"•' .ap,rf or ,1,p cr,,,hf"d ttndw1\(" 

• Oprn cr.aclt, ,nd hrn,1d w:tvy fold, npttn ,n cc-mf'nl 

p.avPfflt"nt\ .and .a,ph.alt ro,d ,u,f.1c~. 

XI 

XII 

Panic k general. 
o, .. ,u,b,nCP\ in .,ound "~ m,ny ,nd wiM\JJrr.d. 

varym,t w11h lh~ 1trountf m,tf'ri.al 8ro,d linurl!", .• ,,th 

slump,. and 1,nd .,f,r," drvrlop ,n \oh. Wl"'I ,:round 

W.atrr ch.ar«rd with \,anrl ,and mud ,, r1PClt"d in larlf' 

,mount\. S.-, w.avt"'- of "J::n•hc1n1 m,1J:_n1tudt> m,1y rlf'• 

vclop o,m,g("•" \f'~f(" In wond ,,,m .. \lftl(IUrf'\. 

P\f'M"Cu11fy np.a, \hock c""tr.r,; 1rr.11 to d,m,, d,lr.r, .and 

emh.1,lr.mr,il\, Pvt"n ,at Ions: tt,,1.anff''- rt-w ,f .1nv m.1. 

,onry structurfl'\ ,.,m,,n ,1.,ncf1nl c;urrortin11t fl'"'., or 

p,11.tr\ of 1.arKr•. wpll-hu1lt hr1dRl"\ ,,,: wrfl'('lrt-d Woodrn 

hr1d,:rs th,,t · tiV<"" .,,.,. It"'-\ .aiffrctt"d Ra,1,o.a<f ,.1,I, ~nd 

,tr<".atlv. and ,nm,: thru.,, t"ncfw,,c- Pip.- linf"\ huurd ,n 

,:.a,th art" nut comr,f("lrly out or ,c-rv,cp · 

Panic is 11rnt'ral. 
0.1m.t~f' " tnl.al, .,ml p,;ecllc,ally 111 wnrlr, nr con,1ruc­

hon ,,,: d.tm.1J!_rd ~u•,uly n, tfr-,trovt-cf fl1'-furh,1n( f'' in 

lhl"' ,:,nuncf .,,,. ,:rc•,11 ,,net ¥,trtf'<f. ,1ncf n11,nr,ooit. ,hf',tr, 

'"R t r.;.rh dt•v("lor, l.lnrf,l,ffl',. rO('lt r.a 11 ... .1nd .,fun,r,, 

in uvrr h,ml, ,ltt• numr,0111, .-nd t"•lf'n\fvr l.1r(ltr ,oclr 

m,1.,,r, c1rr wr("n<lwcf lon,r «1nd tnrn off huh ,1,p, 

«il•vrlnr, 111 ftrm rrn I,,, ,tnrl hor11nnt.1I .1ncf vrrl1< ,ti nH,rt 

<f,,r,1.,crnwnh .tr«• nn1.1hl◄• \Y.alt-r ,h.-mwlc., hinlh ,,.,. 

f.1rr ,1nrl uncfrr,.::,111111d ,u,· d"'h,rlw•~ ,11,tl ",r-.(f,fu'fl 

Jrt•,111,· l,1Lr, Mt• cl.1n11rn•rl. rn,,. \\,11t·rf,,II~ ,1,r ,,,,,. 

rlurt·d. rt\'t'" ,lft• d..il,-. tc•d rh· «;.u,f.u t· ".wr, •"" ,r,·,, 

on ._:,c,11nrf ,,uf,u,·, lutt•, ,,f ..,.i:l,t .11111 l,•vt•I ,Hr fi,., 

htrlt•cf ()liw◄ 1, ,ut• 1ltri1\,n "'"'·'"' 11111, tlw ·'" 
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Fig. 3 - Map for Seismic Zones-Hawaii, Alaska, and Puerto Rico 
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