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Part I • Overview

Section 1
Introduction

by Katharyn E.K. Ross
Education Specialist

National Center for Earthijuak.e Engineering Research

Earthquakes have darnaMcd schools. AuguSl 31. 1886. <lamage occurred at ChluIcston College in an earthquake Ihat
tilled 60 residents of Owleston. South c.olina. M:nh 10. 1933. in 1.onI Bea:h. California, the John Muir School
on Pacific Avenue and the wall of the dMce .... building in Compton High School collapsed. October 31. 1935.
die west wing of the new Helena High School collapsed in an eanhqualtc in Helena. Monaana; die collapsed pan
of the school had reinforred concrete frame. fIoorll. and roof. and tile floors faced with brick.. August 18. 1959. in
HebFn I..akc. Monaana. the dccorlIlive stone entryway was shaken down II the Wesa YeUowStol1e EIeRlCId8I'y School.
Government Hill E1emenWy School was split in two during the Good Friday ear1hquake (March 21. 1964) in
Anchoraae. Alaska.

At 4:42 P.M. on Monday. May 2. 1983. a 6.S magnitude ea1hqU8ke SlrUCk Coalinga. California. seconds later. there
was an after shock of 5.0 011 the Richter Scale. A repxt prepared after this earthquake by E. Robert Bulman fc:w
Charles S. TerreU. Jr.. Superintendent of Schools fc:w San Bernardino County. Califomia,lIOIC:d nonsuuctural dalnase
10 the schools. For eumple. about I,(XXl f1uoreIccntlight bulbs feU from the [uttaRS and broke. Improperly instaUed
T-b8r ceilings feU as well as glued ceiling tiles. Waler pipes 10C8Ied in the blsement were broken. flooding the
bucment and SlOpping the elecaical supply because all the switching mechanisms were dama8ed by water. In a
IClCOIld floor chemistry lab in the high school. bottles of sulfwic acid and ocher surcd chemicals fell and broke. Acid
burned through to the fust floor. Because: there was no elccUical power to drive the venti.lating system. poisonous
fumes filled the building. SuperintmdeIW TemU feels that dealb and serious injury would have resuItcd lIlIJ school
been in session. This cJ.nasc could have been minimized had IChooI penonneI reviewed and remedied some oC the
poICntial hazards prio' to this earthquake.

Struetuml and nonstruetural ctamaae should not be our only concern. ChiIdrcn and their taIChc:n do not automalically
know whallO do in an earthquake. In a preliminary study in which 35 elementary students in New York Slide were
inlerviewcd. Ross and ShoeU (1989) found thai ooly 9% gBYe clearly Cm'IlCIanswC1'5 k> questions about what to do
in III anhquake. The inlel'Views also revealed that elcmenbU'y IChooI children bad misc:onceptionl about earthquakes.
what cxx:un during an C8I1hqIlllke. IIld whaI CIUICS an earthquake. Sublcqucot intr:rview5 of students in fourth
through sixth amdes "ve continued to suppon IbeIe obIc:mIions (Roa .t ShoeD, I99Oa,b).

Earthqukes remain a potential lward thai is not ~Icd k> the western JWt oC the Unittd SIaIeS. As Table I
iUusn&es. earthquakes have occ:unal in the nonbeaIIem J*l of the Uniled SIaIeS and adjlccnt Canada. AItbough
there~ longer intervals between Cll'thquakcs in the NutheaIt. the pofCIItiaI for darnaF exiSls.

0Wdren spend a silnmc.t ponion oC their day in schools. The IChooI community needs 10 be weII·prep8I'ed to meet
IChooI eanhquake cmcrsencies in order to proICCI the welf~ of students and IIaff boch durin& and af1Icr the ground
shaking. In UIition. kXDOOOW'5 adults need 10 be aware of the dangers dUll eII1hquakes praent and how to achieve
• parer level of safely throu,h building codes 10 ensure more MrthqUlke resislant IlbUChnS. training in ~uate
..ret)' a:ticns 10 take durina IIld af1a" an ClldlqUlte. and improved levela of~ in 1CbooIs. homes. and
buIinesa. Earthquake educalion can provide insight inlO ovin, )X'ObIemI in lCicnce u well u anakina our
environment a safer pIIcc 10 be.
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Table I • Earthquake Activity in the Northeastern United States
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Map at left shows all known earth
quake activity for the Northeastern
U.S. and adjacent Canada. From
"Seismicity of the Northeastern
United States". John E. Ebel.
NCEER Technical Report NCEER
87-0025. December. 1987. p. 178
188 .

Significant Earthquakes: New York State and Surrounding Areas
1534· P.....nt

!)et. locIItlon lUI. Mig. Dele LoCIItIan MMI Mig.
1534-1535 Sl Lawrence Valley. IX-X 18117 P1atlsburgh. NY VI
1638 SL Lawrence Valley. IX llU6 MoMwk lIalley, NY VI
1663 Ctlartevoix. Que. X 70' 1925 C~ll.Clue. IX 70'
1727 N.... Newbury, MA VIII 7.0' 1928 S8ran8c Lake, NY VI •.1
1732 NNr MontrNl. aue. VIII 1929 A1tica. NY VIII 5.5'
1737 NewYort. NY VI 48 1929 Grand 8Mks. Nid. X 7.2
1755 Near Cape Ann, MA VIII 1931 W_Iburv,NY 1111 •.5
1791 E. H.xI8m, CT VIII 1934 Dannemot8. NY VI •.5
1817 Wobum, MA VI-VIII 1935 Timislc8ming. Que. VIII 6.0'
1840 Her1Umer. NY VI 1944 u.-a. NY VIII 5.6
1853 lowville. NY VI 1944 Ma--. NY (att.nhock) .5
1857 Bulfalo. NY VI 1966 A1tica. NY VI •.6
1860 Chartevoill .... au•. VIII-IX 6.0' 1967 Allica. NY VI •.4
'867 CanlDn. NY VI •.8 1982 Miramichi.NB V 5.7
1870 Chartewix "'., aue. IX 65' 1982 Ff8nldjn. NH VI •.8
11S7. Tarrytown, NY VI 1983 Goodnow. NY VI 5.2
1884 Rockaway Beach, NY 50 1986 N.E. Ohio VI-VII 5.0

1988 Chiooutimi, Que. 6.0
• IndiCllMa """"'Jl""." ."'-_"m8f1llirut».
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New England States Earthquake Consortium (NESEC)

by Louis Klotz
Executive Director

New England States EarthqUQ/ce Consortium

On behalf of the Board of DirecIors of the New England StaleS EaI1tlquake COI15OI1ium (NESEC). as weD as myself.
welcome fO the Ncrthcasaem Earthquake Education Workshop on Earthquakes in IN NortMiut - Are We Ignoring
tN HQZlUrr!

NESEC's Basis

In October 1977. Congress passed Public Law 95-12A. Ihc EarthqlUlke HaZIUds RedMction Act uf 1977. which
legislatively addressed earthquake hazards in this country. The Act specifically SUIIeS. baed 00 USGS audics. dial
39 of die 50 staleS are subject to major or moderaIe seismic risk and are therefore vulnerable to the hazards of
earthquUes. MlNachUSClIS is one or die 13 SIaIeS specifically laSICld in the Act as examples of SUIIeS at risk. but all
6 New England StaleS are classified as at modenle risk!.

Under this Act. the Dirccta of the Federal EmerJency Management Alency (FEMA) was RlQuircd to preplR a
written Program plan. the National Earthquoke Hazurd Redlu:tion Program (NEHRP). The most I"CeIlt amendment
to the Act is the NEHRP Reauthori:a.ion Act uf J99(J (P.L. 101-(14) and die most recent Pr.-m plan is the
NatioNll EarthqlUltt HQzurds Redlu:tion Program Five-Year Plan: 1%9-1993.

NEHRP c:ndones the clQlioo of qional groups of s&IlCS for canbquakc risk IDIII88cment to reduce fuluR losses
of life and popeny fnm canbquakes and is die b8sis of NESEC's aeabon.

NESEC's StnldUre

The New England Stales Earthquake COI15OI1iwn (NESEC) was incorporaIcd in October 1991 in Massachusetts as
a non-profit. edllClIlionai corporation. Its Sb'UClUt'e is a somewhat unusual. a1thoup not unique. collaboration of
siJniJ.' qencies from the individual New EnB1and StaleS. NESEC's 8oIn1 of Direcun. by i&s Articles of
1nlDpcnIion. is ccmposed of die six Directors of the New England Saues' Emeqency Manqement Agencjcs. 1bal
is. the desi&naIion of being a member of NESEC's Ikwd of Directors is bIIocI on a specific New England S..
govcrnmcnt posilioo. With these dc:sipllions. die Baud cumndy consisu of:

Chairman: George L. Lowe. Direclor
Division of Emer)eocy Mlnl&ernent.. Vermont

TreuuRr. George L. Iverson. Dircclor
OffICe of Emeraency Management.. New Hlmpshire

CIco'k: A. David R.odIwn. Dirccklr
Emctiency Manqement Aaeocy, ~UlClIS

I Moc*IIc rialr. rcIaIa ItJ the fa Ihal New EnaJud·. ar1hquakel have • Iona ..-tbqUlb __ iataval; not tbIt It.
..-tbqUlb mapiludea or their impIId on It.~ or built environmeol will be IWCINIIriIy "modIrllc."
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Part I . Overview

problems, requirements and opponunities. Another way of looking at it. is that it can be truly stated that when one
New England stale shakes, !he other five rattle.

The Elrthquake Program Managers III !he SIBle emergency lIWI88ement offices are:

Robert F. O'Brien, Rhode Island
phone: (401) 421·1333
fax: (401) 151-0821

Edward B. von Turtovich, Vermont
phone: (802) 244·8121
fax: (802) 244-8653

Gregory B. Champlin, New Hampshire
phone; (603) 271·2231
fax: (603) 225-1341

John C'. Smith, Massachusetts
phone: (508) 820-2001
fax: (508) 820-2030

1-9
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2-6 Hands-on, Minds-on Earthquake Education: Curricular Options
and Shaky Activities
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A Historical Look at Eartbquakes in tbe Northeast

by Walter Mitronovas
Associate Scientist, Seismology

Geological Survey, New York State Museum

Gary N. Nottis
Research Scientist. Seismology

Geological Survey, New York State Museum

Earthquake activity has been m:mJcd for mm: than 400 years for plUtS of the 00f1heasIern United StaleS. Present
day earthquakes. wid! some exceptions. OCCIII' in the same gcographical areas where hiswrical e.thquakes have taken
place. Once recent exception W&'li a maanitude 4.0 earthquake dI81 occurred on JWJe 17. l!)ql. inS~County.
New York. Some areas show fluctuations in earthquake lk:tivity widt time. For example. eastern Massachuseus had
mm: felt earthquakes in the 16005 and 1700s than it does today. Over 40 damaaina eanbquakes are known to have
occurred in the northeast since the mid lSOOs. About 30 of IhoIe even~ C8UICld slight darilqe (I.. • VI(MM».
AnodIcr II events caused moderaIe din. (I.. • Vll(MM». Two evenlS caused considenIble dlmqe (I.. •
VIII(MM». The fllSt of these occurred on November 18. 1755. ne.- c.pe Ann. MasachUleas. with .. estimaIed
rnapitude of 6.0. It damaged many chimneys in Boston; bricks. tiles and slates fell infO the SIredS. roofs col1aplcd.
and building foundations were damaged. The second eve..t occurred r..- Mulena Center. New York, 00 SeplCmber'
5. 1944. and had a mqnitude of 6.0. It caused over 16 million doIlm d damaae (1989 doIlan) in MasIena, New
York. and Cornwall, Ontario. EJectrical service was disrupted and waa pipes were broten. More tb8n 5.100
chimneys were daInat".d or destroyed. 'There were also numerous reports of broken windows. a'IlCkcd cement and
mMOIU')' walls. and fallen ceiling and wall p1aIIer. A few older brick buiJdinp in the Maaena wea were deca.ed
unsafe and demdishcd. SigniflC8llt dama&e occurred in schools in MuIena IIId Cornwall. J..araer delauclive
eanhquW:s are known from adjacent Canada. We feel daM the known eaI1bqUlke hiItay of the Nor1heut is too short
to iodicaIe whether the geogl'llphical panem of CIrthquake IClivily will change sipificandy or not. A low we of
C*thquake aetivily in the Nonheast. COOIbined with a short eanhquake history. 11Io prevenlS III from knowing how
ofteIla damqing event wiU OCCIII'. A damaling event may next take pIIce tomorroW or hlJldRlds of yean from now.
Expert opinions asree that earthquakes of maani&udc 6.0 or JI'CaI« could oo:ur anywhere in the northe.dIem United
StaleS. In some I*U of the regm. even IIIpr evenlS could occ.... 1'bc history of CII1bqllllka in the DllI1Iam:m
UnilCd States ICIVCI to Win .. daM ... need kl be liken to prepIIC for damI&ina ew:olS. 11Ie qUCIIion of how
much~ is nccdcd has not been decided.

II is hard 10 imaaine caUina the nonheut«n United SiIIeI. "EarthqUIke Counuy.- 1bII tide is usually
bellowed ... California, in Ihe minds of moll pecpIe living ill Ihe Uniled S....
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Present day e.thquakes. with some exceptions. occur in the same geographical~ where historical
earthquakes have taken place.

Slide nne (see figure 3)

The same broad zones of seismicity are sliD apparent if we examine only ea1hquakes or magroitudes (M,.)
~ 3.0. during the period of OcIObu 197~ 10 Man:h 1989.

Whether we Ia1lr. about the hislorical rccnrd of seismicity or the recent recmi. earthquakes that have
produced stroIlg shaking or dIrnaIc (~V[MM]). have been cooccnllated primarily in the: broad zones of
activity.

There are some diffen:nccs between the histaical and recent recmls in the: spaIial distribution cL activity.

One recent example was a maanitude eMN) = 4.0 e.thqualte that occurred on June 17. 1991. in Schollwie
County. New York. Anolher WlL'IlIIe maanitude (~) = 6.5. darrulBing ear1hquIkc that took place November
2~. 1988. in the Saguenay region or Quebec.

Both events occurred in areas with little or no known previous seismicity. This can be seen whencom~
Slides One and 1brec. The epicenter cL each ca1hquate is noIed 011 each slide by an ID'OW and the dIIe cL
occurrence.

Do the Junc 1991SC~ County and November 1988 Saguenay earthquUes signal the birth of new II'e8S

of persistent seismicity in the nonheastem United States and soulhealtem Canada? It is possible. A second
possibility is that the occurrence d IhDse events might indicaIc only~ of .:livity in areas t1JII were
active earlia'.

Some portions of the Northeast have experienced fluclUalions in the I'IlC of seismicity over time. For
example. eu&cm Massa:huscas hid more felt eanhqUlkes of I,. ~ V(MM) in the: 11OOs. than today. Most
of the .:tivily shown in eatan Massachuaeas took place during the 17001.

Earthquakes of I,. ~ V(MM) took place • a rare of about 0IIl: event every six ye.-s during the 17001.

Eanhquakes l'.apabIe or producing epicenlral intensities (I.,) ~ V(MM). pnenlly have magnitudes (M,,) ~
3.0. Slide Three shows a i.:lt cl rocent maanilude (~) ~ 3.0 eveau in C'aIICm Mauachuscas.

AI least two magnitude (M,.)~ 3.0 elfthquakes. each producing an cpiceaUaI intenaily (I.,)~V(MM). should
have occurred during 0l.;1Obcr 1975 &0 March 1989. if the~ of activity w. the liliie • in die 1700s.

Other )XlI1ions of the Nor1heasIIhat show IimiIIr behavior are weatan New York and the Lake Champlain
Valley.
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• CelUal New Bnmswidt may be a:tina 1he opposite. Seismicity hu increased in thallRll since the January
18. 1982. maanitude (M,.) .. 5.8 Ql'lhqUllke in lhat region.

If we consider 1he historical record for the Nonheast. we rand m. ~uakes thai produce strong IhIking
or dlnaae. cluster in brill:.

Periods of greater a:tivity. for such events. lOOk place from:

I. 1700-17SO
2. 1840-1890
3. 191Q.19S0

Temporal clustering 0( I1183nitude (M,.) ~ 3.0 earthquakes in New EnsJand bas also been obs«ved in the
more recent activity.

Damqinl Earthquakes

Slide Fow (sec figure 4)

More than 40 damagina earthquakes are known to have occUlTed in the Norlheest since 1727 (ICe table I).

About 35 ~ these events caused sI....1 damage (1. ~ VI(MM). Anocher 7 evenb C8IIIed rnocIenIte dmnage
(I. ~ VI1(MM). Two events ClIUlICd cOC'.sidcrabIc damage (1. ~ VIII(MM).

Slide Fin (see ligUle 5)

The farst or !bose two evCIU occuned on November 18. 1755. nell' cape Ann. MasDchUldtS (estimated
I1188nitude (M,.J .. 6.0). It dmnaged many chimneys in 8osIon; bricks. tiles and s1aIes feU into the streets;
roofs oo11aplicd; and buildina fOWldalions wen: dIrnaBcd The same kinds of~ occuned in
communities along the Massachusetts alUl. frmI BI8inIme to Ipswich.

Slide Five shows an ;souismaI IIUIp for the 1755 e-thqUlke. 1be IOIid and duhcd iIoIcismal lines encloIe
areu of equal ground shakina. 1be roman numerals dcooIic the ICVCI'iIy of grouDd shating on the Mod;fj~d

M~,cQIIi SCQ/~ of 19J1 (ICC IUIe 3).

• Aftmltods of the November 18. 1755 IfttJiII sAod were felt in eaaem MMachUICUI fm- II leula~. 1be
largest af1cBhock occumd on November 22. 1755. nell' cape Ann. MassacbUlCUi. ThII event .... an
epicenUli inlensity (1.) ~ V(MM> .. cauICd no dM\qe.
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Slide Sill (SU figure 6)

The SQ,;ond evenl occwrcd ncar Massena Center, New YOIt, on Sep(ember 5, 1944. and had a magnitude
(M,,) = 6.0. 11 caused mae than 16 million dolJars in darnase (1989 oollars) in Massena. New York, and
Cornwall. Onlario. Elcctril;a1 service Wlll5 disrupted and willer pipes wen: br<*cn. More than 5.100 chimneys
wen: damaged or desuoyed. Then: wen: also nummJUS reports of broken windows. cracked cemeRl and
masonry walls. and fallen ceiling and wall p"lCr. A few older briet. buildings in the Massena area wen:
dedllmJ unsafe and demolished.

Slide Six is an isoscismal map for the Massena Cemer. New Y<Xk. canhquake.

Fell aflel'Shocks occurred in the MMsena Center. New York, area f<Iover rOd'months following the main
shock. The strongest aftershock. in IUmS of ground shaking. took pla:e on September 9. 1944. and had an
10 ,:: V(MM). Funher damage occumd 10 chimneys already weakened by the main shock.

Slide Se".'

This slide shows cracks up 10 2 inches wide. in the exterior brickwork of the old Baplisa (burch in
downlOwn Massena. New Yort.

This slide shows the front of the Massena Town Hall as it appears today. It looked much the same in 1944.
The September 5. 1944 earthqualte caused the large SlOne block facade of the Town Hall to bulge oulWard.
The bouorn third of the facade had to be removed and put beck inIo place.

This slide shows ctarnaae to the brick facade of a home in Cornwall. Onlario. Canada. Note the eract.s in
the mortar between bricks and the large ICCtion of missing bricks.

SignifICant damage oo:urn:d in schools in Massena and Cornwall.

In Massena. fallen plaster and broken windows were reponed fCll' nea'ly all the public schools. Some
masonry damaae was reponed. and we 5lISPCCI dw there was damage to building contents.

The same kinds of damqe occurred 10 schools in COOlw811.

The most spectacular damage resulted when brick coping on the new COOlwall High School broke away and
feU through the limber roof of the lymnuium.lIfte srmcs below.

This slide shows the destroyed gymnasium roof of the Cornwall High School.
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Even more destructive earthquakes~ known from adjacent Canada. where over 30 <bmqing eventl "ve
cx:curred since 1534 (see table 2).

When considering the recon1 of damaainl ~uakes in terms of whit could happen lOday. we mllSl keep
two irnpooant cavQ15 in mind:

I. a repeal of some of these events. especially near m¥Jr mecropolilall weas. could be far JIKlI'C damqing
tudIly. !hen they were in the plSt. and

2. most of these damaaing ranhquakCll took place before there was a hish dellSity of people and buildinls
in cilies such as. New York and Boston.

For example. an c:anhquake. willi an eslimalCd Jnl8nitude ~) • 5.0 lOOk place off southwesan Long
Island. New York. on August 10. 1884. Thal event caused only slight damqe. However. much of Long
Island was farm country then.

Today. it is believed that an earthquake of Jnl8nitude (~) • 5.0 could callie an estimated 2.0 bi1Iion dollars
in damase on ManhaDan Island. New York. alone.

A magnitude (MN) = 6.0 earthquake might cause over II billion doUan in damage in New Yolt City.

In contrast. the 1989 Lorna Prieta. California. earthquake (mapitude 7.1) CUIed 6-7 billion doUars in
damage.

Few people have been injured as a direct result of eanhquakes in our region. No one his been killed as a
direct resuk of such events.

There have been reponed cues where people suffered psychoi0gicaliy from the effects of dInagina
earthquakes in our region.

Wben and Wbere Will tile Next Damqina Event Be?

We do not know.

SlIIliIticaIly. we eM alculale raIeS of leismicity (or differeot portions of the Nor1heMl IIId (or the entire
region.

If we IooIr. at the canhquake RlCm1 for the Nor1heasl from 177:110 1992. we find tbal damIIiIlJ earthquakes
occur • the followinll'llel:

I. eII1hquUeI of I..~ Vl(MM) occur about every 6 yean.
2. eII1hquUeI or I.,~ VU(MM) occur Ibout every 30 yean. and
3. eanhquakca or I.,~ VIII(MM} occw Ibout every 130 yeII'I.
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But, COII5iderinl:

I. thai we haw: MIl overall lew nile of lICismicity.
2. !he short !englh of the t3thquake ftlCord.
3. !he nuctuations in activity. and
4. !he appIU'CIIl cluSlCring of IarJer c:anhquates. in time.

we wonder ;usa how useful 1ft Ihese nwnbc:n?

A dar'naBing C'JU1hquake may nelt I8ke place klmOrrow or decades from now.

The only ccnaiRly we have is IhaI anoIher will I8ke place.

We know dial ~y all past damaaing earthquakes in the Northeal 0CCIIJ'RId in the broad woes of
lCismicily. WiD Ihat cOlllinuc 10 be the Ilmd?

We feel thalthe known c:arthq1Ulke hisuy of the NorIhc:asI is 100 short to indicaIe whclher the gcognphjcal
IJ8Dem of cardlquake activilY will change significandy or nol.

An imponanl qucSlion we also need to answer is whether or not we IIave ICCII the ",eSl e.thquakes Ihal
will occur in the reaion?

To gel a bini. ICismololisls have looted at the canhquake hisIories of other continental regions IIUUIId the
world lhaI are similar to the NmheaII in lcrms of geology IIId lCismoIogy.

Based on those SlUdies. we conclude Ihat we have yet 10 see the t.aest possible evenlS.

Most expcrI opinions aarce IhM c:arlhqu*es of mqnilUdc (~) • 6.0 could occur anywhere in !he
nonheasIem UnilCd SI8lCI.

In IOfIlC JW1S of the ICgm. even a.gcr events could occur.

To get a InIe understanding of temporal and sp8Iial vlNlions of the ICgionlJ seismicity. we would proIlably
need • record of activity 1houImds or~ teRl-of-thourands of )'ell'l1onB.

Trying 10 undcrs&and the pMICm of c:arlhquakcs in the ICBm is like lryinS 10 dca:ribe III c:ntire movie bucd
011 JUSI a few frames from the film. If you have juSlthe right few ftwnes. you CIIl do il Do we have just
!he right few fnunes?

In spite of lheIe diffICulties. !he history 0( eanbqUlka in the nonheuIcrn Uniecd Sr.ra and soulhcaaem
Canada IIeI'VeS to w.m thII ... need 10 be UIkeft to PftiI*'e for damaainI evenII.

The question of how much pI'ql8I'lIIion is needed has not been decided.
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A,/tn'III«l. An ~1IIke .... follows tile IIItIiIl sItoct.

........ Lackina ear1hqUite IClivily.

BMIIIf'" --ilJ· A IUbjccliYC dcIcripCion of M eanbqlllke'l cffeeu Oft people. objectI. aDd man-made
lIInIC1UIa. observed at. putic.... place on Ihe EudI's aurfa:e.

B,c..." Point on Ihc Eanh'1 surfa;e dirocdy Ibove where M canhquUc oriJin*a.

I....." A line. drawn 00 • 1IIIIp. Ihal encloles points of eqUil eartltqllllU weruity. The e.tbquake intenlity 11
• point is determined with .. illlefuity scak.

M...... (M,J. A measure of tile Iize of. ranhqUite '-cd upon !be IIDplillide of ICiImic waves OF tile dantion
of Ihe eariIlquake. • reoorded • • JftIltft)IrtJP#!. ~ cIenoIes • JWtica lMpiblde measure .... in Ihe
ncc1bcaIIan Unital S.-ea aDd IOUIhcuIan Canada. It is rdaIcd to. RdIIc:r mapitude (MJ by die n:IIIion:
Me.. M.-. 0....

MM¥W Mm:di~ -J 1931. A twdyc level ;lIIellSity scale.lWIIin. from I (not felt) 10 XU (toW deI:InIc&ion).
uaed in Ihe Uniled S... 10 daaibe !be felt effccil of CII'dlq.... (tee table 3). A value on Ibis ICaIe is often
denoIed by • roman numenl followed by (MM).

s. IIJ. Ear1hquIk&; aclivity.

s. W.... Vibrll&ionl IbM travel throuah the CII1b •• rauII of the IdcaIe of COCI'Iy. wbeda acacn*d by
IIIIUnII OF Iftiflcill IDCIIII.

s........ A ICIUiYC device .... can dcIra. amptify. and RlCOId uislltk MJWJ dill~ ofteIIlOO IIDalI to be
DOCicod by people.
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Table I: Damaging Earthquakes of the Northeastern United States, 1568-1988

OMCin Ti~ (GMl) E.,lic::enter Epicentral

I9! Month !2n Hr Mn ~ Latitude Loncitudc Ma",itude (MHl Intenlity (MM) Locality
1568 41.SO"N 72.SfrW VII(7) CT Moodlll' East Haddam
1574 41.SO"N 72.S(f>W VII(7) CT Moodlll' East Haddam
151W 4t.SO"N 72.S(f>W VII(7) CT Moodus· East Haddam
1592 41.SO"N 72.S(f>W VII(7) CT Moodus· East Haddam
1627 42.6O"N 70.8O"W VI(7) MA Ella
1727 November 10 03 40 42.llO"N 70.~ VII MA CapeAan
1737 De<%mber 19 03 30 4O.6O"N 73.8O"W VI NY Southwalcm LonC bland
17.... June 14 15 15 42.SO"N 70.9O"W VI MA CapeAnn
1755 November 18 09 12 42.700N 70.3O"W VIII MA Cape Ann
1766 February 02 42.000N 68.00"W VI MA on Cape Cod
1783 Novembn" 30 03 50 41.00"N 74.SfrW VI NJ Morril CoonI)'
1791 May 16 13 00 41.SO"N 72.S(f>W VI·VII CT Moodus - East Haddam
1800~ber 25 ...9O"N 71.1O"W VI MA Wareham· Taunton
1853 March 12 07 43,7O"N 7S.S(f>W VI NY 1..owville
1857 IJa:...:mbcr 23 111 30 .... ,IO"N 7O.2O"W VI ME Lewiston
1867 De<%mber 18 08 00 ....,OS"N 7~.IS"W VI NY Canton

1869 Octobn" 22 10 45 45,00"N 67S(f>W VI ME P....lDIQuoc'dy DIy
1871 October 09 14 40 397O"N 75.S(f>W Vll DE WilmillJlOll

1874~ber 11 03 25 4t.OO"N 73.9ff'W VI NY Tal1)'lOWR
1884 May 31 4O,6O"N 75,5O"W VI PA Allentown
1884 Au,..-. 10 19 07 40,59"N 73.1W"W VI NY RocbwIy Reach
1895 Seplember 01 11 09 4O,7OON 74.8O"W VI NJ HiP Bridae
1897 May 28 03 16 ....,SOON 7HO"W VI NY Cllamplain Valley
1904 March 21 06 04 45,00"N 67.S(f>W VI-VII ME P_lDIQuoddy DIy
1905 July 15 10 10 .....2O"N 70.00"W V·VI ME SIIbb1ltlll
1908 May 31 17 42 4O.6O"N 75.S(f>W VI PA Allentown
1912 ~brT 11 10 15 4S.00"N 68.00"W VI ME Eastport
1918 AUCU8t 21 OS 15 .....2O"N 70.SO"W VI ME Bridaeton· NOIW8)'
1925 October 09 14 U700N 73.11f'W VI NH OIaipcc
1928 February 08 45.3O"N 69.00"W VI ME Milo
1928 March 18 IS 25 .....SOON 74.:lO"W V·VI NY Saranac LaU
1929 AuC..-t 12 11 24 49 42.S4"N 7/1.24""" 5.3 VII NY Attica
1931 April 20 19 54 43.SOON 73.8O"W 4.7 VII NY WUTClIIbu'l
1934 April 15 02 58 .....7ll"N 73.8O"W V·VI ME HouptOll
1940 ~bcr 20 07 27UJ 43.87"N 71.37"W 5.6 Vll NH OIaipcc
194-4 September OS 04 3846 .....97"N 7US"W 6,0 V11I NY ~Ccnler

1957 March 23 19 02 4O.6O"N 7UI1'W 2.9 VI NJ Sc:ItooIey'. Mountain
1957 April 26 11 4009 43.S4"N 7O.UJ"W 4.0 VI ME Portland
1963 October 16 IS 31 42.7OON 7O.8I1'W 3.3 VI MA Oft Cape Ann
1964 May 12 06 45 11 4O.3O"N 76.41"W VI PA LallClller
1964 June 26 11 04 49 43.41"N 71.68"W VI NH Conalrd
1966 January 01 13 2339 4l.S4"N 78.25"W 4.6 VI NY Attica
1973 June IS 01 0905 4S.28"N 70.97"W 4.8 V·VI ME Near PQ·NH border
1982 January 18 00 14 43 43.S1"N 71.62"W 4.7 VI NH Well of Lacoaia
1983 October 07 10 1846 43.94"N 74.25"W 5.3 VI NY Well of Newcomb
1984 April 23 01 3602 39.95"N 76.32"W 4.1 VI PA Manic:ville
1985 October 19 10 0740 4O.98"N 73.83"W 4.0 V-VI NY ArdaIey
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Table 1: Damqina Eartbquakes of Soutbealtern C8Dada, 1534-1_

O"-in n_ (GMT) Epi<"'"IIler EpiceDInI

rm Mcnlh Q!! !!!: M!!~ 1!!i!S Logcitllde Mynitlldc CM..} leWIy (MM)
Po Lca~1a1534 47.7O"N 7O.1O"W IX·X

1638 June 11 19 47.6S"N 7O.17"W X PO La Malbaie
1661 Fcbnulry 10 12 45.~ 73.00"W VII PO Soul!l 01 Craftily?
1663 Fcbnulry 05 22 JO 47.1JO"N 7O.1tJ"W X Po La MalbU
1665 Febnlary 24 16 45 47.llO"N 7O.00"W VIII Po La MalbU
1668 April 13 13 00 47.l00N 7O.5O"W VI PO De .... GftIeI
17~ September 16 16 00 45.SO"N 7:\.6O"W VIII PO MoIItrtaI
1791 December 07 01 00 47.4O"N 7O.5O"W VIII PO Bale-St-Paul
1816 Sept~ber 09 4S.SO"N 73.6O"W VII PO MoIItlUl
1817 May 22 08 JO 4S.00"N 67.5O"W V-VI NB p-..q1lOddy B8)'
1831 May 08 47.3O"N 7O.SO"W VII Po lIe.a Coudns
1831 July 14 47.6O"N 7O.1tJ"W VB Po La MalbU
1842 NOYember 09 46.00"N 73.'1A'I'W VI PO MOllIIUI - TroiI-~
1800 October 17 11 15 47.SO"N 7O.1O"W VIII-IX PO RMa'e-Ouelle
1861 July 13 02 4S.4O"N 7S.4O"W VII ON 01_

1864 April 20 18 15 46.9O"N 71.2O"W VI PO Nonh 01 Ouebu nty
1810 October 20 16 30 47.4O"N 10.SO"W IX Po Rue-St·Palil
1812 January 10 00 54 47.SOON 10.5O"W VII Po Bair-SI-Paul
1873 July 06 14 JO 43.00"N 79.SO"W VI ON Wdland
1871 NOYember 04 06 56 4S.2U"N 7J.9tJ"W VII Po Howict
1883 J.nuary 01 02 4S.00"N 67.00"W VI NB P_maqllOddy Bay
1893 NOYember 27 16 SO 45.SO"N 73.30''W VB Po MoIItrtaI
1897 March 23 23 07 4S.SO"N 73.6O"W VII PO Mont.1
1897 r.hrdl 28 03 14 4S.SO"N 73.6O"W VII Po MOIII.I
1908 Aua~1 Il8 12 46.3O"N 67.6O"W VI NB Hartland
1909 December 19 20 46.SO"N 6O.5O"W VI NS c.pe BretlIlI
1910 Febnlary 48.00"N 7O.00"W VI Po Nonh 01 SI-Simeolt
1914 Febnlary 10 18 31 46.00"N 'S.OO"W VII PO Nor1Ilcaat 01 SIe-~Ie
1922 July 02 22 :z.s 46.SO"N 6b.6O"W VI NB Bllhunl
1924 July 15 00 10 4S.7O"N 76.5O"W V-VI PO ShnYille
1924 September 30 Il8 52 4'.llO"N 69.Blf'W VB-VIII PO La Malt.ir
1925 r.hrdl 01 02 19 4'.lIO"N 69.9C1'W 6.6 IX PO La Malt.ie
1935 NOYelIIber 01 06 OJ 34 46.9O"N 79.1O"W 6.2 VII PO Ttmjecpmjnl
1939 October 19 11 S3 4'.lIO"N 69.Blf'W VI PO De •• UbIra
1982 January 09 12 S352 4'.00"N 6I>.6O"W S.8 VI NB Nonb 01 Freda1clon
1988 NOYelIIber 2S 23 46 OS 48.1I"N 71.I8"W 6.5 ~ VII PO Sapuy rqion
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Table 3: Modifted MercaiU Intensity SCale 0( 1931 (reviled)

Descriptors

Not felt, except by one or two persons lying down on the upper Ooors of tall buildings.

II

III

IV

V

VI

Felt by few or some. Described as slight or light.

Delicately suspended objects swung. Awakened few or some. Motion was dc:saibcd as
swaying or slow. Felt by several. Felt quite noticeable indoors especially on upper noors.
Felt by several or many indoors. Many people did not recognize it as an earthquake at
first.

Objects were disturbed. Frightened few; caused slight excitement. Motion was described
as abrupt, sharp, jolting, or rapid. Hanging Objects swung (no qualifying adjective used by
observer). Felt by many. Felt by all in home or all in building. Felt outdoors by few or
some. Dizziness or nausea was experienced by some. Dishes, windows, and doors rattled.
Dishes and glasses knocked together on shelves. Walls creaked. Liquids in open vessels
were disturbed. Awakened many or most. Awakened all in home. Noises like gusts of
wind were reported. Described as moderate. Trees and bushes were shaken slightly.
Direction of motion was noted indoors, or without specification of location (indoors or
outdOOrs). Pendulum clock stopped, started, or changed rates markedly. Described as
multiple shocks. Duration was estimated in minutes and seconds. Bumping sounds were
reported. Motion was described as a rapid vibration.

Rumbling, thunderous, or subterranean sounds were reported. Hanging objects or doors
swung generally or ronsiderably. Described as strong. Trees and bushes were shaken
moderately. Small objects were shifted from position; light furnishings were shifted from
position. Pictures were knocked against the wall or swung out of position. Felt by
pradically all. Felt by most or almost everyone. sensation similar to that of a truck
striking the building was reported. Animals were frightened, stampeded, or broke out of
their enclosures. Disturbances of poles and other tall objects were noted in some
instances. Buildings swayed. Vibrations similar '0 tbose caused by tbe passing of a light
'ruck were reported. Plaster was cracked. A few persons ran outdoors. Standing
motorcars rocked.

Uquids were spiUed from rontainers. Roarinl sounds were reponed. Direction of motion
was estimated by observers who were outdoors. Liquids were set in stronl motion. Slight
damage was incurred .. poor ronstruction was sometimes specified. Small bells rani
(church, chapel, school, etc.). Fire and burglar alarms were activated. Buildings trembled
throughout. Many ran outdoors. Felt by all (without qualification). Felt by all in
rommunity. Many were frightened. Excitement was general with some alarm. Small
unstable objects were ovenurned. Knickknacks fell. Some furniture of moderately heavy
kind (chairs, tables, small sofas, small dressers, elc.) were mowd from position. Objects
were thrown from sbelves and mantles. Merchandiae was thrown from shelves in stores.
Water or gas pipes were broken in isolated instane:el. Trees and bushes were shaken
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Table J: Modified Merealli Intensity scale of 1931 (revised) (Cootinued)

Descriptors
strongly. All were awakened. Plaster fell in smail-hi-moderate amounts. Chimnl'1'!' were
craded. Some dishl''S, ~Iasswar(·. and windows were broken. Damage was negligible in
well-designed stru\:lUH."" and stru~tUH.'S of good umstruetiun. Vibrations were reported
mmparaole to thosc ~usc~ by heavy or heaVily loaded lfuek....

VII

VIII

IX

Free-standing and extenor masonry walls were cracked. All were frightened. There was
general alarm. Permanent or temporary changc... In flow from springs and wells were
reported; changl''S in lempcriltun~ of water from these sources were noted. Well-buill
ordinary slruuures were damaged slighlly to moderately. Olrnicc.\, brickwork, tiles, and
stones fell from extenor walls and parapcts of buildmg.". Several landslides were reported.
Small quantities of rtx:k... and boulders were shaken from hillsides and embankments in
single instances. Chimnt.')'1i were broken. Chimneys, with ratio of height above roof to
lalnal dimension at mof exceeding 5, were broken sharply at roonine. WeI ground
crad,ed (no qualifyint adjeetivl''S). Persons driving motoralrs were disturbed. Noticed by
persons driving motorcars. Some found it difficult to stand. Persons were made 10 move
unMeadily. Sounds were reported similar tn a soni(' Nlom or an explosion. Electric power
was interruptc~. Water in streams and ponds Iltx:ame lurbid ilnd muddy. Waves were
produced on ponds, lakes, reservoirs, and running waler. Sand and mud shiflc<J
hnrizonlally on Ocaches and flat land. Wilter was splashed on the banks of can.. ,s. lakes,
rivers, etc. Water was thrown out of swimming pools and small ponds.

Free-standing Willis and exterior masonry walls of tluildings fell. Ordinary. substantial
buildings were damaged considerably. Furniture was broken in some instances. Furniture
was overlurn~. This includes Ihal described as "heavy" as well as reports without
qualif)'ing adjectives. Waves were sec:l on surface of ground. Telephones were put out of
service. Chimnl'YS, monuments, faclOry slack.s, ele., fell. Monuments were rolal~ on their
bases. Doors and shutters w(~re opcned and ck>Sed abruplly (cabinet and cupboard d(KJrs
ilicluded). Poorly built or badly designed structures were damaged greatly. Panel walls
were thrown out of frame structures. Poorly buill or badly designed structures sustained
considerable damage. Railroad rails were benl slightly, moderalely. Numerous windows
were hmken. Everyone ran outdoors. Free-standing solid stone walls were seriously
cracked and broken. Trees and bush<..'S were shaken violently. Trunk.s and branches were
broken off. Underground pipelines were broken. Buildings swayed violently. Fill. railroad
ballast, road beds, made land, and bridge approaches sellied or SUbsided. Dishes and
glas...ware were broken in considerable quantily. Some windoW" were broken. Specially
designed structures sustained slight damage.

Plaster fell in large ilmounts. Some stuu:u fdl. Ground W35 cracked severely, with erack.\
several inches (ccntimeters) wide and fissures up to I yd (meter) in width. Ground was
cracked conspicuously. Open cracks and broad wavy folds were formed in cement and
aspllall pavement. Small huildings such as smgle·family frame dwellings were shifted on
their foundations. Substantial ma.\onry buildings sustained considerable damage with
partial ulllapsc. Sand and mud were ejected in small amounts. Sand blows and mud
craters were formed. Dams, dikes, and embankments were seriously dai~l!ged. Reservoirs
were damaged seriously. moderately. slightly. Sand or gravel on stream banks caved in to
some extent. Earthflow. landslide, ruptures {)U;urred. Eanh slumps and land Slips
occurred in soft wet ground. Instances of slumping or river banks were numerous and
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Table 3: Modified MercaJli Intensity Scale of 1931 (revised) (Continued)

Descriptors

exten~ivc. Landslides were considerable from river banks and steep coasts. Very hea"Y
furniture (stoves, refrigerators, large dressers, safes, ell;.) were shifted from position
conspicuously or overturned. Vertical faults of less than 5 ft (1.5 m) or without stated
dimensions were reported. Alarm approached panic. Mole tracks were formed. Well·
designed frame structures were thrown out of plumb. Masonry structures especially
designed to withstand earthquakes sustained considerable damage. People were thrown off
their feet, out of bed, or off chairs. Some well-built wooden structures were destroyed.

x

XI

XII

Concrete irrip,ation dilc~cs were damaged considerably. Broad fissures were formed in
ground. Foundations, lcment floors, pavements, driveways, sidewalks cracked. Fences
were displaced, tom apart or compressed. Underground pipelines were torn apart,
crushed, or buckled. Objects were thrown vertically into air. Some w'~II-built wooden
structures were destroyed. Oil, gas, and water tankli were badly twisted or thrown down.
Massive landslides oa:urred comparable in extent tn the Madison River slide associated
with the Hebgen Lake, Montana earthquake of 1959. Volume of slide material equaled
or exceeded 35 million yd) (approxim~tely 27 million m\ Liquefaction of bearing soils
cauiCd buildings to sink into ground, sometimes vertically. Unequal liquefaction caused
foundations to fail, tipping buildings on their side. Slopes failed, causing slumps and slides
determined tJy analysis to have been caused by initial liquefaction of the subsoil.

Severe compressions or extensions of the surface were reported. Tension cracks were
produced. Pressure ridges were formed. En echelon cracks were produced. Lurch cracks
were formed. Extensional fractures, open crackli, and fissures were formed. Horizonal
faults and horizonal displacements were reported without amount of displacement given.
Rails were bent greatly, and (or) were thrust endwise or buckled. Natural gas conduits
were put out of service. Few masonry structures remained standing. Large, well·built
bridges were destroyed. Bridge supports and abutments were damaged so badly that
integrity of bridge was lost. Underground pipelines and conduits were put out of service
completely. Dams, dikes, and embankments were split, breached, or severely damaged to
the point were further failure was probable. SignifICant tsunamis were generated. Ground
water was ejected in large amounts with geyser-like activity continuing for hours or days.

Damage was total over an appreciable area, over four adjacent city blocks, over an area of
5OO-yd (0.5 km) radius, or over any area greater than this (for smaller areas, intensities of
lesser degree should be assigned to individual structures). New faults were formed in
formally competent crystalline rock. Water channels, streams, basins, aquifers were
modified greatly. Rivers and streams were diverted into new channels or were dammed
temporarily by offsets in their former channels.

REJo'ERENCE

Brazee, R.J. (1979). Reevaluation of Modified Mercalli Intensity Scale for earthquakes using distance as
determinant, BulL ~ism. Soc. Am. 6f,911-924.
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Boston Loss Analysis Study

by John Ebe/
Assistant Director

Weston Observatory

Abstract

A Committee of experts established by Roben J. Boulay. ~tor of the Massachusetts Civil Defense Agency
(MCDA). anaIY1.ed the polentiaJ for damage 10 the ~ton Metropolitan area from a polenliaJ earthquake. This
Commitlee. of which the author was a member. was composed of engineeB. seismologiSlS. and emergency rnaJla8ers.
The primary !ask of the Cornmitlee was to review the Metropolitan Boston Area Earthquake Loss Siudy. prepared
for MCDA by URS Consultants. IncJJohn A. Blume & Associates. Engineers.

The potential for a damaging earthquake exists in the New England area. including a potential for earthquakes larger
than thai analyzed in the Loss Study (magnilUde 6.25). Because of its concentraled population. building types and
construction. the Boston area would probably suffer the most c1aIJlage from an ear1hqualr.c whose epicenter was in
or near Boston. However. other cities duoughout New England could suffer propMionaaely similar caa.trophic
damage from an earth4uake epicentered in proximilY to them.

The occurrence of a Richter magnitude 6.25 earthquake off Cape Ann. Massachusetts. a moderate size earthquake
which has already occurred in the historic record. would cause damll8e in the range of 2 to 10 biUion dolJars(5 10

6 billion dollars being the best esaimale) in the Bosron melropOlilall area (within Route 128) due to ground shaking.
with significant additional losses due 10 secondary effects such as soil liquefaction. fireS. and economic interruptions.
Hundreds of deaths and thousands of major and minor injuries would be expected. Thousands of people could be
displlM:ed from their homes. SigniflCanl loss of functionality in some aitical facilities such as emergency public
facilities. radio and TV stations and medical facilities is also expected. Additional damage may also be experienced
outside the Route 128 area. especially closer to the ear1hquake epicenter.

1bere are low COSI. effective public education. mitigation and emergency preparedness measures thai can and should
be canied out which can reduce the loss of lives and JrOPCI'ly when an earthquake occurs in New England.

Executive Summary

A Committee of experts established by Robert J. Boulay. Director of the MasslK:huseus Civil Defense Agency
(MCDA). has analyzed the potential for dam88e to the Boston Metropoliran area from a potential eanhquake. This
Seismic Loss Analysis COOlmiuee was comprised of widely respected engineers. seismologisls. and emergency
managers. COOlmiltee membe" included John Ebel. Ph.D., Edward Fratto. KaIharine Kadinsky-Cade. Ph.D.. NOIton
Remmer, P.E.. Edward Thomas. Esq.. M. Nafi Toksoz. Ph.D.. and Kenneth Wiesner. P.E. The primary task of the
Commiuee was 10 review lhe Metropolitan Bosron Area Et!thquake 1.o5s Study (hereinatter referred to as "the Loss
Study"). prepared fa- MCDA by URS Consullants.IncJJohn A. Blume & Associates. Engineers (hereinafter referred
10 as "URS").
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Table IS: Summary 01 Damage and 72-Hour Post-Earthquake Functionalities Evaluation

Facility Group Damage Damage Factor Functionality Range
($ Millions) Range (~v. %) (%)

Medical Facilities 96.~ 2.1 - 15.2 14 - 26

TrwtSJlOr1lltion Facilities and 10.8 1.0·8.9 47 - 100
Systems

Gas and Petroleum Fuel Utilities 6.2 1.6 - 12.1 47 - 95

Weus and Sewllje Utilities 6.7 0.2· 3.3 65 - 98

Electrical Power Utility ~7.7 1.6 - ~.O 74 - 84

Communications Network 14.~ 4.6 - 9.0 35·14

Emerxency Public Facilities 9.7 3.3 - 14.4 16 - 26

Residential Building 2~ 2.3 - 10.0 57 - 62

School Buildings 992 0.1 - 15.5 11 - 19

Special Facilities:
-- Dams .OIJ~ 0.4· 1.3 (:!J-12
-- Tall Buildings 390 10.3 21

Total 4,150

, 'I'hae fi,_ IIld the a:comJllllyin. report were IUbmiUod to RoIBt 1. Boulay. Director of the MuuchuseaI Civil Def_
Aaenc:Y in FebruIry. 1990.

2-2S



Part II • Seltins The Star

Nonstructural Earthquake Safety in Schools

by Virginia Kimball
Earthquake Safety Consultant

Abstract

After consideration of structural safety. the reduction of nonsuuctural earthquake hazards is the next Slep in reducing
the risk of death~. injuries. and uNly ~uakedamage in schools. Many nonstruetwal hazards such as furnishings.
equipment. and stored items can be secured at little or no cos\. Addressing the hazards posted by large windows and
improperly stored luII..ardous materials can be more costly. but JWvides signifICant safety imJWvements and OCher
benefits such as reduced ftre and vandalism risk. Students. teachers. parents. custodians. and adminiSlralors should
become aware of the need for nonstructural hazard mitigation 10 ensure an ongoing safety program in schools. with
concurrent benefits to the community through reduction of hazards in the lKxne and wlrtplace.

Introduction

Identification and mitigation of nonstnlCturai hazards in schools will reduce the rislt of deaIhs. injunes. and costly
damage when an eanhquake suikes. Many of these hazards can be recognized and even cOlTClCted easily. Teaching
students. slaff. parents. and commWlity members 10 be aware of earthquake hazards can be pan of an ongoing
earthquake safcty education JrlJgram which will make the entire commWlity safer.

Definition

NonstrueturaJ elements of the school buildings are those elements which are not pan of the primary structure itself.
These elements include ceiling tiles or suspended ceilin,s. bght fixtures. windows. and furnishings.

Nonstruetural hazards atlK:hooIs include hazards in and around the school buildings and campus. as well as in the
surrounding neighborhood. The-;e might include electrical wires. underground pipelines. and nearby businesses which
~ or sian: hazardous malerials.

Mitigation refers 10 actions taken 10 reduce the risk of damaae <X injury. For eumple. bolting a bookcase 10 the wall
will prevent it from falling over during an earthquake: installing a fence <X lip on each shelf will prevent the books
from sliding orf as the ground shakes. Moving a heavy box from 011 lOP of a cabinet and placing il 011 the floor is
an example of mitigation with no cost and little effon.

Nonstructural Hazard Survey

The "hazard hunt" begins with a neighborhood survey. often assisted by fU'e depar1ment and cil)' records. While these
hazards are often impossible f<X the school 10 C<X'reCl. emersency plans should consider man)' coolingencies. Primary
and backup evacuation routes and assembly areas must be located in the safest places.

Survey the entire campus and exteri<lr of all buildings. noting parapets. overblngs. covCl'Cd walkways. and other
hazards which might cWp during an earthquake. Healing and air condilior.ing units are often precariously illSllllled
move exits or in windows on upper floors.
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Condusion

Many nonsuucturaJ safety 1Iat.ards are fairly easy to mitigate. Others require a greal deal of lime and/or money. in
short supply atlllOSl schools. The risk of injury. death. and damage is significant. and while we cannot eliminate all
hazards. we muSl do what we OlD to protect Sludcn15 and staff.

References

FEMA 74-&hools. "Identification and Reduction of Nonsb'UCtura1 Eanhquake Halm'ds"

Non-StnlCturaI Earthquake Hazan1s Manual. FEMA

Videolape. "Reducing !he Risks of Non-SII'\ICtura1 Eanhquake Damage in Schools: FEMA

Earthquakes K~. A Teachers Guide. "Tremor Troop" cwriculum. Unit 6. FEMA
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Regional Safety/Emergency Response .
Earthquake Safety of New England Schools

by Daniel Catlen
EarthquaJce Program Manager

Federal Emergency Management Agency

Abstract

This s-esenwion focused 00 the philosophy of eanhquake hazard education in schools and how it can complement
the regional emergency response plan. Tangible suggestioos fa schools to initiale earthquake education programs
were given including eanhquake drills and the development of a useable emergency plan. Some resources for schools
from the regional emergency preparedness office were also highlighted.
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A Prototypical Eartbquake Drill 
A Critical Skills Exercise

by Sean P. Cox
Teacher, Salem High School

Abstract

Ea1h science SlUdents at Salem High School have panicipaaed in an environment of critical skills. EvenlS lR student
ccnacrcd, aning SU'CSliCS both process Mel curriculum COlltent. Mel Ihc foundation for activity is problem solving
projeCtS. This particular project had students designing and rehearsing J*l of an emersency management plan (a
hazard plan) responding to an earthquake affecting Salem. N.H. Students assumed roles of town officials in a duee
hour drill held in Salem's Emergency Opentions Center (EOC). The drill was sponsored by the Town of Salem lIDd
the New Hampshire Office of Emergency Manqement Project oogin. planning, performance. and foUow-up are
detailed in this plIper.

Introduction

For seven months. students in this class spent more than one hundred hotn ~ing specifIC EM1h Science topics.
as well as lelnIing slnIICgies Mel how 10 work together. In March. as our plale ICCtOOics unit progressed. the lime
10 apply the curricular and process knowledge arrived. A project was designed with help from _ in cooperation
with our IOwn·S Emergency Manqement Director and Ihe New~ Office of Emergency Management

Students were asked 10 design. document. and use a hazard plan tbaI responded to .. earthqUlke affecting the IOWA.
This plan could then be added to Salem'S EmetBency Manapme.. Plan. Students did extensive~h lIDd
documentalion prepuing. 110I only the IIClCCSSlIr)' plan. but alIo themlelva. 10 play roIcs as decision makers in a
dis8der. The teacher. Emergency Manqeme.. Director. and N.H. Office of Emergency Management. met lIDd
communica&ed numerous limes to finaliz.e deIaiIs.

The actual drill. held in Salem's Emergency Operations Center (EOC). greatly SW)lUIICd aU expcctalions. SlUdents
handled crisis after crisis in a three hour drill that included mass deslruction. dam failure. utility oullFS.lootins.
boIpilll closings. and multiple evacualions. Groops d students roIIICd IIImIgh tIRe. one-hour sbifts assuming roles
such • school superintendent, reporters. and selecunen. There were times of confusion and near hyaeria IS a myriad
of dcWh crowded Ihc EOC. StudcnlS scruulcd al limes 10 prioriIUc and DYe problems. However'. aU the
Plftici_ts and obIlervers came away with a new respect for each other and the need 10 be pI'eJlII'Cld.

How It All Bepn

My pcnonal teaching philosophy ICknowlcd8es Ihat learning is complex. Lwninl is abo different for each
individual.lIDd schools need 10 recosnize these differences. Schools need 10 leach not only the "whal." but alID the
"how." Wilh this in mind. my ninety-six studen'.S were placed in a slUdent-c::enlered environment where they had the
ullimlle responsibility for their personal, as well as poup. lelming. Addiliolllllly. the students spent many class
periods doinI activities tha1 gave them the oppoItUnity to experience VIrious leaming styles. Projects aeaIed various
concrete and abIIDct opportunities for the 1elImcrI. includinl readina. writin&. chwiIJI. buiIdina.lcading. <q8IIizing.
reartbina. coootinI&in&. prioritizina. and CClIIUIluniclling.
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Planning, Planning, and More Planning

The Director suggcslt~d a drill that would test the students' plan as a final evaluation of the project. This drill could
sausfy my need to iL'iSeSS the students, and allow the town to benefit from a rehearsal of its emergency management
plan. 1be teacher and the Director outlined the town's nred for a specific hanlrd plan and discussed ways in which
students might meet that need. A time and dale for the drill was set. and a letter to the students was drafted.
recognizing their recent experiences, and requesting their assIstance.

The next task was imtiatJng this fifteen day eXln!vaganza by arranging for expen speakers to corne to school. Issues
discussed included seismology. engineering. hazMd assessment. emergency response planning. and plan
implementation. All of the speakers supplied primed materials to supplement their presentalions.

On the first day. it wa.~ decided that the students needed additional guidelines to properly design a hazard plan. Plan
design wa.~ separll1ed into five areas: communication. evacuation. hazard assessmCflt. JX1vale resources. and public
resources. As the first few days passed, students suuggled to prioritize the components of the problem and divide
responsibilities. TIle teacher carefully guided students by questioning them and chaUenging them to use skiUs and
knowledge previously acquired

Meanwhile. the Director developed the script for the drill. provided the teaeher with the roles and lilies students
would laler assume during the drill (see list below), and secured access to a variety of resources. 1besc resources
includl'd a college text. Fedcril Emergency Management Agency (FEMA) pamphlets. and a blank hazard plan
illusuating plan design I(UltJance. Telephone numbers of town depanment heads, state and regional emergency
managemcm personnel were also made available. Students also benefitted from a considerable amount of time and
material from the New Hampshire Office of Emergency Management and its Natural Hazards Program Specialist.

List of EOC Town Otricials and Staff Roles

Town omcialli

Chairman. Board of Selectmen
Members. Board of Selectmen (4)

Town Manager
Emergency Managemenl Director
Fin: Chief
Police Chief
Public Worls Director
Health Officer
Chief Building Inspector
Director of Human Resoun:es (Welfare)
American Red Cross
Superintendent of Schools

EOC Starr

Message Loggers (2)

Message Runners (2)

Update Status Board (I)
Radio Communications (2)

EOC S«:urily (2)
EOC Logistics (2)

Public Information OffICer
Reporters (3)

As the project continued. I began to notice an increasing level of student anxiety and misdirection. Therefore. the
Director and myself arranged for a projeCt debriefing. The students presented their ideas and findings to a panel
cOfI5isting of the Director. educators. and the New Hampshire Natural Hazards Specialist This panel was able to give
students valuable feedback on the plan's strengths and weaknesses. This day long debriefing 31so allowed the students
the chance to look at the project critically.
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At the beginning of the scx;ond wee~. studenl role sign-up was finalized. Students would assume these roles in a
three-shift rotation. Students were to select a decision making role where they would play an active pan in the
Emergency Operations Center eEOC) and an EOC staff role or a role where they would be involved with rescue
equipment and media presenlations. They had to identify the shift during which they would begin a joWllal. This
jownaJ would be a record of the drill as well as an introspective analysis of the ~ntire project.

The Director coordinaled anendance of the town's department heads. school superintendent. American Red Cross
rep-esentalive. utility company representative. media. as well as state and regional emergency management officials.
The Director and teacher finalized the details. including transportation payment, care of learning. physically. and
motivationally disabled students. school and community rule implementation. lunch. and debriefing.

It Is D-Day

At 8:30 a.m. on D-Day (Drill Day). students anxiously gather materials and board the bm 10 Salem's EOC. Upon
arrival at Salem's Main Street lire station housing the EOC. students hear building rules and consequences. leave
their coats. and position themselves for the flJ"st shift. Once in place. Salem's EOC opens and the drill commences.

The EOC was opened in response 10 an earlhquake 01 7:50 a.m. measuring 7.5 on lhe Richler scale centered
in nearby Hudson. N.H. Wilh Salem's adull deparlmenr heads as advisors. sludents enact Iheir plan priorilizing
needs. communicaling wilh counlerparts. and solving problems. alllhe while using Ihe IOwn' s minimal remaining
resources as }udicioust.v as possible

The following is an exurpl from lhe drill script.

"SHIFT CHA.NGE. STATUS RErDRT -/1 is now 8:00 a.m. (Ihe next morning).

During Iht niglu, Ihe public worh deparlmtnl began repairs on Iht known broun waltr mains. The waler
lowen are baclc up 10 capacilY, bUl waltr strvice is provided 10 only a small pof/ion at rhe IOwn (Main
SlrttllDtpol ar~a and Lawr~nce Road/Cluff Road area). The stwtr syslem ;s comp/eltly 0141 of servia and
stwage is beginning 10 leak into some Slrtams and onlo SOmt roads. All power in /Own went OUI for moSI of Ihe
nighl and is beginning 10 COmt on in seclions. Cable 1V is slill OUI. The crach in the dam 01 Arlinglon Pond
appear 10 be worsening.

The evacualion unler houses approximalely 200 peoplt who are in need offOOd.

The police dtparlmtnt sptnt a long nighl disptrsing loolers and making arrtSIS. Approximalely 20 ptople are
ir. custody.

The firt dtportmenl responded 10 sew:ral building collapses. two houst fires. numerous downed powtr lints. and
15 ambulance calls. MOSI of Iht /XllitnlS l/t,'Ut laltn 10 a lemporary firsl aid sialion,

Two rehJI,vtly ""nor ajrershocks wtrt ftll dluing lhe night."

Decisions are .nade. aid is rendered. and nerves .-e wracked as each shift 5bUgglcs with a seemingly endless
onsIaughl of high priority problems. At times. the EOC becomes a jumble of noise and confusion as internal
communicalion deteriorates and p;orities temporarily blur. Selectmen try to solicit information tiom the Building
lnspcckI, only to fwd him occupied with both the Public Works and Health officials. Finally. the Emergency
Management Director shouts loudly. quieting the din. returning the EOC to a semblara of "organinltion." After l~
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minUlO:5 of emergency responses (simulating 24 hours). highlighled by a lelephone call from the director of FEMA.
the drill concludes with a press conference.

All are relieVed. and excited. exhausted. and slightly saddened by the project's conclusion as they wait for lunch.
Students share their shift disasters and responses. Some write feverishly in their journals. As the fmt of thirtv pl7.zas
arrive. students and staff alike enjoy a carefree lunch.

With the completion of the post.lunch clean-up. the group assembles for the anticipated critique and debriefing. Town
and state emergency management officials have many kind words for the students followed by paise from Salem's
Emergency Management Director and the teacher. In spite of the positive input. students decide that their hazard plan
can be improved and request pennission to keep the document for this purpose.

At 1:15 p.m.. the students say their good-byes and thank. yous. After a short ride. they're ba;k in school. auending
the last period class. These 96 fourteen and fafteen year-olds have uuly had an experience of a lifetime. gaining a
priceless perspective on their community and themselves.

Project Strengths and Weaknesses

Generally speaking. the project was far more successful than expecled. Students were able to synthesize a plan for
dealing with a natural disaster and pul their plan into action. However. there were some specific areas of concern.
Even though there were fifteen decision making roles (representing town officials) and another fifleen staff roles in
the EOC. there were several studenl5 who had to double-up in order to participate in the EOC operation. Also. the
EOC was very crowded with students. adult advisors. Slate and regional observers. and media.

The strengths were numerous. This activity was student centered. The group worked well as they researched and
prepared the plan. On occasion. they met after school and weekends. Additionally. students had to make dozens of
community contacts to gather materials and informalion. This resulted in positive public relations for both the school
and the Town of Salem. Print media from Lawrence. MA and Salem. NH as well as TV news from Manchester. NH.
covered the drill. Finally. lhe detailed journals conveyed that students wanled to do more. This gave all of us
involved in the drill a real sense of a:cornplishment.
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Hands-on, Minds-on Earthquake Education:
Curricular Options and Shaky Activities

by Katharyn E. K. Ross
Education Specialist

NationaJ Center for Earthquake Engineering Research

Abstract

Knowing what to expect. how to prepare and respond to an earthquake is a proven method of mitigating loss of life
and property. Teaching this knowledge is &he responsibility of today's educators.

Effective earthquake education teaches students both earthquake science and safety. clarifieS misperceptions.
empowers the school community to realize !hey can survive a major earthquake. contributes to building a generatioo
of earthquake-eognizanl &dults. and reduces future loss of life.

In order to initiate earthqUdke educatioo programs. educat<rs need to have information about available earthquake
educatioo rnaaerials and insll'UCtionaI techniques so that valuable time and resources are not spent redesigning what
is already available. or so thai information is not presented in an ineffective 1Il3IIIla'.

This presentatioo "..ill provide a general overview of earthquake education cwricula for grades K·12. and focus on
impor1ant educational principles Ihat wiD enhance the presentation of this material such as: consideralion of prior
knowledge. a psychologically suppor1ive learning atmosphere. use of hands-on activities. use of critical Ihinking
activities. and the intcgtalion of COOIeDt duuughout the curriculum in a Science. Technology. and Society (S1'S)
progmm.

Introduction

As previously noted. earthquakes have damaged scliools. Because children spend a significant potion of their day
in schools. &he school l.'Ol1lmunilY needs to be well·prepared to meet school earthquake emergencies in order to

protect the welfare of students and staff bodl during and ariel' the ground shaking. Wbat does this type of e.thquake
educalion progrdlll encompass?

• Awareness of sr:ismk hazard and risk in a geographic area

• Accurak scientifIC information about carthquake-gCllClaling mechanisms

• AccUl'llle earthquake preparedness and mitigation stnIIegies

More specifically. eanhquake educalion provides an opportunity to satisfy a number of goals in the lR8S of bod!
science and safety:

I. Reducing loss of life and propt'J1y damage in schoo1s during earthquakes.
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Scbool IDterv~ntioD "'oIlowinc a
eritiallincident: Projed copt.:

FEMA 220. 20 Al.
How to Help Children After a

Disaster: A (iuidebook for
Teacben. FEMA-219. 1991.
17 pp.

"Children .00 TraullUl: The
Scbool'lIi RespoIIH"

FEMA - EaJ1lMjuake Education
500 C Slreel, S.W.
Washington. DC 20472

These materials focus on helping children and adolescents deal with
disaster situations by I) presenting bal;~ground infonnation on
psychological slress due to emergencies: 2) (W'lwiding teachers. school
nurses. and administrators with methods to help both themselves and
their students cope with such stress; and 3) suggesting pre-disaster
planning measures thal wiD alleviate much of the confusion that
inevilably arises when adult authorities are not prepared to handle
unforeseen crises. The School Intervention document wa.'i developed by
a group of Project COPE (Counseling Ordinary People in an
Emergency) clinicians and is based on their experiences in a cri~is

counseling program activated in response to the Loma Priela earthquake.
How to Help Children was designed by a tearn of AJameda County.
CaJifomia. educators and child mental health professionals as pan of
another post-Loma Prieta project. "Children and Trauma: The School's
Response" is a 20 minute videotape to be used by tea\.:hers. All three
items are free and can be obtained by writing to Marilyn Ma:Cabe at
FEMA.

Earthquake Education Curricula

School personnel are frequently unaware of existing eanhquake .:ducation resources. As a result. money and time
is spent trying to design something already available or easily adaptable. The foDowing is a brief overview of
earthquake education curricula currently available:

CALEEP Curricula
Lawrence Hall of Science

I eM Make X the
DilferalC~

Chair
Emergency Preparedness

Committee
Utah Stale PTA

For grades
4 - g

For primary
grades:
wriuen at 4th
grade reading
level

"Mini-Kit" consists of 14 Hands-On earthquake education
activities:
a. Teacher's Guide - including blackline masters
b. Computer Disk. - (Apple 11+ and/or lie with

disk drive)
c. Filmstrip
d. Audio Cassette Tape - disc joc~ey. Mr. Pale.

experiencing 1964 Alaska Earthquake
e. AAA map California

Await the Quake Game can be purchased through the
Lawrence Hall of Science Eureka caWog.

This cootains a series of unit.'i on a number of areas involving
emergency preparedness: fire. earthquake, flood, nuclear war,
and weather problems. Each unit is set up in the same format
and includes: an inb'Oductory poem; "Whal Would I 00"
exercises; "Things I Should Know:" and games and puzzles.
The earthquake section includes a map showing Utah
earthq~. an earthquake wcrd hunt. and safety rules
crossword puzzle.
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Crustal Eyolutioa
Educatioa Project

available from:
Ward's Natural Science
Estabbshmenl. Inc.

Eartbguake AwlU'elHS!i
ucI P!'epared_
CurrieuluDl

Junior League of Oakland-East
Bay

Tbe Eartl!quake Hanni
Utall

Publications Depanmenl
Utah Geological Survey

Designed
primarily for
grades 7-12

For pre-K-6:
has been used
with SlUdenlS
up 10 8th
grade

For high
school
studenlS

ConsislS of 33 individual activily modules designed 10 provide
studt-nlS with an understanding "of !he concepts behind plale
leclOllics and the physical Earth." Each module is individual.
self-eonlained and designed for the Earth Science classroom.
Modules include: "Locating Active PIaIe Boundaries by
Earthquake Data." "Earthquakes am PIale Boundaries:' "PIa1e
Boundaries and Earthquake Prediclion:' "Hot Spots in the
Earth"s Crust," "Volcanoes: Where and Why?" and "Quake
EsulIe," a board game 10 be played by two 10 four studenlS
whose goal is. "10 lK:hieve success in nel income based on
lK:curacy of assessing earthquake risks" (copyright, 1919).

TIle CEEP is not intended to be a complete curriculum, bul
designed to supplement any teacher's curriculum.

This is a I hour curriculum thai anyone can pick. up and 00
that is panicularly aimed al elementary SludenlS. There is a
curriculum guide that provides lessons for each grade level, an
Instructor's Guide from Envirorunenlal Volumeers. Inc., and
role playing situations from CALEEP. There are also
supporting videotapes that show each level of !he curriculum
that were prepared by JLOEB. the Albany Unified School
District. and the Audubon NalUn: Training Society: preschool
level. middle school, high school· adull (not included in the
curriculum), and "School Facilitalion."

This is pan of a larger curriculum called "Places with Hazards:
A Teacher's Handbook 011 Natural Hazards in Utah" developed
for secondary-level earth science teachers as a means of
preparing SlUdents to live more safely in a world that can pose
problems from naluraI hazards. StudenlS should be able to
make wise choices about where to bve and work. 1be
objeCtives are 10 Ieam aboul naluraI hazards, how they can be
identified. what effects they have. and how they can be
mitigalCd, PlaJ;es in Ulah are identified where nawraI hazards
have occurred and can be expected to occur.

The curriculwn contains ten sections: I) overview. 2)
earthquakes, 3) slope failures, 4) Jmblem soil and rock. 5)
radon. 6) volcanoes. 1) avaIanches, 8) wildf....res. 9) floods. and
10) dam safely, Each lecture is accompanied by a set of
35mm slides for classroom use. Also included are activities.
master sheets, glossaries. and re5Otll"CCS.
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EtrtIIgMkp; A
r....·.PFYa'O!'
Ki'FEMA 159

Marilyn Ma:Cabe
FEMA - Eanhquakc Ed.

Eu1IIqpkel
(module)
"MinOOties in
Engineering" Project

For gradea
K-6

For grades
8 - 10

This 2!l)-peae I*=UIe was developed by Ihe NIlionaI Scieftce
Teachers Associalion. It COIains IuRJs-on ca.sroom ~bVitio;

.... support viJ1ua11y all elementary subject areas. DesiJllCd
for the classroom ICICberI with little or no t.ckground in ear1h
ecience. the six-unit l*b8e foclllCs on:
• I>:fining ..~;
• Why lAd where CUlhqUlkes occar.
• Physical results of earthquakes;
• Measuring eanhqUlkes;
• Rccopizing an CUlhqUllke; lAd
• Earthquake safei)' and IUl'Vival

This is a module designed 10 interest studenlS in earthquakes
through activities. modeling. engineering applications. and
simulalion stralCgies. Has 12 lessons: 1-~ inll'Oduce studcl1lS
10 earthqUlkes; 6-9 talk about observed tJftlCursors d
C8Rhquakes and introduces lICisrnosJams; and 10-12 Iry to
make eu1hquake investigalion relevant to studenIs. 1nchJdes
directions for mMing re1aled items and doing experiments. i.e.
IIUIkin8 your own ti1tmeter. creepmeler. shoebox model d a
fault simll1ala" IIId Irying liquefa:tion simWalion. relmIliog
building demonsbalion. and CUlhquake simulalion. Includes
repoducible chans and 1IIIp5. Can be IIllCd in~ or toW in
an ear1h ecience or genenl ecience course.

2-43



Part II • Sellin, The Stav

HudItOa I':artbgua"e
EartI!g...., Learaig
P!c:kw

Environmental Volunteers

NortIIweIiI Eartllquake
Work!IIop 'or Teaclteni

(N.E.W.T.)
PacifIC Science Center

For grades
K - 12

Not orplizcd
by grade level

I. Instructor's Guide
a. 17 iIIustrlllCd. plaslic-Jrolected Activity Folders
b. 16 infonnll1ion/activilY insens (including Quake

myths. games, puzzles, math activity. "lJ'emor
tales").

c. lIIuSlllllCd text on basic earthquake geology:
The Story of the Earth

d. Red Cross' Safety and Survival in an
Earthquake

e. "Getting Ready for a Big Quake" -~
magazine

f. Complete guide to school earthquake planning
g. Neighborhood Preparedness Guide
h. "Plans flX'Teaching MaIeria1s"

2. Hands-on Teaching Ma&erials
a. PIaIe Teo.:tonics Globe (removable plales)
b. Earth Hemisphere Model
c. PIaIe PuuJe map (ocean nOlI features)
d. Wood PIate/Fault Blocu
e.9 fL sq. plate tectonics rug (pattern also

available)
f. Sea Floor Basalt rock sample
g. Sea Floor spreading box
h. Time cards. marters and time-tape
i. Continental Drift fJlm (COOlputer-generated)
j. Fault Zone Model
k. Magni-tube Model
I. Motor driven shaking table and accessories

The goal 0{ this cWTiculum is two-fold: to pumote a beaer
understanding of xience processes through the invesligation of
Eanhqualu: pheoomcna by providing concepwally sequenced.
hands-on activities and to promote scientifIC liteJw:y by
clICOUnIging the lcamer 10 develop and utiliu the: science
process skills necessary flX' doing science and flX' living in a
complex technological society.
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"'" T!S1D!is e,sI, .
EtrtI!', MoviM "'om

MalhlScicnceNucleus

For ....s
K-6

PIa!e Tcqonic Cycle - Earth) MoW, Forse (2~9 pp., 84
lesion plans includi"3 28 innovalive hands-on lab -=tivilies:
IUgrade level K-6).

Themes cov«ed include volcanoes. CIW1hqllllkcs. pIaIe
ICCtonics. and hazards. Students ae.m IhIl !he Earth is
dynamic as it spins on its axis, revoivinl .-ound die SUD. The
~ is restJess inside. u it a"ies to cool its inlerior. The crust
of !he Eanh is pulled and pushed causinl~ Md
volcanocs alOI1I!he boundIries of plaIcs. Hands-on activities
lC*:h SlUdents how scienults invesliple die Earth by Iookiftl
aI daIa derived from earthquakes and vokanocs and to Ibink
about present Iheories about why die Eanh', surface moves.
Learning about eanhqllllkes Md vulcanic huJUds will help
children 10 lIIIdcnund dilUlCl'S thallOmClimc:s occur Md help
them Ic:arn how 10 cope. Also includes a position JlII)Cl' on
ClWIhQuake education. a section on developing a school-wide
disater plan. and a lillinl of apnizalaons where more
infOOlUllion ".. be obcained. 11Iis volume represents 4 wceb
of a :w week elementary science JII'08IWD per gade level
called !he InlCp'Milll Science. MaIh Md Tcclmology (I.

Science MaTe) Program.

Tile Process 01 Leamina

If Iact of curricular resources were die only impediment to underslanding eanhquake education concepcs. the
presenlMion could end here. However. hi'" quality maIeriaIs do 00( g&WIIIICC learning. II is impor1allt 00( to
confUIC lCal.:hing and !he praenlalion of mueriaIs wilb leaminB. 1bere are OCher upclClI of eanhqUllke educalion.
and indeed all education. !hal also need to be.tdreaed.

Finl. Ihere is the role of prior tnowlcdle in fillerina the infOl'lnllion lhIa is pracnled 10 childrat. Preliminary
re-.dl indicates 1hal cumnt e.thqUlke education, allboup helpful. may pIOYicIe inforlMlion 1hal CIII be
misinlel'pl'Cl.Cd and misundcnlood. In Ihrcc rcllled IludieI (Rou cl StaleD. two.. t99Ob). 9111Udents in p'IdcI K-6
from tIlree different schoW in Iwo kuIions wm: inlcrviewed 10 delmnine their beliefs about eanhqlUlkes. Even
lbough each study included Iludeall who h8d Ic8mcd aboul c.nbqUllkes in ICbool. some of Ihe studenII held
milconceplieJu abouI c.nbquMes IIId wtw a penon should do in the event or one.

The cause of .. eanhquIIkc proved to be espClCialIy difficult fa 1ludcnlI. No student in die farsllbldy, lea ..... 10'1
in the lCICond. and about half in the third DOled pille movcmem • a C&UIC of CIrthquabs. Other re:IpOOIeI included
the Qrth's core Jetting 100 hot., faults. wind. loud noiIes. thlllldenlonns. driIIiftI in sidcwalb. he8t from Ihe IUD on
Ihe CIIth, and IavL

Appropria&e response in an eanhquIb w. aIIo diflitult for students. 1be mo-l frequently Jiven answer fOl'the K·3
group in die finI slUdy w•• "I don't know." The pIde~ IludenIs in Ihallllldy teodcd to ....er dley would 10
10 die t.emenL No IlUdent in die inilial study IRIwered Ihaa • penon IhouId Jet under a de*/IabIe. and lea IbM
a founh replied IhIl one should IIand in a doorway. Students in IIUdica 2_ 3 WCI'C more awn 0( &hat to do in
.. eanhquIke. Over half or them pvc .-.oy cm'llCl 1RIWa'I. Howewr. funher analysis of -.eir _wen
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indicated some possible conceptual difficulties. For example. in the second study. 40% of the founh graders
specifICally mentioned melal when stating that one would be safe in an inside doorway. Additional questioning
indicated that some children felt mew would protectlhelJ1. rather than the structure of the building. As one student
stated. ..An earthquake docsn't do melal. It does concrete."

Recognition of the role of prior knowledge should guide instnlCtion. Because children may have ideas about
earthquake science. prepare<!IlCl;S. and respor1liC prior to formal lessons. they may interpret what is taught in class
in a different way from what was IOtendOO. Without knowledge or these preconceptions. (e.g.• a.. melal is SIlOIlg),
teachers may not addn.'ss them, and neve. lealize that students have drawn different conclusions.

All of this points to the impor\aflCe 01 assessmenL If teachets do not assess. they do not know what students have
learned. These measurement lools need not be elaborate but, they should avoid recall or role infonnalion. Especially
in sciellCc. students can often score a Question correctly by looking for the answer that sounds "scientific." Words
like "tectonic· can be such indicators. Figures 1 and 2 show examples or different kinds of evaluations using
ilJusuations from Earthquakes: A Teacher's Package for K-NFEMA 159 (Callister. Coplestone. Consuegra. Stroud.
&. YMSO. 1(88).

Other lL'ipCCts of learning that need to be considered are the addition of hands-on and minds-on (critical thinking)
activities. Student.. should handI.. mcks and Mil and he given activities where they have to critically evaluate
inflYl1laaion_ Thi... can espocially be done in clll'lSrOOOl activities involving building construction.

Finally. it is imJXXUllt to remember thai introduction of content does not guarantee undersWiding of the topic. and
oversimplification of difficult concepts may not give students enough information to take appropriaIe proIeCtive action
in a variety of liCtlings. In fact. students nlay respond in ways that could be dangerous.

Coodusion

Earthquakes remain a potential hazard. and tomorrow's adults must be provided with the skills to addn:ss and fmd
solutions to the problems that wiD face us. They need to be awan: or the dangers that earthquakes preliCnt to our
communities and how to achieve a greater level of safety through building codes to ensure more earthquake resistant
structure:>. training in earthquake safety actions to take during and after an earthquake. and improved levels of
preparedness in schools. homes. and businesses. A comprehensive earthquake educaIion program that considers the
process of learning as well as the curricular materials. can provide insight into solving problems in science as well
as make our environment a safer place to be.
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OBJEC:IVE: St~~er.~s .:~~ .=er.~::! 4nat :5 safe jer.av:~r =~r:~g ~ aar~hquake

and demc:mstrat.e :~:s ::er.a"/.:r ::'.;r::-:q an ~ar,,:;,qua;<e S:":!',~.at:::r."

Look at the follow l1\q ? lcture to ans-r quest ion GO.

- -I
-""I't-~~""'lji

. ;, >
,of /\ : I

ttJ, ~

..
•

60. The only ?~ace ::: ::e .~ t~e event or an ear,,::,:quake :5 :n the lnsld.
doorway because ear:~~~aAes :on't travei througn neta~"

a. :'~'\lS stat_nt :s correct: and the rellllOn :s correct.
b. :~:s stat...nt :5 correct; the raaaon .5 correct but doe. DOt
support the stat_nt.
c. ':'~"\1.S s'tat_nt :5 incorrect: although :h. r-.oQ is corrM:t.
d. ':'he stat...nt and t~. re&8On are both incorrect.

Fipn 1: EZlllflpII 0/ Di/f,,.1II Kilub 0/ EvtlllultiDIII Usin, llbulTatio'" fro- EtlTtlaqllllU,:
A T'«Mr, P"dUIg, for K-6.
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(Fss"y using 'mc"hul,,<y words f<"'" cu<nculWll) [.ook .. t th" followIng
plctU<" of a C[ ..SS<Oo.. , Tell how you could lIIlI_e it s.. fe< in ..n .... <thqu..ke.
Tell at leest five ways using the followinq words: ~,attach, f ..len,
secure. ~.

Poslible an.__ could be:
,.~ t.avy objectI from the top IheIt
2 AlIIICh .. book c.e to the WIllI.
3. FUiiin .. cDMII doorI cloIed 10 !hey wonl fly open
4. s.cu,. .. hinging piIrlt with • c:ioMd hook.
5. ~!he equarium from • place~ to the '1Udanta and ...-r.

Figure 2: EXlIIIIpk of Di/ftnltt KUuh of EWIhuItioIlS Usu., llbutraliDII' fro. EartlaqlUlUs:
A TtllCMr's PilCb,t for K-6.
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Integrating Earthquake Education in the Classroom

by Ton-Lynn Zobel
Science Teacher

Cleveland Hill Middle School

Abstract

Earthquake edUCalioo is just beginning to become relevant to schools and families in the oonheast Many asswne
that because we have not had a major earthquake in quite some time, the need 10 be educated in such a maller is
unnecessary. However. with all the recent seismic activity in Califomia, even pl:q)le on the east coast are becoming
aware of the disaslroUs effects of earthquakes and questioning a lack of preparedness.

By introducing earthquake ooucation in the classroom. teachers are IlOl only educating children, they are hopefully
making families aware of the facl that the earth is always moving. Throughout the past five years. I have found that
an earth science unit in the elementary school is a topic that children truly enjoy. They want to know more about
the earth and discover why the ground is constantly changing. The unit is exciting for children. Their questions are
endless.

Many new and interesting learning styles can be incorporated in teaching earth science in the elementary school. By
involving the children with hands on experiences. activities that involve family input, and making resources
constantly available 10 the classroom. the Eanh Science unit is orten diffICult 10 end. Including earthquae awareness
is an important aspect of this unit. It is also the part thaI children seem to be most interested in.

Introductioo

Children's knowledge of earthquake education varies gTeatly. Some associate it with weather factors. while others
have become interested in earth movement and seem to understand how the ear1h changes. Regardless of their
backgrounds. children want to know more about the Earth. A whole language appro8Ch can integrate eanhquae
education into all subject areas.

Most rccenlly. cooperative learning has become a~ thrust in the c1.llssroom. This approach lends itself 10 group
projects. discussioos. and shared experiences and as such. is an exciting way 10 lCICh e.thquake awareness.

As children collect data. a portfolio can be used by teachers and SlUdents alike. It often serves as a way to assess
a child's wOltt aI the completion of a unit. Students often regard their folders as meaningful because they contain
aU the tasks they have:: completed throughout the unit of study. By making these tasks re1evantlO the children. a
portfolio can become a more comprehensiYC evaluation of e.thqualte education COI"ICeplS than a single test

Text

The New Yart Stale Science Curriculum in the elementary school does IlOl always include a unit on earth science.
It may appear III the third grade level and then apin aI the fifth grade level. Ifa teacher strictly foDows the syllabus.
c:.dIscience does IlOl app:ar to be a major unil aI any level in elemenwy school. Howevc:l", in high school. students
are encouraged to take the Earth Science Regents cowse of study. Many register for a general science COUJSe Mel
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During our weeks of study. I frequently grouped children and assigned them a specific task directly relaaed to the
earthquake unit. 11li.o; style of cooperdtive learning is not a new idea. Johnson and Johnson (1991) define cooperative
learning as "tilt: instructional use of small groups so thal students work together to maximize their own and each
other's learning.'" It is a very useful tool in le&:hing earthquake education. Student interaction is one of the key
characteristics of cooperdtive learning. Recently. I divided a classroom of students into five groups to CV'StnlCt
communities built on a faull. Each child had a specific task to complete. however the group had a mUlual goal •
building the community. After the groups completed their assigrunenl. they did a verbal presentation for the other
members of the classroom. Students discussed the construction of their communities before and after an earthquake.

Evaluating a student's progress is probably one of the most diffICult facets of teaching. One of the current directions
in evaluation is poro'olio llS.o;essmenl. It is used quite frequently in language arts and reading. however when utilized
in science. ponfolio a.'iSCssment can he a \<aIuable tool for a teacher. "The concept behind pcnfolios is a powerful
process that liCrvcs the studcnll> and guides the lc:acher. "B

FreQuently at the beginning of the earthquake unit, I have children make their own folders complete with a table of
contents. As we work through acuvities, writings. experiments and presentations. :he contents of the folders grow.
Studenl'i arc cm;nuraged to review their work and even re-do it if they feel it could be improved. At the end of the
unit. I deslgnalc a date that all folders must be handed in. At any time. work can be added to the folder. thus the
table of contents ,an also grow. I frequemly review its progress with the children before il is handed in for a grade.
It amaz.es me to see the pride most studenl'i take in their portfolio. They really seem to can: about whafs inside thai
folder.

Teaching earthquake education and awareness to children involves many styles of presenting materials. O1ildren are
am.ious to learn about their planel, how it is ever <-hanging. and how to cope with the dangers of a disaster. Including
earthquake educalion at all levels provides continual growth for students and teachers alike.

Figure 2: OUT Tespo"sibility is to QcIa"}I~ a coope,tJIi,,~ nlDtiollship.

, Cooperabon an the Classroom - Rt"VIsed, David W Johnson, Roger T. Johnson, Edythe Johnson. Holubec, 1991.

• lnvilllionl: Chl!lJ,UlI u Tea:hers and Learners K-12. Regie KOUIman, Portlmoutb: Heineman, 1991.
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Selected List of Readings on Eartbquakes

Pidure Books

Mary Elting. Volcanot's and EArthquakfS. Simon and Schuster. 1990.

Keith Lye. Our Plantt I/at' EArth. Lerner Publicalions. 1980.

Donald M. Silver. Ph.D.. Earlh: Tht' Evtr-ehanging Planet. Random Hoose. 1989.

Seymore Simon. Earlhquakts. Morrow. 1991.

Philip Whitfield. Why Do Volcanoes ErIlP1? Viking. 1990.

Adult 8ooIl5

Bruce Bolt. F.arlhquuJr.ts. A Prj_r. W.H. Freeman. 1978.

G.A. Eiby. Earlhquaus. Van Nostrand Reinhold. 1980.

James M. Gere and Haresh C. Shah, Tfrra Non Firma. W.H. Freeman. 1984.

Frederic Golden. Tht' Trtmbling Earlh, Scribner's. 1983.

Pierre Kohler. Volcanon. Earrllquokts. and rllt Formation of COlllinenlS. Barron·s. 1986.

Susanna van Rose. EArlhquaJces. Her Mlijesty's Slalionary Offa<:e for Institute of Geological Sciences. 1983.

Bryce Walker. Earrhquakt. Time-Life, 1982.
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Misconceptions in the Options Available
to Earthquake Educators

by Jeffrey C. Callister
Earth Science and Geology Instructor

Newburgh Free Academy

Abstract

~onceplionsaboul any information area W&'lle valuable resources like time and money. In earthquake education.
misconceptions can abo resull in added injuries and deaths. Earthquake educaurs have many resources available 10
them as background malerial and flW' direcl use in the classroom. These resources include prinlcd news media.
broIIdcast media, texlbooks. joumals. and video IapeS/fIlms. Through my years of earth science and earthquake
educalion. 1 have idenlified many misconceplions thai pervade the educaliooal resources. These misconceptions
include the following:

1. MOSI big eanhquakes invol~e ground shaking of many minutes;

2. The use of the tenn tidal wave to mean tsunami and the belief that tsunami phenomena include bigh waves on
the open o~:ean:

3. The daaipcions of the Richter scale which confuse its melhod of measuremenl and magnilude energy
differences:

4. The misuse of the lerms cruSl and Jilhospbere e~ially relaled 10 crustal p1ales versus lithospheric or tectonic
plales.

A description of these miM.'OOCeptions. eumples d the use of these misconceptions. and the effecl of these
misconceptions on earthquake education will be presenlcd. A need exists 10 ilk:ntify other misconceptions. A
concerted effort should be made 10 keep the misconceplions out of maJeriaIs available 10 educ8Ia'S and Ibus. the
popuJaIion they influence.

Background

To fOO faull (001 in the earthquake sense) is one of !be easiest endeav<n of humans. We often seem to get the
grcaJest duill when someone else. especially someone in an influenlial position. makes even &he slightesl mislake.
A recenl eumple is the spelhna of "poIaIO" by OW' Vice Presidenl But, when !be rnisIakes reflect common
misconceptions about a pocential hazard such 81 earthquakes. !be raull can be an incoI'm;l response.

'I1ImuIbouI my 28 years of high school and college teaching. 1 have identified some pervasive misconceptions in
the available resources. This study bas forced me to list, hument, and aaernpt 10 explain the problems these
misconceptions can cause. These misconceptions iDclude the following:

I. Most big eanbquakes inwlve ground shaking of lQIIIy minules;
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2. The UK of til: term udal wave instead of lSWWIli and the belief lhaIlSWI8IIli pbeoomena include high waves
on the open ocean.

3. The descriptions of the Richter Scale which confuse ilS method of measurement and magnitude energy
differences:

4. The misuK of the terms crust and lithosphere especially re1aled 10 crusla1 p1ales versus lidlosphere or tectonic
p1aIes.

Literaature Research Method

It was decided to sean:h for the above lisled misconceptions in a series of malerials available 10 typical studenlS and
teachers. These materials included:

I. A daily (Times Herald Record) and national newspaper (New Yark Times) for the time period from 1980 to the
present.

2. A national news magazine (Time) from 1980 10 the present.

3. Twelve canh science text books commonly used throughout the United States for the last ten years in secondary
schools - grades 7 through 12 (sec references).

4. Two old "classic" secondary level c.dI science !eXlS (Namowitz &: Stone. 1975: Ramsey. BW'CkJey. Phillips.
&: waaenpaugh. 1973).

5. Two college eaJ1h science I geology !ellS commonly used throughout the United States (sec references).

These materials were searched using the key words continental drift. crust. earthquakes. geology. lithosphere. plat.es.
pl.ale tectonics. Richter scale. tidal waves. lSunami. and waves. An anernpt was made to list variow; sections C'i the
materials Ihal contained any of the misconceptions lisled above. However. the specifIC source will not be mentioned.
We cannot change the past but only point the dircctim for a better fUbR.

Examples and Importance of MiIconceptions

I. Moat bit anIIquaka i.volve ............. of .., ....... One of the best and most interesting
descriptions of the short lime of e.1JIquake sh8king was for a 7.5 Richler canhquake in Alaeria in 1980.
"Everything happened so quietly. The dogs did not have lime to b8rt: Only one el8l1lple was found of this
misconception in the lileralurc search. One of the ncwsp11pC1'5 delcribinS • New YOit SIIIe eanhquake 5IIICd.
"The .uthquake had ilS epicenl6 Iherc • precisely 46 seconds af1er 6: 18 am. and IasltJd about 7 minutes." In
working with many student groups. I have found that high school and coUcse SlUdenIS in the Hudson Valley of
New YOit commonly feel thai most earthq_es involve felt ground shaking of many minutes despite their
having felt ones lasting only to to 20 seconds. The Alaska quake of 1964 and the Mexico City quake of 1985.
which were some of the longest shakinS quake$, caused feit shakin& of about fOW' minulCS.

One problem with this misconception is that if individuals thinlt that the felt shaking has a long duJalion. they
may uy to get out of the building. car. or other locatim they arc in. as oppolIed 10 getting under the DelftSt
strong object In trying 10 "escape" from a building during an earthquake. individuals can C1pol1C themselves to
more dangerous IlalMds from the outside and inside cdses of buildinp.
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2. Tile tenD tidal wave is used to .ea. tsuumi aad~ belief dud IsuDami p_DOme.. iDdude bilb waves
011 ~ optD octaII. Many examples of various types of misuse of the word "tidal wave" instead of "tsunami"
were found in the newspapers and magazines. Examples include:

"The strength of the qualte set skys<:rapeI'S 10 swaying as far nmh as Houston. l,IOO miles away from the
epicenter. A Iwo·ft. tidal wave roiled ashore on the coast of EI Saivador...Hawaii...was alerted tu prepare
for an tX:earl swell known as a tsunami. but it never maaerialized."

11le..."quake gCIll:r.lled a tsunami. but the tidal wave was only a little over a fOOl high when il reached
Yakutalon coa.'it."

"8uI a warning of a tsunami. or large wave popularly known as .. tidal wave. was not issued."

"The quake also shook all of northern Honshu...but it caused no tidal waves a spokesman said."

"A severe eanhqualtc caused minor damage in two Alaska IOwns but was not strong enough to genera!e a
tidal wave...1be Alaska Tsunami Warning Cenler canceled a warning of a tidal wave thaI was issued for pan
of the Alaska COliS!..."

"Tsunamis are often called lidal waves. bul they have nothing to do with tides."

There seem 10 be no similar exarnples from texlbooks. Popular media often use "Iidal wave" and "tsunami"
synonymollsly or. they often only use the tenn tidal wave when they should be writing "seismic sea wave" or
tsunami. No evidence was found relaled to tsunami waves being very high on the open ocean like that indicated
in the movie. "1be Poseidon Adventure." Some ancient Greeks may have thoughl the god Poseidon had the
power to cause eanhqualtes bul hopefully not very high waves on the open ocean. It was nice to see a tsunami
newspaper report in 19lj6 that stated "In Honolulu as weD as in OIher cities with harbors opening to the sea. mOSI
of the small boats and almost all ships moved OUI to deep water to await the wave. where il is usually smaJI."

The problem with confusing "tidal waves" with tsurwni is that most people have experienced tides and they
know that tides are a slow up and down movement of the ocean water associated with nonnaI wilier waves.
Probably the closest appIUMmation of a "tidal wave" acting like a tsunami are the tidal bores found in some
harbors and estuaries. 1bese tidal lues move at 10 to 15 kmIhr compared 10 the 500 to 600 kmIhr speed of
tsunami. Tsunami waves can reach heights up to 160 Ian and greater. signiflC8Dtly mae than the meter or less
height of a tidal bore! Since tsunami are rare on most ocean shores. if then: is a warning. many people may not

move to high ground. think.ing the tides and associated events lII'e DOl dangerous. Wilh the increased mobility
of many Americans. especially to PacifIC shores. qWct. response during a tsunami wa'lling can easily affect life
or death.

Discussions with many students indicate that there is a commonly held belief that tsunami waves are very high
wben they are on the open ocean in deep WlUCJ. In fact. tsunami waves are less than a meIeI' above the nonnaJ
ocean level in deep water. Up 10 d1is time. I have found no evidence m print to lead to this misconceprion. This
misundc:n>landing could also result in exua injuries and deaths during a tsunami warning. An individual in charge
of a boat might easily steer for shore iDSlCad of the open ocean.

3. n.e dtIIcriptioal .-I tile Rater IaIIe coar.. ita IMtIIod f1l _rnleDt ..........tIIde tMI"Kl'
dif'hreIIce5. In every type of source investigated. except for college texts. tbcre II'e voluminous examples of
inoornct and/or misleading descriptions of the Richter scale of eanhquake IlUt8nitude. Riebla' himself scares
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"Misinterprelalions of the scale are frequent The hardest 10 combat is the assc:rtation that ml!8nitudes are 'OIl

a scale of ten: a fossil preservalion of the R~si-Forel inlCnsity scale." (Rictur, 1958, p. 353) The Rossi-Forel
scale is simil. 10 the modified Men:alli intensity scale commonly used lOday.

Some examples frun secondary school textbooks are:

"The Richter scale rates earthquakes from 1 to 10 according to their magnitude."

"The higher the number, the stronger the earthquake."

"An increase oC 1 in magnitude on the scale indicates the release of 10 times the energy of the next lower
number..."

"Each number represents an earthquake that is ten times larger than an earthquake represented by the
preceding number."

"Each number indicates a release of energy about 60 times greater than the preceding number."

"Each of the numerical steps in the Richlcr scale represents a ten-fold increase in the amount of CIlCIXY
released."

"The Richter scale uses number from 1 up to describe eanhquake magnitude. Each number indicates an
e.thquake ten times stronger !han the nexi lower number."

Some examples from newspapers and mapzines are:

"The trenKlr struck at 1:29 a.m. and regislem1 aboul 2.5 to 3 011 the Richter scale of ground motion and
energy release.·

•A light earthQuake rattled plW of southern New IWnpshire today • Democratic 1DI Republican
Presidential candidates arrived..The lremor...was recmled 81 a preliminary magnitude of 2.6 011 the open
ended Richter scale."

For a January 1992 earthquake felt in New Yorit City, a source SIllIIld, "The Richter scale measures ground
mOOon with each point signifying a tenfold incrc:ue."

In relationship to a Richter 3.0 earthquake very neM the Indian Point nuc1ea' power plant in PeetsItill, NY
in 1980, "The plant, the SJdcsman said. w. buill to wilhlland 'an intensity of 7 on the McrcaUi 1CaIc,'
which is also related 10 the Richter scale's measure of absolute fm:e, bul is modified '10 measwe poaenlial
for damase....One olthe -sumenas made by antinuclea' advocates who have long 110",111 closure of the
Indian Point plants is thalthey Ire IocaI.cd dirccdy over a brwIch of the IWnapo Filii.. a major fiaclift in
the earth·5 ClUSI."

In a repma of New Brunswick eanIlqUlke in 1982, it WIS SIllIIld, "The Jill. 9 elKIbquake w. rated 5.9,
making it the strongest quake in the Easl for a century. The magnitude indicaIes the~ of enersY
releaed • rc<:ordcd in ground motions."
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'The Richter scale is a mcasun: of ground motion as recorded on scismogmphs. Every increase of one
number means a tenfold increase in magnitude. Thus a reading of 7.5 reflects an earthquake ten times
Slrongu than unc of 6!i:

The above eu.mples renOCI varying degrees of~t or iocorn:ct beliefs about the Richter scale. It is true that
when the RJchler scale: is computed from seismograms thai ..deh lenfold increase in ground motion. as rel1e<;ted
in seismic wave amplitude:, indicates an increase of one whole Richter magnitude number, The problem is that
an increase in one whole Richter value represents about 31 times more energy. not ten times more energy.
Multiples of 31 end up making earthquakes in the 7 01 8 range much more powerful. lhan multiples of len
would. "Thi.~ points up the interesting fa;t that the few large eartlkjualtes each year release more seismic energy
than lbe hundJ'e& of lhousands of small shocks combined." (Press & Siever. 19&5, p. 453.),

When the population. led by the texlbook authorslpublishers and the press are misinformed about incl'ea'ies in
energy with increasing Richter values. lhey could easily fall into the trap that many small earthquakes in an area
could relieve the pres.~re in the area's rocks/faults. If an area has many low Richter value earthquakes. this can
lead to the unsubslantialed hebef lhallhe "big one" wiU not come. 01 that the "big one" has been pushed off into
the far distanl future. Much. if /lot II'IOSI of the United Slates needs to be considerably more prepared for
earthquakes. They could be luUed Into a fabe sense of 5C':urily by ilK:orrect knowledge or the Richter scale.

4. Tile misulie 01 tile termi cnPt IlDd litbolipllere especially related to crustal p"fa versus litbolpberic or
tectoaic plata. Again. in all types of sources. except for the college telts, I found numerous places where
"crust" or "cnlStal" was used in coojUGi:tioo witt. "plislcs" lJ( "plate lCCtonicS." Tbe plales 01 the Earth move on
the asthenosphere and not the Moho. thus plaaes are lithospheric in thickness. Plates should be described as
p1ales. IeClooil: plales. or Iilhospheric plales. NOT CIUSla! plaleS ur continenla! p1ales.

Some qUOles from secondary lextbooks include:

"Each of these giant crustal plates is slowly sliding over the earth's surface at differenl speeds:

"PIalcs are rigid sectiOlL'l of the earth's crust."

"We can see now lhat lhe old lerm, continental drift. is no longer useful. 1bis is because the p1ales are made
of both continental and oceanic crust. But. the continents are carried on crustal plates."

"According to the lbeory. the earth·s crust is like the sheU of a cracked egg. Tbe crust is cracked in many
places. The cracks divide the crust into about 20 pieces. The pieces are called crustal plates."

In one text. lhere is a section UtJed "Crustal Plales in Motion" and then under tha1 heading it says..."The
lithosphere is divided into plales,"

"The discovery of sea-floor spreading showed that sections of the earth·s crust did IlOl move...Some plates
are made up almno;t whoDy of oceanic or continental crust."

"The hypothesis or plate tectonics suggests that the entire surface of the earth is covered by a small nwnber
of vast blocks or plaIes of lithosphere (rock)."
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A few examples from newspapers and magazines include;

"Solid though it appeani. the earth's crust is composed of a dozen large plates and several smaller ones.
ranging in thlCknt:s.... fmm 20 to I~() miles....As the Cocos plate dips unda the continemal CNSl" (referring
to the Nlrth Amcrk:an Plale).

"This belt sll'llddles the area in which the Arabtan I«ton.ic plate of the earth's CNst is grinding gndually
northeastward..:

"The frequency of quakes 011 the West COBSl results from the fact that California is at the boundary of lWO

of the earth·s tectonic plates. the huge. inexorably moving masses upon which the plate's continents ride:

In a September 11JIJ2 publicalion, "The theory of plate I«tonics says quakes should happen m05t often along
the edges of cruQ plates. pancakes of rock a few score of miles thick and thousands of miles across. which
carry the continents on their ba:ks as they slide across the semimolten mantle below:

The misconceptions caused by the misuse of CNSt or crustal instead of more ...curate descriplions of the plalr.s
may 001 cause any m..-e injuries or dcaIhs in /Ill canhquate or other naaural tutz.d. It may be just a pet peeve
of mine thai iUustrates the 1'I.:cd for more accuraae editing of the materials students of the earth are exposed to.
The big point is that plaleli arc lithospheric in thickness and I feci thai the term lithosphere has much more
imponance in a modem pIaIe leCtonic model, thus, the use of the word "crust" should largely be discontinued.
The JIOblem is that the crust. mande. outer core. inner core model of the Earth is easier to teach, diagram. and
describe as compared to a model which includes (at least in part) the lilbospbere (iDchlding the crust at top).
mantle (with various parts including the liltlosphel'e below the CNSl and the asthcnosphcrc:). outer core, .nner
core. It is also diffICult to convince edikll'S and publishers to use a more cornplicaaed model, even if it is more
accurate.

Conclusions

Of the numerous conclusions I could make. the most impor18Jll one is tbal the authors, ediklI'S. publishers, dC. that
control the produclion of the resources available 10 the schools and the public in general. should be mae accurate
in their descriptions of eanhquake relaled events. There arc many other eumples of descriplions used by the media
and textbook publishers that can lead to misconceplions. A few of these follow:

Confusion between the McrcaIIi inensity scale and Richter magnitude scales; loUin. up the concepts of
intensity versus maanitude relaled to earthquakes.

An overabundance of discussion aboul body waves (P-waves and S-waves) to the exclusion or very limited
discussion of the surface carthqUllkc waves (Raleigh and Low:). It is the surface waves dial cause most. if
not nearly all, the damage at the e.th's surface during .. eanhquake.

Newspapers and magazines tile mIIIly differu'll words to mean an earthquake. includinl microquakcs, qUlkes,
seismic evenl, shock.. tremblor and tremor. How many different types of e.thquakes are Ihc:re in the minds
of the populace of the Uniled States 8& a result or this renninology?

I am sure thal there are mIIIly other pobIems I have not lisled that can result in misconceptions. Some
misconceptions have only. or a.gely only, scientifIC inter'csL. like the "CIlIIIaI" discllSSions of this pIpCf". but
confusiGn and misinfmnalion can resull in added injuries and deaths what Cll'lbquake infc:rmation is misundcr'g)od
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If I had more time. I would have included movies. films. video tapes. lelevision programs, filmSU'ips and slide sets
in mil; study. I have viewed many earthquake audiovisuals and some make me Just yell out in the middle of them
with comments like. ·Where were the edocators. seismologists. science editors and the like when tiles\; products were
being produced?"

Some national <YganizatiOfl(s). government agency(s). and/or educational institution(s) need to educale and put
pressure on the producer., of the information about earthquakes. Maybe just some lelleR to the editors, producers.
and publishen would help. Any other suggestions'!
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Hands-on Earthquake Education
at the New York State Museum

by Gary N. Nottis
Resnrch Scientist. Seismology

Geological Survey. New York State Museum

Abstract

In February 1992. the author and an assislant offered the fll'5t hands-on CIU1hquake workshop for adults at the New
York Stare Museum. There were I~ participants !'.IDging in ase from 40 to 90 yeMS. The workshop was given in two
pIIIU. "Earthquakes: The Basics" was the title of Ihe fll'5t pII1. and it took place over a two-hour period on a Saturday
mmting. The foUowing lopics were discussed: (1) whal.-e earthquakes? (2) why do they occur? (3) where do they
occur? (4) how do seismographs work? (S) how .-e earthquakes localed? and (6) how are their sizes detennined?
A balance WIl5 maintained between Icclurins. givins dcmonslnllions. and involvins the JIIIlicipants in hands-on
demonsttations and activities. Workshop participants received peckages thal contained listings and briefexplanalions
of Ihe CORCeplS covered under each topic. &IonS with appropriaIe iIIusll'Blions. Also included in the peckages were
lists ol sU81lesled readings and phone numbers where people could call for information aboul kxaI and g10tlal
earthquakes. all malerials were prepam1 f(W" a 9th grade rmdinS level. Each pu1icip.-t was invited to take pII1 in
several hands-on demonstrations. MosI of the Micas flr the demonstntions were Iakcn from Eanhqua!tcs: A Tea::hcr's
PIcka&e for K-6 (ai.a. "The Tremor Troop"). Fa the activities, ea::h pu1iciJlMt localed and deIennincd the
magnitude and fell intensity (MM) of a locall3'lhquake that lhey all had experienced. A discussion of their results
followed. The second pan of the wabhop lOOk place on the following SlIlUI'day mominl. and it also IasIcd two
hours. This pan of the workshop was litIed "BIG SHAKES in New York SIBle." Topics discllSlcd included: (I)
differences between events in California and New York. (2) elKthquake hisIory of New York. (3) speculations about
future eanhquake activity in or near New York. (4) JOvemmental preplRdness activities. (S) pcrsonaI prepucdness,
and (6) the emobonal imPllCts of eanhquakes. AU particiP8llts received I*kages lite those given in the fU"Sl pII1 of
the workshop. Several FEMA and Red Cross publications on earthquake and 8CneraI disaster~ were
included in Ihe ~es. The highliaht of this pII1 of the woDshop was an earthquake halMd hunt throup Ihe New
York Slate Museum. A review of the topics from the entire wortsbop was liven at the Museum's permanenl
lCismoIogy exhibil. Evaluation forms completed by the panicipMts indica&cd thII die worbhop was a peM success.
Ea:h ~cipBllt nofed that !he lea:hcr's enthusiasm, clear answers 10 questions. and~ mIIeriaIs were key
to die success of the workshop. An expended workJIq) for IduIlS and students of grade 7 and up will be given at
the New York Swe MIIlIIeUID in Octobel', 1992.

Introduction

The hands-on earthquake workshop was inspired by:

Need for public educllion about New York's earthquake hazard

Hol-and-cold offICial suppon for such education
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DeaIhs of Tara Lealon and Travis Franck

The gOlls of !he w<rtshop wen: 10:

• Educate the public

• Inspire and uain CJChers 10 teach

• Learn how 10 write appropriate cducalional maIrrials

This wcrtsbop was given:

• With facilities SlIPJXX1

• Without fmancial support

• USlIlg free llducalionaI Ii~

• Using "..-Ioand- _ "Ihrow-away" mucriaIs

• On the suenglh of lhc imIructor's and assisIant's enlbusiasm

Worksllop ProIram

"Earthquakes: The Basics" was !he lide of Ihe fll'Sl ... of the worbbop JlI08DIIl. II included !he following topics:

• What w. thai?

• Recipe for an eanhquake

• Some words .ooul waves

• AnIIomy of an CIIthquake

"Where the quakes £ .. ."

• Catching waves

• Tl'ICking II'emOI'S

How BIG was it?

• •...of varyinS desrees of iNensily (MM)."
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The ICCOIId p8I1 of Ihe WOI'kshop lOOk place a week ..... Tided "BiB SbaIres in New York Slate." this workshop
includc4:

• East verses well

• Past and present quakes

• "1be tea leaves say..."

• "What if..."

• Governmental activities

• "An ounce of PREVENTION.."

• "BIG WORLD. small me."

PanicipllllS received IKkaies containinB the following:

• ConccpI oulliocs with iUUSIIlIIions

• Lab ma1erials

• Glossary

• Suuested I'C8lIing IiSlS

" E8rthquake information phone numbers

• FEMA and Red Cross Publicabons

CondUlioD

• TC'AICher enlhusiam

• Mesaae of hope

• Hand-oull

• CIar and direct IIIIWCI'I 10 queRicxw
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In the future. the fcJlowing improvemenlS IIl'e being considered:

Simplify ~uake 1ocaIion lab

STOP units for COIapI5 hInd-QIts

Large doll house displays for home hazanf hURl

Displays of home preptnldness items

• Models 10 show community hazards

Pictograms for graphics when possible

• Color s1idet rather !han overheads
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The Center for Earth Sciences and How it Can
Facilitate Earthquake Education

by Mark Shoengold
Assistant Directoi, Center for Earth Seie,. I?S

Kean College

Abstract

The Center for the Earth Sciences is located at K.ean College in Union, New Jersey. As p:ut of its commiunent 10

promoting eanh science education. the Ceola' maintains a resource room cootaininglellCbing materials and genezates
activities reJaling to \he ear1h sciences. The Centes" bas laken an active interest in IWUI'Il hazards. including
earthquakes. A conference on such hazards was held and follow up courses and worbhops are planned. Through
similar activities. college centers can act at catalysts for earthquake educalion in the schools.

Multi-Hazard Conference Ushers in International Decade

Approximately 70 educawrs auended a multi·hazard confcn:nce in New Jeney. November 15-16. 1991. "Natural
Disaslers: Before. During. and After" wu held at Kean College. New Jersey and sponsored by the Centes" for the
Earth Sciences at Kean College. New Jersey and the National Center for Elnhquake Engineering ReseM:h. Public
Service Electnc and Gas Complily and Jersey CenlJ'al Power and Ught Company wen: ro-sp0ns0r5 of the event
wbich Wat held in cooperalion with the American Red Cross and the New Jersey Stille Police. Emergency
Mana8emenl.

Sessions at the two day conference included scientifIC and prqmedness informalion as well as classroom activities
about earthquakes. hurricanes. urban flash t1oodiI'Ig. land sub6idcnce. severe s!~ and IOnadoes. seven: winla'
conditions. volcanoes. sea level rise. and psychological aspcclS of1I'I8edy. EanJlquaJre sessions mcluded "EanJlquakes
in the Northeast" given by Dr. Klaus Jacob. Lamont-Doherty GflOlogical ObservlllOrY: "Earthquake Curriculum" given
by Dr. Joyce Bagwell of the Earthquake Education Center. Charleston Southern University; and "Otildren's Beliefs
About Eanhquakes: Addressing Misconc~" given by Kalharyn Ross of NCEEJL Dr. Waller Hays. of \he United
StaleS Geological Survey. addressed volcanic hazards and SlrellSed rbe need f<r the following (acton to come cogether
to help with natural disaslCrs: Social. Technical. Adminis&nllive. Polilical. Legal. and EaJoomic.

Plans for the Future

A series of environmenlal debates were initialed in Fall. 1992. Along wichlhc:se debates a short course for ICaChcrs
on -Deblues As a Teaching Sttalegy· wu added in Spring 1993. 10 Ibe schcWle ~ activilies. This course is
))IIticipllay in nature. exploring the possibilities of debIIes and role playins in IlUlking SlUdents more aclive
participML<i in the learning process.
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Recorder Notes
Education • Curricular Options

by Katharyn Ross, Discussion Facilitator
National Center for Earthquake Engineering Research

Mark Worobetz, Recorder
New Jersey Earth Science Teachers Association

I. How do we get earthquake educalion inlO the schools?
- How do you get the adrninistnllm 10 gel involved?
- Should principals be questioned about disaster response?
- Should earthquake education be in the schools?

(with our mobile society, everyone will eventually be in the area of greater earthquake danger)

2. How do you sell safety and science?
- Do you teach it all together or separate issues? (Whole Languase Approach with an earthquake - theme

is one way 10 integnde it).

3. How can eanhquab: education facilitate learning outside the classroom?
- Have students take home lessons and teach the parents
- Have students talk to grandparents about past events

4. Whal is the correct response time in an earthquake in environments outside of the classroom? In a hoIel? In a
subway?

Recurrent Theme in the education discussion:

- Importance of community involvement
- Adding safety 10 science
• Multi-disciplinary - interdisciplinary program
- Importance of learning outside the classroom

One of the issues discussed during this period of time was the usc ci duralion magnitude. The followini is further
infOl'll\8lion on this topic provided by Gary NoWs.

Duration Mapitude <Me>'
Coda-lrnll,h nonnaIly refm 10 time, in seconds, of an earthquake's signahR on a seismogram, extending from
the S-WiA'~ arrival to the point where the signal has faded inlO the bBckgrowid of the seismogram.

DII1'Qlion refers 10 time, in seconds, of an earthquake's signaJure on a seismop'am, exlalding from the P-wav~

arrival to the point where the signal has faded into the b8ckground of the seismogram.

, Information on duration mqnilUde puvidld by O-.y Noaia, New York Slalc 0e0l0p:aJ Survey.
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Table 1: Earthquake Duration· Mqnitude Table for Short-Period SeismoIrapbs
in the Northeastern United Statesl

Duration (sec)Duration (sec)
Equal or Equal or

Greater Than Less Than
27 29
30 32
33 36
37 40
41 44
45 49
50 55
56 61
62 68
69 75
76 83
84 92
93 103

104 114
115 127
128 141
142 156
157 173
174 192
193 213
214 237
238 263
264 292
293 324
325 360
361 399
400 443
444 492

MalWitude(Mc.l
1.5
1.6
1.7
1.8
1.9
2.0
2.1
2.2
2.3
2.4
2.5
2.6
2.7
2.8
2.9
3.0
3.1
3.2
3.3
3.4
3.5
3.6
3.7
3.8
3.9
4.0
4.1
4.2

Equal or
Greater Than

493
547
flJ7
674
747
829
921

1022
1134
1258
1396
1549
1720
1908
2118
2350
2608
2895
3213
3565
3957
4391
4873
5408
6002
6661
7393
8205

Equal or
Lgslban

546
606
673
746
828
920

1021
1133
1257
1395
1548
1119
1907
2117
2349
2W7
2894
3212
3564
3956
4390
4872
5407
6001
66(j()

7392
8204
9104

MalWitudeCMcl
4.3
4.4
4.5
4.6
4.7
4.8
4.9
5.0
5.1
5.2
5.3
5.4
5.5
5.6
5.7
5.8
5.9
6.0
6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8
6.9
7.0

1~ duration-lII8IJIitudea (Mcl- calculated from lbe formula deYdoped by Chaplin and ol1Ien (lt1O). 11Iat form"" iI:
Me - 2.21 ·Ioa.duration (-=1) - t.70

Ebd (1982) allowed lIIal Me could be rdalCd to IIllC Ricblcr-mapiluda (MLJ iD lite IlOI'tbc8ItcnI UllilCd SlllIeI by lite rclatioll:
ML - Me -0.4

Chaplin, M.P., S.R. Taylor, and M.N. Tobaz (1980). A CIOlIa-leftltb mapilude ICaIe for New EDpIId, EN1bp_ NM 51, 15-22
Ebd. J.E. (1982). ML_II for DOft~em UnilCd Stalel eanbq..... B!!U. 5$7 Soc. All. 7Z, 1367-1378.
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Part IV

Environment/Structure

4-1 Physical Results of E8I1hquakes and Their Effect on the Built
Environment

4-2 The Massena Center, New York, Earthquake of 1944 and its
Effect on Area Schools

Recorder Notes: Environment/Structure
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Physical Results of Earthquakes and
Their Eft'eet on the Built Environment

by Andrea Dargush
Executive Assistant to the Director

NatiofIQl Center for Earthquake Engineering Research

Abstract

An e.tbquake is a natural phenomenon capable of releasing lJ'Crnendous energy and a1lCring our nawral environment
Dramatic examples include landslides and avalanches. surface ruptures and displacements. liquefaction (the fluid
behavior of cenain soils under appropriate conditioos) and rsunamis. which sometime occ.. in the aftennalh of a
WlISla1 or marine eanhquake. Fwthcnnorc:. the earth a;ts as the InUlSmitting medium for seismic waves originating
at the source of the earthquake. These waves may be regionally modified and amplified into pocentially-damaging
vibraUons and undu1alions in the earth·s surfa;e. These physical effcclS may cause consequent damage or desb'UCUoo
to our built environment Impact 00 our blnlt environment may range from severe SllUCtural damage nearest the
locatioo of the c:arthquake to architectural damage or damage to building contents many miles away. Our power.
water and communication lifelines. as well as ow highway infrasuucture are also vulnerable to earthquake hazards
and disruption to ow social and economic systems is a likely post e.thquake outcome. Secondary physical hazards
which may result include fue and flooding.

In spile of the poaential devastation which can result from elK1hqwW:s and our current inability to accurately force.t
these destructive events. the physical effects of earthquakes are highly predictable. The seismic responses of our
manmade and natural surroundings are rooted in fundamental concepts of physicalsciencc. It. buic understanding
of the science principles at wort during e.thquakes may allay fear and ignorance which often accompanies naauraI
disaslel'S and can promote a better understanding of pre-earthquake planning and prelBBli<-lII activities. This p&per

wiD review some of these fundamental concepIS and describe poIentiai physical effects of e.thquakes on our
environment

Effectiw: eanhquak.e education can empower II school popu1lbJn to mitigaIC potential dangCB of e.thquakes.

Introduction: Earthquake Myths and Realities

People have spcculaled on lhe causes of earthquakes for thousand of years -dlling t.ck as r. as roo DC. These
spccu1alions have led to v.wus myths and legends. It. popu1a' IIPMClC belief centered around the idea thai the
earth rated on the beck of a calfish-which rocked lhe eaJth when provoked. Renaissance Europe came to view
earthquakes a.~ aclS of an angry god IiIllCkjng mribution for the sins of tile people. There ue even myths and legends
associaIed with earthquakes thai have occumd in New England. One such eumple conccns noiIes which have been
heard ncar East Haddam. ConnccticuL

The Moodus noises .-e mysterious sounds - like rifle shots. cannon fU'C or dislantlhunder Ihal haw: long been hl2d
in the vicinity of East Haddam. Connecticut; often in the cernl*lY of eanhquakes. It is said in fact that the wont
Moodus actually comes from the Native American words for Eua HaddlIm which means -noisy place". The !Wives
thought the noises were made by ••gry god. who upoo seeinglhe Englishman's god in his 1eI'I'itory. growled a
flI'Ding. 1be English. on lhe other hand. 5USpCClCd lhal the noiIcs resullecl from II&Inic riluIls they believed were
performed by the Native Americans.

4-3



Part IV • Environment/Structure

Today"s base of scienllfic knowkdge teaches thai earthquakes are nalura1 phenomena which result from the
movement of large rigid ponions of the earth's crust and the subsequent rupture of nx;ks in the subsurlace. In
Ilrlting at a map of earllMluake occurrences (Figure I), one notes thai there are conceDlralions of earthquakes in
cer1ain areas. These lowttions coincide with breaks in the crust and define the boundaries of the earth·s plates. where
most eanlMluakcs occur. Strain build!; at Junctures between plates as they make contact with each other and energy
may be dramatically released ry eanhquakes <Y volcanoes. A notable crustal boundary between the Pacific and
North American plate..; occurs along the western coast of North America. The seismically active San Andreas fault
is a result of this lnak between the plates. As seen in Figure I. earthquakes have occurred not only in California,
bul acms.... the entire US,

Indeed. even the Northeast US has had its share of earthquakes. Eanbquakes in these regions are also re1aled ICJ plate
tectonics and most likely result from the build-up of strains from pressures developed at plate boundaries.

So what are the SJlC'iflC cin;umSIaIK:es which occur at these locations that lead ICJ eat1hquakes? Layers of nx;t in
the earth's subsurface are subjeCted to v-drious focces (in most cases, teclCJnic forces) which compress. Sb\;lCh and
twist the nx;1t to a point at which it is no longer elastic and rupture occurs. The fracturing begins at a point called
the hypocenter <Y focus and extend.. over a rupture plane or fault. The epicenter of an earthquake is the point at the
surface of tlte earth directly over the focus which serves as its geographic point of reference.

As the fracturing occurs, energy is released. While most of the energy is dissipated by the breaking and fraclUring
of rock, JIU1 of the energy is radiated outward in all directions from the focus and rupture plane in the form of
seismic waves. T1lere are two pnncipal types of seismic waves: body waves (P and S) and surface waves (Rayleigh
and Love). Body waves travel within the body of the eanh and are generaied directly by the fracturing rocks. P
waves cause compresslOIlaI stresses in materials and arrive flJ'Sl at the surface, providing the initial jolt: S waves
generate shear stn:sses and arrive slightly later with typically a sharper jolt Surface waves nvel over the land
surface at slower speeds and are ollen the primary cause or damaging ground motion. Because of the different
properties of the waves and the heterogeneous nature of the earth's layers, these waves bend and renect as they
travel, arriving aI the surface from different dim:tions and at different times. As a result, the ground motion we feel
is a composite effect of several kind<> of waves.

Seismographs are used to meaMire ground motion during earthquakes. The amplitude of the seismic waves recorded
by seismologists is used ICJ detennine the magnitude of the earthquake. While there are many different ways to
express magnitude, the most familiar is Richter magnitude. which is closely re1aIcd to the energy released in an
eanhqualte.

While magnllude_is at'!.objel:tive quantifier of an earthquake's size, the Modified Mcn;alli Intensity scaJe is often used
as a sUbjCCuve mdlcator oj witt!. degree of shaking is felt <Y observed at differenl locations after an earthquake.
Because the ground motion may vary from place to place during an earthquake. then: may be several observed
intensities ranging from high intensity near the epicenter and lower intensities at dislance. Only one magnitude value
will exist for an earthquake. Magnitudes are essential to scientists and engineers ICJ predict strong ground rnotim
and 10 effectively design seismically-resistant buildings. The desaiptive Mercalli scale continues to be importanl.
however, because there are many seismic regions which are not seismographically monitored and because the loog
historical record of earthquakes which occurred preceding the advenl of seismograph is based on such descriptions.
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Impacts on Our Natural Environment

Impacts on our nalural environment can be obscrvoo in our nalural and manmade enVironmenl after earthquakes.
As shown in Tahle I. the nalurdl hv.anh fall into four categories: the fll'Sl is surface rupllue • a visible crack or
offset in the ground surface, In some cases. fault movement causes horiwntal dil>-placement as seen along the San
Andreas. Venical dispillt.:cmeni is also possible. Primary sunace displacements occur only along the fauilline where
the eanhquake origmatcd and should not be l:onfused with md,s that appear away frorn the fault in roadways a
fields which open a... a n.-sull of landslides or slumps. Surlace rupture JXlseS the grealest threat to structures buill
in a faull zone. Even the most flexible or well-designcd building cannot withstand the displacemenl" generated by
a moderate 10 large ~lkjuake wilhoul sustaining significant damage.

Seismic design improvements do not provide a practil:al sdlution to damage caused by surface rupture: better
approaches would be to cna.:t lOlling laws to regulatel:onstruction in fault zones and to require Site studies. The
A1quist.Priolo Spel:ial Studies Zone Act IS an e-.ample of a regulation in effect in California to prevent some types
of residential wnstnx:tion in al:llve faull woes. These approaches are essential in the case of critical structures
(dams. power plant.. ). emergency facilities (hospitals. police slalions). and other impooallt sUUClUres such as schools
and public buildangs. In this regard. the Eastern and Central US are at a distinct disadvantage. Although we know
thai earthquakes have tlccurroo in lhese area... it is difficullto identify the location of the seismogenic fauilS. There
are two reasons lor this: first. earthquakes recur so infrequendy in the East it is difficult to colloct defmitive data
to identify lIl:tive fauilS. and sa:ondly. because eanhquakes in the Easl typically do not ruptW'e al the surface as they
commonly do in CalifaTlla. Funhermore. because fault.. are not readily observed al the surface. we cannot easily
predict where a new eanhquaitc mighl occur.

The second category of physICal effect is ground moti(ID. If the eanh~uake is large enough. seismic waves can creale
enough ground motion 10 cause vibration in structures and somelimes damage a collapse. even man:' miles from
the epil;cnler. Because of the interaction of the differenl types of seismic waves causing the motion. the actual
ground movement will he rdRdom. predominantly horizontal and sometimes with a considerable venical component.
Normal building design for venical forces (the weight of the building and its contents) incorpcnte such large factors
of safety thal addilional venical forces generated by earthquakes are unlikely to be a problem. For thai reason
seismic design concentr.lIes more on minimiljng the effects of horizontal forces.

Because seismil: waves are affected by soil \AIDditions and topography. ground shaking dwing an earthquake may
be more intense in'iOOle areas than others. The October 1989 Lorna Prieta (California) eanhquake provided some
interesting lessons on the differences in ground shaking within a region. Earthquake acceleration is the race of
increase in ground vekk:ilY as seismic waves travel through the earth. Euremely high acceleratiom of the ground
motion generated by the earthquake's main shock in cenain areas was too great fa some sttuetures. Accelerations
measuring l(),l of the force of gravity are usually sufficient 10 produce some damage to weak consuuction. An
earthquak.e-owsed acccleralion that nears 5U% g on the ground is very high. Data collected during the Lorna Prieta
earthquake indicate peak accelerations over 60% g. Soil conditions contributed to these accelenlions. Harder soils
and bcdrol;k transmit short period vibrations. Softer soils lraIlSI1lit larger period vibrations from distant soun:es.
Forces 00 a building will increase when die period of the ground vibrations approaches the nalwaI period of the
structure. In general. taller structures have looger periods than shorter buildings. Frequency. duration of the ground
shaking and quality of building l:UIlSlrul:tion are also important considerations. But proper design Slnltcgiel; can help
minimize these effects.

The third category of physical effect is ground failure which includes landslides • mass movement of the e.m a100g
a slip plane. differeRliai settlement. and Ii~uefaction - the fluid-like behavia of ccnain soils under particular
car1hquake conditions. Sand bolls are surfll:ia1 deposits of sands which have been ejeCted from a confIned.
overpressured subsurface layer.
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Table I: Pbysical Effects of Eartbquakes

Consequences 10 our natural environment:

· Ground swface rupture and displacement along 8 fault

· Ground shaking

· Ground failure:
- Landslides. mudslides
- Soil liquefactioo
- Differential ground settlement
- Avalanches

· Waaer haz.-ds:
• Tsunamis
- Seiches
- Floods resulting from dam failures

Conseguences to our man-made environment:

· Damage to (or collapse IX) buiJdings. bridses and other suuctures

· Disruption or transpclf1alion. communication. power and water supply and !ICWCI" systems

· Falling and ovenuming of objects inside and outside of buiJdinp

· Fires from I8IIk failures and lAS pipeline IRaks

· Dam failura

· Chemical and radio8ctive leaks
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SUUClures buill on lhese liquefiable foundations may experience increased vibration or lIlIdennined fO!Jndalions as
seen in Figure l becausc &he soil can no longer bear lhe weight of the Struclures or soils above it

The majOr damage to homes in the Marina District of San Fr.wClSco after lhe 19K9 earthquake was caused by locally
amplified shaking and ground defonnalion as a resull of liquefaction. Buildings in the districl were construcled 00

sand and debris which were used to till the f(llller lagoon for the 1915 Panama-Pacifl( International Exposition.

The fourth category of naaurdl hazard relates to earthquake induced water hazards which may lake place oolhe open
sea or in a closed body of water. Seismic sea waves or lsunamis may cause a great deal of damage from flooding.
wave impar.:t. debris impoct and coastal erosion. In the tsunami genera/ed by the 1964 Anchorage. Alaska
earthquake. boats and their moorings were stripped from the shore and carried inland. The same earthquake
generated sea waves that haltered boals in San Francisco Bay marinas. also hit Cresent City. California. deSb'Oying
several hundred buildings and kithng II people. Ninety-eigh\ people were killed in Alaska. where there was
inadequate lime for a warning to be issued.

FiB"" 3: Lique/dCtiD" o/IM ,,"'rIyiag soU ns","d mille dbiIIg tmd settlaNIII o/IM.
JtllHJMst tIJHU'I1IW", buildila,s ~r 1M 1964 Nii,tJUJ ~tu'thqIUl.U.
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Impacts On Our Man-made Environment

In looking at the nalur<il hal.ard~ which can result from earthquakes. it is apparent that it is somewhat diffICult to
considert~ enect" independently. It is human nature to relate lhese changes in the earth to the impact they have
on our community. The effects of earthquakes include both the natural hazards which earthquakes present and the
changes which they efl"ect in our building and bridges and our socioeconomic systems. We need to consider the
lypeS of natural hazards likely 10 occur. their frequency. spatial extent, physical characleristics and adverse
consequences III project what polentiaJ 1llS.'iCS to life and propeny might result from these natural events so that we
may take appropriate actions toward preparedness and mitigation.

Some specific examples of canhquake impact on the built environment include damage to buildings. Buildings are
in general designed to accommodate the loads which typioilly act on the sUUl;ture - including the weight of the
struCture. liS occupants and contenls. and the force which might be exerted by wind or snow. Earthquake loads are
differenl. however. since ground m.JIion at a sile is a composite of seismic wave motion and is somewhat random.
They aff~t stnK:lures dynamically - changing rapidly during the earthquake - and the characteristics or the motion
may vary grcatly from one eanhquake to another.

Earthquake ground motion causes the mass of a building to vibrate. generaling potentially large inertial f<ICes in
relation 10 the size and shape 01 the building. The horizontal forces of ground motion bend. shear and twist the
columns. beams. floors and walls of the buildings. evenlually deforming and weakening the structure until it collapses
due to the ft1f'Ce of gravity.

Certain general elements make buildings more resistant to earthquakes. SlI\1CtureS which exhibit symmetry and
regularity in shape perform better and are less likely to experience twisting or IOrsion during an earthquake.
Struetural continuity is also lmponant. Features such as columns or shear walls should continue through the entire
structure 10 avoid conc~nlralions of stresses at the points where the strength or stiffness of the building changes.

[I is also imp.>ttanl for structures 10 exhibil ductility. Cenain building materials contribute more effectively to a
structure's ability to bend and sway with earthquake motion. Materials such as adobe. brick and concrete block are
brittle and typically ~rf(.m poorly during earthquakes. Wood frame houses. when adequately tied to their
foundations. possess greater dUClility. and steel frame builJings are notably more ductile during earthquakes.

Other engineering approaches which improve a Struclure's seismic performance include the applicalion or resisting
systems to minimize laleral fOfc~s. strengthening of connection points of the beams. columns. walls and slabs so that
buildings function as a unit. and reinforcmg the building materials. New engineering technologies are also being
developed which allow vibration reduction in a structure thtough the application of devices to absorb shock. 10

actively counteract earthquake forces or to effectively decouple a structure from its foundation during earthquakes.
Figure 4 depicts a buildmg which !uti been seismically strengthened by a combination of these approaches.

Bridges are also vulnerable to earthquake motions. particularly those causc:d by long-period surface waves. Bridges
are part of !hose support systerns-a lifelines-whose functioning is vilal to an area after experiencing an earthquake.
Other lifeline systems are eleclrical generating and dislribution systems: Water and sanitary systems: fm, rescue and
medical facilities: and transponation networks and communication systems. A notable example of tridge damage
would be the collapse of the Cypress Street viaduct of the 1-880 Freeway ir. Oakland. California as a result of the
October 17. 1989 earthquake. The collapse. which was responsible for 41 deaths and nwnerous injuries. was
auributfJd to the design and construction of the joints between the lower deck and upper deck columns. inadeqWlle
reinfon:eRlent (or shear forces in columns and possibly 10 amplified ground shaking caused by local ground
conditions. Plans 10 strengthen the viaduct prior to the earthQuake had not been carried out due to lack of funds.
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In addition to loss of life and elimination of vital access routes. it i.~ estima1ed that the cost of the earthquake to the
transponation system w3.~ SI.X billion.

Earthquakes can also cau.o;c damage 10 other lifelines. Ruptures in gas lines may result in fues; breaks in the water
supply system may significantly impair ability to control the fires. The city of San Francisco was devastated by an
eanhquake in 11)(16. II has heen difficult to assess the degree of desttuetion which occurred during ground shaking
as a result of nwncrous fin:s which brolu: out. destroying the predominantly wood building stock. The city' s ability
to combat the flfCs was severely impOOed due to damage of the water supply systems. The fue. which burned for
three days. is estimated tll have produced perhaps 10 times more damage than did the ground shAking.

Earthquakes also pose a threat to emergency facilities. critical structures and dams. Because it is essential to prevent
or minimi7.e damage to these structures. they benefit from the application of m<n stringerit design standards.
advanced engmeering methOlh and better conSlrUCtion techniques.

A more common but equally dangerous hazard which can occur even in moderate earthquakes is damage to or
collapse of chimneys. After the Lorna Prieta eant.quae. approximately 80% of t"le chimneys in Santa Cruz County
sustained some damage.

Moderate earthquakes can cause additional architecturaI and :lOIIStrueturaI damage. such as cracked and fallen plaster,
fallen light fixtures. overturned waterheaten; and bookshelves and disrupted building contents. Overturned furniture.
appliaoces and equipment. ~he displacement of articles from shelves. cabinets and closets and broken objecl~. become
dangen; as well as obstacles to quick recovery.

Educational facilities pose a unique seismic design problem; while constructed similarly to other buildings. their size,
occupaw~y and purpose differ. School buildings have the highest occupancy density of any building type. making
emergency eV3l.:ua1ions potentially difficult. The buildings themselves are complex. combining small classroom and
offICe spaces with both large 3.'i..o;embly areas and Iabooltories. Damage 10 schools during earthquakes may prohibit
their use & needed publk shelters and add to a community's social and economic burdens after an eanhquake. Even
damage to S<'hool C'4uipmcnt and contents alone can llIll'lroach almost half the worth of the facility.

The 1933 Long Beach. California earthqUllkc (magnilUde 6.3) heavily damaged 75% of the public school buildings.
Fortunately its occum:nce in early evening allowed the city to avoid a horrible &ragedy. Within one month the
Legislature of the Stale of California approved the Field Act 10 provide proteCtion of life and propeny by seWng
design and COllStructiC'l standard'i for elementary and secondary schools and community colleges.

The effectiveness of the Field Act has been lesIed in subsequent years. One test occurred during the 1952 Kern
County eanhquah-s. one magnitude 7.7. one magnilUde 5.8. Of the 37 schools suffering damage, schools designed
in a;;cordance with tt.: Field Act sustained less than I% damage 10M. while JR-Field Act schools sustained more
than 5o<l damage loss.

1bese are gr3Ji1ic examples of the need to retrofit and construct seismically sturdy school buildings. But there are
other consider,-,ions as well; our moral and legal responsibility Ie protect children. the provision of emergency
~Iter. the need to replace aging facilities.

It .~ estim3led that by the year 2lXXl. 50% of existing school buildings will be between 40 and 80 years old. It is
of primary imponance that seismic design consideralk;.IS be made in the construction of these new fa;;ilitieli.
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Figure 4: Examples of devices to improve the seismic resistanC'e of buildings.
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Implications

In !he aftennath of a severe canhquake. it is I .. dy that our socioeconomic systems will suffer. A community's
ability to provide emergency did may be hampered by damage to buildings and infrastructure. alternative housing
and shehering may be needed, communication Md power may be disrupted. commercial and financial institutions
may be unable to luoction. All of these are barriers to a community's return to nonnaI operatiOfl and pl,a(e stresses
not OfIly on il~ economic heallh bul on its necessary social systems.

Strengthening and protecting our buill envirorunenl from the impacts of eanhquakes can minimize these losses and
disruptions to our communities. In reality. however. complete earthquake protection is unlikely because society is
reluctanl to pay the costs and is Willing. 10 an extent. to accept the risk that a great and devastating eanh<juake may
never occur.

We became all 100 familiar with the devastation which can be caused by a natural disaster. as evideoced by the
impact of Hurricane Andrew and South Aorida's painful recovery. A fundunenlal differeoce between hWTicanes
and earthquakes. however. lies in Ihe fael dlat hWTicanes can be forecast! In spite of our technological
advancements. accurate and timely earthquake prediction is still an achievement 10 be realized. It is imponant foc
our society 10 understand the consequences of natural disasters. the level of risk involved. and to know and appreciate
the actions which can be taken to safeguard their lives and propeny.

This underslanding can be signifICantly ad\'anced in elementary and secondary school students by effective inslnlClion
of fundamenlal science concepts which relate eanhquakes to society as well as to other natural, IIWlmade and
technological hazards. AccUlale inSUUl.:tioll of scientifIC concepts provide!; a foundation for the developmenl of
rational thought processes. leadillg studenl~ to a better appnx:iation of the causes. eftects and appropriate mitigation
activities related to eanhquakcs.

The development of a fUlure generation or scientifically literate adults can benefit society through the enhanced
ability of the public to make logical and defensible decisions on issues and policies relating to earthquake mitigation
as well as 0lheJ scientifi\; and lochnological issues: from adoption of seismic requirements and zoning laws, to
support of Federal spending for research.

This Iype of increased awareness and education is invaluable to the success of our society's efforts to minimize its
earthquake risk.
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The Massena Center, New York, Earthquake of 1944
and its Effect on Area Schools

by Gary N. Nottis
Research Scientist, Seismology

Geological Survey, New York State Museum

Walter MitronovtJS
Associate Scientist. Seismology

Geological Survey, New York State Museum

Abstract

'The grealeSl lhreal to people in schools during a dama8ing e.tbquakc: will JXUbably come from non-suucwral
damage and the movemenl of building contenb. An earthquake of IIl88nilUde 6.0 occurred at 04:38 UTC (12:58 A.M.
local time) on September 5. 1944. near Massena Center. Ncw yert. To dale. il is Ihc IarBcSl canhquake to have
taken place in the northeasIem United StaleS since Ihc 1755 Cape Ann. M&uachuseus. event. abbough larger events
ha~ occumd in adjacenl Canada.. The 1944 event caused signifICant cIamIIe 10 schools in Massena. New Yert. and
Cornwall. Onwio. Opening sessions for Massena's public schools were postponed for one day so the buildings could
be inspected for structural damage. No major structural damage was found. However. non-stnICturai damage such
as fallen plaster and broken windows were reponed for lK'MIy all of Ihc public school buildings in Mauena. Most
of the plaSler probably conWned asbestos which has been regulated as a potential health hazard since 1972. About
150 windows were broken at Massena High School. AI Washington School. the chimney was damaged; many
windows were broken; blackbowos popped off walls; and much pIasacr fen. Fallen plasler was the ooIy damqe
reponed at Massena's parochial schools. which were smaller buildings. and they were not closed for inspections.
Throughout Mas&ena. it was commonly reponed thai plumbing was damqed. boots were thrown from shelves. wall
mounted objects fen. and bottles of liquids were broken after being thrown from shelves and cupboards. Simii.
movements of building contents presumably occurred in the scbooIs as wen. buI were not repcr1Cd in Ihc press.
Schools in C<XTIwaU apparently suffered the same kinds of damqe and content movements as Ibo&e in Massena. In
addition. a _ge section of brick coping on Ihc new C<XTIwail High School feU three stories and destroyed the timber
roof of the gymnasium. The school damaBe and COI1IeIIt movement during this 1944 earthquake were simii.- to thole
ICCfI during the 1983 Coalinga. California. r" ,.like. We believe that an eanhquake. Jarae as Ihc 1944 eve" can
occur anywhere in the northeastern United ~UIes II any time. It is pouibIe dial even !arSCl' eanhquakes can also
occur within the northeasl similar to thole that have occurred in adjacent Canada. Schools in abe nor1heIIlem United
Stales need to include the threat ct earthquakes as pen of their emergency plans. Figure I shows resions of equal
seismic intensily as fell throughoul New York and abe surrounding areas as a result of this ClIItbqu&e.
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Map at left shows regions of
equal seismic intensity as felt
throughout New York and the
surrounding north.ast as a
r.sult of the 1944 Cornwall
Massena earthquake. From
"Guidelines for Assessing the
Nature and Extent of
Earthquake Hazards in the New
York Area lind Devising Options
for Research and Mitigation".
Walter Hays. USGS Open File
Report 85-386; Dec:8l'ftber. 19....
pp. 29-42.
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Ficun 2: ClII7YnIly, the only surviving photo 01 the 1944 etUtlaqUll1e dtunage is OM 01 this
ChimMY til the Nil:olll rrsiMnce, 129 NonA Main Street O,e, 9tJ'I, 01 tJu ch;",,,,ys in
M.,elUl were dtunaged 0' destroyed.
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Figure J: Baptist Church. Massena. Each photo slwws where wge cracks in unrein/arced
masonry caused by the 1944 earthquaU were repaired.
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Recorder Notes
Environment/Structure

by Andrea Dargush. Discussion Facilitator
National Cenler lor EarthquaJce EngiMering Research

Alan Goldstein. Recorder
New Jersey Earth Science Teachers Association

How can individuals lake an active role in noo-suuctural !ward mitiption in the schools?

I. Assessment of individual classrooms and entire school by BJUUp5 or studcnl5
Multiple tewns IR a lood idea

Competition between teams keeps them "011 their IOCS"

Teama s..-c-J the word 10 odICB

2. Make ochers aware
1..IIbonKory ICIIChers. cUSlOdians. dC.

3. Identify hazards and inform local police. fare chiefs. inIuranc:e .,.t. dc.

•. T*e FEMA's EMI (Emergency Management Institute)
TIT (Train-tIle·Trainer) course It EmmillburB. MD 10 become a Irainc:r )'OUI'IC1f

How can individuals t*e a more pnHICtive role in the enactment of leismic buildinS codes?

1. Find out about die cumnt code 10 dctamine if it IllS a IeiImic provision

2. If the code 00es not have the leilmic povision•• updaIe will be required 10 comply willi Executive Order
'I '1I:R9. This orda' requires III new buildinp ulilizinll federal money. aaistance or involvement 10 iDcorpcnIe
leismic provisions.

Should the stale mandIIe lIeismic provisions in buiIdinI codes? Should it be just for crilical r.:ilities1 All f.aciJi1ies?

1. II is ncceaary 10 IIC~ exillinS SU'UCtlII'eS from new 00IIICnICti0n
New COOIIIUCtion mUll comply wid! Executive Order .12699
Reaoflltin. is more complex. both politically and coooomically

2. tdMDchuseus has a seismic adviD'y oommiaee
Other lIIa&Ci probably do a110
We could eet involved

What liUiIiIy douIor should die IChooI have if ICiInuc huIId miliplion is not implemented IIId • dInJaIinI
eanIlquUc docs occ:ur?
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1. New buildings. liability will be great as a result of Executive Order'I2699

2. Existing buildings • liability is unccnain
Consideralioos

How likely is thai there will be an e.thquake?
How likely is it that an c:arthquake will poduce Litiplion?
Is 001 knowing about somethin. enough 10 keep a school disaict from being liable?
How likely is it thai litigation wiD fmel the school disttict liable?
How socially responsible lR the pcoflIe in charge?
How politically and economically acceptable will it be to spend money 00 retrofitting?

How much regulation should be enforced for existing Sb'UCtures?

I. Regulations oCten require thai the majority of financing come from the regulalcd
An ovcrall retrofit may be: out of rea:h
A phase-in might be a more reasonable option

Ell: Requirement thai securing of J*lIPClS be auendcd to at the lime a roof is 1'CplIiMd. cle.

How do we get those in power to change things?

1. AWlRness of liability
Liability is Imually rr:cognimd only after a disasIrJ'

2. Education of !.hose in JlOwer 10 make decisions.
Make a presentalioo.
Convince individuals 10 do the easy things fll'51 (such as takina care of DOll-structural hazards)

3. Legislalion - such as E. O. 1112699 requiring compliance
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Part V

Emergency Preparedness •
More Than "Duck, Cover, Hold"

5-1 Earthquake Preparedness: A High School Perspective

5-2 Coordinating Earthquake Preparedness Efforts with the State
Education Department: An E:uample from Arkansas

5-3 School Emergency Preparedness in New York State

Recorder Notes: Emergency Preparedness
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Earthquake Preparedness: A High Scbool Perspective

by Virginia Kimball
EarthqrMJk.e Safety Consultant

Abslrad

Topics related to eanhquake safet~ and ways to discuss eaJthquake safety with high school students will be the focus
of this pr-csenlalion. Studcnl5 ~an Ix: helped by the discussion leader's attitude of confidence and understanding of
the school plan and the reasons behind it. It wiD be recommended tII8l the following messqes be reinforced during
discussions:

1. Earthquakes an: powerful eVCOI5. and it', ........ to be and or 80- d..... Md lifter • quake.

2. Tile lldtooI_. pIM.

a. Dul:k. ~over. and hold during the quake. As students get bigger. desks seem to get smaller. but there
an: safe ways to brace under all types of school desks.~ an: proffICted by the rows of desks as
well as each individual desk or chair.

b. Afaerwards. ~heck and proffICt yourself. Check others for injuries and assist those who are injured.
c. Look.-ound the classroom 10 assess the cotire situaIion: is there damage. smote, or any other

hazardous condition 1b.1I might require an immediale evacualion? If not. each teacher will check with
his or her buddy teac".er. assisting that class if necesury. and wait until composure 11M been reached
before carefully evacualing 10 the assembly IRa.

d. The duck. cover. and hold procedure will be repealed for each aftershock. followed by anocher
situation assessment.

3. sa.cte... UoIIId~. at IdIoaI ••ti1 a pare.t or odIer prev""'Y deI"ated adlllt amv.. to pick
... .,. This is the rule for all emeI1ency situations where the environment outside the school may not
be SlIfe.

Discusion Guide for "Eartbquake Prepared..: A Hilb &11ooi Perspective"

"Earthquake~: A High School Perspective" was produced by the Paadcna Unified School District for
middle 8nd high school SlUdents to be IIIed as a stimullll for discUllion IIbout canhquake Illfety. After viewing the
video. we sugell thai the topic 10 be discuued in an open and supportive atmoIphere. The IarFt audience is biBb
IChooIltudcnas. however. middle school studenll may be IbIe 10 abab the key meaqes. too. It might be helpful
to show the II-minute video. "A Time to PrepIre: The PUSD Earthquake PIM,-10 to middle IChooI SlUdcnts fIrSt,

in order 10 live them a ctear picture of the plan.

Aa a dia:uaion leader. you can help students by yOlll IIliIudc of confidence and uncIcrsaIadina of the IChooI plan
and the~ behind il 1beIe.-e the messaaes we intended to deliver in the video. and you can reinforce these
cimini your dis:ussion.
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1. Earthquakes are powefful events. aOO It'....... to be ICU'Id .....0- d...... ud lifter a qub.
This would be an appropriaIe time to discuss individual eltperiences.

2. Tilt IdtooI .... ,...

a. Duck. cover. and hold during !he quake. As students gel bigger. desks seem to get smaUer. but dae
are safe ways to brace under a1llypes of school desks. People are protected by the rows of desks _
weU _ each individual desk 01' chair.

b. AClerwanl'i. check and proIClCt yourself. Check others for injuries and assiSllhose who are injumd.

c. Loot wound lIM; classroom to asses.; the entire situation: is there dldnage. smoke. or any ocher
hazardous condition thai might require an immcctiale evacuaaion? If not. each teacher will check with
his 01' her buddy teacher. assistillll thIa class if nccesswy. and wait until composure has be-".rI reached
before carefuUy evacualing to the usembly area.

d. The duck. cover. and hold lX'OCedure will be repealed fOl' ClCh aftershock. followed by anodIer
situation assessment.

3. Sbldeall 8cMIId relUia at IdIooI ••11 • preat or oilier ,"YioaIIy .......... Malt arrivelI to pitk
tIIea II,. This is the rule for aU emergency situationsw~ the enviroomenl outside the school may not

be safe.

Noce: a few high school students have trouble with the above policy. probably bcclllle they don't reaUy ur.dersland
the reasons fOl' it. We'n: giving you the following reasons 50 you will have the nccesury becqround:

After an earthquake. then: may be blocked streets. fallen electrical lines. burning fares. clouds of hazardous
chemicals. daJrIaIed buildings. and more earthquakes (af1enhocks).

Because of ttafflC jams. signals not working. cracked streets. faIJen bridaes., and debris. it is not likdy that
people will be able 10 travel mm: dwn • IIhon di-.ce in cars following. bi& eartbquate.

H lIllIdents leave school on &heir own. eitbc:r on fOOl or in cars. &bey may be iDjlRd by falling debris.
explosions. and other ha7Mds. and no one will know where they are 01' bow to be1p.

Students who arrive home alone may rand very dangerous condilions. such • leaking gas that might explode
when the door is opened. 01' broken glass !hal will fall during aftenhocb. Tbeir flmily memben may not
..nve for hours 01' days.

PIraIts who wtXt IQ(ft thin a few miles from their home may not be able to act to tbe IChooIs ID pick up
their kids for ICweraI houR.lWemiaht. 01' e¥CII Jorwer. M.ny people may be tnpped. work - safe. but not
able 10 leaw: because of bIockcd ro.Is and other probIemI. Some J*'CIIlS may be injured and IIDIbIe ID
leave.

Since schools an: prepared to take care: of IlUlk::nIlI fOl' • Ion•• ncce:s.-y. and since schools are required
to be lInIclunily suonger than ocher buildings. IChooIs are the beal place for IlUdcnlS ID wait and for
families to reunite. ne students will be with their &icnds. and can support ooc-BDOlhcr. Tbe acbcn and
their IIIafI' will say 10 take can: 0( IlUdcnlS U !orIg • it likes.
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Coordinating Earthquake Preparedness E«orts with the
State Education Department: An Example from Arkansas

by Dan Cicirello
Earthquake Preparedness Supervisor

State of Arlwnsas

Abstract

ThcI'e have been three gl.-ing facts that have motivalCd me for the plSt eight years to seek out support of earthquake
preparedness and education in the schools of Arkansas.

The fn. of course. is without earthquake preparedness and educalion in OW' schools that very JRCious pan of our
population is III ~onstant risk to unnecessary death or injury. Next. I have been fully aware thai the earthquake
preparedness of tOlllOlTOW lies in the hands of the children of lOday! And third. those succcsscs in the earthquake
preparedness program we experience today must be sustained tomorrow by today's chiIdm1.

I propose that regardless of the organizational structure of a swe's education syaem. support can be successfully
garnered to implement earthquake preplll'edness and education in schools.

The secret is to motiYBl&: the plRIIlS who in tum motivate local school officials 10 include such prognwns in their
schools.

Tile Importance of Parents

Parents can be great aIlK.."S. Once they have become convinced their chi}(ftn are .. risk wilbout earthquake education
programs. they will then convey that informalion 10 school bo8rd members. school superintendeAts. principals and
teachcr'5. I say this willi confidence due to my experience in Artansa. From 1985 tbrouIh 1989. my office provided
approximale1y 618 graphic earthquake lectures to about 21.077 members fA loc8l and laIC service orpnizaIions (i.e.
Lions. Rotary. Kiwanis. Professional Women's Associalion. etc). We .:so dislribuled 184.991 eartbquIkc
~ pamphlets and bookIc:U to the public during Ibis .-ne period of lime. At. a result, requests
from local school offICials for lectures 10 their faculty. staff Md ItUdcnts bepn and paduaIIy~

Two lIMe represerui~.ChlWles Moore and Owen Miller. in 1981 inlroduced and I*IOd tbe join. raoIution "dW
the school boMIs of the school dislriccs 10caIed (in the 24 counties II eanhquake ridt) -lJIFd to design school
buildings • in accordlnce with IIIIIdanIs Ibal will be canhQuake reaimnt..."

Furtller School Etror1s

Durina 1986. my OtTlCC developed a IalkinllCddy bow. "Re.dy Toddy." to talk to K'" .... school childrcn about
buic eanhqualte safely responses. This effon cauICd more rcqUC811 from IocallCbooIs and IccIures for fiftII and sixth
p1Iden. and 1-12th graden were added.
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Local school official inlerest increased. When FEMA. Ihrough the guidance of Marilyn Maceabe. produced the
"S<:hooI Earthquake Program Guidebook: our office provided enhanced copies at multi,ounty w<rtsOOps to the
persamel of 2115 publil; and privale schools. During 1988. those same schools received copies or Eanhguakes: A
Teacher's Package for K-6. This curriculum wm; developed under the leadership of Marilyn MacCabe by the National
Science Teachers Association! I.

Coordinating Efforts with the State Education Department

In March IYHIJ. immedialely after the passage of Arkansas Act 247. "An Act to Escablish an Earthquake Preparedness
Program: which "requires the full cooperation of all other 5la1e and local govemmentagencies.. .". I coota:t.ed Dr.
John GiD. curriculum director of the Artansas Depanment of Education. At that time I requested a regulatory memo
for eanhquake preparedness and education in the schools. Dr. Gill confided in me. some time 1aIer. that afler I made
this request he immedialely conta:ted the directors of the educational cooperatives to see how they felt. There was
overwhelming support for such a memo! He noted that such a positive response for additional regulation surprised
him. Upon iDQWrf. he W/15 informed that the support of the emergency manasement offICe to 10caI schools made
them aware of the need for such regulation. Parents expected it.

The Arkansas Department of Education was also very supportive of the NCEER-sponsm:d workshop. EarthqlUlttS
in Arkansas. Tht POltntial for a Gtntralion LoSI? held June 12-13. 1990. The depanment director sent Ieuers to
all school districts. encouraging attendance by the school superintendents and principals.

Last year. the Emergency Management Office was approached by the Department of Education to ttain 605 junior
fll'e marshals from 56 school districts to recognize nonsuuctural earthquake hazards and report such conditions when
they are found. to their principals. This year. a Governor's Task Force on School Safety has charged the Department
of Education to provide specifIC guidance for earthquake preparedness. earthquake hazard identifICation and reduction.
and eanhquake drills. 11k: Depanment of Education hiI5. in turn. requested our assistance with accomplishing that
task during FY '93.

Condusion

AI the present time. Arkansas has a successful earthquake preparedness program coordinaIed between educahoo
agencies in the stale. For those states that do oot have slrong 5la1e education depanment influence over local schools.
realize that the procedure used 10 get local school support in Artansas can also be used in your 5la1e - by motivating
the parents. An example of such an effort comes from the "Pennies for Safety" project developed by Terry
Gabrielson. a principal 01 the Blytheville School District. Mr. Gabrielson developed this program without direction
from the Slate Oepar1rnent of Educatioo. Through this JJI'08I1II11. Blytheville Elementary Schools raised SIO,(O) in
20 days which was used to buy 350 earthquake preparedness safety kits.

II This curriculum ia available hom FEMA . Elrthquake Ed\lQli()n (62.5), W-hinalDn, DC 20472. Send linale oopy req_1I
on adloolleacrhud eo.-. fn:c copy. while IUppIici I.L It can a1Io be pun;hued from NSTA (202) 32&-5800.

5-6



Part V • Emeg;ency Preparedness. More Than "Duck, Cover, Hold"

.~TMENT OF EDUCATION
• STATE CAPITOL MAll.' um..e ROCK. ARKANSAS 72201·1071 • (S01' e82~75

RUTl-I S. STEELE. Direc:ar. a..,.,. EduaDon OMslon

~irc~~o,'~ Memo Ho. a9-18
M'!y 26, 1989

REGUT..j\TORY

Supe~inteneents, esc Oirec~ors, and P~rsons Interested
in Earthquak~ Preparecness Programs

FROM: RUc~ S. Steele, Direc~or, G~neral educa~ion Division
Emma Bass, ~ssocia~e Oi=ec~or, tnstruct~onal Services

SUBJEC-:: "T~e Arkansas Ear ..hcsua.ke Preparedness ACt of 1989"

~C; 247 of 19~', ef!ective Februar7 24, 1989, char~es ;he Of~ice

of F.merr;;enc,"! Sarvlces, Earthquake ?repar~cness ?roc;-ram. wich che
~espunsi~ilit~ of carrying ou~ suc~ programs and "e~~i=es che
full cooper~tion of s~ate aaenc~~s, of:ices a~d cersonnel to c~e

enO -:Sac the mos .. e==ec-:::.ve ear-o:hc;:·..:.ake m1.T:"-c;aC1.cn, ?re?a"rau.on,
r~sponse and recovery capab1.1~~ies ~ay be ac=om~lished.

those '.01 0 ave ;'lOC done so, as soon as oossl,ble. To aSS1.st
these programs the follow1.nq info~a~~on is provided:

~reoare ness ero rams are esse

~~enty-four counties in ~rkansas (:=om Raneolpn in the northeast
t~ Chicot in t~e southeast, ane af:ec~inq approx~~a~ely 630,000
ci~iz~ns) ~re cn or in ~lose pr~x~~~~y to the New Macr~d Fault.
~~ere=~re, t~e our~ose of this memo is co ~oc;f" ~ll sc~ool

distrlc~s coooeratives and inte~ested oartleS t~ ~ a-

Scheol Ea.rthquake Sa=e~: ~=o9ram Guidebooks are
~va~laQle upon request .

..,
~ec~~res and video pr~SCnt~tlons are als~ ava~lacle for
s~uden~s K-;'2.

). On-~i~~ ins~ections and recommendations for schools and
dist=~ctS may be scheduled.

~. All of ~hese services are orovidcd bv the St~te Of:ice
of ~~er~ency Sarvices, ?O: Box iSa,'conway, AR
i?0~2-0i58, contact person. Dan Cicirello, Supe~/isor,
501-374-1.101,

=nc ~_'1 at-, $upe~visgrs w." ~cn;-gr thIS. proqr~s dur;ng
~,e\- ,npua' ~·$;;3.
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I~EDEnAL EMERGENCY MANAGEMENT AGENCY

Q)utl1tu"~in!l 'ublte t)rruicr !\warb
IJre!eraled 10

lUll Gttcirtlln

For exceptional ~ervice ira tlae "ublic interest

In Y'@c09nttlon of your OIIhhndlll9 1udershl, Ind dedlCltlon In dtft1opl~ Ind
IIIIPI_nt"MJ 1 "1 hrthqullte PrererecIMss PI'"09I'"", Your work Is 1 credit to
th! State 0' Arkansas and reflects both ptrsonel .nd proftsslOftiI concern for
th! clthens ."1 be .t risk IIK,ull! 0' the New MadrId rlult.

rlbruary U. '990

0.'1
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DEPARTMrnNToFEDUCATION
4 STATE CAPITOL MALL. UTILE ROCK, ARKANSAS 72201·1071 • (S01) 682·4475

BURTON L ELwOn, Directo', General Education Division

July 6, 1992
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,
~

-..;

..::>...

Mr. James Lee Witt, Director
Arkansas Office of Emergency Services
P. O. Box 758
Conway, Arkansas 72032

Dear Mr. Wi t t:

The Governor's Task Force on Student Discipline and Safety
has recommended that the Arkansas Department of Education
(ADE) develop guidelines for earthquake safety in schools.
I know your Agency has done extensive work in this area
and I would like to borrow from that expertise. It would
greatly benefit our efforts to be able to utilize the people
and information in your office, therefore I am requesting
your assistance.

Please let me know if this assist~n~e will be possible and
feel free to call me wi th any ques LJ.,ms. Your help will be
gr:~tly apprec~ated.

S~Fere~ ,r, J'

J~ ''---JJ~l~
Da lovelady, Coor~tor
School Plant Servi~

DLlgd
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--~TMENT OF EDUCATION
4 STATE CAPITOl. MALL. UTTLE ROCK. ARKANSAS 7220i -1071 • (501) 682-"75

BURTON L ELlIOTT, Director, General Education u!vision :'5
;e
~:..; ~

v" r":"I
.::> ",

SI...:J

'." 'U g

0

~r. James Lee Witt, Director
Arkansas Office of Emergency Services
P. O. Box 758
Conway, Arkansas 72032

Dear Mr. 'vlitt:

July 31, 1392

I tlust things are well at OES and probably very busy this sunvner.
We seem to have been busier this summer than most, but it sure has
passej luickly.

I wrote to you earlier requesting OES' assistance in developing
earthquake safety gUidelines for schools, and I wanted to tell you
a little more about nUT plans. I would like ~o address three basic
areas in these guidelines, and I believe you:- office could be of
great. assistance in this project. I would like to address
preventive planning, hazard identification and mitigation, and
student earthquake drills. I believe these areas would allow us to
develop some very effective guidelines and address the most vital
concerns of this problem.

:/~~;~~onference

D~lLOVeladY, Coor . ator
School Plant Serv~

I appreciate your consideration and please let me know if OES will
be able to assist us in this project. Also, I will not be able to

at Lake Degray.

DL:gd
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School Emergency Preparedness in New York State

by John DiNuzzo
Program Manager

New York. State Emergency Management Office

Abstrad

All school dislricts in New Yen Slale are required to develop emergency plans, 10 rest these plans. and to coordinale
their emergency management a::tivilies with Ioca1 public safely groups. NO! all school dislricts are taking this
responsibility seriously: nor are emergency service agencies adeqU8lCly planning f<x" school emergencies. Particular
shortcomings exist in the areas of emergency notifICation. private school involvement in local preplB'Cdness effans,
and emergency response training being provided to school adrniniSlnllOl'S and tea:hers. Recommendations rc.
improvements in the sdlool emergency JRparedness effort are discussed.

Introcludion

School emergency preparedness initiatives in New York State have received increased auention in recent years. A
series of natural and IeChnol08ical emergencies in the early lKId mid-1980's gave the Board of Regents, the policy
making body for the State educalion system. the impetus to require a greater emphasis on emerRr.IlCY planning and
training. Section 155.13 of the Commissioner of Education's Regulations, which look effect in April 1989, requires
derailed emergency management planning, improved emergency communicalions coordinatioo, and regular testing
of contingency pnx;edures on the pan of the more than 700 local school dislricts outside of the Cily of New York
and the 41 Boords of Cooperative Educalional Services (ROCES) diSb'icts. New Ym City's Board of Education was
given discretion as to how to best deal with the issue.

Sadly, as school dislricts were beginning to comply with this new regulalion, a b'II8cdy occllmld lhal stunned lhal
stale's education and emergency services communities. Nine pupils al the East Coldcnham ElemeJUy School were
kiDed in the cafereria on November 16, 1989, when the school's exlemal wall coUapsed at mid~y from a tornado
force wind. Recognizing the urgency for an improved stalewide school emersency preparedness program. the Stale
Disasler Preparedness Commission began a concen1l'llled program to assist the Stale Educatioo DeplWtJnent and 10caI
school dislriClS in beller adlnssing their emergency responsibilities.

I have been privileged to serve as the manager of New York StaIe"s School Emergency Preparedness Prognn for
the past two a"ld one-half years. In thai lime, a wide range ~ edllcaaionaI orpnizalions have been consulted,
including the stale's two '-lest tea:hers' unions. the SI8le PTA, the School Bo8rds' Association. and groups
relRJenting school district superintendents, CadaoIic school supcrinlendents. school business IIIIIIllICI'S, school
transportation chiefs, and school buildings and grounds superintendents.

The remainder or this paper will be deVOled to describing I' hat New York StaIe's experience has been in initialing
this on-going school emergency management initiative, its future ~lS, and how it reIaes to earthquake
preparedness an our schools. the focus of this conference.

5-11



Part V ...:mergy Preparedness. More Than "Duck; Cover; Hold"

Current Status

Among Section 1~5.B·s I1IOSl spo.;itic mandales are !he following:

Each BOCES and iocal school district shall prepare (by October I. 1990) and update (no later than October I
of each subsequent year) a school emergency managemenl plan \0 insure the safety and health of children and
staff and to insure integrdlion and coordination with similar emergenc), planning al the municipal. county and
Stale levels. Plans are to addn:ss. al a minimum. nine specific areas. including potential emergency sites and
descriptions of me s)'Slems to be used to n<X.ify all schools within a district of emergency situations.

Each district shall cooperale with appupriate Stale. count)' and city agencies in developing agreements for the
use of schooi-owned facilities and vehicles during a disaster. School districts and BOCES's are required to
reli"'luish to the awopriate Stale or count)' agencies the control and use of school transportation vehicles and
facilities in accooiaoce with oounty emergency preparedness plans or directives.

Each public school superintendent and each chief administralor of a non-public school sha1J take action to
provide written infunnatiun. by October I of eal,;h school year. to all students and Slaff about emergency
procedures.

Each district shall. aI leasl once every school year. and where possible in cooperation with local emergency
preparedness officials. conduct one test of its emergency plan for sheltering and early dismissal. Such drills shall
tesl the usefulness of the communications and ttansponation systems during emergencies.

The chief executive officer of each non-public school shall proVide information 10 the local superintendent of
schools about school population. number of staff. transportation needs. and the business and home telephone
numbers of its key offICials. The school district emergency plan must contain this information.

To assist local and regional school offICials in meeting these requirements. several activities were undertaken. A
"Planmng Manual" and a "Checklist for School Emergency Plans" were prepared and distributed. Pilu emergency
planning projects were sponsored in two school districts. one urban (Syracuse) and one sutuban/rural (Guilderland).
A pilot school emergency exercise conducted in the Greece (subwben Rochester) Central School DiSlrict was the
basis for a brochure and a ten-minule videocape devoted to the subject. Programs that trained in ellcess of 1.200
school offICials were held at various locales in the stale. Finally. the offICe offered to review and cornmall on plans
voluntarily submined to the State. Ahhough the regulation does not require such submissions. this offer has been
accepted by 30 districts and non-public schools.

Future Prospects

Oreal strides have been made in imJlOving the level of school emergency prepll'edness in the past few yem. but
much more needs to be accomplished. Cunendy. the two greatest obstacles to thelC efforts M'C apaIhy and flSCa1
ooncerns. Although .-heti, auitudeli on the psn of school offICials toWG their safety responsibilities seem less
common now than was me case a couple of yem beck. the primary curriculum remains Iheir priority. Also. as the
leaders of the Stale Educaaion Depanment and local school offICials scramble to provide sufficient fuaancial support
for classroom activities in the: flCC of fundinll cudB:ks. emcrllencypn:~ iniliMives tend to be de-emphasized.

Given these obstacles. and the State Disaster Preparedness Commission's stucd commitmenlto supporting school
emergency preparedness activities. I was asked to present a report tale "t yell' to IUIIIIDIrize whlll we had achieved
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10 dale and. whal needed further allC'ntion. The foUowing recommendations were among those adopted by the
Commission in the faU of 1991. and remain \:ogent suggestions 1Il this time.

I. Tht Commissiunn ufEducatiun' s Rtgulatlons should bt alfYndtd to rtquirt that BOCES and local school
dislricr tmtrgtnc.v plans bt submitttd to and rtVltwtd by thot SlOtt.

I'm not cenain of the re&<IOIl that Section 155.13. as cum:nUy constituted, doesn't require the submission
of lhese plans to the Stale. It may have saemmed from the Educ81ioo Department's inlellllO keep the onus
for emergency management on the districl5. or perhaps the Department's general unease with the prospect
of having 10 Judge the meril5 of any submitted plans. RegaJdless, a mandale to submit these plans could
motivate some of the recakiuant disuicl5 10 do a beller job in developing these plans. Review and critique
of plans by Slate emergency plaming expert5 wiU only aid the JrOCCS5.

2. A sptcial t/fort should ~ matk 10 tnsurt that t/!tctiyt tlfYrgmcy notificalion proctduus tnst for all
School districlS and individll(Jl schools.

S~ia1 arrangements fur very localized situations. such as fll'eS and traffic disruptions. must be discussed
With community notification sources (e.g.. the flJ'e and police dcpuunenl5). In addition. workable
procedures such a.~ after-hours warnings 10 dislrict personnel and emergency contacts with non-public
school offi-:iaJs. must be develqJed and refaned through the planning and exercise process. FinaUy, State
recommendations thal advise the monitoring, throughout the school day. eX NOAA Weather Radios and
baItery-operaled AM/FM radios by disUict adminislralive staffs should be implemerncd.

3. Schoul distrier offi('ials should fully imtgralt lhost privalt schools wilhin thtir boundarits into Iht
district's tmtrlltm".v malklgtmtnt aClivitits.

Section 155.13 requires lhat private schools provide cenain information to their local school districlS for
inclusion in districi emergency plans. Di.Wict plans must also contain descriptions of how all educational
agencies. publi\: and privclle, will be informed of emergencies. Given these provisions. and the desiJe lO
provide an equally 'il';e school environment for all studenl5 IIId educations, school dislricts should wort
to make private schoollldministnlors fuU partners in their emergency management initiatives.

4. MUnicipal and local tmtrgtncy officials shoulJi concur in and rtctivt COP;tS of school district tlfYrgtncy
plans.

80UI Stale E~ecutive Law and EducaIion Depanment Rcaulalions endorse the concepl of coordinaIcd
comprehensive emergency planning effOl'l5. 11 is good public relations and lood pnlCtical manBlement to
involve local emergency orglKlizations, the source or immediare respoose srrvices, in the school planning
process. School districlli should also ensure dw copies or their plans are provided lO local and county
offICials who will play signiflCBnl roles in any IICtivMion or these: plans.

Eartllquake Preparedness Trainina

New Yodl Slale's approach 10 earthquake preparedness 1I'aini"8 in its schools bas evolved from two buic
assumptions. First. Iht public' s ptrCtpl;Ofl is lhat lilt SlOlt's vlllltuabiliry to tQrtllquaUs is very minor. As one might
1UIpeCt. even in parts or the staIC thai experience tremon with IOInC degree of regularity, earthquakes are seen as
8 California problem. Our second assumption is th8l by ensuring tMI school tJdministrators and lfachtrs art
tquipptd /0 ltandlt alll.vpts of t,,",rgtnc;tS,lhty will bt ablt 10 tMkquattly deal ....ith an tartltqlllJkt. Willa the East
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Coldenham tragedy stili relatively ra:enl and fresh in our minds. lomados have underslandably been the nanaraI
hazard phenomenon of primary concern to school safely ollkials stalewide.

Public ~lftPtioa

From ias legal origins during the Cold War era of the early 195<rs. Federal Emergency Managemenl (civil defense)
policy dictated &hat slales and communities receiving Federal funds f(Y Ibis purpose devote a large propMion of time
and energy to nuclear allack-oriented JRparedness activities. As the Vietnam conflict emerged as a national source
of debate and division in the l'Kl(rs and early 1970'5. it became evidentlhal "selling" emergency mllllallemeni on
the basis of nuclear war concerns wasn'l pa1a&able 10 &he American public. People JUst did no( believe &hat nuclear
war was likely III occur. oor did they feel &hat. if it did happen. it was survivable.

While no( by any mean.~ an exact analogy. the attitude of most New Yaders toward the idea of a devastating
earthquake ha5 many puallels to the nuclear war scenario. People find it very difficult to accept the possibility of
a major 'luake in our stale. and look warily upon govemmen&al or scientific efforts 10 convince them of our
vulnerabilily. As a resul&. the informaJ Slale stralegy for addressing earthquake preparedness training has been based
on the notion that you can't fight this perception unless (or until). the stale is impa;1ed by a serious quake. Thc:n:fore.
as was done for the nuclear war issue. eanhquake-speciflC &raining has been provided to a small group of individuals
who wiD be expected to lead the response if a major quake slrikes New York.

In the "Planning Manual" produced as pan of New York State's school emergency preparednesseffM. "Earthquake"
is one of seven natural hazards for which de&ailed pucedural guidelines are prcsenled for school emergency plan
preparers. Mos. school districts have adapCcd this guidance to pn:scribr what lbeir teachers. administraUn and other
staff members should do II an earthljuake suikes. 1be "Earthquake" entry in the manual was reviewed and approved
by the National CeDler for EanhQuake Engineering Research before ias publication.

TIle "AU-Hull'" Approacll"

Beoume of the peJU:plion of low earthquake vulnerability on lhe part of ilS residen&s. New York StaIe's IraiDing
philosophy has been to sponsor "generic" emergency managemeDl inslnlCiion that will aid responden in dealing wilh
earthquakes as well as OIher types of emertlencies. E1isting &raining programs that address issues such as lcadership.
incident command. and emergency problem-solving skills should provide a sound basis fm compacDl. efflCieni
management ~isions in most emergency situations. Once die eMhquake itself is over. emergency response
funclions (e.g.. search and n..'scue. power restoration. fire-fighting. communicabons and public infmnation activities)
wiD be handled. f(X" the must pan. as they would be fm olher kinds of caIaSIrophes.

This "All-hazards" approach envisioned for earthquake response will ulilize the tw..d-specific expertise tha1 eX1SlS
al the New York Stale Geological Sunoey (within &he Stale Education Departmenl) and the National eenler for
Earthquake Engineering Research (NCEER). which is~ in Buffalo. New Yad. JUSl as the National
WeaJhet Service and the National Hurricane Cenler provide key advice to our s&aIe when hurricanes threaaen (Y
occur. die Stale Gcologial Survey IWvides perspectives on critical issues such as earthquake response priorities.
&he likelihood of aflCl'-shocks. etc.

Conclusions

The earthquake preparedness training program in New York State's schools is a fully inlCgraacd element of the
ovaall school emergency preparedness effon. As was shown. we have done much to improve the level of safety in
our schools in recenl years. but II greal deal IlIOn: stiD needs to be acromplished.
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11Ie key to promoting a successful school emergenc\! management program lies in tt,e word malUJgt~n', Good
mar~ement. in this contClIt. e<juatcs III being thorough in your preparedness activities: enlisting the aid of expens
10 determine whal needs to be addressed; developing emergency plans in consull8lion with first responders; and using
eva)' possible lorum 10 inform slafT. students. parents and tIIo:: general public of how you are planning to cope with
various emergency situations.

People are at their I1lOSl vulnerable in an emergency. They ellpccl government to effectively address situalions with
which they can't wpe on an Individual (.. neighborhood basis. Although the public is currently unconvinced 01 our
vulnenbility to an ean~uake. we must continue to be prepared to minimize the damage thai would result if one
were to occur. As government offkials. the social contract with our residents, and with the users and employees of
our school system. must 001 he compromised.
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Recorder Notes

Emergency Preparedness

by Marilyn MacCabe. Discussion Facilitator
Federa/ Emergency Management Agency

Bruce Berman. Recorthr
New Jersey Earth Science Teachers Association

~ng~ is the bask I:omponem of the FEMA program; we need to gel children to then bring the wool
home to the &dull population: emergency preparedness involves educalion.

Earthquake education is still a "blip on the radar screen" and SIaIes.e fmally beginning to come into the program:
earthquake drills. etc. are being implemented. but the wheels tum slowly and it unfortunately may take a trl8edy to
spur lICtion.

In Vermonl...no concerted plan :or even snowstorms and dealing with hypothennia. etc. let alone quakes. Maybe an
~ Sb'OIIg.~ emergency l1llUlIl8ement plan is necessary fU'St. SlI;CCSS in Arkansas due largely to choice d
members of emergency managemem group who could CUI red tape in developing legislation. No oppositioo to law
being passed in Arkansu legislature because the~ convinced the legislature. In New England and rest of the
nor1hcast. publ~ awan:ness must fU'S1 be raised 10 successfully get laws passed. Groundwcrt (information and
education) musl be laid fIrSt before going to public who will. in lum. push government. One advanlagC: in Arkansas
Willi the publ~ilY aboul New Madrid fault - no slI'OIIg eanhqwkc to reference in New England (always k>oking to
17SS Cape Ann event). ElKthquake preparedness has just sW'tCd in this area.

MaIerials~ available 10 introduce in classrooms and the cla.'ISI'OOIII is the: place to start.

Any motivational techniques 10 make people gel swted?
- Use of junior fll'C marshlIIs
- Kids have looted for problems during New Ycrt wiler shortage; brought concept home to .-cots
- Use of junior "Iiller pauols" (prepIRS kids for aWlleness in fulUI'e _ gets 10 their p&reRts as well)

Sludents can be used in emergency sqUIds and given~ training which can be applied 1O!ID2I!! disaDen.
Should studenlS simply have nutlring roles (i.e. wilh younger kids) or be able to handle serious problems (while
being prot«l<:d by good samari... laws)?

Problems to be adcIrcssed:

I. Evacuation of school because of problem inside building dwina very cold weaIher.

2. Evacuation or schools when 0Ihcr ncarny buildings _ also desaoyedlunsafeldamagcd.

3. Explaining aflCl'lhocks: plaming ~Jls 10~ af1Icnhocb.
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Planning as Though Children Mattered:
Earthquake Preparedness for the Sake of

Children's Security and Stability,
as Well as Physical Safety

by Lydia H. Walker
National Director

Cooperative Disaster Child Care

Abstract

A school plan which begins with the understanding of children's PSycho-social needs in disaster wiu PUt children
fU"Sl and engender suDOOf! from Da!el!ts and community members for active assessment and planning in their schools.
This paper is inlCnded to focus aUention on the psychological impact of disasters on children and the need to take
this information into account in the planning stales before a disaster strikes.

Introduction

My pwpose in this discussion of the psychological needs of children in disaster is two-fold. First, 1 believe it is
important for us, as educators and emergency preparedness specialists, to focus our attention on those concerns before
a disaster strikes. A school plan which begins with the understanding of children's psycho-social needs during and
after a disaster wiU put children fll"St. This focus on children fust (rather than all the emphases being on buildings
or plans) will engender suppon from parents and community members for active assessment and planning in their
schools. Many developmental problems and emotional disturbances suffered by children who are victims of disasters
might be prevented <X' treated earlier if parents, teachers and other adult caregivers were ~vided education and skill
training in how best to respond to children in times of disaster.

Second. as aware as we may be already of the need to mitigate against damage and physical injUJY in our schools,
1 do not think most of us are adequately prepared for the emotional and psychological impact of ac~c
earthquake on the children and young people who depend on us for safety and support. 1 intend to suggest concepti
and resources with which we can sensitize and encourage offICials and staff of our loca1 schools and communities
as they develop earthquake JRparedness plans, The psychological principles we will discuss apply to all Iife
threatening and emotionally lJ3Umatizing situations, not just earthquakes.

CIIUdre. Are Vulaenlble

A 1986 document published by the United Nations Children's Fund titled "Children in Especially Difficult
Circumstances,"12 discusses the needs of and assistance 10 children in .-cas tml by anncd conflict and other disasters.
We may think it unlikely that 018' disasIer JRparedness plans should include the eventuality of anncd conflict 00

US territory. However, one needs to look no funher than Los Angeles this JIlSl spring or the daily homicides in OlD'

nation's capitol to realize how unlRJB'Ild we lR to deal with the psychological aftennad1 of civil disorder and
violence in our city streets.

12 Uniled NationI EconOllllC and Social Council ElICEF/I986
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What is this phenomenon'! If it is this easy for the human community to forget or discount such disasters. then it
is no wonder that it seems so difficult 10 plan for the psychological proIeCtion of children during and after
earthquakes and other dIsasters. One factor is denial. We have a tendency 10 rep-ess devastating and painful
experiences in the first stages of the grief process. A s«:ond factor is our collective myths. At least in the so-called
"first world" or the industriaJii'.ed world. our social myths tend to glorify the triumphs of human beings over natural
forces or overwhelming odds, One such present day myth growing out of human arrogance is u;e illusion that natur..al
forces can be predictcd and thereby cOnlrolled. Earlier tribal myths grew out of the need to learn from experience
and teach the younger generation how 10 respect Spirit and Nature. A third factor is the assumption that. because
young childrcn have not developed the skills of articulating their feelings and imemal experience in the language
of the adult. children either do not experience stress or do not know enough to interpret their experiences as
dangerous or trdUmatiling.

Fears aad Neecb oIl:hildn:n in DisllMer

Children of all ages. but especially preschool children. depend upon adults (usually their parents) for survival.
Farberow and Gordon (11Jl'Il ),. explain the impact of disaster on children utilizing the attachment theory of John
Bowlby. AU'Ichment refers to the emotional bond between the child and the nurturing figure. The child has an inborn
tendency to seek to be dose to the person providing the nunuring. This serves to protect the child from harm.
Attachment behaviors. soch as crying. ~ling. and clinging. enable the child to contact the provider of nurture. The
readiness of the adult to respond to these bl:haviors helps develop a secure attaehmenl Attachment behavior is
evident throughout an individual's life although it decreases in intensity at about age three. It is apt to be aroused
when one is Sick. tired or fearful. Young children are prone to extreme distress when their altachment figure is not
available. This distress is called separation anxiety.

A disaster is a situation that suddenly threalens the safety and security of a child. and therefore evokes the need 10
be close to the attachment figw-e. A disaster provokes extreme separation anxiety. 1be more severe a disaster. the
greater the threat of ar.:tual sc;pareUiun. Owing a disaster and in the aftermath. children are likely to be afraid of being
alone or in the dark. or hearing loud noises. or of experiencing sudOOn movements.

Children's greatest fears arc that they will be separated from the parent or nunuring caregiver. that they will be
injured (or re·injured). and that there Will be a reoccurrence of the threatening event.

SYlDptoaali uI SII"eu aDd Tl'Iluma

Children suffering from i1I1y of the above fears will show ooe or mm: symptoms of their fear and anxiety. depending
various factors. A child's ability or inability to cope depends on the degree of exposure to the disaster. their
individual oevelopmental h:vel. history of prior loss or b'auma. the family's reaction to the disaster and support or
lack of support for the child. prior ecooomic conditions. etc.

Two map indicators of emotional distress were identified by Faberow and Gordon (1981): change and regression.
Change (x.."\:UfS wht:n behaviors. reactions. and methods ofdoing things become alypica1. su<:h as changing from being
independent to becoming clinging. Regression is displayed when the child recums to a behavia typical of an earlier
developmental sla8e. such as thumb sucking or bedwetting. Other stress symptoms include sle\:pin3 or eating
problems. recurring dreams abouttbe event. withdrawal from relalionships. confusion. physical cOOIp!ll'nts a school
problems.

.. Fabcrow. N. 4: Gordon. N. (1981). Manual of Child Health Workc:n in Ma!Of Disuten. DHHS PublK:alion No, (ADM) 81
1070.
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What Do t.:hildra Need?

The young child needs to he reunited with the family as soon as possible. if it is possible. Studies have shown that
children who were separ,lIcd from their families and sent away to the country from their families fur safety reasons
experienced mure seven~ treturna than those who stayed with lheir families during the bombing of London. To a
young child. fear of abandonment is greater than the fear of injury or death. However. lacking this option. the child
needs a consistent. accepting. comforting relationship with a caring, understanding adult or family. Children need
to know that they will be protected fmm harm and thai they will not be left alone. A child. separated from family.
should 110I be moved fmm person to person. or place to place. except for reasons of physical safety.

When an eanhquake occurs during school hours. parents will rush to the school to be reunited with their children.
Careful planning by the ~h(Jol ahead of time for family reunification, can prevent a secondary disaster. Brothers and
sisters in different da....~nxllTls or attending different schools will want to flOd each other. Again. establishing policy
and procedures and pretcticing the plan can prevent additional traumas from occurring.

Children need a receplive listener fiJI" their feelings. Children find validation or (invalidation and disapproval)
reflected in the word~ and non-verbal responses of the adults around them. If they are to make sense out of a painful
and chaotic experience. lhey need positive experiences of acceplallce. not Judgment. from the adults around them.
Children need an opportunity for expression and ventilation of their feelings. TIle child's inlemal experience and
emotional resllOOses may find expression in story-telling through painting. drawing. sculpting clay, puppets. or
reenactment of the dr.una they witnessed. Mosl important of all is finding a sense of security in caring adults who
accept them ju...t the way they are and a.-.sUFe them that they will be kept safe from harm. It is not nec.essary for a
person to he a child theretpist to simply listen and receive a child's expressions without Judgment Of course. it is
necessary 10 protect a child from behavior that is dangerous or self-destructive. Howev'~r, the aftermath of a dislNer
is not the tim: to try to correct behaviors or teach new skills.

Prog....5 ror Cbildren

In 1979. the United Nation~ Year of the Child focused atlention on the basic rights of all the world's children. Out:
of these was the right of the child to "be among the fU'Sl to receive aid in times of disaster: In the United Slates.
churches. disaster organiJ.atioos. schools and the mental health community began to notice the lack of specific
services for children following di!lllStCl'S.

In 1911O. Th~ Church of the Brethren established Disasrer Child Care as II pan of their Disastez Response Services.
In 1984, a nwnbcr of additional major denominations came together lO support these child services to children in
disaster and Cooperdtive Disasler Child Care was fooned. This national volumary agency provides specialized child
care within American Red Cross and Federal Application Centers. 80th the training for volunteers and set up of the
child care centers are bawd on principles outlined in the 1981 Manual for Child Health Workers in Major Disasters.
While the~ file for assistance or auend to recovery. parenL\ can leave their children with skilled volunteers who will
give then emotional suppon and focused attention. Since 1980. research and publications about the effects of disaster
on children have expanded greatly.

Now. many school systems across the USA have begun to put Crisis Intervention Teams in place to respond to
student deaths and other school crises. These professional teams are made up of school psychologists and guidance
counsekn. community mental health professionals and others who serve children and youth and have psychological
training. Literature is increasingly available for lay persons as well as the professionals which describes ways to
understand and help children cope with suess and disasaer. Local and stale Red Cross chapters and mental health
services have published bookJets for parents.
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Since IW I. the American Red Cross and lhe Arn~rican Psychological Association have been w<rting t.Jgettler 10

develop a network of licensed psychologists who are specially trained 10 provide cOWlselling services on disasler
sites. not only \0 survivors in need of supptYt. but also 10 disaster workers who are experiencing the stress of the
di~ter situalion.

FEMA (Fed\:raJ Emergency Managemenl Agency) includes in their Earthquake Safety for Schools Program seclions
on emocionaJ and psychological needs after disasters. This important aspecl of planning is being introduced 10 the
many school personnel fnlfl1 iIl:RlS." lhe USA lIIat have attended these training J¥08ram. Children and Trauma, the
Scllool's Response. is an cllcellc:nt video available from FEMA. which addresses the neOOs of the school-age child
in the aftcnnalh of disa...ter. It is clear that a rrend has started and planning for !he psychological needs of children
in school preparetJnes.... whether for t:atthqWlltes or for any other emergency \hat may occur has begun. This is a
hopeful sign. Yet. we are far from being ready 10 provide adequate emotional support for all our children in a map
Cala'itrophic event.

Summary

Colaectiye pyliCbo-liOCial mnDory is libort·liyed. People must continuaUy be reminded of and re~ted as to the
long-tenn negative effects caused by the failure to plan for the psychological proleCtion of children during and after
earthqualtt:s and other disa.'itcrs.

PlaDDi.. aDd preyeDtioD mllkn "lOUd buiDaIi" lieD•• Aside from one's personal or parental concern fa the
safety of our children. several practical reasons wiU be identified for why acommunity should a) develop ucI "dry.
rua" plans that can prevent costly injuries and psychological trauma. b) prepare school personnel 10 deal effectively
widl emotional reactions and 10 know when 10 refer children who have been traumalized. c) ............ how to
stabilize and "normalize" as quickly as possible after a disaster. d) eIialiuk "crisis management" as the typical
response mode in a dilialiler.

PlaDDiDi • thouIb cbildren IlUlllered .. ..-e dau tile liOCilil worker's .-.. It should be a moral impaative
as il could affccI the long tenn health and survival of our nation. Schools can lead dlis endeavor by providing new.
more eff~tive models of eanhquake preparedness based on the belief dtal the purpose or community disaster
planning is not simply 10 save lives and count bodies. At the very hear1 of the plan will be the inlention 10 preserve
the 5(X;ia1 and emotional integrity of the community and to puvidc support fa the healing rrocess or children and
families afler disaster.
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Additional Resources

Childhood Stress. Wiley Inlers;ience Series. John Wiley. & Sons. N.Y. Cunent research covering aU aspects of
suess on children. pre-schoolers. and adolescents.

Manual for Child Health Workers. Norman L. Faverow and Norma S. Fordon. National Department of Melllal
Health. U.S. Department of Health and Human Services. U.S. Government Printing Office.

Trauma in the Lives of Children: Crisis and Stress Management Techniques f<Y Teachers. Counselors. and
Student Service Professionals. Kendall Johnson. Ph.D.. published by Hunler House. Inc .• P.O. Box 847.
Claremont. CA 91711.

When Lightning Strikes; Trauma and Its Aflennath. The Family Netwlder. Novcmber-Decembel' 1991.

6-8



Part VI • CoodudinF Issue.

Stress Interventions witb Adolescents

by Lydia H. Walker
National Director

Cooperative Disaster Child Care

Some Assumptions About Adolescents and Stress

• 1be normal developmental tasks of this age group are focused on ello developnent. Youth ask themselves
questions such as "Who am I as a person ;ndcpendenl of my parents?" 1bey also are building peer rela1imships.
and leaming relalionship skills IlOl only with peers but with adults outside of the family. Mall youngsters
Cllperiment with sex and bonding during these years.

• SkiD building for achievement and pcrfCll'l1WKe in the adull world is laking place in the: school. in social groups.
or in the streets.

• These years have buill-in "nonnaJ" slreSsors such as peer pressure. family prcsslR. and school pressure. For
adolescents. intemal conflICts arise from developing sexual maturity and pressures to a:hiew:.

• Many external pressure.~ affect youth: mass culture. the mlrtet lIIId advenisilll!. the media. lIIId inlmlalional
politics. AdveniSCl'S are very aware of the need for youth 10 have a sense of beJonginll and a:ceprance.

• Exposure 10 catllStrophi;.; events odds 10 existing suess.

Stress Related Disorden of AdoIeIcence

Several stress·related disa'ders an: JRvaient amonll adolcsccn&s.

Adolesc~t depression and suicide

DysfunctiooaJ or plIlhological deveiopmenl81 and psychological models

Substance abuse

Over-lLt.:hievement lIIId burn~t
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Symptoms of Poll-Traumatic Strell Di80rder

DiSUlel' surviy0t5 may experience posa-traumlllic SIlaS diDder (PTSD). Adolescents with PTSD may show the
following symplOmS:

Poor impulse coolrol

Disenchantment and rebeUiousness

SuicM:lal behavior

Truancy

Debnquency

Bad judgment

Life-dlrealenmg re-enacuncnt behavior

Drug abuse

sexual indiscretion

Interper50nal relationship problems

Determininl Potential Choice Points

COUIUlCkn. ICaChcrs. and other reaource workers can be insuummw in RlCopiziDS when an 8doIe&cenl needs
inllCMlluon in dealing with the impacl of a disuIer. The following saory about C81hy iDlISUlIIa the type of
incidences to monifor to determine if an~ needs help.

Crilical Choice Points in the Lile or an Adolescent: Ca,"" s Story

e.uBhter • Clthy. a 5lUdent
Mctbcr - C.-ol. a regiSlen:d nurse
Falher • Joe•• lIlore operator
Rrodlcr • Joey. a swdent

In 1973. there was a flood in West Virpnia lhIt~ Cld\y's home and~ • ...u IWI'e her faahc:r
op:nICd. a family business. The family~ from die cIIIIIeI wid! fllllRCUl help from the mocha"s flmily.
With this aaiSWlCe. 1bey rclocaIed to the toWn of~.West VUJioia. 1M Idluill their home an4 buIiDes&.
The father. Joe. lIIanCd workinl at his new 1WI'e. The 1JIOIba". who had been • horncmIlItcr. rc::cumed k) wort at an
.. hoIpiIaI. In November I9SS.1IIOCber~ flood 0CCIImld an4 the k)wft of P'elenbura WII aImoI& wiped 011
the 1IIIp. Apin. the family Iosl evesything.
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A few years beflX'e the ';econd flood. the father had staned to exhibit alcoholic behavior. Driving while inloxicaled
one night. he wrecked the family car and was hospitali1.ed. Cathy was sent 10 slay with a neighbor during this period
becaw;e her mother went (0 visil the father every night in the hospital. Joey assumed some of the parental roles by
taking care of things around the house. He w& alone and things needed 10 be done. When the father left the hospital.
he went on disability and quit working. 'The whole family then moved in with Carol's parents. Around the same time.
the family left their chwch. because the Pastor had started calling llOll-believers Satan-worshippers and making ocher
stalemenlS with which the family did not agree.

All through these crises. both Cathy and Joey excelled in school-related activities. earning good gr<1de5 and
participating in sports. Cathy became a champion member of the high school swim team. Joey left for college in
1988. The mother told Cathy she hoped she would do as well as her brother.

Although the crisis period seemed to have ended temporarily for the family. in Cathy's own life. the events
continued. While in hIgh SClK10I. Cathy wllnessed a U1ifmg in the schoolyard. In addition. she was picked up for
drunk driving one weekend while out with a gfOl4l of friends. At home. the reaction she faced to her drunk driving
charge wa.~ a disaster in itself. Her father became very angry. and blamed Cathy's friends for the inddenl. Surely
his own daughter would Rt:ver 00 such things on her own! He also blamed his wife for overprotecting Cathy. and
said this was the reason Calhy got into trouble.

None of these events stopped Calhy's achievements. She kept doing well in school both academically and athletically.
After graduating from high school. Cathy entered college. There. her high achievement continued and she tried out
for the U.S. Olympic swim team.

Finally. however. the effects of the past years' wnnoil manifested themselves in Cathy's life. One evening. during
her sophomore year in college. the family received a call from their daughter: "Mom. Dad." she said. "I'm very sick.
I've been diagnosed as having an eating disorder and I want 10 drop out of school for a while and come back home."

Recognizing Critical Choice Points

There were a number of crihcal choice points in Cathy's life. i.e.. the points when inlervening adults could have
helped Cathy make critical choices and provided support for the diffICult times she faced.

The number of moves IThere were five in aU. The family had to move tIvee times. Calhy moved two
additional times: when she went to stay with the neighbors during her father's hospitalizaIion and when she
started coUege).

Natural disasters - the floods

Her fadler's hospitalizalion

Her father's alcoholism

Her falher's inability 10 wort

Her mother's return to wort

Moving in with the extended family
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LQvina the r.nily church

The lIChooIylld knifma trIUmI

Her fMber's blamina Cadly's moIher for their cIIuthIa"s problem

Her moIher's espa:1alion dw Cadly live up 10 her brother's IIIIIdMII

II was discovered IaIer that Cilhy IuId been ICltually IbuIcd lithe. of 10 wben abe Ii..".s widlthe neilbbors.
Calhy IuId repreucd the abuIc completely. When il surfaced. Ibc bcic..e anpy with her moIber' and uid Ibc cbd
not tnIII her.

TheIe would be the kind of events dill couJd alert lIChooI pcnonnel 10 poeeaciaI~ _ shoukl prompt
inlCrw:nlion by school COUIUICIon. It is impor1aat IbIIschooi pcrIOIIIICl not think dIIIlhe ..... alone sbouId bindle
a child's problems. Neithc:r should p.en1S believe IbIIICbool COUftIdors__Iy raponsible (or crisis inIervenIioo
in III adoIescent's life.

Several faclOn will affcct an .ooae.cent"sllllpOl_ kl area. The followin, oopin,lkills can help deIennine how
IdoIeIcenIS wiU bindle I diIuIa'.

Coanilive abllily

• EIO ailiency

I. In nlIaIim 10 IhiJ IlOl)'. Cadly Ibowed lOme _ wah=-s in terms of copiDa 1kilIs.

sea...... - Caday was prnisIeat 1IId dca of c.opiIM IbiIily _ activity OllIIIpC4CDCy

".5 - Cadly's wakneur:I were found in her problem IOIviDa 1IliIity. CIdIy WII lIDIbIe 10 dell wiIb dae
IoIIes Ibc bad recendy Cltpelie..ced in • dinlcl way, SIIc: Ibowed daiI ill ... ot += willa IChooi IIbIecic
adUeYemcnt. Tea:hcn were nol IWIn: of her probIau, becauIe Ibc IOClIIIed 10 be cIoiaI very weD. 1biI type of
owncbievemcnI is olleR ICleII in oompulaive dieven who cu.nil1IIicide. BecauIe dIiIdrea may nol "ways
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give dear signs of emotional ~ems. adults must always JIlly lIl1ention lIJ their own blind spots and biases when
trying 10 undemand adolescent behavior.

2. Family cohesion 01 coonict

C..... In Cathy's silualion. her family scayed together despite the conflict they faced.

COilnict - Substance abuse (drinking) by Cathy and her father can be seen IL'ii a symbol of reJaljooship problems.
These family rel81ionship problems became evident when Cadly called 10 tell her parents about her eating dismIer
and to let them know she would be coming home from school. Her fadler responded by saying 10 his wife. ")'11
go and get Cathy and bring her back. You're PI" of the reaDl she's in this condition: When Calhy talked 10
her mother. she told her, "I'd like you to CODIC to bring me home, Mom. PIeasc don't let Dad come. He's pan
of the problem."

3. Development of (or lack 00 internal locus of coob'Ol (belief in one's personal efficacy and control) - Families
now depend on schools to foster self coofidcnce and self oonlrol in students. However, Ihese characteristics must
also be c:nc0UJlliCd at home. Develqnent of an adolescent's incemaJ locus of control must be supported in all
aspects cl the environment.

4. Defense mechanisms (level of maaW'ity) - Adolescents have various ways of toltprcssing their developing idelllities
and differentiating themselves from their parents. They may do this by many nans.

" By who they choose IL'ii friends

" The way they dress

• Their means of pining accep&n;e in peer groups

• Their working to earn money for penonaJ needs can be seen 85 a way 10 have control over their
life.

Criteria for Intenentions

The following questions may be used IL'ii criteria in tailoring inlCtvellbons 10 meet the needs of adolescents.

Does it uodcrmine ors~ the penon's ego development? Ask )'OOIIeIf "Does it promote the adoIescelll'5
well·being or take away from whom they are?"

Does it isolate or pmmoIe the well-being of the family? In some cases, the best intervention is 10 isoIaIIe a
child from the family if cxlR:me circumllanCC5 Ire harming the child.

Diles it l'elCue and inappropriaIeJy "procect" the person or does it offer apponunities for them 10 practic::
competencies and inOucnce the outcomes?

Does it build coping skills and offer opponunilies to Jeam?

Does it provide SIlIbility Ind bring nmnaIcy 10 their day-to-day life?
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Does it suppon healthy peer relationships? Some interventions set kids ap8rt from the group. A counselor
or teacher must consider if removing a child from a familiar group will make the child's situalion bcuc:r or
worse.

Does il anack !heir defcnse mechanisms or build tnISt?

Does il call forth the best in die person. their desire to be involved. or 10 lICI'Ye ochen?

Is it appropriaIe within my role (IleaCtiel'. counsel<Y. adminiSU'alOl'. Cle.)?

Steps and Options

The foUowing steps and options can help resource workers heal the imp8Ct of disastu.

Recognition or symptoms

Diagnosis

RefemiS/inlelprofessionai collaboralion

Self-help groupS/in-schooi therapy group • Children might be more receptive 10 drawing. Adolescents.
howcver. respond weD to drwna and music.

Family intervenuons

Classroom activities
• leaming aIlout suess
• research about disasters
- self-e.c:ssion and en,oymC/lt through an. music, drama. and writing
• community service projects
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Effects of Disaster on Ch~ld and Family

by Lydia H. Walker
National Director

Cooperative Disaster Child Care

Children of aU ages. but especially preschool children. depend upon adults (usually their parents) fa" survival.
Fartlerow and Gordon (l9KI) explain the impact of disaster on clbldren Ulilizinll the attachl'ICnt theory of Jolm
Bowlby. Allachmenl refen to the emotional bond between the child aDIllhe nurturing figure. The child has an inbml
tendency 10 seek to be close to the person Jroviding the nurturing. and serves to proIeCt the chid from harm.
Attachment behaviors such ali crying. calling. and clinging. enable the child to contact the provider of nunurance.
The readiness oflhe adult to respond to these behaviors helps develop a secure attachment. Attachment behavior is
evident throughout an individual's life although it decreases in intensity at about age three. It is ape to be aroused
when one is sick. tired or fearful. Young children are prone 10 ~xtreme distress when their auaehment figure is lIOl

available. This disuess is called separation anxiety.

Farberow and Gordon (19K I) further explain that there are several naturally occurring "clues that indil;ate the
possibility of danger. isolation. exposure to stnK'Ige people or sttange situalion.... dartness. sudden movement. a
noise" (p. 8). When children are thus frightened. they wilhdraw to be close to their anachmcnt figures.

A disasler is a siluation thai suddenly lhrealem the safety and security )f a child. and therefore ev<*es the need to
be c1<R to the attachment figure. Separation anxiety can be expected to be highly visible during such a period. The
more severe a disaster. the greater the lIRat of actual separation. During this period. it is expected that children will
be afraid of being alone. in the dark. hearing loud noises. or of experiencing sudden movements (Farbcrow &
Gordon. 1981).

A review of the literature supports the expected changes of behaviors &'I oullinod above. Blaufarb and Levine (1972)
reported thatlhe ITIOSl common problem for three- to twelve-year-old children after an earthquake WIl5 a fear of going
to sleep in their own room. while for three- to six-year-oJd children. the common fw was of being alone. Bloch.
Silber. and Perry ( 19S6) noted symptoms of increased ~ndency. clinging. remaining c!<R to home. asking 10 sleep
with their parents. night terrors. irritability. sensitivity to noise. and phobias. Krim (1976) lW"Cd. after studying
victims of fires in New York City. adding to the list guill reactions. aggression. and family disorganinuion and
breakup. Doudl (1985) studied 130 chiklren. ages three to five. after lOI"Iladoes in Nonh Caoolina in 1984. She found
significant behavioral changes in all lIBe poops. with two behavior's • fear of loud sounds and felK of wind •
martedly increued in moo: than half the subjcc15.

Farberow and Gordon (lWI) clIpiain l!uII ~ts wiD note two major indicab's of emotional disttess in their
l.:hil~n: change and regression. Change occurs when behaviors. reactions. and methods of doing things become
atypical. such as changing from being independent to becoming c1insing. Regression is displayed when the child
returns to a behavior typical of an earlier developmental Slaie. such as thumbsucking or bedwelling.

Boore. Earle. and Aptekar (1990) have submiued an unpublished study of the plyt:hological effects of disaster on
children and their families in the 1989 dual disHsters of Hurricane Hugo and the Lorna Prieta earthquake. Although
the adults reponed allllOSl ClQuai stress in bod! situations. the children who experienced the earthquake reponed more
stress than those who experienced the hUJricane, Gender. pn:vious disasters. and sepIIt8Iion appeared to have no effect
upon the amount of slrCSS experienced. Binh order and prior problems did sOOw some tendency to effect the amount
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of suess eqJerienccd. II is unclear it the differences found between the earthquake and the hunicane could have been
rP.gionai. More studies or these wsasters are indicaled.
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An Overview of Earthquake Resources for Schools

by Marilyn P. MacCabe
Eanhquake Education Program Manager
Federal Emergency Ma,..agement Agency

Abstract

During the pasI len years. FEMA's Earthquake EducaIioo Program has been proICbve in spoosori:ag commlUlity
OtJlreaCh projeClS and providing educational maaerials and lI'aining opportunities for a variety of audiences. FEMA's
education program fa schools includes workshops and guidance nwerials on crisit inter'Venlioo and on IRparing
school earthquake safely programs. FEMA also conducts and spoosors "Trema Troop" wortshops for teachers. The
wortshops demonSlJ'lde the use of EARTHQUAKES • A TeIIC"" PKkap for K. - a collection of
multidiscipliRary, hands-on clawuom activities developcd for FEMA by Ihe Naaional Science Teachers Association.
The curriculum is designed to promoce scientifIC literacy among young children and give them the information and
stills they need to cope safely during and following an earthquake. The followi.lg is a complete list of FEMA's
rcsowces for school eanhqualte safely and education programs.
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FEDERAL EMERGENCY MANAGEMENT AGENCY

School Earthquake Safety & Education Program

Publications

ThIs 20-oage bool<let presents a lIroacl OVervIew on how ~

SChOOl m,g"t wOlk w'tn mental he81tll DrOt'SIIOnaIS to Dut
together a CnSlS CDuIls~jl'lQ f>roQram to, tn. entIre school

communtv·

'- school facll,tleL It ~ISO exPla,ns rIOw scnoOI tlUlld,nos
are damagld oy elr1l1Quakes. ~nd how damaQe occurs to
nonstruetural components and buoldl"ll contenu.

FEMA 220 Scnool Irtt.",..tlon FoIowinv e CritiC81
lnc:icl8ll'

FEMAaa GuicMbook for 0........... I

SdIooI &rttlQu8IIe 5afetv Ptogram

The TNChM's PkJt. ,ncludes Ibckg'ound. Earthquake
LaveN., Scope ana SeQuence eN"I, and U", MlI1tfs.

• 'MIat I\IOClInI dunnQ Il\ eartt\quaka.

• Hazard hunts.
• AuemlllonQ -oancv kitS, Inc!

• EaItnQvIke Sl"'ulltton Inc! CInIII.

e Identrtv potential eartnQuake PlaZardl.

• PtlDare _ conduct eartllQuaka onUI.

• Plan for Immediate reSDQnSl ano care.

• DeveloD commonc:atton plans. and

• Plan fOl 72-hQur shelter and c,'e.

The gUIde tlkaS a It~y·ltlll ICIproac/l to:

FEMAa..

TNI 4-o«t 152-oaQI1 lIOOIUet contltnll ..ClIDts Irom Un,n 5
and 6 ot EARTHQUAKES· .. Teeener's PaC:klQl for 1(·6
(FEMA , 591. It provOClel Classroom aetlv'IIIS desIgned to
Dr.... students to COllI Slfelv when an eartllquakll occurs.
The lloOkIat coven:

ThIs 50-gage guode IS dalQned 10 assist the ICNlOI
cornrnunotv Of pnncl(ll4. teaeners, staff. stUIlents, and parents
develOp end latlor an eerthQualta safetv program for the"
school.

EARTHQUAKES· A Tudw's Ped<... fOl
1(•• Gred_

Also knOwn .. T,emot' TfOO(J. thiS 280-gaQI P8Cdge ""as
developed bv tn. National Sctence Teachers ASIOClallon. It
contaJ"S hands-on classloom actlvlt..1 tNt s\<PllOn v,rtuallv
all elementarv sull,ect ~Ieas. DeSlQned fOl the clasSloom
teea- wrtIl I'ttll or no lIackQround ,n eertll SCIence. the SUI'

unt package focuses on:

• Oefl"'"ll an eartllquake.

• WIN and wnetl eallllquakel occur,

• ""v1lCll relultl of .a"IlQUlkas.

• Musunng eartllqldkal.

•~ an eaftllq...... and

• EIr1tlquaka SltltV and surv",".

FEMA 15'

A team of educators and child mental health protesSlonals
developed thts 1"~Qe guodebook tor teachers. It ,ncludes
HYMal Classroom actlvllles USing draw,no and tall"'"ll
methOds to help children cope W'l" tn. d,saster.

Thli , 02 iWQe \InclucllllQ ~DpenclICeSI guodltlOOk wlIllI'llIred
lIy trle BuildIng SetsmlC Satetv Council. It presentS tn. COlt
and lIenef'tl of aPDlv"'Il ",smll; ~lJQn '" tile .;onStNCtlO/\ of

Tlvl 'I CIW Of SlYerIi tlluStrlted QUldes delJlCtI"ll wav s to
reduCe D' elltTllNlta nskl from eartflQuake CIlmaQa 10

lQ"""","t. lurnt$hlngl. Incl unset:ured ollteCts.

FEMA 14. Sai8rnie COll"MioM: a~ary IIlCl
s-Id8ry SdlooIa

FEMA 74 IIetIucinI .... IUIlI of~
&r1tIquae Demege: A PreeticII Guide.
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Videos

ChIchn .... T,..... • ; "' Sc:tIool's Rnpons.
120:30 min.1

A llfogrlm for mental Ilelltfl llfafllllONll. Idlaal
M1monostrIIClB. Ind I.echers; It llfeuntl: trluma'S Impact on
C/loIClren Ind 1dIaOII, normal .nd proklngeG strlSI rllllOOIII•
....amenl cOlllld.rlnons. Ind Iml"'entlOtl models.

SCHOOLS AND EARTHOUAKES • luildlng Schooll to
WItNt8nd~.. 114:27 rnlI'I.\

COlt II often tile OverndillQ flctO' In declSlO/ll to omplemenl
SIIsmoc ssfetV policies. Thls video conveys the Iife..y"'ll Ind
economIC b_fits of includlllQ IIrtnQuske-rellstlnt dellQn in
new schaal constructIOn. The video coml)lements s.ismic
~riOM: e.menr.,y IIIfI SM:0IIt1MV SCIIOOIS IFEMA
t49}.

n-. folio.... two .....
.. lflii be -..... -. 7/15/93.

CIUT1CAl TME • &rdlQuek. RftIIOlIM "'-'inv • Schoala
114:00 "*'\

This videa diacuues the risponslllditill of SCIIOOI
IdtNnostrstars, teecllers. Ind sUff to acQUIre tile knOwledge
Ind skills needed to llfotect Ind eatl far tile student
llOPUIItIon until outllde help " IV.oIIbIe. The vodeo
complements the GuideOooIt ftN DroelOlJinfJ 6 SdtooI
EMrhqueke SeNry fI'rot1nm (FEldA 8B1.

Reduc:intI~ EInhQusIl. D....... A I'rec:tIAI
QuIIIe tar IcIIoaII 11 3:00 "'.\

1lliI vIdeO ICIentlfiei ITIafOI' nanstrueturli hallrd. ,n ICI'IOal
buildings, Ind IUlIO'au SImple snd I/1ex,*",ve WIYS to
rIduea tno.. IIIZW.. The video Coml)lementl~ the
Risks of NonstfUCtuni &n1lflW*e DMNfIe (FEMA 14}.

DI8IrlIIlIdan aI 11'0' nd_ ¥ideas is lmIted
to _ ". copy per sdloaI .

Send ..... copy ,..,.u 011 ICIlOOl to:

118Iyn Mel:C.oe
FEIIA • hnhqua. Educndon

W........ D.C. 20472

Workshops

..
EAIlTHOUAItU • A Tesc:t.·s P8Cbge for K·'

~ 21 to 25. 11'3 • EmmluDurg. II..,....
July 21 to 30. 11t3 • EmmIttOurg. II8rvI8nd

This 1IMds~ workshop II dellQned to demonst,.te the use
Ind benefits of the THCher', "-:Ic.,e IFEMA t 59}. Tile
work$l'lQp 1110 ,nclude. I ,,",I an (;nail frltwverrtlon. fOCUSing
on the need. of children sod school perlonnel. Ind I unit on
ScIIOOI E¥tflqWlce Sefe,., flfMltinf.

PlrtJclPltJon It tile workshop " limited to 38 edUClto,s
who.. funct1ans Include provlClinll In·servoce warltshOps to
etemen1IrV tescners lnc:lIor recommenclll'lll cumculum. Tt!et,
ti1leI rosy include: EIementIrv Science Coa,clinsto,.
EIementIrv Curnculum CoarclinItor. EIementIrv $c,ence
ConsuItInt. We allO weIcornI etementIty clalsroom telChe,s
Ind rlQlONl '1lOWce center pers0nn.4.

$dlooI Eer1ttQUIII. Setet\' Progrwn Worbhoo

1I.eII 22 to 21. 1t13 •~ II..,....
.N/Iy 12 to July 11. 1IU • EmmicsIIure. M8rVlMd

This wortcshop " Isrgely biNd on tile Guideboolt for

Dro"1Q , ScIIOOI &n1ltlWk. SeNry ,.,."" (FEMA 881.
InstruetJOnII toPICS onctude: HusrtlldentJficatlon. Earthquake
Drills. IInrnecUtl CIte Inc:l I'IuoonM Aeouw_t•.
Psyc:hologOCal~ ,nd Need.; Communoc:ltlOns.
Sheltermg. long Term Ilec:avery ConsIder,tIonS. Hlllrd
"'1IQItJorl ....sure•• sod PI_n;.

The ,"tenclecl ludlence for tnol workshop Includes: schOOl
diltnc1 Idmlrll.trstarl. ~I. sdloaI baird memtHtrs.
distne:t fscdity Ind nllk 1NnIQII'I. school nur.... Ind
tucher1.

•••
For funher worbt!oll infarmndan "'~'c"Dn. COIItec:t:

J ...
EEmm__""_N:l,",, ......- IMtIIute

11125 W. S1t0ll A,,_. EmmIttOurg. liD 21727.
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Where Do We Go From Here?
The Next Step

by Katharyn E. K. Ross
Education Specialist

National Center for EarthqUilke Engineering Research

Daniel Catlerr
Earthquake Program Manager

Federal Emergency Management Agency

Marilyn MacCabe
Earthquake Education Program Manager
Federal Emergency Management Agency

Abstract

This workshop is 00l meant 10 be an end in ilSdf. but 1Jle beginning of more concelllJ'llled earthquake educalion
effons in the northeas&em pan of the United StaleS. This joint JRSCOtation will focus on upcoming earthquake
c:docatim activities in lhe Nonheast and give a general framewod for those planning uaining in their panicular
school district. Problems thai might be encountered along with possible solutions will also be presented. The
following worksheets are meanl to serve as a guide.
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Framework ror Planning for
an Earthquake Workshop in Your Educational Setting

This is "",ant as u glliat' for planning further eartltquaU ea"cUlion activities in yow educational setring. Al'hollgh
it isfocllsrd on providing a workshop. other activiries can be planned as well. depending upon (IIrrelll needs. This
is inltndtd to be used for notes and planning.

I. What group or groups would m:eive the wining? (pre-service IelChas. curriculum specialists. principals. grade
level teachers). Consider in your school or diSlrict. where should training start? Does it need to begin with
administration in order to filler down to classrooms? Should all individuals receive training simultaneously?

2. Who would be the trainers? (teachers. curriculum specialists. principals, coUege/university Slaff. workshop
participants). Do you have any teachers who have laIIght about earthquakes? Tried earthquake drills? Worked
with particular groups of students?

3. Where would the uaining be held? (local school. school district offICe or uaining center.
coUegeiuniversity. hotel)

4. How Ioog would the wining last? (one hour. ha1f-day. full-day. more than a full"y)

S. What would be the key oomponents of the training session? (curriculum pKbse overview. content presentalion.
activities. demonsuaaion with SludenlS). This depends 00 die point you m at and whether you have had OCher
related (or plan to have) in-service training.

6. What individuals might serve as earth science ellpeltS to advise and LUisI 'Nidl the workshop planning and
presenlalions? (high school science laChers. coUcgclunivenily sWf. science curriculum spccialisls. Ioca1
5 ientists).
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1. What might be !OOlC of the costs of providing a wortshop and what group or grou~.i lI~ight provide the funding?
(travel. refreshmenlS. Jea:heI' release lime/sublititutes, obtaining a site for the workshop. obtaining copies of !he
curriculum, honoraria for presente:n and pWcipanlS, workshop supplies).

8. What key individuals would need to be contacted to arrange the woctshop? (superintendent, supervisor of
iRSll'UCUon. curriculum specialist. principal, consullanl)

9. What problems mi8h1 you encounler in orpnizing, ananging. and presenting the wortsbop? What are some
possible solutions 10 the problems?

PROBLEMS POSSIBLE SOLUTIONS

I. 0Iher curricular areas might have high
priority.

2. Plftnt opposition froot those who feel
thai childrcn are going to be
needlessly scared.

3. La:1t of curricular resources.

4. DiffICulty of sharing knowled8e wilb
aU Ihal need to know it (PIRnts.
teIChers. school bus driven. etc.)

5.

6.
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10. Develop a workstqJ lime line includinl planning. implementing. and foUowing-IJP willl participants.

Summer

Fall

Winter

Spring

Summer

Fall
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Speaker List
"Earthquakes in the Northeast: Are We Ignoring the Hazard?"

September 25-26, 1992

Jeffrey Callister
Earth Science and Geology Instructor
13 Linda Drive
Newburgh. NY 1225()

Daniel Cicirello
Earthquake Preparedness Supervisor
State of Ark.ansas
Office of Emergency Services
PO Box 758
Conway. AR 72032

Andrea Dargush
Executive Assistant to the Director
National Center for Earthquake
Engineering Research

State University of New York at
Buffalo

106 Red Jacket Quadrangle
Buffalo. NY 14261

John Ebel
Assistant Director
Weston Observatory
Boston College
381 Concord Rd.
Weston. MA 02193

Louis Klotz. Executive Director
New England Stares Earthquake
Consortium

SOl Islington St.. Suite #17
Portsmouth. NH 031KH
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Daniel Catlett
Earthquake Program Manager
FEMA. Region I
J.W. McConnack Post Office &
Courthouse Building. Room 442

Boston. MA 02199

Scan Cox
Teacher
Salem High School
44 Geremonty Drive
Salem. NH 03079

John DiNuzzo
Program Manager
School Emergency Preparedness
New York Stare
State Emergency Office Building 22
Gov. W. Averell Harriman
State Office Building Campus
Albany. NY 12226-~

Virginia Kimball
Earthquake Safety Consultant
305 Olcrry Drive
Pasadena. CA 99105

Marilyn MacCabe
Earthquake Education Program Manager
Federal Emergency Management Agency
500 C Street. S.W.
Washington. OC 20472



Walter Mitronovas
Assoc. Scientist. Seismology.
Geological Survey

New York State Education Depanment
Empire State Plaza
Albany. NY 12230

Kadwyn E.K. Ross
Education Specialist
National Center for Eanhquake
Engineering Research

State University of New York at
Buffalo

104 Red Jacket Quadrangle
Buffalo. NY 14261

Lydia Walker
National Director
Cooperative Disaster Child Care
~ Main Street
New Windsor. MD 21776

RECORDERS

Bruce Berman
242 Lake Shore Drive
Lake Hiawatha. NJ 07034

Alan Goldstein
92 Ridge Drive
Livingston. NJ 07039

Mark Worobetz
10 Deer Pond Road
Newton. NJ 07860
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Gary Nottis
Resean::h Scientist
New York Geological Survey
3136 Cultural Education Center
Empire State Plaza
Albany. NY 12230

Mark Shoengold
Assisllnt Director
Center for Earth Sciences
Kean College
Union. NJ 07083

Tori Zobel
Teacher
4~ Rounds Avenue
Buffalo. NY 1421~
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Conference Planning Committee List
"Earthquakes in the Northeast: Are We Ignoring the Hazard?"

September 25·26, 1992

Daniel Catlett
Earthquake Program Manager
FEMA. Region I
J.W. McConnil:k Post Office &
Courthouse Building. Room 442

Boston. MA 02109

Louis Klotz
Executive Director
New England States Eanhquake
Consortium

SOl Islington St.. Suite ,n
Portsmouth. NH 03801

Walter Mittonovas
Associate Scientist, Seismology

Geologi,al Survey
New York State Museum
New York State Education Depanment
Empire State Plaza
Albany. NY 12230

Katharyn E.K. Ross
Education Specialist
National Center for Earthquake
Engineering Research

State University of New York at Buffalo
104 Red Jacket Quadrangle
Buffalo. NY 14261

Andrea Dargush
Executive Assistant to the Director
National Center for Earthquake
Engineering Research

State University of New York at Buffalo
106 Red Jacket Quadrangle
Buffalo. New York 14261

Marilyn MacCabe
Earthquake Education Program Manager
Federal Emergency Management Agency
.500 C Street, S.W.
Washington. DC 20472

Paul Rockman
Director
Center for Earth Sciences
Kean College
Union. NJ 07083

Barbara A. Weaver
Cooperative Disaster Oilldcare Program
91 W. Grimsby Road
Buffalo. NY 14223
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Exhibitor List
"Earthquakes in tile Nortbeast: Are We Ianorinl tbe Hazard?"

September 25, 26, 1991

Continuing Education
University of New Hampshire
24 Rosemary Lane
Durham. NH 03824

Cooperative Disaster Child Care
500 Main Street
New Windsor. MD 21776

Federal Emergency Management Agency
500 C Street. S.W.
Washington. DC 20472

Math/Science Nucleus
3710 Yale Way
Fremont. CA 94538

National Center for Earthquake Engineering Research
Infonnation Servi~e

State University of New York at Buffalo
304 Capen Hall
Buffalo. NY 14260

New England States Earthquake Consonium
SO1 Islinston Street. Suite .7
Portsmouth. NH 0380 I

Weston Observatory
Boston College
381 Concord Road
Weston, MA 02193
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New England Earthquake Fact Sheets·5

Earthquake History:

New England has tuld a history 0( earthquakes including IboIe recorded by the fn seUkn. and by the Plymouth
Pilpims in 1638. Of the 4498 earthquakcIi recorded in the Northeast Elrthqlllke CaIaIog thrwSh 1988. 1194
occWTCd within the boundaries of the silt New Ena1and Slalei. as follows:

New England Stares' HiSklrical Earthquake Record kl 1988

Slate
Connecticut
Maine
Massachusens
New IWnpshirc:
Rhode Island
Vcnnont

Y..,. oIltec:ord
1568-1988
1166-1988
1621-1988
1128-1988
1166-1988
1843-1988

No.oI~uka

134
385
313
262
31

.JL
1194

New EnSJand Earthquakes Since 1924 with MasnilUdcs 4.~ (W G1'CIICI'

LGcaam
Ossipee. NH
Ossipce.NH
Dover-Foltcroft. ME
KinSSlOwn. RJ
PonIand. ME
MicIdIehury. VT
Near NH-Quebcc Border. NH
Wesa or Laconia. NH

Date
Dec. 20. 1940
Dec. 24. 1940
Dec. 28. 1941
June 10. 1~1
April 26. 1951
April 10. 1962
June 1~. 1913
JUl. 19. 1982

MJpIWt
5.8
~.8

4.5
4.6
4.7
5.0
4.8
4.7

8eIwecn 1924.00 1988. there ha\'e been 24 eIIthquKes in the~ with. -ani1Ude of 4.~ (W pella' on the
Richter scale. Of these. the above eisht were within the six New EnaJand Starel and the 0Iber 16 within New Yark
(W the Province of Quebec wen: so clole Mel IIronB thai they were fdt 1brouIfIout New EnaIand-

a..... Seismic Hazard from an Ealtllquake

The lhak.inl from carthqUllkes docs not SlOp II IIIIe boundaries. The UTOUIICIina areas of New yen. Quebec and
Newfoundland aIIo have earthquakes which iInI*t Ibe New EnaJand SIIIeS. It is pacnIly rccopized thai
CIr1hquakes in the Nmheul are felt over pealer distances. lOme four 10 10 tiInea greaIer. tban in California.

A maanitude 6.0 tanhquake in Ossipee. NH would relull in • Modified Men:aIli InIenIity (MMI) II Ibe epicenter
area 0( about VIII for buildinp on -venae foundation conditions and • hiab • X if 011 poor soils. At .. MMI •
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VIII. chimneys. colwnns. IOWl:rs and trees fall. and buildings are extensively damaged. At an intensity of X. large
parts of even well buill masonry structures would coUapse while odters would be knocked off their foundations.
Additionally. buried pipelines would be 10m apan or crushed. bridges would likely be unusable. and dams and dikes
would be seriously darnaMetl .

Regionally. a magnitude 6.0 earth4uake in Ossipee. NH, would cause all of the SIales of Vermont and Musachusens
and a large area of Maine 10 experience an MMI equal to V for those structures on average foundations. An MMI
= V would cause some buildings 10 tremble with resulting brealtase and ovenurning of objects. However. if the
foundations an: on fall. Ioosc sand. sill. or on SIJ'llIifaed deposits. !hey could feel an iRlensifted effect of up to a MMI
of VII. With an MMI :: VII. people would fmd il diffICult 10 stand. chunneys and walls would crack. some
embankments may slid!:. books and pictures would fall. fumilUre would ovenum. moderately heavy furniture would
move, poIlery and windows would break. and paster and stucco would fall in considerable amounts.

The IlJKK earthquake in Quebec registered 5.8 and was felt throughout New England. The magnitude 5.8 earthquakes
on December 20 and December 24, 1940 aa Ossipee, NH. shown in the previous table. wen: felt throughout New
England. One Sludy of these quakes suggested that they wen: felt over an area of JOO.OOO to 400.000 square miles.
Even Vennonl. which is mistakenly thought of as "earthquake free: experienced a magnitude 5.0 on April 10. 1962
and has felt the vibrations from the 402 earthquakes recorded in the northeast earthquake calalog through J988, that
have occurred immediately outside her borders in New York Slate and the Montreal region of Quebec. AdditionaUy.
vitrcuions wen: felt from eanhquakes in neighboring New Hampshire and Massachusetts.

Locations or New Enlland Earthquakes

Seismologists have established that the New England earthquake epicenters do not follow the major Paleozoic faults
of the rcgioo. nor an: they confined to particular geologic structures or terrains. So. in general. New England's
earthquakes have no known rclaaionship to the faults in New England. This condition is complcaely opposice to that
in California. In New England. earthquakes occur allover. No one can say with cenainty that they will occur in a
specifIC Iocaaion.

New England is about in the middle of the North American Plate. One edge of this plate is aa the PacifIC edge of
CalifmJia. the other is just past the middle of the AtlantIC Ocean. The earthquake mechanism is stiJl an unknown.
but this plate is in compression and New England's earthquakes appear to be the resuJt of the cracking of the surface
due 10 buckling of this plate. There are fcrees on this plate to heJp initialc the buckJing: the downwanl weight of
the mountains and the upward stress relief as a result of the retreat of the glaciers.

Given the above. and based solely on known past earthquake activity. the three most likely source areas for
earthquakes with~e potential are: eastern Massachusetts and the Cape Ann area; central New Hampshire in the
Ossipee area: and the La Malbaie region of Quebec.

Probability or an F~rthquake in New Enlland

Seismoqists have calculated the odds of an t3thquake with a magnitude 6.0. similar to the J755 Cape Ann quake
at 11300 per year. Additionally. the odds on a potentially damaging earthquake of magnitude 5.0 or greater is J/20
per~. These probabilities arc based on only the recent ca&alog data and are for an earthquake anywhere in New
EnaJand. While these are considered moderaae to low seismic risks. the seismic hazard from the lypC of subsurface
soils beneath the buildings and the seismic vulnerability as a result of the type of building and its maaerials. must
also be considered. The following values. taken from a table compulCd by Dr. John Ebel. Weston ObscIvatcry.
I'Cpraelll the probability of a J8ticular mqnilUde earthquake in the spcciflCd time period.
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M.... Probability Yean M..-u'" ProItabiity Yean
4.6 ~I~, 7 ~.O 38% 10
4.6 64% 10 5.0 91% SO
4.6 99% SO ~.O 99% 100
5.5 60% SO 6.0 ~ 100
5.5 84% 100 6.0 75% 200

Maximum Credible Earthquake Mqnitude for New England

Based on SIalistical studies of the known earthquakes that have occumd in New England. seismologists have also
estimaled the maximum credible eanhquake event thal they expect in the .-cas of the W'gest known plSt ear1bqllllkes.
This data is summarized in Ihe following table:

Area ........ HiItoricaI Eyeat Mula.. Credible EveBt
Date l-. m~ I.. m~

Off Mass. Coast 1755 VII 53/4-- VIII 6114
Ossipee. NH Area 1940 VII 5.4 VlD 6
La Malbaie. PO Area 1925 VIII 6.6 IX 7114

where: I.. is the maximum ModifICld McrcaIli Intensity (MMI) value fa' oormaI foundlbon conditions but.
depending on Ihe immcdiale subsurface soil conditions. could be up to two (2) intensities hi8her. and
~ is Ihe magnitude.
•• estimaled

New England Seismic Vulnerability

New EnaJand is penil:ularty vulnerable to injury of ill inhabilants and damaae because of ill buill environment. Only
two New England StaleS cwrcntly include seismil: design in their buiktinl codes. MaslacbUSCUI inIroduccd
e.thquake design requirements inlO their buildina code in 197~ and Connecticut very recently did 10. HowcYa',1hcse
are fa' new buildings. or very severely modiflCld existing buildinp. Exiltinl buiJdinp. bridfea, waIer supply Iincs,
eleclrical power lines and facilities. CIe. have qrely been designed for eanhqUllke forces. So. allhough New Engl8nd
is considered to have a moderMe seismic risk. in Ienera! it has a hip seismic vuInenbility bccauIe of the built
environment.

One of Ihe major concerns with tills built environment is with the unreinforcct1 muonry buiJdinp tt.ouJbout New
EnaIand. including the classic miD building. This suucwre is amazingly ItI'OI'II and ItitI fa' the nonnaI verticallo8ds
it was built to carry. But brick is a brittle maaerial and tn8IOIU'y walls will not do wei) with the borizonIlIl forea dw
wiD act on it in an CII1hquakc if it is oot reinforced a' bnced in some manner. A major concern with wood frImed
homes is to insure that they are connected to their foundations.

Earthquake Bebavior

There awe steps thal can be taken. boIh short and Ionl term. tbII can I'Clduce injuries and loa of life. InitilUy. the
most important is the penon's behavior in an ear1hqUllke. The mono is. WDuck. cover and bold.WDuck under • tabIc:
if • all possible: do NOT run out of the buiJdina. Get yOW"lCIf under cover • much as poIsibIc; even a chair if
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nothing else is lwIdy. And HOLD; hold on tl' the table or chair. Otherwise it may bounce away from you. removing
yOW' cover. The Lorna Priela earthquake 1asled less than 20 seconds. There is no time to waste!

There are many OIher preparedness activities you can do. Look around for all the loose items. and weakly connected
items which can faU or be Ihrown al you. The New England SIalCS Earthquake Consortium (NESEC)~ Iiteralure
from the Federal Emergency Management Agency (FEMA) which shows whallO loot for. Contact FEMA or NESEC
for free copies.

Additional Earthquake Information and Assistance Resources

Rep.al S18ee Eartbquak, Prot.... MaDaaen:

Gregay B. Champlin
NH Office of Emergency Management
Slate Office Park South
107 Pleasant Slreel
Concord. NH 0330I
(603) 271-2231

Edward B. Von Turkovich
Division of Emergency Management
103 South Main Street
Waaerbury. VT 05676
(802) 244-8721

FEMA Regioa I 0fIke:

Daniel N. Callen
Na&uraI Hazards Program Specialist
Room 462. John W. McCormack POCH
Boston. MA 02109
(617) 223-CJS61

Roben F. O'Brien
RI Emergency Management Agency
SIBle House Room 27
Providence. Rl 02903
(401) 421-7333

John C. Smith
Emergeucy Manat!em~1Il Ag~OI,;Y (MEMA)
400 Won:esac:r Roell
Post OffICe Box 1496
Framingham. MA 01701-0317
(508) 820-2<XXJ
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Noon-2:00 PM

Program and Schedule

AGENDA· DAY ONE - Fridlly. September 15, 1991
SETIING THE STAGE

RePtntioa - GmllBay Foyer

2:00-2:45

2:45-3:05

3:05-3:35

3:35·3:55

3:55-4:15

4:15-4:30

4:30-4:45

4:45-5:30

5:30-6:30

6:30-7:30

Wekoale - Grea, Bay Room
Inlroductions NCEER. FEMA. NESEC
Opening Remarks - Meeting Objectives

A HiiIoricai Look .t ~rthqllllkft ia die
NortheaIit

The BoIitoD Loll ADalysis Study (A scenario
study of a future. ~jc;lcd earthquake)

Stnctural Eaviroa••t rI Sc:booIs

Noalructural Wety iD ScbooII

Brak

Retioul SafetylE.erpacy R.,... -
....nllquake Safety 01 New ......Dd Sc:lM.oII

A Pn>wtypic:.a Eutllquke Drill • A Critiall
Skll.. l':xerdlle

POliIer __ Pel Rao!rce Diy,,": SeilllDic:
Networb, QUAKElJNE, Eartllquke Ed..-~....
Ellperi-.eata, Noutructu'aI Hu.d Mitiptioa
PIa., FEMA publiudoDs _ c.u Bar • Great Bay FoYtr

Louis Klotz
Marilyn MacCabe
Katharyn Ross

Walter Mitronovas
Gary Nottis

John Ebel

Louis Klotz

Virginia Kimball

Daniel Cadett

Sean COli

7:30-8:30 H M F.ardlquke F.AlIIC8tioa: Kadwyn Ross
C.-ric: 0p&iuDa SUlly Amilia - Grelll Bay Room
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8:30-10:00 AM

10:00-10: IS

10: IS·1l:4S

AGENDA· DA Y TWO· Salturday, September 1.6, 1991
IMPLEMENTATION

CONCURRENT PANEL DISCUSSIONS
(The 3 "E's" of Earthquake Education)
(II EducatioD • Curricular Optioas: - Kennebec Room

(a) Integrating Earthquake Education
into the Classroom - Tori Zobel

(b) Misconceptions in the Options Available
to Earthquake Educators - Jeffrey Callister

(c) Hands-on Earthquake Edocation Workshop
al Ihe New York Slate Museum - Gary NOltis

Cd) The Center for the Earth Sciences and How
il can Facilitate Earthquake Education -
Mark Shoen~old

U) Environ..nuStrutture: - Grtot Bo.'I Room A
Ca) Physical Results of Earthquakes and

Their Effecl on the Buill Environment·
Andrea Dargush

(b) The Geologic Effect on Eanhquake Ground
Motions - John Ebel

Cc) Massena Center, NY Earthquake of 1944 and Its
Effecl on Area Schools· Walter Mitronovas

Cd) Making the Suuctural Environment of Schools
Safer • Louis Klotz

(3) Emergency Preparedness··More Tban "Duck,
Cover, Hold": • Great Bay Room 8
Ca) Earthquake Preparedness: A High School

Perspective· Virginia Kimball
(b) Coordinating Eanhquake Preparedness Efforts

with the Stale Education Department - An Example
from Arkansa<> - Daniel Cicirello

(c) School Emergency Preparedness in New York. Stale
- John DiNuzzo

(d) Earthquake Preparedness in New England Schools 
What's Happened? Whal's Next? - Daniel Callen

Break

DiKlIIIioa Groups - participants remain in
their groups to discuss specific questions.
Questions such as the foUowing wiD be discussed:

(I) .:ducatioD - Kennebec Room
Discussion Facilitator - K.atharyn Ross
Reoorder' - Mark Worobetz
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AGENDA· DAV TWO· Saturday, September 26, 1991
IMPLEMENTATION (CooI'd)

(al What is the earthquake threat in each stale
(and/or region) of the Northeast and the
pen;eption of the present capability in the
schools to respond 10 it?

(bl What steps or activities can individuals
take lO increase earthquake awareness and
concern in school settings?

(c) How ,an earthquake education be integrated
into the existing cuniculwn? What are
additional curricular opporIWlities?

(d) How ,an earthquake education help
achieve science objectives?

III EDvir'ollmeDtlStructure • Gual Bay Room A
Discussion Facilitator - Andrea Dargush
Recorder - Bruce Bennan
(8) How can individuals take an active role in

non-SlnJCturaI hazard mitigation in the schools?
(bl How can individuals take a more pro-active role

in the enactment of seismic building codes?
(el Should the state mandate seismic provisions in

building codes? Should it be just for criti,a1
facilities? All facilities?

(d) What liability does/or should the school have if
seismic hazard mitigation is IlOl implemented and a
damaging earthquake occurs?

(e) How much regulation should be enforced for existing
SlIUCtures?

13) EmerpDCy PnparedDelll- Grear Bay Room B
Discussion Facilitator - Marilyn MacOlbe
Recorder - Alan Goldstein
(a) What is the earthquake threat in each stale (and/or

region) or the Northeast and the perception of
Emergency Preparedness organizations 10 respond 10 it?

(b) What steps or activities can individuals take to increase
emergency preparedness in school settings?

(c) Should school disaster plans be coordinaled with local
emergency management organizalions?

(d) Should there be manda10ry slate guidelines for
earthquake preparedness in the schools?

(e) How can schools develop and implement a disaster
plan for earthquakes?
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11:4~-12:30 PM

12:30-1:13

I: 1~-2:00 PM

2:00-3:1Yl

3:00-3:1~

3:1S-3:30

3:30

AGENDA· DAY TWO· Saturday, SepIe_1ter 26, 1991
IMPLEMENTATlON (Coal'd)

Lu.1I

Lad_ Speaker. Ma. LJdia W8Iker. Direc:IGr. Cooperalive
Diluler CIiUd Care • PIu."•n.o.p Cldldna
Manered: Eartllquke PreparedaeII 'or die SUe ~
Clilldre.'. Securily .... S18bllJly. well.PII,._. SlIety • Great Bay Room

Repol"b ,,,. DiIe... Groups

AD Overview ~ Eardlquake KeIOUI'CeI 'or ~booII

Wbere do we 10 rn. ben? • Tile Next Step

Adjoun

A·16

Bruce: Berman
Alan Goldstein
Mart Worobetz

Marilyn MacCabe

Daniel Catlett
Marilyn MacCabe
Kaduuyn Ross



App:ndias

NORTHEASTERN EARTHQUAKE EDUCATION WORKSHOP
Durham, NH

September 25.26~ 1992

EVALUATION SUMMARY

Strongly Strongly
Disagree AlUCe
I 2 3 4 S

OVERALL WORKSHOP

1. The workshop helped me gain a better understanding of earthquakes 0% 22% 22% 28% 28~

and their causes (18)*

2. The workshop gave me more information about earthquake risk in the
northeastern part of the United States (18) 0% 0% 17% 39% 44t;!;

3. I learned several ways to reduce non-structural hazards in schools (18) 6% 0% 0% 33% 61%

4. I learned how to address the fears and anxieties that children have
related to eanhquakes (18) 0% 0% 28% 44% 28%

5. I learned how to plan for a crisis in my educational environment (18) 0% 6% 28% 55% 11%

6. I learned how to plan an earthquake driU in my educational
environment (17) 6% 6% 29% 41% 18%

7. 11eamed "quake-safe" actions to take before. during. and after
an earthquake (18) 0% 6% 6% 71% 17%

8. I 1eamed ways to integrate science with safety in an earthquake
unit (17) 6% 6% 24% 46% 18%

9. I learned educational principles that will enhance my presentation of
earthquake information (1 K) 6% 11% 44% 28% 11%

10. Ileamed geologic infonnation that I will incorporate in my earthquake
presentations (17) 6% 12% 18% 52% 12%

*Indicates number of respondents for each question.

A-17



Appendices

MATERIALS PROVIDED

Strongly
Disagree
1 2 3

Strongly
Agree

4 5

II. The materials I received will be benefICial to my educational
program (I IS) 0% 0% 6% 28% 66%

12. Materials in the folders (Preliminary Proceedings) and at exhibit
tables provided me with useful information (18) 0% 0% 0% 28% 72%

DISCUSSION GROUPS:

13. I found it helpful to discuss issues related to earthquake education (18) 0% 6% 11% 39% 44%

14. The discussion group gave me a better understanding of the issues
involved in earthquake education (18) 0% 6% 6% 33% 55%

15. The discussion groups gave me strategies to implement earthquake
education in the school system (18) 0% 11% 11% 45% 33%

16. Prior to this conference. 1 was~ of earthquake education and the
need for its inclusion in the schools (17) 12% 12% 35% 6% 35%

17. Prior to this conference. I was concerned about earthquake education
and its inclusion in the schools (17) 18% 12% 18% 24% 28%

18. I now rate my awareness as (17) 0% 0% 6% 18% 76%

19. I now rate my concern as (17) 0% 6% 0% 24% 70%

20. Future workshops should be planned to continue the work initiated
at this meeting (17) 0% Off> 0% 24% 76%
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Part II

DinctiolU: Pktue prov. fHtlb«l to tIw followill6 ••,tiolU:

I. What other materials should have been included in the folders or during sessions?

- diagrammatic seismic information
- photos
- slides
- maps showing epicenters and intensities
• materials and contents for older (12-18 year old) students
• actual scientific information on the mechanics of earthquakes
- materials on other disasters - hazardous materials, floods, hurricanes
- slide set with script
- bibliography of earthquake materials and resources
- copy of poster with desks holding up concrete (Mexico City earthquake)
· a primer on current scientific knowledge about earthquakes

2. What workshop component(s) did you fmd particularly useful?

• group discussion
- structural education
- non-strucmral damage prevention
- engineering information
- legal information
• new information and insights
- concurrent sessions
- excellent program director
- mitigation strategies
- FEMA materials
· earthquake preparedness
• excellent samples and bibliognphy
- being in an informal setting with expens in fields of engineering/seismology
- information on the threat in the nonheast and ways to mitigate any damage
- environment/structure group
- geologic information
- critical skills exercise
• curricular options
- poster sessions, resource displays
- good variety of speakers
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3. What are your suggestions for improving the workshop?

- more information on the workings behind an earthquake
- frustration from not being able 10 attend concurrent workshops
- involve primary grade teachers
- more specific information on how to do a project like Sean Cox did (Prototypical Eanhquake
Drill)
- Generic presentation on EJtecutive Order 12699
- Don't assume all panicipants are thoroughly familiar with Ihe science of earthquakes
- Invite police and fire department, Red Cross, school social workers. crisis team members for
their perspective
• Briefer reports from discussion groups 2I have summaries available as handouts
• Need participation by educational administrators, school board directors, other state/locaJ
officials
- Focus should include other disasters
- Time to share what's going on in schools - it's helpful to fmd out what works
- Development of hands-on activities to take back to classroom
· More geologic information
- Gear speakers more to the audience
- Be cognizant of gender issues that may impact on the topic; use non-sexist language
- Show film of actual eanhquake
- Need a more rigorous mental health dimension
- Stress more the substantive scientific basis linked to the preparedness
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'ATlO'AL CE'"fER FOR EARTHQl'AKE E'GISEERISG RESEARCH
LIST or TECH'ICAL REPORTS

The NatIOnal Centct fllf Earthqwe Eng1lleermll Research lNCEER) pubh,~. rechmul report.< on • "anety of sUb,e<;ts related
to earthquue engl1l«rmll wntten by lIUthorS funded through NCEER TheK report.< Ife .....bble from both NCEER',
Pubb.:atJun. Departmem and the Natlunal T«hna.:al informatIOn Service (NTIS). Requests for reports should be dU'lCted to the
Publli;auons Departmenl. NaUl.nal Cenrer for Earthquake Englneenng Research. Stale Um"emty of New York at Buffalo. Red
Jackel Quadrangle. Buffalo. New York 14161 Report.< can alJO be requeslfld thrullllh NTIS. 5185 Pon Royal Road. SpnnlflCld.
Vtrfln," 11!t-! NT!" 3O.'<:e'>Sl'.m number< are iIl... '...Il.11 p.i!"'.the..... J ."&liabl,,

NCEER-87-UlOIFlrsl· Year Program III Resun;h. EdlKatJon and Te<:hnology Transfer." 3/5187. (pR88-134275/AS)

NCEER-1I7.IHl1 "&penmental Evaluation of Inslantaneous Optamal A1gonthms for StnKlUral Control.·· by RC Lan. T T
Soong and A.M Remhom. 4.'20187, (PB88·B4341/....S)

NCEER·87 -<XXJ3 "EJ.penrrlCnlalion Usmg the Earthquake Sunulabon FacdlbeS aI Um"emty aI Buffalo." by A.M. Relnhom and
RL Keller. 10 be publtshed.

NCEER-87-0004 "The Syslem ChlfllCrefl1itK:s and Performance of. Shwng Table." 11)' J.S Hwang. K.C. Chanl and a.c. Lee.
6'1/87. (PBII!I·I342.'iWAS) Thl. repon IS .....bble only through NTIS (sec addreu gJVCIl above).

NCEER·87-11lOS "A Fanlle Element Formulallon for Nonltnelf Vls<:oplasuc Matenal Usmg a Q Model" by O. GyebJ and G.
DasgupUl. 11/1/87. (PB88·213764iAS).

NCEER·87·lOl6 "Symbohc Mampulauon Pn'llram (SMP) . A1gehraK Codes for Two and Three DlfflCnslonal Flmre Elemenl
Formullillons," by X Lee and G DllS8Upta. I I t'J/87 , lPB88·218522/AS)

NCEER-87-llXJ7 "Instantaneous Optunal Control Laws for Tall Buddmgs Under SeismIC Excll&uons," by J.N. Yang. A.
Akblrpour and P. GhacmmaghunL 6110/87. (PB88·I34jH/AS)

NCEER-87-0008 "IDARC lnelasllc Damage AnalySIS of Rcmforced CUfK.-TCle Frame, Shear·Wall SllUclUr"'," by YJ. Park.
".M Remhorn and S.K. KUMatb. 7f20187. (PB88-134325/AS).

NCEER-87.LO.l9 "uquefa..:uon Potential fOf New York Siale; A Prehmuwy Report on SlleS m Manhall&ll and Buffalo," by
M. Budhu. V. VIJayuumar. R.E GICIC and L. Baumgras. 8131/87. (PB81l-163704/AS). ThIS report IS
aVlllbble only through NTIS (see address given above).

NCEER·87 -0010 "Vert1ca1 and Torsional VibratIOn of Foundabons m Inhomogeneous Media," by A_S Velelk>i and K.W.
Dolson. 6Jl187. (PB88-134291/AS)

NCEER·87 -0011 "SeISmiC Probabtlasuc Risk AsllellrrlCnl and SeIsmiC MarltnS SIUdiCI for Nudear Power Planll." by Howard
HM Hwang. 6/15187. (PB88·134267/AS).

NCEER·87·0012 "ParametrIC StudlCS of FrequaKy Response of Secondary Systems Under Ground-AcceleralJon Excirmons."
by Y Yong and Y.I(. Lm. 6/10/87. (pB88-134309/AS).

NCEER-87-OO13 "Frequency Response ofSccondary Syslcms Under SeIsmIC Excltmon," by J,A. HoLlUJI. J. Cal and YK. Lin.
7/31f87. (PB88-1343171AS).

NCEER-87-OO14 "Modellmg Earthquake Ground MobOIll in Seisnucally Aajve ReJlO1lS USUl, Pw_trK Time Senes
Methods." by a.w. Eilts and A,S. CMmak, 8/25/87. (pB88·134283/AS).

NCEER-87-OO1S "Det«taon and AssessrrlCllt of SelSnuc Structural I>unqe." "'" E. DiPasquale and A.S. CWnak. 8125/81.
(PB88-1637121AS).
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NCEER-87-ooI6 "P1pehne Ellpenmental Parkfield. Californl.... by I loenberg and E RIChardson. 9/15/87. (PBSS-163720/AS).
ThIS report IS available only through NTIS (see addres. given above).

NCEER -87 -00 17 ··Dlgltal Simutabon of SetsmlC Ground Mobon." by M Shmozuka, G. Deodatil and T Harada. 8131187.
(PB88-155197/AS) ThIS report 15 avulable only through NTIS (see addrcssgiven above).

NCEER·87-lJJI8 ··PractlCal Consl4Jerabollli for SlIIICtural Control: System Uncertaully. System Time Delay and TruncalJon of
Small Control FolUs." IN Yang and A. Akbarpour. 8/10187. (PB88-1637381AS).

NCEER·87-alllJ "Modal AnalYSI5 of NondaalCally Damped Structural Systems Usmg CanonICal TranlformabOll." by J.N
Yang. S Sarkam and FX Long. 9(27187. (PB88·187851/AS).

NCEER-87-CXl20 "A NonstatlOnary Soluoon m Random Vlbrawn Theory,"' by 1.R. Red-Hone and P.O. Spanos. 1113187.
(PB88-163746/AS)

NCEER-87-CXl21 "Honzontallmpedances for Radially Inhomogeraeouo Vis=elastic Soil Layers," by A.S. Veleuos and K.W.
lJotson. 10/15187, (PBgg-I~59/AS).

NCEER-87-00n "Sel.mn; Damage Assessment of ReUlforced Concrete Memben," by Y.S. Chung C. Meyer and M.
ShUlozuka, 10/9/87. (PB88-150867/AS) This report 11 available only through NTIS (see address given
above).

NCEER-87-00~3 "ActIve Structural Control in Clvll EngulCCnng." by T.T. Soong. 11/11187. (PBSS-187778/AS)

NCEER-87-0024 "Vertical and Tomonallmpedances for Radially Inhomogeneous VlJ(;()Clasbc Soli Layers." by K.W. Dotson
and AS Veletso•. 12187. (PB88-187786/AS)

NCEER-87-0025 "Proceedings from the Symposium on Se15mIC Hazards. Ground Mabon., Soil·Llquefaction and Engmeering
Pracbce m Eastern North Amcnu," October 20-22, 1987. edited by K.H. Iawb. 12187, (PB88-188115/AS).

NCEEK-87-0026 "Report on the Whitl1er-Narrows. California, Earthquake of October 1. 1987," by J.
Pantehc and A. Remhom. 11187, (PB88-1877521AS). ThIS report is available only through NTIS (see address
given above).

NCEER-87-0027 "Ocstgn of a Modular Proll'acn for TranSIent Nonlinear Analysis of Large 3-D Building Structures," by S.
Snv.tav and I.F. Abel. 12130187. (PB88·1879S01AS).

NCEER-87-0028 "Secood-Ycar Program 10 Reaearch. EducatIOn and Technology Transfer," 3/8/88. (PB88-21~AS).

NCEER-88-<XX>1 "Workshop on SeismIC Computer Analysis and Deatgn of BuiIduJIl With InlcrKUve Grlplticl,'· by W.
McGUire, J.F. Abel and C.H. Conley, 1/18188, (PBSS-187760/AS).

NCEER-88-OX>2 "Oplunal Control of NOnlinear Flexible Structures," by JN. Yang, F.X. Lon, and D. W0"l, 1122188. (p8SS
2137721AS).

NCEER-88-OX>3 "Subltructurinl Techniques in the Time Domain for Primary-Sec.ondary Slruttural Systems,• by G.D. ManoliJ
and G. Iuhn, 2110188. (P888-213780/AS).

NCEER-88-<XD4 "lterll1ve Seismic Analysis of Primuy-Sewndary Systema: by A. SinlhaI. LD. LUleI and PD. SpanoI,
2123/88. (PBSS-2137981AS).

NCEER-88-OOOS "StodJUlJl; Finite Element Eapansion for Random Media." by P.o. SpuIDI and R. Gbanem, 3/1411I. (pBSS
213l106lAS).
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NCEER-88-<XX>6 "Combtrung SlrOClur.l 0pWlllZallOn and Structural Control." by F.Y. Chelll and c.P. Plintelida. 1/1018&.
(PB88-213814/AS)

NCEER·88-CXXl7 "SeISmIC Performance AssessmentofCode·De.lIned SlnIctures." by H.H·M. H...ml. J-W. J.... and H-J. Shall.
3/20/88, (PB88-219423/AS).

NCEER·88-<XXl8 "Reli.btlity AnalysIs of Code-Designed SlrOCtureS Under Natural Haz.ds." by H.H-M. Hwang. H. Ustuba
and M. ShulOzuka. 2/29/88. (PB88-22947 liAS).

NCEER-88-<l.XJ',1 "SelSml~ fragility AnalysIS of Shear WaIJ Structures." by J-W J.w and H.H·M. H....ang. 4130/88. (PB89
102867/AS)

NCEER-88·0010 "Base: Isolation of a Multi-Story BUlldmg Under. HarmonK; Ground Motion· A Comparuon of Pcrformanus
of Vanous Systems." by F-G Fan. G. Ahmadi and l.G. TadJbathsh. S/18/88. (PB89·1222381AS).

NCEER-88-0011 "Seumlc Floor Response Spectra for • Combined System by Green's Functions," by F.M. LaveUe. L.A.
Bergman md P.D. Spanos. 5/1188. (PB89-102117S/AS).

NCEER-88-0012 "A New SolutlOll TechnIQue for Randomly EXCited Hyslcretic Structures," by G.Q. Cai and Y.K. LIII. 5/16/88.
(PB89-102883/AS).

NCEER·88-OO13 . A Study of Radiation DlIIlpilll U1d Soil·SInIl:IW'e InterlClIOn Effecll in the Centrifuge."
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