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Part 1 - Overview

Section 1
Introduction

by Katharyn EK. Ross
Education Specialist
National Center for Earthquake Engineering Research

Earthquakes have damaged schools. August 31, 1886, damage occurred at Charleston College in an canthquake that
killed 60 residents of Charleston, South Carolina. March 10, 1933, in Long Beach, California, the John Muir School
on Pacific Avenue and the wall of the dance hall building in Compton High School collapsed. Ociober 31, 1935,
the west wing of the new Helena High School collapsed in an earthquake in Helena, Montana; the collapsed part
of the school had reinforced concrete frame, floors, and roof, and tile floors faced with brick. August 18, 1959, in
Hebgen Lake. Montana. the decorative sione entryway was shaken down al the West Yellowstone Elementary School.
Govenment Hill Elementary School was split in two during the Good Friday carthquake (March 27, 1964) in
Anchorage, Alaska.

At 4:42 P.M. on Monday, May 2, 1983, a 6.5 magnitude carthquake struck Coalinga, California. Seconds later, there
was an after shock of 5.0 on the Richter Scale. A report prepared afier this earthquake by E. Robert Bulman for
Charles 5. Terrell, J1.. Superiniendent of Schools for San Bernardino County, California, noted nonstructural damage
10 the schools. For example. about 1.000 fluorescent light bulbs fell from the fixtures and broke. Improperly installed
T-bar ceilings fell as well as glued ceiling tiles. Water pipes localed in the basement were broken, flooding the
basement and swopping the electrical supply because all the swiching mechanisms were damaged by water. In a
second floor chemistry lab in the high school. bottles of sulfuric acid and other stored chemicals fell and broke. Acid
burned through 1o the first floor. Because there was no ciectrical power W drive the ventilating system. poisonous
fumes filied the building. Superintendent Terrell feels that death and serious injury would have resulted had school
been in session. This damage could have been minimized had school personnel reviewed and remedied some of the
posential hazards prior (o this carthquake.

Structural and nonstructural damage should not be our only concemn. Children and their teachers do not automatically
know what w0 do in an carthquake. [n a preliminary study in which 35 clementary students in New York State were
interviewed, Ross and Shucll {1989) found that only 9% gave clearly carrect answers W questions about what o do
in an earthquake. The interviews also revealed that elementary school children had misconceptions about earthquakes.
what occurs during an carthquake. and what causes an carthquake. Subsoquent interviews of students in fourth
through sixth grades have continued 0 support these observations (Ross & Shuell, 1990a,b).

Earthquakes remain a potential hazard that is not restricied (o the westemn part of the United States. As Table 1
illustrates, earthquakes have occurred in the northeassern pant of the United States and adjacent Canada. Although
there are longer intervals between carthquakes in the Northeast, the potential for damage exists.

Children spend a significant portion of their day in schools. The school community needs to be well-prepared 0 meet
xchool earthquake emergencies in order to protect the welfare of students and staff both during and afwer the ground
shaking. In addition. omorrow’s adults need (o be aware of the dangers that carthquakes present and how 10 achieve
a greader level of safety through building codes o ensure more earthquake resiztant structures, training in earthquake
safety actions 0 take during and afier an carthquake, and improved levels of preparedness in schools, homes, and
businesses. Earthquake education can provide insight into solving problems in science as well as making our

environment a safer place to be.

1-3
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Table 1 - Earthquake Activity in the Northeastern United States

1534 - 1988
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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.

44N
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Significant Earthquakes: New York State and Surrounding Areas

1534 - Present

Date Location MMl Mag. Date Location MM Mag.
1534-1535 St Lawrence Valley, IX-X 1897 Plattsburgh, NY vl
16838 St Lawrence Vallay, X 1918 Mohawk Valley, NY wvi
1663 Charevoix, Que. X 70 1925 Chartavoix, Que. 1% 70
1727 Near Newbury, MA viil 70" 1928 Saransc Lake, NY Vi 4.1
1732 Near Montroal, Que. VIH 1929 Aftice NY Vil 55
1737 New York, NY Vi 48 1920 Grand Banks, Nfid. X 72
1755 Nsar Cape Ann, MA viit 1931 Wasrsnsburg, NY Vi 45
1791 E. Haddam CT VIH 1934 Dannemora, NY vi 45
1817 Wobum, MA VI-VIii 1935 Timiskaming, Que. v 60°
1840 Herkimer, NY vi 1944 Massena. NY Vil 56
1853 Lowwile, NY Vi 1944 Massons, NY (aftershock) 4.5
1857 Buttalo, NY Vi 1966 Anica, NY Vi 48
1860 Charlevoix area, Que. VIHI-iX s0° 1967 Atca, NY Vi 44
1867 Canton, NY Vi 48 1982 Miramichi, N8 v 87
1870 Charfevoix area, Que. 1X 85 1982 Frankiin, NH Vi 48
1874 Tarrytown, NY vi 1983 Goodnow, NY i 52
1884 Rockaway Baach, NY 50 1986 N.E. Chio vi-vil 50

1588 Chicoutimi, Gue. 60

* indicates approximan suriBcs-wave mapnituces
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New England States Earthquake Consortium (NESEC)

by Louis Kiotz
Executive Director
New England States Earthquake Consortium

On behalf of the Board of Directors of the New England States Earthquake Consortium (NESEC). as well as myself.
welcome 10 the Northeasiern Eanthquake Education Workshop on Larthguakes in the Northeast - Are We Ignoring
the Hazard?

NESEC's Basis

In Ocwober 1977, Congress passed Public Law 95-124, the Earthquake Hazards Reduction Act of 1977, which
Jegislatively addressed carthquake hazards in this country. The Acr specifically states. based on USGS studies. that
39 of the SO states are subject 1o major or moderate seismic rigk and are therefore vulnerable to the hazards of
carthquakes. Massachusetts is one of the 13 siates specifically lasted in the Acr as examples of states at risk, bt all
6 New England Stalcs are classified as at moderate risk’.

Under this Aci, the Director of the Federal Emergency Management Agency (FEMA) was required 1o prepare a
written Program plan. the National Earthguake Hazard Reduction Program (NEHRF}. The most rcent amendment
to the Acr is the NEHRP Reauthoriza.ion Act of 1990 (P.L. 101-614) and the most recent Program plan is the
National Earthquake Hazards Reduction Program Five-Year Plan; 1959-1993,

NEHRF endorses the creation of regional groups of states for carthquake risk management to reduce future losses
of life and property from earthquakes and is the basis of NESEC's creation.

NESEC’s Structure

The New England States Earthquake Consortium (NESEC) was incorporated in October 1991 in Massachuseits as
a non-profit, educational corpoeation. Its structure is a somewhat unusual, although not unique, collaboration of
similar agencics from the individual New England States. NESEC's Board of Directors, by its Articles of
Incorporation, is composed of the six Directors of the New England Sties’ Emergency Management Agencies. That
is, the designation of being a member of NESEC's Board of Directors is based on a specific New England Siate
govanment position. With these designations, the Board currendy consists of:

Chairman: George L. Lowe, Direcior
Division of Emergency Management, Vermont

Treasurer: George L. Iverson, Direcior
Office of Emergency Management, New Hampshire

Clek: A. David Rodham, Direcior
Emergency Management Agency, Massachuseits

! Moderste risk relatcs w the fact that New England’s earthquakes have a Jong earthquake reoccurrence interval, not that the
ecarthquake magnitides or their impact on the population or buill environment will be necessarily “moderate.”
1-7
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]

problems. requirements and opportunitics. Another way of Jooking al it. is that it can be truly stased that when one

New England state shakes. the other five ratile.

The Earthquake Program Managers at the State emergency management offices are:

Robent F. O'Brien, Rhode Istand
phone:  (401) 421-7333
fax: (401) 751-0827

Edward B. von Turkovich, Vermont
phone:  (B02) 244.8721
fax: (B02) 244-8653

Gregory B. Champlin, New Hampshire
phone:  (603) 271-2231
fax: (603) 225-7341

John C. Smith, Massachusctis
phone;  (508) 820-2000
fax: (508) 820-2030

1-9
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Part II - Seuim The Sug - -
A Historical Look at Earthquakes in the Northeast

by Walter Mitronovas
Associate Scientist, Seismology
Geological Survey, New York State Museum

Gary N. Nottis
Research Scientist, Seismology
Geological Survey, New York State Museumn

Abstract

Earthquake activity has been recarded for more than 400 ycars for parts of the northeastern United Stales. Present
day eanthquakes, with some exceptions, occur in the same geographical areas where hisworical carthquakes have taken
place. Once recent exception was a magnitude 4.0 carthquake that occurred on Juse 17, 1991, in Schoharic County.
New York. Some areas show fluctuations in earthquake activity with time, For example, sastern Massachusests had
more felt earthquakes in the 1600s and 1700s than it does today. Over 40 damaging carthquakes are known to have
occurred in the northeast since the mid 1500s. About 30 of those events caused slight daraage (I, = VI(MM)).
Another 11 evenis caused moderate damage ([ = VII(MM)). Two events caused considerable damage (I, =
VLI(MM)). The first of these occurred on November 18, 1755, near Cape Ann, Massachuseits, with an cstimated
magnitude of 6.0. It damaged many chimneys in Boston; bricks. tiles and slates fell into the streets, roofs collapsed,
and building foundations were damaged. The second eve.t occurred near Massena Center, New York, on September
S. 1944, and had a magnitude of 6.0. It caused over 16 million dollars of damage (1989 dollars) in Massena, New
York, and Comnwall, Ontario. Electrical service was disrupted and water pipes were broken. More than 5,100
chimneys were damag~d or destroyed. There were also numerous reports of broken windows, cracked cement and
masonry walls, and fallen ceiling and wall plaster. A few older brick buildings in the Massena area were declared
unsafe and demolished. Sigrificant damage occurred in schools in Massena and Comwall. Larger destructive
earthquakes are known from adjacent Canada. We feel that the known carthquake history of the Northeast is oo short
1o indicate whether the geographical patiern of carthquake activity will change significantdy or not. A low mie of
earthquake activity in the Northeast. combined with a short earthquake history. also prevents us from knowing how
often a damaging event will occur. A damaging event may next take place tomorrow or hundreds of years from now.
Expert opinions agree that carthquakes of magnitude 6.0 or greater could occur anywhere in the northeastern United
Siates. In some parts of the region. even larger events could occur. The history of earthquakes in the northcastem
United States serves 10 wam us that sieps need 0 be taken to prepare for damaging events. The question of how
much preparation is needed has not boen decided.

Introduction’

» It is hard to imagine calling the northeastern United States, “Earthquake Country.” That title is usually
bestowed upon Califomia, in the minds of most people living in the United Staes.

? Pregentation notes.
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« Present day earthquakes, with some exceptions, occur in the same geographical areas where historical
carthquakes have taken place.

Slide Three (see figure 3)

+ The same beoad zones of seismicity are still apparent if we examine only earthquakes of magritudes (M,,)
> 3.0, during the period of Ocwober 1975 ©© March 1989,

*  Whether we lalk about the historical record of seismicity or the recent record, carthquakes that have
produced strong shaking or damage (I.>V[MM]), have been concentrated primarily in the broad zones of
activity.

« There are some differences between the hisiorical and recent records in the spatial distribution of activity.

«  One recent example was a magnitude (M) = 4.0 earthquake that occurred on June 17, 1991, in Scholharic
County, New York. Another was ihc magnitude (M,) = 6.5, damaging carthquake that took place November
25, 1988, in the Saguenay region of Quebec.

Slides One and Three

+ Both events occurred in arcas with little or no known previous scismicity. This can be scen when comparing
Slides Onc and Three. The epicenter of cach carthquake is noted on each slide by an arrow and the date of
occurrence.

+ Do the June 1991 Schoharie County and November 1988 Saguenay casthquakes signal the birth of new arcas
of persisient seismicity in the northeastern United States and southeastern Canada? It is possible. A second
possibility is that the occurrence of those events might indicate only rebirth of activity in areas that were
aclive earlier.

Slide One

= Some portions of the Northeas: have experienced flucuations in the rae of scismicity over time. For
cxample, easiern Massachusens had more felt earthquakes of 1, > V(MM) in the 1700s. than today. Most
of the activity shown in castcn Massachusetts 1ok place during the 1700s.

« Eanhquakes of 1, > V(MM) wok place & a rate of abowt onc event every six years during the 1700s,

Slide Three

» Earthquakes capable of producing epicentral inensities (1)) > V(MM). generally have magnitudes (My) >
3.0. Slide Three shows a lack of recent magnitude (M) > 3.0 events in castern Massachuscits.

+ At least two magnitude (M,,) > 3.0 earthquakes, each producing an epicentral inlensity (1) > V(MM), should
have occumred during October 1975 1o March 1989, if the raie of activity was the same as in the 1700s.

= Orher portions of the Northeast that show similar behavior are western New York and the Lake Champlain
Valley.
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Central New Brunswick may be acting the opposiv:. Scismicity has increased in that ares since the January
18, 1982, magnitude (M,) = 5.8 carthquake in that region.

If we consider the historical record for the Northeast, we find that canthquakes that produce strong shaking
or damage, clusier in tine.

Periods of greater activity, for such events, ook place from:
1. 1700-1750
2. 1840-1890
3. 1910-1950

Temporal clustering of magnitude (M) > 3.0 carthquakes in New England has also been observed in the
more recent activity.

Damaging Earthquakes

Slide Four (sec figure 4)

-

.

More than 40 damaging carthquakes are known 10 have occurred in the Northeast since 1727 (sec table 1).

About 35 of these events caused shght damage (I, > VI{IMM). Another 7 events caused moderate damage
(L, > VIKMM). Two events caused coxsiderable damage (1, > VIIKMM).

Slide Five (see figure §)

The furst of those 1wo cvents occurmed on November 18, 1735, near Cape Ann, Massachusetis (esumated
magnitude [M,, ] = 6.0). It damaged many chimneys in Boston; bricks, tiles and siases fell intwo the streets;
roofs collapsed. and building foundations were damaged. The same kinds of damage occurred in
communities along the Massachusetts coast, from Braintree to Ipswich.

Slide Five shows an isoseismal map for the 1755 carthquake. The solid and dashed isoscismal lines enclose
areas of equal ground shaking. The roman numerals denote the severity of ground shaking on the Modified
Mercalli Scale of 1931 (sce wble 3).

Aftershocks of the November (8, 1755 main shock were felt in eastern Massachusetts for at least a year. The
largest aftershock oocwrred on November 22, 1755. near Cape Ann, Massachuseits. That event had an
epicentral intensity (1) > V(MM) and caused no damage.

2-6
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Slide Six (sce figure 6)

s The second cvent occurred near Massena Center, New York, on Sepiember 5. 1944, and had a8 magnitude
(M,)) = 6.0 1t caused maore than 16 million doliars in damage (1989 dollars) in Massena, New York, and
Comwall. Ontario. Ekectrical service was disrupled and water pipes were broken. More than 5,100 chimneys
were damaged or destroyed. There were also numerous reports of broken windows, cracked cement and
masonry walls, and fallen ceiling and wall plaster. A few older brick buildings in the Massena arca were
declared unsafe and demolished.

+  Slide Six is an isoseismal map for the Massena Center, New York, eanhquake.

»  Felt aftershocks occurred in the Massena Center. New York. area for over four months following the main
shock. The strongest aftershock, in terms of ground shaking, took place on September 9, 1944, and had an
1, > V(MM). Further damage occurred to chimneys already weakened by the main shock.

Slide Seven*

* This slide shows cracks up 1o 2 inches wide. in the exlerior brickwork of the old Baptist Church in
downtown Masscna, New York.

Slide Eight
+  This slide shows the front of the Massens Town Hall as it appears wday. It looked much the same in 1944,
The Sepiember S, 1944 earthquake caused the large stone block facade of the Town Hall to bulge outward.
The bottom third of the facade had 1o be removed and put back into place.
Slide Nime*

= This slide shows damage to the brick facade of a home in Comwall, Ontario, Canada. Note the cracks in
the mortar between bricks and the large section of missing bricks.

+ Significanmt damage occurred in schools in Massena and Comwall.

+ In Masscna, falien plaster and broken windows were reported for nearly all the public schools. Some
masonry damage was reported. and we suspect that there was damage to building contents.

= The same kinds of damage occurred 1o schools in Comwall.
Slide Ten'

«  The most spectacular damage resulied when brick coping on the new Cornwall High School broke away and
fell through the timber roof of the gymnasium, three stories below,

+  This slide shows the destroyed gymnasium roof of the Comwall High School.

* Figure not available for inclusion with these notes.

27
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-

Even more destructive eanhquakes are known from adjacent Canada, where over 30 damaging cvents have
occurred since 534 (sec table 2).

When considering the record of damaging earthquakes in terms of what could happen today, we must keep
two important caveats in mind:

1. arepeat of some of these cvents, especially near major metropolitan areas, could be far more damaging
waay. then they were in the past, and

2. most of these damaging earthquakes ook place before there was a high density of people and buildings
in cities such as, New York and Boston.

For example, an carthquake, with an estimated magnitode (M,,) = 5.0 took place off southwestern Long
Island, New York. on August 10, 1884. That event caused only slight damage. However, much of Long
Island was farm country then.

Today, it is believed that an earthquake of magnitude (M,,) = 5.0 could canse an estimated 2.0 billion doliars
in damage on Manhattan Island. New York, alone.

A magpitude (M,) = 6.0 earthquake might cause over 11 billion dollars in damage in New York City.

In contrast. the 1989 Loma Prieta, California, carthquake (magnitude 7.1) caused 6-7 billion dollars in
damage.

Few people have been injured as a direct result of carthquakes in owr region. No one has been killed as a
direct result of such events.

There have been reporied cases where people suffered psychologically from the effects of damaging
carthquakes in our region.

When and Where Will the Next Damaging Event Be?

We do not know.

Statistically. we can cakculaie rales of seismicity for different portions of the Northeast and for the entire
region.

If we look at the earthquake record for the Northeast from 1727 10 1992, we find that damaging canthquakes
occur at the following rates:

1. carthquakes of 1, > VI(MM) occur shout every 6 years,
2. earthquakes of |, > VII(MM) occur about every 30 years. and
3. canthquakes of 1, > VIIIKMM) occus aboul every 130 years.

2-8
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But, considering:

1. that we have an overall low rate of seismicity.

2. the shon length of the carthquake record,

3. the fluctuations in activity, and

4. the apparcnl clusiering of larger carthquakes, in time,

we wonder just how useful are these numbers?

A damaging carthquake may next take piace tomommow or decades from now.
The only certainty we have is that another will take place.

We know that ncarly all past damaging carthquakes in the Northeast occurred in the broad zones of
scismicily. Will that continue o be the trend?

We feel that the known carthquake history of the Northeast is too short 10 indicate whether the geographical
pattern of earthquake activity will change significantly or not.

An imporant question we also need 10 answer is whether or not we have seen the largest earthquakes that
will occur in the region?

To get a hint, seismologists have looked at the eanthquake histories of other continental regions around the
wocld that are similar to the Northeast in terms of geology snd seismology.

Based on those studies, we conclude that we have yet 0 see the largest possible cvents.

Most expert opinions agroe that casthquakes of magnitude (M,) = 6.0 could occur anywhere in the
northeastern Uniled States.

In some perts of the region, even larger events could occur.

To get a mue understanding of iemporal and spatial varistions of the regional scismicity, we would probsbly
need a record of activity thousands or even tens-of-thousands of years long.

Trying 1o understand the pasiemn of earthquakes in the region is like rying 1o describe an entire movie based
on just a few frames from the film. If you have just the right few frames, you can do it. Do we have just
the right few frames?

In spite of these difficulties, the history of earthquakes in the northeastern United States and southeasiern
Canada serves 1o wam that sieps need 10 be sken 10 prepare for damaging events.

The question of how much preparation is needed has not been decided.
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Glossary
Aftersheck. An earthquake that follows the main shock.
Apsismic. Lacking eanthquake activity.

Earthguaks intensily. A subjoective description of an carthquake's cffects on poopic, objects, and man-madc
structures, observed at a particular place on the Eanh's surface.

Epicenser. Point on the Earth’s surface directly above where an casthquake originates.
Epicentral inmngity (lei. Earthguake insensity a1 an epicenter,
Insensity scale. A standard of relsive measurement of earthquake intensiry.

Iseseismel. A linc, drawn on & map, that encloses points of equal eartAquake intensity. The carthquake intensity at
a point is desermined with an insensity scale.

Magnitude (M,,). A measure of the size of an earthguake based upon the amplitode of scismic waves or the duration
of the earthquake, as recorded s a seismograph. M, denowes & particular magnitide measure used in the
northeastern United Staies and southcastern Canada. It is related to a Richter magnitude (M,) by the relation:
M =M, -04

Main shock. The largest in a series of earthquakes occurring closely in time and at approximaely the same place.
Modified Mercalli Scale of 1931. A twelve level intensity scale, ranging from | (not felt) 10 XI1 (ol destruction),

used in the United Stales w0 describe the fedt effects of earthquakes (see table 3). A value on this scale is ofien
denoted by & roman numeral followed by (MM).

Seismicidy. Earthquake activity.

Seismic Wares. Vibrations that travel through the carth as a result of the releasc of energy, whether generated by
natural or artificial means.

Scismograph. A scasitive device that can desect, amplify, and record seismic waves that are ofsen 100 small 10 be
noticed by people.
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Figure 1: Felt historical sarthquakes of ths mortheastern United States and southeastern
Canada. The period covered is 1534 to September, 1975. Symbols show the epicenter and
epicentral intensity (1) of eack event. Epicentral intensities are given in terms of the Modified
Mercalli Scale of 1931. The locations of ihe June 17, 1991, Schoharie County, New York, and
November 25, 1988, Saguenay, Quabec, earthquakes are shown by X’s and their dates of
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Figure 2: Earthquakes of the northeastern United States and southeastern Canada during the
period of October 1975 to March 1989. Symbols show the epicenter and magnitude (M)} of
each event. The figure accurately depicts the epiceniers of all earthquakes of magnitudes (M)
2 2.0 in the Northeast and of magnitudes (M,) > 3.0 in southeastern Canada. Figure courtesy
of the Weston Observatory, Boston College. ™
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Table 1: Damaging Earthquakes of the Northeastern United States, 1568-1988

Origin Time (GMT)
Year _Month  Day Hr Mn ¢
1568
1574
1584
1592
1627
1727 November 10 03 40
1737 December 19 03 30
1744 Junc 14 15 15
1755 Nowvember 18 09 12
1766 February 02
1783 November 30 03 S0
1791 May 16 13 00
1800 December 25
1853 March 12 0
1857 Docember 23 18 30
1867 December 18 08 00
1869 October 22 10 45
1871 October 09 14 &0
1874 December 11 03 25
1884 May 3
1884 August 10 19 07
1895 Sepiember 01 11 0@
1897 May 22 03 16
1904 March 21 06 04
1905 July 15 10 10
1908 May 3t 17 42
1912 December 11 10 15
1918 August 21 05 15
1925 October 0% 14
1928 Februsty 08
1928 March 18 1% 28
1929 August 11 11 24 49
1931 April 20 19 4
199 April 15 02 S8
1940 Decomber 20 07 27 26
1944 Scpiember 05 04 38 46
1957 March 23 19 02
1957 Aprit % 11 00
1963 October 16 15 31
1964 May 12 06 4511
1964 June 26 11 04 49
1966 January 01 13 23 %
1973 June 15 01 0905
1982 January 18 00 14 43
1983 October 07 10 18 46
1984 April 23 01 %02
1985 October 19 10 07 40

Epicenter

Latitude
41.50°N
41.50°N
41.50°N
41.50°N
42.60°N
4280°N
40.60°N
42.50°N
42.70°N
4200°N
41.00°N
41.50°N
41.90°N
43.70°N
44.10°N
44.05°N
45.00°N
39.70°N
41.00°N
40 60°N
40.59°N
40.70°N
44, S0°N
45.00°N
44.20°N
40.60°N
45.00°N
44.20°N
43.70°N
45.30°N
44.50°N
42.84°N
43.50°N
44.70°N
4387°N
4497°N
40.60°N
41 S4°N
42.70°N
40.30°N
43141°N
42 84°N
45.28°N
43151°N
41.94°N
39.95°N
40.98°N

Longitude

T2.50°W
T2.50°W
T2.50°W
T72.50°W
70.80°W
70.60°W
73.80°W
70.90°W
70.30°W
68.00°W
74.50°W
T72.50°W
71.10°W
75.50°W
70.20°W
7515°W
61.50°W
75.50°W
13.90°W
75.50°W
TIRW
T4.80°W
73.50°W
67.50°W
70.00°W
715.50°W
68.00°W
70.50°W
13.10°W
69.00°W
74.30°W
78.24°W
TI80"W
73.80°W
71.37°W
74.85°W
T4B0°W
70.26W
70.80°W
76.41°W
71.68°W
78.25°W
09TW
TLOI°W
74.25°W
76.32°W
73.83°W

Epicentral
Incrity (MM)

Magnitpde (M)
VIK?)
VI
ViK?)
VIK?)
VIi(Y)

45 Vi
48 v-vi
47 Vi
53 Vi

490 V-vi

Locality

CT Moodus - East Haddam
CT Moodus - East Haddam
CT Moodus - East Haddam
CT Moodus - East Haddam
MA Eseex

MA Cape Ann

NY Southwestern Long liland
MA Cape Ann

MA Cape Ann

MA Off Cape Cod

NJ Morris County

CT Moodus - Easi Haddam
MA Warcham - Taunton
NY Lowville

ME Lewiston

NY Canton

ME Passamaquoddy Bay
DE Wilmingion

NY Tarrytown

PA Alfentown

NY Rocksway Beach

NI High Bridge

NY Champlain Valkey

ME Passamaquoddy Bay
ME Sabbetus

PFA Allcniown

ME Eastpor

ME Bridgeton - Norway
NH Omipec

ME Milo

NY Sarsnac Lake

NY Attica

NY Warrensburg

ME Houghton

NH Ossipee

NY Massens Center

NJ Schoolcy’s Mountain
ME Portland

MA Off Cape Ann

PA Lancaster

NH Concord

NY Anica

ME Near PQ-NH border
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Part II - Setting The Stage
Table 2: Damaging Earthquakes of Southeastern Canada, 1534-1988

Ongin Time (GMT}
Month

Year
153
1638 June

1661 February
1663 Februarly
16465 February
1668 April
1732 Scpicmber
1791 December
1816 September
1817 May

1831 May

1831 Juy

1842 November
1860 October
1861 July

1864 Apnil
1870 Ociober
1872 January
1873 July

1877 November
1883 January
1893 November
1897 March
1897 March
1908 August
1909 December
1910 February
1914 February
1922 Juty

1924 July

1924 September
1925 March
1935 November
1939 October
1982 January
1986 November

Day Hr Mn 3¢

11
10
s
U
13

TRRUYSRREEELGIIZBNESS

—
=7

B8s22858

19
12

BR=8S88E%

= ¥ BEB&YE

=82 P¥R¥S

Epiconter

47.0°N
47.65°N
45.50°N
41.60°N
4780°N
47.10°N
45 S0°N
47 W°N
45.50°N
45.00°N
47.30°N
47.60°N
45.00°N
47.50°N
45.40°N
46 90°N
AT AN
47.50°N
43.00°N
45.20°N

70.10°W
70.17°W
73.00°W
T0.10°W
70.00°W
70.50°W
T3.60°W
70.50°W
T3.60°W
67.50°W
70.50°W
70.10°W

Epicentrai
i e

6.6
62

58
6.5

X
Vil
X
Vil
Vi
Vil
Vil
vil
v-vl
vil
Vil
vl
VII-IX
Vi

FQ
ON
PQ
NB
FQ
PQ
PQ
NB
NS
PQ
PQ
NB
PQ
PQ
PQ
PO
PQ
NB
PQ

Locality
Les Eboulements
La Malbaic
South of Cranby?
La Malbaie
La Malbaie
Ile aux Grues
Montréal
Baie-St-Psul
Maontréat
Passamaquoddy Bay
Iic aux Coudres
La Malbaxe
Montréal - Trois-Riviéres
Rividre-Ouelle
Otiawa
North of Quebec City
Bawe-5t-Pul
Baie-St-Paul
Welland
Howick
Passamaquoddy Bay
Moatréal
Montréal
Montréal
Hartland
Cape Breton
North of St-Siméon
Northeast of Sic-Adéle
Bathurmt
Shawville
La Malbaie
La Malbeic
Témiscaming
Tic aux Litvres
North of Fredericton

Saguenay region
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VI

Table 3: Modified Mercalli Intensity Scale of 193! (revised)

Descriptors

Not felt, except by one or two persons lying down on the upper floors of tall buildings.
Felt by few or some. Described as slight or light.

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

Obijects were disturbed. Frightened few; caused slight excitement. Motion was described
as abrupt, sharp, jolting, or rapid. Hanging objects swung (no qualifying adjective used by
obscrver). 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. Noiscs 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 subterrancan sounds were reported. Hanging objects or doors
swung generally or considerably. Described as strong. Trees and bushes were shaken
moderately. Small objects were shifted from position; light furnishings were shified from
position. Pictures were knocked against the wall or swung out of position. Felt by
practically all. Felt by most or almosi everyone. Sensation similar 1o 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 tc those caused by the passing of a light
truck were reported. Plaster was cracked. A few persons ran outdoors. Standing
motorcars rocked.

Liquids were spilled from conainers. Roaring sounds were reported.  Direction of motion
was estimated by observers who were outdoors. Liquids were set in strong motion. Slight
damage was incurred -- poor construction was sometimes specified. Small beils rang
(church, chapel, school, ctc.). Firc and burglar alarms were activated. Buildings trembled
throughout. Many ran outdoors. Felt by all (without qualification). Felt by all in
community. Many were frightened. Excitement was general with some alarm. Small
unsiable objects were overturned.  Knickknacks fell. Some furniture of moderately heavy
kind (chairs, tables, small sofas, small dressers, €1c ) were moved from position. Objects
were thrown from shelves and mantles. Merchandise was thrown from shelves in stores.
Water or gas pipes were broken in isolated instances. Trees and bushes were shaken

2-19



Part |11 - Settins The Suﬁe

Level

Vil

VIl

IX

Table 3; Modihied Mercalli Intensity Scale of 1931 (revised) (Continued)

Descriptors
strongly. Al were awakened.  Plaster fell in small-to-moderate amounts.  Chimacys were
cracked. Some dishes, glassware, and windows were broken. Damage was negligible in
well-designed structures and structuses of good construction.  Vibrations were reported
comparable to those caused by heavy or heavily loaded trucks.

Free-standing and extenior masonry walls were cracked.  All were (nghtened. There was
general alarm. Permanent or tempaorary changes in flow from sptings and wells were
reported; changes in temperature of water from these sourees were noted. Well-built
ordinary structures were damaged slightly o moderately,  Cornices, brickwork, tiles, and
stones [ell from exterior walls and parapets of buildings.  Scveral landslides were reported.
Small quantitics of rocks and boulders were shaken from hillsides and embankments in
single instances. Chimaeys were broken. Chimneys, with ratio of height above roof 1o
lateral dimension at roof exceeding S, were broken sharply at roofline. Wet ground
cracked (no quahfying adjecuves). Persons driving motorcars were disturbed. Noticed by
persons driving motorears. Some found it difficult to stand.  Persons were made 10 move
unstcadily. Sounds were reported similar 1o a sonic boom or an explosion.  Electric power
was interrupted. Water in streams and ponds became turbid and muddy. Waves were
preduced on ponds, lakes, reservoirs, and running water. Sand and mud shified
horizontally on beaches and flat land. Water was splashed on the banks of cancis, lakes,
fivers, ¢l Water was thrown out of swimming pools and small ponds.

Free-standing walls and exterior masonry walls of buildings fcll. Ordinary, substantial
buildings were damaged considerably.  Furniture was broken in some instances.  Furniture
was overturned.  This includes thar described as "heavy™ as well as reports without
qualifying adjcctives. Waves were seen on surface of ground.  Telephones were put out of
service. Chimneys, monuments, factory stacks, ete, fell. Monuments were sotaled on their
bases. Doors and shulters were opened and closcd abrupily (cabinet and cupboard doors
included). Poorly built or badly designed structures were damaged greatly. Pancl walls
were thrown out of frame structures. Poorly built or badly designed structures sustained
considerable damage. Railroad rails were bent slightly, moderately. Numerous windows
were broken,  Everyone ran outdoons,  Free-standing solid stone walls were seriously
cracked and broken. Trees and bushes were shaken violently. Trunks and branches were
broken off. Underground pipelines were broken.  Buildings swayed violently. Fill, railroad
ballast, road beds, made land, and bridge approaches scttled or subsided. Dishes and
glassware were broken in considerable quantity. Somc windows were broken.  Specially
designed structures sustained slight damage.

Plaster fell in Jarge amounis. Some stucco fell. Ground was cracked severely, with cracks
several inches (centimeters) wide and fissures up to 1 yd (meter) in width. Ground was
cracked conspicuously. Open cracks and broad wavy [olds were formed in cement and
asphalt pavement. Small buildings such as singlc-family frame dwellings were shifted on
their foundations. Substantial masonry buildings sustained considerable damage with
partial collapse. Sand and mud were cjected in small amounts. Sand blows and mud
craters were formed. Dams, dikes, and embankments were seriously dainaged. Reservoirs
were damagced seriously, moderately, slightly. Sand or gravel on siream banks caved in to
some extent. Earthflow, landslide, ruptures occurred. Earth slumps and land slips
occurred in soft wet ground. Instances of stumping of river banks were tumerous and
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Level

XI

XII

Table 3: Modified Mercalli Intensity Scale of 1931 (revised) (Continued)

Descriptors

extensive.  Landslides were considerable from river banks and steep coasts. Very heavy
furniture (stoves, refrigerators, large dressers, safes, etc.) were shifted from position
conspicuously or overturned.  Vertical faults of less than 5 ft (1.5 m) or withoul 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 carthquakes sustained considerable damage. People were thrown off
their feet, out of bed, or off chairs. Some wcell-built wooden structures were destroyed.

Concrete irrigation ditches were damaged considerably. Broad fissures were formed in
ground. Foundations, cement floors, pavements, driveways, sidewalks cracked. Fences
were displaced, lorn apart or compressed. Underground pipelines were torn apart,
crushed, or buckled. Objects were thrown vertically into air. Some w«ll-built wooden
structures were desiroyed. Qil, gas, and water tanks were badly twisted or thrown down,
Massive landslides occurred comparable in extent 10 the Madison River slide associated
with the Hebgen Lake, Montana earthquake of 1959, Volume of slide material equaled
or excecded 35 million yd' (approximately 27 million m'). Liquefaction of bearing soils
causcd buildings to sink inlo ground, sometimes vertically. Unequal liquefaction caused
foundations to fail, tipping buildings on thceir sidc. Slopes failed, causing siumps and stides
determined by analysis to have been caused by initial liquefaction of the subsoil.

Scvere 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 cracks, and fissutes were formed. Horizonal
faults and horizonal displacements were reported without amount of displacement given.
Rails were bent greatly, and {or) were thrusi endwise or buckled. Natural gas conduits
were put out of service. Few masonry structures remained standing. Large, well-built
bridges were destroved. Bridge supports and abutments were damaged so badly that
integrity of bridge was lust. Underground pipelines and conduits were put out of service
complciely. Dams, dikes, and embankments were split, breached, or severely damaged to
the point were further failure was probable. Significant tsunamis were generated. Ground
watcr was ejected in large amounts with geyser-like activity contineing for hours or days.

Damage was tolal over an appreciable area, over four adjacent city blocks, over an area of
500-yd (0.5 km) radius, or over any arca 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.

REFERENCE
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Boston Loss Analysis Study

by John Ebel
Assistant Director
Weston Observatory

Abstract

A Committee of experts established by Robent J. Boulay. Director of the Massachusetts Civil Defense Agency
(MCDA). analyzed the powential for damage o the Boston Metropolitan area from a poiential eanthkuake. This
Committee. of which the author was a member, was composed of engineers. seismologists. and emergency managers.
The primary task of the Commitee was w0 review the Metropolitan Boston Arca Earthquake Loss Study, prepared
for MCDA by URS Consultants, Inc /John A. Blume & Associaies. Engineers.

The potential for a damaging eanthquake exists in the New England area, including a potential for earthquakes larger
than that analyzed in the Loss Study (magnitude 6.25). Because of its concentraled population, building types and
construction, the Boston arca would probably suffer the most damage from an carthquake whose epicenter was in
or near Boston. However, other cities throughout New England could suffer proportionately similar catastrophic
damage from an earthquake epicentered in proximity to them,

The occurrence of a Richter magnitude 6.25 eanthquake off Cape Ann, Massachusetts, 2 moderate size earthquake
which has abready occurred in the historic record. would cause damage in the range of 2 to 10 billion dollars(S 1
6 billion dollars being the best estimate) in the Boston metropolitan arca (within Route 128) due to ground shaking,
with significant additional losses due to 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
displaced from their homes. Significant loss of functionality in some critical facilities such as emergency public
facilities. radic and TV stations and medical facilities is also expected. Additional damage may also be experienced
outside the Route 128 arca. especially closer to the carthquake epicenter.

There are low cost, effecuve public education, mitigation and emergency preparedness measures that can and should
be carried out which can reduce the loss of lives and property when an earthquake occurs in New England.

Executive Summary

A Commitiec of experts established by Robent J. Boulay, Director of the Massachusens Civil Defense Agency
(MCDA), has analyzed the potential for damage to the Boston Metropolitan arca from a potential carthquake. This
Seismic Loss Analysis Comminee was comprised of widely respected engineers, seismologists, and emergency
managers. Commitice members included John Ebel, Ph.D., Edward Fratio, Katharine Kadinsky-Cade, Ph.D., Norton
Remmer, P.E., Edward Thomas, Esq.. M. Nafi Toksoz. Ph.D., and Kenneth Wiesner, P.E. The primary task of the
Commitlee was to review the Melropolilan Boston Area Earthquake Loss Study (hereinafter referred 1o as “the Loss
Study"), prepared for MCDA by URS Consultants, Inc /John A, Blume & Associates, Engineers (hereinafter refermed
to as "URS").
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Tabie 1*: Summary of Damage and 72-Hour Post-Earthquake Functionalities Evaluation

Facility Group Damage Damage Factor Functionality Range
(3 Millions) Range (D/RV, %) (%)

Medical Facilities 96.5 21-152 4-26
Transportation Facilities and TOB 1.0 -89 47 - 100
Systems
Gas and Petroleum Fuel Utilities 6.2 16-12.1 47 - 95
Water and Scwage Utililies 6.7 02-33 65 - 98
Electrical Power Ultility 517 16-50 74 -84
Communications Network 14.5 46-90 35-74
Emergency Public Facilities 9.7 33-144 16 - 26
Residential Building 2.500 23-100 57 - 62
School Buildings 992 0.7- 155 11 -19
Special Facilities:

- Dams 095 04-13 68 -72

-- Tall Buildings 390 10.3 27
Total 4,150

? Thase figures and the accompanying report were submitied to Rohert J. Boulay, Director of the Massachusetts Civil Defense
Agency in February, 1990,
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Nonstructural Earthquake Safety in Schools

by Virginia Kimball
Earthquake Safety Consultant

Abstract

After consideration of structural safely, the reduction of nonstructural carthquake hazards is the next step in reducing
the risk of deaths. injunies. and costly earthquake damage in schools. Many nonstructural hazards such as fumishings,
eqquipsnent, and stored items can be sccured at little or no cost. Addressing the hazards posted by large windows and
impropezly stored hazardous malerials can be more costly, but provides significant safety improvements and other
benefits such as reduced fire and vandalism risk. Students. teachers, parents, cusindians, and administraters shoulkd
become aware of the need for ronstructural hazard mitigation 3o ensure an ongoing safety program in schools, with
concurrent benefits to the community through reduction of hazards in the home and workplace.

Introduction

Identificanon and mitigauon of nonstructural hazards in schools will reduce the risk of deaths, injunes, and costly
damage when an earthquake strikes. Many of these hazards can be recegnized and even corrected easily. Teaching
students, staff. parents. and community members to be aware of carthquake hazards can be part of an ongoing
carthquake safety education program which will make the entre community safer.

Definition

Nonstructural elements of the school buildings arc those elements which are not part of the primary structure itself.
These elemenis include ceiling tiles or suspended ceilings. light fixtures, windows, and fumnishings.

Nonstructural hazards al schools include hazards in and around the school buildings and campus, as well as in the
surrounding neighborhood. These might include electrical wires, underground pipelines, and nearby businesses which
uss or store hazardous materials.

Mitigation refers (o actions taken to reduce the risk of damage or injury. For example, bolting a bookcase to the wall
will prevent it from falling over during an eanthquake; inswalling a fence or lip on each shelf will prevent the books
from sliding off as the ground shakes. Moving a heavy box from on top of a cabinet and placing it on the floor is
an example of mitigation with no cost and little effort.

Nonstructural Hazard Survey

The "hazard hunt” begins with a neighborhood survey. often assisted by fire department and city records. While these
hazards are ofien impossible for the school 1 carrect, cmergency plans should consider many contingencies. Primary
and backup evacuation routes and assembly areas must be located in the safest places.

Survey the entire campus and exterior of all buildings, notng parapets, overhangs, covered walkways, and other
hazards which might drop during an earthquake. Healing and air conditioning units are oficn precariously installed
above caits or in windows on upper {loors.
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Conclusion

Many nonstructural safety hazards are fairly easy (0 mitigate. Others require a great deal of ime and/or money, in
short supply at most schools. The risk of injury, death. and damage is significant, and while we cannot elirninate all
hazards, we must do what we can to protect students and staff.

References
FEMA 74-Schools, "Identification and Reduction of Nonstructural Earthquake Hazards®
Non-Stnictural Eanthquake Hazards Manual, FEMA
Videotape. "Reducing the Risks of Non-Structural Earthquake Damage in Schools,” FEMA

Earthquakes K-6. A Teachers Guide. "Tremor Troop™ cumiculum, Unit 6, FEMA
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Regional Safety/Emergency Response -
Earthguake Safety of New England Schools

by Daniel Catlen
Earthquake Program Manager
Federal Emergency Management Agency

Abstract

This presentarion focused on the philosophy of eanthquake hazard education in schools and how it can complement
the regional emergency response plan. Tangible suggestions for schools to initiate earthquake education programs
were given including earthquake 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 Earthquake Drill -
A Critical Skills Exercise

by Sean P. Cox
Teacher. Salem High School

Abstract

Earth science students at Salem High Schoal have participated in an environment of critical skills. Events are student
centered, leamning stresses both process and curriculum content, and the foundation for activity is problem solving
projects. This particular project had students designing and rehearsing part of an emergency management plan (a
hazard plan) responding 10 an earthquake affecting Salem, N H. Students assumed roles of town officials in a three
hour dnill held in Salem’s Emergency Operations Center (EOC). The drill was sponsored by the Town of Salem and
the New Hampshire Office of Emergency Management. Project origin, planning, performance, and follow-up are
dewailed in this paper.

Introduction

For seven months, students in this class spent more than one hundred hours leaming specific Eatth Science topics.
as well as learning strategies and how to work together. In March, as our plase tectonics unit progressed, the time
to apply the curricular and process knowledge arrived. A project was designed with help from and in cooperation
with our wown's Emergency Management Direcior and the New Hampshire Office of Emergency Management.

Students were asked to design. document, and use a hazard plan that responded 1o an earthquake affecting the sown.
This plan could then be added to Salem’s Emergency Management Plan. Swdents did extensive rescarch and
documentation preparing. not only the necessary plan. but also themselves. W play roles as decision makers in a
disaster. The teacher, Emergency Management Direcior, and N H. Office of Emergency Management. met and
communicated numerous times 1o finalize detils.

The actual drill. held in Salem’s Emergency Operations Center (EOC). greatly surpassed all expectations. Students
handled crisis after crisis in a three hour drill that included mass destruction, dam failure. utility outages, looting.
hospital closings, and mulliple evacuations. Groups of students rotated through three, one-hour shifts assuming roles
such as school superintendent, reporters, and selectmen. There were times of confusion and near hyseria as a myriad
of details crowded the EOC. Students struggled at times to priorilize and solve problems. However, all the
participants and observers came away with a new respect for each other and the need to be prepared.

How It All Began

My personal teaching philosophy acknowledges that leaming is compiex. Leamning is aiso different for cach
individual, and schools need © recognize these differences. Schoals need 0 seach not only the "what,” but also the
"how.” With this in mind, my ninety-six studen’s were placed in a student-centered environment where they had the
ultimate responsibility for their personal, as well as group, leaming. Additionally, the students spent many class
periods doing activities that gave them the opportunity to experience various leaming styles. Frojects created various
concrete and abstract opportunities for the leamers, including reading, writing. drawing. buikding. leading, organizing.
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Planning, Planning, and More Planning

The Director suggested a dnill that would test the students’ plan as a final evaluation of the project. This drill could
satisfy my need to assess the students, and allow the town to benefit from a rehearsal of its emergency management
plan. The wacher and the Director outlined the town's need for a specific hazard plan and discussed ways in which
students might meet that need. A time and date 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 initiating this fifteen day extravaganza by arranging for expert speakers to come to school. Issues
discussed included scismology, cngincering, hazard asscssment, emergency responsc planning, and plan
implementation. All of the speakers supplied printed materials 10 supplement their presentations.

On the first day. it was decided that the students needed additional guidelines to properly design a hazard plan. Plan
design was separated into five areas: communication, evacuation, hazard assessment, peivate resources, and public
resources. As the first few days passed. students struggled to prioritize the components of the problem and divide
responsibilitics. The wacher carclfully guided students by questioning them and challenging them to use skills and
knowledge previously acquired.

Meanwhile, the Director developed the script for the drill. provided the ieacher with the roles and tes students
would later assume during the drill (see Jist below), and secured access to a variety of resources. These resources
included a college 1ext. Federal Emergency Management Agency (FEMA) pamphlets. and a blank hazard plan
tllustrating plan design gudance. Telephone numbers of town department heads. state and regional emergency
management personnel were also made available. Students also benefinted from a considerable amount of time and
malterial from the New Hampshire Office of Emergency Management and its Natural Hazards Program Specialist.

List of EOC Town Officials and Staff Roles

Town Officials EOC StafY

Chairman. Buoard of Selectimen Message Loggers (2)
Mcinhers, Board of Sclectmen (4) Message Runners {2)
Town Manager Update Status Board (1)
Emergency Management Director Radic Communications (2)
Fire Chicf EOQC Security (2)

Police Chief EQOC Logistics (2)

Public Works Director Public Information Cfficer
Health Officer Reponers (3)

Chief Building Inspector

Director of Human Resources (Welfare)
Amernican Red Cross

Superintendent of Schools

As the project continued. | began 1o 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
consisting of the Director, educators. and the New Hampshire Natural Hazards Specialist. This pane} was able to give
students valuable feedback on the plan’s strengths and weaknesses. This day long debniefing also allowed the students
the chance 10 look at the project critically.

2-35



Part 11 - Seltin‘ The Slage

At the beginning of the secund week, student 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 xtive pan in the
Emergency Operations Center (EOC) and an EOC staff role or a role where they would be involved with rescue
equipment and media presentations. They had to identify the shift during which they would begin a journal. This
journal would be a record of the drill as well as an introspective analysis of the entire project.

The Director coordinated attendance of the lown’s depariment heads, school superintendent, American Red Cross
representative, 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. schoot and community rule implementation, lunch, and debniefing.

It Is D-Day

At B:30 am. on D-Day (Drill Day). siudents anxiously gather materials and board the bus to Salem’s EOC. Upon
amival a1 Salem's Main Street fire station housing the EOC, students hear building rules and consequences, leave
their caats, and position themselves for the first shift. Once in place, Salem’s EOC opens and the drill commences.

The EQC was opened in response 1o an earthquake ar 7.50 a.m. measuring 7.5 on the Richter scale centered
in nearby fHudson, N.H. With Salem’ s adult depariment heads as advisors, students enact their plan prioritizing
needs, communicaiing with counterparis, and salving probiems, all the while using the town's minima!l remaining
resources as judiciously as possible.

The following is an excerpt from the drill script.
“SHIFT CHANGE - STATUS REPORT - It is now 8:00 am. {the next morning).

During the night, the public works deparimen: began repairs on the known broken water mains. The waier
fowers are back up to capacity, but water service is provided to only a small portion of the iown (Main
StreetiDepot area and Lawrence Road!/Cluff Road area). The sewer system is completely out of service and
sewage is beginning to leak inio some streams and onio some roads. All power in town weni out for mast of the
night and is beginning 10 come on in sections. Cable TV is siill our. The cracks in the dam as Arlingion Pond
appear 1o be worsening.

The evacuation cemser houses approximately 200 people who are in need of food.

The police deparimeni spent a long nigh: dispersing looters and making arrests. Approximately 20 peaple are
ir custody.

The fire departmen: responded 10 several building collapses, two house fires, numerous downed power lines, and
15 ambulance calls. Most of the patients were 1aken o a temparary first aid station.

Two relatively munor aftershocks were felt during the night.”

Decisions are made, aid is rendered, and nerves ase wracked as each shift stuggles with a seemingly endless
onslaught of high priorily problems. At times, the EOC becomes a jumble of noise and confusion as internal
communication deteriorates and priorities temporarily blur. Selectmen try 1o solicit information from the Building
Inspector, only to find him occupied with both the Public Works and Health officials. Finally, the Emergency
Management Director shouts loudly. quicting the din, retumning the EOC to a semblance of "organization.” After 180
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minutes of emergency responses (simulating 24 hours). highlighted by a telephone call from the director of FEMA.
the drill concludes with a press conference.

All are relieved, and excited, exhavsted, and slightly saddened by the project’s conclusion as they wait for lunch.
Students share their shifi disasters and responses, Some write feverishly in their journals. As the first of thirty pizzas
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 stale emergency management officials have many kind words for the students followed by praise 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 permission to keep the document for this purpose.

At 1:15 p.m., the students say their good-byes and thank yous. After a shornt ride, they're back in school, anending
the last period class. These 96 fourteen and fifieen year-olds have truly 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 expecied. Students were able to synthesize a plan for
dealing with a natural disaster and put their plan into action. However, there were some specific areas of concem.
Even though there were fifteen decision making roles (representing town officials) and another fifteen staff roles in
the EQC., there were several sindents who had o double-up in onder to participate in the EOC operation. Also, the
EOC was very crowded with students, adult advisors. state 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 o make dozens of
communily contacts (o gather materials and information. 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, the detailed journals conveyed that students wanted to do more. This gave all of us
involved in the drill a real sense of accomplishment.
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Hands-on, Minds-on Earthquake Education:
Curricular Options and Shaky Activities

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

Abstract

Knowing what 10 expect, how 1o prepare and respond lo an earthquake is a proven method of mitigating loss of life
and property. Teaching this knowledge is the responsibility of today's educators.

Effective earthquake education teaches students both earthquake science and safery, clarifics misperceptions,
empowers the school community to realize they can survive a major earthquake, contributes to building a generation
of earthquake-cognizant adults, and reduces future loss of life.

In order to initiale earthquake education programs, educators need to have information about available earthquake
education materials and instructional techniques so that valuable time and resources arc not spent redesigning what
is already available, or so that information is not presented in an ineffective manner.

This presentation will provide a general overview of earthquake education cumricula for grades K- 12, and focus on
important educational principles that will enhance the presentation of this material such as: consideration of prior
knowledge, a psychologically supportive leaming ammosphere, use of hands-on activities, use of critical thinking
activities, and the integration of content throughout the curriculum in a Science, Technology, and Society (STS)
program.

Introduction

As previously noted. earthquakes have damaged schiools. Because children spend a significant portion of their day
in schools, the school communily needs to be well-prepared 1o meet school earthquake emergencies in onder 10
proiect the welfare of students and staff both during and after the ground shaking. What does this type of carthquake
cducation program encompass?

+ Awareness of seismic hazard and risk in a geographic area

+ Accurate scientific information about carthquake-gencrating mechanisms

+ Accurate earthquake preparedness and mitigation strategies

More specifically, canthquake education provides an opportunity to satisfy a number of goals in the areas of both
science and safety:

1. Reducing loss of life and property damage in schoois during earthquakes.
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School 1ntervention Following a
Critical Incident: Project COPE

FEMA 220. 20 pp.

How 1o Help Children Afier a
Disaster: A Guidebook for
Teachers. FEMA-219. 1991,
17 pp.

"Children »nd Trauma: The
School’s Response”

FEMA - Earthyuake Education

500 C Street. S.W.

Washington. DC 20472

These materials focus on helping children and adolescents deal with
disasier situations by 1) presenting background information on
psychological stress due 10 emergencies; 2) providing 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 that will alleviate much of the confusion that
ineviiably arises when adult authorities are not prepared 1o handle
unforeseen crises. The School Intervention document was developed by
a group of Project COPE (Counseling Ordinary People in an
Emergency) clinicians and is based on their experiences in a crisis
counseling program activailed in response to the Loma Prieta earthguake.
How to Help Children was designed by a team of Alameda County.
California, 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 teachers. All three
items are free and can be oblained by writing to Marilyn MacCabe at
FEMA.

Earthquake Education Curricula

School personnel are frequently unaware of existing earthquake 2ducation resources. As z resull. money and time
is spent trying to design something already available or easily adaptable. The following is a brief overview of
earthquake education curricula currently available:

CALEEP Curricula
Lawrence Hall of Science

1 Can Make X the
Difference

Chair

Emergency Preparedness
Commitice

Utah State PTA

For grades
4-8

For primary
grades;
written al 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 [+ and/or lle with
disk drive)
¢. Filmstrip
d. Audio Cassene Tape - disc jockey, Mr. Pate,
experiencing 1964 Alaska Earthquake
e. AAA map Califomnia

Awail the Quake Game can be purchased through the
Lawrence Hall of Science Eureka catalog.

This contains a series of units 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 introductory poem: "What Would I Do"
exercises; “Things [ Should Know;” and games and puzzks.
The carthquake section includes a2 map showing Utah
carthquakes. an ecarthquake word hunt and safety rules
crossword puzzle.
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Crustal Evolution Designed
Education Project primarily for

available from; grades 7-12

Ward's Natural Science

Esablishmenl, Inc.

Earthguake Awareness For pre-K-b.
and Preparedness has been used
Curriculum with swudents

Junior League of Oakland-East up 1o 8th

Bay grade

The E uake For high
Utab schoot

Publications Depaniment sludents

Utah Geological Survey

Consists of 33 individual activity modules designed o provide
students with an understanding “of the concepts behind plate
lectonics and the physical Earth.” Each module is individual.
self-contained and designed for the Eanh Science classroom.
Modules include: “Locating Active Plate Boundanes by
Eanhquake Data.” "Earthquakes and Plate Boundarnies.” "Plaie
Boundaries and Earthquake Prediction,” "Hot Spots in the
Earth’s Crust,” "Volcanoes: Where and Why?” and "Quake
Estate,” a board game 10 be played by two to four students
whose goal is, "W achieve success in net income based on
accuracy of assessing eanhquake risks” (copyright, 1979).

The CEEP is not intended to be a complele curriculum, but
designed to supplement any teacher’s curmiculum.

This is a 1 hour curriculum that anyone can pick up and do
that is particularly aimed at elementary students. There is a
curriculum guide that provides lessons for each grade level, an
Instryctor's Guide from Environmental Volunizers, Inc.. and
role playing situations from CALEEP. There are also
supporting vidcotapes that show cach level of the curriculum
that were prepared by JLOEB, the Albany Unified School
Dastrict. and the Audubon Nature Training Society: preschool
level, middle school. high school - adult (not included in the
curriculum), and "School Facilitation.”

This is part of a larger curriculum called "Places with Hazards:
A Teacher's Handbook on Natural Hazards in Utah” developed
for secondary-level earth science teachers as a means of
preparing smdents 10 live more safely in a world that can pose
problems from natural hazards. Students shoukd be able w0
make wise choices about where to live and work. The
objectives are o Jeam about natural hazards, how they can be
identified, what effects they have, and how they can be
mitigated. Places in Utah are idenufied where natural hazards
have occurred and can be expected to occur.

The curriculum contains ten sections: 1) overview, 2)
earthquakes, 3) slope failures, 4) problem soil and rock, %)
radon, 6) volkcanocs, 7) avalanches, 8} wildfires, 9) floods, and
10) dam safety. Each lecwre is accompanied by a set of
35Smm slides for classroom use. Also included are activities,
master sheets, glossaries, and resources.
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Earthguakes: A For grades
Teacher's Package for K-6
K-$FEMA 159

Marilyn MacCabe

Earthquakes For grades
{module) 8-10
"Minorites in

Engineering” Project

This 280-page package was developed by the National Science
Teachers Association. It contains hands-on classroom activities
that suppont virtually al] elementary subject arcas. Designed
for the classroom teachers with listle or no background in earth
science, the six-unit package focuses on:

+ Defining an carthquake;

» Why and where earthquakes occur;

» Physical results of earthquakes;

« Measuring carthquakes;

» Recognizing an earthquake: and

+ Earthquake safety and survival

This is a module designed 10 interes: siudents in earthquakes
through activitics, modeling, engincering applications, and
simulation stralegies. Has 12 lessons: 1-5 introduce students
10 earthquakes; 6-9 wlk about observed precursors of
carthquakes and introduces seismograms; and 10-12 oy w0
makc carthquake investigation relevant to students. Includes
directions for making related items and doing experiments, i.e.
making your own tluneter, creepmeter, shocbox model of a
fault simulator and trying liquefaction simulation, resonaling
building demonstration, and earthquake simuiation. Includes
reproducible charts and maps. Can be used in pant or total in
an earth science or general science course.
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Hands-On _Earthquake
Earnthquake Learning

Environmental Volunieers

Northwest Earthquake

Workshop for Teachers
(NEWT.)

Pacific Science Center

For grades
K-12

Not organized
by grade level

1. Instructor’s Guide

a. 17 illustrated, plastic-protecied Activity Folders

b. 16 information/activity inserts (including quake
mylhs. games, puzzles, math activity, "tremor
tales”).

¢. llustrated text on basic carthquake geology:
The Story of the Earth

d. Red Cross' Safety and Survival in an
Earthuake

e. "Getting Ready for a Big Quake” - Sunset
magazine

f. Complete guide to schoo! earthquake planning

g. Neighborhood Preparedness Guide

h. "Plans for Teaching Materials"

2. Hands-On Teaching Materials

a. Plate Tectonics Globe (removable plates)

b. Earth Hemisphere Model

¢. Plate Puzzle map (ocean floor features)

d. Wood Plaie/Fault Blocks

2.9 fL sq. plate tectonics rug (paliemn also
available)

f. Sea Floor Basalt rock sample

g- Sca Floor spreading box

h. Time cards, markers and time-tape

i. Continental Drift film (computer-generated)

j. Fault Zone Model

k. Magni-tube Model

1. Motor driven shaking table and accessories

The goal of this cumriculum is two-fold: 0 promote a bener
undersianding of icience processes through the investigation of
Eanhquake phenomena by providing concepiually sequenced.
hands-on activitics and 0 promoic scwentific literacy by
encouraging the leamer wo develop and utilize the science
process skills necessary for doing science and for living in a
compilex technological sociery.
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Plate Tectomic Cycle - For grades Plaic Tegionic Cycle - Earth’s Moving Foree (259 pp.. 84
Earth's Moviag Force K-6 lesson plans including 28 innovative hands-on lab activities;
Math/Science Nucleus 12/grade level K-6).

Themes covered include vokanoes., carthquakes. plate
lectonics, and hazards.  Students lean thal the Earth is
dynamic as it spins on its axis, revolving around the Sun. The
Earth is restess inside, a8 it tries W0 ool its interior. The crust
of the Earth is pulled and pushed causing earthquakes and
volcanocs along the boundaries of plaies. Hands-on activities
leach students how scicnusts investigate the Earth by looking
al data denived from carthquakes and vokcanoes and to think
about present theories about why the Earth's surface moves.
Leaming about carthquakes and volcanic hazards will help
children 1o undersiand disamers that sometimes accur and help
them learn how 10 cope. Also includes a position peper on
carthquake education, a section on developing a school-wide
disaster plan, and a listing of organizations where more
information can be obtained. This volume represents 4 weeks
of a 34 week clementary science program per grade level
called the Intcgrating Science. Math and Technology {l.
Science MaTe) Program.

The Process of Learning

If lack of cumicular resources were the only impediment 10 undersianding earthquake education concepts, the
presentation could end here.  However. high quality materials do not guaraniee learning. | is imporiant not 0
confuse tcaching and the presentation of malerials with leaming. There are other aspects of carthquake cducation,
and indeed all education. that also need 1o be addressed.

First, there is the rolke of prior knowledge in filiering the information that is presented © children. Preliminary
research indicaies that current carthquake education, although helpful. may provide information that can be
misinicrpreted and misundersiood. In three relased stodies (Ross & Shuell, 1990a, 1990b), 91 students in grades K-6
from three different schools in two locations were imerviewed 10 determine their beliefs about earthquakes. Even
though ¢ach study included siudents who had leamed about carthquakes in school. some of the students held
misconceplions abowt earthquakes and what a person should do in the event of onc.

The cause of an carthquake proved 1o be cspecially difficult for students. No student in the first study. less than 10%
in the second, and about half in the third noted plste movement as a cause of earthquakes. Other responses inciuded
the earth’s core geuting 100 hot. faults, wind, loud noises. thundersiorms, drilling in sidewalks, heat from the sun on
the carth, and lava

Approprisie response in an earthquake was also difficult for students. The most frequently given answer for the K-3
group in the fira study was. “]1 don't know.” The grade 4-6 students in that study lended Lo answer they would go
10 the basement. No student in the initial study answeved that a person should per under a desk/Aable. and less than
a fourth replied that onc should stand in a doorway. Students in studics 2 and 3 were more aware of that to do in
an carthquake. Over half of them gave generally comrect answers. However, further analysis of their answers
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indicated some possible conceplual difficulties. For cxample. in the second study. 40% of the fourth graders
specifically menuoned metal when stating that one would be safe in an nside doorway. Additonal questioning
indicated that some children felt metal would protect thein, rather than the structure of the building. As one student
stated, "An carthquake doesn’t do metal. It does concrete.”

Recognition of the role of prior knowledge should guide instruction. Because children may have ideas about
earthquake science. preparedness. and response prior 10 formal lessons, they may interpret what is 1aught in class
in a different way from what was intended. Without knowledge of these preconceptions, (e.g.. as metal is swong),
teachers may not address them, and never iealize that students have drawn different conclusions.

All of this points 1o the impontance of assessment. If teachers do not assess, they do not know what students have
learned. These measurement tools need not be elaborate but, they should avoid recall of rote information. Especially
in science, students can often score a question correctly by fooking for the answer that sounds "scientific." Words
like “tectonic” can be such indicalors. Figures 1 and 2 show examples of different kinds of evaluations using
illustrations from Earthguakes: A Teacher's Package for K-§/FEMA 159 (Callister, Coplesione, Consuegra, Stroud.
& Yasso. 1988).

Other aspects of learning that need to be considered are the addition of hands-on and minds-on (critical thinking)
activities. Students should handle rocks and soil and be given activities where they have 1o critically evaluate
information. This can especially be done in classroom acuvities involving building construction.

Finally, it is important 1o remember that introduction of content does not guaraniec undersianding of the topic, and
oversimplification of difficult concepts may not give students enough information to take appropriate protective action
in a variety of setlings. In fact, students may respond in ways that could be dangeruvus.

Conclusion

Earthquakes remain a potential hazard, and tomorrow s adults must be provided with the skills 1o address and find
solutions o the problems that will face us. They need w© be aware of the dangers that carthquakes present to our
communities and how 1o achieve a greater level of safety through bailding codes 10 ensure more earthquake resistant
structures. training in earthquake safety actions to take during and after an ¢arthquake, and improved levels of
preparedness in schools, homes, and businesses. A comprehensive earthquake education program that considers the
process of leaming as well as the curricular materials. can provide insight into solving problems in science as well
as make our cnvironment a safer place o be.
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OBJECTIVE: Stucents ~:.. .Zenz.ly what s sale jenav:or dur.ng an sarthquake
and demonstrate <n.§ Cferav.:>r ZUILnG an 2arThduaxe SiTu.aTian.

Look at the following picture to answer question 60.

60. Tha omly niace =2 npe .= the event I 4an eartnquake s .n the 1inside
doorvway because zarcnguades 3on't travel througr meta..

4. Thls statement .5 correct and the reascn .s correct.

b, This statement .5 correct; -he reason .s correct but does oot
Support the statement.

€. This sTatement .3 incorrect althcough ~he reason is correct.
d. The statement and tne reason are both incorrect.

ABOVE RECALL

Figure 1: Example of Different Kinds of Evaluations Using Illustrations from Earthquakes:
A Teacher's Package for K-6.
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{Fssay using vacabulary words from curriculum) Look at the following
picture of a classroom. Tell how you could make it safer in an earthquake.

Tell at least five ways using the following words: move, attach, fasten,
secure. [eEODVE.

AL

'\ 7 ‘h. P
i e
\'“f“ —

8 | L

Possible answers could be:
. Move heavy objects from the top shelf

. Attach the book case 10 the wall.

. Fasmn the cabinet doors closed so they won't fiy opan

. Secure the hanging plant with a clcsed hook

Remove the aguanum from a place near 10 the students and wacher.

PRI

Figure 2: Example of Different Kinds of Evaluations Using Illustrations from Earthquakes:
A Teacher’s Package for K-6.
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Part 111 - Education - Curricular Options
Integrating Earthquake Education in the Classroom

by Tori-Lynn Zobel
Science Teacher
Cleveland Hill Middle School

Abstract

Eanthquake education is just beginning to become relevant 1o schools and families in the northeast. Many assume
that because we have nol had a major carthquake in quite some time, the need to be educated in such a matier is
unnecessary. However, with all the recent seismic activity in Califomia, even people on the east coast are becoming
aware of the disastrous effects of earthquakes and questioning a lack of preparedness.

By introducing earthquake education in the classroom, tcachers are not only educating children, they are hopefully
making families aware of the facl thal 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 t0 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 inieresting learning styles can be incorporated in teaching earth science in the elementary school. By
involving the children with hands on experiences, aclivities that involve family input, and making resources
constantly available to the classroom, the Earth Science unit is often difficult to end. Including earthquake awareness
is an important aspect of this unit. It is also the part that children seem to be most interested in.

Introduction

Children’s knowledge of eanthquake education varies greaily. Some associaie il with weather faciors, while others
have become interested in carth movement and seem to understand how the carth changes. Regardless of their
backgrounds. children want to know more about the Earth. A whole language approach can integrate earthquake
education into all subject areas.

Most recently. cooperative leamning has become a major thrust in the clussroom. This approach lends itself to group
projects, discussions, and shared experiences and as such, is an exciting way © teach carthquake awarencss.

As children collect data. a portfolio can be used by teachers and swdents alike. It often serves as a way (o assess
a child's work a1 the completion of a unit. Students often regard their folders as meaningful because they contain
all the tasks they have completed throughout the unit of study. By making these tasks relevant 10 the children, a
portfolio can become a more comprehensive evaluation of earthquake education concepts than a single test.

Text

The New York State Science Cumiculum in the elementary school does not always include a unit on earth science.
It may appear at the third grade lcvel and then again at the fifth grade level. If a weacher strictly follows the syllabus,
carth science does not appear 10 be a major unit at any level in elementary school. However. in high school. students
are encouraged to take the Earth Science Regents course of study. Many register for a general science course and
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During our weeks of study. ! frequently grouped children and assigned them a specific task directly related to the
earthquake unit. This style of cooperative learning is not a new idea. Johnson and Johnson ( 1991) define cooperative
learning as "the instructional use of small groups so that students work together to maximize their own and each
other’s leaming."” It is a very useful tool in leaching earthquake education. Student interaction is one of the key
characteristics of cooperative leaming. Recently. 1 divided a classroom of students into five groups to co - struct
communites bailt on a fauh. Each child had a specific task to complete, however the group had a mutual goal -
building the community. After the groups completed their assignment, 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 weaching. One of the current directions
in evaluation is portfolio assessment. It is used quite frequently in language arts and reading, however when utilized
in science. portfolio assessment can be a valuable tool for a teacher. "The concept behind portfolios is a powerful
process that serves the students and guides the teacher.™

Frequendy at the beginming of the carthquake unit, 1 have children make their own folders complete with a table of
contents. As we work through acuvities, writings. experiments and presentations. the contents of ihe folders grow.
Students are cncouraged to review their work and even re-do it if they feel it could be improved. At the end of the
unit, I designate a date that all folders must be handed in. At any time, work can be added to the folder, thus the
table of contents can also grow. 1 frequently review its progress with the children before it is handed in for a grade.
It amazes me 1o s2e the pride most students take in their portfolio. They really seem to care about what's inside that
folder.

Teaching carthquake education and awareness to children involves many styles of presenting matenals. Chiidren are
anxious to learn about their planet. how it is ever changing. and how to cope with the dangers of a disaster. Including
carthquake education at all icvels provides continual growth for students and teachers alike.

-

1

A

(51
W\oq,lnx rocnﬁil\

e -
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Figure 2: Our responsibility is to achieve a cooperative relationship.

’ Cooperation in the Clasiroom - Revised, David W. Johnson, Rager T. Johnson, Edythe Johnson, Holubec, 1991.

invitstions: Changing as Teachers and Leamners K-12. Regie Routman, Portsmouth: Haneman, 1991.
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Selected List of Readings on Earthquakes
Picture Books
Mary Elting, Volcanoes and Earthquakes. Simon and Schuster. 1990.
Keith Lye, Qur Plane! the Earth, Lemer Publications, 1980,
Donald M. Silver, Ph.D., Earth: The Ever-Changing Planer, Random House, 1989.
Seymore Simon, Earthquakes, Mormow, 1991,
Philip Whitfield, Why Do Volcanoes Erupt?, Viking. 1990.
Aduilt Books
Bruce Bolt. Earthguakes: A Primer. W .H. Freeman, 1978,
G.A. Eiby, Earthquakes. Van Nostrand Reinhold. 1980,
James M. Gere and Haresh C. Shah, Terrg Non Firma, W.H, Freeman, 1984.
Frederic Golden, Thr Trembling Eartk, Scriboer's, 1983,
Pierre Kohler, Volcanues, Earthquakes, and the Formation of Continenis. Barron's, 1986.
Susanna van Rose, Earthquakes, Her Majesty’s Stationary Office for Institute of Geological Sciences, 1983.

Bryce Walker, Earthquake, 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

Misconceptions about any information area wastc valuable resources like ime and moncy. In carthquake education,
misconceplions can also result in added injuries and deaths. Eanthquake educators have many resources available 10
them as background maierial and for direct use in the classroom. These resources include printed news media,
broadcast media, textbooks, joumals, and video tapes/films. Through my years of carth science and earthquake
education. | have identified many misconceplions that pervade the educational resources. These misconceptions
include the following:

1. Most big earthquakes involve ground shaking of many minutes;

2. The use of the term tidal wave 1o mean tsunami and the belief that tsunami phenomena include high waves on
the open ocean;

3. The descriptions of the Richier scale which confuse its method of mecasurement and magnitude energy
differences;

4, The misuse of the terms crusl and lithosphere especially related to crustal plates versus lithospheric or tectonic
plates.

A descripuon of these misconceptions, examples of the use of these misconceptions. and the effect of these
misconceptions on earthquake oducation will be presented. A need cxists to identify other misconceplions. A
concerted effort should be made (1o keep the misconceptions out of maserials availablc to educators and thus. the
population they influence.

Background

To find faull (not in the carthquake sense) is onc of the casiest endeavors of humans. We often seem 10 get the
greatest thrill when someone clse, cspecially someone in an influential position, makes cven the slightest mistake.
A recent example is the spelling of "potato™ by our Vice President. But, when the mistakes reflect common
misconceptions aboul a potential hazard such as earthquakes, the result can be an incorrect response.

Throughout my 28 years of high school and college teaching. | have identified some pervasive misconceptions in
the available resources. This study has forced me 10 list, document, and atempt to explain the problems these
misconceptions can causc. These misconcepuons include the following:

1. Most big carthquakes involve ground shaking of many minufcs;
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2.

The use of the term tidal wave instead of 1sunami and the belief that tsunami phenomena include high waves
on the open ocean.

The descriptions of the Richter Scale which confuse ils method of measurement and magnitude energy
diffcrences:

The misuse of the terms crust and lithosphere especially related 10 crustal plases versus lithosphere or tecionic
plates.

Literature Research Method

It was decided 10 search for the above lisied misconceptions in a senes of matenals available w0 1ypical students and
teachers. These malerials included:

1.

5.

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

A national news magazine (Time) from 1980 1 the present.

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

Two old "classic” secondary level earth science lexts {Namowitz & Stone. 1975. Ramsey. Burckley. Phillips,
& Walenpaugh, 1973).

Two college earth science / geology texts commonly used throughout the United States (see references).

These matenials were searched using the key words continental drift, crust, earthquakes, geology, lithosphere, plates,
plate tectonics. Richter scale. tidal waves. isunami, and waves. An anempt was made to list various sections of the
materials that contained any of the misconceptions listed above. However, the specific source will not be mentioned.
We cannot change the past but only point the direction for a better future.

Exampies and Importance of Misconceptions

Most big earthquakes involve ground shaking of many minwtes. One of the best and most inseresting
descriptions of the short time of carthquake shaking was for a 7.5 Richter earthquake in Algeria in 1980.
"Everything happened so gquickly. The dogs did not have time to bark.” Only onc example was found of this
misconceprion in the literature search. One of the newspapers describing a New York State earthquake stated,
"The wthquake had its epicenter there at precisely 46 seconds after 6:18 a.m. and lasted about 7 minutes.” In
working with many swdent groups, I have found that high school and college students in the Hudson Valley of
New York commonly feel that mos: carthquakes involve felt ground shaking of many minutes despite their
having felt ones lasting only 10 1o 20 seconds. The Alaska quake of 1964 and the Mexico City quake of 1985,
which were some of the longest shaking quakes, caused felt shaking of about four minues.

One problem with this misconception is that if individusls think that the felt shaking has a long duration, they
may try 1o get out of the building, car, or other location they are in. as opposed 1o geuing under the nearest
strong object. In trying 1o "escape” from a building during an earthquake, individuals can expose themselves o
more dangerous hazards from the outside and inside edges of buildings.
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2.

The term tidal wave is used to mean tsunami and the belief that tsunami phenomens include high waves
on the open ocean. 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 quake set skyscrapers to swaying as far north as Houston. 1.100 miles away from the
epicenter. A two-ft. tidal wave rolled ashore on the coast of El Salvador...Hawaii...was alerted w prepare
for an occan swell known as a tsunami, but it never materialized.”

s The..."quake generated a sunami. but the udal wave was only a little over a foot high when it reached
Yakutat on coast.”

*  "But 1 waming of a tsunami. or large wave popularly known as a tidal wave, was not issued.”
< "The quake also shook all of northern Honshu...but it caused no tidal waves a spokesman said.”

+ A severe canthquake caused minor damage in two Alaska towns hut was not strong encugh to generale a
tidal wave...The Alaska Tsunami Warning Center canceled a warning of a tidal wave that was issued for pan
of the Alaska coast...”

= “Tsunamis are often called 1idal waves, but they have nothing 10 do with tides.”

There seem w0 be no similar examples from textbooks. Popular media often use “tidal wave™ and "tsunami”
svnonymously or. they often only use the term tidal wave when they should be writing “seismic sea wave” or
tsunami. No evidence was found related 10 tsunami waves being very high on the open ocean like that indicated
in the movie, "The Poseidon Advenwre.” Some ancient Greeks may have thought the god Poseidon had the
power o cause earthquakes bui hopefully not very high waves on the open ocean. It was nice (o see a tsunami
newspaper report in 1986 that stated "In Honolulu as well as in other cities with harbors opening (o the sea, most
of the small boats and almost all ships moved out 10 deep water to await the wave, where it is usually small.”

The problem with confusing "tidal waves™ with 1sunami 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 nommal waler waves,
Probably the closest approximation of a "tidal wave” acting like a tsunami are the tidal bores found in some
harbors and estuaries. These tidal hores move at 10 to 15 km/hr compared 1o the 500 to 600 km/hr speed of
tsunami. Tsunami waves can reach heights up to [60 km and greater. significantly more than the meter or less
height of a tidal bore! Since tsunami arc rare on most occan shores, if there is a waming, many people may not
move {0 high ground, thinking the tides and associated events are not dangerous. With the increased mobility
of many Americans, especially to Pacific shores. quick response during a tsunami waming can casily affect life
or death.

Discussionts with many students indicate that there is a commonly held belief that tsunami waves are very high
when they are on the open ocean in deep water. In fact, tsunami waves are iess than a meter above the normal
occan level in decp waler. Up 1o this time, | have found no evidence in prini to lead to this misconception. This
misundersianding could also result in exira injuries and deaths during a tsunami warning, An individual in charge
of a boat might casily sicer for shore instead of the open ocean.

The descriptions of the Richter scale coafuse its method of measurement and magnitude caergy
differences. In every lype of source investigated, except for college texts, there are voluminous examples of
incorrect and/or musleading descriptions of the Richier scale of earthquake magninide. Richier himself swates
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"Misimerpretations of the scale are frequent. The hardest 1o combat is the assenation that magnitudes arc “on
a scale of ten.” a fossil preservation of the Rossi-Forel intensity scale.” (Richter, 1958, p. 353) The Rossi-Forel
scale is similar to the modified Mercalli intensity scale commonly used today.

Some examples from secondary school 1extbooks are:

“The Richier scale rates carthquakes from 1 10 10 according w0 their magnimde.”
"The higher the number. the stronger the earthquake.”

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

"Each number represenis an earthquake that is ten times larger than an carthquake represenied by the
preceding number.”

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

“Each of the numerical sicps in the Richier scale represents a ten-fold increase in the amount of energy
released.”

"The Richter scale uses number from 1 up (10 describe earthquake magnitude. Each number indicates an
carthquake ten times stronger than the next lower number.”

Some examples from newspapers and magazines are:

"The tremor struck at 1:29 am. and registered about 2.5 t0 3 on the Richier scale of ground moton and
encrgy release.”

"A light carthquake ruttled parts of southan New Hampshire today as Democratic and Republican
Presidential candidates arrived... The tremor...was recorded at a preliminary magnitude of 2.6 on the open-
ended Richier scale.”

For a January 1992 earthquake felt in New York City, a source stated, "The Richter scale measures ground
motion with each point signifying a ienfoid increase.”

In relationship to a Richier 3.0 earthquake very near the Indian Point nuclear power plant in Peekskill, NY
in 1980, "The plant, the spokesman said, was built 10 withstand "an insensity of 7 on the Mercalli scale,’
which is also related 10 the Richier scale's measure of absolute force, but is modified "to measure potential
for damage....One of the arguments made by antinuclear advocates who have long sought closure of the
Indian Point plants is that they are located directly over a branch of the Ramapo Fault, a major fracwre in
the carth's crust.”

In a report of New Brunswick carthquake in 1982, it was stated. "The Jan. 9 ecarthquake was rated 5.9,
making it the strongest quake in the East for a century. The magnitude indicates the amount of energy
released as recorded in ground motions,”
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» "The Richter scale is a measure of ground motion as recorded on seismographs. Every increase of one
number means a tenfold increase in magnitude. Thus a reading of 7.5 reflects an carthquake ten times
stronger than one of 6.5.7

The above examples reflect varying degrees of correct or incurrect beliefs about the Richier scale. It is true that
when the Richler scak is computed from seismograms that .ach enfold increase in ground motion, as reflecied
in seismic wave amplinde. indicates an increase of one whole Richier magnitde number. The problem is that
an increase in one whole Richter value represents about 31 times more energy. not ten titnes more energy.
Multples of 31 end up making carthquakes m the 7 or 8 range much more powerful, than muluples of ten
would. "This points up the interesting fact that the few large eanthquakes each year release more seismic energy
than the hundreds of thousands of small shocks combined.” (Press & Siever, 1985, p. 453.),

When the population. led by the exthook authors/publishers and the press are misinformed about increases in
energy with increasing Richter values, they could easily fall into the trap that many small earthquakes in an area
could relieve the pressure in the area’s rocks/faults. If an area has many low Richler value carthquakes. this can
lead W the unsubstantiated behef that the "big one™ will not come, or that the "hig one™ has been pushed off into
the far distant future. Much. if nol most of the United States needs 1 be considerably more prepared for
carthquakes. They could be lulled 1o a false sense of security by incomect knowledge of the Richler scale.

4. The misuse of the terms crust and lithosphere especially related to crusta) plates versus lithospheric or
tectomic plates. Again, in all types of sources, except for the college texts. I found numerous places where
"crust” or "crustal” was used in conjunction widh "plates” ur plate wcwnics.” The plates of the Earth move on
the asthenosphere and not the Moho. thus plates are lithospheric in thickness. Plates should be described as
plates, tectonic platwes, or lithospheric plates, NOT crustal plates ur continental plates.

Some quotes from sccondary extbooks include:
»  “Each of these giant crustal plales is slowly sliding over the earth’s surface al different speeds.”

«  "Plases are nigid sections of the earth’s crust.”

*  "We can see now that Lhe old term. continental drift, is no longer usclul. This is because the plates are made
of both continental and oceanic crusi. But, the continents are carried on crustal piates.”

+ "According to the theory, the eanth’s crust is like the shell of a cracked egg. The crust is cracked in many
places. The cracks divide the crust into about 20 pieces. The pieces are called crustal plates.”

¢ In one text. there is a section utlked “Crustal Plates in Motion™ and then under that heading it says..."The
Iithosphere is divided ino plates.”

+  “The discovery of sea-floor spreading showed that sections of the carth’s crust did not move...Some plates
are made up almost wholly of oceanic or continental crust.”

*  "The hypothesis of plate tectonics suggests that the entire surface of the eanth is covered by a small number
of vast blocks or plates of lithosphere (rock).”
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A few examples from newspapers and magazines include:

»  "Solid though it appears, the earth’s crust is composed of a dozen large plates and several smaller ones,
ranging in thickness from 20 to 150 miles. ... As the Cocos plate dips under the continental crust” {referring
to the North Amencan Plate).

= "This belt straddles the area in which the Arabian ectonic plate of the earth’s crust is grinding gradually
northeastward...”

+  "The frequency of quakes va the West Coast results from the fact that California is at the boundary of two
of the carth’s tectonic plates, the huge, inexorably moving masses upon which the plate’s continents ride.”

+ Ina Sepiember 1992 publicanion, "The theory of plate tectonics says quakes should happen most often along
the edges of crustal plates. pancakes of rock a few score of miies thick and thousands of miles across, which
carry the continents on thewr backs as they skide across the sermimolten mantle below.”

The misconceplions caused by the misuse of crust or crustal instead of more accurate descriptions of the platrs
may not cause any more injuries or deaths in an carthquake or other natural hazard. It may be just a2 pet pecve
of mine that tllustrates the n.ed for more accurate editing of the materials students of the earth are exposed to.
The big paint is that plates are lithospheric in thickness and 1 feel that the term lithosphere has much more
importance in a modern plake tectonic model. thus, the use of the word "crust” should largely be discontinued.
The problem is that the crust. mantle, outer core, inner core model of the Earth is easier (0 teach. diagram. and
describe as compared 10 a model which includes (at least in part) the lithosphere (including the crust &t top),
mantle {(with various parts including the lithosphere below the crust and the asthenosphere). outer core, .ner
core. It is also difficuit 1o convince editors and publishers to use a more complicated model. even if it is more
accurate.

Conclusions

Of the numerous conclusions 1 could make, the most important one is that the anthors, editors, publishers, etc. that
control the production of the resources available 10 the schools and the public in general, should be more accurate
in their descriptions of eanhquake related events. There are many other examples of descriptions used by the media
and textbook publishers that can lead to misconceptions. A few of these follow:

= Confusion between the Mercalli intensity scale and Richter magnitude scales: mixing up the concepts of
intensity versus magnitude related 10 carthquakes.

+ An overabundance of discussion about body waves (P-waves and S-waves) to the exclusion or very limited
discussion of the surface carthquake waves (Ralkigh and Love). It is the sface waves that causc most, if
not nearly all, the damage ai the carth’s surface during an carthquake.

»  Newspapers and magazines use many different words 10 mean an earthquake, including microquakes. quakes,
scismic event, shock. trembior and tremor. How many different types of earthquakes are there in the minds
of the populace of the United Staies as a result of this erminology?

| am sure that there are many other problems [ have not listed that can result in misconceptions. Some
misconceptions have only, or largely only, scientific interest, like the "crustal” discussions of this paper. but
confusicn and misinformation can result in added injurics and deaths when carthquake information is misundersiood.
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If I had more ume, | would have included movies, films, video tapes, television programs, filmsirips and slide sets
in this study. | have viewed many carthquake audiovisuals and some make me just yell out in the middie of them
with comments like. "Where were the educalors, seismologists, science editors and the like when thes: products were
being produced?”

Some national organization(s). government agency(s), and/or educational institution(s) need 1o educate and put
pressure on the producer:. of 1the information about earthquakes. Maybe just some lewters o the editors, producers,
and publishers would help. Any other suggestions?
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Hands-on Earthquake Education
at the New York State Museum

by Gary N. Nottis
Rescarch Scientist, Seismology
Geological Survey, New York State Museum

Abstract

In February 1992, the author and an assistant offered the first hands-on earthquake workshop for adults at the New
York State Museum. There were 15 panticipants ranging in age from 40 10 90 years. The workshop was given in two
parts. "Earthquakes: The Basics” was the title of the first part, and it took place over a two-hour period on a Saturday
morning. The following topics were discussed: (1) what are earthquakes? (2) why do they occur? (3) where do they
occur? (4} how do seismographs work? (5) how are earthquakes located? and (6) how are their sizes determined?
A balance was maintained beiween lectaring. giving demonstrations. and involving the participants in hands-on
demonstrations and acuvitics. Workshop participants received packages that contained listings and bnief cxplanations
of the concepts covered under each topic, along with appropriate illusations. Also included in the packages were
lists of suggested readings and phone numbers where people could call for information about local and global
carthquakes. all maserials were prepared for a 9th grade reading level. Each participant was invited 10 take part in
several hands-on demonstrations. Most of the ideas for the demonsirations were taken from Earthquakes: A Teacher's
Package for K-6 (ak.a "The Tremor Troop™). For the activities. each participant located and determined the
magnitude and feit intensity (MM) of a local earthquake that they all had experienced. A discussion of their results
followed. The second pan of the workshop ook place on the following Saturday moming, and it also lasied two
hours. This pan of the workshop was tithed "BIG SHAKES in New York Sute.” Topics discussed included: (1)
differences between events in California and New York. (2) earthquake history of New York, (3) speculations about
funare carthquake activity in or ncar New York, (4) govemmental preparcdness activities, (5) personal preparedness,
and (6) the emotional impects of earthquakes. All participants received packages like those given in the frst pan of
the workshop. Several FEMA and Red Cross publications on earthquake and general disasier prepanedness were
included in the packages. The highlight of this part of the workshop was an carthquake hazard hunt through the New
York State Museum. A review of the 1opics from the entire workshop was given at the Museum's permanent
seismology exhibit. Evaluation forms completed by the participants indicaied that the workshop was a great success,
Each participant noted thai the ieacher’s enthusiasm, clcar answers w0 questions, and prepered materials were key
to the success of the workshop. An expanded workshop for adults and students of grade 7 and up will be given at
the New York State Museum in October, 1992,

Introduction
The hands-on carthquake workshop was inspired by:
+ Need for public education about New York's earthquake hazard
+  Hot-and-coid official support for such education

«  Missed educational opportunitics
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= Deaths of Tara Leaton and Travis Franck
The goals of the workshop were io:

+  Educate the public

= Inspire and rain others 10 teach

* Leam how (0 wrilc appropriaic educational malerials

This workshop was given:
- With facilities suppon
+  Withou! financial support
+ Using free educational literature
« Using "ai-land™ and “throw-away™ macrials

« On the strength of ithe instrucior’s and assistant's enthusiasm

Workshop Program
“Earthquakes: The Basics™ was the title of the first part of the workshop program. It included the following topics:
«  What was that”?
+ Recipe for an earthquake
+  Some words sboul waves
+ Anatomy of an carthquake
+  "Where the quakes are...”
+ Caiching waves
+ Tracking memors

»  How BIG was it?

L

"..of varying degrees of inensity (MM).”
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The second part of the workshop took place a week later. Titled "Big Shakes in New York State,” this workshop
included:

+ East verses west

* Past and present quakes

* "The tea icaves say...”

+ "Whatif.."

« Govemmental activities

« "An ounce of PREVENTION..."

« "BIG WORLD, small me.”

Participants received packages containing the following:
« Concept outlincs with illustrations
+ Lab materials
+  Glossary
*  Suggesicd reading lists
- Eanthquake information phone numbers
* FEMA and Red Cross Publications

Conclusion

There were a number of clements that made these workshops a success:
*  Teacher enthusiasm
+ Balanced prescraation
+  Message of hope
+ Maserial presented for Sth grade reading level
*  Hand-outs

»  Clear and direct answers (0 questions
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In the future, the fullowing improvements are being considered:
« Simplify carthquake location lab
*  STOP units for concepts hand-outs
« Large doll house displays for home hazard hunt
« Displays of homc preparedness ilems
»  Models 10 show communily hazards
= Pictograms fos graphics when possible
+  Color slides rather than overheads
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The Center for Earth Sciences and How it Can
Facilitate Earthquake Education

by Mark Shoengold
Assistant Director, Center for Earth Scier =s
Kean College

Abstract

The Cenier for the Earth Sciences is located at Kean College in Union, New Jersey. As part of its commitment to
promoting carth science education, the Cenler maintains a resource room containing teaching materials and generates
aclivities relating 10 the carth sciences. The Center has taken an active interest in natural hazards, including
carthquakes. A conference on such hazards was held and follow up courses and workshops are planned. Through
similar activities, college centers can act as catalysts for carthquake education in the schools.

Muiti-Hazard Conference Ushers in International Decade

Approximately 70 educators attended a multi-hazard conference in New Jersey, November 15-16, 1991, "Nawral
Disasters: Before, During, and Afier” was held ai Kean College, New Jersey and sponsored by the Center for the
Earth Sciences al Kean College. New Jersey and the National Center for Earthquake Engineering Research. Public
Service Elecinic and Gas Company and Jersey Ceniral Power and Light Company were co-sponsors of the cvent
which was held in cooperation with the American Red Cross and the New Jersey State Police, Emergency
Management.

Sessions a1 the two day conference included scientific and preparedness information as well as classroom activities
about earthquakes, hurricanws, urban flash flooding. land subsidence. severe s*orms and tornadoes, severe winter
conditions, volcanoes. sea level rise, and psychological aspects of tragedy. Earthquake sessions included "Earthquakes
in the Northeast” given by Dr. Klaus Jacob, Lamont-Doherty Geological Observatory; “Earthquake Curriculum™ given
by Dr. Joyce Bagwell of the Eanthquake Education Center, Charleston Southern University: and "Children's Beliefs
About Earthquakes: Addressing Misconceptions™ given by Katharyn Ross of NCEER. Dr. Walter Hays, of the United
States Geological Survey. addressed volcanic hazards and strexsed the need for the following factors to come together
1o help with natural disasiers: Social, Technical, Administrative, Political, Legal, and Economic.

Plans for the Future

A seties of environmental debates were initiated in Fall, 1992. Along with these debates & short course for scachers
on "Debatcs As a Teaching Strategy” was added in Spring 1993, 1o the schedule of activities. This course is
participatory in nature. expiofing the possibilities of debates and role playing in making students more active
panticipants in the Jeaming process.
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Recorder Notes
Education - Curricular Options

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

Mark Worobetz, Recorder
New Jersey Earth Science Teachers Assaciation

How do we get eanthquake education into the schools?
- How do you get the admunistrators o get involved?
- Shouid principals be questioned about disaster response?
- Should carthquake education be in the schools?
(with our mobile society, everyone will eventually be in the area of greater earthquake danger)

How do you sell safety and science?
- Do you teach it all together or separate issues? (Whole Language Approach with an carthquake - theme
is one way (0 iMegrae i),

How can eanhquake education facilitawe leamning outside the classroom?
- Have students take home lessons and teach the parents
- Have students talk to grandparents about past events

Whal is the comrect response time in an earthquake in environments outside of the classroom? In a hotel? In a
subway?

Recurrent Theme in the education discussion:

Importance of community involvement
Adding safety 0 science

Multi-disciplinary - interdisciplinary program
Importance of Jearning outside the classroom

One of the issues discussed during this period of time was the use of duration magnitude. The following is further
information on this topic provided by Gary Nouis.

Duration Magnitude (M,)’

Coda-length nocmally refers 10 time, in seconds, of an carthquake's signaure on a scismogram, cxtending from
the S-wave arival to the point where the signal has faded into the background of the scismogram.

Duration refers to time, in seconds, of an carthquake's signature on a seismogram, exiending from the P-wave
amival 1o the point where the signal has faded inw the background of the seismogram.

* Information on duration magnitude provided by Gary Nottis, New York State Geological Survey.
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Figure 1: Difference between P-wave and S-wave.
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Figure 1: Difference between P-wave and S-wave (Continued).
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Table 1: Earthquake Duration - Magnitude Table for Short-Period Seismographs

Duration (sec)

Equal or Equal ot
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

in the Northeastern United States’

Equal or Equal or
Magnitude(M,-} Greater Than Less Than
1.5 493 546
16 547 606
1.7 607 673
1.8 674 746
19 747 828
2.0 B29 920
2.1 921 1021
2.2 1022 1133
2.3 1134 1257
2.4 1258 1395
2.5 1396 1548
2.6 1549 1719
2.7 1720 1907
2.8 1908 2117
29 2118 2349
3.0 2350 2607
3.1 2608 2894
32 2895 3212
i3 3213 3564
34 3565 3956
3.5 3957 4390
36 4391 4872
3.7 4873 5407
38 5408 6001
39 6002 6660
4.0 6661 7392
4.1 7393 8204
42 8205 9104

Duration (sec)

Magnitude(M)
43
44
4.5
4.6
4.7
48
49
5.0
51
5.2
53
54
55
56
5.7
58
59
6.0
6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8
69
7.0

! The duration-magnitudes (M_.) were calculated from the formula developed by Chaplin and others (1980). That formuts i:
Mc = 221 * log,g(duration [sec]) - 1.70

Ebel (1962) showed thal M- could be reiated to true Richter-magnitudes (M) in the sortheastern United Siates by the reiation:

ML-Mc‘o.‘

Chaplin, M.P., S.R. Taylor, and M.N. Tokatz (1980). A coda-length magnitude scale for New England, Eprthaushe Notes SI, 1522
Ebel, J.E. (1982). M| measurements for northesstern United States carthquakes, Byll: Sciggn. Soc. Am. 73, 1367-1378.
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Part IV

Environment/Structure

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

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

Abstract

An carthquake is a natural phenomenon capablc of releasing tremendous energy and altering our natural environment.
Dramatic examples include landslides and avalanches. surface ruptures and displacements, liquefaction (the fluid
behavior of certain soils under appropriate conditions) and tsunamis, which sometime occur in the aftermath of a
coastal or marine canhquake. Funhermore, the carth acts as the transmitting medium for scismic waves originating
at the source of the earthquake. These waves may be regionally modified and amplified into potentially-damaging
vibrations and undulations in the carth's surface. These physical effects may cause consequent damage or destruction
to our buili environment. Impact on our banlt environment may range from severe suuctural damage nearcst the
location of the canhquake 10 architectural damage or damage to building contents many miles away. Our power,
walcr and communication lifelines, as well as our highway infrastructure are also vulncrable 1o carthquake hazards
and disruption 1 our social and cconomic systems is a likely post carthquake outcome. Secondary physical hazards
which may result include fire and flooding.

In spite of the potential devastation which can resuit from earthquakes and our current inability to accurately forecast
these destructive events, the physical effects of earthquakes are highly predictable. The seismic responses of our
manmade and natural surmoundings are rooted in fundamental concepts of physical science. A basic understanding
of the science principles at work during carthquakes may allay fear and ignorance which often accompanics natural
disasters and can promote a better understanding of pre-earthquake planning and preparation activities. This paper
will review some of these fundamental concepts and describe potential physical effects of carthquakes on our
environment.

Effective earthquake education can empower a school population o mitigate potential dangers of carthquakes,
Introduction: Earthquake Myths and Realities

Peopie have speculased on the causes of earthquakes for thousand of years -dating back as far as 600 BC. These
speculations have led 0 various myths and legends. A popular Japanese belief centered around the iiea that the
carth resied on the back of a catfish-which rocked the carth when provoked. Renaissance Europe came 10 view
canthquakes as acts of an angry god secking retribution for the sins of the people. There arc cven myths and legends
associated with eanthquakes that have occurred in New England. One such example concerns noises which have been
heard near East Haddam. Connecticut.

The Moodus noises are mysierious sounds - Like rifle shots, cannon fire or distant thunder that have long been heard
in the vicinity of East Haddam, Connecticut; often in the company of carthquakes. It is said in fact that the word
Moodus actually comes from the Native American words for East Haddam which means "noisy place™. The natives
thought the noises were made by an angry god, who upon seeing the Englishman’s god in his sesritory, growled a
waming. The English. on the other hand, suspected that the noises resulied from satanic rituals they belicved were
performed by the Native Americans.
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Today's base of scientific knowledge teaches that canthquakes are natural phenomena which resuit from the
movement of large rigid portions of the earth’s crust and the subsequent rupture of rocks in the subsurface. In
looking at a4 map of canthquake occurrences (Figure 1), one notes thal there are concentrations of earthquakes n
cenain areas. These locauons coincide with breaks in the crust and define the boundanes of the earth's plates, where
most eanthquakes occur. Strain builds at junctures between plates as they make contact with each other and encrgy
may be dramatically rekeased by eanhquakes or volcanoes. A nolable crustal boundary between the Pacific and
North American plates occurs along the western coast of North America. The seismically active San Andreas fault
is a resubt of this break between the plates. As seen in Figure 1, earthquakes have ovcurred not only in California,
but across the entire US.

Indeed, even the Northeast US has had its share of carthquakes. Earthguakes in these regions are also related 1o plate
tectonics and most likely result from the build-up of strains from pressures developed at plate boundarnies.

So what are the specific circumstances which occur at these locations that lead 10 earthquakes? Layers of rock in
the earth's subsurface are subjecled o vanious forces (in most cases. tectonic forces) which compress. strutch and
twist the rock to a point ar which it is no longer elasiic and rupuire occurs. The fracturing begins at a point called
the hypocenter or focus and extends over a rupture plane or fault. The epicenter of an earthquake is the point at the
surface of the canh 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 fracturing
of rock. pan of the energy is radiated outward in all directions from the focus and rupture plane in the form of
seismic waves. There are two principal types of seismic waves: body waves (P and S) and surface waves (Rayleigh
and Love). Body waves travel within the body of the earth and are generated directy by the fracwring rocks. P
waves cause compressional stresses in maienals and arrive first at the surface, providing the initial jolt; S waves
generale shear stresses and ammive slightly later with typically a sharper jolt. Surface waves travel over the land
surface at slower speeds and are often the primary cause of damaging ground maotion. Because of the different
properties of the waves and the heterogeneous nawre of the earth’s layers, these waves bend and reflect as they
travel, arriving at the surface from different directions and a different imes. As a result, the ground motion we feel
is a composite effect of several kinds of waves.

Seismographs are used W measure ground motion during earthquakes. The amplitude of the seismic waves recorded
by scismologists is used 10 determine the magnitude of the carthquake. While there are many different ways to
express magnitude, the most familiar is Richter magnitude, which is closely related to the energy released in an
earthquake.

While magnitude is an obicclive quantificr of an carthquake s size, the Modified Mercalli Intensiry scale is ofien used
as a subjecuve indicator of what degree of shaking is felt or observed at different locations after an earthquake.
Because the ground motion may vary from place to place during an carthquake. there may be several observed
intensities ranging from high iniensity near the epicenter and lower intensities at distance. Only one magnitude value
will exist for an eanthquake. Magnitudes are essential to scientists and engineers 1o predict strong ground motion
and w effectively design seismically-resistanl buildings. The descriptive Mercalli scale continues to be important,
however. because there are many scismic regions which are not seismographically monitored and because the long
historical record of earthquakes which occurred preceding the advent of seismograph is hased on such descriptions.
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EARTHQUAKES OCCUR THROUGHOUT THE UNITED STATES.

g

Figure 1: Earthquakes occur throughout the United Siates.
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Impacis on Qur Natural Environment

Impacts on our natural environment can be obscrved in our natural and manmade environment after carthquakes.
As shown in Tabk 1. the natural hazards fall into four categories. the first is surface rupture - a visible crack or
offset in the ground surface. In some cases. fault movement causes honizontal displacement as seen along the San
Andreas. Vertical displacement is also possible. Primary surface displacements occur only along the fault line where
the earthyuake origmated and should not be confused with cracks that appear away from the fault in roadways or
fields which open as a result of landslides or slumps.  Surface ruplure poses the greatest threat w structures built
in a faul zone. Even the most flexible or well-designed building cannot withstand the displacements generated by
a moderate o large canhguake without sustaining significant damage.

Scismic design improvements do not provide a practical solution 10 damage caused by surface rupture; beuer
approaches would be to enact zoning laws to regulate construction in fault zones and to require site studies. The
Alquist-Priolo Special Studics Zone Act is an example of a regulation in effect in California to prevent some types
of residenual construction in acuve fault zones. These approaches are essenual in the case of critical structures
(dams, power plants), emergency faciities (hospitals, police stations), and other important structures such as schools
and public buildings. In this regard, the Eastern and Central US are at a distinct disadvantage. Although we know
that earthyuakes have occurred in these areas. it is difficult 10 identify the location of the seismogenic (aults. There
are two reasons for this: {irst. carthquakes recur so infrequently in the East it is difficult o collect definitive data
to identify active faults, and secondly, because earthquakes in the East typically do not rupture at the surface as they
commonly do in California. Furthermore, because faults are not readily observed al the surface, we cannot easily
predict where a new eanthquake might occur.

The second category of physical effect is ground motion. If the carthquake is large enough, seismic waves can create
enough ground motion 1o cause vibration in structures and sometimes damage or collapse. even man:’ miles from
the epicenter.  Because of the interaction of the different types of scismic waves causing the motion, the actual
ground movement will be random. predominantly honzonial and sometimes with a considerable vertical component.
Normal building design for vertical forces (the weight of the building and its contents) incorporate such large faclors
of safety that additional vertical forces gencrated by carthquakes are unlikely to be a problem. For that reason
seismic design concentrates more on minimizing the effects of horizontal forces.

Because seismic waves are affecied by soil conditions and topography, ground shaking duning an carthquake may
be more intense in some arcas than others. The October 1989 Loma Prieta (California) earthquake provided some
interesting lessons on the differcnces in ground shaking within a region. Earthquake acceleration is the rate of
increase in ground vekocity as seismic waves travel through the eanth.  Extremely high accelerations of the ground
motion gencrated by the carthquake 's main shock in certain areas was too great for some structures.  Accelerations
measuring H0% of the force of gravily are usually sufficient to produce some damage 10 weak construction. An
carthquake-caused acceleranon that nears SU% g on the ground 1s very high. Data collected dunng the Loma Prieta
earthquake indicate peak accelerations over 60% g. Soil conditions contributed 10 these accelerations. Harder soils
and bedrock transmit short period vibrations,  Sofler soils transmit larger period vibrations from distant sources.
Forces on a building will increase when the period of the ground vibrations approaches the natural period of the
structure. In general, waller structures have longer periods than shorter buildings. Frequency, duration of the ground
shaking and quality of building construction are also important considerations. But propear design strategies can help
minimize these cifects.

The third category of physical effect is ground failure which includes landslides - mass movement of the earth along
a slip plane. differential setilement. and liquefaction - the fluid-like behavior of cemain soils under particular
carthquake conditions. Sand boils are surficial deposits of sands which have been cjected from a confined,
overpressured subsurface layer.
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Table 1: Physical Effects of Earthquakes

uences W natural environment:
= Ground surface rupture und displacement along a fault
« Ground shaking

*  Ground failure:
- Landslides, mudslides
- Soil liquefaction
- Differential ground settlement
- Avalanches

«  Water hazards:
- Tsunamis
- Floods resulling from dam failurcs

o -, vi
« Damage 10 (or collapsc of) buildings, bridges and other structures
« Disruption of transportation, communication, power and water supply and scwer sysicms
« Falling and ovenuming of objects inside and outside of buildings
«  Fires from tank failures and gas pipeline breaks
«  Dam failures

»  Chemical and radioactive leaks
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Structures built on these liguefiable (oundations may experience increased vibeation o undermined foundations as
seen in Figure 3. because the soil can no longer bear the weight of the stuctures or soils above it

The magor damage 0 homes in the Marina District of San Francisco after the 1989 earthquake was caused by locally
amplified shaking and ground deformation as a result of liquefaction. Buildings in the district were constructed on
sand and debris which were used 10 fill the former lagoon for the 1915 Panama-Pacific Intemmational Exposition.

The fourth category of natural hazard relates 10 earthquake induced water hazands which may take place on the open
sea or in a closed body of waler. Seismic sea waves Of (sufamis Mmay cause a greal deal of damage from flooding,
wave impact, debris impact and coastal erosion. In the sunami generaled by the 1964 Anchorage, Alaska
carthquake, boals and their moorings were stripped from the shore and carried inland. The same earthquake-
generaled sea waves that batiered boals in San Francisco Bay marinas, also hit Cresent City. California, destroying
several hundred buildings and killing 11 peopic. Ninety-cight people were killed in Alaska, where there was
inadequate ume for a warning 1o be issued.

Figure 3: Liquefaction of the underlying soil resulted in the tilting and settlement of these
Japanese apartment buildings afier the 1964 Niigaia earthquake.
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Impacts On Qur Man-made Environment

In looking at the natural hazards which can result from eanthquakes, it is apparent that it is somewhat difficult to
consider these effects independently. Tt is human nature to relate these changes in the earth to the impact they have
on our community. The effects of earthquakes include both the natsal hazards which earthquakes present and the
changes which they cffect in our building and bridges and our sociocconomic sysiems. We need w0 consider the
lypes of natural hazards likely 0 occur. their frequency. spatial extent, physical characleristics and adverse
consequences to project whal potential fusses 1o tife and property might result from these natural events so that we
may take appropriate actions wward preparedness and mitigation.

Some specific examples of carthquake impact on the built environment include damage to buildings. Buildings are
in general designed 10 accommodate the Joads which typically act on the struciure - including the weight of the
structure, us occupants and contents, and the force which might be exerted by wind or snow. Earthquake loads are
different, however, since ground motion at a sive is a composite of seismic wave motion and is somewhat random,
They affect struciures dynamically - changing rapidly during the earthquake - and the characteristics of the motion
may vary greatly from one canhyuake w another,

Earthquake ground motion causes the mass of a building to vibrale, generating poientially large inertial forces in
relation to the size and shape of the building. The honzonwal forces of ground motion bend, shear and twist the
columns, beams. floors and walls of the buildings, cventually deforming and weakening the structure until it collapses
due o the force of gravity.

Cenain general elements make buildings more resisiant to carthquakes.  Swucwres which exhibit symmetry and
regularity in shape perform betier and are Jess likely to experience twisting or torsion during an ecarthquake,
Structural continuity is also important. Fealures such as columns or sheas walls should continue through the entire
structure lo avoid concentrations of stresses at the points where the strength or stiffness of the building changes.

It is also impontant for structures 1o exhibit ductility. Cenain building materials contnbute more effectively to a
structure's ability w bend and sway with carthquake motion. Matenals such as adobe, brick and concrete block are
brittle and typwcally perform pourly during earthquakes. Wood frame houses, when adequately ted to their
foundations. possess greater ductility, and steel frame buildings are notably more ductile during earthquakes.

Other engineering approaches which improve a structure's seismic performance include the application of resisting
systems to minimize lateral forces. strengthening of connection points of the beams, columns, walls and slabs so that
buildings function as a unit. and reinforcing the building materials. New engineering technologies are also being
developed which allow vibrauon reduction in a structure through the application of devices to absorb shock, o
actively counteract earthyuake forces or (0 effectively decouple a structure from its foundation during earthquakes.
Figure 4 depicts a building which has been seismically strengthened by a combination of these approaches.

Bridges arc also vulncrable 1o canthquake motions, particularly those cansed by long-period surface waves. Bridges
are part of those suppon systems-or lifelines-whose functioning is vital to an arca after experiencing an earthquake.
Other lifeline systems are electrical generating and distribution systems; water and sanitary systems; fire, rescue and
medical facilities; and transponation networks and communication systems, A notable example of bridge damage
would be the coliapse of the Cypress Street viaduct of the 1-880 Freeway i Oakland, California as a result of the
October 17. 1989 eanhquake. The collapse. which was responsible for 41 deaths and numerous injurics, was
anribuied 1o the design and conswruction of the joints between the lower deck and upper deck columns, inadequate
reinforcement for shear forces in columns and possibly to amplified ground shaking caused by local ground
conditions. Plans  strengthen the viaduct prior 10 the ecarthquake had not been carried out due 10 lack of funds.
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In addition to loss of life and ciimination of vital access routes, it is estimated that the cost of the earthquake o the
transporiation system was $1.8 billion.

Earthquakes can also cause damage o other lifelines. Ruplures in gas lines may sesult in fires; breaks in the water
supply system may significantly impair ability 10 control the fires. The city of San Francisco was devastaled by an
earthquake in 1906. It has been difficult 1o assess the degree of destruction which occurred during ground shaking
as a result of numerous fires which broke out, destroying the predominantly wood building stock. The city s ability
to combat the fires was severely impeded due to damage of the water supply systems. The fire, which burned for
three days, 1s estmated to have produced perhaps 10 times more damage than did the ground shaking.

Earthyuakes also pose a threat to emergency facihiies, cnitical structures and dams. Because it is essential to prevent
or minimize damage 1o these structures, they benefit from the application of more stringeni design standards.
advanced engineering methods and betier construction technigues.

A more common but equally dangerous hazard which can occur even in moderaie earthquakes is damage to or
collapse of chimneys. Afier the Loma Prieta canhquake. approximately 80% of the chimneys in Santa Cruz County
sustained some damage.

Moderale carthquakes can cause additional archilectural and :onstructural damage, such as cracked and fallen plaster,
fallen light fixtures. overtumed waterheaters and bookshefves and disrupted building contents. Overtumed fumiture.
appliances and equipment. the displacement of articles from shelves, cabinets and closcts and broken objects, become
dangers as well as obswacles w quick recovery.

Educational facilities posc a unique scismic design problem; while constructed similarly to other buildings, their size,
occupancy and purpose differ. School buildings have the highest occupancy density of any building type. making
emergency evacuations potentially difficult. The buildings themselves are complex, combining small classroom and
office spaces with both large assembly areas and laboratories. Damage lo schools during earthquakes may prohibit
their use as needed public shelters and add to a community's social and economic burdens after an earthquake. Even
damage o school equipment and contents alone can approach aimost half the worth of the facility.

The 1933 Long Beach. Califomnia ecarthquake (magnitude 6.3) heavily damaged 75% of the public school buikdings.
Forwnately is occurrence in early evening allowed the cily 10 avoid a horrible wagedy. Within one month the
Legislature of the Stae of California approved the Field Act to provide protection of life and property by setting
design and construction slandards for elementary and secondary schools and community colleges.

The effectiveness of the Field Act has been tested in subsequent years. One test occurred during the 1952 Kem
County earthquakes. one magnitude 7.7. one magnitude §.8. Of the 37 schools suffering damage, schools designed
in accordance with the Ficld Act sustained less than 1% damage loss, whik pre-Field Act schools sustained more
than 50% damage loss.

These are graphic examples of the need 10 retrofit and consmuct seismically sturdy school buildings. But there are
other consider..ions as well; our moral and legal responsibility ic protect children, the provision of emergency
shelter. the need 1o replace aging facilities.

It s estimared that by the year 2000, 50% of existing school buildings will be between 40 and 80 years old. It is
of primary importance that seismic design consideratic.is be made in the construction of these new faciines.
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Figure 4: Examples of devices to imprave the seismic resistance of buildings,
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Implications

In the aftermath of a severe canhquake, it is | _cly that our sociocconomic sysiems will suffer. A community’s
ability lo provide emergency aid may be hampered by damage 10 buildings and infrastructure. alternative housing
and sheliering may be nceded. communication and power may be disrupted, commercial and financial institutions
may be unablc 1o function. All of these are barriers to a community's retumn to normal operation and place stresses
not only on its sconomic health but on ils necessary social systems.

Strengthening and protecting our built environmen from the impacts of earthquakes can minimize these losses and
disruptions lo our communities. [n reality, however, complete earthquake protection is unlikely because society is
reluctam (o pay the costs and is willing, W an exient, to accept the risk that a great and devastating carthquake may
never occur.

We became all too familiar with the devastation which can be caused by a natural disaster, as evidenced by the
impact of Humricane Andrew and South Florida's painful recovery. A fundimental difference between hurricanes
and eanthquakes, however, lies in the fact that humcanes can be forecast! In spite of our technological
advancements. accurate and umely carthquake prediction is still an achievement to be realized. It is important for
our society to understand the consequences of natural disasters, the level of nisk involved, and 1o know and appreciate
the actions which can be taken 10 safeguard their lives and property.

This understanding can be significamly advanced in elementary and secondary school students by effective instruction
of fundamental science concepts which relate earthquakes 10 society as well as w other natural, manmade and
technological hazards. Accurate instruction of scientific concepts provides a foundation for the development of
rational thought processes. leading students to a betler appreciation of the causes, eftects and appropriate miligation
activities related to eanthquakes.

The development of a future generation of scientifically literate adulls can benefit society through the enhanced
ability of the public 1o make logical and defensible decisions on issues and policies relating to carthquake mitigation
as well as other scientific and technological issues: from adoption of seismic requirements and zoning laws. 1o
support of Federal spending (or research.

This type of increased awareness and education is invaluable 10 the success of our society’s efforts 1o minimize its
carthquake risk.
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The Massena Center, New York, Earthquake of 1944
and its Effect on Area Schools

by Gary N. Nottis
Research Scienrist, Seismology
Gealogical Survey, New York State Museum

Walter Mitronovus
Associate Scientist, Seismology
Geological Survey, New York State Museum

Abstract

The greaiest threat 10 people in schools during a damaging carthquake will probably come from non-structural
damage and the movement of building contents. An earthquske of magnimude 6.0 occurred at 04:38 UTC (12:58 A.M.
local time) on Sepiember 5. 1944, ncar Massena Center, New York. To date. it is the largest carthquake to have
taken place in the northeastern United States since the 1755 Cape Ann, Massachusetts, event, although larger events
have occurred in adjacem Canada. The 1944 event caused significant damage (o schools in Massena, New York, and
Comwall, Ontano. 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-structural damage such
as fallen plaster and broken windows were reported for nearly all of the public school buildings in Massena. Most
of the plaster probably contained ashestos which has been regulated as a potential health hazard since 1972, About
150 windows were broken at Massena High School. At Washington School, the chimney was damaged. many
windows were broken; blackboaras popped off walls; and much plasier fell. Fallen plaster was the only damage
reported al Massena's parochial schools, which were smaller buildings, and they were not closed for inspections,
Throughow Massena, it was commonly reported that plumbing was damaged, books were thrown from shelves, wall-
mounted objects fell. and bottles of liquids were broken afier being thrown from shelves and cupboards. Similar
movements of buikling contents presumably occurred in the schools as well, but were not reponied in the press.
Schools in Comwall apparently suffered the same kinds of damage and content movements as those in Massena. In
addition, a large section of brick coping on the new Comwall High School fell three siories and destroyed the timber
roof of the gymnasium. The school damage and content movement during this 1944 carthquake were similar to those
scen during the 1983 Coalinga, California, ¢ — Jake. We belicve thal an carthquake &s large as the 1944 event can
occur anywhere in the northeastem United dutes at any time. It is possible that even larger carthquakes can also
occur within the northeast similar o those that have occurred in adjacent Canada. Schools in the northeastern Unied
States need to include the threat of earthquakes as part of their emergency plans. Figure 1 shows rgions of oqual
scismic intensity as felt throughout New York and the surrounding arcas as a result of this carthquake.
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CORNWALL MASSENA EARTHOUAKE
SEPTIS. 1944 ~—
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Figure 1: Massena earthquaks.
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Figure 2: Currently, the only surviving photo of the 1944 earthquake damage is one of this
chimney af the Nicola residence, 129 North Main Street. Over Y% of the chimneys in
Massena were damaged or destroyed.
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L

Figure 3. Baptist Church, Massena. Each phota shews where large cracks in unreinforced
masonry caused by the 1944 earthquake were repaired.
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Recorder Notes
Environment/Structure

by Andrea Dargush, Discussion Facilitator
National Center for Earthquake Engineering Research

Alan Goldstein, Recorder
New Jersey Earth Science Teachers Association

How can individuals take an aclive role in non-structural hazard mitigation in the schools?
1. Asscssment of individual classrooms and entire school by groups of students
Muliipie icams asc a good idea
Competition between teams keeps them “on their loes”
Teams spread the word o others

2. Make others aware
Laboralory cachers, cusiodians, eic.

3. Identify hazards and inform local police, fire chicfs, insurance agent, cic.

4. Take FEMA's EMI (Emergency Management Institute)
TTT (Train-the-Trainer) coursc & Emmitsburg. MD to become a trainer yourself

How can individuals take a more pro-active role in the enactment of seismic buikding codes?
1. Find out about the current code 10 determine if it has a seismic provision
2. If the code does not have the scismic provision. an update will be required to comply with Executive Order
#12699. This order requires all new buildings utilizing federal money, assistance or involvement to incorporate
seismic provisions.
Should the staic mandaic seismic provitions in building codes? Should it be just for critical facilities? All facilities?
1. It is necessary o sepafale existing structures from new construction
New construction musl comply with Executive Order #12699
Rerrofitting is more compicx, both politically and economically
2. Massachusetts has a scismic advisory commiitee
Other statcs probably do also
We could pet involved

What liability does/or should the school have if scismic hazard mitigation is not implementod and a damaging
carthquake does occur?
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1. New buildings - liability will be great as a result of Executive Order #12699

2. Exisung huildings - liability is uncerntain
Considerations

How likely is that there will be an earthquake?

How likely is it that an carthquake will produce litigation?

Is not knowing about somcthing enough to kecp a school district from being liable?
How likely is it that litigation will find the school district liable?

How socially responsible are the people in charge?

How politically and economically acceptable will it be to spend money on retrofitting?

How much regulation should be enforced for existing structures?
I. Regulations often require thal the majority of financing come from the regulated
An overall retrvfit may be out of reach
A phase-in might be a more reasonable option
Ex: Requirement thal securing of parapets be attended 10 al the lime a roof is repaired. ¢k.
How do we get those in power 10 change things?

1. Awarencss of liability
Liability is usually recognized only after a disaster

2. Education of those in power to make decisions.
Make a presentation.
Convince individuals 10 do the easy things first {such as taking care of non-strucmral hazards)

3. Legislation - such as E. O. #12699 requiring compliance
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Part V

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

5-1 Earthquake Preparedness: A High School Perspective

§-2 Coordinating Earthquake Preparedness Efforts with the State
Education Department: An Example from Arkansas

§-3 School Emergency Preparedness in New York State

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

by Virginia Kimball
Earthguake Safety Consultant

Abstract

Topics related to earthquake safety and ways to discuss earthquake safety with high school students will be the focus
of this preseniation. Students can be helped by the discussion leader’s attitude of confidence and understanding of
the school plan and the reasons behind it. It will be recommended that the following messages be reinforced during
discussions:

1.  Eanhquakes are powerful events. and it’s mormal to be scared or anxious during and after a quake.
2. The school has a plan.

a. Duck, cover, and hold during the quake. As students get bigger, desks seem to get smaller, but there
are safe ways w0 brace undier all types of school desks. Peopie are protecied by the rows of desks as
well as each individual desk or chair.

b. Aficrwards. check and protect yourself. Check others for injurics and assist those who are injured.

¢. Look around the classroom (0 assess the entire situation: is there damage, smoke, or any other
hazardous condition tha might require an immediate evacuation? If not, each teacher will check with
his or her buddy tcactcr, assisting that class if necessary, and wait until composure has been reached
before carefully evacuating to the assembly area.

d. The duck, cover, and hold procedure will be repeated for each aftershock, followed by another
situation assessment.

3.  Students should remain at school until a parent or other previously designated adult arrives to pick
them wp. This is the rule for all emergency situations where the environment cutside the school may not
be safe.

Discussion Guide for "Earthquake Preparedness: A High School Perspective”

“Earthquake Preparedness: A High School Perspective” was produced by the Pasadena Unified School District for
middle and high school swdents 10 be used as a stimulus for discussion about carthquake safety. Afier viewing the
video, we suggest that the opic 10 be discussed in an open and supportive aimosphere. The arget audience is high
xchool students. however. middle school students may be able 10 absorb the key messages. 0. It might be helpful
to show the 11-minute video, "A Time to Prepare: The PUSD Earthquake Plan." to middle achool students first,
in order 10 give them a clear picture of the plan.

As a discussion leader, you can help students by your attitude of confidence and understanding of the school plan
and the reasons behind it. These are the messages we insended to deliver in the video, and you can reinforce these
during your discussion.

* More information about this 10 minute, 30 second video tape can be obtained from the author.
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1.  Earthquakes arc powerful events, and it’s normal to be scared or anxious during and after a quake.
This would be an appropriate lime to discuss individual experiences.

2.  The school has a plan.

a. Duck, cover. and hoid during the guake. As students get bigger, desks seem 1o get smaller. but there
are safe ways (o brace under all types of school desks. Poople are protected by the rows of desks as
well as each individual desk or chair.

b. Afterwards. check and protect yourself. Check others for injuries and assist those who are injured.

¢. Look around the classtoom lo assess the entire situation: is there dumage, smoke, or any other
hazardous condition thal might require an immediate evacuation? If not, cach teacher will check with
his or her buddy tcacher, assisting that class if necessary, and wait until composure has be~n reached
before carefully evacuating to the assembly arca

d. The duck. cover, and hold procodure will be repeated for each aftershock, followed by another
Siluation assessment.

3.  Studeats should remain at school until a parent or other previously designsted adult arrives to pick
them up. This is the rule for all emergency situations where the environment outside the school may not
be safc.

Note: a few high school siudents have trouble with the above policy, probably because they don't really urderstand
the reasons for it. We're giving you the following rcasons so you will have the necessary background:

After an earthquake. there may be blocked streets, fallen electrical lines, bumning fires, clouds of hazardous
chemicals. damaged buildings, and more carthquakes (aftershocks).

Because of waffic jams. signals not working, cracked sireets, falien bridges, and debris, it is not likely that
people will be able 10 travel more than a shon distance in cars following a big carthquake.

If swudents leave school on their own, either on foot or in cars, they may be injured by falling debris,
explosions, and other hazards. and no one will know where they are or how o help.

Swudents who arrive home alone may find very dangerous conditions, such as leaking gas that might explode
when the door is opened, or broken glass that will fall during afiershocks. Their family members may not
artive for hours of days.

Parents who work mone than a few miles from their home may not be able 10 get 10 the schools © pick up
their kids for several hours. ovemight. or even longer. Many people may be trapped st work - safe. but not
abic 10 lcave because of blockad romds and other problems. Some pareats may be injured and unable io
leave.

Since schools are prepared o take care of students for as long as necessary, and since schools are required
to be structurally stronger than other buildings, schools are the best place for students 10 wait and for
familics Lo reunite. The students will be with their friends, and can support onc-another. The eachers and
their staff will stay w wske care of students as ‘ong as it takes.
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Coordinating Earthquake Preparedness Efforts with the
State Education Department: An Example from Arkansas

by Dan Cicirello
Earthquake Preparedness Supervisor
State of Arkansas

Abstract

There have becn three glaring facts that have motivated me for the past eight years to seek out support of earthquake
preparedness and oducation in the schools of Arkansas.

The first, of course, is without earthquake preparedness and education in our schools that very precious part of our
population is at vonstant risk 10 unnecessary death or injury. Next, I have been fully aware that the earthquake
preparedness of lomorrow lies in the hands of the children of today! And third, those successes in the canhquake
preparadness program we experience today must be sustained tomorrow by today's children.

1 propose that regardiess of the organizational structure of a staie’s education system, Support can be successfully
gamered to implement earthquake preparedness and education in schools.

The secret is (0 motivate the parents who in turn motivate local school officials to include such programs in their
schools.

The Importance of Parents

Parents can be great allics. Once they have become convinced their children are s risk without earthquake education
programs, they will then convey that information to school board members, school superintendents, principals and
teachers. | say this with confidence due to my experience in Arkansas. From 1985 through 1989, my office provided
approximately 618 graphic canhquake lectures to about 27.077 members of local and stae service organizations (i.e.
Lions. Rotary. Kiwanis. Professional Women's Association. ctc). We also distributed 184.991 carthquake
preparedness/education pamphlets and booklets to the public during this same period of time. As a result, requests
from local schoot officials for lectures to their faculty, staff and students began and gradually increased.

Two siate represematives, Charles Moore and Owen Miller, in 1987 introduced and passed the joint resolution “that
the schoo! boards of the school districts located (in the 24 counties at earthquake risk) are urged io design school
buildings - in accordance with standards that will be carthquake resistant...”

Further School Efforts

During 1986, my office developed a talking wddy bzar, "Ready Toddy,” to talk to K-4 grade school children about
basic sarthquake safety responses. This effor1 caused more requests from local schools and loctures for fifth and sixth
graders, and 7-12th graders were added.
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Local school official interest increased. When FEMA, through the guidance of Marilyn MacCabe. produced the
"School Earthquake Program Guidebook,” our office provided enhanced copics at multi-county warkshops 10 the
personnel of 285 public and private schools. During 1988, those same schools received copies of Earthquakes: A
Teacher's Package for K-6. This curniculum was developed under the leadership of Marilyn MacCabe by the National
Scicnce Teachers Association'',

Coordinating Efforts with the State Education Department

In March 1989, immediately after the passage of Arkansas Act 247, “An Act to Establish an Earthquake Preparedness
Program.” which "requires the full cooperation of all other state and local government agencies...”, 1 contacted Dr.
John Gill, cumiculum director of the Arkansas Department of Education. At that time 1 requested a regulatory memo
for earthquake preparedness and oducation in the schoois. Dr. Gill confided in me, some lime later. that after 1 made
this request he immediaely contacted the directors of the educational cooperatives 10 see how they felt. There was
overwhelming support for such 2 memo! He noted that such a positive response for additional regulation surprised
him. Upon inquiry. he was informed that the suppont of the emergency management office to local 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-sponsored workshop, Earthquakes
in Arkansas: The Poiential for a Generation Lost?, held June 12-13, 1990. The department director sent letters
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 train 605 junior
fire marshals from 56 school districts (o recognize nonstructural earthquake hazards and report such conditions when
they are found. to their principals. This year, a Govemor’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 earthquake drills. The Depanment of Education has, in i, requesied our assistance with accomplishing that
task dunng FY '93.

Conclusion

At the present time, Arkansas has a successful earthquake preparedness program coordinated between education
agencies in the state. For those states that do not have strong state education department influence over Jocal schools,
realize that the procedure uscd to get local school support in Arkansas can aiso be used in your state - by motivating
the parenis. An example of such an effont comes from the "Pennies for Safety” project developed by Terry
Gabrielson. a principal of the Blytheville School District. Mr. Gabriclson developed this program without direction
from the State Department of Education. Through this program, Blytheville Elementary Schools raised $10,000 in
20 days which was used to byy 350 eanhquake preparedness safety kits.

! This curticulum is available from FEMA - Ewthquake Education (625), Washington, DC 20472. Send single copy requests
on school letterhead for & free copy. while supplies last. It can also be purchased from NSTA (202) 328-5800.
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~DEPARTMENT or EDUCATION

4 STATE CAPITOL MALL - UTTLE ROCK. ARKANSAS 72201-1071 - (501) 6824478
RUTH 5. STESLE, Director, General Educanon Ovision

Divectcr's Memo No. 33-18
May 26, 1989

RECULATORY

TC: Superintendants, ESC Directars, and Persons Interested
in Zarthquake Preparedness Programs

FRCM: Ruen S. Steesle, Diraztor, General Educaticon Division
Emma Bass, Asscociate Direcrtor, Instructional Services

SUBJECT: "The Arkansas Earthguake 2reparedness Act of L989%"

Agt 247 of 1982, effective February 24, 1289, charges the Oflice
of Emergencv Services, Earthquake Preparcdness Program, with tche
responsibilicyr of carsying oOut sSuUcCh pPrograms and regulzes the
full cooperat:ion of state agencies, cffices and cersonnel to the
anGd that tle MOST eIIectlvVe earthguake MlTtiGatlcn, preparation,
response and recuverv capabllltles may De accomplisihed,

Twency-iour <sunties in Arkansas !'I-om Randolpn in the northeast
ts Chicat 1in the southeast, and atacting approximacely 630,000
cltizens) are °on Or in closa proximizy to the New Madrid Fault.
Therefore, the curoose of this memae is to notifv a1l scheol

Jdistrlicts, cocperatives, and intsrasstad parties thar il
nreparedness Cragrams are 2ssent.3. 1 Si R SRS

those wheo have Jot done so, as 3oon as possible. To assist with
these programs the following informacion is provided:

1. B8cheol Zarthquake Saiecy Program Guidebooks are
dvallable upon reguest.

&2

Lectures and video presantations are alss available for
students X-12.

1. On-<€i%te inspections and r=commendations fsr schools and
distsicts may be scheduled.

4. All of cthese services are provided by the State Office
of Emergency Services, ?2.2. Box 753, Conway, AR
7202%-0758, contact perscn, Dan Cicirello, Supervisor,

S01-374-1201.
$ay? o = vy wil} N - - ~A -
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FEDERAL EMERGENCY MANAGEMENT AGENCY

Dutstanding Puhlic Service Award

P’resented 10

Ban Gicirello

Ior exceptional service in the public interest

In recognition of your outstanding Vesdership and dedication In developing snd
!wle-enun? s mode] Earthquake Preparedness Progrsm. Your work (¢ & credit to
the State of Arkansas snd veflects both persona? and professfom) concern for
the citizens who may be at risk beceuse of the Hew Madrid Fault.

PPy arme—

Asting Directer

February 22, 1990
Daie
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ENT or EDUCATION

4 STATE CAPITOL MALL e LITTLE ROCK, ARKANSAS 72201-1071 « {501) 682.4475
BURTON L ELUOTT, Director, Generai Education Division

IRIAERBN

July 6, 1992

NI = BN e

Mr. James Lee Witt, Director

Arkansas Office of Emergency Services
P. ©0. Box 758

Conway, Arkansas 72032

Dear Mr., Witr:

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 schocols.

I know your Agency has done extensive work in this area

and T 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 assistance will be possible and

feel free to call me with any guesiions. Your help will be
grrz2tly appreciated.

S nkerelgt);:;_ .

Goan. “Vgon b=
Dan Lovelady, Coor(gggfor
School Plant Servic
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DEPARTMENT or EDUCATION

4 STATE CAPITOL MALL e UTTLE ROCK. ARKANSAS 7220i-1071 ¢ (501) 882-4475
BURTON L ELLIOTT, Director, General Education Livision

é%
July 31, 1392 bl
G oA
o ')
; \ Imal
1w =
. . y . ™
Mr. James Lee Witt, Director AR S T =
Arkansas Office of Emergency Services -
P. O. Box 758 o
Conway. Arkansas 72032 —

Dear Mr. Witt:

I trust things are well at OES and probably very busy this summer.

We seem to have been busier this summer than most, but it sure has
passea Juickly.

I wrote to you earlier reguesting OES' assistance in developing
earthquake safety guidelines for schools, and I wanted to tell you
a little more about our plans. I would like to address three basic
areas in these guidelines, and I believe your 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.

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

attend the DPI Conference at Lake Degray.
S erely,

D Lovelady, Coorgifhator

School Plant Servi

DL:gd
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Part V - Emergency Preparedness - More Than " Duck, CoverI Hold"
School Emergency Preparedness in New York State

by John DiNuzzo
Program Manager
New York State Emergency Management Office

Abstract

All school districts in New York Stale are required to develop emergency plans, to test these plans, and to coordinate
their emergency management aclivities with Jocal public safery groups. Not all school districts arc taking this
responsibility seriously: nor are emergency service agencies adequalcly planning for school emergencies. Particular
shortcomings exist in the areas of emergency notification, private school involvement in local preparedness efforts,
and emergency response training being provided to school administrators and teachers. Recommendations for
improvements in the schoul emergency preparedness effort are discussed.

Introduction

School emergency preparedness initiatives in New York State have received increased attention in recent years. A
series of natural and technological emergencics in the early and mid-1980's gave the Board of Regents, the policy-
making body for the State education sysiem. the impetus 10 require a greater emphasis on emergency planning and
training. Section 155.13 of the Commissioner of Education’s Regulations, which took effect in April 1989, requires
detailed emergency management planning. improved emesgency communications coordination, and regular testing
of contingency procedures on the pan of the more than 700 local school districts outside of the City of New York
and the 41 Boards of Cooperalive Educational Services (BOCES) districts. New York City's Board of Education was
given discretion as o how 1o best deal with the issuc.

Sadly. as school districts were beginnng to comply with this new regulation. a tragedy occurred that stunned that
state’'s cducation and emergency services commaunities. Ninc pupils at the East Coldenham Elementary School were
killed in the cafeteria on November 16, 1989, when the school’s external wall collapsed at mid-day from a tomado
force wind. Recognizing the urgency for an improved statewide school emergency preparedness program, the State
Disaster Preparcdness Commission began a concentrated program to assist the State Education Department and local
school districts in betier addressing their emergency responsibilities.

I have been privileged w serve as the manager of New York State's School Emergency Preparedness Program for
the past two and one-half years. In that time. a wide range of educational organizations have been consulted,
including the staie’s two larges: weachers' unions, the stalc PTA, the School Boards' Associaiion, and groups
representing school district superintendents, Catholic school superintendemts, school business managers, school
transportation chiefs, and school buildings and grounds superiniendents.

The remainder of this paper will be devoted to describing « hat New York Stake’s experience has been in initialing
this on-going school emergency management initiative, its future prospects, and how it relates to eanhquake
peeparedness in our schools. the focus of this conference.
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Current Status

Among Section 155.13's most specific mandates are the following:

- Each BOCES and iocal school district shall prepare (by October |, 1990) and update {no later than October |
of each subsequent year) a school emergency management plan o insure the safety and health of children and
staff and to insure integration and coordination with similar emergency planning at the municipal, counly and
State levels. Plans are (0 address, al a minimum, sine specific areas, including potential emergency sites and
descriptions of the systems 10 be used 1o notify all schools within a district of emergency situations.

- Each district shall cooperate with appropriate Siate, county and city agencies in developing agreements for the
use of schooi-owned facilities and vehicles during & disaster. School districts and BOCES's are required 10
relinquish 10 the appropriate State or county agencies the control and use of school transportation vehicles and
facilities in accordance with county emezgency preparedness plans or directives.

- Each public school superintendent and each chiel administrator of 2 non-public school shall take action 10
provide writien information, by Ociober [ of each school year, o all students and staff about emergency
procedures.

Each district shall, a1 least once every school year, and where possible in cooperation with local emergency
preparedness officials. conduct one 1est of its emergency plan for sheltering and early dismissal. Such dnlls shall
test the usefulness of the communications and transportation systems during emergencies.

The chief executive officer of each non-public school shall provide information to the local superintendent of
schools about schoul population. number of staff, transportation needs, and the business and home ielephonc
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
"Planning Manual” and a "Checklist for School Emergency Plans™ were prepared and distributed. Pilot emergency
planning projects were spoasored in two school districts, one urban (Syracuse) and one suburban/rural (Guilderiand).
A pilot school emergency exercise conducted in the Greece {suburban Rochester) Central School District was the
basis for a brochure and a 1en-minute videotape devoied 1o the subject. Programs that trained in excess of 1,200
school officials were held at vanious locales in the state. Finally, the office offered to review and comment on plans
voluntarily submined to the State. Although the regulation does not reguire such submissions, this offer has been
accepied by 30 districts and non-public schools.

Future Prospects

Great stndes have been made in improving the level of school emergency preparedness in the past few years, but
much more needs 10 be accomplished. Curvently. the two greatest obstacles to these efforts are apathy and fiscal
concerns. Although apathetic attitudes on the part of school officials toward their safety responsibilities seem less
common now than was the case a couple of years back, the primary curricuium remains their priority. Also, as the
leaders of the Swute Edocation Department and local school officials scramble to provide sufficient financial support
for classroom activities in the face of funding cutbacks, emergency preparedness initistives tend 1o be de-emphasized.

Given these obstacles, and the State Disasier Preparedness Commission’s stated commitment to supporting school
emergency peeparedness activitics, | was asked to present a report lale Last year (o summarize what we had achicved
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1o date and. what needed further attention. The following recommendations were among those adopted by the
Commission in Lhe fall of 1991, and remain cogent suggestions at this time.

1.

The Commissioner of Education’ s Regulations should be amended (o require that BOCES and local school
disirict emergency plans be submitted to and reviewed by that State.

I'm not cenain of the reason that Section 155.13, as currently constituted, doesn’t require the submission
of these plans to the State. It may have stemmed from the Education Department ‘s intent 1o keep the onus
for emergency management on the districts, or perhaps the Department's general uncase with the prospect
of having to judge the merits of any submiticd plans. Regardless, a mandate (0 submit these plans could
motivaie some of the recalcitrant districts o do a better job in developing these plans. Review and critique
of plans by state emergency planning experts will only aid the process.

A special effort should be made to ensure that effeciive emergency notification praocedures exist for all
school disiricis and individual schools.

Special amrangements for very localized situations, such as fires and traffic disruptions, must be discussed
with community notification sources (e.g.. the fire and police departments). In addition, workable
procedures such as after-hours wamings (1o district personnel and emergency contacts with non-public
school officials. must be developed and refined through the planning and exercise process. Finally, State
rccommendations that advise the monitoring. throughout the school day. of NOAA Weather Radios and
battery-operated AM/FM radios by district administrative staffs should be implemented.

School disirict officials should fully inegrate those private schools within their boundaries into the
district's emergency mandgemenit activities.

Section 155,13 requires that private schools provide centain information 1o their local school districts for
inclusion in district emergency plans. District plans musl also contain descriptions of how all educational
agencies, public and private, will be informed of emergencies. Given these provisions, and the desire to
provide an equally s2f¢ school environment for all students and educations. school districts should work
10 make privawe school administrators full parmers in their emergency management initiatives.

Municipal and local emergency officials should concur in and receive copies of school district emergency
plans.

Both State Exccutive Law and Education Department Regulations endorse the concept of coordinated
comprehensive emergency planning effonts. It is good public relations and good peactical management o
involve Jocal emergency organizations, the source of immediale response services. in the school planning
process. School districts should also ensure that copies of their plans ane provided to local and county
officials who will play significant roles in any activation of thesc plans.

Earthquake Preparedness Training

New York State’s approach tv earthquake preparedness training in its schools has cvolved from two basic
assumptions. First. the public's perception is that the state’ s vulnerability to earthquakes is very minor. As one might
suspect, cven in paris ol the staie that experience remors with some degree of regularity, earthquakes are seen as
a California problem. Our second assumption is that by enswring that school adminisirators and teachers are
equipped io handle ali iypes of emergencies, they will be able 10 adequalely deal with an earihquake. With the East
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Coldenham tragedy sull relatively recent and fresh in our miinds, tomados have understandably been the natral
hazard phenomenon of primary concern to school safety officials statewide.

Public Perception

From its legal origins during the Cold War era of the early 1950°s. Federal Emergency Management (civil defense)
policy dictaled that stales and communities receiving Federal funds for this purpose devote a large propurtion of time
and energy 10 nuclear attack-oriented preparedness activities. As the Vietnam conflict emerged as a national source
of debate and division in the 1960°s and early 1970s, it became evident that "selling” emergency management on
the basis of nuclear war concemns wasn't palaable 1 the American public. People just did not believe that nuclear
war was likely to occur, nor did they feel that, if it did happen, it was survivable.

While not by any means an exact analogy. the aititude of most New Yorkers toward the idea of a devastating
carthquake has many parallels w the nuclear war scenario. People find it very difficult to accepr the possibility of
a major quake in our state. and look warily upon governmental or scientific efforts 1o convince them of our
vulnerability. As a result. the informal Staie strategy for addressing earthquake preparedness training has been based
on the notion that you can’t fight this perception unless (or until), the state is impacted by a senous quake. Therefore,
as was donc for the nuclear war issue, earthquake-specific training has been provided 1 a small group of individuals
who will be expected (0 lead the response if a major quake strikes New York.

In the "Planning Manual™ produced as part of New York State’s school emergency preparedness effort, "Earthquake™
is one of seven natural hazards for which detailed procedural guidelines are presented for school emergency plan
preparers. Most school distncts have adapted this guidance 10 prescribe what their teachers, administralors and other
staff members should do if an carthquake strikes. The "Earthquake” entry in the manuzl was reviewed and approved
by the National Center for Eanthquake Engineering Research before its publication.

The * Al-Hazards Approach”

Because of the perception of low earthquake vulnerability on the part of its residents. New York Stale’s training
philosophy has been to sponsor “generic” emergency management instruction that will aid responders in dealing with
carthquakes as well as other types of emergencies. Existing training programs that address issues such as leadership.
incident command. and emergency problem-solving skills should provide a sound basis for competent. efficient
managemen( decisions in most emergency situations. Once the ecarthquake itseif is over, emergency response
functions (¢.g.. scarch and rescue, power restoration, fire-fighting, communications and public information activities)
will be handled. for the most pant. as they would be for other kinds of catastrophes.

This "All-hazards™ approach ¢nvisioned for earthquake response will utilize the hazard-specific expertise that exists
at the New York State Geological Survey (within the State Education Department) and the National Center for
Earthquake Engineenng Rescarch (NCEER), which is headquartered in Buffalo, New York. Just as the National
Weather Service and the National Hurricane Center provide key advice to our state when hurricanes threaten or
occur, the State Geological Survey provides perspectives on critical issues such as earthquake response priorities.
the likelihood of after-shocks, etc.

Conclusions

The carthquake preparedness training program in New York State’s schools is a fully integrated clement of the
ovexall school emergency preparedness effor. As was shown, we have done much o improve the level of safety in
our schools in recent years, but a4 great deal more still needs 10 be accomplished.
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The key lo promoting a successful school emergency management program lies in the word mgaagement. Good
management, in this conlext, equates 1o being thorough in your preparedness activities: enlisting the aid of experts
to determine whal needs to be addressed; developing emergency plans in consuitation with first responders; and using
cvery possible torum to inform stafl, siudents, parents and the general public of how you are planning to cope with
vanous emergency siluations.

People are at their most vulnerable in an emergency. They expect govemment 1o effectively address siiuations with
which they can’t cope on an individual or neighborhood basis. Although the public is currendy unconvinced of our
vulnembility to an earthquake. we must continue 1o be prepared to minimize the damage that would result if one
were 10 occur. As government officials, the social contract with our residents, and with the users and employees of
our school system. must not be compromised.

References
(New York State-specific)

DiNuzzo, J.P. (1991). Pla. for your ¢emergency - now! Unpublished manuscript.

New York Siwate Disaster Preparedness Commission. (1994}, Checklist for school emergency plans.

New York Stawe Disaster Preparedness Commission. (1990). East Coldenham school wall collapse - investigation
findings.

New York Staic Disaster Preparedness Commission, (1990). Planning manual and guidelines for school
emergency/disaster preparcdness plans.

New York Swuue Disaster Preparedness Commission. (1991). Exercising school emergency plans.
New York Siate Disaster Preparedness Commission. (1991). School emergency preparedness.

New York State Education Depanment. (1989). Amendment to the regulations of the commissiones of education:
Section 155.13.

New York State Emergency Management Office. (1992). The emergency exercise. (videotape).

5-15



Part V - Ememenc; Pwrednms - More Than "Ducki Coveri Hold"
Recorder Notes

Emergency Preparedness

by Marilyn MucCabe, Discussion Facilitator
Federal Emergency Management Agency

Bruce Berman, Recorder
New Jersey Earth Science Teachers Associarion

Educating children is the basic component of the FEMA program; we need 1o get children 1o then bring the word
home to the adull population; emergency preparedness involves education.

Eanthquake education is dlill a "blip on the radar screen” and states are finally beginning to come into the program:
carthquake drills, etc. are being implemented. but the wheels tumn slowly and it unfortunately may take a tragedy to
spur action.

In Vermont...no concerted plan or even snowstorms and dealing with hypothermia, etc. let alone quakes. Maybe an
overall strong, general emergency management plan is necessary first. Success in Arkansas due largely to choice of
members of emergency management group who could cut red tape in developing legisiation. No opposition to law
being passed in Arkansas ‘egislature because the people convinced the legistature. In New England and rest of the
northeast, public awarencss must first be raised to successfully get laws passed. Groundwork (information and
education) must be 1aid first before going to public who will, in tum, push government. One advantage in Arkansas
was the publicity about New Madrid fault - no strong eanthquake 1o reference in New England (always looking to
1755 Cape Ann event). Earthquake preparedness has just started in this area.

Materials are available 10 introduce in classrooms and the classroom is the place to start.
Any motivational techniques 0 make people get staned?

- Use of junior fire marshals

- Kids have looked for problems during New York water shortage; brought concept home to parents

- Use of junior "litier patrols” (prepares kids for awareness in future and gets o their parents as well)
Students can be used in emergency squads and given general training which can be applied lo various disasters.
Should students simply have nuturing roles {i.. with younger kids) or be able 1w handle serious problems {while
being protecicd by good samaritan laws)?
Problems o be addressed:

1. Evacuation of school because of problem inside building during very cold weather.

2. Evacuation of schools when other nearby buildings are also destroyed/unsafe/damaged.

3. Explaining aficrshocks; planning drilis to incorporate aftershocks.
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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 schoot plan which begins with the understanding of children’s psycho-social needs in disaster will put children
first and engender suppon from pareats and community members for active assessment and planning in their schools.
This paper is intended to focus altention on the psychological impact of disasters on children and the need w take
this information into account in the planning stages before a disaster strikes.

Introduction

My purpose in this discussion of the psychological needs of children in disaster is two-fold. First, I believe it is
important for us, as educators and emergency preparedness specialists, to focus our atlention on those concerns before
a disaster sirikes. A school plan which begins with the understanding of children’s psycho-social needs during and
after a disaster will put children first. This focus on children first (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 prevenied or reated carlier if parents, weachers and other adult caregivers were provided 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 injury in our schools,
I do not think most of us are adequately prepared for the emotional and psychological impact of a catastrophic
carthquake on the children and young people who depend on us for safety and support. I intend 10 suggest concepts '
and resources with which we can sensitize and encourage officials and staff of our local schools and communities
as they develop eanhquake preparedness plans. The psychological principles we will discuss apply to all life-
threatening and emotionally traumatizing situations. noi just earthquakes.

Childrea Are Vulnerabie

A 1986 documemt published by the United Nations Children’s Fund ttled “Chikiren in Especially Difficult
Circumstances."'? discusses the needs of and assistance to children in areas tom by armed conflict and other disasters.
We may think it unlikely that our disaster preparedness plans should include the eventuslity of armed conflict on
US rermitory. However, one neods to look no further than Los Angeles this past spring or the daily bomicides in our
nation's capitol tw realize how unprepared we are to deal with the psychological aftermath of civil disorder and
violence in ous City streets.

2 United Nations Economic and Social Council E/ICEF/1986
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What is this phenomenon? If it is this easy for the human communily to forget or discount such disasters, then it
i1s no wonder that it seems so difficult w0 plan for the psychological protection of chiidren dunng and afier
carthquakes and other disasters. One factor is denial. We have a tendency to repress devastating and painful
expeniences in the first stages of the grief process. A second Jactor is our collective myths, At least in the so-called
"first world” or the industrialized world, our social myths tend o glorify the triumphs of human beings over natural
forces of overwhelming odds. One such present day myth growing out of human arrogance is tk:2 iHlusion that natural
forces can be predicted and thereby controlled. Earlier tribal myths grew out of the need 1o leam from experience
and teach the younger generation how o respect Spisit and Nature. A third factor is the assumption thal. because
young children have not developed the skills of articulating their feelings and intermal experience in the language
of the adult, children cither do not ¢xpenence stress of do not know enough to interpret their experiences as
dangerous or traumaltizing.

Fears and Needs of Children in Disaster

Children of all ages. but especially preschool children. depend upon adults (usually their parents) for survival,
Farberow and Gordon (1981)" explain the impact of disaster on children utilizing the anachment theory of John
Bowlby. Attachment refers to the emotional bond between the child and the nunuring figure. The child has an inbom
tendency to seek to be close (0 the person providing the nurturing. This serves to protect the child from hamu.
Auachment behaviors, such as crying, calling, and clinging, enable the child 10 contact the provider of nurture. The
readiness of the adult 1o respond to these behaviors helps develop a secure attachment. Attachment behavior is
evident throughoul 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 attachment figure is not
available. This distress is called separation anxiety.

A disaster is a situation that suddenly threatens the safety and security of a child, and therefore evokes the need lo
be close to the attachment figure. A disaster provokes extreme separation anxiety. The more severe a disaster, the
greater the threal of actual separation. During 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 experiencirg sudden movements.

Children’s grealest fears are that they will be separated from the parent or nurturing caregiver, that they will be
injured (or re-injured). and that there will be a reoccurrence of the threatening event.

Symptoms of Stress and Trauma

Children suffering from any of the above fears will show one or more sympioms 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 Jevelopmental level, history of prior loss or trauma, the family's reaction 1o the disaster and support or
lack of support for the child, prior economic conditions, etc.

Two major indicators of emotional distress were identified by Faberow and Gordon (1981): change and regression.
Change occurs when behaviors, reactions, and methods of doing things become atypical, such as changing from being
independent 1o becoming clinging. Regression is displayed when the child retums to a behavior typical of an earlier
developmental stage, such as thumb sucking or bedwelting. Other stress symptoms include slecping or eating
problems. recurring dreams about the event, withdrawal from relationships, confusion, physical comj:iants or school
problems.

¥ Faberow, N. & Gordon, N. (1981). Manual of Child Health Workers in Major Disasters. DHHS Publication No. (ADM) 81-
1070.
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What Do Children Need?

The young child needs 1o be reunited with the family as soon as possible, if it is possible. Studies have shown that
children who were separated (rom their families and sem away to the country from their families for safety reasons
experienced more severe trauma than those who stayed with theirr families during the bombing of London. To a
young child. fear of abandonment is greater than the fear of injury or death. However, tacking 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 proiected from harm and tha they will not be left alone. A child. separated from family.
should not be moved from person to person, of place 10 place, except for reasons of physical safety.

When an eanthquake occurs dunng school hours, parents will rush o the school to be reunited with their children.
Careful planning by the school ahead of 1ime for family reunification, can prevent a secondary disaster. Brothers and
sisters in different classrooms or atiending different schools will want to find each other, Again, establishing policy
and procedures and practicing the plan can prevent additional traumas from occurring.

Children nced a receptive listener for their feelings. Children find validation or (invalidavon and disapproval)
reflected in the words and non-verbal responses of the adults around them. If they are 1o make sense out of a painful
and chaotic experience. they need positive experiences of accepiance. not judgment, from the adulis around them.
Children need an opponunity for expression and ventilation of their feelings. The child’s imtemal experience and
emotional responses may find expression in story-telling through panting, drawing, sculpting clay. puppets. or
reenactment of the drama they witnessed. Most important of all is finding a sense of security in caring adults who
accept them just the way they are and assure them that they will be kept safe from harm. It is not necessary for a
person o be a child therapist 10 simply listen and receive a child’s expressions without judgment. Of course, it is
necessary 1o proteci a child from behavior that is dangerous or self-destructive. Howev:r. the aftermath of a disaster
1s not the umz to try o comect behaviors or teach new skills.

Programs for Children

In 1979, the United Nations Year of the Child focused attention on the basic rights of all the worid's children. One
of these was the right of the child to "be among the first o receive aid in times of disaster.” In the United States,
churches, disaster organizanons, schools and the mental health community began 10 notice the lack of specific
services for children following disasters.

In 1980. The Church of the Brethren established Disaster Child Care as a pant of their Disaster Response Services.
In 1984, a number of additional major denominations came together to support these child services 1o children in
disaster and Cooperative Disaster Child Care was formed. This national voluntary agency provides specialized child
care within American Red Cross and Federal Application Centers. Both the training for volunteers and set up of the
child care centers are based on principles outlined in the 198t Manual for Child Health Workers in Major Disasters.
While they file for assistance or auend 10 recovery, parents can leave their children with skilled volunteers who will
give then emotional support and focused antention. Since 1980, research and publications about the effects of disasier
on children have expanded greatly.

Now. many school systems across the USA have begun to put Crisis Intervention Teams in place 10 respond o
swdent deaths and other school crises. These professional teams are made up of school psychologists and guidance
counselors, 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 1o
understand and help children cope with stress and disaster. Local and state Red Cross chapters and mental health
services have published bouoklets for parents.
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Since 1991, the American Red Cross and the American Psychological Association have been working t.gether to
develop a network of licensed psychologists who are specially rained 10 provide counselling services on disaster
sites, not only 0 survivors in need of support, but also 1o disasier workers who are experiencing the stress of the
disaster situation.

FEMA (Federal Emergency Management Agency) includes in their Eartwquake Safety for Schools Program secuons
on emotional and psychological needs after disasters. This important aspect of planning is being introduced to the
many school personnel from across the USA that have attended these training program. Children and Trauma, the
School’s Response, is an excellem video available from FEMA, which addresses the needs of the school-age child
in the aftermath of disaster. It is clear that a trend has started and planning for the psychological needs of children
in schoul preparedness. whether for carthquakes or for any other emergency thal may occur has begun. This is a
hopeful sign. Yet, we are far from being ready to provide adequate emotional suppont for all our children in a magx
catastrophic event.

Summary

Collective pyscho-social memory is short-lived. People must continually be reminded of and re-educated as to the
long-term negative effects caused by the failure 10 plan for the psychological protecrion of children during and afier
earthquakes and other disasters.

Planning and prevention makes "good business” sense. Aside from on¢’s personal or parental concern for the
safety of our children. several practical reasons will be identified for why a commurity should a) develop and "dry-
run” plans thal can prevent costly injuries and psychological trauma, b) prepare school personnel to deal effectively
with emotional reactions and 10 know when w refer children who have been traumatized, ¢) understand how 10
stabilize and "normalize” as quickly as possible after a disaster, d) eliminase "crisis management™ as the typical
response mode in a disaswer.

Planning as though chilkdren matiered 5 more than the social worker's agenda. It should be a moral impeiative
as it could affect the long wrm health and survival of our nation. Schools can lead this endeavor by providing new.
mare effective models of eanhquake preparcdness based on the belief that the purpose of community disaster
pianning is not simply 1o save lives and count bodies. At the very heart of the pian will be the intention to preserve
the social and emotional integrity of the community and w provide support for the healing process of children and
families afier disaster.
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Student Service Professionals. Kendall Johnson. Ph.D.. published by Hunter House, Inc.. P.O. Box 847,
Claremont, CA 91711.

When Lighining Strikes; Trauma and Its Aftermath, The Family Networker, November-December 1991.
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Part VI - Concludini Issues
Stress Interventions with Adolescents

by Lydia H. Walker
National Director
Cooperative Disaster Child Care

Some Assumptions About Adolescents and Stress

+« The nomal developmental wasks of this age group are focused on ego development. Youth ask themselves
questons such as "Who am [ as a person independent of my parents?” They also are building peer relationships,
and leamning relationship skills not only with peers but with adults outside of the family. Most youngsters
experiment with sex and bonding during these years.

»  Skill building for achievement and performance in the adult world is taking place in the school, in social groups,
or in the streets.

= These years have buili-in "nommal” stressors such as peer pressure, family pressure, and school pressure. For
adolescents. internal conflicts arise from developing sexual maturity and pressures to achieve.

+ Many cxtemnal pressures affect youth: mass culwure, the market and advertising, the media. and international
politics. Adventisers are very aware of the need for youth 1o have a sense of belonging and acoeptance.

+ Normal teenagers are at risk in our society.
= Exposure to catastrophic events adds 10 existing stress.
Stress Related Disorders of Adolescence

Several stress-related disorders are prevalent among adolescents.

+  Adolescent depression and suicide

»  Dysfunciional or pathological developmental and psychological models

»  Subsiance abuse

+  Eating disorders

«  Qver-achievement and burn-out
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Symptoms of Post-Traumatic Stress Disorder

Disasier survivors may cxpenience post-traumatic swress disonder (PTSD). Adolescents with PTSD may show the
following symptoms:

«  Poor impulse comrol
+«  Discnchantment and rebelliousness

»  Suicidal behavior

»  Truancy
«  Delinquency
+ Bad judgment

+  Life-threatening re-cnactment behavior
*  Drug abuse
+  Secxual indiscretion
¢ Interpersonal relationship probiems
Determining Potential Choice Points

Counselors, weachers, and other resource workers can be instrtumental in recognizing when an adolescemt needs
iniervention in dealing with the impact of a disaster. The following story about Cathy illustrates the type of
incidences to monitor to determine if an adolescent needs help.

Critical Choice Points in the Life of an Adolescent: Caihy's Swory

Daughter - Cathy. a studemt
Mother - Carol, a registered nurse
Father - Joe, a store operaior
Brother - Joey. a stdent

In 1973, these was a flood in West Virginia that damaged Cathy’s home and destroyed a small store her father
operated as a family business. The family recovered from the disasier with financial help from the mother's family.
With this assistance. they relocaied 1o the wwn of Petersburg, West Virginia, and rebuilt their home and business.
The father, Joc, started working at his ncw store. The mother, who had been a homemaker, returned 10 work at an
area hospinal. In November 1985, another major flood occurred and the t1own of Pelersburg was almost wiped off
the map. Again. the family lost everything.
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A few years hefore the sccond flood, the father had stanted to exhibit alcoholic behavior. Driving while intoxicated
one night, he wrecked the family car and was hospitalized. Cathy was sent 10 siay with a neighbor during this period
because her mother went 1o visit the father every night in the hospital. Joey assumed some of the parenial roles by
taking care of things around the house. He wa: alone and things needed 1o be done. When the father left the hospital,
he went on disability and quit working. The whaole family then moved in with Carol's parents. Around the same time,
the family left their church, because the Pastor had started calling non-believers Satan-worshippers and making other
statements with which the family did not agree.

All through these crises. both Cathy and Jocy excelled in school-related activities, eaming good grades and
participating in sports. Cathy became 2 champion member of the high school swim team. Joey left for college in
1988. The mother 1old Cathy she hoped she would do as well as her brother.

Although the cnsis penod scemed 10 have ended temporarily for the family, in Cathy's own lifc, the cvenls
continued. While in high school, Cathy witnessed a knifing in the schoolyard. [n addition, she was picked up for
drunk dnving one weekend while out with a group of friends. At home. the reaction she faced 10 her drunk driving
charge was a disaster in itsell. Her father became very angry, and blamed Cathy's friends for the incident. Surely
his own daughter would never do such things on her own'! He also blamed his wife for overprotecting Cathy, and
said this was the reason Cathy got into trouble.

None of these events stopped Cathy's achie vements. She kept doing weil in school both academically and athleucally.
After graduating from high school. Cathy entered college. There, her high achievement continued and she tried out
for the U.S. Olympic swim lcam.

Finally, however, the effects of the past years' turmoii manifesied themselves in Cathy’s life. One evening, during

her sophomore year in coliege. the family received a call from their daughier "Mom, Dad.” she said, "I'm very sick.
I"ve heen diagnosed as having an eating disonder and 1 want to drop out of school for a while and come back home.”

Recognizing Critical Choice Points

There were a number of critical choice points in Cathy’s life. i.¢.. the points when intervening adults could have
helped Cathy make critical choices and provided suppont for the difficult times she faced.

+  The number of moves (There were five in all. The family had o move three times. Cathy moved two
additonal times: when she went w stay with the neighbors during her father’s hospitalization and when she
saaned college).

*  Nawral disasters - the floods

«  Her father’s hospitalization

«  Her (aher’s alcoholism

*  Her father’s inability 0 work

«  Her mother’s retum 1o work

+  Moving in with the extended family
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+  The constant financial strain caused by the loss of family businesses
+  Her brother's going off 10 school
*  Leaving the family church
+  The schoolyard knifing trauma
*  Her driving while iMoxicaicd charge
= Her {ather’s blaming Cathy's mother for their daughicr’s problem
+  Her mother’s expectation that Cathy live up 10 her brother’s standards
It was discovered lawer that Cachy had been sexually abused at the age of 10 when she lived with the neighbors.
Cathy had repressed the abuse completely. When it surfaced, she became angry with her mother and said she did
ot trum her.
These would be the kind of events tha could alert schoo! personnel 10 potential problems and shouid prompt
intervention by school counselors. [t is impurtant that school personne] not think that the parents alone should handle
a child's problems. Neither should pareats belicve that school counsclors are solely responsible for crisis intervention
in an adolescent’s life.

Factors in Adolescent Response to Stress

Several Ixctors will affect an adolescent’s response 10 stress. The following coping skills can help desermine how
adolescents will handle a disaster.

+  Cognitive ability
+  Pemsisience
*  Social compesency (ability (o develop satisfying peer relationships and sustain friendships)
¢ Activity compesency
+  Problem-solving skills
+  Ego resiliency
1. In relation to this story, Cathy showed some strengths and weaknesses in terms of coping skills.
Streagths - Cathy was persisient and had a great deal of cognitive ability and activity compesency
Weakneases - Cathy's weaknesses were found in her problem solving ability. Cathy was unabic 1o deal with the
losses she had recently experienced in a direct way. She showed this in her obacssion with school achlesic

achicvement. Teachers were not aware of her problems, because she soemed 10 be doing very well. This type of
overachicvement is ofien seen in compulsive achievers who commit suicide. Because children may not always
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give clear signs of emotional problems. adults must always pay atiention o their own blind spots and biases when
trying to understand adolescent behavior,

2. Family cohesion or conflict

Cobesion - In Cathy’s siluation, her family stayed together despite the conflict they faced.
Coaflict - Substance abuse (drinking) by Cathy and her father can be seen as a symbol of relationship problems.
These family relationship problems became evident when Cathy cailed (o tell her parents about her eating disorder
and o ket them know she would be coming home from school. Her father responded by saying 1o his wife, "I'll
g0 and get Cathy and bring her back. You're part of the reason she’s in this condition.” When Cathy talked to
her mother. she told her. "I'd like you to come Lo bring me home. Mom. Please don’t let Dad come. He's pant
of the problem.”

3. Development of {or lack of) intemal locus of control (belief in one’s personal efficacy and control) - Families
now depend on schools to foster self confidence and self control in students. However, these characteristics must
also be encouraged at home. Development of an adolescent’s intemal locus of control must be supported in all
aspects of the environment.

4. Defensc mechanisms (level of matuniy) - Adolescents have various ways of Lxpressing their developing identities
and differentiaiing themselves from their parents. They may do this by many means.

+ By who they choose as fniends
« The way they diess
» Their means of gaining acceptance in peer groups

+ Their working to earn money for personal needs can be seen as a way to have control over their
life.

Criteria for Interventions
The following questions may be used as criieria in wiloring interventions 1o moet the needs of adolescents.

«  Does it undemine or support the person’s ego development? Ask yourself "Does it promote the adolescent’s
well-being or take away from whom they are?"

»  Does il isolate or promote the well-being of the family? In some cases, the best intervention is (o isolaie a
child from the family if cxtreme circumstances arc harming the child.

«  Does it rescue and inappropristely "protect” the person or does it offer opportunities for them to practice
competencics and influence the outcomes?

»  Does it build coping skills and offer opportunities to lean?

«  Does it provide stability and bring normalkey 1o their day-to-day life?
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Does it support healthy peer relationships? Some interventions set kids apart from the group. A counselor
or tcacher must consider if removing a child from a familiar group will make the child's situation better or
WOrsc.

Does it attack their defense mechanisms or build trust?

Does it call forth the best in the person. their desire 10 be involved. or 10 serve others?

Is 1 appeopnate within my role (wcacher, counsclor, administrator, etc.)?

Steps and Options

The following steps and oplions can help resource workers heal the impact of disaster.

Recognition of symptoms
Diagnosis
Referrals/interprofessional collabocation

Self-help groupsfin-school therapy group - Children might be moee receptive o drawing. Adolescents,
however, respond well 10 drama and music.

Family intervenuons

Classroom activitics

- leaming aboul suress

- research aboul disasiers

- self-expeession and enjoymeat through art. music, drama, and writing
- COmmuNily scrvice progects
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Effects of Disaster on Child and Family

by Lydia H. Walker
National Director
Coaperative Disaster Child Care

Children of all ages. but especially preschool children, depend upon adults (usually their parents) for survival.
Farherow and Gordon (1981) explain the impact of disaster on children wrilizing the attachinent theory of John
Bowlby. Atlachroent refers to the emotional bond between the child and the nurturing figure. The child has an inborm
tendency 10 seck to be close to the person providing the nurturing. and serves to protect the child from hamm.
Attachment behaviors such as crying, calling, and clinging, enabie the child to contact the provider of nurturance.
The readiness of the adult to respond 1o these behaviors helps develop a secure attachment. Atachment behavior is
cvident 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 1w cxireme distress when their atachment figure is not
available. This distress is calied separation anxiety.

Farberow and Gordon (1981) further explain that there arc scveral naturally occumring “clues that indicale the
possibility of danger. isolation, exposure 10 strange people or strange situations, darkness, sudden movement, or
noise” (p. 8). When children are thus frightened, they withdraw to be close to their attachment figures.

A disasler is a situation that suddenly threatens the safery and security >f a child, and therefore evokes the need to
be close to the attachment figure. Separation anxiety can be expected to be highty visible during such a period. The
more severe a disasier, the greater the threat of actual separaton. 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 (Farberow &
Goedon, 1981).

A review of the literature supports the expecied changes of behaviors as outlined above. Blaufarb and Levine (1972)
reported that the most common problem for three- to twelve-year-old children after an carthquake was a fear of going
10 sleep in their own room, while for three- (0 six-year-old children, the common fear was of being alone. Bloch.
Silber, and Perry (1956) noted symptoms of increased dependency. clinging, remaining close o home, asking (o skeep
with their parents. night ermoss, imitability, sensitivity 10 noise, and phobias. Krim (1976) agreed, afier studying
victims of fires in New York City, adding to the list: guill reactions, aggression. and family disorganization and
breakup. Doudt (198S) studied {30 children, ages three {0 five, after tomadoes in North Carolina in 1984. She found
significant behavioral changes in all age groups, with two behaviors - fear of loud sounds and fear of wind -
markedly increased in more than half the subjects.

Farberow and Gordon (1981) explain that pareats will nowe two major indicalors of emotional distress in their
children: change and regression. Change occurs when behaviors, reactions. and methods of doing things become
atypical, such as changing from being independent to becoming clinging. Regression is displayed when the child
returns to a behavior typical of an earlier developmental stage, such as thumbsucking or bedwetting.

Boore, Earle. and Apickar (1990) have submitcd an unpublished study of the psychological cffects of disaster on
children and 1heir [amilics in the 1989 dual disasters of Hurricane Hugo and the Loma Prieta earthquake. Although
the adults reported almost equal stress in both situations, the children who experienced the carthquake reported more
stress than those who caperienced the hurmicane. Gender, previous disasiers, and separation appeared (o have no effect
upon the amount of stress experienced. Birth order and prior problems did show some tendency to efiect the amount
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of stress experienced. {t is unclear if the differences found between the earthquake and the hurricane could have been
regional. More studies of these disasters are indicated.
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An Overview of Earthquake Resources for Schools

by Marilyn P. MacCabe
Earthquake Education Program Manager
Federal Emergency Maragement Agency

Abstract

During the past ten years, FEMA's Earthquake Education Program has been proactive in sponsoring community
outreach projects and providing educational matenials and training opportunities for a vaniety of audiences. FEMA's
education program for schools includes workshops and guidance maserials on cnisis intervemtion and on preparing
school earthquake safety programs. FEMA also conducts and sponsors "Tremor Troop™ workshops for teachers. The
workshops demonstraie the use of EARTHQUAKES - A Teacher’s Package for K4 - a colkction of
multidisciplinary, hands-on classroom activities developed for FEMA by the National Science Teachers Association.
The curriculum is designed o promate scientific literacy among young children and give them the information and
skills they need to cope safely during and following an carthquake. The following is a compicte list of FEMA’s
resources for school canhquake safety and education programs.
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FEDERAL EMERGENCY MANAGEMENT AGENCY

School Earthquake Safety & Education Program

Publications

FEMA 220 School interventon Following a Critical

Incident

Thus 20-page Dooklet presents 3 broad overview an how 2
SCNCOI MIGNT work with Mental health professionals to put
wooether a Crsis Counseling Propram tor the entire school
cammunity.

FEMA 219 How to Help Childran After a Dissstar

A team of educators and chid mental heaith professionais
deveiloped thus 17-page gudehook for teachers. it inciyges
saveral ClASS(OOM ACTvitias using drawing and  talhung
mathods 1o heip children cope with the disaster.

FEMA 159 EARTHQUAKES - A Teachar's Package for

K-8 Graxdes

Aiso known a5 Tremor Trooo. tws 280-pags Dackige was
daveloped by the Nauonal Science Teachers Association. |t
CONLANE NANAS 0N Cl2g810om actvities That supEort virtudlly
all slgmentary subject areas. Designed for the ciassroom
teacher with ittle or N0 Dackground n sarth sCence, the six-
unit package tocuses on:

¢ Definng an parthquake,

¢ Whv and wnere earthquakes occur,
® Prysical resuits of earthquakes.

¢ Meatuny) earthoulkes,

¢ Recognang an earthquake, and

& Earthquake satety and Surveval.

The Tescher's Package includes Background, Earthquake
Legends, S5cope and Sequence Charts, and Line Masters.

FEMA 149 Seismic Considerstions: Osmentery and
Schools

Sscondery
Trus 102-page UinCluding appendices) JUICEDOOK was prepared

by the Buiding Seismic Safety Council. It presents the cost
and benetits of applying seismic design n the congtruction ot

new school facilities. It aiso explaing how school buildings
ae gamaged by earthquakes, and haw Jamage ocsurs 10
nonstructinal components and busiding contents.

FEMA 88 Guidebook tor Devaloping &
School Earthquaits Safety Program

Trus 50.0808 gude 1S detigned (O Bt hE  ECHOO!
commuruty Ot pnnCipal, teachers, staff, students, and parents
deveiod and takar an earthquaks safety program for thaw
schaol.

The gude takas 3 ftep-Dy-stap aporoach to:

Igentity DOtantial eafthquake hazards.
Prapare an0 cONAUCT €arNQuAkE anils,
PMan for immediate response and care,
Develop commumcation plans, and
Pian tar 72-haur sheiter and cr-e.

- o > * P

FEMA 28s Esrtnquake Safety Activities for Children
This 4-part [S2-0804) DOOKMT CONTaNS axXCerpts from Umts S
and 8 ot EARTHQUAKES - A Teacher's Package for K-6
(FEMA 153). It provies Classroom activities designed 1o
prapare students to copa safely when an sarthquake occurs.
The bookIel Covers:

[ What hapoens dunng an sathauase,
¢ Hazsrd hymts,

* Assgmpling gmergency wts, and

¢ Eanthguake simuiagpon and gnils.
FEMA 74 Reducing the Risk of

Nonstructyral
Earthquake Damage: A Practicsl Guide.

Thig i crw of severdi llustrated Judes deoChng wavs to
teduCet o ehmate nska {tom esrthquaks damage ‘o
*quipment, furmishings, and UNSECUreD ODJECTS.

6-18



Part VI - Concludil_lg Issues ———————

Vidaos

Workshops

Children and Traums - s r:e School’s Response
{20:30 min.]

A program for mental heasith professionals.  school
3AMINSTrators. and teachers; T presents: UraWMa‘s IMPact on
Cheigran and 3chools, normal and prolonged Stress responses.
ALLSTLTHNT CONKidRrATONS, ANd INtervention modeis.

SCHOOLS AND EARTHQUAKES -
Withstand Esrthquakes (14:27 min.]

Buiding Schools to

Cost )s often the overnding factor in decisions 1o implement
seismic safety policies. This videc conveys the lifessving and
aconomic benefits of inCluding earthquaka-resistant demgn in
new schoal construction. The video complements Seismic
Considerstions: Elenentary and SeConowy Schools (FEMA
149).

The following two videos
wilf not be avedable undl 1/15/93.

CRITICAL TME - Esrthquake Response Planning & Schools
[14:00 minj

Thiz video discusses the respongibiites of school
admimstrators, teachers, and statf to acqure the knowiledge
and siills needed to protect and cars for the student
population untl oautfide help s avaiable. The viieo
complamants the Guicedook for Develaping 2 School
EarthQuake Safety Program {FEMA 88).

Reducing Nonstructursl Esrthquake Damage - A Practical
Guide for Schools [13:00 min.]

This wideo wenttias maor nanstructural hazards in school
buwidings, and suggests simple and inexpensive ways to
reduce those nazards. The video complements Reducing the
Risks of Nonstructursd Esrthquake Damage (FEMA 14},

Distribution of publicstions and videos is Emitad
to one ires copy per school while supplie last.
Sand single cOpy requests on school letterhead to:

Maeriiyn MacCabe
FEMA - Earthquake Educston
Washington, D.C. 20472

Train-The-Trainer Workshop
on
EARTHQUAKES - A Teacher's Package for K-8

June 21 t0 28, 1983 ¢ Emmitsburg, Maryiand
July 26 10 3O, 1993 ¢ Emmitsdburg, Marviand

Thet hands-on warkshap is designed tc demonstrate the uss
and benatits of the Teacher’s Package (FEMA 159/, The
warkshop 8150 inciudes a unit an Crisis intevvention, tocusing
on the needs of chiddren and school personnel, snd a unit on
Schoot Earthquaks Sefety Panning.

Partictpaon at the workshop is limited to 38 sducators
whose functions inciude providing in-service warksnops to
sigmentary teachers andior recommending curnculum. Ther
tities may nclude:  Bementary Science Cooardinstor,
Elementary Cumculum Coordinator, Eementary Sciance
Consuitsnt. We aiso weicoma sigmantary classroom teachers
and regronal resource center personngl.

Crndn Qad

i Eerthquak

March 22 t0 26, 1933 ¢ Emmitsburg. Maryland
July 12 to July 18, 1993 ¢ Emmitsburg. Maryiand

Pr Worksh

This workshop 13 largely based on the Guwdedook for
Oeveloping & School Earthquake Ssfety Progream (FEMA 88;.
instructnional tooscs include: Hazard Identfication, Esrthquake
Onils, immediate Care and Responss Regquwrements,
Psychologcal Responses snd Needs; Commumcations,
Sheitening, Long Term Recovery ConsuGerahons, Harard
Mitiganon Measures, and Planning.

The ntended audience for thus workshop includes: school
GISINCT 2AMINSIFAtors, prinCipals, school boadd members,
distnct facility and ask managers, school nursas, and
teachers.
[ 2K 3 2
For further warkshap informuation and spplication, contsct:
Joseph Biis
Emergency Mansgemant institute

16825 W. Seton Avenue. Emmitsburg. MD 21727,
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Where Do We Go From Here?
The Next Step

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

Daniel Catlett
Earthquake Program Manager
Federal Emergency Management Agency

Marilyn MacCabe
Earthquake Education Program Manager
Federal Emergency Management Agency

Abstract

This workshop is not meant 10 be an end in itsclf, but the beginning of more concentrated earthquake education
efforts in the northeastem pan of the United States. This joint presentation will focus on upcoming carthquake
cducation activitics in the Northeast and give a general framework for those planning training in their particular
school district. Problems that might be encountered along with possible solutions will also be presented. The
following worksheets are meant to serve as a guide.
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Framework for Planning for
an Earthquake Workshop in Your Educational Setting

This is meant as a guide for planning further earshquake education activities in your educational setting. Although
it is focused on providing a workshop, other activities can be planned as well, depending upon currerit needs. This
is intended to be used for notes and pianning.

What group or groups would receive the training? (pre-service teachers, curriculum specialists, principals. grade
level teachers). Consider in your school or district. where should training stant? Does it need to begin with
administration in order Lo {iter down to classrooms? Should all individuals receive training simultaneously?

Who would be the trainers? (leachers, curniculum specialists, prancipals, college/universily staff, workshop
participants). Do you have any teachers who have taught about earthquakes? Tried earthquake drills? Waorked
with particular groups of students?

. Where would the training be held? (local school, school district office or raining center,

college/university, hotel)

How long would the training last? (one hour, half-day, full-day. more than a full-day)

. What would be the key components of the training session? (curriculum package overvicw. content presentation.

activities, demonstration with students). This depends on the point you are at and whether you have had other
relaied (or plan to have) in-service training.

. What individuals might serve as earth science expefts to advise and assist with the workshop planning and

presentations? (high school science teachers, college/university siaff, science curriculum specialists, local
3 lcniists).
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7. What might be some of the costs of providing a workshop and whai group or grours ivight provide the funding?
(travel, refreshments, wacher release time/substinstes, obtaining a site for the workshop, obtaining copics of the
curriculum, honotana for presenters and participants, workshop supplies).

8. What key individuals would need 10 be contacted 1o amrange the workshop? {superiniendent. supervisor of
instruction, curmiculum specialist, principal, consultant)

9. What problems might you encounter in organizing, ammanging, and presenting the workshop? What are some
possible solutions (o the problems?

PROBLEMS POSSIBLE SOLUTIONS

1. Oxher curricular areas might have high
priarity.

2. Parent opposition from those who feel
thal children are going to be
ncedlessly scared.

3. Lxck of curricular resources,

4, Difficulty of sharing knowledge with
all that need to know it (parents,
teachers, school bus drivers, exc.)
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10.  Deveiop a workshop time line including planning, impiementing, and following-up with participants.

Summer

Fall

Winter

Speing

Summer

Fall
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New England Earthquake Fact Sheets'
Earthquake History:
New England has kad a hiswory of carthquakes including those recorded by the first settlers, and by the Plymouth
Pilgrims in 1638. Of the 4498 canthquakes recorded in the Nonheast Earthquake Catalog through 1988, 1194
occurred within the boundarics of the six New England Statcs, as follows:

New England States’ Historical Earthquake Record to 1988

State Years of Record No. of Earthquakes
Connecticut 1568-1988 134
Maine 1766-1988 iss
Massachuscns 1627-1988 313
New Hampshire 1728-1988 262
Rhode Island 1766-1988 31
Vermont 1843-1988 6

1154

New England Earthquakes Since 1924 with Magnitudes 4.5 or Greater

Location Date Magnitude
Ossipee, NH Dec. 20, 1940 58
Ossipee, NH Dec. 24, 1940 58
Dover-Foxcroft, ME Dex. 28, 1947 45
Kingstown, Rl June 10, 1951 46
Portland, ME April 26, 1957 47
Middlebury, VT April 10, 1962 50
Near NH-Quebee Border, NH June 18, 1973 48
West of Laconia, NH Jan. 19, 1982 47

Between 1924 and 1988. there have been 24 carthquakes in the Northeast with & magnitude of 4.5 or greater on the
Richter scale. Of these, the above cight were within the six New England States and the other 16 within New York
or the Province of Quebec were 5o close and strong that they were felt throughout New England.

Regional Seismic Hazard from an Earthquake

The shaking from earthquakes does not stop at state boundarics. The surounding areas of New York, Quebec and
Newfoundland also have carthquakes which impact the New England Stmes. It is generally recognized that
carthquakes in the Northeast are felt over greater distances, some four to 10 times greater, than in Califomia

A magnitic 6.0 carthquake in Ossipee, NH would result in a Modified Mercalli Intensity (MMI) st the epicenter
area of about VIII for buildings on average foundation conditions and as high as X if on poor soils. At an MMI =

"*This information i provided by the New England Stasss Earthquake Consortium (NESEC), 501 Islington Street, Porzmouth,
NH 03801.
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VIII, chimneys. columns, wowers and trees fall, and builkdings are extensively damaged. A1 an intensity of X. large
parts of even weill buill masonry structures would collapse while others would be knocked off their foundations.

Additionally. buried pipelines would be torn apan or crushed, bridges would likely be unusable, and dams and dikes
would be senously damaged'.

Regionally. a magnitude 6.0 earthquake in Ossipee. NH, would cause all of the states of Vermont and Massachusetts
and a large area of Maine (© experience an MMI equal ta V for those structures on average foundations. An MMI1
= V would cause some buildings 1o tremble with resulting breakage and overtuming of objects. However, if the
foundations are on fill. Joose sand. sill. or on stratified deposits, they could feel an intensified effect of up to a MMI
of VII. With an MMI = VII. people would find it difficult to stand. chimneys and walls would crack. some
embankments may slick, books and pictures would fall, furniture would overturn, moderately heavy furniture woukd
move. pottery and windows would break, and paster and stucco would fall in considerable amounts.

The 1988 canhquake in Quebec registered 5.8 and was felt throughout New England. The magnitude S.8 earthquakes
on December 20 and December 24, 1940 at Ossipee. NH., shown in the previous table, were felt throughout New
England. One study of thesc quakes suggested that they were felt over an area of 300,000 to 400.000 square miles.
Even Vermont, which is mistakenly thought of as “eanthquake free,” experienced a magnitude 5.0 on April 10. 1962
and has felt the vibrations from the 402 earthquakes recorded in the northeast earthquake catalog through 1988, that
have occurred immediately outside her borders in New York State and the Montreal region of Quebec. Additionally,
vibragons were feh from eanthquakes in neighboring New Hampshire and Massachusetts.

Locations of New England Earthquakes

Seismologists have established that the New England earthquake epicenters do not follow the major Paleozoi faults
of the region, nor are they confined to panticular geologic structures or terrains. So, in general. New England's
earthquakes have no known relationship 10 the faulls in New England. This condition is completely opposite to that
in California. In New England. earthquakes occur all over. No on¢ can say with certainty that they will occur in a
specific location.

New England is about in the middle of the North American Plate. One edge of this plate is at the Pacific edge of
California. the other is jusi past the middle of the Atlantic Ocean. The earthquake mechanism is still an unknown,
but this plate is in compression and New England’s carthquakes appear 10 be the result of the cracking of the surface
duc to buckling of this plate. There arc forces on this plate to help initiate the buckling: the downward weight of
the mountains and the upward siress relief as a resylt of the retreat of the glaciers.

Given the above. and based solely on known past earthquake activity. the throe most likely source areas for
carthquakes with damage potential are: eastern Massachusctts and the Capc Ann arca; central New Hampshire in the
Ossipee arca; and the La Malbaie region of Quebec,

Probability of an Earthquake in New England

Scismologists have calculated the odds of an earthquake with 8 magnitude 6.0, similar 1o the 1755 Cape Ann quake
at 17300 per year. Additionally. the odds on a potentially damaging earthquake of magnitude 5.0 or greater is 1/20
per year. These probabilities are based on only the recent catalog data and are for an carthquake anywhere in New
England. While these are considered moderate Lo low seismic risks, the seismic hazard from the type of subsurface
soils beneath the buildings and the seismic vulnerability as a result of the type of building and its materials. must
also be considered. The following values, laken from a table computed by Dr. John Ebel, Wesion Obscrvatory,
represent the probability of a particular magnitude carthquake in the specified time period.
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Magnitude Probability Years Magnitude Probability Years
4.6 S1% 7 5.0 38% 10
46 4% 19 50 91% 50
46 W% 50 50 9% 100
55 60% 50 60 50% 100
55 84% 100 6.0 5% 200

Maximum Credible Earthquake Magnitude for New England

Based on statistical studies of the known carthquakes that have occurred in New England. seismologists have also
estimated the maximum credible canthquake event that they expect in the areas of the largest known past earthquakes.
This data is summarized in the following table:

Area Largest Historical Eveat Maximum Credible Event
Daic | 1 m, | m,

Off Mass. Coast 1755 vl § 3/4%e Vil 614

Onsipec. NH Area 1940 VIl 54 vin 6

La Malbaic, PQ Arca 1925 VIIi 6.6 X 714

where: I, is the maximum Modified Mercalli Intensity (MMI) value for normal foundation conditions but,
depending on the immediate subsurface soil conditions, could be up to two (2) intensities higher, and
m, is the magnitude,
*¢ estimated

New England Seismic Vulnerability

New England is particularly vulnerable to inpury of its inhabitants and damage because of its built environment. Only
two New England States cumently include seismic design in their building codes. Massachusetis introduced
carthyuake design requirements into their building code in 1975 and Connecticut very recently did so. However, these
are for new buildings. or very severely modified existing buildings. Existing buildings, bridges, water supply lines,
electrical power lines and facilities, etc. have rarely been designed for earthquake forces. So, although New England
is considered to have a moderale seismic risk, in gencral it has a high seismic vulnerability because of the built
environment.

Onc of the major concemns with this built environment is with the unreinforced masonry buildings throughout New
England. including the classic mill building. This structure is amazingly strong and stiff for the normal vertical loads
it was buili to carry. But brick is a brittle material and masonry walls will not do well with the horizontal forces that
will act on it in an canthquake if it is not reinforced or braced in some manner. A major concern with wood framed
homes is 10 insure that they are connected (o their foundations.

Earthquake Behavior

There are steps that can be taken. both short and long term, that can reduce injuries and loss of life. Initially, the
most important is the person’s behavior in an earthquake. The motto is, "Duck, cover and hold.” Duck under a tablc
if &t all possible; do NOT run out of the bailding. Get yourself under cover as much as possibie; even a chair if

A-11



Appendices S ——————————————
nothing else is handy. And HOLD: hold on i the table or chair. Otherwise it may bounce away from you, removing
your cover. The Loma Pricla earthquake lasted Jess than 20 seconds. There is no time to waste!

There are many other prepanedness activities you can do. Look around for all the loose items, and weakly connected
items which can fall or be thrown at you. The New England States Earthquake Consortium (NESEC) has literature
from the Federal Emezgency Management Agency (FEMA) which shows what to Jook for. Contact FEMA or NESEC

for free copies.

Additional Earthquake Information and Assistance Resources

Regional Siate Earthquake Program Managers:

Gregory B, Champlin

NH Office of Emergency Management
Swe Office Park South

107 Pleasant Street

Concord. NH 03301

(603) 271-2231

Edward B. Von Turkovich

Division of Emergency Management
103 South Main Street

Waterbury. VT 05676

(B02) 244-8721

FEMA Region 1 Office:

Daniel N. Catlen

Natural Hazards Program Specialist
Room 462, John W. McCommack POCH
Boston, MA 02109

(617) 223394361

Robert F. O'Brien

R] Emergency Management Agency
Stwate House Room 27

Providence. RI 02903

(401) 421-7333

John C. Smith

Emergency Management Agency (MEMA)
400 Worcester Road

Post Office Box 1496

Framingham, MA 01701-0317

(508) 820-2000
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Noon-2:00 PM

2:00-2:45

2:45-3:05

3:05-3:38

3:35-3:55
31.55-4:18
4:15-4:30

4:30-4:45

4:45-5:30

5:30-6:30

6:30-7:30

7:30-8:30

Program and Schedule

AGENDA - DAY ONE - Friday, Sepiember 25, 1992
SETTING THE STAGE

Registration - Great Bay Foyer

Welcome - (;rear Bay Room Lows Kiotz
Introductions NCEER, FEMA, NESEC Marilyn MacCabe
Opening Remarks - Meeting Objectives Katharyn Ross

A Historical Look at Earthquakes in the Walter Mitronovas
Northeast Gary Nottis

The Boston Loss Analysis Study (A scenario John Ebel

study of a future. projected earthquake)

Structural Environment of Schools Louis Klotz
Noastructural Safety in Schools Virginia Kimball
Break

Regional Safety/Emergency Response - Danicl Cadent
Earthquake Safety of New England Scheols

A Prriatypical Earthquake Drill - A Critical Scan Cox

Skills Exercise

Foster Sessions and Resource Displays: Seismic

Networks, QUAKELINE, Earthquake Education Materials,
Experiments, Noostructural Hazard Mitigation
Pians, FEMA publications and Cash Bar - Great Bay Foyer

Dinner

Haads-on, Minds-on Earthquake Education: Katharyn Ross
Curricular Uptions and Shaky Activities - Grear Bay Room
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AGENDA - DAY TWO - Saturday, September 26, 1992
IMPLEMENTATION

8:30-10:00 AM CONCURRENT PANEL DISCUSSIONS
(The 3 "E’s" of Earthquake Education)
(1) Education - Curricular Options: - Kennebec Room
(a) Integrating Eanhquake Education
into the Classroom - Tori Zobel
(b) Misconceptions in the Options Available
to Eanthquake Educators - Jeffrey Callister
(c) Hands-on Earthquake Education Workshop
at the New York State Museum - Gary Notis
(d) The Center for the Earth Sciences and How
it can Facilitate Earthquake Education -
Mark Shoengold
(2) Environment/Structure: - Great Bay Roam A
(a) Physical Results of Earthquakes and
Their Effect on the Built Environment -
Andrea Dargush
(b) The Geologic Effect on Earthquake Ground
Motions - John Ebel
(c) Massena Center, NY Earthquake of 1944 and lts
Effect on Area Schools - Walter Mitronovas
(d) Making the Structural Environment of Schools
Safer - Louis Klowz
(3) Emergency Preparedness--More Than "Duck,
Cover, Hold": - Grear Bay Room B
(a) Earthquake Preparedness: A High School
Perspective - Virginiz Kimball
(b} Coordinating Earthquake Preparedness Efforts
with the Staie Education Department - An Example
from Arkansas - Daniel Cicirello
{c) School Emergency Preparedness in New York State
- John DiNuzzo
(d) Eanthquake Preparedness in New England Schools -
What's Happened? What's Next? - Daniel Catlett

10:00-10:15 Break

10:15-11:45 Discussion Groups - participants remain in
their groups o discuss specific questions.
Questions such as the following will be discussed:

(1) Education - Kennebec Room
Discussion Facilitator - Katharyn Ross
Recorder - Mark Worobetz
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AGENDA - DAY TWO - Saturday, September 26, 1992

(a)

IMPLEMENTATION (Cont'd)

What is the earthquake threat in each state
(and/or region} of the Northeast and the
perception of the present capability in the
schoais 1o respond 1o it?

(b) What steps or activities can individuals

(<)

{d)

take 1o increase carthquake awareness and
concemn in school settings?

How can eanhquake education be integrated
into the exisling curriculum? What are
additional curmcular opportunities?

How can carthquake education help

achieve science objectives?

(2) Environment/Structure - Great Bay Room A
Discussion Facilitator - Andrea Dargush
Recorder - Bruce Berman

k)]

{a)
(b

{©)

d)

(e)

How can individuals take an active role in
non-structural hazard mitigation in the schools?
How can individuals take a more pro-active role

in the enactment of seismic building codes?
Should the state mandate seismic provisions in
building codes? Should it be just for critical
facilities? All facilities?

What liability doesjor should the school have if
seismic hazard mitigation is not implemented and a
damaging earthquake occurs?

How much regulation should be enforced for existing
structures?

Emergency Preparedness - Grear Bay Room B
Discussion Facilitator - Marilyn MacCabe
Recorder - Alan Goldstein

{a)

b
{c)
{d)

{€)

Wha is the carthquake threat in each staie (and/or
region) of the Northeast and the perception of
Emergency Preparedness organizations to respond (0 it?
What steps or activities can individuals take to increase
emergency preparedness in school settings?

Should school disaster plans be coordinated with local
emergency management organizations?

Should there be mandatory state guidelines for
earthquake preparedness in the schools?

How can schools develop and implement a disaster
plan for earthquakes?
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AGENDA - DAY TWO - Saturday, Seplember 26, 1992
IMPLEMENTATION (Cont'd)

11:45-12:30 PM Poster Sessions and Resource Displays
12:30-1:18 Lunch
1:15-2:00 PM Lunch Sperker - Ms. Lydia Walker, Director, Cooperative

Disaster Child Care - Pianning as Though Childres
Mattered: Earthquake Preparedoess for the Sake of
Children's Security and Stability as well as

Physical Safety - Great Bay Room

2:00-3:0 Reports from Discussion Groups Bruce Berman
Alan Goldstein
Mark Worsobetz
3:00-3:15 An Overview of Earthquake Resources for Schools Marilyn MacCabe
3:15-3:30 Where do we go from here? - The Next Step Daniel Catlett
Marilyn MacCabe
Katharyn Ross
330 Adjourn
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NORTHEASTERN EARTHQUAKE EDUCATION WORKSHOP

Durham, NH
September 25-26, 1992

EVALUATION SUMMARY

Part I

Directions: Please rate your agreement with the following statements using a scale of 1-5.

OVERALL WORKSHOP

1.

10.

The workshop helped me gain a better understanding of earthquakes
and their causes (18)*

The workshop gave me more information about earthquake risk in the
northeastern part of the United States (18)

1 learned several ways to reduce non-structural hazards in schools (18)

I leammed how to address the fears and anxieties that children have
related to earthquakes (18)

i learned how to plan for a crisis in my educational environment (18)

1 leamed how to plan an earthquake drill in my educational
environment (17)

I leamed “quake-safe” actions to take before, during, and after
an carthquake (18)

1 learned ways to integraie science with safety in an earthquake
unit (17)

I learned educational principles that will enhance my presentation of
earthquake information (18)

I learned geologic information that | will incorporate in my earthquake
presentations (17)

*Indicates number of respondents for each question,

Strongly

Disagree

1 2
0% 22%
0% 0%
6% 0%
0% 0%
0% 6%
&% 6%
0% 6%
6% 6%
&% 11%
% 12%

22%

17%

0%

28%

28%

29%

0%

4%

44%

18%

Strongly
Agree
4 5
28% 28«
9% 4=
33% 61%
4% 28%
5% 11%
41% 18%
% 17%
46% 18%
28% 11%
2% 12%
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MATERIALS PROVIDED

il. The materials I received will be beneficial to my educational
program (18) 0% % 6% 28% 66%

12. Materials in the folders (Preliminary Proceedings) and at exhibit
tables pravided me with useful information (18) 0% 0% 0% 28% 2%

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% 33% 55%

15. The discussion groups gave me strategies 0 implement earthquake
education in the school system (18) 0% 11% 11% 45% 3%

16. Prior to this conference, | was aware of earthquake education and the

need for its inclusion in the schools (17) 12% 12% 35% 6% 35%
17. Prior to this conference, | was concemed about earthquake education

and its inclusion in the schools (17) 1% 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) % 6% 0% 2% 0%

20. Future workshops should be planned to continue the work initiated
al this meeting {17) 0% 0% 0% 24% 76%
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Part 11

Directions: Please provide feedback to the following questions:

1. What other matenals should have been included in the folders or during sessions?

- diagrammatic seismic informadon

- 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 earthjuakes

2. What workshop component(s) did you find particularly useful?

- group discussion

- structural education

- non-structural damage prevention

- engineering information

- legal information

- new information and insights

- concurrent sessions

- excellent program director

- mitigation strategies

- FEMA matenals

- carthquake preparedness

- excellent samples and bibliography

- being in an informal setting with experts in fields of engineering/seismology
- information on the threat in the northeast 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 un the workings behind an carthquake

- frustraton from not being able to attend concurrent workshops

- involve primary grade teachers

- more specific information on how to do a project like Sean Cox did (Prototypical Earthquake
Drill)

- Generic presentation on Executive Order 12699

- Don’t assume all participants are thoroughly familiar with the science of earthquakes

- Invite police and fire department, Red Cross, school social workers, crisis team members for
their perspective

- Briefer reports from discussion groups of have summaries available as handouts

- Need participation by educational administrators, school board directors, other state/local
officials

- Focus should include other disasters

- Time to share what's going on in schools - it's helpful to find out what works

- Development of hards-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 earthquake

- Need a more rigorous mental health dimension

- Stress more the substantive scientific basis linked to the preparedness




NATIONAL CENTER FOR EARTHQUAKE ENGINEERING RESEARCH
LIST OF TECHNICAL REPORTS

The National Center fur Emrthquake Engneening Research (NCEER) publishes lechnical reports on a vanety of subjects related
to earthquake engineening wnien by asuthors funded through NCEER  These reports are avalable from both NCEER's
Publiatons Departiment and the Nauonal Technweal Information Service (NTIS). Requests fot reports should be directed to the
Publicauons Department, Nauonal Center for Earthquake Engineening Research. State Univernity of New York at Buffalo. Red
Jacket Quadrangle, Buffalo, New York 14261, Reports can also be requested through NTIS, 5283 Port Royal Road. Spraingfield,

Virginia 22161
NCEER-87-0001

NCEER-87.0002

NCEER-87-0003

NCEER-87-0004

NCEER-R7-000S

NCEER-87-0006

NCEER-87-0007

NCEER-87-0008

NCEER-87.0009

NCEER-87.0010

NCEER-87-0011

NCEER-87-0012

NCEER-87-0013

NCEER-87-0014

NCEER-87-0015

NTIS sceession numbers are shown i patenthess, f avauable.

‘First- Year Program in Research. Education and Technology Transfer,” 3/5/87. (PR88-134275/AS)

"Expenmental Evaluation of Instantaneous Optmal Algonthms for Structural Congol.” by RC. Lin, TT
Soong and A.M Reinhom, 4/20/87. (PB88-134341/AS).

"Expenmentation Using the Earthquake Simulation Facilities at Umvernity at Buffalo.” by A M. Reinhorm and
R.L. Ketler. © be published.

"The System Characteristics and Performance of a Shakung Table,” by J.S. Hwang. K.C. Chang and G.C. Lee,
6:1/87. (PBRE-134259/A8). This report is available only through NTIS (see address given above).

“A Finue Element Formulation for Nonlinear Viscoplasuc Matenal Using a Q Model.” by O. Gyetn and G.
Dasgupta, 1i/287, (PB88-213764/AS)

"Symbolic Manipulanon Program (SMP) - Algebraic Codes for Two and Three Dimensional Firute Element
Formulatons,” by X Lee and G. Dasgupta, 110/87. (PB88-218522/A8)

“Instamtaneous Opumai Control Laws for Tall Buildings Under Seismik Excitatons,” by JN. Yang, A
Akbarpousr and P. Ghaemmaghami. 8/10/87. (PB8B-1343113/AS)

“IDARC: Inclastic Damage Analysis of Reinforced Concrete Frame - Shear-Wall Structures,” by Y J. Park,
AM Remhom and S K Kunnath, 772087, (PB88-134325/AS).

"Liquefacuon Polenual for New York State: A Preliminary Report on Sies in Manhauan and Buffalo.” by
M. Budhu, V. Vijayakumar, R.F. Grese and L. Baumgras, 8/31/87, (PB88-163704/AS8). Thus report s
available only through NTIS (see address given above).

"Verucal and Torsional Vibration of Foundations i Inhomogeneous Media,” by A.S Veletsos and K.W.
Dotson, 6/1/87. (PB88-134291/AS)

“Sewsmuc Probabilisuc Risk Assessment and Seismic Margins Studies for Nuclear Power Plants,” by Howard
HM Hwang. 6/15/7, (PB83-134267/AS).

"Parameuic Studies of Frequency Response of Secondary Systems Under Ground- Acceleration Exaitations,”
by Y. Yong and Y K. Lin. 6/10/87, (PB88-134309/A8).

"Frequency Response of Secondary Sysiems Under Seismxc Excitation.” by J.A. HoLung. J. Caiand Y K. Lin,
7731787, (PB8S8-134317/AS).

"Modelling Earthquake Ground Mohoms in Seismucally Active Regions Using Parametric Time Senies
Methods.” by G.W. Ellis and A.5. Cakmak, 8/25/87. (PBBS-134283/AS).

"Detection and Assessment of Seismic Soructural Damage,” by E. DiPasquale and A S Cakmak, 8/25/87,
(PB88-163712/AS).
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NCEER-87-0016

NCEER-87-0017

NCEER-87-(018

NCEER-87-0019

NCEER 87-0(20

NCEER-87-0021

NCEER-87-0022

NCEER-87-0023

NCEER-87-0024

NCEER-87-002%

NCEER-87-0026

NCEER-87-0027

NCEER-87-0028

NCEER-88-0001

NCEER-88-0002

NCEER-88-0003

NCEER-88-(0004

NCEER-88-0003

"Pipeline Experiment at Parkfield. California,” by J. [senberg and E. Richardson, 9/15/87, (PB88-163720/A8).
This report 15 available only through NTIS (sec address given sbove).

“"Digial Simulation of Seiwsmik Ground Motion,” by M. Shinozuka, G. Deodatis and T Harada, 83187,
(PBB8-155197/AS). This report is availabie only through NTIS (sce address given above).

“Practical Considerstions for Structural Control: Sysiem Uncertainty, System Time Delsy and Truncaton of
Smal] Control Forces,” IN. Yang and A. Akbarpour, 8/10/87, (PB88-163738/AS).

"Modal Analysis of Nonclassically Damped Structural Systems Using Canonical Transformation,” by J.N.
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173246/AS).

"Scattering of Waves by Inclusions in a Nonhomogeneous Elastic Half Space Solved by Boundary Element
Methods,” by P.K. Hadley, A. Askar and A S. Cakmak, 6/15/89, (PB90-145699/AS).

“Statistical Evaluation of Deflection Amplification Factors for Reinforced Concrete Structures,” by HH.M.
Hwang, J-W_Jaw and A.L. Ch'ng, 8/31/89, (PB90-164833/AS).

“Bedrock Accelerations in Memphis Area Due 1o Large New Madrid Earthquakes,” by H HM. Hwang, CH.S.
Chenand G Yu, 11/7/89, (PB90-162330/AS).

B-6



NCEER-89-0030

NCEER-8$9-0031

NCEER-89-0032

NCEER-8¢ 0033

NCEER-R9-0034

NCEER-89-0035

NCEER-89-0036

NCEER-89-0037

NCEER-89-0038

NCEER-89-0039

NCEER-89-0040

NCEER-89-0041

NCEER-90-0001

NCEER-90-0002

NCEER-90-00013
NCEER-90-0004

NCEER-90-0005

NCEER-90-0006

NCEER-90-0007

"Seismic Behavior and Response Sensitivity of Secondary Structural Systems,” by Y Q. Chen and T.T. Suong,
10/23/89. (PB90- 164658/A8).

“Random Vibeation and Reliability Analysis of Panmary-Secondary Structural Systems,” by Y. Tbrahim, M.
Grigonws and T.T. Soong. 11/10/89, (PB90-161951/AS).

"Proceedings from the Second U S. - Japan Workshop on Liquefaction, Large Ground Deformation and Their
Effects on Lifelines, September 26-29, 1989,” Edited by T.D. O'Rourke and M. Hamada, 12/1/89, (PB90-
209388/A8).

“Determimstic Model for Seismic Damage Evaluation of Reinforced Concrete Structures,” by J.M. Bracci,
AM. Reinhorn, J.B. Mander and $.K. Kunnath, 9/27/89.

"Om the Relation Between Local and Glohal Damage Indices,” by E. DiPasquale and A.S. Cakmak, 8/15/39,
(PB90-173865).

“Cyclic Undrained Behavior of Nonplastic and Low Plasticity Silts,” by A.J. Walker and H.E. Stewan.
7726/89. (PB90-183518/A5).

"Liquefaction Potential of Surficial Deposits in the City of Buffalo, New York,” by M. Budhu, R. Giese and
L. Baumgrass. 1/17/89, (PB90-208455/AS).

"A Deterministic Assessment of Effects of Ground Motion Incoherence,” by A.S. Veletsos and Y. Tang,
7/15/89. (PB90-164294/AS5).

"Workshop on Ground Motion Parameters for Seisaue Haaud Mappug,” July 17-18, 1987, adiied by R.Y.
Whitman, 12/1/89, (PB90-173923/AS).

"Seismic Effects on Elevated Transit Lines of the New York City Transit Authority,” by C.J. Costantino, C.A.
Miller and E. Heymsfield, 12/26/89, (PB90-207887/AS).

"Centrifugal Modeling of Dynamic Soil-Structure Interaction,” by K. Weisaman, Supervised by ..H. Prevost,
5/10/89, (PB9O-207879/AS).

"Linearized Identification of Buildings With Cores for Seismic Vulnerability Assessment,” by |-K. Ho and
AE. Aktan, 11/1/89, (PB90-251943/AS).

"Geotechnical and Lifeline Aspects of the October 17, 1989 Loma Prieta Earthquake in San Francisco,” by
T.D. O'Rourke, HE. Stewart. F.T. Blackburn and T.S. Dickenman, 1/90, (PB90-208596/AS).

"Nonnormal Secondary Response Due 1o Yielding in a Primary Structure,” by D.C K. Chen and L.D. Lutes,
2/28%0, (PRI0-251976/AS).

"Earthquake Education Materials for Grades K-12.” by K.E K. Ross, 4/16/90, (PB91-251934/A8).
"Catalog of Strong Motion Stations in. Eastern North America,” by R.W. Busby, 4/3/90, (PB90-258062)/AS.

“NCEER Strong-Mouon Data Basc: A Uscr Manual for the GeoBase Release (Version 1.0 for the Sund),”
by P. Friberg and K. Jacob, 3/31/90 (PB90-258062/AS).

“Seismic Hazard Along a Crude Oil Pipeline in the Event of an 1811-1812 Type New Madrid Earthquake,”
by HHM. Hwang and C-H.S. Chen, 4/16/90(PB90-258054),

“Site-Specific Response Spectra for Memphis Sheahan Pumping Swution,” by H.HM. Hwang and CS. Lee,
5/15/90, (PB91-108811/AS).

B-7



NCEER-90-0008

NCEER-%90-0009

NCEER-90-0010

NCEER-90-0011

NCEER-90-0012

NCEER-90-0013

NCEER-90-0014

NCEER-90-0015

NCEER-30-0016

NCEER-90-0017

NCEER-90-0018

NCEER-90-0019

NCEER-90-0020

NCEER-90-002t

NCEER-90-0022

NCEER-90-0023

NCEER-90-0024

NCEER-90-0025

“Pilot Study on Seismic Yulnerability of Crude Oil Transmission Systems.” by T. Anman, R. Dobry. M.
Gnigonu, F. Kozin, M. O'Rourke, T. O'Rourke and M. Shinozuka, 52590, (PB91-108837/A8).

"A Program to Generate Site Dependent Time Histories: EQGEN,” by G.W. Ellis, M. Srinivasan and A.S.
Cakmak, 1/30/90, (PB91-108829/AS).

"Active Isolation for Seismic Protection of Operating Rooms,” by M.E. Talbott, Supervised by M. Sh nozuka,
6/8/9. (PB91-110205/AS).

"Program LINEARID for Identification of Linear Structural Dynamic Systems.” by C-B. Yun and M.
Shinozuka, 6/25/90. (PB91-110312/AS).

"Two-Dimensional Two-Phase Elasio-Plastic Seismic Response of Earth Dams,” by
Yiagos, Supervised by J.H. Prevost, 6/20/90, (PB91-110197/AS).

AN

"Secondary Systems in Basc-Isolated Structurcs: Experimental Investigation. Stochastic Response and
Stochastic Sensitivity,” by G.D. Manolis, G. Juhn, M.C. Constantinou and A M. Reinhom, 7/1/90, (PB9] -
110320/A8).

"Seismic Behavior of Lightly-Reinforced Concrete Column and Beam-Column Joint Details,” by S.P. Pessiki,
C.H. Conley, P. Gergely and R.N. White, 8/2290, (PB91-108795/AS).

"Two Hybnd Control Sysiems for Building Structwres Under Strong Earthquakes,” by JN. Yang and A.
Danielians, 6/29/90, (PB91-125393/AS).

"[nstantancous Optimal Control with Acceleration and Velocity Feedback,” by I N. Yang and Z. L1, 6/29/90,
(PB91-125401/A8).

“Reconnaissance Report on the Northern Iran Earthquake of June 21, 1990, by M. Mehrain, 10/4/90, (PB91-
125377/A8).

"Evaluation of Liquefaction Potential in Memphis and Shelby County.” by T.S. Chang. P.S. Tang. C.S. Lee
and H. Hwang, 8/10/90, (PB91-125427/AS).

“Experimental and Analytical Study of a Combined Sliding Disc Bearing and Helical Steel Spring Isolation
System,” by M.C. Constantinou. A.S. Mokha and AM. Reinhom, 10/4/90, (PB91-125385/AS).

"Experimental Study and Analytical Prediction of Earthquake Response of a Shiding Isolation System with
a Spherical Surface.” by A.S. Mokha, M.C. Constantinou and A.M. Reinhom, 10/11/90, (PB91-1254{9/AS).

“Dynamic Interaction Factors for Floating Pile Groups,” by G. Gazetss, K. Fan, A. Kaynia and E. Kausel,
9/10/90, (PB91-170381/AS).

"Evaluation of Seismic Indices for Reinforced Concrele Structures,” by S. Rodri guez-Gomez and
AS. Cakmak, 9/30/90, PB91-171322/AS).

"Study of Site Response at & Selected Memphis Site,” by H. Desai, S. Ahmad, E.S. Gazetass and M.R. Oh,
10/11/90. (PB91-196857/AS).

“A User's Guide to Strongmo: Version 1.0 of NCEER's Strong-Motion Data Access Tool for PCs and
Termunals,” by P.A. Fniberg and C.A.T. Susch, 11/1590, (PB91-171272/AS).

“A Three-Dimensional Analytical Skudy of Spatial Variability of Seismic Ground Motions,” by L.L. Hong
and A H.-S. Ang, 103090, (PB91-170399/AS).



NCEER-90-0026

NCEER-90-0027

NCEER-90.0028

NCEER-90-002%

NCEER-91-0001

NCEER-91-0002

NCEER-91-0003

NCEER-91-0004

NCEER-91-0005

NCEER-91-0006

NCEER-$1-0007

NCEER-91-0008

NCEER-91-0009

NCEER-91-0010

NCEER-91-0011

NCEER-91-0012

NCEER-91-0013

NCEER-91-0014

“"MUMOID User’s Guide - A Program for the [dentification of Modal Parameters,” by $. Rodri guez-Gomez
and E. DiPasquale. 9/30/90, (PB91-171298/AS).

"SARCF-II User's Guide - Sessmxc Analysis of Reinforced Concrete Frames,” by §. Rodriguez-Gomez, Y S.
Chung and C. Meyer. 973080, (PB91-171280/AS).

"WViscous Dampers: Testung, Modeling and Applicauon in Vibration and Seismic Isolation,” by N. Maknis and
M.C. Constanunou, 12/20/90 (PB91-190561/AS).

"So1] Effects on Earthquake Ground Motions in the Memphus Area” by H. Hwang, C.S. Lee, K.W. Ng and
T.S. Chang, 8250, (PB91-190751/AS).

"Proceedings from the Third Japan-U.S. Workshop on Earthquake Resistant Design of Lifeline Facilites and
Countermeasures for Soil Liquefaction, December 17-19, 1990,” edited by T -D. O'Rourke and M. Hamada,
2/191. (PB91-179259/AS).

“Physical Space Solutions of N?n-Pmpomomlly Damped Systems.” by M. Tong. Z. Liang and G C. Lee.
1715091, (PBG1-179242/A8).

"Seismic Response of Single Piles and Pik Groups,” by K. Fan and G. Gazetas, 1/10/91, (PB92-174994/AS).

"Damping of Structures: Part | - Theary of Complex Damping,” by Z Liang and G. Lee, 10/1091, (PB92-
197235/AS).

"3ID-BASIS - Nonlinear Dynamic Analysis of Three Dimensional Base Isolated Strucrures: Part II,” by §.
Nagarapush, A M. Remnhomn and M.C. Constantinou, 2/28/91, (PB91-190553/AS).

"A Multidimensional Hysteretic Model for Plasticity Deforming Metals in Energy Absorbing Devices,” by
E.J. Gracsser and F.A. Cozzarelli, 4/9/91, (PB92-108364/A5).

“A Framework for Customizable Knowledge-Bated Expert Systems with an Application to a KBES for
Evaluaung the Seismic Resistance of Existing Buildings,” by E.G. Ibarra-Anays and S.J. Fenves, 4981,
(PB91-210930/AS).

“Nonlincar Analysis of Steel Frames with Semi-Rigid Connections Using the Capacity Spectrum Method,”
by G.G. Dererlein, S-H. Huieh, Y-J. Shen and J.F. Abel, 7/2/91, (PB92-113828/AS).

"Earthquake Educaton Materials for Grades K-12," by K.E.K. Ross, 43091, (PB91-212142/AS).

"Phase Wave Velocities and Displacement Phase Differences in a Harmonically Gsaallating Pile,” by N.
Malis and G, Gazetas, 7/8/91, (PB92-108356/AS).

"Dynamic Characteristics of a Full-Size Five-Story Steel Structure and a 2/5 Scale Model," by K.C. Chang.
G.C. Yo, GC. Lee D.S. Hao and Y.C. Yeh," 7/2891.

“Seismic Response of a 2/3 Scale Stee) Structure with Added Viscoelastic Dampers,” by K.C. Chang, T.T.
Soong, S-T. Oh and M.L. Lai, 5/17/91 (PR92-11081&/AS).

"Earthquake Response of Retaining Walls; Full-Scale Testing and Computational Modeling,” by S. Alampalli
and A-W.M. Elgamal, 6/20/91, to be published.

"3D-BASIS-M: Nonlinear Dynamic Analysis of Multiple Building Base Isolatad Structures, by P.C. Tsopelisa,
S. Nagarajaish, M.C. Consiantinou and AM. Reinhomn, 52891, (PB92-113B85/AS).



NCEER-91-0015

NCEER 9:-0016

NCEER-9:-0017

NCEER-91-(018

NCEER-91-0019

NCEER-91-1020

NCEER-91.002]

NCEER-9}-0022

NCEER-91-0023

NCEER-Y1-0024

NCEER 910025

NCEER-91-0026

NCEER-91-0027

NCEER-92-(0001

NCEER-92-0002

NCEER-92-00G3

NCEER-92-0004

NCEER -92-0005

NCEER-92-0006

“Evaluation of SEAOC Design Requirements for Sliding Isolated Structures,” by D. Theodossiou and M.C.
Constantinow, 6/1091, (PB92-114602/AS).

"Closed-Loop Modal Testing of a 27-Story Reinforced Concrete Flat Plate-Core Building.” by HR.
Somaprasad. T. Toksoy, H. Yoshiyuki and A E. Aktan, 7/15/91, (PR92-129980/AS).

“Shake Table Test of a 1/6 Scale Two-Swry Lightly Remnforced Concrete Building.” by A.G. El-Auar. R.N.
White and P. Gegely. 2/28/1, (PB92-212447/AS).

“Shake Table Test of & 1/8 Scale Three-Siory Lightly Reinforced Concrete Budding,” by A.G. El-Attar, RN
White and P Gergely, 2/28/1. (PB93-116630/AS).

"Transfer Functions for Rigid Rectangular Foundatons,” by A.S. Veletsos, AM. Prasad and W.H. Wy,
131M1.

"Hybnid Control of Seismic-Excited Nonliness and Inelastic Structural Systems,” by JN. Yang, Z. Li and A
Damehans, /1451, (PB92-143171/AS).

"The NCEER-91 Earthquake Catalog: Improved [ntensity-Based Magnitudes and Recurrence Relaons for
U.S. Earthquakes East of New Madnd,” by L. Seeher and 1.G. Armbruster, 8/28/91, (PB92-176742/A8).

"Proceedings {rom the Implemenwuon of Eartwuake Planmng and Education tn Schools: The Need for
Change - The Roles of the Changemakers,” by K.E K. Ross and F. Winsiow, 7/2391, (PB92-129998/AS).

“A Study of Reliability-Based Critenia for Seismic Design of Remforced Concrete Frame Buidings.” by
H.H.M. Hwang and H-M. Hsu, 8/10/91, (PB92-140235/AS).

"Expenimental Venfication of a Number of Structwral System Idenuficanon Algonthms,” by R.G. Ghanem,
H Gavin and M. Shinczuka, 9/1891, (PB92-176577/AS).

“Probabiisuc Evalustion of Liquefacuon Potential” by H.H.M. Hwang and C.S. Lec.” 11/2591. (PB92-
143429/AS).

“Instantaneous Opumal Congol for Lincar. Nonlinear and Hysteretic Sauctures - Stable Controllers,” by J.N.
Yang and Z. Li, 11/1381, (PB92-163807/AS).

"Expenmental and Theoretical Study of a Shding lsolation Sysiem for Bndges.” by M.C. Constantnou, A.
Kartourn, A.M. Rewnhorn and P. Bradford, 11/15/91, (PB92-176973/AS).

"Case Studies of Liquefaction and Lifeline Performance During Past Earthquakes. Volume 1: Japanese Case
Studies,” Edited by M. Hamads and T. O'Rowrke, 2/17/92, (PB92-197243/AS).

“Case Studies of Liquefaction and Lifeline Paformance During Past Earthquakes, Volume 2: United States
Case Studies,” Edited by T. O'Rourke and M. Hamada, 2/17/92, (PB92-197250/AS).

“Issues in Earthquake Education,” Edited by K. Ross, 2392, (PB92-222389/AS).

"Proceedings from the First U.S - Japan Workshop on Earthquake Protectuve Systems for Bndges,” 2/492,
to be published.

“Seismic Ground Motion from & Haskell Type Source in 2 Multiple-Layered Half-Space.” A.P. Thechars,
G. Deodatis and M. Shinozuka, 1/2/92, w0 be published.

“Proceedings from the Snie Effects Workshop,” Edited by R. Whitman, 2/29/92, (PB92-197201/AS).

B-10



NCEER-92-0007

NCEER-92-0008

NCEER-92-0009

NCEER 92010

NCEER-92-0011

NCEER-92-0012

NCEER-52-0013

NCEER -92-014

NCEER 92-0015

NCEER-92-0016

NCEER-92-0017

NCEER-92-0018

NCEER-92-0019

NCEER.92-0020

NCEER-92-0021

NCEER-92-0022

NCEER-92-0023

NCEER-92-0024

NCEER-92-0025

"Engineering Evaluation of Permanent Ground Deformations Due to Seismically-Induced Liquefaction,” by
M.H. Baziar, R. Dobry and A-W.M. Elgamasl. 372492, (PB92-222421/A8).

"A Procedure for the Seismic Evaluation of Buildings in the Central and Eastern Umited States,” by C.D.
Puiand and ].O. Malley, 4/2/92, (PB92-222439/AS).

"Expenmental and Analytical Study of a Hybrid [solation System Using Frction Controllable Shiding
Beanngs.” by M.Q. Feng, 8. Fujii and M. Shinozuka, 5/15/92, (PB93-150282/A8).

"Seismic Resuiance of Slab-Column Connections in Existing Non-Ducule Flal-Plate Buildings,” by AJ.
Durtam and Y. Du, 5/1892.

“The Hysteretic and Dynamic Behavior of Brick Masonry Walls Upgraded by Ferrocement Coatings Under
Cyclic Loading and Stiong Simulated Ground Motion,” by H. Lee and 5 P. Prawel, 5/1 /92, to be published.

"Study of Wire Rope Sysiems for Seismic Protect:on of Equipment 1n Buildings,” by G F. Demetriades, M.C.
Consianunou and A M. Rewnhorn, 5/20/92.

"Shape Memory Structural Dampers: Material Pronerties. Design and Seismic Testing.” by PR, Witting and
F.A. Cozzarell, 5/26/92.

"Longuudinal Permanent Ground Deformation Effects on Buried Conunuous Pipelines.” by M.J. O'Rourke.,
and C. Nordberg, 6/15/92.

"A Simulation Mcthod for Stationary Gaussian Random Functions Rased on the Sampling Theorem.” by M.
Gngonu and S. Balopoulou, 6/11/82, (PB93-127496/AS).

"Gravity-Load-Designed Rewnforced Concrete Buildings: Seismic Evalustion of Existing Construction and
Detailing Strategies for lmproved Seismic Resistance,” by G.W. Hoffmann, $.K. Kunnath, J.B. Mander and
A.M. Reinhorn, 7/15/82, 1¢ be published.

"Ohservations on Water System and Pipeline Performance in the Limén Ares of Costa Rics Due to the April
22, 1991 Earthquake,” by M. O'Rourke and D. Ballantyne, 6/30/42, (PB93-126811/AS).

"Fourth Ediuon of Earthquake Education Materials for Grades K-12," Edited by K.E.K. Ross, 8/10/92.
"Proceedings from the Fourth Japan-U.S. Workshop on Earthquake Resistant Design of Lifeline Facilities and
Countermeasures for Soil Liquefacton,” Edited by M. Hamada and T.D. O’Rourke, 8/12/42. (PB93-
163939/AS).

“Active Bracing System: A Full Scale Impiementation of Active Control.” by A.M. Reinhomn, T.T. Soong,
R.C. Lin, MA Riley. Y P. Wang. S. Aizawa and M. Higashino, 8/14/92, (PR93-127512/A8).

“Empincal Analysis of Horizontal Ground Displacement Generated by Liquefaction-Induced Lateral Spreads.”
by S.F. Bartlett and T.L. Youd, 8/1792, (PB93-1B8241/AS).

“IDARC Version 3.0: Inelastic Damage Analysis of Rewnforced Concrete Structures,” by S K. Kunnath, A.M.
Reinhomn and R.F. Lobo. 8/3192.

“A Semi-Empirical Analysis of Strong-Motion Peaks in Terms of Seismic Source, Propagation Path and Local
Site Conditions, by M. Kamiyama, M.J. O'Rourke and R. Flores-Berrones, 9/992, (PB93-150266/AS).

"Scismic Behavior of Renforced Concrele Frame Structures with Nonductile Detals, Part I: Summary of
Experimental Findings of Full Scale Beam-Column Juint Tests,” by A. Beres, RN. Whiie and P. Gergely,
93052,

"Experimental Results of Repaired and Retrofitted Beam-Column Joint Tests in Lightly Reinforced Concrete
Frame Buiidings,” by A. Beres, S. El-Borgi, R.N. White and P. Gergely, 10/2952.

B-11



NCEER-92-0026

NCEER-92-0027

NCEER-92-0028

NCEER-92-0029

NCEER-92-0030

NCEER-92-0031

NCEER -92-0032

NCEER-92-0033

NCEER-92-0034

NCEER-93-0001

NCEER-93-0002

NCEER-93-0003

NCEER-93-0004

NCEER-93-0005

“A Generalization of Opumal Contro! Theory: Linear and Nonlinear Structures,” by IN. Yang, Z. Li and §.
Vongchavalitkul, 117292, (PB93-188621/AS).

"Seismic Resistance of Reinforced Concrete Frame Structures Designed Only for Gravity Loads: Part | -
Design and Properties of a One-Third Scale Model Suucture,” by J.M. Bracci, AM. Reinhomn and J B.
Mander, 12/1/92.

"Seismic Resistance of Renforced Concrete Frame Structures Designed Only for Gravity Loads: Part 1] -
Experimental Performance of Subassemblages,” by L.E. Aycardi, ] B. Mander and A M. Reinhom, 12/1/92.

“Seismic Resistance of Reinforced Concrete Frame Structures Designed Only for Gravity Loads: Part 1T -
Experimental Performance and Analyucal Study of & Structural Model.” by J M. Bracci, A.M. Remnhom and
I B. Mander, 12/1/92.

“Evaluation of Seismic Retrofit of Reinforced Concreie Frame Structures: Part [ - Experimental Performance
of Retrofitied Subassemblages.” by D. Choudhuri, ] B. Mander and A M. Reinhom, 12/8/92.

“Evaluation of Seismic Retrofit of Reinforced Concrete Frame Struciures: Pan 11 - Experimental Performance
and Analynical Study of a Retrofifted Structural Model,” by J.M. Bracci. A.M. Reinhom and 1 B. Mander,
12/78892.

"Expenimental and Analytical Invesugation of Seismic Response of Structures with Supplemental Fluxd
Viscous Dampers.” by M.C. Constantinou and M.D. Symans, 12/2192, (PB93-191435/AS).

"Reconnaissance Report on the Cawro, Egypt Earthquake of October 12, 1992, by M. Khater, 1272392,
(PB93-188621/AS).

"Low.Level Dynamic Characteristics of Four Tall Flat-Plate Buildings in New York City,” by H. Gavi- 8.
Yuan, J. Grossman, E. Pekelis and K. Jacob, 12/28/92, (PB93-188217/AS).

“An Experimental Study on the Seismic Performance of Brick-Infilled Steel Frames With and Without
Retrofit,” by J.B. Mander, B. Nair, K. Wojkowski and J. Ma, 1/2993.

“Social Accounting for Disaster Preparedness and Recovery Planning,” by 8. Cole, E. Pantoja and V. Razak,
2/2293, o be published.

"Assessment of 1991 NEHRP Provisions for Nonstructural Components and Recommended Revisiona,” by
T.T. Soong, G Chen. Z. Wu, R-H. Zhang and M. Grigoriu, 3/1/93, (PB93-188639/AS).

“Evaluation of Static and Retponse Spectrum Analysis Procedures of SEAOC/UBC for Seismic [solated
Stuctures.” by C.W. Winters and M.C. Conswantinou, 3/23/93, (PBY3-198299/A8).

"Earthquakes in the Northeast - Are We [gnoring the Hazard? A Workshop on Earthquake Science and Safety
for Educators,” edited by K.E.K. Ross, 4/2/93.



