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Introduction

Building standards and practices directly
! significantly affect the general’ health,
ety, and welfare of each and every commu-
v member of South Carolina. Collectvely,
y also impact the welfare of the Staze as a
ole. The effectiveness of building standards
I practices depends upon many factors.
= principal ones are (a) whether or not
ding codes have been adopted, (b} the
quacy of adopted building codes and stan-
ds, (¢) how well building officials and
er local regulatory personnel are trained
| motivated to enforce them, and (d) the
ication and quality of services provided by
building contractor and professional engi-
ing and architechural communities. Alj of
e factors are basically regulated for the
lic through appropriate legislation.
uilding standards and practices can rapid-
ecome obsolete and faudted in the service
he public, State-of-the-art building tech-
gy, community developments and public
est and needs can markedly change.
ding standards and practices need to be
odically reviewed and upgraded.
uring the past five years, severa! impor-
relevant studies have been conducted by
ous broadly based citizen and organiza-
al groups within the State. Although con-
ed in an independent manner, they all
sed on various aspects of state building
fices and standards and collectively repre-
an excellent critical review of them,
e assessments underscore that state build-
tandards and practices are seriously in-
uate and in need of major prompt up-
2. This condition Is especially unfortunate
o the uncommon combination of natural
ds confronting the communides of
A Carolina. These include earthquakes,
. and water. There have been several
I assessments by state insttutions,
lizakions, and individuals that have con-
d these natural hazards as serious threats
> and property. In all cases, these studies
ort the conclusion that the threats to pro-
and human life could be significantly
ated by the enforcement of appropriate
um building standards and procedures.
 studies and resuits have been discussed
eral prior issues of the South Carolina
eer (Lindbergh, 1984; Lindbergh, 1950.
S, 1990; Sparks, Murden and Siil, 1000).
> principal cause is clearly established. -
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Despite this basic and undeniable threat to the
general health, safety, and welfare of the pub-
lie, there remains no statewide building code
system mandated in South Carolina. The
matter of enactment and administration is left
to the individual local jurisdiction. As a result,
building codes in varying forms hae not been
adopted by ail dities, only about one-third of
5.C. counties have taken such acton, there is
.o mechanism in South Carolira to ensure
that municipalities that have adopted codes
are effectively administering them, and cer-
tain state agendies charged with constrniction
responsibilities remain unobligated to adopt
or enforce building codes, The conseguences
continue to grow at ever increasing rates due
to record papulation advancements and de-
velopments in commercial and public sec-
tors—as well as the corresponding steady ex-
pansion of the statewide building inventory
containing far toc much substandard con-
struction.

Appropriate action is being taken to ad-
dress these issues regarding general construe-
tion statewide. Remedial legislation has been
refiled in the State Serate that world mandate
the use of building codes statewide and re-
quire the appropriate certification of building
inspectors who administer the crovisions.
Consideration during early 1991 is expected.

Schools—The Special Problem

The problem of substandard sizze building
practices and standards is partic:izriy critical
in regard to public schoal constricsion which
is regulated under special provisions. Despite
their spedial importance, educational faclity
construction is similar to that of other build-
ings in the respective schoo] districs. They de-
mand even more careful design and construe-
tion control. Application of staze-of-theart
building code technology and buliding prac-
tices should be ensured, particularly given the
serious threat of natural hazards Despite
these known conditions, there are scaaols that
are not capable of withstanding the high pres
sure loads exerted on roofs during 2 hurricane
event (S.C. Sea Grant Consorsum, 1287).
Cnly since 1938 has the S.C. Denartment of
Education strongly encouraged new school
constnuction at least in some selec region(s) to
be seismic-resistant by design. Charleston
County is such a region. The oFical poiicy
continues to be that earthquake provisions are
ieft to the local jurisdictions for optional
adoption. As a result, earthquake strengthen-
ing has been largely ignored. All schools can
and should be designed with cost effective
wind/earthquake resistance.

In regard to natural hazards, elementary
and secondary schools demand close atten.

tion. There are several reasons. First, the oc-
cupancy of such scheols by society’s most
precious resource, its children, is required by
law and, therefore, the mora] and legal re-
sponsibilities for properly protecting occu-
pants are very great. Second, the occupancy
density is very high. The Standard Building
Code specifies planning for 1 person per 20
square feet. Emergency egress, after an earth-
quake for exarnple, can be mest diffieult and
hazardous at best and virtually irmnpossibie in a
badly damaged building. Certainly, the fatali-
ty rate would be higher than under standard
occupancy should the facility collapse. Third,
school buildings are important to immediate

and long-term disaster relief and recovery ef-

forts. After a damaging wind storm or earth-
quake, people will seek shelter in the school
buildings. If they are not functional, they
become other disaster-related liabilifes in-
stead of assets. Finally, closure of schoals for
any length of fime represents a very serious
community problem and majer schogl] darn-
age can have disastrous and long-term eco-
nomic effects on 2 community.

Certainly, the public school problem regar-
ding natural hazards is not all construction
related. An acceptably safe built environment
and emergency response training and plan-
ning are essential pariners. As demonstrated
in Armenia, many lives of schoal children and
teachers can be spared through effective
public education and disaster response plan-
ning prior to the earthguake or wind storm,

The Necessary Corrective Actions

Along-term immprovement state program is
necessary to mutizate the serous threat of
natural hazards o the students, faculty and
staff members of our schooks in South Caro-
lina. Schoo) faciizies must be strengthened to
provice effective shelters to the public in times
of nztural disasters. The serious compromises
of the school environmen! must be brought
into public review and effective remedial
measures taken,

Cooperative aczion by the Governor and
Legisiature is necessary to establish a South
Carelina Natural Harards Scheol Building
Safety [mprovement Program. The goals of
the long-term program would be to achieve
within a prescribed period the improvement
of all existing schools tc incorporate minimum
adequate resistance to natural hazards and the
construction of new schools o design criteria
consistent with their essential functions. This
program to improve the safety of the buiit-
environment would complement cngoing
state and local efforts to implement emergen-
Cy response training and equipment programs
in all schools.




Aal South Caroliona School Building
Zanel should be appointed by the Leg-
¢ to develop an integrated Actien Plan
aide the formulation and implementation
/ the South Carolina Natural Hazards
Building Safety Improvement Program. The
development of the Action Plan should bene-
fit from the participation en the Commission
of the Department of Education and other
education-relevant state institution and pro-
fessional organizations, It would consider the *
real world constraints of limited state budgets.
This Artidle
A study has been published (Lindbergh,
1990) that examines the natural hazards safety
of the school built-environment in South
Carolina and recommends a 12-Point Action
Plan for essential improvements. The Action
Plan would seek to (1) review and establish a
baseline consensus of natural hazard risks and
school vulnersbilities statewide, (2) review
and upgrade school design criteria considering
vulnerability and functional use, (3) develop a
“Natura! Hazards School Building Safety Im-
provement Program, {(4) contribute to the
contents of emergency preparedness provi-
sions as they relate to the built-environment,
{5} recommend 2 reorganization and strength-
ening of the Office of School Facility Planning
zad Building, Department of Education, as
necessary for it to discharge its increased
management and control of school design and
construction activities, and (6) prepare and
submit to the South Carolina Legislature in
cooperation with the Department of Educa-
tion a proposed Natural Hazards School
Building Safety Improvement Program for the
State of South Carolina incorporating the
preceding developments. This article is an
abridgment of this study.

2. Earthquakes and South Carolina

The development and implementation of a _

prudent natural hazard earthquake mitigation
program for the public schools to include
earthquake measures require a basic under-
standing of the seismic threat. This knowledge
must be suffident to ensure reasoned public
2cceptance that earthquakes represent unac-
ceptable risk to our school children in South
Carolira. In terms of implementation, sound
planning critera must be used. Earthquake
resistant construction and emergency re-
sponse preparation require a significant com-
mitment of resources indluding tirme as well as
dollars. These expenditures must focus on
proper threat assessments if mitigation efforts
are to be cost effective in saving lives and
reduding building damage losses.

In 1982, a detailed assesstnent of the earth-
quake hazard and risks in South Carolina was
conducted by local and regional engineers and
scientists with the technical assistance of na-
Honal authorities. It was sponsored by the
South Carolina Seismic Safety Consortium to
ensure a sound underpinning for the ongoing
seismic safety program in South Carolina. In
1986, this assessment and a description of
ongoing mitigation activities were published

in a book entitled “Earthquake Hazards, Risk,
and Mitigation in South Carolina and the
Southeastern United States,” by The Citadel.
Copies of the earthguzke mitigation book
were provided to all middle and high schools
in South Caroiina as well as all members of
the state legislature.

This section provides an overview of the
earthquake risk to South Carolina.

Statewide Historic Seismidty

The earthguake history of South Carolina
extends from a tremor in 1698 (Visvanathan,
1980). Since that date, more than 550 felt
earthquakes have occurred in the state. The
Appalachian and Piedmont areas are more ac-
tive than the Coastal Plain area (exclusive of
Charleston). About 70 quakes have been ex-
perienced during the past 12 years, one-half of
which were located around Charleston.
However, the earthquake history is
domirated by the catastrophic Charleston
earthquake of epicentral intensity MMI® X
that occurred in 1886.

Since the 1885 earthquake, there have been
14 earthquakes within Seuth Carolina of suf-
ficlent size to cause structural damage {i.e.
MMI VI or more). Seven of these occurred
beore 1893 and are judged to be aftershocks of
the rmain shock of 188 and hence not rep-
resentztive of South Carolina seismicity. The
other damaging earthquakes are listed in
Table 1.

Table 1. South Carclina Earthquakes Since
1892 of MMI Intensity VI Or More
1893 Jume 20 Vil Charleston
1912 June 12 Vi Summerville
1013 Jan. 1 Vil Linion
1945 Tuly 24 VAl Columbia
1959 Aug. 3 Vgamt Surmernville
1859 Cct, 20 Vi McBer
1974 Nov. 22 43 Charleston
*Lsing the Modmed Mergalll inrerwny scale 02 Lo NI

“*Lung the Rachter Mayrmnude sax

The Charleston, SC earthguake of 1838
was one of the two largest earthquakes to
have éccurred in the United States. The other
one was the larger of the two and was an
eastern earthquake, the New Madrid earth-
guakes of 1811-12. The New Madrid events
had areas of structural damage five Hmes
Jarger than that of the 1906 San Francisco
earthguake and areas of nenstructural
damage twenty times larger.

Earthquake Risk Within South Carolina

A. Risk Based Upeon Statwide Historic

Seisrricity

The frequency with which earthquakes will
recur in South Carolina can be estimated us-
ing the seismnicity catalogs discussed above
that list all known earthquake occurrences.
The process involves first relating the
“Cumulative Number (N_)" of earthquakes in
South Carolina to maximum Modified Mer-
calli intensity (I} for a particular historic time
period. From this development. .the probable
recurrence rates for earthquakes in South
Carolina can be estimated. Given the recur-
rence interval, the probability of occwrrence

of a particular intensity earthquake can be
calculated using the Poisson probability distri-
bution density function. In this manner, the
probability of occurrence for earthquakes of
various intensity levels were established for
the Charleston-Summerville (C-5) area
{Amick and Talwani, 1986) and for the re-
mainder of the state (Tarr, 1977).

Table 2 is based on probabilities of occur-
rences within a S0-year Hme interval. This
period is commorly used in building code de-
velopment and design as it is assumed to rep-
resent fairly well the lifeime of a regular
building. Properly accounting for attenuation
with distance, these developments are used to
provide similar recurrence relationships for
peak ground acceleration and peak ground
velodity which, in turn, are used to develop
response spectra for the design of buildings.

Earthquake preparedness planning and pro-
cedures, as well as building design, should con-
sider the full range of possible earthquake in-
tensities with due consideration of probability
of occurrence, All earthquakes occurring with-

Earthquake Recurrence Intervals
Table 2 For South Caselina
Earthquake MM Charkeston, 5C South Carolina
Intensity Area Qutside the
Charleston Area
Rate Probability Rate Probability
{yTs) [within {yrs) {within
50 yrs) 50 yrs)
Xz 1,513 3 2913 z
.4 575 8 1.058 4
Vit 112 20 384 12
Vi & 45 139 30
Vi 2 ™ 51 &3
v 12 98 15 93

in a region during a particular me period - and
not just the large catastrophic ones - are of im-
portance. Toward the lower end of the intensi-
tv scale are the smaller ancd moderate earth-
quakes capable of structural damage, death
and imjury. At the upper end of the scale is the
1886 Charleston-like event that must be ap-
propriately considered, despite its low pro-
babiliry of occurrence. The possibie conse-
quences of unrezsoned disregard are too great.,
The Armenian earthquake experience provided
still another example of the earthquake that oc-
curred being of much greater intensity than
that anddpated in building design (Lindbergh,
1989

B. Pending Upgradie of Seiemicitu Definition

For severzl reasons, the cuwrent national risk
map i in need of reassessment and upgrade.
This is particdardy true in regard to South
Carolina. [t {s not adeguately consistent with
current knowledge and leca! sisk mapping bas-
ed on historic statewide and regional selsmicity
as discussed above, Fortunately, the U.S.
Geological Survey is beginning a multi-year ef-
fort to develop a new generation of seismic rick
maps for the national NEHRP building code
provisions. Arrangements have been reached
between The Citacel and the 1.5, Geological

. Survey for the remapping of South Carolina to

be conducted on an expedited basis and com-
pleted during the spring of 18¢1. The upgraded
seistic risk mapping would be promptly
released to the S.C. Building Codes Coundll
and the 5.C. Department of Education for
prormpt adoption.




Zan Earthquakes Affect Our Schools
School Children?

«ts Of Earthquakes On School Buildings

A. Effects of Earthguakes

The effects of earthquakes include ground
shaking, ground rupture in fault zones,
ground failure {landslides, settlement and k-
quefaction} and tsunamis (seismic sea waves).
Based on historical records, it is believed that
there is little risk of ground ruphure in fault
zones and fsupamis to South Carolina,
Seismic design focuses primarily on ground
shaking and ground failure.

B. Structural Damage Effects on

School Buildings

The nature of building damage caused by
earthquakes reflects the building's resistance
to collapse and the structural system design
used to achieve that resistance. Accordingly,
it is useful to consider how an earthquake
loads a building and the basic stuctural
building design schemes used to resist those
loads. First, consider the nature of the earth-
quake loading. The shaking ground surface
accelerates the building, generating dynamic
“inertial” forces against the building that are
proportional to the building’s mass and that
act through its mass. Basically, any element of
the building systern that has mass (or weight)
experiences a dynamic force that is propor-
tonal: to the magnitude of its mass and its
Tesponsiveness to ground motion intensity. In
effect, the earthquake loading is somewhat
like that of gravity {at reduced levels) acting
on a horizontal building cantilevered from its
support. An acceleraton is experienced
through the entire structure. Interor items
such as partitions and desks would be subjec-
ted to dynarnic forces. This is unlike a situa-
tion of wind loading where only exterior ele-
ments and the interior basic structural frame
components resisting the lateral loads are in-
fluenced. In any event, these earthquake
loads are resisted by structural systems that
include shear walls, moment-resisting frames,
and frames with diagonal bradng. Buildings
may also consist of any combination of these.

There are noticeable differences in the types
and extent of earthguake damage observed in
relation to different structural materials.
Unreinforced masonry buildings deserve spe-
dal mention. They have uniformly pecformed
poorly and are espedally vulnerable as wit-
nessed by the 1886 Charleston earthquake
(Lindbergh, 1986) and others throughout the
world. This indudes old brick masonry
buildings as well as the newer buildings con-
structed of unreinforced or under-reinforced
(according to seismic design - requirements)
concrete block masonry buildings. Buildings
that can deform to a large extent before fail-
ing, such as many constructed of steel or
wood, are less vulnerable to severe damage or
fatlure provided their elements have been ade-
quately connected. Inherently brittle materials
such as concrete and masonry can be effective
when used with properly designed and fabri-
cated reinforcement. Buildings so fabricated
have performed very well in earthquakes.

C. Nonstructural Dumage Effects on

School Buildings

The protection of nonstructural elements is
of considerable importance in schooels due to
the age of the occupants and the high occu-
pancy density. The elements of a building that
hold it erect and resist gravity, earthquakes,
wind and other loads are structural elements,
All other elements in the building such as non-
loadbearing partitions, mechanical systems,
overhead light fixtures, filing cabinets, etc. are
nonstructural elements.

Espedially for. school buildings, it is most
important that nonstructural elements with-
stand the applied forces and deformations
such that: (1) they will not collapse or en-
danger life safety and (2) they will remain
functional, if required. Design strategies for a
particular nonstructural element may include
one or more of the following: inceased flex-
ibility, anchorage, bracing, increased stabili-
ty, strengthening, isolation, slip or control
joints, mass reduction and relocation.

There are numerous examples of nonstrue-
tural earthquake damage in schocl buildings
and other facilities that caused injury and
death or denied contingency functonal use.

D. The Performance of A Public School

in Armenia

A photographic record (Lindbergh, 1989 is
provided of twe precast concrete public
schools damaged by the Armenjan earth-
quake of 1988. Figures 1 through 4 are photo-
graphs taken from this report of a public
school building in Spitak, Armenia in which
only 2 students reportedly survived the mag-
nitude 6.9 earthquake. Figure 1 is an exterior
view of one wing of the building showing dis-
tress to the exterior panel and glassless win-
dow openings. Figure 2 shows an interior
view of a damaged auditorium. A disiodged
ceiling, missing roof secons, and collapsed
interior masonry partifion sections are visible,
Figure 3 shows collapsed interior partitions.

Armernia (Lindbergh, 1989)

Fgure 2. Damaged School Auditoriur-n,
Spitak, Armenia (Lindbergh, 198%)

2w
Spitak,

Figure 4. Partition Debris in School Hallway,
Spitak, Armenia (Lindbergh, 1989}

Failed joints, disarrayed frame members, and
collapsed interior masonry block partitions
are also visible. Figure 4 shows an interior
hallway littered by masonry debris from hall-
way masonry partitions.
The Charleston, SC Earthquake
Vulnerability Study

As discussed eariier, past earthquakes have
shown that the vulnerability of schools has
serious consequences. Many schocls were de-
stroyed in the Long Beach, California, area by
the 1933 earthquake: others were so badly
damaged they had to be demolished and re-
placed. Investigations of the damaged school
buildings revealed that buiiding designs had
not, in mest cases, included provisions to re-
sist seismic forces, or where included, were in-
adequate, Much of the loss and damage could
have been avoided it the buildings and other
structures had been properly constructed. The
public knowledge that school buildings were
not designed to resist earthguakes caused the
California State Legisiature to respond quick-
ly to pass the Field Act, signed into law exact-
ly one month later on April 10. 1933,

To more directly assess the potential effects
of an earthquake on a community in South
Carolina. an earthguake vulnerability study
was conducted of the Berkeley-Charleston-
Dorchester tri-county region (Harlan and
Lindbergh, 1988). This stucy was conducted
by The Citadel uncer a gran: provided by the
Federal Emergency Management Agency
through the S.C. Erezgency Preparedness
Division. It assessed the local earthquake
hazard, and, considering the damage suscep-
tibility of existing facilities and systems, deter-
mined the extent of probable damage resulting
from a seismic event that may reasonably be
expected to occur. From this determination,
the impact on the community was quantified
in terms of killed or injured people, reduced
critical services, anc property loss. In recogni-
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» range of damaging intensities pos-
varying levels of prebability, two
,were used in the study, These included
M1 VII and MMI IX events. All critical fa-

Jties, including schools, and lifeline systems
aich as bridges were examined.

The vulnerability survey of public school
buildings in the Charleston tri-county area
revealed that area schools are essenbally in
the same seismic safety state as California
schools in 1933. The time of day of an earth-
quake will determine whether the lives of
schoo! children are lost. Regardless of the time
of day, the property damage to schools may
be of ratastrophic proportions. The survey in-
cluded virtually all public school buildings in
the tri-county metropolitan area. Only a few
public schools in the more distant towns of
Dorchester county were omitted. Private
schools were not included in the survey. The
losses to schools not in the survey is expected
to be comparable to”those surveyed, The
damage assessment study concluded that an
earthquake of MMI IX could result in an
estimated Probable Maxirnum Loss of 78 per-
cent and an Average Percent Loss of 39 per-
cent of the value of public school buildings.
The probability that public school butldings
will be damaged Jess than 30 percent is 44 per-
cent. In other words, 56 percent of public
school buildings will probably be greater than
30 percent damaged. The restoration times for
public school buildings are estimated to be 30
days to achieve 30 percent usability, 90 days
for 60 percent usability, and 3635 days for full
restoration of operational capability of public
school facilities.

For an earthquake of MMI VI, the study
conduded an estimated Probable Maximum
Loss of 38 percent and an Average Percent
Loss of 19 percent of the value of public
school buildings. The probability that public
schoo] are estimated to be 6 days to achieve
25 percent usability, 15 days for 65 percent
usability, and 90 days for full restoraton of
operational capability of fadlities.

Casualties for students and teachers in

public schools and other school occupancy,
including other school employees and stu-
dents and teachers in private schools are
shown in Table 3. Approximately 97 percent
of the estimated casualties are expected to oc-
cur in unreinforced masonry buildings which
are occupied by only 73 percent of the educa-
tional personnel. The casualty rate in unrein-
forced masonry public school buildings i 11.3
times the casualty mate in public school
buildings constructed using other than unrein-
forced masonry. Therefore, if the alternative
types of construction were used throughout,
the total fatalities in Table 3 would be 138 in-

stead of 1,005 for an earthquake of MMI IX. |

But the estimated casualties can and should be
even further reduced by designing school
buildings to effectively resist seismic forces.

In summary, the most serious problem faced
by the Charleston community during and af-
ter an earthquake will be the safety of scheol

Table 3. Probable Maximum Daytime

Casualties In Schools
Earthquake . No.of Minor  Major  No. of]
Intensity Persons  Imjuries  [mjuries  Deaths|
MM X
Public Schools”  83.947  19.053 2,540 435
Other Persons™ 48,854 11,088 1,478 3704
Total 132,501 30,141 4018 1005
VML VI
Public Schools® 83,947 1902 254 &4
[Other Persons®* 48,854 1,107 143 37|
Total 12801 3,009 Far) 101

*Public school csualties include only students and
teachers,

" *Other persons include students and teachers in private
schools and other educational emplayess in both public and
private schools.
children, teachers, and other persons in
school buildings. The number of fatalities
would be unacceptable by any conceivable es-
timate. The number of injured would likely be
well beyond the capability of the medical
resources of the community, increasing the
number of deaths for lack of medical care.
Even if the medical capability could handle
the number of casualties, comrnunications
and transportation difficulties mav preclude
transporting casualties to approprizte hospi-
tals, Contacting parents may be impossible.
Children will be werried about their parents
and parents will be panic stricken for the safe-
ty of their children. If the children are taken
from the schoo! for medical care, the parents
will have difficulty locating them. In short,
the concern for family and frends will prob-
ably result in chacs. In addition to the direct
damage to the school building structure, ear-
thquake ground motion may cause equip-
ment, furnishings, and building components,
such as suspended ceilings and lights, to
become hazards as they move or fall. Shorted
electrical systems, spilled flammables, or
broken gas lines may cause fires. The first
concern will be rescue of anvone trapped in
the rubble and medical care for the injured.

School buildings are generally the first
structures to be used for disaster relief. Other
buildings, such as churches, may provide
space. In addiion to floor space in a safe
building, a shelter should have power, pota-
ble water, eating and sanitary facilities, and
heat if required by the weather. Many schools
fill these requirements. Public schools offer
the advantage of being controlled by govern-
mental agencies and, thus, may be made
available promptly for disaster relief usage.
FHowever, a large percentage of schools, as
well as other potential shelters, will require
safety inspectons by competent individuals
prior to use as a shelter, Many will be found
to be unusable,

In the longer term. the schoo! buildings
may be required for emergency shelter of the
homeless. Schoal buildings which are sdll
usable will be organized to house and feed
those whose homes have beer destroved or
are unsafe. The restoration or replacement
cost of public school buildings damaged by an
earthquake is estimated to be the largest cost

of anw category of critical facility. The time
required for restoration and replacement of
public school facilities will have a sericus im-
pact on education of children for at least a
vear and probably longer. Even if school
buildings are repaired or replaced in kind
from e=dsting construction plans, the con-
struction Hme is long. Use of limited construc-
ton resources on higher priority requirements
may impact the restoration of school facilities
further.

The schools should have an emergency
preparedness plan for any foreseeable disaster
and earthquake preparedness measures
should certainly be included. School children,
as well as teachers and staff, should be in-
structed on what to do in an earthquake
disaster. The entire earthquake preparedness
plan should be exercised using simulation.

It is readily seen from these comments and

- the anticipated earthquake scenario, that con-

struction of earthquake resistant school build-
ings would be in the best interests of the com-
munizy. Considering that the normal life ex-
pectancy of school buildings is probably
about 50 years (some of our present school
buildings are older than 50 vears), the replace-
ment of the existing seismically deficdent in-
ventory of school buildings will take at least
50 yezrs. Of course, the program could be ac-
celerated by upgrading and strengthening ex-
isting structures that are otherwise not ob-
solete. The incremental cost to incorporate
seismnic resistant construction is minimal when
included in the original design of a building.
The cost to retrofit an existing building is
greater.

4. Wind and Flood — The Companion
Natural Hazards

Wind and Flooed As Historic Threats

South Carolina, including its inland as wel]
as cozstal regions, has always been threatened
by winds as well as earthquakes, A vivid re-
minder of this combination of natural hazards
embedded in Scuth Carelina’s history is pro-
videc &y Charleston and the lowcountry. A
disastous cyclene caused very heavy dam-
ages to Charleston in 1885, the vear before the
great earthquake struck the cty. Mayor
Courtenay stated in the 1887 Annual Review
that e community had only just managed to
recover from this natural disaster through
grea: public expense when, during the foliow-
ing vear of 18%, “disaster overtook our gty
in the earthquake shocks of August and Sep-
tember. covering with ruins the whole extent
or our city, from rver to river, and to its nor-
thern: boundary, and invoiving a loss of cer-
tainly five million dollars.” Mayor Courtenay
cited the severe resource demands of recovery
from the cyclone damage in explaining why
Charleston was in ne position net to accept
the external relief funding that was being of-
ferec.

In the coastal areas, major sterms bring
flooding as well as high winds. According to
the South Carolina Coastal Coundl, "as z
rule. hurricanes strike our shores on the

e A e
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e of once every twelve years, carrying

. them the potential for death and destruc-
+on on 2 tremendous scale. And that poten-
2l is even greater now than ever before
because of our increased ceastal growth.” Of
course, this includes many additional school
faciliies. Hurricane-caused Hooding accom-
panying high winds further aggravate the hos-
tile environment faced by school faciiities and
their occupants located in the coastal regions

of South Carolina.
Hugo - The Reminder

Earlier studies have documented the multi-
hazard threat to South Carolina and the vul-
rerability of the built-environment to the
natural hazards. They also underscored that

South Carolina does not need to wait for a
destructive earthquake or hurricane to de-
monstrate the priority need for better con-
saructed schools and improved emergency
response procedures, We do not need a 1933
Long Beach earthquake experience to prompt
a prudent school construction program in
Scuth Carolina. There is enough clear and
compelling evidence of the need. Unfor-
tunately on September 21-22, 1989, the un-
wanted and unnecessary catastrophic remin-
der occurred. South Carolina has now been
struck by Hurricane Hugo.

The Hugo experience has been widely do-
cumented (Sparks, 1990 and Sparks, Murden
and Sill, 1990). Most importantly, it has serv-
ed as a major validation of the concemns regar-
ding inadequate statewide construction prac-
ices and standards, especially as they relate to
chools. It is considered adequate to only
ighlight these supporting results of the
Category 4 storm. First, reported measure-
nents indicate that the actual flood and wind
onditions were basically consistent with that
orescribed in applicable building code criteria,
Jespite this condibion, serious dzmage was
~perienced. Twenty-four counties were
residentially declared disaster areas, These
ounties consttute the entire eastern half of
he state. These results must be taken as
vidence of inadequate statewide building
tandards and practice. Gary Wiggins, Execu-
ive Director of the South Carolina Building
“odes Council, noted that in numerous South
“arolina communities strick by Hugo there
vas a “marked difference” in the level of
amage to homes built after codes were in-
talled or improved, compared to earlier con-
ruction. “Those built under code sustained
unimal damage and were back in service
wch earlier than those built before code en-
orcemnent.” The report “Surviving the Storm™
ublished by the All-Industry Research Ad-
isory Coundl in 1989 provides a good exam-
ation of the effects of Hugo and other hur-
canes and ways to lessen the damage and in-
ries they cause. Second. according to an im-
act assessment report published on October
3, 1989 by the South Carolina Department
© Ecucation, many of the schools located
roughout the hurricane stricken counties
ffered significant damage. A total of 369
hools were reported as damaged, with re-

pair costs esumated at §55,167,197. The
report lists serious losses in school days.
Third, many schools were found to be unfit
for emergency service as shelters. The situa-
tion of the severely flooded Linceln school in
McClellanville and certain of its occupants
who nearly drowned has been widely publi-
cized. Fourth, a large section of the State was
placed under emergency recavery conditions.
Recovery operators and equipment had to be
brought in from neighboring states and other
national regions. A large earthquake would
seriously disrupt even greater regions. Fifth,
emergency precedures and training need to be
improved. The recent Hurricane catastrophe
and that of the earthquake in Califormia
should lead to valuable improvements in
emergency preparedness such as that sugges-
ted in the subject study for schodls.

In any event, Hurricane Hugo has under
scored the sericus need to improve the natural
hazard safety of the schoo! building environ-
ment in South Carolina. Certainly now after
Hurricane Huge, South Carolira does not
need to wait for stll another catastrophic
event to demonstrate the priority need for
better constructed schools and improved

EIMErgency response procedures. Jt must act
now,

Need To Consider Wind And Earthquakes
Together In Schoel Design

Wind and earthquakes should be'conjunc-
tively considered in the design of public
schools. Although there are differences in
their nature as discussed in the following
paragraph, they both produce related dynam-
ic effects that can be more cost-effectively
countered with integrated earthquake and
wind provisions, Recent structural design
studies at The Citade! (Falion and Lindbergh,
1989) indicate that structural constructon
costs should not increase by more than about
one percent above wind provisions if deliber-
ate earthquake-resistance is also included.
State safety policy and mitigation measures,
as well as design and building code require-
ments, should prescribe integrated earthquake
and wind provisions.

As stated above, there are important differ-
ences in the effects of wind and earthquake
loads. One difference is in the manner in
which the lateral forces are transmitted. An
earthquake load is transmitted to the building
from its base. Thus, the magnitude of force is
proportional to mass. Consisting of mass, the
entire building (interior as well as exterior
components] as well as the building contents
will experience the force. On the other hand,
wind forces are transmitted to the building
frame through its envelope. The cladding and
is supporting members experience the initial
effects of the wind load. Except for the struc-
tural members, the interior of the building, in-
cluding its contents, will not experience the
wind loads directly as long as the envelope re-
mains intact. Excessive swaying can occur un-
less adequate building stiffress is provided,

Another difference is in design provisions.
In earthquake resistant design, it is generally

Page 7

impractical or uneconomical to design build-
ings o resist the maximum credible earth-
quake withou! allowing the structure to res
pond inelastically. Accordingly, the structure
is desizned and detailed to provide energy-ab-
sorption capacity through yielding such that
the siructure can survive earthquake forces of
magnitude far greater than the design forces
associated with allowable stresses in the elastic
range. [t is expected that some components of
the structure may exceed the elastic limit in
responding to significant earthquakes and
therefore some darnage may occur under
these conditions. On the other hand, in wind
resistant design, it is expected that buildings
will resist wind loads without damage of any
kind. The building is expected to perform en-
tirely within the elastic Jimit of its materials,
This cifference in design concept must ke re.
cognized. Whereas many buildings with bris-
te materials and brittle connechons have sur-
vived wind loads for many, many years, they
would not stand a chance in a significant ear-
thquake. In the case of wind and earthquake
resistant design, the building components
must be ted together to ensure a2 continuous
load resisting path from the foundation to the
r0of components. However, earthquake resis-
tant buildings must be “ted” together in all
respects and contain the ductlity and
toughness suffident to survive the omni-
directional violent actions of an earthquake.

In the coasta! regions, the integrated wind
and earthquake natural hazards design of
schools must be more comprehensive in that it
should conjunctively consider the effects of
flooding too.

A Flood Hazard Boundary Map provided
by the Federal Emergency Management Agen-
¢y provides a preliminary delineation of
special rlood hazard areas within a particular
community. In order to participate in the Na-
tonz! Flood Insurance Program, the com-
munity rmust safstactorily regulate new con-
struczion and development in special flood
plain areas. These areas inciude all land inun-
datec by the flood that has a 1 percent chance
of being equaled or exceeded in any given
vear, This event is termed the "base flood” or
100 vear flood.” The 100 year flood plain
area s divided into two adjacent zones that
derine the different degrees of hazard present
and recuire different flood piain management
techrizues, The V zone indicates the inland
¢ a 3-foot breaking wave, when the
depth during the 100 year flood
decreases to less than 4 feet. The A zone is
that rorticn of the 100 year flood plain not
subject to wave action. However, the residual
torward momentum of the breaking wave
may e presen: in this zone.

Some Wind And Flood-Damaged
School Buildings

Furricane Hugo produced many examples
of wind and Hoed damaged school buildings.
Figures 5 and 6 are photographs of two
schoals in Charleston damaged by wind and
fallen trees. Figure 7 is an interior view of a
scheo! that suffered roof damage. Figure §
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re 5. Wind Damaged School Bullding,
“harleston, SC {Charleston County School
Rstrict)

oy

tgure 6. Wind and Tree Damaged School
Bailding, Charleston, SC (Charleston County
xhool District

Figure 7. Interior of Wind Damaged School
Building, Charleston, SC (Charleston County
Schoo! District)

Frgure 8. Wind and Flood Damaged Lincoln
High School (City of Charleston Police
Department)

shows the Lincoln High School that was sig-
mifieantly flooded by Hugo, greatly risking
the lives of many pecple who were using the
school building as a shelter. This situation
provides a vivid example of the need to insure
scheol designs are properly checked under the
direction of the South Carolina Department
of Education. Reportedly, the cause of this
near catastrophe was an engineering design
error that was not discovered through a de-
sign review. In particular, the plans drawn

some 20 years ago reflect a site elevation of
20.52 MSL whereas the actuz! elevation is
now known to be 9.2 MSL, Shortly after Hur-
ricane Hugo ocoured, a destructive tornado
struck Bum:.ngham Alabama Figure ¢ shows

”\-‘

ingham, Alabama

Figure 10. Classroom Building at the Richard
Winn Academy (Sparks 1985}
Ty

Hgure 11. Classroom at the Richard Winn
Academy (Sparks, 1985)

Fgure 12. Gymnasium of the Richard Winn
Academy (Sparks, 1983)

a school building damaged by that tornado.
Sparks (1983) provides other examples of
wind building damage in South Carolina,
considering the tornadoes of March 28, 1984.
Figures 10, 11 and 12 show damage done to
the Richard Winn Academy of Winnsbore.
This school building was constructed with un-
reinforced mascnry walls. Fortunately, school
activities had been canceled due to the bad
weather.

5. What is the South Carclina Scheol Building
System and How Does It Work?

Who Influences The
School Building Program

As In most states, South Carolina has both
public and private schools at the elementary
and higher school levels, The vast majority of
students in the state attend public schocls,
particularly in rural areas, This discussion
concentrates on public schools and the sour-
ces of influence thereon. However, as will be
discussed, the South Carclina state school de-
sign and construction reguirements, by state
law, also relate to the private schools.

The oversight of the public schocl building
program in South Carolina a2ppears to be
somewhat fragmented. There are four sources
of direct influence upon building standards
for construction of public school buildings in
South Carolina. These include (1) the State
Department of Education, {2) the local politi-
cal subdivision of the stzte, either the County
for unincorporated areas or the rmunicipality
for incorporated areas, {3) the owner, the
governing body of the local schoo! district,
and (4} the design professienal. This section
discusses these sources as well as several ma-
jor indirect sources of influence on the state
school building program that also need to be
considered, The four sources of direct in-
Auences will be discussed first.

The Primary Responsible Agent -
The State Board:! Of Education

The South Carolina Code of Laws assigns
in Title 39, Chapters 5 and 23, the basic
authority and resporisibilites fcr public
school construction to the Departrnent of
Education. The following are key provisions
from these legal mandates:

Section 59-3-60, Code of Laws of South
Carclina, 1976, gives the State Board of Edu-
cation authority to adopt policies, rules and
regulations for the conduct and turtherance of
the public schocl program in South Carolina.
Such polices, rules, and regulations as
adopted by the 5.C. Department of Education
in its "South Carolina Schoo! Fadlities Plann-
ing and Construction Guide” are deemed to
have the effect of law.

Secdon 39-23-40, Code of Laws of South
Carolina, 1975, requires tha: drawings and
specifications for all public school buildings be
submitted to, and approved by, the Stae Su-
perintendent of Education or his agent, prier
to being constructed.

Section 59-23-190, Code of Laws of South
Carolina, 1975, requires that all public school
buildings be inspected and approved by the
State Superintendent of Educadon or his
agent, berore first being occupied.

In addition to the preceding legislatve re-
quirements, the State Board of Education,
through: the State Superintendent has promul-
gated certain standards in i Regulations
43-180. 43-190, and 43-191. These reguiations
adop! the crteria stated in the publications.
“South Carolina School Facliies Planning
and Construction Guide,” "South Carolina
Cuide and Minimum Specifications for Con-
struction of Relocatable Classroom
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#" and"Kindergarten Facilities Guide-
-" These publications are availabie from

« state Department of Education,

Cf the preceding regulations, the require-
ments of the “South Carolina School Faclities
Planning and Construction Guide” relate to
the following, regardless of the source of fun-
dirg for the project:

L All new structures, and additions and/or
renovations to existing structures, in connec-
on with the public education program in
South Carolina. This shall include student-re-
ated as well as non-student related faclities,
In the Guide, it is noted that “jt may not be
ezsible 1o apply all requirements of the Guide
o renovation or alterabion projects involving
ndsdng structures and it shall be discretionary
vith the Department of Education to deter-
nine the extent of such requirements, par-
iczlarty where life and building safery are
oncerned.”) Lo

2 Adjunct work related to the preceding
acliies whether included as part of an
verall construction contract or awarded as 2
eparate contract,

The Superintendent discharges these re-
onsibilities through a deputy whe functions
s the Director of School Fadlity Planning
¢ Building. The Director has a staff of five,

appears that there is little opportunity for
2 Department of Schoo Fadlity Planning
d Building to do more than review the de
ens for handicapped access and other special
suirements of the guidelines. No review is
wertaken to detenmiine if local building
es are met, although the guidelines require
mpliance with local codes where there is no
nflict with the guidelines. Accerding to the
esent Director, the only difference between

e guidelines and the Standard Building Code
the prohibition in the guidelines of school
Hdings with wooden siding, which are pre-
ly allowed under the Standard Building
de. The determination of actual school
>ds and provision of schoo) buildings is ac-
miplished on a school district by schoo! dis-
t basis. There are 91 independent school
Ticts within the state,

The Local Political
Subdivision Of The State

The second source of direct influence is the
al political subdivision of the state, either
County for unincorporated areas or the
nicipatity for incorporated areas. In addi-
1 to state regulations, there are two sources
local governmental regulation. First, the
e school building legislation specifically
vides in Section 180, that it is cumulative
ity Jocal regulations. Under Title 6, Chap-
?, Sections 10 et seq. of the South Carolina
le of Laws, municipalities may adopt
ding codes for incorporated areas and
nties may adopt building codes for unin-
orated areas, Thus, the governing body
require compliance with duly adopted
ding codes. Under Section 60 of the same

and chapter of the code listed above,
icipalities and counties are authorized to
ot the Standard Building Code.

The Local Schoal District

The third source of direct infiuence fand the
second source of local control; over school
buildings is the local school district. Scheol
buildings are owned by the individual schaool
districts across the state. Title 59, Chapter 19
of the South Carolina Code of Laws places
the school districts under the management of
boards of trustees and prescribes the rules and
procedures for such management. While
€ounties, municipalities, and the State Super-
intendent of Education have the levels of con-
trol and influence specified above, approval
of individua) schoal building plans and speci-
fications is inifated by the local school
boards, as owners. As such, the local school
boards are the most direct influence on schoel
designs, but will most likely depend upon the
judgment of the design professional for such
technical matters as natural hazards mitiga-
tion design.

The Design Professional

The final source of influence is the design
professional. The South Carolina School Fa-
dliies Planning and Cornstruction  Guide
states that “The services of an architect regis-
tered to practice in South Caroling shall be re-
quired for the design of all new struchures, ad-
ditions, and/or renovatans or alterations to
existing structures, and adjunct work .. ex-
cept as otherwise stipuiated herein. Such ser-
vices shall include what is commonly termed
“basic services,” consisting of the schematic
and design development, construction docu-
mernits, bidding and award, and construction
phases of the project.” The Guide further re-
quires that “The scope of the architects' ser-
vices shall include the services of professional
engineers, registered to practice in South Car-
olina and who are gualified, by ecucation and
experience, to design the structural, plumb-
ing, mechanical, and electrical porsons of the
drawings and specifications " The Guide
notes that “By joint resolutions of the South
Carolina  Architechitral Registration Board
and the Engineering Examiners' Board, dated
July 25, 1962, it is permissible for an architect
to perform work in the field of engineering if
it is inddental to his practice of architecture, if
it is of a minor nature, and if he is gualified to
perform the work. Conversely, professional
engineers may perform incidental wark in the
field of architecture under the same condi-
bens.”

The Indirect Sources Of Influence

As stated above, there are four direct
sources of influence upon bullding standards
for the construction of public buiidings in
South Carclina. There are also sevea] major
sources of important indirect influence.

Because the number of scheol boards in
Sauth Carolina is large, it is fnecessary, at least
initially, to establish contact with 2 parent
organizztion. In South Carglina. that organi-
zation is the South Caralina School Boards
Association,

Similarly, the number of counties and mu-
nicipalities is too numerous ig contact on an
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individual basis, There are three organizations
which provide a medium for contact with
these entities. For counties there s the South
Carolina Assodiation of Counties, For munid-
palities there is the Municipal Association of
South Carolina. For both counties and munic.
ipalities which have adopted building codes,
the Building Officials Association of South
Carolira provides contact,

Identfication Of Sources Of
Indirect Influence

Each of the sources of direct influence iden-
tified above is subject to some Jevel of in-
fluence from other sources. Thus, it is ap
propriate o investigate these indirect in-
fluences to determine those organizations
with probable interest in enhancing seismic
and wind safety of schools,

While schools are owned by the governing
body of local school districss, they are oc-
cupied by pupils, teachers, and administra-
tors. As a result, the Parent-Teacher Associa-
tions (FTAs) should play an important role in
shaping improvements in schoo] building de-
sign criteria and quality.

Teachers in South Carolina by and large
belong to the South Carolina Educaton
Assodiation. Again, this organization may
also influence school design, since it involves
the safety of the workplace of its members.

The administrators of the various schools
also play an influential role in the construc.
Hon of new schools. The state organization
which forms an umbrella for these individuals
is the South Carolina Association of Schoo]
Administrators.

Finally, there are many other education-re-
lated institutions and organizations that are
invalved in education within South Caralina.

6. What's Wrong With The System?

The development, promtlgation and im-
plementation of the South Carolina public
school building design and construction pro-
gram are complex processes involving parsci-
pants from both the public and private sec-
tors. These complexities are functions of
many considerations such as limited fund
availability, the ever increasing school needs
of new and expanding communities, the
growing demand for facility repair and mod-
ernization, as well as the public ‘private sector
institutional frameswork within which the pro-
cess takes place. A major chalienge is to main-
tain these processes in a manner that meet
statewide school facility space requirersients
but sithout compromise of health, safety and
welfare of the school children and their facul-
ty and staff,

There is sufficient evidence that state school
fadlity planning, design and construction
standards and processes are serious]y inade-
quate, espedaily considering the statewide
high risk of multiple natural hazards. These
shortfalls need to be collectively addressed
and a sufficent mitigation program imple-
mented. They include the ‘cllowing items
which will be discussed more folly in this sec-
tion:
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Schools are of special importance and

.serve * construction standards as essentjal
rather than as common community Eacilities.
2. School design and construction are not
technically reviewed and adequately control-
led at the state level.

3. Mandatory school emergency prepared-
ness design eriteria statements are inadequate
and continue to exclude earthquake design
provisions despite established threat,

4. Emergency disaster response training of
students, faculty and staff is seriously inade-
quate,

5chools As Fssential Rather
Than Common Facilities

South Carolina school buildings are essen-
tial facilities. There are several reasons for this
designation. First, the occupancy of elemen-
tary and secondary schools by the most pre-
dous resource of our communities, its chil-
dren, is required by law; therefore, the moral
and legal responsibilities for properly protec-
ting oceupants are particularly great. ‘Secord,
schools have critical contingency roles during
natural disasters. For examnple, after an earth-
quake, community damage will result in an
influx of people in need of shelter. If the
school building is not functional, it becomes
another disaster-related liability rather than
an asset. Finally, the closure of schools for
any length of time represents a very serious
community problem and major schoo! dam-
age can have a disastrous and long-term effect
oI 2 community.

As essential facdiliies, school design and
constructon  standards should be specially
developed and above that assigned to com-
mon community facilities. Arnong the current
citeria statements that should be reviewed
and revised are the following two statements
regarding “Shelter Considerations in New
Buildings” taken from page 51 of the South
Carolina School Facilities Planning and Con-
struction Guide.

I. It Is recommended that districts give
serious consideration to providing disaster
shelter in the design of all new schools, If this
is taken into account in the initial design
stages, such areas can be specially developed
and above that assigned to common com-
munity faclities. Among the current criteria
tatements that should be reviewed and revis-
d are provided in many cases at modest or
itle additional cost and is often as simple as
rranging the building configuration in such a
¥ay as to provide proteciion, as well as serv-
ng the normal educational functions,

2. For natural disasters, shelter protection
mply means providing areas for large num-
ers of people to eat and sleep for 2 relatively
hort time on an emergency basis.

These statements are completely inconsis-
ent with the serious natural hazards faced by
| South Carolina communities and that, as
ommonly encouraged during a disaster, the
ublic seek protective shelter in school
uildings fully believing them to be con-
ructed to safer standards than the common
mmunity buildings. Certainly, they are in-
nsistent with the high density of student,

teacher and staff occupation of schools.

Inadequate Natural Hazards
" Design Criteria

As previously noted, South Carolina com-
murities and their schools face an uncommon
combination of natural hazards. These in-
clude earthquakes, wind, and water. The
threats to property and human life can be
significantly mitigated by the enforcement of
appropriate minimum building standards and
emergency procedures and training. Whereas
the threat of flooding is principally a concern
for the coastal region, high wind and earth-
quakes are statewide threats, Earthquake and
wind resistant design reguiremnents have many
similarities. Considerable economy is achiev-
ed in constructing for the integrated threats,
In any event, the threat of high winds makes
even more urgent the necessity to provide the
type of lateral force resistance provided
through earthquake-resistant design.

There is no mandatory requirement that
schoals be designed to resist earthquakes. The
Guide merely notes that the seismic risk map
of the Standard Building Code “inidicates in a
general way the parts of South Carolina that
are considered to be subject to earthquake risk
as determined by past experience. Seismic de-
sign shall be mandatory where required by
iocal authorities, but is not mandated by
OSP&B otherwise.” As a result of this policy,
very few, if any, of the approximately 1,000
schools in South Carolina have been deliber-
ately designed with earthquake resistance.

School Designs Not Technically Reviewed
By Department of Education
As essential facilities facing a serious un-
common combinatior: of natural harards,
school facility construction, repair and altera-

tions require special attention. This they have "

not had. The school construeton process and
standards as described above have not en-
sured an adequately safe environment for sty-
dents, teachers and adminiszators, Design
riteria including that relating to the risks of
wind and earthguake and construction ade-
quacy has been largely left to the local ad-
ministration  officials, design professionals,
and contractors. No technicz! design reviews
or construction surveillance are conducted by
the Directer of School Facility Planning and
Building. This lack of gualinv control is a
serious defidency considering schools as
essential facilites. It is of parsicular concern
considering that state building standards and
practices are seriously inadequate and in need
of prompt upgrade. The error made in the de-
sign of Lincoln High Scheo! and the near-
tragic consequences dlustrate the imperative
need for conducting thorough technical re-
views. As confirmed by the South Carolina
State Board of Registration for Engineers and
Land Surveyors, the conduct of a design
review by the Department of Education
would in ne way reduce the professional re-
sponsibilities and liabilities of the professional
engineer of record.

In summary, school building design and

construction standards and practices reed Lo
be improved, The following measures are
amonrg those that should be established.

1. That mandatory upgrade design riteria
be resolved to govern school design consider-
ing a competent definition of natural hazard
threat and the essential nature of schools. This
action would consider updated wind and
seismic risk maps and state-of-the-art building
code provisions.

2. Plans and spedifications be prepared by
duly registered professional architects and
engineers as currently required with
demonstrated profidency in natural hazards
design.

3. Plans and specifications be checked for
safety of design and approved by the Depart-
ment of Education to ensure appropriate
natural hazards mitigation features are incor-
porated in the plans before a contract for con
struction is let.

4. Constructon be continuously inspected
by a qualified person in the employment of
the schoo!l board wha shall see that plans are
complied with,

5. The responsible architect or structural
engineer shall supervise the work and prepare
plan changes as necessary to overcome un-
foreseen feld conditions.

6. All parties concerned {architect, engi-
reer, inspector, contractor) must file verified
reports that approved plans were complied
with in the construction,

7. The Departmen: of Education, upon re-
quest of a school beard or 10% of the parents
having children enrolled in a schog] district,
shall examine an existing school building 1o
determine if it is safe or unsafe for use,

8. A fee schedule be established t6 cover the
State’s cost of carrving out the preceding re-
quirements.

Improved Built Environment And
Emergency Response Preparabon -
The Essential Partners

The high potential of high winds and earth.
quakes to damage and destroy school build-
ings is now well accepted. There is consider-
able risk to our students, teachers, and admin-
istrators of being injured or killed, primarily
due to failures to design and construct school
buildings with sufficient wind and earthquake
resistance and to ensure effective schoo] earth-
quake:wind safery programs. An acceptably
buiit environmen® and EMETZENCY response
training and planning are essential pariners.
As in Armenia, there is often very little
evidence of public education and disaster
response planning prior to the earthquake.
Even with the building darnage that eccurred,
marny lives could have been spared, especially
of school children, had the public been pro-
periy educated in seismic safety. Oniv after
the devastating earthquake are school chil-
dren being properly trained 2nd other con-
tingency measures implemented.

t is believed that each public or private
school of 50 students or more showld estabiish
an earthquake and wind EmMergency svstem
that would include appropriate  training,
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.5, disaster plans, and protective measures

o take before, during, and after a natural
disaster.

Special Concern For The Earthquake
Vulnerability of Existing Schools

Most if not all existing elementary and
secondary schools in South Carolinz were
constructed without mandated earthquake-re-
sistant design provisions and, with few recent
exceptions, operate without the benefit of
mandated earthquake emergency procedures
and training. These vital actions have been
left to voluntary implementation by the local
governing boards. For several reasons, indud-
ing probably assumed funding limitations and
lack of informed public opinion as to the
earthquake risk, they have largely been ig-
nored. This conditon is particularly deman-
ding of expedited remedial action as the oc-
cupancy of such schools by South Carolina‘s
most precious resource, its children, is re-
quired by law. Certainly, the moral and Jegal
responsibilities for properly protecting these
occupants are great. The condibion Is found
even more unacceptable when considering
that the occupant density is one of their high-
est of any building type and that, after an
earthquake, badly shaken and frightened chil-
dren may find emergency egress from a dam-
zged building either difficult and hazardous or
impossible.

In the face of mounting concern for the
earthquake risk, some recent progress has
been achieved. Recently, the Standard
Building Code which is usually adopted for
school constriction was amended to include
required minjmum earthquake design provi-
sions. While certainly a positive measure, it is
net the solution for the school built environ-
ment. It addresses orly mew construction
when required by local school autherities,
leaving the vast system of existing schools
without promise of planned strengthening, It
fails to adequately consider proper treatment
of the other potentially hazardous aspect of
the school built environment, the “non-
structural” elements such as ceilings, win-
dows, files, and inventory stored on shelves.

The prescribed standards are for normal
building types and not appropriate for high-
occupancy, cibcal fadlies like school
buildings. Some early improvements in earth-
quake emergency procedures and training
have developed during the past few vears.
The administration of the Charleston County
Schools has asked each of the 70 prindpals to
incorporate earthquake safety planning with-
In their school safety plan by May, 1989, This
curent state of aitical unpreparedness is not
unique to the public school system. Aside
rom its special importance to the welfare of
children, these shortcomings in building stan-
fards and practices as well as emergency plan-
ing and training are fairly typical of state-
vide conditions within South Carolina today.

The Need For Action -
We Do Not Need To Be Told Again

South Carolina does not need to wait for a

destructive earthquake or hurricane to -

demonstrate the priority need for better con-
structed schools and improved emergency

response procedures. We do not need a 1933 ;
Long Beach earthquake experience to prompt

a prudent school construction program ‘in

South Carolina. We do not need ancther :
Hurricane Hugo or 1886 Charleston earth- !
quake. There is enough clear and compelling
evidence of the need. Fortunately, good
evidence that cost-effective remedial design
and construction measures is available, There |

is also the solid evidence that they work. The
successhul performances of well designed and
constructed schools in California during re-
cent earthquakes provide irrefutable proof.

The schocl construction system needs to be
changed to ensure a safe built environment
with the schools. It needs to be upgraded in a
manner consistent with today's environment
of dynamic growth and other changes, in-
dluding increased public awareness and con-
cern for improper regulating standards and
construction practices as well as the im-
perative need to far better cope with the
statewide high risk of multiple natural
hazards. It needs to be improved consistent
with the other actions aimed at general
statewide improvements in design and con-
strection standards and practices.

As has been done in other similar situa-
tons, the school districts could be required to
pay the Department of Education fee at the
time of application for approval of the plans,
These fees would pay for the enhanced opera-
ton of the Office of School Planning and
Building. Upen appropriate request, the struc-
tural condition of any public school building

will be examined and reported, :

7. An Action Plan To Improve the School
Building Safety Environment

Introduction

As discussed in the preceding section, there
is critical need to iprove the public schog]
building environment in Seuth Carolina re-
garding the historic natural hazards threats of
wind, flood and earthquakes. State building
practices and standards for public schools are
in need of significant and prompt upgrade.
Existing school facilities must be strengthened
and the new buildings constructed to improv-
ed standards, especially considering their role
as public shelters when natural disasters
strike,

Emergency preparedness provisions are be-
ing integrated into the schoo! environment by
the Departrent of Education in cooperation
with the South Carelina Emergency Prepared-
ness Division. This training and education
work needs to be extended. There is no such
program to upgrade the school built-environ-
ment for the natural hazards environment. As
a complement to the emergency preparedniess
training program. a comprehensive, long-
term statewide school building safety im-
provement program s essential to mitigate the
serious threat of natural hazards to the stu-
dents, faculty and staff members of our
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schools in South Carolina. This section re-
cemumends an action plan to achieve this ob-
jective.

The Ball Must Now Be Carried By The State

A significant awareness, experience and
technical knowledge base has been established
in support of petential school safety improve-
ment efforts. Several detailed studies and the
Hugo experience have confirmed the serious-
ness of the uncommon combination of natu-
ral hazards threats and defined the exceptional
vulnerability of South Carolina public schocls
to these threats of earthquakes, winds and
flood. They have also established tools by
which an effective state mitigation Program
an be constructed. Of added value, they
have influenced orgoing state building code
improvément measures that will Further con-
tribute to improved schoo! building construc-
tion standards.

However significant, these efforts only
represent potential improvements in the safe-
ty of the school built-environment. They
must now be translated into actual upgrades.
The Scuth Carolina state government must
lead this continued progress. It must establish
2 ]ong—term improvement state program to
consolidate these early gains and to begin
their comprehensive and focused application
to the mitigation of natura) hazard threats to
the public school environment in South Caro-
lira. The serious compromises of the school
environment must be brought out into the
light and effective remedial measures talken,

Natural Hazards School Building
Safety Improvement Program

Cooperative action by the Governor and
Legislature is necessary to establish the
necessary State of South Carolina Natural
Hazards School Building Safety Improvement
Program. The long-term program would fo-
cus on the safety of the school built-environ-
ment in cooperation with eMergency prepar-
edness activities, It would be (1) to achieve
within a prescribed time period the improve-
ment of all existing schools to incorporate
minimem adequate resistance to natural haz-
ards, (21 to ensure that pew schools are con-
structed to natural hazards design criteria con-
sistent with their essential functions, and (3)
to improve the conter:s of emergency
résponse training and equipment programs as
they relate to the sehool built-environmen:.

A special South Carolina Scheol Building
Safety Panel should be created by the Legisla-
ture with the recommendations of the Gover-
nor to develop arn integrated action plan to
guide the formulation of this safety program
and te provide advise regarding its continued
operation.

It is recommended that the Pane] consist of
ten members appointed by the Governor and
confirmed by the Senate. The Panel member-
ship should represent the professions of archi-
tecture. electrical engineering, fire protection,
geotechnical engineering, geology, mechani-
cal engineering, structurai engineering, and
seismology and that such representation




: »
the public interest.

a view of the necessity to consider state-
w~ice building conditions and standards, it is
recommended that the Panel operate under
the full cooperation and support of the South
Carolina Building Codes Counc!, the Scuth
Carolina Department of Eduvcation, The
Seuth Carclina State Geologist, and the
South Carolina Emergency Preparedness Di-
vision, The voluntary contributions should be
solidted of the South Carolina Parent Teach-
ers Assodation, the South Carolina Plant
Maragement Assodation and certain other
education-related professional organizations
from those listed in Table 5,

Table 5. Other Pobential Paned Advisors

Palmetto State Teachers Association

Schoot Council Assistance Project

South Carolina Association for School
Psychelogists

South Carelina Asociation of School Ad-
mministrators "

South Carolina Associztion of School Business
Officals

South Carolina Association of Secondary School
Principals

South Carolina Association of Votonal Home
Economics Teachers

South Carclina Education Association

South Carelina Industria] Technology Education
Associabion

South Carolina Public Health Assodation

South Carolina School Boards Association

South Carsling Trade and Industrial Education
Association

The Citadel, Clemson University and Baptist
College at Chardeston

An Integrated Action Plan To Define
The Improvement Program

Once appointed, .the South Carolina
xhools Building Safety Panel would form an
Hon plan for its development of the Natura}
fazards School Building Safety Improvement
rogram. Its integrated improvement efforts
hould include structural and nonstructural
uilding improvements as well as building-re-
ited refinemnents to emergency preparedness
rograms. The Panel would have to corsider
e technical aspects of natural hazard threats
nd the engineering avenuves to mitigaion
ithin the real world constraints of limited
ate budgets as well as relevant social and
olitical issues. In resolving design citeria,
reful consideration would need to be given
e viewpoints and requirements of the func-
onal user - the educator. Maxirmum advan-
ge would need to be taken of the steadily
owing national technology base regarding
e strengthening and construction’ of
tildings in a natural hazards environment.

Given these and other considerations
scussed in this document, the action plan
n indude areas of work as follows:

1. Establish risk and vulnerability,

IL. Review and upgrade design criteria con-
Jering vulnerability and functional use,

Il Develop a national hazards school
dlding safety improvement program,

IV. Review and include emergency
eparedness procedures,

V. Reorganize ‘for effective implementa-
n, and

VL. Submit for legislative approval and im-
plementation.
Details of twelve action items for this plan
are shown in the box.
8. Some Opportunities For Safety
Improvements In The School Building
Environment

Several initiatives that represent potential
improvements in the scheo) building enviran-
ment have been completed or are in progress.
All iniiatives are supportive of the improve-
ments in the school building system and its
workings as recommended in the preceding
sections. These are summarized below,

Seismic Design Building Code Improvements

With the release of its 1983 edition, the
Standard Building Code now has mandatory

earthguake engineering design provisions, As
a consequence, all municipalities and agencies
that have adopted the Standard Building
Code are requiring earthquake as well as wind
design provisions for new construction. As
previously discussed, the State Superinten-
dent of Education establishes school building
design criteria that incorporates most but not
necessarily all provisions of the Standard
Building Code.

Unfortunately, the South Carolina Schoal
Fadlities Planning & Construction Guide has
not been adjusted to be consistent with the
new edidon of the Standard Building Code.
The guide continues to allow seismic design to
be a local option. It is understood that school
districts in the Charleston area are more delib-
erately encouraged to incorporate seismic de-

A 12-Point Action Plan for the
Natural Hazards School Building Safety Improvement Plan

L. Risk and Vulnerability

a. Review and validate the definition of natural hazard risks {wind, earthquake,
and flood) to schools in South Carolina,

dividual effects,

b. Conduct a wind, earthquake and flood vulnerability survey of all existing
schools to establish their structural and nonstructural defidencies.

L. Upgrade Design Criteria

¢. Review the specal importance of school buildings to the community welfare,
health and safety and upgrade functional and protective criteria acrordingly.

d. Review and recommend upgrade as deemed appropriate of the natural hazards
building code provisions of the Standard Building Code and South Carolina coastal
construction regulations consistent with the emerging new generation building code
technology such as that developed under the national Earthquake Hazard Reduction

Program for seismic mitigation.

€. Establish and recommend any more stringent technical design criteria for
scheol design and construction that may be necessary beyond the provisions of Ac.
ton Item 4, considering the special functional importance of schools.

f. Assess and recommend appropriate revisions of the provisions of the South
Carolinz School Faclities Planning and Construction Guide considering the results
of Action Items 3, 4, and 5 as they relate to the design and construction of school

fadllities to mitigate natural hazards,

II. Natural Hazards School Safety Program
g. Considering results of statewide school vulnerability study and proposed new
generation scheol design and construction «iterfa, define requirements for improv-
ed exdsting schools and upgraded new constructon.
h. With the cooperation of the South Carolina Budget and Contro] Board,
develop budget constrained alternatives tq funding necessary school building im-

provements.

i. Establish a comprehensive prioritized and phased program for the appropriate
natural hazards safety improvement of existing and propesed new school buildings
{integrating such upgrades where possible into currently defined projects) based
upon the results of Action Items 7 and 8. :

IV. Emergency Preparedness Procedures

j- Review and recommend any necessary refinements of statewide emergency

preparedness training and education program to ensure that each schoo] establiches
and maintains an effective School Natural

regular drills and other exercises.
V. Effective Implementation

k. Consider and recommend the reorganization and strengthening of the Office of
School Facility Planning and Building as necessary for it to discharge its respon-
sibilities for school design and construction acsvities.

VL. Legislative Approval and Implementation

L. Prepare and subrmit to the South Carolina Legislature in cooperation with the
Department of Education a proposed Natural Hazards School Building Safety Im-
provement Program for the State of South Carolina incorporating the preceding

developrments.

Harards Safety Program proven through

considering their collective as well as in-




Jfovisions. It is by local professional
«ce when and if seismic design provisions
.c& Incorporated in Charleston County. The
SBC adoption of mandatory seismic design
provisions represent a significant improve-
ment potential for the school system.

Statewide AdopHon of Building Code Systern

The principal cause of inadequate building
standards and practices in South Carolina is
the absence of a statewide building code sys-
tem, including the means of effective code a P
plication. Important remedial action is in pro-
gress.

Legislation was introduced during the last
legisiative session that would réquire all cities,
towns, and counties to adopt building codes
within a specified time period, based on popu-
lation. Cornpanion proposed legislation was
introduced which would require all code en-
forcement officers within the state to be certi-
fed and to maintain their proficiency through
continuing education. This legislation was in-
roduced in the Senate as Legislative Bill
5.0460 under the sponsorship of Senator
Glenn McConnell. Representative G. Ralph
Davenport introduced the measures in the
House as Legislative Bill H.2675.

Committee action had been completed in
both the Senate and House when the legis-
lative session ended. The measure has been
prefiled in the Senate by its sponsor, Senator
McConnell (5.0140) and should b voted

upon during the beginning of the nest legis-
lative session to commence in January 1997.

In addition to the legislative proposals, the
following complementing initiatives are under
consideration by the South Carolina Section,
American Sodety of Civil Engineers:

1) Improved Fducation Opportunities for
Building Officsals.

2) Technical Peer Review.

3) Specialized Registration of Structural
Engineers,

4) Improved Delineation of Architect and
Engineer Responsibilities, :

Guidelines For Rehabilitation Of
Exdsting and Historic Buildings

The proper rehabilitation of existing
schools is of highest concern. Unlike for new
censtruction, there are no guidelines establish-
ed for the strengthening of existing schools
and other buildings. Given the added empha-
sis of Hugo experiences, a project to develop
guidelines for the rehabilitation of existing and
historic buildings for the multi-hazard envi-
ronment has been included in the South Care-
lina Post-Hugo Mitigation Plan, Overall di-
tection of the project will be provided by the
Berkeley-Charleston-Dorchester County
Coundil of Governments and the Historic
Charleston Foundation. The technical direc-
tion will be provided by the Applied Technol-
ogy Coundl and The Citadel. Primary sup-

port will be provided by the U.S. Park Service
and Cormnell University.

The primary objectives are to establish {1
building code standards and supporting tech-
nology for the rehabilitation of existing essen-

tial buildings including schools and 12) recorm-
mended guidelines for the rehabilitation of
historic buildings. The immediate focus is to
establish such codes ang guidelines fur the
Charleston area and South Carolira. This
work will involve (1) the evaluation of ex-
isting buildings to establish the nature and
priority of rehabilitation need as well as {2)
the development of rehabilitation guidelines,
Ultimately, it is expected that these develop-
ments will be offered for inclusion in the Stan-
dzrd Building Code and the Secretary of the
Interior's guidelines for historic buildings,
Maximum advantage is to be taken from
existing buildings methodologies and technol-
ogies continuing to be developed for earth-
quake applicalions under the National Earth-
quake Hazards Reduction Program (NEHRP)
as directed by the Federa] Emergency Man-
2gement Agency. These include that pro-
duced through ATC-22, Handbook on Seimic
Evaluation of Existing Buildings and ATC-28,
Development of Guidelines for Seismic
Rehabilitation of Hazardoys Buildings. The
U.S. Postal Service is building upon this tech-
noiagy base in conducting ATC-28, Develoy-
ment of a National Program for the Seismic
Ezaluation and Rehabilitation of Existing Post
Office Buildings. This project includes (1)
development of seismic structural evalyation
methodelogy; (2) development of nonstruc-
tural evaluation methodology: (3) develop-
ment of seismic retrofit eriteria and methodo-
logy; and (4) development of cost impact
studies and program cost profections. The
South Carolina project will alse take advan-
tage of this ongoing .S, Posta) Service devel-
opment, extending it to include wind and

flood.

Remapping Of Statewide Seismic Risk

Censidering  available information in-
cluding Hurricane Hugo data, the wind risk of
South Carclina appears to be acceptably rep-
resented by the Standard Building Code. This
is not true for the statewide earthouzke risk,
Cooperative actions are now undenway with
the U.S. Geological Survey to reassess the
seismic risk in South Cargling consistent with
national risk mapping developments. Thi
project is being led by The Citacel and con-
ducted with the direcy participateon of the
Seuth Carolina Building Codes Council and
the South Carolina State Engineer. It is ex-
pected that this upgrade will be available for
adoption during the early part of 1093 by the
Department of Education and the South Cas-
olina Building Cades Council for wvse
throughout South Caraling

Upgraded Earthquake Design
Building Code Provisions

During the past severa vears, the Federa)
Emergency Management Agency has devel-
oped new generation provisions for the devel-
Opment of seismic regulations for new build-
ings. This work has been done under.the Na-
tional Earthquake Hazard Reduction Program
(NEHRP) by the national community of
building specialists and trade organizations.
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With the suppert of the Federal Emergency
Manazement Agency provided through ‘the
Building Seismic Safety Council (BSSC), The
Citade! has developed improved earthquake
engineering design standards for typical new
schee! construction based upon these recom-
mended national provisions. An integrated
vind-seismic  design approach was taken,
Charleston County sehool buildings were us-
ed as design prototypes. The objective is to
produce new generation building standards
and building code provisions for South Care-
lina new school construction based upon the
NEHRP Provisions. These developments are
now available for consideration and adoption
by the South Carolina Department of Educa-
tion.

As part of the development of the upgraded
earthquake design standards, “microzona-
tien” maps were prepared for the greater
Charleston, South Carolina, area that deline-
ate regional variations in potential for soi] i
guefaction and site amplification of ground
shaking. Communities at risk should develop
such maps for construction planning and de-
sign purposes. The importance of the value of
the ratural period of the soil column is well

established (Lindbergh, 1090). The closer

these nwo values, the greater is the magnitude
of potential earthquake damage to the build-
ing,

Post-Natural Hazards

Building Assessments

As demonstrated in the recovery from
Huge, contingency capability to rapidly
assess the condition of buildings after an ear-
thquake, wind storm or flood. ATC-20, Pro-
cesiuras for the Postenrthquakz Fogluation of
Euildhigs has been extended by the [J.S.
Postal Service to include 1wing and flood
events as well as earthquakes. The basic pro-
cedures were used by volunteer engineers in
Seuth Carolina in the aftermath of Hurricane
Huge. This capability is available for adop-
tion by the South Carolina Department of Ed-
ucaticn to promote the safe reutilization of
schoo. buildings after a natural hazard event.

Natural Disaster Emergency
Preparedness Training

Urcer the direction of the South Carolina
Emerzency Preparedness Division (EPD, sev-
eral important actions are being taken to im-
prove the emergency preparecness of schoo)
stedenss, faculties and staffs,

The Charleston County Emergency Prepar-
ecress Office has conducted earthquake
search and rescue exercises. With the zssis-
fance of the Earthquake Education Center at
Bapts: College of Charleston, “drop and
cover” schoo! drills are being conducted.

The National Science Teachers Association
{NSTAS and the Federal Emergency Manazge-
ment Agency have completed a 280-page cur-
fculum on earthquake science and safety.
The cumiculum is designed for K6 grades.
The curmiculum guide features interdisgi-
plinary lesson plans and hande-on activites.
A hands-on workshop of the Southeastern




«onal Science Teachers Association Con-
-ence* was held in  Charleston during
Cecember 1988. The South Carolina Depart-
ment of Education is cooperating.

Assistant  Superintendent of Charleston
County Schools has asked each of the 70
school principals to incorporate earthquake
sefety planning within their schog! safety plan
by May, 1989, Mr. Tom Curio recogrized the
reed for the administrators, staff, and faculy
to set the guidelines of actions they would
follow in the event of an earthquake,

Other Actions
State and regional engineers and architects

rave not been suffidently trained in the de-

s2n of facilities to withstand the effects of ap-
piicable natural hazards, Accordingly, special
exnphasis is being placed on providing the re-
guired spedalized educational opportunities
trough integrated workshops, conferences,
courses, and literahure.

Under funding of the National SGence Foun-
cation and the National Center for Earth-
cuake Engineering (NCEER), The Citadel is
ceveloping a technical handbook for the wind
and seismic design of reinforced masonry
stuctures featuring the Standard Building
Code provisions and regional construction
wpes and conditions.

9. The Essential Partner - Emergency

Freparedness Planning

As stated in Section 7, the recommended
22-Point Action Plan would include efforts to
review and recommend refinements of state
wide school safety emergency preparedness
Taining and education programs as they re-
ate to the built environment. As such, this
project would assist those organizations
charged with primary responsibilities for these
Drograms,

A number of schools in South Carolina
have already developed earthquake school
safety programs. Multhazard school safety
programs are necessary. The Federal Emer-
genCy Management Agency provides a
“Guidebook for Developing a School Safety
Program,” designated as document FEMA
58/December 1985, that is helpful in establish-
ing the earthquake elements of the essential
multihazards safety program, The fellowing
summary overview of school safety program
considerations is provided to suggest the man-
ner in which the subject school building ori-
ented safety program can enhance the opera-
tonal-oriented schools safety programs.

The Guide outlines a planning approach
that can be used to work towards developing
action plans for an earthquake safety pro-
gram. Possible components of 2 safety pro-
gram indude (1) hazard identification, (2) ear-

¢ dnlls, (3) an earthquake response

plan, (4) earthquake education, (5) training
programs, (6) hazard reduction projects, (7)
shelter plans, and (5) equipment and supplies.
. identification involves knowing

what to expect. It is the foundation of quality
plans and procedures for conducting class-
om and post-earthquake building evacua-

ton drills and for Preparing response and
shelter plans. The hazard assessment should
ai50 consider the potentia impact of a major
earthquake on the community and the proba-
bie hazards it could cause, For examgle, addi-
Honal plans would be necessary if the school
is ocated below a dam {like the North Dam
on Lake Moultrie) or near a hazardous waste
site {like the GMX landfill sjte near Rimirnd,
5Q).

Earthquake drills are the most important of
all earthquake preparedress measures becayse
earthquakes strike without warning, Life pro-
tecting rneasures must be taken immediately
at the first indication of ground shzking. Stu-
dents and staff members must learn how to
REACT immediately, The essental compo-
rents of earthquake drills are classroom dis-
cussions, demonstrations, and exercises de-
signed to help students learn and practice
WHERE to seek shelter and HOW to protect
their heads and bodies from falling objects
{e.g., debris from ceilings, light fixtures, and
shattered glass). Effective earthquake drills
simulate (1) actions to be taken during an ac-
tual earthquake and (2) actions to be taken
after the ground shaking stops. Building eva-
cuation following an earthquake is imperative
due to the potential danger of fires or explo-
sions.

A major earthquake will cause widespread
damage and may trigger other dangers such as
fires and the release of hazardous materials.
Local EmMErgency personnel will be severely
overtaxed. It may be several hours before
they are able to respond to every school with-
in the effected community, Effective first-hour
emergency response actions must be estab-
lished. The care and safety of students during
the immediate aftermath of an earthquake is
espedally critical. First aid must be provided.

Following an earthquake, communications
systems that are dependent on electrical pow-
er may be partially or totally disrupted for
several hours or longer. A communications
plan must be developed that addresses this
problem and prescribes alternate Ways to re-
ceive and convey messages (especially with
parents),

Post-earthquake shelter planning must con-
sider extended-care as well as short-term
shelter needs. Children should not be released
to ravel streets cluttered with debris from
damaged buildings and fallen power lines,
Damaged transportation routes may prevent
their relocation to home of other shelters, Ex-
pert judgment may be required to determine if
buildings are safe for re-entry. Buildings must
be properly inspected.

10. Pending School Renovakion and New

Construction-A Special Reason

To Act Now

School Construction Fand Requirements,
1990-1995 ;

There are approximately 1,025 schools in
South Carolina according to the Director of
School Fadlity Planning and Building. The
development of the recommended improved
school building program featuring seismic and

wind safety must be considered collectively
with anticipated school construction costs,

On February 9, 1989, the General Assem-
bly passed a Concurrent Resolution for the
State Department of Education to conduct a
survey to identify the school building facilities
needed over the next five years. The survey
was completed in May, 1989. Total costs for
new construction, additions, and renovations
of school buildings were estimated using re-
ports from the 76 school districts. The follow-
ing major results were reported in the released
study: : '

* South Carolina’s public school districts
are projecting 51.5 billion in school construe-
Hon needs through 1995.

* Considering all funding sources available,
76 districts are facing a total shortfal] of more
than $1 billion for school buildings during the
next five years.

* Fifteen of the state’s 91 school districts
estmated that they will have more than
enough funds to meet schoo! construction
needs through 1995,

* The total estimated cost for new construc-
tion, renovations and additions to public
schocls through 1995 is 51,480,045,743.
School districts estimated a total of
$494,988,857 will be available in state sources
and local funds from bonds. Fifteen districts
estimated an excess of almost 540 million will
be available to them for school construction,
The five-year projected shortage of funds in
76 districts is 51,024,974,431.

* The projections do net include costs of
management plans or asbestos removal by the
Asbestos Hazard Act of 1986.

In projecting costs, an inflation factor of 4
percent was applied for each vear. Capital
funding from state sources includes: (1) a gen-
eral aid allocation of S15 per kindergarten st
dent and 530 per student in grades 1-12 based
on membership projections over the nex: six
vears. and {2} an Educatijon Improvemen: Act
allocation based on one-half of one percen: of
the projected reverue each year.

A Special Reason To Act Now

Indeed, the projected levels of construction
fund requirements and antidpated funding
shortfalls during the 1990-1905 time petiod
represent significant challenges to the S:ate
and School Districts. However, they aiso rep-
resent significant opportunities to cornmence
and achieve substanbial mitigation of sesous
vulnerabilities of South Caralina schools to
natural hazards, It is probable that the in-
crease in annual program costs necessary ‘o
achieve for proper school construction would
be less than the annual rate of inflation used in
the estimates. These limited constructon
funds are critical resources. They should not
be spent for construction that ignores the
realities of serious natural hazard threats, Te
do 50 would be to maintain the health, safery,
and welfare of the public at unnecessary and
unacceptable dsks,
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