Regulation of Unreinforced Masonry
Buildings: Earthquake Hazard
Reduction Ordinance in Los Angeles,
California

State and local governments can reduce the
natural hazard risks in their communities with-

out directly funding the mitigation measures.

When the hazard is of such severity and magnitude to demand
community-wide action, local ordinances can be designed and
used to promote hazard mitigation goals.

One example of the use of such ordinances can be found in

the City of Los Angeles, California. In the event of an earth-
quake, the city's large number of Unreinforced Masonry Build-
ings (LURMs) posed a significant threat of increased injuries and
economic losses. tn 1981, city officials enacted the Earthquake Haz-
ard Reduction Ordinance, commonly known as Division 88 (the nu-
merical section of the city code), to reduce the earthquake risks to
URMs, The ordinance required nearly 8,000 URM owners to make
either structural improvements over a time period of several years,
vacate the building, or face demolition ¥ The success of the mitiga-
tion requirements contained in the ordinance depends on compii-
ance. By 1996, one-third of the URMs were vacated or demolished,
and approximately 95% of the remaining URMs were in compiiance
with the ordinance.’* For most owners compliance hinged on the
economics of the seismic repairs, i.c., the initial expense as well as
the amount building owners could recover through rent increases
and upon resale.
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The study performed on
Los Angefes’ Earthquake
Hazard Reauction
Ordinance for
unreinforced masonty
(URM) buildings
Showed that complianee
with the orginance
fended to raise sale
prices by 37%.

The ordinance requirements apply to all URMs in Los Angeles that
were constructed (or were under construction) before October 6,
1933.2 The ordinance required the city’s Earthquake Safety Division
to evaluate and classify suspect buildings. The classification served as
a mechanism to prioritize compliance with the ordinance and to dif-
ferentiate among strengthening requirements 3% All structures cov-
ered under the ordinance were classified in four primary groups, with
the most restrictive class (and the first to be cited) considered "essen-
tial'. An "essential’ classification includes buildings needed for
emergency use after an earthquake such as hospitals, fire stations,
and police facilities. The other classification groups are based on a
combination of structural integrity, occupant load, and historical im-
portance.

with this classification system, the city then established a schedule to
cite structures identified as hazardous. The schedule for citing struc-
tures ranged from "immediately’, for those buildings deemed "essen-
tial" to within 4 years for the “low risk" buildings. The ordinance
called for all buildings to be brought into compliance within 15 years.

When a structure was cited, an owner had several options to extend
or alter this time limit. A partial compliance provision allowed own-
ers the option of installing wall anchors within 1 year of notification,
thereby extending the time to comply for up to 10 years, depending
on the buildings classification. Owner's also had the option of ap-
pealing their property's classification, changing the use of the build-
ing, or demolishing the property entirely. However, for some
buildings the fatter two options were constrained by Los Angeles rent
control provisions which require, in part, that owners pay relocation
compensation to evicted tenants.

A repeat sales analysis, performed by Hal Cochrane, Ph.D, on the
unreinforced masonry building stock concluded that owners of URMs
did not suffer capital losses from compliance with the ordinance.
The analysis studied repeat sales of a group of URMSs occurring after
the ordinance was passed, from approximately the early 1980 to
1991, and a control group which was not aifected by the URM ordi-
nance. A total number of 598 units were analyzed. The control
group consisted of 459 observations, with 139 ohservations in the
URM group. The results of the study indicated that over time, own-
ers of the URMs recouped the costs imposed on them by the ordi-
nance. The ordinance did not hurt resale value, and retroiitting
enhanced them.
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Compliance with the ordinance, or demolition of the URMs actoally
resultad in an increased sale price of upgraded URMs.  After normal-
izing for initial price, time between sales, occupancy type, notifica-
tion, sales date and time to compliance, compliance tended to raise
the sale price by 37 percent. A small percentage of the URM owners
found alternative, and highly profitable, uses for the cleared LRM
sites which raised the sale price by 52 percent.

The ability of the majority of the LURM owners to recoup, over time,
the added costs imposed by the ordinance is explained by the iollow-
ing factors. In the short run, the supply of rental structures is frxed.

In addition, if the rental market were unregulated, the demand for
rental space, and the pricing of it, would be shaped by underlying
economic forces such as population density and income. Also, logic
says that a renter's awareness of the health and saiety risks posed by
LRMs waould affect his willingness to pay for shelter. However, results
indicated that public (particularly the low income public) perception
of risk is highlv skewed, and earthquake risks are all but ignored.”
Given these factors, the impact of the ordinance was easy to predict.
Some building owners, unable to justify the required investments,
chose to vacate and demolish their structures. Typically, the least
profitable buildings are abandoned first, permitting the owner to re-
develop the site  In such instances, site value (land and location)
composes nearly all the property's worth. The resulting reduction in
houstng supply should benefit owners of the remaining URM stock,
thus nudging rental prices higher; how much higher would depend
on the responsiveness of renters to the smaller supply of rental hous-
ing.

The evidence gathered in the repeat sales analysis indicates that the
cost of retrofitting was borne by the tenant through increased rental
rates. Rental price increases must be approved by the Rent Stabiliza-
tion Division of the City's Community Development Department.
Another URM study conducted by Mary C. Comerio, Ph.D. found
that one-third of the residential building owners applied for rent in-
creases On average, a 20% rental increase was granted.” The resi-
dential URMs are predominantly low income housing, theretore,
rental increases are a sensitive issue,  However, rental increases
should be weighed against the life safety improvements due to the
retrofitting, and the decrcased probability of these low-cost housing
units being permanently darmaged in the event of a major earth-
guake.
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The important point is that substantial mitigation was achieved
through the imposition of the Earthquake Hazard Reduction Ordi-
nance which allowed housing market owners and renters time to ad-
Just to the regulations applied to them. While the enforcement of the
ordinance affected URM owners fo varying degrees, the disruption to
the housing markets was relatively minimal on average. The ordi-
nance did not cause owners of URMs to suffer capital fosses. The
end result was a housing stock with less potential for fatalities and in-
juries from damage in future earthquakes.

Land Use and Building Codes: Florida’'s
Coastal Construction Control Line

Coastal communities are vulnerable to extensive
building damage due to wind forces and storm

surges associated with hurricanes. Mitigation measures
however, can be implemented to reduce the extent of sustained
buitding damage. Two of the most effective tools for mitigating dam-
ages, land use and building code requirements, have been imple-
mented by the State of Florida with impressive resuits during
Hurricane Opal in 1995, through its Coastal Construction Control
Line {CCCL) regulation.

At the local or county level of government, construction along and
near the Florida coastline is generally governed by the Standard
Building Code and the National Flood Insurance Program (NFIP) con-
struction requirements, which are both enforced by the local or
county governments.  As required, communities participating in the
NFIP must adopt and eniforce a floodplain management ordinance
that meets or exceeds NFIP construction requirements, and enforce
the NFIP construction require-
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nesses within the communities are eli-
gible to purchase flood insurance.

During the 1980’s, the State of Florida’s ]
Department of Environmental Protec- T
tion established a Coastal Construction

56.2% of 1356 non-parmitied struciures sustained substantial
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located seaward of the CCCL are sub-
ject to State enjorced elevation and
construction requirements. The CCCL foundation and elevation re-
quirements seaward of the CCCL are more stringent than NFIP
coastal (V-Zone| requirements. Likewise, the CCCL wind load re-
quirements seaward of the CCCL are more stringent than the wind
load requirements of the Standard Building Codes.

With the exception of the coastline within Bay County. Florida, the
CCCL was adopted by the State between 1982 and 1991 and reflects
anticipated 100-year storm impact zones.® Structures located sea-
ward of the CCCL that were built prior to enactment of the regula-
tions are deemed as non-permitted structures, and are at an
increased risk of sustaining hurricane damage. Structures built after
the adoption of the CCCL require a special building permit from the
Division of Environmental Protection Permitting prior to construction,
which certiries that the builder will adhere to the more stringent set of
building standards which are designed to enable structures to with-
stand the forces of the 100-year hurricane.

On October 4, 1995, Hurricane Opal struck a portion of the Florida
coasthine as a Category 3 hurricane with 110-115 miles per hour
winds. Most of the resultant structural damage appeared to be
caused by coastal flood forces — storm surge, wind-generated waves,
flood-induced erosion, and floodborne debris.® in the Florida Pan-
handle, 852 major habitable structures sustained substantial damage
{770 structures were seaward of the CCCL and 82 structures were
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landward of the CCCL). * The Florida Department of Environmental
Protection reported that more structures were damaged or destroyed
due to wave erosion impact in Hurricane Opal than in all other
coastal storms that have occurred in Florida over the past 20 years
combined. However, CCCL-permitted structures were not damaged
in Hurricane Opal.

According to the Florida Department of Environmental Protection,
none of the 576 major habitable structures located seaward of the
CCCL and permitted by the State under current standards sustained
substantial damage. *' By contrast, 768 of the 1366 pre-existing ma-
jor habitable structures located seaward of the CCCL and either not
permitted by the State, or canstructed prior to State permitting re-
quirements, sustained substantal structural damage during the storm.

Major Habitable

Structures Seaward
of the CCCL: Structures Built to { Structures NQT Built
: CCCL Standards | to CCCL Standards

Damages Sustained (576 Total) (1,366 Total)

Structures NOT -
| substantially damaged 576 598

Structures substantially
damaged 0 768
Percentage of . o
structures substantially 0% 56%
damaged

The major habittable structures that sustained substantial damage
were all non-permitted structures not built to CCCL standards. The
performance of the CCCL-permitted structures exposed to the same
conditions as the non-permitted structures clearly shows how impor-
tant a role more stringent land use and building codes can play in
reducing damages from major storms such as Hurricane Opal.*
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Building Codes: A Simulation of the
Northridge Earthquake in Los Angeles,
California

One of the most important tools
of earthquake mitigation is

building codes. Implementation of
modern building codes with standards de-
signed to mitigate the effects of natural
hazards is a key element in strategies to
reduce damages from such events. Build-
ing codes require buildings to be strength-
ened at the time when it is most
cost-effective — at the point of construc-
tion.

The benefits of mitigation can be demon-
strated through the application of a deci-
sion-support tool recently developed by
the Institute of Building Sciences (NIBS) under a cooperative agrae-
ment funded by FEMA. This tool, known as HAZUS {Hazards U.S.].
is a nationally applicable standardized methodology for estimating
earthquake losses at the regional or local scale. These loss estimates
can be used by local, State, and regional officials to plan and stimu-
late efforts to reduce risks from earthquakes and to prepare for emer-
gency response and recovery. HAZUS also provides FEMA with a
basis for assessing the nationwide risk of earthquake losses

HAZUS, which is a geographic information system-based computer
program, has been developed by a consortium of natural hazard loss
experts that includes earth scientists, engineers, architects, econo-
mists, emergency planners, social scientists, and software developers.

Using HAZUS, simulations of the 1994 Northridge Earthquake were
conducted under three different assumptions {scenarios). The vari-
able in each scenario was the type of building code used m construc-
tion of Los Angeles area buildings. These simulations produced
damage esumates, expressed as direct economic tosses, under the
three assumed conditions and are described below:

1. Scenario with All Structures Designed to High Seismic
Design Standards

This scenario simulates a case where all buildings are con-
structed to the current seismic design standards for Los Angeles
County. This is representative of a “best case” situation where
the entire building stock is assumed to conform to the current
design and construction standards.
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i the Los Angeles area
aad been buif lo high
Seismic design
standards prior to
Northridge, a simidar
garthquake event would
resuit in $11.3 billion in
reduced josses, and 4
fulf $28.4 bitfion in
feduced losses as
compared fo 3 situaltion
where o Seismic
SIAnGAnds were In place.

2. Baseline Scenario

This scenario simulates the best effort to represent the current
structural composition of Los Angeles County. The area has un-
dergone a sertes of seismic design code changes and construc-
tion practice changes over the time period in which the
buildings were buiit and renovated.

3.  Scenario with all Structures Constructed without Seismic
Design Standards

This scenario simulates a case where all structures in Los Ange-
les are constructed without any consideration of seismic design
standards. This is a “worst case” scenario in which it was as-
sumed that no seismic design standards were ever adopted in
Los Angeles County.

The estimated economic losses from these three scenarios are indi-
cated in the following table. Note that, while HAZUS can be used to
estimate long-term effects on the regional economy, these indirect
losses were not included in the figures shown in the table below.

Direct Economic Losses for the Three Los Angeles
County Scenarios (Northridge-Like Event)

Economic Losses (S Billions)
Scenario -
Buildings! Contents | Income Total
1. High Seismic Design 1.2 | 39 25 16.6
Standards
2. Basehng 15.8 4.8 7.3 27.8
3. No Seismic Design 24 G 57 14.4 45.0
Standards

As indicated in the table, the model predicts direct losses in the form
of income lost to individuals and businesses, as well as losses due to
damage of buildings and their contents. The simulations show that if
the Los Angeles area had been built to high seismic design standards,
an event similar to Northridge would result in $11.3 billion less in
losses than if baseline assumptions were used, and a full $28.4 biilion
less in losses when compared to a situation where no seismic stan-
dards were in place.

The figures shown in the table do not consider the cost of building to
higher seismic design standards. However, these resulting losses are
still significantly lower than the losses that would be anticipated from

€
=J



a similar event in the greater urbanized areas of downtown Los Ange-
les {ior example, a 6.7 Santa Monica or Newport-Inglewood event.}

Planning for Mitigation Implementation:
Beebe Medical Center: Lewes,
Delaware

Assessment of risks and determination of measures
that mitigate them are critical first steps in reducing

losses from natural hazards. FEMA conducted a compre-
hensive mitigation assessment of the Beebe Medical Center in Lewes,
Delaware, to determine how the structure would endure the brunt of
a major storm event, primarily a wind event, such as a hurricane.

The Beebe Medical Center
(Medical Center} offers care in | Based on the hazard igenification study, the besbe Medical
the medical specialties of car- | Oanter fhas recognized the importance of incorporaling
diology, critical care, endocri- mitioals : : ot

R gation measures into their capital improvement buaget
nology, family practice, Over time. th yati oy ¢ fnds will b
internal medicine, nerology, ver time, the mitigation capfal improverment lunds will be
obstetrics/gvnecology, used to replace inexpensive plywood shutters with more
oncology, hematology, pediat- | Dérmanent ypes of storm shulfers wiich provige a greater

rics, and pulmonary medi- degree of protection and can be used fo prolect against more
cime. The Medical Center than one event
also otfers care in many surg-

cal speciaities including or-

thopedics, urology. and vascular surgery. and additional services
including physical therapy, radiology, a clinical laboratory, a school of
nursing, an adult day care center, and a home health agency.

The service area for the Medical Center is the fastest growing popula-
tion center in Delaware. Eastern Sussex County grew 24% in the 10
years from 1980 to 1990. Because of the attractiveness of the area
for retirement, the over-45 age group is the fastest growing segment
of the population. The area’s estimated population in 1993 was
60,600 The Medical Center admissions in 1993 were 5130, or 8.5%
of the population. Because the Delaware resort beaches are nearby.
the popuiation, and thus the service requirements. expands exponen-
tially during the peak vacation periods.

The Beebe Medical Center comprises approximately 12.8 acres in
the heart of Lewes. The Medical Center consists of nine buddings
including a parking garage, a utility building, and two mobile ofiices,
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1. Vaiues are 3-second gust speeds in miles per hour
at 33 feet above ground for Exposure C and are
assoclated with an annual probahility of 0.01.

2. Linear interpolation between wind speed contours
is perrmitted.

3. Islands and coastal areas shall use wind spaed
contour of coastal area.

4. Mountainous {errain, gorges, scean promontones,
and special regions shall be examinet for unusual
wind cenditions.,

The original building was constructed in
1921, and additional buildings were con-
structed in 1938, 1963, and 1985. Cver
the years, many floors and wings were
added to these buildings, and a professional
building, the nursing school, the Home
Health Agency, and the convalescent center
were added, as weli. The new clinical cen-
ter opened in November 1995.

The risk of storm surge or flooding due to
extended periods of heavy rain is low,
However, if such flooding occurred, the
only two major traffic arteries into Lewes
would be inundated. In addition, there is
some risk of flooding inside the nedical
Center property. Lewes is not in an area of
significant seismic activity and thus, earth-
quake hazard is low. However, the risk of
significant damage from high winds and
hurricanes is high.

The successful aperation of the Medical
Center in conditions when the peak wind
reaches 120 miles per hour is considered a
reasonable goal. From experiences with
previous hurricanes, the following can be
expected to occur in the Lewes area during
a storm with winds of that magnitude:

W The electrical power supply would be
interrupted for days, or possibly weeks.

B Water supply and wastewater treatment
might be interrupted as a consequence of
electrical power interruption and damage to
facilities.

& Rain and storm surge would cause street
flooding.

® High winds and windborne debris would
penetrate building envelopes.

B Penetration of building envetopes would
allow both wind and rain to damage build-
ing interiors and their contents,*

© Guaseetre & O Mara Ing for the Faderal Emergency Maragamart Agency "Hazard Midigabior Assess-
merl of the 3zene Medical Centar - Lewes, Dalawdre ~{Marvand 7895;
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It is essential that building elements such as windows and doors be
designed to withstand the same wind pressure as the primary struc-
ture. If high-speed winds penetrate window or door openings and
enter the Medical Center’s primary patient care buildings, the wind
pressures would destroy portions of the suspended ceilings and pose
a threat to many pabients. This would also threaten to interrupt es-
sential services that are routed through the ceilings. Wind would also
pick up and carry internal debris, adding to the hazards.

On the previous page is a map of the United States showing wind
speeds with a 1% chance of occurrence within any given year. The
extent o the areas subject to the threat of high winds illustrates that
there are many other medical facilities along the east coast that are
subject to the same risks as the Beebe Medical Center.

The mitigation assessment for the Beebe Medical Center developed a
series of recommendations. The highest priority recommendations
consisted of two alternatives:

1. Construction of plywood covers for instailation over doors and
windows after a warning of a severe hurricane has been received;

2. Instailation of permanent storm shutters which can guickly be
closed once a warning has been received.

Although the first alternative is less expensive, it involves significant
assemblage and usage of manpower to install plywood covers after a
warning has been received and before a hurricane strikes. Depend-
ing on how much time is available. achievement of the desired de-
gree of protection may be uncertain. The total cost of the plywood
covers, including installation, 15 $37,660, with 643 work-hours
needed for installation. In terms of instalfation costs, and probably
material costs, this approach would provide protection for oniy one
hurricane event. The cost oi the second alternative, providing the
permanent storm shutters, wouid be approximately $283,000.

The cost estimates illustrate the important tradeoff faced by the cen-
ter in developing its mitigation plan. The Beebe Medical Center’s
approach has been to sign a contract with a local contractor to pro-
vide the inexpensive plywood shutters should a hurricane warning be
receivad. Meanwhile, each year's capital improvements budget in-
cludes some funds to provide the more permanent types of storm
shutters, which provide a greater degree of protection and can be
used 1o protect against more than one event.
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Seismic Retrofitting of Buildings:
University of California at Santa
Barbara

For many older facilities, one mitigation
option to protect against seismic hazards is
the seismic rehabilitation of existing struc-

tural elements. An exampie of the benefit of such

mitigation measures can be iound through an analysis of
the case of North Hall at the University of California at
Santa Barbara.

The North Hall facility is a three-story reiniorced concrete structure
which was designed and built in 1960. The facility was partially re-
built in 1975 by adding interior and exterior shear walls to provide
additional seismic resistance. This retrofitting for earthquake resis-
tance was the result of fortuitous circumstances. It was originally
thought that the building was designed to the 1958 seismic load re-
sistance building code, which did not prescribe the more modern
tvpes of earthquake resistant construction. However, a 1973 eng-
neering investigation discovered that the building was instead de-
signed for only one-tenth of the 1958 reguirements, creating unsafe
conditions at the facility. Fortunately, the construction work to cor-
rect the original design errors occurred at about the same time that
the Uniform Building Code was being revised to in-
clude substantial earthquake resistance provisions.
The decision was then made to rebuild the structure
according to the provisions of the revised building
code; the upgrade made the North Hall Building the
only building on campus built to that advanced level
of seismic standards.

When an garlhguake
Struck Santa Rarbara in
1978 the gamage io
North Hall Tor which
refrofitting was aone at
20 percent of

r&pfaaem&ﬁf cost was The 1976 cost of the seismic retrofit was $288,000 for

this three-story building with a total floor area of

minor. Total aamages
i unretrofitted
Guidings on he
Linversily campus was
83 & miffion.

24,480 square feet. Thus, the cost of the retrofit was
$11.76 per square foot. The 1976 cost of replacing
the building would have been about $60 00 per
square foot. Thus, the refrofit cost was about 20 per-
cent of the replacement cost. Present replacement
costs for this building would be about $150.00 per
square foot.™

- |\nformabioe ey Slanley H Mandes Jro Sruchoral Exgireer Sartz Barbara,
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and advisad or the retrafsting
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The timing of the work could not have been better. In 1978, ap-
proximately 2 years after work was complete, an earthquake struck
Santa Barbara. Because the mitigation work had been completed on
the North Hall, the damage to that structure was very minor, and did
not impact structural integrity. By contrast, substantial damage was
sustained by the unretrofitted huildings on the campus that were not
built to the provisions of the new building code. Total damage to
unretrofitted buildings on the University campus alone came to over
$3.8 million. On the basis of direct costs alone, retrofitting to the
provisions of the 1976 building code proved to be cost-effective,

Land Use and Building Requirement in
Floodplains: The National Flood
Insurance Program

Perhaps the most cost-effective way to reduce dam-
ages due to natural hazards is to incorporate mitiga-
tion measures into site planning and the design and
construction of buildings; this can often be accom-

plished at little or no incremental cost. For most haz-

ards, the mitigation measures can be included in local land use plans,
land development and zoning ordinances, or the national building
codes adopted at the State or local levels. The National Flood Insur-
ance Program (NFIP} is illustralive of the savings that can be achieved
through these mitigation measures.

The Nalional Flood Insurance Program {NFIP) was established by the
National Flood Insurance Act of 1968, and was strengthened by the
Flood Disaster Protection Act of 1973, The key component of the
program is the requirement that the NFIP offer flood insurance only
in those communities that adopt and enforce floodplain management
ordinances that meet minimum criteria established by FEMA. Also
critical to the success of the NFIP has been the $1 bildlion undertzking
to identify and map the nation’s floodplains. This mapping efiort has
helped increase public awareness of the flood hazard, and has pro-
vided the data necessary to actuarially rate flood insurance and de-
velop community foodplain management programs.

Since inception of the program, over 18,700 communities have cho-
sen to adopt flocdplain management ordinances and participate in
the program Nearly all communities in the nation with significant
flood hazards are participating in the program. The floodplain man-
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\..he data cumuiatively
gemonstrates that
Iigation Works,
sigmicantly reauces
damages, and is cost-
effective.”

agement ordinances require that residential buildings be elevated to
or above the base flond elevation (BFE}, which is defined as the el-
evation of the flood that has a 1% chance of occurring in any given
year (also called the 100-year flood). This elevation is determined
through hydrologic and hydraulic modeling. Non-residential build-
ings must either be elevated or floodproofed to the BFE. Additional
requirements prevent the obstruction of the floodway portion of the
floodplain and provide guidance to buildings exposed to hazards,
such as wave impact in coastal areas.®

Buildings that are built or substantially improved after the date of a
community’s first Flood Insurance Rate Map (FIRM are referred to as
post-FIRM, and are charged actuarially sound insurance rates that
fully reflect the building’s risk of ficoding. Buildings constructed prior
to the issuance of a FIRM for a community are classified as pre-FIRm
and pay an insurance premium based on chargeable rates that are
subsidized by tax dollars. This subsidy was provided both to offer an
incentive for communities to join the NFIP and to make affordable
msurance available for bulldings constructed prior to the availabiity
of flood hazard mapping for a community, without full knowledge of
the risk.

The effectiveness of NFIP-compliant community floodplain manage-
ment regulations and ordinances in reducing flood damages can be
directly measured by comparing the flood insurance claims of buiid-
ings constructed according to those standards with the claims of
buildings constructed prior to the adoption of the requirements by
the community. The NFIP 1s nearly 30 vears old and therefore ad-
equate claims data for the comparison are accessible by computer.
To date, the data represents over 804,189 losses closed and 620,920
losses paid since 1978, Overall, although there is considerable varia-
tion in how well communities implement their floodplain manage-
ment regulations, the data cumulatively demonstrates that mitigation
works, significantly reduces damages, and is cost-efiective. Historical
claims since 1978 demonstrate that pre-FIRM buildings constructed
to NFIP minimum standards sustain 77.7% less losses than pre-FIRM
buildings that were not built to such standards. Post-FIRM buildings
experience fower claims in total and, when claims are filed, the losses
are less severe than in pre-FIRM construction.®

The effectiveness or NFIP floodplain management regulatons in re-
ducing flood damages can also be demaonstrated by comparing the

* The flopdway 15 the charne of 2 rivar of other watercourse ard he adjacert iand areas that musi be
reserved In order to disznarge the pase heod wittaul cumulalively increasing ihe waler-surace gievation
more thar a designatad neight
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produce the fedushar ir expecied annual toss relanve 10 budding value of 77 1%




cumulative loss experience of new buildings with buildings that pre-
date those regulations. Between 1978 and the end of 1995, the ac-
tuarially-rated flood insurance policies in special flood hazard areas
generated a surplus of 3169 million for the National Flood Insurance
Fund after claims and other expenses of the program were paid. By
contrast, subsidized policies on buildings in the specal flood hazard
area yielded a $1.5 billion deficit, This occurred even though the
premiums on policies for the actuarially rated buildings are, on the
average, less expensive than policies on the subsidized buildings.

Since the beginning of 1975, over 2 million buildings have been built
in the special flood hazard areas of communities that participate in
the NFIP  These structures are protected against the 100-year fiood
because these communities adopted and were enforcing floodplain
management ordinances which meet program requirements. As of
1995, FEMA has estimated that each year the community floodplain
management ordinances, prevent over $770 million of flood dam-
ages to buildings and their contents. This figure was calculated using
the difference in historical loss experience between pre-FIRM and
post-FIRM buildings under the NFIP in order to project fosses that
would have occurred if the 2 million buildings had not been built to
NFIP minimum standards,

Another indicator of the NFIP’s
success in reducing flood dam- Buildings buitf to NEIP munimum standards sustain 77.1% less

ages is the change in the distri- | Jpssas than builaings that were not built to such siandards. As
b“f'c’_” “;hf_"émd '”S“Ea:l‘;{em of 1995, it is estimared that each year communily foodpiain
poficles Ta: 8t posT Ry a8 management ordinances prevent over $770 million in

compared to those that are pre- o .
FIRM. One of the expectations | G@Mages o buiidings and eir contents.

of the NFIP was that over time
the existing stock of foodprone
buildings would be upgraded or replaced by new buildings that were
protected from flood damages. As this occurred, the subsidy on in-
surance for existing buildings would shrink and eventually disappear,
and the program would become fully risk-based. The change in distri-
hution of NFIP policies over time indicates that substantial progress
has been made in reaching the objective of reducing the stock of
floodprone buildings. At the beginning of 1978, nearly 78% of the
policies were for pre-FIRM buildings located in special flood hazard
areas. By the end of 1995, subsidized policies on these pre-FIRM
buildings constituted only 34% of the policy base. This change in the
distribution of policies reflects bath the new construction that has
taken place since 1978, and the elimination or upgrading of pre-
FIRM structures that pre-date the NFIR

What is most impressive about the success of the NFIP is the
program’s cost-eifectiveness. The cost of meeting community flood-




plain management requirements is generally less than 5% of total
construction costs. Additionally, in some instances there has been no
increase in construction cost, since NFIP reguirerments can be met
through sound land-use planning; by choosing a comparable location
outside of the floodplain; through no cost modifications to the
property’s grading plan; or by selecting a foundation type or architec-
tural style that lends itself to elevation (e.g., constructing the building
on piles or columns or on a crawl space instead of on a slab). When
there are costs associated with meeting NFIP performance standards,
often the increased costs are offset by other benefits such as improve-
ments in view, provision of low cost covered parking beneath an el-
evated building, and other ameniues.

As this case study indicates, the cost of meeting NFIP requirements
represents an up-front investment that reduces long-term flood dam-
ages. Through the program, any added costs associated with the de-
cision to build in the floodplain are borne by the property owner.
Because the owner assumes responsibility for residual damages
through the increased construction costs and an annual flood insur-
ance premium, no cost is borne through disaster assistance and unin-
sured private losses.

Acquisition/Relocation from Multiple
Hazards: The Castaic School District in
California

The case studies presented so far in this report have

a single hazard mitigation focus. Castaic Union School
District, located in southern California, is a case study which demon-
strates the threat from multiple hazards. After the 1994 Northridge
Earthquake, Castaic Union School District conducted a study of the
earthquake-related risks that threatened their elementary and middle
schools, and administration buildings. The assessment revealed that
earthquake-related structural damage was not the only risk the school
District faced.

As of 1993, the District maintained and operated 63 buildings
{77,000 square feet of usable space} in Northern Los Angeles County,
that consisted of a mix of permanent and portable structures with
construction dates as far back as T917. These structures service ap-
proximately 1,200 students and 115 staif. The San Andreas and San
Gabriel fault systems, two of the mest active faults in the country, pass
through the area in which the District 1s located. In addition, the U.S.
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Geological Survey has concluded that significant
new earthquake activity may occur along bath
the San Andreas and San Gabriel systems. The
San Gabriel fault system has had fewer large
earthquakes than expected over the last 200
years; while 17 large earthquakes would be ex-
pected, only two such events have occurred.
Also, the San Andreas fault system has historically experienced a large
earthquake every 170 years, and it has been 140 years since the |ast
large seismic event {the 1857 Fort Tejon earthquake.

These factors led the Castaic Union School District to conclude in
their study that the probability of a large earthquake affecting their
facilities was high. They also learned however, that the risk went well
beyond possible damages caused by ground shaking. Along with the
expected seismic damage, the study revealed two additional threats:
fiooding from the Castaic Dam and fire or explosion from a rupture in
nearby oil pipelines,

The District’s risk assessment study indicated that the school buildings
were located within the inundation area of the Castaic Dam (located
only 1 7 miles upstream}. If the dam were to fail, the school build-
ings and their occupants would be inundated with catastrophic flood-
ing. The 2,200-acre reservoir above the dam could release nearly
105 billion zallons of water, inundating the area below the darm with
50 feet of water. In 1992, the Califarnia Department of Water Re-
sources (DWR) re-examined the seismic performance of the dam.
Based on the 1992 and previous analyses, the DWR considers the
dam to meet all current safety requirements, and able to resist failure
due to the maximumn credible earthquake.” However, the district's
rsk assessment concluded the probability the Castaic Dam will fail is
never zers, in a catastrophic earthquake, the seismic ground motion
could exceed the dam s design basis, and other factors such as flood-
ing, high-water levels, or large landslides flowing into the reservoir,
could lead to the dam's failure.

Along with the threat posed by the Castaic Dam, the study also re-
vealed that the buildings were at high risk of damage from both fire
and explosion should nearby pipelines fail. Two high pressure crude
oll pipelines currently cross the campus (a 1925 gas-welded pipeline,
and a 1962 modern arc-welded steel pipeling), both of which could
rupture during ground shaking or ground displacement in earth-
quakes. An analysis of the lines and the fault conditions near the Dis-

" Azcardieg 19 vz OWR Pz Castaie Dam o designed to resist Dotk the maumum Sradible 2anhguake ard
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trict indicated that the 1925 line had a 35% chance of failure some-
where in the Castaic area as a result of any large earthquake. The
study also revealed that during the 1994 Northridge Earthquake, both
oil lines sustained some damage within 25 miles of the Castaic School
District.*

This infarmation caused alarm about the sarety of the District’s facili-
ties. In the event of a pipeline failure, a fire or explosion coutd resuit
from the ignition of the released oil, putting both facilities and people
at great risk. Additionally, the ability to prevent a nearby fire from
spreading would be limited by the decreased reliability of water lines
and hydrants, as well as the increased demands on emergency fire
services aiter an earthquake.

Using the results of the District’s risk analysis, it was determined that
the potential economic costs from either a dam failure or oil pipeline
break following an earthquake were enormous. The first potential
cost to the School District would be incurred from bath building and
content damage. Replacement of the school buildings would cost an
estimated $7.7 million in direct construction costs {1995 dolfars).
Second, if such an earthquake occurred, alternative school facilities
would have to be located and rented at an estimated cost of over
$300,000 per year. Third, the community would have to absorb the
costs of losing the educational services provided by the District in the
time period between the ac-

tual loss of the facilities and

Whether due to direct earthguake damage, gam fallure, or 3 the relocation to temporary

break in the nearby off pipeline, the cost relaled ty the 10ss of
the school facility would tolal 87,7 miltion in direct
construction costs. $500,000 & year in rental of temporary
schog! Baciities, and a daily 828,601 10ss in equcalional
Services during the transition to temporary Iacififiss.

iacilities. The School District
ralculated the cost of the lost
public services based on the
aperating expenses required
to provide the services. The
daily cost of lost educational
services was estimated at
528,601.%

In addition to these direct and indirect financial losses, the risk of
earthquake-related casualties in the District’s facilities was deter-
mined to be significant. In an earthquake-induced dam {ailure, the
predicted speed of inundation on the campus caused the risk of casu-
alties to be very high. When calculating this risk, a casualty rate of
250 individuals was determined based on the average hourly rate of
campus usage in a typical week. However, in the event of a dam fail-
ure during school hours, the loss of hife could be as high as 7200 stu-
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dents and 115 faculty members. In an earthquake-induced potential
pipeline failure, the District calculated a casualty rate of 9 individuals
and injury rate of 45 individuals. Once again, the actual number of
castialties increases dramatically if the earthquake and pipeline failure
occurs during school hours.*

Through the cost-benefit analysis, the District determined that the
most feasible method to reduce their risks would be to condemn the
structures on the old, high-risk site and relocate the campus to a low-
risk area. Given the nature and severity of the potential hazards,
mitigation options other than relocation were judged infeasible.

Once the decision had been made to relocate, the District went to
work to identify an alternative site for the school facilities. The se-
lected location for the campus was completely out of the dam inun-
dafion area and far removed from the fugh-pressure oil pipelines.
Thus, the risk posed by the dam and oil pipelines hazards would be
eliminated. While the campus would still be within an active earth-
guake fault area, the new campus building would be constructed to
fully conform to 1995 building code provisions, thus making them
more resistant to seismic damage than the buildings being replaced.

The District then agreed to turn the land over to the Newhall County
Water District as soon as the relocation effort was underway. The old
school property is located above two active wells, which the water
district can use to supply their customers in Castaic. In doing so, they
changed the property deed to restrict human habitation and develop-
ment, and to return the site to natural open space.

The Castaic Schoot District financed the relocation effort through a
combination of grant money from FEMA and the sale of bonds. The
District applied for and receved a §7.2 million grant through FEMA's
Hazard Mitigation Grant Program for the market value of the prop-
erty, including the existing structures and infrastructure. The district
used this funding, plus 520 million generated by school bonds, to
rebuild the elementary school, district office and middie school; and
to relocate the elementary school students into temporary buildings
during the construction of the new faailities. The new middle school
opened in the fall of 1996, and plans call for the new elementary
school to open In August 19971

™ {und Feomwary 1998)
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‘Mitigation saved the
Anfieuser Busch facility
in Los Angeles after
Northriage. The
Anfieuser-Busch
£ngineering Depariment
refrofited the plant to
contorm to the LA
Seismi¢ code—and the
plant was functioning
within days of the
qiane

"Without those
revisions—ithey would
have sustained more
than 8300 million in
direct and interruplion
fosses "

JAMES L WITT, DIRECTOR

FEMERAL EMERGEANCY
MANAGEMENT AGENCY

Seismic Retrofitting to Avoid Business
Disruption: Anheuser-Busch, Los
Angeles, California

Mitigation is a concern of everyone: individuals,

businesses and governments. Of the three, businesses need
1o focus the most on the associated economic benefits of mitigation.
With any business, if a large segment of its profit base is supported by
the functioning of one facility, protection against disasters is critical.

Anheuser-Busch operates a large brewery just a few miles from the
epicenter of the January 17, 1994 Northridge Earthquake.** This fa-
cility serves the company s markets throughout the Southwest and
Pacific regions. In light of the area’s high earthquake hazard,
Anheuser-Busch initiated a risk reduction program at the brewery in
the early 1980s. A risk assessment of critical buildings and equip-
ment was performed, and those with unacceptabie levels of risk were
seismically upgraded, without impacting daily operations. Sesmic
reinforcements were designed for a number of buildings and the eniti-
cal equipment contained within, including buildings housing bever-
age production and vats where the beer is stored and aged.

The Northridge Earthquake produced very strong ground motion,
causing extensive damage in the immediate vicinity of the brewery.
However, post-earthquake surveys conducted by the company’s en-
gineering consultants, indicated that none of the retrofitied structures
sustained damage. On-site facilities of lesser importance had not
been strengthened and consequently sustained damage, requiring
repairs. However, none of the vats which are essential to the
brewery’s operations, was damaged. The brewery was quickly re-
turned to nearly full operations following minor cleanup, repairs, and
restoration of the off-site water supply.

The Anheuser-Busch brewery business interruyption cost could
have exceeded 8300 mitfion from ihe Northridge Earthquake
fiad seisimic strengithening baen omitted. This is more than 15
times the actual cost of the brewery 5 1055 controf progran.

Anheuser-Busch conservatively
estimates that had seismic
strengthening not been per-
formed, direct and business
interruption losses at the brew-
ery could have exceeded $300

million. According to
Anheuser-Busch, this is more
than 15 times the actual cost of
the foss control pragram.

2 The fallowirg iniormation was taken from Tne Norlenidge Earipquake Four Exarmples ol Proactive Aisk
Managemert, Brogchiva Risk Managemert, (Catifornia EQE Internatignal, 1894




Clearly, this loss control program paid for itself in the Northridge
Earthgquake event. While this is but one example, the Anheuser-
Busch case study indicates that mitigation measures can strengthen
corporate balance sheets.

Mitigation against the effects of natural disasters is a
community-based undertaking that is long-term in

outlook. it requires the efforts of the Federal, State, and local gov-

ernments; non-profit organizations; and profit-making businesses.
Mitigation often requires a structuring of incentives and relies on a
recognition of the risks of natural disasters, and the development of
new methods to reduce these risks. Most of all, successful mitigation
requires leadership. FEMA has exercised such Jeadershlp and, with
the partnership of the Congress, has made progress in lessening the
likelihood that future natural disasters will be as severe as they have
been in the past.

Although we cannot stop natural disasters from occurring, we can
lessen their impact on people, communities, and the nation as a
whole through effective and often creative mitigation. While the case
studies presented here provide only a snapshot of the mitigation ef-
forts being implemented across the country, they clearly demonstrate
that loss of lives and property can be reduced through cost-effective
mitigation measures.

V.
Summary
and
Gonclusions
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