Oregon Schools Seismic Safety Project
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INTRODUCTION

The purpose of this project was to assist in the
development of a statewide earthquake vulnerability
analysis of Cregon schools and to use the resulls to
prepare a mitigatlon planning methodology for use by
schoal faclliies personnel. Western Oregan has approxi-
mately 1,200 public schools in 173 districts. Historic
earthquake activity, including recent damaging earth-
quakes in the Scotts Mills and Klamath Falls communi-
ties, and the results of earthquake studies by the Cregon
Department of Geology and Mineral Industries
(DOGAMI), the U5 Geological Survey (USGS). and
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other scientists indicate that western Cregon 15 an area
of high earthquake hazard. Schools located in western
Oregon are potentially vulnerable to  earthquake
induced damage and associated human and economic
losses

The Oregon School vulnerability project was to be
carried out In three phases: (1) develop o gencral
screening tool to assess school earthquake vulnerability,
(2) complete data analysis and validate study data col
lected in the generl survey wsing detailed studies of
representative districts, and {3) develop 2 methodology
to assist schoal facility planners In the management of
school mitigation projects. This report focuses on the
progress macde in phase 1. The Qregon Emergency
Management and the Federal Emergency Management
Agency provided funding for the completion of phase 1
Phases 2 and 3 were not funded

Figure 1, Earthquake damage at Molalla High School from the Scotts Mills (“Spring Break™) earthquake, March 25, 1993,
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BACKGROUND

The extensive Oregon public awareness program on
regional earthquake hazards and their potential impact
on buildings, combined with the recent occurrence of
several damaging Oregon earthquakes, have raised
concerns about the potential vulnerability of Oregon
school buildings to earthquake damage. The building
standards used to design schools and other buildings in
Oregon and other parts of the country have changed
over time as new information on regional earthquake
hazards and the response of buildings to earthquake
shaking has been developed. Oregon schools built be-
fore 1991 used earthquake design standards below
those required in Oregon today. Schools built before

about 1952 were unlikely to have used any earthquake
design measures. Figure 2 shows changes in the Uni-
form Building Code (UBC) seismic zone map from
1946-1998 (see Technical Note). A survey of school
buildings was needed to identify the level and the distri-
bution of vulnerability among Oregon Communities.
The screening tool to collect data to be used in the
vulnerability assessment was developed as a means to
manage costs. The Oregon Department of Education
estimated that it would take $1.2 million dollars to
collect data on school buildings if one were to use
standard building inventory techniques. A less expen-
sive approach to identify areas of particular concern was
desired. The screening tool developed relies on local

Figure 2. Diagrams showing history of Uniform Building Code zoning for the West Coast. Partially modified from
International Conference of Building Officials (1997) and earlier issues of that series, except for 1998 diagram, which
shows the western portion of the seismic zone map of Oregon, taken from Structural Engineering Committee (1998), as
adopted by the Oregon Building Codes Division, Department of Consumer and Business Services. All eastern counties not
shown here are included in Seismic Zone 2b (white); most of western Oregon is assigned to Seismic Zone 3 (light shade);
and “all that land which lies westerly of Range 10 West of the Willamette Meridian from the north line of Coos County to
the northerly line of Township 10 South (just south of Otter Rock), and all of Coos and Curry Counties” are included in

Seismic Zone 4 (dark shade).

OREGON GEOLOGY, VOLUME 60, NUMBER 6, NOYEMBER/DECEMBER 1998

133




Technical Note

The Uniform Building Code (UBC) sets design
standards adopted by most communities in the west-
ern United States. UBC earthquake design standards
vary according to (1) the amount of ground shaking
expected to occur in an area and (2) the distance of
buildings to the fault or faults that may cause the
shaking. The modern UBC defines five seismic zones
based on these criteria, ranging from the highest
level of ground shaking and nearest faults (Zone 4)
to the lowest level (Zone 0). The Oregon State
Building Code Agency assigned western Oregon to
Seismic Zone 3 in 1991 as did the UBC in 1994.

district personnel to provide information to an initial
survey questionnaire.

A “risk management” approach to the project was
utilized to initially identify and analyze loss exposures.
“Risk management” is defined herein to mean the
process of making and implementing decisions that will
minimize adverse effects of accidental and business
losses on an organization. Terminology for risk man-
agers differs depending upon the interested stakehold-
ers, but generally for engineers, earth scientists, and
other earthquake professionals, hazard refers to the
earthquake itself and risk refers to the potential dam-
ages and losses caused by an earthquake and combines
hazard, vulnerability, and exposure. Vulnerability
refers to the degree of loss or damage to particular
structures, or segments of society. Exposure refers to
the items at risk (life, property, business interruption, etc.).

Risk management approach to mitigation
and preparedness

Seismic mitigation by structural engineers most com-
monly means strengthening or otherwise improving the
building's response to earthquakes in order to obtain a
better building performance. A broader risk manage-
ment perspective would define mitigation as those ac-
tions taken to implement risk-control measures that will
be completed before the earthquake occurs. This defini-
tion includes traditional strengthening projects (retrofit),
new design standards, maintenance procedures to im-
prove building conditions, real-estate purchasing crite-
ria, and occupancy criteria to reduce exposure, e.g.,
using older buildings for storage rather than for class-
room use.

Emergency preparedness actions to develop an effec-
tive and rapid response capability to be implemented
when an emergency occurs, may also help reduce the
severity of losses by limiting the amount of additional
damage and injury that may occur after the earthquake
or during aftershocks.

Mitigation and preparedness are complementary
loss-reduction strategies that are a part of any compre-
hensive risk control program.
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A problem facing the school districts is that of fund-
ing costly building upgrades or replacement structures.
Any program developed to reduce earthquake risk
should identify those strategies that provide the
"biggest bang for the buck”.

STUDY METHODOLOGY

A seven-step process (Figure 3) is intended to screen
out facilities of lower risk and direct funds to those in
need. For individual buildings, a small number of build-
ings at an individual school site or for a small school
district, step 2 is often undertaken to evaluate each
building. With 1,200 public school buildings located
throughout western Oregon, this task would be costly
and time consuming. Thus, this project focused on the
initial screening in step 1 (general questionnaire). The
results of this step were to support the development of
a methodology for school facilities personnel to use in
preparing a seismic mitigation plan.

The Oregon Department of Education provided a
directory of school facilities in Oregon. This information
was used to develop a database of contact information
for each school district located in seismic zone 3. Critical
building information required to screen the vulnerability
of school buildings and to develop an overall mitigation
plan was not available from the state. Oregon school
facility construction and funding is carried out at the
school district level. Thus, the first task was to develop a
survey questionnaire that could be filled out by facility
personnel in each school district. The results of the
survey would then be assembled in a database for
prioritizing the school buildings.

Questionnaire

The general questionnaire developed was a nine-
page document used to collect information on the
vulnerability of the building structures, the exposure or
value at risk (occupancy, use, historical value), and the
opportunity for potential upgrades. The following items
give a general indication of the types of information
requested:

e General school district information (name, city, en-
roliment, etc.).

e General school information (name, address, contact
person, enroliment, etc.).

e Building vulnerability/construction (construction date,
type of structural system, number of stories, size/
square footage, shape, deterioration, upgrades, etc.).

o Site (settlement, slopes, landslides, soil conditions, etc.).

® Building documents (availability of drawings or previ-
ous studies).

e Historic registry or value.

e Mitigation opportunities (schedule for demolition,
repair, reroofing, etc.).

e Environmental risks (natural gas, asbestos, chemicals,
etc.).
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STEP 1

Develop Seismic Mitigation Plan
and Perform Initial Screening

Set program goals and objectives

Perform initial screening

Agency facllity managers complete their surveys
Define exemptions (filter exclusions)

Costs based on typical retrofit costs ($/sq. ft.) for building type
Highest evaluated bulldings of Step 1 are sent to Step 2

STEP 2
General Structural Assessment

ATC-21 approach plus
Modify structural ranking

Completes plan review of existing drawing

Brief bullding field observation
Evaluates buildings

Costs based on typical costs for Identifled deficlencles
Highest evaluated Step 2 bulldings are sent to Step 3

Selsmic Program Structural Enginesr:

STEP 3

Detailed Structural Evaluation Prepares evaluation report

Highest Step 3 buildings sent to Step 4
Costs based on engineer's analysis and identifled deficiencles

Population Consuiltant Structural Engineer:
Prepares structural analysis of selected bulldings

STEP 4 Consultant Structural Engineer prepares Schemes and Structural Estimate
R Benefit-cost ratio (BCR) prepared for:
Cost Analysis Part 1: Structural retrofit only (Structural BCR)
(Cost) Part 2: Structural retrofit plus (Total BCR)
Fire and life safety
Asbestos and other hazards
Access
All of Step 4 bulldings are sent to Step 5
STEP S Final report
Recommendatlons made for projects to be included in budget
Recommendation
(Report)

FOLLOWING BUDGET APPROVAL:

STEP 6
Detailed Design

STEP 7
Implementation

Figure 3. Summary description of seven-step procedure to assess school earthquake vulnerability and act on it.

Past earthquake damage.

Occupancy (occupancy, hours, etc.).

Building function (school use, nonstudent use, plans
for community shelter).

Relocation (alternate sites).

e Comments on completing the survey.

The questionnaire was sent out to 173 school districts
in western Oregon. Responses were received and
logged for 93 districts (55-percent response). Data entry
using Microsoft Access and preliminary data analysis
was completed for approximately 20 percent of the
districts surveyed. Late responses and the termination of
funding for the project prevented the input and analysis
of the remaining data.

Screening/ranking methodology

Initial results for the completed questionnaires were
screened using a methodology and ranking system
previously developed for the City of Seattle buildings.
The informal prioritization method shown in Figure 4
utilizes a weighted point-ranking system based on the
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structural risk (exposure, vulnerability, and hazards),
function rank, opportunity, and historic value.

PRELIMINARY RESULTS

Examples of the results are displayed graphically in
Figures 5 and 6. As noted above, data entry was not
completed for all of the responses received, data were
not verified, and the informal prioritization method was
not modified to account for items specific to the project
such as benchmark years of local construction. How-
ever, preliminary results of the data can indicate some
interesting trends.

THE NEXT STEP AND BEYOND:

In order to complete the Step 1 initial screening and
data collection, which will assist in developing the
mitigation plan, several tasks should be completed as
follows:

1. Complete Oregon school vulnerability study.
e Complete data entry (late responses), review building
(Continued on page 137)
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Fgure 4. Schematic representation of informal Pricritization Method developed for bulldings of the City of Seattle
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Very high vulnerability (31%)

« All unreinforced masonry

* Pre-1976 tilt-up

* Pre-1976 reinforced masonry
» Pre-1976 concrete frame

31%

9%

6%

High vulnerability (6%)

* Post-1976 reinforced masonry
e Post-1976 concrete frame
¢ Pre-1976 concrete shearwall

Low vulnerability (9%)

o Light metal buildings
¢ Post-1976 wood 1

Moderate vulnerability (54%)
¢ Pre-1976 wood 1

o All wood 2

¢ Post-1976 concrete shearwall
o All steel frame

Figure 6. Distribution of surveyed schools according to vulnerability category: very high, high, moderate, and low.

(Continued from page 735)
surveys, confirm missing/confusing data, modify re-
sponses as needed (e.g., construction dates of 1996
and unreinforced masonry are not feasible).

e Establish weighted functions to sort collected data
into mitigation priorities, including benchmark years
showing dates when critical earthquake design re-
quirements were adopted, buildings to be exempted
from the program, etc.

e Complete database design.

e Complete Oregon school vulnerability study by sort-
ing weighted database by selected mitigation param-
eters. Determine vulnerability groupings by schools
and districts.

e Report findings.

2. Prepare risk-based mitigation methodology.

e Conduct field evaluations of four to five representa-
tive school districts to verify vulnerability study.

® Revise database and mitigation weighting functions
as appropriate.

e Prepare mitigation planning methodology based on
the results, including criteria, district qualifications
and ranking procedures.

3. Develop and deliver mitigation planning workshops.

e Topics to include overall vulnerability of the Oregon
schools, approaches for seismic screening and
evaluation of school buildings, cost estimation,
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integrated school planning models, criteria for State
mitigation program.

SUMMARY

A general questionnaire was developed and com-
pleted to assist in the identification of earthquake expo-
sures and the associated risk to western Oregon schools.
Returned data were not complete nor were they stan-
dardized. However, several interesting trends can be
concluded. In order to reduce the potential risk to the
Oregon school system, a combination of mitigation and
planning should be performed. Step 1 information can
assist in prioritizing funding for both the mitigation and
planning process. Proper evaluation of the needs of
public schools in Oregon with respect to seismic design
will require additional professional survey work with
standardized procedures.
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Seismic risk reduction efforts in
Tillamook honored by WSSPC

Tillameok County General Hospital {photo be-
lowe) has received an "Award in Excellence” for
new technology from the Western States Seismic
Falicy Council (WSSPC)

With the award, the multi-state Council recog-
nized the successful afforts of the County to im-
prove the structural safety of the hospital from the
destructive effects of marthquakes. The goal was to
strengthen the facility so that it would allow imme-
diate occupancy after a 500-year retum interval
earthguake

In the course of renovating and expanding the
hospital facilities, fuld viscous dampers were in-
stalled in “dynamic” braces (example in phato on
right) that will dissipate shalking energy. The im-
nroved elastic design exceeds the required stan-
dards of Sesmic Zone 3. It actually satisfies Seismic
Zone 4 standards, which are required only in areas
along the southern Oregon coast.

The fluid damper technology itself is a century
old However, Its use in Tillamaook 5 the first time
in history that it is -applied to a "fixed-base"
hospital, i.e.. a hospital with a base not already
specially designed to nde out earthquakes

The use of this approach made construction of
additional shear walls unnecessary and kept
construction-related disturbance of the hospital lo
a mimimum

For a description of the project, see Craig Kefler,
1998 “When in doubt, damp it out” - Connections
(@ publication of the Structural Engineers Associa-
tion of Cregon), Apni 1998, p. 56 0
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