COMPLETE REPAIR AND RESTORATION

Introductory Remarks

The purpose of complete repair and restoration is to rebuild the water
and sewer system to its original form. The decision concerning com-
plete repair and restoration of a damaged svstem should be based on the
following considerations:

10.

11.

12.

13.

The intensity and character of damage to pipes
The intensity and character of damage to manholes
The intensity and character of damage to inlets

Comparison of functional operations before and after the
earthquake

The expected life and plan of usage of the facility
The expected life of the structures

Soil properties, ground water level and buried depth
Construction environment

Special characteristics of the stricken area

The effect on users

The effect on roads

The effect on surrounding facilities

Restoration method and its application

Methods of Restoration and/or Repair

Repair/restoration work for water and sewer pipelines can be categor-
ized as follows:

1.

2.

3.

Repalr/restoration to original pipeline strength
Repair of cracks to stop leakage

Restoration of pipeline axis alignment

The methods of repair/restoration for the above three categories are
outlined as follows:

1.

Methods of Repair/Restoration to QOriginal Pipeline sStrength
] Replacement of pipes
] Reuse of 0ld pipes
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Adding of concrete around pipe
Irdection of epoxy

Welding of steel plate
Caulking

Encasement of pipe

& ® s N e

2. Hethods of Repair for Leakage

Caulking

Use of super joint glue

Sealing

Grouting chemically

Use of rubber band on outside surface of pipe
Use of rubber band on inside surface of pipe
Use of water-stopping flexible joint
Replacement at bottom of pipe by special frame
Injection of epoxy

Encasement of pipe

Steel plate connection

3. Methods of Correcting Misalignment of Pipeline
. Injection of epory
. Grouting with cement
. Replacement with new pipe
¢ [eveling techniques

RETROEITTING ISSUES

Since a seismic design code for buried pipelines is not available at
this time., existing pipelines, either sewer or water, are probably not
dezigned for seismic resistance. Retrofitting of existing lines for
seismic resistance is definitely one of the desires that the owner of
tre utility may wish to consider. However, retrofitting of existing
water or sewer pipelines 1s a very expensive, if not impossible, task.
The difficulty lies in the facts that {l1) most water and sewer lines
are buried under congested streets and (2) so many lires are in need of
retrofitting. The opening of a street for repair at an isclated loca-
tion is very difficult and expensive: the opening of all street for
retrofitting of all existing lines is out of question.

J=rer important facts are that sc many uncertainties (e.g., exact soil
croperties, seismic intensities) are involved In a retrofitting project
ared no effective retrofitting method has been vet developed. There-
fore, retrofitting of all existing buried pipelines 15 not recommended
bv most experts in the lifeline earthquake engineering field.

Wnat one can do at the present time is to upgrade the existing system
during routine maintenance or disaster repair works. The following
items should be considered:

1. Replace current hrittle pipe with more ductile pipe

2. EReplace current rigid joints with more flexible and/or re-
strained joints
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3. Replace current pipes that have been weakened by corrosion
4. Repalr cracks with strong epoxy

For an important project such as a nuclear power plant, retrofitting,
repair, and/or replacement of pipelines may be necessary. The methods
are as follows:

1. Add drainage around exlsting pipes at regions of possible so0il
liquefaction

2. Inject chemical (or epoxy) or cement into soil ligquefaction
region

3. Drive piles at junction between pipeline and interconnected
structures

4. Densify soils surrounding the pipeline

5. Add anchorage to pipeline

SCIENTIFIC AND ENGINEERING INFORMATION
HEEDS AND RECOMMENDATIONS

For the mitigation and/or prevention of an earthquake disaster, repair
and/or restoration of earthquake damage as well as the development of
an aseismic code for segmented and jeointed pipelines, much scientific
and engineering information is needed in the following areas:

. Understanding of earthquake damage behavior

[ Pre~earthquake preparation

s Repair and restoration strategy during and after an earthguake
¢ Development of aseismic design code for new systems

. further research

Inderstanding Earthquake Damage Behavior

An earlier section of this paper described damage from recent earth—
quakes in the United States, Japan, and China. Some types of damage to
be expected are now known. However, the influence of many parameters
are known only gualitatively (e.g., soil resistance characteristics,
joint resistance characteristics). Detailed or guantitative informa-
tion r=garding these parameters will be needed. The effects of other
geological parameters (g.g., ground strain variaticns, llguefaction
potential) are still relatively unknown. Therefore, monitoring of
pipeline damage should be continued. When possible, seismometers and
strain and displacement gauges should be installed.
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Pre—earthquake Preparation

Pre—=arthquake preparations and measures alsc were discussed above.
For this task, a complete inventory and map of the pipeline system
should be prepared for emergency use. It is necessary to identify the
most vulnerable regiens for quick reference. It is also necessary to
set up communication networks in advance. Parametric studies of analy-
tical respgnse behavior will be helpful in identifwing weak areas.

Repair and Restoration Strategy During and After Earthquake

For efficiently tepairing and/fotr restoring buried pipelines during and
after an earthquake, effective repair and restoration strategies must
be developed. Emergency survey/inspection nmeasures already have been
presented. One must now assess the various methods and their applica-
birity to various conditicons for use in a strategy plan.

The strategy plan should identify the method, procedure, and priority
for repair and/or restoration under different intensities of an earth-
quake disaster. The manpower and materials or parts needed for the
repair/restoration should be estimated. The organization of the re-—
pair/restoration team and an inventory of material/parts should be
preoared accordingly.

ONGOING AND RECONMENDED FUTURE RESEARCH ACTIVITIES

As indicated above, an aseismic code for buried pipeline has not been
developed and many uncertainties remain. Research and development work
i= being diligently pursued in many countries, including the United
States and Japan. by many researchers and engineers. The major topics
¢f current and recommended research investigations are summarized
palow,

Ground Motlon HMeasurement

Seismic behavior of buried linear structures, such as plpes and tun-
nels, is stromgly influenced by the relative displacement of the sur-
rounding soil. This concept has been implement2d in the design con-
siderations for buried pipelines, but observation data on soil strain
gre limited and fragmentary. Recently, severa: strong-motion network
arrays to study ground motion characteristics have been established
around the world, particularly in Japan, the United States and Taiwan.

Using the strong-motion data recorded from the dense network arrays,
tne ground displacement/strains can be calculated. As a result, the
correlation of ground strains with local seismological, geological, and
geotechnical conditiens can be studied.

tecr the rorrelation betweern ground motion cnaracteristics (ground
“isplacement/strains! and the buried pipeline seismic behavior, the
rstitute of Industrial Science, University of Tokyo, has incetrumented

v 0
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two L-shape buried pipelines at its Chiba Site Experimentation Sta-
tion. Preliminary results have been obtained from several actual
earthquake records. The field observation of buried pipeline response
to actual earthquakes is a long-term project.

Similar projects are being proposed by several investigators. Once the
correlation between ground motion characteristics and the pipe re-
sponses in terms of local site conditions has been confirmed, the
design of buried pipelines for seismic resistance would be mare effec—
tive.

Pipeline Under a Soil Liquefaction Environment

There has been heavy damage t¢ buried pipelines under soil liquefaction
environments, particularly at the 3junction of heavy structures and
pipelines, as observed and reported in Japan and China. Although both
analytical and experimental studies on the behavior of buried pipelines
under soil liguefaction environments have been initiated, results ob-
tained are only preliminary and limited.

The importance of uplift and =o0il movement upon pipelines during licque-
faction have been recognized. &#n=iytical correlation and prediction of
pipeline responses are of Interest. HMost of all, methods to mitigate
damage and improve site environments are under development. Some of
the ongeoing Japanese research activities on buried pipeline responses
under so0il liguefaction environments are listed below:

1. Experimental study of buried pipeline including manhole by
shaking table tests

2. Experimental study of improved measures for buried pipelines
including manholes under soil liquefaction environment

3. Dynamic response study of buried pipelines including manholes
under soil liquefaction environments

To complement and/or supplement the Japanese investigation, similar
research with common objectives but a different scope and appreach
should be initiated and implemented under the U.S.-Japan Cooperative
Research Preogram. This may be done from the U.5. side by one or more
academic and/or research institutions. A budget of $300,000 is esti-
mated.

Dynamic So0ll Resistant Characteristics

The seismic response of buried pipelines is greatly influenced by the
dyvnamic soil resistant characteristics. Without accurate information,
the analytical predicticn of the dynamic response behavior would not be
accurate. Using inaccurate results, the design of buried lifelines
will not be satisfactory. Therefore, the complete understanding of the
dynamic soil resistant characteristics is necessary for development of
an aseismic design code for buried pipelines.
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Under a seismic shaking environment, the dvnamic axial soil resistant
characteristics are most important. Unmder a s0il liguefaction environ-
ment, the dynamic lateral soil resistant characteristics also are
important because both uplift and lateral motion would become dominant
under a liquefaction condition.

for a buried pipeline under large fault movement, the static axial and
lateral soil resistant characteristics would be of interest. Because
Japan has much new and sophisticated equipment (e.g., shaking tables
with multiple degrees of freedom, reaction walls), this task should
preobably be carried out by Japanese investlgators or under a U.S.-Japan
joint research program using Japanese aguipment. This task may be
accomplished in two years with a budget of $200,000.

Joint Resistance Characteristics

For segmented and dointed pipelipes, Joint resistance characteristics
play & mater role in the seismic resistance of pipelines. Currently,
the conventional Jjoints and seals have not been studied thoroughly for
performance during an earthquake,

Furthermore, in order to allew larger displacements and to absorb more
energy during seismic shaking, ligquefaction and fault movement, new
types of flexible-restrained Joints should be developed. It is recom-
pended that such development work be carried out in the near future.
The pipe Joint industry should be encouraged to cooperate in this task
by contributing their pipe-joint specimens. The budget is about
£150,000 without including equipment and specimen costs.

Development of Tentative Manual of Practice

While research is being carried out and/or proposed toward the develop-
ment of a comprehensive seismic design code for butried segmented and
jointed pipeline for future applications, it is necessary, in the mean
tire, to develop a tentative manual of practice for immediate applica-
tion using the current state of knowledge. This manual should be
refined continuously as new information or knowledge becomes available.

The development of such a manual of practice would be best done by a
croup of academic researchers and practicing engineers in the field.
Currently. the Water and Sewerage Committee of the American Society of
Civil Engineers' Technical Council on Lifeline Earthquake Engineering
(TCLEE), which consists of both academic researchers and practicing
engineers, has initiated a proposal to undertake the task. It is
recommended test funds be sought to sponsor the project. A budget of
2150,000 to $200,400 Is estimated.
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APPENDIX A

WORKSHOP AGENDA



Workshop on

Abatement of Seismic Hazards to Lifelines

Denver, Colorado
November 5, 6, and 7,

Presenter/Speaket

Introductoty Eesarks
Goals For the Korkshop
FEBA Interest in Lifelines

Overview of Sersaic Hazards 1n the U.5.

Presentations of Qraft Action Plans/Category

o Harer & Sewer
o Transportaclen
o Communicat long
o Gas & Liquld Fuel

0 Seisnic Risk

Luncheon - Guest speaker on *The 1906
ban Franc1yco Earthquake - A New

Final Beview & Discussion of Authored Papers

¢ Water § Sewer
¢ Transportation
¢ Comsunlcations

o cas § Liquid Fuel
¢ Pobitical/3ocial/Economic
o Legalsiequlatoly

Presentations of Global Issues, Probless

and Related Action Pians

¢ Politicals/Social/Economic
o Legalfiequiatory

Discusaion and Critique of, Reaction to

Session Activity
TITSZISITTITSITISSRL EZTEZIE=X
Wednesday, Wov. §
T140 - 8:30aa Registration
B:40 - 10:00am flenary
10:00-10:15an fireak fefresnaents
10:15am - noon Plenary
o Power
Noon - 1:30pa Plenary
Perspective”
1:30 - 5:09pe Concurrent
¢ Power
§:30 - 7:10pa Pienary Banquet
1:40 - 8:15pu Plenary
8:15 - 9:300m Pienary
Presentaticns
Y:30pa ADJOURMEERT

James R. Seith, MSSC

Roy 6. Johnston, Session Ch.
Ugo Horelli, FEMA

Walter Hays, (05G5

Wolly Cornsll
James Gates
John Foss

Otto Steinnardt
Douglas Nyman

Ronald Equcht

David Fowler

Individ. authors
Individ, authors
Individ. authors
Individ. authors
Individ. authors
Individ, authors
Individ. authors

William Petak
dorton Resaer

Roy G. Jonnston [Boderator:



jession ttlvity Boderator/Speaker

d:30am - noon Concurtent Oiscussion of Action Plans Per (ateqory

9 ¥ater & Sewet Holly Cornetl

o Transportation Janes Gates

¢ Cossunications Jobn Foss

o Power 0tto Steinhardt

9 Bas & Liquid Fuel Doyglas Nyman

o Seiswic Risk Fonaid Equchi
foon - |-i0pa Plenary Loncneon - Guest Speaker on “Fire Following

farthquakes - Lifeline Interactions® Charles Scawthorn
l:3008 - S:ulpe Concurrent Zevrite and finalize Action Plans per Category

o Hater & Sewer Helly Cornell

o Transportation James Gates

o Commynications Jonn fFoss

o Power Otto Steinnardet

o ¢as & Liquid Fuel Douglas Mysan
S:90pa ADJOURNBENT tEvening open)

Session Activity Boderator/Speaker
2T I SIIIS TS TIZES S ERIIITIEEE SEZITITEXIETET TITTES - RIS EEREESSSSSIIFESZIEIEES
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§::0aa - noon Plenary fresentations and Discussion of Final Draft foy €. Jobnston
Action Plans

10:56-14: 158 Breax fefresbaents

Noon ADJOORNBENT {w1th exception of Action Plan Committee)

Noon - [:3pa Cosaittes Luncneon

1:30 - 4-30pe Comaittee iction Plan Compattee ae2ting to:

o finalize plans for cospletion
o BaKe assignaents
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BSSC Lifelines Program Management Committee

Roy G. Johnston, Brandow and Johnston Associates, Los Angeles Califor-
nia (Ex-0fficio member of the BSSC Board of Direction)

Neal Houghton, Building Owners and Managers Association, Phoenix,
Arizona (BSSC Vice Chairman)!l

William R. Moore, Dames and Moore, San Francisco, California

Panel on Water and Sewer Facilities

Chairman

Holly A. Cornell, CHZM Hill, Inc., Corvallis, Oregon
Members

Donald H. Babbitt, Division of Safety of Dams, Sacramento, California

Donald B. Ballantyne, Kennedy/Jenks/Chilton, Federal Way, Washington

Martin Jaffe, University of 1llinois, Chicago

Le Val Lund, Department of Water and Power, Los Angeles, California

James E. McCarty, Oakland, California

Michael J. O'Rourke, Rensselaer Polvtechnic Institute, Troy, New York

Lawrence D. Reaveley, Reaveley Engineers and Associates, Inc., Salt
Lake City, Utah

Charles H. Trautmann, Cornell University, Ithaca, New York

Leon R. L. Wang, 0Old Dominion University, Norfolk, Virginia

Panel on Transportation

Chairman

James H. Gates, Department of Transportation, Sacramento, California
Members

Peter Engelmann, Preinvest, Inc., Bethesda, Maryland

Edward S. Fratto, Massachusetts Civil Defense Agency and Office of
Emergency Preparedness, Framingham

Peter Gordon, University of Southern California, Los Angeles

Roy A. Imbsen, Imbsen and Associates, Sacramento, California

Geoffrey R. Martin,? The Earth Technology Corporation, Long Beach,
California

lcould not attend workshop.

2c. B. Crouse, The Earth Technology Corporation, participated in
the workshop for panel member Martin.
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Ronald L. Mayes,? Computech Engineering Services, Inc., Berkeley,
California

Irving J. Oppenheim, Carnegie-Mellon University, Pittsburgh, Pennsyl-
vania

Joy M. Pauschke, Impell Corporation, Lincolnshire, Illinois

Stuart D. Werner, Wiss, Janney, Elstner Associates, Inc., Emeryville,
California

Panel on Commmnications

Chairman

John W. Foss, Bell Communications Research, Morristown, New Jersey
Members

Leon Faynsod, General Telephone Company of California, Thousand Oaks
Jeremy Isenberg, Weidlinger Associates, Palo Alto, California

Gordon L. Laverty,? Laverty Associates, Oakland, California

Saeed S. Mirzad, Pacific Bell Company, San Ramon, California

Joanre Nigg, Arizona State University, Tempe

Masanobu Shinozuka., Columbia University, New York, New York

Alex Tang, Northern Telecom Canada, Ltd., Brampton, Ontario

Panel on Power

Chai-man

Otto W. Steinhardt, ASCE TCLEE, Clearlake Park, California
Hembers

H. Crane ¥iller, Attorney at Law, Washington, D.C.

Dennis K. Ostrom, Southern California Edison, Los Angeles, California

Anshel J. sSchiff, Stanford, California

Richard T. Sylves, University of Delaware, Newark

Josepn V. Tyrrell, Naval Facilities Engineering Command, Alexandria,
Virginia

Peter I. Yanev, EQE. Incorporated, San Francisco, Califormnia

31an Buckle, Computech Engineering Services, Inc., participated in
the workshop for panel member Mayes.

4p. J. Stief. Pacific Bell Company, participated in the workshop
for sanel member Laverty.
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Panel on Gas and Liquid Fuels

Chairman

Douglas J. Nyman, Nyman Associates, Houston, Texas

Members

Ronald T. Eguchi, Dames and Moore, Los Angeles, California

Marjorie R, Greene, Bay Area Region Earthquake Preparedness Project,
Oakland, California

William J. Hall, University of Illinois, Urbana
Lincoln E. Malik, URS John A. Blume and Associates, San Francisco,
California

Thomas D. O’Rourke, Cornell University, [thaca, New York
Dennis G. Row, SSD Incorporated, Berkeley, California
Overview Group on Legal and Regulatory Issues

Chairman

Norton S. Remmer, Worcester, Massachusetts

Overview Group on Political, Economic, and Social Problems
Chairman

Wiliiam J, Petak, University of Southern California, Los Angeles

Overview Group on Seismic Risk
Chairman

Ronala.T. Eguchi, Dames and Moore, Los Angeles, California

Guest Participants

James E. Beavers, Martin Marietta Energy Systems, Oak Ridge, Tennessee

James D. Cooper,? Defense Nuclear Agency, Alexandria, Virginia, and
member of the fxecutive Committee, ASCE-TCLEE

Rudolif E, Elling, Clemson University, Clemson, South Carolina

Lorie Hoffman, Bonneville Power Administration, Portiand, Oregon

Leo A. Kinney, U.5. Bureau of Reclamation, Denver, Colorado

Edgar V. Leyendecker, U.S5. Geologic Survey, Denver, Colorado

R. Michael McCafferty, Western Area Power Administration., Golden,
Colorado

SAbsent from workshop; reviewed and contributed to Chapter 6, the
action plan for transportation lifelines.



Frank £. McClure, Lawrence Berkeley Laboratory, Berkeley, California

Robin K. McGuire, Risk tngineering Inc., Golden, Colorado

Harry H. Mejdell, CHZM Hill, Inc., Corvallis, Oregon

James R. Morgan, Texas A&M University, College Station

Michael Purdy, Bell Northern Research, Ottawa, Ontario

Charles F. Scheffey, Federal Highway Administration, McLean, Virginia

Arie B. Schuurman,® Pacific Gas and Electric Company, San Francisco,
California

Craig Taylor, NTS Corporation, Long Beach California

Curtis A. Thompson, PRC Engineering, Englewood, Colorado

Felix Y. Yokel, National Bureau of Standards, Gaithersburg, Maryland

Observers

Jane Bullock, Federal Emergency Management Agency, Washington, D.C.
Gary D. Johnson, Federal Emergency Management Agency, Washington, D.C.
Ugo Morelll, Federal Emergency Management Agency, Washington, D.C.

Workshop Speakers

David Fowler, California Academy of Sciences, San Francisco Earthquake
xesearch Project, San Francisco, California

Charles Scawthorn, Dames and Moore, San Francisco, California

Walter Hays, U.S. Geologcical Survey, Reston, Virginia

iorkshcp Recorders

Davic Bessy, CH2ZM Hill, Inc.

David Diggs., University of Colorado

Neil Heywood, University of Colorado

Lynn Highland, U.S5. Geclogical Survey

Peter Morrisette, University of Colorado

Larry Reasch, CH2ZM Hill, Inc,

Sara Rhoades, CHZM Hill, Inc.

Susan Tubbesing, Natural Hazards Research and Applications Center
Mary Jo Vobjeda, CH2M Hill, Inc.

John ®Wiener, University of Colorado

BSSC staff
James R. Smith, Executive Director

0. Allen Israelsen, Consultant
Claret M. Heider, Consulting Technical Writer-Editor

6Participated in development of Chapter 9, the action plan for
power lifelines.
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James E. Beavers is manager of civil and architectural engineering for
Martin Marietta Energy Systems, Oak Ridge, Tennessee.

Donald H. Babbitt is rhief of the Field Engineering Eranch, {alifornia
Division of Safety of Dams. He has been employed by the state of
California since 1957. He has designed or supervised the design of
eight dam embankments including the 390-foot-high Pyramid Dam and the
120-foot-high, ll,600-foot-long Perris Dam, both in scuthern Califor—
nia. Mr. Babbitt received a B.5. degree in civil engineering from the
University of California at Berkeley.

Donald B. Ballantyne is a sanitary engineer with Kennedy/Jenks/Chilton,
Federal Way, Washington, where he has worked since 1931, He is
tesponsible for the design of seismic-resistant pipe support systems
for four Kennedy/Jenks/Chilton wastewater treatment plants. He also
provided seismic vulnerability analyses for the 10 mgd/125 mgd DWE/PWWP
CMSA Wastewater Treatment Plant, pricority ranking unit processes and
evaluating systems. He currently 1is vice chairman of the American
Society of Civil Emgineers Technical Council on Lifeline Earthquake
Engineering (ASCE TCLEE)}. Mr. Ballantyne holds a B.S5. degree in civil
engineering from Rensselaer Polytechnic Institute and a M.5. degree in
civil/sanitary engineering from the State University of Hew York.

lan G. Buckle is director of research and development for Computech
Engineering Services, Berkeley, California. He came to Computech in
July 1984 from the faculty of the University of Auckland where he had
been invoived in bridge and earthquake engineering research for the
previous 15 years. He is an International expert in hkase isolation
technology and currently is principal investigator for several research
contracts funded by the National Science Foundation (NSF) and the
Federal Emergency Management Agency (FEMA}. He holds B.E. and Ph.D.
degrees from the University of Auckland, New Zealand.

James D. Cooper is a civil engineering staff specialist concentrating
on structural and geotechnical engineering with the Defense Nuclear
Agency (DNA). He is manager of the DNA technology-based program to
advance the state of the art concerning understanding of structural
response to seismic loads. Mr. Cooper alsc serves on the Executive
Committee of ASCE-TCLEE and is chairman of the ICSSC Subcommittee on
Lifelines.

W. Gene Corley, Paortland Cement Association, Skokie, Illincis, is
secretary of the BSSC Board of Direction.

Bolly A. Cormell is senior consultant for CH2M Hill, Corwallis, Oregon,
and was a founding partner of the firm in 1946. He served as president
from 1974 to 1978 when he became chairman of the becard. He retired
from that position in 1980 and now serves as senior advisor to manage-
ment, acts as consultant to project teams, and is actively engaged in
assignments on major projects. Mr. Cornell is an honorary member of
the ASCE and past chairman of the Engineering and Construction Commit-
tee of the Technical and Professional Council of the American Water
Works Associaticon (AWWA). He holds a B.S5. degree in civil engineering
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from Oregon State University and a M.E. degree in structural engineer—
ing from ¥ale Unjversity.

C. B. Crouse is a principal engineer with The Earth Technology Corpora-
tion, Long Beach, California. He recently completed a NSF-funded study
on dynamic soil-structure interaction of bridges and is an associate
editor of the Bulletin of the Seismological Society of Amerjca. Dr.
Crouse is a member of various local, state, and national committees in
earthquake engineering and has published over 30 papers in this field.

Ronald T. Eguchl is an associate with Dames and Moore in Los Angeles,
California. He has over 12 years of experience in risk analysis,
earthquake engineering, and natural hazards engineering and has di-
rected major research and application studies in these areas for gov-
ernment and industry. He currently is chairman of the ASCE TCLEE
Committer on Seismic Risk and serves as a member of the ASCE TCLEE
Committee on Gas and Liquid Fuels and Committee on Water and Sewage and
the Earthquake Engineering Research Institute (EERI) Seismic Risk
Committee. He alsc has been appointed to the newly formed editorial
board of #&FRI's technical journal, Spectra.

Rudolf E. Eiling is a member of the faculty at Clemson University,
Clemson, South Carolina.

Peter Engelmann is president of Preinvest, Inc., Bethesda, Maryland,
and a civil emngineer/planner. He has over 20 years experience in a
variety of positions for the World Bank, 1 year with the U.S. govern-
ment, and 19 years with consulting firms on domestic and international
projects related to transportation, ports, and industrial develcoment.
His expertise lies in concept formulation and planning of preinvestment
work, related budgeting, preparation of study programs, and contract
management.

Leon Fawynsod [s senior network engineering supervisor for General
Telephone Coopany o©of California, Thousand Daks, where he has worked
since 19&5. He is a memoer of the ASCE TCLEE Electric Power and Com—
munications Committee, the EERI, the Colegio de Ingenieros Civiles de
Hexico, Camara Nacional de la Industria de la Construccion, the sState
of Czlifornia Governor's Earthguake Task Force Telecommunications
Subcommittes, and the Stzte of California Public Utilities Commission
Subcommittee on Earthquaxe Resistance of Public Utilities. He holds a
B.S. degree in engineering from the Colegioc Franco Espancl and a M.5.
degree in encineering froa the Universidad Nacional Autonoma de Mexico.

John W. Foas is district manager for Bell Communications Research,
Inc., Horristown, New Jersey.

David Fowler is an zssociate of the Califormia Academy of Sciences., San
Francisco Earthaquake Research Project, San Francisco.

Edward S. Fratto 1s manager of the Massachusetts Civil Defense Agency
and C0ffice of Emergency Preparedness Earthquake Hazard Mitigation
Program. His professiona’ activities have focused primarily on earth-
quake hazard wmitigation =nd he has keen responsible for the management
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and coordination of several studies on the earthaquake hazard in Massa-
chusetts and Hew Enaland. He is a member of the National Academy of
Science-National Research Council Panel con Earthguake Loss Estimation
Methodology and the USGS Boston Instrumentation of Structures Advisory
Committee,

James E. Gates is structural mechanics and supervising bridge engineer
for the Dffice of Structures Design, Division of Structures, Department
of Transportation, State of California. He joined the Califgrnia
Department of Transportation (CALTRANS) {(then the California Division
of Highways) in 1959. After the 1971 £an Fernando earthquake, he
became the Key person at CALTRANS in the development of the 1973
criteria that eventually led to the current nationwide seismic design
guide specification. He alsc is responsible for the development of
several computer programs to aid in bridge design. He is a member of
the ASCE, EERI, and the Professicnal Ernglneers in California Government
as well as many other technical committees. He holds a B.S. degree in
civil engineering from the University of Cincinnati.

Peter Gordon is director of research of the Flanning Institute at the
University of Southern California's (USC) School of Urban and Regional
Planning. He is alsc associate professor of urban and regional plan-
ning and economics at USC and research associate at USC's Population
Laboratory. His research interests include topics in applied urban and
regional economics including transportatlion policy analysis and his
recent work includes development of evaluation models with applicaticns
to disaster mitigation policy analysis. He earned his Ph.D. from the
University of Pennsylvania.

Marjorie Greene is a project planner with the San Francisco Bay Area
Regicnal Earthquake Preparedness Project (BAREPP). Her responsibil-
ities include providing technical and planning assistance to a range of
local governments and schools in the Bay area interested in developing
earthquake preparedness programs. Foermerly, she was a research sclen-
tist at Battelle Human Affairs Research Centers where she participated
in numerous research projects on natural bazards and public policy.
Ms. Greene has a masters degree in urban planning from the University
of Washington and is a member of EERI and the American Institute of
Certified Planners.

William J. Hall is professor and head of the Department of Ergineering
at the University of Illinois, Urbana, and principal investigator for
two research projects, one in earthguake engineering sponsored by the
HSF and the other in hardened military structures sponsored by TRW,
Inc. He is the author or co-author of more than 150 publications
covering topics in the fields of structural erngineering, structural
mechanics and dymamics, earthquake engineering, plasticity, fatigue,
brittle fracture mechanics, civil defense and education. He is a
member of the National Academy of Engineering and has received ASCE's
W. L. Huber Research Award, Newmark Medal, and Howard Award.

Walter W. Hays is deputy chief for research applications, Office of
Earthoquakes, Volcances, and Engineering, U.S. Geclogical Survey {(USG5),
Reston, Virginia. Prior to joining USGS in 1973, he worked for the
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Environmental Research Corporation and & number of universities. His
accomol ishments in academia, industry, c<onsulting, and government have
advarced the state of knowledge in geclogy, geophysics, and earthgquake
engineering in the United States and cother parts of the world. Since
1977 nis work has focused on the transfer of knowledge from USGS resea-
rchers te other federal agencies, state agencies, and the private
secter.  He received a B.S5. degree in geclogy from Southern Methodist
University and M.A. and Ph.D. degrees in gegphysics from Washington
University.

Chris HBendricksen is an associate professor in the Department of Civil
Engineering at Carnegie-Melion University, Plttsburgh, Pennsylvania.
He &iso serves as secretary to the Executive Committee of the ASCE
Urban Transportation Division and the Beard of the Transportation
Science Section of the Operations Research Society of America. His
ressarch interests include investment analysis, problems of estimation,
and probabilistic treatment of network performance.

Lorie S. Hoffman is a structural engineer for the Department of Energy,
Bonneville Power Administration, Portland, Oregon.

Roy A. Imbsen is president of Imbsen and Associates, Sacramento, Cal-
iformia. His professional experience spans 25 years, 15 of which was
spent 2t the California Department of Transportation and 10 in private
practice. He has been involved in developing, implementing, and teach-
ing new techniques and methodologies to bridge designers for the past
l& wears and has provided consulting expertise on a variety of pro-
jects. He received 2 B.S. degree in civil engineering from the Univer-
sity of Illinois, a M.S. dearee in civil engineering from Californiea
Stare University, and a Ph.D. in engineering from the University of
California.

Jeremy Isenberg i z principal of Weidlinger Asscociates in Palo Alto,
California. He is cpzirman of ASCE TCLEE amwd a member of EERI. He
holds a B.S. degree in civil engineering from Stanford University and a
Ph.C. in structural engineering from Cambridge University.

Martin Jaffe is associate professor of urban planning and policy at the
University of Illineis, Chicago, He has conducted NSF-funded research
that examined seismic risk mitigation throwugh land use planning and
control. He holds a J.D. degree from Wayne State University and a
LL.®. degree from DePaul University.

Roy 6. Johnston, Brandow and Johnston Assgciates, Los Angeles, is a
forser chairman of the BSSC and ex-officic meanber of the BSSC Board of
Direzction.

Robert P. Kennedy received B.S., M.5., and Ph.D. degrees in civil
{structural) engineering from Stanford Uniwversity. He has over 20
years experience in the design and evaluation of civil and mechanical
structures in the petroleum, nuclear, and defense industries for seis-
mic & other dynamic loadings. He has been responsible for developing
and zpplying seismic design criteria for several pipeline and storage
tan¥ orojects in Alaska, Canada, and California. He was the founding
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chairman of the ASCE TCLEE Gas and Liquid Fuel Lifeline Committee and
continues &o serve on that committee.

Leo A. Kinmey, Jr., is pipeline network technical specialist for the
Bureau of Reclamation, Denver. Colorado.

Eiichi Kuriteyashi is professor and chairman of civil engineering at
Toyohashi Dmiversity of Technology, Toyohashi, Japan.

Ignatius (Ffe) Lam is a principal engineer with The Earth Technology
Corporatiom, Long Beach, California, specializing in state-of-the-art
research programs related to soil-structure interaction problems es-
pecially om pile foundations. Recently he acted as project manager for
a FHWA spomsored project and on design procedures and guidelines for
seismic design of foundation systems for highway bridges.

Gordon L. Laverty is president of Laverty Associates, Oakland, Califor-
nia, which performs consulting work of a broad nature for utilities and
corporate entities. He is a fellow of the ASCE, a diplomat for the
American Academy of Environmental Engineers, and a member of EERI. He
also is a member of the AWWA and is active in sectiocn and national
association activities. He worked with the East Bay Municipal Utility
District from 1950 to 1983, finally as assistant general manager for
operations.

Edgar V. Leyendecker is research civil engineer for the U.S. Geological
Survey, Denver, Colorado.

Le Val Lund is engineer of the Los Angeles Aqueduct and is responsible
for the operation and maintenance, water resources, watershed land
management, and water rights for the Los Angeles Aqueduct System. He
has been employed by the Los Angeles Department of Water and Power in
different areas involving the planning, design, construction, opera-
tion, and maintenance of the water system. He is a member of ASCE,
AWWA, and EERI and is a past member of the Executive Committee and past
chairman of TCLEE. He received a B.S. degree in engineering from the
California Institute of Technology and a M.S5. degree in civil engineer-
ing from the University of Southern California.

Lincoln E. Malik is vice president of URS/John A. Blume and Associates,
San Francisoo, California. He has had extensive experience in struc-
tural engimeering, risk analysis, and soils engineering. Project
experience imcludes the seismic analysis of nuclear power plants, high-
rise buildings, and buried structures; evaluation of seismic risk to
individual structures and to large metropolitan areas; design of rein-
forced concrete and steel structures; risk analysis of nuclear-related
equipment and structures; foundation design; and slope stability analy-
sis. He received his Ph.D. in structural engineering from the Univer-
sity of California at Berkeley.

Geoffrey Martin is vice president of engineering at The Earth Tech-
nology Corporation, Long Beach, California, and is internationaily
recognized in the field of soil dynamics and earthquake engineering.
Dr. Martin has been heavily involved in efforts to upgrade seismic
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desicn codes for highway bridges and was a committee member of the
research panel that prepared the Seismic Design Guidelines for Highway
Bridess, recently adopted by AASHTO. He also directed two recently
comp_eted research projects related to the seismic design of highway
bridge foundation and abutments funded by the FHWA and NSF.

Ronald L. Mayes worked at the Earthguake Engineering Research Center
({EERC) at the University of California, Berkeley, working on its ma-
sonry engineering program, and then was appointed technical director
and subsequently executive director of the Applied Technology Council
{ATC). Since 1976 he has been a principal of Computech Engineering
Services, Inc. In 1982, he formed Dynamic Isolation Systems, Inc., and
has been active in the development and implementation of the seismic
isol=tion design concept. He also served as project technical director
in the development of the ATC-6 Seismic Design Guidelines for Highway
Bridges that have been adopted by AASHTO and as project manager for the
develiopment of the ATC-6-Z Seismic Retrofit Guidelines for Highway
Bridges.

R. Hichael McCafferty is director of the Division of Transmission Line
and Building Desian of the Western Area Power Administration (Western).
He is responsible for developing and administering standards and pro-
cedures for designs, specifications, testing, and installation of
Western's transmission lines, buildings, and other structures. Before
Joining Western, he worked for the Department of Transportation in
Washington, D.C., and in Pueblo, Colorado, and prior to that, for the
Bureau of Reclamazion (USBR) in its Research Division. He received his
8.5. and M.S. degcrees from the University of Missouri and a Ph.D. in
civil engineerinc from the University of Colorado in Boulder. Colorado.

James E. McCarty. now a consulting engineer, served the Oakland, Cal-
ifornia, Office of Public Works from 1947 until he retired as director
of public works in 1983. He served as vice president of the ASCE from
19684 to 1986 and as chairman of the ASCE TCLEE Executive Committee in
197&8. He also served as president of the American Public Works Associ-
ation in 1977-78 and as a member of its Council on Emergency Manage-
ment. Research Foundation, and Public Works Historical Society. He
alsc was a member of the Advisory Group on Disaster Preparedness for
the SJoint Legisla-ive Committee on Seismic Safety from 1969 to 1973.

Frank E. McClure is senior structural engineer at Lawrence Berkeley
Labcratory, Berkelsy., California.

Robert Keith McGuire is president of Risk Engineering, Inc., where he
has served as technical director of major projects for the Electric
Power Research Institute to develop and apply methods of evaluating
earthquake hazards in the eastern United States and as lead consultant
on numerous stucdies of seismic and environmental risk for utilities,
insurance groups. and commercial clients. He is chairman of the EERI
Sel1snic Risk Comaittee and of the Panel on Risk Assessment Techniques
of <ne Commissior~ on Earthguake Hazards. International Association of
Seissology and Physics of the Earth's Interior. He received a Ph.D in
strucrural enginesring from the Massachusetts Institute of Technology.
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Harry H. Meljdell is director of structural engineering for CH2M Hill,
Corvallis, Oregon.

H. Crane HMiller is an attorney at law in Washington, D.C. He served as
director of the Code Enforcement Project, Special Committee on Housing
and Urban Development Law, American Bar Association. He has served on
National Academy of Sciences (NAS) panels and currently is a member of
the NAS Committee on Ground Failure Hazards Mitigation Research. He
holds an A.B. degree from Williams College and a LL.B. from the Univer-
sity of Virginia.

Saeed Mirzad has worked as a technology consultant for Pacific Bell,
San Ramon, California, since 1984. Previously he served as an assis-
tant professor in Tehran, Iran, and as a research engineer for Elec-
tricite de France in Paris. He is the author of two books and several
papers and received his Ph.D in engineering from the University of
Paris.

William Moore, Dames and Moore, San Francisco, Califormnia, is a former
chairman of the BSSC.

James E. Morgan is assistant professor in the Civil Engineering Depart-
ment at Texas A&M University, College Station. He is a member of the
ASCE-TCLEE Transportation and Investigation Committees. He also is a
member of the ASCE Structural Division Committee on Seismic Effects.
His education includes M.S5. and Ph.D. degrees in civil engineering
(structural) from the University of Illinois at Urbana-Champaign.

Joanne Nigg is the director of the Office of Hazards Studies and an
associate professor in the School of Public Affairs at Arizona State
University. Her research projects have focused on how individuals and
communities develop perceptions of hazard threat, assess risk, and
respond to those assessments. Sshe serves on the National Research
Council (NRC) Committee on Earthquake Engineering and is chairing a
panel on the adoption and implementation of seismic safety (i.e.,
hazard reduction) policies for the committee. she holds a Ph.D in
sociology at the University of California, Los Angeles.

Douglas J. Nyman is & principal of Nyman Associates, Houston, Texas.
He possesses over 11 years experience in structural mechanics, earth-
quake engineering, and computer aided design and instrumentation sys-
tems. He is chairman of the Executive Committee of ASCE TCLEE and is a
member of the ASCE TCLEE Gas and Liquid Fuels Committee and EERI. He
holds HM.S. and Ph.D. degrees in civil engineering (structures} from the
University of Illinois.

Michael J. O'Rourke is associate professor of civil engineering at
Rensselaer Polytechnic Institute, Troy, New York, where he has been on
the faculty since 1974. Since 1975 he also has been a consulting
engineer specializing in structural analysis and design, lifeline
earthquake engineering, machine foundations on piles, and failure
investigation. He is a member of the American National Standards
Institute (ANSI) Committee A58 and of several ASCE committees. He
holds a Ph.D. degree in civil engineering from Northwestern University.
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Thomas D. O'Rourke is associate professor of civil engineering at
Cornell University, Ithaca, New York, where he has taught since 1981.
He has been involved with problems concerning foundation performance,
ground movement effects on structures, earth retaining structures,
pipelines, and earthquake engineering both on a research and consulting
basis. He is chairman of the ASCE Larth Retaining Structures Committee
and the ASCE TCLEE Committee on Gas and Ligquid Fuel Lifelines as well
as vice-chairman of the U.S. National Committee on Tunneling Tech-
noelogy. He is also a member of the ASCE TCLEE Committee on Water and
Sewage Lifelines and past president of the ASCE Ithaca Section. He
holds a Ph.D. from the University of Illinois.

Irving J. Oppenheim is an associate professcor in the Department of
Architecture and Civil Engineering at Carnegie-Mellon University,
Pittsburgh, Pennsylvania. In the field of lifeline engineering he
directed an NSF study in the 1970s modelling system losses to highway
and water supply networks under seismic risk. He has also chaired the
ASCE TCLEE Research Committee and its Task Group on Research Needs and
has served as a member of the ASCE TCLEE Seismic Risk Committee. His
research and teaching interests pertinent to seismic risk analysis
include work on preobabilistic methods in civil engineering, and
probabilistic treatment of network performance.

Dennis Ostrom is a consultant at Southern California Edison, Los Angel-
es specializing in earthquakes and how they affect electric utilities.
He 1s currently vice chairman and chairman-elect of ASCE TCLEE. He
possesses B.S., M.S.. a4 Ph.D. degrees in civil engineering, struc-
tures, and mechanics of structures, respectively, from the University
of California at Los Angeles.

Joy M. Pauschke is senior engineer at Impell Corporation, Lincolnshire,
Iliinois, with expertise in structural dynamics, structural analysis,
and probabilistic methods in structural engineering. Previously, she
served on the faculty of the University of Pennsylvania and on the
staff of Marshall Spece flight Center, Argonne National Laboratory, and
Chicago Bridge and Iron Company. She is a member of EERI, ASCE, and
the Seismological Society of America (SSA) and serves on the ASCE TCLEE
Transportation Committee. She holds a Ph.D. in civil engineering from
Stanford University.

Willian J. Petak is professor and chairman of the Systems Management
Department &t the Institute of Safety and Systems Management, Univer-
gity of Soutnern California, Los Angeles. He holds a doctor of public
administration degree from the University of Southern California. He
has been principal investigator on a number of NSF- and FEMA-funded
studies pertaining to public policy and natural hazards. He is curren-
tly a member of the National Academy of Sciences Committee on Natural
Disasters and the Commitiee on Ground Failure Hazards.

Michael Purdy is a member of the scientific staff of Bell Northern
Research, Ottawa, Ontaric.

Lawrence D. Reaveley s vice president of Reaveley Engineers and As-
sgciates. Inc.., Salt Lsxe City, Utah. He specializes in structural
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dynamics as applied to building systems with emphasis on earthquake
engineering and vibration problems and has extensive experience in the
management of large, complex, early delivery projects. He is a found-
ing board member of the Structural Engineers Association of Utah and is
a member of the Board of Directors of the Applied Technology Council
and the Utah Geological and Mineral Survey. He holds B.S. and M.S.
degrees in civil engineering from the University of Utah and a Ph.D.
degree in structural engineering from the University cf New Mexico.

Norton S. Remmer is a private consultant specializing in building
regulation, residential and commercial development, building and
structural design and construction management. He was formerly techni-
cal director of the Massachusetts State Building Code Commission and
commissioner of code inspection for the city of Worcester, Massachu-
setts. He is chairman of the Massachusetts Seismic Design Advisory
Committee and a member of the New England Seismic Commission. He has
been a consultant to the office of Science and Technology Policy,
Executive office of the President, and a member of the President's
Seismic Hazard Abatement Committee. He is the author of 14 papers on
Firesafety Analysis, Regulatory Systems, Seismic Hazards and Existing
Building Evaluation.

Dennis G. Row co-founded SSD, Inc., which provides design analysis
services and software to the pipeline, offshore, power, and petrochemi-
cal industries. He has been responsible for management and.execution
of many projects, studies, and software developments and has estab-
lished the engineering design automation division of SSD to provide
microcomputer-based CAE software to the power, petroieum, and petro-
chemical industries. He received his Ph.D. in structural engineering
and structural mechanics from the University of California at Berkeley.

Charles Scawthorn is a structural engineer and associate specializing
in seismic risk mitigation in the San Francisco office of Dames and
Mcore. He is the principal in charge for structural and earthguake
engineering related aspects of projects involving high-rise buildings,
offshore towers, and critical facilities such as LNG plants, data
processing centers and emergency operations centers. Under NSE and
USGS funding, he has developed innovative approaches to optimizing
urban land usage with respect to seismic risk.

Charles F. Scheffey is science advisor, 0ffice of Research, Development
and Technology, Federal Highway Administration, McLean, Virginia.

Anshel J. Schiff is consulting professor in Stanford University's De-
partment of Civil Engineering. His research interests deal with earth-
quake engineering and instrumentation--particularly how lifelines
respond to earthquakes and the impact of lifeline disruptions on emer-
gency response operations. He is chairman of the Electric Power and
Communications Committee and the Earthguake Investigations Committee of
the American Society of Civil Engineers Technical Council on Lifeline
Earthguake Engineering (ASCE TCLEE) and of the Earthquake Records
Committee of the Earthquake Engineering Research Institute (EERI).
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Paula Schulz joined the Bay Area Regional Earthquake Preparedness
Project (BAREPP) staff at its inception in July 1984. She has primary
responsibility for working.with local governments in developing and
implementing long term coaprehensive earthquake preparedness programs.
Special areas -of interest include hazard vulnerability analysis, re-
gional earthquake preparedness plamning and earthquake prediction
response. Formerly she wcrked with the Southern California Earthquake
Preparedness Project and with the Association of Bay Area Government's
Earthguake Hazard Mapping Program. Ms. Schulz received an MA degree in
environmental planning foram the University of California.

Arie B. Schaarsan is senior civil engineer for Pacific Gas and Electric
Company, San Francisco, Caiifornia.

Masanobu Shinozuka is Renwick Professor of Civil Engineering at Colum-
bia University. His research interests include random vibrations,
reliability of structural systems, and structural control and inelas-
ticity. He is the author of many technical papers and is a member of
both the ASCE and ASME. Ffrom the ASCE he has received the Walter L.
Huber Civil Engineering Research Prize, the Alfred M. Freudenthal
Medal, and the Nathan M. Newmark Medal. He was elected to the National
Academy of Ergineering in 1978.

Donald J. Stief is 911 mensger for Pacific Bell, Los Angeles, Califor-
nia, and chairman of the Czlifornia Governor's Earthquake Task Force on
Telecommunications.

Otto W. Steinhardt served ss 1985-86 chairman of ASCE TCLEE. From 1968
to 1985 he served as a civil engineer in power plant structures and
earthquake engineering for the Pacific Gas and Electric Company. He
taught at the University of Utah, has been a registered professional
engineer in California since 1969, and has authored several papers on
the effects of earthquakes on electric power systems. He heolds a B.S.
degree from the U.S. Military Academy and a M.S. in civil engineering
from the University of Icwa. He has taught in the civil engineering
department of the University of Arizona and the University of Utah.

Richard T. Sylves is assc-ciate professor of political science at the
University of Delaware ancd & post-doctoral fellow working for WHYY TV-
i2 Pupiic Television, Wilmington-Philadelphia. In 1984 he founded and
has since edited Emergencv Management Dispatch, now the official news-
letter of the American Society for Public Administration's Emergency
Management section. He -eceived his Ph.D. degree from the University
of Iliinois &t Urbana-Chamcaign.

Alex Tang is manager of pechanical design for digital switching for
Northern Telecom Canada, itd., in Ontario. He is a member of EERI and
a licensed professional engineer in Ontario. In 1984 he represented
NSF at a werkshop in Jacen on communications and earthquake risks to
communicatiors. He holds a master's degree from the University of
Waterioo.

Craig Taylor is vroject zaznager for NTS Engineering, Long Beach, Cal-
ifornis.
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Charles H. Trautmann is a research associate in geotechnical engineer-
ing at Cornell University, Ithaca, New York, and a registered profes-
sional engineer and certified professional geclogist. He has consulted
and performed research on a variety of problems regarding the response
of buried pipeline systems to seismic hazards and other environmental
conditions. He holds a Ph.D. in geotechnical engineering from Cornell.

Joseph Tyrrell is deputy chief and consultant on seismic design in the
Office of the Chief Engineer, Naval Facilities Engineering Command. He
is a member of the ad hoc Tri-services Committee on Seismic Design and
the UJNR Panel on Wind and Seismic Effects and is the Navy liaison
representative to the National Research Council's Committee on Earth-
qguake Engineering. He holds B.S. and M.S. degrees in civil engineering
from the University of Pennsylvania and a M.S. degree in city and
regional planning from Catholic University.

Leon Ru-Liang Wang is professor and chairman of the Department of Civil
Engineering at 0ld Dominion University, Norfolk, virginia. He is a
member of the American Association for the Advancement of Science, the
American Concrete Institute, the American Society of Engineering Educa-
tion, and the ASCE. He holds a D.S5. degree from the Massachusetts
Institute of Technolegy and is the author of many publications.

Stuart 0. Werner is a consultant to Wiss, Janney, Elstner Associates,
Inc., Emeryville, California. He has over 30 years of -consulting and
research experience in earthquake engineering with over 30 technical
publications. Mr. Werner is a member of ASCE-TCLEE, EERI, and the
Structural Engineers Association of Northern California. He holds B.S.
and M.S. degrees in civil (structural) engineering from the University
of Illinois at Urbana and Northwestern University, respectively, and an
Eng.D. degree in structural mechanics from the Massachusetts Institute
of Technology.

Peter I. Yanev is president and co-founder of EQE Inc., San Francisco,
California. His experience includes 17 years of prolject management,
consulting, and research in earthquake and structural engineering and
has focused primarily on seismic design, analysis, evaluation, and
testing for the 1lifeline utility industry. He is actively engaged in
the dissemination of public information of earthquakes and earthquake
hazards through numerous lectures and media appearances and a regular
column in the San Francisco Chronicle.

Felix Y. Yokel is senior research civil engineer for the National
Bureau of Standards, Galthersburg, Maryland.

Observers

Jane Bullock, Earthquakes and Natural Hazards Division, Federal Emer-
gency Management Agency, Washington, D.C.
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Gary D. Johnson, Chief, Earthquake and Natural Hazards Division, Fed-
eral Emergency Management Agency, Washington, D.C.

Ugo Morelli, Earthquakes and Natural Hazards -Division, Federal Emer-
gency Management Agency, Washington, D.C.
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APPENDIX D

CONTENTS OF WORKSHOP PROCEEDINGS VOLUMES



voLUME 11
PAPERS ON WATER AND LIFELINES

Scientific and Engineering Information Needs for Reducing Earthquake
Hazards to Water and Sewer Lifelines
Holly A. Cornell

Dams, Embankments, and Reservoirs
Donald H. Babbitt

Seismic-Resistant Design of New Treatment Facilities and Pump Station
Donald B. Ballantyne

Water Storage Facilities
Le Val Lund

Earthquakes and Buried Pipelines: Mexico City 1985 and Beyond
Michael J. Q'Rourke

A Seismic Assessment of an Existing wWater Treatment Plant and an Exist-
ing Waste Water Reclamation Plant
Lawrence D. Reaveley

Seismic Risk to Water and Sewage Lifeline Systems
Charles H. Trautmann

Reducing the Effects of Seismic Hazards to Segmented and Jointed Pipe-
lines
Leon R. Wang and Eiichi Kuribayashi

VOLUME 2
PAPERS ON TRANSPORTATION LIFELINES

Available Criteria, HMethods, and Techniques for the Design and Con-
struction of New Transportation Facilities in California
James H. Gates

Port Planning for Seismic Hazards
Peter Engelmann

Assessment of the Analytical Techniques Used to Determine the Seismic
Response of Bridges for Design and Retrofitting
Roy A. Imbsen

1p11 volumes contain appendixes presenting the workshop agenda,
list of workshop participants, biographies of workshop participants.
and this list of the contents of the proceedings volumes.

181



Seismic Retrofit for Geotechnical Components of Transportation System
Geoffrey R. Martin, Ignatius (Po) Lam, and €. B. Crouse

Conventional and Seismic Isolation Retrofit Techﬁiques for Bridges
Ronald L. Mayes

Seismic Risk to Transportation Systems
Irving J. Oppenheim and Chris Hendrickson

Seismic Hazard Abatement of Railroad Facilities
Joy M. Pauschke

Engineering Research Needs for Seismic-Resistant Transportation Life-
line System Elements
Stuart D. Werner

VOLUME 3
PAPERS ON COMMUNICATION LIFELINES

Avaiiable Criteria, Methods, and Techniques for the Design and Con-
struction of New Seismic-Resistant Lifelines
Leon Faynsod

Seismic Risk Assessment for Telecommunication Lifelines
Jeremy Isenberg

survey of Ongoing Activities in the Abatement of Seismic Hazards to
Communications Systems
5. §. Mirzad

Scientific and Engineering Information Needs in Abatement of Seismic
Hazards to Telecommunications Systems
M. Shinozuka

Assessment of Available Methods of Identifying and Retrofitting Vulner-

able In-Place Communication Systems
Alex Tang

VOLUME 4
PAPERS ON POMER LIFELINES
Orgoing Activities in Abatement of Seismic Hazards in Electric Power
Systems

Otto W. Steinhardt

Seismic Risk to Power Svstems
Dennis K. Ostronm
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Reducing the Effects of Seismic Hazards to Electric Power Systems
Anshel J. Schiff

Seismic Investigation and Improvement of Electric Utility Systems
Jogeph V. Tyrrell

VOLUME 5
PAPERS ON GAS AND LIQUID FUEL LIFELINES
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American Council of Independent Laboratories, Inc.
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American Institute of Steel Construction
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American Iron and Steel Institute
American Plywcod Assocliation
American Soclety of Civil Engineers
Applied Technology Council
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Association of Engineering Geologists
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Concrete Reinforcing Steel Institute
Council of American Bullding Officials
Earthquake Engineering Research Institute
Interagency Comsaittee on Seismic Safety in Construction
International Conference of 8ullding Officlals
Masonry Institute of America
Masonry Institute of Washington
Metal Building Manufacturers Association
National Associlation of Home Builders
Naticnal Association of Housing and Redevelopment Officlals
National Fire Sprinkler Association
National Concrete Hasonry Association
National Conference of States on Building Codes and Standards
National Elevator Industry, Inc.
Natlonal Forest Products Assoclation
National Institute of Building Sciences
National Ready Mixed Concrete Association
Oklahonaa Masonry Institute
Portland Cement Assoclation
Post-Tensioning Instfitute
Prestressed Concrete Institute
Rack Manufacturers Institute
Soil and Foundation Engineers Association
Southern Bullding Code Congress International
Steel Plate Fabricators Association, Inc.
Steel Deck Institute, Inc.
Steven Winter Associates, Inc.

Structural Engineers Association of Arizona
sStructural Engineers Assoclation of California
Structural Engineers Association of Central California
Structural Engineers Assoclation of Northern California
Structural Engineers Association of San Diego
Structural Engineers Association of Southern Califernia
Structural Engineers Association of Utah
Structural Engineers Association of Washington
The Masonry Soclety
Western States Council Structural Engipeers Association
Western States Clay Products Association

VWU.S.GOVERNMENT PRINTING OFFICE: 1987 -721~840/60343



