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1.

RESOLUTIONS OF THE THIRTY-FIRST JOINT MEETING
U.S.-JAPAN PANEL ON WIND AND SEISMIC EFFECTS (UJNR)
Public Works Research Institute, Tsukuba, Japan
11-14 May 1999

The following resolutions arc hereby adopted:

The Thirty-First Joint Panel Mceting provided the forum to cxchange valuable technical
information that is beneficial to both countrics. In view of the importance of cooperative
programs on the subject of wind and seismic effects, the continuation of Joint Panel Mcetings
is considered csscntial. Both sides agreed to explore new ideas and arcas to strengthen
cooperative activitics in support of the Pancl’ s mission.

The following activities have been conducted since the Thirticth Joint Meeting;

a, Technology Exchanges. Technical experts, technical documents, and applications of
the electronic media have been exchanged. These exchanges have contributed to the
development of new research programs and ¢énhanced ongoing research in both countries.

b. Task Committee” Workshops. The Panel held cight workshops, symposia, or
committec meetings; approximately 400 specialists from both countries participated in these
activities:

1. Task Committee (A), 1st U.S.—Japan Workshop on Soil-Structure Interaction, 22-23

September 1998, Menlo Park, CA, USA.
2. Task Committec (B&C), 20-year Commemoration Symposium on Cooperative Earthquake

Engineering Research, 9 October 1998, Tokyo, Japan.
3. Task Committee (B&C), 5th U.S.-Japan Joint Technical Coordinating Committee Meeting

on Composite and Hybrid Structural Systems, 5-7 October 1998, Tokyo, Japan.
4. Task Committee (B&C), U.S.-Japan Workshop on Auto-Adaptive Media (Smart Structural

Systems), 17-20 May 1998, Sonoma, CA, USA.

5. Task Committec (D), 2nd Workshop on Earthquake Engineering for Dams, 7-8 May 1999,
Tokyo, Japan.

0. Task Committee (H), Sth U.S.-Japan Workshop on Geotechnical Earthquake Engineering,

28-29 September 1998, Tsukuba, Japan,
7. Task Committee (I), 5Sth Tsunami Workshop, 9-11 July 1998, Sapporo, Japan.
8. Task Committce (J), 14th Bridge Workshop, 3-4 November 1998, Pittsburgh, PA, USA.

c. Common Agenda. The Panel recognizes the importance of providing earthquake
science and technology expertise to the 17 April 1996 U.S.-Japan Natural Disaster Reduction
Initiative of the. U.S.-Japan Framework for New Economic Partnership (Common Agenda).
Panel members organized and participated in the First High-Level U.S.-Japan Earthquake
Policy Cooperation Forum, 20-22 October, 1998, Seattle, Washington, USA. The Panel will
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continue to provide, in close cooperation with the Earthquake Disaster Mitigation Partnership,
technical leadership and participation in the Second High-Level Forum Meeting that will
address four themes: 1. Use of Early Transmission and Gathering Systems for Earthquake and
Farthquake-damage Information; 2. Programs to reduce Earthquake Damage to Structures; 3.
Post-Earthquake Emergency Response Activities; 4: Long-Term Recovery Strategics and
Programs. Appropriate Task Committees will respond to the Common Agenda in planning
their work,

The Pancl approved the Task Committee reports presented during the 31st Joint Panel
Meeting. Each report included objectives, scope of work, accomplishments, future plans, and
other information, The Panel will continue to review the Task Committecs' progress toward
meeting their objectives; consolidating, eliminating, and/or creating Task Committees as
desirable,

The Panel endorses the following cight (8) proposed Task Committee Workshops or

Committec Meetings during the coming year:

a. Task Committee (B), 6th U.S.-Japan Joint Technical Coordinating Committee Meeting on
Composite and Hybrid Structural Systems, August 1999, San Francisco, USA.

b. Task Committeec (B), U.S.-Japan Workshop on Test Procedure, Documentation, Retrieval
of Test Data, and Experimental Facilitics, in conjunction with the 32nd Joint Panel

Meeting, USA.
¢. Task Committee (C), 1st U.S.-Japan Technical Coordinating Committee Mcetmg on Aut0~
- Adaptive Media (Smart Structural Systems), Fall 1999, USA.
d. Task Committee (E), 2nd U.S.-Japan Workshop on Design for Wind and Wind Hazard

Mitigation, 24-26 May 1999, Tsukuba, Japan. :
e. Task Committee (F), upon appointment of the U.S. - side Chair, plan and conduct the 8th
Workshop on Earthquake Disaster Prevention for Lifeline Systems
f. Task Committee (G), 1st U.S.-Japan Workshop on Seismic Information Systems, Fall

1999, Japan
g Task Committee (J) 15th U.S. -Japan Brldge Workshop, November 1999, Tsukuba Japan
h. Task Committec (K), 3rd Workshop on Wind and Earthquake Engincering for Offshore

and Coastal Facilities, 5-6 December, 1999, Yokosuka, Japan.

| In the cvent that T/C co- chalrs deem it essentlal to conduct a joint meetmg or workshop that
is not mciuded in this endorsement, the. T/C co-chairs will make such a request through their
~respective Secretary-General for approval by the U.S. and Japan Joint Pancl Chairmen.

Scheduling‘ for the Workshops will ‘be done by the U.S, and Japan Chairmen of the Task
Committees with concurrence of the Joint Panel Chairmen. Both sides' Secretaties-General
will be kept informed of the plamiing, conduct and results of workshops or committee
‘micetings including resolutions and réports. Résults of each activity ¢onduéted before the 32nd
Joint Panel Meeting will be presented at the 32nd Joint Panel Meeting,
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5.

10.

1.

12.

The Panel recognizes the importance of continued cxchange of personnel, technical
information, research results, and recorded data that lecad to mitigating losses from strong
winds and carthquakes. The Pancl also rccognizes the importance of using available
large-scale testing facilitics and complementary capabilities in both countrics. Thus, these
activitics should be continucd, strengthened, and cxpanded. Further, the Pancl will study the
feasibility of cstablishing a nctwork for live transmission of experimental testing, including

data, models, and simulation tools.

The Panel recognizes the importance of continuing its joint rescarch programs on Soil
Liqucfaction and Countermcasurcs and on Auto-Adaptive Media (Smart Structural Systems).

The Panel recognizes the importance of conducting rescarch in the following areas and
recommends the subjects be featured in the 32nd Joint Pancl Meeting. .
a. Resecarch on the use of information technology to land management and to natural disaster

prevention countermeasures
b. Research on performance-based design ‘methods with and without the integration of

structural control devices
c. Rescarch on science, application and public policy for public health following natural

disasters

The Panel recognizes the significant vulnerability of residential construction to natural hazards
and believes that reduction of life and property losses in the housing scctor is critical for
both sides and in other parts of the world. The panel affirms the need to make
disaster-resistant housing a priority and to strengthen activities in support of this objective in
the future. : :

The Panel recognizes the importance to continue to seek ‘means to contribute to the
International ‘Organization for Standardization (ISO) through’ participation of: its members and
related agencies in appropriate ‘1SO Technical Committees. The Panel also recognizes the
importance of continuing the rélated information exchange to ‘contribute to:the ISO.

The Panel will continue to transfer technical information obtained through ‘the Panel and Task
Commnittee actlvltles including’ technology transfer on wmd and sensmw cffects to developmg

"countries.

The Panel published its sixth newsletter issue, Wind and Seismic Effects, Winter 1999. The
newsletter fcatured articles on the 30th Joint Panel Meeting; hlghllghts of recent T/C
workshops (T/C: J,"H and’ A) spothghts on US' membet agencies mcludmg Agency for
International ‘Development and the U.S. Department of Energy Natural’ Phendména’ Hdzards
Programs; ‘and spotlight “on" Japan-side ‘member ~agencies including - Geographicali Survey
Institute and Meteorological Research Institute. The Panel endorses continuing the publication
of the Panel's newsletter. The Japan “$ide wnll pubhsh the seveﬂth newsletter durmg the ‘winter

of 1999-2000.

The National Institute of Standards. and‘Té_éhnolo‘gy -(NIST) will.contfnqg:.to_mgihtaip' the

S
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13.

Pancl’ s Web Site on an interim basis. Links will be added to web pages of major U.S. and
Japan agencics. The Panel cncourages all members from both sides to use clectronic media, as
much as possible, in communicating Pancl findings and summarics of its activitics. The Web
Site URL address is: http://www.bfrl.nist.gov/info/ujnr/ujnrl.html.

The Thirty-Second Joint Panel Mceting of the UINR Panel on Wind and Seismic Lffccts will
be held at the Mational Institute of Standards and Technology, Gaithersburg, MD, USA in

May 2000. Datcs, program, and itinerary will be proposcd by the U.S.-side with concurrence
of the Japan-side Pancl.
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Report of Task Committee A
STRONG MOTION DATA AND APPLICATIONS

Date: 11 May 1999

Place: Public Works Rescarch Institute, Tsukuba, Japan

Attendeces: U. S. side -- "R. Borcherdt (Chairman) USGS
Mchmet K. Celebi USGS
William B. Joyner USGS

Japan side -- Susumu Iai (Chairman) PHRI

Shojiro Kataoka PWRI
Takashi Nagao PHRI
Izuru Okawa BRI
Akio Yoshida JMA

1. Objective and Scope of Work

To coordinate and promote sharing of strong motion carthquake data among rescarchers and practicing engineers,
and to develop techniques and exchange information for evaluating the destructive effects of carthquake motion.

The scope of work includes:

(1) Instrumentation

(2) Recording, processing, and analyzing strong motion data
(3) Engineering characterization of ground motion

(4) Design applications

(5) Scismic zonation

The activities of the Task Commiitee include:

(1) Regular exchange of data and publications

(2) Creating procedures for disseminating significant strong motion digital data with regard for the rights and
expectations of (a) owner, (b) the users of data and (c) the carthquake engineering community

(3) Planning and conducting T/C workshops and meelings

(4) Coordinating relevant research activities

2. Accomplishments

The 1994 Northridge and 1995 Great Hanshin carthquakes had a tremendous impact on various aspects of the
strong motion studies, including characterization of near field motion and site response. Research developments
since these carthquakes were very rapid, including proposals and adoption of new seismic guidelines, adoption of
new building codes in both U.S. and Japan as well as a new proposal of worldwide seismic hazard map for
International Standards Organization (ISO) seismic guidelines for offshore structures. These earthquakes continue
to yield improvements in scismic safcty guidelines. Committee members have contributed to a number of these
important developments. In addition, activities conducted by Task Committee A during 1998 are:
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Conducted a workshop entitled "Soil-Structure Interaction"; September 22-23, 1998, Menlo Park, CA; M.
Celebi and I, Okawa, Conveners and Editors; Leading Rescarchers (12 Japan and 20 US) contributed to a
very successful workshop; Workshop Proceedings, USGS Open-file report 99-142,

Closcly monitored the on-going changes and new proposals for seismic guidelines and codes, including those
of UBC97, NEHRP97 in USA and ISO/WG67 in Japan.

Chairmen and members of Task Committce A contributed to International Symposium on "Effects of Surface
Geology (ESG 98; December 1998; Yokohama, Japan).

Chairmen and members contributed to Symposium on "Resolution of Site Response Issucs from Northridge
Earthquake (ROSRINE; December 1998; Los Angeles).

In recognition of the urgent need to improve inadequate sets of strong-motion recordings, US and Japan Task
Committee members have contr8ibuted to the development of a vision for strong motion data acquisition for
the next millennium (Proceedings of Inicrnational Workshop entitled "Vision 2005: An Action Plan for
Strong-Motion Programs to Mitigate Earthquake Losses in Urbanized Areas", Monterey, Ca, April 1997).
COSMOS (Consortium of Organizations for Strong-Motion Observation Systems) was launched by this
workshop.  During 1998 commitice members contributed to the incorporation of COSMOS including
election of corporation officers, Board of Direciors, establishment of corporation headquarters in conjunction
with PEER (Pacific Earthquake Engineering Center-UC Berkeley), and initiation of plans for first meeting in
September. Efforts are underway to determine procedures for expanded international participation.

Al the suggestion of Task Committee A members, a call for cooperation between U.S. and Japan in strong
motion studies was included in the Earthquake Policy Symposium of the Common agenda.

K-net was completed with the cffort of Task Committee A members. Its data availability with case and
timely fashion should be a model to both U.S. and Japan strong motion programs for future development.
Recently, the fourth and fifth CD-ROM with K-Net data was released in both Japanese and English.

Task committee members contributed to the organization of a workshop on "Strong-motion Instrumentation
of Civil Engineering Structure" funded by NATO, NSF, USGS, and others (Istanbul, Turkey; June 2 5,
1999; Web Address: www.boun.tr.edu/natoarw.htm).

1. Fnture Plans

The future plans include:

M

(2)
(3)

Coordmate where appropriate, ongoing US and Japan dcvelopments in strong motion recording

programs and data dlsscmlnatlon in conjunctnon with activities of recently established commnltees and
organizations such as COQMOS with endorsement to part1c1pate in the first meeting of COSMOS in
September 1999

Develop recommendations for Common Agenda, ‘pdssibly in a workshop regarding US an Japan needs for
strong-motion measurements in densely urbanized areas to significantly improve publc carthquake safety.
Coordinate, where appropriate, ongoing developments in seismic hazard map and scismic guidelines to be -

v generallzed for worldwide use.

4y

- hear; -real-time data avallablllty, T/IC A will' contmue to promotc and exchange new devclopmems in

Recogmzmg “the’ developmg emphds1s in ‘the engmeermg “and emergency response communmes on

' real-time strong motion data dcqulsmon, ‘processing, and notxfncatlon This activity wnll be in conjuncllon

(5)

(6)

with the proposed TC on Seismic Information Systems.

Realizing ' the importance of strong-motion data to ecarthquake hazard mitigation T/C A suggests the
establishment of links on UINR Web page to the Web pages of major US and Japan agencies with publicly
available strong-motion information.

Planning for a combined workshop during the coming year on Real-Time Instrumentation of Densely
Urbanized Areas and Instrumentation of Civil Engineering Structures (Japan, S. lai, I. Okawa; US, R.
Borcherdt and M. Celebi).
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Report of Task Committee B
TESTING AND EVALUATION PROCEDURES FOR BUILDING SYSTEMS

Date: 12 May 1999
Place: Public Works Research Institute, Tsukuba, Japan
Atlendcees: U. S. Side -- H. S. Lew (Chairman) NIST
: G. Brady ATC
R. Hall WES
Q. Hossain : "LLNL
Japan Side -- K. Ohtani (Chairman) NIED -
T: Kaminosono BRI
1. Objective and Scope of Work

The objective of the Task Committee is to develop and recommend rational ‘test procedures and to collect
performance data of the stati¢ and ‘dynamic response Of Structures thiough both laboratory testing of prototype
structures and freld testmg of ‘structures.

The Task Committee:

¢y
@
€)
4)

)
(6)

20

0N

2

Plans and conducts workshops and joint meetings to identify research topics and devélop joint research
programs.

Coordinates research projects carried out by various laboratories in the U.S. and Japan. Facrlrtates publrcatron
of research resulis and implementation of findings in codes and standards. S o
Facilitates exchange of research personnel, the exchange of technical information and the use of available
testing facilities.

Develops umform testrng procedures, mcludmg loadmg hrstory, for comparrson of results of tests camed out
by varrous researchers, and for establrshment of data base

Develops gurdelmes for mterpretatron of test resulfs to 1mprove the desrgn of structures
Develops methodology for evaluation and interpretation of test results.

Accomplishments

-

The third phase of the U.S, Precast Seismic Structural Systems Program (PRESSS) was mrtrated in 1995
The design of the frve story full scale frame was completed

‘In Japan, a 3- -year program on the development of desrgn gurdelmes for precast and prestressed burldmgs

was completed in 1998,
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The rescarch program on Composite and Hybrid Structures (CHS) in Japan was completed in carly 1998.
Experimental and analytical ‘work was carricd out jointly at the Building Research Institute, several
universitics and construction companies. The Japan Structural Consultant Association has undertaken an
applications study for implementing rescarch results.

The research program on CHS in the U.S. was initiated in 1995 under the sponsorship of the National
Science Foundation. Over 16 rescarch projects are in progress. Additional projects on composite wall
systems have been underway at several universitics.

The Fifth US-Japan Joint Technical Coordinating Committce (JTCC) meeting on CHS was held in October
1998 in Tokyo, Japan. Both sides agreed to continue to coordinate cfforts in the development of design
guidelines and to transfer technology to the design profession.

The International Symposium to commemorate the 20" Anniversary of the US-Japan Joint Rescarch Program
was held in October 1998 in Tokyo, Japan.

The 6" US-Japan Joint Research Program on Smart Structural Systems (Auto-Adoptive Media) was initiated
in 1998 and experimental rescarch has been underway.

Future Plans

Testing of five-story full scale frame will be carried out at the University of California, San Diego, in
August 1999, ‘

The sixth US-Japan Joint Technical Coordinating Committce Meeting on CHS will be held in August 1999
in San Francisco.

Several Technical Coordinating Committee meetings will be scheduled in both countries in the coming year.
In support of the International Decade for Natural Disaster Reduction (IDNDR) Program, avenues will be
explored to disseminate findings of completed joint rescarch projects to countries with high seismic risks.
The joint workshop on Test Procedure; Documentation, Retrieval of Test Data, and Experimental Facilities
will be planned in the US, in conjunction with the 32" Joint Panel Meeting. ‘
Future plans for US-Japan joint research programs will consider existing and planned experimental research
programs of the three U.S. National Science Foundation Earthquake Engineering Research Centers.

-The Task. Committee will consider the future U.S.-Japan-Joint Research Program using available testing

facilities in both countries including the 3-D Full-Scale Earthquake Testing Facility, which is being
constructed at Miki, Japan by the National Research Institute for Earth Science and Disaster Prevention.
The task committee’ will study the feasibility of establishing a network for live transmittal of experimental
testing.

The Task Committee will strongly encourage the PRESSS and CHS program coordinators to prepare reports
summarizing the experimental and analytical research activities on PRESSS and CHS, respectively, in the
U.S. and Japan and discussing their results. This report will also recommend the application and

- implementation of the results in the design and analysis of PRESSS and CHS.
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Report of Task Committee C -

HIGH PERFORMANCE STRUCTURAL SYSTEMS; DESIGN, EVALUATION, RETROFIT

AND AUTO ADAPTIVE MEDIA

Date: 12 May 1999
Place: Public Work Rescarch Institute, Tsukuba, Japan
Altendees: U. S. side ~- Michel Bruncau (Acting-Chairman) SUNY, Buffalo
Japan side -- Hisahiro Hiraishi (Chairman) BRI
Takashi Kaminosono BRI
1. Objective and Scepe of Work

The consolidation of the T/Cs(T/C) C on Design, Evaluation, and Improvement of Structures & T/C G on
Structural Control and Intelligent Material Systems) was proposed at the U.S.-side Domestic Panel Meeting of
September 1997 and was ‘approved by both sides at their fespective Domestic Panel Méetings, December 1997.
This consolidation T/Cs (C&G) into a new T/C C was approved from the full Panel at the 30th Joint Panel
Meeting of May 1998. The objective and scope of work and the future plans of the renewal Task Committee (C)

arc as follows:

M
2
)

4)
)

Title of T/C-C was’ revised, ‘and ‘objective and scope of work was agreed upon ‘daring May 12,1999 meetmg of

Exchange information and’ plan, and conduct workshops: i new design (echnologles, evaluation technologies,
repair and fetrofit’ téchnigues.

Study advanced matérials and- methods for new constructlon and those for rcpanrmg and retrofifting exxslmg
structures. e -

Develop reliable condition assessiment systéms for ‘riéw,"éxi‘stiﬁg‘an'd‘-damage'd structures.

Develop and harmonize performance based structural désigii developed in e€ach country. -

Coordinate réseatch’ projects on design, evaluation and lmprovement of structures in the U.S. and Japan to
minimize duphcatlon and ‘maximize beneflts ; ' I Lo

T/C C‘

2, Accomplishmentsf

(1)

2
©)

4)

Conducted the 5th U.S.-Japan Technical ‘Coordinating ‘Comniittee Meeting on ‘Composite: and 'Hybrid
Structural Systems in order to exchange cach research products and discuss the utilization of research

products, October 1998, Tokyo, Japan.

Conducted Workshops on Auto-Adaptive Media (Smart Structural Systems), in May at Sonoma, CA, USA,
1998, and in Jan, at Purdue WL, IN, USA 1999 in order to make US-side research plan.

Conducted a 20 year commemoration symposium on Cooperative Earthquake Engineering Research, October
1998, Tokyo, Japan in order to review 20-years research products and discuss future cooperative research

plan,
Japan side started the 6th U.S. Japan Cooperative Research Project on Auto-Adaptive Media (Smart

Structural Systems).
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Future Plans

Conduct 1st U.S-Japan Technical Coordinating Committce Meeting on Auto-Adaptive Media (Smart
Structural Systems), fall 1999, Japan in order to coordinate rescarch plan of both countries,

Develop a reliable methodology for screening and analyzing wind and scismic resistant capacity, and
advanced instrumentation technology and ecxpert systems to provide condition assessment of cxisting
Structures,

Compile a database of advance materials/systems that have potential for improving structural performance of
new construction, and for use in rchabilitating and strengthening existing buildings.

Investigate new methodologies based on required structural performance using advanced materials and
systems. :

Continue to encourage participants by private industry, consulting engincers, universities, national and local
government agencies involved in instrumentation, evaluation, condition assessment, and retrofit and
strengthening of existing buildings, for seismic and wind resistance.
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Report of Task Committee D
EARTHQUAKE ENGINEERING FOR DAMS

DPate: May 11, 1999
Place: Public Works Rescarch Institute, Tsukuba, Japan
Attendeces: U. S. Side -- Robert Hall (Chairman) USAE / WES
Japan Side -- Hitoshi Yoshida (Chairman) PWRI
Tsuneo Ucsaka PWRI
Isao Nagayama ' PWRI
Yoshikazu Yamaguchi PWRI

1. Objective and Scope of Work

To develop technical insights into better understanding of the response of dams to seismic effects, the T/C will
plan, promote, and develop research initiatives to assist in assuring scismic safety and economical protective
countermeasure against earthquake loading for these structures. The scope of work includes:

(1) Methods of analysis for seismic design of dams including outlet works.
Comparison of design methods and criteria between U.S. and Japan.
Development of "Design Earthquake Ground Motions" for analysis and evaluation of dams,
Assessment of investigation and dynamic analysis methods as tools (modeling, calculation codes).
(2) Dynamic characteristics of dam construction materials and site conditions.
Strength and deformation characteristics during earthquakes (concrete, soil and rock).
(3) Analysis of observed behavior of dams and outlet works during earthquakes.
Construction of a database that contains measured ground accéleration and dynamic response of dams and
outlet works during carthquakes, and other related information which is necessary to valuate their seismic
. behavior.
(4) Investigation of the mechanism of damages due to earthquake loading.
Application of the analysis of the observed behavior during earthquake to the earthquake-resistant design.

2. Accomplishments

(1) In the field of seismic design for concrete dams, Mr. Takashi Sasaki, PWRI, finished a one-year (December

1997 December 1998) research at University of California, Berkeley.

(2) In the ficld of seismic design for embankment dams, Mr. Tomoya Iwashita, PWRI, started a one-year
(August 1998 August 1999) research at University of California, Berkeley.

(3) The proceedings of the First Workshop was published and distributed to the T/C members and Panel

secretariats.
(4) T/C (D) conducted the Second U.S.-Japan Workshop on Advanced Research on Earthquake Engineering for

Dams in Tokyo, Japan on 7-8 May 1999.




3. Future Plans

)
)
©)

4)
©)

Exchange of the results of rescarch / investigation and technical information about dam carthquake
engincering is encouraged.

Exchange visits to the institutes concerned, of scientists and engincers between U.S. and Japan, is to be
extended for the effective communications,

In view of the importance of constructing a database for seismic evaluation of dams and outlet works,
cooperative rescarch on the standardization for location and installation of strong motion scismographs, and
collection and processing of measured scismic data will be started. Dr. Enrique Mathue, Virginia Polytechnic
Institute will complete a six-week joint rescarch with PWRI engincers during the next year at PWRIL. Dr.
Mathue will work with PWRI engincers in the initial implementation of the database. This discussion will be
uscful in developing proper format of data, which will be obtained from strong motion instrumentation of
dams currently under construction by Ministry of Construction. During the project, he will also work with
PWRI engincers in preparing a technical paper on the comparison of U.S. and Japan design standard for
concrete dam. A proposal to support this research will be sent to the National Science Foundation during
June 1999,

Mr. Michacl K. Sharp, WES, will complete a four-week joint research with PWRI during the next year at
PWRI to prepare a technical paper on the comparison of U.S. and Japan design standard for embankment
dam. A proposal to support this research will be sent to the Japan Science and chhnology Agency during
2000.

The proceedings of the Second Workshop will be pubhshcd and distributed to the T/C mcmbers and Pancl
secretariats.

T/C (D) will hold the Third U.S.-Japan Workshop on Advanced Research on Eartliquaké Engineering for
Dams in about two years in USA. The location and time of the workshop will be determined through
correspondence between the chairs of T/D (D). Joint presentations of cooperative research mentioned in (3)
will be made at the workshop.
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REPORT ON TASK COMMITTEE E
DESIGN FOR WIND AND WIND HAZARD MITIGATION

Date: May 11, 1999

Place: Public Works Rescarch Institute, Tsukuba, Japan

Attendees: U. S. side -- H. S. Lew (Acting Chair) NIST

Japan side -- Hisashi Olrm‘(lai(Co-Clmirman) BRI

Hiroshi Sato (Co-Chairman) PWRI
Shoin Yagi MRI
Hitomitsu Kikitsu BRI
Toshiaki Mabuchi PWRI

1. Objective and Scope of Work

To exchange technical information and to jointly plan, promote and foster rescarch and dissemination, to improve
understanding of wind and its effects on structures, cstablish more rational wind resistant design methods for
structures, and to contribute to wind hazard mitigation.

The scope of work includes:

1)
2
©)
“)
©)

Characterization of strong wind, especially boundary layer extreme winds.
Wind cffects (wind loading on and wind-induced response of structures).
Experimental and analytical methods to predict wind and its effects.
Damage and risk assessment.

Wind hazard assessments and wind hazard mitigation.

2. Accomplishments

M

2

Started collaborative research on "Development of Prediction Methods for Wind Response of Long Span
Bridges" between PWRI and the University of Washington. Mr. T. Mabuchi of the Structure Division, PWRI
stayed at the university in February of 1999, and studied computational fluid dynamics with Profs. D
Reed, G. Turkiyyah and H. Yeh.

Planned the second joint Workshop on Design for Wind and Wind hazard Mitigation that will be held at the
PWRI on May 24-26, 1999. The technical site visit to the Honshu-Shikoku Bridges will follow the

workshop.

3. Future Plans

)
@)

Hold the second joint workshop mentioned above,

Pursue the possibility of collaborative rescarch on the following topics recommended at the first workshop.

a) Application of models and field measuremenis to determine wind speed-up and turbulence
characteristics associated with topographic features

b) Development and testing of procedures for using comprchensive aerodynamic andfor structural
characteristics database to calculate wind loading effects and structural performance

c) Numerical simulation and measurements

d) Aerodynamic control
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g ez e T T e R




¢) Performance cvaluations
f) Development of prediction methods for wind response of long span bridges
g) Cooperative cfforts in post-storm damage assessment following tropical cyclones
(3) Exchange technical information on the following subjects:
a) Topographical effects on wind and the use of field mcasurements, numerical models and geographic
information systems (GIS) to study these cffects.
b) Control of wind-induced response of structures.
¢) Computational fluid dynamics and wind tunnel tests,
d) Prediction of wind-induced responsc of fuli-scale structures,
¢) Investigation of wind hazards, including post-storm damage assessment mcthodologies.
) Wind resistant design codes, standards and recommendations,
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Report of Task Committee F
DISASTER PREVENTION METHODS FOR LIFELINE SYSTEMS

Date : 11 May 1999

Place : Public Works Rescarch Institute, Tsukuba, Japan

Attendees : U. S. Side -- James Cooper (Acting Chairman) FHWA
Michel Bruncau MCEER
Joscphine Malilay CbC
Phillip Yen FHWA

Japan Side-- Masahiko Yasuda (Chairman) PWRI

Jun-ichi Hoshikuma PWRI
Yoshihiro Nakao PWRI
Tomofumi Nozaki PWRI
Keiichi Tamura PWRI

1. Objective and Scope of Work

To improve the performance of lifeline systems during carthquakes and extreme winds, and to promote the
development and implementation of technical and non-technical countermeasures, including the capability in

damage cstimation techniques and inspection procedures, through:

(1) Planning and conducting workshops.
(2) Facilitating exchange of technical information and personnel.
(3) Promoting development of design guidelines and standards.

2. Accomplishments

(1)  Members of this Task Committee (T/C) participated in the planning and attended the First High-Level

(2)

U.S.-Japan Earthquake Policy Cooperation Forum held in Seattle, Washington, U.S.A. in October 1998. The
Forum was led by the U.S. Federal Emergency Management Agency and the National Land Agency of
Japan, under the U.S.-Japan Natural Disaster Reduction Initiative of the U.S.-Japan Framework for New

Economic Partnership (Common Agenda).
The Proceedings of the Seventh Joint Workshop on Disaster Prevention for Lifeline Systems have been

published and distributed.

3. Future Plans

M

(2)

Encourage collaborative research and development in areas such as: performance prediction and
post-carthquake damage assessment of lifeline systems; systems approach to lifeline performance;
vulnerability inspection and retrofit techniques; post-earthquake response; and socio-economic impacts of
damage to lifceline facilities.

Encourage and strengthen current efforts in both countries for developing seismic design guidelines and
standards for lifeline systems. Existing UINR channels should be fully utilized to facilitate the exchange of
relevant information concerning the development of guidelines and standards. Possible collaboration of
developing guidelines and standards for lifeline systems should be pursued.




©))

)

Explore cooperative opportunitics (o address posi-disaster public health issues as a result of disruption to
lifeline systems as a part of T/C F. T/C I members will seck interest from appropriate public health
counterparts and will make recommendations at the next Joint Pancl Meeling on the appropriatencss of
incorporating this topic within the T/C F scope.

Upon appointment of the U.S.-side Chair, plan and conduct the Eighth Joint Workshop on Disaster
Prevention for Lifcline Systems in Japan. Specific location, time, and theme of the workshop will be
determined through correspondence between the co-chairs of this task commitice.
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Report of Task Committee G
SEISMIC INFORMATION SYSTEMS

Date: 12 May 1999

Place: Public Works Research Institute, Tsukuba, Japan

Attendees: U. S. side -- William Roper (Co-chairman) USACE
Mchmet Celebi USGS
Michael Blackford NOAA

Japan side -- Kazuo Okayama (Co-chairman) NLA

Hideki Sugita (Co-chairman) PWRI
Takaharu Kiriyama NLA
Hiroshi Masaharu GSl
Tomofumi Nozaki PWRI
Toshiaki Yokoi BRI

1. Objective and Scope of Work

Collaborative activities are planned in the following areas;

(1) Technically assist the earthquake policy cooperation under the U.S.-Japan Framework for New Economic

Partnership (Common Agenda).
(2) Improve understanding of earthquakes and social impacts through development of Seismic Information

Systems,
(3) Review the principals, objectives, structures and methodologies of existing systems, and facilitate practical

application in both countries.

These will be done through a) planning and conducting workshops, b) planning and conducting cooperative
researches, ¢) exchanging information and personnel in administrative and technical fields, d) introducing research
accomplishment to guidelines and standards.

2. Accomplishments

(1) The T/C-G members participated in the planning and attended the First High-level U.S.-Japan Earthquake
Policy Cooperation Forum (High-level Forum), 20-22 October 1998, Seattle, Washington. The Forum was
held under the auspices of FEMA and NLA, and both countries recognized the necessity of closer
relationship on Seismic Information Systems. The Second High-level Forum will be held in Japan in 1999,

(2) T/C-G chairmen of both sides discussed the priority areas of cooperative research activities to provide close
cooperation with the technical leadership in the Second High-level Forum,

3. Future Plans

(1) The T/C-G encourages cooperative research activities on the areas below.
a) Earthquake Monitoring/ Notification Systems
b) Earthquake Damage Estimation/ Emetgency Activity Support Systems
c) Earthquake Damage Estimation Models
(2) The First Workshop on Seismic Information Systems will be held in autumn 1999 in Japan. The date and




place will be proposed by Japan-side chairmen in consideration of the Second High-level Forum program.

(3) The T/C-G encourages exchange information with the other related T/Cs and Panels on common
technologics including real-time carthquake ground motion acquisition and remote sensing of carthquake
damage.

(4) Enhancing the Seismic Information Systems to the other disasters including wind, storm surge, tsunami and
flood will be investigated.
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Report of Task Committee H
SOIL, BEHAVIOR AND STABILITY DURING EARTHQUAKES

Date: May 12, 1999

Place: PWRI, TSUKUBA, JAPAN

Altendees: U. S. side -- Mike SHARP (Acting Chairman) WES
Richard S. OLSEN WES

Japan side -- Osamu MATSUO (Chairman) PWRI

Kazuhiko FUJIHASHI NTT
Hiroshi KOBAYASHI PWRI
Chikahiro MINOWA NIED
Mitsu OKAMURA PWRI
Takahiro SUGANO PHRI

1. Objective and Scope of Work

Government agencics responsible for public works must assure seismic safety and provide economical protection

against carthquake hazards.
The objective of the Task Committec (H) is to assist in meeting these needs by enhancing the availability of

technology for predicting the dynamic behavior of soils, foundations and earth structures, and analyzing dynamic
soil-structure interaction to assure their safe performance during earthquakes.

In accordance with the objective, the scope of work includes:

1

@)
€)

4)

Exchange information on technological developments, state-of-the-art and practice related to soil behavior

and stability during earthquakes,
Exchange information and technical data related to field performance, research, and methods of practice,

Plan and conduct programs of cooperative research and/or workshops in coordination with the proposed or

ongoing programs, and
Make other cfforts needed including exchange of researchers between U.S. and Japanese research institutes,

and publication of research results and recommended practice.

2. Activities

(1) The National Research Institute for Earth Science and Disaster Prevention (NIED), the Building Research

2)

)

Institute (BRI), and Wayne State University (WSU), have continued to work in their cooperative research
program "Physical and Numerical Simulation of Structural Damages Due to Liquefaction and Development
of Countermeasure Techniques”, 1994-1998.

Port and Harbor Research Institute (PHRI), Colorado School of Mines and the Lovelace Institutes
(Albquerque, NM) have continued joint research on application of the Nuclear Magnetic Resonance Imaging
(NMRI) method to the study of soil behavior and stability during earthquakes.

The 5th U.S.-Japan Workshop on Geotechnical Earthquake Engineering, subtitled as Soil Dynamics by Use
of Centrifuge, was held at PWRI during 28-29 September 1998. A total of 45 researchers, 9 from U.S.
side and 36 from Japan side, participated and 17 papers were presented during the workshop. The
proceedings of the workshop have been published and distributed,




3. Future Plans

It was agreed by the U.S. and Japan sides that they will put a focus on exchanging rescarch findings and
developing cooperative rescarch works in the following two particular arcas in which both Japanese and U.S.
rescarchers arc currently conducting the studics.
(1) Scismic stability asscssment procedures for embankment siructures
Japanese rescarchers are investigating the rationalization of conventional pscudo-static stability analysis
procedures and developing predictive procedures of permanent deformation and flow failure,
U.S. rescarchers are investigating different types of failure mechanisms and the effectiveness of current
procedures for Jiquefaction analysis. Improvement of centrifuge experimentation on embankment structures is
a common interest,
(2) Improvement of liquefaction potential assessment procedures
Both the U.S. and Japan currently have procedures for evaluating liquefaction that incorporate many factors.
Both sides are currently involved in research to evaluate these factors. In-situ measurement technique by the
usc of the cone penctrometer is also of common interest for both sides.

The committee also plans an exchange of rescarchers in the coming year to exchange
information and cncourage cooperative research activities.

4. Other Activities
Handbook on Liquefaction Remedy was published by the Japanese Geotechnical Society in October 1998. Its

English ftranslation and editing of the draft were completed with the assistance of Panel members together with
the former members, Prof. Y. Sasaki and Dr. A.G. Franklin,
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Report of Task Committee X
STORM SURGES AND TSUNAMI

T A A p A

Date: May 11, 1999
Place: Public Works Rescarch Institute, Tsukuba, Japan ’
¢
Altendees: U. S. Side -- Michacl E. Blackford (Chairman) NOAA 5
. : fa
L
Japan Side -- Kenichi Torii (Chairman) PWRI £
Masami Okada MRI I
Yuichiro Tanioka MRI
Fuminori Kato PWRI

L. Objective and Scope of Work

The objective of this Task Commiitee is to mitigaté damage from storm surge and tsunami through cooperative
rescarch and shared technology and information. The primary causc of storm surge is considered to be tropical
cyclones (hurricanes, typhoons). The primary cause of tsunami is considered to be sudden sca floor deformation
due to carthquakes, volcanic activity and landslides. Both hazards may cause disasters along coastal regions.

The scope of work of this T/C is as follows:

(1) Exchange results of rescarch on storm surge and tsunami occurrence, gencration, propagation, and coastal
effects. This includes observations on historical, current, and theoretical tsunamis. Of particular interest is the
effort by U.S. and JAPAN to acquire deep ocean {sunami measurements.

(2) Exchange results and status of storm surge and tsunami miligation activities including analysis of the
problem, planning, warning, and engineering approaches.

(3) Exchange information on development of technologies such as computer programs to predict travel times,
land-fall locations, inundation and run-up heights, and wave characteristics, improved instrumentation, and
use of satellite communication for detection and warning.

(4) Facilitate dissemination through exchanges of literature, technical reports at joint meetings, special
workshops, joint projects, and direct interaction among participants. The storm surge research community
which functions through many related societies and international organizations, defines and simulates work in
the ficld. The Task Committce, through its meetings and workshops, encourages exchanges of ideas and joint
study by U.S. and Japanese investigators of tsunami events throughout the world.

2, Accomplishments

(1) The Task Committee agreed to support the improvement of the gridded bathymetry and coastal-topography
data initiated by International Tsunami Commission.

(2) The Task Committee exchanged ideas on large-scale laboratory experiments on tsunami runup.

(3) Preliminary cooperative experiments on tsunami scouring around a cylinder were performed by using a large
wave flume at PWRL ‘

(4) The Task Committee made a Jist of large-scale experimental tanks of research institutions in Japan to clarify
the roles of large-scale laboratory experiments. The list of facilities in U.S. and Europa will be added.




(5) From July 9 to 11, 1998, the Fifth Tsunami Workshop was held in the City of Sapporo in Hokkaido. During
this workshop, the tsunami researchers visited Okushiri Island where they attended a reception to exchange
views with people who had experienced the tsunami and observed the state of recovery work in the part of
the island it had devastated.

3. Future Plans

The Task Commitlec exchanges information, and encourages cooperative rescarches and developments on the
following subjects:

(1) Cost reduction of deep ocean tsunami delection systems

(2) Accessibleness of tsunami detection data in deep ocean

(3) Investigation of tsunami detection by artificial satcllites

(4) Accessiblencss of gridded bathymetry in decp ocean and extension of the database to shallow sea

(5) Development and improvement of numerical model on tsunamis and storm surges

(6) Development of predictive model on scour around structures by tsunamis

(7) Technical support to develop tsunami mitigation program in Pacific nations

(8) Collecting information (tsunami source, run-up height and damages) of historical and current tsunami in
Pacific

4., Others

(1) The storm surge research community is small and incorporated into related societies and international

organizations which define and stimulate work in the field. The Task Committee "I" encourages these efforts.
" (2) Since tsunamis have been less severe in the U.S. than in Japan, the U.S. has fewer researchers in this
specialty. The Task Committee, through its meetings and workshops, encourages exchanges of ideas and
_joint study by U.S. and Japanese investigators of tsunami events throughout the world.
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Report of Task Committee J
WIND AND EARTHQUAKE ENGINEERING FOR TRANSPORTATION SYSTEMS

Date: 12 May 1999
Place: Public Works Rescarch Institute, Tsukuba, Japan
Attendees: U. S. side -- James D. Cooper (Chairman) FHWA
W. Phillip Yen FHWA
Japan side -- Kazuhiro Nishikawa (Chairman) PWRI
Yukio Adachi PWRI
Jiro Fukui ‘PWRI
Jun-ichi Hoshikuma' - PWRI
Yasushi Josen ' ‘ - PWRI
- Masahiro’ Nighitani - PWRI
Keiichi Tamura PWRI
Shigeki ‘Unjoh : PWRI
Masahiko Yasuda PWRI

1. Objectives and Scope of Work

To:

O

o)

‘Plan, promote, and foster research on the' behavior of highway bridges when subjected to wind and seismic

forces, aid
Disseminate fesearch résults and provide specifications and guidelines based "on'“the Task Committee's
findings. Surface transportation systems ‘play a ‘vital fole in'the movement of goods and: people. Highway
bridges are especially influenced by the forces of wind and earthquakes because of their open exposure o
those forces.

The scope of work includes; :

a) Focus research on highway bridges without limitation on their size and function.

b) Investigate existing and new bridge designs and the behavior of whole bridge systems and/or single

components of a bridge.

2. Accomplishments

M

@

The 14th U.S.-Japan Bridge Engineering Workshop was held during 3-4 November 1998, in Pittsburgh,
Pennsylvania, U.S. The workshop was attended by 34 U.S. and 22 Japanese participants. Since - this
workshop, it was decided to integrate the Workshop on Seismic Retrofit of Bridges and the Workshop on
Earthquake Protective Systems for Bridges into the Bridge Engineering Workshop. The proceedings of the
workshop have been published and will be distributed.

Dr. Jun-ichi Hoshikuma, Research Engineer of ‘Ea’ﬂhqﬁake Engineering Division, PWRI started his one-year
guest research assignment on seismic design of bridges at University of California, San Diego from March,

1998.. ’
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3.

(1

)

©)

)
)

©)

Future Plans

The 15th U.S.-Japan Bridge Engincering Workshop will be held in November 1999 at Tsukuba, Japan. The

topics of the workshop will include:

a) Innovative scismic retrofit technology including the application of new materials and new structural
systems

b) Innovative bridge design concept; e.g., bridge types, materials, life cycle cost analysis, cc.

Encourage a coordinated rescarch on the following topics:

a) Bridge design methodologics which embrace performance based design concepts, limit state design
concepts and life cycle cost analyses. _

b) Seismic isolation design methodologics considering the dynamic characteristics of isolation devices and
their modeling.

Continuc to investigate and exchange technical information on the improved scismic retrofit and

strengthening procedures for highway bridges based on experimental, analytical, and field studies, including

the development of innovative carthquake protective systems, the evaluation of the seismic performance of

total bridge systems, and the development of damage evaluation methods using sensoring systems, ctc. This

cxchange should also include information related to the maintenance of existing bridges.

Continue the coordinated research project to compare the scismic design criteria and seismic retrofit

technologies for bridges in Japan and the U.S. ,

Encourage a rescarch study on smsmlc, acroclastic, and aerodynamic response of long span bridges such as

cable-suppor(ed bndges with emphasis on behavior of composite materials, cable inspection, vibration

control, and corrosion protection. '

'Encourage a coordinated research study on system identification techmques, nondestrucuve evaluation of

bridge structures, use and pcrformancc of structural materials including new materials, and performance of
Jomtless bridges.
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Report of Task Committee K

WIND AND EARTHQUAKE ENGINEERING FOR OFFSHORE AND COASTAL

FACILITIES
Date : 11th May 1999
Place : PWRI,JP
Attendees: U. S. side -- Charles Smith (Chairman) MMS
Gerald  Brady ATC
Richard Olscn WES
Japan side -- Takahiro Sugano (Chairman) PHRI
1. Objective and Scope of Work

To develop technical insights necessary to mitigate damage to offshore and coastal facilitics due to éxtreme wind

and

scismic effects. The Task Committee will plan, promote and develop research initiatives to meet this

ObjCC(lVC and will disseminate the results of its research for mcorporatlon into future spccnflcatlons and design
guidelines. Criteria for the design of offshore and ‘coastal facilifies differ from thclr onshorc counterparts These

diffe

rences arise due to the unique dcsxgn or mass distribution of the facnlmcs, to ‘the fluid/structure or

wmd/structurc mteracuon, to the placemcnt of foundation elements in or on soft, fully saturated soils that can be
subject to large hydrodynamu, pressures, and to the lack 'of specific environmental data or engineering experience
that has been developed for most Onshore Sites.

The scope of work includes:

M
?)
©)
4)
)
(6)
™
®

Sponsoring and conducting workshops and meetings to identify key areas of research opportunities for
cooperation and the exchange of knowledge.

Predicting strong motions for offshore and coastal sites including assessing the effects of basin geometry,
and linear and nonlinear local geological effects, using actual seafloor response measurements.

Determining the dynamic response and the interaction of structure/foundation/soil systems to seabed motions
and extreme wind forces.

Assessing the dynamic response and behavior of various operational facilities mounted on offshore and
coastal structures.

Developing assessment methodologies for earthquakes and other characteristics of potential seismic sources
(e.g. faults) for offshore and coastal sites in regards to how these conditions relate to structural design
criteria,

Promoting the implementation of new research results into current design and construction processes.
Developing rescarch efforts to include laboratory and field programs to obtain data on the response of
offshore and coastal facilities to extreme wind and seismic forces, '
Creating performance standards, design specifications, and code recommendations for applications to new
construction as well as remedial action for existing facilities

-80-
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2. Accomplishments

(1) Task Committee K held initial planning phase to conduct a third US-Japan workshop. The theme of this
workshop will focus on scismic, wind and hazard mitigation techniques for offshore and coastal facilities.
It is to be held in Japan on Dec. 7-8 1999,

(2) Mr. Nozu rescarcher of PHRI will completed research on carthquake resistant technology for offshore and
coastal facilities at California Institute of Technology in Sept. 1999,

(3) Members of Committee K participated in the workshop, "Joint Peer/Industry Workshop on the Scismic
Vulnerability of Port Facilitics” held by Pacific Earthquake Engincering Rescarch Center, July 1998, San
Pedro, California,

3. Future Plans

(1) Develop workshop agenda including invited speakers of the third U.S-Japan Workshop on Wind and
Earthquake Engincering for Offshore and Coastal Facilities.

(2) Coordinate, where possible, on-going research on wind and carthquake engineering for offshore and coastal
facilities of interest to the members of the Task Committee K. This includes sharing of research reports and
publications where possible listed as following.

a) Japan's port facilities earthquake resistant design standard revised on April 1 1999,

b) Seismic performance based design concept for onshore and onshore facilities.

c) Rehabilitation/life extension technologies for offshore and port facility.

d) Proceedings of International Workshop on Cortosion Control for Marine Facilities, Feb. 1999,

(3) Task Committee K will work within the framework of the U.S.-Japan Common Agenda Program focusing on
the issue of acceptable seismic risk guidelines for ports and harbors.

(4) Task Committee K will coordinate activities with the Pacific Earthquake Engincering Research (PEER)
Program on ports and harbors centered at the University of Southern California.
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U.S.-Japan Cooperative Earthquake Rescarch Program on Composite and Hybrid Structures, U.S.-side Progress
by Subhash C. Goel'

ABSTRACT

A five-year research program on Composite and Hybrid Structures as Phase 5 of the U.S.-Japan Cooperative
Larthquake Research Program was recommended to be initiated in 1993 in both countrics. The rescarch work in
Japan started in fiscal year 1993. However, fuller participation of researchers on both sides started in carly
summer 1995. The sponsorship of program is by the National Science Foundation in the U.S. and by the Ministry
of Construction along with a number of industry groups in Japan. This paper presents a brief status report of the
program and research progress made to date on the U.S. side. Because of diverse and broad scope of the subject
area, the rescarch program is organized into the following four groups: Concrete Filled Tube Column Systems
(CFT); Reinforced Concrete (RC) and Steel Reinforced Concrete (SRC) Column Systems (RCS); and RC/SRC
Wall Systems (HWS); New Materials, Elements and Systems (RFI). A theme structure with well sclected layout,
geometry and design loads for the rescarch is also presented, which provides a common focus for various systems
to be Studicd, and also a common prototype structure from which the components and sub-assemblages are

drawn.

KEYWORDS: Coucrete Filled Steel Tube; RC Column with Steel Girder;
RCS Core Wall with Exterior Steel Frame; New Materials Elements and Systems.

' Professor, Dept. of Civil and Environmental Engrg., University of Michigan, Ann Arbor, M1 48109-2125, USA

Comparison of U.S. and Japanese Highway Bridge Seismic Retrofitting Measures
by W. Phillip YEN' and Shigeki UNJOH’

ABSTRACT

This paper presents comparisons between the Philosophy and methods used for scismic retrofitting of highway
bridges in Japan and United States. Similaritics and differences between the fundamental philosophies,
retrofitting process and retrofitting measures in different bridge components are discussed, including a comparison
of the fundamental retrofitting procedure and design criteria,

KEYWORDS: Earthquake Engineering, Scismic Retrofitting, Highway Bridges.
Rescarch Structural Engineer, Office of Infrastructure R&D Turner-Fairbank Highway Research Center, FHWA

6300 Georgetown Pike, McLean, VA 22101, USA
' Division Head, Earthquake Engincering Division Public Works Research Institute, MOC Tsukuba Science City,

305 Japan
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Development of a Probabilistic Scismic Hazard Analysis for Offshore Facilities in the Santa Barbara Channel
by Charles E. Smith'and Robert Murray?’

ABSTRACT

This paper Summarizes initial cfforis to develop a Probabilistic seismic hazards analysis (PSHA) for the Santa
Barbara Channel conducted by the Lawrence Livermorc National Laboratory - (LLNL) for the Minerals.
Management Service (MMS) of the U.S. Department of the Interior, The purpose of the PSHA is to provide a
basis for development by MMS of regulations governing cvaluation of applications -to re-license existing oil
platforms in Federal waters within the Channel with respect to seismic loading. The final product of ‘the analysis
will be hazard assessments of - ground motion parameters at specificd probability levels of excedence. This paper
summarizes the characterization of local earthquake sources within the Channel and onshore arcas of the Western
Transverse Ranges, development of a ground ‘motion. attenuation model for the region, and presents preliminary

hazard results at threc sclected offshore sites.

KEYWORDS: earthquake ground motions, carthquake source models,. offshore platforms, -
probabilistic scismic hazard analysis, Seismological uncertainties.

Research Program Manager, Minerals Management Service, Herndon, VA 20170 : S &
Project Manager, Lawrence Livermore National Laboratory, Livermore, CA 94550 %

GPS in Dynamic Monitoring of Long-Period Structures
by Mchmet Celebi’

ABSTRACT

Global Positioning System (GPS) technology with high sampling rates (~10 sps) allows scientifically justified and
cconomically feasible dynamic measurements of relative displacement of long-Period structures --- otherwise
difficult to measure: directly: by other means; such--as-the most commonly- used achlerometefs-r.tlhat:,.:réquiré
post-processing: including double integration. We .describe- an experiment where by the displacement 'responscs' of
a Simulated tall building are- measured clearly:--and-accurately. in reel-time. Such méasuremgnts can’ bc’juséd‘;tﬁ’
assess average drift ratios and changes in dynamic Characteristics, and therefore .can bé used 1byf‘engine’érs and-
building owners or managers to assess the building performance during extreme motions caused by eaﬂhqua’kes
and Strong winds. By establishing -threshold ‘displacemeént: or -drift: ratios -and: 1dem1fymg Changing::dynami¢’
characteristics, procedures can be dcvdoped to use such information to secure public safety and/or take steps to

improve the performance of the building; :

i S E A R T BT

KEYWORDS: = monitoring; GPS,, - strong-motion;. -building; - structural :-iresponse, . frequency,
acceleration

. displacemmerit,
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Integrated Surface and Borehole Strong-Motion, Soil-Response Arrays in San Francisco, California
by R. D. Borcherdt, H. P. Liu, R. E Westerlund, C. Dictel, J. F. Gibbs, and R. E. Warrick *

ABSTRACT

An integrated set of four borehole arrays and ten surface installations is installed in the city of San Francisco,
California to measure the response of soft-soil deposits to strong carthquake ground motions. The borehole arrays
extend through thick layers of soft water-saturated soils of Holocene age and older more consolidated soils of
Pleistocene age into bedrock at depths up to 100 m. The Surface installations arc configured in pairs to provide
simultancous comparative surfacc measurements of soft soils and ncarby rock. The rock locations also permit
comparative: measurements of rock as observed at the surface and in nearby borcholes. Complementary structural
response arrays also are installed near cach array.

The arrays are designed to address a wide varicty of scientific and engincering issues, and especially the issue of -
anclastic and nonlinear soil response at high strain levels. Exact anclastic models have been developed to account
for ‘contrasts in anelastic properties at boundaries and: the resultant inhomogeneity of propagating wave ficlds.
These models -predict that significant amounts' of energy may be trapped in soil basins with resultant larger
amplifications than can be predicted using conventional homogencous wave-field models with damping. Results
of these models are discussed,.

* United States Geological Survey Menlo Park, CA 94025
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The Fujita Tornado Intensity Scale: A Reassessment from Structural Engineering: Perspective
by Long T. Phan' and Emil Simiu*

ABSTRACT

On May 27, 1997 the town of Jarrell in central Texas, and on May 30, 1998 the town of Spcnécr in South Dakota
were hit by two violent tornadocs. We evaluated - the structural damage caused by the Jarrell tornado and
concluded that the worst damage can be explained by wind speeds corresponding to an F3 rating on the Fujita
tornado intensity scale (wind speeds of 71 m/s to 92 m/s). An F4 (93 m/s to 116 m/s) rating, or the F5 (117 m/s to
142 m/s) rating, officially issued by the National Weather Service: (NWS), need not be assumed 1o explain that
damage. We also present assessments of damage in the Spencer tornado, and suggest there is an inconsistency
between the NWS ratings of the Jarrell and Spencer tornadoes. We ascribe the NWS ratings to the failure of the
Fujita scale to account explicitly. for the dependence of wind speeds causing specified types of damage upon two
structural engineering factors: (1) the basic design wind speed at- the geographical location of interest, and (2)
quality’ of construction, defined as degree of conformity:to applicable standards: requirements. We address the
need for a ‘stronger involvement of the -structural engineering: profession in- nationwide efforts to ‘develop an
improved tornado classification scale and a more realistic tornado wind speed database.

KEYWORDS: Building technology; Fujita tornado intensity scale; metcorology, Stdndards, Structural engineering;
Wind engineering; tornadoes. : -

' Research Structural Engineer, National Institute of Standards and Technology, Gaithersburg, MD 20899
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A Probabilistic Tornado Wind Hazard Model for the Continental United States
by Quazi Hossain', Richard Mensing’, Jean Savy', and Jeffery Kimball’

ABSTRACT

A probabilistic tornado wind- hazard model for the continental United States (CONUS) ‘is described. The model
incorporates both alcatory (random) and ¢pistemic uncertaintics associated with quantifying the tornado wind
hazard Parameters. The temporal occurrences of tornadoes within ‘the continental United States (CONUS) is
assumed to be a Poisson process. A spatial distribution of fornado touchdown locations is developed empirically
based on the observed historical events within the CONUS. The hazard model is an acrial probability model that
takes into consideration the size and orientation' of the- facility, the length and width of the tornado damage arca
(idealized as a rectangle and dependent on the tornado- intensity scale), wind speed variation within the damage
area, tornado intensity classification errors (i.e.,errors in'assigning a Fujita scale based on surveyed damage), and
the tornado:‘path direction. Epistemic uncertaintics in describing the distributions of the. aleatory variables are
accounted for by using more than one distribution-model to- deséribe aleatory variations. The epistemic
uncertainties are based on-inputs from a panel of experts. A' computer program, TORNADO, has been developed
incorporating this model; features of this program are also presented, - ‘

KEYWORDS: tornado hazard; probabilistic ‘hazard - model; ‘epistemic and aleatory uncertaintics; Fujita scale;
tornado intensity; intensity classification error. : :

' Lawrence Livermore National -Laboratory; Livermore, California; 94550

Consultant, Lawrence Livermore National Laboratory, Livermore, California, 94550
} United States Department of Energy, Germantown, Maryland, 20874 - -
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Affordable Tsunami Mitigation
by Michael E. Blackford

ABSTRACT

Thirty-five years have passed since tsunamis causcd loss of life at distances of more than one thousand kilometers
from the tsunamis' source arcas. During that time the primary cause of the fatalities and the destruction is due to
the locally generated tsunami. Japan has a highly developed program to mitigate the effects of local tsunamis. The
United States, following the very great Alaska carthquake: of 1964, has- developed local or regional tsunami
warning systems for Alaska, the Pacific ¢oast States, and British Columbia of Canada, as well as for Hawaii.
Tsunami mitigation involves three aspects: assessment, emergéncy management (warning and evacuation), and
education, Tsunami asscssment addresses past tsunami:occurrence, both historical and "paleotsunamis. It also
involves tsunami inundation modeling and. the deéfinition of tsunami  hazard zones. Tsunami emergcncy
management involves a system of rapid earthquake characterization and communication of that information to
appropriate emergency: managemént -duthorities that; - in . turn, undertake -appropriate evacuation procedures.
Tsunami education-involves ‘a system of ongoing programs that reinforce tsunami awareness. These may consist
of annual awareness programs centered on the date of some significant tsunami event. They may also take form
permanent signs or structures indicating tsunami evacuation routes or havens of safety. Japan and the United
States should adapt their successful methods of tsunami mitigation and make them affordable to all nations in

need of tsunami mitigation systems.
KEYWORDS: affordable; assessment; education; emergency: management; mitigation; tsunami

International Tsunami Information Center, ‘NOAA/National Weather Service Pacific Région; Honolulu, Hawaii
96813
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Application of Advanced Technologics in Seismic Protection of Critical Facilitics An MCEER Program
by George Lee', Michel Bruneau’, Masanobu Shinozuka®, and Kathleen Tierney'

ABSTRACT

The Multidisciplinary. Center for Earthquake Engincering Rescarch (MCEER) has established a coordinated
system-integrated rescarch cffort to discover, nurture, develop, promote, help implement, and some instances: pilot
test, innovative measures and advanced and emerging technologics to reduce Josses in future earthquake in a
cost-cffective manner. The focus of this rescarch is on critical facilities, such as hospitals, and lifelines. A broad
range of technologies are being investigated through this research initiative, and this paper provides a bricf
overview of some of the technologics currently considercd.

KEYWORDS: - Advanced technologies, scismic protection, critical facilities, retrofit, loss assessment,

emergency preparedness, - emergency response, structural engineering, lifeline - engineering,
Geotechnical engincering.
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Present and:Future Roles of Nonlinear Numerical Procedures in the Seismic Analysis of Concrete Dams
by Robert L. Hall' and Enrique E. Matheu?

ABSTRACT

This purpose of this paper is to discuss the present and possible future roles of nonlincar numerical procedures in
the seismic analysis of ‘concrete dams. The application of nonlinear analysis procedures is pivotal for the rigorous
seismic evaluation of these critical structures. The objective of these analysis procedures is to quantify accurately
the extent of seismically induced damage. These type of approaches have the potential for- determining the
ultimate capacity of existing concrete dams by the appropriate modeling of nonlincar phenomena such as material
behavior, interaction of monolith vertical joints, and behavior of horizontal lift joints. Some numerical procedures
have been successfully developed to model the material nonlinear propertics. Other procedures have beén
formulated to represent the dynamic behavior the joints. However, because of their inherent complexities and the
difficulties involved in-the determination of their Parameters, nonlinear analyses may not be particularly suited for
the design phase. On the other hand, lincar analyses usually render a great amount of insight:into the expected
behavior of the system, but they can no predict accurately the cxtension of damage’ that may occur under
moderate or strong ground motions. This situation opens an alternative avenue for the application of nonlinear
models, in the form of the chelopmem of assessment-tools based on nonlinear parametri¢ studies, which can be
used to obtain an estimate of the réal performance of the system ‘using the information provnded by a linear elastic

analysis.

KEYWORDS: Concrete dams; nonlinear response; tensnle cracking; joint bchavnor, smeared crack model
scaled model experinénts. ‘ : .

Supervisory Research Structural Engineer, Structural Mechanics ‘Division, Structures Laboratory, U.S. Army
Engineer Waterways Experiment Station, Vicksburg, MS 39180 (USA).

! Rescarch Assistant Professor, Department of Engineering Science and Mechénics, Virginia Polytechnic Institute
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Equivalent-Lincar Ground-Response Caleulations with Frequency-Dependent Damping
by William B. Joyner'

ABSTRACT

Equivalent-linear procedures are widely used for calculating the response of soils to carthquake ground motion.
They are not-the only methods for this purpose; fully nonlinear calculation methods are available, as well as
methods relying on empirical. analysis of exisling strong-motion data. At high levels of input motion,
equivalent-linear ground-response calculations for sites in the Imperial Valley of California predict much greater
depletion of high-frequencics in the Fourier amplitude spectrum than found for observed data or for calculations
performed using fully nonlinéar computer codes. Such behavior should be expected if, as suggested many years
ago by Dobry, the motion produced by a small cyclic. load superimposed on a large load suffers less damping
than-the motion produced by the large load. Stricily speaking, of course, the effects of two different loads can not
be superimposed if the response is nonlinear. The approximate validity of superposition must be assumed,
however, if equivalent-linéar procedures are to be used at all. Since the spectrum of strain amplitude (which is
similar in shape to the spectrum of particle velocity) - decreases above the corner frequency of the earthquake
approximately as the. reciprocal of frequency; the strain-dependent damping used for cquivalent-linear calculations
should decrease with frequency above the comer frequency, rather than be constant over frequency as in the
conventional equivalent-linear procedure; As recently :proposed by Sugito, equivalent- lincar procedures may be
improved by allowing frequency-dependent properties at high strain. I show .comparisons of response specira of
motions’ resulting  from: fully - nonlinear calculations and ‘equivalent-linear Calculations using . the conventional
procedure and -a modified: procedure in which the. damping -at high: frequency 'decreases as the reciprocal of
frequency. The results of ‘the modified equivalent-linear procedure agrees better with' the results of the fully
nonlinear calculations than the results of the ‘conventional equivalent-linear procedure, for a site with zero
low-Strain damping. For a modest amount- of low-Strain damping, however, the differences between the response
spectra- for : the -conventional - and - modified equivalent-linear results is small, suggesting that conventional
equwalent linear procedures are adequate for many engmeermg purposes

KEYWORDS engmeermg selsmology, equ1valent linear; nonlmear, soil rcsponse, strong motion
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Development of the FEMA-273 Document - Guidelines for the Scismic’Rehabilitation of Burldmgs
by A. Gerald Brady'

INTRODUCTION

The nation's inventory of existing buildings continucs to grow. In those areas where codes, up until a so-called
"benchmark" ‘year, did not confain significant seismic considerations, many of these buildings‘ruh a risk . of
life-threatening damage should an ‘earthiquake provide potentially damaging ground motion. The downtown, older
sections of cevery city and town in ‘the nation contain buildings which fit this category. Every ‘earthquake
reinforces society's conviction that something must'be done fo réduce the hazard posed by these unsafe buildings.
Even inareas decmed at present to have low seismicity; there exists a sampling of possible carthquakes, maybe
rare, that can cause, in decreasing order of sevcrity: collapse, or loss of life without collapse, or’ damage
warranting building cntry to be unsafe, or damage that halts a’ burldrngs functioning. The earthquake hazard is
real even if it is unclear. ‘ ' : .

The National Earthquake' Hazard Reduction Program (NEHRP) was” fundcd by the US Congress to takc the
required steps towards a national reduction of the earthquake hazard. This paper describes some of the steps taken
towards the reduction of the earthquake: hazard ‘posed by existing buildings, rather than the implementation of
codes governing the ‘design of new buildings, It is clear that the nation's concern- should be focused-on

rehabilitating  existing buildings ‘to- whatever -extent- is ‘practical; becausé more lives are at risk and more

interruption to society and its economy can be expected.
The Fedesal Emergency Managenient Agency (FEMA) , the lead ‘agency for-the NEHRP program, embarked on:a
comprehensive project in coordination -with’thé other:NEHRP agencies (at the time, the U.S. Geologrcal Survey
(USGS), the National' Institute ‘of Standards :and ‘Technology:::(NIST):: and - the National: Science” Foundation
(NSF)). The agenci¢s did'what each ‘does besi the USGS withinforniation-on strong-ground motion, NIST with
technical oversight; and:NSF with fiinded ‘engincering:résearch: The Applied Techriology Council: (ATC). was the
program: manager for a number 6f the prOJects that pr‘oduced reports listedsand ‘deséribed : brreﬂy in the fOHOng

s

section, ‘
Borrowing from the FEMA Foreword to FEMA- 273 Since 1984 when FBMA first began the program to address

the risk posed byseismically unsafe burldmgs, FEMA:273 ' has 'been: the - sought' target. - Preparatory 'steps’ were
neceded, and by 1990 the technical platform had been completed. FEMA-273 required the varied talents of over
100 consultants: engineers, researchers and -wrifers; orchestrated 'by BSSC, ATC, ‘and ' ASCE. ‘Hurnidréds “more
donated knowledge and time on review, and with comments, crrtrcrsms and suggestions. The balloting  process of
BSSC over the last year of the effort added further improvement. No-one who worked on this project, whether
volunteer, consultant, or staff, received monetary compensation commensurate with effort.

" Applied Technology Council, Redwood City, California, U.S.A.
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Revisiting the Public Health Consequences of Natural Disasters through an Epidemiologic Perspective
by Josephine Malilay'

ABSTRACT

A synopsis of recent cpidemiologic activitics in disaster scitings is presented for 1999, the fifth year of the
involvement of the Centers for Disease Control and Prevention (CDC) in the United States-Japan Natural
Resources Panel on Wind and Scismic Effects. The objectives are to: 1) describe the mission of disaster
epidemiology at CDC in the context of emergency management; 2) outline different methods and field activitics
conducted by CDC; and 3) provide a framework for public health and cpidemiology in the emergency
management of natural disasters, particularly wind and Seismic events. A conceptual framework using the goals
of epidemiology in disaster settings and the phases of the emergency management cycle has been developed to
address the public health consequences of natural disasters. For cach selected goal and phase, epidemiologic
assessments or studics may be conducted to answer questions posed by public health officials and emergency
managers. The framework may provide a basis for direction for collaborative work between the U.S. and
Japancse-cquivalent Public health sectors for UINR ‘activities.

KEYWORDS: Public health, natural disasters, epidemiology

National Center for Environmental Health, Centers for Discase Control and Prevention, Atlanta, Georgia USA

Change Detection Using Geospatial Analysis
by William E. Roper'

ABSTRACT

The ability to use remotely-sensed information that accurately characterizes the carth's surface can be a powerful
capability during immediate response and longer term recovery from natural disasters. Four sensor systems are
described and their ability to characterize terrain or bathymetry illustrates. Multi-Scan Sonar is a rapid,
high-resolution sensor technology for underwater surveying. Through data processing developments, Changes in
bathymelry over time can be translated to volumetric changes at specific locations. Examples of LIDAR systems
to measure ground surface conditions are presented. Results at a calibration test site in California are shown. The

third sensor described is Interferometric Synthetic Aperture Radar (IFSAR). IFSAR has special characteristics
applicable to rapid mapping of lerrain features. Examples of data collection projects with IFSAR in the
Sacramento Valley of California are presented. The fourth system described is SHOALS. SHOALS is a
LIDAR-based, helicopter-mounied bathymetry and near-shore terrain measurement system., The application of this
system to recovery efforts following Hurricane Opal in the western Florida panhandle are presented.

KEYWORDS: Change detection; remote sensing; LIDAR; terrain characterization; IFSAR; multi-scan sensor;
SHOALS; natural disaster recovery; bathymetry; rapid mapping.

' Director, U.S. Army Topographic Engincering Center 7701 Telegraph Road, Alexandria, VA 22315-3864
www.tec.army.mil
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Hurricane Mitch Recovery -
by William E. Roper'

ABSTRACT

The characteristics of Hurricane Mitch, the most destructive storm in the Atlantic Basin the past 200 ycars, are
described. A summary of Mitch's impact on central America, including its path and impact on people,
infrastructure and the environment arc presented. Initial recovery efforts focused on saving pcople and opening
transportation routes. That was followed by assessment of high-risk landslide areas and flood mitigation
approaches. The-planning approach including the use of geographic information system tools are summarized.
Initial results and on-going rccovery actions are reviewed.

KEYWORDS: Hurricane Mitch, flooding, flood mitigation, storm irack, landslides, .
geographic information system, acrial photographs, mapping, remote sensing, image analysis
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Perforated Shear Walls with Conventional and Innovative Base Restraint Connections
by Jay Crandell, P. E.', William Freeborne' , Shawn McKee

ABSTRACT

Ideally, the residential construction industry wants to build stronger, safer buildings that can withstand hurricane
and carthquake loads while at the same time using material and labor resources more cfficiently. Shear Walls are
a Primary lateral force resisting assembly in conventionally wood-framed construction. This paper reviews the
current status of shear wall design using the perforated shear wall method. Past perforated shear wall research is
discussed. The findings from this phase of rescarch support the use of the perforated shear wall method for 2 .
(0.61m) narrow wall segments, 6 ft. (1.83m) on center anchor bolt spacing, and nailed sole plate anchorage.

KEYWORDS: anchorage, design, cnergy dissipation, force-displacement, perforated shear wall method,
stiffness uplift

Structures and Materials Division, NAHB Research Center, Inc., Upper Marlboro, MD, USA, 20774
Division of Affordable Housing Research and Technology, U. S. Department of Housing and Urban
Development, Washington, DC, USA, 20464

The New FHWA/MCEER Scismic Vulnerability Study of Highway Systems : Loss Estimation Mecthodology and
the Seismic Design and Retrofitting of Long Span Bridges
by Ian M. Friedland, P, E.", W. Phillip Yen’ , John D. O'Fallon’

ABSTRACT

In the fall of 1998, the Multidisciplinary Center for Earthquake Engineering Research was awarded a 6-year,
$10.8 million contract by the Federal Highway Administration of the U.S. Department of Transportation to
conduct a scries of studies related to the seismic performance of the U.S. national highway system. The rescarch
being conducted under this contract is intended to provide improved tools for cvaluating and  assessing the
societal impacts of earthquakes on highway systems and to bridges, and to reduce the amount of damage that
may occur to existing and future highway structures from a moderate-to-significant seismic event. The focus of
this paper is on two aspects of this comprehensive program: (1) development of formal loss cstimation
methodologies highway systems subject to damaging carthquakes, and (2) the development of a manual for the
scismic design and retrofitting of long span bridges.

KEYWORDS:  carthquake enginecring; seismic vulnerability; loss estimation; scismic risk assessment;
seismic design; seismic retrofitling

' Assistant Director for Transportation Rescarch, Multidisciplinary Center for Earthquake Engincering Research,
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Development of Test Guidelines for Passive Energy Dissipation Devices
by Michael A. Riley' and Fahim Sadek’

ABSTRACT s

Passive energy dissipation devices arc ef-fective for improving the dynamic response of structures by reducing
their response to carthquake and wind excitations. Wide ac-ceptance of these devices for structural ap-plications
depends on their performance being well documented, and on the avail-ability of standards for their evaluation
and testing. In response to- this latter need, the Building and  Fire Rescarch Laboratory of the National Institute
of Standards and Technology has initiated a rescarch program to develop guidelines for testing supple-mental
damping devices.

The objective of the guidelines is to provide a standardized serics of prototype and pro-duclio.n tests for passive
energy dissipation devices. The test guidelines are intended to be independent of both the device type and
application. They arc also mcant to assist manufacturers, rescarchers, and practitio-ners in performing and

interpreting the test results,
This paper provides an overview of the guidelines and describes their development,

KEYWORDS: passive dampers; passive cn-ergy dissipation; test guidelines; structural control;
supplemental damping. L

' Research Structural Engineer, National Institute of Standards and Technology, 100 Bureau Dr., Stop 8611,
Gaithersburg, MD 20899-8611
Research Associate, Southern Methodist University, Dallas, TX 75275; on Assignment, National Institute of
Standards and Technology, 100 Bureau Dr., Stop 8611, Gaithersburg, MD 20899-8611

A Liquefaction Evaluation Procedure Based on Shear Wave Vclocny
by Ronald D. Andrus' and Kennéth H. Stokoe, II’

ABSTRACT

This paper outlines a procedure for' evaluating liquefaction resistance of soils using shear wave’ velbdity
measurements. The procedure follows the general format of -the Seed-Idriss simplified procedure based on SPT
blow count. It was developed following suggestions from industry, researchers, . and practitioners, and using case
history data from 26 earthquakes and oves 70 measurement sites in soils ranging from sand to sandy gravel with
cobbles to profiles including silty clay layers. The procedure corréctly predicts moderate to high ‘liquefaction
potential for over 95 % of the liquefaction case historics, A case study is provided to illustrate the appllcatlon of

* the proposed procedure.

KEYWORDS: Building technology; earthquake engineering; in situ measurements; seismic testing;
-shear wavé velocity; soil liquefaction. : :
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Influence of Confining Stress on Liquefaction Resistance
by Mary Ellen Hynes' & Richard S. Olsen’

ABSTRACT

The confining stress  factor Ks is used in  liquefaction cvaluations to extend empirical charts for liquefaction
resistance to confining stresses  higher than the empirical field — performance database, approximately 1 atm
(100 KPa). Estimates of K« from Harder (1988), Hynes (1988), Olsen (1984, 1994, 1996) indicated relatively
large reductions in liquefaction resistance ratios with increasing confining stress. Laboratory work by Vaid and
colleagues (1985, 1995) indicated higher values of Ks. In this study, a databasc was developed to investigate the
reasons for the broad scatter in Ks. From our Study we conclude that : 1) Ks is strongly influenced by
method of deposition, stress history, aging effects, and density ; 2) reconstructed, pluviated specimens in the
laboratory may represent recently deposited dredged materials or recently liquefied materials ; however, 3) high
quality undisturbed samples arc  nceded to determine field — relevant values of Ko. The MCEER International
Liquefaction Committce (Youd & Idriss 1997) adopted the Ks recommendations from this study.

KEYWORDS : Liquefaction, confining stress effects, gravels, stress focus, K sigma, carth dams,
laboratory testing, stress history, Pluviation.
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