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Mltsumasa MIDORIKAWA Takashi HASEGAWA Akiyoshi MUKA,
Isao NISHIYAMA Toshibumi FUKUTA Hiroyuki YAMANOUCHI, BRI
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1 3 120 Push Over Laboratory Testing of Unreithrced Masonry Infills,
Steve Sweeney, Pamalee Brady, and Ghassan Al—Chaar * , CERL .
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Structures— Research Progress and Current Status,
Subhash C.GOEL *, University of Michigan and Isao NISHIYAMA, BRI
17 :00 Design of Large—scale Liquefaction Experiment System,
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RESOLUTIONS OF THE TWENTY-EIGHTH JOINT MEETING
U.S.-JAPAN PANEL ON WIND AND SEISMIC EFFECTS (UJNR)
National Institute of Standards and Technology

- May 14-17, 1996

The following resolutions are hercby adopted:

l. The Twénl’y»Eighth Joint Pancl Meeting providcd' the forum to exchange valuable technical information
that was beneficial to both countrics. In view of the importance of cooperative programs on the subject

of wind and seismic effccts, the continuation of Joint Panel Meetings is considered essential.

2. The following activities have been conducted since the Twenty-Seventh Joint Meeting:
a. Techniology Exchanges. Technical experis, technical docunichts, research reports, and

procéedings for workshops have been exchanged.  These exchanges contributéd to the

development of research programs and enhanced ongoing research in both countries.

b. Task Committec Workshops. The Panel held four workshops with technical site visits:
1. Task Committee (A) Workshop on Site Response to Strong Earthquake Motions,
1617 January 1996, Yokosuka.

2. Task Committeé (F) 6th Workshop on Earthquake Disaster Prevention for Lifeline
Systems, 18-19 July 1995, Osaka.

3. Task Committee (I) 4th Workshop on Storm Surge and Tsunamis, 1-3 April 1996,
Hawaii. :

4, Task Commiittee (J), 11th Bridge Engincering Workshop, 30-31 May 1995,
Tsukuba.

3. The Panel will continue to seek methods to contribute to the IDNDR such as exchanging Proceedings of

Joint Panel Meetings and of Task Committee Workshops with their respective country's National

Commnittees for the IDNDR.

4, Japanese and U.S. members continued analysis of the most probable causes of failures from the 17
January 1995 Hyogo-ken-Nanbu Earthquake and the 17 January 1994 Northridge Earthquake. The
Japan-side discussed its analysis of the Hyogo-ken-Nanbu Earthquake at the 28th Joint Panel Meeting.

These deliberations presented important data and information about-the reasons for building and

infrastructure damages. The Panel recognizes the importance of using these findings in its ongoing work

and of the need to continue performing future joint post-disaster investigations to improve 5ci¢ntiﬁc

" knowledge, engineering, and construction practices.
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The Panel recognizes the importance of providing carthquake science and technology expertise to the
U.S.-Japan Earthquake Disaster Mitigation Partnership of the April 17, 1996 Agreement, U.S.-Japan
Common Agenda. The Pancl will provide technical leadership and participation in appropriate rescarch
projects aimed at realizing the objectives of the priority themes for joint collaborations. Appropriate

Task Committecs will respond to the Partnership in planning their work.

The Panel approved the Task Committee reports presented during the 28th Joint Panel Meeting. Each

report included objectives, scope of work, accomplishrients, futire plans, and other information.

The Panel endorsed the following six proposed Task Comittee Workshops during the coming year:

a. Task Coriittee (B), Workshop on Load Path and Test Observation Requirements for Quasi-
Dynamic and Shake Testing, planned before the 29th Joint Panel Meeting
b, Task Committees (C &G), 2nd Workshop on Structural Control and Intelligent Material
Systems; planned for November 1996, College Park, MD, USA
c. Task Committee (D), 1st Workshop on State-of-the-Art Review of U.S.-Japan Research on
Earthquake Engineering for Dams, proposed for 19-22 November 1996, WES, Vicksburg,
MS, USA | |
d. Task Comniittees (G & J), 4th Workshop on Earthquake Protective Systems for Bridges,
December 1996 Japan ‘ '
e Task Committee (J), 12th Bridge Engiiicering' Workshop, 26 October - 3 November 1996,
USA. } : o :
f. Task Committee (J), 3rd Workshop on Seismic Retrofit of Bridges, December 1996, Japan

In addition, three Task' Committees plan to cbﬁduét-Wofksliops'"ixi 1997, following the 29th Joint Panel

meeting; ,

a. Task Committee (E), 1st Workshop on Desig for Wind and Wind Hazard Mitigation,
October or November 1997, USA.

b. Task Committee (F), 7th Joint Workshop on Disaster Prevention for Lifeline Systems,

proposed for June or July 1997, Seattle
c. Task Committee (K) 3rd Workshop on Wind and Earthquake Engineering for Offshore and
Coastal Facilities, July 1997, Japan

Scheduling for the Workshops will be performed by the U.S. and Japan Chairmen of the respective Task
Committees with concurrence of the Joint Panel Chairmen. Both sides' Secretaries- General shall be
kept informed of the planning. Results of each activity conducted before the 29th Joint Meeting shall be
‘presented at the 25th Joint Panel Meéting.

)



10.

11.

12.

The Panel recognizes the importance of continuing its joint rescarch programs on Composite and Hybrid

- Structures and on Soil Lyiquel‘action and Countcrmeasures,

- The Panel approved creation of the Task Committee on Design for Wind and Wind Hazard Mitigation

(T/C"E").

The Panel published its third issue, Wind and Seismic Effects Newsletter, Winter 1996. The newsletter
featured the Hyogo-ken Nanbu Earthquake .and the 27th Joint Panel Meetmg and summarl?ed damage
investigations, workshops and review of two U.S. -side Panel Agencies and one J apan-snde Panel Agency.

The Panel endorses contmuatlon of publishing Panel news as repottedin the newsletter - The U.S.-side

- will publish the fourth newsletter during the fall of 1996. . The Panel. encourages both sides to use the

clectronic media as much as_possible in- commumcatmg Panel findings and summaries of activities.
Therefore, the Panel has endorsed creation of a Home Page on the Internet. NIST will create and
maintain the Panel's Home ‘Page. - In addition, future Paricl newsletters will be made available through

the Panel's Home Page on the Internet.

The Panel recognizes the importarce of continued exchange of personnel, technical ir‘tfonnation, research
results, and recorded data that'lea_dctoj mitigating losses from strong winds.and sarthquakes. ~The Panel
also recognizes the importance of using available lé‘rge‘—seale testing facilities and other complementary
capabilities in both. countries, - Thus; _th'_ese,aetiyities_ »_,sh:ould’_ be eontinued, strengthened, and expanded.

The Panel will provide oﬂ'xcial endorsenent to facilitate these exchanges.

The Twenty-Nmth Jomt Panel Meetmg of the UJNR Panel on Wmd and Seismic Eﬁ'ects w1ll be held at
... the Publxc Works Research Instxtute, Japan in May 1997 - Specific dates; program, and itinerary will be

proposed by the J apan-side with concurrence of the U.S.-side Panel.
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Report of Task Committee A -
STRONG MOTION DATA AND APPLICATIONS

Date: 15 May 1996

Place: National Institute of Standards and Technology, Gaithersburg, MD, USA

Attendees: U.S. side -- Roger Borcherdt (Chairman) USGS
Jon Ake U.S. Bureau of Reclamation
Ghassan Al-Chaar USACERL
David Boore ' USGS
William Joyner USGS

Japan side -- Takahiro Sugano (Acting Chairman)  PHRI

Keiichi Ohtani NIED
Noriko Kamaya IMA

1. Objective and Scope of Work

To coordinate and promote sharing of strong motion earthquake data among researchers and practicing engineers,

and to develop techniques and exchange information for evaluating the destructive effects of earthquake motion.

The scope of work includes:

M)
@
€)
“)
©)

instrumentation

recording, processing, and analyzing strong motion data,
engincering characterization of ground motion,

design applications, and

seismic zonation.

The activitics of the Task Committee include:

¢y
)
and
©))
4

regular exchange of data and publications, ,
creating procedures for disseminating significant strong motion digital data with regatd for the rights

expectations of (a) owner, (b) the users of data and (c) the earthquake engineering community,
planning and conducting T/C workshops and meetings, and ' '

coordinating relevant research activities.

2. Accomplishments
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Conducted an international workshop on Site Response to Strong Earthquake Motions, 16-17 January 1996,
Yokosuka, Japan; conducted technical site visits, relevant to the Workshop in the Hyogoken-Nanbu arca during
18-19 January 1996. The workshop was organized by Dr. Iai, PHRI with support of the Japan Science and
Technology Exchange Center acting on behalf of the PHRL.  More than 50 world experts discussed the response
of soils under large carthquake excitation. Workshop discussions centered on the response of soils as implied by
strong-motion recordings of the Northridge and Hyogoken-Nanbu Earthquakes and: recent results implied by
laboratory experiments and numerical modeling results.  Critical issues related to the non-lincar behavior of soils

were treated in detail.  Proccedings of the workshop were prepared for publication by March 1996.

3. . Future Plans

1) T/C "A" recognizes the importance of understanding ncar source carthquake ground motions,
geological effects, and structural response in support of the "Natural Disaster Reduction Initiative”" of
the "United States-Japan Common Agenda." ~ Strong motion recordings obtained from past and future

-earthquakes provide the basic-measurements essential for understanding these effects for improved
- earthquake ‘resistant design and retrofit of structurés needed in order to reduce future carthquake
disasters. T/C "A" in recbgniz‘ing its responsbilities for "Strong-Motion Data and Applications"

recommends the immediate establishment of coordinated programs for:

1) Strong-motion Instrumentation Array Design, Operation and Data Interpretation based on
recent design and installation of extensive surface and borehole arrays installed by the
Science and Technology Agency throughout Japan and the U.S. Geological Survcy in the San

Francisco Bay region and other areas.

L2 Understanding Near Source Effects, especially a) near source attenuation relations for fault-
normal and fahlt-péxr‘allel mations and b) procedures to account for source rupture types and

-+ -radiation effects; including directivity, into engineering design.

3) Understanding  Geological Effects; especially a) acquisition of site-condition data and
analyses of corresponding strong motion data from Northridge and Hyogoken-Nanbu
earthquakes for characterizing the response of various types of geological site conditions at
high levels for input rock motions for purposes of improvfng ground-motion amplification

factors currently used in Bu‘i]dfng' Code Provisions and carthquake resistant design.

4) Understanding structural response, especially coordinated efforts to facilitate interpretation of
strong motion measurements in buildings for resolving important structural response problems

such as those for modern steel moment frame structures.



)

®
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" and near-source phenomena

(6)

T/C "A" recognizes that extensive sets of strong-motion instrumentation installed in both countries since

- the Hyogoken-Nanbu and Northridge carthquakes provide an important new resource to develop

improved understanding of thése'imponant effects and responses.  In preparation to fully utilize this
important  new: mtcmatlonal resource as well as cxlstmg resources, - T/C "A" recommends the
development of a www (internct) page as part of the UINR panel page to:

provide a list of pamclpatmg agencies & researchers

provide internet addresses and/or hypertext links to those researchers

list of www sites where strong motion databases are available -

provide a listing of recent strong motion recordings of interest and

provide a list of p‘roceedings/phblications produced under the auspices of Task Committee A

of the UINR,

- T/C "A" endorses the - recommendation. of T/C "B" concerning ‘the importance of soil-structure

interaction (SSI)'as a field observation, - In‘the U.S., USGS has initiated a project on SSI. * Since the
Hyogoken- Nanbu “earthquake, - BRI has installed instruments ‘for SSI observations:in the Tokyo

metropolitan area. This task committee’ reommends - - (1) exchange of information on SSI data and

i (2) the establishment of a cootdinated program. -

T/C "A" recognizes the need for continued interaction between U.S. and Japanese researchers in the

- -forum provided by regular workshops. .

T/C "A" w111 investigate. altematwe funding venues to focus on‘impoitant:issies such as site-response

‘T/C:"A"- in recognizing: the considerable interest’ infpr'oéeedings of -the récent worksh‘op on “Site

-:-Response to. Strong Earthquake ‘Ground- Motlons" committee:: meémbers. W1ll expand efforts to

communicate avallablhty of: proceedmg volumes through px‘ofessnonal societies'in both countries..
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Report of Task Committce B
TESTING AND EVALUATION PROCEDURES FOR BUILDING SYSTEMS

Date: ‘14 May 1996
Place: National Institute of Standards and Technology, Gaithersburg, MD, USA
Attendees: US: Side-- ©  H.'S. Lew (Chairman) - - NIST
* Shih:Chi Liu® - ' - NSF
.- Mehméet Celebi * - - USGS
Erdal Safak USGS
Harish Chander - - - DOE
Japan Side -- Keichi Ohtani (Chairman) -~ - -~ NIED

1. Obijective and Scope of Work

To develop rational test procedurés and to collect’ pefformance ‘data of dynamic | réesponse of structures through

laboratory testing and prototype structures and field testing of structures in=sit. -

+The scope of this Task Committee includes the following: -

(1) Plans and conducts workshops and joint meetings to identify research topics and develops Jomt research
programs. ' ‘
‘(21> - Coordinates research projects ‘carried out by various laboratories in the U.S. and Japan and facilitates

publication of research results and implemientation of findings in codes and stindasds.
() - Facilitates'exchange of research pérsontiel; technical information ’and’a"v‘éiléble testing facilities.

(4~ Develops uniform testing procediires including test loading history for case of comparison of results of
- tests carried out by various researchers; and for establisliment of data base. -

) Des)eldps Vgui'del'i‘nés fof interpretation of test results in ééh’Sidér’ﬁtioh'fdf desig’ﬁ‘ of structures.

: (é)f - Develops méthodology for evaluation and interprétation of physical test results, -
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2. _ Accomplishments
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The fourth phase of the U.S. Precast Scismic Structural Systems Program (PRESSS) has been initiated
in 1995 with several universities participating in the program. The fourth phase includes a full scale

testing and supporting subassemblage tests and is near completion.

The research program on Composite and Hybrid Structures (CHS) in Japan was initiated in 1993.
Experimental and analytical work is being carried out by the Building Research Institute and by several
universitics and construction companies. The Japan Structural Consultant Association is undertaking

an application study for implementing research results-into practice.

The rescarch program on CHS in the U.S. was initiated:in 1995. Dr. S. C. Goel, University of
Michigan and Dr. Steve Mahin, University of California-/Berkeley are coordinating analytical and

cxperimental studies being carried out by several universities..

The second US-Japan Joint Technical Coordinating Committee (JTCC) meeting on Composite and
Hybrid Structuses (CHS) was held in June 1995 at Honolulu, Hawaii. '

The U.S. Technical Coordinating Committece meeting on CHS was held in Los Angeles, California in
February 1996. The second-year U.S. research program will be awarded by NSF.in June 1996. .

The JTSC-RFI (Research for Innovation) was held in Ann-Arbor, Michigan in February 1996, and
JTSC-CFT (concrete filled tube) was held in Chicago, Illinois in April 1996,

3. Future Plans

()

@

©)

. The third U.S.Japan Joint Technical Coordinating ‘Committee - meeting on CHS will :be held-in

November 1996 in Hong Kong.

. TC "B" recognizes the importance.of soil-structure interaction (SSI) as a field-observation: . “In the U.S,,

USGS has initiated a project on SSI.  Since the Hyogo Ken Nanbu earthquake, BRI has iristalled

-instruments for SSI observations in the Tokyo:metropolitan area.. This task committces recommends

that (1) exchange of information on SSI data and (2) the.establishment of a coordinated program. The
scope of the program will be developed jointly by USGS and BRI before the 29th joint meeting in
cooperation with TC "A" and TC."H". . o -

In support of the International Decade for Natural Disaster Reductjbn‘(lDNDR) Program; tc;chniq'\ic;s
will be explored to disseminate finding of completed Joint-Research Projects, such as masonry and

.
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precast concrete structures, to countries with high scismic risks.

~

4) To maximize the usefulness of research data, it is desirable to establish standards for test procedures,
documentation and retricval of test data. A joint workshop on "Load Path and Test Observation
Requirements for Quasi-Dynamic and Shake Table Testing" is proposcd to be held before the 29th Joint

Panel Mecting to discuss this topic.



Report of Task Committee C
DESIGN, EVALUATION, AND IMPROVEMENT OF STRUCTURES

Date; - 14 May 1996

Place: National Institute of Standards and Technology, Gaithersburg, MD, USA
Attendees: U.S. side -- Ken Chong (Chairman) NSF
S.C. Lin ' NSF
Larry Hultengren DOS
Ugo Morelli FEMA
Japan side -- Hisahiro Hiraishi (Chairman) BRI

1. Objective and Scope of Work

To develop disaster mitigation guidelines and programs that will improve the performance of new structures and the
capacity of existing structures in resisting wind and seismic forces. To establish adequate evaluation of
performance, each country will coordinate development of condition assessment, screening, and structural analysis
and design methodologies. Enhance performance can be obtained by the intelligent renewal, repair and retrofit of
existing buildings and other structures. Structures will be analyzed and instrumented, and then evaluated after
disasters.  Also, effective use of new adv’a'nced materials and structural systems, associated with appropriate design

methods, will provide excellent structural performance in the life cycle.

The scope of work includes:

M Exchanging information, planning, and hosting workshops on new design technologies, evaluation
technologies, and repair and retroﬁt’techﬁiques.

) Studying new materials and mbethods for répairing and retrofitting existing structures and for new
construction, ,

(3) Developing a uniform system for screening and analyzing wind and seismic resistance capacity of

structures in each country.

(4) Developing reliable condition assessment systems for new and existing structures.

%) Evaluating masonry, precast” concrete and c‘dmbos'i.temyb"rid building - structures: and - providing
documentation for post-disaster evaluation of perfonnénce.

(6) Coordinating research projects in the U.S. and J apan to minimize duplication and maximize benefits.




2. __Accomplishments

(1)

@

3

U.S.-Japan Workshop on smart materials and structures supported by NSF was held at the University of
Washington during 4-5 December 1995.

A NSF funded International Symposium on Civil Infrastructure Systems Research was held during 25-
28 September: 1995, ‘Seoul, Korea, Researchers fromU.S., Japan, Korea, and other countries
participated. '

The Third U.S.-Japan Technical Coordinating Committee meéting on Composite and Hybiid Structural

‘Systems was held in June 1995 at Hawaii.

3. Future Plans

The following are planned for T/C "C":

)
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The second workshop on "Structural Control and Intelligent Material Systems" is being planned in the
U.S. during 1996 (co-sponsored by NSF and T/C "C" and "G").  The workshop will be held at the
University of Maryland, following the ASCE Materials Conference, November 1996.

Develop a reliable methodology for screening and analyzing wind and seismic resistant capacity, and
advanced instrumentation technology and expert systems to provide condition assessment of existing
structures.

Compile a database of advanced materials/systems that have potential for improving structural
performance of new construction, and for use in rehabilitating and strengthening existing buildings.
Investigate new design methodologies based on required structural performance using advanced
materials and systems.

Develop design guidelines for applying advanced structural and materials systém to be used for
composite and hybrid structures under the joint U.S.-Japan Cooperative Research Program. The fourth
U.S.-Japan Technical Coordinating Committee meeting on Composite and HyBr‘id Structural System
will be held November 1996 at Hong Kong.

Continue to encourage participation by private industry, consulting engineers, universities, national and
local government agencies involved in instrumentation, evaluation, condition assessment, and retrofit
and strengthening of existing buildings, for seismic and wind resistance.

In collaboration with T/C "G", to develop the next U.S.-Japan Cooperative Research Project on Smart
Structural System, a working group will be formed to plan for the technical report and to develop a joint
initiative within 2byears The first meeting will be held in conjunction with the U.S. /Japan Workshop
on Sriart Structures and Materials in November 1996 in Washington D.C.

4. Other Activities

¢y

U.S. research sponsored by NSF, CORPS, FHWA, and NIST has developed reports on seismic
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rehabilitation and retrofit strategies, including innovative techniques for strengthening existing

bunldmgs and bridges.

“An' updated report on Civil Infrastructure Systems - Strategic Issues has been publxshed by NSF.

Continuing development of NSFs Civil Infrastructure Systems Research Program, including strong

emphasis on evaluation and improvement of structures.

‘NSF is coorporating with Japan Science and Technology Agency (STA/NIS’I'P) on Smart Materials

Research proposed by STA.

PWRI, BRI, NIED, NIST, USGS, NSF; and FHWA held a meeting during. - March 28-29, 1996, at
Stanford Umvcrsnty to discuss opportunities for cooperation under the U.S.-Japan Common Agenda, "A
New Economic Partnership for the 21st Century". ' '

Continue to encourage research in the retrofit and repair areas.
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Report of Task Committee D ‘
EARTHQUAKE ENGINEERING FOR DAMS

Date: 14 May 1996

Place: National Institute of Standards and Technology, Gaithersburg, MD, USA .

Attendees: U.S. side -- ‘William Roper (Chairman). . USACE, HQ
Lucian Guthrie. . : USACE, HQ

FrancisMclean ..~ . . . . . USBUREC
Richard$.Olsen .. .. .. USACE, WES
A.G. Franklin USACE, WES-
Japan side -- Michio Okahara (Acting Chairman) PWRI

Shigetoshi Kobayashi PWRC

1. Obijective 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 seismic safety and economical protective

- countermeasure against earthquake loading for these structures. Its scope of work includes:

(1) . Methods of anéij/sis for seismic design of dams.
Compatison of design methods and criteria between U.S. and Japan
Dévelopmént 'dfn"Designy Earthquake Ground Motions" for analysis and evaluation of dams.
- Assessmient of investigation and ‘dynamic analysis methods as tools (modeling, calculation codes, etc.).
) Dynamic characteristics of dam construction materials.
Strength and deformation characteristics duting earthquakes (¢oncrete, soil and rock).
3) Analysis of observed behavior of dams during an earthquake.

: Investigation of the mechanisms of damage from earthquake loading.

Application of the analysis of the observed behavior during earthquake to the e”éﬁh’quake -- resistant design.

2. Accomplishmients

@  Preliminary plans have been ¢o§ﬁplete_d for the Noyeﬁibér 1996 Workshdp.’
@ ‘ Resﬁlyté/investiga‘ticm and technical information about dam earthquake engineering were exchanged in
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the form of reports and publications,

3. Future Plans

1)

0

)

Exchange results of research/investigation and technical information about dam earthquake engineering,
and feasibility of joint research anid investigation is in continuous consideration.

Exchange visits to the institutes concerned, of scientists and engineers between U.S. and Japan, is to be

.....

extended for the éffeéctive communications.
According to 'progress of the activities (1) and*(2), T/C(D) is planning to conduct a Workshop on
State-of-the-Att ' Review of U.S.-Japan Research’ on Earthquake Engincering for Dams, at the
Waterways Experiirient Station in Vicksburg, Mississippi. The proposed date for the worshop is 19-22
November 1996. = :
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Report of Task Committee E
DESIGN FOR WIND AND WIND HAZARD MITIGATION

Date: 15 May 1996
Place: * National Institute of Standards and Technology, Gaithersburg, MD, USA
Attendees: -~ - U.S. side -- Dr. J. E. Sabadell (Co-Chair) NSF
Dr. A. W. Taylor (Co-Chair) NIST
Dr.J. Golden = - NOAA
Mr. H.Bosch =~ . FHWA
Dr. R. Marshall NIST
Dr. Joseph Minor (Visitor) University of Missouri, Rolla
Japan side -- Dr. H. OKada (Co-Chait) - BRI
Dr. H. Sato (C6-Chaif) - PWRI

1. Objective and Scope of Work

To exchange technical infoiinition and to jointly ‘plan, “‘promote and foster research and its dissemination to
improve undefStandihg"of.windiénd its effects on 'struétﬁreé, establish more rational wind resistant design methods

for structures; and to contribute o wind hazatd mitigation.

The scope of Wérk:ihclil'des‘:“ S

@) Chéractériéﬁés'dfjs'trdrig wind, especially.boundary layer extreme winds

© 'Wind éffeété-'(wiﬁd-ldafding on ahd‘Windiiﬁduc"ed"'reSf)onse of structures)
3) Experimental and analytical methods to predict wind and its effects

NG ‘Danmiage and risk assessment

(5) Wind hazards and wind hazard mitigation

2. Accomplishments

Developed T/C (Goarls;fObjéctives,v;and'Missioﬁ Stateméht and idéntified:and ’recéivgd'fépp"rbvél"frbhj"public and
private wind related experts to serve as T/C members. The list of U.S.-side and'Japan-sidé ‘members appears
bCIOW: 7 . S VVY'A‘,'.'"JZ"' '?i."-‘:,"‘ ', I ,. Lo
U;S. side -~ Co-Chair -Df.Jé-‘E:»Sab'adellzru';:-:'s b NSE L
' o 'Co-Chair. : - Dr. A Taylor i+ o NIST

, ‘ __469 —



Dr. B. Bienkiewicz

Colorado State University

Mr. H. Bosch FHWA
Dr. G. Chiu IIPLR
Dr. W. Freeborn HUD
Dr. J. Golden NOAA i
Dr. A, Kareem University of Notre Dame ' c
Dr. R. Marshall NIST
Dr. K. Mchta Texas Tech University ,
Dr. D. Reed University of Washington E
Dr. T. Reinhold Clemson University [I
Dr. C. Smith MMS g
Dr. P, Tertel! FEMA
Japanside-- Co-Chair  Dr. H. Okada BRI
Co-Chair  Dr. . Sato PWRI
Dr. H. Akiyama Honshu-Shikoku Bridge
Authority
Dr, K. Kimura University of Tokyo
Dr. N. Kinoshita MRI
Mr. Y. Matsuno -'PWRI
Dr. G. .. Naito National Defense Academy-
Dr. T. Tamura- Tokyo Institute of Technology "‘
Dr. Y. Tamura Tokyo Institute of Polytechnics
Dr. Y. Uematsu Tohoku University -
Dr. H. Yamada Yokohama National University b
Dr. S. Yoshizumi-  Meteorological Reseatch
Institute -~ -
I;
3. _Future Plans
¢)) Exchange technical information on the following subjects:

a)Topographical effects on wind, and ‘the ‘use of geographic  information: Systems  (GIS)
‘to study these effects - ' : : - S

b)Control of wind-induced response of structures

c)Computatiohal fluid dynamics vs. wind tunnel tests

d)Prediction of wind-induced response of full-scale structures . - -

e)Investigation of wind hazards, including damage assessment methodologies
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@) Plan and hold a joint workshop. The proposed time of the workshop is in October or November of
1997. The proposed theme of the workshop is "The Prediction and Control of Wind-induced
Response."  The proposed location of the workshop is in the United States. Further discussions on

the time, theme and location of the workshop will take place over the next several months.
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Report of Task Committee F
DISASTER PREVENTION METHODS FOR LIFELINE SYSTEMS

TR

s

Date: -14 May 1996 ;
Place: National Institute of Standards and Technology, Gaithersburg, Maryland ’
Attendees: U.S. side -- Riley M. Chung (Chairman) NIST
Ron Andrus NIST
James Cooper FHWA
W. Phillip Yen FHWA
Japan side -- Hisanori Ohtsuka (Act. Chair) PWRI
Noriko Kamaya Japan Meteorological Agency
Kazuhiko Kawashima Tokyo Institute of Technology
Kenji Kosa Hanshin Expressway Public
Corp.
Keiichi Tamura PWRI
NTT

Yuzo Yamaguchi

1. Objectives and Scope of Work

To improve (a) the performance of lifeline systems during earthquakes and (b) engineering and other seismic

countermeasures including the capability in damage estimation techniques and inspection procedures.

1) Planning and conducting workshops on lifeline systems.

) Facilitating exchange of technical information.

3) Promoting development of design guidelines and standards for lifeline systems.

2. __Accomplishments

6)) Conducted the Sixth Joint Workshop on Disaster Prevention for Lifeline Systems in Osaka, Japan, July

18-19, 1995.  The workshop addressed research and development topics in the lifeline area and gave
special'exﬁphasis to lessons learned from the 1995 Hyogo-ken Nanbu (Kobe) earthquake and the 1994
Northridge earthquake. The proceedings has been printed by the Public Works Research Institute and
distributed to all the workshop pa‘fticipants and others in the lifeline earthquake engineering community.
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Members of this T/C have been actively involved in the planning of two major efforts between the two
countries in earthquake disaster reduction. The first one is led by the STA of Japan and the OSTP of
U.S. to develop a list of scientific and engineering projects for future collaboration. The second is the
planning for two carthquake policy symposia, led by the State Department (through FEMA) and the
Japanese Foreign Ministry.  In both cases, this UINR Panel on Wind and Seismic Effects is recognized
for its exccllent work in the past and recommended as the vehicle for further enhancement of the two

countries' joint activities,

3.__Future Plans

€y

2

)

Encourage collaborative research and development in the following arcas:

performance prédiction and post-measurement through-damage assessment of lifeline systems.
systems approach to lifeline performance

soil-structure interaction

geographic information systems (GIS)

cost-effective ground improvement techniques and other countermeasures for lifeline facilities

Encourage and strenigthen current efforts in both countries to establish seismic design guidelines and

~ ‘standards for-lifeline systems. Existing UJINR channels should be fully used to facilitate the exchange

of relevant information concerning guidelines and standards development. Possible collaboration of

joint development of guidelines and standards for lifeline systems should be pursued.

Hold the Seventh Joint Workshop on Disaster Prevention for Lifeline Systems in June/July 1997 in
Seattle, Washington (Seattle is a sister city of Kobe). The workshop will focus on the presentations
and discussions of the results of the studies completed as well as to be completed after the Northridge

and Kobe earthquakes.:

e



Report of Task Committce G
STRUCTURAL CONTROL AND INTELLIGENT MATERIAL SYSTEMS
Date: 15 May 1996
Place: National Institute of Standards and Technology, Gaithersburg, MD, USA
Attendees: U.S. side -- Shih-Chi Liu (Chairman) NSF
Riley M. Chung NIST
H.S. Lew NIST
lan Buckle ‘ . NCEER ‘ :
James Cooper FHWA '
Glen Smith FHWA E
Hamid Ghasemi , . FHWA -
W. Phillip Yen FHWA i
Japan side -- - Hisanori Otsuka (Chairman)-. - PWRI.
Kazuhiko Kawashima Tokyo Institute of Technology
Hisashi Okada - - . BRI
- Kenji Kosa L Hanshin Expréssway Public
: , Corp.
. Hisahiro Hiraishi - v . BRI -

Hiroshi Sato PWRI

1. Objective and Scbpe'of.Work

develop research plans in control of equipment and structures and in high performance 'structural and

)
material systems;

0 implement control techniques for motion reduction or modification;

0 implement use of advanced materials in actual design and construction of buildings and other
infrastructure systems under seismic or wind environments;

0 promote U.S.-Japan cooperation in structural control and intelligent material systems research;

o bring together governmental, academic, and industrial p‘a'rtic:ipams in joint pursuit of these efforts; and

0 contribute to IDNDR by organizing joint research and other technical activities in structural control and

intelligent material systems research based on international cooperation.

T/C "G" works closely with other organizations to provide the leadership in this emerging research by fa'ciliia’ting
the exchange of technical data and information through UINR mechanisms. The scope of work includes:

.




0 providing technical assistance, consultation and coordination of UJNR affiliated research organizations
in the initiation, development, and execute their programs in research areas.

0 promoting Joint government-university-industry collaborative efforts to facilitate technology transfer
and practical implementation.

0 sponsoring and conducting interdisciplinary workshops and meetings to identify key arca of rescarch
and opportunities for cooperation, and to cxchange new knowledge and experience in practice.

0 developing promotional and demonstrative activities to stimulate public awareness and interest in this
field of research,

0 providing information uscful for the ecstablishment of performance standards, design and also
retrofit/rehabilitation of existing structures.

0 promoting rescarch in intelligent material systems, sensors, actuators, optimal control system design,

and encourage laboratory and field experiments of prototype and full-scale structures.

2. Accomplishments

) At BRI, performed research on structural control and intelligent material systems using self-diagnosis
and self-repairable materials; work initiated April 1994.

(2>~ AtPWR], initiated 4 research program on intelligent seismic structures; April 1995. This research will
develop new technology using self-diagnosis materials and self-repairable materials.

3) Joint research programs for active control of bridges are being carried out through T/C "G" and "J" by
EPRI, NSF, FHWA, NIST, NCEER, and UC Irvine.

@ NSF worked with STA( Japan Science and Technology Agency) on "Smart Materials" research
program planning by STA.

(5)- - A'new.NSF fesearch initiative on sensors and sensoring systems for power systems and other dispersed
civil infrastructure systems was issued for requesting final proposals by April 1995. EPRI and NSF are

- - co-funding this initiative." ,

©6) The proceedings of the 3rd U.S.-Japan Workshop on Protection Systems for Bndges were published

and distributed. .

3. Future Plans -

¢} Under NSF sponsorship, an U.S.-Japan workshop on "Structural Control and Intelligent Materials
systems" is planned to be conducted in November 1996 in cooperation with T/C "C." The University of
Marylanid-at Collége Park willhost the workshop
2) Joint fesearch projects on innovative technologies for active and hybrid control of structures, such as
bridges and buildings, will be developed by PWRI, BRI, NCEER, CUREE, and other institutions.
3 In coopératioh with T/C "J" the 4th U.S.-Japan Workshop on Earthquake Protective Systems for
“Bridges is being 'schcduledrfor December 1996 in Japan. This workshop will be combined with the 3rd



)

©)

- U.S.-Japan Workshop on Seismic Retrofit of Bridges, which will be held in Japan at the same time, also

with T/C "J".  Proposed topics for the protective systems workshop include:
innovative protection systems and high'performance material
design methods for seismic isolated/menshin bridges
full-scale verification of componeént and system performance

comparative design studies

Proposed topics for the retrofit workshop include:
performance criteria and risk assessment
improved evaluation methods

- innovative repair-and retrofit methods

NIST will conduct a state-of-the-art review of active control systems and cvalyate those available

technologies for use by designers.
In collaboration with T/C "C", the next U.S.-Japan Cooperative Rescarch Programs on Smart Structural

. Systems (CSSS) will be developed. - A joint techrical coordination committee (JTCC) on SSS will be

established to develop a technical planning repoit for the joint fesearch and to develop a joint initiative

- within 2 years. .-The first meeting will be: held: in conjunction with the U.S.-Japan Workshop on Smart

Structures-and Materials in November 1996 in D.C.

.4._Other Activitiés . ..

(1) Syt
- July1995.

IR

)

NG

@

A joinbASME,vJ‘SME;‘ and PVP: conference on seismic base isolation was-held ‘at-Honolulu, Hawaii,

Under NSF sponsorship, an U.S.-Japan Workshop on Smart Materials and Structures was conducted at
the University of Washington, 4-5 December’ 1995:- : : Do
An U.S.-Japan Workshop on Structural Control was held in Kyoto, March 1996.-The objecuve of this
workshop, which was jointly organized by the U.S. Panel on Structural Control Research and the Japan
Panel on Seismic Response Control, is to develop cooperative research in various structural ‘control

subjects and to establish a broad im'plementing mechanism involving academic, industrial, and

- governmental researchers from both sides. - Co
- The second Intétnational Workshop on Structural Control will be held in: December 1996 in-Hong Kong.

The workshop will be hosted by the Hong Kong University of Science and Technology. .-+ -
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Report of Task Committee H
SOIL BEHAVIOR AND STABILITY DURING EARTHQUAKES

Date: 15 May 1996
Place: National Institute of Standards and Technology, Gaithersburg, MD, USA
Attendees: - U.S.side-- ~ A.G: Franklin (Chairman)’ . WES -
F.G. McLean ~ U.S. Burcau of Reclamation
Ronald Andrus NIST
R.S:Olsen: :: WES
Takeo Moriwaki . NIST (guest researcher from
‘Hiroshima University)
Japan side -- Keiichi Tamura (Chairman) PWRI

Yuzo Yamaguchi =~ -~ - NTT

:1._- Objective and Scope of Work

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

against earthquaké hazards.

‘The ‘objective of the: Task Comiittee(H)-is-to: assist in meeting: these needs by enhancing. the availability of
technology for vpredictin'g the d}ihémié“ybehavi'or-fdf‘-soils,-’;'analyz‘ing’dAynamic‘vs(')il-‘struéture interaction, and
modifyihg the earthquake behavior of foundations and earth structures to assure their safe performance during
earthquakes. ==

,,,,,,,

In accordance with the objective, the scope of work:includes: -+ 1 -1+
@ Exchange information on technological developments and on state-of-the-art and practice related to soil

“behidvior and ‘stability during earthquakes.

©) Exchange information and technical data relating to field performance, research, and methods of
- practice.
(3) Plan and conduct programs of "c’oo"pérétiye' research and/or workshops in-coordination with the proposed

or ongoing programs.



4 Make other needed efforts including: exchange of researchers between U.S. and Japanese research

institutions, and publication of research results and recommended practice.

2. _Accomplishments

¢)) The Japanese Society of Soil Mechanics and Foundation Engineering (JSSMFE) has published in
Japanese a book on Liguefaction Remediation, and has produced a draft English translation. Editing
of the draft has been' completed with the assistance of Panel members and it is being prepared - for

publication by the JSSMFE.

) The Port and Harbour Rescarch Institute (PHRI) has published in Japanese Handbook on Remedial
- Measures for. Reclaimed Land Liquefaction, and a draft English translation has been produced by the
Corps of Engincers. - Review and editing of the draft has been completed by both the Japanese and U.S.

sides, and it is being prepared for publicatiori by the PHRI by the end of 1996.

3) Dr. Takeco Moriwaki and Dr. Yasushi Sasaki; of Hiroshima University, visited the Waterways
Experiment Station in December, 1995, and March 1996, respectively, to exchange technical
information on earthquake engineering and to view the WES research facilities, including the newly

installed U.S. Army centrifuge. Dr. Sasaki also visited the sites-of Sardis .and Enid Dams, in

Mississippi.

4 The National Research Institute for Earth Science and Disaster Prevvénti()n‘,(NIED),A the Building
Research Institute (BRI), and Wayne State University (WSU), continued work in their 'coop‘er'étiv'e
research -program "Physical and Numerical Simulation of Structural Damages Due to .-_Liquefaction,aﬁ"d

Development of Countermeasure Techniques," planned for: 1994-1998; -

(5) The PHRI, the Sandia National Laboratory, and the Lovelace Institutes’ (Albuquerque,-NM):have
initiated joint research on application of the Nuclear Magnetic Resonance Imaging (NMRI) method to

the study of soil behavior and stability during earthquakes..

6) Dr. Takeo Moriwaki, of Hiroshima University, is a-guest reséarchér.at‘ NIST:from March 1996, to
September 1996. '

'3.__Future Plans

(1) - ., The JSSMFE will publish the English translation of its book on Liquefaction rgﬁiediation.fz i

©) The PHRI will publish the English translation of its' Handbook on Remedial Measure for Reclaimed
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Land Soil Liquefaction.

3 T/C (H) tentatively plans to hold a workshop on the Use of Centrifuge Experiments for Rescarch on
Soil Behavior and Stability During Earthquakes in the U.S. in 1998.



Report of Task Committee I
STORM SURGES AND TSUNAMI

Date: 15 May 1996
Place: National Institute of Standards and Technology, Gaithersburg, MD, USA
Attendees: U.S. side - Michael Blackford (Chairman) NOAA
Wilson Shaffer NOAA
Jye Chen NOAA
Japan side -- Michio Okahara (Acting Chairman) ~ PWRI
Shigetoshi Kobayashi PWRC

1. Objective and Scope of Work

The objeétive of this Task Committee is to mitigate damage from storm surge and tsunami through cooperative
research and shared technology and information. The primary cause of storm surge is considered to be tropical
cyclones (hurricanes, typhoons). The primary cause of tsunami is considered to be sudden sea floor deformation

due to earthquakes, volcanic activity or landslides. Both hazards may cause disasters along coastal regions.

The scope of work of this T/C is as follows:
(1) Exchange results of research on storm surge and tsunami occurrence, generation, propagation, and

coastal effects. This includes observations on historical, current, and theoretical tsunamis. Of
_ particular interest is the effort by US. and JAPAN to acquire deep ocean tsunami measurements. ‘

) Exchange results and status of storm surge and tsunami mitigation 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
fimes, Jand-fall locations, inundation and run-up heights, and wave characteristics, improved
instrumentation, and use of satellite communication for detection and warning.

@) Facilitate dissemination through exchanges of literature, technical reports at joint meetings, special

workshops, joint projects, and direct interaction among participants,

2. _Accomplishments

1) Task Committee (i)' conducted its 4th Workshop on Storm Surge and Tsunamis, Two Great Tsunamis:
U.S.-Japan Anniversary Symposium,during 1-3 April 1996, in Hawaii. The Workshop was a memorial
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of the centennial anniversary of the June 15, 1896 great Sanriku Earthquake and tsunami in Japan and
the 50th anniversary of the April 1, 1946, Aleutian- earthquake and tsunami. The Proceedings of this
Workshop is being prepared by the Tsunami Society for publication in their journal. The proceedings
will be distributed to Taks Committee Members and other interested partics when they become

available.

3. Future Plans

The task committee will ‘discuss, through mutual communication, :plans for a 5th Storm Surge and Tsunami
Workshop in the near future. At the Task Committee meeting during the 28th Joint Meeting of U.S.-Japan Panel
on Wind and Seismic Effects, a' tentative date andplace, Honolulu, Hawaii in 1998, was suggested by the U.S.

side.
4. Others
(1) : . The storm surge research community is small and incorpotated into related societies and irternational
* organizations which-define and stimulate work in the field. =Task Committee “I" éncourages theése
- efforts. ¢
) 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. |



Report of Task Committec on J
WIND AND EARTHQUAKE ENGINEERING FOR TRANSPORTATION SYSTEMS

Date: - 15 May 1996

Place: National Institute of Standards and Technology, Gaithersburg, MD, USA
Attendees: U.S. side -- Mr. James Cooper (Chairman) FHWA
Dr..Philip-Yen - . FHWA
-Japan side-- : .- Dr. Hiroshi Sato (Acting Chairman) - PWRI

1. _Objectives and Scope of Work

To: (1) plan, promote, and foster research on the behavior of highway bridges when subjected to wind and seismic
forces-and:" (2)  disseminate research results- and: provide.:spécifications: and.:guidelines based ‘on the Task
Committee's findings. . Surface ‘-trans‘portatio'nsfsystems;play-a-‘,‘v.ital';rc)‘le;in'the"movement of:goods and people.
Highway bridges are especially influenced by the forces of wind and earthquakes because of their open exposure
to those forces. |

The scope of work includes: .~ i - ’ : :

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

(2) Investigate existing and new bridge designs and the behavior of whole b;idge'systems and/or single

components of a bridge.

2. Accomplishments

¢)) Conducted the 11th U.S. -Japan Brldge Engmeermg workshop durmg 30-31 May 1995, Tsukuba, Japan

2) Exchanged researchers and practioners in Japan and the U. S. Dr. Hamid Ghasemi of FHWA was
hosted by PWRI for one month investigating seismic isolation. . Mr. Sentato Takagi, Tokyo
Metropolitari Government, visited FHWA and attended thé FHWAB"ridgé Inspection course. M,
Tomofumi Nozaki of PWRI visited Turner Fairbank Highway Reseatch Center. |

3. Future Plans

(1) Conduct the 12th U.S.-Japan Bridge Engineerin‘g Workshop, October 26 through November 3, 1996,
USA. : | ’ L -
(2)  Conduct the 3rd U.S.-Japan Workshop on Seismic Retrofit of Bridges in December 1996, in Japan.
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The workshop will focus on practical repair methods of damaged bridges and scismic retrofit measures.
In: cooperation with Task Commitice (G), the 4th U.S.-Japan -workshop on Earthquake Protective
Systems for Bridges is being scheduled in December 1996, in Japan. Topics are expected to include
(1) innovative protective systems; (2) design methods for seismic isolated/menshin bridges; (3) full-
scale verification of component and system performance; (4) comparative design studics, and (5)
smart/high performance structural materials and systems.

Continue to investigatc and exchange technical information on improved seismic retrofit and
strengthening procedures for highway bridges based on experimental, analytical, and ficld studies.
This exchange should include information on maintenance of existing bridges.

Continue experimental research on the seismic performance of bridge piers and columns, and encourage
research on seismic isolation and hybrid control of bridges in cooperation with Task Committee (G).
Encourage a rescarch study on seismic, acroclastic, and acrodynamic response of cable-supported
bridges with emphasis on behavior of composite materials, cable inspection, vibration control, and
corrosion protection.

Continue the coordinated research study to compare the scismic design criteria for bridges in Japan and
the U.S. and discuss the method and analysis procedures for bridge column' design. Continue

information exchange on the a‘pplicatibn of the limit state design method.

Encourage a coordinated research study on seismic response and control,. system .identification
. techniques, nondestructive evaluation of bridge structures, use and performance of structural materials

- including new materials, and performance of jointless bridges.
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‘ Report of Task Committee K
"~ WIND AND EARTHQUAKE ENGINEERING FOR OFFSHORE AND COASTAL FACILITIES

Data; : - - . 14 May 1996
Place: National Institute of Standards and T'echnology, Gaithersburg, MD, USA
Attendeés: © . “U.S:side - " Dr. Charles Smith (Chairman): MMS
Mr. Michael Blackford - NOAA
Dr. Wilson Shaffer ~ NOAA
o Japan side - Dt. Sugano (Acting Chairman) - PHRI

-1:-'Objective:and Scopeof Work -

‘Todevelop technical insights necessary to mitigate damage to ‘offshore and coastal facilities du¢ to extreme wind
and ‘seismic effects:  The Task: Committee ‘will-plan; promote;” anid develop’ research initiativés -t6 meet this
objective, and will disseminate the results of their research for incorporation into future specificafio‘n or design
guidelines. Criteria for the design of offshore and coastal facilities may differ greatly from their on shore
counterparts. These differences can arise due to their unique design or mass distribution, to the fluid/structure or
wind/structure interaction, to the placement of foundation elements in or on soft, fully saturated soils that can be

subject to large hydrodynamic pressures, and to the lack of specific environmental data or the engineering

experiences developed for most onshore sites.

The scope of work includes:

1) Sponsoring and conducting workshops and meetings to identify key area of research, opportunities for
cooperation, and the exchange of knowledge.

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

3 Determining the dynamic response and the interaction of slmcturc/foundatioh/soil systems to seabed
motions and/or extreme wind forces. |

“4) Assessing the dynamic response and behavior of various operational facilities mounted on offshore and

. coastal structures.

) Developing assessment methodologies for seismicity and other characteristics of potential seismic

sources (e.g., faults) for offshore and coastal sites about how these conditions relate to structural design

criteria,

84 —




(6)
™

©)

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 énd coastal facilities to extreme wind and seismic forces.

Creating performance standards, design specifications, guidelines, and code recommendations for

application to new construction and remedial action for existing facilitics.

2. Accomplishments

)
@

Conducted two workshops on Wind and Earthquake engineering for offshore and coastal facilities.

Published and distrubuted to Task Committce members the proceedings for the second workshop.

3. Future Plans

1)

@

)

All workshop proceedings will be published and made available to the U.S. side and Japan side T/C
members; copies will be provided to both sides Secretaries-General.

Develop workshop agenda of the third U.S.-Japan Workshop on Wind and Earthquake Engineering for
Offshore and Coastal Facilities in Japan in July1997.

Coordinate, where possible, ongoing research on wind and earthquake engineering for offshore and

coastal facilities of interest to the members of the Task Committee.
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U.S. Operational Storm Surge Forecast Models

by Wilson A. Shaffer and Jye Chen

ABSTRACT

Historically, hurricane-related deaths have mostly
been caused by drowning due to coastal flooding.
The 1,900 hurricane that struck Galveston, Texas
caused the deaths of 10,000 to 12,000 people.

Weather observations and forecasts rmatured
considerably since that devastating 1900 hurricanc.
We now use satellites, doppler radar, and aircraft
reconnaissance to observe storms from their
inception. We run sophisticated numerical models
of the atmosphere which give a computer forecast
of where a storm is going, as well as a hint of its
future intensity. Forecasters at our National
Hurricane Center combine all of this information
to make forecasts of a storm’s track an intensity
out to 72 hours. This information is disseminated
through various electronic means to inform the

emergency management. conununity and the
public.

Unfortunately, hurricane forecasting is not an exact
science. Track errors have improved over the past
two decades, is currently at 182km (100nmi) for
the average 24 hour forecast. As a result or lack of
forccast skill, a relatively large arca of the
coastline must be warmned and cvacuated.
Typically, 24 hours beforc landfall is the time
when  emergency managers must make an
evacuation decision. Implicit in the wack error is
timing eror. Using typical forward hurricanc
specds, we sce that a storm can make its landfall
either 6 hours before or 6 hours after its projected
time. Along our East Coast, this means that the
storm could come at either high tide or low tide.

Techniques Development Laboratory,Office of Systems Development,National Weather Service,

NOAA,Silver Spring,

Assessment Of Hurricane Opal Impact On East Pass. Florida With Airborne Lidar

by William E. Roper

ABSTRACT

Advances in remote  sensing
technology are providing a numbér of
practical tools for application to Corps of
Engineer Civil Works field projects and new
directions in research programs.
Hydrographic survey operations using the
jointly developed U.S./Canadian Scanning
Hydrographic Operational Airborne LIDAR
Survey (SHOALS) is faster and less costly
than traditional methods. It is particularly
useful to rapidly assess bottom changes

following major storm or tsumani events. Its

operating and  system  performance
characteristics are summarized. As part of the
rapid assessment response to hurricane Opal’s
passage through East Pass, Florida the
SHOALS system was used to describe bottom
changes and navigation channel impacts.
Hurricane Opal’s track and characters are
presented along with the results of the
SHOALS survey and evaluation of storm
induced bathymetric changes in the area of
East Pass.

Director,Civil Works Research and Development,U.S. Army Corps of Engineers Washington,DC
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Evaluation of Liquefaction Potential using the CPT
by Richard S. Olsen, Joseph P. Koester and Mary E. Hynes

ABSTRACT

test data has progressed, over the last 15 years,'

from’ techniques based on the Standard Penetmtton
Tést (SPT) to the Cone Penétrometer Test (CPT)
Currext CPT -based techmques for predrctmn of
hquefachon ‘tesistanice typically” only “rely on

correlations to the cone tip (or end-bearing)

resrstance This paper presents an mefoved

technique for prediction of liquefaction resistance
which uses both of the primary CPT measurements
(cone and sleeve friction resistances).

KEYWORDS: CP’I‘ quuefactlon, Normahzahon
Sands, Silt correctlon, Srlts SP’I‘

Earthquake Engmeermg & Selsmology Branch,Geotechmcal Laboratory USAE Waterways

E\penment Stauon,Vrcksburg,MS 39180

Prehmlnary Guldehnes for Ltquefactlon Assessment using:Shear Wave VeIoonty

by Ronald D. Andrus '’ and Kenneth' H. Stokoe, I 2’

ABSTRACT
Thls paper presents prellmmary gu1delmes for
assessing the llquefactton resistance’ of soils

using small-strain shear wave velocity. The
gmdehnes are based on field performance data

from 17 earthquakes and 'in"situ ‘shear: wave

veloclty measurements-at over 40 dlfferent 51tes
in: sotls ¢ ,gmg from’ sandy gravel w1th ’

to profiles; mcludmg silty clay - s

Additional data ate neéded from’ denser soil sites
ishaken by stronoer ground mottons ‘to" further

'valldate the proposed llquefactton potentxal

boundaries.

KEYWORDS Butldmo technology, earthquake»

engmeenng, in “situ measurements, seismic

testmg, shear Wave veloctty, sod hquefactron

"l)Research Crvxl Engmeer Structures Dlvrslon,Bulldmg and F 1re Research Laboratory,
- National Institute:of Standards and Technology,Galthersburg,Marvland 20899. . -
‘Z)Professor Department of Civil Engmeenng,Umversxty of Texas Ausun,Te\ras 78712
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An Integrated Program to Improve the Performance of Steel Moment Resisting

Frame Buildings
by Stephen A. Mahin '’ and Michael G.Mahoney ¥’

ABSTRACT

This paper reviews the performance of welded steel
moment resisting frame (WSMF) buildings during the
Northrxdge carthquake, and examines some of the
‘ <tudles bemg underta.ken in the U.S. as part ¢ of a.
geney (FEMA) to devise 1mprovcd methods for )
designing new steel frame structures and for
inspecting, evaluating and repairing seismic damage to
, these types of structures,

One of the important lessons of the Northridge
carthquake of January 17, 1994, was the widespread
and unanticipated brittle fractures in welded steel
team to column connections. No casualties o’
collapses occurred as a result of these connection
tallures, and some welded steel'mer‘.nent frame
spestrum of brittle connection’ damage did occur,
ranging fiom tninor cracking to completely severed
columns. Damage was so severe in some buxldmgs
that all of the moment resisting connections at one or
more floors fractured, or significant permanent lateral

displacements occ'urr‘ed The result has been a loss of

confidence in the procedures used to design and
construct welded connections in steel moment frames,
and a concern t.hese structires may not be sufficiently
safe.

FEMA has iriitiated a two phase program to develop

,,,,,

‘teliable and cost-effective methods for the ifispection,

evaluatton, repair,’ rehabilitation and construction of

‘steel frame structurés. This program is being mianaged
.. and administered by the SAC Joint Venture. This joint
- venture consists of three not-for-profit- organizations:

the Structural Engineers Association of California.
(SE.AOC), the Applied Technology Coungil (ATC)
and the California Universities for Research in
Earthquake Engmeermg (CUREg).

KEYWORDS

Steel Buildings, Moment-Resisting Frames, Design
Criteria, Inspectlon Evaluation, Repair,
Rehabilitation, Expenmental Investloatlons, Dynamic
Analyses :

l)lehklan Prof of Structuml Eng1neenng,777 Davns Hall UmVersnty of Callfomla Berkeley, CA 94720
2)Senior Geophysxcxst,Federal Emergency Management Agency,SOO C St. SW ,Washington,DC 20472

Recent Developments in Strong-Motlon Attenuatlon Relationshlps B

by William B. Joynér and David M.Bodte” -~

ABSTRACT

 data recorded since 1988 show smaller spread
than older relationships. The new relatxonslnps
for soil sites agree more closely at magmtude
6.5 than at magnitude 7.5, reﬂectmg the larger
number of data for magmtudes near 6.5.

) U S Geologxcal Suwey Menlo Pa:k CalifOrma 94025
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Preliminary Estimates of Ground-Motion Amplification for the Northridge and Hyogo-
ken Nanbu Earthquakes of January 17,1994 and 1995

by Roger D. Borcherdt

ABSTRACT

Strong ground shaking generated by the
Northrddge and Hyogo-ken Nanbu (Hanshin-
Awajf) earthquakes of January 17, 1994 and
1995, resulted in combined property losses
exceeding 120 billion U.S. dollars, and 5300

deaths, either directly through shaking-induced

structural failure or jodirectly through shaking-
induced liquefaction and landslide failures. The
strong-motion instruments, which recorded
these earthquakes provided unprecedented sets
of ground motion measurements on both stiff-
and soft-soil deposits. These measurements
provide important new estimates of ground-
motion amplification by soil deposits at high
input shaking levels to better understand the

nature resultant earthquake losses, Prelirhinarcy
implications for site dependent design spectra
are examined. Results presented here are
reproduced because of interest for this Joint
Meeting from Borcherdt (1996a and 1996b).

KEYWORDS
Site 'mnpﬁﬁcaﬁbn, sttong motion, attenuation,
site-specific design.

United States Geological Survey Menlo Park,CA 94025

Effect of Load Path on Damage to"Concrete Bridge Piers
by Andrew W. Taylor '’ | Ashraf El-Bahy %' |, William Stone '’ and Sashi Kunnath %’

ABSTRACT

In earthquake | engineering studies of
reinforced concrete (RC) bridge columns, ‘a
controlled, cyclic lateral load pattern with
gradually increasing amplitude has
traditionally been applied to laboratory test
specimens. However, in actual earthquakes
bridge columns are exposed to random cyclic
lateral loading patterns, which are much
different from typical laboratory loading
patterns. Current American Association of
State Highway and Transportation Officials
(AASHTO) and California Department of
Transportation (Caltrans) design provisions are
based almost entirely on tests in which
traditional, controlled laboratory loading

patterns have been applied. -The differences in-

the effects of these types of loading have never

been explored systematically. In this study
bothtypes of loading (controlled; ¢yclic lateral
loads, and random. earthquake type :loads)
were applied to a series of twelve nominally
identical, one-fourth scale circular, cantilever
columns, and the differences in observed
damage weré studied. In this paper the
experimental results are briefly summarized,

and preliminary’ findings are discussed. -

KEYWORDS: ‘bridge oluiniis; biilding

technology; “dariage ‘modeéling:  earthquake

engineering; laboratory - testing; random

loading; reinforced conctete - -

1)Structures Division,Building and Fire Research Laboratqry,NaliOnal Institute of
Standards and Technology,Gaithersburg,Maryland,USA,20899 )
2)Department of Civil Engineering,University of Central Florida,Orlando,Florida,USA,32816
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Comparison of U.S. and Japanese Highway Bridge Column Seismic Design
by W. Phillip Yen, James D. Cooper '’ and Hisanori Otsuka, Toru Terayama *’

ABSTRACT

This paper presents the preliminary
results of a U.S.-Japan cooperative research
project which compares the seismic design
procedures and results for a bridge pier
under the same design force levels. These
design were based on the current bridge
design specifications of the two countries.

“discussed,

Design results, such as column sizes and
main and transverse reinforcement, are
compared, and the design approaches are
Following these comparative
designs, one-sixth scale models of the two
prototype designs will be built and tested on
a shake table.

1)Structures Division, Tumer-Fairbank Highway Research Center Federal Highway

Administration, McLean, Virginia 22101

2)Ear[hq"ﬁa'ke'Engixieérithivisio‘n Public Works Research Institute Tsukuba Science City,

Japan

Evaluation of Fault Rupture Geometry on Design Ground Motions

by D.R.H.O’Connell and J.P.Ake

ABSTRACT

Simulations of complex fault rupture and associ-
ated near-field ground motions and existing strong
motion regordings are used to illustrate the impor-
tance of fault rupture geometry on near-field
ground motion estimates for engineering applica-
tions. This study confirms other recent investiga-
~tiofis of near-field ground motions from the 1989
Loma Prieta, 1994 Northridge, and 1995 Kobe

earthquakes: in the n‘e‘ar,-ﬁeld. directivity and

focal mechanism can be more important than dis-
tance in controlling engineering ground motions at
a particular site. Specifically. observed updip near-

- field peak velocities exceeding 100 cm/sec from
-~ thrust faylts are a direct consequence of coincident

directivity and maximal Sy radiation patterns.

U.S.Bureau of Reclamation Seismotectonics and Geophysics Group Denver Technical Center

Denver,CO
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Push Over Laboratory Testing of Unreinforced Masonry Infills

by Ghassan Al-Chaar,Steve Sweeney,and Pamalee Brady

ABSTRACT ,

The U. S. Armmy Construction Engineering
- Research Laboratories, USACERL, Performed
-push over laboratory tests on three models of
reinforced concrete frames with masonry infill,

These tests where part-of a study of ‘the
ultimate strength boundary and -the residual
strength- of “infilled ‘concrete- frares.  This
paper describes the failure mechanisms of the
specimens, and includes a brief discussion on
major parameters that describe the behavior,

Research Structural EngmeersUS Amy Construction- Engmeenng Research LaboratonesPOBox 9005

Champaign,I1linois 61826-9005

Composutes for Constructlon
by John B. Sca121 .

ABSTRACT

A new syntheth matenal commonly
referred to as Advanced Compos1tes or’ Polymer
Composrtes is bemg USed at’ present, P
“a‘'support” ‘matérial in the. repair- and “retcofit " ‘of
: ex1st1ng striictures, The trénd ‘is to use the' matérial

i vanous ways’ for mghway bndges, ‘such ‘as

jrepalr rétrofit - and éven - new construction;: The
“attractive featiires “of the © new matenals “for

const_ructlon -are: hghtWenght ~high'- strength,v
non-conducting, non-magnetlo and  corrosion

resistant.

In 1984 the NSF. deVeloped a
detailed ﬂve-year plan of research pro_|ects to
détérmine the - mechanical’ “afid physrcal'

chziractensncs of the materials. The pul‘pose of the:

' program is to gulde future - researchers to the type;
of reséarch’ pro;ects that fill the need to- bnng these
. products to" the - constraction ‘market. ‘As a- result,?
the coordinated data ‘would be very: beneficial to

- develop standards and desxgn spec1ﬂcattons for the m

aterials.

Program Director,Structures and Building Systems Nauonal Science Foundatlon -
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U.S.-Japan Cooperative Earthquake Research Prégram on Composite and Hybrid
Structures-Research Progress and Current Status

by Subhash C. Goel '’ and Isao Nishiyama '

ABSTRACT

A five-year research program on Composite
and Hybrid Structurés as Phase-5 of the U.S.-
Japan Cooperative Earthquake Research
Program was recommended to be initiated in
1993 in both countries. The research work in
Japan started in fiscal year 1993, However,
fuller participation -of researchers on both
sides started in early summer- 1995. +The
sponsorship of the program is by the National
‘Science Foundation “in ‘the 'U.S."and by the
Mlmstry 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 todate on both
sides. Because of divérse and’ broad scope of
the subject area, ' the - research . program ‘i
organized into the following, four - _groups:
Concrete Filled Tube Column Systems (CFD);
Reinforced Concrete (RC) and  Steel

Remforced Congcrete (SRC) Column Systers
(RCS); and RC/SRC Wall Systerns (HWS); New
Materials, Elements and Systems (RFI). A
theme "structure with ‘well - selected layout,
geometry and design-loads for the research is
also presented which provides ‘a . common
focus for .various systems'to be. studied, and
also a .common prototype . structure from
which “the’ components and sub- assemblaoes
are’ drawn

Key Words: .
- Concrete Filléd Steel Tube, S
RC Column with Steel Gtrder, :
RCS Core Wall with Exterior Steel Frame;
‘ New Matenals Elements and Systems

1)Professor, Dept. of Civil and Envitonmental Engrg., University of Michingan, Ann Atbor, -

MI 48109-2125, USA

2)Coordinator for International Research Cooperation, Building Research Institute,

Ministry of Construction, Tsukuba, Japan.

Influence of Vent Configurations on Bridge Res’po”nse to Wind

by Harold R. Bosch

ABSTRACT

Deck vents and open—gx‘ate sxdewalks have often,
been ‘used to" improve or " enhance ‘the
aerodynarmc performance of long-Span bndgef
structutes.” ‘Thé new Tacoma Narrows Bndge is

a good example ‘of suchan ‘application; . This
paper presents the results of a wind thnnel study
to - investigate ' the ' $ignificance. of : existing
sidewalk grates.in the overall. stabhlty of an H-
 shaped deck. section for.a. suspension, bridge.
“The results of tests to evaluate additlonal deck

ventmg wﬂl also be ptesented ‘The tests
indicate that the 31deWalk grates do, in fact, play
animportant role in the behavior of this bridge.

The status:of the windward vent. appears to be

most significant. - .Deck ventmg, on-the other
hand, ;does ot appear to umformly enhance

stablhty

KEYWORDS ',/'am1cs, bndges long-
span suSpensxon Vents‘ Wmd engineering.

Research Striictural Engmeer FHWA Tumer-Faxrbank Highway Research Center 6300 Georgetown "

Pike Mclean,VA 22 101"
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Wind Engineering Research in the United States

by Ahsan KAREEM '’ and Eleanore SABADELL ¥’

ABSTRACT

This paper summarizes wind engineering

research at various institutions in the U.S,

Most of the information has been derived

from the papers presented at the Sixth and

Seventh U.S. National Conferences héld‘in

1989 and 1993 at Houston and Los Angeles,

respectively, the Ninth International

Conference on Wind Engineering held in

1995 at New Delhi, and Hurricanes of 92 in

Miami. The research activity is discussed

here under the following topics:

1. Bluff Body Aerodynamics and
Unsteady Load Effects

2. Performance of Building Envelope

3. Damage Control and Mitigation

4. Random Data Analysis, Modeling and
System Identification
5. Tall Buildings and Engineering

Structures | ‘ v
6.  Mitigation and Control of Structural
Response
7. Bridge Aerodynamics and
Aeroelasticity

8. Knowledge-Based Expert Systems and
Computational Wind Engineering
9. Hurricane Wind Speeds,
Regionalization of Extreme Winds,
Vortices and Cyclonic Winds
10.  Wind Engineering Research
' Apphcatxons

1)Professor,Department of Civil Engineering,Notre Dame University
2)Director,Natural and Technological Hazards Mitigation Program,National Science

Foundation

Descriptive Epidemiology of Wind - related Mortality

by Josephine Malilay,Annemariec Wasley,Leslie A, Fiedler

ABSTRACT _
To examine the effects of wind in deaths

attributed to recent tropical cyclones and
tornadoes in the United States, we reviewed

174 deaths reported by medical examiners or -

coroners (ME/Cs) in Morbidity and =+
Mortality Weekly Reports during 1989-
1995. Of these 174, we found 99 wind-
related deaths, including all 62 of the deaths
attributed to toradoes and 37 of the 112
deaths attributed to tropical cyclones. Ofthe
wind-related deaths attnbuted to cyclones,

the major causes were multiple blunt trauma,

crushing injuries, head trauma, and .
compressional asphyxia. ME/C’s cnted

structural failure about five times as often in
wind-related deaths as in non-wind-related
deaths (OR 5, 95% CI— 1. 8 14) On the N
structural failure dunng hxgh wmds be -
explored further; 2) uniform methods be
established for collectmg information about
disaster-related deaths in which wind is-a -
contributing factor; and 3) epldermolognc
studies of cyclones and tornadoes include -
mput from wmd and constructnon engmeers

: KEYWORDS wind, tropmal cyclones

tornadoes, health effects of disasters - .

National Center for Envifonmental Health,Centers for Disease Control and Prevention,

Atlanta,Georgia 30341-3724
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Windborne Debris in Hurricanes and Typhoons

by Joseph E. Minor

ABSTRACT
A major change is taking place in the way

buildings are constructed for hurricanes and’
typhoons. The sustained, turbulent winds in
these severe tropical cyclones carry large
amounts of debris onto building facades,
breaking windows and subjectmg the
building interior to mternal “pressures’ and
rain, Concerns with eccupant safety and
with damage to building contents have
prompted changes to building codes in the
U.S. Several -new code provisions require
special designs for glazed openings in order
to protect windows from being penetrated by
windborne debris  during  huwrricanes.

Research conducted for tornado protection in
schools, certain public buildings and critical
facilities, including buildings in the nuclear
industry, has been applied to the mitigation
of damage caused by wirndborne debris in
hurricanes.  Building products, including
shutters and impact resistant glazing, have
been developed to protect buildings from
windbome debris by rejecting debris impacts
while remaining in place throu,,hout the
storm.

KEY WORDS: bujld’mgs; buildi.ng codes;
debris; glass; hurricane; typhoon; wind.

University of Missouri-Rolla, Rolla, Xissouri, §5409-1170 USA

Liquefaction Potential of Coarse Foundation Materials : Lost Creek Dam

by. Ronald A. Oaks

ABSTRACT

The dxﬁiaﬂty in using Standard Penetration Testing
(SPT) in coarse grained deposits to determine the
existence of potentially liquefiable soils is dlscusscd
in this document. As an alternative method ' of
testing these coarse grained soils, a Becker Hammer
Penetration Testing (BPT) program was conducted.
The various details of conducting this program are
discussed. In addition, the use .of the Becker
Hammer as a penetratioa testing device is compared
with the SPT.

Three laycrs of potentially liquefiable soils have
been identified in the foundation at the downstream
toe of Lost Creek Dam. These layers were detected
during the Field Exploration Program (1] conducted
in 1991, Based on the results of this program, cross
canyon continuity of potentially llqucﬁablc layers
was assumed. Due to the manner in which the
overbank deposits that comprise the alluvial
foundation occurred, geologists have reasoned that
these liquefiable layers could extend upstream of the
dam [2]. If a s¢ismic event occurred in the area of
Lost Creck Dam, these.foundation soils could

liquefy resulting in an upstrearn and/or downstream
failure of the dam and catastrophic rclcasc of the
reservoir,

This paper presents the geologic explorations
performed to 1dcnt1fy the laycrs of potentially
liquefiable materials in the foundation of Lost Creck
Dam. Only the foundation materials downstream of
the dam were explored since exploration in  the
reservoir was cost prohibitive. The results of the
exploration are assumed to apply to the foundation
materials upstréam of the embankment, The
continuity  of  liquefiable  layers  (both
upstream/downstream and cross canyon) is
discussed for the downstream foundation,

The rationale for adjustments and results of two
SPT and coe Becker Hammer Penetration Test BPT
exploration program(s) are presented in this paper.
The results of geophysical testing conducted at this
site are also presented,

KEYWORDS: site investigation; foundatioos;
liquefaction; Standard Penmetration Test; Becker
Hammer, ,

V:Civil Engineer, U.S. Bureau of Reclamatioén, Deﬁver, CO 80225
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u.s. Guidélines for the Seismic Rehabilitation of Buildings

by Christopher Rojahn '’ and Ugo Morelli *’

ABSTRACT

An extenswe 6—year projeet to prepare Guide-

lines: for :Seismic . Rehabilitation. of Exwﬁng;]

Buildings -is" currently ‘underway .in' the United

States. Funded by the Federal Emergency Maan-

agement Agency (FEMA) and prepared by the
Applied Technology Council fot the Bulldmg
Seismiic ‘Safety Coundil, the Guidelines are’in-
tended 16 ‘serve as a tool for'design’ professxdn-

als, ‘a’reféréncé docuthent for building" tegula~
tory officials, and a foundation for the future

development and implementation of building
code :provisions ‘and  standards. The Guidelines

will enable users, .on.a voluntary basis, to .re-,
habilitate buildings to meet specmed perforin: -
ance levels such as Collapse Prevention,: Life

Safety, and Immediate Occupancy, and per-
formance ranges such as Limited Safety and
Damage Control, for specnfically defined ground

motion levels. The. Guidelines ¢ontain, signift- =
cant new features, including a “Slmpleied Re-

habilitation” method, which can be applied to
certain simple, regular buildings that do not ex-

ceed specnﬁed height restrictions; a “Systemanc
Rehabilitation” method (the main body of the
Guxdelznes), which can be applied to any type of
building at any location; new Linear Stauc and
Noalinear Static analysis procedures, pfoce~
dures for’ determining acceptability -of exxstmg
cornponents/elements and . procedures’ for in-
corporating emerging technologxes Seismic re-
habilitation’ ‘guidance is also provided: for nou-
structural comiponents and systems. As' of Octo-
ber 1995, the Guidelines were 75% complete.
The: expected completion, date for the Guidelines
project is September 1997

KEYWORDS “seismic rehablhtauon seismic
retrofit; selsrmc strengthening: building stan-
dards; seismic performance levels.

2)Federa1 Emergency Management Agency,SOO C Street,S W Washmgton,D C. 20472
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Northridge Earthquakée Responses of Base-isolated(USC) and Conventionally -

Designed(Olive View) Hospital Buildings
by Mehmet K. Celebi

ABSTRACT |
Recorded data during the 17 January 1994

Northridge, California - earthquake (M,=6.8)
from the base- isolated University of Southern
California (USC) and conyentionally desrgned
Olive View Hospital (OVH) buﬂdrngs indicate
that they were subjected to ground motions with
peak acceleratlons equivalent to or larger than
those postulated for their, desrgn The data
reveals successes of the two. dlfferent approaches
of desxgn Both burldmgs performed well during
the earthquake The USC building is on rock
and OVH is on alluvial deposrt The. 1solators of
the USC bulldrng erperlenced ‘non- llnear
w1th1n 10 % shear strarn and effectwely
drssnpated the _energy  of rncormng motions
attaining . equxvalent viscous dampma Jof
'approxrmately 10 '% of the critical. The
superstructure experrenced reduced peak—
accelerations as compared to.the’ free—ﬁeld or lthe
foundation and ‘did not suffer “stractural or
contents damage. On the othéf’ hand “the

consewatively designed OVH (with high lateral

load resxstmg capabrhty) experrenced peak

horizontal acceleration of 2.31 g at the roof
compared to 0.82 g and 0.91 g, respectively, at
the ground floor and free-field. The OVH
suffered limited non-structural damage. This stiff
structure: was -not affected by the long duration
pulses. of this earthquake; however, it was
affected by the resonating frequencies of the site.

In addmon to Northndc'e data the response of
OVH, recorded during the 1987 Whittier
earthquake indicates that the response
characteristics of the building are significantly
dlfferent for the two events — attnbutable to (a)

possxble nion- lmear behaviott due to’ mmor
structaral’ damage and (b)’ soﬂ-structure effect
The study ‘exhibits “ these drfferences ‘for the
Northrldge earthquake during which the shakmg
was ‘significantly stronger than that durmg the
Whrttrer earthquake : ’

/KEYWORDS base-xsolatlon viscous dampm

hysteretlc behanor response spectra shear wall,
peak accelerauon

USGS (MS977),345 dedleﬁeld Rd Menlo Park,Ca 94015
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Recent U.S. Experience in Design and Testing of Beam—to—Column Connectlons

forMoment-Resisting Steel Frames
by Ferdinand LoRay Schwartz

ABSTRACT

This paper presents a compilation 'of recent
reports: describing emergency - ¢hanges to the
Uniform Building Code and resulting deésign
information and test data for an improved design
of beam-to-column: connections' for moment-
resisting steel building frames. The design of this
special connection or joint was developed for
construction ‘of the U.S. Department of Energy
funded Human ~Genomé Laboratory at’ the
Lawrence Berkeley Natlonal Laboratory

An earthquake of 6.7 magmtude hit Northndge
California, on January 17, 1994, and a similar
earthquake that devastated Kobe Japan exactly
one year later caused serious, unexpected cracking
in and around the ngrdly welded joints . of
momenbresrstmg steel burldmg frames of the
strong column-weak "beam desrgn _This
traditional desrgn concept ander seismic loadmg
should result in elastic behavior of the colurnn and
plastrc behaV1or of the connected beam. ., The
discovery of cracks in and around be 0

column joints raised the. specter of these farlures

leading to partial or complete building collapse..

“tested ‘for’ use ‘as’ ‘the structu

KEYWORDS: ¢racked welds;
" design; moment—remstuig, seismic; steel frames

Asa result of the dnscovery of the cracked Jomts,
the International Conference of Burldmg Officials
adopted an emergency change to the Umform'
‘Building Code requiring that new Jomt desrgns be
‘vérified: by analysrs or test to confirm meetmg the
'requrred stréngth criteria; At ‘the tiine ‘the
: emergency ¢ode changes were isstied, the Humin-
‘Geéndme Laboratory was'in the design phase ‘A
‘new desrgn ofa Specral Moment«Resmtmg Frame

(SMRF)' Jomt was déeveloped and successfully
lateral systern for

the facrlnty Since a nimber of other new demgﬂs ,

‘failed ‘similar’ testmg, thie SMRF ji joint r pr‘esents_
'-a br‘eakrhrough i the deVelopment of beam:t¢

other new Jomt desrgns and xs only slxghtly more
‘ expensrve than the “pre Northrrdge” welded Jomts

h whrch farled

' rthndge Jomt'

Office of Energy Rescarch,U.S. Dep'artment of Bnergy, Washington,DC 20585
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U.S.Operational Storm Surge forecast Models
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Mitigation of Lateral Flow of Liquefied Ground
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(BE—5) , TPC IMHORRIRREER - B - FH-BITL. NV —VEICLBIKEEMKS T
EEBMICERIEN,

NHC (3. 5B158»51 183 0BETKEH. hUTB, A+, RAFEHICRETDHH
mimy o0y Ny —2) 2ERLU. —RERCHRICESZTS (1 B4RFHREET) . £
A7 —ZVICE A2 OY THREEZITITOWSE<OEMNSOIHEEICH U THHEEZRET D L &
Hlo, NUS—CHT HREEEEONY T~ OB - FRBITEICETIMRETo>TINS, B—
11E, EESEONY I — U BREBEICREL TS L ZDBHRTH S,

TAFB (3HE T — 7 DR PHEICLIMEFHEIBHTIHILLEHBICINY T -2 — XTI NHC
#HBET3, FETSB LAV E1—9 O RTAZERTILLESIC. HHECHT /BRSO
(CRE T D1k E1IEIM T 5,

Harricane Rescarch Division Tl Sam Houston & U 1 BBIEEDOEBER T/, TORROEARICL
UHIRENWERERZE UL, BEE. RBMAABEE LS LNV —2 Andrew (CB8T 520 E
2 —ZEFIVEHT /N — 2 Opal. Hugo. Bob. Andrew FHICDWTDREMRRDORB TH >N,
BEOHPINDZ ETHHYRENE OHP DHFBILFLAEBBTER>Mofk, X—1(3EE7QD
Y& ERESI=REBENLGNV T —2THD, ChERDE Andrew IFRBONY G~ 2500805 d
DTIHWZ EDBDMD,

HMREE (BE—6) AIE. NUT—VICHATRITRTDT—IBES> TWHIHER T~ TRER.
MER OYEP1—9RENHY, FLMREDEIEI3 0REELLLBNILOHYLENICCAE
Y&LTWEDS, WHICHEMRPEIELZLTVWSEVNSTHEKHH >/,
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E—-1 6EONYY—2DiTi
( NCEP Tropical Storm Center 124)
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Scale
Number

(Category)
1

2

KRN D T — 2 LR

Saffir-Simpson Hurricane Scale

#Fz—1
Sustalned
Winds
(MPH) Damage
74-95 Minimal
96110 Moderate
111-130 Extensive
131155 Extreme
> 155 Catastrophic

Examples (States Affected)

Florence (1988) (LA)
Charley 1988 (NC)

Kate 1985 (FL Panhandle)

Bob 1991 (RI)

Alicia 1983 (N TX)

Emily 1993 (NC Outer Banks)
Andrew 1992 (S FL.)

Hugo 1989 (SC)

Camille (1969 (LA/MS)

Labor Day Hurricane 1935 (FL Keys)

FH—-6
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5A208 (A) HABITAT BLUKR—ART v RLFEXN - - - [HWID

RATIDSEARS 0 kmiC Homestead & WVSEAH S (F—2888) , AU —> Andrew IS
U, 5oL bV EVKREERIBITHS, 1 ARA 7 IOKBEELAEHEDSH2 08 (B) ,
KA GMBH T AKRTFINELFL, €D lHomestead 1CH D 1 DOFEERBOIED 1 DEHNE, =
DAEERFRIINY 7~ Andrew THEE K > 2 ABRADEEMISE B E L7 Homestead Habitat for
Humanity &WS 702 s FTRBENTWEHDTHS, TORABEANAEL, 8D ST TICHE
YALBRVWATH oo, UG TRHEBP OEENRIZPT, BMADANSEER Y OSADBRIEL ST >
TWe, ZETRABEDTOD 20 MOV, 20 TAS 2o FCELEAINTNSABIA
BHBEICLDEEOBL ML -2 /0T 0SS5 ABICDONTHRBESITE (BE—7) .,

702 1% bl Homestead Habitat for Humanity & (VD SEBSFI A, 7 L TH Y, 20 Lxecutive
Dircctor @ MrJoseph  P. Ciarmataro 702 14 hOWMBEEBBL TN, Thicdk 2 S @
NIAEEIL, FERBERITDIAD W00 BBIOKRS V57 4 7ICk BELLERMSOEMIRE (Fe
RIERT 4 =I/ND ZDIBE, American Iron and Steel Framing Institute (AISDDSEMIEM) ICKkY 1 PH
72YUT70, 000 RITRENTVDLENI L THo/, T4 0FDR—I CRENSHED SN T
5LEDETHoI,

Mr.Jay H. Cradell (Rescarch Center, National Association Home Builder)ld, $ARIEEISEEEC L B21FE
(WOWDHRT 1 —IVNDRT, HBEOBE DA EM =R2RB L VERAOHBEERLT
W5, REAEXRDPENOZANHBEENTNS, BERRFTAE L BICHELBRMSThAE, ) 0T
bL—Z U BLUMRABRMEARICOVTHRBE LT< N, b0k > I(c, FERBEAS VT4 7
Lo TEDOENTINVD, FRDOEADRBRGEEETBIBEbHDIDITCHD, 22T, BILHL——
TDTATSAPRENTNDZNEDIITHS, EbhdT+R RS E, BRICKWELHSEE
e, MHOAY YR, BEHOUR N, A THECBYTELRESEIN TN,

MBEREHIERIL, BINEE ASCE7-88 MEHECH TE, LB 10m [CH (T DEEHERIE Fastest Mile
Wind Speed T 110mph (¥ 30 #FEHREET 49.2m/s, BAROBIBBABEICRB T NIEH 10%8{E@ss
RESIEY 55mis f1ICAED), Exposure C (BF/2ETB) ICLVBRELTROTNBEND & &TH
DI SHEND T —2 Andrew BT &S LIFID & D5 ORERAE (South Frorida B#E) [0k 3
WED 1.05 BEECHD, HEZODDEE L TRELE > TR, ULHLIRDE S HREY
LT HEEE L TWS AU ICEERRN, Thabb, HEBICIMEES 9 b dkg), BE9 74
= B 2.7m)D 2 X A B8 50fcet/s (=15m/s) THRE U THAL R THAIL D ICRHFLTNBENS &
THo. ZTOfth, Mr.Raul Rodrigucz (Metropolitan Dade County Building Code Compliance Office)D 5
BEICNAY T~ Andrew DHEOEIE, Mr. William Frecborne(US Department of Housing Urban
Developmen)?> 5, {FEDREREIAEIL, WHAMAEL Vo B ICDWTOBBELH - 7,

COBBRBUSH 5, Mr. Jim D'Azevedo(Homestead Habitat for Humanity)DH 4 KTAY 4 —3 Andrew
[CEYUFOLENEEZRIF/2E 0D Homestead D Air Force Base % 553 U 7=, B[ Ms. Jodi Ravinet
SADBRNZL TN, A2 0 ) — bOBBEOBDEIBMADESIHE @ s FidEbY, BER
HRICIHIRSNIBRED L S h@ME L& B, REBAS LICH U WERETOBH TR, 3
UWMEFRTEBRDSEDH SN TV, 20 H EEHFTICD %, Ms. Laura Deemarderosinn Smith S A% (0 E
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BEE—-8 REDIAOBIEZA
(Z5 Jobi Ravinet & A, Laura Deemarderosinn Smith & As, Carol Macintosh & As)
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UNVT—2ICEBBELOVTET S, BEEZRAMNOHAZM IV, NUS—2 D& & (38 0%kIF
DT, B TIIANBBBIZLD/EDEN, BHOHELT, MBELE AT LBEES (T
CEMFHBBEN, BRI HENERICZ Ao TOSLEMOTWED, S THRABTHA KELT
<NIEDBEICHAZ LT NEDDENRETH > (BE~8) ,

]
Hendry ’ ](P(’:mﬂmm Beach
County , ounty
]
I
I Broward
| Coumty
Collier
Coumty | _ — -
' Dade MIAMI MIAMI
— County BEACH
1
! COUNTRY
Monroe WALK CUTLER ; B
7 County ! RIDGE R
HOMESTEADSS (. =
"4 >
& > <
5
0 10
[ —
miles

Bl— 2 Homestead Dih¥RAYHIE
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5A218 (K) SHRYAKEEIUMTSYAFLRa—RL—Yay -+« (£ W%

AFNEHEL, 8:30CSRYAKENSt, Anthony Falls Hydrauli
¢ LaboratorylcEf SEORRKGEMED. KEMMS Wr i gh t#H&R Rau
fasteFHRE LewhB (NIST) BLUSmMIi t hik&k (MMS) 4 A, BRMAMER
HER. BREHHE. XIFEE, A (LAWER . BEEE GREWRR) . EHER (BER
WWERR) . NHREE (LAHRELE—) | FEEPR (RASEERAE) 08 ATHL,

St.Anthony Falls Hydraulic LaboratoryldXFaYSt.
Anthony FallsOBCHETIHRFTHY . KBEOHRTHRED LTH . 1
0 3 8IS &N, KB, A, AITE, KHhEE. RikH%E, KE. RERHFOSHT,
HE., BRMTR. SENHE, RERELLOEBHERBL TS, O35, RIBRAORBHER
ELT, 199 0FCBRBARNRIGIAL, HUDF are | | HREY. RRELVFHERO
BERBE D%, KB, Kl BRGEORERERY LT,

B 1lzRT £S5 BRRE2OOMNERERT IARXORRTH S RBE—BEETHC LIS
SYBEBXARE LTRSS ELTEETHY . COARICEYBICHTIRARERLERELI-LDD
LTHH, WEMORK. BAARSHOBENLLOTHE, RER. BRBEROLHKE &
HEOBA., ELAZCOVTHREEMBL TS,

M RS®E. 10: OO&UEI%(%?6\—//f/ﬁA#ﬁ%éhko%ﬁmi HREBITLL
To&EY,

Wind tunnel technique for boundary layer snnulatlon (AKS. Iy engar U of anesota)
Wind tunnel study on long -span brldges conducted at the Large Boundar) Layer Wind Tunnel (H. Sato, PWRI)

Mean and fluctuating pressure measurement in wind tunnel (M Sitheeq, U. of Minnesota)

New evaluation technique of wind loads on. external bulldmg elements (H Okada, BRI) "
*?V@k%#b@Zﬁ@%ﬁﬁ:ﬁﬁ@ﬁﬁ@%iﬁﬁ&éM@rﬂWHMEmtMo#&hm&
RICBTEHILDTHY. “ﬁE$Mﬁb®%§@ ﬁ&%éMﬁﬁmmﬂﬁlﬁiémmM&an
mu HEMTH 1A, ThENOHE \ﬁﬁﬂﬁbﬂﬁﬁﬁbégﬁt KEHERL S R
LTH>1=,
K%ﬁﬁ@&%@bl%7/fgﬁéto#&gWWTS Systéms Corporatio

niz@Em-ot=,
BEBNTDiE. MTS@@4%T&éButzow&&UMTS@H%@ﬁ%#&o# EHEOPID

(X, avEa—4% ﬁﬁl;é%mszAwﬂﬁtﬁu MTSIEtMechanical Test

and SimulationBletdENTETHI, 196 0EREBTLMITMAREEEN

AUTCHY, ROTKEVRAT L, m%l+%®\§#¢Mkﬁoféfwéﬁwhtfﬁoho
EgﬁiﬁitUO%#WT\#74X&$UI§E%+LEO —AFHRPLC(CWTELHAT

2Bk510, 4 U8Ry FEERUTNG EOBBENS 512, -
%@é~M%ﬁﬁ@ﬁ%@ﬁﬁk?“f,uT®94b»@%ﬁﬁ&oko

Modular MDOF Shaking Table :

Large Scale Seismic Simulator
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Hybrid Simulation Testing
In-situ Artificial Earthquake Tests
Effective Force Testing
SHBDTAZ I M, WEFNBINTKE, MI T, 7A44TKE. IRVSKRELLE, ¥EAOX
ENERESD VIHRAFERELLTHELTVWE LD ETH- 1,
MT SOREERZ, KFIVICR /=,

1. ‘Tesl scclion 16 % 1.7x 1.8 meters, V = 45 nifs
4. Test scction 18.3x 2.4% 2.7 melers, Vo= 19.9 s
3. Vancd 90 dcgreces tugns

4. Removable vanes

5. Doors for cpea circuit option

6. Fan’apd motor, 200 HIP

7. Cooling coils

8. Turbulence management system

. Contraction

LENGTIL WIDTH  HEIGHT  MAX. SPEED.
ft m i mo ft m miles/he kmhr

Overall size 125 1382 34 104 17 52
Testscetion | 52516 56 17 59 18 101 162
Testscction2 60 183 79 24 89 27 45 7
Drive 200 1 variable spéed '

fan adjustsble pitch (manual)

The SAF; L atmospheric boundary layer wind tunnel.

. B-3 WAMER—KE
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5228 (k) HEEIEBR-FSVE: .  EHE

Fhlle TATRUADSR— bS5 BABEH (NW375) . R— k52 REBT William 1. Roper KO
W ZZ2R(T5, Lo h—28HE Roper ROBICHERLUKRTFINAF v IA 2,

13:30, WilliamE. Roper RDERRITLY US Army Corps of Engincers, Portland District 55, B
BTEMR- > RRTOMBREE O 2o BT 255177

BB TREBOR— b5 B  SREFRETRZR D Donald R, Chambers KIS & 2 KERIBME DB/,
RNT, Raufaste KIC K DB ERBMEBEORN . IRAESEDERE,

P Tl 6 RORRE L VHBOBEZLTICRT,

OF ACTHER2HEMRICD T (Dennis Hopman FX)

TR E. BREH BRI DIHME, BRESICLIEESEMBL T, REHEICHT 258
RE, THHER, SHEBSLHHELTWD, REL LTI BEY AOMBRMSHE, BERER. 5
RERUR ., BRHTETHE, HWBRPMEMR, BHREE TS VHEE. BIBL0%E, HiE. Bt P ERE

FEETHoTW3S,

QEBROERTICH IV LADEBHREIUT?
AR=ESURMET21HY, a0 —-hET 4 NTADLLRIZH S 0%,
Q:GPS E=ZH VU JEITToTWBM?

ARBDOHTH D,

QEETEE 04g 13 KETELOM?

Q:04g IBELY AEIFTISBRAMN ?

A:0.15g 5 04g IC EIF/2BAEHUOWBERBELAEZ EICKS,

O7 AU DAL EERDOWES ICRI 4 5 HBHAIFAT (James Griffiths FE)

AU 7 ANZTIBBISHEEMDBATH Y., EFLT V- MERGIEWNS ED D, BEDIRE., BE
L RICRERBEYVOBRE Y Y TORTH 2 FHICTabhi, ShERIC, #igh SBIBOBHN
WE M, HBERDSHERNORHN, BULHERBBRORELELIT> CYASEAOBRER >/,

Q:04g ZH/b UEMBIZEDLE S ICUTIHEL =D h ?
ABHTOMR, WEFSE2BRLUCHBERBOE#ZHMTEL TS,
Q:HATIIREEEN L SHEBR TIHRL > TSN ?
ABRFEBEVOOOEEIEL TE> T3,

Q:fth Dk A DBt (S 2
AFVITUMICREND N, REHEDE 2 Thihig A DB A b ATk,

OR—=bZS 2V RMRDT7 — RS ADTHEBIFT OB (Richard Hannan K)
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197 0FEKMOHRIEEERTESLOCAY. 198 0FEADSBRTE  MROBESTML, B
ORI EBEREBICL TV S, BRIERT V& v VOERREDGITo TS,

Q:EMRE LEIRI DRI ?

A:%#‘]o
QERIERT Y L v VOEHERSIC, S b -8 METHOBBASKETEL D ?

AT MU THEONDITITWS,
Q:SEDERAMETHRELTVWAIHN, BENS 1 0 kMDEDT ADF ¥ 5V ~[CHWTKFE 0.15

g. HE0.19 g DELFTH 5, 0.4 g (JIRTALSATEEESHD/EH507?

AHBOETOREDBSEZBEL TS,
QGO I ADIEED 04 g 5DMH, EDEDICHHRTHDM?

ABEREICISCTHRT S,

OR> 2 ENY AOTRIEBFE (Don Chambers E)
E—REBATIL 1937-43 5, B SEBATIL 1981-1983 F(CEER X Nz, MPIIE 1992 FICRBEhTINS,
RO EMNRIFTH > 05, JEREMITOER, —BRECHZLVES BRSO SN,

HIETEZTO L& U

QF-N—APLVRIZEDEDICEELEM?
ATFEREHBEEBL TS,

O7n—y N“ﬂ?*f&ﬁl?ﬁ%@ﬁﬂﬂﬁ?“f (Don Erickson ) = ‘
1966 fEICEREFE N, BIHRE 0.1 OHFHFIL 2 U — MEIBUKIETH S, RITREE 027 L LTHEF

dzEiTo %, L.O)I% RS EE LNERRY MVERS, MBEEER L. HRERE
Lk YRR ZITO, BHIEHOEEET o/, TOHR. BkE Eﬁ@iﬁﬂﬁkf‘izﬁliﬁ/ﬁotb\

BRYUMTHBRICHIEOLEMNSRO Shi,

Q: gﬁki—@ﬁ/@ﬁ‘ﬂl UANTWNDN?
AANTWS,

Q" TEMRIL 7
ATBRRTEETE S,

OSeismic Technical Center DB (Helen Petersen FX)
1990 SE @ National Earthquake Hazards Reduction Program(NEHRP)"C‘iﬁ'ﬂ{téﬂ'(ﬁ’x"ﬂéﬂk‘.g' R

B, F—sR—RHE, WY E— b BE ARBEET. BAKOEMRER. THHRSLT

S TS, BFEEENCSA 754 vIcHUTIR, @E, BEER. S F-MRE%E2To-TWS, &
EEYOBE. 1 0 0F(C1 o%m%ibﬁﬁwﬂhm%mib\ ShERk ICHMET B LA RAL L, fb
OB TS5 0FIC1 O BOREMET, ADEBLADLLEVWCEABELLTWS, (547542
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DEBBEFLRLY. REBEA M. BOKE, 18R YA2a0)

QI F—DOREAREL?
A:Corps DRARE RSN TV B,

ELE, Bl RREHANL SN,

BER—-11 BEILEMA-FSRICHBITERE - 54
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5§R23H (K) HAUIUHMK UHEER - - « KIERY

HARFRIPORMENI = VRID A FRIORELFRETHOREYORBEAUEORE T
Hol, SUVRIDARHRORLEICH S AV 7 NV_TRITEND 4 BS BB TTON . R
AH S DHEKIL, RCIBMWOBIRE N TICLSHRHEER L, REAMBRTHE L EBRERED
MBEROTEHERD 2 BICDVWTITbN, RRE(IATEMSRERE T RKARPFOKIEAG, REHMNIRE
BB AAOEER-KETH >z, KAORKIL, BGarthquake Risk in Oregon & State Seismic
Rehabilitation Task Force D 2 BA T, BIFEF L I HbK - SHERBOMBRBER AR vy YR LD
Matthew Mabey XD 5 DRETH oz, BB U T VM O ERIBEIXHATE D Matthew A. Mabey FEASHE
HIhicbnd, THARKBDES, U< Matthew Mabey BRMSFEFR XNz, BNEIIRERTEME
[CMZ T, AL T UHE - GHEEB D Donald A. Hull BBRZ(LCHETZ28DLMEZELSAD
KA TdH o o

CT UURSOAILBIIARERBELHFMTAFULRRDO SO /2, F L O MO EEE
7&%” T5L UTOLSTHD, £, AT MOBEEMO—EBLALFERAS. 1994 FORERED
YA RI YoV ~VDREUICES> T, 2BMH 3B EITICAE 7, ShiZBEDOMBREREDME Y
MRERERE ATERICHEB TS /U~ MERABOMBOXE I M STIROAMMEME LIER
HOHEINAEBOTH D, ChICK> T, BE0.15 TEHREFShABON, BRE 04 ICHANDLS
ICHBPREL > TS, COLORBHFEFOMIEORIC, K-S Rt—HFPIENTHY.
BEY L ERBEROMBRHEPEBORELLZ > TV, B—4 [IXELBOBMOY A RZ v
= %IRRT,

T, HAOBRFRFII. Pioneer Courthouse. Multnomah County Library, & T} Multnomah Hotel O
SEAACH AL FBETOHRBIE. ChoDIEZEBLTWSA YT+ VT P27 O Grant L.
Davis KR IF#> T< i,

Pioneer Courthouse 1. BE—1 2 [CRT L3 HEREEY ORY THTRICHV THETHICRREE
EEAL. B4 EREENETIHETH -, RBMERBIL. HAYKE TAL Friction Pendulum
System DWFNERRTE0E, BUBISERIET> TRIFEDIETHo 1, HMEE(L50
BWLT7O0REBRERYVETHADIEDABRTH =,

Multnomah County Library (2, BE—1 3 ICRT & > BERARDOERICAE LHESEY DRELETH
oft, CHELDIFDIIBEEDHEERL, HEICIIHREZRERB LSS, MREICENERCEEE

BN BICHEL T, BRI ELVICETNEDSE2TEOBRT TH oL, RIHRIIN 2082
FSHERNEDDLETHS,

Multnomah Hotel (4, BHE—14CFRTEIC2BETO—HHMiEL, 3 I%L,U:CD 3DDHEVWER
WENSEoTHY, Eiﬁwmﬂﬂbqtlxﬁﬁo)ﬁé‘_tfﬁU?’J‘F‘I%Ec‘:.fa.')'fb\éo ZDksd, BRTR
DT 2 BsD STMEEE BHMEL, UNDBER~1 5ITRTLSIC3 ﬁéﬁiéﬂﬂ* 2> THA#IL
U CHREE & —{L L, HREZEHZENS BN > RATEERALTOA, £, BBOR
M, EREMBLUE /LN (G0em DBRE) ICLDHRERBLTIL. CORMORRMSD
2 MIEETF KV EEEBHIROS, ARRSRAOEL VBRBONABERRIZANRICH D L.

- b5y RIZE HUHSELVEYNSZL, ThSEVDICKBRD SFINICHBOBNIEE
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SNTUWSEHPTHY., BERNSEENADORNBESEC SN,
BHRERHEL, NSO HTHBRHEBOHREL>TEY, SHBETHEICRY D> TS EDC
ETHoIN, ROLGVSSEIORBRITCIRIEROWBTELRBFTAILIETELM 12,

28 - . A

\

2A
428

‘Seismic zone
- map of the USA

H—4 KELHOBHOYARI v~
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Pioncer Courthouse
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5

B S

Multnomah County Library

—13

55
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FEE—114 Multnomah Hotel

BE—-15 BRERCLIHH
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5248 (&) K=qJdaq4N TOAZxob. EERS

1. T2
§A24H, R=bSUEMS, aQVETNRVICEES 4 BREH 2BMAY K= 1 Y 4 JLIKP

CEBELAEPMASRAIOVEZINSBATERESERICLANALDAY SR FESEDRR
MY ~DhTHROEINRMERETH >/, £, BFUBE 7 Multnomah DB 2K 4 DS
189m £ Y. BHEDOBXERDOEOBBORY — N EBDZbDTHBICHHED S TEREILILEY
L BROBESSEL TV, S—REBRT - KBREY - IWNBRAD Y STRAK, B-REHF A
DB EERE U, BBIEOIOVEVNEROMNE 14 SREBHLER—-FSY RICRELE,

2. Rzqa 9o N70220 BICDWT
K= 4 1 ) Ald CORP ENGINEER IC & Y, 1933 FICREBMBIB SN, BEICE—kHREBHH
#EE N, ZOk BHAREORME LIS, 19815F, TS b VMBI 558000 07 v hOH=
REFSEERI N, £l B—RERRICBE U CHRBITR DKM 1938 E SRR U, 20k,
1992 S [CK S AR ZRITE # H O DH 2 1kPINRER S M,

E—-REBT (REBA-BMIVREBE 52670007y M)
FIREBF (KX 300 A— FLRER 55820007 v )
E—MITAE (23 A— b, BELRE 21 A— ML)

FEImMEkEE (826 A— b, BERERS 21 A— M)

S AL, FIROBABRBICESTALS ICEIEaNTWD, LA, BHOSIOVETNARSH
DI=HIC, 4 BDRBHE UbnrutoE4éaﬁﬁ¢ﬂﬁﬁmﬁﬁéﬂﬂié§%aé EMWTE
me —7. mxu&uma%ﬁmﬁA«®§ﬁ§m<tw SRR ICTRBRASRITHY < SAD

INADEBT HDERYTEL,

4., TRRXIE

HrE R~ OREUICK > TR 1 94 VS Ald REKFRES 0.1 5 036 ICHML
oo E—SEFR. FTRIEFA. Spillway luﬂbﬁﬂ*&'fﬂ‘iﬁﬁéhto %@ﬁi BHEEMIC O LTI
13u¢@f$$mmﬁénrma LS MER . LHLANS, RAEICHT 2 BMISER
HOMR, pier L BMMA /N~ L ATHS T t#%b#&&UﬁRﬁ%ﬂ%E&@ﬁ%#ﬁoto

5. FDfth '
K= 4&4»#AM—&R¢%#R%T%% it\sﬁETQEMkMEEQ ﬁ”\my7bw

FOSRAAITON, WHICEHARIBEZER] U TR BIANAEMERTERILD CHA->TIND, B
km—ﬁmxawﬂﬁ&mﬁmTTmﬁéé &#b\gwijﬁPRéﬁﬁﬁ#@k&HT% Stk

BTH D,
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1. XRAROMAFAICEATSERRM WA HEREZMBXONE
(1) RREROHMEFAICET 5 HKRM

EREBEROMABHAICET 2AX&H ( U S. - Japan Conference on Development and
Utilization of Natural Resources = U.J.N.R.) (&, BH3FE 1 H27AICHR CHE S -8 3
BEREARASCAZRSE 1 D2HSHBOK LT, REMISRIMARESK., BRHFER
R UBXESRAGRAZRAZOVTAICLEBESAVEHMELT,. AEMSHBLFELE,

ETDLEDKEROREEZEE TBRHIBEHOFNBEOL-HICAMBRUERERO P HTHHTE
REMEBERROTBREFLICBAFLARALTITOEWL, £, FHELZEBATH-HICEXEERD
BEFBRICLISBMEZRVVERCHELTEESN EWS340T, AFRALCOBEZTHRL.
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