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Executive Summary

The Second Working Group Meeting for Earthquake Engineering Re-

search Coordination for the Interagency Research Coordination Confer-

\ence (IRCC) was held in Knoxville, Tennessee, on 18-19 September 1980.

Discussion centered on three major fields of concern for earthquake en-

g,4neering research: soils, structures, and geology/seismology. Emphasis

was given to ongoing research and development directly related to the

earthquake analysis for evaluating dam safety. It was observed that

there exists reasonable agreement between member agencies as to the

methodology for evaluating seismic safety of earth/rock-fill and con-

crete dams. In general, no unnecessary duplication of research efforts

was observed between member agencies.

]-)As a result of discussions centered on strong-motion instrumenta-

tion and the mutual desire to improve the existing strong-motion data

base, the following decisions were made:

ial) Request IRCC member agencies to expedite dissemination of
strong-motion ddLa,

b'l Contact USCOLI) to determine the availability of a compila-
tion of strong-motion data for dam installations worldwide
and distribute these to IRCC member agencies. This task
was assumed by Lucian G. Guthrie. A.

(c Establish liaison to avoid redundancy of strong-mot ion
instrumentation at dams in close proximity to one another.

It was suggested that this working group should be represented

at the next NSF workshop on strong-motion instrumentation.

A subcommittee formed at the direction of the steering committee

was established to determine the needs for research of earthquake-induced

dynamic earth pressures on retaining walls. The subcommittee is to de-

cide by January 1981 if further activities are justified.*

Recorder's Note: Prior to publication of this report, Paul F. Hadala

at WES prepared a questionnaire to assess each member agency's nteeds
for research of dynamic earth pressures on retaining structures. The
questionnaire was mailed 10 March 1981 to each of the contact persons
listed and is included as Appendix 7.
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Finally, concern was expressed regarding a proliferation of com-

mittees organized for similar purposes, yet not being coordinated or

in communication with each other.
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SECOND INTERAGENCY GROUP MEETING FOR EARTHQUAKE
ENGINEERING RESEARCH COORDINATION

SEPTEMBER 1980

Report of Meeting

Introduction

1. The second working group meeting for earthquake engineering

research coordination for the Interagency Research Coordination Con-

ference (IRCC) convened at 8:30 a.m. on 18 September 1980 at the Ten-

nessee Valley Authority (TVA) headquarters in Knoxville, Tennessee. A

letter of invitation, along with the originally proposed agenda and

introduction of the topic statements, is included in Appendix 1. The

opening remarks included a welcome presented by R. G. Domer of TVA and

a brief overview of the history of the working group. The working group

was created at the 10th IRCC and first met in Denver, Colorado, in Sep-

tember 1978. The parent organization, IRCC, meets biennially in odd

years and this working group meets during even years to gather ongoing

research and limit redundancy. Among the accomplishments of the first

working group were: (a) developing recommendations for common termi-

nology for earthquake response analyses, including earthquake ground

motions and (b) determining areas of commonalty and differences in the

agencies' procedures for defining earthquake ground motions. A report

on this work was prepared and distributed to each agency involved.

2. At this second working group meeting, a question was raised

by James Choromokos, Jr., of the Office, Chief of Engineers (OCE), con-

cerning funding levels for earthquake engineering research in each of

the attending agencies. The estimates of earthquake engineering

research funding for the various agencies represented are as follows:

a. TVA - approximately $150,000.

h. Waterways Experiment Station (WES) - approximately
$500,000.

c. Water andl Power Resouirce Service (WPRS) - approximately

$250,000 budgeted tor FY 81.
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d. Bonueville Power Administration (BPA) - most funding for
electrical engineering, very little for earthquake.

e. U. S. Geological Survey (USGS) - approximately $1.27 mil-
lion, considering all aspects such as dam safety, slides,
instrumentation, etc.

f. National Science Foundation (NSF) - approximately
$6 million.

g" National Bureau of Standards (NBS) - approximately
$600,000, mostly toward development of building standards.

h. Federal Emergency Management Agency (FENA) - approximately
$100,000, mostly toward dam safety.

Attendees

3. Those in attendance were:

Name _____ Agency

T. J. Abraham TVA

S. B. Ahmed TVA

Chuck Babcock NSF

Robert D. Bourn BPA

George Buchanan TVA

Dennis Carlin TVA

James Choromokos, Jr. OCE

Yung C. Chung TVA

James Costello NRC

Jim Coulson TVA

D. R. Denton TVA

Ronald G. Domer TVA

G. D. Felpel TVA

A. G. Franklin WES

Lucian G. Guthrie OCE

Frank Hand TVA

Gus Harrell TVA

Rich Hopkins TVA

Joe Hunt TVA

Kenneth King USGS

Joe Koester WES

S. T. Lin TVA

6



Nam -... Agency

W. F. MarcuSon 111 WES

Paul Miaker WES

David M. Patrick WES

Bill Seay TVA

Samuel D. Stone TVA

Bruce Tschantz FEMA

Larry Von Thun WPRS

F. Y. Yokel NBS

General remarks

4. The topic statements (Appendix 1) were discussed on 18-19 Sep-

tember 1980. The presentations by the various agencies represented are

divided into three major fields of concern for earthquake engineering

research: soils, structures, and geology/seismology. Appendixes 2 and

3 contain related work topics submitted to the group from NSF and USGS,

respectively, along with the covers and tables of contents of reports

outlining the funding priorities of each organization for earthquake

engineering related work. Appendixes 4-6 are statements ot ongoing

research and development related to earthquake analysis for evaluating

dam safety from the Corps of Engineers (CE), TVA, and WPRS,

respectively.

Topic Statements

Earthquake enneering research: soils

5. TVA, CE (WES), NBS, and WPRS all presented one or more topic

statements describing ongoing research in the behavior of soils during

earthquake loading. The methodologies involved literature review and a

wide variety of laboratory and in situ techniques to evaluate dynamic

properties of soil used for different engineering purposes.

a. Earthquake-induced dynamic pressures on retaining struc-
tures are being investigated by TVA through a program of
literature review and computer finite element method (FEM)
modeling. The final phase of this project will be to eval-
uate the current TVA policy which uses experimental data
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that may not be applicable for all present design situa-
tions. This dynamic soil-pressure research is geared pri-
marily toward nuclear power plant basement walls.

b. The CE presented several research topics concerning the
liquefaction susceptibility of soils during earthquake
loadings. State-of-the-art laboratory techniques are used
to construct repeatable, homogeneous sand specimens in one
study to assess the strain and void ratio redistribution
imparted by cyclic triaxial testing. The CE is trying to
determine whether a redistribution of void ratio is caused
by the laboratory-test conditions and cyclic loading. The
CE does not believe that this redistribution of void ratio
occurs in situ, and the use of cyclic triaxial test results
in dynamic analyses of earth structures may be in ques-
tion. Special freezing and cutting techniques are used to
determine the ice-content redistribution in uniform homo-
geneous pre- and post-test specimens.

c. Other laboratory research by CE on soil liquefaction is
aimed at determining the behavior of well-graded and
gravelly materials. One finding of this study is that
dams constructed of these materials have historically per-
formed well under earthquake loading, and the conclusion
should provide a vital additional empirical data base.
TVA is currently evaluating gradation and density varia-
tions with sand and gravel mixtures, using a Drnevich free-
free torsional resonant column device and 6-in. -diam speci-
mens. WPRS is also conducting research in soil performance
during seismic activity, comparing Drnevich free-free and
Hardin free-fixed resonant column devices. Tests planned
for the future include dynamic strength tests on silt-sand
mixes and studies to examine the effects of "scalping"
materials from triaxial test specimen gradations to match
field gradations.

d. The CE is currently researching earthquake-induced settle-
ments in cohesionless materials by correlating cyclic sim-
ple shear and cyclic triaxial test results for use in an
effective stress analysis. Analytical solutions for seis-
mically induced settlements in sands are being investi-
gated and have yet to be field-verified. NBS is currently
studying the evidence of a threshold shear strain for no
volume change in cyclic triaxial test specimens.

e. Both CE and WPRS presented research topics related to in
situ determinations of the behavior of soils under earth-
quake loading. CE (WES) has developed a penetrometer po-
tentially capable of evaluating the in situ liquefaction
susceptibility of soils. The device is essentially an
electric friction cone with pore-pressure instrumentation
which monitors the changes in groundwater pressure induced
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hv penetrometer advance. WPRS is evaluating various geo-
physical techniques to determine ti' shear-wave velocity,
and hence elastic moduli, of subsurtace-soil strata. Both
explosive and polarizable nonexplosive wave sources are
used to provide in situ modulus information.

t. Researchers at NBS are investigating the Standard Penetra-
tion Test to study the effects of hammer geometry on energy
transmission to the split spoon. The research is in coop-
eration with ASTM to overview united States' practices and
achieve a stochastic model for energy input.

g. The CE is currently researching a wide variety of methodol-
ogies to delineate cavities and discontinuities in rock.
To date, one of the most promising techniques to interro-
gate possible foundation materials is a crosshole radar
procedure.

Ear t h Luakeeniee r in_ re se a rch: structures

6. The major portion ot research outlined by CE, TVA, WPRS, and

BPA concerned the stability of concrete dams during earthquake loading.

i. The overturning potential of high lock and dam sections
was evaluated by TVA from an energy-balancing computation,
equating maximum potential for overturning to the maximum
kinetic energy imparted to the structure from ground mo-
tions. This technique has been evaluated and is now being
used by the CE and WPRS.

b. The seismic response of concrete dams and appurtenant
structures is being researched by WES to upgrade present
methodology for determining the nonlinear response of dam-
reservoir-foundation systems. Model tests for nonlinear
response to strong ground motions have been conducted at
WES on a nonoverflow monolith.

c. The hydrodynamic effects of earthquake motion on (Jams is
being investigated by WPRS. Beginning with the simple
model of a flat vertical plate in motion, a water-dam in-
terface analytical model will be formulated. Depending on
model success, arch dam curvature will be introduced,
modeled, and investigated.

d. WPRS is also investigating the behavior of concrete dams
following tectonic fault displacement by subjecting phy-
sical models to various fault movement configurations in-
troduced at the base. Analytical models may be developed
to represent dam performance tinder fault displacement, in-
cluding such factors as construction joints and varied
faulting modes.

e. TVA and WPRS presented research on the seismic stability
of structural elements in other areas besides concrete
dams. TVA is evaluating the shear properties of some
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structural components for nuclear plants by researching
thin wall theory, the rigidity method, and FEM for open
sections and high-aspect (height-to-width) ratio components.
A literature search has produced little data on open sec-
tions. WPRS is studying the dynamic properties of instru-
mented large concrete specimens subjected to sinusoidal
loading.

f. A unique study of buried pipe breaks is being conducted by
TVA primarily for use in design of nuclear power facili-
ties. The study is intended to assess the extent of wash-

out caused by a sudden, complete break in a pressurizedM
water line which could occur due to ground displacement.

g.The BPA's currently related work consists chiefly of up-

grading switchyard components for seismic stability. One
particular subject deals with busswork protection from
displacement caused by ground motions, which consists of
a flexible, conductive expansion joint at formerly brittle
electrical connections.

Earthquake engineering research: geology and seismology

7. TVA, CE, and WPRS reported their respective research progress

and needs as they pertained to the area of geology and seismology. These

three agencies briefly outlined their current practice in utilizing geo-

logic and seismologic input to assess the seismic safety of their dams.

a. TVA is in the process of documenting all faults and exist-
ing seismicity data for the TVA region of influence and
the southeastern states, respectively. Both compilations
will be computerized for data reference; the seismicity
data for a quick zonal search (within the 200-mile radius
required in current nuclear plant siting criteria) will be
available.

b. Both CE and WPRS presented programs designed to upgrade
existing strong-motion instrumentation of dams and lay
groundwork for new installations to expand the network of
stations. The drawbacks of digital strong-motion records
were discussed; namely, instability and too much sophisti-
cation for serviceability. CE explained that it services
and maintains its own network of installations throughout
the eastern portion of the United States, while WPRS de-
pends on USGS for instrument service. The CE program in-
stalls instruments at the crest, slope, and/or toe, and
free-field rock in the dam vicinity where possible, while
WPRS installs recorders at the crest, on the embankment
slope or within galleries of concrete dams, and at the toe
of its dams.

c. The CE is presently upgrading its methodology for selecting
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design earthquakes, largely through cooperation with private
industry and other Government agencies. The probability
of recurrence is being studied to assess the likelihood
of a maximum event for Corps projects. A bibliography of
published and partially completed reports by the Geotech-
nical Laboratory of WES on geological and seismological
investigations of earthquake hazards is included in Appen-
dix I with the topic statements (see page 1-43).

d. WPRS is evaluating risk analysis methods for dam design,
utilizing a "balanced risk" approach for several possible
failure methods. The paper entitled "Water Level Restric-
tions at Jackson Lake, Wyoming - 1978 Decision Basis" is
included in Appendix I as an example of the WPRS approach
(see page 1-59).

e. Induced seismicity is being investigated in a CE study of
reservoir loading and fluid injection. This study consists
mainly of a literature review, along with research into
theoretical evaluation of local strain release and stress
adjustment at reservoirs.

Discussions of Related Work Conducted
and/or Sponsored by Others

NBS

8. A portion of the second working group meeting was devoted to

discussion by five agencies not represented in 1RCC. The contributions

of NBS were previously mentioned. Not being a problem-oriented agency,

the Bureau's earthquake engineering program originates from a mandate

for Federal building needs and much of the geotechnical earthquake engi-

neering funding is Congressionally appropriated through the FEMA disaster

mitigation program.

NSF

9. The NSF presented a collection of its ongoing research topics

(included in Appendix 2) in the earthquake engineering field. The NSF

representative briefly detailed a breakdown ot funding for research.

The annual summary of awards is given in Appendix 2 for 1979.

NRC

10. The Nuclear Regulatory Commission (NRC) sponsors research in,

three primary areas of concern for earthquake engineering, particularly,
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the safety assessment of critical nuclear power equipment under seismic

loading:

a. Seismology and geology - $5 million anticipated for
1980-81.

b. Mechanical engineering - $2 million anticipated for
1980-81.

C. Structural engineering - $1 million anticipated for
1980-81.

USGS

11. The USGS presented two documents to the working group:

a. "Earthquake Hazard Reduction Program, 1978."

b. "Geological Survey Circular 816 - Program and Plans of the
USGS for Producing Information Needed in National Seismic
Hazards and Risk Assessment, FY 1980-84."

Both reports outline a schedule for various funding priorities in USGS

for earthquake-related research and are given in Appendix 3.

FEMA

12. The FEMA representative introduced the Interagency Committee

on Dam Safety (ICODS), created in June 1980 to provide overall coordi-

nation of dam safety analyses, and to achieve a forum of data and pro-

cedure. The first meeting of ICODS is planned for 16 October 1980 and a

member from this working group, W. F. Marcuson III, was invited to

attend.

Research and Development Related to Earthquake
Analysis for Evaluating Dam Safety

13. In addition to the topic statements presented by the various

agencies, CE, TVA, and WPRS, each presented their primary research objec-

tives and methodologies directly related to assessing the behavior of

dams subjected to earthquake motions.

CE

14. The CE (WES) described the current policy for evaluating

seismic stability of dams at Corps installations, both earth/rock-fill

and concrete. Two approaches are now taken for evaluating the seismic

stability of earth and rock-fill structures: the Seed approach for

12
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I iquefaction of granular materials assesses embankment or foundation

failure potential and a Newmark-type permanent displacement analysis

calculates the deformation of the most critical sliding mass determined

from static stability analysis.

15. The CE is investigating the inelastic response of concrete

dams, as the maximum credible earthquake (MCE) required for some designs

Lends to invalidate linear elastic analysis. An example of the problem

was illustrated using the Richard B. Russell Dam case history, where

earth embankments are coupled with concrete sections. For the concrete

suction, Professor A. K. Chopra's EADHI code was used to combine hydro-

dynamics with the dam. The analysis was performed using 5 and 10 percent

damping, assuming this would bracket the actual response of the system.

The advent of tension cracks in a concrete section is considered to con-

tribute a degree of inelasticity to the response, thus increasing the

damping. An abstract of the presentation on Corps concrete dams is

included in Appendix 4 with reference to published WES reports.

TVA

Lb. TVA presents its research and development program related to

earthquake analyses of dams in Appendix 5. Included in the Appendix is

an overview of TVA's responsibilities for existing dam maintenance and

dam safety evaluations related to the nuclear power program.

WPRS

17. The WPRS outlines its research needs and procedures in Appen-

dix b, categorized into definition of seismic loads, analyses of earth

and rock-fill dams, and analyses of concrete dams.

Discussion

18. WES pointed out that a traveling-wave study such as one

desired by WPRS for concrete dams has been documented in a WES report on

the earth embankment of Fort Peck Dam (WES Technical Report S-7b-l,

March 197b).

19. TVA concurred with the CE criteria for survivability of con-

crete dams with regard to cracking or earth dams with regard to defor-

mation; i.e., the dam must retain impoundment safely until drawdown is

complete.

13
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20. Strong-motion instrumentation is in great demand for all con-

cerns of the working group. More and better recording instruments need

to be developed to enlarge the data base for characterizing ground

motions.

Meeting of Steering Committee

21. The Steering Committee of IRCC met at 3:00 p.m., 19 Septem-

ber 1980, to discuss the progress of IRCC and the working group. Those

in attendance were as follows:

Lucian G. Guthrie, Office, Chief of Engineers (CE)

R. G. Domer, Tennessee Valley Authority (TVA)

R. Joe Hunt, TVA

R. D. Bourn, Bonneville Power Administration (BPA)

W. F. Marcuson 111, Waterways Experiment Station (WES)

J. P. Koester, WES

22. It was observed that there exists reasonable agreement between

member agencies as to the methodology for evaluating the seismic safety

of earth and concrete dams. The consensus was that more strong-motion

instrumentation of new and existing structures was necessary. A lack of

information on earthquake-induced dynamic earth pressures on retaining

structures was noted as well as a need for improved verticality survey

techniques in deep boreholes. Concern was expressed regarding a prolif-

,-ration of committees organized for similar purposes, yet not being co-

ordinated or in communication with each other. Overall, no unnecessary

duplication of research efforts was observed between member agencies.

23. Specific decisions by the Steering Committee were formulated

into the following recommendations and action items:

a.Much of the committee discussion centered on strong-motion
instrumentation anti the mutual desire to improve the exist-
ing strong-motion data base. The need was recognized to
hasten the distribution of recorded seismic data to the
agencies which rely on up-to-date ground motions for design
and specification. To this end, the following decisions
were made:

14



(I) Request IRCC member agen ies to expedite dissemination
of strong-motion data.

(2) Acquire a compilation of the location of strong-motion

instruments installed at dams worldwide and distribute

to member agencies.

(3) Establish liaison to avoid redundancy of strong-motion
instrumentation at dams in proximity to one another;

the example cited was Kentucky Dam (TVA) near Barkley

Dam (CE).

b. The outcomes and conclusions of this working (oinjittee
meeting should be reported to the upcoming IRCC at Vicks-

burg, Mississippi; specific topics to be addressed concern

commonality in the areas of:

(1) Developing a terminology and exchanging information
pertaining to the development of ground motions.

(2) Evaluation of new and existing facilities.

(3) Criteria for assessing stability of earth and concrete

dams.

c. This working group should be represented at the next Na-

tional Science Foundation uorkshop on strong-motion
instrumentation.

d. Areas within or between member agencies where unnecessary

repetition or duplication exists in research efforts should

be identified; an example cited was TVA's ongoing research

to investigate dynamic properties of cohesionless material

previously documemted in the literature.

e. Each agency should determine its needs for research of

earthquake-induced dynamic earth pressures on retaining

structures. These findings will be communicated via tele-

phone conference on or about 1 January 1981 by the follow-

ing contact people who will also, at that time, decide

whether further committee activities and/or workshops,
etc., are justified:

P. F. Hadala, WES FTS 542-3475

Frank Hand, TVA FTS 852-2101

R. D. Bourn, RPA FTS 429-4329

Karl Dreher, Water and Power

Resources Service FTS 234-3189

f. It should be decided at the Vicksburg IRCC biennial meeting

what, if any, arrangements are to be made toward organizing

the Third Interagency Working Group Meeting for Earthquake

Engineering Research Coordination.

15



8- It was decided that the general form for topic statements
will be modified to include a description of the funding
level for each research item.

1
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Gentlemen: ---. t FRji

UT. me,'ting of the Interagency 'orking Group for Earthc-..,e En
m. .e tng ineera n 5

Research Coordination will meet in the offices of the Tennessee '.1
1 e, kutho.-ty

(TVA) in Knoxville, TI, on 18-19 September 1980. Inclo-.-e I is an asen'a "hch
I have prepared for this meeting. Please look this over anda be p epa e to
discuss your topic statements. I believe these presenta:.ion. should be lirited
to 7 to 10 minutes. This should allow about 5 minutes fcr questions.

Note that between 10:15 and 11:45 on 19 September, I have alloved each of the
invited organizations about 15 minutes to discuss relate5 :o'W which the- are
either conducting or sponsoring.

On the afternoon of the 19th, I would like for TVA, the Corps of Enginee:s
(CE), and the Water and Power Resources Service (WPBS) to prepare a 30 -.-. mute
presentation on research a,.4 development related to earthquake analysis acr
evaluating dam safety (earth, rock-fill, and concrete da:::s). Additicona'.)v I
would like for you to docj:ent this in .-riting so that we can include it in our
report covering the meeting. Note that I have allowed a out 30 minutes "ro>.
2:30 to 3:00 for remarks from other government agencies which are concerned with.
dam safety.

N.r. Joe Hunt at TVA is in charge of local arrangements. !e has a block of
rooms reserved at the Holiday Inn on Chatnan Highway for the cvenirics o-f
17-19 September. You may contact him on FTS 856-219D. Eis mailing address
is:

Mr. Joe Hunt
Tennessee Valley Authority
W IlA6
Comercial Realty Vanatemnt BuiJin g

400 Commerce Avenue
Knoxville, Til 37902

Please confirm with .r. Hunt yoinr plans for attendinC-, " I:-eetim:r ar W.-:
yCu pla:- to arrive in R:noxville.
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ELAGN 22 August 1980
SEE D]STRIBUTION

Inclosure 2 is a copy of all the topic state:ments which J havc received to date.

During the time period 3:15 to 4:25 p.m. on 19 September, _ would like to mect
with members of the Steering Committee (indicated by En asterisk below) to dkcuss
the significant conclusions reached during the meeting and also the content Of
the report which will document the meeting.

Should we have additional items uhich need to be discussec a-nd for w'hich ve do
not have time allotted, we can extend our meeting on Thursa'ay afternoon beyond
h:30 p.m. I am asking each of you to look at the agenda a nd the topic statem ents;
see if I have omitted something which you i:ould like included. If so, bring
this to my attention at the break the morning of 18 September. I will then
inform everyone the additional agenda items.

If you have any questions regarding this meeting, please de n,t hesitate to
call me at FTS 542-2217. Your cooperation and assistance is very much appreciated.

Sincerely,

2 Incl W. F. MARCUSON, IiI
As stated Research Civil Engineer

Acting Chief, Earthquake Engineering
DISTRIBUTION: and Geophysics Division
Bill Hakala, NSF qeotechnical Laboratoy
Fritz Matthiesen, USGS
Felix Yokel, NBS
Goutam Bagchi, NRC
*Bob Bourne, Bonneville Power Adm.
*Larry Von Thun, V7PRS

'-. G. Domer, TVA
Joe Hunt, TVA
Chuck Thiel, FEMA
*Lucien Cuthrie, OCE
Ernie Dodson, OCE
Mel Martin, OCE

8/26/80 - RGD:JL
cc (Enclosures):

Q. 0. Barngtt- tD224 C-K- Please handle.--RGD
MEDS, E4B37 C-K
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ILETTJNG OF THE 'NTFRJW GEiCY CRKi .G m juU.
FOR EldATHQUAKE EIN;GIEERICG R2S2ATKY

COORDINATI Oi;

To be held

18-19 September 1930

at the

Tennessee Valley Authority, Knoxville, Tennessee

TENTATIVE AGENDA

k! _Sr-.. eber

8:3a- 9:00 Welcone, Introductory Remarks, Etc. W.F. .'arcuson &
R. G. Domer

9:00 -10:15 Earthquake En.gineering - Soils

(i) IbVy:al rc Soil Pressures TVA
(2) a, .aake-'nduced Settle.ents in Soils CE
(3) Li q 'action of Danis and Foundatic:.s

," arthquakes CE
(4) !,roperties of Well-Graded

Materials CE

10:15-10:30 B. eak

10:30-11:45 Earthquake Engineering Research - Soils (Cont'd)

(5) Development o' Technique and/or Device to
Evaluate Liquefaction Potential of In
Situ Cohesionless Material CE

(6) Remote Delineation of Cavities and

Discontinuities in Rock CE
(7) Soil Performance During Seismic Activity WPRS
(8) In Situ Shear-Wave Velocity Veasurenent

of Elastic Moduli Determinations hPSS

11:15- 1:00 Lunch

i:00- 2:45 Earthquake Engineering Research - Structures

(i) Shear Properties Used in Seismic Ana]3sis
Structures TVA

(2) Dam Stability via Energy Balance '1TVA

(3) Effects of Buried Pipe Breaks TVA
(4) Seismic Response of Concrete Dam an.

Appurtenant Structures CE

2:145- 3:00 Break

3:0- ),:30 Eartlhquake Engineering Flczcac:;. - Suract ': (Co:.t'd)

(5) Dynamic Properties of Concrete
(6) Structural. Hydrodynamic Studies
(7) Behavior of Concrete Dams Following

Tectonic Fault Displacement



AGENDA (CONTINUED)

19 Sept ember

8:30 - 10:00 Earthquahe Fngineering Research - Geology,
Seismology, etc.

(1) Locations and Descriptions of Fault in
TVA Region TVA

(2) £eismicity of' Southeastern United States TWA
(3) Strong-Motion Instrumentation Program CE
(4) Methodology for Selecting Design

Earthquakes CE
(5) Seismic Effects of Reservoir Loading &

'Iuid Injection CE
(6) Strong-Motion Instrumentation Progra-i VPRS
(7) Applicability of Risk Analyses Methods

to Dam Design VPRS

10:00 - 10:15 Break

10:15 - 11:45 Discussions of Related Work Conducted
an!/or Sponsored by Others

(1) Bonneville Power Adiniftration
(2) National Science Foundation

() Nuclear Regulatory Cormmission
(14) [U. . Geo];ica1 Survey
(5) Federal Energy Manag ient Agency
(6) National Bureau of Standards

11:145 - 1:00 Lunch

1:00 - 3:00 Research and Development Related to Earthquake
Analysis for E',aluating Dam Safety

1:00 - 1:30 TVA

1:30 - 2:00 CE

2:00 - 2:30 WPRS

2:30 - 3:00 Remarks by F! A, NRC, NSF, BPA

3:00 - 3:15 Break

3:15 - 4:25 Discussion

4:25 - 4:30 Closing Remarks llarcuscn
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-~ -____Priority.....______ ~ s' ~n1~

S tb j "c : ! A r e a_ _

Project Tritir, Dynomic- S'oil Teurce_________-

Pcrforming OTaizto EnviJ yinj~cer-g1rancli

St~rinh Yer1~979 ________ Estimated CmAir er C~T

TehnicalObjectiveF:

Inc objective is to Cet. iinc the dynam-Ic soil pres:--.-s on:cd ~ baz-2:'.nt a-.,,

retaining walls durirtg an carthbnual1.e. Th-e valis my be :ji or fae).Ible -Vrd
Sup7.ported on roc1h or soil.

Technic.jl Ap'p; oach:
'I! ' - study conzis ts of kj j a rcvie,... of current 3-t ~urt0Cx.r~thc: nrc

C;ynw!.iC soil. prescstuCs theo-rieS, (2) fdnite eleiocrjt c 0 various v:!flj Ld

so conf'iLurations for both natxxa). arI ertifiujLBI ~J~ excitaticn, ()cc-
p:rlson of variou! to sts rcpcrtcd in th1e literature oi>cci oher and h c;~t
of our finite clerment. winayscs, and (h~) evaluption a Iscurent rcic a,

on experimental result-, from~ the 1930's.

General Progress:

Ve have completed our literature revic;, and have sttr-rtE-. 'I flnitc lz
anal~yses.

P'lans For iqtxt rwclvc~ moniihs:

CU".rJC tc the fini f. c.1eyn-nt zi i" 'Yor.l II'-~ ~ b~i
aOvwe.



TOPIC STATEMENT

Agency NJRC Priority 1980 Session Nu.hcr_

Subject Area Earthquake Engineering

Project Title Earthquake-Induced Settlements in Soils

forming Orgaiii:ation USAE 11aterways Experiment Station

?rincipal Invcitigator R. H. Ledbetter (FTS 542-3300)

Starting Year FY 89 (Feb) Estimated Completion Year Continuirg

Technical Objective: To study existing and develop ic: procedures using
laboratory and analytic.l techniques to predict eartcu-kc-induced settlements
of soils.

Technical Apyroach: The approach is to reviev-the literature and determine the
czrrent state of knowlcedge. A state-of-the-art report and recommendations for
continued research directions will be prepared. This report will incluje recom-
nendations concern.'rg large and small scale testing for the purpose of
verification of existing methodology.

General Pr_ fcss: The literature ir .,,-jng reviewed. To date, one unified
analytical solution for seismically induced settle:ents has been found. The
solution is a computerized analysis for sands by Dr. MI. D. Finn, University
of British Columbia. Basic e. .umptions and concepts are as follows:

a. One dimensional

b. Free field conditions

c. Level ground surface with horizontal layers

d. Volumetric strain behavior is computed as a function of time due to
the actual ra,,dom input from en earthquake.

e. Pore pressure increase and dissipation is c-.p.teJ a. a function of
time due to the actual random input from an earthquae.

f. The time response of vertical sttlement is cc:, .

g. Progren inputs for the soil are dynanic she(- rcrr-: train
characteristics and volume-pore pressure cha-acteristic-.

No field-verification of the approach han been nade. A copy O fLL ch e -zed
analysis ( ESRA II) has bec.:: obtained and adapted to thi- 'T.$ co,: -tir.

......... .. .... I .



During FY 80 the folloN,'ing work is planned:

a. Prepare a state-of-the-art report with reco!iT.en'a-'ionz for corntiued

research.

b. Investigate Profe,:sor Finn's analytical solution.

c. Conduct a rmall number (three to six) of laboratx_-: cyclic t--iai:ial
,usts on saturated sand in order to tenttively evaluate 2a:.;tc.; s tler.n
behavior.

d. Search for well documented case histories to !Ii: 333." ii and
other methodologies which can be identified and/or derelc:~'L

Plans for Next 12 Mlonths: Deiending on our recommendat-ic::s, our" curren:t olans
are as follows:

a. Relate cyclic triaxial test to cyclic simple shear test data. Cclic
simple shear data are used as input paraneters for DESit'. ho.:ever, cyclic
triaxial testing is more routinely used, is more economical and is easier to
conduct; therefore, we hope to modify these cyclic tria:AaL test data aud use
them as input parameters instead of cyclic simple shear data.

b. Jerify DESRA II and any other methodology with eithier case histories
and/or large scale tests.

c. Investigate the feasibility of in situ testinG tec>nicuez fcr
evaluating the characteristics and potential for seis:nicalr. induocr
settlements of soils.



TOPIC STA L'V;E_;':T

Agcncy CE Priority 1 1980 Session Niuo:Iber

SubjCct Aca t,_._.ech-ic__l EarthquakeE e

Project Title Liouefaction of Da-ms and Fo -Ieticns DuriL__--rthouakes

Ierforming Organizat inn Farthquake Enginee:ing and Oeoph,,sIcz )ivision, WES

Principal Investigatui I.'. F. Harcuson, 1II (-T-S 51;2-2217)

St.irting 'ear 1973 Estimated Corpletion Year 1P81

Technical Objectives: To develop and evaluate laboratory and/or analytical
methods to detc, mine pore v:ater pressures and strains vithnin saturatei
cohesionless embankments and foundations subje:te to seis!:ic loads.
Develop correlations of field performance during earthquakes v:ith soil
properties.

Technical Approach: This program is presently -:riarily dedicated to the
evaluation of the degree of nonuniformity of st-ain and void ratio distri-
bution at various stages in the cyclic triaxiel test. Our approach is to
first build repeatabJe homogeneous specimrens, the- subject these specimens
to various degrees of pore pressure response in te ,cyclic triaxial test.
Onc:e this predeterrmined pore pressure resronse has been achieve., the
specir:cn i! frozen in such a way as not to impede drainage and is cut into
108 segments. The ic,! content (void ratio) of each segment is then deter-
mined. Analysis of these data should indicate the de,-.ree of void ratio
redistribution that takes place during cyclic triaxial tes' ing.

General Progress: Since the 1978 meeting we have published two '1,e res:. .
reports entitled "]Jqw,.;,,tion Potential of Dams and Foundati'.,,, WES Research
Report S-76-2. These reports are Report 3 "Elastic-Plastic Work-Hardening
Constitutive Model for Fluid-Saturated Granular Material" dated August 1978
and Report 6 "Laboratory Strength of Sands Under Static and Cyclic Loadings"
dated March 1979. Report 7 "Geotechnical Earthquake ingineering: State-of-
the-Art, 1980" will be published this fall. A report by Professor V. P.
Drnevich entitled "Ivaluation of Sample Disturbance on Soils Using the Con-
cept of 'Reference Strain"' was published as WES Technical Report GL-79-13
in September 1979. Professor Marshall Silver is presently under contract
to conduct a feasibility study on large scale cyclie shear tests including
shake tables, centrifuges, and the like.

Plans for the Next 12 Months: The evaluation of the degree of nonuniformity
of strain and void ratio distribution at various stages in the cyclic
triaxial test will be continued. We are currently building specimens at
a relative density of approximately 65 percent with a standard deviation of
about 3.2 percent. Our consultants helieve this variation is still too
large. We are trying to reduce the standard deviation by approximately
50 percent and to build homogeneous specimens at various relatie densities.

1-9
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TCPlC S [A'I i -. ,rT

Agency C___Priority 1 l9O S198

Subiject Area Frthqiiake Enginecri-ng

Project Title Dynamic Properties of ell-Graded llaterias

Perforwing Organization USAE aterways Experiment Station

Principal Investigator M. E. Hynes-Criffin (FTS 542-2280)

Startig iYear FY 80 Estimated Completion Ycr FY 82

Technical Obiectives: To evaluate the susceptibility of well-graded earth-
rock mixture to liquefaction as a result of earthqua'e shaling and determine
the controlling material properties.

Technical Approach:

a. Obtain data o): dams constructed with saturated zones of widely graded
soils that have been subjected to large earthquakes in the past, and colrelate
measured material properties with tield performance.

b. Investigate the feasibility and possible dcyclop.ent of a large-
scale cyclic test device designed to monitor well-graded specimens.

c. Perform cyclic triaxi., tests on compacted w:ell-graded speciimens to
determine the effects of changes in density, gradation, and stress histo-y on

the pore pressure response and deformation of the raterial during the test.

d. Perform a series of strain-controlled R tests on similar specimens
to provide correlations between cyclic test performance and static test

performance.

General Progress:

a. Information on the past performance of dams in Ca.l ifcrnia constrvted
of well-graded materials that have been subjected to significant earthqu.AIes
is being processed.

b. A feasibility study of the development of a large-scale testing
device and sample preparation has been completed :nd t~C deecisi on has bnern
made that development of such a device at this tiric is no', advisable.

c. A material hs been chosen for a series of cyclic triaxial test:.
and R, tests. The decision has been made that the emphasis of the parm;!eter

study should focus on stress history effects on cyclic and K performancc of
samples.

d. Additional researchers have been contacted. Ceot.cli ;jcl Elnii, ca,

Inc., and Profe',sor 11. B. Seed have contributed suggesticns s to the stress
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,a.i, to u;e for proconso.idation and rebound and shared p st e::perier, ce with
such tests.

e . A procedure for compacting 6-inrh diameter spoci'-ens for the cyclic
trin>ial a,-I k test series has been developed that will provide specimens
that display unifori itrain characteristics over the height of the specimen
during cycling. Earl: er procedures led to necking of the speciren due to
n, -uniformity of grojdation within a layer and of density bet.'een layers. A
totnl of five layers zre used in preparing the specimens.

f. [he cvclic triaxial testing program has been initiated for two
"ravel contents, 34 percent and 50 percent by weight, with the minus No. 4
sie.': fraction held constant. The fines contents for these two mixtures are
23 percent and 19 percent, respectively.

g. A pore pressure transducer that can be compacted into the specimen
is being developed.

Plains For Next Twelve Months: Continue development of the pore pressure
transducer, commence R testing series, and continue stress history (i.e.,
overconsolidation) investigation.

(

] -Il



TOPIC STATEMENT

1930 Session
1.Lu;icy Corps of Eng-ineers Priority h.;%er

Subject Area Earthquake Eni reerjng_
Development of 'Technique and/or Device to Ev luatc tne

Project Title Liquefaction Potential of In Situ CohesiotN[cs MtQ-ri&!

PerforminG Organization Waterways Experiment Station

Principal Investigator A. G. Franklin

Starting Year FY 19'9 Estimr ted Co:.;pletion Year FY 1YS2

Technical Objectiven:

To develop methods and procedures for the evaluation of the liquefaction
potential of soils by means of in situ tests, either through empirical correla-
tions betwreen liquefaction potential and data from conventional tests or by the
development of ncw devices to measure liquefaction-related soil characteristics.

Technical Approach:

The study includes field and laboratory evaluation of in situ test dev-ices
or methods, such as the Standard Penetration Test (SPT), the Datch cone, and
the .,irsa piezometcr probe, to calibrate their response to liquefaction-related
soil characterii-tics, including contraction-dilation behavior, shear strength,
and density.

General Progress:

Two types of piezometer probes have been designed and fabricated: a
piezometer probe and a probe of the Dutch cone type, incorporating sensor-s to
measure simultaneously the end-bearing load, side friction load, and pore
pressure generated by the advance of the probe. This has beeK called the
PQS probe. Both have interchangeable points to study the distribution of
pore pressures around the tip. The PQS probe has been field tested and
procedures for routine field use have been established.

Plans for N{ext Twielve Months:

The PQS probe will be field tested at one or rore sites containinr&
coheovionless soils that have been subjected to earthquxilhe hi: t0 ccl-pare
the response of soils that did and did not liquefy. L .boratorN tc=t.s
sand placed w ith controlled relative density are conte:. p1,z.ted.
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TOPIC STATEA2ENT

Agency WES- Priority _____1980 Session Nuinher ____

Subject Area Ear Lhonake rncgineering

Project Title flerm-Le Delineation of Cavities an6 Disccrntinuilies *n Rozrk

Perforr!inL Oiganizct ion VMES

l'rinicilp.l Irvestigntor l~obert F. Ballard, Jr. (F-TS "),2-2201 ____

Starting Year FY 7b _ Estimaitcd Completion Year ]Y81

TechnicalObj-uctli-ves: To improve existinG or develop miew tes, Lyste--s,
ttcc hi. que!s, and analysis procedures for detecting and delinitint- anc~nalous
conditions in rock anid/or soils.

Technlcal Approach: The study is being co;.Cucted oy c.aosi, tvo vell-
doeiai testA sites. Both sites, located in the slate of' Florida, are cave

systc:ns. Medford Caive- is a mapped air-filled lab~yrinth 1A0,1 whxas Created by
solutioning activity in limestone. The second site is locateu at !:.::nateo
Spriings and as the n imc implies is a wet site which has been rr. ppe3 by cave
divers. Ihumerous bor-ings have been placed at both test sites in s:n effor. to
describe subsurface conditions in as accurate a mariner as possible. UP t o
25 C iphysical techniques will be used, both on the ground surf'ace and in
borinjgs in an effort to determine which techniques are nost applicable to the
specific problem, their degree of resolutiori) relative economic conditions,
advantages, and limitations. Seven different agen-jies are being usred to
conduct tests at both test sites so that virtually every field of ex'pcrtire
directly related to the cavity/anomaly detection problemv 'will have been
covered. 14any of the techniques vhich are presently being uscd can be
imiproved, thus restuting in a more uniform measurericnt of in 'tu soil properties
used for earthquake stability analyses and structure performa-e criteria.

General Progress: To date, drilling is finished and approximately 20 geoph:,sical
methods have been used at. the Mledford test site. Drilling, hai, been ccompletea
at Mianatee Springs .zd crosshole ele~ctrom~agnetic siurveys are in the process of
being completed. Conventional downhole logring has als-o been done.
Pr-eliminary result!- of tents conducted at tMedford Cave indieii e thil, cortain
sei5mfi(: methoO&, tricrogravity, surface electrical resistivity, certLa~n 1bz&jej.
and surface Cruund probin- r-adar and acoustic resonpance tehi~s Sa;:a Ue
deal of promise in the detection and delineation of anci.a.co; & o1ieS
Conceivably, SOTme Of the geophysical methods can be used to dete-ct areas ee
pcatential sinkholes are likely to develop under eirthquake-t yy loadings.

1" n' frith next nnlc ~nthc'; Ftclh1 testinr, ':Q! 21)b i'lc d tb
;..l~(' an c.-!(-tc: :i~i~{;t~ in Llicie '1 ' '

Onnc. T~chncloCgy trarir f'er is being acccnpli che esiteC b.CCAAHtl
.iarious Pn,,encies w'ho have a dezi re to v:atclh tcsts in prI'la lich a:,c rc C.'.
to Specific problem areas.



TOPIC STATE!EI;T

Agency WIRS Priority 1 1980 Scssion Number

Subject Area Material Properties

Project Title Soil Perfnr-mance During Se.-mic Activity (E-6)

Performing Organization MRPIS

Principal Investigator L. P. Kaufman

Starting Year - Estimatcd Corpletion ';ear Fy82

Technical Objectives:

To improve capabilities in determining dynamic properties aind cyclic strength for
various soil conditions for earth and earth-supported structures. These capa-
bilities are needed in the investigation of the safety of existing structures and
in the design of safe and economical new structures.

Technical Approach:

Various soil types and conditions will be tested in the I ,boratory using a variety

of dynar-c testing equipment. The results of the ;e tests will be used to determine
how differences in soil properties and cyclic strengtls affect the stability of

structures and founJations. As appropriate test apparatus, procedures, and

methods of analysis will be developed and improved.

Co-neral. Propress:

The effects various methods of test and test apparatus have on measured dynamic
properties and cyclic strengths are being investigated. Work has continued for
determining the effects of soil type, gradation, and specirmen type and size on
measured dynamic respon:ze properties.

Plans for Next Twelve Months:

Work will continue toward investigating the effects of gradation and specimen
size on both dynamic properties and strength. A program rill be conducted to
research the effects methods of scalping for modeling field gradations have on
dynamic response parameters. Another program will investigate the co:r.parative
dynamic strengths of a series of standard sand specii:.ens reconstituted with
increa-ing percentages of silt as tested in the cyclic triax;ial apparatus.
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TOPIC STATIE.tiT

_______y N~ Priority _________1980 Session) 1umber_______

Slibject Area Soils - Earthquiake_____

I. ojec~t Title In Situ Shear 1%1 :ve Velocity Measurements for EastiC. Moduli Deterrinations

Perfoerming Organization 14PRS ____________

Principal InvestiIpator A. \'iksne

.- tiiug Year -_ FY14 .-- ___Estimated Completion Year Continuin~g

I c , n ic aI PL Obj ctiv :

The objective of this programn is to evaluate various geophysic,-. e>:ploration methods
for obtaining the shear wave velocity of materials which is used as a mean- for
determining the in situ mand en masse elastic properties of car.th 'strUctures and
riziterials as vell as the foundation and constituent soi ls. The elastic noduli
a..! required as input parameters in advanced finite element programs for dynamic
analysiL; of earth daTOs and in the evaluation of liquefaction potential of
engineering works sites.

Technical Appjroach:

A number of geophysical exploration methods for obtaining shear wave Vtelocity such
as the boirehole mnethods (primarily down hole, and cross hole) as well ;s geophy-
sicalbor,_hole logging hiave been tested tinder a variety of field conditions.
Field tests included the use of cased and uncesed -rcholes and the use of explosive
and nonexplosive energy sources.

General Pro&Less:

To date, shear wave velocity measurements have been perforr-ed en more than ten
different sites using a variety of techniques. The rv ilts of soie of the-;e te .s
have been summarized :in a report REC-ERC 76-6, April 1976. Additional tests were
performed by contract and thr. results will be available sometim~e in 3980.

Plan,, for Nex:t 7\welve- Monthis:

Future work will include design and -testing of different sysi t-ms for using nonexplosive
and reversible impact energy sources In the borehole rotho~s a,-evll as further
research on utilizing geophysical borehole logging techiniqces for obtaining' conitinuou;s
in situ shear w~ave velocity values and subsequently shenr modulus.
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TOPIC STATa-_IT

At,,:..y ('VA, Priority• _ _ 1978 Sezsio Iuzr 1 _.r

Subject Are- Enr thqu,'hEne ]ineering ______

P roject Title Shear Propertics Used in Seismic Analysis of Structuics

Performing Organization TVA

Irincipal Investigator lennis Carl in Ir-

Starting Year FY80 Estiated Completicn Year FY81

Techricl Ob.ecti%-es: To evaluate the three methods (2) thin I-all bheOr)',
(2) rTLgidty method, and (3) finite elements method for calcclating shear
properties (area, shear center, shape factors) for use in seismic analysis
of nuclear power plant structures. The study x,'ill consider prinarily structures
w.ith small height to width (aspect) ratios and open sections.

Technical A-oroach: First, a literature search %..ill b conducted. Next, a
comparison of the results of analysis using the three methods found in the
literation searcl will be made. Finally, additional analyses of structures
well be performed as required to complete the evaluiation of the three ,a*t',ods.

General ProgreSS: The library search is presently in progyess. In particular,
material which pertains directly to seismic analysis of po:er pld-nt structures
is being collected and evaluated.

LM-nz for ' Neve 7,onth1: The project, as outlinhed under Tuqhnica]
LO1 jct ivo, , will he emp oted hy Dedc h-ior 1980.
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).~ency TV A Pri ori ty. _______ l9,S ' z:- ____

Subject ",rea Fal;,Lh)11akc En, iincrin,,__

Project Titae Dam StabiliLy via Energy Balance

Perforing Organization TVA - EN DFS - CEB

.rintip~a :L-vesigator Norman L. Stone

Starting Year FY79 Esti=ate& Ccz-Iet.cn Year Fy, I

Techrcal Obieciv-es: To develop a* simplified technique to determie( tile

structural stability of dam and lock section vlhen ex:cited by an r.arthqur1ahe.
Method will be developed to adequately represent surroundjulr media.

Tecbnmical koroach: To further develop simplified miethod now being used and

to correlate result:; with a more complex nonlinear computer analysis.

General Proress: Considerable technical library. research has been made on

this method. The stability of some typical lock sections has been evaluated

to show them to be stable.

Plans for ]text Telve 4otha: If possible, the computer ctrrelation vi~l
be initiated.
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PI01cl; - itlu C" P-;,c Pip - -,-Z

rer lr _____ ___

Pr~rzipoii Invcnlq,-tor T- .P.1rn..RBr~~ .,~*S ~____

SIF.Liflj YerCY 1970_________ Esflmja'ed ConmPleflon Yc-ar CY i5

fcchniciil Ohjct> s

T1u dct.crrrane the eff cts of 'a brca1t in a buried Pnine- 2'Il~ t-fleC-; SLU!) washout on

an, acdjacexit striictut c, or Thaturces.

Tcclmiczi -Appr-ozch:

Tihc- ceneral approach is t~o deterrmine the .liraiting size of thc v:asho'at for a Given
p~p size, flow rate, and. burial diepth. This lmilting size is determined by

calculatinz how. largre the dif'fusion of' the jet of' water Lt',!t bV so the veloc-ity
of~ the xvate2 a.- the c-dc-;e of' the i-:ashout is less thall the cl-it.>l:1 veloclt rcuied
fu soil parti,.:Ic transport.

One specific set of conditions has been cons-idereck.

Pl'has For Ncxt *rw v Mniis:

fi ~ ~ l c > '. ' i con:8idcrcO Te, a Cu:er., iroccdure viAlj I)(-.
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TOP]C S'A'EUIP!'

Agency CE Priori ty 1 980 Session Ne" )- r

Subject Area Eihi alEnka l'_n.ncerin _ _

Project Title vis(.ic Res!idrose of Concrete Dams and Apptirt-.--nt Structures

Peiforming OrganizaLtion _I;_.

Principal Investigator - Paul lIlakar (FTS 542-3365)

Starting Year FY81 Estimated Completion Date FYF 4

Technical Objectlvp. : To determine the coupled nonlinear response of the con-
ee dam-rcservoir-foundation system to earthqualke ground shaing an d to prac-

tically revise th," Corps criteria for the seismic analysis of concrete dams aed
appurtenant structures in accordance with this determination.

General Approach: This work simultaneously involves stud'.-s to define the ef-
fects of the least understood variables on seismic respon-; as well as the useble
modifica.tion of design criteri;, consistent with knowledge already gained about
the effects of other variables on sei:smic response. Thus, the criteria; are now
being mcdified to reflect an increased understanding of the locally expected
eartb!,;. -%e motion and the dynamic response of the structure-rcseryear syster;.
Parajaeti-c studies are nc-.. planned to similarly reduce thIe rcults of recentlv
developed foundation effects models to a field usable form. At the sanre time,
no-.ilinear analyses, dynamic material property experX -erts, controlled 1-nodel tests
and necessarily limited prototype experiences are being exploited to gain an
understanding of the structure's nonlinear response to strong, ground motion. A
probabilistic study is also proposed to derive design criteria consistent with
a desired level of reliability for these structures. The transfer of this tech-
nology is further aided by numerous consultations by the investigators to District
offices having unique seismic problems. This process is also assisted by the
iv,, tigators teachi-:: separately funded short courses "Fundarmentals of Dynamic
Analysis for Earthquake Engineering" and "Earthquake Analysis of Gravity Dams
and Appurtenant Structures."

rlans for Next T,,elve .lonths: The design criteria for intake towers Vill be re-
vised to reflect an increased understanding of the locally cx-pected earthc1 ouke
motion and the dynamic response of the structure-reservoir system. Parar-otric
analytical studies will be mode of the interactiorn among tI& dc-re'ervoir-
foundation system during a seisatic excitation. A theoretical model e vil,
developed to describe the recently obtained experimental d tn for the dvr:ic,
biaxJil hehavior of concrete. This inodel w.ill then be iiced in paret, attic,
analytical studies of the nonlinear behavior of a concrete gca,.'itv dan( during
extreme ground shaking.
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TOPIC STATJ2':?:NT

A'... rT Priority 1950 Sesi o:n ':u:'.: er

Su-bjct Area !rn

Project Title JP, ;fr -

Perforuting Organization WPRS

Princil al Investigator F. .1. Jackmauh

Starti tig Year F'Ij __ Estimated Co,?letio:, Year FYS4

Technical Obectives:

Tests on large concrete specimens subjected to sinusoi,'-l vibrations of varions
frequencies, cycling in tension and compression, are ' .rfcG:: :d to give strese,

strain, and time relationships. Designers are now using a dynamic analysis co-uter

program to piredict strain-time values on structures su",J~cted to vibrations. At

present, only static uniaxial modulus information is av,,ilab]e for the co7--ter

p ogram and dynamic biaxial test results on mass concrcte arc required.

Technical Appro±c:

Test specimens are epoxied into a vertical test fran-c ..th a rea cror and c-?c

cell providing force and feedback. A horizontal force w:ill ]iso be appli( to

the specimen. Strain gages will be cast into the concrete to measure str.. i

the orthogonal stress fields, and monitored during te:'ing, rerording each -a-e's

output. A minicomputer will bc used for load control.

General Progress:

Unia:ial tests have been performed on several series of concrete specives. The

report is being prepared. A load frame for biaxial tests has been procur.K,

assembled and cheched for dimensional tolerances. Si. test spc-cimen x:itb

emlbedded strain gages are ready for testing. Report No. CN,-80-3 on the desi gn
of the biaxial test system is being printed.

Plans for Next Twelve Months:

Dc'a acquisition anl load control programs using an EPr9b25 co.)puter .ill be

developed, and initial dynamic tests will be conducted.
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TOPIC STh' ET

Agency W11P1S Priority 1 1980 Scssion Number

Subject Area Stiructural Behavior_

Project Title Si -uctural Hydrodtudie..(DD-L5)

Performing Organization ,TPRS - E&R Center

Principal Investigator F. J. Jackmauh

Starting Year FY76 Estimated Completic.n Year FY81,

Technical Ohjectivc..s:

To provide answers to the following questions: (1) Bow is the cfiective mass of
water attached to a dam determined when a dam is subjected to vibratory motion,
and how does it affect the dynamic characteristics of the darn at yarious modes of
vibration? (2) low applicable are analytical techniques used to design arch
dams for hydrodynandc effects? (3) What method of investigating hydrodynamic
effects might be the most suitable for future consideration and study?

Technical Approach:

The program has several phases as followtn: (1) Parameters to be investigated for
analytical technique: in designing dams will be establis1:ed. (2) A siwple dam
model, such as a vertical plate, will be constructed and tested. E :perimental
result.s frc. these tests will be compared with results frcn analytical techniques.
(3) I.Then analytical solutions satisfactorily describe the behavior of the experi-
mental model, another model with a vertical face, but curved horizontally, wi]1

be built and tested. Again, analytical solutions will be coyp. red with model test
results. Depending on the outcome of the work at this stage, further testing
and analytical evalviation may be performed to determine effects of foundation
shape. An analytical and experimental model of an actual darn may be used for
this phase. Experimental and analytical work will be closely coordinated.

Ceneral Progj-ess :

Parameters to be investigated have been established. A cc 'o.er program incorpora-
ting hydrodynamic pressure procedures into the Service's Arch T)an Analysis progran
has been procured and partially modified. Vibration test equipn7nt has been
checked out and the fixture to couple the actuator to the mold has been
manufactured and expect delivery August 1980.

Pl-,.s for Next Twelve M'onths:

The equipment components will be assembled and the dynamic response of the fixture
determined under frequencies up to 300 Hz. The performance will be comp:- ,. to
the dynamic response analyses performed on the fixture design. If sailsj ,ory,
tests on the simple d!nm rndel v'ill be started.
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TOPIC SIATI2IE,7

Agencyc,,'', Priority I1980 Sc I;;: : ber

Subject Area Structilral 1,ehlavior

Iz oject Title Behinvior of Concrete Dam:; Follc,ing 'I ec:2IC Fault DI :p],ice:7ent (D-I)

Pcrforming Organiz. tion WPRS - University Contiactor

. .cipal Invcstij- tor K. J. Dreher

Starting Year ___ ~ ____ Estimated Co-pletion Year _F?

Technical Objectives:

To determine the ab i, ty of concrete gravity and arch dar-s to .i thstand tigni-
ficant fault displace;. nts in their foundations. Conponents of normal, reverse,
and rtrJ'e-slip fault.ing will be considered, and the effects of contraction
joints evaluated. Performance of concrete dams following fault displace-,entS
for static loadi.g conditions in combination w-ith eartiqual'e ground accelerations
will also be assessed.

.Tcc rnialAproach :

A simple two-dimensi, ial model of a gravity dam section including its r-eservoir
an foundation will be constructed on a large shaking tanbe, Idealized fault
displacement will he simulated by providing a foundation block which can be displaced
relative to the rest of the model. Structural respon.e to f. it displacc-cnt and
earthquake ground acceleration including hydrodynamic effects will be investigated
separately and in conbination. The modeling techniques developed will be extended
to three dimensions and a gravity-arch or arch dan modeled including several
controiction joints and various modes of fault displacement. The response to
fault clisplacement and ground acceleration %.il! again be studied separately and
in combination. Along with these physical model studies, analytical technlqu.s
to mathemtically t.-del fault displacements and subsequent structural behavior
will also be developed.

General Progress:

The physical modeling portion of this work will be perfc:n d under contract by a
structural rechanics laboratory having a large shaking Ltbl.e (at least 6 m square)
capable te excitation frequencies on the order of 50 lIz.

Plans for Next Twelve T,,onths:

The contract for the model studies will be avarded and thL dimnsi ono I
studies completed. Techniques for cuostructing the three-di s nional models
including contraction joints will also be developed.
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TOPIC STA'FEM.?"2T

Age;icy TVA 'Priority 198D Session 1,ulr,i_____"

Sub lect Area

Project T! tle Location ;rod Descrtpionof Fault Jn_c-' \.__,{:.jn ......

Perforing Organization ,eo_-c Sernies C rou - Civil n_.

Princi).il Investigator Robe rt J. Floyd

Stalting Year I,_5 Estimated Completion Year 1981

Tcchnicail Objectives: The objective is to assemble and cooit.,n:te all availablje
inforriation on faults in an area that includes all or parts cf 11 states in and
around the Tennessee Valley region.

Technical Approach: All available published and open-file eata have been researched
and used to plot faults on standard 1:500,000 USCS base maps for each state. Each
fault on the maps It T; been assigned an identification number, which is keyed to a
fault data card which smnmarizes information on type of fault, length, strile and
dip, di;placement, age, and pertinent references. R'iefernces cited are compiled as
lists for individual states.

General Proress: All faults have been plotted on .anuscript rnrps and are now
being scribed in final form. Fault data cards and referecce lists have becn
prepared and have undergone preliminary edit.

Plans For Next Twelve Months: Scribed fault maps will be reviewed for accuracy,
and identification nunburs will be added. Fault data cards and reference lists
will be computerized. State geological surveys Aill be consulted wbere necessary
to assist in resolving questions on fault data, and will be given the opportunity
to review the final map and data for their state.
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LOCATION AND DESCRIPTION OF FAULTS

IN THE TVA REGION

INTRODUCTION

In 1975 the Geologic Services Branch of the Division of Water Management

(now Geologic Services Group of the Civil Engineering and Design Branch,

Division of Engineering Design) began compilation of fault maps of individual

states in the TVA region. The principal objective was to have readily available

documentation for all faults within a 200-mile radius of any existing or

potential TVA nuclear power plant site. Because of staff limitations and the

pressure of deadlines for the completion of high-priority projects, the fault

study was destined to be an intermittent investigation, with compilation done

mostly by scientific cooperative students under the supervision of staff

geologists.

TECHNICAL APPROACH

All available published and open-file data were evaluated and used as sources

to plot faults at 1:500,000 scale. Negatives of USGS state base maps were

obtained and used to prepare stable blueline nylars on which the faults were

plotted in pencil.

Each fault was assigned a key identification number, beginning with number 1

in each state. Documentation for each fault was recorded on fault data cards,

which begin with the name of the fault (if any) and the key identification number

(each number is preceded by state abbreviation letters, such as AL 14). Other

parameters oft the fault data cards are reference (text material), map reference,

location, type (of fault), local length (length within the state), total

length (includes extent outside the state), strike, dip, displacement, age, and

remarks.

Compilation of data was based on state and federal published maps and reports,

open-file materials, theses and dissertations, and journal articles. Some of

the research required conferences with state geological survey an. dniversity

personnel.
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GENERAL PROGRESS

Compilation copies of all state maps have been refined by professional scribing

of fault traces. Number identification overlays for al] states are almost complete.

The scribed fault traces and corresponding number identification overlays will

soon be composited with screened base maps to provide proofs for review.

PLANS FOR NEXT 12 MONTHS

Information on fault data cards and bibliographic reference lists will be

entered into a computer. Printouts and map proofs will be provided to state

geological surveys for review and consultation on resolving questions for

final presentation. Concurrently, TVA geologists will perform their final

review and editing.

This series of maps and the accompanying documentation data, when completed,

will represent a unique set of detailed fault information not available

from any other source. Plans for reproduction, distribution, and availability

to the genera] public have not been finalized.

SUMMIARY BY STATES

The following paragraphs indicate the extent of the study area for each state,

number of faults documented, and principal sources and reliability of data.

Large areas that contain few if any faults are discussed and evaluated,

and correlation of faults across state lines is summarized.

Alabama

Because the Limits of the study area were not established at the time of

compilation, information was gathered for essentially the entire state.

Two hundred sixty-one faults were Catalogued, 69 of which remain unverified.

Information was acquiredl mostly from state and federal geological publications,

and to a lesser degree from theses and dissertations. Most of the unverified

listings were acquired from an unpublished map (1:250,000) and report compiled
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by the Geological Survey of Alabama (Self and others). Personal communication

accounts for a lesser but still significant amount of information, especially for

details unavailable from publications.

A decision was made to show faults outside the southern boundary of the study

area, most of which are younger faults and some of which reportedly are

still active. The apparently unfaulted belt which trends northwestward across

the central part of the state coincides with the outcrop of Cretaceous formations

which overlie the Paleozoic rocks in which most Alabama faults have been

mapped. Faults undoubtedly are present beneath Cretaceous formations of the

Coastal Plain, but their location and extent have not been documented in

publications. Lack of source information also accounts for apparently

unfaulted areas, especially in the east-central part of the state.

Faults that cross the state lines into Tennessee, Georgia, and Mississippi

show fair to good correlation with corresponding faults in the adjoining states.

Georgia

Approximately the north half of Georgia is included in the study area. Eighty-five

faults or groups of faults have been catalogued. For map locations, the 1976

Geologic Map of Georgia (scale 1:500,000) was relied on almost entirely. Text

references were derived from state and federal publications, some from adjoining

states.

Large apparently unfaulted areas within the Piedmont reflect the difficulty in

determining characteristics of faults here, as in the Piedmont of Alabama, the

Carolinas, and Virginia.

Matching of faults across state lines indicates fair to good agreement along

the Alabama and Tennessee borders, and poor to very poor along the North

Carolina and South Carolina borders.
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Illinois

Within the study area, which extends 125 miles northward from the southern tip

of the state, 78 faults have been documented. The principal map reference was

the Preliminary Seismotectonic Map of the Central Mississippi Valley and Environs

(1978), at the convenient scale of 1:500,000, by Heyl and McKeown. Where similar

information from other sources showed minor differences in the location of a trace,

* compromise location was necessary. If the variation in location was t 11for

* compromise, the Heyl and McKeown map was used as the primary map refere. ind

the other source as the secondary reference. Sources which show smaller areas in

greater detail are referenced under "Remarks" on the fault data cards.

Illinois faults that extend into Kentucky and Indiana generally match

satisfactorily with the corresponding faults in the adjoining states.

Indiana

The study area includes that portion of the state south of the latitude of

Bloomington. Eight faults have been catalogued, all along the state lines

adjoining Illinois and Kentucky. Most of the study area appears to be devoid

of faults, which may be a true representation or may be the result of incomplete

mapping. It is likely that more faults exist here, especially in the southwestern

portion of the area.

Because very little detailed geologic mapping has been done here, compilation

data were obtained mainly from geologic publications for the adjoining states.

No personal communications about faults in this area were received during the

compilation, and there have been no further attempts to acquire unpublished

data.

Kentucky

The entire state of Kentucky is included in the study area. Three hundred

fifty-seven faults and portions of faults were catalogued. Most ot these faults

were acquired from Kentucky Geological Survey 1:250,000 fault maps, which had



been compiled by reduction of fault traces shown on modern 7-1/2 minute geologic

quadrangle maps (scale 1:24,000). Recent Kentucky Geological Survey 1:250,000

oil and gas maps were used as a source of some faults not shown on 7-1/2

minute geologic quadrangle maps, but many of these faults are questionable and

are so indicated on the fault data cards.

Large areas of Kentucky that contain few if any faults are realistic, having

been adequately covered by detailed mapping, and are continuous with similar

adjoining areas in Tennessee to the south.

Faults that cross state lines generally show satisfactory correlation with

corresponding faults in Tennessee and Illinois.

Mississippi

The study area included only the north half of Mississippi. Eighty-five

faults were plotted and documented. The 1969 Geologic Map of Mississippi

(scale 1:500,000) was too generalized to be of much help in this study.

State geological survey reports, especially county reports and bulletins,

were the source for most fault traces shown, but lack of a consistent map

scale in these reports made compilation difficult.

The map shows several apparently unfaulted areas, especially in the southern

and western parts of the study area. Some of these areas are in counties for

which information either does not exist, or is unpublished and not readily

available. Other areas are underlain by very recent sediments in which faults

are very difficult to find, and in these areas the situation is also complicated

by the difficulty in distinguishing between faults and slumps. Dr. E. E. Russell

of Mississippi State University was especially helpful in clarifying the

status of questionable faults.
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Oil and gas exploration has led to a general knowledge of subsurface geologic

structure in Mississippi, and many subsurface faults identified during exploration

may or may not have a surface expression. No attempt has been made to differentiate

on the map between traces of mapped surface faults and known subsurface faults.

Such distinctions are made on the fault data cards.

Several faults were found to be partly in Mississippi and partly in Alabama,

and for these faults it was necessary to reference data from both states. No

faults were noted that crossed the state line between Mississippi and Tennessee.

North Carolina

Eighty-eight faults or groups of faults have been plotted and catalogued within

the area of this study, which covers the west half of the state. Some were taken

from the 1958 Geologic Map of North Carolina (scale 1:500,000), but other state

and federal publications and maps have provided most of the information.

Many relatively large, apparently unfaulted areas can be seen on the map, and

this is undoubtedly the result of inadequate information. The Piedmont province,

because of the nature of the geologic structures involved, obviously contains

numerous faults which have not been recognized and/or mapped.

Faults that crossed state lines generally did not correlate satisfactorily into

South Carolina, Virginia, or Georgia but in most places matched satisfactorily

with adjoining faults in Tennessee.

South Carolina

Forty-six faults have been documented in the study area, which covers the north-

west half of the state. Most of the faults were referenced to readily available

state and federal publications and journal articles. Some were obtained from

M.S. theses at the University o- South Carolina and from discussions with state

geological survey personnel.

Faults that crossed state lines into Georgia and North Carolina generally di~d

not match the corresponding faults in those states.



Tennessee

The entire state of Tennessee is included in the study area. Three hundred

eighty faults or groups of faults have been plotted and documented. Most of

the faults shown have been compiled from the Geologic Map of Tennessee (1966),

scale 1:250,000, modified where necessary by more recent or more detailed

mapping. Other state and federal publications were also consulted, especially

for the eastern part of the state along the North Carolina border. Theses and

dissertations were also used as sources.

Large, apparently unfaulted areas can be seen on the map in the Mississippi

Embayment of west Tennessee, where Cretaceous and younger sediments which

contain very few known faults overlie Paleozoic rocks which are believed to

be extensively faulted. Central and east-central Tennessee contain large,

apparently unfaulted areas which extend to the western Cumberland escarpment.

Because this part of Tennessee has the best detailed map coverage, the scarcity

of faults is real and not just apparent.

Edge matching along state lines showed good correlation with Kentucky, Virginia

and Georgia, and moderate to good correlation with North Carolina and Alabama.

No faults are shown that cross the Tennessee-Mississippi line.

Virginia

The study area extends for approximately 300 miles northeastward from the

southwest tip of the state. One hundred ninety-five fault traces and portions

of traces were plotted and catalogued. Some of the long, complex faults that

have different names and characteristics along various segments of their

length have been assigned more than one identification number.

Sources used included the 1963 Geologic Map of Virginia (scale 1:500,000),

state and federal publications, county reports, and theses and dissertations.

Personal communication was also a source of numerous references.
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Faults that cross the state line generally do not match well with corresponding

faults in North Carolina. This no doubt is the result of incomplete mapping, which

probably also accounts for the apparent lack of faulting in Franklin and Bedford

Counties. Virginia faults closely match most corresponding faults across the

state line in Tennessee.
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TOMP C STAT:'fI-T2

Sb~ect Arco________

P,,jc Title Soisnicity fhe othstr I.S.____

1'e-! n-.ingOrgidz~i n Coloic- Sv-v~cc!s -Civil Dei n grL'

Principal Invustig;Itor Donald J. Rvinbo).d ___

StartinL, Year 19J77 Estimated Completion Yr18

T.echnical 01 ectives: To compile a complete and consse tr-Z, earthqurhe

data base foi the soutlheast UI. S. (south of 39 degree5-nort,> la-L itude) to be 'used

in seismic hazard evaluations.[

Tchnical Appronch: N/A

Cenra)-. ProZress: A completed earthquakIe listing, incliiding re: crence naterialJ, is

available for the southeast 11. S. east of 87 degreesvest lon-i-cde exclu!;iv Of the

Chiarleston-Sui-merville, South Carolina area.

Plans For Ne,:t. Telvc- Months: Addition of data between 87 degrees and 92 degprees

west longitudec which i ncludes the New Miadrid earthqualKe zc:-e; add dl.-ta for

Charleston-' onmerville.



TOPIC STATh .'- :"T

A ency V'ES Priority _9 0 Sessi.- 1 o _be_

Subject Area Ea_tuae

Project Title St rong,-Motion Instriuzentati0;n Pr-,r: .

Per fori)ng Oreani ration USAF NWES

Principal InvestigAtor i . F. Ballard, 2., K F. K. C ___,-

Starting Year FY 713 Esti:'atea Co:F2]tien ear Cor0i 7.,. -

Technical Ob!ectiE'S:

To obtain data on the nature of strong ground motior resulting from earthquakes

and the performance of structures (dams) subjected to earthqu:.ke loading.

Technical Approach.:

The CE is continually upgrading its strong-,:otion i-strum.entaticn programn by
replac ing existing old instrumr.entation with new units, nodi fyinr. in strumentatiz:;
systems and s.elterz to utilize solar cells for battery charging an ti':e czde
gen--.rators. Rnphasis is currently being pl-ced on deletion of intercennectior
of instrie..ts for comnion starts. Numerous alfunctions resulting in battery a:..':r

filisi depletion in all instru. .ts or a cornion circuit suggest that tilo.e ccxt,
ii- lieu of WW:VB or interconnection, will present a better alternative.

General Progcress:

The CE has installed 325 accelerographs, 25 peak recor-ing acceler graphs, and
74 seismoscopes. The total number of projects instrum:ented as of 31 August 1930,

is 101. These structures are located in 33 states and Puert- Rico.

Plans for Next Tx:elve Months:

Eighty-tv-o accelerographs and 18 peak recording acceleoogralps will be added to

the CE strong-motion instrumentation syste::.
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i',Abe ct Area Eart.!1.-uhe)Enfginecrin[7_________ ________

PrclTitle ".toii: or Selectinr- Dcsign FarthquLi:kes (2'.!.: 310'T)

?riorp:±ir. \ztga.~r E. L. Krirnitzsky (FinS 5I42-3f:9_) _________

2rtn Year F __ Estimated Conpletion Year rY f~1

Techenical ThcI' To provide up-to-date methodoli -es that usc- the full
(,Ie c the art for assessin-g earthquak;e hazards in lihe various Ceotogic

and tecrtonic region- of the United States. To ref-ate areas f' 2e2Ssic risY.
no _ocai _-ertechnics NIth characte ristic bedrocK. Cround noiuattenaa-

tion:, vwIth distance, effects of topography and roch types ir. nodifyinj,
p-round mot 10cns. To assess probability factors in the recurrence of n,%xz-

'ns odeimo surface effects of' ground moi o n iiici-wa-in- cc-
stl> axcring sci! Idqiuefaction. The Llethodcle;-ies will 1,e designed to.

m c. eiaximiun usefulness focr assessments of Corps projects.

Technical :orah

a. 1?:aintadij cocrc4 zcnce and liaisons with other Go-,erruict agsccuies,
erigirecring firms , and iniividua. researcliers who are cieveloj int ifrfnm-
tion in this field.

b. Collect Fe'i::rlc histories and data on i:7-aortant seic~mi- evertsE and
their effects froin wici to de-velop new information on centers of,' recu--rerce,
characterisl iEs of beciroc): motion, loca] attenuation~s, and other 6haracte-z tdcs,

c. RB late selosc eventf: to structural aeform:atliorns and del ermine hor:
i-racterirntics of [,tc-Ji~ round motions are re~atable to jgiven geoter-

tonic Fituations.

d. Undert:,h-e rcvi evs of the effects of specific raech and S,!.' t3res e':,
earhq:i~eCround --aiionw;.

0. F, ale eit.:cd charactcri stics to reE:ionai cS, sulrocicnal
geol2,,<cc "'IA tectcn c, artcn. Fvnthesizc, the nx, 2rienco- in tc areas to

n~v( p (:.p:Ai it i e forc -cj eart)hqnake r k, cw iohs
c, r 1: uf g-ound ro ncin bedro-k.

f'. Fvaluate th seopproache~s and synthesize eleCTCats, of the! best ofth.
Into y.-thodr.PIIOie!u f(r ujse in Corps projects.
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Genera.,] 'Proees: Co:ti,,ed activitle. , o' previ(o s .'-r -

tematizcd alea.ly ctb i ,ed is..hodol6iies. Devel'c,' , I
a:,scssin:, ea-Lh:ju'I.e ground inotionn in areas t hat ur r
to areas of high sinic risk but with low rates of recv'renci, rz- -
Nxew M.uadrid and Charleston arcas. Assessed effects of -' s-, f--

on river behavior aiid on riverbank stabi' ty and chan,.e 'la1 &?ae -

on the Locvr ',-.s sirsippi River. Assembled case histor-,: c,,. ti.e '-, ; -

of seismic rish for engineering.

Plans for ]ext Twelve T,"nths: Continue cognizance, co-it cV ,
assessinent of pratlccfi, and special st',;dics at earinake rite, i e -

micealy active areas and in the vicinities of ra~or CcrT.s eng-neerin.
works. Contiznue cvaluation of' European, Chinese, and -Jaranere ra:,:,i_-.
Prepare critical .selections for predicting earthquake risks, iec~irre.,e
rates for earthquakcs, and time histories of earthquake Ground ratoons i;
bedrock. Develop site specific techniques for assigiiinE root nean s L-re
values for seismic energy. Continue the world-vide catalogue of strong
motion earthquake records. Continue to update and improve practices
for the evaluation of earthquake hazards and the selecticon of eert;.a2e
ground motions for Corps problems. Report: "Review, of industry "ract,:es
in the Specifying of Earthquake Motions," begun October '979, co:-;e~ e
Septe.nber 1981.
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Geological and Seismological Investigations of
Earthquake Hazards

-Bibliotraphy and Reports in Preparation-

Geotechnical Laboratory

U. S. Army Enigineer Waterways Experiment Station
Corps of Engineers

Vicksburg, MS 39180
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Reports in Preparation

Bolt, Bruce A., State-of-the-Art for Assessing Earthquake Hazards in the
United States, "Interpretation of Strong Motion Records," Miscellaneous
Paper S-73-1, Report 17.

Veneziano, Daniele, State-of-the-Art for Assessing Earthquake Hazards in
the United States, "Errors in Probabilistic Analysis of Seismic Ground
Motions," Miscellaneous Paper S-73-1, Report 18.

Patrick, D. M., "Microearthquake Monitoring at Corps of Engineers
Facilities - Update 1980," Technical Report.

Krinitzsky, E. L. and Karl J. Dreher, "Corps of Engineers and Bureau of
Reclamation (Water and Power Resources Service) Joint Manual on
Geological-Seismological Evaluation of Earthquake Hazards," Engineer
Manual.

Krinitzsky, E. L., "Industry Practices in Specifying Earthquake Motions,"
Technical Report.

Patrick, D. M. and C. B. Whitten, "Earthquake Investigations at Ririe
Dam, Idaho," Miscellaneous Paper.

Chang, Frank K.,. State-of-the-Art for Assessing Earthquake Hazards in
the United States, "Catalogue of Strong Motion Earthquake Records:
Vol 1, Western United States, 1933-1971, Update to Present; Vol 2,
Western Hemisphere; Vol 3, Other Worldwide," Miscellaneous Paper S-73-1,
Report 9.

Chang, Frank K., State-of-the-Art for Assessing Earthquake Hazards in
the United States, "Equivalences of Time Histories, Synthetic Seismo-
grams and Spectral Components of Earthquake Ground Motions,"
Miscellaneous Paper S-73-1, Report 19.

Meade, Ronald B., State-of-the-Art for Assessing Earthquake Hazards in
the United States, "Criteria for Interpreting Induced Seismicity at
Reservoirs," Miscellaneous Paper S-73-1, Report 20.
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1979
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Water Level Restrictions at Jackson

Lake, Wyoming - 1978 Decision Basis

I. Executive Summ~ary

During the USBR review of its existing structures for adequacy of
performa3nce under current earthquake criteria, Jackson Lake Dam was
identified as being located in an area with the potential for strong
earthquake shaking. The fine-grained soils on which the embankment
portion of the dam was founded and the hydraulic fill methods which
were used to place a portion of the earth embankment presented the
potential for liquefaction at the site under strong earthquake
loading. A drilling, sampling, and laboratory testing program was
initiated in order to define the location and physical properties of
the various materials in the embankment and foundation. Once this
information was obtained, a dynamic analysis of the dam and of the
dam with any proposed modifications or treatments could be carried
out.

Because it was anticipated that it would be several years before any
permanent remedial measures could be completed, temporary restric-
tions on the water level at Jackson Lake were considered. In order
to receive an independent evaluation on the severity of the situation
and thus the need to consider further any immediate remedial action,
two experts in the field of liquefaction, Professor Harry Seed and
Professor Ken Lee, were asked to examine the dam, foundation, and
pertinent data. Their reports (see appendix A) indicated that the
dam and foundation were indeed subject to liquefaction and its
potential for occurring was great enough to warrant investigating
what temporary restrictions would be appropriate.

An estimate of a restriction level which would not allow overtopping
of the embankment even under "reasonable worst case" conditions was
pe rf ormesd. The "reasonable worst case" condiiions were establish_±d
considering (a) material properties, (b) embankment geometry and
construction methods, (c) reports of the independent consultants on
the condition of the dam and the seismic potential of the area,
'(d) case histories of embankment liquefaction, (e) the possibility
of an earthquake- generated wave, and Mf topography of the reservoir
bottom. This "reasonable worst case" analysis established an
elevation restriction of 6754 which provided for 2 feet of freeboard.
To assess the probability of an overtopping condition as a function
of the restriction level and to assess the level of downstream damage
as a function of various modes of failure and restriction levels, a
risk analysis was performed. The risk of overtopping was computed as
a function of the probability of occurrence of various levels of
earthquakes, the probability of various structural responses due to
these earthquakes and the probability that the reservoir would be at
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an elevation which would produce overtopving both with and without an
earthquake-generated wave. The analysis showed that at elevation 6756.5
the risk of overtopping due to the primary mode of failure under
consideration was reduced by 50 percent (see figure 1). Furtner, it
was seen by analysis of the outflow hydrograph that even in the event
of overtopping (from the primary mode of failure hypothesized) the
flood produced with the water level restricted to this level

aOu~d be g'eatly reiuced (see figure 2). This level of reduction in
risk appeared appropriate but the impact on benefits still needed to
be incorporated into the decision analysis.

Risk of overtopping studies for restricted elevations below 6760
considered the reservoir to be maintained at the restricted elevation
on a year-round basis. Actual operations could produce a variable
reservoir elevation which would maintain the absolute risk of over-
topping at about the same level and yet minimize impact on recre-
ational interests which are affected by the actual lake level as well
as the timing and amount of releases. An operational plan which
satisfied these objectives was developed by regional and project
personnel. This plan called for water levels at elevation 6760 for
1 iwonth out of the year but were below elevation 6755 for about 9 months.
These criteria provide a lower risk of overtopping than a constant
restriction level of 6756.5 but do present the potential for larger
floods during the 1-month period when elevations reach elevation 6760
if overtopping were to occur during this period; however, the total
benefits of this operating plan appeared to outweigh this short-term
increased hazard. The proposed operation plan (figure 3) was adopted
by the E&R Center design and operations personnel , Pacific-Northwest
regional personnel , and Minidoka Project personnel on March 3, 1978,
as an appropriate plan for recommendation to the Commissioner.

II. Water Level Restriction Investigation

A dynamic stability nvestiytion of the embankr..ent portion o'"
Jackson Lake Dam is in progress. At this time the investigation
indicates the embankment is likely to fail if a strong earthquake
occurs on the nearby Teton-Hoback fault system. Therefore, a
restriction in the maximum reservoir water surface to reauce the
risk of a catastrophic failure was evaluated. This evaluation
considered the following five factors:

1. Earthquake activity of the area
2. Potential location of embankment instability
3. Potential instability of embankment section
4. Potential seiche wave from earthquakes
5. Embankment freeboard for seiche wave
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Eacn of these five factors is considered in greater detail in the
following paragraphs.

1. Earthquake activity of area. - Jackson Lake Dam is located
near an active earthquake area. The nearby Teton-Hoback faults
are believed to have moved through over 10,000 feet of displace-
ment. Geologically speaking, part of these displacements is
relatively recent because they cut through glacial moraines
deposited some tirre betw.een 8,500 and 25,000 years ago. The
Teton-Hoback faults are considered capable of producing a maximum
credible earthquake of magnitude 7-1/4.

2. Potential location of embankment instability. - The embankment
section that extends from the north end of the concrete dam to a
point 700 feet farther north is considered less susceptible to
failure because of its internal construction and the downstream
buttressing effects of the highway fill. The embankment section
immediately north of where the highway fill leaves the embankment
is considered more susceptible to failure because: (1) the
embankment itself is mainly a loose gravelly sand to silty sand
which is susceptible to liquefaction, (2) the foundation directly
beneath the embankment is a loose sandy silt which is also
susceptible to liquefaction, and (3) the downstream embankment
slope is relatively steep and unbuttressed. At this section the
crest elevation is 6779 and the reservoir floor elevation is 6750
(see figure 4).

3. Potential instability of embankment section. - The field
investigations performed on the embankment and foundation indi-
cated both were susceptible to liquefaction under sirificant
earthquake shaking. To obtain an independent opinion on the
embankment stability under earthquake loading, two well-known
experts in this field were hired as consultants. The opinion of
H. B. Seed of the University of California at Berkeley and K. L.
Lee of UCLA was that both the embankment and foundation would be
susceptible to liquefaction from strong earthquake shaking
(magnitude 6.0 or greater).

To aid in predicting the embankment failure displacements at
Jackson Lake Dam, it is instructive to examine the behavior of
similar dams that have failed from liquefaction due to earthquake
shaking. After earthquakes had triggered their embankment
failures, Sheffield Dam had about 20 percent and Lower
San Fernando Dam had 70 percent of their original height remaining.
The Jackson Lake embankment and foundation conditions are consid-
ered more similar to the Sheffield Dam conditions. Therefore,
the assumption was made that after strong earthquake shaking
one-third of the original embankment height would be effective in
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retaining the reservoir. For the critical embankment section
located previously (see factor 2), the remaining effective
embankment elevation would be 6760 (see figure 4).

4. Potential seiche wave from earthquake. - A major seiche wave
could be expected at Jackson Lake Dam following an earthquake
because th2 Teton fault system cuts across the western margin of
tLe resarvoir. IC the western portion of the reservoir rose
relative to the eastern portion, as would be expected geologically,
a wave would be generated which if not provided for could erode
the failed embankment section. At Hebgen Dam it was reported
that seiche waves overtopped the more erosion-resistant embankment
for four extended time periods following a 1959 earthquake. For
Jackson Lake the seiche wave assumed at the embankment was 4 feet
high.

5. Embankment freeboard for seiche wave. - To keep the seiche
wave below the top of the effective remaining embankment section
(elevation 6760), an additional 2 feet of freeboard were proposed.
The calculated initial water surface subtracting a 4-foot wave
height and 2 feet of additional freeboard from 6760 is 6754.

From considering the preceding five factors, a reservoir elevation
of 6754 was considered reasonable to greatly reduce the risk of
catastrophic failure at Jackson Lake Dam.

III. Risk - Benefit Decision Analysis Study

The decision analysis for determination of the optimum reservoir
restriction level for Jackson Lake essentially consisted of
(1) identifying all the relevant factors involved in establishing
the hazards, risks, and benefits as a function of reservoir level;
(2) quantifying these data and engineering judgments where possible;
and (3) presenting the i"aformation in a useful format for decision-
making. The decision analysis model used for Jackson Lake is shown
in figures 5A and 5B as a six-step process. The results from carry-
ing out each of those steps for Jackson Lake are discussed below.

Step 1 - Hazard Evaluation

Two modes of liquefaction failure were hypothesized for the embankment
portion of Jackson Lake Dam based on the construction history and
dam and reservoir geometry. These modes were:

Mode 1. - Liquefaction of the embankment and/or foundation at or
above elevation 6750 over widths of 400 and 800 feet.

Mode 2. - Liquefaction of the embankment and foundation at
elevation 6730 over widths of 200, 400, and 800 feet.
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RESERVOIR RESTRICTION LEVEL AT
JACKSON LAKE

1. EVALUATE HAZARD AS A FUNCTION OF RESERVOIR
LEVEL FOR EACH POTENTIAL FAILURE MODE

MODE?2

DAMAGE MODE

RESERVOIR LEVEL

2. ESTIMATE PROBABILITY OF VARIOUS LEVELS OF
EARTHQUJAKES CAUSING LIQUEFACTION AT THE DAM
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6 5 .002 .75 .001 5
7.0 .001 x 1,00 .0010
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7,0 001 .3 .0003
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4. COMPUTE PROBABILITY OF OVERTOPPING AS A
FUNCTION OF RESERVOIR RESTRICTION

LEVEL FOR EACH FAILURE MODE

NOTE
(NUMBERS ARE
HYPOTHETICAL) II -

.0003 I
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00

z
.JO.t ,- .0002
-I.-0. I

00

.0001 MODE 2

-- IPROPO SED INO

RESTRICTION I RESTRICT,

RESERVOIR LEVEL

5. EXAMINE LiKELYHOOD OF OVERTOPPING AND
DOWNSTREAM HAZARD POTENTIAL FOR CURREN

VS ANY PROPOSED OPERATING CRITERIA.

6. EVALUATE
REDUCTION IN RISK IN EACH MODE.
ACCEPTIBILITY OF RISK FOR EACH MODE.
CONSIDER BENEFITS VS RESERVOIR ELEVATION.
OPERATING PROCEDURES FOR MAXIMUM'

BENEFITS WITHIN RANGE OF ACCEPTABLE
RISK.

FIGURE 5B
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The major portion of the dam founded at elevation 67EU and above ,as
placea with hydraulic fill methods and the foundation of this
portion of the dam is a silty sand (see Part II above). On the
othar hant, most of the portion of the dam founded oelow eleva-
tion 6750, is less susceptible to liquefaction bezause of the methods
or materials used in construction. For purposes of the risk analysis
study, it w.s assumed tnat, giveni that a failure zook place, the
probability tnat it would De Mode I is 0.9, and toe probabili ty
it would be Mode 2 is 0.1.

Once the modes are identified, the next task is to determine the
floods associated with each mode as 3 function of reservoir elevation
and the downstream damage associateo with the level of flooding.
This information was supplied in the reports provided in appendix C.
Examination of these data shows:

a. Large damage for flows exceeding 50,000 ft 3/s.

b. Flows exceeded 50,000 ft3/s for Mode 2 failures even with
drawdowns exceeding 20 feet.

c. Considerable reduction in flows and damage potential for
Mode 1 type failures for restricted levels below elevation 6760.

d. Floods stay within U.S. Corps of Engineer levels for Mode I
overtopping failures with reservoir below elevation 6757.

The more likely Mode I failure is sensitive to reservoir levPl
variations and the analysis demonstrated sigrificant improvements
could be achieved by restricting reservoir levels as opposed to the
less likely Mode 2 effects which are somewhat insensitive to reser-
voir restrictions. Thus it wais evidpent that the rinjor influence of
any restriction would be in decreasing the risk of a Mode 1 failure
and at tne same tir, reducing the potential hazard if Mooe 1 over-
topping were to occur.

Figure 6 (identical to figure 2) shows the rate of increase of flood
levels and flood damages as a function of reservoir restriction level
for Mode 1 and thus portrays the potential downstream hazard at any
given reservoir level. This information will be used later in the
decision analysis as it is comDined with the risk of overtopping
analysis.

Step 2 - Evaluation of the Seismicity Affectino the Site and the
Consenuent Potential for Liauefaction

Earthquakes to be considered in the risk analysis can come from
several sources at varying distances from the site. The likelihood
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of liquefaction is a function of an earthouake's aistance from the

site and its strength. The probability of occurrence of earthquakes
of a given level from each source must therefore be evaluated along

with the probability of that level of earthquake causing liquefaction
of the d2, or founl"3ton./

To begin this evaluation, a threshold level of seismicity which is

strong enough and close enough to produce liuefaction needs to be
establisned. The lower bouna was establishec using (2) the guide-
lines given by Seed and Lee after their review of the susceptibility

of the dam and foundation to liquefaction, and (2) historic records
of earthquakes which have been strong enough to produce liquefaction
(see figure 7). Next, all sources of earthquakes near Jackson Lake
Dam which are capable of producing earthquakes above this threshold
need to be identified and the probability of the occurrence of these
earthquakes established. To take into account the higher probability
of occurrence of lower level earthquakes and allow for quantifying
the higher probability of liquefaction at the damsite due to larger
level earthquakes, the calculations are performed considering

the earthquakes from the various sources in half-magnitude intervals.

The source areas defined'for Jackson Lake Dam are shown on figure 8

and described below.

Source 1. - This is the seismically active area near Yellowstone
National Park at the Wyoming-Montana border. The Hebgen Lake,
Montana earthquake (mag. 7.1) of 1959 was included in this area.

The maximum credible earthquake from this area is considered to be
magnitude 7.5. Because of the distance of this area from Jackson

Lake, only earthquakes of magnitude level 7.5 are considered to have
the potential for causing liquefaction at the site. Frcm a plot of
the historic seismicity of the area (figure 9), the estimated recur-
rence interval of earthquakes of magnitude 7.5 is 100 years. The
probability of such an earthquake actually producing liquefaction

ac Jackson LaKe Dam iz estimateG to be 1 in 10 on the basis of
(1) Seed's comments in his report and (2) the lack of liquefaction
due to the 1959 event. Thus, the annual probability of liquefaction
due to source area I is the probability of the earthquake times the
probability that the earthquake will cause liquefaction - 0.01 x 0.1
0.001.

Source 2. - This area is the intermountain seismic belt within

100 miles of the site but excluding the Teton-Hoback faults near

I/ All earthquake magnitudes in this report are considered Richter

Magnitude.
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Jackson Lake (sou-ce areas 3 and 4) and also excluding the Hebgen
source area (sourCe area 1). Only earthquakes of the magnitude
7.5 level from this area are considered capable of producing
liquefactior at the dam. The recurrence inter,al of magnitude
7.5 earthquakes from this area is estimated to be 500 years. The
probability of such an earthquake producing liquefaction at the
site is again considered to be I in !,. Thus the annual pro-
ability of li ;efacT.i n a tne site from area 2 is 0.6U2 x C.1
0.0002.

Source 3. - This area encompasses the Teton fault which runs through
Jackson Lake. Earthquakes from this area of magnitude 6 to
7-1/4 are considered capable of producing liquefaction at the site.
Estimates of recurrence intervals for earthquakes between these
levels were made on the basis of geologic evidence and historic
seismicity. The results are shown on table 1. Estimates of the
likelihood of liquefaction due to the various levels of earthquakes
as given on table I were based strictly on judgment.

Source 4. - This area encompasses the Hoback fault which lies to
the southeast of the site. The Hoback fault was considered to
have the same seismic capability as the Teton fault, but because
it lies at a greater distance from the dam its potential for
causing liquefaction at the dam was reduced. The estimates used
for source area 4 are also given in table 1.

The sum of the probabilities of liquefaction at the site for each
area and level of earthquakes yield the total probability of some
type of liquefaction failure at the site in a 1-year period. This
value is shown on table 1 as 0.0059.
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Table 1. - Probability of liquefaction at
Jackson Lake Dam

Earthquake - Probability of -

Source Magnit ide Earthquake x Darn liquefying Liquefaction
area range occurring from this E.Q. at the site

1 7.5 0.01 x 0.1 = 0.001

2 7.5 0.002 x 0.1 0.0002

3 6.0-6.5 0.0031 x 0.5 = 0.00155
6.5-7.0 0.0020 x 0.75 = 0.00150
7.0-7.25 0.0012 x 0.95 = 0.00114

4 6.0-6.5 0.0031 x 0.1 = U.00031
6.5-7.0 0.0020 x 0.3 0.0006
7.0-7.25 0.0012 x 0.5 = 0.0006

Sum 0.0069

In addition to the effects of the earthquake shaking, certain
of the earthquake can produce a wave on the reservoir (seiche).
The possibility and influence of the seiche are taken into account
later in the analysis in the determination of whether or not
overtopping of the reservoir will occur.

Step 3 - Evaluation of the Structural Condition of the Dam Following
Li quefacti on

The preceeding step estimated the probability of liquefaction
occurring but did not evaluate the degree of severity of the lique-
faction. In fact, liquefaction could occur at the site and the
effects could range from almost no loss in embankment height to
nearly complete failure. In order to make a judgmental quantifi-
cation of this fact the earthquakes have been divided into three
strength levels and the dam has been assumed to take on one of three
possible failure conditions witn varying probability for each of the
earthquake levels given that liquefaction has occurred. Ideally,
the structural response conoitions should be determined by using
dynamic analysis studies appropriately evaluated considering historic
prototype experience. in this case since no dynamic analyses have
been performed, the estimates of failure condition are judged only on
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the small amount of available historic information. For that reason
the evaluation is strongly influenced by the experience at Sheffielc
and Lower San Fernanao Dams.

The earthquake levels and their relative probability of occurrence
given that a liquefaction-prooucing earthquake occurs (proDability
1.0) were categorized according to strength levels with the following
relative probabilities:

Level 1 = Li = 0.25
Level 2 = L2 = 0.50
Level 3 = L3 = 0.25

Level 3 were the strongest earthquakes (e.g., 7 to 7-1/4 near the
site) and Level I the weakest.

The structural conditions which the dam could assume were described
by the percent of dan height remaining between the assumed bottom
elevation of liquefaction (Mode 1 = 6750, Mode 2 = 6730) and the top
of the dam (elevation 6779). They are given as:

Condition 1 = CI = 90 percent
Condition 2 = C2 = 50 percent
Condition 3 = C3 = 20 percent

The probability that the dam will take on a p-rticular conCdition
given that a liquefaction-producing earthquake occurs is equal to
the product of the probability that the dam assumes r*e condition at
that level times the relative probability of an earthquake of that
level occurring. Tables 2A and 28 show these estimates for assumed
Mode I and Mode 2 type failure condition.

Table 2A. - Mode I postfailure structural
condi ti on/

Probability
Given of Relative Structural condition

earthquake structural probability probability given
load condition of E.Q. level liquefaction occurs
level CI C2 C3 C! C2 C3

LI 0.4 0.4 0.2 0.25 0.1 0.1 0.05
L2 0.2 0.4 0.4 x 0.5 = 0.1 0.2 0.2
L3 0.05 0.35 0.6 0.25 0.0125 0.0875 0.15
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Adding the last column for condition 3 shows that if liquefaction
takes place it is considered there is a 0.4 probability that only
20 percent of the embankment above elevation 675u will remain.

Table 26. - Mode 2 postfailure structural
condi ti on

Probability
Given of Relative Structural condition

earthquake structural probability probability given
load condition of E.Q. level liquefaction occurs
level T-I-C C1 C2 C3

LI 0.5 0.4 0.1 0.25 0.125 0.1 0.025
L2 0.3 0.4 0.3 x 0.5 = 0.15 0.2 0.15
L3 0.1 0.4 0.5 0.25 0.025 0.1 0.125

These structural condition estimates, which rely on engineering
judgment, provide a means of assessing the relative probability of
various possible postfailure conditions which are necessary for
completing the risk analysis.

Step 4 - Compute probability of overtopping as a function of reservoir
restriction level

With the information from the previous step, the number of feet of
freeboard or the height of the water above the failed embankment can
be computed for each of the structural conditions and each reservoir
level. These data are shown in table 3 for Modes I and 2.

Table 3. - Post assumed failure condition
Embankment level vs. reservoir restriction level

Mode l Mode 2
Given Reservoir level +6700 Reservoir level +6700

condition 69 65 60 55 50 40 69 65 60 55 50 40

C1 7 11 16 21 26 36 5 9 14 19 24 34
C2 -4.5 -0.5 4.5 9.5 14 24 -14.5 -10.5 -5.5 -0.5 4.5 1d.5
C3 -13 -9 -4 1 5 14 -29 -25 -20 -15 -10 0

- = embankment below reservoir level.

; I-81



To determine whether or not overtopping occurs requires consideration
of the reservoir operating criteria and the height of the earthquake-
generated wave. For the purposes of this analysis, the criteria
applied were:

a. Current operation - Reservoir at 6769 - 1/6 of the year
Reservoir at 6765 - 1/6 of the year
Reservoir at 6760 - 2/3 of the year

b. Restriction at 6765 - Reservoir at 6765 - 1/3 of the year
Reservoir at 6760 - 2/3 of the year

c. Restriction at 6760 or below - Reservoir at restricted level

for the full year

With respect to the sieche it was assumed that:

a. Level 3 earthquakes could produce a seiche up to 17 feet.

b. Level 2 earthquakes would produce a seiche up to 6 feet
50 percent of the time.

c. Level I earthquakes would not produce a seiche.

d. The wave height could not exceed the depth of water.

To calculate the absolute probability of overtopping for each reser-
voir level required the following operations (elevation 6769 for
Mode 1 will be used as an example):

a. From table 3, determine under what conditions the dam was
overtopped. (For elevation 6769 reservoir level the dam is
overtopped for structural conditions 2 and 3 at all levels of
earthquike l-ading end for condition I at level 3 loeding since a
level 3 seiche of 17 feet would overtop the 7 feet of freeboard
available.)

b. From table 2A or 2B sum the probabilities of the structural
conditions which v.ere determined to allow overtopping. (For
elevation 6769 res:-:oir level Mode I use table 2A. Since all
structural condiP '.s and earthquake levels produce overtopping
except structural condition 1, earthquake levels 1 and 2, the
probability of ove-topping condition is 1.0 - (0.1 4 0.1)
0.8.)
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c. The absolute probability of overtopping is obtained by multi-
plying

the probability of having overtopping conditions
x

the probability of the failure mode
x

the probability that liquefaction producing earthquake occurs
X

the probability that the reservoir will be at that elevation

and, if the latter is less than 1.0 you must sum the absolute
probability of overtopping for all other elevations at which the
reservoir will remain during the year.

For the current operation (in effect restriction at 6769) elevations
6765 and 6760 must also be considered. Thus, probability of overtopping
under current restriction at elevation 6769 is:

Overtopping Mode Liquefaction Time
probability probability probabil ity probability

= 0.8 x 0.9 x 0.0069 x 1/6 (time at 6769)
+ 0.8 x 0.9 x 0.0069 x 1/6 (time at 6765)
+ 0.59 x 0.9 x 0.0069 x 2/3 (time at or

below 6760)

= .0041

The risk of overtopping values was calculated for 5-foot increments
of reservoir elevation (appendix B) and is plotted on figure 10.

Step 5 - Examine overtopping and hazard relationships to select
acceptable restriction level

Review of the absolute risk of overtopping versus reservoir elevation
given in figure 10 shows that the risk of overtopping from Mode I
decreases rapidly with drop in reservoir elevation. Likewise, figure 6
shows that the peak discharge and flood damage potential also decrease
rapidly with drop in reservoir zlevation in the event overtopping took
place. Recreational use of *.,. area below the dam is heavy during
certain periods of the year. Estimates of potential loss of life versus
flood level were not developed; h!.ever, the regional study (appendix C)
concluded that boaters would be able to clear the stream prior to
the flood wave. Despite the lack of definitive figures it is reasonable
to expect that the potential loss of life would decrease rapidly with
drop in reservoir elevation in a similar manner to the drop in damage
level.
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Examination of figures 6 and 10 show that if a reservoir restriction
level of S756 is specified, the peak discharge is approximately
25,000 ft /s and the risk of overtopping has decreased by more than
50 percent. At a reservoir restsiction level of 6757, the peak discharge
would be approximately 30,000 ft /s and the risk of overtopping
would be reduced over 40 percent. Since a flood of 30,000 ft SI is
contained within the downstream levees built by the Corps of Engineers
and since the risA of overtopping at all is cut by significant amount,
a restriction level between 6756 and 6757 (6756.5) appears to be a
restriction level which would be meaningful in reducing the potential
hazard.

Step 6 - Consideration of impact of restriction and establishment of a
reservoir operation plan to maximize benefits under restricted condition

Restriction of the reservclr level decreases the amount of available
storage for irrigation purposes. In addition, the jackson Lake area is
a major scenic and recreation area of the nation and reduction in the
reservoir level impacts this use in several ways including:

1. Boating on the lake is curtailed and boat ramp access is made
difficult.

2. Water released for rafting and for fishing are not able to be
controlled at optimum levels.

3. Large areas of reservoir bottom area are left exposed which
detracts from the beauty of the lake and the area.

In order to minimize the adverse impact of the imposition of restric-
tions on Jackson Lake an operation plan was developed (figure 3)
which coordinated water storage and water release maxima with periods
of peak public need. The operation plan devised kept the risk of
overtopping below the level considered appropriLte (a 57-percent
reduction in risk of overtopping) by maintaining the reservoir at or
below elevation 6755 for over 9 months of the year even though it was
allowed to reach elevation 6760 for 1 month.

Although the risk of overtopping is not increased by the operation
plar tnie level of hazard from a Mode 1 type failure is increased
ab. the level considered as an appropriate cutoff point (30,000 ft'/s)
which was discussed above. However, this increased potential
hazard exists for only about a 1-month period or 1/12 of the year.
This period of peak public need unfortunately coincides with the
period of peak public use. Although this 1-month period presents a
higher potential hazard than that from a constant 6756.5 restriction
level, having an effective operation plan which maintains usability
of the recreational aspects of the lake's waters is reasonable
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and Justifiable. Considering the planned restriction in total, it
Is considered that a meaningful reduction in risk and hazard will be
achieved and although the Impact on recreation and irrigation is
significant the plan recommended is both responsible with respect to
public safety and responsive to public needs.

IV. Conclusions

The question of a 12vel of acc:!ptU.:l risk,. is brought to bear at-
Jackson Lake as the twin goals of maintaining dam safety and pro-
viding maximum benefits from the project are brought together.
Responsible management of a public facility in such a case requires
that an objective assessment is made of the hazard, the risk of
failure, and the loss in benefits due to any restriction imposed.

To determine an appropriate restriction level a "reasonable worst
cs"analysis was made and in addition, a decision analysis model

was used to provide a convenient format for presentation of all the
available information and to permit an objective evaluation of these
data. Similar conclusions were reached by both methods. Although
the data were limited, the risk analysis clearly showed a marked
decrease in the risk of overtopping with decreasing reservoir
elevation.

Analysis of the flood hydrograph for the most likely hypothetical
failure mode likewise showed a significant decrease in potential
hazard with decreasing reservoir elevation. Examination of these
relationships, and determination of a reservoir operation procedure
which minimizes adverse impact from a restricted reservoir level
permitted establishing -a reser-'oir operation plan which provides for
a meaningful reduction -in risk to the -public and yet maintains the
usefulness of the reservoir.
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UNITED STATES UAPARTMENT OF COMMERCE
. . National Bureau of Standards

Washington. D.C. 20234

August 8, 1980

William F. Marcuson, III
Earthquake Engineering and Geophysics Division
Geotechnical Laboratory
Department of the Army
Waterways Experiment Station, Corps of Engineers
P.O. Box 631
Vicksburg, MS 39180

Dear Bill:

Attached are my topic statements pertaining to the Knoxville meeting.

Topic of on-going research at NBS in geotechnical earthquake engineering.

1. In the area of soil liquefaction, NBS is exploring the effect of cyclic
strain on pore water pressure build-up and the existence of a threshold
shear strain below which no volume change will occur. A design approach
has been suggested by which information on G as measured by geophysical
methods can be used to determine whether liquefaction at a site is possible.

2. In a study of the Standard Penetration Test NBS measured simultaneously
the potential energy of the hammer before its downward motion, the kinetic
energy at impact and the energy which reaches the sample by the stress-wave
propagated through the drill stem. By comparing these energies it has been
determined that the geometry of the hammer has a significant effect on the
energy transmitted when the drill stem is -hort. NBS will also study avail-
able blow count data from Japan to determine whether they need to be re-
interpreted because of differences in delivered energy.

Sincerely yours,

Felix Y. Yokel, Ph.D., P.E.
Leader, Geotechnical Engineering Group
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TOPIC STATMNT

Agency TVA Priority_ _ 1980 Session Number

Subject Area Soil Dynamics

Project Title Dynamic Properties of Gravelly Soils

Performing Organization Materials Engineering Laboratory

Principal Investigator Y. C. Chung

Starting Year FY 80 Estimated Completion Year FY 80

TECn"ILC.AL OBJECTIVES:

Information in the literature on this subject is sparse, studies to investigate
both shear moduli and damping factors of granular soils will be conducted to
provide vital information for the dynamic stability analysis.

TEC,7;iCAL APPROACH:

A number of different gradations will be considered representing gravel
sizes only and blends of gravel and sand with a maxiuzim size of 1-1/2 inch
down to the fine sand fraction. Tests will be conducted in a torsional
resonant column apparatus with free-free boundary conditions for 6-in.-
diameter specimens.

GENERAL PROGRESS:

computer program for 6-in.-diameter specimen has been verified.

PLA'. FOPt ".EXT 77T-,LVE "'M.S:

1. Establish vibratory compaction technique to prepare 6-in.-diameter
specimens.

2. Establish and perform standard resonant column test procedures.
3. Evaluate test results.
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NATIONAL SCIENCE FOUNDATION
WASHINGTON DC 20550

September 5, 1980

W.F. Marcuson, III
Research Civil Engineer
U.S. Waterways Experiment Station
Vicksburg, MS 39180

RE: Interagency Working Group for Earthquake
Engineering Research Coordination

Dear Bill:

Enclosed are summaries of NSF-funded research projects related to

"Earthquake Analysis for Evaluating Dam Safety". These projects

have been funded in the last several years under the Earthquake

Hazards Mitigation Program.

I look forward to seeing you in Knoxville.

Best wishes,

William W. Hakala
Program Manager
Problem Focused Research

Attachments
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Induced Seismicity at Nurek. Tadjikistan, USSR

David W. Simpson

Lamont-Doherty Geological Observatory, Columbia University

Palisades, NY 10027

Award 9 77-25324 (Continuation of 77-01092)

$207,125 for 21 months beginning January 31, 1978

(Total award: $314,025)

The seismic regime can be severely modified by the impounding of large
reservoirs. Earthquakes with Richter magnitudes near 6 have occurred

near five large reservoirs, resulting in millions of dollars of
property damage, structural damage to dams, the loss of more than 200

lives and injuries to thousands of persons. Throughout the world,
over 100 large dams are now under construction or in the planning

stage, at least some of which are likely to cause induced activity.

The potential for a major disaster is obvious, yet scientists are just

beginning to understand this type of seismic activity.

A joint US-USSR study of seismicity at Nurek Reservoir, Tadjikistan,

USSR has been underway since 1975. An existing network of ten Soviet

Seismograph Stations within 50 km of the reservoir is being augmented
with a ten station network of American radio-telemetered seismographs

located within 10 km of the reservoir. A model has been developed to
explain many of the observed features of the temporal and spatial
characteristics of the induced seismicity at Nurek. This model, based

on the interaction between stresses created by the reservoir load and
Increased pore pressure, show that the times of greatest
potential for increased seismicity are following rapid increases ani
during rapid decreases in reservoir water levels.

This project is continuing this seismicity study and is investigating

the earthquake spectra, and the causes of induced seismicity. The
objective is to further the understanding of the process by which

reservoir induced seismicity occurs, to identify the characteristics
qf the induced activity and to develop a framework for the assessment
of the potential for induced seismicity at a given reservoir site.

This project is a continuation of Grant ENV77-01092
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Induced Seismicity at Nurek Reservoir, Tadjikistan. USSR

David W. Simpson

Lamont-Doherty Geological Observatory, Columbia University

Palisades, NY 10027

Award # 77-01092

$106,125 ($81,900AEN, $25,000 EAR) for 12 months beginning Dec. 15,

1976

The seismic regime can be severely modified by the impounding of large

reservoirs. Earthquake with magnitudes of 6 have occurred near five
large reservoirs, resulting in millions of dollars of property damage,

structural damage to dams, the loss of more than 200 lives and
injuries to thousands of persons. Throughout the world, over 100
large dams are now under construction or in the planning stage, at

least some of which are likely to cause induced activity. The

potential for a major disaster is obvious, yet some scientists are

just beginning to understand this type of seismic activity.

This project is to continue a joint US-USSR study, begun in 1975, of
seismicity at Nurek Reservoir, Tadjikistan, USSR. An existing network

of ten Soviet Seismograph Stations within 50 km of the reservoir is
being augmented with a ten station network of American
radio-telemetered seismographs located within 10 km of the reservoir.

A model has been developed to explain many of the observed features of

the temporal and spatial characteristics of the induced seismicity at
Nurek. This model, based on the interaction between stresses created

by the reservoir load and increased pore pressure, shows that the
times of greatest potential for increased seismicity are following
rapid increases and during the rapid decreases in water load. Tests

of this model and further refinements to it will be made as the

reservoir continues to fill.
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Risk-Based Assessment of the Saferty of Dams

Erik H. VanMarcke

Massachusetts Institute of Technology

Cambridge, MA 02139

Award # 78-15898

$230,995 for 18 months beginning March 1, 1979

Major constructed facilities, such as dams, pose potential hazards to
life and property, and to the environment. To date, the profession
has, largely by trial and error, developed design prodedures which do
not require explicit, quantitative treatment of risk and uncertainty.
The objective of this project is to develop a methodology for
quantitative assessment of the risk of dam failure and risk-benefit
for alternative measures for dam hazard mitigation, and to establish
scientific basis for risk-based dam safety design provisions and
criteria.

Research will be carried out to develop a general framework for risk
and decision analysis of dams, to develop risk analysis methodology
for specific dam failure causes and mechanism such as hydrology,
earthquake, stability and landslide, foundation defects and uneven
settlement, and load combinations. Effort will also be made to apply
the methods developed to specific dam engineering problems in order to
test methodoliges, to uncover needed improvements and gaps in
procedures.
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Seismic Response of Three-Dimensional Dam-Reservoir Systems

Theodore Y. Wu

California Institute of Techonology

Pasadena, CA

Award 0 77-16085

$222,518 for 36 months beginning March 15, 1978

The objective of this project is to determine, by theoretical and
'numerical analysis, the seismic response of a dynamically coupled,
three-dimensional dam-reservoir system including the hydrodynamic
interaction effect, the flexibility effect, the effect of phase
variation and spatial attenuation of seismic waves, and the side
confinement of the dam.

The failure of a dam during strong earthquakes can cause catastrophic
property damage and loss of human lives to a densely populated
community on the downstream side of the dam. Since the coat of
constructing a major dam is very large, it is important to carry out
research to ascertain adequate design criteria for constructing future
dams and to develop and improve methods for monitoring the safety
performance of existing dams during earthquakes.

Hydrodynamic loading functions have been determined for various
reservoir configurations. In this project, efforts will be directed
to studies of the the hydroelasticity response of the dam-reservoir as
a system during a typical strong earthquake, the effect of water
compressibility, the elastic property of the dam, the effect of wave
propagation, etc. will be considered.



Earthq~uake Response of Dams Including Hydrodynamic and Foundation

Reactions

Anil K. Chopra

University of California

Berkeley, CA 94720

Award 0 76-80073

$138,300 for 2 years beginning November 15, 1976

($67,600 in FY 77 - $70,700 in FY 78)

The basic purpose of this research investigation is to develop (1)
reliable and effective techniques for earthquake analysis of dams
including effects of hydrodynamic and foundation interaction, and (ii)
a fundamental understanding of the effects of interaction and their
significance in the response of dams to earthquake ground motion.
Dams of three types: conctete gravity, concrete arch and earth, are
included.

Procedures for including hydrodynamic and foundation interaction
effects in analysis of response of darrs to earthquake ground motion
will be formulated. Computer programs will be developed to implement
these procedures for numerical evaluation of earthquake significance
of interaction effects in earthquake response of dams.

The developments and results expected fron the proposed investigation
will enable better evaluation of the response of dams to earthquake
ground motion. thus improving the capability to assess the sallety of
existing dams and of designs proposed for dams to be constructed.
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Earthquake Behavior of Techi Dam

Ray W. Clougn

University of California

Berkeley, CA 914720

Award # 78-19333

$151,728 for 24 months beginning January 15, 1979

Numerical methods, particularly the finite element procedures, for
seismic response analysis of arch dams have been well developed.
However, many assumptions inherent in the analyses have not been
verified by experiments and many uncertainties remain in the results
even after the most refined analyses. The objective of the project is
to conduct U.S. - Republic of China cooperative research to obtain
seismic response information from the Techi Dam in Taiwan. The Techi
Dam is a modern, thin shell concrete structure located in a region of
3ignificant seisMic behavior of arch dams. The project will install
additional instrumentation in the dam, calculate and measure the dam
vibration properties, refine the mathematical model through numerical
analysis, observation and correlation study, evaluate the seismic
response and perform table tests of scaled dam models.

The project will demonstrate the effectiveness of current response
analysis procedures, and will provide inproved techniques for treating
reservoir and foundation interaction, as well as better understanding
of expected faiure mechanism.
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Support of USCOLD Committee - Evaluation of the Incremental Seismic

Risk Due to Reservoir Filling

George W. Housner

California Institute of Technology

Pasadena, CA 91104

Award # 76-01545

$12,400 for 24 months beginning September 1, 1976

This grant will provide continued support for the USCOLD Committee or
Earthquake Effects on Dams. Members of the committee represent
industry, academic institutions, and Government. All of the committe
members have a particular interest in the earthquake safety of dams
and the development of the best procedures for planning and deskngni
dams in seismic regions.

The committee has in progress the following projects:

1. Effects of reservoir filling on occurrence of earthquakes near
dams.

2. Seismic instrumentation for dams. This project has been
completed and a report has been published. The report has bee
submitted for publication in the Geotechnical Journal of the
American Society of Engineers.

3. Earthquakes near dams. This project is collecting information
on recorded strong earthquake motions on or near dams.

4. Dams damaged by earthquakes. This project is collecting
information on all dams that have experienced strong ground
shaking with or without damage.

2-8



Earthquake Stability of Reinforced Earth Structures

Kenneth L. Lee

University of California

Los Angeles, CA 90024

Award # 75-15417

$216,900 for 24 months beginning January 1, 1976

This project is for continued research on the topic of seismic design
of reinforced earth struc, res retaining walls, dikes and dams, etc.
The previous studies have led to a suggested seismic design method~ for
s special type of reinforced earth retaining wall. In addition, it
has also demonstrated the validity of using small scale models for
studying the static and dynamic response of reinforced walls. The
findings form the basis for the additional continued studies proposed
herein to extend the scope of the research to cover a variety of
possible wall designs for special conditions.

It is proposed to perform (1) more model tests with small walls up to
15 in. high on the horizontal sinusoidal motion shaking table at UCLA,
(2) large scale Model tests with walls up to 5 ft. high on the large
shaking table at Berkeley to verify and extend the small scale model
tests, (3) forced vibration tests to obtain the modal frequencies of
existing walls at different excitation levels, (4) additional soil-tie
friction studies, and (5) analytical and semi-empirical studies to
refine the stress distribution analysis, and especially to study the
problem of wall deformations whi'.,h develop during sustained strong
shaking.

It is intended that the work proposed herein will lead to a logical
final conclusion which will enable engineers to proceec confioently
with seismic designs for particular projects involving the reinforced
earth techniques.
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Analysis of the Seismic Stability of Earth Dams

H. Bolton Seed

University of California

Berkeley, CA 94720

Award # 75-21875

$173,500 for 24 months starting February 15, 1976

The near failure of the San Fernando Dams in the earthquake of Feb.
9, 1971 has led to increased concern regarding the seismic stability
of embankment dams and the usefulness of older methods of evaluating
seismic stability. On the other hand, many older earth dams, built
before any seismic design techniques were in use at all, are known to
have survived extremely strong earthquake shaking without any
detrimental effects. A study will be made of the significant
differences between earth dams known to have performed well and dams
known to have performed poorly during strong earthquake shaking to
determine the signifincant factors responsible for these difference in
behavior. In addition recently developed dynamic analysis methods for
evaluating the seismic response and performance of dams will be
investigated for their adequacy and effectiveness in predicting the
observed performance with sufficient reliability to ensure public
safety without being unduly overconservative.

The specific objective of this research is to develop simplified
procedures for evaluating the probable performance of earth dams
subjected to strong earthquake shaking. The results of this research
would contribute significantly to both improved safety and economy in
the design of these critical structures.
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Dynamic Testing and Acoustic Analysis of Concrete Damns

G. Bruce Taylor

Anco Engineers, Inc.

Santa Monica, CA 90'404

Award II 79-00004L

$165,419 6 for 18 months beginning June 1, 1979

A dynamic test procedure for concrete dams will be developed to
acoustically detect defects in dams which could cause failure under
extreme conditions. A gas expansion device will be submerged in the
reservoir near the face of the dam. The shock wave which is produced
in the water will interact with the concrete interface and excite
motion in the dam. Any defects which exist in the structure will emit
acoustic signals which will be located through triangulation. The
testing program will be augmented with a detailed analytical study of
the structure utilizing finite elemnent analysis techniques.
Approximately eight concrete dams located in the United States will be
examined. This non-destructive test method should be of great value
in helping to evaluate the safety of dams subjected to seismic and
other loadings.
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Seismic Response of Three-Dimensional Dam Reservoir Systems

Allen T. Chwang

California Institute of Technology

Pasadena, CA 91125

Award Ii 77-16985

$221,5147 for 36 months beginning March 15, 1978

The potential failure of a dam during strong earthquakes can cause
catastrophic property damage and loss of human lives to a densely
populated community of the downstream side of the dam. Since the cost
of constructing a major dam is very large, it is important to carry
out research to ascertain adequate design criteria for constructing
future dams and to develop and improve methods for monitoring the
safety performance of existing dams during earthquakes.

The objective of this projects is to determine, by theoretical and
numerical analysis, the seismic response of a dynamically coupled,
three-dimensional damreservoir system Including the hydrodynamnic
interaction effect, the flexibility effect, the effect of phase
variation and spatial attenuation of seismic waves, and the effects of
the side confinement of the dam. Preliminary experimental verifi-
cation of theoretical results on full-scale dams will also be
conducted.
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A.Symbol Processor for Earth Dam Seismic Response With A

Nonlinear-I nelastic

Soil Model

John 0. Dow

University of Colorado

Boulder, CO 80302

Award #78-23073

$28,160 for 12 months beginning January 1, 1978

The research objectives are to improve the nonlinear, inelastic soil
model in the seismic response analysis of earth dams and to incor-
porate this development into LUSH, a currently used finite element
earth dam seismic response program. The developments will include the
significant nonlinear effects cause by large shear deformations by
modeling the soil with a step-wise linear representation. Recently
developed symbol processing techniques will be utilized in the
development of finite element and overall system matrices to: (1)
Replace approximate numerical algorithms with exact operations. (2)
Formulate expressions which are too complex or time consuming to be
performed by hand. (3) Generate closed form solutions by executing
numerical algorithms in symbolic form.

The research will provide: (1) An analysis procedure for seismic
stability and liquefaction potential in embankment dams. (2) Static
analysis of nonlinear, inelastic systems, (3) Dynamic analysis of
other large systems such as buildings and bridges, (4j) Computer aided
design by allowing parametric definition of system properties.



Earthquake-Induced Longitudinal Vibration of Earth Dams

Ahmed M. Abdel-Ghaffar

University of Illinois at Chicago Circle (initial award)

Princeton University, Princeton, NJ 08540 (current)

(transferred Award # 80-05615 frnm Chicago Circle)

Award # 78-22865

$29,929 for 12 months beginning January 1, 1979 ($22,410 transferr

to Princeton)

The research analyzes the longitudinal vibrational behavior of ear
dams during earthquakes. The principal objectives of the investi-
gation are: first, development of a simplified method, using an
analytical elastic model, for evaluation of dynamic characteristic
earth dams in a direction parallel to the dam axis and for estimat
earthquake-induced strains and stresses in that direction. Both s
and compressional (axial) deformation will be considered. In addi
results of full-scale dynamic tests, both ambient and forced
(conducted by the investigator) and real earthquake observations c
some existing dams will be utilized to confirm and improve the met
of analysis. Secondly, a rational procedure will be developed to
estimate dynamic strains and corresponding elastic moduli and daml
factors for hysteresis loops from the crest as well as the base

records of earth dams. This will lead to a study of the nonlineai
behavior in terms of the variation of stiffness and damping propet
with the strain levels of different loops. Finally, the data so
obtained will be compared with those previously available from
laboratory investigations.
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APPENDIX 4

RESEARCH AND DEVELOPMENT AT TH{E U. S. ARMY ENGINEER

WATERWAYS EXPERIMENT STATION RELATED TO EARTHQUAKE

ANALYSIS OF DAM SAFETY



Seismic Analyses to Evaluate the Safety

of Corps' Concrete Dams

Paul Mlakar
Structures Laboratory

USAE Waterways Experiment Station

rhe Corps, current criterion requires that concrete dams sustain the

ippropriate operating basis earthquake without loss of operating or extensive

rQpair and that these structures withstand the site's maximum credible earth-

quake without a failure involving loss of life or extensive property damage. The

present state of the art can address only the most significant factors involved

in the implied linearly elastic response to the operating basis earthquake. The

inelastic response of concrete dams, which must sometimes be considered for the

maximum credible earthquake, is the subject of ongoing research. Until the

results of this work are available, the seismic safety of new and existing concrete

dams is being assured by performing state-of-the-art linear elastic analyses and

interpreting their results with the best possible engineering judgment.

This state of the practice is illustrated by the seismic safety analysis

of the concrete portion of the Richard B. Russell Dam performed by the Waterways

Experiment Station for the Savannah District. 2 ,3 The maximum credible earthquake

for this structure was specified as a scaled set of recorded time histories and

as a smoothed elastic response spectrum. Maximum stresses in the nonoverflow

monoliths were computed from the scaled time histories and from a synthetic

time history consistent with the smoothed response spectrum using a two-

dimensional linear elastic finite element analysis that modeled the interaction

between structure and reservoir. Values for these stresses were also computed

from the smoothed response spectrum using the first mode of a one-dimensioaal

linear elastic analysis and approximately including the effects of structure-

reservoir interaction. The safety of the design was judged by comparing the
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results of a similar analysis of the Koyna Dam to the performance of this

structure in the 1967 earthquake. Maximum stresses in the intake and overflow

monoliths were computed from the smoothed response spectrum using three-

dimensional, linear, elastic finite element analyses in which the inertial

effects of hydrodynamic interaction were approximated. The safety of these

monoliths was judged by considering the influence of foundation flexibility on

base stresses and the presence of reinforcing steel in areas highly stressed

by operational loading conditions.
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APPENDIX 5

RESEARCH AND DEVELOPMENT AT THE TENNESSEE VALLEY

AUTHORITY RELATED TO EARTHQUAKE ANALYSIS

OF DAM SAFETY



TVA Research and Development Related to Earthquake

Analysis for Evaluating Dam Safety

Samuel D. Stone
Principal Civil Engineer

I

INTRODUCTION

TVA has responsibility for the operation, maintenance, and safety of 47
existing dams. These dsms are quite variable in type, size, age, and
function. TVA has dams on the main river with navigation and power
generating facilities; multi-purpose dams for flood control, recreation,
and power generation; a dam for pumped-storage power generation; and
detention (dry) dams. Roughly half of the dams are concrete and half
are earth and/or rockfill. The concrete dams are gravity dams, and many
of them have flanks of earthfill. TVA does not have any concrete arch
dams. The dams made of earth material consist of compacted earthfills,
hydraulic fills, dumped rockfills, compacted rockfills, and rock-filled
timber crib. The dams vary in age from 1911 to Tellico Dam which was
closed last December (1979). Six dams were acquired from previous owners.
These purchased dams were constructed around 1911 to 1913 and 1930 and are
older than TVA which was created in 1933. The first two TVA dams, Norris
and Wheeler, were designed by the Bureau of Reclamation. Most of the dams
were designed and constructed by WTA using state-of-the-art techniques
that were accepted by the profession at the time. Relative to earthquakes,
most of the earlier dams had no earthquake analyses during design except
Norris, Kentucky, Pickwick, and Wheeler. Later, pseudo-static earthquake
analyses were routinely investigated during design.

TVA has not engaged in "pure" research and development in its dam safety
program. Research and development endeavors have been project oriented to
relate to specific needs identified during an evaluation.

DAM SAFETY EVALUATIONS RELATED TO NUCLEAR POWER PLANT PROGRAM

Daring the mid to late 1970's TVA evaluated three of its existing dams as
a result of its nuclear power plant construction program.

The most sophisticated investigation was at Watauga Dam which is a 318-foot-
high dumped rockfill dam with a compacted central core of earth. Standard
penetration test and undisturbed sample borings were made. In-situ geophysi-
cal measurements were made from the bore holes. Laboratory static and cyclic
triaxial shear tests were conducted. Woodward-Clyde Consultants performed a
nonlinear dynamic finite element analysis of the dam. This analysis was of
the type used on the San Fernando dams. In addition, TVA obtained the
opinion of Dr. H. Bolton Seed on the earthquake stability of this dam.

Chatuge and Nottely Dams were evaluated for seismic stability by Dr. A. J.
Hendron of the University of Illinois. Standard penetration test and
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undisturbed sample borings were made at both sites. Piezometers were
intalled at Nottely Dam. Static and cyclic triaxial shear tests were
made on the undisturbed samples. The cyclic tests were not entirely
conventional. Consolidated-undrained test specimens were strained to
62 to 68 percent of their static strength, then given 10 loading cycles
that were 15 percent of the static strength, and then strained to failure
statically. Dr. Hendron made a dynamic analysis to evaluate each dam
using thq Newmark Displacement Analysis.

DAM SAFETY REVIEW

Like other Federal agencies responsible for dam safety, TVA has instituted
a dam safety evaluation during the past couple years. TVA has had a strong
inspection and maintenance program in operation for many years.

I will only discuss the areas of the dam safety evaluation that are of
interest to this group--the seismic and structural evaluation. I will not
discuss TVA's hydrologic evaluation, emergency preparedness plans, security,
etc., that are a part of the overall evaluation.

TVA has used a step-by-step process in its dam safety evaluation. This
philosophy permits advancement to a higher and more refined level of study
if warranted or termination of an evaluation depending upon individual
project needs. This procedure can be summarized as follows:

1. Evaluate existing available data.

2. Obtain additional data where existing data is inadequate, e.g., new
borings, additional laboratory tests.

3. Evaluate data using empirical parameters.

4. Initiate simplified and conservative analyses, e.g., pseudo-static or
Newmark stability analyses.

5. If above evaluations appear to be unfavorable, do more refined analysis,
e.g., energy balance or finite element.

Blue Ridge Dam has been evaluated by TVA in our dam safety review program.
This 167-foot-high dam is a semi-hydraulic fill dam built in 1930 and pur-
chased by TVA in 1939. Standard penetration test and undisturbed sample
borings were made and piezometers installed in the dam. Liquefaction
potential was initially investigated by evaluating the data by the empiri-
cal parameters reported by D'Appolonia in 1970 in the ASCE Geotechnical
Journal. Laboratory static and cyclic consolidated-undrained triaxial
shear tests were subsequently made. The cyclic tests were similar in
nature to the type used at Chatuge and Nottely, but the strain pattern
and loads were different. A dynamic analysis was made by the use of the
Newmark method.
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SEISMIC EVALUATION

Seismic studies have been made to determine the maximum creditable earth-
quake (MCE) at each dam site. Three seismo-tectonic provinces have been
defined in the TVA area. These are the East Tennessee (Southern Appalachian),
the mid-Tennessee (Central Stable Region), and the West (New Madrid Faulted
Zone). Two techniques were used to determine the MCE. On one method, it
was assuled that the maximum historical earthquake within the province could
occur at the dam site. The second approach considered the largest historical
earthquake that had occurred outside the province. This earthquake was assumed
to occur on the province boundary at the nearest point to the site, and the
earthquake was attenuated to the dam site. The theoretical maximui-ground
acceleration for the MCE was found to be O.15g for all dam sites except the
Beech River dams which were 0.20g and Kentucky Dam which was 0.35g. Subse-
quently, a comparison was made of the acceleration for the MCE with the
acceleration which the dam was originally designed.

STRUCTURAL EVALUATION OF EARTH AND ROCKFILL DAMS

This evaluation consisted of studying reports, photos, as-built drawings,
lab test data, construction records, performance histories, etc. This
evaluation was oriented toward discovering any deficiencies or questionable
items related to construction methods, foundation materials, embankmient
materials, embankmnent zonation, design, etc. Projects were placed in a
"high, moderate, low, or none" priority category for future recommended
action. As a result of these studies, TVA has made some new borings,
conducted lab testing and made limited analytical studies. More work is
planned in the near future.

STRUCTURAL EVALUATION OF CONCRETE DAMS

TVA has done some simplified dynamic analyses to determine the amplification
throughout the dam of horizontal and vertical accelerations at the bedrock
surface. Dynamic forces are obtained using a lump mass stick model. These
dynamic forces are then applied as equivalent static forces in overturning
and sliding analyses. If overturning appears to be a problem with this
simplified analysis, an energy balance study is made. This analysis involves
the determination of the energy required to raise and move the center of mass
of the structure to reach an overturning position. The maximum kinetic
energy of the structure as it rocks due to the combined effect of the earth-
quake ground motion and structural response is determined. A factor of
safety against overturning can be obtained from the ratio of energy required
to overturn the structure to maximum kinetic energy.

RESULTS OF DAM SAFETY EVALUATION

As a result of the seismic, hydrologic, and structural evaluations made to
date, the following has been revealed:

1. Some hydrologic concerns relative to spillway capacities.

2. Some concerns about Kentucky Dam mainly due to its location relative to

the New Madrid area and some sand in part of its foundation.
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3. Some concerns relative to TVA's two hydraulic fill dams and a few
others with sands in their foundation.

In general, TVA feels good about the safety aspects of its dams. TVA has
developed a tentative schedule for further studies and evaluation on a
priority sequence relative to the magnitude of our concerns.

OTHER DAN SAFETY DIPROVEMENTS AT TVA

At this time, TVA has no plans to upgrade any of its dams due to seismic
considerations. TVA has recently upgraded some dams, is currently upgrading
a dam, and has future plans to upgrade dams for structural or hydrologic
reasons.* AUl upgradings to date and those presently planned are on old
dams purchased by TVA. TVA plans to study other dams designed and built
by the agency to determine if upgrading is required.

Mass concrete was added to the spillway, intake blocks,' and nonoverflow
blocks at Nolichucky Dam in 1972-73 to improve its stability.

The structural stability of Ocoee No. 1 was upgraded in 1973-75. The non-
overflow and intake blocks were postteusioned with tendons into bedrock,
and additional face concrete was added to these blocks for aesthetic
reasons. Mass concrete was added to the spillway blocks.

At this time roller compacted concrete is being added to the downstreami
face of Ocoee No. 2 Dam to improve its stability. This 67 year old low
hazard structure is a rock-filled timber crib cam.

Plans are being finalized to add three new spillway bays at Blue Ridge
Dam. This will upgrade the dam to handle the maximum probable flood.
This addition is awaiting approval of the TVA Board of Directors.
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RESEARCH AND DEVELOPMENT AT THE WATER AND POWER

RESOURCE SERVICE RELATED TO EARTHQUAKE ANALYSIS

OF DAM SAFETY
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Research and Development Related to

Earthquake Analysis for Evaluating
Dam Safety

Water and Power Resources Service
Larry Von Thun
September 19, 1980

I. Definition of Seismic Loads

A. Contracting to a greater degree for selection of earthquake
magnitudes and location affecting site. Requiring MCE and recur-
rence data for each source. Asking for MCE recurrence. Encouraging
contractors to develop rationale other than magnitude to rupture
length = 1/2 fault length relation.

B. Ground motions retained in house. Developing standard base
procedure based on scaling normalized near field spectra according
to spectri: intensity. Modification of standard spectra would be
made for specific site or source conditions.

C. Recurrence interval or probability level being used is still
100,000 year or I x 10-5. Looking toward balanced risk approach
decision in I year. Still awaiting joint decision among Federal
agencies on active fault criteria.

II. Analysis of Earth Dams - Rockfill Dams

A. Developing criteria and procedures to avoid hydraulic fracturing
during sampling.

B. Improvement of soil testing techniques. (Discussed in research

statement.)

C. Shear wave velocity measurements improvement. (Discussed in
research statement.)

D. Use of both rotational shear and repeated direct shear to obtain

residual strengths.

E . Strong motion instrumentation. (Discussed in research statement.)

F. Development of computer program for displacement calculatien
using time history of motion and Newmark type displacement calculations.
Incorporate effects of time history of pore pressure change, strength
change, hydrodynamic effects, vertical acceleration, and momentum.

G. Model in laboratory to verify above analytical technique.

H. Laboratory model to examine fault displacement response of filter
materials.
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Ill. Analysis of Concrete Dams

A. Fault displacement analysis using analytical tools of
dam-foundation interaction.

B. Behavior of dams following tectonic fault displacement.
(Discussed in research statement.)

C. Hydrodynamic interaction. (Discussed in research statement.)

D. Dynamic properties of concrete. (Discussed in research statement.)

E. Dynamic performance of a jointed rock mass strength and defor-
mational response. (Proposal stage)

F. Improved instrumentation to obtain dynamic response. (Need)

G. Effect of traveling waves on dynamic performance. (Need)
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APPENDIX 7

QUESTIONNAIRE: ASSESSMENT OF CURRENT PRACTICES AND RESEARCH

NEEDS FOR DYNAMIC EARTH PRESSURES ON RETAINING

STRUCTURES, FROM PAUL F. 1-ADALA, U. S. ARMY

ENGINEER WATERWAYS EXPERIMENT STATION



DE-PARTME=NT OF THE ARMY
WATERWAYS EXPERIMENT STATION. CORPS OF ENGINEERSKV P. 0 BOX 631

VICKSBURG. MISSISSIPPI 39180

RN LPL flR*EN TO 1'u..4S arch 11)(l
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'CW : tho Oc7p of Enin ers i: :'e vi c i n CM7iC

-I , ME kt *-in :I FC aI- LhI 1 ike
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5, A i t Li' o srflxc t youir iros~ac n a qui.io-1r-ory

f tc formu' at,, zeral quest I no, and preyvided t wriIo tl,,, ;c
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y a;,, Scr F o bne other three r~cmnbcrs. T111 s wi I I acr u 'r.,1 11 Ity
Per-ional oo,1jtcctive rind will certainly satisfy the request of the working
- 'up for coordination in the 'area.

The question):s are is follows:

( a) Do:e s yI r " onic y Iav e any p utbT i te cd -iii,i i i'- e- >xeijts t it
1,2z with CFlC fi on retalnnI- wallsc in .diidtlici tc. t~r I .ri

i*ced 1 ;,r to CV ;u rfacei uc:e, is 1-c'e ;y -iij:r~c fr
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WESGA 8 March 1981.

Mr. Frank Hand
Mr. Robert Bourn
, r. Karl Dreher

(d) Is new guidance currently under development? ',;hen is it presently
scheduled to be released?

(e) ;,re you presently conducting any research, analysis, or testinf
in the subject area? if sc, ple%:-,e describe and zell winen the results
% wil be available.

(f) Are you aware of any re .c . or. the subject in additicn to
those in Incl I? If so, please f,:'rish title, -uho, date, and source
1.r each.

(g) 11-w Ire greun.,-.ater-lnducei loading7s tr-ated when a port ion of
t'-e batkfill is below the grcundwater table? Is the i:ore water assu.e
tc .ve 4ith the soil and the mass of th.e mving ,e'ge increase[ to aCoIDt
or ( The jrt.crc' e of the water? Is the ij:rc-,:ater pressure c alculated

setai'ately? If it is, is there any inertially-induced comocp._nent in this
pressure and how is it calculated? What distribution, with elevation,
is used for inertial groundwater loadings?

(h) Fas any consideration been given by your agency to the adoption
of (1) llalkable rigid body m-c-ve.ent" and "allowable rigid body tilt"
criteria and (2) seismic-design procedures for retaining walls, which would
involve the calculation of such movenents in some manner analogous to the
sliding block model proposed by Newoark in his 1965 Rankine Lecture?

(i) Does your agency have any published Cui,"ance docuiments that -al
with the structural design of retaining walls for seismic ]oadings? If
so, please provide references.

(j) Does your agency use any special design details in the rein-
forcing steel, the construction, contraction or expansion joints, the
"ackMill drains, or toe drains for walls which are in areas of high sei.sa.ic
risk?

(k) !--w do allowable stresses for the concrete and reif.ciig
.o:ed in the 5eiscic loading case co- amrare with those used for tle-? static-

(I) w :'e inertial water l.ads caloulated for tI.cs- c-± ,,'n~re
the wail. -ctua? 'y funcuicns to retain i".pounled water as in the c'ce of
a fl.,-,o,:od-._l cr a wing wall for an intae structure or p-.nng p)'inlt?

?,est ions (1), (j), (k), -nd (!) are rfft really within the province of
ir .h rcr. .r. Li : 3uLl.r of the tu. res .rnch in 1 ' ,

: . e tO ."o in" :to <.. in collecting in',r-'atirn !.,il.i,
-;ir .. er ri ,O . 7,
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'.. }. ~ i~in8 'rcrh 1981

Mr. t.)bert Bourn
7.:r. Karl Dreher

.Nry n3wers to all of the above questions except (f) are contained in Inci 2.
inellsure 1 is my response to question (f). Your response to this letter
by 3K %'arch 1981 would be greatly appreciated. If you wish clarification

% rny of my questicns, please call me at FTS 5);2-34y5 or co-rercial number
C.';:'',- 3475.

S ic orei

PAUL F. HADALA
Assistant Chief
Geotechnical Laboratory

Ci' w"l ircl:

J'..i-.f-Ss'fRpa":.h Beene)
ii A (DG--D,/Iuian uthrie)

]'[ .in~r. (S,'i'i D [-T Sc bt Gleason)

Div. Lngr. (.,:.VED-'PS/Victor Aostlunelii)
Dr. W. F. 1.Mrcuson, WES
Dr. P. F. Mlaker, WES
Div. Fngr. (SPDKD-G/Mr. F. G. Mclean)
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AUS'.FRS TO QUESTIONS P02E I- *:Y TN ;LPi.5

ADDRESS L.'TER OF Z -AiRCH

(a) Does your agency have any published guidance documents that deal

with seismic ltoads on retaining walls? In addition to the tackfill-induced

loading for the level surface case, is there any guidance for seirmic

-cadinjs on the "passive" side and in backfill-induced seismiic icads for

the c%6es of scoping or surcnaried backfills? Please furniri copies :r

references.

-ararraph 5 of F..: I10-2-O502, "Retain'nF Wals," dated 2c .:ay .,Cl,

is our only published gui:arice on the cubject. The enLire rara-vaph is

reproduced in Tncl 1. it. gives r: g idance cCzxncerninC the items ment-.x.ed

in the second sentence of question (a. exceut for the last sentence in

Incl 1.

ER 1110-2-18o6, "Earthquake Design and Analysis For Coros of, Engineers

Dams," (incl 2) makes no specific mention of retaining walls of any type.

If the wall were an appurtenant structure whose loss would somehow cause

the loss of the reservoir, this regiulation would l]so apply. While the

regulation pr.vides guidance on the choice of pWtrooneters to de:-mcribe the

earthquake, n. analysis or design pi-ocedure api cable to reinf'.,rced

concrete walls are mentioned.

Department of the Army TM 5-809-10, ",eismic Design for Buil iings,"

gives no guidance on seismically-induced earth-pro ssure loadins on the

exterior basement walls of buildings.

(b) How do safety factors for overturning sliding -ind fouridatior&beririnfg

prfe 'sure, which your ag-ency uses for the seismic .adn . cose, c. mpare

with thoo;e used for static 1,nds?

E141 1110-P-2502 is not differentiate between the two raes with

rest ct to tle above-;entioned afety 'actors.

{c) ,.hi-t clistribution, with elevation, ),f enrth-erc su.re K 'i.. _,r

wh-at point of applicat i ;m. of c(,I .ontro!,ed f 15re s :,. ,a

,-.Ud2 ncg frmu, Lackfi' I- s ,i s

'tnraEraph 5 ")f' I t0-2-. 5 o -ests the .,e f an inertial force

n the .ll at a dw' oe ar'.e - , f / , f , " t,, w
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(d) Is new guidance presently under development? When is it presently

scheduled to be released?

As mentioned in the basic letter, E21 1110-2-2502 is currently under

revision. A firm date for the release of the revision is currently

unavailable.

(e, Are you presently conducting any research, analysis, or testing in

tne subject area? Please describe it and tell when the results will be

available.

No research, testing, or analysis is in progress. Mission Problem

aic'. 11-033-9, "Earthquake Loadings on Hi 'h Retaining Walls," (Incl 3) was

sbitted for rating by the Corps of Engineers field-operating agencies

in December 1980. It was ranked 231 out of L'(0. Because the ranking

is below the median, it is unlikely that any financial support for research

in this area will be forthcoming in the near future.

The LMVD Computer Aided Structural Engineering (CASE) Committee has

had a subcommittee at work on a computer program for the design of T-walls.

This program includes a provision for calculation of seismic loadings via

the Mononobe-Okabe method as suggested in the May 1961 edition of EM 1110-2-

2502. The question concerning the treatment of pore-water loadings during

earthquake excitation raised in the basic letter arose during the prepara-

tion and review of this program and its draft documentation.

(f) Are you aware of any reference on the subject in addition to those

in Incl I?

No.

(g) How are groundwater-induced loadincs treated when a portion of the

backfill is below the groundwater table? Is the pore water assumed to

move with the soil and the mass of the moving wedge increased to account

for the presence of the water? Is the pore-wrater pressure calculated

:p'r rat-ly? if it is, is there any inertialiy-induced component in this

pesdure and h,-,w is it calculated? What distribution, with elevation, is

:sed f'or inertial f-rouncwater loadiri-s?

F!.! 1110-2-2502 ti'ves no C-u.larice on this qu.isti n. l eferences 5, 11,

an:i _,0 in -ncl I tc. e z& :sic ?ettt-r , e c , i ti , a i ri e ,n ihe 1 - bject.

7T-ire i;:i},ear to be no outa fr n: Cha'io( test: n , s "here ,uter .-- tr
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Surveys of field performance of walls in earthquakes indicate that many more

seismically-induced failures have occurred in walls used as waterfront

structures than in walls which had unsaturated b>ackfills or foundations.

See for example References 2, 6, and 31 of Incl 1 to the basic letter which,

when considered together, illustrate this point. Whether the failures of

the waterfront structures are due to loss of bearing capacity (i.e., lique-

facticn) or excess loading on the wall cannot be determined from the infor-

mation available.

(h) Has consideration been given 1,y your a-,ency to the adoption of

(1) "allowable rigid body movement" and "allowable rigid body tilt" criteria

and (2) seismic design procedures for retaining walls which involve the

calcuiaticn of such mov.ments in some manner analogous to the sliding

block model prepared by Newmark in his 1965 Rankine Lecture?

No. We are aware of Reference 29 of Inel 1 to the basic letter

which proposes such a method and of the fact thar the National Science

Foundation has given Professor Whitman at IMiT a grant for addi.tional

research in this area.

(i) Does your agency have any published guidance documents that deal

with the structural design of retaining walls for seismic loadings?

Yes. &M 1110-2-2502, Paragraph 5b and 9 provides such guidance.

(1) Does your agency use any special design details in the reinforcing

steel, the construction, contraction or expansion of joints, the backfill

drains, or toe drains for walls which are in areas of high seismic risk?

No.

(k) How do allowable stresses for concrete and reinforcing steel used

in the seismic loading case compare with those used for the static loading

case?

See Paragraph 5b of the current edition of E1.1 1110-2-2502, which says

that, "increased working stresses are permissible," and refers the reader

to EM 1110-1-2101 for details. Paragraph )4 of that manual permits a 33 per-Ocnt

increase.

(1) .?,ow are inertial witer >',ir c:I-ul-ted for those ealls where the

wall actually functions to retain ispoondod water as in the case if- a

floowall, or wingwall for .n intake or punping plant?

C.ne procedure to -,c- si-ed is sp cifc. in , 1] " and is 1,iven

in :. .llO-"-22 0, "' .'-," 7;: -- "'.'' >-e pr cod lre is '.ised -

et.,.i. t .- -. . .tc the , -c ,
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-,li
5 l ri ill ffali prisor to if Ikfill iig. Where such~ it codtci e~ss a boiotllw g of

' ! (,,ilt 1W : pp ld.
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I lil ~.iiI~i~ iteUdi S~fif'Sz liaj outlliig eisfmic llhlillgo zonfe~s. Yi~rt liquilke acit-lk-rft-

2~May 1961

I fifis of 05 _ fand -1l0g slioffid le uised il ZoneCs 2 afnd 3, respectively. Seisifories acting on a i

tire as followS:
(1) The ifit'itill fisit 5 (If tile wall nf1115 is fjpp)ii'd at tile (enter of gravity.
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,Japani (Sffilffffrizcd inl "B~eariffg Cflpacity of Maid~y soil affd Lateral Eairthl Pressure Dlill lg FEarq

If s ,li l liii1z /0( h11filto, l'roceed fig"S of Nlorld COkiferV f(ce Oft EaIrth111111k 1 ' iii ' i ieI.r 'e

Calif., 195(). Iff this iIetillo, thet horizontal vurtlitiifke Ceeleraitioui is voiililiid Xk il graiv 8 ae

kI'I thle 'oloillb Slidinlg Nwed ge ill e'ithetr liIsitiXC or ile-gative directionl to Pflf~ll" tile resifltifft estrti,5

pr liresrt1f oi lii' -111. lxpeIMiLILlets Ill. Milts-iff ill .l~flfgave fair figreeet witif the total 111:11fiilfl4c

of thei ri -4ifflift force, Nf -gI li iit if-v all &direl t p ressuIre' fdistrnihbut ionf. C(I~ l' :' 2 1, A 1flj
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PUni iersi t (ffa1d e for TfVA Ke iiikl Project ) al1so veridtiltIe Ii1 ~ tf l ftII ta l ilf ir

del e rio izied by t ie iI l ie0- -(1ka1111 Ille' llo itl o1n thle I'art I ii 11 ke , occoei rio 11111111ge 1 liii il lel

thfe :111id found that this compilit't nvlt5 at ahbouit tw o-thlirds. tile fill lfIvi:_,i 1Iiv thle klisp. 11 -

%-it 1; ofti 11, .%t 6c t 1 ct is fkItyet (Ii sotiiewbiat bfy l1le1 t vpvI of lflICY0111h. ii~ 1- Nui li mk ijl Ilffit e

the l~itiI~.urlth pres.lure inc~rease fii 111 I,, il~~l ofo 0t g is allprfimiffftelb 101% ,f till staitic pre.-il

till( for 0i.'1On ni-lelf-rat ionf, it is_ 1itl -2o%. fl-rtssfor tirigtt ve aiccIffi si te lltvhtn

:fi -,, tji I ss. A vertic-al \%Ill] file is wz155lfiIi i this iiieiioi. AVilet f i Nill iIli- ! i X r sls'J4:

face , tile pIwi ilsflt ofiiskfill li-wilthe wll loi(l it -ierlicill Illiie thl-oll t sih lic l isinir

vlvft till ifi fof010 lidedlt Iiti '11 f the \\l1111 -S
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DEI RTENT OF THlE ARNMY E 10210
LAIN-C1W.E-IJ Office of tie CMierf of Enginucrs
1)AEX-CWE-S Washington, D. C. 20314

Hegulation
No. 1110-2-130b 30 April 1977

Engineering and Design
EARTIIQU\%",E DESIGN AND ANALYSIS FOR

CORPS OF ENCINEERS DAMS

I. Purpose. The purpases of this FP~ are to discuss seismic design
concptsandto provide gencrsl guidance and direction for (a) the

seisnflC design of new dam structurcs and (b) the initiation of a program
to evnluate the seismic stability of existing dams.

2. A,-,)1i cab i Ii t. This regulation is applicable to all Divisions and

Districts having Civil Works responsibilities.

3. Refecrences. Selected references are listted in Table 1, Appcrndix A.

4. Policy. Designs for seismic stability of 7icw dam~s and seisnic
stabfi:,:T investigations of existing dams should be in accord %:i':h these
instructions. Departures ray be proposed %.here there are, in the judg-

!,~ n j~ it-iZ1. F-"ince' r, justifying i'."tae.

S. Gcneral.

a. Technology in earthquake engineering is changing raridlv. Pro-
c -dures for selecting design earthquakes and d 'ynamic response 'techniout~S
are now av.ailable to help in assessing the resistance of dai-.s and
appurtenant structures to earthquakes. Such techniques and procaiu:,s
involvc an evaluation of the effects on stt-uztures of estimtated - arth-
quak e ground motions, and range from simplified concepts to comaprenhansive
dyiiani analyses of the finite elerent type. Although Corps of -hng;T~eers
designs will continue to employ the seismic coefficient trethiod of
analysis, a supplemental dynamic response investigation, reprcsuntative
of the "state-of -the- art", should be perform--ed for critical struztutes
in locations of strong seismicity.

b. Regardless of the method of analysis, the final evaluation of
the seismic safety of the structure should be based on all pertinent
factors involved in the investigation, and not just on the nu:z..rical
rcsults of the analysis. Factors that should be considered in tie
final evaluation include reliability of innut dnta to the analysis
(scismicity, foundition cond-tions, material behavior) as IIwell as oiher
1 tC.,;3 sucn ;'s cens uunces of f~iilure, frz-aucnce' andl diirtion of pool

]iv'5,and site gcera

111.is I C;-U! at ion cp.;wel s ViIA. 1110-2-) 09 dated 21 Oct 0
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C. Investigations and analyses for the earthquake engincering of

.,&ms and ,-purtenant structures arc listed in Table 2 of Appendix A.
YcUrzc of the procedures involved in these activities are still in a
V'.'CIoVl'tal -,age, and are not considered as routine at this time.

a " of Earthqziake :knalvses.

I 11 ';,i "ic Coefficient Nethod. Using this procedure a seismic

-- .:.,C~. i rt:)res.-nts the ratio or an ass-:ed accclI ration of
o ' t to ec accelerat ion of gravity, is multiplied by the weight

-"-, !,'-e or elcEnt thereof to cabtain the horizontal inertial

,e es re.suLtir from the reaction of reservoir -ater on
i I cr n.:r-vrtica] surfaces of the structure are usually deter-
d V t, -sterg:ir d forula (Reference 8) using the selected

I ic j'Ient. T'e derived inertial and hydrodynamic forces are

:,,'rurated into a static analysis as described in Refereoces 6 and 8.

i2) Pv:..% c : ethods. Dynamic response analyses are based upon

.: ;, <; ,.- -i-chrc.teriztics and the ex-ected oround rotions
I: tIe ;..rticular location and employ one or morc of tl-c f.lev.-
.eth )JS

(a) C'Pt-Jomse Spectrum method. This method is used to estimate
t he ' d.:f:l:n ' inic resllonse or concrete dams and appurtenant structures
ti' to a de-'fn earthquake. The design response spectrum must be known

f,-,r Sw-, ,: with natural frequencies similar to the natural frequencies

of tI : structure being investigated. Ground motion values for

e,::.iniT,.: dt.:ign response spectra curves are de~ived from geological
,' ci ,.ical studies. These parameters, when properly modified to

al: .c:at for the dynamic characteristics of the structure, define the
...vn:1:,c respose of an equivalent system. This rmethod provides

. .,:ntu .s and distribution of the seismically induced forces on

th!,e strn'lure. The dynamic stre.sses are computed by an equivalent
-,f;:tic at i'.r nalysis anl t-,cn are comllared with the dynarmic .aterial
:thli to evaluate sei .nic stability. Tnputs to this method of

d).:..ic .,v is icl ado ratural frequencies, mode shapes and da.ping
,lf t ,e . rrlv nrr. The .tructure call be modeled as a one-, two-, or
*,r iii diensional system.

1h) Ii ,- llitory hothod. This i,(t hod is used to analyze the
iie r'ti ,e 1,-_1 respect to time of concrete and enman;l.u.t das

:4,i,' , .;I st ructures. A ti;,e hi,.tcry of rock mnotion fr,,n a

S' : x:.i. id to "c' ci::.t r ic ,d. dyu'lmi c prcr'ert i s of the

. tr.. ,.,r Ft ion are the i iputs to a computer a ided C
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analysis, usually using a finite elcment method of solution. Fowever,
closed solutions are available for one-dinensional analyses. ire outout
includes stress distribution and magnitudes of motions in the st:iucture
and/or foundition as functions of time. Fhese results are then cor:pared
with the dynamic strengths and corresporjing defor,-.itions to eva-uate
seismic stability. The structure aind/cr xig-at.on can be modeled as a
one-, two-, or three-dirensional system.

(c) Ne;.msrk -MIethod. The N:e',,rark ethod is used to estimate defor-
mations %Swhich ri.ht be seismically-induced in an e:, ankmen: dam. The
acceler-at icn recuired to ov'ercore the d:n,ic re. istcnce of the -:rial
sliding portion of an embznknent is deterr,mned from slone staability
analyses and dynamic shear strengths. This yield accelerazior. ni used
in the equations of rmotion for the sliding mass to comnute nerna:lent
displacements. The corputed displacements are ten compared wit'- the
allowable disDlacements to determine the adequacy of the structure.
This method is based on the assumption that the whole moving ra~s
is a single rigid body with resistance mobilized along the sliding sur-
face.

(3) Uynamic Method References. Table 2 of Appendix A lists
rcr'm pncm" n- " -s -2-,, "remarks" fr t5.e met ! 5 of !.nm- c-_1'__
described above.

b.. Design Earthouakes. Design earthquakes devfine the grouni notion
at the site of the-st-ructure and form the bases for dynamic raso)onse
analyses. Usually, several design earthquakes for both the maximum
earthquake and the operating basis earthquake, as applicable, are
investigated.

(1) MaxiM uEarthjquake. The meximum earthquake is defined as the
'cvcre.gt earthquake that is believed to be possible at the site on the
vasis of geological and seismological evidence. It is determined by
regional and local studies which include a complete review of all
historic earthouake data of events sufficiently nearby to influence the
rvroject, all faults in the area, and attenuations between causative
faults and the site,

(2) Operating Basis Flrlhou:ike. The "operational" earthcua-e is
gcnraliy more :-odorate tian the maximum eart;-,qu,-ke and is sel-aczed
on .i p)robabilistic basis from regional and local geology ar.d seismo-ogy
.;tudics as being likely to occtir during the life of the project. it is
gleOcrtal ly as large .?n earthiuaikcs that' have occurred in the seiso-
tectonic province in which the site is located.

7-14
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c. _Capable Fault. A capable fault is one that is considered to
have the Potential for generating an earthquake. It is defined as a
fault thit can be shown to exhibit one or more of the following
c:~.r,ct cristics:

(I) Nox,c:nent at or near the grcund surface at least once within
te p-;t 35, 000 years.

(2) Nacro-seismicity (3.5 ragnitudc or greater) instrxa-entally
-. ter;;eIL Iitl' records of sufficient precision to demonstrate a direct
>2Li;'.""hip with the fault.

: "k strL.tural relation, Thip to a c-ipable fault such that -.ove-
,; .rt , one fault could be I~d-oriabl) expected to cause rovc:.eA:; on
i ae otuer.

d. Dv'_si. n Re ;Ipanse Sinectra. A design response spectru= is a plot
c£ t'e raxim values of acccleration, velocity, and/or displacerent
e .pcri cncc, by a family of single-dgrce-of-freedom systems subjected
to a ti',e history of the design earthquake gruind rmotion. ' "ximM
v -li,.s o, the para:eters are expressed as a funct ion of the natural

-. ivd d;,mino of the structure. Thi response of a .:Ulti-Jegree-
of-fr,':,dOun structure can 'c csti:.ated by !-2kino +!e ,quare root or the
sum of the squares of the siingle-degrec-of-freedo, responses.

e. l ic'u-fact ion. Liquefaction is the sudden large decrease of
the sleharin.t, resistance of a cohesionless soil. It is caused by the
Collapse of the soil structure due to strain and is associated with a
teara'ry increase of the pore water pressure. It involves a tei, orary
transformation of the material into a fluid mass.

7. Guidance for New Designs.

a. Analvses and Procedures.

(1) Analyses by Lhe seismic coefficient r,ethod will continue to
1e used for all new desi'ns utilizing seisnic coefficients at le,,st as
lare as slhvum on the attached Figures 1 through 4 of Appeadix B. In
case of a location close to a boundary line, the higher se-:s.,ic
co f-icient 'hruld be considered. For seismrzc zones for artzjs not
s-ow.n on the figures in Ai;)t.ndix B, see the seismic zone ta:)uil- on
in !,e-ctioa 1 of 1%cflrence 20.

(2) In addition to a seis;aiic c,)ft'iCiet jaIalysis, the sCis.niC
de-i :n of all ::ajor da!.:s in .ei%., c ect' 4, an( in -one 3 :icrc
! a,:::'.a ion liquf:icticn 1 ttntiail exi',ts, should incl:de dv.ai-ic athod5.
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11his %would involve a geological and scismolo-'cal evaluation to establish
the deig-arthquake(s) and a dyrialiic anal, sis of the dinP. For alI
O~ther ma.Jikr 6amrs in ',cismic -oties 0 thrcuch 5, a -cological and! seis-
mological review shiould be conducted to locate :_aults and ascertain the

se'rch. s-,,rv of the r .2ioi: arround the ea~ ceca nib le Z..:ts or
rec-cnt e':nuieepicenters are dis:covere d vithin a distance to the
Jdam i.here an varthquake could ca-use rtructu~r;-1 (11%7age, a dnzcal'alysas
should ',- pcrfor~ned. For these instructions a dan, is considered to be
a maior one if its failure would endanger lives or vital instafL Ztiofs.

(3) To determine if a founda'tion liou-faction potential exists,
the in-situ void ratio should be determined. The stead%-state or
critical void-ratio should also be determinied for several continirg
pressuores by R tests on undisturbed samples ith dead load incro-'ents

.described in Reference S. A comparison of ---vse values will "r-licate
whether the ,oi'l in-situ is dilative or contractive (liquefiable) under
cxisting and anticipated loadr. A piezometer Probe (Referenice iE) may
be used in s;;turated sands and silts to determine if the soil is
dilative or contractive in-situ under the existing pressures.

(4) In the imediate vicinity of capa2ble falts, defensive wecsi-n
dfla Ih. t U H1 dt ci.~' , e ' -,.n~t 'jr-r7
vibrational energy should be er-ployed.

b. Dein.eastres.

(I) 1U'0-n~ents . flefensi':e desif-r. fea!ture's for e-bani-ernt
structorvs should be used regardless of the 7.ethod of seismic ~al~s

flef~ni -e csign features may incdudc: (a) anefreeboard to nAlW
for the loss of crest elevation due to sulh dCT-Ce, slumping or f.±,ulz

di r~aemet;(b) wide transition sections of jilter materials ih
are lvist vulnerable to cracking; (c) vert~c7!1 or ne. r-vertica" .r-:mmnCie

.tie f thie central p-ort ion of th-: ernhanl\*i,., (i itr-traso
ruu'!!de.2 to -ubrounded gravels anid s-inds; (e) lr ur-.scd hydriu lc
ductivitv of filter Iayeri and v'etical d& v .ace -one s or ,:'I'll.;on
9' auddit-unal properly designed filter zones oe r'ghier eeunut .,~v
jf) '.'Lae v -':' rvious cores of ,Ipctic clay vl or of n: e Il

r a z t erials to help insure solf-ea toe ev-% nt r .
'-heul .- ;r (g) s-ib ilI za t i on o f rcsesrvor r c); r l;' zC -' in S t

2:ms:t y a ra i n st e rffu c t n( 'A: 7ed hy s I id-s ; -to t1,e r k -kr\ 11 t
. t'!;Is Zth'at w i I wrinjr~ ero - j -n i n t he evvn: o:' o, rt- I

ovi uf foaadat i on ;:cat e r ial IP~ ;-ay be v ':r~ el a f, :
iut~ on: (j ) flarinr e iame ret ions at :St7-ent Ce'nt,]a t ; I
(L) (. Of L laa!.7- JntS to ;-Il r'i ze s3ZIur.t : of t'.. P

z'e ty-cl-pilingo of filter rat erial may d~~i.~efor
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(2) Conicrete Structures. Defensive design features for concrete
struct ures 3nc1iuze Drovisions for increasing strength and ductility .
Th1e possible occurrence of high dynariic tensile stresses in thc Lpper
p-rton o 7rdvity dams indicates that the past practice of using.

zr."hcon~crete in the upper portions o-f high gravity str-uctLures
sh:ould "c: discontinued. Also, the brEak in slope on the dov~nstrvaa
fa'ce of itxdw-ms should be ogradual or elimlnated to avoid ULUeSir-
,nlu stre . co-,centrations. Reinforced cle'rnents sub 'jected to hijgh

cx-w~ c~.rcs ,ve strefses, such as the lo%-* er portion of intake
to~s, sLould L-e ccetai led to provide conffinc--.ent of the concrete and

ire;mr L u:1 i ii of the pri icipal rei rfocait Mlass at tie crz~st or
iiui-r the io-~ of ;tructures should be held to a :.dnimum, con-sistent with
desi -u rt iuli rere-nts. In locations of high seismnicity, where proect
require >cnts permit, controls for cut-and-cover conduit outlets sho-,l3d
be hcuscd in a hemispherical gate structure buried beneath the e.ibankj-
r-.,nt in lieu of in a tower. Embedment of outlet conduits in bcd--ock
w~htn feasible will irnmrove seismnic stability. For outlet tunnels,
control shafts in abutment bedrock are preferable to tall, free-standing
intake control towers in areas of high scisricity.

8. Tinvestip7ative Program for Existing Dams. The following inxesti-
gaxo-1~. -4 Ahda- illcxi-tincr dii-i ruojects. including

projects under construction, wnere failuie ~.J nagrlivvs or
vital installations:

a. A seismic stability investigation of existing dzims in Seismic
Zone 4 by dynamic methods.

b. here appropriate, and in addition to Seismnic Zone 4 projects,
a liquefaction potential determination for all-existing da7.s in Seismic
Zone 3. See paragraph 7a(3).

inc. A P'colovical and seismological review of existing dam prujects
in eismic Z.ones 2 and 3, to locate faults and ascertain the sei.smic

history of the region around the dam arid reservoir.

d. A seismic stability investigation of existing dins by dynamic
methods regardless of the seismic zone in which the dam is locat--d 1 .here
c a;ablIe Faults or recent earthq 'uakc epicenters are discoverod w'ithin a
distance t~tere an earthqyuake could cause structural damage.

9. Critcrria.

a. !7ci '1lic Coefficient 'cthod of An'lYs i s. The results o: Sci 'aic
't2?j i v ;fl]V~esby tne Q ~ cc CO'i ci ct net hod .1l 1 con-tinue to

'~'~t x'icre.;iIs (li inod in 'Pefer(,ene; 6, 8, 12 ird 13.
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b. Dynaic Analyses.

(1) E.-hanltnent Dams. Enbankments should be capable of retainting
the reservo-ir under conditions induced by the raxinum earthquake.
Deformation is acceptable provided such deformation would not result in
failure leading to loss of life or excessive downstream property loss.

(2) Concrete Dains. The seismic design for concrete damns and
appurtenant structures should be bosed on the "onerational" earthquake.
The structure should resist this loading essentially within zhe elastic
range, remain operational and not reouire extensi've repair work.
':echanic2l and contTol systems siould remain :unctional thro.gh an
"operational" earthquake. (The elastic rcs- onse snectrm-, providcs, a
convenient and economical method for deriving eart!qCuake forces for this
condition). In addition, concrete structures should be capable o:
surviving a maximun earthquake without a failure of a type that would
result in loss of life or significant danage to doaimstream property.
Inelastic bthavior with associated damage is permissible under the
maximu, earthquake.

10. Action.

a. New Designs. New designs for sei~m. stability will be based
on this regulation and should be reported in thie appropriate design
memoranda.

b. Proiran for Existing Dams.

(1) Each Division shall submit for approval a reconimended schedule
for accomplis-hing the investigations required in paragraph 8 of this
regulation within a four-year period. This schedule should include the
scope ofthe investigation reco,.nended for each dam.. ;-or complctcness,
tie schedule should also include projects where a seismic investil.ation
is co;:p1ete or in progress. Projccts for which exclusion from the re-
quirements of this regulation is desired should be identified and
supporting reasons furnished. Priority should be given to embankrent
dams having cohesionless foundation strata whose densities were not
evaluated during design and to concrete gravity dams on soil, shale,
and sandstone foundations, or on any foundation with questionable
sliding stability. The schedule should be submitted to IiQDA (VAE>-CT)
W\S11 DC 20314 within six months from the date of this regulation.
Before submission the schedule must be coordinated fully with appropriate
clements to determine the adequacy of ivailable funds to support the
proposed schedule. (RCS DAE- 4E(T)IO63).
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(2) For each seismic investigation conducted, a renort will be (F
prepared for permanent record and ieference purposes. The report will
contain a descripion of the dan project and the seismic investigation
made, the results of the investigation, and, where a dynamic araiysis
is perforn.ed, the evaluation of the seismic stability and recom.en3ations
;ind cost estimates for remedial work where appropriate.

(3) The reports shall be submitted to the Division Engineer for
r2;,icw. hc rccrts may be anproivcd by the Division Engineer except

for the following situations in which case the reports shall be .,ub-
ri ttud to li !)A (DAEN-CPHE-BB) WASH DC 20314 for review and approval:

(a) Thosc reports prepared in Division offices.

(b) Tho:;e reports of investigations and subsequent evaluations
which indicate that the seismic stability is questionable.

(c) Those reports of investigations and subsequent evaluations
which recom.aend remedial work.

One inforration copy of each report approved by Division Enginee-s will
be furnished DAE.N-C"E-BB, including submittal and approval correSpcndence.

(Exez.pt report paragraph 7-2t, AR 335-15).

(4) Giie copy of cach approved report i.ill l- f,,riished by tie
originating District or Division directly to the V';ateruays Ex-ourl.aent
Station, A'IN: Technical Information Center (1,ESTV), P. 0. Box 641,
Vicksburg. Mississippi 39180. Each report furnished to the c(;,tzr will
contain a copy of all correspondence pertaining to its su;.s-.on,
review, and approval, bound under the front cover. "ihe rcports -i,;il
be used as sources of data to help integrate ongoing seisn;ic rc:..erch
with current design practice and will be available for loan to other
Corps of Engincers installations. The center Wiill ;rnounce peiodiCally
the reports available for loan. (Exciipt report paragraph 7-2t, AR 335-15).

H1. Funding. Normal construction and/or operations and mainten.ince
proKriL.:,-.ing and funding should recognize the rejuircrents of this
regulation and provide for acco..plishment of the needed investi- 3tionos
within the time indicated. To assure that the requirements of z-ais
progratn are funded, it is essential that the scheduled operations be
fully coordinated with the appropriate elci~ents and are fully >,;stified
in the budvet submissions.

FOR THE CHIEF OF ENGINEERS:

2 A.'v ~ ~s~L 1 ~i
Aj'i' A - Tables I and 2 CV!Laol , C07i)s Of Fngi r.Ctrs
A P - 1i:, res 1 thru 4 Iccut ivC
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APPENDIX A

Table 1

RE FERENCES

L& ferc-nce
No. Description

1 K4:hraseys, N. N. and Saa-ma, S. K., "The Response of Earth
Dams to Strong Earzhquakes," Gootechnique, V'ol XIV'V, 1967
(Source A). *

2 Krinitzsky, Ellis L., Mi1sc. Paper S-73-1, Peport 2., "Fault
Assessment in Earthquake Engi7kering," Nay 1974, WES
(Source B).

3 Hofmra, R. B., Misc. Paper S-73-1, Report 3, "Factors in
the Specification of Ground Motions for Design Earthquakes
in California," June 1974, hES (SourceB)

4 Newmiark, N. M., "Effects of Earthquakes on Dams and Embank-
mt~iLs," Gtutecihnique, \'oi XV, i5(Source A).

5 Castro, Gonzalo, "Liquefaction of Sands," Harvard Soil
Mechanics Series No. 81, January 1969 (Source A).

6 BM 1110-2-1902, Stability of Earth and Rock-Fill Damis

7 EM 1110-2-1907, Soil Sampling Manual

8 EM 1110-2-2200, Gravity Dam Design

9 EM 1110-2-2300, Earth and Rock-Fill Dams General Design
and Construction Considerations

10 Chopra, A. K., and Liaw, C-Y, "Earthquake Resistant
Design of Intake-Outlet Towers," Journal of the Structural
Division, ASCE, Vol. 101 No. ST7, July 1975 (Source C).

11 Krinitzsky, Ellis L. and Chang, Frank K~., Paper, U-S-73-1,
Report 4, "Earthquake Intensity and Selection of Ground
Motions for Scisrnic Design," Sep 1975, WIS (Source B).

12 EI 1110-2-2400, Structural Design of Spillways anrd Outlet
Works

'For '-ources', r-ce A-3.

A-1

7-21

som 
Also1)



1.11 1110-2-1806

30 Apr 77

Table 1 Cont'd

Reference
No. Description

13 EM 1110-2-2502, Retaining Walls

14 Neu-mark, N. M. and Hall, W. J., "A Rational Approach to
Seismic Design Standards for Structures." Proceedings of
the Fifth World Conference on Eaithquake Engineering,
Rome, Italy, June 1973 (Source A).*

15 Wissa, Anwar E. Z., Martin, R. Torrance, and Garlanger,
John E., "The piezoneter Probe." Proc. ASCE Conference
on Insitu easurement of Soil Properties, Vol 1, June 1-4,.
1975 (Source A).

16 Casagrande, Arthur, "Liquefaction and Cyclic Deformation
of Sands-A Critical Review," Presented at the Fifth Fan-
American Conference on Soil Mechanics and Foundat:on
Engineering, Buenos Aires, Argentia, Nove ber 1975. Also
printed as No. 88, Harvard Soil Mechianics Series, July 1976
(Scn-irce A) -

17 Ballard, R. F., Jr., and McLean, F. G., HP S-75-10, "Seismic
Field Methods for In-Situ Moduli, April 1975, h ES (Source B).

18 Stockdale, William K., "Modal Analysis Methods in Seirmic
Design for Buildings", Technical Report ti-112, June 1975,
CERL, Acccss;.on No. AD A012732 (Source D).

19. Chakrabarti, P., and Chopra, Anil K., "Illydrodynamic -ffects
in Earthquake Response of Gravity Dans", Journal of the
Structural Division, ASCE, June 1974 (Source C).

20 T1 5-809-10, Seismic Design for Buildings

21 Idriss, I. M. and Seed, H. B., "Seismic Response of Hori-
zontal Soil Layers", Journal of the Soil Mechanics Division,
ASCE, July 1968 (Source A).

22 Schnabel, P. B., Lysmer, J. and Seed, H. Bolton, "SLKE: A
Computer Program for Earthquake Response Analysis of Horizon-
tally Layered Sites", EERC Report 72-12, Dec. 1972 (Source E)

'for ';oiprces', see A-3.
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REFERENCE SOURCES

Source A:

En-ir(,ering Societies Library
Photo Duplication Department
345 East 47th Street
lNew York, N.Y. 10017

> z'urce B:

U. S. Army Engr. 'aterwaYs Experiment Station
A'3TN: WESTS
P. 0. Box 631

Vicksburg, MS 39180

Source C:

ASCE Publication Sales
345 East 47th Street
,,e., '.u k, .... 10317

Source D:

National Technical Information Service (NTIS)
P. 0. Box 1553
Springfield, VA 22151

Source E:

NISEE/Computer Applications

729 Davis Hall
University of California
Berkeley, CA 94720
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Table 2

EARTHQUAKE ENGINEERING ACTIVITIES

ACTIVITIES REMARKS

1. Geologica] and Seisr -gical

a. Fault Detection, Dating a. Required for all projects in seismic
and Assessment and non-scisinic areas. Shc.uld be

emphasized where seismic desigTn is
important, especially detc='.inations of
fault activity. Assess rc.tential for
earthquakes in scismic zc..cs wnerc
capable faults cannot be located. See
Ref. 2.

b. Design Earthquakes and b. Required for dynanic ar.alyses.
associated Ground Motion Were capable faults can b5 identified,
Parameters relate magnitude to length of fault and

determine attenuation of ground motion
f .rc. fut tz site. sul,*in desi gn
earthquakes %..ill be selectca considcring
all evidence available including tectonic
and seismological history as well as fault
activity. See Refs. 2, 9 and 11.

c. Tine Histories and Spectra c. For dynamic analyses. Refs. 3, 11,
14 and 18.

2. Foundation Investigation and
Testing 

1

a. Foundation Investigation a. In-situ and relative densities should
be determined. See Ref. 7 for undisturbed
sampling in sands. Whcre dynanic analyses
are to be made, make downhole, cross hole
and surface geophysical investigations to
determine in-situ compression ad shear
moduli. Ref. 17. Determ:ine critical void
ratio by mcethoc.s given in Ref. S. Piezo-
meter probe may be used in saturated
materials to assess di]ativa or contractive
state in-situ. (Ref. 15).

A-4
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ACTIVITIES REl4kR KS

b. Dynamic and Static Testing b. Required for evaluation of inter-

mediate :,nd )argc-strain naduli,
dynami c stability, liquefaction and
pcr;incnt defori-',,ation of e.-1,ankiikents
or fotun ,tions. Refs. 1, 4, S and 16.

Analyses for Farth mIke lffects

a. Seismic Coefficient '.,!,-tod a. "ollo;, proc,.dres no;,' dscribed
in appropr itc- Cflinccrina, :7.?l'.,ls

using seismic coci cicnltS of i.Hgurcs
1 through 4 of Appendix B. Required
for all new projects. Refs. 6 and 8.

b. flynamic Analyses b. Use to be comp,-tible 1,ith in-

structions of this regulation.

(1)- s -  ct m (1) Us: for ..... da:-s "- ' -
Mutbod appurtenint struc tuires. iefs. 4,

30, 14, and 18.

(2) rime History Method (2) Use for all types of dwi-s and

appurtenant structures for special
invcstigat ion, and ,na lys, s whcre
circumstances %,arrant. RLfs. 10,
18, 19, 21 and 22.

(3) Newmark Method (3) Use for embaniment dc ms. Refs. I

and 4.

c. Mathematical Modeling

(1) One- DI )Wns ona 1 Sys term (1) Defined as a sy,tcm in which
the motion of the systeu. at any time
can he specificd co:mpletelv by dis-
plaieCiionts in a single di:,ction.
This ystem can be used to. MnItel
both a concrete dn he-n ,ti lctve:i
bcam action only is i. d and a

~~i
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leveA soil foundation with horizontal
layering. The level ground response
determined by using a one-dimensional
system for a foundation with horizontal
layering can be used as a first
approximation to the rasponse of the
ejban1x..!nt (Refs 21 and 22).

(2) T,'o- or Three- (2) Defined as a system in which the
Dimensional System motion of the system at any time can

be specified completely by displacements
in two or three directions for a
two-dimensional or three-dimensional

system, respectively. Thesc systems
can be used to model all types of

structures by using the finite element
method of analysis.
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APPENDIX B

SEISMIC ZONE MAPS

I-ap Page

Contiguous States B- 2

Califor-nia, Nevada and Arizona B- 3

Alaska B- 4

Hawai i B-S

NOTE: Seismic zones for areas not shown in this
* appendix can be found in the seismic zone

tabulation in section 1 of reference 20.
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