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Executive Summary

The Second Working Group Meeting for Earthquake Engineering Re-

i search Coordination for the Interagency Research Coordination Confer-

\\:kence (IRCC) was held in Knoxville, Tennessee, on 18-19 September 1980.
Discussion centered on three major fields of concern for earthquake en-
gineering research: soils, structures, and geology/seismology. Emphasis
was given to ongoing research and development directly related to the
earthquake analysis for evaluating dam safety. 1t was observed that
there exists reasonable agreement belween member agencies as to the
methodology for evaluating seismic safety of earth/rock-fill and con-
crete damsu 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:

Qg) Request IRCC member agencies to expedite dissemination of
strong-motion dala,

(Q\ Contact USCOLD 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. Tt

f*(g) Establish liaison to avoid redundancy of strong-motion
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. Haidala
at WES prepared a questionnaire to assess each member agency's needs
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.




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 detfining 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 5150,000.

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

c. Water and Power Resource Service (WPRS) - approximately
$250,000 budgeted tor FY 81,




Attendees
3.
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f. National Science Foundation (NSF) - approximately

$6 million.

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

Bonneville 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.

h. Federal Emergency Management Agency (FEMA) - approximately

$100,000, mostly toward dam safety.

Those in attendance were:

- Name
T. J. Abraham
S. B. Ahmed

Chuck Babcock
Robert D. Bourn
George Buchanan

Dennis Carlin

James Choromokos, Jr.

Yung C. Chung
James Costello
Jim Coulson

D. R. Denton
Ronald G. Domer
G. D. Felpel

A. G. Franklin
Lucian G. Guthrie
Frank Hand

Gus Harrell
Rich Hopkins
Joe Hunt
Kenneth King
Joe Koester

S. T. Lin

Agency

TVA
TVA
NSF
BPA
TVA
TVA
OCE
TVA
NRC
TVA
TVA
TVA
TVA

OCE
TVA
TVA
TVA
TVA
UsGS

TVA




oo Name Agency
W. F. Marcuson [11 WES
Paul Mlaker WES
David M. Patrick WES
Bill Seay TVA
Samuel D. Stone TVA
Bruce Tschautz 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 of 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 engineering 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 difterent 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 way not be applicable for all present design situa-
tions. This dynamic soil-pressure research is geared pri-
i 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 h
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 i
in dynamic analyses of earth structures may be in ques-
tion. Special freezing and cutting techaiques are used to
determine the ice-content redistribution in uniform homo-~
geneous pre- and post-test specimens.

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.

2]

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.

o

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




1 bv penetrometer advance. WPRS is evaluating various geo-

physical techniques to determine the shear-wave velocity,
and hence elastic moduli, of subsurface-soil strata. Both
explosive and polarizable nonexplosive wave sources are
used to provide in situ modulus information.

| -

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.

e

. Earthquake engineering research: structures ‘
6. The major portion ot research outlined by CE, TVA, WPRS, and ¥

BPA concerned the stability of concrete dams during earthquake loading.

P

a. 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 techniyue has been evaluated and is now being
used by the CE and WPRS.

2
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b. The seismic response of concrete dams and appurtenant
structures is being researched by WES Lo 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.
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The hydrodynamic effects of earthquake motion on dams 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.

[F=%

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 under fault displacement, in-
cluding such factors as construction joints and varied
faulting modes.

%]

TVA and WPRS presented research on the seismic stability
of structural elements in other areas bhesides concrete
dams. TVA is cvaluating the shear properties ot 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.

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 pressurized
water line which could occur due to ground displacement.

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.

1=a

10y

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.

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.

The CE is presently upgrading its methodology for selecting

10
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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 geclogical and seismological
investigations of earthquake hazards is included in Appen-
dix 1 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 lLevel Restric-
tions at Jackson Lake, Wyoming - 1978 Decision Basis" is
included in Appendix 1 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 int»
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 IRCC. 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 NSV
representative briefly detailed a breakdown of funding for research.
The annual summary of awards is given in Appeadix 2 for 1979.
NRC

10. The Nuclear Regulatory Commission (NRC) sponsors resecarch in

three primary areas of concern for earthquake engineering, particularly,

11
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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.
€. Structural engineering - $1 million anticipated for
1980-81.
USGS

11. The USGS presented two documents to the working group:
"Earthquake Hazard Reduction Program, 1978."

L=l kY

"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 11I, 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




liquefaction 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 respoase of concrete
dams, as the maximum credible earthquake (MCE) required for some designs
tends to invalidate linear elastic analysis. An example of the problem
was illustrated using the Richard B. Russell Dam case history, where
edarth embankments are coupled with concrete sections. For the concrete
section, 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.

b, TVA prescnts its research and development program related to
edrthquake analyses of dams in Appendix 5. Included in the Appendix is
an overview of TVA's responsibilities for existing dam maintenance and
dam satety evaluations related to the nuclear power program.

WPR>

17. The WPRS outlines its research needs and procedures in Appen-
dix 6, 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-76-1,
March 1976).

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 III, 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-
rration 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 and 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




d.

(1} Request TRCC member agencies 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).

The outcomes and conclusions of this working committee
meeting should be reported to the upcoming JRCC 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.

This working group should be represented at the next Na-
tional Science Foundation workshop on strong-motion
instrumentation.

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.

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, BPA FTS 429-4329
Karl Dreher, Water and Power

Resources Service FTS 234-3189

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.




g. 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.
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APPENDIX 1
INVITATION, PROPOSED AGENDA, AND TOPIC STATEMENTS,
INCLUDING REPORT MATERIAL AVAILABLE
TO MEETING ATTENDEES




CIVIL ENCINEERING e = U |
DEPARTMENT OF THE ARMY AUG 77 1980 |
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“to T to 10 minutes. This should allow gbout 5 minutes fc» auestions.

you plan to arrive in Knoxville.

3. GEE DISTRIBUTION

Gentlemen:

The meeting of the Inteldnency Vorking Group for Earthgu-ke anlﬁ?@??ﬁ*‘
Research Coordination will meet in the offices of the Tennessee Velley Auzhow;t
(TVA) in Xnoxville, TH, on 18-19 September 1980. Inclosure 1 is an zjerza inicr
I have prepared for this meeting. Please look this over &nd be prevared o

discuss your topic statements. I believe these presentziicns should te limited

Rote ithat between 10:15 and 11:45 on 19 September, I have alloved each of ihe
invited organizations about 15 minutes to discuss related work which thay are
either conducting or sponsoring.

On the afternoon of the 19th, I would like for TVA, the Corps of Engircers

{CE), and the Water and Power Resources Service (WPRS) to prepare a 30-minuie
presentation on research a:rd development related to earthguake analysis Tor
evaluating dam safety (earth, rock-fill, and concrete d°"u) Additiomally, 1
would like for you to document this in writing so that we can inclucde it in our
report covering the meeting. HNote that I have allowed ebout 30 minutes fron
2:30 to 3:00 for remarks from other governmnent agencies which are concerned with
dam sufety.

tir. Joe Hunt at TVA is in charge of local arrangements. ke has & block ¢f
rooms reserved at the Holiday Inn on Chatman Highway for the cvenings o
17-19 September. You may contact him on FT5 856-2100. Eis mailing address
is: -

Mr. Joe Hunt

Tennessee Valley Authority

WW1146

Commercial Realty Management Building
L00 Commerce Avenue

Knoxville, Ti! 37902

Please confirm with Mr. Hunt your plans for attending {he rceling end vion
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WESGH 22 rugust 1989
SFE DISTRIBUTION

Inclosure 2 is a copy of all the topic statements which T have received to daie.

would like to meet
erisY belowv) to dizcuss
zlso the content of

During the time period 3:15 to 4:25 p.m. on 19 September, I
with members of the Steering Committee (indizeted by an zsi
the significant conclusions reached during the meeting and
the report which will document the meeting.

Should we have additional items which need to be discussed a:d for which we do :
not have time allotted, we can extend our meeting on Thursizy aftiernoon beyond 4
4:30 p.m. T am asking each of you to look at the egenila znd the topic steterents;
sce if I have omilted something which you wouldé like incluied. If so, bring

this to my attention at the break the morning of 18 Septermber. I will then
inform everyone the additionel agenda items. '

If you have any questions regarding this meeling, please ¢ not hesitate to
call me at FTS 542-2217. Your cooperation and assistence ic very much apprecisied.

Sincerely,

Bt

2 Incl W. F. MARCUSOR, 111
As stated Reseerch Civil Engineer
Acting Chief, Eartnquzxe Engineering
DISTRIBUTION: and Geophysics Division
Bill Hakela, NSF Geotechnical Laboratory

Fritz Matthiesen, USGS
Felix Yokel, NBS
Goutam Bagchi, NRC .
*Bob Bourne, Bonneville Power Adm.
*Larry Von Thun, VFRS
. G. Domer, TVA
Joe Hunt, TVA
Chuck Thiel, FEMA
*Lucien Guthrie, OCE
Ernie Dodson, OCE
Mel Martin, OCE

8/26/80 - RGD:JL

cc (Enclosures):
(R._O. Bagnett. WID224 C-K - Please handle.--RGD
MEDS, E4B37 C-K




MEETTING OF THE INTERAGENCY WCOREILG GruUF {
FOR EARTHQUAKE ENGINEERING REZEAFRCH
COORDINATION i
To be held
18-19 September 1930
at the

Tennessee Valley Authority, Knoxville, Tennessee

TENTATIVE AGENDA

18 September

8:30 - 9:00 Welcome, Introductory Remarks, Ztc. W, F. Mzrcuson &
R. G. Domer

9:00 -10:15 Earthquake Engineering - Soils

(1) Mmraric Soid Pressures TVA
(2) rar.Y aake-'nduced Settlenents in Soils CE
(3) Ligue“action of Dams and Foundeatiow.s
1 ‘ “arthquakes CE
(L) wiami. : roperties of lWell-Graded
Materials CE
10:15-10:30 B. zak
10:30-11:k5 Farthquake 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 WPR3
(8) In Situ Shear-Wave Velocity i‘easurement
of Elastic Moduli Determinestions WPRS
11:45- 1:00 Lunch
1:00- 2:45 Farthquake Engineering Research - Structures
(1) Shear Properties Used in Seismic Analysis
Structures TVA
{2) Dam Stability via Energy Balance TVA
(3) Effects of Buried Pipe Breaks TVA
(4) Seismic Response of Concrete Dam and
Appurtenant Structures CE
2:45- 3:00 Break
3:00- 1:30 Barlhquake Inginecering Recezrcn - Struciures (Cont'd)
(5) Dynamic Properties of Concrete WPRS
(6) Structural Jlydrodynamic Studies WPRE
(7) Behavior of Concrete Dams Following
Tectonic Fault Displacement WPRO
=3




19 Sepuember
§:30 - 10:00

10:00 - 10:15

10:15 - 11:45

11:4

3:

:00

:00
:30
:00
130

: 00

15

125

: 00

: 00

:30
:00
130
:00

AGENDA {CONTINUED)

Earthguake Engineering Rescarch - Geology,
Seismology, etc.

(1) Locations end Descriptions of Fzult in
TVA Region

7} Ceismicity of Southeastern United States

3) Strong-Motion Instrumentation Program

L) Methodology for Selecting Design
Earthqueakes

(5) Seismic Effects of Reservoir Loading &

Fluid Injection

(6) Strong-Motion Instrumentation Progran

(7) Applicability of Risk Analyses Methods
to Dam Design

Break

Discussions of Related Work Conducted
ani/or Sponsored by Others

) Bonneville Power Adminictration
) National Science Foundation

) Nuclear Regulatory Commission

Y U. &, Geolugical Survey

) Federal Energy Manag: 'ent Agency
)} National Burecau of Standards

Research and Development Related to Earthqueke
Analysis for Evaluating Dam Safety

TVA

CE

WPRS

Remarks by FEMA, NRC, NSF, BPA
Break

Discussion

Closing Remarks

1=k

TVA ;
TVA
CE

CE

CE
WPRS
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EARTHQUXKE ENGINEERING RESEARCH
SOILS




TOPIC STATLMENT

Priority _____1G/8 "ewdon Wumbzr

Agzney "TVA e en

Farthquake IEngineering

Subjeci Arca

Project Title Dynamic Soil Pressures : -
Performing Organizition Civil Fneincering Branch

Principal Investigator 3. P, Tnrelkeld, Dr, F. R Hend

CY 1979 Estimated Compnletion Weer CY_AE4¢

Siarting Year

‘Technical Objectives:

Tne objective is to det. rmine the dynamic soil pressures  (xorie + buse
relaining walls during an earthguake. The walls may be ri;iG or flexible &nd
supported on roci or solil.

o

echnical Approach:

The vtudy consists of (1) a review of current literal
Gynumic Soil pressures theories, (2) finite element enclye.n of
sc 1 configurations Tor both matuca) and ertificial e: e excitetion, (3) com-
pzrison of various tosts rcported in the litersture ity ercrn other and the recalis
of our Ffinite element wnalyscs, and (1) eveluetion of 4vL's current practice based
on experimentul results from the 1930's. '

¢ to conzare the current
X I various vall and

[ SRV

General Progress:

\le have completed our literature réview and have sturted tn: finite clenent
analyses.

Plans For Next Twelve Months:

Cormlete Lhe Cinite clement aondyses and verforn steys 2003 L e dise uia

above,

16
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Agency HRC _ Priority 1980 Session hunber }‘

Subject Arvca  Earthquuke Engineering

Troject Title _ FParthquake-Induced Settlements in Soils i

I« forming Organization  USAE Vlaterways Experinent Steaticn

Principal Investigator _R. H. Ledbetter (F7S 5.L2-3320)

Sturting Year FY §0 (Peb) Estimated Completion Year Continuing

Technical Objective: To study existing and develon nev procedures using
laboratory and analyticul techniques tc predict earthcucke~-induced settlements
of soils.

Technical Approach: The approach is to review the literature and deterrine the
current state of knowlcdge. A state-of-the-art repcrt and recommendaticns for
continued research directions will be preparzd. This report will incluie recom-
nendations concernisg large and small scale testing Tor the purpose of
verification of existing methodology.

General Progress: The literalure irn neing reviewed. To date, oue unified
analytical solution for seisinically induced settlementis has been found. The
sclution is a computerized analysis for sands by Dr. ¥. D. Finn, University
of British Columbia. Dasic &..umptions and concepis ere as follows:

a. One dimensional

b. Free field conditions

c. Level groundé surface with horizontel layers

d. Volumetric strein behavior is computed as & function of time due to
the actual ra.dom input from an earthguake.

e. Pore pressure increcse and dissipation is conputel as a function of
time due to the zctual random input from an eerthguzre.

f. The time response of vertical scttlement is ceonpulcad,

g. Program inpuls for the soil are dyna=ic sheor civcse-rirain
characteristics and volume-pore pressurc characteristico.

lHo field-verification of the approach has been made. A copy of the corpulerized
analysis (DESBA I1) has becu obtained end adapted to the V08 corputer.




During FY 80 the following work is planned:

a. Prepare a state-of-the-art rcport with recomrendziionc for continued
research.

b. Investigate Professor Finn's analytical solution.
c. Conduct a smull number (three to six) of laborat. =
vests on salurated sand in order to tentctively eveluat
behavior.

o N

P Rrat]

d. Search for vell documented case histories to verify TESRL I1 ong
other methodologies vhich can be identified and/or develcrel.

Plans for Fext 12 Months: Dejending on our recommendaticns, our current vlans
are as follows:

a. Relate cyclic triaxial test to cyclic simple shear test dezlsz.
simple shear deta are used as input parameters for DESR. howr
triaxial testing is more routinely used, is more cconomicel and i
conduct; therefore, we hope to modify these cyclic triexizl test dete zud
them as input parameicrs instead of cyclic simple shear cetea

[EE ()
o
i

ce
ia

b. Verify DESRA II and eny other methodology vwith either cese hicsiories
and/or lar_ e scale tesis.

c. Investigate the feasibility of in situ testinrg
evaluating the characteristics and potential for seis:
settlements of soils.

1-8




TOPIC STATLMENT

hpency CE___ Priority 1 1980 Session Nuunber

—————— e

Subject Area _Gootechnicil Farthquake Ennincering

-

Project Title _Liguefaction of Dams and Fo- detizne During Ferthouckes

erforming Organization Farthquake Fnginecring znd Geophrsics Pixision, VES

i ted

Principal Investigato: ¥W. F. Marcuson, II1 (TS BLE-QR%Il

Starting Yecar 1973 Estimated Completion Ycar 193{_

Technical Objectives: To develop and evaluete lzdoratory and/or analytical
meilhods to determine pore vater pressures znd strains within saturate
cohesionless cmbankments and foundations subdjeztied to seisric loads.
Develop correlations of field performance during earthqua¥es with soil
properties.

Technical Approach: This program is presently zrimarily dedicated to the
evaluation of the degree of nonuniformity of sirzin and void ratio distri-
bution at various stages in the cyclic triexiel test. Our epproach is to
first build repeatable homogencous specimens, irer subject these specinmen
to various degrees of pore pressure response in thelcyclic triaxisl test.
Onze this predetcermined pore pressure resctonse nhas been achieved, the
specirien i+ frozen in such a vay as not tc inmpsle drainage and is cut into
108 segments. The ic.: content (void ratio) of eech segment is then deler-
mined. Analysis of these data should indicete ire deree of void ratio
redistribution that takes place during cyclic triaxial tes'ing.

General Progress: Since the 1978 meeting we have published twe w-ve resc:: |.
reports entitled "Liqueraction Potential of Dams and Foundati::,” WES Research
Report §-76-2. These reports are Report 3 "Elastic-Plastic Work-Hardening
Constitutive Model for Fluid-Saturated Granular Material' dated August 1978
and Report 6 "lLaboratory Strength of Sands Under Static and Cyclic Loadings"
dated March 1979. Report 7 "Geotechnical Earthquake Engineering: State-of-
the-Art, 1980" will be published this fall. A report by Professor V. P,
Drnevich entitled "Evaluation 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 larpe 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 continuecd. We are currently building specimens at

a relative density of approximately 65 percent with a standard deviation of
about 3.2 percent. Our consultants believe this variation is still too
large. We are trying to reducc the standard deviation by approximately

50 percent and to build homogencous specimens at various relative densities.

I VNG

~—y
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TCPIC STIAVICHERT

Agency__m_vfl;_ L Priovity __ 1 . 1980 Scss.on Nusber

Subject Area  Earthquake Eapinecring

e s e e e e

Project Title Dynamic Properties of Well-Graded Materials

. - .Y "1, r * N 1 H k"' T
Performing Organization USAE Vaterways FExperiment Station

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

Starting Year FY 80 Estimated Completion Yeor FY 82

Technical Objectives: To evaluate the susceptibility of well-graded earth-
rock mixture: to liquefaction as a result of earthquake shaking and determine
the controlling material properties.

Technical Approach:

a. Obtain data or dams constructed with saturated zones of widely preded
soils that have been subjected to large earthquakes in the past, and correlate
measured material properties with tield performance.

b. Investigatc the feasibility and possible deyclopment of a large-
scale cyclic test device designed to monitor well-graded specimens.,

¢. Perform cyclic triaxis tests on compacted well-graded specirens to
determine the effects of changes in density, gradation,and stress history on
the pore pressure response and deformation of the material 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 California construvcted
of well-graded materials that have been subjected to significant earthquakes
is being processed.

b. A feasibility study of the development of 2 large-scale testing
device and sample preparation has been completed i¢nd Lhe decision has beep
made that development of such a device at this time is not advisable.

_¢. A material has been chosen for a series of cyclic triaxial testco
and R tests. The decision has been made that the emphasis of the paraneter
study should focus on stress history effects on cyclic and R performance of
samples.

d. Additional rcsearchers have been contacted. Geotcechiicnd Laginecrs,
Inc., and Profeusor 11, B. Seed have contributed suggestions os to the stices

1-10
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pati to use for preconsolidation and rebound and shared past ciupesrience with
such tests.

¢. A precedurce for compacting 6-inch diameter spcciwens for the cyclic
triaxial a1 R test scries has been developed that will provide spocimens
that display uniform s=train characteristics over the height of the specimen
during eycling. Earlier procedures led to necking of the speciren due to
nor-uniformity of gradation within a layer end of density between layers. A
totnl of five layers are uscd in preparing the specimens.

f. The c¢velic triaxial testing program has been initiated for two
wravel contents, 34 percent and 50 percent by weight, with the minus No. 4
sieve fraction held comstant. The fines contents for these two mixtures are
23 percent and 19 percent, respectively,

Ll

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

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

1-11
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YOPIC STATEMERT

1980 Session
Lseucy _Corps of Engincers Priority NMuerher

Subject Arca Earthquiuke Fngineering
Development of Technique and/or Device Lo Evaluzic
Project 'Title Liquefaction Potential of In Situ Cohesiotless Meleria

Performing Organization Watervays Experiment Station
Principal Investigator A. G. Franklin o
Starting Year _ FY 1979 Estim:ted Conpletion Year FY 1652

Technical Objectives:

To develop methods and procedures for the evaluetion of the liquefezctiion
potential of soils by means of in situ tests, either through empirical correla-
tions between liquefaction potential and date from cconventional tesis or by the

development of ncw devices to measure liquefaction-related soil cheracteristics.

Technical Approach:

The study includes field and laboratory evalustion of in situ test devices
or methods, such as ihe Standard Penetration Test (SPT), the Dutch cone, znd
the Vissa piezometcr probe, to calibrate their response to liguefaction-related
soil characterictics, including contraction-dilation behavior, shear strength,
end densily.

General Progress:

Two types of piezometer probes have been designed and Tabricated: a
piezometer probe and a probe of the Dutch cone type, incorporating senscrs to
measure simultaneously the end-bearing load, side friction loud, and pore
pressure generated by the advence of the probe. This has beef called the
PQS probe. Both have interchangeable points to siudy the distribution o
pore pressures around the tip. The PQS probe has been field tested end
procedures for routine field use have been established.

Plans for Rext Twelve Months:

The PQS probe will be field tested at one or rore sites containing
cohcsionless soils that have been subjected to earthquake shaXing 4o cerrsre
the response of soils that did and did not liquefy. Iaboratory tests in
sand placed with controlled relative density are contoempluted.

Y N Ny VPR



TOPIC STATLENT

Agency  WES  Priovity 1980 Session Rumher

Subjecct Area Farihanake Engineering

Project Title _Remnte DNelineation of Cavities and Discentinuiiies in Rock

(CwIs 311507
Performing Organization WIS

Principal Investigator _ Kobert F. Ballard, Jr. (F73 L)2-2201)

Starting Year _ FY b Estimated Completion Year Fy 81

Technical Objectives: To improve existing or develop new tesi systers,
techiniques, and analysis procedures for detecting and delineating ancmalous
conditions in rock and/or soils.

Technical Approach: The study is being coi:ducted by cloosing tvo vell-
docwiiented test sites. Both sites, located in the siete of Fleorida, are cave
systoms. lMedTord Cuve is & mapped air-filled labyrinth which vas ercezted by
solutioning activity in limestone. The second site is located a2t !lznatee
Springs and as the nwme implies is a wet site which hes heen rapped by cave
divers. Humerous borings have been placed &t both test sites in «n effor. to
describe subsurface conditions in as accurate & menner as possible. Up to

25 ¢ sphysical techniques will be used, both on the ground surlace and in
borings in an effori to dctermine which technigues are most applicable to the
specific problem, their degree of resolution, releative economic conditions,
advantages, and limitations. Seven different ege:n¢ies are dbeing uced to
conduct tests et both test sites so that virtuelly every fiecld of expertise
directly related to the cavitly/anomaly detection problem will have been
covered. Many of the techniques vhich are presently bveing used can be
improved, thus resulting in a more wniform measurerent of in . "tu soil properties
used for earthquake stability analyses and structure performaice criteria.

iencral Progress: To date, drilling is finished end approximately 20 geophysical
nethods have been used at the Medford test site., Drilling hav been conpleted

at lanatee Springs «nrd crosshole electromagnetic surveys are in ihe process of
being completed. Conventional downhole logging hes also been done,

Freliminary results of tests conducted at Medford Ceve indicate that certein
seismic methods, microgravity, surface electrical resistivity, certa’n borel:le
end surflace ground probing radar and acoustic resonance itechnigucs show & prect
dcal of promise in thce detection and delineaztion of anonzlous concitions,
Conceivably, some of the geophysical methods can be used to detect areas vhere
polentiul sinkholes are likely Lo develop under ecrthqueke-typ loadings.

Tlan~ for the next tuolve months:  Field testing <111 Lo ~ovricied st bot) tont
silies and co ploete documentotion in the oo of prolinin. o orooco i ol
donc. ‘Tuchnelogy transfer is being accompli-ned consite by coordinuilicn wiv
various agencies who hauve a decire to vateh tests in propross vhich wre rele oot
to cpecific problem areas.
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TOPIC STATEMERT

Agency WPRS Priority. 1, 1989 Scession Kumber

Subject Area _Material Properties

Project Title Soil Perfrrmance During Scisnic Activity (E-6)

Performing Organization WPRS

Principal Investigator _ L. P. Kaufman

Starting Year - Estimztcd Completion Year Fy82

Technical Objectives:

To improve capabilities in determining dynamic properties and 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 laboratory using a variety
of dynaric testing equipment, The results of these tcsts will be used to determine
how differences in s0il properties and cyclic strengtins affect the stability of
structures and foundations. As appropriate test apparatus, proceduvrcs, and
metliods of analysis will be developed and improved. ’

ggwerhl_ggggfess:

The effccts 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 soll type, gradation, and speciren type and size on

measured dynamic responte properties.

Plans for Next Twelve Months:

Work will continue toward investipating the effects of gradation and specimen
size on both dynamic properties and strength. A program will be conducted to
research the effects methods of scalping for modeling field gradations have on
dynamic response parameters. Another program will investigate the comparative
dynzwic strengths of a series of standard sand specimens reconstituted vwith
increaring percentages of silt as tested in the cyclic triazial apparatus.




TOPIC STAVEMENT

Asvney WPRS Priority 1980 Session Number

Subject Arca _Soils - Earthquake

V.oject Title In Situ Shear Wove Velocity Measurements for LClastic Moduli Deterrinations

Per{orming Organization  WPRS

Principal Investigator A. Viksne

Srarting Year FY 74 _Estimated Corpletion Year Continuing

\)

Tecenical Objectives:

The objective of this program is to evaluate various geophysical ex»ploration methods
for obtaining the shcar wave velocity of materials which is used as a means for
determining the in situ and en masse elastic propertics of carth structures and
noterials as well as the foundation and constituent soils. The elastic moduli

a. required as input parameters in advanced finite element programs for dynamic
analysic of earth daws and in the evaluation of liquefaction poiential of
engineering works sites.

Technical Approach:

A number of geophysical exploration methods for obtaining shear wave velocity such
as the borchole methods (primarily down hole, and cross hele) as well 5 geophy-
sical borchole logging have been tested under 2 variety of field conditions.

Field tests included the use of cased and uncaesed - .rcholes and the use of explosive
and nonexplosive enerpy sources.

General Progress:

To date, shcar wave velocity measurements have been perforred on more than ten
different sites using a variety of techniques. The re-ults of some of thete te:ts
have been summarized in a report REC~ERC 76~6, April 1976. Additional tests were
performed by contract and the results will be aveilable sometire in 1980,

Plans for Next Twelvc Months:

Future work will include design and ‘testing of different systems for using nonexplosive
and reversible impact cnergy sources in the borehole methelds as well as further
research on utilizing geophysical borchole logging teclmiques for obtaining continuous
in situ shcar wave velocity values and subsequently shear modulus.

1-15
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EARTHQUAKE ENGINEERING RESEARCH
STRUCTURES




PRE———v—

X ' TOPIC STATIMEKT i

Aonroy . CIVA Priority. T 1978 Session liu=her

e N

Subject Area Farthquake Engineering

—

Froject Title  Shear Propertices Used in Seismic Analysis of Structures
‘ )

Performing Organization  TVA

Principal Investigator Dennis Carlin, Jr.

Stzrting Year FY80 __ Estirated Completicn Yeer TY81

Techrical Objectives: To evaluate the three methods (1) thin vell theory,

(2) rigidity method, and (3) finite elements method for calculating sheer
properties (area, shear center, shape factors) for usce in scismic analysis

of nuclear power plant structurcs. The study will consider primarily structures
with small height to width (aspect) ratios and open sections. .

Technical Aporozch: First, a literature search will bc conducted. XNext, a
comparison of the results of analysis using the three methods found in the
literation search will be made. Finally, additional analyses of structures
vi11 be performed as required to complete the evaluation of the three metliods.

General Progress: The library search is presently in progress. In particular,
material which pertains directly to seismic analysis of pover plant structurcs
is being collected and evaluated.

Objcctives, will be campleted by Decciber 1980.

Plans for iuvzy Tuelve Mon*hn: The project, as outlined under Technical

1-19




J'sency TVIA h'i Or'ity 3 19‘.‘8 SSSS:‘J:‘:} 1:\-._‘:)';’-2'

Subject Area Farthgquake Enginccering

Project Title Dam Stability via Energy Balance

Performing Orgenization __ TVA - LN DES - CEB

Trincipal Investigator Norman E. Stonc
Starticg Yeer FY79 ‘ __ Estimeted Copleticn Year‘ Eyel

Technical Objectives: To develop a simplified technique to determive the
structural stability of dam and lock section vhen excited by an carthqueke.
Method will be developed to adeguately represent surrcunding media.

Techniczl Avoroach: To further develop simplified mcthed now being used and
to correlate results with a more complex nonlincar computer analysis.

N

Geperal ProgressS: (Considerable technical library.rescarch has been made on
this method. The stability of some typical lock sections has been evaluated
to show them to be stable. . :

Plans for NRext Twelve Mouths: If possible, the computer correlatien will
be initiated. ' :
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TTOPMC STATENERT

Aoy VA Priorit C 1979 Soeusian Nember
G Y. . —— —— e

cot Arca_ Frrihquel o Bogdn

Pioret Titde 7 . e - : -

ITieets ol Paricd Pipe Rreaks

erforming Organization _ Civil Enciveering Branch

Principal Investigator _De. F, R. Dand, Reh—Bantw C M _Surm
o ' Ly 125
Staang Year _ CY 1979 Estimaicd Completion Ycear CY 1579

Technical Objectioos:

7o dctermine the eff ¢4s of a break in a buried pipe and the nowing washout on
zny adjacent structures or features. :

Technical Approzch:

'he general approach is to determine the limiting size ol the vashoul for a given
pips size, flow rate, and burial depth. This luaiting size is determined by
celculating how large the diffusion of the jet of water must be so the velocity

L
[

tor oh the edre of the washout is less then the critinal veloeiiy reguired
r so0il particle transport. .

General Progress:

Iy

One specific set of conditions has been considered.

Plans For Next Twelve Months:

[
e

devedopz2d for debermyning Lhe Lim Lang vaohou

~ifie cnren 1) be considered,  Then o general prozedure will be
,

Ooanmee s
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TOPIC STATENENT

Accuey CE_ Priority ___. 1980 Session Nenber . o
Subject Avea Earvhqueke ¥ngineceriog e _

Trojecct Title Scismic Response of Concrcte Dams and Appurten-nt Structures )

I'evforming Orgaunization WES B )
Principal Investigator ___Poul Mlakar (F1S 542-3365) _

Starting Year ___FYE&l  DEstimated Completion Date FY &4

Technical Objectives: To determine the coupled nonlinear response of the con-

crete dam-reservoir-foundation system to earthquake ground shaking and to prac-
tically revise th~ Corps criteria for the seismic analysis of concrete dams and
appurtenant structures in accordance with this determination.

General Approach: This work simultancously involves stud ' »s to define the ef-
fects of the least understood variables on seismic respon:= as well as the us:ible
modification of design criteri: consistent with knowledpe already gained abeout
the effects of other variables on selsmic response. Thus, the criteri: are now
being medified to reflect an increased uvnderstanding of the locally expected
carili; ke motion and the dynamic response of the structurc-reservolr system.
Parameiric studies are now planned to similarly reduce the results of recently
developed {foundation cffects models to a field usable form. At the samc tine,
nonlinear analyses, dynamic material property exper’:-ents, controlled model tests
and necessarily limited prototypc expericnces are being exploited to gein an
understanding of the structure's nonlinear response to strong ground motion. A
probabilistic study is also proposed to derive design criteria consisteat 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
inv: -tigators teachir; separately funded short courses "Fundaientals of Dynamic
Analysis for Earthquake Engineering”" and "Earthquake Analysis of Gravity Dams

and Appurtenant Structures."

Tlans for Next Twelve Months: The design criteria for intake towers vill be re-
vised to reflect an increased understanding of the locally expected carthquske
motion and the dynamic response of the structure-reservoir system. Pararetric
analytical studies will be made of the interactior emong the dem-reservoir-
foundation system during a seismic excitation. A theoreticel model v:iil Le
developed to describe the recently obtained experimental dota for the dvnisic
biaxiol behavior of concrete. This model will then be uscd in parareiric,
anzlyrical studies of the nonlincar behavior of a concrcte gravity dan duving
extreme ground shaking.

s
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TOPIC STAIEMIRT

Aoy _WPRS Priority 1 198D Sescion Lurber

Subject Area _Material Propertics

Project Title Dynamic Propexties of Concrote (DU-172)

Performing Organizaiion WIRS

Princijal Investigater F. J. Jackmavh

Starting Year V75 o __ Estimated Cozpletion Year FYS4

Technical Objectives:

Tests on large concrete specimens subjected to sinusoidsl vibrarious of various
frequencies, cycling in tension and compression, are | .rforzed to give stress,

strain, and time relationships. Designers are nowv using a dynamic analysis comouter
program to predict strain~time values on structures subjected to vibrations. At
present, only static uniaxial modulus information is availsble for the corputer

program and dynamic biaxial test results on mass concrete arc requirec.

Technical Approach:

Test specimens are epoxied into a vertical test frame with a reactor and le:zd
cell providing force and feedback. A horizontal forcc will :lso be applic 1o
the specimen. Strain gages will be cast into the concrete to measure stre.: s« in

the orthogonal stress fields, and monitored during te:'ing, recording each gage's
output. A minicomputer will bc used for load control.

General Progress:

Uniaxial tests have been performed on several series of concrete specirens, The
report is being prepared. A load frame for biaxial tests has bLeen procures,
assewbled and checked for dimensional tolerances. Six test specimens with
emhedded strain gages are ready for testing. Report Ko, CR-80-3 on the design
of the biaxial test system is being printed.

Plans for Next Twelve Months:

Di a acquisition and load control programs using an ETSE25 computer will be
developed, and initial dynamic tests will be conducted.




TOP1C STATEMENT

Agency  WPRS ___ Priority 1 1980 Scssion Number

Subject Area _Structural Behavior

Project Title _St!ructural Hydrodynamic Studies (13-15)

Performing Organizationm VWPRS ~ E&R Center

Principal Investigator T. J. Jackmauh

Starting Year Y76 ) Estimated Completicn Year FY 84

Technical Ohjectives:

To provide answers to the following questions: (1) How is the «ftective mass of
water attached to a dam dctermined when a dam is subjected to vibratory motion,
and how does it affect the dynamic characteristics of the dam at various modes of
vibration? (2) How applicable are analytical techniques used to design arch

dams for hydrodynamic effects? (3) What mathod of investigating hydrodynamic
effects might be the most suitable for future consideration and study?

Technical Approach:

The program has several phases as follows: (1) Paramcters to be investigated for
analytical techniquez in designing dams will be establislad. (2) A simple dam
model, such as a vertical plate, will be constructed and tested. Expecrimental
results {ro: these tests will be compared with resulis frem onalytical techniques.
(3) VWhen analytical solutions satisfactorily describe the behavior of the experi-
mental model, another model with a vertical face, but curved horizontally, wil!
be built and tested. Again, analytical solutions will be compared uith model test
results. Depending on the outccme of the work at this stage, further testing

and analytical evaluation may be performed to determine effects of foundation
shape. An analytical and experimental model of an actual dem may be used for
this phase. Experimental and analytical work will be closely coordinated.

Ceneral Progress:

Parameters to be investigated have been established. A computer program incorpora-
ting hydrodynamic pressure procedures into the Service's Arch Dan finalysis Progran
has been procurcd and partially modificd. Vibration test equipment has been
checked out and the fixture to couple the actuvator to the molcl has been
manufactured and expect delivery August 1980.

Plos for Next Twolve Months:

The equipment components will be assembled and the dynamic response of the fixture
determined under frequencies up to 300 Hz. The performance will be compa: 4 to
the dynamic responsc analyses performed on the fixture design. If satis! tory,
tests on the simple dmn model will be started.

1-24




TOPIC STATLMEZNLT

Agency _ WPRS 0 Priority 1 1980 Scocion MNumber

Subject Avea Strnriyral Dehavior

I'toject Title Behavior of Conerete Dams Follewiag Tertenic Fault Displacerment (DF-1)

Performing Organiz.tion WPRS - University Contractor
T, . acipal Tnvestigator K. J. Dreher
Starting Yecar EYEI Istimated Cozpletion Yeczr FVYR?

Techinical Objectives:

To determine the ability of concrete gravity and arch dams to withstand signi-
ficant fault displacer nts in their foundations. Components of normal, reverse,
and strice-slip faulting will be considered, and the effects of contraction
joints evaluated. Ferformance of concrete cams followirng fault displacerents

for static loadiug conditions in combination with earthqueke ground accelerations
will also be assesscd.

Technical Approach:

A simple two-dimensi:. ;al model of a gravity dem section including its reservoir

an foundation will bc constructed on a large shexing teble., Idealized fzult
displacement will be simulated by providing e foundation block vhich can be displaced
relative to the rest of the model. Structural responce to f: i1t displacerent and
earthquake ground acceleration including hydrodynamic effects will be investigated
scparately and in combination. The modeling technicues developed will be extended
to three dimensions and a gravity~arch or arch dam modeled including several
contraction joints and various modes of fault displacement. The response to

fault displacement and ground acceleration will agein be studied separately and

in combination. Alongp with these physical model studies, analytical techniquss

to mathematically r.adel fault displacements and subsequent structural behavior
will also be developed. :

General Progress:

The physical modeling portion of this work will be perferi id under contract by a
structural mechanics laboratory having a large shaking table (at least 6 n square)
capable te encitation frequencies on the order of 50 Hz.

Plans for Next Twelve Months:

The contract for the rodel studies will be awarded and thc dimensiona)
studics completed. Techniques for cuastructing the three-dinconsional models
including contraction joints will also be developed.
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TOPLC STATENER

Ageacy TVA  Prioriuvy 1980 Session RNunber

Subject Area

Project Title _Location »nd DNescription of Faults in Lo (Vo Rerion

Perforning Organization _Geolosic Services Group - Civil Encirzecsing -nd Desien “=anch

Princival Investigator Robert J. Floyd

Starting Year 1475 Estimated Cozpletion Year 1981

Technical Objectives: The objective is to assemble and coordinate all available
] - . - : rd . '
information on faults in an arca that includes all or parts ci 11 states in and
around the Tennessee Valley region.

Technical Approach: All available published and open~file data have been researched
and used to plot faults on standard 1:500,000 USCS base maps for each state. Each
fault on the maps I % bcen assigned an identification number, vhich is keyed to 2
fault data card which summarizes information on type of fault, length, strike and
dip, displacement, age, and pertinent references. Relercnces cited are compiled as
lists for individual states.

General Progress: All faults have been plotted on manuscript maps and are now
being scribed in final form. Fault data cards and refercice lists have becn
prepared and have undergone preliminary edit.

Plans For Next Twelve lMonths: Scribed fault maps will be reviewced for accuracy,
and identification numbers will be added. Fault data cards and reference lists
will be computerized. State geological surveys will be conculted where 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.




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 Braach,
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 mylars 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 on 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 anv daniversity

personnel.




GENERAL PROGRESS

Compilation copies of all state maps have been refined by professional scribing
of fault traces. Number identification overlays for all 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 tault 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 general public have not been finalized.

SUMMARY BY STATES

The following paragraphs indicate the extent of the study area for each state,
number of faults documented, and principal sources and reliability ot 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 acquired mostly from state and federal gcological 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




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.




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,
a compromise location was necessary. If the variation in location was t ~t for
a compromise, the Heyl and McKeown map was used as the primary map refere: and

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. [t 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 ot Kentucky is included in the study area. Three hundred
fifty-seven faults and portions of faults were catalogued. Most of 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
0il 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.




Vil 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 did

not match the corresponding faults in those states.
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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.




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.

1-17
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TOPYIC STATENCNT

£_ency JVA _ Priorivy ___ 1980 Session Ruber -

Subjoect Arca e _

Project Title Scismicity of the Southeastern l'. S. .

Performing Organization Ceolopic Services -~ Civil Desien 2rench

Principal Investigator _Donald J. Reinbold

Starting Ycar 1977 Estimated Completion Year 1982

Technical Ol jectives:  To compile a complete and consiszent historical earthou-ke
data base for the southeast U. S. (south of 39 degreesnorth latitude) to be 'used
in seismic hazard evaluations.

Technical Approach: N/A

Genera) Progress: A completed earthquazke listing,including refcerence materiel, is
Zvailable for the southcast U. §. east of 87 degrecswest longitude exclusiv. of the
Charleston-Summerville, South Carolina area.

Plans TFor Next Twelv: Months: Addition of data between 87 degrees and 92 degrees
west longitwude which includes the New Madrid earthquake zcne; add date for
Charleston-¢ ummerville.
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10P1C STATLZNT

hceney YIS Priority 1930 Session rbeor
Subject Area Farthquake

Froject Title Stronr-Motion Instrumentatiocn Procro

Performaing Orgenization USALE, WES . .
Priucipel Investigutior ii. F. Ballard, . »., & F. H. Chu -

Starting Year ¥Y 73 Estirated Completion Year Cortingins

Techunical Ohjectives: !

To ottain date on tlhie nature of strong ground motior resulting from earthquakes
and the performance of structures (dams) subjected to earthgurke loading.

Technical Apprecach:

The CE is continually upgrading its strong-motion instrurmentaticn progranm by
replacing existing old instrumentation with new urits, modifying instruzentatich
systems and sieliers to utilize solar cells for ovettery charging and tire code
gen-rators. Bmphasis is currently being plezced on delction of interconnecticn

of instrume..ts for common starts. Numerous melfunctions resulting in battery znd/cr
{itm depletion in &ll instruwd .ts or a comron circuit supgsest that tire cois,

iin lieu of WWVB or interconnection, will present a better alternative.

Generel Propress:

The CE has installed 325 accelerographs, 25 peal recor-ing zcceler gravhs, and
74 seismoscopes. The total number of projects instrumented as of 31 kLugust 1930
is 101. These structures are located in 33 stetes and Puerir~ Rico.

L]

Plans for Next Twelve Months:

Eighty-tvo accelerographs and 18 peak recoréing accelerographs will be zéled to
the CE strong-motion instrumentation syste:.




TOIIC STHG BN

feeney WVise Priority

080 Session Mooy

[

Dubject Area Earthauuke Enzineering

froject Title  Fethiodolepy for Selectinc Design Tarthaquakes (W15 31038

Orpauvizntion WS

Foo o,

E. L. Krinitzsky {FTS sL2-3320)

Estirated Completion Year Y 61

Techrnical Objectives: To provide up-to-date methodclegies that use the fall
state o the art for azssessing earthqueke hezzarde in ilLe vaericus geologic
and tectonic regions of the United States. To relate aresas ¢f ceispic risk
wnd tocal geotechnics with characteristic bedroch ground molions, atienua-
tionn with distance, effects of topograrhy and rock types in modifving

ocund moticns. To assess probability factors in the recurrence of maxi-
: s To detlermine surface effects of ground mot 'on including circun~
avoering soil liguefaction. Tne methodclepies will he designed 1o
Frovide mwaximum usefuiness for assessments of Corps projects.

oy 4
L
s

i

Technical iAvproach:

a. Maintain cognizance and lisisons with other Govermmont agerncies,
enginecring firms, and individue) researchers who are develcoping irforma-
tiorn in this field.

b. Collect seiumic histories and date on irportant seismic everls and
their effects from wnich to develop new information on centers of recurrerce,
cliaracterictices of hedrock motion, loca) attenuations, znd other cheracteriztics.

c. Relale seinmmic events to structural deformations and determine hor
< racteristics of eartliguaie ground motions are reiatsble to given geotec-
tonic situations.

d. Undertule revievs of the effects of specific rack end scil tyres oo
earthqguaire ground rotinns,

e. Feiate euril juuke charecteristics to regionalr or suliregional .
geoloric and tectonic arecas. Synthesize the exyerience in these areas te
guvelor coapabilities for predicting eerthqueke »risks, includir time his-
torien of ground rotions in bvedrotk.

——r

[,

f. Fvzluate th se approsches and synthesize elencats of the best of then
into iothodalogies for uce in Corps projects.
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Geners] Fresress:  Continmed activities of previous yenrn., Updsie. . 30 o=
tomatizned aleeady estel ished nethodologies. Develoiol
ansessing ea~thinile pground motions in areas that urce periphorss
to arcus of high seismic risk but with low rates of recurrence,
New Mudrid and Charieston arcas. NAssessed effects of rzicy

on river behavior znd on riverbank stabdbi® 'ty and chzniel raintenence =z

on the Lower iicsissippi River. Assembled case historics con the cvzluilcs
of seismic risk for engineering.

s selgnic eventc

Plans for Rexi{ Tweive Manths: Continuc cognizance, coilecticn o dele,
assessment of practicer, and special studics at earthijuzke sites, in selz-
mical'y active ereas and in the vicinities of major Corrs engineerins
vorks. Continue cvaluation of Duropean, Chinese, and Jarenece tresiic.i
Prepare critical selections for predicting earthquake risxs, recurrence

rates for earthquakes, and time histories of earthqueke ground motions In
bedrock. Develop site specific techniques for assigning rooi mean szu:zre
values for seismic cnergy. Continue the world-wide catalogue of strongz
motion earthquake rccords. Continue to update and improve practices ‘
for the evaluation of earthquake hazarcs and the selecticn of eeriihzievs

ground motions for Corps problems. Report: "Review of Indusiry Practices

in the Specifying of Earthquake Motions," begun October 1979, conxplete

September 1981. 1




Geological and Seismological Investigations of
Earthquake Hazards

- Bibliography and Reports in Preparation -

Geotechnical Laboratory
U. S. Army Engineer 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
Geologlcal-Seismological Evaluation of Earthquake Hazards," Engineer
Manual.

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

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

Chang, Frank K., State-of-the-Art for Assessing Earthquake Hazards in
the United States, '"Catalogue of Strong Motion Earthquake Records:

Vel 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

Yegian, M. K., State-of-the-Art {or Assessing Farthquake Hazards in the
United States, "Probabilistic Seismic Hazard Analysis,'" Miscellaneous
Paper S$-73-1, Report 13.

Van Marcke, E. H., State-of-the-Art for Assc¢ssing Earthquake Hazards in
the United States, "Representation of Earthquake Ground Motion: Scaled
Accelerograms and Equivalent Response Spectra,' Miscellaneous Paper
8-73-1, Report 14.

Houston, .J. R., State-of-the~Art for Assessing Earthquake Hazards in the
United States, "Tsunamis, Seiches, and Landslide-Induced Water Waves,"
Miscellaneous Paper S-73-1, Report 15.

Nuttli, 0. W., State-of-the-Art for Assessing Farthquake Hazards in the
mited States, "The Relation of Sustained Maximum Ground Acceleration
and Velocity to Earthquake Intensity and Magnitude,” Miscellaneous Paper
$-73-1, Report 16.

Marcuson, W. F. III, and E. L. Krinitzsky, "Determination of Design
Earthquake for the Dynamic Analysis of Fort Peck Dam,” U. S. National
Conference on Earthquake Engineering, Stanford, CA, 22 Aug 1979.

Royal, Alan, "Imagery Analyses for Earthquake Effects at Ririe Dam,
Idaho; the New Madrid Area, Missouri, Arkansas, Tennessee; Cobscock Bay
Tidal Power Project, Maine,' General Electric Corp., Space Systems
Division.

Whitten, C. B., "Earthquake History: Eastport, Maine, Tidal Power
Project,"” Design Memorandum, New England Division.

Krinitzsky, E. L., "Earthquake Assessment at the Susitna Project, Watana,
and Devil Canyon Dams, Alaska," Feasibility Study, Alaska District, CE.

Krinitzsky, E. L., D. M, Patrick, W. F, Marcuson III, R. G. Stearus,
and D.J. Leeds, '"Geology and Potential Seismicity in the Vicinity of
Sardis Dam, Mississippl," Vicksburg District, CE.

krinitzsky, E. L., R. G. Stearns, O. W. Nuttli, and D. J. Leeds, "Seismic
Criteria, Alben Barkley Dam, Kentucky," Nashville District, CE.

Krinitzsky, E. L., "Notes on the Caucete, Argentina, Earthquake of
23 November 1977," Joint U. S.-Argentina Seminar on the Caucete Earth-
quake, San Juan, Argentina.
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1978

Nuttli, O. W. and R. B. Herrmann, State-of-the-Art for Assessing Earthquake
Hazards in the United States, 'Credible Earthquakes for the Central
United States," Miscellaneous Paper S-73-1, Report 12.

Glass, C. E. and D. B. Slemmons, State-of-the-Art for Assessing Earth-
quake Hazards in the United States, "Imagery in Earthquake Analysis,"
Miscellaneous Paper S~73-1, Report 1l.
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Water Level Restrictions at Jackson
Lake, ¥yoming - 1973 Decision Basis

1. Executive Summary

During the USBR review of its existina structures for adequacy of
performance under current earthquake criteria, Jackson Lake Dam was
identifie¢ 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 remedia)l 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 immeciate 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
performed. The "reasonablz worst case” conditions were establishad
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 (f) topography of the reservoir
bottom. This "reasonable worst case" analysis established an
elevation restriction of 6754 which provided for 2 feet of freepoard.
To assess the probability of an overtcpping condition as a function
of the restriction level and to assess the level of downsiream camage
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 overtopping both with ana without an
earthquake-generated wave. The analysis showed that at elevation 6756.5
the risk of overtopping due to the primary mocde of failure uncer
consideration was reduced by 5C percent (see figure 1), Furtnher, it
was seen by analysis of the outflcw hydroagraph that even in the event
of overtopping (from the primary mode of failure hypothesized) the
flood produced with the watar level restrictad to this level

WOuig be greatiy reaucad (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 wnich
satisfied these objectives was developed by regional and project
personnel. This plan called for water leveis at elevation 6760 for

1 wonth 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 l-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 perscnnel on March 3, 1978,

as an appropriate plan for recommendation to the Commissioner.

II. Water Level Restriction Investigation

A dynamic stability ‘nvestigation of the embankrent porticn o7
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 reduce 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
3 following paragraphs.

1. Earthguake 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
¢eposited some time between 8,500 and 25,000 years ago. Tha
Teton-Hoback rtaults 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 sigrificant
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 conagitions are consid-

ered more similar to the Sheffield Dam conditions. Therefore,

the assumption was made that after strcng earthquake shaking

one-third of the original embankment height would be effective in E
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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
becausa thz Teton fault system cuts across th2 western margin of
the resarvcir. 17 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.

I111. Risk - Benafit 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 iaformation in a useful furmat vor decision-
making. The decision analysis model used for Jackson Lake is shown
in figures 5A and 58 as a six-step process. The results from carry-
ing out each of those steps for Jackson Lake are discussed below.

Step 1 - Hazard tvaluation

Two modes of liquefaction failure were hypothesized for the embankment
portion of Jackson Lake Dam based on the construction history ang
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, 40G, and 800 feet.
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The major portion of the dam founcdeZ at elevation 675U and above was
placea with hydraulic fill methods anc¢ the foundation of this

portion of the dam is a silty sand (see Part II above). On the

othar hand, mast of the portion of the dam founded pelow eleva-

tion €750, is less susceptible to liquefaction bezause of the methods
or materials used in construction. For purposes of the risk analysis
study, 1t was assumad that, given that a failure took place, the
probadility that 1t would be Mode 1 is 0.9, and tne probability

it would be Mode 2 is Q.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 associatec with the lewel of flooding.

This information was supplied in the reports providec in appendix C.
Examination of these data shows:

a. Llarge damage for flows exceeding 50,000 ft3/s.

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

c. Considerable reduction in flows and demage potential for
Mode 1 type failures for rastrictzd levels below elevetion 6760.

d. Floods stay within U.S. Corps of Engineer levels for Mode 1
overtopping failures with reservoir below elevation 8757.

"The more likely Mode 1 failure is sensitive to reservoir leve)

variations and the analysis demonstrated significant 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 was evident that the niajor influence of
any restriction would be in decreasing the risk of a Mode ! failure
and at tne same tine reducing the potertial hazard if Moge 1 over-
topping were to occur.

Figure 6 (identical to figure Z) 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 combined with the risk of overtopping
analysis. .

Step 2 - Evaluation of the Seismicity Affecting the Site and the
Consequent Patential tor Liaquefaction

tEarthquakes 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 earthquake's gistance from the
site and its strength. The probability of occurrence of earthguakes
of a given level from each source must therefore be evaluated along
with the probability of that level of earthquake causing liquefaction
of the dam or foundation.l/

To begin this evaluation, a threshold level of seismicity which is
strong enpuch and close eacuch tO produce liguefaction nezds to Ce
astablisnec. Tha lower bound was establishza using (1) 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 gquantifying
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 fHebgen Lake,
Montana earthquake {mag. 7.l1) 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 liguefaction at the site. From a plot of

the historic seismicity of the area (figure §), the estimated recur-

rence interval of earthquakes of magnitude 7.5 is 100 years. The
probability of such an earthquake actually producing liquefaction
av Jackson Lake Dam i, estimates to be 1 in 1G 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 ! is the probability of the earthquake times the

probability that the earthquake will cause liquefaction = 0.0l 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

1/ A11 earthquake magnitudes in this report are considered Richter
Magnitude.
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Jackson Lake {sou~rce 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 procucing
liquefaction at the dem. The recurrznce interval of magnituaz

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 considerec¢ to b2 1 in 12. Thus the annyal proo-
adbility of Viguaefaction at th2 sit2 from area 2 is 0.0U2 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 liquefection at the site.
Estimates of recurrence intervais 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 1 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 yieid the total prebability of some
type of liquefaction failure at the site in a l-year period. This
value is shown on table ! as 0.0059.
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Table 1. - Probability of liquefaction at
Jackson Lake Dam

Earthquake - Probability of -

Source Magnitude  Earthquake Dam ligquefying _ Liquefactioﬁ. ;
area range occurring from this E.Q. at the site
1 7.5 0.01 b 0.1 ¢ o= 0.001
2 7.5 0.002 b3 0.1 = 0.00C2
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 £.0031 «x 0.1 = U.00031
6.5-7.0 0.0020 x 0.3 7 0.0006
7.0-7.25 0.0012 «x 0.5 = 0.0006
Sum = 0.006%

In addition to the effects of the earthquake shaking, certain

of the earthquake can produce a wave on the reservoir (seichel.
The possibility and influence of the seiche are taken into account
later in the analysis in the determinaticn of whether or not
overtopping of the reservoir will occuyr.

Step 3 - Evaluation of the Structural Condition of the Dam Following
Liguefaction

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 gquantifi-
cation of this fact the earthquakes have been @givided into three
strength levels and the dam has been assumed to take on one of three
possible failure conditions with varying probability for each of the
earthquake levels given that liquefaction has occurred. Ideally,

the structural response congitions should be determined by using
dynamic analysis studies anpropriately evaluated considering historic
prototype experiance. In this case since no dynamic analyses have
been performed, the estimates of failure condition are judged only on

|
 }
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o

the small amount of available historic information., For that reason
the evaluation is strongly influenced by the experience at Sheffielc
anag Lower San Fernanao Dams.

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

Level 1 = L1 = 0.25
Level 2 = L2 = 0.50 ~
Leve! 3 =1{3 =

g.25 . ’ ﬁ
Level 3 were the strongest earthquakes (e.gq., 7 to 7-1/4 near the .
site) and Level 1 the weakest. H
The structural conditions which the dam could assume were described
by the percent of dam height remaining between the assumed bottom 2
elevation of liquefaction (Mode 1 = 6750, Mode 2 = 6730) and the top
of the dam (elevation 6773). They are given as:

C1
c2
¢3

Condition 1
Condition 2
Condition 3

90 percen%
50 percent
20 percent

"n on u
nonou

The probability that the dam will take on a particular condition
given that a iiquefaction-producing earthquake occurs is equal to
the product of the probability that the dam assumes t-e condition at
that level times the ralative probability of an eartiiquake of that
level occurring. Tables 2A and 2B show these estimates for assumed
Mode 1 and Mode 2 type failure condition.

Table 2A. - Mode 1 postfailure structural
condition

Probability
Given of Relative Structural condition
earthquake structural probability probability given
load condition of £.Q. level liguefaction occurs

level Cl CZ ¢3 Cce €3

Ll
L2
L3




Adding the last column for condition 3 shows that if liquefaction
takes place it is considered there i5 a 0.4 probability that only
20 percent of the embankment above elevation 675U will remain.

Table 28. - Mode 2 postfailure structural

condition
Probability

Given of Relative Structural condition
earthquake structural probability probability given

1oad condition of £E.Q. level 1iquefaction occurs

level Cl c2 ¢C3 » C1 c? c3

L1 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 cundition 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
restrictiaon 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 1 and 2.

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

Mode 1 Mode 2
Given Reservoir level +6700 Reservoir level +6700

condition 69 6> 60 55 50 40 69 65 60 5, 50 40

Cl 7 11 16 21 26 36 5 9 14 19 24 32
€2 4.5 -0.5 4.5 9.5 14 24 -14.5 -10.5 -5.5 -0.5 4.5 14,5
c3 -13 -9 -4 1 5 14 -29 =25 =20  -15 -10 O

- = embankment below reservoir level.




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 amalysis, 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 6750 - 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 8 seiche up to 6 feet
50 percent of the time.

c. Level 1 earthquakes would not produce a8 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 ¢ and 3 at all levels of
earthquike 1»>ading 2nd for conditinn 1 at level 3 Io2ding since @
level 3 seiche of 17 feet would overtcp the 7 feet of freeboard
available.)

b. From table 2A or 2B sum the probabilities of the structural
conditions which were determined to allow overtopping. (For
elevation 6769 res:-voir level Mode 1 use table 2A. Since all
structural condi! .rs and earthquake levels produce overtopping
except structural condition 1, earthquake levels 1 and 2, the
grgb?bility of ove-topping condition is 1.0 - (0.1 + 0.1) =




c. The absolute probability of overtopping is obtained by multi-
plying

the probabflity of having overtopping conditions

the probability of the fai]ﬁre mode

the probability that 11quaf:ction producing earthquake occurs
the probability that the re:ervoir 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 probability probability
= 0.8 x 0.9 b 0.0069 x 1/6 (time at 6€769)
+ 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 plottad 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 1
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 ~.c area below the dam is heavy during

certain periods of the year. Estimates of potential loss of Yife versus

flood level were not developed; hs.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
?rop in reservoir elevation in a similar manner to the drop in damage
evel.

2.
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Examination of figures 6 and 10 show that if a reservoir restriction
level of 5756 1s spectfied, the peak discharge is approximately

25,000 ft°/s and the risk of overtopping has decreased by more than

50 percent. At a reservoir restgiction level of 6757, the peak discharge
would be approximately 30,000 ft~/s and the risk of overtoppigg
would be reduced over 40 percent. Since a flood of 30,000 ft“/s is
contained within the downstream levees built by the Corps of Engfneers
and since the risk of overtopping at all is cut vy 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 reservcir 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. MWater releases for rafting and for fishing are not able to be
controlled at optimum levels.

3. Llarge 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 appropriite {4 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 the level of hazard from a Mode 1 type failure is increased 3
at. = the level considered as an appropriate cutoff point (30,000 ft7/s)
which was discussed above. However, this increased potential

hazard exists for only about a l-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 l-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 fn total, it
is considered that a meaningful reduction in risk and hazard will be
achieved and although the {mpact on recreation and frrigation is
significant the plan recommended is both responsible with respect to
public safety and responsive to public needs.

IV¥. Conclusions

The quastion of ¢ lavel of accaptadle risk is brousht to b2ar 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
case" analysis was made and in addition, a decision analysis mode)
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 reseroir operation plan which provides for
a meaningful reduction -in risk to the public and yet maintains the

usefulness of the reservoir.
‘Z‘:acsyriz;::i,:i;i:::~
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PR . | National Bureau of Standards
‘5‘ " j’ 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.0. 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 cyelic
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 Gma as measured by geophysical
methods can be used to determine whether liquefaction at a site is possible.

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 short., NBS will also study avail-
able blow count data from Japan to determine whether they uneed to be re-

interpreted because of differences in delivered energy.

Sincerely yours,

——— .

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




TOPIC STATIMENT

Agency _TVA _ Priority 1980 Session Number

Subject Area Soil Dynamics

Project Title Dynamic Properties of Gravelly Soils

Performing Organization Materials Engineering Labaratory

Principal Investigator Y. C. Chung

Starcing Year FY 80 Estimated Completion Year _ FY 80

TECENICAL OBJECTIVES:

provide vital information for the dynamic stability analysis.

TEZCHNICAL APPROACH:

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

GENZRAL PROGRESS:

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

PLANS T02 VEXT TWELVE YONTHS:

1. Establigsh vibratory compaction technique to prepare 6-in,-diameter
specimens.
2. Establish and perform standard resonant column test procedures.

3. Evaluate test results.

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
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FUNDING PRIORITIES OF THE NATIONAL SCIENCE
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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




Induced Seismicity at Nurek, Tadjikistan, USSR

David W. Simpson

Lamont-Doherty Geological Observatory, Columbia University

Palisades, NY 10027
Awara # 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 5 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 Jjust
beginning to understand this type of seismic activity.

A joint US-USSR study of seismicity a% Nura2k 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 rapida increases anc
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
of 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 ENVT7-01092




Induced Seismicity at Nurek Reservoir, Tagjikistan, USSR

David W. Simpson

Lamont~-Donerty Geological Observatory, Columbia University

Palisades, NY 10027
Awara # 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§ nave occurred near five
large reservolirs, resulting in millions of deollars 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 scientisis are
just beginning to understand this type of seismic activity.

This project is to continue a joint US-USSR study, begun in 1375, of
seismicity at Nurek Reservoir, Tadjikistan, USSR. An existing network
of ten Soviet Seismograph Stations within 50 xm 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 observec features of
the temporal and spatial characteristics of the induced seisnicity at
Nurek. This model, based on the interaction between stresses created
by the reservoir load ana 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 whiech 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 develasp 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 anad 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 # 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 hydrodynamiec
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 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.

Hydrodynamic loading functions have been determined for various
reservoir configurations, In this project, efforts will be airected
to studies of the the hydroelasticity response of the dam-reservoir as
a8 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.




Earthquake Response of Dams Including Hydrodynamie and Foundation

Reactions

Anil K. Chopra
University of California
Berkeley, CA 94720

Award # 76-80073

$138,300 for 2 years beginning November 135, 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, anag (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 dams 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 from the proposed investigation
will enable better evaluation of the response of dams to earthquake
ground motion, thus improving the capability to assess the safety of
existing dams and of designs proposed far dams to be constructed.
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Earthquake Behavior of Techi Dam

Ray W. Clougn

University of California
Berkeley, CA 94720

Award & 78-29333

$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
significant seismic behavior of arch dams. The project will install
additional instrumentation in the dam, calculate and measure the danm
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

Awara # 76-01545

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

This grant will provide continued support for the USCOLD Comnittee or
Earthquake Effects on Dams. Members of the committee represent
industry, academic institutions, anda 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 desingni:
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 {nformation
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

$276,900 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 ana 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 mocdels 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
snaking table at Berkeley to verify and extend the small scale model
tests, (3) forced vibration tests to obtain the modal {requencies of
existing walls at different excitation levels, (4) additional soilatie
friction studies, and (5) analytical and semi-empirical studies to
refine the stress distribution analysis, and especialliy to study the

problem of wall deformations which develop during sustained strong
shaking.

It is intendea that the work proposed herein will lead to a logical
final conclusion which will 2nable engineers to proceec confizently
with seismic designs for particular projects involving the reinforceq
earth techniques.
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Analysis of the Seismic Stability of Earth Dams

H. Bolton Seed
University of California
Berkeley, CA 94720
Awara # 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 earthguake 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.

2-10
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Dynamic Testing and Acoustic Apalysis of Concrete Danms

G. Bruce Taylor

Anco Engineers, Inc.
Santa Monica, CA 90404
Award # T79-00004

$165,496 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 element 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. .

A

Seaihaathe . 4




o

Seismic Response of Three-Dimensional Dam Reservoir Systems

Allen T. Chwang

California Institute of Technology
Pasadena, CA 91125

Award # 77-16985

$221,547 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 hydrodynamic
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-Inelastic

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, (4) Computer aided
design by allowing parametric definition of system properties.

[A¥]
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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)
(transferread Award # 80-05615 from 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 =
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 observatfons <
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 damg
factors for hysteresis loops from the crest as well as the base
records of earth dams., This will lead to a study of the nonlineal
behavior in terms of the variation of stiffness and damping prope:
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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This report is preliminary and has not been edited or reviewed for conformity
E‘ with Geological Survey standards and nomenclature .
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"A Probabilistic Estimate of Maximum Acceleration in Rock in the Contiguous Unitied States" by S, ]
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gravity; the darker stippled area is 10 to 20%; the darkest stippled area is 20 to 40% and the black
area is greater than 40%,
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APPENDIX 4
RESEARCH AND DEVELGPMENT AT THE 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

The Corps' current criterion1 requires that concrete dams sustain the
ippropriate operating basis earthquake without loss of operating or extensive
repair and that these structures withstand the site's maximum credible earth-
guake 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 Naterﬁays

2,3 The maximum credible earthquake

Experiment Station for the Savannah District.
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-dimensicaal

linear elastic anmalysis 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 intéke 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 conditioms.
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TVA Research and Development Related to Earthquake
Analysis for Evaluating Dam Safety

Samuel D. Stone
Principal Civil Engineer
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INTRODUCTION

TVA has responsibility for the operation, maintenance, and safety of L7
existing dams. These dams 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,
hydraunlic fills, dumped rockfills, compacted rockfills, and rock-filled
timber crib. The dams vary in age from 1911 to Tellico Dam which was
closed lest 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
vere designed and constructed by TVA using state-of-the-art technigues
that were accepted by the profession at the time. Relative to earthguakes,
most of the earlier dams had no earthquake analyses during design except
Norris, Kentucky, Pickwick, and Wheeler. ILater, pseudo~static earthquake
anelyses 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 NUCIEAR POWER PILANT PROGRAM

During 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 urdisturbed 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 nct 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 theg 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 £ill 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 dirferent. A dynamic analysis was made by the use of the
Newmark method.




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 assumed 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 maximum-ground
acceleration for the MCE was found to be 0.15g 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, embankment
materials, embankment 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
end sliding analyses. If overturning appears to be a problem with this
simplified analysis, an energy balance study is made. This analysis involves
I the determination of the energy reguired 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 arca 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 DAM SAFETY IMPROVEMENTS 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. All 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 postteumsioned 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 downstream
face of Ocoee No. 2 Dam to improve its stability. This 67 year old low
hazard structure is a rock-filled timber crib dam.

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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11.

Research and Development Related to
Earthquake Analysis for Evaluating
Dam Safety 3

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

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 recurremce. 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 spectra} intensity. Modification of standard spectra would be 1
made for specific site or socurce conditions.

C. Recurrence interval or probability level being used is still
100,000 year or 1 x 10-5. Looking toward balanced risk approach
decision in 1 year. Still awaiting joint decision among Federal
agencies on active fault criteria.

»

\inalysis of Earth Dams - Rockfill Daws

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 calculation

using time history of motion and Newmark type displacement calculsations.
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.




I1I1.

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 interacticn. (Discussed in research statement.)
D. Dynamic properties cf concrete, (Discussed in research statement,)

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

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

C. 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. HADALA, U. S. ARMY
ENGINEER WATERWAYS EXPERIMENT STATION
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DEPARTMENT OF THE ARMY
WATERWAYS EXPERIMENT STATION. CORPS OF ENGINEERS
P. O BOX 631
VICKSBURG, MISSISSIPPI 39180

IN REPLY REPER TO WESGA 8 laren l‘){fl

Sr.oTruta Awthority, ‘noxville, TR 27907

T ot . ow foarvistration, Portlapa, 0o Q00
Vro Karl Do otar, Unver Power besources Cervice, Denver, 00 )
Genll@mion:

1OLD -~ esting, the Farthanake fucsineering Worrins Group
e Steering Cormittee of the Interagency Fescarch Coor-

cuee requested you gentleren and me to serve as points
rainaticn on the saubject of seismic loadings on retuin-
the Corys of Enrincers is rvevising KM 1110-5--50°,

5 10613, =t this tire and womld like to Inelaaie

o culcance on ccispic desirn o carth reteining strac~
would 1ike to solicit your sssistunce on a quid-pro-que tnsis,

I ave formulated several questions and provided answers to these sone
riertions based on the present status of the suvject areaz s T know it
O ocegqaest that caeh of you ancwer the came questicns and thirnish copies
O your anowers to vhe other three riembvers,  This will aceonmplich my
personal otjective and will certainly satisfy the request of the working
croup for coordination in the area.

The questions are as follows:
(a) Does yoar agency have any published suidnnce documents 3
dcal with seismic leadings on retaining walls?  In additicn to tie 1 ookoind

ndiced loadines Tor the level surface cnse, is tihore any -uidnnce

R B e R s L VUL Y ;o . TR FURr
seivmic tozdlncr oo L Treasivel gide wnd in b iniaceed cetoeie
Toads in the oot s a7 cdnping e Lurcbooocod baokd PLorne £
& -
(b, i P N T M vertaoniney ot v ” -
Pt . ty W TR PO S PR roLTe [ i
e i .
s i ' N
. . . o
) Iy . -
- i T - t :
W . ’ ‘.
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WESGA § NMarch
Mr. Frank hand

Mr. Robert Dourn

Mr. Karl Dreher

{(d) 1Is new guidance currently under development? ifen is it presently
scneduled to be released?

(e} Are you presently conducting any research, analysis, or testing
in tue subject area? If sc, plense describe and tell when the results
will be aveilable.

{f) Are you aware of any reflcrences on the %ubject in additic
in Incl 1? If so, please furnish title, zulhor, date, and cource

{g) ¥:w zre grouniwater-inducel loadings treated when a portion of
the backfill is below the groundwaler table? Is the pore waler ussumed
Lo rove with the s5il and the mass of the moving wedge incressel to arcount
for ihe precence of the water? Is the pore-water pressure ;alculated
sevarately? 17 it is, is there any inertially-induced componernt in this
pressure and how is it calculated? What distribution, with elevation,

is used for inertial groundwater loadings?

(n) Fas any consideraticn teen given by your agency to the adoption
of (1) "allcwable rigid body movement" and "allcwable rigid body tilt"
criteria and (2) seismic-design procedures for retaining walls, which would
involve the calculation of such movements in some manner analogous to the
stiding block model proposed by Newmark in his 1965 Rankine Lecture?

(i) Does your agency have any published guidance docuwments that deal
with the structural design of retaining walls for seismic loadings? If
so, please provide references.

(j) Does your agency use any special design details in the rein-
forcing steel, the construction, contraction or expansicn jeints, the
tzckfill drains, or toe drains for walls which are in areas of high zeiemic
risk?

(k) ZHow do allowable stresses “or the concrete and reirfurcing cteel
ased in the celsmic loading case comrare with those used for the static-
122 ting cases?

(1) “ow are inertial water loasds colcula Tor

the wall nctually funciicns to retain i-pounied “ater as
a fizodw=s2l or a wing wall for an intakz structure or punp

Thestions (1), (J), (k), and (1) wre rot really within the province of

cir charter. dr, Lacten Sulieic of the Ciructures Zreuch in 0T cucsest i
sy ke lneliied Inov s to Save uine in collecting inloveatien roeied
Tow o sANEr Dy Lanes,




R 8 larch 1961
“r. ¢ -ank Hand

{r. BEobert Bourn

ir. Karl Dreher

My enswers to all of the above questions except (f) are contained in Incl 2.
inclesure 1 is my response to question (f). Your response to this letter
by 3. March 1981 would be greatly appreciated. If you wish clarification
o1 any of my questicns, pleare call me at F78 542-3L75 or commercial rumber
£ 63 =3475.

Sincere]

ﬁ///}ﬁ///

rAUL F. HADALA
Assistant Chief
Geotechnical laboratory

~
I

Lo soeted

o
Ci' w/inel:
HODA (D5

i Reene)

DS/Lucian Guthrie)
Pist. ingr. {QwireD-I=T/3c0tt Gleason)
Div. togr. (L.VED-T3/Victor Agostinelli)
Lr. W. F. FHarcuson, WiS
Dr. P. F. Mlaker, WES
Div. Fngr. (8PDED-G/NMr. F. G. Melean)
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ANSWERS TO QUESTIONS ©POTIZD IN MY MULTIPLE
ADDRESS LETIER OF & VARCH

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

with seismic lzads on retaining walls? In addition to the tvackfill-induced

loading for the level surface case, is there any guidance for seicmic
1c

icadings on the "passive" side and in backfill-induced seismic lcads for

tne czses of sioring or surcharced backfillis? Flease furnich cupies or

raferences.

is our only published guldance on the subject. The entire rararsraph is
reproduced in Tnel 1. It gives no guidance concerning the items mentiored
in the ccconé centence of question (a) excert for the last senilence in
Inci 1.

ER 111C0-2-1806, "Rarthquake Design and Analysis For Corps of Eugineers
Dams," (incl 2) makes no specific mention of retaining walls cf any type.
If the wall were an appurtenant structure whose loss would somehow cause
the loss of the reservoir, this regulation would =2lso apply. While the
regulation provides guidance on the choice of parumneters to describe the
earthquake, nc analysis or design procedures applicable to reinforced
concrete walls are mentioned.

Department of the Avrmy TM 5-809-10, "Ceismic Design for Ruiliings,"
gives no guidance on seismically-induced earth-pressure loadings on the
exterior basement walls of buildings.

{(b) How do safety factors for overturning sliding and foundationbenring
precsure, which your agency uses for the seiemic lvading rase, ¢ mpare
witn those used for static loads?

Fi1110-2-2502 Jdo2s not differentiate between the two cases with

res;ect to the above-nentioned cafety “actors.

{e) what distribution, with elevation, of earth-pro: zure 'oadinge ur

tondings Trom hackfil!l sodgst

Foragsraph 5 of 87 1110-0-.50% sy -cests the ~.ze -7 an inertial force
'n the wall at a distance abone i tune of 2/300 the telont o the weti,
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(d) 1s new guidance presently under development? When is it presently

scheduled to be released?

As mentioned in the basic letter, EM 1110-2-2502 is currently under
revision. A firm date for the release of the revision is currently
unevailable.

{e. Are vou presently conducting any research, analysis, or testing in
the subject area? Please describe it and tell when the results will be
available.

No research, testing, or analysis is in progress. Mission Problem
fo. 11-033-9, "Earthquake Loadinss on Hirh Retaining Walls," (Incl 3) was
scbmitted for rating by the Corps of Engineers field-operating agencies
in December 1950. It was ranked 231 out of 470. 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 tc those
in Incl 17

No.

{(g) How are groundwater-induced loadings treated when a portion of the
backfill is below the groundwater table? 1Is the pore water assumed to
move with the soil and the mass of the moving wedge increased to account
for the presence of tle water? Is the pore-water pressure calculated
soepnvntely? 17 it is, is there any inertially-induced component in this
vressdre and how is it calculeted? What distribution, with elevation, is

wsad for inertial groundwater loadingss?

FM 1110-2-2502 gives no ¢iidance on this questi.n. References 5, 11,
and 0 in Tnel 1 to tie Lasic letter cive o o Tiictine ndvice on the subject.
There appear to ve no Jdata from shabiing tests n wnlls where water proscares

.
wope omee s gred, AYY Ll Gab oratory torte bave beon performea using ary o ocoamn,
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Surveys of field performance cf walls in earthquakes indicate that many more
seismically~induced failures have occurred in walls used as waterfront
structures than in walls which had unsaturated tackfills 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 Ly your agency tc 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
calculaticn of such mov ments in some manner analogous to the sliding
bilock model prepared by KNewmark in his 1965 Rankine Lecture?

No. We are aware of Reference 29 of Incl 1 tc the basic letter
which prcposes such a method and of the fact that the National Science
Foundation has given Professor Whitman at MIT a grant for additional
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. EM 1110-2-2502, Paragraph 5b and 9 provides such guidance.
(}) Does your agency use uny special design details in the reinforcing
steel, the construction, contraction or expansion of joints, the bzckfill
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 EM 1110-2-2502, which says

1

that, "increased working siresses are permissible," and refercs the reader
to EM 1110-1-2101 for details. Paragraph 4 of that manual permits a 33 percent

increase.

(1) *©ow are inertial water lr4is
wall actually functions 412 retain

floogwall, or wingwall for an int

Tne gprocedure to he uzed is
in 2 1110-2-2200, "Graviiy Dam oo
ganri’s Uethid. Uce alen Rty e

cateutzted fur those walls where the

irpounded water as in the case v© a

ake or pumping plant?

&

specifisd in B 1110-2-2502 and is siven

e 26 0T Tl T te the Yacie Yetter,

i, The procedure is lased i Weoler

-
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UPPLEMEN: .
LEMENTAL LOADS. A retuining wall may be required to resist other loads, alone, or

bt p
tatton with the Interal enrth pressures produced by the backfill and surcharge losdings.
_9 Wind Luads,

< vonstruction :lll‘(: };:;'!il\r;‘.zll(l')lsl!}:\l;"l.'f(i.(l)l"lﬁr”(‘:;:‘: m: "~n .*;‘P“S‘t-d l(.‘utmion," “‘i,nd ]Otldf may be 2 .fn('lor
o anld be oy plicd iiiing. were such a condition exists, a horizontal louding of
L : T e
X::h:“l?{““l(z:l(ll;l\\]mrn u’”\.\‘nlg performing an impor}!ant fmzv}'u)n is\tn Le built in nn‘zm-u of
Pl o, r.-u:‘.»»h, xl. x“ ”" ' ~: A xm‘xld he pron’(]e-'d for in the design. Such f}»fﬂ:.ﬁ wre Group 11
Cand D ey '.‘l"‘if ““‘) \;;—) j[-“l»v;\ ure pprmlsslh\(-' (M ‘\ 110 12101, \\..u’.kmg Stresses for
e Culf | “'m.'“im‘}"( " ‘i“; iy ‘( ode’ of .In.turrml.xun_al Conference of Bl{l‘«]njg Officials (Los
slatis ted States map outlining seismie damage zones.  Farthquake aceclera-

v

5

EM O 1110-2-2002
29 May 1961

tions of 05z and .10g should be used in Zones 2 and 3, respectively.  Seismic forees acting on & we
are as follows:
« (1) The inertia foree of the wall mass is applied at the center of gravity.

(2) Dinumic water loads are determined by Westergaard’s parabola.  (ENM 1110 2-220G
Gruvite Dee Designl) - The steucture is designed for simultancous increnses and decrea=es on opposiy
sides of the wall when such can oceur.

(3) Although there is uncertainty concerning behavior of backfill during earthquakes, th
dvnamie earth pressure magnitude ean be approximmted by the methad of Monouobe and Okabe jq
Japan (Sunnarized in “Bearipg Capacity of Sandy Soil and Lateral Earth Pressare During Eart}
quahes”, by Shunzo Okamoto, Procecdings of World Conference ou Earthquuke Enginecring, Berkele
Calif,, 1056).  In this method, the harizontal earthguake acceleration is combined with gravity actip
on the Coulomb sliding wedge in cither positive or negative direction to produce the resultant earg?
pressure on the wall.  Experiments by Mat=uo in Japan gave fair agreeent with the toral rangnmitude
of the resultant force, but guve an entively different pressure distribution.  (See P32 1, Aseizmic
Design of Quay Walls in Jupan,” by Amano et al., Proceedings of World Conference on l'lmllul\mié-
Engincering, Berkeley, Calif, 1956.) Professor Jncobsen’s shaking-table experiments at Stanforg
University (made for TVA Kentucky Project) also verified the magnitude of the total dynamic fon
determined by the Maononobe Okabe method (within the eatthquake aceeleration runge applieabley
the 7.8, und found that this component acts at abont two-thirds the fill height above the hase. Th.
valis of the dynainic effeet is affected somewhat by the type of backfill.  With n typical bac kil maten
the Jymnic curth pressure inerease for an acecleration of 0.05¢ is approximately 109 of the static pressw ‘
and for 0,102 aecelerntion, it is about 2055, Decrowses for negative aecelerations are slightly but ne?
sionificuntly Jess. A vertieal wall fnce is assumed in this method. - When aowall Las o sethaek or slopic
face the poriion of baekfill between the wall wnd a vertical plane through the heel can bie w-uined e,
exert an inevtia foree ndded to that of the wall nuass.
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dynamit analyses of the firite elerent type. Although Corps of Ingineers

DEPARTMERT OF THE ARMY ER 1110-2-1806
DAEN-CWE-D Office of tlie Chier of Engineers .
DAEN-CWE-S Washington, D. C. 20314 .

Regulation _ )
No. 1110-2-12006 30 April 1877 :

Engincering and Design
EARTHQUAKE DESIGN AND ANALYSIS FCR
CCRP5 OF ENGINEERS DAMS

1. Purpose. The purposes of this FR arc to discuss seismic design
corcepts and to previde gencral guidance and direction for (a) the
seismic design of new dam structurcs and (b) the initiation of a progranm

to evaluate the seismic stubility of existing dams.

2. Arplicability. This regulaticn is appliceble to all Divisioas and

Districts having Civil Works responsibilities.

3. Revercnces. Selected references are listed in Table 1, Apperndix A,

4. TPolicy. Designs for seismic stability of ncw dams and seismic
stability investigations of existing dams should be in accord with these
instructions. Departures ray be proposed vhere there are, in the judg-

rent of the Nictrict Frgircer, justifying circumctances.

S. Generzl,
a. Techrology in earthquake enginecring is chanping rapidly. Pre-
cedures for selecting design earthquakes and dyvnamic response “echnigues
are now available to help in assessing the resistance of dams &nd
appurtcnant structures to earthquahes. Such techniques and procaduse
involve an cvaluation of the effects on structures of estimated carth-
quake ground motions, and range from simplified concepts to comprehzasive

designs will continue to employ the seismic coefficient method of
analysis, a supplemental dynamic response investigation, representitive
of the "state-of-the-art", should be performed for critical structures
in locations of strong seismicity.

b. Regardless of the method of analysis, the final evaluaticn of
the seismic safety of the structure should be based on all pertinent
factors involved in the investigaticn, and not just on the numerical
results of the analysis. Tactors that should be considered in the
final evaluation include reliability of input data to the analysis

e ———— a8 At .t

(seismicity, foundation conditions, material behavior) az well as other
ltems such as censecyguences of failure, frequency and duration of pool

levels, and site gecuetry.
- L

This 1cgulation cancels P11 1110-2-162 dated 21 Oct 70.
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Al
c. Investigations and analyscs for the earthquake engincering of
lams and appurtenant structures are listed in Table 2 of Appendix A.

fore of the procedures involved in these activities are still in a
developmental stage, and are not considered as routine at this time.

€. Definitiens, *
a. Tyvoes of Larthg quake Analvses.
0 vremic Coefficient Method. Using this procedure a seismic
; ALr~nt, .nich ruepresents the ratio of en assuned accelrration of
<+ - ziure to the acceleration of gravity, is multiplied by the weight
S si . . sractree or element thereof to obtain the horizontal inertial
faro..  ihe ferces resulting from the reaction of reservoir water on
. Ui al or near-vertical surfaces of the structure are usuaily ceter-
d Ty the Westerganrd formula (Reference &) using the selected

t ac «nuf:;c‘ant. The derived inertial and hydrodynamic {forces are
ineorsurated into a static analysis as described in References 6 and 8.

(2) vaﬂﬂﬁ; Jcthods Dynamic response analyses are based upon

chiv wiaul .ot :}A ~tara~teristics and the expected pround rotions
for the partaicular locatlon and employ vne or worc of the fclleving
rethads:

(a) nL\po"se Spectrum Method. This method is used to cstinmate
the mavinum d.uiwlc response of ‘concrete dams and appurtenant structures
dus to a desizn carthunke. The design response spectrum must be known
for svetuas with natural frequencies similar to fhe natural frequencies
of LPc structure being investigated. Ground motion values for
derrrnining design response spectra curves are derived from gewological
an! \clchluglcal btddl . These parameters, when properly modiried to
account for the dynamic charactcristics of the structure, define the
vovivien Jvnawic response of an equivalent system.  This metliod provides
t'e r.tmitules and distribution of the scismically induced forces on
the structure.  The Jdynamic stresses dre conputed by an equivalent
static strooe analysis and then are compared with the dynamic naterial
St ths Lo evaluate scirmic stability. Tnputs to this method of
ty 1.7i¢ analvats include patural {requencies, mode shapes and danping
of the «irueture.  The structure can be modeled as a one-, two-, or

three dimensional system.

(b Ty - History Method.,  This method is used to analyze the
C.oaie rooonse with respect to time of concrete and thlﬂhﬂ\ﬂt dans
Coapri, tonont structures. A time histery of rock motion fron a
T oentioaabe and the geonetric andodynemic preperties of the
L Loture L oMor founsdation are the inputs to a compnter aided

i
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analysis, usually using a finite elcirent wethod of solution. FHouvever,
closed solutions are available for one-dinensional analyses. The output
includes stress distribution and ragnitudes of motions in the st:-ucture
and/or foundition as functions of time. These results are then corpared
with the dynamic strengths and correspornding deforrations to evaluate
seismic stability. The structure and/or {ourdation can be nmodeled as a
one-, two-, or threc-dinensional system.

(c¢) Newmsrk Method. The Newrark rethod is uscd to estirmate defor-
mations which might be seismically-induced in an erbankrent dem. The
sceeleration recuired to overcome the dinenic resistence of the <rial
sliding portion of an embznknent is determined from slope stability
analvses and dvnamic shear strengths. This yield acceleration i3 used
in the equaticns of rnotion for the sliding mass to compute »ernzaent
displacerents. The corputed dismiacements are then compared wita the
allowable displacements to determine the adeguacy of the struciuce.
This method is based on the assumption that the whole moving rass
is a single rigid body with resistance mohilized along the sliding sur-
face.

(3) Dynanic Method References. Table 2 of Appendix A lists

reference nerhors under Virdmarks'’ for the methods of dynamic analyris

described above.

b.. Design Earthauakes. Design earthquakes deofine the ground motion
at the site of the structure and form the bases for dynamic response
analyses. Usually, several design earthquakes for both the mzxirum
earthquake and the operating basis earthquake, as applicable, are
investigated.

(1) Maximum Earthquake. The meximum earthquake is defined as the
severest carthiquake that is believed to be possible at the site cn the

‘basis of geological and seismological evidence. It is determined by
rezional and local studies which include a corplete review of ail
historic earthauake data of events sufficiently nearby to influcnce the
project, all fauits in the area, and attenuations between causative

faults and the site.

(2} Operating PBasis Farthguake. The "operational” earthcuake is
penceraliy more roderate than the maximum earthquike and is seizcted
on a probabilistic basis from regional and local geology ard seismology
studics as being likely to occur during the life of the project. It is
cenerally as large os carthguales that have occurred in the scisro-
tectonic province in which the site is located.

7-14
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¢. Capable Fault. A capable fault is one that is considered to
have the notential for generating an carthquake. It is defined as a
fault that can be shown to exhibit one or more of the following
characteristics:

(1) Movement at or near the grcund surface at least once witain
the poast 35,000 years, .

(2) HMacro-seismicity (3.5 nagnitude or greater) instrusentally
dvtersined with records of sufficient precision to demonstrate a direct
relutionship with the fault.

(*: A structural relatienship to a cepable fzult such that nove-

Teal onoone Tault could be rcasonably eapected to cause movcien: on

P e
L Oener,

d. Desion Response Spectra. A design response spectrum is a plot
¢r the raxi~un va ]ucs<5f’déZf]orat10n velocity, and/or displacement
crperiencad by a family of single-degree-of-{reedon systems subjccted
to a tiue history of the design carthquake ground notion. Maxinum
values of the parameters are expressed ds a function of the natural
grorinds wnd demning of the stracture.  The response of a rulti-degree-
of-frecdom structure cun Le estimuted by t2king +he <aguare reot or the

sum of the squares of the single-degree-of-freedon responses.

c¢. licucfaction. Liquefaction is the sudden large decrcase of
the <hearing resistance of a cohesionless soil. It is causced by the
collapse of the soil structure due to strain and is associated with a
tumpoareary increase of the pore water pressure. It involves a texporary
trans{ormation of the material into a fluid mass.

-

7. Guidance for New Designs.

a. Analyses and Proccdures.

(1) Analyses by the seismic cocfficient nethod will contirue to
be used for all new designs utilizing scismic cocfficients at least as
ITarge as shown on the attached Figures 1 through 4 of Appeadix B. In
case of a location clese to a boundary line, the higher se:snic
coctficient sheuld be conCidcrcd For scismic zones for ar:us not
shown on the figures in Appendix B, sce the scismic zone tabuict:on
in Section 1 of Rcfﬁance 20,

(2) 1n addition to a scisuic coufticient wnalysis, the scisaic
de-ipgn of all sajor dams in Seilsimic Zene 4, and in Zone 3 wacre

foar

'

stion liguefacticn potential exists, shouid include dyasaic methods.
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Tis weuld involve a geological and scismolegical evaluation to establish
the design quthquaxe(c) and a dynanic analysis of tiie dan. TFor 1all
cther rmajor qums in Leismic Zones 0 thirouzh 3, a geological and seis-
nological review should Le conducted to locate faults and ascertain the
svismic h.ostory of the repion around the dam. ? re capable foults or
recont esrthouake epicenters are disceovered vithin a distance to the

dzm where zn earthquake could cause structural d.h age, 4 dyviomic analysis
should e porformed. For these instructions a dam is considered to be

a major cne if its failure would endanger lives or vital instailations.

(3) To determine if a foundation ligucfaction potential exists

the in-situ void ratio should be determined. The steady-state or

critical void-ratio should also be determined for several confining

pressures by R tests on undisturbed szmples with dead load increrents

as described in Reference 5. A conmparison of these values will irdic

whether the soil in-situ is dilative or contractive (liquefiable) under

oxisting and anticipated loads. A niezometcr probe (Reference 1f) may

be used in suturated sands and silts to deteraine if the soil is .

dilative or contractive in-situ under the existing pressures. [
{
|

(4} In the immediate vicinity of capable faults, defensive cesign
apains« boin pivsical disivcation ol the siruoture and ogzinst <trerg
vibrationil energy should be erployed.

[y

b. Dcfensive Design Measures.

(1) Erbankrments. Defensive desicn features for eswbanknent
structurcs should be used regardless of the -ethod of seisnic wnulyvsis.
Defensive ¢usign features may include: (&) ‘Up e freeboard to nllow
for the loss of crest elevation due to subsidence, slumping or fuulc

displacerent; (b) wide transiticn sections of filter matcrials waidh

are least vulnerable to cracking; (c) vertical or ne:r-vertical drainage
cones in the central portion of the nrhanl:c .ty (@) filier f@tvr.als of
rounded to <ubrounded gravels and sands; fe) irncrcased hydranil.o con-

ductivity of filter Javers and vertical d.dAnace Zones or thc o rlusion
of additional preperly designed filter zones eof higher cenduct iy,
(f) wide irpervious cores of nirstic clay ~=2c¢rials or of «uaii. e telld

craded ruterials to help insure seif-healin: in the ovent crass .ae

“hould cocur; (g) stabilization of reservoir rim sleres te ~r e T
anmosaiety against effects cuassed by slides into the reservoir (o oot
lettils that will minisize ere~inn in the cvens of overter in . .. .u-
coval of feundation material that mav be cdver.ely arfootol oo -onnd
potion: (j) flaring erbunbment sections at obuiwoent contacis; oo
(L) zesing of ¢rbantrents to inimize saturcticn of utertais, an woe
crses stoa) - [l]lﬂ" of filter material may ve dosivable fur coe
Courgeney roepairs., ¢
7-16
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(2) Concrete Structures. Defensive design features for concrete
structures incluce provisions for increasing strength and ductility.

i¢ possible occurrence of high dynanic tensile stresses in the upper
poartion of «¢ravity dams indicates that the past practice of using
Tower #ireipth concrete in the upper portiens of hign gravity structures
should Y¢ discontinued. Also, the break in slope on the downstream
face of =:avity dams should be gradual or clininated to avoid uncesir-
chle stress concentrations. Reinforced elements subjected to high
JYRurve oous ressive stresses, such as the lover portion of intuke
towess, shauld bte detailed to provide conf{inenent of the concrete and
rrevent tuseling of the principal reinforcement. Mass at the crost or
ncar the top of structures should be held to a ninirum, consistent with
desiun ruguirercnts. In locations of high seismicity, where pro;ect
requite wnts permit, controls for cut-and-cover conduit outliets should
be houscd in a hemispherical gate structure buried beneath the enbank~
ment in licu of in a tower. FEmbedment of outlet conduits in bediock
when feasible will improve scismic stability. For outlet tunnels,
control shafts in abutment bedrock arc preferable to tall, free-standing
intake control towers in areas of high seismicity.

2aT1l0ls Shuuiu UG avwvehp.-oncd 2t 111 exicting dam viojects, inciuding

projects under construction, where fauilure would cndonger lives or
vital installations:

8. Investigative Program for Existing Dams. The following imvesti-

a. A seismic stability investigation of existing dams in Seismic

Zone 4 by dynamic methods.

b. VWhere appropriate, and in addition to Seismic Zone 4 projects,
a liquefaction potcntial determination for all existing dazs in Seisaic
Zone 3. Sce paragraph 7a(3).
L3
c. A peological and seismological review of existing dam projects
in Seismic Zones 2 and 3, to locate faults and ascertain the scismic

history of the region around the dam and reservoir.

d. A scismic stability investigation of existing daas by dynamic
methods regardless of the seismic zone in which the dam is locatad where
carable faults or rccent carthquake epicenters are discovered within a
distance where an earthguake could cause structural damage.

9. Criteria.
.
a. Scisrmic Cocfficient Method of Analysis. The results ol seiunic

stobility apalyses by the seisaic coer{icient method shall coxtinue to
meet requirescats ontlined in References 6, 8, 12 ard 13,

7-17
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b. Dyvnanic Analyses.

(1) Exhankuent Dams. Embankments should be capable of retaining
the reservoir under conditions induced by the naxinum earthguake.
Deformation is acceptable provided such deforrmation weuld not result in
failure leading to loss of life or excessive downstream property loss.

(2) Concrete Daims. The seismic design for concrete dams and
appurtenant structures should be based on the "operational® earthquake.
The structure should resist ‘Lls 10?d1ng essentially within the e.astic
range, remnain operational and n reguire extensive repair work.
‘iechanicel znd control systens snould remzin functional through an
"operaticnal” carthquake, (The elastic response spectrunm p*OV’CC5 a
convenient and economical method for deriving eartiguake forces for this
condition). In addition, concrete structures should be capable o
surviving a maximum earthquake without a failure of a type that would
result in loss of life or significant damage to dowmstream properiy.
Inelastic behavior with associated damage is permissible under the
maximum earthquake.

10. Action.

a. Ncw Designs. New designs for seism’ . stability will be bused
on this regulation and should be reported in the appropriate design
memoranda.

b. TProgran for Existing Dams,

(1) Each Division shall subnmit for approval a recommended schedule

for accomplishing the investigations required in paragraph 8 of this

regulation within a four-year period. This schedule should inchice the
scope of.the investigation recoirmended for each danm., ‘ror completcness,
the schedule should also include projects where a seismic investijation
is coirnlete or in progress. [Projeccts 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 nct
evaluated during design and to concrete gravity dans on soil, shale,
and sandstone foundations, or on any foundation with questionable
sliding stability. The schedule should be submitted to HQDA (DAE)-CWE)
WASH DC 20314 within six months from the date of this regulation.
Before submission tlie schedule must be coordinated fully with appropriate
clements to determine the adequacy of ivailable funds to support the
proposcd schedule. (RCS DAEN-(GRE(OT)1063).
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(2) For each scismic investigation conducted, a report will be
prepared for permanent record and ieference purpeses. The report will
contain a descripion of the dam project and the seismic investigation
rmade, the results of the investigation, and, where a dynamic analysis
is performad, the evaluation of the seismic stability and recommcndations
and cost cstimates for remedial work where appropriate.

(3) The reports shall be submitted to the Division Engineer for
review.,  Thne reperis mav be approved by the Division Engineer coxcept
for the following situations in which case the reports shall be sub-
ratted to HIA (DAEN-CWE-BB)  WASH DC 20314 for review and approval:

(a) Tnose reports prepared in Division offices.

(b) Those reports of investige :tions and subseguent evaluations
which indicate that the seismic stability is cuestionzble,

(c) Those reports of investigations and subsequent evaluations
which recormend remedial wortk.

One infornation copy of each report approved by Division Engincers will
be furnished DAEN-CWE-BB, 1nc1ud1ng submittal and approval correspondence.
(Exempt rceport paragraph 7-2t, AR 335-15).

(4) One copy of cach approved rcport will be furnished by the
originating District or Division directly to the Waterways Expurinent
Starion, ATIN: Technical Information Center {(WESTV), P. 0. Box 531,
Vicksburp. Mississippi 39180. Fach report furnisned to the ceuter will
contain a copy of all correspondence pertairing to its submission,
review, and approval, bound under the front cover. ‘ihe rcports wiil
be usod as sources of data to help integrate ongoing seismic rescarch
with current design practice and will be availuble for loan to other
Corps of Engincers installations. The center Will ennounce periodically
the reports available for loan. (Excupt report paragraph 7-2t, AR 335-15).

11. Funding. Normal construction and/or operations and maintenince
nrogranving and funding should recognize the requircaents of this
regulation and provide for accomplishment of the needed investijations
within the time indicated. To assure that the requirements or tais
prosram are funded, jt is esscutial that the scheduled operaticas be
fully coorlinated thh the appropriate clcients and are fully justified
in the budeet submissions,

FOR THE CHIEF OF IKGINEERS: /)
< 5‘5{/‘ et 4’ : /‘ L (,‘/
2 Arpendives JSSELL J. LAMNY
AviP A - Tables 1 and 2 //Cvlua 1, Cotps of Engincers
APP B - Firures 1 thru 4 Excvoutive

7-19

e .

o

e

T T e s SR R i

Y

e

TR iem e § T vk




=)

L e s R

-~

ER 1110-2-1806

BO“kpr 77

APPERDIX A

Table 1
REFERENCES
Reference .
__ho. Description

1 Asbraseys, N. N. and Sarma, S, K., "The Response of Earth
Dams to Streng Earcthquakes,'" Geotechnique, Vol XIiVV, 1967
(Source A).*

2 krinitzsky, Ellis L., Misc. Paper S-73-1, Report 2, "Fault
Assessment in Earthquzke Enginecring,' May 1974, WES
(Source B).

3 Hofmar, R. B., Misc. Paper $-73-1, Report 3, "Factors in
the Specification of Ground Motions for Design Earthguakes
in California," June 1974, WES (Source B),

4 Newmark, N. M., "Effects of Earthquakes on Dams and Embank-
menis, ' Guutechinique, Vol Xv, 1595 (Source A).

5 Castro, Gonzalo, "Liquefaction of Sands,' larvard Soil
Mechanics Series No. 81, January 1969 (Source A).

6 EM 1110-2-1902, Stability of Earth and Rock-Fill Dams

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, Fraunk K., Poper, MP-S5-73-1,
Report 4, "Earthquake Intensity and Selection of Ground
Motions for Scismic Design," Sep 1975, WES (Source B).

12 EM 1110-2-2400, Structural Design of Spillways and Outlet

Works
L 4

*For 'sources', sce A-3.

A-1
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Table 1 Cont'd
Refcrence
No. Description
13 EM 1110-2-2502, Retaining Walls
14 Newmark, N. M. and Hall, W. J., "A Rational Approzch to
Seismic Design Standards for Structures.' Froccedings of
the Fifth World Conference on Earthquzke Engineering,
Rome, ltaly, June 1973 (Source A).*
15 Wissa, Anwar E. Z., Martin, R. Torrance, and Garlanger,
John E., "The piezometer Probe." Proc. ASCE Conifcrence
on Insitu Measurcment 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-
Arerican Conference on Soil Mechanics and Foundati:on
Engineering, Buenos Aires, Argentia, November 1975. Also
printed as No. 88, Harvard Soil Mechanics Series, July 1976
(Source A).
17 8allard, R. F., Jr., and Mclean, F. G., MP §-75-10, "Seisnic
Field Methods for In-Situ Moduli, April 1975, WES (Source B).
18 Stockdale, William K., 'Modal Analysis Mcthods in Seismic
Design for Buildings', Technical Report M-132, June 1975,
CERL, Accession Ne. AD A012732 (Source D).
19 Chakrabarti, P., and Chopra, Anil K., "ilydredynamic Lffects
. ,in Earthquake Response of Gravity Dams", Journal of the
Structural Division, ASCE, June 1974 (Source C).
20 TM 5-809-10, Seismic Design for Buildings
21 Idriss, I. M. and Sced, H. B., "Scismic Response of liori-
zontal Soil Layers', Journal of the Soil Mechanics Division,
ASCE, July 1968 (Source A).
22 Schnabel, P. B., Lysmer, J. and Secd, H. Bolton, "SHAKE: A

Computer Program for Earthquake Response Analysis of Horizon-
tally Layered Sites", EERC Recport 72-12, Dec. 1972 (Source E)

*lor '-ources', sce A-3.
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REFERENCE SOURCES
Source A:

Engircering Societies Library
Fhoto Duplication Department
345 Fast 47th Street

hew York, N.Y. 10017

Saurce B:

U. S. Army Engr. Waterways Experiment Station
ATTN:  WESTS

P. 0. Box 631

Vicksburg, MS 39180

Source C:

ASCE Publication Sales
345 East 47th Street

A -~ r v
A\\C'-‘{ ‘A\:)l.‘fs’ A\.‘l'. 10017
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

30 apr 77
|
i ACTIVITIES
1. Gcological and Seisr  -gical

a. Fault Detection, Dating
and Assessment

b. Design Earthquakes and
associated Ground Motion
Parameters

c. Tirme Histories and Spectra

Foundation Investigation and
Testing ’

a. Foundation Investigation

REMARKS

a. Required for all projects in seismic
and non-scismic areas. Shcuid be
enmphasized where seismic cesign is
important, especially deterninations of
fault activity. Assess potential for
earthquakes in seismic zcnes where
capable faults cannot be located. Sce
Ref. 2.

b. Required for dynamic aralyses.

Where capable faults can 3¢ identified,
relate magnitudec to length of fault and
detetmine attenuation of ground motion
from fault tz cite. Resulting desian
earthquakes will be selected considering
all evidence available including tectonic
and seismological history ss well as fault
activity. Sec Refs. 2, 9 znd 11.

c. For dynamic analyses. Refs. 3, 11,
14 and 18.

a. In-situ and relative densities should
be determined. See Ref. 7 for undisturbed
sampling in sands. Whicre dynanic analyses
are to be made, make downhole, cross hole
and surface gecphysical iavestigations to
determine in-situ corpression and shear
moduli. Ref. 17. Deteruuane critical void
ratio by methocs given in Ref. 5. DPiezo-
neter probe may be usced in saturated
materials to assess dilativz or contractive
state in-situ. (Ref. 15).

:
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ACTIVITIES REMARKS
b. Dynamic and Static Testing b. Required for cvaluation of inter-
mediate wnd larpe-strain noduli,
dynamic stability, liquefaction and
perzpent deformation of esbankments
or foundutions. Refs. 1, 4, 5 and lo.
3. Anq}gfps_fop»ﬁﬁr;hﬂpnko Lifects
a. Seismic Cocfficient “Mcethod a. Follow procudures now doscribed
in appropriste enfincering nanuals
using scismic covificients of rigures
1 through 4 of Appendix B. Reguired A
for all new projects. Refs. & and 8. !
b. Dynamic Analyses b. Use to be compaitible with in- ,
structions of this regulation.
(1 Posporse Spoctrum {1) Us:c for coneTete dams ~nd ,

Mcthod appurtcenant structures.  hefs. 4,
10, 14, and 18.

(2) Time History Mcthod (2) Use for all types of dams and
appurtenant structures for special
investigations and analysces where J

circumstances warrant. Rors. 10,
18, 19, 21 and 22.

{3) Newmark Method - (3) Usc for embankment dims. Refs. 1
and 4,

¢. Mithcmatical Modeling

(1) Onc-bimensional System {1) Defined as 2 system in which
the motion of the system at any time
can be specificed completely by dis-
placenents in a single dirrction,
This Lystem can be used to model
both a concrete dem when cantileves
beam action only is :ssurid and a
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Table 2 Cont'd
ACTIVITIES REMARKS
leve. 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 response of the
embankrmznt (Refs 21 and 22).
(2) Two- cor Three- (2) Defined as 2 system in which the
Dimensional System motion of the systein zt any time cun

be specified completeiy by displacerents
in two or three directions for a
two-dimensional or three-dimensional
system, respectively. These 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

Map Page
Contiguous States B-2
California, Nevada and Arizona B-3
Alaska B-4
Hawaii B-5

-

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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