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The Cuwerruaent have dzculad ifvat tie folicwing Group of experts

would era:nine the relevant scientifhic apd technical reports and other
information ralating to the «aicty of ihe Telin Dam:

(1) Prof. V. X. Gaur

(2) Prof. X.N. Xhaun

(3) Prof. R.N. lyenger
(4) Frof. Ram:sh Chander

This infonration will te made available to this Group i« e Ministry
of Power, Shram Shakti Bhawan, Rafi Marg, New Delhi. The Ministry will
make all pecessary arrangements for the examination of these reports and
information.  Shri A K. Agnihotri, Director, Ministry of Power would te
incharge of making all recescary arrangewments for this Group. The
recommreadations of -this Geroup will b made available within 3. menths -
—— —time.~These recommendations »» ill ¢ consicersd carefully by the Govtard ——

— all pecessary steps would be taken to ensure the safety of dam.

All expenditure on the travel, stay etc. of the Group will be borme by
the Tehri Hydroelectric Development Corporation.

Yaonra £ Sitly

(P. Atw-zm)y-
rrof. VK Gaur
Prrf K N Khatn
Prof R N ch“ear
Prof Remesh Chznd

cc:  Shri Surdertal Bzhugzuna, <—‘%:i§x
_Shri BIN. Yugandhar, Secretzry to PM +

(P. Abraham)

—
-

Copy fcr f:loai=atior to Shri XD, lizal, clo Indvetrial
cavelcopment  Sarvlces,  4-)l,  ZaiacNazt‘tsogs Bzildic X
BirakNezty 2dd, Naw Dalnt-y, \ ¢
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-ANNEXURE-2

T WER
GOVERNMENT OF INDIA

Sudhakar Rao ﬁrqa LIS L

wyw wfaa MINISTRY OF POWER

JOINT SECRETARY g1 vifew wa3, ) md

SHRAM SHAKTI BHAWAN, RAFI MARG.

3¢ feed - 110001

D.0. No.7/9/95-Hydel.ll New Delhi- 110001 2nd August, 1996

Dear

A Group of experts, recommended by Shri
Sunderlal Bahuguna, is to examine the available scientific and
technical reports and other information and data relating to

the safety of the Tehri Dam. The 1list of five experts
\ suggested by Shri Bahuguna, which includes your name, is as
follows:

1) Prof. V.K. Gaur,

2) Prof. K.N. Khattri

3) Prof. R.N. Iyengar

4) Prof. Ramesh Chander
5) Prof. M.C. Nigam

All materials and information will be made
available to the experts in the Ministry of Power at Shram
Shakti Bhavan, Rafi Marg, New Delhi. Shri A.K. Agnihotri,
Directer in Ministry would be incharge of making arrangements
for this Group. The recommendations of this Group will be
made available within 3 months time.

The first meeting of the expert group is
scheduled to be held at 10.00 A.M. on 5th August, 1996, in
Committee Room No.211, Second Floor, Shram Shakti Bhavan,
.o Rafi Marg. New Delhi.

"\ . This letter is to request you to participate in the
9 first meeting of the experts.

All expenditure on the travel, stay etc. of the
Group will be borne by the Tehri Hydroelectric Development .
Corporation. You are, therefore, requested to indicate your
travel programme and also whether arrangements for your stay
need 1o be made by us. Similarly, it may kindly be
indicated if arrangements for your travel are to be made by
us. If so, you may contact Shri S.K. Jaitly, Administrative
Officer, Tehri Hydro Development Corporation, Vikram Tower,

Rajendra place, New Delhi - 110008 (Phone NO. 5720559
(Office), 731886 (Residence); Fax No. 5720:7¢) directly for
the tickets. In case you will be making your own travel

arrangements, reimbursement of expenditure would be made by

¥

Cont...P/2..
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THDC‘. if you so desirc.

{You may rccall that 1 had spoken to you on this
‘subject on 3lst July, 1996. !} had mentioned to you that the
short notice for you for the meeting {s the result of Shri
Bahuguna suggesting your name separately, after recommending
the names of other experts so that the group would have at
least two cnpineers apart from the three seismologists. This
suggestion was accepted by the Government, after due
consideration).

A line confirming your availability for the meeting
would be appreciated.,

Yours =sincerely,

Sudhakar Rao)

Prof. M.C. laczam,
Vice-Chance!l'er,
Goa Univevs:i,

Panaj:,

COA.

Copy to:-
Shir N.D. Jayal, C/O Industrial Dcvelopment
Services, New Delhi. 1This 1s in continuation of

this Ministry’'s letter of even number dated
1.8.96. Prof. M.C. Nigam telephoned today and
mentinned  that he  is reconsidering his earlier
decision and request that he may be formally
approached whereafter he would decide.

(A.K. Agnihotri)
Director

Copy for ini.rmation to:_

1. Ph Office, (Shr Pankai Saran, Director), New
Delhi. W

~

.'.‘
7\./ Skhri M.L. Gupta, CMD, THIC.

(A.K. Agnihotri)
Dircctor

»

‘o, .
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Jdynamic Solil Pa:zmeters Pcr Te2hri Dan
. . P <

Jynacic Scll Parametess and cth=o stu

Dam (Part-1I). Z
Dynzmic Analys-s c¢f Tzhri Qza. - ~- -
Reparts prepared by PRussian Ccosultsn

ldentificatizn ©® eesr-thgquexe cznzo=ztl -3

HFPC region.

Conclusicn cf Sovlet Jonsulteznts on 7 sbismi-
cily 2nd -eccmmendaticns co ssisziing n3ticns

cr Tehri Dsm,

Report on zesults bf saismic micoo-zc am sitce.
Study of stress-ct-ein and ansziysic = abiiity of
Dam.
Dynemic stability anzlysis Poo Tensd accelzrograx
o7 Gazli earthquake.
flgcellaneous :
Expzrst Upinizn: o0 Tenzl DOexm rzi’elt eino Cesign Aaspzct of
Tenri Can.
Reocrts relzted tay High Level Temmitlc
Report cf the Hica Level Comzities 27 I'xperts constituied to
examine 2all issuei celzting o Zaf=2Ty fspescis of Che Pouject.
Comments of the H.gh Level! Ccaomiziss on lette:s datsc 2.3.50
eddresszd by Praf. James N.3rune o7 UA To Or.Y.K.Ceur, mexbeo:

aof the Committee.

Report on Safety «f Tensi Dam
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. : © ANNEXURE-4.1

e Grocp consisting of the follewing Tamsers met o
ccnsicder rthe gqeuesrion cefecrred to it concarning the safety of
the Tehri Cam : -

Yembers
1. Frof . N.C. Nigam -
2. Prof. V.X. Gaur ¥
3. Prof. R.N. Iyenger .
4. Prof. K.N. Khattri
5. rrof. Ramesh Chander

The follcwing were present from THDC sicde to assist the
meeting : - )

1 Mr. M.L. Gupta, CMD, THDC

2. Mr. B.L. Jatana, Consultant, THDC
3. Mr. Sumer Singh, THDC

4 Mr. Gopalakrishna, CWC

S Dr. P.C. Nawani, GSI

2. The base paper on quantification of seismic hazard ac
Tehri prepared by Prof. K.N. Khattri, was discussed 1in
deza:rl and sugcestions mace to further refine 1it.

(Action: Prof. K.N. Khattri)

3. Tne mesering further desired that the performance of the
Tehri Dam ke evaluated uncder the following conditions 1in
order to provice further assa2ssment of the safety of the
dax: -

- Ccondirti
(1) Fancdamental time period = 1.25 seconds
2. FeszZIrise sSpe~LIuT -
tehzze as orig:nzlly adopted by DEQ, Roorkee
" University - 10% damping, but anchored at PGA of
0.5 )

(1ii)Elaszc-placstic moZelling

Noze :- The =scope o0f the study will be decided
o consultaz:ion with DEQ, Rcoorkee University

(iction : Mr. M.L. Gupta)

-
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4. Trhe =vzert Group also hid the Dbenefat of detailled
presentation by #4r. B.L. Jarana which would be extremely
helpful to the group in raxing comparative assegsment of the
safety of the dJdam under different assumptions. It is,
therefore, desired that Mr. Jatana may kindly be reguested to
provide a tackground note which may include all relevant
information concerning the evolving scenario relating to the
design of the dam. from the very beginning, as well as
critical results of its aralysis and performance.

- (Action : Mr B.L. Jatana)

5 The next meeting of the Committee may be called after

the result of analysis under the conditions specified in 3
have been obtained.

—

(Action : Mr. A.K. Agnihotri)
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Mlo oL 2D EN el it
GOV OF NS JAINISTRY OF PCWER
CLWVWMHETER ON SiUSIIC SAFCYY OF TEHRICA'A
\ ,
AIDE MEMOIRE
Meeting. June 27, 1997 .

BACKGROUND NOTE ON THE TEHR! PROJECT
The Commitiez received the background 'repod_concerning the Tehri project prepared
by Shn Jatana and p!aced on record its appreciation of this important contribution.

“va

ACTION ON THE POINTS RECOMMENDED AT THE PREVIOUS MEETING

2.
1) . The Commillee discussed the final report prepared by Gaur, Khattri and Chander on

the estimates of siesmic hazard at the Tehri dam site, using state-of-the-art
simulations and based on the basic principles of fault mechanics and serismic wave

propagation in the earth.
Tne resulls of the dynamic response of the Tehri dam to the onginal response
scectrunt anchored at 0.5g. as carned out by the Department of Earthquahke
The Committee appreciated the
structures 1o prescubed

o

-~

ground. thus prepared for dynamic tests of critical

Engineenng was presented by Prof. D.K. Paul.
grcundmecten hisiornies and desired tha! a detailed technical report be precared
incorporating the assumptions, methodologies and parameters used.

RECOMMENDATIONS
Trie Comnutiee desired thal the Response Spectrum used for the Tehri site be
re seved in the light of the actually recorded strong groundmotion at Tehri during
earthgyuake which showed " significant amplification in the relevant
as wel as higher vaiue of the magniude of the eanhgyuatc
ed 1o rusture tne plate boundary i the region. and use this as an input t+
(Action DEQ UOR.

the 1291
freccency tenc

:
L pal

a~
tzz.the cam responss
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Ihe Cornctice Jso dosred a0 ciovw of the geaisily of actally recorded ne
saurce acvalypoans for gorat e a U othes (A3 5) ynsene tosts of the Tetarn dam
DO ASO condctd Y| (e <o s e ace oot o laae hstcees Corespanding o

LB S eatlep e as g sena e oot 2o 2y alnle) for

() the iean vatie and
() the mean v a'ue + one standa:rd deviation

{(Action DIzQ UORY)

NEXT MEETING

The Comniittee requested Proff Nigam. Vice Chancellor, Roorkee University. to kingly
use his good offices to get the above meritianed work expedited, wherealter the next
meeting be called by the Ministry of Power to finalize the repont.

~

(Achion: MIN OF POWI-R)

i
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Praf. NAVIN C. NIGAM ’ UNIVERSITY OF ROORKEE
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NO.VC/f?sg\:/ Ny

o

- 2 August 1997

) Dear Prof. Gaur,

This refer- to your .letter of August 1, 1997 enclosing
the Aide Memoire orepared by you on the meeting of the Group
on Tehri Dam held on June 27, 1997. The Aideé Memoire does not
correctly reflect the substance of the discussions, and
recommendations for further action. I would like to suggest
that 1t may be recast as under:

2. ACTION ON THE POINTS RECOMMENDED AT THE PREVIOUS
MEETING
a) The Committee discussed the final report prepared by

Saur, Khattri ana Chander on the escimactes O©I selsmic
hazard at the Tehri Dam site using state-of-the-art
simulations, and based on the basic principles of
fault mechanics and seilsmlic wave propogation 1in the

earth. )
glosie

It was dointed out by Rigam that the acceleration time
history recordssynthesised in the Report are based on
convolution of conservative assumptions at various
stages, resulting in an extremely severe ground
notions, which ., cannot be used for engineering
analysis and design.

b) The results of the dynamic response of the Tehri dam
to the original response spectrum anchored at 0.5g9 as
carried out by the Department of Earthquake
Zngineering was presented by Prof. D.X. Paul. The
Committee 2appreclated the yr-ound work dcne Icr the
non~-linear dvnamic analysis, and the results obtained
for the input ground motion decided by the Committee
in the last meeting. The Committe2 desired that a
detailed report be prepared highlighting the
assumptions, methodologies and parametsrs used.
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.. a)

b)

. . - -
e -

RECOMMENDATIONS
"

The Committee desired that the Response Spectrum
developed by DEQUOR, and used for Tehri site, be
reviewed in the light of new information obtained from
the strong motion records of 1991 Uttarkashi
Earthquake. In the procedure adopted by DEQUOR to
establish Response Spectrum, the attenuation relations
and site effects at Tehri be incorporated based on the
recorded data. If the Response Spectrum so obtained is
more severe than the Spectrum for which the dam has
already been tested under 2(b) above, further testing
be done with the new Response Spectrum.

= (Action DECUOR)

The Committee also desired that in view of scant
empirical data on large magnitude earthqguakes at short
distances, the dam may also be tested using the
simulated acceleration time histories as given in the
report (vide 2a above) for the 50th and 84th
percentile.

Prof. Xhattri will make available the digitised
acceleration time history to UORDEQ for the testing.
It was noted that the non-linear analysis sortware
used by DEQUOR is based on small deformation theory.

If the response to the above ground motion exceeds the
limits for which software 1is valid., such an analysis
may not be possible.

(Action : Prof. K.N. Khattri : DEQUOR)

NEXT MEETING

Next meeting will be called after the above work is
completed.

(Action: MIN OF PCWER)

You may amend the Aide Memoire accordingly, or

circulate this letter.

With kind reyards,

Yours sincerely,

Prof. V.K. Gaur Wl
Distinguisheu Professor (PROF. N.C. NIGAM)
Indian Institute of Astrophysics

Koramangala

BANGALORE - 560 034

10 .



ANNEXURE-4.3

CONG NN,
Scismic Saicty of Tehri Dam
AL N NGIRE
Meeoing on October 9. 1997

The Group of Expert on <afety aspects of Tehri Dam met on 09.10 1997
Rovm No. 211 in Ministry of Power where following were present :-

Members
I. Prof. N.C. Nigam
2. Prot. V.K. Gaur .
3. Prof. K.N. Khaun
4. Prof. Ramesh Chander
5. Prof. RN lvenger

e following decisions were taken by the Group -

The Group received a repont prepared by Prof. DK Paul in respect of the
analy sts of the Tehn Dam according 1o the seismic parzmeters suggested by the
Group at its mecting held on 27. 01.1997, and consicered the results of the
analyvsis  The Group accepted the results of this analysis. The Group obsened
that the conclusion of the analysis that " the dam 1s adequate’ was not required
and therefore 12nored.

The effect of the Unarkashi earthquake on the spectrum of DEQ was
re-examined and 1t was demonstrated that the previous shape was consen ative.
Flencc. it was felt that it was nor necessary 1o repeat the analysis referred 10 71,
above with a different spectrum

The Group reiterated s recommendation that the performance of the dam be \
tested to an input ground acceleration to be supplied by Prof. Khann as per
:2port submitied by Gaur ef al.

The comments of the Geological Suney of India (GSI) on the report submined ' ‘
by Gaur er al were labled at this meeting. as well as report and questions by
Gaur et al on the choice of the Response Spcurum These, however, could not
be diccussed and will be takzn at the next meeting. The repont of the Tehri
Dam Praject relating to methads of sirain-stress analvsis was also produced at
the mezuing 2t the request of Prof Gezur

14
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Mocning on BDecember 210 0797

Fhe Group of Expert on safery aspects of Tehri Dam met on 21 12 1697 ag

Room Noo 211 i Mapistn of Peawver where followmg were present -

Members

—

|19

(VY]

i)

Prot. N C. Nigam

. Prof. V' K. Gaur

Prof. K N. Khaun
Prof Ramesh Chander
Prof. RN Ivenger
Prof DK Paul.

- —

o VP Tl

The following decisions were taken by the Group :-

For the Ground acceleration record generated by Prof. - Khattri et al., the
non-lhinear dynamic analvisic of the dam could not be carried out as the level of

deformanon crossed the hmit of vahidinn of the software bazed on small
deformation theon.

The Commitiee desired that the actual 3-D profile of the dam for which the dam

10 be constructed 2s well as the vaive of the matenal propertias be provided 1o
the Committee by the Mimistry of Power.

JSrof . DK Paul was requesied to repeat the dynamic analysis for an actual

ctoss-section of the dam for which the core has the maximum heigeht (reference
FQ 9709,

For the ground motion generated by Prof. Khatn et.al. representative samples
for a N-S hornizontal and vertical acceleroeram mav be selected by him and
provided to Prof. DK Paul for a linear dynamic analvsis without regard to large
deformauon to be followed by a slope stabiliy analysis according to the
procedurs desonbad by T Packalov -

It wzs agreed that pan one of the drafi report circulaied at the meeting

will be
firalised through correspondence well before the next meeting. - =

Neat meening 1s proposed for 31s¢ Januany, 1998

12



* ANNEXURE-5

#“inites of the Meeting held in the office of Prof. N.C. Nigam, Vice
Chancellor. Roorkee University on 25.2.1997 regarding the Tehri dam
anal ysis

Fol.lowing were present

Prof. N.C. Nigam, Vice Chancellor. UOR and Chalrman
Prof. R.N. lyengar, Director, CBRI

Prof. Ramesh Chandra, Professor, 3D

Srof. S. Basu., Professor and Head. DEQ

°rof. D.K. Paul, Professor, DEQ

Sri{ Sumer Singh, Addl. Ceneral Manager (Design} Tehri Hydro
Cevelopnent Corporation Ltd., Rishikesh could not be contacted and
therefore he could not attend.

Ir. Nigam welcomed the members and briefed about the discussions in
the meeting of the Expert Group held at Delhl and with the Chief
tngineer, Tehri dam project. The seismic safety analysis of the Tehri
dam was dliscussed and committee suggested that following studies
could be carried out.

.. Ceneration of ground motion at Tehri site: An artificlal ground
motion as proposed {n DEQ report EQ83-14, with zero period
acceleration pagged at 0.5g be generated. Same strength be taken
‘n efther horizontal dlrectlons. The vertical motion be taken as
2/3 the horizontal motlon.

3D Free vibration analysis: 3D free vibration characteristics of

AV

~he dam will be studled to determine the frequenctes of vibration
and mode shapes. The material properties (the modulus of
elasticity) will be taken to vary with conflning pressure. While
analysing the dam, the canyon shape, geometry of the dam and
zaterial distribution as per latest design will be taken into

consideration.

2. 2D linear static analysis: The moculus of elasticity for 2D
anaiysis will be modified 1n tne square of the ratio of the time
period obtained by 3D and 27 analysis in order to match the
funamental! time period of the 20 model of the dam with the 3D
Tundamental time period. The 2D section will correspond to
‘Section B of DEQ Report EQ 82-13.

The 2D linear gravity turn-on cne lift static analysis for gravity
loads, water pressures and uplift loads will be carrled out using
“inite element technique to assess the static stresses in the dam.
The study will indicate 2zoncs of tension or location of likely
plastic deformations.

2D linear dynamic analysis: 20 linear dynamic analysis will be
carriedout in order to identify the tension zones or the likely
plastic zones at wvarious tinme intervals for the postulated
earthquake.

15



5. Dynamic stability analysis: Dynamic stabllity of wupstream and

downstream slopes of the dam will be checked by the pseudo static
approach for the specificd seilsmic coefflicient at the end of
construction. Full reservoir and draw down conditions will also

be considered using the modificd Bishop's method.

6. Plastic displacement analysis: Plastic displacement analysis will

be carried out using the concept of yleld acceleration for the
postulated earthquake.

7. Nonlinear multi 1lift static analysis: 2D plane strain nonlinear
stress analysls for gravity, hydrostatic water pressure and uplift
pressure to model the construction sequence and the
filling. In the analysis, the variation of material
with confining pressure will be taken into account.
model of sol)l will be based on Mohr-Coulomb theory,

resrvoir
properties
The nonlinear

The settlement 1.e. vertical and horizontal displacements and
contour of ratio of shear stress to ultime shear stress will be
determined at the end of constructlion and reservoir filling.

8. 2D nonlinear dynamic analysis: The. 2D nonlinear dynamic analysis
of the dam for the postulated earthquake will be carried out and
the maximum dynamic displacement/acceleration at the crest will be

worked out. The damping in the first two mode of vibration will
be taken as 10%.

The settlement at some key locations will be worked out for the
pocstulated earthquakes. The permanent crest settlement will be
worked out at the end of the earthquake excitations.

Dr. Paul agreed to carry out the above analysis and supply the
3D eigen value analysis results in a one month's time and the whole
analysis in three months time. Tehrl Hydro Dam Corporation (THDC)
will provide the financial support to carry out the above study. The
work will be carried out 1In the sequence i{ndicated

above and
evaluated at each stage.

The meeting ended with a vote of thanks to the chair,

L4
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e - 247 667 (wea)

CENTRAL BUILDING RESEARCH INSTITUTE
ROORKEE - 247 667 (INDIA)

2rof. RIN. IYENGAR No. PA/TD
Director April 08, 1997

Ref: Your letter No.EQD/Ex.Gp.-Tehri/3555 dated 1.4.1997.

Dear Prof. Basy,

This is to acknowledge receipt of the above letter along with enclosures
regarding the meeting held in the office of VC, UOR on 25.2.1997.

My observations on the items mentioned in the minutes enclosed by jyou

are as follows:

(1) The PGA value of 0.5g was discussed and confirined. The usage of
the vertical motion and its strength being 2/3 of the horizontal is
not clear to me. | do not remeinber to have discussed this.

(2) 3-1) free vibration analysis: No coimnments.

(3) 2-D linear static analvsis: The alteration of the natural! period for
purposes of static analysis was not discussed. The change i{n the modulus
of elasticity was for purpnses of dynamic studies only. As fer as !
remember it was mentioned that a 3-1) linear static analysls can be
easily performed.

(4) 2-1)_linear dynaimnic _analysis: This is where the matching of the 3-D
and 2-D natural period would be needed to f[ind out the zones of weak-
ness and to find out the distribution of the seismic forces along the
height of the dam.

(5)  Dynamic stability analysis: Even though the Pseudo-static approach
would be used in the initial stages, it was mientioned that the seismic
coefficients will be computed based on the previous analysts of para
No. 4. Hence tt is not clear to me what is meant by "Specified Seismic
Coefficient". Failure surfaces forming triangular wedges with a horizon
tal base and the work of Seed and Martin and others were also men-
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f EXECUTIVE SUMMARY

Earthquake resistant design of a criucal structure is based on an csunate of the most severe ground
motion expected at the site dunng rts hife ume or the qu:\a!mt response spectrum. The curtent design of the
Tehn dam, whose natural period- wall be about | 25 scconds. rests on the choice of a response specurum (10%%
danmping ) whose spectral acceleraucus decrease from 0 25 g at 1.0 second penod to 0 20 g at 2 second penod
These accelerauons, 1n tum, correspend to a nugnitude 7 0 earthquake wheee cpiconter 1s 37 km away from the

’

Tchn dam site

However. according to our current understanding of global tectonics gonerally, and of Humalayan
tectonics 1 particular, the maw threat to the dam at Tehn is posed by a future great Hinmalayan earthquake of
margutude about 8 S, whose rupture zone lics ducalyundemeath the Tohn dan site ara deph of alvowt lf( ki
The 84 percenuile accelerauon response spectrum (10 %% damping) n respect of such an earthquake. obtaued
from an ensemble of 21 computer synthesized ground moticrs, generated specifically for the Tehn dam site,
yiclds spectral vertical acceleratons of 090y at | second and 0 63y at 2 seconds periods. The corresponding
north-south accelerations are | 21g and 0 68g whule east-west accelerauons are 0.79g and 0.16g respecuvely. The
corresponding values for 5%% danping response spectrum are 1.30g (2), 2.1g (N-5), 1.20g (E-WV) at | sec pencd
and 0 85g(Z), 0 85g (N-S), 0 55g (E-\V) at 2 second penod

The above esumates of strong ground mouon parameters expecied to shake the Tehn dam sne have been
~.aluated for 2 M 8 5 earthquake using the basic pnnciples of fault mechanics and sersnuc wave propagation in
‘=z eanth Recourse to synthetc response specin s necessary because the mam seismuz hazard at the <xe would
= from 3 great earthquake of the Garhwai Humalaya and instumental observations for such an earthquake do

< exsst The probabrnty of occurrence of such an canhquake of nogutude M 2 8 S within the next 100 years (

-mtung from 199715 0 59

The computauon procedure begins by specifying the magnitude of the most probable scvere earthquake

- i the corresponding dimensions of the ruprure area, its location and disposiuon with respect to the sae and the
sunt of ship, as well as the fault fype and the local saisnuc velocty and Q (attenuation of aicryy figurc)
. cture These quanuucs are listed 1n Table 1-ES swaung the rauonale for their choiee, and further clanfied n

“mire T Two extreme influence situations deponding on whether the mupture ma great earthquake, winch may

2.0
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take over 60 scconds to - cmplate, mibates at A or B, were separately censidered to bring cut possible vanability
i the resultmg accclerograms

The algorthm and computer program for caleulaung the accelerograms were adepted from Yu et al
(reference 31) The procedure njects randonmess 1n simuylauons by considenng a great earthquake as a
concatentation of subesents with circular ruptutes of vanang sizes that fill the antire presentaed apture area and

have a cumulatve seismic moment equal to the tetal prescnbed Thus procedure has been shown to repreduce the

significam features of mstrumaontally recorded streng greund motion  acclerograms at several sites around the

~

world (references 30-38) n the neighborhood of eartiquakes of vaning magnitudes up(o'..\I S 2, wcluding the

Unarkashi earthquake( referance 3 1)

Ensembles of 21 visuahizauons of the fault rupture were considered separately for two extreme smuatiens
)

of the hypocenter (pont-shicre rupture 1s witiated ) corregponding to the (picanters at A amd 13, (0 RIS
accelerauon ume histones at the Tehn dam site The average peak accelerations (cnvs®) and velociues (cnvs)

together with standard deviations for the casembles are as follows

E-\V 7 N-§
a sd Ve sd a sd V. sd a sd v, sd
Epicenter B 494 93 74 13 908 247 146 30 970 327  15) 36
Epicenter A 542 83 33 18 843 322 135 38

778 273 117 16

* standard deviation (sd)

The 5% damping response spectra were calculated for all the realizauons These are shown o Figure 4
_forallthe 21 -zalizauors i tes ace of »piconeat beinyg at B opether with the rmizan ard mean -

vd and el oo

. response spectra. Figure § shows five realizations when the cpicenter ts at A, The response spect