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The hearing in the above-entitled matter vsas

reconvened, pursuant to ad)ournment, at 8-55 a.m.
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GLENN Q. BRXGHT, Member.

On behalf of Applicant, Pacific Gas 6 Electric Company:
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BRUCE NORTON, Esq., 3216 No. Third Street,
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independent sets, which they are in practice.

I described the basis for and the criteria of each

E

5 I

t
I

set. I pointed out. that the o:iginal plant design prcvi«le ~

significant strength for the Hosgri because of two basic

factors,- among many others and those two factors ar '.".hc!

allowable damping values which were used in the early days

during design as compared to what they are today, and ".-"-e

second one had tn do with he central hump caused by th

postulated non-faul associated EArthqua)ce D.

0 I also discussed ef fec ive versus i2istru., enta2
I
t
t

acceleration and reasons for using effective va'ue::; t.tt:ch l=ss

f2 than instrumental peak values.

Xn this regard X would li.ce to r-.peat, or er>piIa-

sis, the four items that apolied to the solution of basi«tally

f5 all engineering problems:

Numbex one, observation of what has occurred and

f7 has not occurx'ed in actual events and in nature.

fs .
I

Number two, theory and analysis.

Number three, esting and experimentaticn.

20

21

bwd four, engineering judgment.

Of course there are combinations ox these

and all four have to be reconci" ed.

lM-".ngs p

23 The excellent earthquake perforatance of thIe r'njcr

25 I,

~ ~

)l

San Francisco build'ngs close to a fault moving under

8 'M earthquake some ten miles away is but. one example o)".
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WITNESS BLUYE: This page is page 36 from the

written testimony. It. is only part of the page, the tabu3.a

portion.

summary of the averace "etllrn p-: n~ s

>e calculated for a 1.15g instrumental acce3.eration, aga'n

all under the assumption that 7.5?4 can occur on the Ecsgri

@au~ t
Now in Report DL-3.1 which is Append z D,

of the documents over there, we used a time span of
l0 i

i This information was provided by Stewart Smith. P7e
11.

I

j2 regression methods and for the 1.15g or gre ter,. we

I believe

45 years.

used

octaxzed

s3

14 ',

a return period of 54,000 years.

In Repo t 41 we had two time spans. Ore»as for
~ 3.0,000 years and the other for 20 million years. Now we have

l5 '

much more faith in the most recent 10,000 year = than the
16;

other one because o= the fact that in 20 million years
l7

geologically many things can change. Nevertheless, we ran
18 I

both of these.
19 I

096

20

21
I
I

22 .""

23
'4

Now the information forthe fault slip used as

input for these two studies came rom Or. Douglas Hamilto.".,

and was based upon his geologic ev'dence as to;shat actual

fault slip was either measured or could be reas.~-..ably

estimated f om the rocks and the geology.
1

So the 10,000 year pericd gave 74,000 years a=. the I
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one extreme of their results is not shown on this plaCe but

you can visualize it, the 67,000 which falls right about in

here somewhere, and the other figure was 03,000 years.

So my conclusion is that based upon these three

reports plus the Ang and Newmark report, and assuming that

7.5 is physically possible on the Hosgri Fault which gre= ly

governs all of these calculations, Chat in vexy round numbers

the average return period for 1.15g is xoughly 100,000 years.

I say that because I favor this over my solutions, and Ang

and Newmark surrounded this one and in bounding it out within

their accuracy we call it 100,000 yea s.

Another subject that was touched upon Saturday
I

was the matter of tau or the averaging of motion over a large

foundation. I Chink later on that we'l probably get -nto th t,

25

26 I

27

in more deCail.

I would like to point out an analogy that. I have

found useful in this regard, namely, that those who have been

to sea or around boats o- ships know that a very laxge sl.ip

29 or vessel does not, rock ox move as much as a small rowboat

20 or a small boat in the same sea.

22 Ther.- are six possible degrees of freedom for

everything in the world, three translat'onal and three

23

24

w ~

rotational, and ifyou'e 'n the smal" boat. in a very rough

sea~ you feel all six, believe meo The Ching is popping and

bobbing and yawing and doing all those things. But if you.-'re
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Xt's a very complex p oblem, the matter of how
vL

I

to calculate precisely, how do the various waves arriving

from various directions are affected by and af:ect a la"ge
r

foundation especially if it is embedded into the surfac»

of the earth and if it is irregu"ar in shape. Zt is even
I

more difficult when there are continuous foundations, that

is, other structures right alongside.

g

10
)

11:

12

13 t

14 '

15
.'6

I

Ue have used procedures +~t will be described

and have be n described in the written material that ar»

what I call engineering effective methods, very similar to

methods that have been used throughout the history of t .me,

including recent years, in engineering design.

For example, wind. Xn designing buildings «nd

structures for wind, rarely is it done as it really is,
it is normally done with equivalent forces per square foot

applied statically which tend'o represent the wind forces

17
bi
l

18 ..

I9
I'0

<

on buildings. On'e in a while, aerodynamic procedures are

employed but even they contain certain 'assumptions.

When an engineer desi.gns"the live load that will.

load the floor of an office building,'far example, he does

21

22
i

23 =':.

24 "

not know exactly what that load will be but he is given

by code, or he assumes a certain unit pressure, perhaps

100 pounds per'quare foot, perhaps something else. That is

again. an. example of an engineering equivalent procedure.

25 ",,
Il

'The loading and railroad bridges is not an
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Number. one, many buildings, espec:ally tall
buildings were being designed by architects and by others,

I 'guess, where all of the resistance to lateral forces was

concentrated at a central core of the buildinc;.

You'e all seen, I'm sure, many such structures

'where the bottom story looks like it has tall, spindly

j»

8!.

9

columns and the only walls you see are concentrated near the

center around the elevators and the stair shafts.

Now a building of this type, even though it,
~ i
~ ~

may be symmeCrical on paper, has what we call a very, very
1'.1';

'weak torsional moment of inertia, or polar moment of inertia.
~ ~

12

13

16,

17

18

19

20

21

And the simplest way I can describe that term is to say that
h

'this has to do with the resistance of a structure to w'Ch-

stand twisting or torsion.

And the weakness of these buildings was the

fact that all of Che resisting elements of any consequence

were concentrated at a central core away from the boundary.

And thus they had very, very weak resistance to twisting or

torsion.

Because of this and also because of the fact

that we expect all buildings to go into the inelastic "ange

under mayor earthquakes, there's not one tall building in

the United States, even the most modern, that, can stand a

major earthquake without going way beyond the yield point.

Ne know Chat when a structure goes beyond the yield point,
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all their strength concentrated at a central core. Because

of this, they have tremendous moments of polar inertia and

have great resistance to torsion.

So.when the five percent or the seven percent, as

he case turned out to be, was applied to these buildings
6 this was a real bonus, because ic was no" req"ired at all
7 I for the same reascn that i is required in a normal bu'lding

I

9

10

12,

14 i

16

17

code ~

I think I'd like to talk now a little bit about

damping, because this cane up many times dur'ng ACRS

hearings and Subcommittee hearings.

First of all, the damping that was employed —ha

been employed in the eanalysis has been pxec'sely that

allowed by Regulation Guide l.6l and I know of no variations

from that.

But the ACRS Subcommittee especially went so far

as to challenge even that, even though it was in the

Guide, and they said Nell let's prove it all ever again and

20

21

't,
22

25'-

I

so we proceeded to do so.

Damping is a very, very complex subject. Xt

involves the change of energy —as X mentioned last Saturday,

you cannot lose energy, all you can do is change its form

—but the amount of damping is extremely important as to

how these spectral diagrams are used and how he structure

performs.
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into the soil or rock and away from the stmcture. Xt can'

all be retained and it can't al.l be transferred into work

done or damage 'done, so the amount of energy that is lost

through going back into the rock is called adiacion damping

7

in normal parlance. This is very important, however, we'e

not taking credit for any of this at Diablo Canyon, it'
an extra bonus.

Another concept about damping that was discussed

i0
very thoroughly, is the fact that some people were under

the impression that damping had to be a matter of high strain

throughout an entire structure in order "o be affective.

J4

15

17
il

Jd
I-

l9

20
I

2l

23
I

24
1

25

Ne know "his is not so, based upon the actual

tests that have been done in the laboratory and in the field,
that all you need is high stress in the local joints or some-

where in the structure, such as thy bending of the joints
of a typical moment-resisting frame, and you can develop

the damaing values that have been measured. 2nd you may

ask, how do we know this? And the answer is by actual tests

of similar structures and elements.

I'l now go to some slides and illustrate some

of our damping values»
1

(Slide. )

Xn the interest of time, X'm only going to show

a summary here of the results of one test. This is Table

l'hree,Summary of Dampiup Values, which is excarpeed from
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And at micro levels, we obtained mean readings of 5.6 percent

and this excludes radiat'on damping because of the method

by which the calculations and the measurements were made.

Of course, these buildings do include a lot of

walls and partitions, so 3: would expect "hat a'.- yield level

7
I

8

'r micro leve3., that this would go up tremendously and that'

one of the reason" that buildings have survived when they

skouldn't.

>0 I

l2

t7

>8 "

39

20

21

22 .

)
1

„23

24
I

25
l
;C

Getting down to the bottom of the Cable again,

we have two sets or models of shear walls where the damping

results at micro levels were extremely small and consistent,

2 to 4 percent and 2 to 3 percent.

Now what accounts zo- Diablo Canyon is not the

mirco leve3. but the macro level, because here we'e up around

yield or strain because that's the way we'e designing for

such an unusual loading condition.

Xt so happens that models of bridge piers were

7 percent at that 3evel. Node3.s of coup"ed shear walls--
and by coupled, 3.'ean they'e connected with a smal3. con-

crete element —were about. 10 percent at 1.0 percent above

yield level.

Another series t:ested 8 percent at 9fl0ths

of yield level. And another set is 7 to l0 percent> and

another set is up to 9 percent.

So what vou can see here is that in all cases
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Now of all the series ox tests that we studied,

I think this one is perhaps the most pertinent to the pxob-

4 ~

1

6
I'l

~ I!

8I
9I

12,

14

17

20

'em

at hand

This is a model of a concrete shear wall four

inches thick, six feet three inches wide, and L5 feet higho

And it has a top slab for applying the force and a very

massive bottom slab. And this slab in turn is placed upon

another heavy floor slab that is not shown here. And the

whole base anchorage was designed and carried out in such a

manner tha" radiation damping was essentially eliminated.

This was done for the purpose of not confusing

the data with what energy might be put back into the gxound

So I would say that 99 percent ox more of the radiation

energy was eliminated and kept in the structure.

MRS. BOWERS! Dr. Blume, did you identify the

figure number on this one?

WITNESS BLURB: I'm afraid I forgot to do that

again. It's Figure l8 from the wr'tten testimony. Thank yo

I guess ise'll go to the next one.

These tests were conducted by the Portland

21

22

Cement. Association back east, I beli,eve at Sko.'cie, Illinois.
I

(SLide.j

23

24

And this is F9.gure l9 from the saraa series, and

it shows in plain view tha thzaa typos of walls that wars

tested. 'The wall I just showed you on the prior slide is
I
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3

radiation damping has been e3.iminated, we feel that Cue

test very nicely showed Chat, .che seven psicaat damping "'s

not only adequate, but conservative,

5

6

8

9

70

) 7
'I"

1

Edezt one< please.

{Slid@ )

I just have one more s'ide, I believe.

This is Pigure 23. from the same series. XC's

mex'e3y the same type of information shown in a'different way.

Ne have on the bottom horizontal scale< of

course, tho st=ain in percent, as we had before.'ut on Cne

vertical scale we have damping in percent of yieM stress

73

74

I
g8

I

t-

damping Xn oCher words, that yield, this would be 100

percent. And we have the Cast valves shown in the sets

written on hare.

75!

76

77

You'l excuse this rough writ~g< but it's We

same Chat I used by hand at one of Che ACRS meetings, X

didn'C want Co change Chat drawing in any bit, because here

7e':

79

I'0,"

I

2$

we have the nine percent at xoughly yie3.d.„ &ad Co answer

their questions about what damping we would have at othex

yields we showed the seven percent at a minor yie3.df and a

five and a four and a three and so on.

Xs Chat Che last slide there?

23 The application of the design spectr* and 5:s e

damping values has been done 'ndependently for each and

every structure at the p3.ant, This will be described ~
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mpb5 no means a point of failure. That is merely ~ma point at

which all the many other reserve values and safety factors

and margins that X mentioned Saturday and have in the written

testimony and elsewhere start to come into playo By no

means would &ere be failu-e under those circumstances.

Number five, the damping ratios being used are

conservativeo They are the same as has been used for many

plants all over the United States. Aud we have rejustified
them for this pa~cular plant.

Number six, Chere are many unrecogni"ed safety

'I

12

I

14
I

15 i

16 "
fi

17 ':
I f
I

1S !I

I

19

20

21 I

22

23

24

25

factors in the analysis and review system a'nd in'he general

practice of engineering,. I might say, which was never intend-

ed to apply to this tvpe of design level. These 'unrecognized

margins could lead to capacity grossly in excess of .75g

effective acceleration.

X have described many of these unrecognized

margins in my testimony and. in my reports.

Numbex seven, X do not agree with the conten-

tions as written, except one, and that one says that .75g

is not appropriate for the plant, X.agree, X ihink it'
far too conservative+

Number eight, there is much, much mox'e than a

reasonable degree of engineering certainty that the plant
can be operated without undue risk to the health and safety

of the public from or induced by earthquake motion.
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mpb7 1 not fail at all. All i5 does is begin to stretch outo An

extreme example might be a taffy pukl, where you pul3. taffy
and the longer you extend hi.a affy aha thinner the section

get."., but it doss not break.

5

I

10

Now steel has 6 trP3Gendo)~~ reserve Streng+M

beyond its yield point. Xn fact< before it finally fails
it stretches way, way ou", and then gets even st'nger due

to what we call strain hardening. And before it fails, the

actuaL fai3.ure load per square inch or per uni"„area may

double or so what it was at We yield point.

)2

A13. right,
You also ta3.k about elastic and i::elastic

IS

20

ranges. l'm sure Dr. Bright ~~ders~da that vs~ well,
being an engineer, but perhaps for tMs. Briers, as a lawyer,

and myself„could you go Quito that. in a Little more detaiLP

A X'd be happy to, because these are 'very imporh-

ant consideracionso

The elastic range, again, is that level below

the yield point ~There wa assume eve~thing is proport"anal

Ne call that "elastic ; iC's synonomous with being below Me

yield point.

The inelas ic range is that new world beyond

the yield point where things start to stre ch i~Steac", of
going on proportionately.

25. All right.
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mpb9 That building was a building buil~ accoxdmg to

eastern standards, T. believe by eastern architects< for the

3

10

'l7

18

Veteran's Administxation. Xt: was built, in about, 1926. Xt,

had absolutely no provision for earthqua'-e resistence. And

it did noh even have what, we wou d call the design fox wind

resistence that. you would normally have 3~ the

San Pzancisco type ~ea or the ~s Angeles area.

Xt was a three-story building —in fact Mo

of them were in trouble —a Mu'ee-sexy building designed

prior to any codes. They had heav„ roofs, and they hnd tile<
ho3.low tile wa3.ls. And we all 3cnow from all of ocr earth-

quake ~perience 'n the field that. the worsC thing you can

possibly use fox earthquake resistauce is a hollow tiled
wall. They are very brit&J.e. They lack the inelast:ic

range, they lack duct'liCy. And if they crack 'they really
fail

So X would call those buildings completely non-

typical fox'Qly earthquake regioho

'l9

20

HR. NOPZON: That's a3.1 I have, M"s. Bowers.

l4RS, BCNZRSc And Chat, includes the enCire

21 panel< Kr Norton2

23

MR. NORTON: Yes.

t~. BQbEPN: Neo Pleischaker2
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mpb2 BY HRo PLEZSCHhTQ'R

Correct.

There on that page and on +Ma folio~sing page

you discus ed Me derivation of the response spect a ox'n
earthquaQce. And X believe your ''"~mOimony Chez'e on page 6058>

lines l6 through 25 of that page~ and on 6059 "rom linea one

through about 20, you define what Chat is. Aud X believe

that., if X can smamar9.re —correct me if X'm wrong —this
xeaponse spectra represent" 5.a mcimum amplitudes of the

response Qf single degree of freedom damped osf illcLtors

to some representation of ground motion.

mv fixst question ia:

13- Ahy is that par'".icu2.ar device useful in sMuc-

tural engineeringP

16"

17

18

19

20,

23

A {Wimess Blame) The response spec~a~ is oae
V'Q ~

of the most important devices in aot structural engineering,

but I would say more 1Qce dynamic earthquake m'gineeriag

"in that it provides a a glance a representation of ho@

structures of different periods in damping ~wu.";d respondo

Nbea X say "structures"', I'm referring to

idealised single mass systems, of course, voW~d respond to
a given ground moron, Zt's a vary, very imporCnat. Qeviceg

as you call it, because in oae graph a person can get a

very, very good idea of ho@ Cbe destzuc ion, or d~'nmge, o

lack of damage might follow for a pa=-ticular s'"wucture at a
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mpb4 What is i.t, then, that permits, us to utilire

3'his representation, or this model, which is one using

single degree of freedom oscillators to model We response

of a nuclear pollex plantP

Mov this is done very nicely by Fui~ %Sly(.ica3.

7

10

means which bring into accost the actual characteristics

of the smctuze, that is the distribution of its mass and

of its rigidity, so that all of the natural andes of vibra-

tion axe computed. kxd Nexe is a fortuna~~ cixcums1:ance

in dynamics, that you can treat each mode independently

under certain complex ma~am tical operations, and then you

can combine their effects according to cert in other maMa-

matical operations o

16

So even though the zespon e diag-m is drawn

fox. a single degree of freedom systam, it can be applied Co

any complex system if it's properly done

17 (N9.mass Praxiez) X'd 3.ice to ini;ezject here

18 somethingo

20

When an engineer does a structural analy"is
I

there are a number of steps to doing this dynamic -eazmquMe

analysis. Typically Me engineer goes o the computer viW
2? many, many complex features of We smuctuze, -.>ip~gp beams<

?4

columns, and Wey have mathematical repzasenCa"."'oas of al3.

'Qf these components The major approximate.on 9'xe engineer

is using here is that these structure behaving 'i'nea,ly—
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as a pea,k ground rm~on. Ki5: a peal: gzound mo~on you can

do moss Gl~y ching v2 th i t o

But VctJ1 a response 808CCZQR 'iou i..LV8 LC ZQL.LO91

8xM&y HhGt" 'ays foi the Qnciz= ",Qricd zG.~;

Uel2.> if these cd u~aQ.@no--re~xi.'ze.aa<ica.A

zc3,4M~cnshiUB WRC pexlQi'L Qs to Kcd'3 oz px'Pdic'" MM zQsj3oz'SQ

of a 91Q)Ai degree of fzesdcs 3ys~~ GCEQc~uze 5y us8 Gf 'die

'single degree of freedom damped osci'.3.atoz, is i>is a Meozy

Maw is genezc%11y accGD Led xs 'the 6RgineezJ.ng pwof8882 Qn Rpd

has bean accept ~or a number of yemsV

YQQ + Zt has ban DccspSp~d fQz Q
.QzcQf'ecLFsq

X 'Pot'Cd 8:ty 88 X8ash '~ o ~ fif~san in KJdG"B

8MQcvuzal dynQsQicso

I'v6 58d W p3.=;= '.." " "QzM " -"..Lh ":4 y.is'
" Qvea &&roe dscad68 ago tweed ~&rG is RQ doLGot t'G 45& M'.c'ozy

of 8txuet~sra3. «Syne:~ca in halte elastic range i» Ww~ougb3.y

accepted.

Q Harl Mhv do:gy. ca3.l @his 'Ke s+zucCuz@3. ~dyngr~co

in the elastic zanga"; Nhy do sue have <he% pa" tie~>az

qualificat9.on on the, usa of fbi parAicu7.w rmcMi.':,g> o-

pzedic&ve mgd8K?

NGl1y tC hG VQ~ CZC - ~ 'kFS4 01: O'.X MAC i;XPJ.:aO

Canyon Ply is hasical3,y haing design;e,2 in 4.-';~~ ~3.~s~ ... za>'ge
I

Rare1y> f e>7ez, Coca iC go beyond ~>a y"a3.d ao.i..".g;:.-d arose

pQMts Q~e specif icd o
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2a ebl Dr. Blume, I got a couple of answers there but

let me see if I can repeat my question. I don't Dink I
stated i properly.

As I understand it, this response spectrxn is a

Uo. Zt can be predicti.ve Lf it 3.s in the specifi-

predic ive madel. "s that correct?

I cation form such as the ones I showed 3n Ae sl.'.ae here

Saturday, namely, in the sense that here's recuirement that.
i)

I

i0

we want you to meet.

Also, you can take an actual earthquake record,

~ 2

any earthquake, and run a response spectrum from tllat and that
3s not predi.ctive. That merely shows ~a>at the earthquake

13
" character3 st3 cs vere»

Okay.

Nh~r is it that we lim't the u=-e of '=his for th
16

l7

elastic range, &e use of this part'cul'-r tool, t¹ -e,:.pons;

spectra for analysis in Me elastic ran. e?

18 A Ve don't 3.imit it to that. Ne have in the

19 Diablo Canyon case because .of the act that we'e working

20
(

in the elastic range, but in the other world there are definite
21: procedures fo.. working in the inelastic range. They are much

22 'ore comp lexg they ~ ae a vast amoun: QZ more coÃapu 'r t3.LLie g

23, and there are some approxi.mate aroceduz s wnich ca:l be used

in the 3. Lelas t' ange that 8 e'll ' wo:=k cut p ~ etty l!ello
a !25

I

So " did not int nd to ~~~el-.~ that the=-e an'p"" l3.pg
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in final rulings, it, rras decided ~at e-'iiier the Blitz;e
i

spectra reduced by this ductility factor or the Heizwrk2

I:3'spectra„ unreduced, would'overn, whichever one vere tk;e

stronger, required the most mat rialr mould c:,ovrzl1.

Zt has so happened in rac"ice t+at 5 'd::.r'~: in

6 a~st every case the Pate'.~nn-rk clast'c =pectra h~s cocked,.

Nell, dos.s that mean Mat union ".<alysis, «he

components, structures, and systems -.fi;~v: s4>-„:ec!=ed +o ~ certain

9 ', level of ground rlotion associated vith an ea- thquake, tha w

must deiexmine +&at the stress and the stxain ei.a.""'.onsbips

l 1 zemain proportional, &ere is no d- o~.,nation'8

"I2 Tha~'s txue under the Ne>mark sp ct,=a, yes.

c3 AXLE 4~at s the conclusion 'BLP T. if-'» x'8 scllireQ to

reach upon ana'ysis o"- the structures, systel'ls .:vd col'ponents".

iso NOllTONc ~Reuse E&o 'Zl'.»'8 re.:: ' y 3.sn '4 r7z~

objection but Yogis panel l belicv, is calkisg .—.:c.v'; -;=epcns-"

l7 spectra and structures, not pxui':mepP. <r pig:.ng., hos:-: are

18 'Lter panelsq Kqd ~We cpzestkon Could be inde":..rer:. to illclude

piping~ electrical, and so on, and '=."'.:~~ s not t".a purpose of

20 ~Dis panel. There are panels later t!'at tal» aocut (Pat, the

2I people vrho d'd KNe ctual x spon.e spectra and so on ox those

22 systems.

23 So &Bt the ".fuestion ~wR"r fee Q"~er„',y i.i,.'g~,d o. this

pr2 Lel o

25
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NR. PIZESC!&.=R: Hhich r spoI:se spectra 9

NR. NORTOH." The Blue speci a and the NewInar'."

spectra, the struct~iral response .and he fico response.

p~zscj32Q(~R" $'"I'Iich ""3 '>or>

NR. NORTGN: Dr. 31'--'. yo'; ca.. -"..e" 1 theII '->.xa'i: >r"- l

man by "floor response speci a" a lc'. better t';a:r Xt

7 NXTKr".SS BLUHH: All r"...ghtp Z'l try '~a;"-'s a

rather difficult concept, also.

HR. «IORTONr, Again, I visn" t rea'ly objecting "o

~
Q

c n

Hr. Pleischaker's eau stion. E gust wanted tc make it c3e:"

that we weren't tal!cing here about pip.;ng and electrica3.

equipment And so Qn unless Nrc Fleisc3hike. Kitants to ask

I

I

1

theoretica3. type guestiono. But in te Ias of the 8.".-.tailed

analysis o= Diablo Canyon, Dr. Blua'.. d:idn-t do the p.'.p'".~g

aralysis, "or Iamp3.e, himself.

YiRc PM~SCIDZER. Oxay 'noerscm"3 0"- I c"

going to talk ~cut tAe individual ana.';.yses that '<fere pe=~

formed cn the piping@ JIe e 18ctrica3. eG uip7l'.ent GP d zo no J iQ

trying to uncs-atmo tha pur~osa no ~1>i'ich tea rasps > sps-""."-a
(

np is puts

2f $~7h~» don't ve get this anszier Crom Bro 33.|me cn

floor z'esponse saactra. Then >Ie "an go back to t¹ cd:ss-

23 .":amination, if it would e useful.

8E 2&i"SS BXPN~- Ploor . as'nse ")pectva -" ...'li 5

to the response that vou3.Q he obt=.in"=d on a «~g;".~r 3.:..m1 5.:,z
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3~5 NRo PIHXSCHAI~iPlk:

~ )
~ e What are the various input3 that one volzld utilize

4r order to derive " response spectra inputs rap: s;.n!.".ing

the ground aa"„ion7

{7'H.«ness Bl12a.'a, Gt~iLg o T-»-

the ground 3llotion would h. ~lie =-.coze" Z '...:.-.~ hist.".~r 0".. c.round

illotion a&er "t has Been 'rvec~'ed,t or a"ly 2 318tzMa'.833'ha

63ush&nts that are a3.'ga.'zs necessary~ and that is "' basic

3 2wQputo

Then also as npput oP 9 Qt a h 3 M ' x 8, into the

computer tne characteristics oc.' single .e"ree oZ 2raed<ni:.

oscillator 3Iith a cer ain du;spin~ an~ a cex t'iin na
.A~ra.'guencyo

%he col!lp~i aha.dn " B thai'D,3 Ct'. ~Joe 8 s<o 3"Lla~

0'Qhgcct-d to Me entire ti."."= h'tQKj 0+ Riots".n "..n~;:c ..* Qg Le

Point LS dbt83-negro

Then the omput- r pu<.s in no 1e;: 0."c '.;ltor 1> ith
7I. a slightly di parent natu "al:=r~ue33a~- but 'e auld. Zarrp .g

another point .' obt aine8o s.'nC i'" does '1is nr'3a.-"-
&'ot

thou . a, cs 0 f: tiL".GQ

Phase ! dine s are cokliiected Qp B D M!1at '.". f Qles n

response spectrNl f9 thol'articu jar 'Mzthcliak ':.. ' 'i ': nfl
-Qr the „:>arthcu ''!:j'g ~ ng 0:~ the osc «la>'.0, ]: t c'.4 Yf:.!~", 1! = "lao

"0'"QQ th'~F'~: ""-at ah@",7.'30 ~ ~ r:"'co 'L» 1 \ (. «'0

di%lping 2nd get another curve i.or ai3otQBr

0 2'ops ~ s t ."e ~ Jt~ 442,8) G y C '3 Qn
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F~ov I understand yo'L an a.~.so c20 chis '"'elo ." 'i y;

"oo. Is '=~>at correct~

Yes p ali 1ougn Bee Qe c e:..'::ocedM'e -.Q '~o ."--"6c

1

iC with accele"ation and men, .'by pp=.~.'~.r;.al;s ..~. =.r. ~, t.=

-"nver"''

! a harmonic
I
I

0 )14iac be Qa.xx pi~ed(.o'-'..'.'o'i.".i ~ a~ c'.. ~ ftp

78 la~i onsD3.0 p anc. GG t.:le;- avP 4'G. ~ ll disQ:. (j~ T':-n L

Is Hat, Ze procedure Rat you:scu3.i'; 'li"s '2

you vere ¹ ivinc~ a desirer. resoon~e spec~-..wmV

~'ie11 '>louM Do~&~311'4 )Usi: provxden = 8 l.'-'"i xn

in
I
i
i

I

I

!3:

t:?'.e case of Qiablo Canyon, I ~co'Qd nor:-1ally just: provide t..1e

acce3.erat.ion spec'cra1 Qiagxa-.< alt.1ough, for c~>er px",:."pose::„

I would use velocity and disola .e;~n(:,

Loi @aors p $ (e llew)e 9 O la 0 sate l e V7(w Ql e s a~1 ~ )ac v 8

call four-way o +ripa.~"'te log v: po-" ri..ere -;:- ~1~".- al,". o::

~tg- H?ese G?ings a'i". one time for otQB "'. „> .'?., ibises o

I

I

0 Do you Rave a copy 0 on'- f'.Z "halo"e in ~ou 't'-.i"i

mony? I i)el@eve you do.
j j )

A I'm not su e:.~he'her I Qo or no<=o
]jl

'j9 i.ppazen-'..1y Pxgure C oR Ewe vr'cen dies'- -.~ony.
I

~ ~ ~ ~Yes g "ignore C of 'tflQ

imari"

«- -'1 'ces+:-xylo'.li's
I
t

ezmnple of a t=ipart.ice riot, of a~vera'.~. spec ral ~U..=p";,".;:~s.

22 This e:sample ha nog"in@ to do Ai'=1 D ...'.o ~'.:-'.1yc-., .:.. ! .."..:=.-„".'o

Be tI16 1940 Hl Cen~rQ ar:~ ci'xaa, ~< p

'I

Q Can I c'o i 0 «" inure D
2

IJ~88 o
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ebll spectral acceleration on the upper sca'e and in gravity units.

The damping varies. There are five damping val..". s s;:."tm on

De di agrGiQ» The upper one has Qo QMlping a'~ a..3.g

Th ne ...e lBVG)da i.!zc pezces ~'B ~e K% .'.i.':~$3 la

refers to 1 zoning ratio.

Vhe ne".'t f"ve per ent g chs nezt '„en percantg - nd

tlute lower one is 20 p"rcent dar~peQ.

Q Zua "he daraping f.'.gu."~s her jus'. selec"=d

arbi vari'y to shp'y g~e ex,cot o - da anise pn 2<' 'oli".udes'?

iO leo o 'c". ~at ' their Qn3.y p>.?..c'3e hare ~

Q Xat r'~ go to Piga e C

12 plot that we am.=ionea ear].ie™.

7 Vo X 'tKQPerst:and you Reth. c. 0

response s~~ctrn hy p>ugging 'n the g~.QUT~d ~.)t'-.'Dn xroÃi «n

;g accelerorrete= and then

>relocity, xange and the

tp Qe+~w

Qi splacepen;

cn 3.'lo" '{md'F CQ

rc'Qg~ 5y uc2.llew~.ng ooFB

kinds ox ratios'2

That is co —,.act. This pa",,=r <=".;". you see he<..e,

~g this plotting paper on Figure C, =:s s:ecia3.3."r a .. range G to

al" ov for the assw.,".ption oP. hangmen.c ...o'or,. So hat:l.: $'on

plot any one value against period s..c. as
a".'e'..ra"'.'pectral

Rcc 3.e a~ iollp 'c ".8 plot a" s =-utc.lc".'., c-'y !-".-'.""-~ yc;"..

23 ~that 4')e ca3." a pseudo~ velocity reach.ng czi~2 8 Qsr~v o

displace@en reading, r;,eaning that -~"."-y ".=- -;pp:.:px:=~-~~i:;~.ons ox

aha+i the velocity and tha displacGRpnt 'dould covr~8~35d 'i'0 ! e
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ebl3 period or infinite frequency, the law vould b exactly true,

namely that a rig'd body that is accelerated creates a f; =ce

3
I
I

that is . qual to xorce equals mass tizss acceleration.

X'0 '"e happy -o h "ve any o~~ my )~ane,lists ':«ho

want tc expound upon this Qo so.

(Ãi-'ness Seed): can t add much tc v«hat you said,

but if Mx Pleischaker v«ou3.d like a little more description

oZ vhat a response p ctree 's, X'l: be glad to

4&at regardo

a.,oli v

'$5 Q The t ipartite~

'2 Hog,as to how it is ac~'ual" y Qc.te l".'ed 0?d ~aha+

its signi ficance is o

Okay. Surs.

Would you like thatV

Sure o

A
I

point, or two slides.

X would lid.6 to shod a slide to illustrate ?IM

59 Q Fine,

20

25

M.so p Dx'o Seedy Qo you have a Slide Qa a tripper»

tite response spectrum so you could sho?« u" how you = ad the

thing?

23

g4 )B

25

A No, X dcn't.

(Pitness Bl.LBe)

I think X may have one.

-' ll be t~~jing co 'ok for ?)r.'eo
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2C a@bi
2,

~.130

6 ~

MRS. BOWERS: We'd like to proceed.

NR. NORTON: Before we proceed further with the

cross, Dr. Seed is us'ng two slides that happen to respond

to the question i;ut he didn't know the question was coming,

so we don't have the appx'opriate neer of sl'.des. But we

;vill pxovide them, we will pxovide copies.

e

hR. PLZXSCHMHR: Do vou want .to mark theses

NR. NORTON: Yes, but we'l have to make the

copies, we don't have any copies. Ox" course, they're slides,
10,

everybody can see them, but we will provide copies for the

record and the paxties.

13,

74

15 i

16

17
I

18

(Slide.)

BY HR. PMXSCBAKHR:

Befoxe you sta t, Dr. Seed, can X ask you to—
&1R. PLEXSCHAKi:R: We'd like to mark this

Joint Xntervenors'umber 53.

BY HR. PLEZSCHAKER:

Will you give it a name xor the record: please'P

20

21

22

23:,
iI

24
fj

25 f.

A (Witness Seed} Yes. Z sugge t it be called,

Example of Determination of Acceleration Response Spectrum.

0 Thank you.

{Whereupon, the document
II

previously referred to as

Joint Xntervenars''chibit

53 Has marked far identifi
cation.)
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agb3

3.

this, he's pointing to var'ous things on this slide. It
would be nice if he would give us a more accurate description

of what he's pointing to for the record; because that's not

printing out on the record.

NITNESS SHED: X see.

Nhat is represented up here are

NBS ~ BONERS: Where?

WITLESS SEED: Up near the top of this slide.

(Continuing) »- are a series of ver~ simple buildings, and

these buildings are depicted as having different natural

12

13

'14

periods of vibration.

)Tow I should perhaps ex~lain what "s a natural

!
period of vibration. And that is simply the period wi":h

which any structure chooses to vib-ate of its own accord,
15 every structure has its own natural period of vibration.

17

18

19

And if I could describe that a little more,

You'xe holding up the pointe=.

X'm holding up the pointer.VJITNESS SPED:

II

this for example has its own natural period of vibration.

i~TRS .
BG"1'MRS'G

j',

21

. 22.

23

Xf I anchor the pointer on the table and 1eave

a long length p o)ecting from the end and ther I defor.n it
a little bit and let i0 go, it vibrates. And the period

of vibration is the natural pericd'"of vibxaticn of this

length of the pointer. And it (s a ather 1ong period motion

if the length sticking out is rather 1"ng.
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r,
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RO
I,

1'a

PVb< SQeAt(t 9*3. ~ ' sana. «t«'e.>AC a:9 'a tai "4ta ".a btla-iI'

2J, Rn~S G"k y3lraV" C 8" ~ 7."~ttt.'""-f" au~ 'r3"js -2""- "Ccrc t i».'.jajJ~

a } «()I 'pl) erst »(r>a~a(

2&

24 »a A Vp9 g3

X";4.J~
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agb5 istory < tie could either mgerimentally measure the maximum

3

acceleration developed at the top of each structure or we

could calculate the maximum acceleration developed at the

Cop of each structure.

what we would measure or calcu'ate would

depend on how mach damping there is in the structure, and

that is represented by this little dashed box attached to
I

each s.tructure. And i" this particula" calculation all
damping is given g all structures are given ~8I1at 've call

five percent of critical damping, so t.".ey all have the same

damping for one particular calculation.

Now, i - Z would subject these three structures

which have natural periods of 0.3 seconds, 0.5 seconds and

1.0 second, to this particular earthquake motion and

determine the ma:cimum acceleration at the top of the structu

37

49

20

22

23

when I do that " would find that the maximmt acceleration at
! the top of a structure having a period of 0.3 seconds:.rouid

turn out to be 0.75g.

And now I want you to notice that the maximum

acceleration of the base motion, as sho-;.rn here, is about

0.32g.

NR. %6URiHLTOTT : As shown wh'er

NX ~4888 SHPD: As sho~rn in "he middle part of

the slide.

Bo Mhat X m dpi 1g is sub)ecting the st ucture to
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~ ~
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agb7
2 c

all poss9ble natural periods of v9hration star"ing at zero

and going up in 9.ncrem nts from zero, 0.05, 0.1, 0.15, 0.2,

0.25, 0.3, I would finally get to that one. And these three

~ould be pari: of the ent9.re set of calculations that I would

7

be mak9.ng. Zwd then make a graph showing the maximum

acceleration developed in the st ucture when it is subjected

to this particular time history of motion recorded in the
8 El Centro earthquake. That graph would have this form.
9

8o we would say this is the acceleration r=sponse
10

l2

13

spectrum for this time history record of the El Centro earth-

!

I.
quake.

ll

!

What I really want to stress is that this .s a

sort of fingerprint of this motion. Only th9.s motion—

NB. TOGRTELTOYTE: Doctor, you'e say9ng this

and this. That will not read out in the record.

17.

js',

20

21

22

24

NZTBZSB =SEED: 'X w9.11 rephrase that.
lt

!
The acceleration response spectrum shown in tne

4

lover part of the figure is a sort of fingerpr9.nt of the

!
time history of motion shoes in the middle part of the

~ 'I

f9gure. Only the time h9.story that is shown hare wild. pxo-

duce this response spectrum.I''o
the esponse spectrum is a characteri tie

of a ground motion. Xt. is not something. that we invent.
1

Every ground motion that has even been recorded has its own

25'cceleration response spectrum.
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agb9 Xs it actually response that we'e talking abouts'

I

(Witness Seed) Yes, xesponse is a way of

describing feeling. And there are varf.ous ways of characteri

sing response. Response is an ovexall name, and we can talk

about when a structure eels something it either feels
6 'ccelerations or it feol velocities or it feels *d9.splacaments

I

9 ~

I

>0;
!

iT !

J2

14

or it feels stresses or it feels strains. All those terms

are part of the overall tern response." Response f.s a

overall name for all those particular kinds o" feelings.

MRS. BOWERS: Nr. Pleischaker, there are a

couple of things about this that X don'" understand, could

X interrupt you to clear it upP

NR. FLZXSCHAKER: That's the reason we'e doing

16
r

>7 I

MRS. BOWERS; X thought that natural period

had a relationship to the height.

EJXTNESS SEED: Xn general it does, of a building.

NBS. BOWERS: Ves.

So then you'xe Qampf.ng factor remains the same

for all three?

22

23

24

25 i

WXTNESS SEED: Right

MRS. BOWERS: Then why is there what seems ta me

not a linear result. on the max9mum acceleration, you go

0.75 and then 0.102 and then you drop back to 0.048.

WXTNESS SEED: That's exactly right.
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2d ebl

8
So 9.t

of a structure to

is very important when a~e corn™ute the behavicIr

determ-'ne the natural period of the structur

3 inthe first modes

off the responses

the second mode, the third mode, and read

from the acceleration response spectrum in

these diffe ent mod s, and than combine them to "ind th over-

all effect of t¹ earthquake on the structure.

7

.':'larify?
N=TtPSS BLKKs P~~y I interrupt to attempt to

i0

'j2

j3

X think Hrs. Boxers may be bothered by the fact

that as period goes up, response is going dot~w, and the

reason for this is that the energy content in the earthquake

motI.on goes Gown >arith peri pd„

ms. BO:rEas: Viell, it'he middle structure

l7

that bothers me because we'l say a bui"ding of three stories

gets a certain maximum acceleraticng thai five stories, if X'm

folLowing your theory, would naww less.

5'XT¹SS SEEDe This represents roughly a 8wee»

l8

l9

20 .,

I;
2'l

11

l~

22
2'3

~

25.

story building. This represents roughly a five-story hu9.1d'ng.

This represents roughly a ten-story building. So th'e five-

story building feels the most, the three-story building

feels a little bit less, and the ten-story building feels only

about half of what a five-story building Caela.

AQd if X were to carr.J this on to a 15» sto~ j
building, it would feel only about one-fif~~s of what a five-

story building feels.
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eb3 characteristic shape of response spectrum, and they don""C all
look like this.

DR. HARTINs Excuse me. i~~y I take a crack at it
novrP

I think it is true, as shoe~ by the numbers below

6 the figures at the top of the sl'de, that the natural pexiod

!0

is more or less proportional to the heights of the stxuctures.

The problem is tvhat kind of azitha~tic or mathematics goes on

Co translate the natural period into the acceleration at. Che

top oz the structure.

l2

Is there any siaple case where you can indicate

the mathematical opera ions that get you from one neer Co

the next?

WITNESS SEED: There's no simple nay X can i''us-

15 'rate that calculation. It's a fairly c"mplicated hand

36 I
calculation XC4s a very simple computox calculation.

17 But in &e very early days one might not, even have

js,
39'-,

20 ,'i

2$ ( ~

fC

22 .'

23
tj

; 24

made the calculation. One might do this hy putting a lot
of models like this on a shaking Cable and sub„"ecting the

shaking table o this pa ticul"r time history of motion and

simply recording the peak accele-ation developed, and then

plotting them in this form.

Acclexa"ion xesponse spectra does not have Co be

computed. XC could be determined purely ex~arimental3.y. At

the present stage we would never Qo it e~~rimentally because
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eb5 standpoint. If he has an objection I won't do it.
HR PLEISCHAKER."Ihave no objection. I mean the

reason I'm go9.ng through all of this 9.s .or precisely that

purpose, to try to see if we can get some of the basics out

on the record, because X've had the experience of spending a

lot of time trying to think about these things and i"'s not

easyo So I have no problems with your asking questions as

long as I get to ask &e sarue quest9.ons after you ~

9;
I

la

l2
(

l

L3 i

l4

$ 5;*

l6 '

7 -,':
I

f8 ',.

l9

20 l"
5I

,l»

2l
!,'2

=23

NITNESS SEEDz Can X try to answer Hzs.
Bowers'uestion

another way?

HR. NORTON: 'Let me tzy i:o put it 9.n layman's terms

and then you can correct zm where I'm wrong.

Mrs. Bowers, I think the thing you have to loo!<

at 9.s you have to. look at the natural frequency of tho build-

ing in question, whether it be five -- I forgot what Harxy

said, I think thzee, five, and ten oz 15 stor'es.

HRS, BOLKRS: Ten.

HRo NORTON: The middle one, wh'ch is five

stories, has a natural frequency period. You have to then

look on the accelezogrm, the record of t>e earthquake, and

see at that frequency what the maximum g was, and 6i~at"'s what

we'e going mathematically.

Xn other words, if 'che .32g on he accelerogzam

24

~ 25

is not at the natal frequency o.- that buOding, it doesn'

9 to It 9.s only at its natural frequency, so that ' why
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7

f0

l2

But if you look 'n here you can see that there'

a rather long period motic2 coming in ti ere o AQd pe haps

the period of that is about half a second. Now that strongly

affects buildings with a period of half a second, and it is

perhaps that motion in this l'ttle area which causes this

big peak in the acceleration esponse spectrum.

Mow the absolute p;:ak acceleration which occurs

here has a very high frequency ox very short pe iod. Xt occurs

for a v xy small instant of ti-.na, being so narrow. Ana vivat

is felt by structuxes which have that kind of natural period.

And that would be essentially structures with a:~ero period.

So it turns out that a"ways on these spectra the

f4

f7

f8

zero period ordinate is numerical"y equal to the peak accelern

tion of the response spectrun. That's a very important thing

to understand also o

Xf X had an absolut ly rigid body up here, its
natural period would be "exo seconds. Xf it were rigid it
couldn'0 move at all, and it would>'t vibrate,, so its na ural

f9

20
I

21:t

22
"

period would be zero. And what it would feel would indeed be "";

as a maximum acceleration, the maximum acceleration at the top

would be exactly equal to the ma~mum accelexaticn that goes

in at the bottom, There would be no change 'n going up Qe

structuxeo

MRS'ONEBS: Nell, I dcn't really understand that

bottom graph~ Does that deal w9.~m all three buildings'P
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@
eb9 But with these structures that Dx. Seed Lamas sholem,

uey are not completely rigid, they have p riods and there-

fore, their points are elsevhaxo on the diagram.

B~C KRo PMXSCH.<~3(ZR".

Can Z ask a ciuestion'P

Vlhat's the significance o" t1:e value on the z'exitc-

7 'xis of the bottom diagram with resp ct to the accelerations

that you see in the El Centxo time history'?

(>]itness Seed) Nell,the zeal purpose of this

10 spectrum diagram that Ue Grani is to enable us to calculate

e accelexatians ~ad st=esses in oAer st=uctuxes that might

12 he subjected to this particular ea thquake mot on.

Pox exa~3.e, i" is a fairly good rule that if X

14 want to kno'~ the hase shear, which is an impor. ant character's

1g tic of thlat a building feels during an earthquake, the shear

16=

17
18'orce

at the base of the structure, 'f you tell me,that you
I

have a structure in El Centro d--ing this earhiauake whose
I

natural period vere .75 se onds, then T. can, m.Ck the aid

20

of this diagram, say veil., at,75 seconds, the spectmmL

accelexation is about ~ Sg and then I can t ~ l you that the

21

23

'. 24
I
\

'25

base shear for that building vou3.d be approximately equal to
l

the ve5.ght of the building times tI~ .pectxal aceelerat'on
P

or if times ~ Se

Xet me go hack to the solec"=ion of the value on

the vertical axis of the bottom gz'aph, the zero period limit.
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&md, being abso3.utely rigid, the spectral-accele ation will
be numerical"y eaua2. to tho peak accelerat'on at any point in

3 e tirm histo~~.
'

gORn>Og E'~ouse Re< p.'rso Bowerso X think it
has bee.. soma tie since X b li.v- it was Dro Snvth and

perhaps Dr, Bolt described the a celerog,amo And X thiv3: one

thing we zmy be missing here s fc Or. SeeQ to point out

the pe iod on the acce1erogram — Zou Rnov, when you start

talring about he natural periods of two s conds o one

second or a half second, ':<hero that cones Crom on the

accelerog=am and how— X don't know....

12 Xn other words g it s a tiff or entail "on that we re

having a p obl m with

RXTNESS SEED: Ks accelercgram is ~ simp'y a record

oP. ground motions. Xt has no particular structural proper-

es Xt has no conGigu ation. t's just a record ox ground

17 motion, Xt does not have c- natlMGl periodo Only structu=es

18

'9,

have natural periods.

NQRTQM; But ~e f~quencie

20 I-

21:

KTNHSS SEED: There are a lot ox fr quencies a13.

mixed up together in hare and what we talk about is he

predominant period oZ this particular accelerogramo Aud i
is very harQ to 3.ook at the accelerogram and see a predom"'nant

25'
~

period; it all looks like .. jiggle oi lines.

But in r'ea3.ity when we examine thi computat'onal3.
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Z

2E +bi 1, Hhat X r>~llew rant ' st:.es" again, and X've

said it several th~es, is that ve all understand that the

zero period value on here is wmexically eaual to the peak

acceleration of the amtions. And that is iehv .".'r. Bluv~

referred to this in his testimony as De ancho:"ing point

6 I

I

liI,

81;

g
t"

for the spectrum shape. That's;>here ve anchor it to.

BV NRo PLEXGCiULKER:

Q Xf there arer"t any other ques ions —there may

be; but let me suggest one thing:— X thinlc +hen pmu read

10 this tonight someMxing raay'ink in. But let me move on and

ask a couple of fu~&er questions abou" the time histo y.

12

I

13

3

14

!

15 I(
I;

16 /!

17

18

Can you g've us sane facts about the time history

hereV Shat vas the magnitude of -the ev uter

(Nitness Seed) The magnitude of t"is event

+as about 6.6, and the record ".~as made about, X thin.-,
seven'iles

away from the source of energy release.

A (Rimess Blurra) Xt +as on deep alluvium, as

compared to rock here.

20

$fhat +as the pea.% acceleration?

iNitness Seed) 32g roughly.

Do you have figures for the next subseeuent

peaks'

No, I don'. Xt s obviously very close +o that.

The .second highest peak ~could be here, and it mould be

about ~ 30go
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3

the zespon -6 spectra Xf you put them all on One plot they

a~wuld all start at different points on th9.s zero period

ordinate. Ard so you'd be comparing a lot of hings starting

4

5 I
I

at different points, and the

to you+

shape would not heccme apparent

Bl NR. PLEiSCr2&R.:

You called the bottom f9guze there the response

'pectrum. That 9s not the response of the ground.

(~Aitness Seed) No.

'i0 And this 9.s not the response of a building.

This is She peak accele at9on that v'ould be

l2 felt hy a simale structure, a single degree of freedom

15

16

17 i

18
i)

19

20~

(Nitness Cornell) Xf Z may interject: — :t's
referred to as a spectrum because i"'s a spectrum of buildings

which 'are represent d by the single graph.

A (N9.tness Blume) Cr a spectrum of simple. models;

that m'ght be more accurate.

MRS. B0~8ERS: This may be '-he same question that

Dr. Martin asked:

21

22 «
I ~

23
I<

24

You take a lo of d9.ff=r .t things when cyou

crank it 9n to a b9.g computer to come out +9th your bottom

structure s~~jected to this «one history of ground TQotiono

~ 4 I What the ground feels is described here. 1vhat the structure ~
I"

feels is descxibed hexe. (Xndicating)

I

2R I
graph; isn't that rgith~
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wb5

2

4

f0

DR. MKRTXi4: tfell you said the equation was

complex. Does it have an analytical solution, or do you

use a numerical pzocedu"e to achieve integxation2

MXTNESS BLUi~~: Xt can be done either way. Xt

can be done by numerical procedures or it can be done by

straight integration, and so on. Xt can b done either way.

Xt's sometimes called a convolution integral.

The beautiful part of it is it's completely

general; it could apply to a single pulse instead of an

earthquake.

DR. MRTZMc Ma's what X ~eas getting at when X

12 said a simple expression.

Suppose you had a single pulse, could you show

! us a more simple eruation that would give a point on the

16

19

20

21

22

response spectrum for a given pulse2

NITklHSS BLUhS: I'm afraid I would have to use

the same ecpxation, the complex ~a ion, even with a

single pulse.

For example, I'e used the same type of equat9on

with sonic booms which are mexely an N shaped plus puls

followed by a minus pulse. And the equate.ons xrork equally

well: they'e quite general.

How, if you would like, I could prepare a graph

showing the ecpmtion. But X don't thin1: I'd like to do that

)ust offhand here. Xt's pretty complex.
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tvb7 1 OR. IQPTXN. I feel like X'ra only getting pare,

ofthe storyo if X see the input and the output X don'nov
-.chat goes on in the blac'" bo." .

HZiZMEBS PPAZ"HR: X et Re describe 'cue equation

Just a 1ittle bi ~ L~oze g and if you s 'llvgould like $ c, g d

be glad to crzite it down.

Xt has four terms. One t~~~ involves the

acceleration of the structure xelative to the ground. And

that tezm tells about the inst.a of d:e stn~ctuze. The

structure is moving. There are =ozces generated. Hers';.on's

second law oz motion is dealt wi.th here. 5!here's an "nertial
"te m ~ And the par~&eter tha'c goes in hat accelezaticn teÃlA

relative to the base is the mass of ws struc'uze. '..'hat'

one tenn. So th're's one tez.n that involves the mass of

the stature and the acceleration o. that structure relative

to the base.

l7 Another tezm is the stiffness of ~4xa structure,

>8 and that simply is a spring constant. And that simply says

19 - that if you take the top of a structure and move it aver,
4

20 no inertia involved, just move 3.C over, &mt ~ ere are forces

involved Rue to the stiffness of "he structure. So .Dere's

23

anothez'onstant hme, &e st3.ffness const-"nt. Ne cal1 it a

spring constant. So that's anoh .m ter~.

Anothe- term "hat has ho Qo ~rith 'che structure

itself involves the dmnping that has corke up several times
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don'o it on sc=atch paper and that we need to go to the

2 'omputerf or go to a shaJfing table™-

DR. ZARTXH: The cc~np3.c"i"..y is in De .integral.

You'e beginning to t"llew to ms in language X can

5 understand. Xf we have the acnx"tion X think it'lall he

6
"

much clearer.

7,'XTHESS BLUME: X mould suggest va Provide the

8.,', ecyxation after the luncheon period.

DR. KRTXN: '&mt'll be "-".n .

t0;
j.

thing of that sort.

WXTMZSS BLUR-: Gr maybe tomox ov orna, 'ome-

l2 I'R» ~~ 'g i Fino ~ ciTith Qn cicp3.anationq with

def'nition of the parameters and

~4 ';, "ice dimensions Qmt come out to

~s'~zri-WS BLUm: me'd

~~3.r dimension8 ~ -«or

he consistent.

he glad to do ~Mat.

16 DR. MMXTXH: That'l be ozcel3.ent.

t7

f8

t9

BY NRe PLLXSCKQCER:

X have a question for Nr. Prazier on this
equati'on you'e using.

20 For the damping value a"e you using-- As X

2'I

23

24

'.~'verstand it, 'the damping ia a measurement of the'dissipation
I

"of:.ene~ in the build ng aa the building is vibrating in n
I

pa'rticular mode; is that correct?

(Nitneos Pram er) Yes. The damping coefficient

25
'hat goes into this education 3.0 a catch all type damping e Xt s

~ ~





~ ~

'I,)NKPVLTI ~>r~> s«>3 r»a~I '8 'rr> re ')6 ~ eÃe jQI>r>Vive«3 «»«L refde GQa»>stre >re vp A Vt frI

~r. >»>f ~ (VC 'e I WVt<2 631» 3>f«e Qh>>«% ) * Mrh> 2 P e> g
>>p «FI>r:>h9>eQ grfs(9>

g~f~~- V~QQ pQQ >]L ~AI«F'I C,Q F g ~I<i j .g S~~W p:"f. g" )LFV,~ IA~ >S~ j.»e>X

f«'Is >h> he(» j»a 9 VF>>»~ 9 fis «> If»hsW~ >re v ev > > <
~ ~ ~ ~

«s> lfPp> ~ I 1>4>I .>g)1»'( F.>r>ee,ee» ehi IF»pg ~
> $ 9,>re> gA.>f> $4.I ~

sr le PI «> >I rse ~ f > ~ >Fh> vv,e' v>ir sr Ie >«>@cps h,eee 1 'vie"P>hv 4 '

e«s(J ~ h&I>g *>
( > Cye>% Q jib>( >>

r \
'I

I

r> I l e e>
hir'I' 1) IV Ie>h I!»Ihs I v« I ~I»'Lr«er e

WJS O'M ~f'I~'5 "V.'P'fO

7 ~~(»+st Ch>W~ »ATF XS ZQ"IKPX:CL(> F'.r.!>Ch F".K='. fk

'>0,"

>i
~I i>ei ~

'~ >9 Wf> ~4

.pp ) " »Igg gp . I'eeg,eheh: ie>F.

M( iM~(.»K).3 '>'F~.'~ ~32.0 3: "".B":.'93M C~~ -DQ

j~'«L33

J rm) I;>)rs>I»LP 32 L Z» C w INC> Ir' ~ 495>f I! >wh»V~V

Gt.' +'"""'} Y""')')')23 'j t'
''(((."Skd)%'I,Q

J$ Q QQ~ p'> ~1r) >VQQ'1 'I '(Q't «f(p~ ~ >" $ ~() ~c'QJIr) ', '(gt>>(,'> W'9 Tjj tr'Ij
> ~ ~

e 88'.">8,: ~™M"-i'~F~'r O'4); I> r > ~ > ~CHk

~ sw) g g>goer h>r>r>f)s(r joi»e 9e>)g>g i 4e(

17

I'I

,0'~ L9Q"'Q3."8 C
~ (

h

Q

II'. 8 P.."

~'hrs jpgee IwfsF ~ ~ ~ jeer. >qwy>gs ~ ~ h h, ~)e i~ e ' h,r»~ ~

Lshr» ',i prpi v sp ~ ~ e e vs<> J hf ~ > h>AI > '. I r>fs

9>'.63. 2

0»3~ QP. W~sC~t ~Q <'~"'"a""c"f 1 >9r>jo r Q vi ))CI

'(
+e r>g~9v)p g>>g> e, + I» p,: )i'eggs g>««>v3 hv«r>q q, 1 gg>v4

18

20

21

22

I ~

,'I

~~~'i:LQEt 0:
~ ~('

>35K~ QM'9
I,
( ~

((" JI

f>
I ~

I

I

A~f>>»V jQ>]pe»gp ~4$ %VQ))IJJ>I jeehgg sg+9> >4>I~>e)h

fg'(I L>y

i+«LB F>~C)1 ~
3

..V>3

'; 4 >,>@13 P ') i'V h ™VI>99~>>a >I ~ >fv r m e>

i ~ >fr'lr ~ i f>r >" Ill'IVIII
e> e

rr>» ~ e ice)»> h,t> ~ '> ' I>v v>99 f ~ ehc> 'I» ">9r I Ifr ~, ~ lh ~ I()>)
~ ds) «0 leL«S vw' ~ ~ F >r)~seer»! ~ «I ~ hr C«v I ~ ~w ~3 j>h (

!
'

(

1

I

4

.3 >'.»~f,e-s fg"(~Ow~>e& Cler >>r> ir ~
je 9>g .eire> I >f3 t~e»'>r %«C!"I (i)'g3 ~ ~ 9(/~go r '» eg> v> hs 7

'-'

s'5

I F'II>er C>'v reg'P (>C~ '>g». >>'I»fir





6S54

wbLl AI

2~ Q

Yes ~

And then you have z'aditn c!p'.nping~ which 's a

3 'hird kind of damping; cor
ecM'Q?

K'he aoi2.-stmcture mteraction, Cha radiation of

7 'nergy into Che soil is called xacLia~&on Camping..

Q Well let me ask you about Chat kind of G~~aiping.

Non't you have soma king of aamping that results
" from the ref action af che waves as &ay move f om tne soil.

through the -- to the hase, because oZ ~Re different

impedance of the soil and the hase'P

13
r

I
4

1

15;
I

I

16

17

You would notP

Ro. That. wouM not ha damp~< g; that, wouM have

to do with how incoming waves —ho+ effective "acomi'ng

waves Bz'6 at getting into the st2. Octa'G o That 8 not ctamp&xg e

18 ~ Nell ~hat are you talking abouts

19 A Damping ia how energy ~C's in the s~muc~ure

20
i~
l,

2$

gets out of the structure.

Bo you'e defining rani»Cion daapm< .g as heing

23

24

- 'eqeivalent Co Che cRissS,@ation of energy due to the coil-
,1

structure interaction effect and the non-l9.nevrities in the

soD. as the building moves through the soi2,P

M. MARZXB". The buiM~~g moves t1wough Che oi3.'P
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wbl3 Hog there axe many Rinds 'of damping within the
L ~

structure, and histores9.s ia one of them. Friction is
3 I aflother

4
j 0
I

Xn .the elastic state>

Xn ~th the elaa""c e~d the inelastic.

Okay. Let me see if I an separate out one

boundary. Tee have a danp~~ g in the building itself without
4

reference to hhe soil; 3.s that c"rrect2

10

You can 100k Qt 9.t Chat wav e

Okay.

And then you have the '-Md of damping Chat relates

12 , tht results from the soil-struck.e interac4ion.

14

15

YGS ~

0?cay.

And then you mentioned a thi-d category which.

might be the structure-air interaction.

17

18

19

20

21

1 A {Hitness Prasier) Yea. X Rink fc= purposes — Xn

general X think it's fair to categori"e damping as. of Mo

.types: one is damping of the structure and all tL~ various

components of the stature in any way that might occur, and

'there axe many ways that couM occur. Another type of damping

would be radiation Campingg that is, energy that gets cue of
t

the structure into s me other —escapes somehow: we call tha
! radiatian damping.

So X think it's fair to cat~o ile damping as of
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s wb14 2'
„

3;
»

and the structux= would go ahead and resonate and the inst~m-

m~m't was recording itr and it was well below my ability c o

detect this.
Now when this dies out there are mechanisms tea~

cau e that energy to dissipate. =ome of mesc r>echanisms a e

6; things like just an elastic menber. There's no joint, no
»

7

8:

1G .

l2

14 „

'»»

15

riction, just an elastic member. Xf one could hold that

elastic member perfectly rigid on the ends so that no energy

could escape from. that member and you pluck it "ike a guitar

string or something lD"e that, that procedure, that resonating

phenomenon does die out.

Za>d so whatever the mechanism for dy'ng out,

at's a type of elect" ic hysteresisp something like a guitar

string. The thing doesn't resonate fore>mr. And then 'n

structures, Z think

End 2E
End 0TRB

Madel.on flq7 ',
» ~

4~

18 't

19

20

21 I-
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mpb2 Ne don't c-™ when:eo do that procedure wa don=t

go in and ident9.fy Joincs oz coll%198 or Any particLQBr

mechanism that's going .ho provide tAat damaging

5

6..;.

8.,

IQ

So we can pick a number out o2 Me ai-, sour

pcz'ccILtg «ive percent@ seven percent g ve 11 say this is

damping and it could come Zoom all sources Xt auld be

structural, indirect damping ~~ough Hae ai-, %wough She

structure~ or structural interaction< corxect2

XBBo

(Hipness Blume) Kc ~

(NXMess Seed) X star@ed Mis, Can X answer

33
f ~

f4
Im

]5 "I
i

16

j7
!'8-

this qaestioa2

A (Ni'mess 33.uma) Ne all want ho get into this
one because X thin?c. 't4s going off Wto 17 different direc-

tions

Q ital~ let me see if I can narrow it~ because X

want to talk speci&.ca3.1y about the Pug Guide sad. see ~sham

it uses seven percent damping, what is it ~king abouCi

20;
I

(Nitness Prazier) Nel3., Rater one his to come

back aud )ustify the number Z traan, +hen you'do'he formal

procedure you get a response spec53.QN 7hen you have Ro look

at the structure or the mechanisms

But the procedure of Doing Ae respond'se spectrum

is all I'm mMcing about~ hcw you use it Then'you have to
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BY iiRe P~XSCHiLKRc

Xus'read'of wang —X.'on~t have the language

of 1 61 in front. of me -™ was it 1.60 ox 1,61 which is

'dale ing 2

(Mi~mess Blue) 1.61 refers to damping and

1~60 refers to response spectra~

Okay,

Hov with respect to 1.61, Chere are figures

9 given here for damping, correct'

A1?d you were One of L~xe coau~&oxs Qf +~LaGPi2'ell, my woxk along with ÃaMmark's Xed to thatp

yes

Okay»

What voxk was 't. that —specifically was there

a publication that you worked on which served as 'the basis

for the
numbers'es.

Oux''firm wrote a zapoxh for'MRC regarding

20

2)

25

x'esponse spec+ma and so on~ and so d" d Mevmark and Associates.

These Mo efforts vere coacbined into a pub3.ished papero X

believe it vas Ln the Pcver Division JomnaX of the 2hmsrican

Society of Civil Eagineers And then finally another docu-

ment two other documents were produced by ÃRC after eviev<

1~60 and le61

How 1 ~ 61 pertains 4m damping and only damping~
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others that X have+'6 mentioned —get ve~ complex mame-

ma"ically. So it has become universally accept~I ip the

field of earthquake enghxesring and ahruchural dyn'amies

that tha computations involving response spectra and Me

response of structures and so on @bat ve assume a viscous

type damping, v-i»s-c~-u-s~ which is ~=-opoM&onal to velo-

ciCy.
I

'I Ãe al~ km'is is a~o~hex anadem"Xng eau9-

valent, of She hype that, X mentioned this morning~ '+he"e
I it~s not the precise answer, but i.e is a most 'convenient

. i

and useful me~Jxod and iC yieMs zesu2:ha MaC az'e' 'onsia$ ~
and standard. So the damping mentioned in Beg Guide 1 61

is assUmed ho he viscous in nature, even though ve all lmov

i4 isn'to But 9.4s value ia using Chat computation is essen-

ti*11y. the same as if you venC through an axCxema1y comp3.ex

procedure trying to isolate hysteretic damping 'from friction
al dampkhgg and so on and so fortho

>8.

49

?Q

Q Pre 811288g I H corryy you 1084 ms in your 068~

criptian of vtscous damping

A Viscous damping is )ust vhat the ~~~ imn3.its~

but it's a damping that vou1.d ~>or~~a with velocity of

j2
'3

motion Viscosity Xn o+Aer words< if you vis~~'i"e a

viscous 3.&quid< Xt has more resisCence ~~ va""er without

viscosity, for a~pie.
9 Hcw does tbis concept relate m Me ~~ds of
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mpb7 damping @144 yoll vs lis'Lcd bBCQLB Qyo<.acetic QQExpxng>

frictional damping, and damping that is due to ™+~ucCuxes

or mater'.ala going in o We i elastic rang@2

%ha viscous damping is a sum d Co ba the aaui-

valent. O2'll tho structural dampings. Xh'uma Cham all up

into one convenient. unit

~~uv can you have hysf:arctic damping in the,-
8'Cx'ice thaC

C

4'olid hyshezetic damping be appropr3ahs in

'l0 dGQcriking Ms cUIGQniCion of energy Gs a rGsul i Q~ 8 Soil

structure interaction2

No< because i lvouM ollly be a sma2;l paW of the

total effort There would he friction ~avo3.ved and many

other things.

But mould you have hysta:"et ic damping'oing on2
h

Xn soi3.-strucCux'a inCervc&ion2

t7,

$ 8

)920'ther things

Yes'hex'e would be co~~jng.y- hystar'etic among

Would you have Zrichional damping 'a~Xng OIl2

9 And voulcL Jou ha~me damping as a;.asuXh of

matexial.s going into ~&a inelastic ra- ge2

24

25 4QLpU,t,ud o

You may or any no+ have X dopmadm on +We
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there Mas hysteresis, and the inc.ent of Ne vrord "structural"

is probably largely frictional

Q Moll, X don't want "o get into tbis ~~'etail

ye{ o Jut vfe 11 come back to i,h~» Lo 01 p

Dr< Seedy could we con~us Kf1 Ql your Qxplana

tion of the derive.<on of response spsct".a'P X'm s'rry that

we had to interrupt that

(Hitness Seed) Yeso

(S1Mao)

Thank you

That'o fAe slide that <ee had on b~foze> and X

have nothing more 'o say about that Sf it's perfectly under-

standable to everybody concerned ahae ic means. But X vil3.

be glad to describe morc about it until averyb"ay feels

they know enough about it to satisfy their needs~

Maybe s3.ide two will provo>ce aueations about

slide one.

(Slide )

~Aha+ X rea3.1y wanted to say xext was that ~Mis

is simply an example of a response sect~ 0''s not the

same shape as Z had on slide one, but 9.t is a draw'n - an

artificial it,'s just a diagram X made hy drawiog some

lines on a diagram, and tbeze is some time history of motions

~WaC wou1d have this ao its response Gpactrumo X 'diAn't

bother to f~~d out what iC was
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@hi.ch of the gxaphs you a=e referring to on 4'hart so

that it gets ixLto the record2

7-:

ZRo TOURTELLOTTZe I thm<k ~doe record should

'also indica e that up un&1 the moment he smxtioned

"normal'.sad acceleration", hs vm discussing the part of

the slide ~rhich is simply entit3.0d Acceleration Response

Spectrum

10"

'12'

The Ceo represenmtions are euti.Meek Acceleratio
I

Response Spectrum on tho 3.eft, and on the right Hoxmali"ed

Acceleration Pwsponse Spec~~e,

MRS. BOHERS: Nell> and it's entit'led Pig~>e 2o

Do you @ant ba read the title2
WITNESS SEED: The figure is entitled Demrmina

l:
Cion of Hormalised Acceleration Response Spectrumo

19

20

ÃRo WMXSCHAKER. Por ~We record, cou3.d va have
!

!

this ma"Red as Join Xntervenors'xhibit number 542
I

(Whereupon> the doccr~

referred to +as ~iced as

Joint ~~ a~enors'4
fox idcntific@tiono)

22

BX HRo FXEXSCHAKERe

QJQlyo I m sozxyo

24

25

A (88.tness SaeC) The poiut that I'm r'aially

trying to stress in going from an actual x'e pease spectrum

to a normalized response pectrum is that the shape of +De
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23'ay
X am geMg Ce plo" 30 sposhy ez Wis graph< and Chem

h

X am going to draw in the mean of a3,l We values WaC Z

get on @hah gx'apho Pwd in thah way X wou3.d geh a mean

acceleration response specmxm represenMCi.ve af 30 different

rcspensG spoctzao

Xs Mat. whah engi~ems would do in deriving a

dasigzl rssponsG spsctra'P

A That's whah eugineers de in deriving a design

response spechm, ewd that s esssu ially what. was dona in

dsrivtug the reope sa spectrum you rife"red te ia, Rag GuMeooo ~

12

l~ Glo

i+62.o

(iU,mass Bluma) 3.o60,

15'

" (Hotness Seed) 3.o60o
t, ~

Mow if we'e dosigning nen-criMca3. 'structura-,

then we might draw all these spacCra en ene plot. and tn!ce

17

1S'"

the aean of them and say KhaC's an adequate basis for design
~-

'Xf we'e dasigning mora critical s~ahures we would pub all

19'0

21 l'

22 I

23 I

of the spectra on ene plot, and then Cake a nea'"-upper bound

because we wanC te be sure that. va'rs desiguiug for high

motionso

had so in the Hagulatexy Guide 3.o6l 1o60> the

speehrum that. was chosen is abeu~ an 80 pszc~~tile spec rum,

24 i ofhaa referred m something 3.ika msan plus one s~dard
I
I

25 deviation, which happens te make ii: about. an GO percenti3.e





6572

«~PL+PCZI«C')
QCS~»saic»

'I ~

2.e~~&0 " 'Cc" cHQr>'~'~L? '0 M'."b3g

',:~jCZC C~'~O6'«~:.P(3+~i,3% «8:L~S~~s GQVCBCa

I
var.>y ~ "sa'r r . ei ~ sa o

b» g4'4' Cs 'r'a sr re v»C»«e»E Svca» s»s'

E0 X ("?,"vs<"'.;ZVB c".e,a.; '" '. c c3« fc~ (.'HB,( „":c"'. ';C js2; ('I'.V cs 4+".: c'~(G > " '.6U '

?

J Q$ - ~ ( "I )1 E?( i QC )M '('I ISSI gP C QQ I I ~ S» ~ »% S»ag
~ '

E '

")Ii~Cl "ri; e r)sr +

h> SC Cr+ VG 5 C) 8 Ea»aces% J'SO%»re Cia'8 Var Cir'i eSt LG O'C34$ Cei (S~V? ~Xi PCi «C? 'SI

csscccr ace a r~ ~vec «'ossarvs3v«es «a les (Es»'rrcio scvrs ~rsr' ~v! w»3 ss~>» sescsi»"iic. Ss cs'~c'

C rccs ".r 7 ~ ~,: r»a ls I SI»crS E * ~
> ~ i ~ I

as(EI rc'6)E»tz» I Slc iis IwGA V~r'rc -siG sects's'Er mt cs8 6 4 rr I aM I Xkar»'r I» > v )''z a r'res»

'6"8 4 ('Ã 'Yee? V'CSQCI

'

Cari+++ r«rrsr'(SQvs I)X E»PV as(N, E» r .tl'J4's «ar sl .Sic) E» I AC'r rE»7m~a"'2 ) ~J
cas')ar.'vQv aa?z> w~G$ "s»B»'E»YDH)(E»46 )~r lae.e.sa'IfsQ '0» i»aU«Q"'9c v « "rc» ) "a..a» zc

Ea)ZG'" +I4vr'o)Q ace»as'ai E? PQ» + ah'Bw+ &is ('r vr»Z»r'c «piro '0'a»ck . o 'Ls"r»ra«P»(rrr 5

b I?3.«QOc SYP Wr ' Cvg -0'iiX~Pie
'E

)(C'~~2 Ct Cri3 A3%G~b Z?sr RZl«C)6«49,(»6( fs EP9 s C C» 8<~6»rr

~'si«9 Mc'9 <CrQ ('rr ft Ws..M -'5(s )Crr '2-r»a' IvS ".a Se(3 Jsr C 4v VB a ~'K» i.C r"B»r -a

Qac~s)~5rcr»rs \'lcr QQH~»E ~ (a. +4ciaicr4~o3» k?~ s.a@issr«r'r a'/cs a» "6 (Vial (Ot»Qr'rue ilr v Nw tIQ
E

'(MB(' -".L ~s'0 VG ":V CQ 8'2'i"Ic'Z,Pg 9 QP.,J;2 "~P~II:8»

(el ayre'hclLQR + caa aag a 'Q +)a»a +~aaeeicugQ»?

'.I ~ .c(

kyar» EE») r s E E r a I,1 /a assr» ra r» r» e 1»)sade E»s I I E

as 'scs ~ Pc'» I'trr»Q»: (»I If'~ <I r t?ke)4 ~ 3 Eri s(r .i'0 'er.r >rt.r'aare'r
sr? ra c h «a..»I »»ra" r ' v'ar»a . a i »r 'r Ir»(rra r n, hIMb'8 EEI.I c'slav se»«'s'a»ei( we'»Liras»% 'E 6 a ~ ~ ie v~ 'EE)as I'sa?C»E.»rh 0

~ %
~ s,"Isa Ir )r srir) r ~ sg,se +»catha vie Ea,slaw r(aaa E Q e +L I+le»as'a. r ( Er a ~ i ~ 3 VeQC"."~3





6573

mpbl:> ~

2

available, and everJJbcdy became more imcwlec",aeabla, it was

decided that a behter procedure would be to consider as many

earthquakes as Possible< but also keeping in mind to select

one's that were representative somehow of the site conditions

5" under consideration.

So this can be done and has b~~ done. Other

10

methods involve the characteristics of We ratios'*'of accelera

tions and velocities and displacemeats and so o'> 'and by

consideration of a great many earChauakeso This"'is a favozit-

method of Dr. Newmark.

So there are various ways of Caking caxe of the

problem Chat you mentioned.

9 Mell+ can we agree that We problem —you

started out~ Dx'lume, by indicating that we'ze looking
fox'arthquakesthat typically represent the problem at hand

Xes,

l7' g Can wa agree that ~We problem at hand is to

anticipate a future earthquske2

A XSSM

2l'

Can we also agree that each earthquake is essen-

tiaHy unique in texms of its time history2

A They are unique< but on the othe- hand~ if you

select certain characteristics Chat are 89JRilarg you have R

better chance of getting a good model, a much better modelo

9 Okay
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mpbl7 2 MRS BOILERS: Mr F" eischaker, you pointed youx

fingex at, the'vitness.

(Laughter )

NR, NOPZGHg Was that verba).3y o- physicaj.ly'P

',0

12

I didn t see+

(Laughtez'o)

MR. FiBISCHA'.CER: Too much coffee.

MR. TQURTELLOTTE: Perhaps we should leave our

fingers at, the door as ve coma in.

(Laughter. )

NXTHESS SM~ D: Mrs Fleischaker, if I might add

one last word on shape, but putt3mg a lot of spictra on one

diagram and then taking the mean ox'he 80 -percentile viue~

26

27

28

29,

20

the advantage of that is we take out the dips svhich occur at

certain periods, and end up with a rather sneoth shape as

distinct from the vezy erratic shape, And that 'm'sans Mat

we '4'ot arranging or there s no My to arxcLnge that

'our structu-e falls particularly in one of the valleyso Xt

will have to fall near the uppex bound of the peak of scma

spectrumo

So it is a liht1.e more conservative t'o do ~t
22'.

23

than to take an actual single spectrum.

BX NRO FLEISCHAZER"

I understand and agree.

v ~

I wanted to focus or. the opposite en'd of the



0
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So I'm not trying to mislead. Nhat I'n t~ing
to do is focus on the reason why we ta1:a 5, "0, 3.5 earth-

quakes, average them> then draw some 3.inc in order to envelop

or to approximate a m"-an plus one standard deviation

MR. NORTON: I withdraw the objection

6: MRS ~ BONERS! Pine

1

8

SY MRo PLEISCHAKBR

Q Mow if we took only ore ca~quake, then Chere

That's right.

That's right~

That's right

would be soma risk that the one earthquakes —one earthquake

;0,: in the time histo~,from that "singla aarthqua'.ce to generate

a response spectra we would assume a risk that tne future

;2'I earthquake would have a very different time historya

13 .1 A (Witness Seed) That's right

14,:, Q Even of the same magnitude?

, i
15''-I'

I

0 Even at the same dxatance2

17 A

18. I. 9 Even with the same soil conditioons?
l:
Lc

19 A

20 If we take two earthquakes we reduce that risk2

That's righto

And if we take 30 earthquakes we reduce that

24 That's righto

Xt, is debatable how many you meed to 'take to
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4

How many 7.5s do we have2

Ne don't have many records from 7.5so

Do 'Me have
any'es'e

have a rico d from %~3G Taft QiL~<~c[up%keg

majha to 7.6.

was Mat one of We eight that. was used for She
h

I Hosgri reevaluation2

8;
4

9

(Nitness 83mae) Mo, no@ for Me Hosgri

(Witness Seed) Xt was one of the ones ~at was

1o ~ 'sed fo the Regukato g Guide spec~a.
(Nitness B3.ume) Xt was aXso used in "the origma~

12
I

] 4 I

cri'teria> Griteria 7o

Ghat was the distance of that 'event"'from M,e

accelerometer fxom which the ~ his"o"y was'~en2

15 (Witness Baed) X think i was about 30 milesp

if;I'm not mistaken.
v ~

17

18
,) ~

ji
I',

zo I',

zi!
I'2

23

25 !

Dr+ F~azier2

{0$.Mass Prarier) Perhaps amre directly r~Msvan+

is wa have a record from the Taba in Xran, 1978, with a

magnitude approximately 7 7 at a distance of five k9.1ometer

fx'om the retrosurfaceo

Has that one of the eight Mat was users?

No. Ho only got the record —t",= first time X

saw it was approximately two weeks ago. And it fa2.ls in Zine

with oux current thin}.-ing.
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kinds of records that close to that large an earthquake.

That really assists us in appraising these kinds of problems.

And then we spend a lot of ~mnm —that was 3,940> and a lot
of oux very important stxuctur s wexa designed based on that

particular record because that was a unique event back in

1940

And then we got more records and refined our

8 ~ understanding, and we wexe still lacking data from very large

earthquakeso And then after drawing conclusions and ~ doing

12

what we can to appraise ground motions xxom very lax'ge

earthquakes, it's very confirming to me personally to get a

record —' high qua3.ity instrument record from the iranian

13 'i ear&quake of the magnitude about i,7 at a xecoxdS.ng station

in Tabac only five kilometers from this very large thrust

faint rupture, which we'e already testified thrust faults17'e would expect moretend to have larger stress drops.
I

sev'ex'e ground shaking from thxust faults.

18'9"„

Xt was a ve~~ large magnitude earthquake recox'd

approximately five kilometers away with a ~ 8g.' Xt falls xigh

zo'n .linei Xt's vexy confirming to not. be out on 'a" limb with

21 those large magnitude earthquakes.

Ne3.l, I th9.nk at Mis time we'xe not'talking

23 about the peak accalera+Mon on the records we'ri talking
24' about the shape, we'xe talking about We shape of 'the response

spectra that would be derived from the &dree his+m'xyo
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mpb .51 And I ~could imag~e ~a:" going hack in o tazms that, Chare is

cox4?ActiQILy b8caQse damping y st 'ctQral damping p Qr %hat~

@vair type< has +o Qo with ~We redaction of motiou, of v9Jora-

tory motion.

ML<, BONZMc Pi~3.X, va'l3. bred+ for an hour for

ou laachaon recess.

(Nhereuaon, aC l2c00 noon, the hearing in Ma

ahovo-entitled matter ~zas recessed, to reconvene at.

3 00 poIAo p Wi8 saIM dR«o)

11 ',
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21

25
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'do, it's just one mat X drew in~to be represen-

tative of what it mig't loox lil'.e. X. 's not a specific— Xt

is not derived from a specific recordo

~'h~ purpose of the diagram is purely illust ativa

and not applicable to any particular record.

How X wanted to as'; you something. Xf X'm using

terms that improperly characterize or aran t sufficiently

precise X d aporeciate your correcting Bless g b cause Z m just

trying to get a handle on some concepts that were raised

earlier in our d'scussions.

12 i This acceleration response spectra represents

mot'on or anorgy that is available to a structure assuming

that an earthquake occu "—
ID,. NORTON: Excuse mo, Mrs. Bowers. X m going

to object to tl>is method of proceeding. Hbat 11ro FelisWakex

is doing is stating mu3.tiples as o his understanding, and

arith fAe preface that iZ it isn't sufficient3y precise,
correct'9

20 'i,

Rl

me That's not a guestiong tllat's him giving ilia understand-

ingo AQQ X %i'ould just as soon he as ed a Ques ion as opposed

to making a speech with a preamble, well, if it isn't suffi«

ciently precis let me know.

23"'I

24
It

25 i

i6?8. BORDERS".lfel2., N-. No ton, "'n tllis highly

technical fie3.d we have all beers'rying to understand. i>d

Mz Nortona cne of the best ways you c821 find out if you e
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engineering, for what purpose is this spect-um utilized'
A Xt is used xor a variety of purposes. Xn the mos.

general sense it is used for evaluating the response of a

structure to zhe ground motions which are epresented by the

spectrum o

Xf we lad a real build ng cut cn tnt grounc

Nell, strike Chat qu stion.

Xf a structure doesn't have a natural period»

St-ike that.

10 How, if at all, does a structur a~spond to the

amplitudes in the f eguency xanges beyond. its natural modeP

Hell, Dr. Blue makes those kinds of computations

14

15

16

17

18

19

20

21

.22

23

- ~

C

t'I

t

I

ji

j|

'I>

(
~

~ ~

I

all the t"me so maybe X shou d let him answer that question.

Okay.

(Nitness Blume) Phe respon .e of a structure to

a response diagram that falls away from 'ts natural modes of

vibraticn or natural periods of v'bration is essentially nil.
Xt drops off very rapidly as you get away from what we call
the tuning xatio.

And X might def'ne "tuning" as merely'hat po"'n"

at which the pe="od of the structure, a fundamental period

or a second mode period or whatever, correspond= with the

pexiod of the response spectr~~ that ycu're l ok'ng at.

24 ~ But away fxom Chat peal it drops o z fairly

25 rapidly. ~ ~
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s ae

Xt's inaccurate then to conceptuali"a this as

the structure with a single natu ~<1 unde responding to the

time h'sto~~rP That is—

5
s

I

I

I

don" t quite underst"-and your questiono Con.ld you

please repeat it o~ reph ase = tP

X~+ Z understand your test).mony't is that evQn

fo pu poses of modeling. no breed out Strike thato

8
I

g 5

The Diablo Canyon Nuclear Power Plant. ha a numher

of natural mades which can potentially be excited by g"ounce

motion.

That is correc'i ~

32 Cm you id ntify for me che rang of f eq~~~cies

~d.at we' interested

Yes p X believe .. CBLLo

'15 '., X'd rather do it. in terms of period ~~d we can

conver that to frequency.

17 V=ichaver is easiesto

X th3.Qk period is easiest K~cal se we ve been

~g worfcing with period on most of the di grJms.

?0 The lowest periods that we ha":e considered have
I

been Chose that are appzoaching the point of a -igid mass;

in other
f

23 o04~ o03

24
'. or more.

I

2S ~

I

words, She periods are way d"~m in the order of about

seconds which< in terms of imrtz: woold be 25 o 30

That's the one end oaf the spectrum.

The o .her end varies with each structure under
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zoic ir. ~>.'1ich;b" is n:oui;"1g a3.: .'.... on= 8.'.rect. or a~ "ve

s;:ant is ia:be zany ox .20 '=O,22 seconc.s. X"'m not: givirg

GP e (ac i'lva6)87 DecaQGe '1e" "-'lac 8GDi"-'l1 "~

gas�

„ej ~'1~3321t f

upon a~lien ocr~"mete va|ui~ s~ i=3.10>'786 'hO US<='o

NR, 1',.i OH "cQS( mep 8 9o Bc:ii-r.so 'Z.u'9'. c"....e

~ables t:hah have 5;e exact ~chambers iv. them, and pe"'gapa if the

vrimeea haQ
l

o -f
p rather

I

lVwii)6 29 o

'd19$ Q 'GableG U1 f oil>" of oi'.Q Ms Q b"~ ''O'L bet ef
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agb2 Okay.

Nhat are the adler l2 f"ijKes 4QwIt che.'.QP

Xtl terms ¹ period?

Ho p in terms of 4hat they r:ppreseti t «

Nell they represent other mode shapes ~'"here

things cire not a ' moviiLg in '"he Game d" rection at 4)te Bernie

time, they' moving in differ nt directions.

Q And +he."e are those located'2 ::s there any

seguence in te "mis of location .«t.koPg che ." "'rtlc-'ure t =-:".ms

of height or arv;ttsiItg?

Ho, al" of these 'nodes h~" are'= .....al'y -.pp.'.y

to the enti e syscem.

'7Gti7 g 'i.t «'0 happells th 'lc ...n some modes p you Pc?v

find that certain "arts of a struct "re mav move very 3.3.ltd.e

l7

<8

19

20
i
t
I

i

I

22,

as compared to o-&er parts, and that "s often ~rue. Bu.c

theoretically, each'ne of these modes applies to the e.,ltd.re

system under consideration.

How do you derive t3 ose modes?

A These modes are datern9.ned, f>rst of .'

oz tile shell, hecatts..78're not talk'ng ba ~2,cal y a:Dieu'

structure here 'vlit"I an 8"cer9 Qr conc & e shel ~ n "".7o .I.'?«'e

d'screi i>ing —ox leaps.ng, as ve 3.il".e to c'"."i <.4 —'.hi~ mass

23 units. Hach unit them ~.s called a r~~.ss arid 's connected

2l,
I
i

by springs in what ve call. Me ."~.uzrp mass ma~el, cha"".3 ':he

ane Kith the double -ta- s ' i h~~s ccrc 3.e p
" «.

' «218 centrill
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IJi' respect co 9 le Fi,nd"'talentv2 Rc'"-.> 4." t nest a

single peri d that ie" assignV

Yes> ne fQQdzHtQ .ta~ 'porc: is 8 Bin<'.".6 period

in each direction under ceno"'der-~tice.. Genera>.2y, a "-t ncturz

Ls DrokKl into "cpo direc~ "cns g sUch as nox"Bl-QOQ".-xn or '.c"'.st

~vest, and there i.". a &mmiental node in ea"h direction,

IIc+s there are e-.tc~ption™ to tha., ether- some-

g

times in a cmpixte.-. operation:.icy m-:y list die '.mA"=. strictly
in accordance vi™h hcv t;h..r nu"..ibex<.: fLll, th".~ 3.OL'gs ~t Dor!<.

heing called C4e 'PilnQBDenta.'nci c.h GL tlie n..'aa f. ppd sc QA o

Yn fact, that's the "ray it's 'done in this tabl

950 table g yQQ notice in eacIK colQTl49 dna~

the period in seconds is dropping aft ~ri~w ace mud<='d.<A

one or t~~o exceptions +here ".Aev !'apven to be 'he s:-z.e.

Ne're talking about TWle 4-437

~ I
~ ~

That's
correct.'n

any one of t"ic three col@mes, t'".e r:e:".'::ds

Prop off, get s"caller as the mode warder g~:>ts hither.,

No% p Qs %he contaxn'gent sflell "'...at .~ Ns'at 's<~ w < re

talking about now?

Pes ~

Q gas ~e contain~Lent sk)ell;yegins to:pier,Q< e as

95

'esnlt ox gro'Red Ec( Eon I Goes that f'cnda.tlat'ntal l":,@de i.~ Binge

or shiftV

Xt does not change -.adicalXx- unless yon get ba'tond
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i
I into &e inelastic range, is that what we ~"ould c ll itP

2 I,
Yes

3
<lnen you get beyond the yield point„ve call

that the inelastic range And wha~ happens to 8 structure

that does that sar» s tremendously .s'.th ~u>" type of atructu e

7.

8

and how it's designed and how ih'= pc~ together But

genex al . the per" od leng'ens cons i.dec»bly.

0 What 9K<'Old 'Ve GApec'» to L)appeP. at Q~ ai ~Q

JO,'anyons
Virtually nothing g it is so rigid Rnd J'uch a

strong structure that q a."9.rst of al ' . "iouldn 'l ezgect it to
8 2

go beyond the yield point. Bu-'f i~'. d':d, hypothetically:

&ere would be some lengthening of the Fundamental mode,

f4: that's correct.

Q What is the name that you apo y tc these oY.".e

1$

modes that we'e attached to -- ox that nave b;=.en ccmpu'".ed

for the othe- stories'P

Well we call those hi~"her modes. 3z;~~thing other
f9 than the fundamental is ca"led a higher mod"=. Arid in o"dc.r

2'I

22

to determine precisely which stories or vhi"h of the lumped

masses are most affected, we have tc then tur;: to the mode

shape. And X guess X should define mode Bhape.

K~ode shape Xs f91e shape Gf the gtruct'@re as ii
2.s dexovming GbLdel. ' 8 ~iod~ 'L v"b"'Rti'on o Hcv t ~e BGOp. s~|=~~Q

I
I

described for the "undamental mode Has ev::-3""j'<..'.'"J :.Qv:Lng
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fagb8, move ovo: to >'"ah aa' oC he diagx'a>;. '«hich vo<Qci 'chen @poly
2:

to .the mode —~o:.h~~ period the~ e .s"c;ag.

1"(Ni<Fess Cos."Mlle ~c'QUsp. Re g J. 8 .gxs.c Q(a/). ti 94

C~ C1la~~G~RS 1?RVe BeQB. "..HQG ZoZ' c ~'~iKQ~el)) 8 .iTQ <9

s CZQCGQ i..; QPt't ko Q OHQ'X~"3 - 'E ~'i'< 3.~" a 'iiU~ il~ CC~

those small shix "s ia the @code —in h~! .'".and--a=a"'al mocLe

perxoas, ard <:ha coz: lasiozs is al'nay™ ~ha~ De responses are

less for mcdels in which .heat Uhift QZ mate Node 'Gex'iod

is permitteQ.

Tna.~ is "o con=irm 7ohn Bierce'a saba,.evenR t:»..at

j2
that shi"'cing dcas eead to xedvee s'c-.;".sc'".~'ral response.

20

2f
I

22

23

25
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eb2

I
S

I

periods slim!l"'."~y enough to fall o -;: ~"'le pe,"l=.s and bac?» into a

neighbor'ng valley. Bo the tend. nc~. '..". for them to fall
turd g cn the stverageg 3 83.:ex™esponl'eso

helen you Gay s rU. t",, es do ~ GU, Tice'„!ll:-„;I.se- Z

No Z ".;lean s Hipllg one mQ!:.'- repzese:l< Q.:".Gi!},-"- Dz

strllcture 0 o

J. see p

Xndividual modest ~iese

(9!i:-ness Blur,e) There's another factor in tnis,
tooo ~77hat Dro Corne13 has said is exactly right But

addition, if there "'s a slight c!lai"cv. of pezioc,: 'ge::Iathe-

zatics i so affect d that the r s~lt. a>.",~ a~so 1:s."'i-.'c.=ns.=..

when sIe go "hrough the mathema"ics of comps"tine a ".".s" ~n.e

$13ectrumg for e~=~++iplp ~/7e re ass)lminr- I~~sol J el '7 %
"Qn'='"ln

i5

'I 7 ~

18

periods v7hich means that any tendency ~.ersard resoIl=-: . bui"d-

up which might apply after ae:;-lr;1 rvc:les |.end"='o be:".educed

so you gain in 'gNQ ~ala'js o

0 Z didn t understand that because of the vor2

mathematics." Mou3.dn'omething '".ave to happ.=n tu the

physicsP
I

A Zt's the physics, ye:-..

Oka~~o

23 ~

I

physics,

Cou d you ex~1'in again !sl;=.t h;.„-.;.a:..;: t.

ti:e second ~>wo that happens to tel.~ :.;vz:i.cs".c

25
A11 right.
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Okay.

vould sa J +haf 8 cox'.i':"c'c.

3 (Witness Cornell j ".<he ge»era f.iz;~tion also t "la.",.

you~ ze ma zing ic for relet" vely ...ideal 'ifa~g "'"'n t~:e; -.»iof<;

51 eclat is, .".ear and slightly heyn c. "-ie18

r.",ell, is it the case —.

IS NOR"G"..'I. HKCuse d& Bx'3 o BOER ?3 o ~ i 4<%Ye not

ob)ected to Axe line ox Questioning h"cause Z have ~~And of

alought of it Rs edl cational or un'"-.z'a wR~> in( in natu>8 g phut

t'.lere is absolute'f-f no evidence in Lhe recor~2 tf>at. ~~~ '!:Oeg;.i

t41a3.ysws for strfzctur"-$ Q4~48 ii'i~3K 9.ne1=9t .'o
12 I

I

l3

14
I

15
'6

'!

I

17

elastic modes. To th cow'"racy, .circe ."-.;la3.ys-',z '.;1":-":..'.": ~ .

".f'tructuxes

remain inelastic hal~~. yie".i-™ 1-'x -'cxry,

md.tcning the t,';.'o woras arnold, inelastic an.x e":-.sti.c-

am, T.'ll use yield, belov yield,

Go a1l this liable o|'. questioning, vh9.l=- H: ia:-re

help everyore here understand vjhat happens >rhei~ we'*go k.eyond

yield, it's not xelevant to thi.- proceeding. Sad I'-- let i;".

go 011 for nearly hale, ch1 .~10M QGK because Z g'Qess it ~eel

add to our u21derstandmg» but i", d. es".."'t have avytf15.",,~ ta do

;rith Diablo ~an@on. Xt do-sn't ilare ~alythin'q R.> c:.»!i 31 0':.e

Hosgri evaluation xznich is Relo'z f-„-aid.

23

you know@ as.cillg any RoÃe guest'.On-'+ou~i it >~.l-eRs

25
M o P3.8ischaker ~) a "0'sz to t 1 '. court collat h > ha"- c?o(.,
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i>.RS o BOF>ZPB. Does th Sta;; f have 8 pos t"vQP

."41R. TQURTELLGTTE: Hall, he's eithdra'Nn the

objection, but we tnought it was ralava=..t.

MS~ BOY B3s X .eve!'1 you ~s=z'8 Catt ?!g your big

guns ready vz~d X Qidn't 1:now @hat "«as om .g

(Laughter )

l~A. POUPZHLLGTTH: Na found no a3.ace ~o ".'-.. ck

our fingers at '::he door when va cms.a iz.

9 o

10

HQ., BOhEHS".

Yw. Pleischake 7

Zc you ~'/@~ad ~ to contiiiUB

!

FK> FIZXSCHRZZR. hoo

l'ne of. guest9.oning right no:z.

X "'~~nk X'l mo"se to .-vok~~~r

BY HRo PLFXSCBA~~R.

X would li?ce to go to gage 9 o'he test"'zcavg

15
~~d them, Dr, Slane, you—

(PQ.tness 81QlQB) Xs that pQLp wri .'n ts J " . i

17-

18,

The writtexL testi Kcov y yes o Z i or1. go

Befoxe»a begin this, Bxo i>:;;-. ior„- you ha." -~-m.;

quate.ons X hei'e you indicated zighl= ba useful 'n p~;. lin~

OQ

21

22 I

23

together '¹ response spectrig +NB+ you HiGQtii.QBG easel c o

Could you show us those; pleasaV

Has "his '1n rasp~use to 0". Mar."in's g'st.'..o'?

(re ~ -,.e Prasier) Yes

Whw'= is on Mi.is tarn=.spare::,si'y rhett X 6::aw "p," ':chil'

25
ice 'i>%ra si t ing keza just a 91GLta ago is chQ: go~PS





eauations that ve used to calculate response spectra.

(Slide )

LR. PXZXSQVZEP.." Let me c„~.ve this an e."Aibit

number, please, and ask ~you to nacre 9.t. Hold on one se"ond,

please g Dr~

Frac'hiero

This is Joint Xntervenors'~Aibit ~:.mimer 5-.

re~e.."red tc was maricee.

a".. Joint Zntervenors'i
for identification. )

HH ~"JiE .'i.ik ii'? 'ou.~d bijou gLve i R naEiip7

.2 bXHKSS =M,ZZER: X've calXed it "Response

Spectrum Zauat'on."

17

19

20

22
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3B +bi l. BY MR PLEXSCHAEER.
'. (j

1

'

2'-

4 ','

6

7
(I

8;.:

9
i(

10 I"

11

l
thrill.you go ahead, pleas ?

d

(Nitness Prazier) 's X eras describing before

lunch, there are four terms in the e~~ation that'' ~:e used

to ca> culQte response spectra ~ 2618 X refGr to chess four
'4

te~s in this 0>equation here ~

'' Before X describe.the four terms let- m
" give

ga''physical feel 'Pox vhat it is we'e doing, for what'it is

"VJe'- ze calculating o

Here"s a picture in the middle of the ~1.":de

:'.ox a simple depiction of a one degree of freedom strccture.
H, f

"At the base of the structure ve have g"ound shwking, vh'ich

4

'I

17

18

20

X've depicted as 3 for the base. And X put tt~~o dots on top'

,,of'he 3 o Th3.8 is a conventional fozTil for denoting accelera

-:Cion'+ Shen X put one dot X.denote velocity, and, no dots
'J ''''I

denotes degarmation.

-,': ''So this is the base accelmation. These are
t

i'he'thin'gs that the strong motion records deco"d, base'
~

acceleration at the, base. of the, structure.
K lt

'. The structure is depi'cted by a amass up a~ the top

her8 "a/id" sod@ col'QIAD-,, sccle sp'tkolic represen'sation of
r ,i

J

c'olumns.'nd they- have a stiffness that ve denote as Z.

'The mass ve d~-'ote as M. The displacement, or deflee" on
I

of the stmcture at the top 'izith espe t to,the base - you

see'he base is moving, and the top «s moving ~>ith respect
Ag ' '
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wb2 ;to the base. He denote the deformation
1

-Irespect'to the base as X.

I

of the top with

I Q The only other term we have that enters the

equation is a damping coefficient which we —this is con-

~ I

g 'entional in vibrational analysis to denote that with some

6
' sort of a dashpot arrangement. X think other branches of

physics have similar denotions. And I'e used the symbol D,

8 „
",'t'o'enote the damping coefficient.

So let me step up to the equation that we used
~ y ~

'I

:to calculate response spectrum.

The input to the equation is over here on the

'righthand side of the equation. And that involves acceleIra-
'L1

tion and mass of the structure. The base acce3eration is a

I'unction of time. And it's Rind of complicated't's tao

c'omplicated typically to be able to do in ten minutes. Zt.
$ 5

1, I J

looks something like th9.s.' I'e gust drawn it by 'h'and '

f7 )~
an. acceleration'ecord. So there ' where the comp lexity

~ comes fram's the base acceleration.18,1 r

The equation as a whole is derived from the-
19

20 f
principle of . conservation of .linearI momentum. Xt simply

'I

says that all the forces acting on the structure must Isum

'together to-equaX, the mass times- the acceleration of the

structure. That's basically what this equation says.

The first term is the inertial forces of the

'structure, it's the mass of the structure times the.

y





1

9
G

vb3

—~

~ P

a'ccele'ration of'he relative deformation of the top of the ',
A

"'structure with respect 'to the base. And the acceleration
4

E
1 1

term, or the inertia term, the- first term in the equation,
, ~

can be thought of as —Shen you get something moving... Xt's

hard to get something moving. Xt takes a'lot oz„forco to

'.get somethixxg. mov'ing-. Conversely, once you get somethdng
4

'moving it's hard. to stop it from moving.

8 Like an autcmoMle. You'ze pushing an automobile
I

$ 0

by ha@A; and it's hard to get, it go'ng. Once it..qeMgoixg

a i~ttle hit d.t, isn'5 too hmd to push it. And th n -"'f

you"decide to stop it's very diff9.cult to stop it. That'

because of the momentum of the —the '9.nertia of the auto-

'fabkle;

Qg

!

N

16

18

~ ~
P

WQ» P
'

PP E ~

'o this is the inert9.a te~.
II 'he third tenn in the egmtion contains'he

P E

E
1

1'j

1

.;":stzffxxess of the structure. And -this teM simply'av."-,that" '

,'if 'y'ou deform the t'op of the structure with respect to Les'
1

>5aVa 'Chat takes Come force to Qo that.'' So. this ws 1th@ ShiM-
'

';- ne's Pcoef ficient 'of'he structur'e, deEnoting, how stiff the
P

I

;structure is;
1

»

So Tile, have tvo force- terlllfh heter SLPQ,in the
't

,'-xniddle„-- 'the midd3.a term is the damping term. Axe, 'Me damp-

-",;in@ term merely says that, there is energy going oaE'~ the
»

5'%tincture proport'ional to the velocity, the relatdve velocity,
P»

,o»f'tha top of the structure with respect to the base.,
PE PP E.
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like.

Now that's what, the governing equation looks

Xt's an ordinary second order differential equation

To solve this equation is a very simple procedure..

4 Me can get, analytic solutions to the equation provided the

10

12

17

19

20

21;

22

ground shaking is very simple. As soon as you complicate

up the ground acceleration we have to add together analytic

solutions. But the solution is really quite simple.

Ne simply program this— There are two'ays to

do it, two different ways to solve it. And both of them we

solve on the computer. And we can get any order accuracy we

'want wiM very little difficulty from the equation. So we

)ust basically solve dd.s equation.

Now I'd like to add something here to h'elp clari-
> fy the importance of this equation.

\
" A structure,say — This is a general statement

about the 'use of this equation.'

.':-,-'-'-'";;- Say. we have a ten-storey structure. The response

'fthat ten-storey structure might be well represented in

I
terms:-of the First ten modes of'vibration. The fundamental

V
C

I ',mo'do has been described in terms of. shaking of 'this pointer.

'X'd 'like to describe what a higher mode is.'f one could picture holding onto the base of a

fishing rod and you shake it slowly, the tip of the fishing

, rod whips back and forth. That's the fundamental, mode of
k

the fishing rod., Zf you speed that up a little bit, what wil

t
I

f

'h

'I

t



0
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J ,I

'happen is that your hand is
the zod 'is moving the other

4

up." .That,'s a second mode.

moving one way and th6 txp of

direction. And you cin. keep that.
P

And so forth., Xf. you g/6 a little

i
L

I

A

8

6

comb@nation of all the modes.

Mow this equation here turns out to be a descrip-
\

~ ~

'faster you get into the chird mode.

The key to the use of this equate.on is. that any
I

elastic system can be Lzepresented —the response 'of that
< i~ ~

'I

elastic system can, be represented as a combination ,its

reponse is a

4

Qg

J ~

cl

70

16

f8,.

22.

'Inn of how any one mode responds. Xn other words, this is
/ I

not.,restricted to Ia single degree ef freedom sy/atmo. This is
4

/

. the zesponse of-one mode, be it the third, fundamental mode

o''he ninth mode so an engineer can actually take this
J

acpxation and appraise hoi the ninth mode might respond.
,t I ~ ~

At the bottom of the e1ide X potted dmih the
I

-'relat9onship between the various terms used to descr'ibe) the
JI j

I 'liCt'le synhoXic structure, the xesonant period call~d- "T"
I',

. has'nits 'of seconds.'t's related to the square'oot of the'.

: mass over the stiffness and the damping ratio is proportional
4

.-~''the'dampincf divided by the scpzare zoot. of the mass and the '

~

, .
'stiCfhe's4

~ "IL 4 I

4'R. KMTXH: Your drawing look/s very nice.
I 4

'I

By its definitions most, everything-,- Z
asm''

4

- i,We dots- and the double dots are Newtonian notatiom for
4

, .'first. and second differential.

0

1

~I
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'Qwh5

Q

3'XTNESS PRAZXERa Let me gush repeat. that
l 4

'* "X" is relative displacement xelative to the base„'. Ne
I 'I

to be careful, This is not absolute, it's relative to
r

base.

4

have

the

~ 5
'I

lI
6

9 t

10
i

ii
j

The "X" dot in the equation is relative'L velocity

of the top of the structure with respect to the base.

And the «X double-dot is xelative acceleration
k

4

of the top of the structure with respect to the baseo
I
~ ~

DR» KQRXNa Okay, right out of Newton..

MXTHESS PMZXER: Yes,

DR, iMRTXNg Thank you.

22
I

HXTHESS,BLUHEs X think it might be worth noting

while that's on the board that with regard to our previous

,004.

24

25

26

""29

"" 20,.

'22

24 i

'25'onversation

about damping, the letter "D" up there represents
I

damping and you'l notice it is tagged onto the velocity, so
I I 1

* ! I

that "D" is an effective viscous damping coefficient.

corxesponding to what X said befoxe, that Chat. & a- convention

" & &e, whole profession to use that system.

.. HR» NORTONa Excuse me X believe Dr, Bright
I I

I
I

had setm questions ~,. *'I

I

MR» BRXGHTc X gust. wanted to state as a;matter.
* ~ , I

1of'interest We xesponse record seems to me to be. a real
r

heist to t~ to do anything with. X assume it's your forcing
11

'finct9.on up thereo Actually do you break that dow'n;. like do
~ +I

a courier'nalysis on it@ try to separate out. the, various

4
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components and Chen put them back together again2,

WXTHgSS FSKRXER: Mo, 89 th modern computing
I'

devices this pxesents vexy little difHcu1ty. The accelexa- '-

C

'Cion recoxd is typica11y digitised at 50 points per secondg
'

Chat is, this 9.s Cima coming across this way, 8md 'Che seccnd-

Xf .X were to Wink this vere an acceleration record —X to18'

gou 'X made it. up - an acceleration would be'approximately
> ~

Rill< CMs entire 'record would he agpro>cSmately 30 seconds'

We go to great pains-«Zngineera go Co great

pains to dig9.t'ige these records Roving across i?1, CM8 at

f2

f3

=I 50 points per second which is an amp3e descxiptien.,of the

very minute 6r the very narros spikes on (his acceleration

recorc4 AQd s& CMS vould be 50 dies 30 is'7&MCBvex 1500

;;I
$

6'24.

R5:

points vou1.d describe. this parti;cular record.":

[, ', kid fo ic no" 8iffico1c co cclculccc chc zcsponsc
I,

O8'.this system Co 1500 points'I
* I ~

'One Ching X did not mention a minute ago is that ''
'.

'I "

M. ve want the uccZeration- response spectruh ve so1ve Ch9.s

~uation nmnerically and record the peale acceloration in the-.
I

~ . I

'cgxation

Ir
I *"Xf we wmnt the ve3.ocity response spe~mm we do

~''he
same Ching only CMs time tee record relativs va3,ocity

I

ind so forth. "
I

I
'

I

. So the solution of,theacgxation gives us vhatevar

Ss want c *

I
r









.

3"'antp
one percent accuracy or something like thatp or'ess

.

~ It
I

than one percentp by any of the methods v use
I

DR. MKRTXNs So i2'omebody has turn "to work out

tlat sophist9 cated solution p you'ight save a 3.9 tt3.0 59.li% on

7

'XTNESS PRASXHRs ETe3.1p evez~ghody on the panel
f

it.

or a couple of people on the panel sa9.d the couation +as

8 complicated. and X sa9.d X don'0 think it's so cmmp&catedo
I don't think the so3.utions are complicated. THey'e cally

l2

~ CA» wj3

xmry simple '

HXTi~L>SS BLVD . X think X said thato Xtos co@

plicated to. me. Xt dep nds on Weather you'e joing to do 9-t

in a computer or not, Of course ~chen you have a massive

'$5 ',

.-)6

""
17

$ 8

2D

'22

24 "

25

computer dLQd all sorts of computer tiQbB p tIhy nothing 9.s corn

';. pVcated iE you have 9.t, properly programmed. But ve used to
T

1'o

some of these things hy hand
' I f

I

:- ',DR 15QRXHs That ~ras comp3;icated.

, 'HMTMESS BXUMs That mes comp3.icated, X agreep
I»

bec'ause ee~rd,dealing here v9.th-
*T * I

". I

, ~

'DRo, lSRTXHs too many pointso

HXKKESS BXUMEs Shen va get, dam to thte high,
-
~

II

freguanuj range, me have to he veryp vexy careful that me

digitime c3.ose enough. You vril3. occasionally see response
,f

I

spec+ma with the tail sort of taking off as vou approach zero

and r9.ght mray ve know that'&e digs.t9.sation 9>tegraX, was
I

f





tl~ ~ d

inadequate to do the job,

4

DRo HARCINs Thank you very much ~ This mafeas it
much clearer to me than anything I'e seen heretofore+

) ".died
I

6„
Ik

10

~ ~

12

I

'kk

57

58

d

59.
d '
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BY MR PIsEXSCHAKER
I

X have a question on. the damping ra&o'down there .

X still want to pursue that.

8".

30..

You have a damping lambda equal 4o -D-oVer the
~ ~ I

square x'oot of something, it looks like.
A (Witness Prasier) Por the xecord, it's D

'I

divided by two times the square root of the stiffness times

.the mass term.
II

Okay.
I

Nov, what, is the DV What is the D equivalent to?

33

83

12

f3.

t
$4;

)7'9i

20

I~

23 !
- Q -'And how

structure

about the M, that's the mass of the,

(Mitness prasier) Yes,
3

A The D is merely the term used in-describing
A

the equation< to give physical significance —to 'give
I

significance to D, we turn to lambda. Xambda has more

meaning to me than 9 does.

''Bo 'what X, do is," X put in values of D. that vill '
,cause lambd'a to he what X want, it to be, namely<'five percent,'

"'wo percent 'or. ten pexcent 'of'critical damping. ''So it's the
I

'.Xambda that is the percentage of critical damping.

'-:-O'. And what .does the K stand for, X'.m sorryff
I

- A . The stiffness,.

Of what?

'A (WXtness Blume) Of the structure.
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agb2
t

(Witness Blame) K is the stiffness. >8 is the

before we

g

There was one last thing that we were going to do

moved on, and that was examine a trk.partite plot.

Dr. Blame, you said you might have one of those

S ~

available to show?

noon hour

{Witness Blame) I'e searched for one during the ~

and I have no plot except in the literature. So,

10

I if we turn to--
(Witness Prasier) There's one in your written

!

'11
testimony.

13

14
'

testimony e

(Witness Blame) Yes. Pigure C in the written

Did you have a question on this?
5S

:: 0, - Yes, I wanted to 3cnow how you read this Pigure. C.
I

58'.9

:- 'A, 'llright.
t'

Let's start with a period of one
1

be right. in the middle of the diagram at the,

second. That'l
bottom. You

191'

2Q

'1"

see the Number One?

,0

A

Yes, I do

And Eet.'s assume that= we have asdamping of 20
t

percent, gust for fun, that'l be the lower diagram of the

group
1

So we follow Pigure One up until it intersects

that Xambdasequals 0.20. He put a little dot. there, at least.

11
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44''
I

Ft

6;, -'iI

7.>$

8-.;
. fl

fQ -<j

12; '-
I

4

mentally, and we. Chen are able, Co read off thre'e 'cjuantities. '

Xf you turn to the scale that's reading diagonally from the

upper left-hand corner down Co the botto'm Mght-'hind corner,

~at scale is labeled- Acceleration, g..

So we Cake Che point Chat we'e previously made,
I

run parallel. to the lines Chat are actually normal Co this
scale that X gust mentioned, and we"vill read a value of

about 0.22g. So Chat's the acceleration thhat we'have for the

one second period at 20 percent damping.

YES. BGHPPS: Whdn you say "nodal," you mean
4

vre move over Co the Reft where they ineersectP

WITNESS BTUHE: Yes, at right, angles to Chat

line, and we read 0;2'2 approximately.

That's the acceleration.

,I 4

I '

I
4

1'

I
4 I

'KC.

ht+ I

t„
4F

'" f.

thhh
4 '1

I

~ ~

4

.t8 4

jQ '

20."

How suppose we, were interested, in the velocity:,-'"'
'1

instead of acceleraH.on. Na ~&en simply take the same point,
y'nd run a line horizontally 'to the left-hand scale.

I

And X'm not going co attempt to do this 'exactly,
> but it looks 'to me IHce it might. Curn out Co be about 14

'I

inches per second on Che left-hand scale, so that gives us
4

- the velocity of this 'same. point,

Now that's a pseudo™velocity. By that X mean

it's not precise, but it is very close to being an exact .

number.

How suppose we'e also-interested i'n displacement
4 K
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G

. G

~ ~

5

7e'.

$ 0

I 2I

f3

>a
I

$ 5:

.16
e ep

17'5

'l8

'g'hich,

as you'l recal1, is the relative displacement of

the system. He then tuxn to the scale:that's running. from
e

the bottom left-hand side up to the top on the xight-hand

side, and it's labeled Displacement in Inches.

And you go normal'o that line. again; as we did.

befoxe g and we read about, I would say, that' about 2. 2

inches. 5

So what we'e done then for this example problem
"'s

to read off acceleration, velocity and displacement, all
spectral values They'e not ground motion, these are all

'

spectral for this El Centro earthquake in Pigure C.

MRS. BOWERS< I still don't Know what you mean

by "going noxmal."

MXTNESS BLUME:'t right angles, normal is the

same as. going at 90 degrees or xight....angles.
5 w ~

MRS.. BOWERS: But. not horimnta1,, is ~t right?

HZTNESS PBAZXER:- Xf you want to read acceleratio

you read it. 4$ - degrees coming down to the. left. Xf you'want
e

e e

to xead displacement, you move it 4S'egrees going down to
i

the right.
And the difficulty,is, you. have to find the .

e
e

scale in order to know how to read the number, that's one

I

t ~ 5'
.5

„:e

~ .

28:'

24',j

255''

lg

of the many difficulties.
HXTNESS BLUME: Now the basis for 'the. whole thing

and'he Mick in it is the way the paper is plotted. '
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I

You see, these are printed forms. 'And!4the

computer, or whatever, simply draws these d$ agr'ass <ight on

these printed forms. And they'e designed to so1>e these

7.

10

si'mple equations for harmonic or sinusoidal motioa.

Now X might say that We error in usihg .the

'armonic assumption for a vibrating system is some but not
1

4 ' I

nearly as great" as it ~rould be for ground motion, you gust

, cin':t do that for ground motion.

I'l rest my case unless. you have another questio
'I

on this tripartite.
t

a couple of. concepts that you.mentioned Rat X want to

6)

$ 6

,;„l7'-

, -I.„.T8.

, 19-

'20"

,explore with you,'hough.

BY NR. PMXSCHAKER:
4 1

9,. You'entioned ps udo-velocity. Nhat is pseudo„-
1

velocity?
I I 1I

'A '. .'(Hi%ness Blume) "'%fell, pseudo, of couxse, means
'1 4

Ifalse. Et's. not r'cally that false. Xt's used —'it's not
I

I
I

on this particular scale, by the way, on this page< but it''.
I

I

.-'often irised 'to-describe the fact that th$ s is'ot"an exact

spectralIvel'ocity but..a velocity derived fr'om acceleration-
4

or displacement in such a vziy that it is approximate. The

error is usually very slight, maybe a matter of a few percent
1I

9 .. Xs acceleration a real value. that ve'use to

pro't on hereV I; mein -« how do we derive the acceleration



L
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1

agb6 value that we plot on here2

5

A Nell the acceleration values are derived according

to the equations that were )ust i1lustrated on the Board,

the solution of that second-order deferential equation. And

that is an exact figure for the given situation. And that

7. ~

~ .

starts out with the time history of the recorded acceleration.

And do w8 apply some constant or some ratio

to that to derive the velocity and the displacement2

Nell I can give you the harmonic equations,

I Wink I have them jotted Bown here. Yes.

A (Nitness Praeter) I want to put this into contex

f4

a little bit that tt's equally easy for the engineer to cal-

culate any displacement velocity or acceleration. The reason

. engineers, use the word, "pseudo-," is so we in fact can

:pXot another trilog . paper''t's a matter" of convenience, .=

17-

t', the use. of the term
',

I'm not; bothered by the term,- I'm gust wondering-

'here you get the number.
-t

I'm trying to determine whether there's some

20

..- 2f
4 ~

ratio that you apply to your acceXeration value to get your

velocity; and'isplacements; '

23

)kt
t

A When an oscillator is responding —Say we have

.a one hert" osqillator number, and we're"trying to build a ',

t

response spectrum, and the oscillator has a fundamental

period 'of. one hertz. Xf we put the camplicated %940 El Centr
*

~ '
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record- through that, at the base of the one de'gree of freedom

system, and plot the results of'he top of'the hi5gle degree

of freedom system, what that looks like when you p3ot it is

very simple compared to 'the ground motion.."It 'leo!cs like a-
what we call a sine wave, it's a wave action .)ust like ~Mis,

and it's very steady and it heats, it goes up and then it
comes back down again and +&6n it goes back up again and

l, ~,

coming back down'and -so forth.

Xf it viere a pure sine MPvc, if it hard no

T2

undulations about it then we couM, from acceleration,

exactly calculate ~Pe velocity and the disp3acmaent without
I

doing any additional calculations by n!erely to go„ from

I', ~

I
Q

f4

!.6,

~ -17-
rI II

~ I

$ 8

. "l9

~ 20-."
fI

. Rf~-'j

acceleration to velooity simply divide by the resonant

4

A

ihov that Dr. Prasier .gust casually waved hie pen up and down
A I

in a freeform—
MI'ASS BRUNE: A sinumM is like a corrugation

requency to go from acceleration to velocity,'gust divide

"-.-by-'the"resonant frequency of the oscillator.
\ 'T I'"+ * ~ .,-,* * -I

'cm th'at'a an approximation, because the osciL-.

lations of 'the.'i'ngle degree of freedom system, ihen you
I

p3ot it Rooks very sinusoidal.'ut it isn't perfectly
lI

Y'I

sinusoidal'. And so it really should be divided by the
l

natal=freq'uency plus or minus epsilon ~there epsilon is a .

II

I T Ir I

si!all number.
0 ~ I

MRS. S(SOBS: 8'omehew I th nk the z'ecmrd should

~I
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2

on a pipe that goes under a roadway. A corrugated metal is
like a sinusoid. And the response of the single degree of

freedom system when you plot, it looks very much 1Qce a

4 4

'I

,44l
i

I
4
~O

corrugated steel,, however, it does vary iri amplitude somewhat

?=,y'a

8

BY MR+ PLEZSCHAKBR:

0 Do you derive some constant, have somb constant'

you apply to the acceleration value in order to derive your
4

velocityf

4

4
~ q

P

E'

12 ~

13

14

A (Hitness Blume) Yes. X will .give you the

equation, it's very simple.

The spectral velocity is equal to- the spectral

acceleration times the period divided by 2 pi.
Now X trust everybody knows what pi is. Xt's

E

not something you eat, but a fraction of a circle. Xn fact,

4

4

~ 4

r
I

18
'9

'20-

2)

2, pi revolutions make a circle in radians. '

E

0 .. Does this relationship hold true for all—
: throughout the magnitude rangeP '

A .. Hell magnitude really is not a function here.

Me're 5ust dealing with the ground motion".
~ 4E

4

0 Okay.

~ .. -Does this function then hold true foi the

~ E

I
23E

universe of time histories that we might observe?

A. Yes, it's true for any ground motion ~situation
4

that you'e dealing with. Orr X shoulEd say, spectral

response situation due to ground motion, X think that would
4

4



0
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be more accurate.

Q And is there some, like constant that ate .can

apply to derive the displacement'P

A Yes. The displacement can be 'described by the

,'0

72

spectral velocity times the period divided by 2 pi.
Q /And 3.i1cemise this xelationship hoMs true for

the universe of time histories that'we might obse!xveP

A, Yes, for these given assumptio!ns.
/ ™

9 . Dr. Mume, let me clarify one Ching.
'

T&at period are you referencing in "these equat9on

that you'e just given meP

The period 'of any mode under consideration of

P!

, 3

7Q

I

74

!!

.J6,, I

fg

$ $

!/ ~

any structux'e~

However, X must put! in a word of caution, that
//'

there's another thing we haven't talked ab'out 'that may be

- very impoxtant in your application of such modes, and that
I

the participation factor. '
'*

!I hate to complicate .things unnecessarily. But
n 4 !

you enter the spectral .diagrams with different modes. having-
!

diffcirent weights
!'

X'n. other w!oxds, eich mole is,not assigned the
II

same weight Xn the. spectral diagram. Xts ve9ght,9.s described

I/
p/

'!

h
I. !

r

by +hat 's often. called participation .factor", and "that'9.n turn '-

1!

is a function of the d9.stribut9.on of .the mass and'he stiff-
/

-ness throughout the structure of -the whole sys em.
/

I
'!





k ' " ..-; . 6626"

h

agbl0
2

,'

I apologise for brining this up, hut X have to
k ~

k k

for completeness.

0 'kay, now let's go to Page Hone of your.testimony

And at Page Mine of your testimony you describe —Pages 9

and 10 of your testimony, you describe how the design xespons

I
4 7 ~

spectra, the original response spectra was derived for

Diablo Canyon, is that,
corrects'nd3C

9-
A Yes.

12

kk
P.

)7

'0.

21

22=

-a

R! '„ i

k

k,
'
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l'

-.:.. As X understand your testimony you basicaH.y
1

1

selected two earthquakes to represent, condition B and condi«-
i t hh

tion D Mhich-you decided vere controlling for this facilitye
C

Xs .that. correct?

A Yes Me tried four earthquakes but we fcunE'hat

6h i

7hh h

h

8..

a

8 and 9 controlled the dedign ~ Xn other words, adding A and C
i

, ~ . "i'f '1.<

wou16 not, have accompli;shed anything mme.

Q Now'by what method did you detezndne —. 'did you

'elect. among these four earthqualces? How did you decide which

was contzolling2

A Ne determined tlat acceleration at the site of the

13

power p3,anh under the given magnitudes and distances by
~ ~

equations. of attenuation.

Nhat attenuation function dict you util9.ve?

)6.-

"17,

2G„::

"2f
lh h

'

* i

X subsecgxently updated that version hut "as X

,zeca11 X useiX possibly version 2 oz 3~ somewhere in there '

Ij l

,=9 Xs that..vs~ion set out in the PS'nywhere?

'
I

h

A X think it mush, be ~

. 'years but X thMc it must he'

haven't looked at it in

. A As X zecall, for this one X used one. of my earlier
h

. -,versions of SAM, and BAH stands Fax— Xt,'s.an acronym for

site, acceleration magnitude.

ÃORPOHc Excuse. 1Gee ifould that possibly be

I
I*

1

PSAR as.. aiposed

%PANGSI'o 'the PSAR?

BLUMEe ~ Yes, ih would be the PSAR if it
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1

is in 'there at all
BY HR PXZXSCHAKER2

„6628, ','-

h

9 Before X ask you about these accelerations, could

You explain bxiefly what an attenuation function is?

A (Witness Blume) An attenuation function is an

6
l

~ 7

r f0 I

ecpxation that takes into account the decrease in gxound

motion as one gets farthex and farther avay from a source such

as an earthcpxake hypocenter or epicenter.

The attenuation again is due to —X hate to say

the word again~ but damping or, as it is often called, 9

in the undex'ground circles, hut it's still damping or energy '

r

1

H

loss, transfer of one from kinetic motion to 'something else.

l4'
't5 -']

17

l9'nd

the farther and farther you get avay from a si:te, assuming

there is no resonant: condition that's encountered along the
~

'oute,why the smaller become the amplitudes 'of the gxound
P
r

antion'

NR NORTOHI Perhaps Dr Seed, heing fxom:

Qexkeley and heing the soils expert, would be the one to talk
about. underground circles

rl

(Laughter )

'40
WXTNESS SEEDt X'll pass

rp

BY MR PXBXBCHAKERe

that up,

Ia

23 9 Xn your testimony you describe —you discuss

the, SA%-5, model, Xs this an attenuation function?

A, (Witness Slums) Xesi
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\

9 Do you have available to you the LL zeport or- the
I

appendix that has the equation for the SAY~-5 in itP

A I think I do, yes.

Q . Can sfe tahe a look at that so you can describe

the parameters of Wa" attonuation funct'onP
,I

HRe NaORTOMc L~ccuse IBSEN I 1Q?0M BEG'oard hasn
$ h

been hauling azound its PSAR with it, but for tbis panel

9

10 I

I suppose I should have ~am~ ed you y sterday that the XZs are

contained iri gust two volumes, Appendix D: Valmne 4 and 5,

ahnd I suspect that. you may want to bring Moss,here for the

remainder of the hsz4~i xg because it %'rauld 56 impossible of

MI»OAth ~
I

gh )y4

$8;
~ P'';

t9'2O

'J

"""

2g".',22'23.;,

couzse fo~~ I assume .~shen ve start )umping'round it is

going to be >mpossible for 2L. Pleischaker ar anyone else to

get copies of these up to «ou sa that you can follower along

in them But far the, remainder of the hearing it'.~ght be-
i,

II I I

Mell to have'hese here became, as you can see~ alfie're's a
i

I f %

t*'remendous amount of matexial in these volumes'
-

'These are the LLs that you vill.continually hear

'. reference too Por today, I guess ww're„stuck without Wmn,-
ii

. but' ..Pe can store them heze at the hotel for you..so you

Coji t have to carry them back and forth each Cid..='.<
I

* '
MRS. B NERSc Nell, ue'll gust leave &em here

xebec ve didn t. need them at
home'R

HORTQHs Sure.
I

...HR FMISCBi&KRt Does the Board'have'.,tb'ese volum
~ . 'i

h

ih

I ~I'I

I\ j
i
1
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4 )

4 and 5'vailable here
I

MRS. BOM3BSs Hot here.

I MR. PLZXSCanxsae —at San Luis
Obispo'R.

NORTOHa Oh< you don', even have them here

in San Luis ObispoP6'KS BONERSa No. Mat's not my department.-

8"

10 ~

(Laughtero )

" 'MR NORTON'. perhaps when we come back 'January
~ I"

'3rd< though> a lot of the stuff gets into the structure and

I don't knur whether Mro Pleischaker intends. to use the LLs

that. much but I suspect he might want to. He may iwll0 So

~ ~'12 '" perhaps when you come back the 3rd you can arrange to have

13 11 these two volumes shipped out here for the use of the Board
~

II .

because I'm sure ws have two copies here but, n'ot 'enough

16.

'17
's,

fox'vsryone0
*

) ) g
)

MR PLBXQCBAEERt X can tell you what.$ 'm going to
V ')

,i )

r
..1,,

,'ry .to do0- X'm going to be going into one oi two of the LLs,

hopefully- tomornm; in some detail< so maybe I can 'get those

, Q

IQg

19'

20

"= 21 .j

23:
'I

24"

N00

- But I thought. while we were discussing the
A

particuLar cmes xeroxed tonight, and the Board can have copies
" to Collate the cross~amination *

-.

~
'

* P
'n

Does the StaM,have copies oK the LL's-.he're?

~) ))) IRRhMR%E

MRo PXBXSCKLKERa N'e'll) xerox copies of 'the LLs

zt. ~Ill.be- discussing in detail tomorrow
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attenuation function, Dr Blume could at least get that

3Q

4'unctian up on the board perhaps so we would have the equation

and perhaps the Board could look at it overnight and sort of

digest what the parameters of that equation areo

'. ""t
'PI

Jl

HR. NORTON'hich LL are you ta3.king about2

HR. PLEISCHAKHRi I'm not sure Xs it Number 45

7'l

8.,

that contains SAN-5 in it2
TiifITNESS BLUNE! Mell~ the original. paper for SAM--

4 and SAN 5 is contained as an appendix.

MRI NORTON'L 112

13

16;:

17,g

18

197'0

'$

'"

23
-'4;

25.„

9

WITISS BLUMEe IC.'s in LL-11 and it's Appendix B,

ll B That s the actual paper'given at the Sixth World
~

'arthquakeConference It was necessarily a limited paper

because of their space requirements, but it is given in there.

l
HR. NORPOHs That,'s actually a faS.rly short paper.

r

'.'Xt consists of perhaps six or seven pages total.
1f

C t

Perhaps, Hr Pleischake'r, if you'ntend to spend

. 'any time an this, we could take; it, upstairs and have it
xeroxed on the Vievgraph paper and it can be shown 'on the

>ievgraphi- and'herefore, the Board willbe able to see it
-„.,%4'PMIGCfGQQHtt I, don't intend to spend a lot

of togae on it this afternoon, but I wanted to get, the para-

meters out I can get it xeroxed this evening

BX'%o FLBISCBGQKR -,

Q. -Pa you have a copy of—
A

),

J
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, Q
3

&LES ~ BOMERS: Xs Wis going to ha a 1onq, contintxo
I

exaadnation2. Maybe se should tales a break nov.

HR, PXZXSCK~Rs Ohay. Why don,'t wa 8o ttah2

MtS BO1UERS: AXl right Ten nd.notes,.

(Recess )

End )URB
Ncild8Eon

6,
H.s

7.

8

~ ~
g

} ~

6)

9 I"

~ )I

,)i

l,.*

'v

13
~'4

16

'7.

IS "

20
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MRS BOÃERSe Can we resume

MR. HORTOHe Mrs, Bowers, before we gdt started>

perhaps Nr Pleischaker could tel3. us which LLs are going to

be in use tomorrmr so that we can have them prepared for the

witnesses to have copies of them, because we )ust have this

one volume hex'e

MR PLEXS(DtAKERs X doa't know yet"- but. X'll
have copies xsroxaX for evexybody~

'f0

MR. HORTOHs X thought you 'said =earlier there

were two Lls you were going to go into tomorrowo

13

MR FLEXSKDLEERa This would be one of tham~

{Xndicating )

lip and

MR. HORTOHe The one you'e pointing your fiager

at2
I

'\

'

16.,

17

'l8

20",

2l
'2

(Laughter )

MR PLEXSCHAKER! At the paper< aot the witness

''X3; Save to 'take'a 1dok at thi-XXs~ia the tes

mony+. X. thinlc, Dr, Blume listed a bunch of them ia'is testi-
I II

V
I

mony here, and at the end of'he proceeding''ll take a look
I't. them. for you

4

't

MRo HORTOH5 Pince

BY MR+ PLEXSCHAEER"

—

Q Dr~ Blume, can we get a copy of the first page

from your report on SAM 5 and SAM 6 on the viewgraph 80 the
4
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44

Board and aLL the othex'ounsel
I

that have been utilized in youz,'

thtn3c you'e given the name

(SLide )

"f/) ~

,'6634

C

can take a look aC:.the Comas

attenuation functions< which .,

SAM 4 and SAt4 52

~d w eWAA >l,4

5."

8'"

10"

- A (Witness Blue) X notice that page 2-87o X

doa't quite knmt the reference to Chat page numbex'

R I'm not sure whether that's out of the PSAR —'

th'at is one of the copies I'have and X can't taU.'you.

A X do kame that this page appears %o Se the first
page of Appendix llB of Report DLLLX< which i contained in
those brown and red volumes, and that may be where the page

12 number is from, X don'C knowi

13 MR. TOURMIJOTTEc The SQchh Horld Confexence,

15'8

'ould
that, be itZ!:',:".;, HR HORCOHz XC. is not the same at the. bottom

,i ~

I 5

as the reporC that, I have, which is not to say 'the content;
4 isi'C the same because I haven't made that compaiisoa But

the bottom of'my page says QLLB l, and that says 2 87 ~ So

20'„

it came from- a different source
f.

sr ''

Perhaps Mx;~ Pleischaker caa tell 'us iihere it
2'I:".

2P""

caIse fromm
I

HR Pl@XSCHAKERe Xt may have coma from the S~

ij

jg
i

23 '

I

25',

World Confereace I think so,
P

'BX HRe- PIaEXS(2GLKBRc

, 9 De Blums<'o that ve'll, have no coafusion on

* fl \0 ~

1





mpb3
'

the record~ can you 'quickly scan that. and see vli5ther that is
l

I

in Each We decuma'ou4ve written for applicatxen in tPe

PSAR?
r

(L'iitnass Slums) 5'3ell, i8 seams te he Wa sama,
r

ezcapC for Chat pa,ga nuclear.

Okay,
I

v

NelX,, the primary pu~se fer puMhag i~ on fchs
lt

screen was,to 9.dentkfy the glossary ef texmsp X hei<eve soma

of irhich are latex used in the egua~9.ons

Go ceuM you proceed ~vith an exp3.ancien of the

sf

id
*I~

,~ K

13"

f6

$ 8

20
~

9

Rj'2

var3.0~ Csxms up thee?

188 a

The letter a refers Ce pm', gxeuncL acce3.eraMon

M gals~ and gals is another czord fer cencimstez!s per seconcL

sguarchd

Xncicbsntal3.y< 983. gals ecLuals one gravity.
/

ay's the peale ground accalera~<on aisociateQ
I

vith prohabiD.ty leak y> also ~< gals

hl'< h~< b3 are constants datennirecL. from the

charta Qa regression .ancL in ether analyses

,''b
< +9th a bar over th- top of a small b< Xs .

'

thQ Bits'88.CG fez per QQQGM,on fours MMc11 LIXX1 come up

6 is We standard geomahric deviation used ia
the lop no@mal. distribution
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i

Earth

~ 'IE

tu is the,natural lo'gari6un to 'the, hase eo
)t

Ei

M is Richter magaitsds as gives-,ia,,United States
7

I

so That's a publication.

: G
I

R equals hypocentxal distance in kilometers

And X presume everyone knows that hypocentxal is
the distance from the point under considexatian to» the focus

of the em&xquake

SAN is merely the acronym for Site-Acceleration-

10

$ 2

Magnitude.
1

Vs is the site shear velocity in 'feet per second

Rho is the site specific density< dimeusiouless,

y is the standard normal variable with zero meau

I+

17".

7

2f'.„;-

E

22

latex: years they might be MS ox MX o X took whatever was in
E

thaW document< an official document.

25»E '

)3 > ''nC" unit standard deviation. That, is used, of.,. aourser

~4.I probabilistic operations,

~g,', Q,-,, Could wa turn. to. the second transparency aud

take. a look at the two equations —oue question, '

!11 E

' Xu your magnitudes there we'e had s'ome discussio
I ~

I

about. local magnitude aud surface wave magnitude . Have you
E

~j9, discriminated tu those. two in your two SAH equal'ons?
I 'I. I *

X have made uo discximtuatiou, I simply took

EE ll!El IEE ~$E "*Ill
foL" the earlier years those would he HZs, ox I'ovals, aud iu

$ %
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l

MR BRXGHTc Dr Blume, the'imsniioaXess site
specific dens9ty, ctoas .~&ac refer . to a particular density+

h

V'irat!,o or» ~ ~ ~ t

cLsnsities

MXTMESS BLUMH: We used c4msities,' Ve plugged
'

into the equations.

pi

$ 0 '

F

has to do

aweigh@ of

~
~F

F

I

But this is referring to -a par4icW~ar'9.ta which

with'the weight of the density Qiviciad'.by the

the vaterp af course Aud that's the wiy ~re get

the specific value> divide by the @eight of the'mper.

(Slide»)

Hcv this is page 2 89'hich means va've jumped

a page> but it doesn't matters X gpss< for this purpose.

MR MOMQH~,Por the record~ this Xs the same

" as page D3.1B»13~ as contained in Volume 4 af Wai Eosgri.

~ F
I

)7'xcept far
HITÃESS BXUMEla Yes+ that seems ta

I

that page number»
I

-X~11. move it up, X presume you.'ze

be the same

na4 interested
.'.in a1X thaC- vording Xf you area Let me ~m~»

BY MR»
FXBXSCBMERt'„Q

I Ojcay»

X nat'ce ve have two equations thex'e ~

Qg
IF

(Witness Blume), Yes,

9 'wy ve begin at the Ceo equations th'at have the
T

— number„5 and. 6 on them'P Xf- you could< expX,ain what those
FI

} ~
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mpb6 1 equations are foz2

Hellg equation Sg also called S2Q4 XV~ Xs for

cases where the magnitude is equal to or less 'than -6o5o And

equation 6 is called SAN V, is. for magnitudes greiter than

6s5e

I wouM have preferred to have many more divi-
sions~ But there =simply weren't enough data to divide the

equations into finer increments

The reason for varying with magnitude is that

there is definite indication —and it's also my strong

opinion that acceleration does not go up directly with mag-

12 nitude

Qg

13

16 ~

1T

19~

20',

2fs

I

What is the purpose of magnitude -- eccuse me,

of equation number 52
I

A Equation number 5 is used for magnitu'des 6,5 or
a

~ 'Less to compute the accelaratkcn at. the sita dOe "t'o any

probability y, due to any magnitude 4i, and due'b'any hypo-
F

csatrai dishaacs Re aha 8, oC cocsss, has ta b'a chtai'aak by

'isyCaaioa4 ~
g4. s

'. -:, X might give a brief explanation of,.+at equa-
a

",~ ticia+ ~ My first published paper on this attenuate method
j

wNi published cL long time ago, X'hQOc it was +ho Second

'Mozld Conference on Emhoecake Engineering~ 'posso'~y the

'hirc4 X. think it, was- the first one And X then. had

empizicaL cu~res foz 5, partly upon the work of 4itenberg and
1

~ I
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And X have since found in doing .thiscover
c

'X have done this over many times over the year's ''A's new

'I *

~ S

data were obtained, X simply plugged in more d'fata to get

a sounder base fox the eguations But X also foun'd that X

'could 'greatly simplify 8 by this simple ecpxation, which has

to do with the impedance of a site And X'm c4iciding
'I

impedance right now as the product of specific density Rho

times the site shear'elocity~
P'"

The shear velocity has Co be determined locally
'S

I

What is the shear velocity< not number, but

by field tests~ And also Bho, of courset is simpkly deteaabi
~ ~ I „

by wiighing samples of the mak~exiaX.

4
h

Qg

14"

2d'c

2j'3-

wha does it apply t02
'c

,.'. '='* -.A The shear velocity applies to the spied with
-t ~

which a shear wave travels thxough a medium, soil .or roc1: ~

XR this case Xtm. using the QRXts fee/ pex second

- ' it can be given various units
j I'

' ", - 9 Are there two 1D+ds of shear waves 'Chat. generally
I

S

pcropagate from earthquakes> body shear waves aid "surface

''hear waves2
c

I

A Yes Some people call a Love wave, 'which is
a s'urface wave> a type of shear waveo

1

9 Does this velocity apply to both. type's, of shear

'waves< that. ia the body wave< the S,wave< and the Love wave<
c

S
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4 I

I

r r
*

A Yes, this is the velocity that would be obtained
r

k

by site experimentation, I would say genex'ally speaking it'
a body wave shear velocity going fxom trench to trench or

ppI

from old hole or down-hole or up-holeo There are'various

6' ways it, can be determined

9 So this is applicabl.e to the S wave,8'es+ the S wave, kk

20

22

How> how about equation number 62

A Equation 6 does exactly the same thug except

it's limited Co magnitude ove 6o5,

22 Both of these ecpxations are derived by using

24

26

29'0

!

all available=earthcyudce strong motion data for California

and western Nevada fox a period we11, ever since they

started recordingi and X think it goes up to 1970m And X

!

don't recall the e3:act number< but X believe I'm dealing
I k

I

in these ecpmtion derivations with approximately 800 pointsm
I

X may be slightly off on thatg we'e "made so

[ mauy k3fffaoaut, oombfaatfoua, But about 000 ~
k r

kk

9 How isn't the purpose of these equations to
x'elate the site characteristics and eax@xcpuLke magnitudes

to expected accelex'ations?

I
jog

A That is correct, And also to estimated confi-
t

dence levels or probability values which come out of the y

.The last term< by the ways in both ecpxations
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'pb9

l2'nd
vo are then de@,ling'vi~da the

in pa'renMesis with the y e:cponent. has solely 'to Co with

deviations fram the median. As yau can see; TS y. vere 'zero>

th9.s number becomes one.

.5 „:

6 "I
1

median va3.Qeo
A

This is a log 'RQLZLRl +%~~8 diSCLd,bULcicny by Mjs
t

c'ray

Q I ~Wish you indicated that Cxe'hypocentex rather
'I

chan Me epieeaCer Qis~as are used~ ks Chat; correct,'P
C

I ~

'll

;

Zes R is hypocen~ca3.oA

$ 0 > .. „; Q MLS %'MLS Ms sosLUiled focal depWP

A Nell,- fox this equation 9.C could be 'anyth~~ gi

T2 ~',-
-'u~ as far as Diablo Canyo is concazneC< in W~ 2, of ouz

~3
':-l calcQ3 PM~GDs %Pc hiKvv PssQHLGcL 6 focal dept as fivs kiloK8CG~so

Q Nell~ for Mesc equations Le the va=k.ous ' did

you have In assumption regarding the avex'age focal,depW2'.
~6-" ',-A. 'h, -in the data'

E R

Q "Xes

A "
Yes~, X believe ve used eMx~ 8 or .30''4

I

=

. „has'e to,check that to he ~sitive; hu~~ in Cha~~ order,, which,;

Zjj", '"RU.ghC sRyp'onCcasts viM 4%her Mves@igaCorsp so~re Of Shod
lj, ~

I'ave used, vexy 'reat, depths as pQAisheC, in. sores of the .

*
4 * *

earl's.er roporhs', depths Mat,'mould ha const.dere%"abnormal

23. tcdayo They BCgJ3LC shckz Qp in O'Ao reading hers@ acC3Ml3ye'

, Xn the 800 ox so hard."onhal sWong ~'t9.on re-

,. cords thaC %fere QMlicsdp do y4Q,XGQGlX, MhQWM'Vi's
, ~

I

'

\

I E

4
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2

I * . 'I I '

San Pernando record was utiliced2
'I

A Ho, it was not in that. group~

reasons fox that!

6642 -.

I

I )

There were two

4"'ne was when we did this they had not been

5 I

6"

7'0

published officially The second is, evan if they had been
r

published we would not want to have such a mas'iI of data from

one earthquake to bias the statistical, study.

He feel thaC there ware so many records obtained

" 'rom one earthquake that it would abnormally bi'its"the results

Buh at the time we dick it they wexe not. availabXe 'anyvay

12"

II Q How many records were available from the

Sea Pernando event2
~ ~

Ground motion records ox total racorx'ds2

Total horizontal ground motion reco'rds,

'l7 .

A X; think. X'll ask my panel, and put th'em to worko

How many ground motion. records were"there for

the San Pexuando earthquake2

'

~ A
I

quoijti.on ~

Shen
i

of the records were
r I

2R Mhat.'s-

„rj)»I'r

~ I

X 'IRoang mostyou say "ground motion"

in buildings

the question2

20

2$ .,

rS, ~

The question is —1st me see if I 'ca'n put it

. (Hotness Prazier) I'm not quite'cX~ on the

Dr Slume has utilized 7 < 800 strong motion,



0

0
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5

- horisontal. records~ I think, as his daca base', ha4 X asked
i,

.
h'M whaler he used Pacohaa; he said no - er;cuss ma, the
k

, San Fernando> and he said no~ there rare a Lot or 'oo

'.
many records or scmath9aag bud X uas wcxedering boy

awry'here

vere.

A {Witness Blumo) X also said d>ay hazen'4

7,== available at'he ~
8 Ohe

A I have MaC in oh'ocmnants that I couM look

up>- but X don"~ Bros whether you wane to Me the tm~ no@, or

nally'pro+QMy 9JR LL46

(ÃiMass Premier) X tDinlc we knee '@ac aust'
We don'8 Jcnov the question

~ . A (Witness Bluma) 'The guas49.an is hew 'many gx'ound

hf

h

15 I

-'16
I

. 17

?4-'3"

i'i
2$ "... f„'.

I, i

h

A (Witness Seed) When yau say "r'e'comdt" you m~
thf~+.

,. North south east~esC counted separately< oz ag "$4rL of one
h

, ~Scarc%
e

g 4

moCioa records+ and I think he would meal to,'ih5X'Me basement. '

records or A,rsvp floor records
ff

Q. Xet. me- ask you Ch9.so
i

" Did you include basement records 4g ~~3;s data
h f,

sa42'" '''
f

h

h'I h

A, 'os+ whatever was yublishad M Un~'4:58 Sta+'.s
J

*

'

9 Okay+
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mpb12 1 =- Hov did you do it for purposes of .this computa-

2'hon of 80023'Hitness Blume) X took both horiaontil compo-

nents f if they were pub 1ishedi Otherwise X used vhich ever

one vas published,

DSi.d you count. them separately2

Separately< yeso

Okay

They'e good separate data points,

Okay o

Utilizing the same methods of identification

i334'nd
counting as vere applied in counting up the 800 odd

strong motion records, hov many —do you know hov many

San Pernando records there are available2

17

A

use'ful
I

A;-

(Hitness Seed) X cou1d guess+ iK thai vould be

Okay~

1SO to 200+ something like
thato'9

~

20

A (Nitness Cornell) I vould guess
2M~'Laughter

)

~ A (Hitness Blume) X vas going to guess around 200,

but X guess X shouldn'

A (Hitness Seed) Well< iC all depends on how small

, Qig

an acceleration you want. to go do~ too

X vas )ust noticing, Dr Blume~ that in your
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2''
study you'e made a distinction between the statistical

~'ew'g

study, you have 2.93.1 records on alluvium and 802. pacords on
~ ~

rock+

(Hotness Blumsj Xn this paparP .That must be

~othe record.

This as on page D13B3 —X Ninh xt would be

in .the Sext above' can t 88ce

10
l~

1'I
)I

Meu., no~, let ma explain that.

hat refers to another source of Cata

Zn order to clarify this who'.e ~~ g X tLLi~

I have ho give a,little mora exp3.anation.

As far as X lwov MXQ is CM osl3.y'ttenuation

13, I

14"

16.

17.
'8

1&-
*0
v gb

20
'l

21
C

p,'b

23.

24

procedure that allows for She 9.mpa@ance of Vie si4e< number.

. one Number tao> that brings n probabklistic variations in
~ I'

I
h

a'orma1 mainsr that's the y factor ~d nuzb6r'hree it
varies the motion as you go out from the .source'."depending

.'usa whether you'e dealing with hard soU.'ax'.s'oft soil ~

That'a this .5 factor ~ 2 ~

Now in order to get the data to deveX'op the
I

'\

variation between alluvium and rock as you 'go out" from the
C )

source< I turn then to another source of data h@c'ause Mere
/

wasn't near enough aver.1able in +Ms aa~gua1ce f ildo X

simyly want to the thousands of records ava<lab3;~ >estly in
Heiveda and some in California.a~ but.mostly in Ma~>ada from

2P, .

the underground nuclear basting program in +hi,c4 rge~ ve bean
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9
C3

4

iavolved for many years» Aad the numbers you see up hex'e

X~ll read Chisa

"This plot. is based on a statistical study"

Nog pardon me, I should have started sooner o

"Pigure 1 shows the ratio of peak accel-

exation in alluvium to that on rock plotted
'gainsthypocentral distance This plot M

based on a statistical study of 1911 xecoxds'n

alluvium and 802 oa rock (Reference 3) Most

10" '2'f the records were taken in Nevada as part; of

the seismic effects monitoring program associat

ed with undex'ground nuclear detonations at the

Nevada Test Site."

'14

16

Now that data was used solely for the puxpose

of distinguishing between rock and alluvium aad ho'w the motio

varied betweea the trio» The basic earthqlke data that I
I
U

had referred to in using the regressioa analyses for these

~tions was the 800 or so> plus or minust t>at'X talked
4

about»

20 ~ Pigure: 1 of the actual paper which is ia the

pj 'ppendix of. Report 11 gives a plot of the ratio of accelera

Cion in alluvium to xock acceleration versus hypoceatral dis

ta'nce based upon all of this data from the Nucleax'est.

Qg We doa't have this page oa the transparency,
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mpbl51 '"QnfOMunatSly

you have a tezm

'C„;; ./
-

X be~.a~~~.,it s page Dale....ut X eel'ova

the~e ~ 'wMch you describe the a~.t~~.uatkon

cU.st5~%cQ a

QLR+o Rlat 8 ito

(Xndicating )

10

CouM you ezpl~4 ahura you got +Sat fzomP

..Mali,p W'a exponent o2'he Ching in pazanthesispA.

R plus 25, has ari exponent of -2..145 Box: equate.on. SM4 XV, and .

-1o228 for aqua.Mon SKI V.

Mcv t>at ezpon~C —hf~oae axeone-'m vore aeC3z'-

n6aau ~~ association v'th W»'s infoxmation X've'm-t ~~tioned.

cams ouC of th~ HGvaga T@s Sit.go X '""~tcg g '~age Qpcay

depenMng upon the xelat ve decay behvem ~och c~Q alluvia>

*

14 i

17

18.

22

'fCb

~Ms inkozmaMon fzcm em'lmost 2000 —Qi Sac~™ it'
'2700 records, ~which is a very large c1ata satiiple,

l t
*9, - 4&at is the sd.gn9.H.canca oZ &&at taxmP Nhat

1'sthe purpose of. that "arm M ths equations
.

2"-
..'.'A ' The purpose o2 that tare «a M no@, only

"! 'aChaauaM —an8 Mis ag~4 is a un'.qua feat<>.".a o~ these

ecpzat9.ons. Xt not only attcnuates'he motion ~ihh K.since

fram; the source, but= it fuzthez -'consiaers ~~ hh~~ atto~uation
I

\

pzocess vhe~Mez'ou axe passing LnM icck or 'a'3.uviurn or what

23

24 .

youx'9&~ conditions GrG o

How c3.osa™in''cry c3,osa-in< you'l 'Kind. that

these things pract'ca3.ly drop-out, and i:t makes no O'Zfez'ance.
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V

But farmout it makes a

rock or „alluvium

very great difference vhether it's oa

4 ~ k

A

I o . Nhat is that difference?
Y

*

A

P~ut2
Yes» Qualitatively what is the difference2

. Ne11~ the difference is that due t'o the

7.'0

12

13 -',

MR. HORPONs Excuse me.

May ve have a definition of "faut2
Laughter. )

'Ro PLEXSCHAKERe He asked the qtiasti'oa»

MRS BQMERSe Aad X believe you used the term

Dr Blume> did you use that term first?

SXTNBSS BLUMEa X~m afraid X am perhaps guilty
V

of using it first.
* Nhat X.meaat mathematically is when the differ

'l

ence between these ecpxations starts to become sigaificaat»

But, if you i>ant me to take a guess at distanca< 'X would say
/

a

Chat: =beyond 30, 40 klan.ometers for R, X begin to tniak of it

g4 g

„ lC tt'"l,'0

I

'
'I

3e flvs 19,
end
MADELON
NBBIÃONfles 22's

- being far-out»
If'.

~ l

M

tlat

. Q
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)'Y

HR, PXZXSCMKER:

nce have any relationship to the
I'

, Would that dista
,
).

length of the fault rupture?

(Witness Mume) No, because in these equations

we are assuming all the energy concentratid at the focal

>), 11 J >)

f4
V

~ ~

8.

9

->b,

point,, which is an extremely conservative 'assumption, there-.
)

fore fault rupture length does not enter-into this at al3..'. -.

Xt should, bqt that will be SAM VI or VXX, X hope.

Q So the physical'hing that yau're.,descr&ing

would be a function —in the real world, would he a fancHon

,k P+
844 >

)

12:

of'he length 'of fault rupture, is that correct? .

A Yes. X would say very definitely so, because

if energy is assumed to he released along the entire fault

1

I

'f
5;„')

1.6-".

,Ce

,$ 9„
l>

20

22.,

23
I,

l

2q..

'I

rupture f that would affect the way you se lect the tean R g

- an4d it wouXd also have some bearing on how the attenuati'on,'-:

proceeds.

; Q. You sort of backed into this. Shat- is this
')

physical thing yau're describing? Yau wer'e going to describe
I'

it cyaalitativeiy. What happens far aut?
14

A= Shat happens far out?
* )

,;;, "Well. I think normally, if it were nat for the

fact that soil deposits have their awn natural pexiods of

vibration or tend to amplify motion that, if it wexe not

fax'hat fact, that their motion would decay'aster than that

of the rock.

4 1



f



agb2

Q a

G 3

;.6650.' ",

quite

j —the

However,. based upon empirical data -- and it'
I

consistent for these hundreds and- hundreds of records

. real effect is gust the opposite, that due to —

'', *)I
I " 'I

rl

I

"r
rI

f0

probably due to local amplification of soil deposits over
)

the bedrock, the motion is amplified.
)

So far out, the equations find, and X have found

in all this work that far out alluvial motion is considerably
«

greater than it would be on rock, based upon empir'i«cal evi-,

!)
dence')

Xs that reflected in these two functions here2

« ~

«) ~

~ .

)
t ~

~ ~ j-'«r

'j
)l

«'

f3

'Yes, it is.
Shat about close in2

Close- in, it works out with very short Rs,

««

r
,«

«

'

I

'99

l7- )

$ 8'

f9

)0,

2~) .

23

1

that the difference is negligible. Zn fact, very close in/

you'l find's much motion on rock as you vill on alluvium

and vice versa.
'-' -: Does= the data support that conclusion2

The data in Nevada certainly did.

Xn fact, X'm looking at the Hevada curve now,
I

Figure 1 in,Appendix IXB, and X find that at 10 kilometers

hypocentral distance, the ratio of acceleration on alluvium

to that on rock is only about 1.25. And at four kilometers,

it- would be one.

Zn otherr words, based upon that data extrapolated

on: only four kilometers, the rock and the alluvium would have

I ««

~
t'
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'. O 3.

I

the same peak instrumental 'ground motion.

0 gouM you conclude 'then that you'e likely

experience .the same peak- acceleration at Diablo Canyon

to,,

excuse me, if Qe vere within say seven Ri3ometers of a 7.5

7 'I

9,l

T.C}.

"for alluvium sites2

X.would say that, in accordance with .the'A

equations. and the empirical data, that would generally be

mignitude event, we would experience the same peak accelera-

tion for rock sites that we would be like3y to experience
,,i;1,

/PE
~ +o j

44

33i

The exception might be if you had an abnormal

alluvial site, such as very deep or very soft, 'something

that might'amplify the motion. But barring that> the em-

*ar

C

P

P
4

iQ

j

)8..

$.9

20

22

t

'pirical data wouM indicate 'that that is the case.

Q
" Again, this'is. the empi'rioai data from Nevadan

Ia

A P Ho, 'that would be the empirical data from--

well, yes, Nevada and also the earthquake data from Californi
I

I

,.."and Mestern Nevada..

0 = Do tho San Fernando records support that con-
I I U I I-

'lusionV
I

I

A .;„- X have not —-yes, X have p3.ugged San- Fernando

in, come to think of it, but X don'8 have the data here and

X think X shouldn't try to guess as to what the results were.

But in general, X think it did support that conclusion.

-.,- 0 Dr. Seed, do you tnt anything'about -thatP

PP
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2'G
MR NORTON c

af what "that" is?

» / J

Excuse me, may X have a. defi'nition
P » . V1''» /

~ I

BY MR
PLEXS(BAKER'S '»

The conclusion that— '

6'»
»-4

7,

9„'»

10

/"
12;

MR. NORTON ~ Excuse me, X still have. an obgection

X don't know what he means by "conclusion" either. The last'

conclusion. X"heard was the "one ~ that. Mr. Pleischaker drew

three or four questions ago.
g»

MRS. BN&RS: Well X thought the witness, Dr.

.Blame, gust said to the best of his =recollectiorij that he
» »

- cranked in the San 2'ernando 'data into this kind "of an

equation, that it proved out.

MR. NORTON: X Chink he said i't wis'generally

h

'„'»
»

I

,»»=

'»'t
*/

C

/

V
I
II

T5

17,

19'0.

21

Q, 23

24:

true.
» \

*

.';, X. don'. know if Mr Pleischaker is as'king Dr,. See
v 1"-

I'if

. what- Dr.. Blume said was true Xf that's the question,
»

X will ab$ ect on the lack of'oapdatian, there's no founda-

tion that Dr. Seed knows what Dr. Blume did. But X'on'

Chink that's really what Mr. Pled.schaker was »asking.

MRS. BCNERS: X thought Mr. Pleischaker was

going to go down; the panel to see. if. other member's of the
»

panel had more specific information or afemory.

Xs Chat correct2

MR. NORTON: Regarding the pluggi'ng of the

»

San Fernando earthquake into the formula, SAN V2
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agb5 Because, if so, there's no foundationn 'that they'v—

done that, and that would be my objection. .But X.,don't know-

what was. in his mind. X don't thiak it was, but if it were;
II

~ l
~ i

X would object insufficient foundation that they haven',

done that e3'ercise.

NXTHESS BLUMB'. X thinic X 'should emphasize»-

MRS. BOf&RS: 3uit a minute; pIeaise.

Mx. Piei;schaker2

NR. PLEZSCMKERi X thiak X would hive to read

the record, but, Z think Mr. Norton's objection may be veII
ta'ken and let me restate my question to Dr. slums 'to see if

II~
J

' ~,
'+u

I"
e

)
'r

~r 'I

i
I

24,

2 Si.
)

96,';

28-.

2 9-'

~

Z can get —if X can separate out the thing X'm interested i
I *

BY MR PMXSCHAKFiRs

..Q 'r.,'Blume, do you Rnow whether the San Pernando

x'ecords tend to support the'correlation that in the. near
I

,'field ox. near to,,an event we wou3:d expect'o. see the same
J

'.'peak accelerations oi rock and alluv9.um2
)

~'R MORTOH! Excuse me, Mrs. Bowers. '

I',

X doin't want to seem to .he an abstrucitionist,
I'~

')

, but again X've gust heaxd testimony the)re are 216 —a

guesstimate —records on We San Fernando.
'owis this question directed'" all 2l6 recorda '-

~ f, ~

w 1
a

r
~ 'r

~ n

or X suspect -- in fact, ffr. Fleischaker is concerned about

oie record, the so--called Pacoima record..

n'nd id that is i'ndeed 'his question, X would peeve)
r

II
)

~ '
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agb6 that it be asked as the Pacoima record rather than the

records, which are, X guess, 216 in number.

: G
MR. PLBXSCHAKER: X'm asking about all numbers.

MR. NORTON: Each and every record? 'Okay.

MRS. BONERS: He2.1 one problem we would have

with that. I think a little dialogue between Dr. Seed and

Dr Cornell, the number would depend on how far down you

went or how low you went in considex'ing records.

$ 0

MR.'NORTON; Mx's. Bowers, the problem I have

with that is because a record —X assume the 216 records,

let's say the 216 in terms of distance is many, many, many

miles away pexhaps thousands, X don'4 know, but, I don't know
r ~

l3
how that would bear on the question of rock versus alluvium

17.

f8.

19.

2O'.

- in close.
- So when he says Do all records bear on it,

that's what. my oh)ection was as to which records he was

talking about. Some may not bear on the question at all.
MRS. BOHERS: Mr. Tourtellotte?

"MR. TOQRTEXXOTTE: I'm not suxe I understand
t

the objection. X thought- Mr. Pleischaker was isj."ing a

question. that was directed'imply toward whether you get a

jog

difference response for rock than you get for alluvium.

Maybe I didn't understand the question either.

MRS. BOWERS: Mell he's trying to find out,, if
X'nderstood the question, does the equation hold up when you
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agb7 2'rank in the San.Fernando data.
H

NR. MORTON: Yes, and my objection, is which

San Fernando data, the Pacoima record or al2, 216
records'RS.

BOWERS: X think another problem here,

X don'

We way

'memor'y;

know that the witness

he spoke it was as if

MRo PLEXSCHAKER:

has the. information with him,
>

k

he'cvere try'.ng to recall, from *:

)

Xet me do this: X understand '

~

'r

r)P-

10.'.
'

12

f5r

$r>k'»kl,'+ >
L

17';i
~ -'>';1

>k'8$

'.

20;;

t
k 21>"
I

'k

22k> >

I

'.23-'

24'.

that. Dr. Seed has pubs:ished on this matter. 'e hive an

article which we can review tonight to mike these quest9.ons

more specific.

The name of the article is, "Relationships of
~ *

', Maximum Acceleration, Mmcimum Velocityg Distance from

Source and'Local Site Conditions for Moderately Strong

EaithqucQces.," which appears in the Bulletin of Seismological::
>4

4 h

-:..; Society of'America, Volume 66> Number Foug, Pages l323 to
k k

;,." ','1342';. August, 1976,
'I> i> =k>k g ', *

J

. -'.X. believe Dr. Seed ptas one of four authors on

'that. -"So that, rather than probe mound 9.n som'8'mprecise
E I

k

;, 'anner at this time g Ore ll. reserve this line of cpxeationing '

.,;=. and come back to it, tomorrow.

4

r k

~ k
\

~ '

~>

kk

k
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BY HRe FLEXSCSiiMER

g That's all for that

X 'believe, Dr Blume, we got,off on this in

talking about the selection of the earthquakes which would

govern the response spectra selected for Diablo Canyon in
»

4

the initial response spectra, and X believe you testified

that you selected . Let me get your testimony. Hold on~

please X believe it's at page 9 ~

A

9

$ 0

Listed on page 9 you have four possible earth-

quakess Earthquake A, apparentLy occurring on the.San Andreas

PAult 48 miles away, maximum magnitude 8,5,

f2 -.
)»

Eaxthquake B on the Nacimiento Fault 20 miles

I»

away, maxcimum magnitude 7,25 ~
.»

34 Earthquake C on ths Santa Ynes Pault extended 50

'9,'
h, !

'20:

f2g

mi1ee away, »mn»imam magnitude 7 g.
pj»-

; And Earthcgxake D> a local earthquake unassociated
4 I

.. >
'.,~ 'ith any known fault, with- the, focus l2. miles'way .'in any

. »»»;)j'. dizecticn including down, m»n»i»mm» magnitude eg»n»1 tc.g 7g.

~ understanding of your testimony was.that the
+ I

earthcyxakes that:were selected were B and D, and %Eat those .,
'I

;
' w~ selected on the basis of calculations oi th'e peak

I I

.acceleration at the site for each assuming -'the cccurrence

iQg 25
(

4

of 'each one of these earthquakes A through D. Xs that correct

A iHitness Blame) That's correct,

Okay ~





K

'I
i

~

2

eb2

k

l Now did you utili~e soma model~ !cqmputer model,,
l

as ~re )ust discussed here, .SAN 4 and SAM 5~ in;order to

3,::', predict the peak acceleration at the site, givin site

4,. 'conditions~ disf~ce, and magnitude foz.each of, Chase four2

g: '
, A X used predecessor SAN prok cadures that. vere done

6:<„" 'some many years be'fore SAM 4 and SAN 5 ~ They diffe'red in

7,-'. the input. Naturally there veren t as many'earthquakes.I,~

8,",:- recorded thon, and they differed so&vnat in'he Cechniqueka
'c;P

g.''I .But in general it vas the, same type of operation.
'I I

ep Another Ching that vas different about 9.t vas
~ hl '

that the prohahilistic aspect was not so 2orme3isad '

!2 ' !! lifhat value peak, acceleration did: you. cal'culate
I

~$
'' for the Earthquake A occurring at the site?

A - X don't think X have Earthquake A here since it *

~I !I, ~ ~

. didn t govezne Xt Has very lcAfe I
I

- =~6. " ' 'MR NORTOi4s Excuse me X beliei~ that. -informatio .

l
may. veil be in Dr Smith's direct testimony.'X believe the

,'able o8'he'our earthquakes with the mazhniun acceleration

was them, if X'm, not mistatmn Let us pull't out and X'3.1.

= 2p'h'ecke
I

Dr Frasier, do you recall vhethez i't s theze or

~ ~ 'ot'P. X think it, is in Stewart Smith s

testimony.'„'~PC.K)

ll,

pl 'I

I

-"Iu—

I

%PI

Qg

MXIESS PRAZXERe Ho, X'm afraid'ot.
I

; MR. W~XSCHAKElR: Ho+ about Mrke Bettinge 's

testimony at page 5?
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someplace

MR. NORJ!OH!
~ g"JI

,I. 'I

", -;; '",'.: -6658. ', '

( *

.Maybe that',s it . X know,. X s'aw it

3
I,

4

„. Yes, it's in Mr. Bettinger's testimony which was

placed in the record yesterday as though read. So if you have

So can you )ust read those values. off for us for

!. a.copy of yesterday's transcript, there's the place it can be
I

found.

j;
.-

. BY HR PLEXSCKLKER!

I.

Qg

9

10

14

~ ~ )'I

16 q

17

18,
~,

19'.,

20:

each of those earthquakes, please2

A (Mitness Blume) Yes,

X am handed sheet 5 and there's a table 'on that
Il

I

sheet which shows the San Andreas 48 miles away and it shows

here the auuchuum ground acceleration at .IOgi X think that

was from our caIculation in those days The magnitude was
L

h

t., Si5+
r

i

g .-Hen@ about for Earthquakei B2 IT

I

A' "Earthquake B~ which wouM be the Nacimientoi20
E

mfleis distance~ magnitude 7~25, maximum ground acceleration

l5'g,

Q
= How about for Earthquake C2

-21; A . C was the Santa Ynea, and it was 50 miles away,

7 5'agnitude~ acceleration ~05@

Q And how about D2

A ' is. the one not associated with'ariy.faults, 6.75

magnitude gi acceleration a20go.
~ '4 5'
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eb4 Those sound correct to me, a1though '1 believe the
(

Hacimiento vas originally 12 and through negotiations in
1

various meetings it vas increaseck a little before'. ve formalize

w

'

\ I41

g Hov did'you dexive all of these accelerations

, through application of soma kind of function thaL +cove been

~ dis'cussing'exe like the SM-52
1

Yes, similar procedures, only different. ones of
I

* '4

'ourses

~ I

Nell~ then, on page 10 you describe the 'use of

~

G

j

I

1

C'

'5.

)6,
"

17-,)

f8,,;.

f9:-";

20~~

2't."„'3:-

.24",-

tvo earthquakes ~— 1

A Yes'

one vhich was the Taft earthquake in 1952,

and one the Golden, Cate Park . Poz Shat purposes vere those

two earthquakes used in dexiving the design response spectra,
C

C

the initial 'design response spectra2
I

A: '. 'The Taft earthquake of 1952'orth 69 vesta
+as'I

g
4 *

use'6 as a model Sr.Earthquake 8 vhich is'he Nacimie'nto Fault,
, ~ I

~

: The, xecord vas The shape of the record eras used and it
I~ 4

"vas'. ~ scaled up to or dms to> cAichevar it.'may be< to 15g.
r

*
~

''ow this shovs very clearly on one. of'e figures
*

, in my direct testimony X believe it s Figure 1,,„',, I*
~ I

M Pigure X,the 3.aver curve, at leist the Lover

re at zero periods comes in to 15g which correspconds

exactly ad.tb.,~'15g. that ve were talking about here on this
C \

g„r

4

II

I r
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ebg

2

3

tabLe,

And that curve swinging up, the one withouC the

tallest. hump, is the Hacimiento earthquake B shape scaled

from the —scaled and smoothed from the Taft earthquakeo

7.l

Q So you used the time history of the Hacked.ento
N

Co derive this xesponse spectra here that's depicted on

Piguxe H'o~
we used the time his'Coxy of the Taft'arth-

9,. quake

t0 Q X'm sorry, yes~ of the Taft earthquake to derive»

f2

A To develop a response spectrum which naturally

!

had peaks and valleys in it Like they all do, and then we

I'moothed that.
I'

And that was the exercise we went through this

morning~ hypothetically, the same exercise appl,ied to this

37

18

'arthquake anc1 it gives us this curve here on Pigum 11

!

A Nell, we went through many exexci'ses this morning.'
q~ I think r know ths one you mean but r'm not sure,

Xn any event we did smooth the spectrum for the

20 TafC earthquake and that~s the one you see in P9.gur'e 1.

2I Has the peak accelexatian for the Taft earthquake

A X have that elsewhere in my testimony X believe.

X'd rather look than go by memory.

25 No~ apparently Chat did not get intathe written
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testimony, but .it was about
'

6661
j'

17g RR very CLose to the value ve

3
4'i

used 4

4 ~

i. J

0 So this was an earthquake of suzface wave magni-'

44
~ ~

tude 7.72

A. Yes

0 And the accelercmei:er upon which'the time history

was recorded was 42 ki1ometers from the fault2
'4

*,' Yes, I reca11 reading that a litt3.e 'eax'19.er

of appxozimete3,y .172
R.

To the best of my reco1lection. ' do~,'t have

, '.those nmnbers in front of me. And I'e 1itera3.3.y got thousan
<=341

g.:., of. eaxthcpza1ms in my head< so I don,ot, want to ha.'premed down4
4

too„. closely.
I 4

,4,

9 Is there any way you can obtain'the
infozma49.on'.

on the actua1 peak instrumenta1 acceleration- fox'th'at parti
4

: .cu1ar time M.sto~2
" 'R

4 4 4

A Oh/ yes, that' easy to .
obtain,'9„,

Okay~ CouM we do that for the record,. 'please2
ll

lA, Por tmeorxow2

''f7;
"" j8.1

21R '

22;J

23' Xf you can do that

9 .'l"; in'he day+

10., Q Ance it is your testimony that the hire histoxy
II l

11 l of that acceleroneter had an instrunenta2. peak accede'ration
l'

25
R

'

~
'. Q,owl so we

MR~ NORCOHe Me13., perhaps it can he "done right
doa4t. have to go back and go over al1 thsse things

1
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K 'tKK

tomorrow.

that. may have it~

t
*

-'r~ Pram;ier is pulling out a stack of papexs

6662.

, ~ K ~

"Ki
, I tJJ

tt', t

t

8

9i>

30„"'

rs Bowexs, as a matter of fact, this, as no one
't

can dispute, is a very, very difficult. axea a'nd X wouM

Sllggeac chac We Sake ceo breaka ill She afcernoon, Dr, Bicme

has been discussing a great many technical things now for a

long time, and X'm sure while he Vouldn't admit it, is probably

I

tiring, and X would like to take a break around four o'lock
l

each aftexnoon to give Dr Blume a chance to'- catch his breath

and;have a glass of watex ~

I2 MRS BOWERS'y watch had stopped. X thought it .

was a quarter past threets

(Laughter. )

15

l6,
I

'I7 ~

J8 '8

1g

19-
~ t

20.";.

2j:S

~ 22;

23-':

24 ..~

-25;",.

*
~

K

MR. PZZXSCHAEERa Can we take a break now and X

t'an

ask for another piece of information and maybe daring
Kt

t

the" break they can look for it instead of breaking up the
p'ontinuity of the cross~xamination.

ll

MR. HORTQHe Yes~ except X don't want Qr Blume

'o. spend the entire break'oing
calculations'I

K

HR, PXRXSCHAEERc This isn't a ca1cu1ation
K l

o NORCOHe Nell~ X'want him to rest Xastead of
'ork during the break is all X'm saying, Hr„'leis'chaker,

MR PZgXSCHAEBR! However you want to 'do itt let
I

me ..t11 you what the piece of information is and;@au can

KI

K
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allocate your resources any way you Man't.

2.

peak

'ate

The second piece of

acceleration from the time

Park record, magnitude 5 ~ 3

information is the 'instrumental

hi'story used for the Golden

at 8 kilometers.

MRSo BOLZRS: He'l be in recess

(Recess )

t 3f
7'.

I

g I

1D

13

14

17'8

20

. C3

; alii)
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.g NRB/mpbl

I.9o

4-

MRS. BOMERSs Are you ready to bngin2

Q. Dr» Blume, have you had an opportun'ity to obtain,
i

BY HR PXBXSCHRKBRe

the value for the instrumental peak acceleration'fxom the

time history of the Taft earthquake2

A (Witness Blume) Yes ~we have determined that»

!

The value X offered is vexy close to being right» Xt's

9'amewhere between 17 and 18g

Q H0%f about the peak acceleration'on the time

history on the Golden Gate Park record2

12"

14

That. was .13g

Okay»

X'd Like to direct youx attention to page 10 of
l

your testimony+ Lines 18 through 20» There you state ai

15 'oL'Lors c

l6:

17.:

18"*'9.

C

20.

2f,:

22",

"The cero period acceleration or the

eMective acceleration for these earthquakes
U+

was taken as LSg and»20g for earthquakes 8

and D respectiveLy
I

to youx'ovraccording

va have a cat on the floor.
prior testimony the

MR HGECOHe Ha Listed him in oux'refiLings as

4''A

?A;

a %itness»

teithnony»

MR» PIBXSCKKBRe X didn~t see his'Qoxn
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Io

I, ~

c

mpb2

2 ~

3.',

J

(X augh%ac. )

BX MR+ PIBXSCHMBRt
2 ~'9' Hcw the Lnstrumenba3..peak< . the tns&i>mmtally

lf

4'ecorded peak for the earhhcpmke B X beliave v'as:heMeen
-,I

5. I, ~17 and ~ 18, corrects.
l

6"~l" ' " A (Qfitness Qlmea) Por earthquake .B,;

: Q And the instrumanta3.1y dstezniued pkQr. fox

8 i I: 'earChguaktt D was .13,. corzttct.p

gw's recordedy
yes'he

corresponding effective acceXeraCion for

Br according to your tastimonyi Was 0'5go and the

ebrxesponding effectiva acceleration fox earthquike D was

~ 20go

Hov did you get from —let's take '~ one at '

t

a~
Hcm did you get from ~ 17 fox earthquike B to

A

-,'„, i15g,, by.what calculation did you get from the instrunentally
''detsnained peak to the'ffective accelsxati'on'P

*

A. That was~ T would say,. not exictly a calcula-

";~a~ . That @as a,matter deteznined by variou's mians -includin
*4

<",.')udgments The numbers you hive referred to i'".4'~es 18'3<
C

and 20~ namely these effective accelerations~ 'm4"."for ><hat

was in those days called an OBE~ I guess they'&11 are> an

'perating basis earthquake.

~ t
~,

And the figure 3. that corresponds with this is
I

~ ~





plotted the same way~

P
'

That, is also for an

'666
p

operating basis

2 earthquake.3'n those days it was customary to design first
on that basis and then consider a double design eaxthquake

called a DDE,

So X actually worked backwards X started with

the DDE aad worked back to this~ And the 'DDE would be

respectively ~30 and ~40g+

f0

Q- Where is that listed in the testinxaiy+ those
I

taro figures> ~ 30 and ~40?

A 'n page ll, on the bottom, line 20! '

f2'"

f8
~ 'I

20.

"Xt is 'to be noted that the peak effective

accelerations for the original plant were, .'0'~20g
II

!

for the operating basis earthquake aad ~ 40g for

i

* "the double design earthquafce+ ox the DDE~"" These
I'

- values spring from the unassociated eaxthqJuake D "
I

So. the actual spectra used ia the ori'ginal

'es'ign of the plant should be figure 1 multiplied'by,'aro all
t

~

~

~
~

~ ~

~ ~ I ~

~I

~
~

'across the scale~ speaking onow of the severe ~Qaquake mo

tion o

2f
J

At the top of page 11< lines 3 to 5+ you states

"Two times these accelerations were'used

for the safe shutdown condition, then texmsd the

"double design earthquake" {DDE), .

25'; Xa, that sentence to what accelerations axe you
~ ~

1,
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reierr~4 g when you say '"these accelerations"2

3.in@ one.

The antecedent of "these" is figo e 1 shcran on
/

X'l3. read from l~~e oneo Xt sayers

"Pigure 1 shoals Chess o>~rating base.s

design curves for two pere~~ C @mapping hase6

on earthquakes 8 and 9 "

So figure 1 is the antecedent.

9 I 0

20' is o15,= is Chat correct

And for Garthgu82RR Sg the RccGlexatioxlg fLQQMl

P2 I

II

23
s.'4

Yes~ for 8, as in hoy2

hates right
And for eaz~qua3".a D We acce1exation is o20g

That~s right

15

I
16'

- Howy how did you get thosta two figures from WG

peak in Che tima histories for earthquakes 8 and 92

'A There is no r4Qationshipo HB selected the

28 I

29,.26'ime
history from Taft and CwMen Gate Park on the basis of

their modeling simi3aritias, Golden Cate Park was fair1y

OXose in on rockp which moda2ed earthquake 9 very nicalyi
And the Taft earthquake was farther away on'alluvium, which

'modeled the Macimiento situation fair3.y wel3.,'t 'Xeast Cbe

magnitude and, the. distance pezh of it.
So there is no mathematica3, conne~~on between

the peak recorded acce1erations for, Chose Woo eaz4hguaReso
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mpb5 Ne were intarested in their shapes~, the spectral

3 I

4",

shape> which was described on a figure by Dr, Seed earlier

in the day+ the fact Chat shape is often of 'giiat"'interest

to us

The detexmination of the 20 and the 40 fox'he

aero period was by other procedures. That, had to do with the

8.
A

10

computation of what accelerations we might expect from those

earthquakes 8 and D, and it had nothing to do with Taft, per

se, or Golden Gate Park, pex se,

9 So you )ust used these two time histories becausi'fthe shapes they gave youP

The shape and and the -fact that wa fel.t they

13 modeled the conditions as well as any other eaithquakes then

available~

16-

17

18

Q Specifically what conditions2

A The proximity to the source~ the fact that
" Golden Gate was on xock~ was on a sandstone type materiil<

and the available recordso

19

20'1,

Golden Gate Park was known to us as having a

very high amplification in the high frequency xange which we

felt was indicated fox'his site Xn view of the reports by

the seismologists and the geologistso

MR~ PXBZSAKKBRe Mrso Bowers, may I have a

MRS o BOMERS e Sux'ely





mpb6
* (Paus@ )

BY HPiq'MXSCHAKERt

R

4

'4

4 I ~

6669:

R

Q 'et me see> Dr~:Slums< if
4

methodology that was utilized ~

X can un'de@stand the

You want out and selected t o time'Ãstorieso

7.'::

p

8»:

/'

4

>0:"

You. derived a response spectra for those Neo time histories,

'ou normalized those Mo time hism~ries and you.-.'got a shape
4

.'A (Nitness B2.ume) .And then wa smoo'thed those,.
~ »

~ shapes o
i

-,Q. M.ght »/4

4

p ted h o ig '1
I

h On Figure- 1< yes< for the opoz'atm<'g basis condi-

13. '

T8"

17'"'8'3.'.

tionso

'Q . . Hew you coaside"ad those shapas to be rapresenta

'tive or useful why did you consider these shape's to be
I Ii

"'us'eful -ia the design of M,W<lo Caayon2
4

:... A 'a vicar of the reports of Dr, Beaib'ff and Dr

SiIId,"th"that there wou3.d be a aoaassaciated earthquake D with
"' ', o/ut aay known Sault beiag there in close prozhaityo ve felt

/ '

there mould be a richness ia ?d.gh frequency motion at the
*4

.- v'site under those conditions~. So we searched all available
I

eaithgaeRe x'ocords until we found one oa rceJc'rico'rded close-

~ in that we'elt would best represent this high 'fziqueacy

I'mp1ificatioa

had that accouated for ~ Mg'iump 'you. see ia
4
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mpb7 12'igure 1 due to earthcpxake D, but it still did aot account
~ PP

for the Nacimiiato far waway~

H

Qj.

3' You'11 notice how fash the earthquake D curve

decays ia Pigure 1, Me felt Chere was<. Chen> a sparsi y of

information to cover the NacLmieato exposure So we turned

to the Taft earthquake and its shape Co cover Chat coaditioao

Okayo
~ rpgpg

P

How let, me direct your attention Co page 10+

'Lines 18 through 20 ~ And Chere agaia coming back Co our

c5

10;

'l1
'i

13P'15

16

f8'..

ea'rlier point of departure, you state
thati'The

sero -period acceleratioa or the

effactive acceleratioa for these earthquakes

was CQJcea as 0 o15g and 0 ~ 20g for earthguakss

B and D respectively."
P

~ A „~ Yeso
'P

1

Q
' . -How did. you derive those Cwo

figures%'.

Xa consideration of our computation of Che

acceleratioas that would obtain at the site.'from all four
I PP

,, 'l9

20,

2l
h

22

earthquakes< h+ B< C~ aad D . AacL as

B and D by far governed the others~

exposure we had from B aad D, aad we
I

Chose valueso

we. mentioned 'before<

So we knew 'Che type of

weat through 'aad obtained

~ ~

Mow as X also said before'he 15g for the B

earthquake we originally had o1,2g~ but ia aegotiatioas with

25 ABC at that time we were forced up to .15go
P

I PP

~ 'P
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~
2

~ ~

The ~'152

2

5 ' ": I .think ee've been through that.
I

MR,, HOP,93M:. Yes. Accuse ma, 9r Blame. '*
,I

'", He've been through 9.C. three, if not four- times.',"
* h

E

'ncf X m gong to 'abject. as ashen'nd anm~e8 aga~4 i'net

hh h ~
'

. „,agafLhi

..-":;~;: MR. PLEXSCMKRRs X don't think I got ah'nswer=
I

.yet.-'X, chn'Qcno~t where he got this .15.
I

MR;-HORZOH: Yre. Boxers,X would only say the
P

1

erstancthxg of caunne1 is not the test,, hut whether the

Q Ear&,er you gave us the acce1eratLonji For those
lt «

V' 2've earWcpza?ms —t?use four earthcp~mkes, and X hebrews
I

I r

. that the acceleration for Enx'thea?ce A ~ms .10', the accelera-
* I

.".tL~n for Zixthgmke 8 was '.l5, the acce3eratkan 'for Zmth- .

« \
E

quake C xtaa ~ 95; How aw fm8 that the acceleration for

Earthcgxake 0, @as 20 ~

,".lsd,; "„Yea

.
'"

.:- 9:. You'e got a figure lcm for Eaztivysake'8 as
2

«h

~ 15g on pcRQG 1'0 A2Kt you Li@ve Gn earlier figure ~ O'Icuse,
'

« ~ I « I
'~g '&Mt aLGD %aS ~ 15e

',l.
*

= How cLi.cL"you get that f9.gure2

E

I )4
4

'i'

: 9 ''Coxx'ect.'

Q

i.,

.'que~on has been af3ke8 an6 ansveze8, Nhether he understan8s

the'anGtAc or not—Xf he QDSQn't QBdterstan8 9.t th8n he can
2

'='-is?C cKfferent qceah'fons to brogan his hase of une2amtandlng.

Eh

, E
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~o
Q~;.,

I Q

3

e

But he can't keep asking the qeastion over and over, and

over until he does understand it. Xt's been asked and

'nswered on more than one occasion.

MRS ~ BOHERS: Does the Staff have a position on

g ~ s

MR. TOURTELLOTTEx No.

MR. PLEXSCHAEER: Could X ~k to thatt —
~

MRS~ BOKKSe Ca ahead~

10

MR PIZXSCHAKER: According to Dr Blume's testi
mony he has an earthquake which was representative of-

j2

13 "

I

17

18-
)

19 !
f

'0
21

'arthiyxake 8, which was the Taft record, which had'an

'cceleration - thne history peak acceleraton of 17 to .18.

That isn't the same as .15 And X have yet to understand

where he has gotten this .1S figure from.

-,. MR. NORTON: Mrs Bowers, that may be that he has
1

; yet" to'understand it. - But. he has asked that questio'n and it
-.'has b'e'en answered. on more. than one occasion. * "

.: Xf the test is the lawyer's understanding,.
Jl

A

beXi'eve me, there have been. some cpxestions here'hat. X haven'

'understood the answers to, and' can-probably ask them for a

yea'r. and X: won't understand'he answer. Because it's a v~
s

technical sab$ ect.

But you'e not allowed to gust, sit here and ask

the cpxestion over and over again. The way X. guess you attem

'to understand it, is to ask different cpxestions..

a

~ 1



~,i
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f

2

f0

f2

-f4

f5
~ ~

f6

I8
I

f9''0

21

, MRS BOHERSa lVell.it appears to us., ~e same
I

cgiestion has been asked several times.
*

1'et 5m ask a va~ basic question, ance'. guess .X.

1

shoumctirect Ch'is to EL. ~ Morton.
I

X can verstand the ~mason or the hiWorical
r

-'reciiatio'n in the direct testimony of .the asap! lication, telling .
I

;;mhat happend.back th-ough Chs years, and all CMt'ort of
'I 'I

I ~ I t vm today'.faced viCh entirely d9;Merent
I I

'"donMderations and that's @hen you get back into .the'dm<ect-
I'

'ist'haony.on the'evised cr9.teria for Hosgri'P
'

HR IJORTOH: ~ AbsoXutely But the one 'thing you
1

':IMst" keep in mind< and. a point 'Dz'+ gl~~s Dade in his op~~ing
1

11

'it'at'eront,"that Cha hump <n Earthcpzake D, tL>at assumpmn of
' earhbtpidce occurring. miQQn 2;2 RH.ometers, X hel9;eve,

of''the:site, incl'uding- directLy underneath to,'u'a"to an
P

I Ir I
~'eisa earthquake,. 'that assumption. gave the original design

I, '

', Chi-'beef that. is'here that rneQma 9.t withstand the,Hohsgri
I

"'-anaLys&.;.'X believe that was'- Dr.-dahns'estimony in-'dif-.
' !

'hiientr words. -~ause meg Dr Muma's testimony in diffexent—
.

IVwC'y 4 P ~ $
h

I,.; &ids,'.;:,"That's vhy 9.t's there, is to shav the Boca',d,.or to
!

~ I,s~ anyone @ho ilats to lcok at the facts, that Ch'ia original
%I r

beef @as pOt in the Besign.

So it ia not surprising 'that iC szithst'~~a She
I ~ I

Hosgri re analysis+

I
~ r

%P

- So tMt's why it's there

1
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But actually the

of why we'e here But this

that area.

6674'-; ";,.

I1

"s

p'osgrianalysis i's the meat

history does have i'mport in

I5:

MRS ~ BOWERS. Nell, we'e here —if I understand
I

why X'm here —to consider whether Diablo Canyon should get

6 'an operating 'license or not. Now isn't the present design

7
l

8 ~

i

9

10 )

'11

12 ,'

whether't's agreed to or considered necessary by PgaE,

isn't that -the thing we should be considering2
t

MR. NORTON'he thing we should be consi'derog
's whether the plant, as designed can withstaaRthe postulated
P

"Hosgri event Some 'of the postulations which PGSE considers

aie way over-conservative, such as magnitude and acceleration.

But that's precisely why we'e here, 'to determine whether or

f ~

~ J
0

14
„.'5

'7

18

19

20

21

ot Diablo Canyon can withstand the postulated Ho'sgri
I

» i'

event'e~

'omehow X guess this is'where Mr. Pleischaker is
going to get to eventually. - . ' *

*

MRS BOWERS'nd is part of the purpose of
\

'developing the historical background and full data information
4

"on what. was done prior to the revision to show not only that
that was considered adequate but, if that's adequate, why,

'1

~ "then, what is there now: must be adecpzate2

4i
I

23 MR EORTOHc Nell X hate to be a witness and

say X'm not, sure X understand your question. But I'm afraid
I'm not sure that X understand your question.

'4

A
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NHB. BONZE: He3.1

q4

s~e4re spending so much time"':.eon

of, „today4s xeal vorlC.

, 6675.
V

X4m trying to fi;gute out vhy.
I'hatto me is not . a" part

' ~

V

MR. NORTON: He2,3. X Bend "o agree ~iXth CL~at.
P

. I'Con't tv why ve ex'a either. Re4zo at p ge 9 oZ-'-the

$ 0

testimony, and I forgot how many pages. Chere aro. -But it4s

'e Long ~y'5 co go.. " "
I t

ZHS'; B"HERS: Well. I'l repeat. an cari'ier".

qqestion.. 'Xsn't the proem the matter heforohh9,o'oard
C

,
"" iheth~ the presa t design of Diablo Canyon is proper'P:

I

" -''":*-. '. FOPZQHc That4s right.. Zs it a@~w~te to

12

$ 3

"vithstanQ Che poe4'+XatmK Hoagri event. That48 the ~estian.

AnQ 811 the contentions hm.l right Qo"w ta Chm:- gizist9.on.

2GB BG~~c Bad, 3@Re it or nat, PGM has be~~

iQi3

l6

$ 7

f8

$ 9

20

21

"to~ck it's 7 Sg- Xsn't @mt cor~ectV
'L

ICR ~ EORTON4 Rat like Xt'. That s correct
~ ~

'h

'725), mGgnitude4 .~ 75ge

'"'*~"
"-
''" ''

MRS BAKERS" '|t'es

'ut you see, I I just sitting here'Xi'steeQng.
', aP'„,V~y

2Lh'd't seams to me-'e're spending a lot o8 time 'on the various
'

C

considerations that. vere Cane in past years that .are ne

. longer the consi'Ceration before ua'g except that you'xe t~~< g

ta"=establish through the direct castimcny —and, oG course,

:;i'ram,.Chat floes- the cross —that they vere so greet 'that a

1'ighex seismic 'design must be little more Chan perfect.
4

~ '
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MR. FLEXSl2KKER!

.X4ve been sitting here and X

to that+

Can X respond tq that. because,,

think that, X'd like to respond

MRSo BONERSc Pine

6

7'!

I''.9„'t

M. PLEXSC1KhKER! Hhat X hear Mxo Norton'aying

is that one of the reasons this is in the testimony.':is to

demonstrate that there was such a great margin, of'safety in- '

I

the" original design that the facility can.withst'ind 'an even
d

greater earthquake than that to which it was built', 'and they

I~

'ddd
J

,„~ 'T

Cl)

'10
<

I
I

C

12-

16

'7"

f8

19;

20
'I

21

22
'

.:have-
/i

~ ~

~ ~

not what
I.

I

MR NORTON! Excuse me, Mr, Pleischakex', 'hat~s
X said, But you can go ahead with your speech.

I
~

.'ounterarcpmnnts

to develop from the cross examinati'on and
I 1 1

the information that we~A. develop through the cxodss-

MRo PLZXSCHAZERt Okay.

MRS TBONERSe- X may have said it:.
MR FXBXS(BGLKt."Ra Okayo

",''Hell, X have no reason to make a speech, The

testimony is here~ and if the Applicant wants ta withdraw

the. testimony X'Xl be happy not to cross. it 'r. Norton can

explain the reasons he put it in there but X think as long
~

I

'' 'as'it's thexet we axe going to cross it, and X think we have

23

24 '

examination.

understand o

MRS'~ BOHBRSa HelL, X.'m rea11y just tdxying to

p w ~
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eb2 Nm if the single puxpose. is. for this Board and '

~ f ~..

2 )t . vaxious rev9.em levels Co determine whether the present, design

" 3
~, is a proper design for Diablo Canyon Co operate> Chen I'm

~ 4 II somewhat puzzled at so,much concentration on ear19er des9gns
,lf

5 ": that ax'e no+ out of the picture unless somebody is 'going to '

p<.''' sue. somebody else,

NORTONs Has Bawers, the thing Chat you have-
J ~

8. I'o'xemember is that. the plant was built on Che ear'lier

design %he p'lant wasn'C built on the posture.ated Hosgri

~ - 10 I~. des9.gn. So 9.C is important to look at'hat, to. see. hov much
~ ) r

strength the plant has,

12,'I'. As a layman as X look back at 9.C, to ma '9.t's

'x'ather a nice 'thing'that Dr Smith postu1nted the 6 75 magni

I

«p, )~,'ht

'

I

I

"
"19;'0

"

tude earthquake 12 kilometers underneath the 'ite . Bad he

J'otdone that, had. MA>cpxake D not existedt there .imuMn't:... ~

* t
gC

have been Che added strength;
gl

Xf you look at Piguxe,l''you see that btg hump in
'- 9.t,- and that's from Earthquake D. Xf Earthquake D'hidn't

\

"., existed, in. Che original design,. Chen thexe mhy hive been

pxob1;erne with the Hosgr9;,.ze-'evaluat9.on. But
fortunately'-

Dr'md;th, 'as'he testified ha his testimony~,envisa.oned Sure,
~ P

there must be faults continuing out Chere in= the ocean/ vB re

not so stupM as to think that they stop at the shoreline,
I" ~

r

and so on Chit sense it is important to look'at it'nly Co

t

~ ~

. 25.'hoe the margins of safety in Che fac9lity,
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MRS. BO>KPSs Hell, then, we'l later get into

the modif9.cation> the engineering part of the modification2
4

:MR, NORTON: That's certainly in the mitten

testimony

HRo PZBXSCHAHERt X'd like to make a couple of

I

»

~ 4

4

6 I corrections to the statement of fact

7; . The 6i75 was postulated 12 miles underneath the.I

8 plant which is about 20 ki3,ometers, and X think that from our

point of view, the important thing is what are the'harac-

I Ii

I

10 ~ teristics of gxound motion that were utilized'n the deriva

tion of the design xesponse spectra

$ 2 'tnd then let's look at the characteristics of

gxound motion that one wouM expect given a 7 5 earthquake

" I5.
'

16'8

5 kilometers~ and then determine whether thexe is an adequate

maxgin of'afety
I'

MRS'O>KRS! belli back to where we were befoxe
'I

X made a spe'ech> the Board iXoes think that this witness has
I'I'4*

been askedh repetitive questions and—

\
4

19 MRi PZZXSC$ GLEBRe X'llwithdraw the question and

move. onf rather than beat 'that to death, X would rather read

' '2).22'he
transcripto

4 I'" BY. MRo PXBXSCHAEER!

9 Ne'Ve got these two values, .15g for earthquake B,

and. 20'or earthquake D,

4*
t.

Now how did you arrive at the selection of 40g

44
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to.govern 'the zero period lind.t,for the des'ign response '

spectra for the itructures,. systems and components critical,
er

to safety2 ' — '
I~ 1* '

I ~

A (N9.tness Blume) Re first calculated earthquake

~M

~-- 8:

D, the local earthquake, and cams up arith the mo'st pro~~le

shaking at the sate of .20g which, after many meetings and
'I

r

discussions with 2(BC as i,t +as then calledt was agreed to as
I

an operating basis earthquake anchor point or "era'-period

value e

M,

Py

'*l

-. fo We then. doubled that in order to provide much more
P

added resistance for ezheeme ~ssible earthquake conditions Jy

fz,

T4

called the DDE or the double de~ign earthqunlce. ~ ~

18'

'II
= -,,$ 9

20;

-., Rl.-;

~,

y

~ ~
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1

The Golden Gate Park record vas used solely

for the shape of the spectral curve and.its peak value had
/

no connection with the 20 ox the 40 gush mentioned;

0 On vhat basis did you decide to double'0.20g?

C" A That vas pretty much common practice in those

7
Bays which is, X guess, over 10 yeaxs ago now. There vere

not the more formalistic procedures and probabilistics that
C

F

've are sometimes using today.

t0,

|2

13.

'4;

~ a

f5..
l

16'.'7.

l

i -f8.

20.

-; -2J(-

; 22; —;.:

I

. '23

.24,
I

'25'-

',

1

And besides, it vas a matter of )udgment. Xt vas

. i'matter of concensus after many discussions mainly between
E

Dr. Newmark and I at official meetings back east in Bethesda.

That figure, 0.40g, is that taken to represent

the occurx'ence of any particular earthquake?

A No, )ust twice what eax'thquake D might do 5in the
4

vay of.'round shaking; Xt. vas a conservative margin or ''

I

safety" factor type" conduit. va. thought X might; do.

Q Could you state for me, Dr. Blume, how you
I

r

'eveloped the initial Hosgri critexia? r '.

A. Yes, that was done in a different manner than the

pre-Hosgri criteria.
"' Our nev information was that there was a Hosgri

Pault offshore. And X decided then to try anothex procedure

that X thought would be quite effective and modeled condition

'ery well, namely, to consider aXl of the avaClihle strong
" " motion records voxldvide that, represented. rather'' large

4

I
Y ~

I), ~ v

t
Jg
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I I
e,

earthquakes recorded close to the source and on 'a".rocky site.
I

,I
''

.

'
Hy'(udgment and intuition, .as wel'1 "as"idany other

3
co'nsiderations, led me to believe that this would b'e one very-'I
go'od way to model the situation.

5 „ So'X consMered,3.0 earthquake componeents first.
6

Mo .of which wexe the Pacoima Dam earthquakes, and X found
7%

: out. subsequently that the Paco9ma Dam earthquake records had
s., I 'been altered in some manner unknown, so we'ecided to dis-
9 'card those -for that zeason only.

)0:, ~.

And the eight records left are shownbo Page 14

of the written testimony at the top of the pages two
\

12.:;, b

components from Helena earthquake, 1935, which was on granite
13 . I''

twbo components from Daly City,'hich is really the same '

I

l4"
Golden Gate'PaxJ: earthquake we'e been talking abbout, we did-

j5'.; >, I

noh Srhowhhah ouu we. oonhinuebi uo use in. 'he reas'on ih
, l.6;. -'.

said- Daly City is'hat was close to- the, epicenter, but the
'

motion was recorded in Golden Gate Park about eight kilo-
is;.':-

meters away.

Then wa used the Std Park&.eld earthquakes from

Temblor Station Number Two,-" that was on rock reco'rded only20
I

I

'seveen:ki'lone'ters away'. And then the final'two 'w'ere the
22-

Pacoima.'Dam recox'ds, xecorded three kilometers away on rock

and on a xocky ridge.23 .-

,f
'*

How X thought very deeply about movdifying Che
e

;,; '- Pacoima-Dim record because of. the rocky ri'dga, whi'ch I feel
E

$
' h~"~„'"u

If

V

EE

~ .

I

1" ~

b" 1 e
1

I E

'

af

ep»

r

e
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~ .
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2
grossly exaggerates its motion, that pLus the dam r'ight

next to it. But X decided that I would use them unaltered

for the purpose of determining shape, not for .determining

ground motion but for determining shape factor.

So these eight earthquake records were processed.

He got the very Latest corrected records from Cal. Tech.,

5.325
8.,

„9,i

r 't

l

10
'

1 .'i

1Z
)

15'6'0";I';

r.14„t

the official records, we- ran them through the big response

spectra, we divided these response spectra into very

narrow period bands across the period scale, and then within .

each band we treated the data statistically. Thit is, we

computed the means, the medians, the standard deviations

and thy coefficients of variations, et cetera.
t

Prom, this, we were able to plot. Pirst of all,
we.plotted the mean curve and it, 'of course, had some

little unevenness to it, naturally.. Sa that was smoothed.„
t I'>

> ~ I
-'e

then. started to. reason this. wayi. that these
V

earthquakis recorded. close in were not all of probably
*

sufficient energy in the longer period range because two of

them fell below the magnitude —in fact, three o'f them fell
below the magnitude level.

,-:-",-.„''., Now X should state at this point that., in con-
t

)unction with the geologists'nd the seismologists of P6aE,

~ y

h

all of us got together ind it was decided that the maximum

magnitude that,. we could give, to the Hosgri Pault', which we

then caXLed. Earthquake E, was 6«1/4, to 6-1/2 M;
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, And so we used that in our operations::and ve also

determined that the maximum shutdown-type acceleration
Chat'e

saw for the same earthqaake vas 0.50g.

The procedure Chen was to take these'"oight

earthquake xecords with iCs statistical data,'cale them

'«

8

«'« into 0.50, and then to make allowances for gong above the

average value or the mean value, median value, and this was

donee

~ '

""«f„»

»

xo!...
The next step was a'whole series of'meetings

with NRC Staff and their consultants. And theze was getting

~ „
«

~

«'Sg

'«

to be some genezal feeling that we were on the zight track
r

here ~

'j3.-

And I believe Pigure —Set me get,thb figure
- ~f4 I

.number, please; excuse me a moment..«)(

,':;MR. NORTON,: Piguxe Two~ I be2ieve; .

'6.,:

~ "-'i'; '
TGTNHSS BRUNE: Pigure Tm of the mitten

1,7'. = testimony shows the following situations: it shows the
l8." '.

. original B and D that we'e. been talkinq about this afternoon
'l&=, r * '«Xt then shows, on the top curve; Hosgri< 8

»
«

for five pez'cent danping, which would,coriespond with the
,2) ~: -,-.'.I: damping used for 8 and 9, they vere also. five pircent
22.'amping. And then below the Hosgr9. five percent duzve, I

~ ~

«

h

Q ~

»'l+

~«

4

23'
. ~

«

\

('
I

J

show a

,:"=." on: the

Hosgri seven percent curve.
h

And I mentioned Saturday that this is a11 plotted
«

s'arne curve because, in the interim time, X't had been

« I
(

~ (

C (

»»C

(
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found within the profession that, where we 'formerly considere

five percent as a valid number to use, seven percent was

then allowable —had become allowable. So it's entirely

feasible then and proper to compare the lower Hosgri curve ~

6

~ II

10

in Pigure Two with 3 and D.

You'H. notice 'on the far left at the cero

period value, that we'e now up to 0.5g instead of 0.4 where-

we Vere. As we get up in the range of 1/10th to 2/10ths

second period, we find that the seven percent damped Hosgri
I

8 falls below the prior Earthquake D, which is one of the

12 I
H

lH

il ~

points we'e been making, that this is one of the strong

reasons why this plant is able to stand this very severe

present criterion with modificat9.ons, of course.

15,

16,

17'.

18'.",

",)9 I

~ 20
l

2j
l

The balance of. the curve is simply self-
I

: explanatoxy... In:. places it.'s- above 8 and D, in places it'
below

I

" '.'Re did enough cal'culations at this time on the

main structures to find that they would meet this E curve
H I J

seven percent damped without modification.

Ny frank opinion is today, that would make an

excellent design. and an excellent plant gust the way you

see E seven percent plotted on this curve.
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A

9 You us06'hese'e9.ghC earChqc~~res, X guess, Co
't

;„geC the 'ahipe of 'Chio curve here, 8,. ChaC is ref3.ecCed on

'igure 2; .is Chat corzecC'P .

(7U'Cness Slane) Yes.

h

eb

9 Quay. ~ ~

I

And >there cd Chis H.gure .50g come from'P

, That was arrived eC, again,'y sane calculaC9.on—
/

"'R.'ORTOh's Ezcusa. me Mxs. Boxers., He jusC

$ 0

f2

13
)

$4q

is.l

18

20

— /,,2f
1

" 24

'tg ~ g ~~ t

l
/

~ 'answered'thaC. He gusC saicL ChaC. X Con'C Ch~h'ChaC
a

I
" -'Mr" Pleischad~ v1s lisCen9.ng Co the anger~~. Ze noC only

!

~
."gu'sC. said iC, fC's xighC 9,n the Cestimony ChaC Ym'.Pick.schaker

'k

iM referring Co. XC says iC Chere.

X eton'C'knee vhaC ve'ze C~ing Co Qo here;
/

:~<e&eCher ve'.re trying Co run these hearings ouC Qi*'i3„'9&0 or
h

~„"no4i.: SuC; you knot, *obgecC9.on: aslce8 ",encl annex'ed,

'R 'XBXSCKKER: Nell, seMn aC Che boCCmit of
q / '

r 0 n

)pipe' '. ': .X Chhnlc T undersCand 'the CeiCinonyg X guSC v'nnC Co

4 ~.'sure. He says,
„'p"' "These resulCs vere scnled Co. 50'g"..

L

..'-".„'"-:„,i-:.vQch, afCe ., znxch scudy and'nalysis in accor'ance
' * ~ i ' ~

~ ~

-" '-.'. +ah modern aCCenunCion erocadures, +as considered

:,",."'; "-bjj PQ$33 ancL 9Cs consu3.CemCs Co he a consexvaCive'g

:"':~".j',.' pack acce3.ezaC9.on."

had- X. Chiak on Che n~ y'age he Celle aie iwhaC

;'PI
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those conservative procedures were, and I Chink it's SAM XV

and SAM V. 'ut X want to make. sure with this witness.

X think this isn't at all repetitious.

BY MRo PLBXS(BQLKER:

Dx ~ Blame, 'from where did the .50g figure comeV

(Hitness Blame) The .50g came fxcm SAM™like

-'calculationse that's part of it—
MR. TOURTEEXDTVE: Mrs. Bo~ers, X. don't believe

thi Board ever xu3.ed on the oh)ection. And, if you want to

10

12

~ xuLe, X'd like to speak to that, too.

MRS. BOHERSc Hell it wasn't really in 'the form
II of an ob)ection, it was a lament.

( ~

14

18

19

20

(Laughter)

Kt~ HORPONo Mrs. Bowexs,—

~ m~: a aa ~v xa" s
7

ob)ected because the cgxesthn. had bien asked and answered.

'. MR'ORTON'rs. Bowers, it was a lament.

'And'a@the end X .saM: Object: asked and answered 'e.didn'
".ash; the same question befoxe,. but Dr. 'Blame supplied the

ani'urer to the qaeitioa he gust now asked in his previous

21, 'nswer.~

MRS ~ BOHERS: Mr. Touxtellottef

24

MR, TOURTEELOTTEs That's correct. And it seems

'o. me, that. this is also Ln the testimony. And if
'Mr. Pleischaker wants. to ask: if there is any other Lnfoxmatio
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other than that already presented in his testimokny he may
I

do ;-.,But he can't ask hhu to repeat +hat i~'vari"'..trhe testi
I

mony. 'hat,'s cumulative. X'h's unnecessary, '.r<hether it'
J

elm been asked and anm~ezed or not. ~Q conseyiently I
teak the cpxesCion should he reframed co Chat Dr. B3.un.e can

'I
)

; either say yes, or no he const.dezeck something eXse.;And- if
I ~ ~ I

:,he "conshRered something else, then that's >~orth exploring.

'thczM'use Ms ze )ust gcttingkcLKNlative svidencsi

LBRa KORTOMc Excuse msg 8&st BoclGrs ~ The"proMcR
1

".va5 -that'r. Pleische3~ +as 'talking viCh hAs cohsu3tanc
I

'urking. the answer' They vere busily talking about something
I

-"else;"and 5m. P3efachaker. 698n't 1Lsten to the anger at ell.
1

MRS B(RHB8." Nell. but you cko <gre, ckon't. you,

20
k

g,l

,gush because a 'smt~~t i.s set out in the direct testimony
1 \

!

K.

.'that;cyxestions can he asked for. a fuller ezp3.anation2'

'R. BORTOEi Oh, absolutely. But that 'ipeciH.c

. cjzesti.on'ack'ust been nnseszed.* by'ho m&neas And -'

'Ãr. PRE.schaI~'eras talking to Mr. ~ Hubbard encl never even
* I r

heard'- S.t. AnC then he'umed axounc| and ashed the'yxestion
k

Mat"had 'gust, been angered

..,,MR. 'TOQRTHXZ~~:, Moreover, the gmstion '.
l

.shoul& not be a question that's directed to elicit facy the

+itness uhat is L'n the testimony. But, ~t should be a
I'

~ 1 I'

cglBSCion that 9;8 clkzscted SABA'Qzd 'whether chere i8 Eely other

. information'other than in the testimony, and, if so,. moat
1
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at is. Or, if thex'e is some explanation Chat is recpxired

by reason of incompleteness of the testimony, that can be

done. But you gust can'C ask a flat question so that

Dx. Blume can sit over here and enlighten us by reading from

5 Ms testimony.

MESO BOWERS: Hell -that's what he has been

Wingt a numbe- of times, gust s imply reading a loud to us

what's in the direct. testimony.

The ob)ection is sustained. And hopefully,

Mx'. Pleischaker, you,'Ll have an opportunity to review today'

cross~xamination and we can proceed tomorrow without these

15

'l6

i7

f8

rg

t<X 20

'ind of cyxestions.

Nell, % <bink we shou1d ad)ourn.

MR. PLZXSCHAEERz X agree

MRS ~ BOHERSs He'l he in recess until eight-

thirty in the morning

(Whereupon, at Sc00 p.m., the hearing in the

~ above~titled matter was recessed, to reconvene

at 8c30 a~m.+ the following day.)

23
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