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'Four subtasks have been performed:
|

1. Test of v/a for all components and for vector components of
available strong motion seismograms recorded on hard rock.

1

2. Test of peak v as in (1), t

3. Test of spectral shape for various magnitude earthquakes recorded I

from nearly the same epicenter at the same strong motion
seismograph.

4. Test run of SHAKE through geologic section beneath Diablo
Canyon beginning with sof t mudstone below hard sandstone
upper layer.

Summary of results:

1. v/a graphs did not show a strong trend whether plotted as single
component values or vector values. See for example figures
1 & 2 for soil only and rock respectively.

2. v vs a graphs, for example, figures.3, 4 & 5, show a trend
especially where vector values.are pirtted. Because peak

)values seldom occur at the same plac? in the record, the
{vector value is assumed to better represent energy in the j

seismogram but the actual value on a single component is less j
than the vectored value. The ratio of vector values of
velocity at lg acceleration for rock and soil can be compared I

to determine the limiting rock velocity compared to previously
determined overall liniting velocities. Tentative results are

.50/.85 for vectored hard rock velocities over soil velocities. |

(see figures 4 4 5) or a factor of .58. This value times the
previoualy established eingle component soil maximum velocity
of .48 inches per second yields a possible 28 inches per second
upper velocity bound for hard rock. This agrees with the value
recommended by Dr. Newmark. Additional analyses and studies
to clarify the nature of foundations under strong motion recording
stations may modify results. |

3. Spectral shapes for various magnitude earthquakes having the same
:
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or similar epicenter and recorded at the same strong
' motion seismograph were prepared. Results, for example

figures 6, 7 6. 8, show that the relative amount of short
period vibrations in small earthquakes is much larger
than in large shocks. Thus scaling up the response spectra

: of small shoeks to obtain the spectral envelope of large shocks is
| in error. The large earthquakes have much higher long period
i spectral responses components but the short period (high

frequency) components increase only slightly over that for
,

small shocks. This is an important obrarvation. Detta are few>

but do provide a new technical argument for not increasing
| high frequency spikes proportionately with magnitudes as implied

by USGS Circular 672 which has been recommended as a basis
.

for Diablo Canyon design. These data are directly from the
! computer with no opportunity for adequate labeling.
I

44. No computer print-out was supplied for the SHAK1 experimsnt
considering nudstono beneath sandstone at Diabic Canyon. A '

more precise study is expected in the future. Ere11minary
results, however, indicate that there may be a fortuitous
geological cituation which will reduce expected shaking levels.
The method requires measurements of deeper layer properties.

/ currently unavailable, for accurate results.

Additional computer experiments were performed in comparing i

Reg. Guide 1.60 spectra with recorded spectral shapes and
plots of velocity vs distance by rock type. The initial
experiments with the latter dcta vere not conclusive.
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Figure 4 Three component vectored velocity vs i

acceleration for hard rock sites only. j

Least squares line recieved by telephone !

later is plotted approximately. i
1
>.

|

f !
t,

l

__- _ _ _ _ _ - _ __ _ _ _ - _ _ _ . - _ _ _ _ _ _ _ _ _ _ . _ _ _ _

j



- - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ - _ - _ - _ _ _ _

.

*.

e

i

c
t
i
1

,

|
;

y.a._.._.._____..__ - . . _ . _ _ _ _
j - _ , . _ _ . - __ . .__ _. .. .. . - - - - - . - _ . _ . -

_

_ ~ . . ~ . - , .4-.. . . . . _ . _ . - . . - . . - - . . , - .
_

. . - . . - - . . . . - . - ~ . . ~ - . - - . . - . r' -:..~~+..- ..- r
-

. . , -

, . . - - _ - - !

s_
__ . .-

, .
** it7, I |_ ' i '.

, ,

," 3 .i i a 8
il~~ . I t

5 |s
_

' '

!| t ] | | f -[I (
*

t_ .*
.

; ,
,!

. i t e ! I

g- , }i. I, e. i I' ) ,!3 i
,

' ,

, , I | ..I
,

.t.- ,
' ; y .--

?
.s |||=

'; 1.
. _ . _ . --

.
.

--. 7 . . . ;_ ,.q
,

, ,
-

.; i i .. .
*

t... . _ _ . . _ _ _ . - - . ..
,

. ,.#; . . . . _. -.
._.- _ ._. _.,_ .,_,._

.-._.~.._..I
.. , ....

3 .. _ . . - . --

,jf$*r - - . . . . . . ~ . . . - . . -
X. y_ . . . ~ . - . ~ . . - . . - .,e i, _ - - - ... -

t.* -r
, .

-, :

7 +\ ' iX' If. .

' y ..,

.
w N. - -- -

.k.k 'O

~

'

| |;Ij ',X.
.

'_ , .,--

t-

.N._. -N q^ g . x, I ! l .n
-

- - .
..

.

,

.

, ,

.

*
- .os, .c .

,

[ g'( y ^. . . !|. i;
.k y

,' INN M ' y ' -
y

- | | | ?'|'

c. . - _ . .:
,

-
. .,

q

_ - 3. ~h -
- .._,q.. , - ,

.

,,
_

gh. f p. .Lm .,<i- r-
._ . - , . _

.,. -
. - . _ - -

. .- 3 .
.

!;''.,
-

t
.. , , -

. - L ._;. . '. u.i,- <- -i
.. rN .Y - .\

*. g i [t;..

- h~~i~+1- .y. y.. 3..
. -,

T. 7- w|i 1 ,.A / s ... .v f , ,._ !- '
,

., a g "'t**".. ~ . * ,
B |

s~-y( g i'

............-.---...._....'.~..L'..4_AA.... 1. ,J ,g .
. ''

i, a | te ; ll.' . ,! . i~ j...._. * i
- ''. 4 '.- -.; ;

..m'. ii ; - - -
|i.;

, .. . . ,
is .. . , . ,

-- -
.

-..k
.' b .- )!' |

.
y. | | .t: i ? I

4 ?

. ,*. .. . . . - , i i6; ,

. . . . _ . . . . _ . - ._ - _ . . _ . _ . . . _ . . , . _ . . . . _ . . . . _ . _ , . . ..a _ - .. a_ . .. . . . . . . .
...,.........|..,.,.,.a_.___......._.r....p..,.,....r-g,,,

.

... 4 . . . . . . . . . . . , . , - . . . . . ......
....,_,,.7.. ,

,, . . . . . . . . .... . . . . . . . .. ,, . . . . ,q..._,._...._..........._._......,...,p.. , ,. . ; . p. g .. _ ! . -. . . . , . } :

.. .. ,
. ., i

.

. , . . $ .

p....y .. q .T, , , . _ _ . . . _ . . . _ _ _ _ . _ . .
. . , - , - r ._ f,i l ; :. . . , .

. ._ - I. l_f.m|t' - - : i .' I i i!.
,

-
,,

3 g - t- e---. i i
,

t i. i l .,
h4,

.f I| ' 3
, , :,

_. _ _,!. - il; i3 . - _ . _ ' - . . _ . _

- i ' i i>,
. . . _ _ - _ _

l | 1 ~}y;
i ;,

; . g, . .

~__ _.. 7 ..;
. ..1 : 1.

. . . .m , ._ _ __ _ ._ ....- _ .-_

. > '
'; y ,ill ; |} | | l||!

' ', '
I ,!I

r .. i
-

e. , , . . u ,- e.- * , oe.- o .n , o o r.cm s ., , .3 m. e.+.c
s. c. o. .3 2

.. . 3,- - a
|

w
,

~ i~Q 4

5. ...- .. -
e. m. t ,.a. 2 .. . -s..

.

Figure 5. Three ccxnponent vectored velocity vs
3acceleration for soil sites only. Least j

aquares line recieved by telephone later jis plotted approximately.
i



.

.
. -

..

F

r- \ (y 'N ''
. . ..

. . y. .:r===#t
.-

!
l

3'''fj | j l--|---j-H ,' + '
-

> . a.

p!I,

I IIII '
, .._.

I '
a' LL !ll

_

....d4

i I,
4 i i- !

.___

i i
! i i i ., i

d_._ .li.
,

: i i . iit i..

. i i : i._.i, _. i ,m. i . .i . .,.

. i, . ; ,i j . o --_ -[-iI i
,;

_d
,

... ._L h _i._1 I I {d.[!--

i

g ____ ; __4 : i w g_t_ . . . ._ v..i , , , . _ . , , , .. __.tp .__t_____p..._.4..;.m;. _ ,

,, __; , , ,

. 7._.
., ; .<

___.t. - - ' , , . .-..i
- ,

-.. |. ji
-

. . . ... y: ,
-

s 4.. . ,. i

-_ _ ,_ m.g_. t ';pd- _ _
. - g. g. -. .

-(
. _p.,,

i i ; tii-
: <

; s . ; ,_.-._ -_. ' -

,. , ,.
.

, . . .
_ .u J.

,,

k s - -

2 31.w,in cN y p_.. __ _:; .L__p_;__t_;.ttq.i...L.
k

' ~ 7 ,~ f' * t ) ~~ ; { ,/
'

,

e -3{ ,J. ?.b.3, & 4 :.,":pe;:.awy
- --- --.

,* ; 1. .-
t }' .: . ' .k. .r - i..;~.._.J, -q*

, ; .L, . i_ .. __ |'

__

3 .-

. . .. . 3-r. _4.. t! _ , _ _ ..Q
.L ___.

'

. _ _ w;- w--ta _ v+.p : } -[4'. _g} ---
-

6 .

_ .t .s : _e , _

j
.

...'. _i :_ti. P i !.:3 '' .t i eO.lT_ ..g i L. ._L_. .__p_ ... .

. ..L
l ? L :l'f[Ll_L'.R

..l. .__ ., J ._ . _L . . . .

_., l',
i

i/L v i. t | ! i :. | |L, ea L i

! . .f, g , f ;j ! ; :i ' ._ .._. , _.__ p| .g'~ '
a. , - - . . i___e . ..p..

_.|
,

1 'l ' .,

.; , y

.. , ,- . ..
| ._ _ _ g ? T'i

,. , . _ , --- ' '
1,;. y , , 4 .

- k..g' . -

> 7
- 9.p .- .

~~ . (, . .; . . . . _.1 ., ... -;._.
,- ( I( .g_ . 3. . _ | jo ..__ . .

.

,.,3 >; r
#i.. L. bi.~li .L. _ _,,_,L.L. ._.._. .I . .. , ,, ,1i

n .. . ; .; .. a;
e a a*

T'S 5 ?. 'A ~ 3.T'O 0F [TCTP.'. TO F Git'G UL
,

Figure 6. Ratio of main 1940 El Centro response
spectra to Reg. Guide 1.60 spectra plus ;

!similar plots for smaller shocks of nearly
the same epicenter (symbols 0,X & Y). 5% damping. 1
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