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ABSTRACT

Ratios of Uniform Risk Spectra (URS) of Pseudo Relative Velocity
(PSV) with different probabilities of exceedance have been studied in
terms of their dependence on the site seismicity. It has been found
that these ratios do not depend much on the period of vibration. Also,
dependence of these spectra on viscous damping in the range of 0 to
20 percent of critical is small. The ratios are strong functions of
the maximum earthquake magnitude, M, (Modified Mercalli Intensity, I)
expected in a region, overall seismicity, A, and B, in equation
]og]0 N=A-BM (1_0910 N = A - BI) relating the number of earthquakes

with their magnitudes (Intensities).






INTRODUCTION

In the design of safety related systems and components of nuclear
power plants, for example, at present U.S. Nuclear Regulatory Commission
regulations require analysis for two Tevels of strong earthquake shaking.
In one (Safe Shutdown Earthquake - SSE), it is postulated that the site
will be shaken by the "Targest possible" strong earthquake motion. In
this case the load combinations and the permissible stresses are chosen
to reflect the fact that this shaking is an unlikely event. It is required
that the safety related systems remain functional during this event. In
another, also required design condition (Operating Basis Earthquake - OBE),
it is supposed that the structures will be shaken by a less severe
earthquake motion which is more likely to occur during the plant Tife.

For this design case different Toad combination and different
permissible stress conditions are prescribed and it is required that
major systems and components remain operational during strong shaking.

Once the Toad combinations and permissible stress conditions are
set, it is seen from the above example that the final dimensions of
structures and equipment and their design details may depend primarily
on one of these two chosen design bases which describe the "largest
possible" or "more likely to occur" earthquake motion at a site. Conse-
quently, the overall structure to structure uniformity of designed
strength to resist earthquake vibrations will in a direct way depend on
the choice of these two design levels. While a point might be made that
these two design levels can be different for different structural systems,
so that different selected functionals can be optimized on a case by case

basis, it might also be considered that for ease in the analysis and a



more direct engineering judgemental approach, the probabilities of
exceeding these two levels might be fixed for all similar or related
structures.

In design of the nuclear power plants in the United States, for
example, it has been customary to study in detail the amplitudes of
strong earthquake ground shaking for the "largest possible" earthquake
motions at the site (Safe Shutdown Earthquake - SSE) and to take the
amplitudes of the "more likely strong shaking" (Operating Basis Earth-
quake- OBE) equal to one half of those for the "largest possible" earth-
quake excitation. While this procedure certainly simplifies the detail
and the extent of the studies required to prescribe the two design levels
of shaking, it is clear that it must result in the probabilities of
exceeding the two design levels (and in particular that of OBE) very
different than those that might be sought. It is further seen that these
probabilities may vary considerably from active, to intermediate, to
quiet seismic zones.

In the considerations for selecting the "largest possible" (SSE)
amplitudes of strong shaking for design purposes, safety considerations
play a prominent role. On the other hand, in choosing the amplitudes
of the "more likely levels of shaking" (OBE) the requirement that the
structures and equipment remain operable during and after strong shaking
may be transformed into an economical decision process where the selected
design level of shaking may be directly linked to the chosen risk that
this level may be exceeded and the economical implications of the
resulting events. It thus seems useful to compute the ratios of the two

associated spectral amplitudes (OBE/SSE) for use in design such that the



probability that those will exceeded is known.

The aim of this report is to present such computations and to show
the ratios of probabilistic pseudo relative response spectra for different
probabilities of exceedance and in terms of the parameters which describe
the Tocal seismicity.

It appears that for certain sites the often used ratio of the two
design levels equal to one half (amplitudes of OBE spectra/amplitudes
of SSE spectra = 1/2) may not be appropriate if it is based on the
detailed studies of the SSE amplitudes only. This is because (1) this
approach implies that the physical bases employed to determine the
largest amplitudes of strong shaking are the same as for the analysis
of what may be the more likely amplitudes of shaking (OBE) and (2) that
the differences of these two levels of shaking can be represented by a

constant independent of local seismicity and of other site specific effects.
SEISMICITY MODELS AND SPECTRAL AMPLITUDES

It is beyond the scope of this work to model the most general seis-
micity distribution in space, since the number of different fault geometries
and of their relative configurations is very large. For important
construction sites one can develop specific estimates of the local
seismicity and of its sources in time and space. From the computed Uniform
Risk Spectra (URS)(Anderson and Trifunac 1977, 1978) one can then choose
the amplitudes of the "largest possible", the "most Tikely" or any other
desired spectral amplitudes and their ratios by defining what these

levels are supposed to represent. For many applications however, it may



suffice to find the ratios of computed URS for different probabilities
of exceedance when the seismicity is described in terms of a large uni-
form shallow source zone surrounding the site. Following Westermo et
al (1980), seismicity within such zone can be described by

MSMmax
N(M) = (1)
0 M>Mmax
or by
A-BI
10 ISImax
NI =1 o I>I (2)

In these equations N(+) is the number of earthquakes per year per 103km2

within the range M - 0.25 to M + 0.25 (for equation (1)) and within I - 0.5
and I + 0.5 (for equation 2)). M represents magnitude, I the intensity
on the Modified Mercalli Intensity scale and A and B are constants which

describe the surrounding seismic zone. M X and Ima represent the lar-

ma X

gest magnitude and intensity respectively of earthquakes expected to occur
within a zone.

Ground motion amplitudes will be described here in terms of the
Pseudo Relative Velocity (PSV) Spectrum amplitudes of single-degree-of-
freedom, viscously damped, oscillators with eleven natural periods between T =
0.04 sec and 12.5 sec, and with fractions of critical damping ¢ = 0., 0.02,
0.05, 0.10 and 0.20. Uniform Risk Spectra of these PSV amplitudes have

been computed for a range of A, B, M. and I by Westermo et al (1980).

max
Those can be employed directly to compute the amplitude ratios for diffe-

rent probabilities of exceedance. Their amplitudes correspond to a future



interval of 50 years and are for shallow seismicity only. Scaling of
ground motion amplitudes in terms of M is based on the recorded data
in the Western United States and in California in particular. Calculations
using intensity statistics incorporate amplitude attenuations east of
Rocky Mountains (Westermo et al 1980).

In all calculations of Westermo et al (1980), it is assumed that
the earthquakes with magnitudes M < 3 or intensities I <3 contribute
insignificant amplitudes for engineering considerations so that N(M)
and N(I) in equations (1) and (2) are used to describe the seismicity

between Mmin = 3 (I = 3) and variable M (I

min max
report the same assumption is also employed.

max) only. In this

RATIOS OF SPECTRAL AMPLITUDES

Figures la and 1b present examples of computed spectral ratios of
Uniform Risk PSY Spectrum amplitudes for A = 0.7, B = 0.8, Myin = 3 and
Mmax = 5.5and A =4.23, B =1.00, Mmin
natural period of the oscillators, T, in seconds and for five dampings

= 3 and Mmax = 6.5 plotted versus

¢ =0, 0.02, 0.05, 0.1 and 0.20 (+:z = 05 x:z = 0.02; *:z = 0.05; #:¢ = 0.1;
+e:z = 0.20). Three plots are shown in this figure for different
probabilities or exceeding the URS amplitudes. The first (left) diagram
shows the ratios of URS with probability of exceedance equal to 70 per cent
and spectra with the probabilities of exceedance equal to 50, 30, 10 and

5 per cent. The second (center) shows the ratios of spectra with 90

per cent of chance of being exceeded and ithe spectra with 70, 50, 30,

10 and 5 per cent chance of being exceeded. The third (right) plot shows
the ratios of amplitudes for spectra with 95 per cent and 90, 70, 50, 30,

10 and 5 per cent chance of being exceeded, respectively. Fig. la (1b)
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illustrates graphically a portion of one page of Tables in the report
by Westermo et al (1980). For example, it could illustrate the ratios
of URS of OBE with probabilities of being exceeded equal to 70, 90 and
95 per cent and SSE URS amplitudes with probabilities of exceedance
going down to 5 per cent.
It is seen from Figure 1 that (1) essentially all ratios between

0 and 1 are possible, (2) that the ratios are relatively constant with
period T and (3) are not too dependent on damping. Detailed study of

such plots for different A, B and M

ax (Imax) further shows, that the

spectral ratios similar to those shown in Figure 1 are fairly constant
for essentially all A, B, Mmax and Imax considered by Westermo et al

(1980). For small B (e.g.0.6) and small Mmax (e.g.M = 5.5) these

max
ratios are more dependent on damping. For large B (e.g.1.4) and large
M ax (e.g.Mmax = 7.5) this dependence becomes negligible.

Small variations of spectral ratios shown in Figure 1 with respect
to T suggest that for many applications it may be sufficient to present
only the ratios averaged over T. Dependence of these average ratios is
shown in Figure 2 for scaling in terms of earthquake magnitude and epi-
central distance and fn Figure 3 for scaling in terms of the Modified
Mercalli Intensity, plotted versus B. The effect of damping on average
spectral ratios is seen to be small and could be neglected or averaged
out.

For small A (low seismicity) ratios of URS of PSV change Tittle with

respect to B. As A increases the negative slope of these ratios with res-

pect to B increases. This slope also increases for increasing difference
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in the probabilities of exceeding URS whose ratio is taken, that is, in
general, the ratio for 95/5 probabilities Teads to steeper negative slope
of the ratios with respect to B than the ratio with 95/90 probabilities
for example. Similar trends for scaling in terms of Modified Mercalli
Intensity are present in the corresponding spectral ratios.

Spectral ratios presented in Figures 4 through 39 may reduce or eli-
minate a need for lengthy probabilistic computations whenever seismicity
at a site is primarily influenced by random occurrence of shallow earth-
quakes. Since spectral ratios appear to change only little for different
periods T and since the spectral amplitudes tend to absolute accelerations
as T > 0 the ratios in Figures 4 through 39 approximate the ratios of peak
absolute ground accelerations for the corresponding probabilities of being
exceeded. Therefore, for example, in selecting the SSE and OBE peak acce-
lerations for scaling design spectra for nuclear power plants, the appro-
ximate ratio of amplitudes of OBE to those of SSE can be read of directly
from the diagrams in these Figures. To do this, one must have or select
the probabilities of exceeding the OBE and SSE amplitudes.

On one hand, these probabilities may be difficult to select at present
since the current procedures for scaling SSE and OBE amplitudes are for-
mally deterministic. On the other hand, the results presented here point
out that the deterministic formalism inevitably results in the probabi-
lities of exceeding OBE to SSE amplitude ratios which vary considerably
from one site to another so that the gain in simplified design formalism
is offset by the loss in the uniformity of the physical conditions asso-

ciated with possible future earthquake shaking. The deterministic for-
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malism in choosing the largest possible amplitudes of strong shaking

(SSE) by 1its qualitative nature and often limited data base simply avoids
quantitative considerations of what may be the probability of exceeding

the chosen amplitudes of ground motion. Assigning exceedance probabili-
ties to OBE and SSE accurately may be difficult, but choosing probabilities
in the range from, say, 5 per cent to 95 per cent and avoiding the tail
amplitudes of the poorly known distribution functions there, may be much
closer to the true result; if for no other reason by directly and expli-
citly modeling the realistic uncertainties in the problem.

Analysis of the trends of the spectral ratios in figures 4 through 39
shows generally systematic decrease for large B and for greater probabilities
of exceeding the smaller of the two design spectra (e.g. OBE). In some
cases this trend is accompanied by sudden variations of the ratios for
two different yet adjacent B values (e.g. Figures 5, 7, 9). In most
other cases studied here, however, this trend gradually decreases with
increasing B.

To study more systematically how these trends decrease with B and
to find how the ratios depend on Mmax and A, straight lines of the form
CQ + C]B were least squares fitted to all data in Figures 4 through 39.
Figures 40 through 43 and Table I present C0 and C] for different cut-
off magnitudes Moax = 2+5» 6.5, 7.5 amd 8.5, for different probabilities
of URS and for A from 0.7 to 6.0. It is seen that with increasing A
Co approaches 1. The coefficient Cy is less sensitive to A for Miax =
5.5 and 6.5. For greater M_.. (7.5 and 8.5), however, |C;| increases

with A. Figures 44 through 47 and Table II present the corresponding
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Table 1
Coefficients CO and C] in Rx%:y% = CO+C]B where Rx%:y% represents a ratio
of URS amplitudes with x% chance of being exceeded to URS amplitudes with y%
chance of being exceeded. x is shown from 10% to 95% and y from 5% to 90%.
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Coefficients CO and C] in R X%iy% "

Table II

=C +C B where R X%:y% represents a ratio

of URS amplitudes with x% chance of be1ng exceeded to URS amplitudes with y%

chance of being exceeded.

T

00

[y
=
T

o0
B
o

25

iy

-

-8
e
.

® 00

o
.3
. @

g,

[

v

L

LR )

. B8 .81
-. B -. ar
= P ™ brd D858
.81 .82
~. B4 -, 83
vax  5aH
.9z
-, 8z
IMIM= Z @88
95X . 7vBx 95X 59X
.89 .82
- 11 - 1z
jo Sy L b b b P
.91 . B4
-. B85 -. B3

TR S8

R

-. B4

47

IMAx=

IMAX=

&. an

25

-

Saw:
. TE
.8

RN
‘g4
.83

S

o EEN
L
. B

8%

KA e
.94
. Bz

. BB

hdule

L3N
.73
.14

A

.77

.41

A" P g
. B4
. 8v

® 30
. 92

. TEE
i R ot
. B7
. B3
A% P
LB
. B

slex
. v3

B3

i 15 4
.8z

% b

lax
.98
. Az

b R 4

.18

nilez

. B

x is shown from 10% to 95% and y from 5% to 90%.
IMIN= 3 88

95N . vax S5H  DEx SR

Sux

TR

|l ]

-8
3
[

rY AR

]
.

L]

DWW ®-dU

G~

5%

. B8O

an

. Ba
. a7

5%

.97
.83

bekrd

&6

.is

Sn

67

5@

0%
.88
I

18

=

5

L
i R

S5H

e

ax
o

-l §

. B3



00
|l
i

n

o
& WD
@

. .

el ] b e
.93

-. B3

48

IMAK=
S

.~ s

15

sl rd
. B4

15

1% g

.93

IMIN= Z B8
95y . TR a5y
.89
- 15 -
D6 . 7R 1%
.91
-. 18 -
7o
IMIN= 32 08
=l i b Lt
.81
- 1@ -
b= 15 Py v = e
. B7
- B8 -
TER:

. av

IMAR=
Sen

.7

14

pu % et

-]

1z

1% et

.98

a

0
i o

p=15 it

o)

A % s
18

{7

.ra

TER:

i

285

.81

.44

1 E

.81

Lle

. 224
vde
A
.29

<188
. Te
.27
118
. BG
.24

R R 7 g

av

.21

i 1% k4

.94

L1e

. 457
1 18¥%

.58

7ax

118
.62

.25

b 1 74

.72

See:
LBl
22

305
.98
R

.25

185

187

KL%

18

g5%:

k1% el

5%

.28



IMIN=

DEN 7o
. TE
B B

95 98H
.9z
~. 85 -

b= Ay ¥ et
. BZ
-. 1@

IMIN=
L5 b 95K vOH
[} .9z
8 -. 14
DB Tex

.82
- a3

49

.68

D5

——

ol e

Z. 88

S35H:

b=l ke

TEaR:

IMAX= & B A= . Tal
Sen b h A 5 9SS 18K
. Bd . 54 A2
B R - 15 - 47
1 5EH b R A 4 b1 Pl N
.7l . B8 .4
.14 - 1 -. 18
" ke [ F T8 18
. B& .73 =1
. ag - 1= -. 13
SE 28N 58 10X

.85 . BB

-. B9 i
20X 18X

. T8

-. 14

IMAX= & &8 T, TE5
S8 955 Z0X 95x 18X
.84 .Y .78
B .Y N -. 28
b’ " 4 o5 P s 9B 18X
.85 .78 .7
.1e -1z -. 16
Sax vy 2 var 18X
L9z . B85 e
. B4 -. 87 - 1=
S8X: 2eH 56x 10X

.92 . B4

-. a4 - 11
7 R N P4

.21

-. B

a5%:

S

TEen:

.97
.87

5a

.28

5=

&9
19

5%

. 89
. 1.

5%

.83
4

5%



Ci=

Q5% 98y
.9
-. B35

S5X  98u
.97
-. B8

50

IMIN= Z 88 IMAX= 9. 68 A= &,
j=b ¥ g - ke S5 50X 95X 2aH 954
.91 . B35 . Ta
i g - 22 - &7 -.
b= P v et Sex Sex e o s pol et
.93 .87 .8l
i B -. 18 - 232 -.
L= " b THXN 20X vOx
.94 . 89
- B9 - 17 -.
b % e A4 S oax:
.95
- 18 -.
K% bt
IMIN= 2= B8 IMAR= 5. a8 A= 4
95% vax 95X 58X b O - Ey 5%
. Be .7e . ve
- 16 -. 28 - 29 -
9B TaX Sa . 58X b1 e {7 b4 90X :
. B9 . Bz . TS
-. 1@ - 1€ - 2 -.
vanSex v 28X TR
.9z . 8BS
-. B9 - 17 -
Sex 38X ba17 P
.93
- 11 -.

BoE
lex

.74

s
Py

b % g
.76

21

1 18%
. 84

28

1ax

. 98

23

i % g
. 96
.19

. 234
it % s
. B7
23

1%

.78

32

1ax

-
.22

18%

. Ba

38

X% rd
.35
.24

S

5

sz
24

ekt

8s

b L}

=

bt

95

.28

et

.99

el rrd

e

Sax:

L1z

S

26

Sx

. B4

z6

-

1o
&

18
-
15

b ¥4

o1
33

5%



LT Y
L8l
-, 81

S5 98X
.89
- Bz

51

IMAx=
Sax

. B4

ar

b1 % s

.7l

a7

" et

. =

IMIN= 2= 9@
95n . 7eR Qo
]
-, B5 -.
1% A v b h=1%
. B2
-. B4 -
vax
IMIN= 3= 9@
=l Ay d 95
. 7a
-, Bs -,
pel % A v e 983
.78
-. 85 -,
L o

"

IMAX=
sSax

T

ar

Sex

. 64

a7

Sax

.82

.8z

9ER:

561
.71

il
&
™

o
M 8
.46
.15

A %
.51
I

: 168
. B2
AT

18%

-

16%
.83

.44

.7l

i X kg
21
. By

i % F

5

P2

. B7
i % r

. 44

50

. av

164

. 59

4% Pl
.68
. B3

18%

5%

.42

.17

Sn

.45

R

an

5%

ez

w0
n
~

L1z

5%

.25

k=1 P

. 87

5=

.28

v

. 87

S«

. 28

bl e

. |7

b id

g

iax:
. B&
. B&

.87

5u

5%

82
B4



52

IMIN= X 88 IMAX= 18. 88 A= 7. 7Ee5

e g o rr” b b g1 b S5 26H D56 18X 95R: 5H
. 99 .94 . B 22 .79 .T7

- Bg -. 28 - 26 - 21 -. 35 - 42
j= % E g~ vl S Sax Sen 20N b= P R g sax: S

.95 .89 . .85 .81 . T8

-, 14 -. 21 - 27 ~-. 36 i
Tex 58y 5 KA = s TRX:18H ver: SY

.95 .91 . 87 . BE

-. 18 - 19 - 22 -. 39

bul % KA P bl 5 P R o bl re i

. 9E .9z .92

- 12 - 28 - 28
zay1ed 28K 5H

. 98 .98

- 21 - 32
189%: 5%

1. 81

-. 15

IMIN= 2 08 IMAX= 16 66 A= & agn

S5 98¥ S5HFEx S5 58X b b EAKA k4 95X 18X 95 5%
.9 .98 .83 -] .73 .78
-. 2g -. 18 - 25 - 31 -. 28 -. 432
=L e ol rew % g o FR 4 kg 9016 S8 SH

- . Be . BB . TD LT

- 1z -, 28 - 27 - 3B - 42
TBX Da T 28X P r i X% TEX: SX

.94 . B8 . 84 .81

- 11 -. 21 -. 36 - 42
b & A Sex:1ex SEl: 5%

.93 .91 . 88

- 1z - 3232 = 41
5 i 7 4% P P

- .85

-, 26 -. 7



53

IMIN= Z 88

b % b Q5K Tax 95
. 54 .81
-. D& - 12 -,
b A i bl =P
. B .
-. BE -.

A

IMIM= Z B8

A=l g
.88 . BT

. B2 " X

90X 7O b 1% e

LTT
Rk

van

=L e - b o5n

IMAR=

15X
. TE

1e

IMAX=
S

. B2

S58x

65

b o

.8z

. Be

16. 03

asx:

bl e

28x
1

21
.ol

A % A

. Ta

.13
R4

.81

B R

DEBR

.51

.11

16. Ba@

95

8%

.45

. a1

Sex:

2B

.91

.81

A% 4

L BT

LBl

A %

.81

.81

582

. 234
i R s
1
.28

b % et
. B2
.27
(1
.72
.28

18%

.81

389
=L
. a2

to
o
o

1%

TR

b’ %
. 58
. B

2

=y

18%

. 467
b X 4
A S
.8z

1a

. B4

18+

b

18

i 8% Kt
.73

. Be

25¥:

5%

oo

.23

5%
!

I

. 2B

SH

. 67
.32

¥

75

.22

5%

84

.28

5

.95
.15

Sn

.29

. B3

5%

s

-

. B

Se

.43

. B8

5%

.52

.18

S

64
14

bukeed

a7
@8



54

IMIN= Z 8@
9

S5H 98X b b g ¥ A S
. B8 .54
-. B& -. B9
205 TER el e
LTE
-. 3a

=4
8
=

b et

.58
. Ba
: 58X
.57
. Bl

1% et

.TT
% x §

IMIN= Z B@

Q95X 984 QoK vax a95%:
.97 .91

-, B8 - 21 -.

b= S r e 7 ed sax
. 24

- 15 -.

g k4

IMAX=
bl et

. B85

27

it=1" P
. 88

23

" rd

.95

B ey

5%

bt oA
-
. a2

12 84 A=
a5n:
. 86

ol bt

{7 s
.42
.8z

A Y e
. 5e
. Bz

28X

e

33

o

A% b

=
.83

TaH:
. 5a

. e

S58%
. 8E
.14

.28

1% s

38x

IMAX= 18 98 A=
DEEN
.37
Bk

Tan:

. el
SEH:
.22

. B2

18

b %l
.25
I

1%

.35
. @4

b % A

16

. 44
. B4

i 1% 4

. Bl
. B4

. 7EE
1 18%

e

.41
118
.44

1 418¥%

. BE

S8R
X
.34

% s

. EB

18X

W .
. By
L&V

B
.26

ke

47
Bz

b

A
.8z

S

. B3

58

bt

.32
. B3

5%

.45

. B3

5%

75
o4

5%

267

" e

Sx

5%

. Bz
.28



0
S

i

0

IMIN=

S5 90Y p e &

.95 . B84
-, Bg -~ 15

b o A %

. B9
- 11

IMIN=

K Agol b e
- NN .75

- 82 -. BE

= AP 7 et

. Bz

-. B4

Q5nvaxn

55

Z. 88
a5

IMAX= 12. 08

bl it

R

26

R

bl

.81

e

.

S6H

.91

—

o 1

Q5%

. B3

IMAK=
" ke

.85

. B9

o SEn

.71

. Bg

=15

. Be

.83

b b e
. 7a
.25

sSan:

A % et

[ S L B I O
ld B &

S

= 0
e Q8

o s
oz
iz

12 a8

b
. 5e
B B

o % A
.61
I

28H

K% bt

A" ke
.74
.18

A % bt
.88
-

. 234
118
. 45
LAV

i X
.51
N

ole
el
-

i N7
.71
Lle

b R %

[t

P -4

-

(28 a4}

n WLl U?

]
[ 2"

b

. TR
.42

SH

as
4z

5%

o4
ot

5%

. Bl

.21



I}

00
=S

o0
Ll
T}

oy
]

[y
=

0
ol s
1 i

00
Y

T
Y
T

]

[

]

]

[y

H

Ci=
Cil=

0o
ol =)
(]

I}

o0
P&

S5¥ 58x
. BE
. B2

IMIN=

i b
B3
. @av

SEx Tax
.Te

. Bg

IMIN=

S5X:7Ex
.58
. av

b= " k4
.68
. Bg

56

Z. 88
95

-

it

IMA

b et

.49
. B3

=l % Pl

b P

. 56
. a8

1 5Ew

.77
.83

3. Ba
95x:

IMRAK=
Sen

.42

C1% Pl

S8

8

e

a1 et

. 7ve
. av

12. 96
p b A P 4
. 3T
. B9
= S A s P 4
.42
. B3
vaX 2B
.58
. 87
b1 % P AR
.75
. 835
1z, Ba
Q5K zeH
.29
Ll
28 Ze
.24
.41
L R b
. 58
.11

bal® PR d -
. &5
. B

=15 Py
.26
. a9

L 467
1187
.23
. 88

18xH

i N e
. 36
. B2

(18%
. 47

. 8y

i R it

-

. B3
. a5

. rel

b B%

11

b5 P

18x

R s
B

i % 4

.25

.14

i R
. ZE

.14

M 17 s

. 52

12

4% b

9354

S5u

.18
.18

b1

A% Pl

L2
n



57

coefficients for the scaling of spectra in terms of the Modified
Mercalli Intensity at the site.

Fitting of straight lines CO + C]B for the data in Figures 4 through
39 should be considered as a smoothing operation aimed at eliminating
the fluctuations in the spectral ratios, rathern than as an approximation
to the compouted changes of these ratios with A, B and Miax: Thus, if
an estimate of spectral ratios for design purposes is to be made on the
basis of this work, it is recommended that one employs Figures 40 through

47 and Tables I and II for given M (I _.)> A, B, and the desired

max ‘ max
probabilities of exceeding the design spectra.
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CONCLUSIONS

In this report the dependence of the ratios of Uniform Risk Spectra
(URS) of Pseudo Relative Velocity (PSV) amplitudes for different
exceedance probabilities have been analyzed as functions of local seismicity
for uniform shallow source zone surrounding the site. These ratios may
be useful for many two level seismic design considerations, but may be
of particular interest for the examination of the ratios of spectrum
amplitudes for the "Safe Shut Down” (SSE) and "Operating Basis (OBE)
earthquake shaking postulated for many nuclear power plants in the United
States.

It has been found that the ratios of OBE to SSE spectral amplitudes
can vary from very small values to almost one. This shows that the
ratio of one half, often used in nuclear industry probably does not lead

to the desired probabilities of exceeding the OBE spectrum amplitudes.
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