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DESIGN RESPONSE SPECTRA FOR SElSM!C DESIGN
D OF NUCLEAR POWER PLANTS

“A wmooucnom S

: Cnlenon 2,"‘Dcs|gn Bascs for Prolcumn Against
Natural Phenoniena,” of Append:\ A, “General Design
Criteria for Nuclear Power Plants.” to 10 CFR Part 50.
_-“Llcensmg of Production” and Utilization Facilities,”

_requires, ‘in part, that nuclear power p!.mt structures,
systems, . and  components  important to safety ‘he
“designed 1o “withstand ihe' effects of earthquakes,
Proposed Appcndl.\ A, “Seismic and- Geologic; Siting’

Criteris,” {0 10 CFR Part 100, **Reactor Site Criteria,” ‘

- would- require, in .part; that the Safe Shutdows

-_Earthqunkc {SSE) be defined by response spectra
“the. expected ma.\xmum ‘ground -

correspondmg to

“This - ‘guide - descrihes procedure

~-plants, The Adviory Committee on Reactor Safeguards
has' beeén  consulted -concerning this gunde and has
concurrcd in the regulatory position,

B DISCUSSION

In order to- nppro‘umalc the mlcnsny .md (ht.rcby"_.. '
cof ‘the: -

 estimate. the " .maximum: ground gceeleration’
* " ‘expecfed strongest ground motion (SSE) for 4 given site,
 ‘proposed ‘Appendix- A to 10°CFR-Part 100. specifies a
-number of required investigations. 11 does not, huwcvcr'
give a ‘method for defining . the response spectra’

corresponding  to- ‘the c\peutcd masimum- ground
accelemhon. ' ' '

Thc recorded ground accclcr.mons -and rcsponse
spccm of past- carthquikes provide a. basis for the
_ rational design of structures o resist c.xrlhqml\es. The
Design Response Spectra,' specified for design purposes,
~ can be developed statisticully from response spectra of.
past stmng—mouon earthqunkes (nec referencc 1). An'

’Sec defmmons nt thc end of the guzde.

_C\mmw sludy hus hcun dumhcd by Newnig uk .md. '
Blume in references 1.2, and 3. After teviewing these
referenced documents, the AEC Regubimory staft has
determined as ucceptable the following provedure tor
defining the Design Response Spectea representing the

- effects of the vibratory motion of the §SE, 1/2 the SSE,

and the Operating Basis Earthquake (OBE) on sites
underlain by either rock or-soil deposits and covering il
frequencies of intérest. However, for unusually soft sites,”
,mudlﬁulmn to thiis pmudum wxll hc requucd

I lhl‘s pmt.edurc. thc cunhgumnons of -the
horizonial ‘component Dcslgn Response Spectra o1 each
of the two.mutually perpendicular hofizontal axes are
~shown in Figute 1. of this guide. These shupes agree with

. those developed by, Newm:-k; Blume. and Kapur in - -

reference 1. i Figure | the. .ase dmgmm consists of
thre¢ parts:’ the bottom line’on the 1M1 part represents .

_ the maximum ground displacement, the bottom line on

_the right part represents the maximuini uuelcmunn and
the middle part: dcpends on the maximum velocity. The
horizontal comporent  Design- Resporise Spcur.l in
Figure 1 of this guide corsespond to a’ masimum
horizontal ground arcc'lernlwn of 1.0 g. The maximum
ground dxspluwmcm is tiken' prupmtnunal to the
maximbm ground uccc!eratiun and-is set.al 36 inches
for a ground acceleration. of. 1,0 g. The nunicrical values
of design displacements, velocities, and aceelerations for
the horizontal component Design Response Spectra are
obtained by multiplying the corresponding values of the
maximum ground displucement and acceleration by the
factors given in Table | of this guide. The displucement
region lines of the Design Response Spectra are parallel

- to the maximum pground displacement line und are

shown.on the left of Figure 1. The velocity region lines
slope_downward from a lrcqucm.y af 0.25 cps (control
. point D) to u frequency of 2.5 LpS(LUllll’ﬂl puint ¢) and
are shown -at the top. The remaining two sets of lincs
bétween the frequencics - of 2.5 cps ind 33 cps (control

' _'pomt A), with a break ata frequiency 6f 9 ¢ps (control
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point By, constitutz the aceeleration segion of the
horizontl Design Response Spectra. For frequencies
higher than 33 ¢ps, the maximum ground acceleration
line represents the Desipn Response Spectra.

The vertical component Design Response Spectra
corresponding  to  the maximum horizontal - grownd
aceeleration of 1.0 g are shown in Figure 2 ot this guide.
The numerical values of design displacements. velocities,
and  zecelerstions in these spectra are obtained by
multiplying the corresponding values of the maxtmum
horizontal ground  motion (aeceleration = 1.0 g and

displacenment = 36 in.) by the tactors given in Tuble 1 of

this guide. The displacement regiovn lines of the Design
Responise Spectri are parallel 1o the maximum ground
displacement line and are shown on the left of Figure 2.
The velocity region lines slope downward from a
frequency of 0.25 ¢ps (control paint D) o a lequency
of 3.5 ¢ps (control point C)and are shown at the top.
The remuaining two sets of lines between the frequencies
af 3.5 cps and 33 ¢ps teontrol point A), with a break at
the trequency of @ cps (contral point B), coustitute the
aceeleration egton o the vectical Design Response
Spectra. [t should be noted thet the vertical Design
Respunse Spectra values are 2/3 thase of the horizontal
Design Resprnse Spectra for frequencies less than 0.25:
for trequencies higher thun 3.5, they are the sume, while
the rativ varies between 2/3 and 1 for (requencies
hetween (.25 and 3.5, For frequencies higher than 33
eps. the Design Rexponse Spectra follow the muximuom
ground aceeleration line.

The horizontal and  vertical component Design
Response Spectra in Figures 1 and 2, respectively, of this
giide correspond 1o @ maximum horizontal ground
acceleration  of 1.0 g For sites with  ditferent
aceelerstion values specified for the design carthquake,
the Design Response Spectra should be linearly sculed
from Figures 1 and 2 in proportion to the specified
maximum hotizontal ground aceeleration. For sites that
(1) are relatively close to the epicenter of an expected

carthquake or (2) have physical characteristics that
could significantly aftect the spectial pattern of input
motion, such as being underlain by poor soil deposits,
the procedure described above will not apply. In these
cases, the Design Response Spectra should be develuped
individually according to the site characteristics.

C. REGULATQORY POSITION

I, The horizontal component ground Design Response
Spectra, without soil-structure interaction effects, of the
SSE, 172 the §SE, ur the OBE on sites underlain by rock
or by soil should be linearly scaled from Figure 17 in
proportion  to  the  maxiowm horizontal ground
acceleration specitied for the carthquake chosen. {Figure
I correspoads o maximum horizontal ground
geceleration of 1O g and secompanying displacement of
30 in) The applicable multiplication factors and control
points are given in Table 1. For dumping ratios not
included in Figure 1 or Table 1, a linear interpolation
should be used.

2. The verticul component ground Design Response
Spectra, without soil-structure interaction elfects, of the
SSE, 1/2 the SSE, or the OBE on sites underlain by rock
or by soil should he linearly scaled from Figure 27 in
proportion to the  maximum  horizontal  ground
aceeleration specified for the carthquake chosen. (Figure
2 s based on a maximum horizonal ground aceeleration
of 1.0 g and accompanying displacement of 36 in.) The
applicable multiplication fuctors and control points are
given in Table . For damping ratios not included in
Figure 2 or Table 10, a lincar interpolation should be
used.

This does not apply 1o sites which (1) are relatively close
to the epicenter of an expected carthquake or (2) which have
physical  characteristics  that could  significantly  alfect the
spectral combination ol input motion, The Design Response
Spectra for such sites should be developed on g case-by-case
tasis,
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DEFINITIONS

Response Spectrum means a4 plot of the muximum
response (acceleration, velocity, or displacementy of a
family of idealized single-degrec-of-freedom damped
oscillators a5 a function of natural frequencies (or
periads) of the oscillstors 1o o specified vibratory
motion input at their supports. When obtained from u
recorded carthquake record, the response spectrum
tends (o be rregular, with @ wumber of peaks and
villleys.

Design  Kusponse Spectrum is 1 relatively  smuooth

relationstup  obtained by anmalyzing, evaluating, and
statistically combining o number of individual response
spectra derived from the records of significant puast
curthquakes.

Maximum (peak) Ground Acceleration specified for a
given site means that value of the acceleration which
corresponds to zero period in the design response spectra
for that site, At zero perivd the desipn response spectmn
acceleration is identical for all damping values and is
equal 1o the maximum (peak) ground acceleration
specified for thut site,

TABLE |

HORIZONTAL DESIGN RESPONSE SPECTRA
RELATIVE VALUES OF SPECTRUM AMPLIFICATION FACTORS
FOR CONTROL POINTS

Percent Amplification Foctors for Controt Points
Cr:::ca! Acceleration’ ? Displacement’ ?
Damping | A(33cps) | B(9cps) | Cl2Seps) | DIO.25 cps)
0.5 1.0 4.96 5.95 3.20
20 1.0 .54 4.25 2.50
5.0 1.0 2.6l 313 2.05
7.0 1.0 227 27 1.88
10.0 1.0 1.90 228 1.70

'Maximum ground displacement is taken proportional to maximum
gound acceleration, and is 36 in. for ground acceleration of 1.0 gravity.

? Acceleration and displacement amplification factors are taken from

recommendations given in reference 1.
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TABLE 11

VERTICAL DESIGN RESPONSE SPECTRA
RELATIVE VALUES OF SPECTRUM AMPLIFICATION FACTORS
FOR CONTROL POINTS

Percent Amplitication Factors tor Control Points
of
Critical Accelerauon® 2 Displacemnent® 2
Damping Al33 cps) 819 cond CI3.5 eps) D10.25 cps)
0.5 1.0 490 Sus 213
2.0 1.0 RILE! 4258 1.67
5.0 1.0 2.0l RN IR 1.37
7.0 1.0 227 ROWA 1.25
10.0 1.0 : 1.90 228 1.13

PMaximum  ground  displacement s teken proportionad to maximum
pround acceleraton and is 36 in, Tor ground aceeleration of 1.0 gravity,

? Acceleration amplification Tactors for the vertival design sesponse
spectra are equal (o those of horizontal design response speetra, whereas
displacement amplification factors are 2/3 those of horizontal design response
spectra, These ratins berween the amplification factors ot the twa design
response spectra are in agreement with thoese recommended in reterenee
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