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/1, Spectra for Mass Points 17-19, 17A-19A modified
September 16, 1969.
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/3\ Spectrum for Mass Points 17, 17A (Damping Ratio = 0.05)
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Mathematical Model - Southwest View
Mathematical Model = Southeast View
Mathematical Model - West Elevation

Response Acceleration Spectra
(Herizontal Acceleration)
Earthquake in N=S or E-W Direction
Mass Point &, 4A

Damping Ratio = 0.005, 0.010

Response Acceleration Spectra
(Horizontal Acceleration)
Earthquake in N-S or E-W Direction
Mass Point 6, 6A

Damping Ratio = 0.005, 0.010

Response Acceleration Spectra
(Horizontal Acceleration)
Earthquake in N-5 or E-W Direction
Mass Point 9, SA

Damping Ratio = 0.005, 0.010

Response Acceleration Spectra
(Horizonta! Acceleration)
Earthquake in N-5 or E-W Direction
Mass Point 10, 10A

Damping Ratio = 0.005, 0.010

Response Acceleration Spectra
(Horizontal Acceleration)
Earthquake in N=S or E-W Direction
Mass Point 14, 14A

Damping Ratio = 0.005, 0.010

Response Acceleration Spectra
(Horizontal Acceleration)
Earthquake in N-S or E-W Direction
Mass Point 15, 15A

Damping Ratio = 0.005, 0.010

Response Acccleration Spectra
(Horizontal Acceleration)
Earthquake in N=§5 or E-W Direction
Mass Point 16, 16A

Damping Ratio = 0.005, 0.010

Response Acceleration Spectra
(Horizontal Acceleration)
Earthquake in N-S or E-W Direction
Mass Point 17, 17A

Damping Ratio = 0.005, 0.010C
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Resporse Acceleratlion Spectra
(Horizontal Acceleration)
Earthquake in N-S or E-W Direction
Mass Point 17, 17A

Damping Ratio = 0.05

Response Acceleration Spectra
(Morizontal Acceleration)
Earthquake in N=S or E-W Direction
Mass Point 18, 1BA

Damping Ratio = 0.005, 0.010

Response Acceleration Spectra
(Horizonta! Acceleration)
Earthquake in N=S or E-W Direction
Mass Point 19, 19A

Damping Ratio = 0.005, 0.010

Response Acceleration Spectra
(Horizontal Acceleration)
Earthquake in N-5 Dire-tion
Mass Peint 21

Damping Ratio = 0,005, 0.01C

Response Acceleration Spectra
(Horizontal Acceleration)
Earthyuake in E~W Direction
Mass Point 21

Damping Ratio = 0.005, 0.010

Response Acceleration Spectra
(Horizontal Acceleration)
Earthquake in N-S or E-W Direction
Mass Point 24

Damping Ratio = 0.005, 0,010

Response Acceleration Spectra
(Horizont = Acceleration)
Earthquake in N-S or E-W Direction
Mass Point 25

Damping Ratio = 0.005, 0.010

Response Acceleration Spectra
(borizontal Acceleration)
Earthquake in N-S or E-W Direction
Mass Point 28

Damping Ratio = 0,005, 0.010

Response Acceleration Spectra
(Horizontal Acceleration)
Earthquake in N-S or E-W Direction
Mass Point 29

Damping Ratio = 0.005, 0.010

Response Acceleration Spectra
(Horizontal Acceleration)
Earthquake in N-S or E-W Direction
Mass Point 30

Damping Ratio = 0.005, 0.010
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Response Acceleration Spectra
(Morizontal Acceleration)
Earthquake in N-S or E-W Direction
Mass Point 31

Damping Ratio = 0.005, 0.010

Response Acceleration Spectra
(Horizontal Acceleratlon)
Earthquake in N+S Direction
Mass Point 33, 33A

pamping Ratio = 0.0uL,, 0.010

Response Acceleration Spectra
(Horizontal Acceleration)
Earthquake in E~W Direction
Mass Point 33, 33A

Damping Ratio = 0.005, 0.010

Response Acceleration Spectra
(Horizontal Accelzration)
Earthquake in N=5 or E-W Direction
Mass Point 41

Damping Ratio = 0,005, 0.010

Response Acceleration Spectry
(Horizontal Accrleration)
Earthquake in N-S or E-W Direction
Mass Point 20, 20A, 32, 42

Damping Ratio = 0,005, 0.010

Response Acceleration Spectra
(Vertical Acceleration)
Earthquake in N-S or E-W Direction

Mass Point &, 4A, 6, 6A, 9, 9A, 10, 10A, 14 - 20,

14A -~ 20A, 21, 24, 25, 28 - 32, 33,
33A, 41, &2
Damping Ratio = 0,005, 0.010, 0.020, 0.050

Response Acceleration Spectra
(Horizontal Acceleration)
Earthquake ia N-S or E-W Direction
Screenhouse

Damping Ratio = 0.005, 0.0]0

Response Acceleration Spectra
(Vertical Acceleration)

Earthquake in N-S or E-W Direction
Screenhouse

Damping Ratio = 0.005, 0.010
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/1. Spectra for Mass Points 17-19, 17A-19A modified
September 16, 1969.

2  Spectra for Screenhouse added December 2, 1967

115 Spectra for Mass Points 17, 1A (Damping Ratin = 0.08)
added January 2, 1970.
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PRAIRIE ISLAND NUCLEAR GENERATING PLANT
EARTHQUAKE ANALYSIS:
REACTOR-AUXILIARY-TURBINE BUILDING
RESPONSE ACCELERATION SPECTRA

INTRODUCT | ON

This report presents the response acceleration spectra for
selected floors of the Auxiliary and Turbine Buiidings and
selected mass point elevations of the Shield Building, Con=
tainment Vessel, and Reactor Support Structure. Also included
are spectra for the Screenhouse. The response acceleration
spectra are based or the design criteria stated below and on

an earlier report on the Frairie Island Plant, 1%

Horizontal response acceleration spectra for earthquakes act-
ing in north-south and in east-west directions are presented.
Vertical response acceleration spectra due to vertical earth-
quake accelerations are also presented. The spectra for ac-
celerations in the horizontal direction have been developed

for damping vaiues of 0.5 percent and 1.0 percent of critica!
dampina, and the spectra faor accelerations in the vertical
direction have been developed for damping values of 0.5, 1.0,
2.0 and 5.0 percent of critical damping. These response spectra
are for use in the seismic analysis and design of critical equip-
ment and piping located at the specified floors and mass point
elevations.

The presented spectra can | » used directly in the analysis of
equipment that can be idealized as single-degree-of~freedom
systems; the use of the spectra can be extended to multi-degree-
of-freedom systems, such as piping systems, by dynamic analysis
techniques,

* References are listed in Appendix A.

February 16, 1971 o
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DESIGN CRITERIA

The earunquake ground acceleration time-history developed for
this analysis was based on the ground response acceleration
spectra pres “ted in Reference 2. The results of the analyses
presented in this report are for the Design Earthquake (0.06g).
Values for the Maximum Credible Earthquake (0.12g9) can be ob-
tained by doubling the presented results.

MATHEMAT | CAL MODEL

The mathematical model used for determination of response in the
horizontal directions has been described in detail earlier' and
is reproduced in this report in Figures I, 2, and 3. Mass points

ard their elevations are shown in Figure 3.

The structure was also modeled for response in the vertical direc-
tion. The structurcs of the Prairie Island Plant have very short
periods in the vertical direction. Therefore, the structure was

modeled as a single-~degree-of-freedom system. The spring in this
system representec the vertical deformation of the soil under the

structure and the mass was that of the entire structure.

ANALVTICAL PROCEDURE

The mathematical model (Figures 1, 2, and 3) was subjected to the
developed ground acceleration time-history acting in the north-
south and in the east-west directions, and the time-history of
horizontal acceleration at each mass point of the mathematical
mode| was generated. Using the generated acceleration time-
Fistories at selected mass points, the response acceleration
spectra for the desired damping values were calculated, The re-
sponse in the vertical direction was similarly determined using
the developed horizontal ground acceleration time-history norma-
lized to 0.04g. The method used to calculate the response

March 14, 19639 -y -
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acceleration spectra was baced on established methods of re-

sponse analysis’ which were modified to permit a computer solu-

tion of the calculations.

DISCUSSION OF RESULTS

Horizontal Translational Accelerations

Response acceleration spectra for accelerations in the horizontal
direction and for an earthquake in either the north~sou.h or the
east-west direction are presented in Figures & through 25 and
Tables 3 through 24 for the specified mass points and damping
ratios. These spectra are for translational accelerations at the
centers of mass of *he individual structures and must be adjusted

for the effacts of torsional accelerations as discussed below.

The response acceleration spectra obtained at various points in
the structure showed that the response is primarily due to defor-
mation of the foundations and that the responses due to earthquakes
acting in the north-south and east-west directions were not signi-
ficantly different. Therefore, the spectr were combined {. ihe
two earthquake directions to facilitate their application in the
seismic design and analysis of critical equipment and piping. For
example, the spectra shown in Figure 4 can be used for Mass Points
4 and 4A for the earthquake acting in the north-south or east-west
direction for damping ratios of 0.005 and 0.010 (0.5% and 1.0% of
critical Jdampina, respectively).

Horizontal Torsiona! Accelerations

Response acceleration spectra for torsional acceleratinns were
also developed. As was the case of th2 translational accelera-
tions, the spectra for the torsinnal accelerations showed peaks

in the vicinity of the torsional period of vibration of the foun-
dations soils and the spectra were not significantly different for

the earthquake in the north-south and east-west directions,

March 14, 1969 -3 =
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The total acceleration at any point within a structure is the
sum of the translational acceleratiun and the acceleration due
to rotation (torsion). The acceleration due to rotation at any
point within the structure is obtained by multiplying the rota-
tional (torsional) acceleration at the center of mass by the

distance from the center of mass to the given point.

To account for torsional accelerations and, at the same “ime, to
simplify the seismic design and analysis procedures, the factors
in Table | were developed. The translational accelerations must
be multiplied by the factors in Table | to determine the total
spectral acceleration at the point of suaport of the equipment or
piping. This total acceleration then includes the contribution
from both the translational and rotational (torsional) accelera

tions.

The factors in Table | are a function of the natural period of
vibration of the item under consideration, the damping ratio ap~
piicable to the item, and the distance parameter, R. R is the
radial distance in feet (in plan) from the center of mass of the
building floor to the point of support of the equipment or piping.
The values of these factors can be interpolated linearly for values
of R not shown. The locations of ceniers of mass and rigidity
are presented in Table 2,

Vertical Accelerations

Response acceleration spectra for vertical accelerations are pre-
sented in Figure 25 and Table 25 for damp'ng ratios of 0.005,
0.010, 0.020, and 0.057 Vert ~.i accelerations are to be assumed
to act simultansousl, th th horizontal accelerations .

The vertical response acceleration spectra apply only to those
items of niping or equipment that are supported on structures of
the Reactor-Aixiliary-Turbine Building that have very low periods

in the vertical direction., Structures that have these low periods

March 14, 1969 -4 -
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in the vertical direction are the Shield Building, Containment
Vessel, Reactor Support Structure, Turbine Support Structure,

ard the walls and columns of the Auxil!iary and Turbine Buildings.
Slabs and beams of the Auxiliary and Turbine Buildings should be
analyzed to determine if their periods of vibration in the certi=
cal direction are low. |f the pericds are not low, the vertical
response acceleration spectra may have to be increased to ac-
count for the vertical response of the slabs or beams before the
vertical spectra are used in the seismic “nalysis and design of

piping or equipment mounted on the slabs and beams.

SUMMARY

The response acceleration spectra are to be used as fol lows:

(1) Determine the floor or mass point elevation at which the
equipment or piping in guestion is locatcd; (2) Compute the
period(s) of vibration of the equipment or piping; (3) Select
the translational response acceleration from the appropriate
spectrum for the desired damping ratio (0.005 for piping and
0.010 for equipment); (&) Increase this translational accelera-
tion to account for torsional ¢.celerations by multiplying the
translational accelerations by the factors in Table |; and (5)
Determine the vertical response accel!eration from the appropri-
ate spectrum, Thase firal values are the response accelerations
which are to be used in the seismic design of the piping or
equipment in questicn., Examples of the application of this pro-
cedure i3 presented in Appendices B and C.

RECOMMENDAT | ONS

The presented response acceleration spectra show that equipment

or piping having periods of vibration in the vicinity of transla-
tional, torsional, and vertical periods of vibration of che foun-
dations will have to be designed for high accelerations. If pos-

sible, the mass and stiffress characteristics of items having

February 16, 1971 At 1
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such periods should be altered to reduce thase accelerations.

In the use of the presented spectra in the seismic design and
analysis of piping and equipment, it should be recognized that

it is not always possible to precisely compute the periods of vi~
bration of such items. Therefore, those items having periods
that are on the steep slopes of the response spectra should be
treated in either of the two following ways. First, modify the
stiffness or mass characteristics such tha' the periods are not
in the ranges of the slopes, or, second, use the peak spectral

acceleration in the design of the item.

Equipment or piping located at a particular mass point should be
designed using the spectra presented for that mass point and for
the appropriate damping value. The transiational spectral ac-
celeration value should be multiplied by the aprropriate factors
presented in Table | toc account for torsional accelerations., Ver-
tical acceleration acting simultaneously with the horizontal ac-
celeration should be used in the design. No increase in the allow-
able stresses for short term loading is recommended for Class |

items.
The results presented in this report are for the Design Earth-

quake (0.06g). Values for the Maximum Credible Earthquake (0.129)
can be obtained by doubling the presented results.

Spectra for the Screenhouse are presented in Figures 27 and 28
and Tables 26 and 27.

; February !6, 1971
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TABLE 1

FACTORS FOR TORSIONAL ACCELERATIONS

Damping Ratio = 0,010 and 0,005

r

Mass Points Period Range R = 100 R = 50 R = 25
(seconds) (See Note 1)

b, WA 0.10 ~ 0.08 1.08 1.04 1,02
9, 9A 0.00 - 0.12 1.24 1.12 1.06
10, 10A 0.1 = 0,21 1.10 1.05 1.03
0.22 - 0.27 1.40 1,20 1,10
0.28 - 0.32 1.10 1.05 1,03
0.33 - 2.20 1.08 1.C4 1.02
6, 6A 0.00 - 0.08 1.10 1.05 1.03
0.09 - 0.12 1,40 1,20 1,10
0.13 - 0,22 1. 14 1.07 1.04
0.23 - 0.27 1.36 1.18 1,09
0.28 - 0.30 1.14 1.07 1.04
0.31 - 0.36 1.18 1.09 1.05
0.37 - 2,00 1.08 1.04 1.02
14, 14A 0.00 - 0.08 1.10 1.08 1.03
15, 15A 0.09 -~ 0.12 1. 40 1.20 1,10
0.13 - 0.22 1.10 1,05 1.03
0.23 - 0.27 1.36 1,18 1.09
0.28 - 0.36 1.16 1.08 1.04
0.37 - 2.00 1.08 1.04 1.02
16-20 0.00 - 0.03 1.08 1.04 1.02
16A-20A 0.10 - 0,13 1.16 1.08 1,04
3z, w2 0.14 - 0.20 1.12 1.06 1.03
33, 33A 0.21 - 0.26 1.20 1.10 1.05
0.27 - 0.46 1.08 1.04 1,02
0.47 - 0.50 1.16 1.08 1 04
0.51 - 2.00 1.08 1.04 1.02

Note: Table continued on

Marcn |h. |969

next page.
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TABLE 1 (Cont'd)

Mass Points Period Range R = 100' R = 50' R = 26
(seconds) (See Note 1)

28, 29 0.00 =0,07 1.20 1.10 1.05
0.08 <0.14 1.85 1,43 1,21

0.15 =0.21 1 1 1.1 1.05

0.22 <0.40 R 1.06 1.03

0.4) <0.52 1.12 1.06 1.03

0.53 -2.00 1.08 1.04 1.0)

30, 24 0.00 -0.04 1.09 1.05 1.02
0.05 =0.13 1.73 t:37 1.18

0.14 -p.28 1.42 1.21 1.11

0.29 -0.40 1.10 1.05 1.03

0.4 -0.52 1.10 1.05 1,03

0.53 -2.00 1.08 1.04 1.02

31, 25 0.00 ~0.17 1.08 1.04 1.02
0.18 -0.28 1.37 1.19 1.09

0,29 -0.42 1.08 1.04 1.02

0.43 -0.52 114 1.07 1.04

0.53 =2.00 1.08 1.04 1.02

L1 0.00 -0.13 1.30 1.15 1.08
0.14 ~0.20 1.10 1.058 1.03

0.21 -0.30 1.31 1.16 1.08

0.31 -0.45 1.08 1.04 1.02

0.46 -0.65 1.12 1.06 1.03

2.66 -2.00 1.08 1.04 l 1.02

Note |. R is the radial distance in feet (in plan) from the center of mass of
the building floor tc the point of support of equipgment or piping
(see Sketch).

Center of Mass — jfaf—Locatlon of Support
N \\ :7
\o R_»
"
Plan

March 14, 1969 —
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SUMMARY OF LOCATIONS OF CENTERS OF MASS AND RIGIDITY

TABLE 2~

Mass Center of Mass h Center of Rigidlty!)
Structure Point X Y X Y
Shield Building, Unit | 1-8 335.5 250.0 335.5 250.0
Shield Building, Unit 2 1a-8A 104.5 250.0 104.5 250.0
Containment Vessel, Unit | 9-16 335.5 250.0 335.5 250.0
Containment Vessel, Unit 2 9A-16A | 104.5 250.0 10°.5 250.0
Reactor Support Structure,
Unit | 17-19 335.5 250.0 335.5 250.0
Reactor Support Structure,
Unit 2 17A-19A | 104.5 250.0 104.5 250.0
Reactor Building Foundation,
Unit ! 20 335.5 250.0 wen Ll
Reactor Building Foundation,
Unit 2 20A 104.5 250.0 w=r -
Auxiliary Building Roof,
South Part 21 220.0 303.2 220.0 345.0
Fuel Tank Area 22 220.0 288.0 220.0 288.0
23 220.0 288.0 220.0 288.0
24 220.0 285.0 220.0 285.0
25 220.0 285.0 220.0 285.0
Auxiliary Building Roof,
North Part 26 220.0 219.8 220.0 178.0

Note:

Table continued on next page.

#Repri .t of Table 4 from Reference ]
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TABLE 2*

SUMMARY OF LOCATIONS OF CENTERS OF MASS AND RIGIDITY

(Cont inued)

Mass Center of Hass|) Center of Rigidityn
Structure Point X Y X ¥
Auxiliary Building 27 220.0 93.8 221.9 126.0
28 220.0 167.8 220.0 14k.9
29 227.9 1744 221.9 157.9
30 229%.7 163.0 251.7 168. 4
31 238.8 169.5 719.8 139.5
Auxiliary Building - Fuel
Tank Area ioundation 32 231.3 148.8 " .-
Turbine Support, Unit 1 33-35 330.5 €1.5 330.5 61.5
Turbine Support, Unit & 33A-35A 109.5 61.5 109.5 61.5
Turbine Support Foundation,
Unit | 36 330.5 61.5 - -
Turbine Support Foundation,
Unit 2 36A 109.5 61.5 - -
Turbine Building 37 220.0 28.0 220.0 0.0
38 220.0 0.0 220.0 0.0
39 220.0 0.0 220.0 0.0
40 220.0 15.9 220.0 0.0
41 2:0.0 15.2 220.0 0.0
Turbine Building Foundation 42 220.0 10.0 " mon
Entire Structure, base rota=
tion about a vertical axis - 223.8 190. 4 - -

i) Measured in feer from the intersection ot -olumn lines A and 17.
The plus-x direction is east of column line 17 and the plus-y

direction is south of column line A.
*Reprint of Table 4 from Reference 1

March 14, 1969 » 1§ #
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TABLE 3

RESPONSE ALCELERATION SPECTKA TABULATION
(HORIZONTAL ACQELERATION!
EARTHQUAKF IN N-S OR E-W DIRECTION
MASS POINT 4, &4A
DAMPING RATIO = 0.005, 0.010

Period Damping Ratio Period Da Ing Ratio
Sec. 0,005 0.010 Sec. 0.005 0.010
0,000 0,145 0.145 0.575 1.040 0.840
0.025 0,18% 0.15% 0.600 0,920 0.760
0,050 0.165 0.165 0.625 0.600 0.520
0.075 0.172 0.172 0.650 0.460 0,420
0.100 0.160 0,180 0.675 0,400 0,360
0.125 0.190 0.190 0.700 0.330 0.310
0.150 0.200 0.195 0.725 0.290 0.280
0.175 0.213 0.205 0.750 0.255 0,255
0.200 0.230 0.220 0.775 0.235 0.235
32,728 0.255 0,240 0.800 0.215 0.215
0.250 0.300 0.275 0,825 0.200 0.200
0.275 0,360 0.320 0.850 0.185 0.185
0. 300 0.480 0.4%00 0.875 0.173 0.173
0.325 0.920 0.600 0.900 0.165 0.165
0.350 1. 480 1.080 0.925 0. 160 0.160
0.375 1.350 1.510 0.950 0.156 2,156
0.400 2.000 1.570 0.975 0.153 J2.153
0.425 2.150 1.585 1.000 0.150 0.150
0,450 2.150 1.580 1.250 0.120 0.120
0.475 2.000 1.5€5 1.500 0.100 0.100
0.500 1,960 1.480 1.750 0.070 0.070
0.525 1. 400 0.560 «.000 0.040 0.040
0.550 1.100 0.890
March 14, 19€S
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TABLE &

RESPONSE ACCELERATION SPECTRA TABULAT|ON
(HOR!| ZONTAL ACCELERATION)
€A THQUAKE IN N-5 OR E-W DIRECTION
MASS POINY 6, 6A
DAMPING RAT!IO = 0.005, 0.010

Period Damping Ratio Period Damping Ratio

Sec, 0,005 0.010 Sec. 0.005 0.010
0,000 0.080 0.080 0.550 0.700 0.615
0.025 0.085 0.085 0.575 0.6%0 0,560
0.050 0.093 0.090 0.600 0.560 0.440
0.075 0.105 0.095% 0.625 0.400 0.360
0,100 A 112 0.100 0.650 0.340 0.300
0,125 0.115 0.102 0.675 0,300 0,260
0.150 0.120 0.105 0. 700 0.250 0.230
0.175 0.130 6.120 0.725 0,220 0,200
0,200 0,165 0. 145 0.750 0.185 0.180
0,225 0.220 0.180 0.775 0.160 0.160
0,250 0.290 0.235 0.800 0.145 0.145
0.275 0.340 0.280 0,825 0.135 0.135
0.300 0.375 0.315 0.850 0.121 0.121
0.325 0,390 0.325 0.875 0.120 0.120
0.350 0.400 0.335 0.90C ¢.120 0.120
0.375 0.440 0.360 0,925 0.120 0.120
0.400 0.480 0.400 0.950 .119 0,119
0.425 0.560 0.480 0.975 0.118 0.118
0.450 0.710 0.560 1.000 0,117 0.117
0.475 0.920 0.720 1.250 0.095 0,095
0.490 0.940 0.765 1,500 0.080 0,080
0.500 0.930 0.760 1,750 0.060 0.060
0.525% 0.850 0.700 2.000 0.040 0.040

March 14, 1969
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Period
Sec.

.000
025
.050
075
. 100
125
138
.150
. 168
o

148
.200
225
.250
275
. 300
. 325
. 350
.363
375
koo
K425
450
475
.500

CCO0O0O0DOOOO0O0C0OORg OOO0OOOOO

March 14, 1969

TABLE 5

RESPONSE ACCELERATION SPECTRA TABULATION

(HORIZONTAL ACCELERATION)

EARTHQUAKE IN N-S OR E-W DIRECTION

MASS POINT 9, 9A

DAMPING RATIO = 0.005, 0.010

Damping Ratio

0.00% 0.010
0.180 0.180
0.190 0.190
0.200 0.200
0,215 0.215
0,240 0,235
0.275 0.260
0.300 0.280
0.340 0.310
0.335 0.305
0.235 0.270
0.280 0.265
0.290 0.270
0.320 0. 300
0. 400 0,360
0.530 0,480
0.720 0.630
1.160 0.880
2,200 1.600
0. 4kko 1.960
2.470 2.000
2,485 2.040
2. 490 2.050
2.488 2.050
2.480 2.040
2.420 2.000

Period
Sec.

0.525
0.550
0.575
0.600

JOMN A RLUME & ASSOCIATES, ENGINEERS

Damping Ratio

0.005 0.010
1,760 1,320
1.170 0.980
1.120 0.920
1.000 0.840
0.640 0.560
0.520 0.480
0. 440 0.410
0.3%0 0 360
0.340 0.320
0.300 0.290
0.270 0.260
0.245 0.240
0.225 0.225
0.210 0.210
0.1%0 0.190
0.180 0.180
0.175 0.175
0.172 9.172
0.163 0.169
0.165 0.165
C. 140 0.140
0.110 0.110
0.080 0.080
0.055 0.055



TABLE 6

RESPONSE ACCELERATION SPECTRA TABULATION
(HORIZONTAL ACCELERATION)
EARTHQUAKE IN N-5 OR E-W DIRECTION
MASS POINT 10, 10A
DAMPING RATIO = 0.%u5, 0.010

Period Damping Ratlo Period Damping Ratio
Sec. ¢.005 0.010 Sec. 0,005 0,010
0.000 0.150 0,150 €, 500 2,080 1.720
0.025 0.160 0,160 0.52% 1.080 0.960
0.050 0.170 0.170 0.550 1.015 0.880
0.07% 0.190 0.180 0.575 0.970 0.830
0.100 0.215 0.200 0.500 0.800 0.Ak0
0,125 0.240 0.230 0.625 0.520 0.480
0.138 0.280 0.255 0.650 0,440 0.400
0.150 0.315 0.270 0.675 0.380 0.350
0.163 0.300 0.260 0.700 0,320 0.310
0.175 0.260 0.240 0.725 0,283 0.280
0,188 0.2k0 0.235 0.750 0.245 0.245
0 200 0.245 0.240 0.775 0.225 0.225
0.225 0.275 0.255 0.800 0.212 n,212
0.250 0.320 0.300 0. 825 0.205 0.205
0.275 0.400 0.365 0.850 0.190 0.'90
0.300 0.520 0.460 0.875 0.180 0.180
0.325 0.800 0.640 0.900 0.172 ¢.172
0,350 1.720 1.400 0.925 0.168 0.168
0.363 2.040 1.640 0.950 0.163 0.163
0.375 2.090 1.740 0.975 0.161 0.161
0. 400 2.140 1.785 1.000 0.160 0.160
0. 425 2.150 1.800 1.250 0.130 0.130
0.%50 2.140 1.790 1.500 0.1%0 0.100
0.475 2.125 1.770 1.750 0.0/0 0.070
2.000 0.040 0.040

March 14, 1963
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TABLE 7

RESPONSE ACCELERATION SPECTRA TABULATION
(HORIZONTAL ACCEEERAT!ON!
EARTHQUAKE IN N-S OR E-W DIRECTION
MASS PUINT 14, 14A
DAMPING RATIO = 0.005, 0.010

Period Damping Ratio Period Damping Ratio

Sec. 0.005 0.010 Sec. 0.005 0.010
0.000 0.070 0.070 0.575 0.540 0. 440
0.u25 0.070 0.070 0.600 . 440 0.380
0.050 0.075 0.075 0.625 0.380 0.320
0.075 0.080 0.080 0.650 0.320 0.280
0.100 0.085 0.085 0.675 0.280 0.2L40
0.125 0,100 0.095 0,700 0.240 0.200
0.150 0.120 0,105 0.725 0.205 0.175
0.175 0.150 0.125 0.750 0.180 0.160
0.200 0.200 0.165 0.775 0.165 0.150
0.225 0.260 0.215 0.800 0.146 0.146
0.250 0.345 0.300 0.825 0.143 0,143
0.275 0. k4o 0.375 0.850 0.140 0.140
0.300 0.5k0 0.440 0.875 0,136 0.136
0.325 0.575 0.485 0.900 0.133 0.133
0.350 0.560 0.480 0.925 0.130 0.130
0.375 0.450 0.400 0.950 0.127 0.127
0. 4o0 0.335 0.300 0.975 0.124 0.124
0.425 0.350 0.320 1,000 0.121 0.121
0,450 0. 480 0.420 1.250 0.100 0.172
0.475 0,840 0.640 1.500 0.080 0.080
0.500 0,880 0.660 0.750 0.060 0.060
0.525 0. 840 0.590 2.000 0.040 0.040
0.550 0.660 0.520

March 14, 1969
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TABLE 8

RESPONSE ACCELERATION SPECTRA TASULATION
(HORIZONTAL ACCELERATION)
EARTHQUAKE IN N-S OR E-W DIRECTION
MASS POINT 15, 15A
DAMPING RATIO = 0.005, 0.010

Period Damping Ratio Period Damping Ratio
Sec. 0.005 0.010 Sec. 0.005 0.010
n,000 0,060 0.060 0.550 0.520 0.420
0.025 0.065 0.065 0.575 0.450 0.360
0.050 0.070 0.070 0.600 0.400 0.320
0.075 0.080 0.080 0.625 0,340 0.270
0.100 0.085 0.08% 0.650 0.290 0.240
0.12% 0.095 0.095 0.675 0.250 0.210
0.150 0.105 0. 105 0.7v0 0.220 0.180
0.175 0. 140 0.130 0.725 0.200 0.160
0.200 0.185 0.170 0.750 0.180 0.155
0.225 0.270 0.2k0 0.775 0.165 0.148
0.250 0,400 0.340 0.800 0.155 0.140
0.275 0.560 0.440 0.825 0.145 0.137
0.300 0.720 0.600 0.850 0.140 0.134
0.325 0.840 0.650 0.875 0.131 0.131
0.338 0.880 0.700 0.900 0.128 0.128
0.350 0.885 0.705 0.925 0.126 0.126
0.363 0.880 0.700 0.950 0.124 0.124
0.375 0.800 0.630 0.975 0.122 0.122
0.400 0.440 0.380 1.000 0.120 0.120
0.425 0.420 0.360 1.250 0.100 0.100
0.450 0. 480 0.390 1,500 0.080 0.080
0.475 0.580 0.500 1.750 0.060 0.060
0.500 0.615 0.520 2.000 0.040 0.0k0
0.525 6.570 0.480

March 14, 1969
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TABLE 9

RESPONSE ACCEIERATION SPECTRA TABULATION
(HCRIZONIAL ACCELERATION)
EARTHQUAKE IN N-S5 OR E-W DIRECTION
MASS POINT 16, 16A
DAMPING RATIO = 0.005, 0.010

Period Damping Ratio Period Damping Ratio

Sec. 0.005 0.010 Sec. 0.005 0.010
0.000 0.060 0.060 0.550 0.420 0.325
0.025 0.070 0.060 0.575 0.380 0.295
0.050 0.085 0.067 0.600 0.340 €.270
0.075 0.095 0.075 0.625 0.300 0.250
0.100 0.105 0.050 0.650 0.252 0.230
0,125 0.115 0.10% 0.675 0,230 0.210
0.150 0.130 0.125 0,700 0.210 0.195
0.175 0.160 0.155 0.725 0.190 0.180
0.200 0.220 0.220 0.750 0.175 0.165
0.225 0.340 0.300 0.775 0.165 0.150
0.250 0.490 0.410 0.800 0.148 0.140
0.275 0.650 0.560 0.825 0.142 0.131
0.300 0.880 0.735 0.850 0.136 0.122
0.325 1.170 0.950 0.875 0.131 0.116
0.338 1.400 1.030 0.900 0.126 0.112
0.350 1. 440 1.045 0.925 0.121 0.109
0.368 1.435 1.040 0.950 0.117 0.107
0.375 1.350 1,000 0.975 0.113 0.105
0.400 0.970 0.720 1.000 0.110 0.103
0.425 0.800 0.580 1.250 0.100 0.100
0.450 0.680 0.500 1.500 0.080 0.080
0.475 0.600 0.4ko 1.750 0.060 0.060
0.500 0.530 0.395 2.000 0.040 0.040
0.525 0.470 0.350

March 14, 1963
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Period
Sec.

0,000
0,025
0.038
0.050
0,06

0.07

0.08&
0.100
0.113
0,125
0.150
0.175%
0.200
0.225
0,250
0.275%
0.300
0.325
0.338
0.350
0.363
0.375
0.400
0.425
0.450
0. 475

R S T S———
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TABLE 10

RE.PONSE _ACCELERATION SPECTRA TABULATION
(HORIZONTAL ACEEL(QATlON!

EARTHQUAKE IN N-5 OR E-W DIRECTION

MASS POI
,AMP ING RAT|

Damping Ratio
0,005 0,010
0.150 0,120
0.180 0.150
0.225 0.180
v. 450 0.300
0,630 0,540
0,640 0,550
0.630 0,540
0. 450 0. 400
0.270 0.220
0.250 0.210
0.270 0.250
0.400 0.350
0.600 0.450
0.850 0.650
1,150 - 0,900
1.600 1,280
2.050 1,700
2.600 2,220
2.775 2,250
2,790 2.265
«. 790 2.255
2.770 2,240
2' 30’: ‘ 0.50
1. 7% 1. 400
1.290 0.900
0.850 0.670

September 15, 1963

P L —— 1 ST SRS

i e e

17, 174
= 0,00 01
Period Damping Rat'e
Sec. 0.005 0,010
0.500 0.650 0.550
0.525 0.510 0.450
0.550 0.420 0,380
0.575 0.380 0.320
0.600 0.340 0.280
0.625 0.300 0,255
0.650 0.270 0.230
0.675 0.230 0.210
0,700 0.210 0,195
0.725 0.190 0.180
0.750 0.175 0,165
0.775 0,165 0.150
0.800 0.150 L kS
0,825 0.147 0.147
0.850 0,143 0.143
0.875 0.132 0.132
0.900 9l 0.127
0.225 v, 15 0.125
0.950 0.118 0.107
0.975 0.113 0.113
1.000 n. e 0.110
1,250 0.100 0.100
1.500 0.080 0.080
1.750 0.060 0.060
2,000 0.0k0 0.040

NN
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TARLE 10A

RESPONSE ACCELERATION SPECTRA TASULATION
AYTONT

[HORTZONTAL ACCELER
FARTHQUAKE - TION
MA .
D . 0,

PERIOD SPECTRAL ACCEL PERIOD
SECy G UNITS SEC,
*¢000 04150 0e580
D+02% 0elbd Ceb78
047 %0 De190 Ceb00
fe06) 0s22% Deb2%
0:079 04340 De650
De088 0278 Deb7%
8:100 0e¢340 04700
Del?8 0e21% De72%
0e1%0 0220 0+4750
0el78 De240 04778
06200 0e280 Ce800
De22% 0s380 CeB2y
04250 De90 0.850
De262 De5465 DeB78
Ne2?8 0¢630 04900
Ne2AB 0:7%0 De923
0300 D«B840 049%0
D+s312 0«880 De97%
0ed2% 0.888 1.000
04350 04892 1100
Ced78 0,888 14200
De3RB 0s838 14300
Dek00 0.860 14400
Debl2 0700 14500
Dek2% Qebed 14600
NDeb50 0500 1700
Dek7% Det00 10800
C+5%500 0.330 1900
0e529% 0.208% 2+000

January 2, 1970

SPECTRAL ACLEL
G UNITS

0¢250
06230
0s20%
0+190
04170
0e160
0s150
0e13%
0¢130
0120
04119
0el10%
04100
Del9%
Ce0%0C
0.085
0«082
0,080
04075
0.065%
0.06C
D.0580
0.050
De0&5
04043
Delb2
De041
DeDbl
04041

JIOMN A BLUME & ASF ATES, ENGINEERS
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TABLE i

i RESPONSE ACCELERATION SPECTEA TABULATION

| (HORLZONTAL ACCELERATION)
EARTHQUAKE IN N-S OR E-W DIRECTION

E MASS POINT 18, 18A

DAMPING RATIO = 0,005, 0.010

: Period Damping Ratio Perlod Damping Ratio
| Sec. 0,005 0,u10 Sec. 0,005 0.010
i
| 0.000 0,100 0. 10 0.525 0.470 0.390
| 0,025 0,150 0.130 0.550 0.420 0.330
| 0.050 0,250 0.020 0.575 2.380 0,235
0,063 0,460 0,400 0.€00 0. 340 0.270
0.07% 0,480 0,410 0.625 0.300 0 2t0
0.088 0, kb0 0,400 0.650 0,260 =
| 0.100 0.250 0,200 0.675 0.230 ol )
| 0,113 0.190 0,180 0.700 0.210 . )
0,125 0,180 0.179 0.72% 0,190 0,'%
0.150 0.220 0,400 0.750 0.175 0.16
0.175 0.280 0.260 0.775 0.165 0.150
0.200 0,450 0,360 0.800 0.150 0.147
0,228 0.650 0,500 0.826 0.147 0.145
0.250 0.900 0,700 0,850 0,143 0.143
0.275 1.200 0,950 . 0.875 0.132 0.132
| 0, 300 1,600 V. 309 0.900 0.127 0.127
0.325 2.106 1,200 2.926 0.125 0,125
0.338 2.370 1,820 0.950 0.118 0.118
0.350 2,390 1.840 0.975 0.113 0.113
| 0.363 2.38% 1. Bko 1,000 0.110 0.110
| 0,375 2.350 1.820 1.250 0.100 0.100
| 0,400 1. 850 1,400 1.500 0.080 0.080
0,425 1,300 0.960 1,750 0.060 0.060
0.450 0.850 0.700 2.000 0.040 0,040
0.475 0.640 6,550
0,500 0.540 0. 452

September 15, 1969
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RESPONSE ACCELERATION SPECTRA TABULATIUN
NTA

KE _IN N-§ OR E-VW DIRECTION

EARTH

HORI

TABL

12

T10N

MASS POINT 19, 19A

DAMP ING RATIO = 0.005, 0.010

Period Damping Ratlo
Sec., 0,005 0.010
0.000 0.070 0.070
0.025 0.110 0.100
0.050 0.180 0.150
0.615 0,260 0,240
0.07% 0,250 0,260
0,088 0,260 0,240
0.100 0.180 0,150
0.125 0.1585 0.130
0.150 0.180 0.150
0.175 0,220 0 200
0.200 0.300 0.220
0,225 0.470 0.380
0.250 0.670 0.530
0.275 0.915 0.730
0,300 1 <50 1.000
0.325 1,650 1.300
0,338 1.870 ) 450
0.350 1.900 1.470
0,363 1.905 1.475
0.375 1,890 1. 460
0,400 1.300 1,050
0,425 0.870 0.700
0.450 0.680 0.550
0.475 0.600 0, ko
0,500 0.530 0.395%

September 15, 1969

B e e e s e

PR P PRI SN

Period Damping Ratio
Sec., 0,005 0.010
0.525 0.470 0.350
0.550 0,420 0.325
0.575 0.380 0.295
0.600 0.340 0.270
0.625 0.300 0.250
0.650 0.270 0,230
0.675 0,230 0.2'0
0.700 0.210 0.195
0,725 0.1390 0.180
0.750 0.175 0.165
0,775 0,165 0.150
0.:00 o.lzo 0,145
0.825 0,147 0.14
0.850 0.143 o.‘u?
0.875 0.132 0.320
0,900 0.147 0.127
0,925 0.125 0.125
0.950 0.113 0.113
0.975 0.11k 0.1
1.000 0.110 0.110
1.250 0.100 0.100
1.500 0.080 0.080
1.750 0.060 0.060
2.000 0.040 0.040

JOMN A BILUME & ASSOCIATES, ENGINEERS
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TABLE 14

RESPONSE ACCELERATION SPECTRA TABULATION
(HORIZONTAL ACCELERATION)

ARTHQUAKE IN E<W DIRECTION
MASS POINT 21

DAMPING RATIO = 0,006, 0.010

Perlod Damping Ratio Period Damping Ratio
Sec, 0.0056 0.010 Sec. 0,005 _ 0.010
; 0.000 0.280 0.280 0.700 0.390 0.300
0.025 0.295% 0.295 0.725 0.260 0.260
0.050 0.315 0.31% 0.750 0.220 0.220
0.075 0.335 0.335 0.775 0.200 0.200
0.100 0,350 0.350 0.800 0.190 0.190
0,125 0.370 0.370 0.850 0.187 0.187
0.150 0. 390 0.390 0.900 0.180 0.180
0.175 0.410 0.410 0.950 0.170 0.170
0.200 0. 4ko 0. k4o 1.000 0.160 0,160
¢ 225 0.500 0,500 1.250 0.130 0.130
0.250 0.800 0.800 1.500 0.108 0.108
0.275 0.900 0.900 1.750 0.075 0.075
2.300 1,000 1.000 2.000 0.050 0.050
| 0.3)3 1.200 1,200
0.32% 2,000 2.000
0.338 3.300 3.300
0.350 4. 400 3.600
j 0,363 4,450 3.670
. 0,375 b, 60 3.700
0.386 k. Lo 1,690
0.400 k. koo 3.640
0.413 3.500 3,500
~ 0.425 2.500 2.500
f 0.450 1.500 1,500
, 0.475 1.120 1.120
0.500 0.910 0.910
0.525 0.785 0.795
0.550 0.690 0.690
0.57% 0,600 0.600
0.600 0.520 0.520
0.625 0.450 0. 450
0.650 0.395 0.395
0.675 0. 340 0,340

March 14, 1963
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TABLE 15

RESPONSE ACCELERATION SPECTRA TABULATION

(HOR1ZONTAL ACCELERATION)

EARTHQUAKE IN N-S OR E-W DIRECTION
MASS POINT 24

DAMPING RATIO = 0.005, 0.010

Peric? Damping Ratio Period Damping Ratio
Sec, 0,005 0,010 Sec, 0,005 0.010
0.000 0.070 0.070 0.550 0. 440 0,355
— 0.025 5.080 0.080 0.575 0.400 0.320
v 0.050 0.100 0.09% v, 600 0.350 0,285
0.075 0.130 0.110 0.625 0.295 0.255
~ 0,100 0.150 0.135 0.650 0.260 0.220
| 0.125 0.165 0,140 0.675 0,230 0.200
| 0.150 0.170 0,145 0.700 0.200 0,120
0.175 0.180 0.150 0.72% 0,175 0.160
0.200 0,208 0.165 0.750 0,160 0.155
0,225 0.320 0.240 0.775 0.150 0.150
0.250 0.560 0.4ko 0,800 0.147 0.147
0.275 0,680 0.560 0,825 0. 144 0, 14k
0,300 0.800 0.650 0.850 0,141 0,141
0.313 0,840 0.700 0.875 0.139 0.139
0.325 1,200 0.900 0,900 0,136 0.136
0,318 1.600 1.220 _ 0.925 0,133 0.133
0.1350 1.625 1.250 0.950 0.130 0.130
0.375 1.635 1.250 0.975 0,128 0,128
0.400 1.590 1.235 1.000 0.125 0.125
| 0.413 0.900 0,900 ).250 0,107 0.107
| 0.425 0.642 0.600 1,500 0.085 0.085
u 0.450 0.580 0.510 1,750 0,062 0,062
0.475 0.540 0.450 2.000 0.040 0,040

0,500 0.500 0. 400

0,525 0.k42v 0.375

1 3 March 14, 1969
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Period

Sec.

0.000
0.025
0.050
0.075
0.100
0.125
0.150
0.175
0.200
0.225
0.250
0.275
0.300
0.325
0.338
0.350
0.375
0. 400
0.425
0.450
0.475
0.500
0.525

RESPONSE ACCELERATION SPECTRA TABULATION

HORIZONTA
EARTHQUAKE IN N-5 OR E-W DIRECTION

T10N

MASS POINT 2§
DAMPING RATIO = 0.005, 0.910

Damping Ratio

0.005 0.010
0.060 0.060
0.070 0.070
0.080 0.080
0.090 0.090
g.10C 0.100
0.120 0.110
0.135 0.125
0.150 0.140
0.160 0.160
0.240 0.210
0.400 0. 340
0.600 0.500
0.820 0.660
0.920 0.790
1,480 1.080
1.520 1.170
1,520 1.180
1.500 1.160
0.600 0.560
0,500 0.460
0.460 0.415
0.435 0.385
0.410 0.370

;- March 14, 1969

Period Pamping Ratio

Sec, 0,008 0.010
0.550 0.410 0.370
0.57¢ 0,386 0.345
0,600 0. 345 0.285
0.625 0.310 0.250
0.650 0.240 0.220
0.675 0,200 0.200
0.700 0.175 0.175
0.725 0.165 0.165
0.750 0.160 0.160
0.775 0.156 0.156
¢.800 0.152 0.152
0.825 0.148 0.149
0.850 0,146 0. 146
0.875 0.142 0,142
0.900 0.139 0.139
0.925 0.13% 0.136
0.950 0.134 0.134
0.975 0.132 0.132
1,000 0.130 0.130
1.250 0.107 0.107
1,500 0.085 0.085
1.750 0.062 0.062
2.000 0.0ko 0.040

JOMN A BLUME & ASSOCIATES, ENGINCERS



Period

Seq.

0.000
0.025
0,050
0.075
0,088
0.100
0.125
0.150
0.175
0,200
0.225
0.238
0,250
0.275
0,300
0.313
0.325
0.338
0. 350
0.375
0.400
0.413
0,425
0,438
0. 450
0,475

TABLE 17

AESPONSE ACCELERATION SPEC.RA T, BULATION
(HOR | ZONTAL ACCQLEQ&TIQ!!

EARTHQUAKE IN N-S OR E-W DIRECTION

MASS POINT 28

DAMPING RATIO = 0,005, 0.010

Damping Ratlo

0,005 0.010
0.080 0.08¢C
0.090 0.0%0
0.115 0.110
0,180 0.160
0,265 0.230
0.255 0.220
r.185 0.175
0.180 0.170
0.195 0,180
9.230 0.200
0,300 0.30€
0.710 0.710
0.900 0. 740
0.970 0.780
1.000 0.830
1,040 0.900
1.600 1,200
1.980 1,560
2,030 1.595
2.050 1.605
2,035 1.580
2.000 1.200
1.360 0.760
0.820 0.720
0.760 0.640
0.670 0.575

March 1h, 1969

Period

Damping Ratlo

Sec. 0,005 0,010
0.500 0.600 0.520
0.525 0.540 0.470
0.550 0. 480 0.415
0.575 0.430 0.370
0.600 0.370 0.325
0.625 0.320 0.280
0.650 0.270 0.250
0.675 0.235 0.220
0.700 0.205 0.195
0.725 0.185 0.180
0.750 0.170 0.170
0.775 0.160 0.160
v.8% 0,155 0.155
0,025 0.150 0.150
0. 850 0. 146 0.146
0.875 0,142 0,142
0.900 L 139 0.139
0.925 0,136 0.136
0.950 0.134 0.134
0.975 0,132 0.132
1.000 0,130 0.130
1.250 0.107 0.107
1.500 0.085 0.085
1.750 0.062 0.062
2,000 0.040 0.040

ICN A BLUME & ASSOUIATES, ENGINEERS
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TABLE 18

RESPONSE ACCELERATION SPECTRA_TABULATION

HORIZONTA T
EARTHQUAKE IN N=S OR E-W DIRECTION
MasS POINT 29
DAMP | NG 10 = 0.010

Period Damping Ratio Period Damping Ratio

Sec. 0,005 0,010 Sec. 0,008 0,010
0.000 0.070 0.07C 0.525 0.520 0,445
0.025 0.080 0.080 0.550 0.475 0,400
0.050 0.095 0.095 0.:75 0.415 0.360
0.07% 0.135 0,120 0.600 0,365 0,320
0.088 0,200 D.175 0.625 0.310 0,280
0.100 0,220 0.180 0.650 0,260 0.250
0.125 0.180 0.160 0.675 0.230 0.220
0.150 0.170 0.160 0.700 0.200 0.190
0,175 0.175 0.165 0,725 0.175 0.170
0,200 0,200 0.185 0.750 0,160 0,160
0.226 0.250 0.250 0.775 0.157 0.157
0.238 0.520 0.€20 0.800 0.154 0.154
0.250 0.700 0.580 0,825 0.151 0.151
0.275 0,760 0.6%0 0.850 0.148 0."8
0.300 0,800 0. 700 0.875 0.14¢ 0.145
0,313 0.840 0.760 0.900 0,142 0,142
0,325 1,160 1,000 0.925 0.139 0.138
0.338 1.560 1.360 0.950 0.136 0.136
0.350 1.880 1. ko 0.975 0.133 0.133
0.375 1.895 1. 455 1.000 0.130 0.130
0,400 1.875 1. 440 1.250 0.107 0.107
0.425 0.920 0.720 1.500 0.085 0.085
0,450 0.690 0.600 1.760 0.062 0,062
0.475 0.620 0.535 2.000 ¢.0ko 0.040
0,500 0.570 0.490
March 14, 1969

JOHN A BLUME & ASSOCIATES, ENGINEERS
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Period

| Sec,

000
025
050
075
. 100
25
150
75
. 200
. 225
250
275
. 300
313
. 325
338
350
375

OO0 LOOUCO0DOOT O

LR

o
&
~n
w

=5
w O

5
g

; 0.475
| 0.500
0.525

TABLE 19

RESPONSE ACCELERATION SPECTRA TABULATION
(HORIZONTAL ACCELERATION)
EARTHQUAK: IN N-5 OR E<W DIRECTION
MASS POINT 30
DAMPING RATI0 = 0,005, 0.010

Damping ‘stio

0,008 0,010
0.061 0.061
0,080 0.08n
0.100 0,095
0.130 0.110
0.150 G.135
0,165 0. 140
0.170 0. 1hr
0,180 0,150
0,208 0,165
0,320 0.240
0.560 0,440
0,680 0.560
0.800 0,650
0.840 0.700
1.200 0,900
1.600 1,220
1.625 1.250
1.635 1.250
1.590 1.235
0.900 N, 900
0.640 0.600
0.580 0.510
0.54k0 0,450
0.500 0.400
0.420 0.375

March 14, 1969

B e e i it B B e B ot i e et 2 i . ~

Period
5eC.

550
575
600
625
650
678
. 700
/25
. 750
775
. 800
0.825
0.850
0.875
0.92%0
0.925
0.950
0.975
1.000
1.250
1.500
1.750
2.000

COO0CDO0OO0O0ODO0OOOC

A ==,

Damping Ratlg
0.005 0.010
0,440 0.355
0. 400 0.320
0.350 0.285
0,295 0.255
0.260 0.220
0.230 0.200
0.200 o.::o
0.1 0.160
0.1 oliss
0.150 0.150
0.147 0.147
0,14k 0,144
0.141 0.14)
0.139 0.139
0.136 0.136
0.133 0.133
0.i30 0.130
0.128 0.128
0.125 0.125
0.107 0,107
0.085 0.085
0.062 0.062
0.040 0.040

JOHN A BLUME & ASSOCIATES, ENGINEERS
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TABLE 20

RESPONSE ACCELERATION SPECTRA TABULAT!ION
(HOR | ZONTAL ACCELERATION)

EARTHQUAKE IN N-S OR E-W DIRECTION

MASS POINT 31
DAMP ING RATIO = 0.005, 0.010

Period Damping Ratio Period Damping Ratio
) Sec. 0,005 0,010 Sec. 0.005 0,010
0.000 0.060 0.060 0.550 0.410 0.370
0.025 0.070 0.070 0.57% 0.365 0. 345
0.050 0.080 0.080 0.600 0. 345 0,285
0.075 0.090 0.090 0.625 0.310 0.250
0.100 0.100 0.100 0.650 0.240 0.220
0,125 0.120 0.110 0.675 0,200 0.200
0.150 v. 135 0.125 0. 700 0.175 0.175
| 0.175 0.150 0,140 0.725 0.165 0.165
| 0,200 0.180 0.160 0.750 0.160 0.160
| 0.225 0.240 0.210 0.775 0.156 0.1%6
? 0.250 0.400 0.340 0. 800 0.152 0.152
| 0.2/% 0.600 0.500 0.825 0.143 0.149
| 0,300 0.820 0.060 0.850 0. 146 0.146
| 0.325 0.920 0.7%0 0.875 0.142 0.142
0.338 (-1 1.08¢ 0.900 0.139 0.139
| 0.350 1.52( 1,170 0.925 0.136 0,136
' 0.375 1.520 1.180 0.950 0.13k 0,134
g 0.400 1.500 1.160 0.975 0.132 0.132
| 0.425 0.600 0.560 1.000 0.13C 0.130
0.450 0.500 0, k60 1,250 0.107 0.107
0.47% 0. 460 0.415 1.50u 0.085 0.085
0.500 0.435 0.385 1,750 0.062 0.062
s 0.525 0.410 0.370 2.000 0.040 0.0%

March 14, 1969

:
]
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Period

0.000
0.025
0.080
0.075
0.100
0.128%
0.150
0,163
Gv ‘75
0.200
0.225
0.250
0.275
0,300
0.325
0.350
0,363
0.375
0. 400
0.425
0.450
0.475%
0.500
0.525
0,550
0.57¢
0.600

B e A A e R —

RESPONSE ACC

(HOR | ZONTAL Agggkggaflg!z

EARTHQUAKE IN_N-S_DIRECTION
MASS POINI 33, 33A

DAMPING RATIO = 0.005, 0,010

TABLE 21

RATION SPECT

Damping Ratio

0,008 0.010
0.110 0.110
0.130 0.130
0,180 0.150
6.180 0.180
0.220 0.210
0.300 0.270
0.620 0.530
0.680 0.550
n.500 0.370
0.330 0.270
0.350 0.300
0.500 0.450
0.600 0.5%0
0.800 0.700
1,450 1.300
2.050 1.728
2.075 1,700
1.600 1.250
1.100 0.900
0.850 0.650
0.630 0. 540
0.550 0. 450
0. 460 0.380
0.400 0.330
0.350 0.295%
0.300 0.255
0.260 0.226

March 14, 1969

Pariod
Sec.

525
650
675
700
725
. 750
775
. 800
825
0.850
0.875
0.900
0.925
0.950
0.975
1,900
1.250
1.500
1.750
2.000

00O TOoOO0ODO0OO0O0C

JOmN A BLUME & ASSOCIATES, ENGINEERS

TABULAT I ON

P S GE——

Damping Ratio
0., .01
G.225 0.200
0.195 0.17%
0.170 0.160
0.158% 0.150
0,145 0.148
0,142 0.142
0.140 0.140
0.138 0.138
0.135 0.135
0.133 0.133
0.130 0.130
0.128 0.128
0.12+ 0.126
0.12% T2k
0.122 ve 122
0.120 0.120
¢.100 0.100
0.074 0,074
0.0583 0.053
0.C33 0.033

T pa—
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Periocd

Sec.

0.000
0.025
0.050
0.075
0.088
0.100
0.113
0.125
0.138
0.150
0.17%
0,200
0,228
0.238
0.250
0.275
0.300
0.325
0.350
0.375%
0. 400
0.425
0.450
0.475
0.500
0.525
0.550
0.575
0.600

e

TABLE 22

RESPONSE ACCELERATION SPECTRA TABULATION
(HOR1ZONTAL ACCELERATION)
EARTHQUAKE IN E<W DIRECTION

MASS POINT 33, 33A
DAMPING RATIO = 0.005, 0.010

Damping Ratio

0.005 0.010
0.120 0.120
0,120 0.120
0.150 0.150
8.210 0.210
0.350 0,350
0.950 0.600
0.955 0.670
0.600 0,450
0.410 0.320
0,400 n.315
0. kko 0.350
0.550 0.470
1,200 1.000
1.550 1.300
1.580 1.290
0.650 0.550
0.500 0. 400
0,428 0,350
0.420 0.360
0.500 0.420
0,748 0.580
0.600 0.470
0. 460 0.380
0.400 0.320
0.330 0.280
0.290 0.250
0.220 0.220
0.225 0.200
0.200 0.178

March 14, 1969

R L ——

Period
Sec.

0.625
0.650
04675
0.700
0.725
0.750
0.775
0.800
0.825
0.850
01075
0.900
0.925
0.550
0.975
1.000
1.250
1.500
1.750
2.000

JOHN A BLUME & ASSOCIATES, ENGINEERS

Damping Ratio

0.005 _ 0.010
0.180  0.170
0.170  0.1%0
0.155  0.145
0.145  0.140
0.136  0.135
0.130  0.130
0.128  0.128
0.126 0,26
0.12  0.124
0.122  0.122
0.120  0.12°
0.118  0.118
0.116  0.116
0.114  0.114
9.112  0.112
0.110  0.110
0.090  0.090
0.070  0.070
0.080  0.050
0.03¢  0.030

e i e S
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TABLE 23

RESPONSE ACCELERATION SPECTRA TABULATION

(HORIZONTAL ACCELERAT|ON)

CARTHQUAKE IN N-5 OR E-W DIRECTION

MASS POINT 41

DAMP NG RATIO =« 0,005, 0.010

Period Damping Ratio

_Sec. 0.005 0.010
0,000 0.060 0.060
0.025 0.07¢ 0.070
0.050 0.080 0.080
0.07% 0.0%0 0.090
0.100 0,100 0.100
0.125 0.120 0.110
0.150 0.135 0.125
0,175 0,150 0.140
0.200 0.180 0.160
0.225 0.240 0.210
0.250 0.400 0,340
0.275 0.600 0.500
0.300 0.820 0.660
0.325 0.920 0.790
0.338 1.480 1.080
0.350 1.520 1.170
0.375 1.520 1.180
0. 400 1,500 1.160
0.425 0.600 0.560
0.450 0.500 0.460
0.475 0.460 0.415
0.500 0.435 0.3h5
0.525 0.410 0.370

March 14, 1969

Period

Sec.

0.550
0.575
0.600
0.625
0.650
0.€75
0.700
0.725
0.750
0,775
0. 800
0.825
0.850
0.875
0.900
0.925
0.950
0.975
1.000
1.250
1.500
1.750
2.000

IO A BILUME & ASSOCIATES., ENGINEE RS

Dampling Ratio

0.005% 0.010
0.410 0.370
0,385 0,348
0. 345 0,285
0.310 0.250
0.240 0.220
0.200 0.200
0.175 0,175
0.165 0.165
0.160 0,160
0.1566 0,156
0.152 0.152
0. 145 0,149
0. 14€ v, 146
0,142 0.142
0.138 0.139
0.i36 0.136
0,134 0,134
0.132 0.132
0,130 0.130
0.:197 0.107
0.085 0.085
0,062 0.362
0.040 0.040
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TABLE 24

RESPONSE ACCELERATION SPECTRA TABILAT'GN

(HORIZONTAL_ACCELERAT | ON)

EARTHMQUAKE IN N-S_OR E-W DIRECTION

MASS POINT 20, 20A, 32, 42
DAMPING RATIO = 0.005, 0.010

Period Damping Ratio Period pamping Ratio
sec. 0,005 0.010 Sec. 0.00 10
0.000 0.060 0.060 0.625 0.300 0.250
0.02% 0.070 0.070 0.650 0.252 0.230
0.050 0.085 0,085 0.675 0.230 0.210
0.075 0,095 0.095 0.700 0,210 0.195%
0,100 0.105 0.108 0.725 0.190 0.180
0.125 0.115 0,116 0.750 0.175 0.170
0.150 0.130 0.130 0.775 0.165 0.165
0,178 0.160 0.155 0.800 0,148 0,148
0,200 0.220 0.220 0.825 0,142 0,142
0.225 0,340 0.300 0.850 0.1%6 0.136
0.250 0,490 0.410 0.875 0.13! 0.131
0.275 0,650 0.560 0.900 0.126 0.126
0.300 0,880 0.73% 0.925 0.121 0.121
0.325 1.170 0.950 0.950 0.117 0.117
0,338 1. 400 1.030 0.475 0.113 0.113
0.350 1, 440 1.045 1,000 0.110 o0.110
0,363 1.435 1.040 1.250 0.100 0.10C
0.37% 1.350 1.000 1.500 0.080 0.080
0, 400 0.970 0.720 1.750 0.060 0.060
0.425 0.800 0.580 2,000 0.040 0,040
0,450 0.680 0.500
0.47% 0.600 0,440
0.500 0.530 0.395
0.525 0.470 0.350
0.550 0.420 0.325
0.575 0.380 0.295
0.600 0.340 0.270

March 1k, 1969
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TABLE 25

RESPONSL ACCELERATION SPECTRA TABULATION
(VERTICAL ACCELERATION)
EARTHQUAKE IN_N-5 OR E-W DIRECTION
MASS POINTS 4, bA, 6, 6A, 9, 9A, 10, 108,
1420, 14A=20A, 21, 24, 25, 28-32, 33, 234, 81, b2
DAMPINC RATIO = 0.005, 0.010, 0.020, AND 0.050

Pariod Dampina Ratio Period pamping Ratio

Sec. 0.005 0,010 0.020 0.050 Sec. 0.005 0,010 0.020 0.050
0.000 0.060 0.060 0.060 0.060 0.875 0.076 0.064 0.049 0.037
0.025 0,062 0.06! 0.06) 0.06) 0.900 0.074 0.063 0.049 0.037
0.050 0.072 0.065 0.063 0.062 0.925 0.073 0.062 0.048 0.037
0.075% 0.085 0.080 0.072 0.068 0.950 0.072 0.062 0.048 0.036
0.100 ©0.100 0.095 0,085 0.075 0.975  0.071 0.061 0.047 0.036
0.125 0.120 0,110 0.100 0.085 1.000 0,070 0.060 0.7°47 0.036
0,150 0.145 0,138 0.120 0.100 1.250 0.060 0.051 0.040 0.030
0.175 0.180 0.165 0.15¢ 2.130 1.500 p.060 0.042 0.033 €.02%
0.200 0,230 0.210 0.1%0 0,160 1.750 0.0k0 0.033 0.026 0.020
0.225 0.760 0.460 0.270 0.220 2.000 0.030 0.025 0.020 0.015

0,238 0,785 0.635 0.430 0.260
0.250 0.788 0.635 0.435 0.270
0.275 0.780 0.625 0.4k0  0.275
0.300 0.760 0.605 0.435 0,265
0.326 0.730 0.580 0,420 ©0.250
0.350 0.660 0,520 0.380 0.230
0.375  0.560 0.k20 0.300 0.200
0.400 0.420 0,340 0.260 0.180
0.426  0.320 0.280 0.220 0.160
0.460 0.280 0.240 0.200 0.140
0.475  0.240 ©0.210 0.170 0.130
0.500 0.220 0.190 C.155 0.115
0.52¢  0.19% 0,170 0.140 0.100
0.560 0.170 0.15¢C 0.125 0.087
0.675 (.160 0,135 c.112 0.079
0.600 J.140 0,120 0.100 0.069
0.626 0,128 0,110 0.09C 0.060
0.650 0 120 0.100 0,080 0.053
0.675 0.108 0.0% ¢.07] 0.048
0.700 0.100 0.085 0.065 0.045
0.726  0.095 0.080 0.06! 0.041
0.750 0.090 0.075 0.057 0.040
0.776  0.085 0.070 0.054 0.039
0.800 0.082 0.068 0.052 0.039
0.825 0,080 0.066 0.05] 0.038
0.850 0.078 0,065 0.050 0.038

Mar:h 14, 1969

JOMN A BLUME & ASSOCIATES, ENGINEERS
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TABLE 20

RESPONSE ACCELERATION SPECTRA TABULATION

(HORTZONTAL ACCE_ERATION)

EARTHOUAKE IN N=§ OR E«W DIRECTION

SCREENMOUSE

DAMPING RATIO @ 0,008 AND 0.010

PERICD DAMPING RATIC PERIOD DAMPING RATIO
SEC 0+008% 04010 SECe 0+00% 0¢010
04000 04100 0.100 04775 Qelbe Delbd
0e025 0100 04100 Ce800 Qeynt Delbs
04040 Del125% Del25 0eB825 Delé Deld8
0e075 0+40° De40D 0¢850 Delldé Oeldd
0+100 DeB0L 0,800 DeB75 0+120 Deli9
Dell5 1eb25 164175 24900 De125 Delid
04150 1:650 142086 0e925 0el120 0e¢120
06179 1e480 14210 0.950 Delld 0sllb
De200 10650 14200 0s97% Dsll2 Cell2
0e22% 10625 14350 1020 0s108 0e)08
04250 1100 Ds+900 1:0%50 0s+%51 04401
0e275% 0800 0¢65%0 1100 DelBe De0%4
De300 D¢6%0 Ce5%0 1450 0s0R9 0.089
0e325 2:950 Dekbd 14200 QelB& De08&
04350 Dek78 Dek0% 10250 0+079 0«s079
De375 Dee20 0s375 14300 04075 04075
Dek00 Ded78 De340 14350 04071 0e071
Hak2h 04350 Cedl5 14400 0¢069 0e006%
Deb50 De325 00295 10450 0s067 Qelb’
Qeb?% 00300 Ge275% 14590 Qe b Delbr
0+500 De27% 0s260 14550 De0p5 0e06%
De525 De260 De2b5 14600 DeDb& Deb%
0950 De2bh 0¢230 10050 0s064 Delb4
0.575 0,230 0s220 1,700 0+063 DeC62
0+6C0 Ge220 0e210 14750 Qe0bh2 0«0862
04625 0e210 0e200 1e800 0e082 0e¢242
04650 0+200 0¢190 14650 0e061 0s061
0¢675 0s190 Del8] 14900 0e061 0e06)
06700 0.180 Qel72 14950 0e060 0050
De72% 04170 Deléd 2.000 04060 04060
0+750 De160 Delbh

December ¢, 1963
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TABLE 27
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RESPONSE ACCELERATION SPECTRA TABULATION

(VERTICAL ACCELERATION)

EARTHOUAKE IN N=§ OR E=w DIRECTION

SCREENHOUSE
DAMP NG RATIO o 0,008 AND 00010

PERIOCD DAMP ING RAY.O PERIOD DAMP ING RATIO

__SECs 0s005 0010 SECH 0+008% 04010
0,000 04100 0+100 0:77% Del22 0e¢)20
0s02% 04100 0100 "800 Oellé 0ellS
0.080 06110 0«110 0e82% VellO 0¢110
04078 0e160 Del160 D850 Dellé 0+104
0¢100 0e220 De220 De875 0099 04099
De1295 0+320 De300 04900 0+09% 04095
Ds15%0 Dokl 04330 0925 04090 04090
Del?h 0820 Ded20 06950 De0B8 0s086
04200 Deb40 Dekd0 0s975 0e082 De082
De245 DeH45 Debd3 1,000 0078 0s078
04250 0e532 Dol 14050 0s072 0e072
0e275 0810 0s380 14100 04066 04068
04300 Debt0 04350 14150 0060 0s060
Ded2% Dse10 0s220 10200 00856 De05%
04350 0s37% 0300 14250 0s051 0¢051
0+37% 0,338 De280 1.300 Qeluk 0e048
Ded00 0308 De265 142350 De045 0e045
Deb?B 0¢280 0+250 14600 04042 De042
Deb50 0e255 0.235% 1e450 De040 Delél
D679 Ce235 0e220 14500 JeO38 04038
D+500C De218 0e210 14550 0:.037 Qe03Y
De825 Ge202 0197 1600 0036 0036
D¢550 04190 De185 14650 ¢e035 De03%
0575 De180 Del178 14700 0e034 0e036
0.600 0s172 Delbd 1750 04033 04033
Debd% Delb2 0s160 1800 Ce032 0e032
0et50 De159% Delb2 1.85C 0.031 0031
Bob75 0eld? Deldd 14900 0031 0031
0700 Deld0 0e128 14950 Ce030 0e030
0.72% Qeld6 OeldS 2+000 0030 0030
04750 Del28 0127

December 2, 1969

JOHN A BLUME & ASSOCIATES, ENGINEERS
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APPENDICES

A. Referernces

B. Example of the Application of
the Horizontal Response Acceleration

Spectra.

C. Example of the Application of the
Vertical Response Acceleration
Spectra,

February 16, 1971

JOHN A BLUME & ASSOCIATES, ENGINEERS



APPENDIX A

REFERENCES

¥y Prairie Island Nuclear Generating Plant Earthgquake Analysis:

Reactor-Auxiliary-Turbine Building by John #. Blume &

Associates, Engineers, January 22, 1971.

2 Facility Description and Safety Analyses Repo.t, Prairie
Island Nuciear Generating Plant, Red Wing, Minnesota, Units
| and 2.

3. Spectrum Analysis of Strong-Motion Earthquakes by J.L.
Alfred, G.W. Housner, and R.R. Martel, California Institute

of Technology, 1951.

February lo, 1871 A-1

JOHN A BLUME & ASSOCIATES, ENGINEERS



e e T

APPENDIX B

EXAMPLE OF THE APPLICATION OF THE

HORIZONTAL RESPONSE ACCELERATION SPECTRA

The procedure for the use of the horizontal response accelera-

tion spectra presented in this report for the seismic analysis

and design of critical equipment is illustrated in this appendix,

An item of equipment that can be idealized as a single-degree-
of-freedom system has been selected as an example. The example
equipment, the corresponding mathematical model, and the loca~
tion of the equipment in plan are shown in Figures B-~1, B-2, and
B-3, respectively. Note that the equipment mounted at Elevation
735.0' (mass point number 30). Assume that the weight of the
equipment, W, is 28,000 pounds and the stiffness of the equip-
ment support, K, is 126,000 pounds per inch in the horizontal

direction.

The natural period of vibration of the equipment is

T= 2w¢W7E§- = 0,15 second. The horizontal translational re~
sponse acceleration for the equipment can be determined to be
0.15g from Figure 20 (for a period of 0.15 second and a damping
ratio of 0.01).

This translational acceleration must be increased to account for
torsional accelerations. The equipment in question is located a
distance R of 50 feet from the center of mass of the floor on
which it is supported (Figure B-3). With this value of R, the
calculated period, and a damping ratio of C©.010, the factor to

account for torsion is 1.21 (Table 1).

The total horizontal acceleration for which the example equip-
ment must be designed is then (1.21) (0.15g) = 0.18g, and the
corresponding design lateral force is 0.18W = 5,040 pounds.
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This horizontal force for the Design Earthquake (0.06g) is shown
in Figure B-4. The lateral force for the Maximum Credible Earth~

quake (0.12g) is (2) (5,040) = 10,080 pounds.

The acceleration in the vertical direction can be determined in

a similar manner and is not illustrated in this appendix, In most
cases, many items of equipment have very short periods /- the ver-
tical direction and can therefore be designed for the peak vertical

floor acceleration.

The procedures described in this appendix for single-degree-of~
freedom systems can be extended to multi~degree-of-freedom systems

such as piping, by the use of dynamic analysis technigues.

Refer to Appendix C for an exampie of the Application of vertical

response acceleration spectra.
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APPENDIX C

EXAMPLE OF THE APPLICATION OF THE
VERTICAL RESPONSE ACCELECRATION SPECTRA

The procedure for the use of the vertical response acceleration
spectra presented in this report for the seismic analysis and de-
sign of critical equipment is illustrated in this appendix. Pro-
cedures arc presented for equipment supported on a beam or slab

and for a simple-span beam.

1. Equipsaent supported on a beam or slab

a, Rigid beam or slab

An item of equipment that can be ide-lized as a single-
degree-of-freedom system has been selected as an example.
It is assumed that the beam or slab supporting the equip-
ment is rigid. The excmple equipment and corresponding
mathematical model are shown in Figure C~1. The vertical
acceleration spectra are appllcabfe av the specified lo-
cations (mass points). Assume that the weight of the
equipment, W, is 30,000 pounds and that the stiffness

of the equipment support, Kv, is 150,20 pounds per inch

in the vertical direction.

The natural period of vibration of the equipment in the
vertical direction is Te = ZHJW/Kvg = 0,14 seconds.

The ve . . ' srceleration can be determined from the ver-
tict' ...+ v:celeration spectra for this period and

the & 2orcy samping ratio. (This procedure is exactly
the s -« '+ the horizontal direction as presented in
Append ¢ ¢ Assume that the vertical response accelera-
tion we: .« zrmined to be 0.12g. (Figure C-2). Then the ver-

tical se.v ic load on this piece of equipment is 0.12 (W)
= 3,600 pounds. The support of the equipment must then
be designed for this vertical seismic load, combined with
the horizontal seismic load and appropriate operating
loads.
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Note that in many casus (pumps, tanks, etc.), the equip-
ment wili be rigid in the vertical direction and zav
therefore be designed for the peak vertical floor wccel-

eration (at 7T = 0,0 sec., on the vertical response spectra).

b. Flexible Beam or Slab

For this case, it is assumed that the beam or slab support-
ing the piece of equipment is not rigid and may amplify

the input motion to the eguipment. An item of equipment
that can be idealized as a single-degree-of-freedom sys~
tem has been selected as an example (Figure C-3). The
vertical response of the piece of equipment can be es~
timated as follows. (The presented technigues are approx-
imate «i.d have been simplified so that they are more ap-

propriate for design purposes).

Estimate the fundamental period, Ts’ of the supporting
beam or slat. Assume that it was determined that T5 =
0.3 sec,, for example. From the vertical resporse ac-
celeration spectra, select the vertical spectral accelera-
tion, Sav‘ that corresponds to this period for the appro-
priate damping ratio. Assume that this value was deter-
mined to be Sav = 0.60g (Figure C-2). Compute the reriod
of the equipment, Te. by the method described in the pre-
vious section, Using the same example equipment, Te =
0.14 .>conds. Compute the Ta/Ts = 0.47. Obtain the dy-
namic amplification factor, DAF, from Figure C-4. The
peak vertical acceleration of the equipment can be esti-~
mated as (DAF)(SaV) = (4,.5)(0.6.) = 2,709 and the ver-
tical seismic load on the equipment is (2.70)(W). The
supports of the equipment must be designed for this
vertical load combined with horizontal seismic loads and
appropriate operating loads,

2. Simple span beams on Rigid Supports

The following are simplified, approximate techniques for es-
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timating the vertical response of simple span beams, The
procedures apply to beams or girders with fundamental periods
less than or equal to 0.5 seconds, in which case only the
first mode is considered as contributing to the response of
the system, The vertical response ot a simple span be. with
a unifaorm load, w, length L, and uniform moment of inertia,

I (Figure C=5) can be estimated as follows. Compute the per-
iod of the beam from T = 0,637 g%%,i, select the vertical
response acceleration from the response spectra for this
period and appropriate damping ratio. Estimate the effec-
tive seismic loading w' = 0.79 Saw. Compute seismic moments

shears, etc., due to this loading by conventional procedures.

The vertical response of a simple span beam with a uniform
load, w and concentrated load, P, (Figure C-6) can br esti-
mated as follows. Compute an equivalong load Pe * P+ wl/2.
Estimate the period from T = 0,906 ; % *, and determine
the vertical acceleration from the vertical acceleration
response spectra as before. Compute the effective seismic
ioadings P' = Sar ard w'! = Sa and determine the seismic
shears, moments, etc., due to this loading by conventional

procedures.

c-3
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