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ABSTRACT

In order#to perfofm the dyﬁamic analysis of various étruétural compon-

* ents of the HFBR reactor buil&ing at Brookhaven National L&boratory (BNL)

. subjected to seismic disturbances, it is.nécessary to obtain the floor re-
éponse spectra'of the primary structure. The mathematical model includes
the four flqor levels of the‘intgrnal structure, the dome, and soil.spring
effects, The standard time history analysis is adbpted to obtain the re-
sponsé Spectrum:for each flobf'of fhe-interﬁal sﬁructure. This report sum-

- marizes the results both in tabular and graphical form for various damping

values.
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INTRODUCTION

During a seismic event the.ﬁoundation mat of the reactor building will
be displaced by the grognd motion. Since thigimotion is relatively rapid, it
will cause deformations throughout the structure. Depending'Bn the structure,
large relative'ﬁotioﬂg could be inducéd'because of the differentiai movements
between the éupports and masses of the structure. In order to survive thése
earthquake motions, both the parent structure and the ‘structural components
attached to it must be designed to withstand these deformations.

The Brooihaven HFBR Reactor Bullding structure consists of an internal
structufe completely surrounded by a steel dome. BothAstructﬁrés ﬁre.supéorced
on the same floor mat. The internal structure has four floor levels: The o
equipment level, the experimental level, the balcony 1e§e1, and the operational:

level. The internal structure is constructed of reinforced concrete and steel.

The dome structure consists of a cylindrical base with a hemispherical cap at

the top, the entire structure being'made of steel beams and plates.’

The purpose of this work was to determine the response spectra for each
floor of the internmal structure corresponding to seismic excitatioﬁé of the
ground. The work was divided into three separate phases:_ selection bﬁ the
design ground motion for the site, development of an analytical model of the
reactor building, and analysis of the model when subjected to the selected
ground motion.

SELECTION OF DESIGN SPECTRUM

This phase of the work is the most important part in the seismic evalua-
tion of any structure. It requires a great deal of data from past earthquakes,
fault locations, and other geological studies of the plant site.

Fortunately,

an extensive study of the seismic characteristics of this region had already



been doﬁe by Newmark and Hall.; On the basis of their review, it was recom-

mended that the Design Basis Earthquake for the BNL facility be .characterized

by a peak tramsit horizontal ground acceleration of 0.2 g. Also, the opera-

tion basis earthquake COBE) concept was not applicable to this planﬁ.

In order to establish the design épectra to the ground motion at the
Brookhaven facility, Newmark and Hall also recommended other paiameters neces-
sary for the calculationms. Since the plant operates at a low pressure and
teméerature, 200 psi and 120-140°F respectively, a cumulative probability level
of 70 percent was specified insiéad of 84.1 percent normally used. The corres—
ponding spectrum amplification factors for horizontal elastic response are
summarized in Table 1, as recommended in fhé above report.

. After a critical study of the soil characteristic for a Long Island site,
it was recommended,that 5 velocity to acceleration ratio (g) of 48 in/sec/g be
used in the calculations. Also, to ensure that the spectrum exhibits an ade-
quate bénd (frequency) width to accommodate a possible range of earthquakes,

it was recommended that é%-be.taken equal to 6.0. In the above, a,vv, and d

are the maximum values oz_ground motion [acceleration (in/secz), velocity (in/
seci; and displacement (in)], respectively.

In the present study the structural defprmations are limited to the elas-
tic regime. Hence, a ductility factor (u) of 1.0 has been used in establishing
the design spectra. Reference (1), however, includes various values of this
factor and it would be possible to generate a new design spectrum with ductility

effects in case any structural component was found to exhibit imelastic defor-

mations.

L
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Beeed on the recommended parameters, elastic design spectra fcrva maxi-
mum ground acceleration of 0.2 g were developed and are shown in Figure 1,
These were constructed using the concepts and the procedures described in the
Newmark report,; Table 2 summarizes the spectrum values corresponding to dif-
ferent critical damping levels. For detailed calculatipns see Appendix I.

For vertical excitation the recommended response spectrum'yae taken to be
2/3 ofAthat.in the horizontal direction for all frequencies.

o DEVELOBMENT OF AN ANALYTICAL MODEL

The analytical model used to represent the structure under study should

- possess all the earthquake resisting element characteristics of the real struc;

2?3, such as, flexural rigidity of the framework, shear wall stremgth, etc.

ture
Since the structure acts as a filter allowing frequencies of its own natural
frequencies to be predominantly magnified, the model should possess all the
frequency characteristics of the real system. Ground springs which:simulate
the soil should be considered in the model.

The HFBR building consists of an internal structure with four floor levels
and an outer steel dome structure. Bcth structures are raised from the same
foundation but have no structural connection between them. Since the present
study is intended to obtain the response spectra for the four floors due to
the ground motions,_the dome structure is treated only as an added mass acting
on the foundation mat. The intermal structure, constructed of reinforced con-
crete, steel beams, and plates, is included in the analytical model.

The full analytical model is shown in Figure 2. A two-dimensional approxi-

mation of thelmodel is shown in Figure Z(a).A The models are formed out of

lumped mass and beam elements. Each floor of the internal structure consists



of several mass points comnnected by rigid beam elements. The total weight of
gach floor given in the FSAR4 is equally'distribuged amdng the mass points re-
Apresenting that floor. Each floor is conmected to each other via beam elemen£§
whose stiffnesses were calculated from the flexural deflectiaﬁ'of the full sys-
tem model using the unit load method. Since the entire structuré.is a symmetri-
cal one, the total dome mass was divided into two equal parts and each mass was'
connected to the ground floor pat v;a a beam element whose stiffness was cal-
culated in a manner similar to the internal strucﬁure. The detailed calcula-
tions of these sfiffnesses are given in Appendix II.

‘Both the dome and the internal structures are fixed to the ground floor
mat which 13 submerged to some exténd in the soil. In order'to represent the
soil boundary ponditions on the sideé and at the base, equivalent elastic springs
are introduced at appropriate 1ocations.5 The soil stiffness to horizontal

motions at any depth below ground level is given by:

ke T ¥ ' ‘ &Y

where n, = coefficient of modulﬁs of subgrade reaction
= 75 lbs/in3 for this site.
The base resistaﬁce to translational and rotational motions is evaluated
by treating the soil as an elastic half space. -The translational spring stiff-

ness ky and :otational spring stiffness ke are obtained from'the following

. equations.
. 32(1-v)Gr .
k =.;_—-——9-
y 7-8v . (2)
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8Gr 3
o

0 =30V . | ’_ (3)

where G = shear modulus of soil
= 12.6 x.103 psi
v = poission ratio of soil = 0.3

r = rédius of raft foundation of the base = 70.5 ft.

The discreétation of the soil springs, both magnitude and distribution,
was pérformed in ac;ordance with the.procedures Qeveloped by Arya, et'al.s
There are seven verﬁicalAsprings each having.a‘stiffness of 6.1 x 106 1bs/1§,
The rotational spring constant was found to be 2.91 x 1013 in-1b/rad. The stiff-
ness of the horizontal spring at thé experimental floor is 2.7 x 105 1bs/in.
The stiffness of the other three horizontal springs on the foundation mat from

top to bottom were found to be 6.075 x 105, 6.75 x 105, and 4.306 x 10’ 1b/in

respectively. The spring constant.at the bottom.level of the mat is equal to

the sum of the stiffness obtained from Equation (2) and the lateral stiffness

" obtained from the sides at this level.

METHOD OF ANALYSES
This part of the work.consists of three spearate analyses. First, the
design spectfum developed.in the first section, Sélection of Design Spectrum,
was .used to obtain a number of time histories corresponding to a’random'phase
shift. The worst possible time history was ;hen chosen for our studf. The
Modified SIMEAR-SPECTRA Computer‘Code6 was used for the above analyses.
Once the ground motion time history was obtained, it was used aé an input

forcing function exciting the.structural model developed in the second sectiom,



Develop;ént of an Analytical Model. SAP V,? an all purpose finite element
structural analysis code? was used for the structural analysis.. The structural
.damping was considered té be 7 percent as per the kegulatory Gﬁidea for rein-

" forced conc?ete Stfuctures and the SSE. The output of this analysis pro?idea
time histories of each floor level. '

Further, each floor'response time history was then used to develop floor
response spectra for various levels of damping. The SPECEQ Code9 was used for
these analyses. The Regulatory Guidelo was followed in order to break the
frequenéj scale for obtaining th;icorEESponding maximum acceleration amplitudes.

RESULTS

Figure 1 shows the design spectrum of the ground motion as suggested by
Newmark and Hall. This represents a yaximnm ground acceleration of 0.2 - &

The worst possible time history corresponding to this design épectrum is shown
in Figure 3 and in digitized form in Table 3.

The stick model of the reactor building is shown in Figure 2 and Figure
2(a). The nodal coordinates and ground spriﬁg stiffnesses are tabulated in
Tables 4 and 5 respectively. All other pertinent data are shown on the figures.
Tables 6 and 7 summarize the first ten fundamental frequencies and correspond-
ing mode shapes of the building. The first two modeé are clearly soil modes
whereas the higher modes are structural ones. The first mode corresponds to
rocking and horizontal motions while the second mode corresponds to vertical
motion of the structure. Figures 4 through 7 show the acceleration time history
of each floor level corresponding to this worst ease ground excitatiom.

Each floor time history was used to develop floor response spectra fo;
various damping.ratios.' Figureg 8 through 23 show response spectra for all the

four floor levels for 0, 2, 5, and 7 percent of critical damping. These results

—-6-
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are summarized in tabular form in Tﬁbles 8 through 11. The digitized floor
time histories are also included in these tables. |

.'Thgse floor response spectrg wvere used”for the seismic.analysis of any
structural comfoneﬁts already existing or to be installed in ghe reactor build-

ing. For damping ratios other than those included in the report, the spectrum

values were determined by interpolating between the values presented here.
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APPENDIX I: DESIGN GROUND SPECTRUM CALCULATIONS
'The values for the bounds for the spectrum sketched in Figure l'were.
computed in accordance with the foregoing discussion as-follbws:

For maximum ground motions:

a=0.2¢g

v-48zx0.2¢g= 9.6 in/sec

_6xvi_6x (9.6)%
a . 0.2 (386)

d 7.2 in

For Elastic Spectrum Bounds corresponding to 5 percent damping, the above

values are multiplied by the amplification factors given in Table 1.
A=0.2 8 x2.41 =0.482 g
V=09.6x1.96 = 18.816 in/sec

D=7.2x%1.69 = 12,168 in

Similar calculations were carried out for different damping ratios.

-1,1-



APPENDIX I1: FLEXURAL STIFFNESS CALCULATIONS OF THE INTERNAL AND DOME STRUCTURE
Internal Structure .

K 'Réferfing to ?iguré 2(a), the vertical.heam.stiffnesse#.arglgiven by the
following expressions:

12E1, 12EL,)
ky; = 2( 3 ) + z( ~ )
1 1;

2

. 12E1,
kjg=ky = ‘2( 3 )

. 2(12213)+ 2('12213 )
22 -\ 3 )
1 (1,-1,)

3

12E13
ky3 = kgp = =2 ((1 ” )3)
- 2713

12E1, 12Eil 12E1,

2 . 1

The finite elemehi model of the internal structure was further sﬁﬁjécted
to unit loads at its respective floors, and. the stiffnessés calculationg are

as follows:

9
11 = 0.52 x 10” 1b/in

9 .
12 k21 = ,0067 x 10° 1b/in
9

13 = k31 = -.072 x'10 1b/in |
9 o

.0138 x 10° 1b/in

9
g3 = K3y = -+0083 x 107 1b/in
43 = +396 x 10° 1b/1n

-II’ l-

~ ® =
L]

w
(1

22

~ =
n



Assumingf

30 x 106 psi

1
!

-
1

268 in

[
0

336 in

156 1n

=
]

The only unknowns, Il’ 12, and 13 are calculated from (1) and (2). Since six
equations exist for three unknowns, the_final and error attempt was adopted
té_matCh the best set of I's.” The final iesult yields tb:

= 7.34 x‘106 in4

-
1

2.30 x 106 in4

-
i

4,41 x 104 ina

[l
1]

Dome Stiucture
Ihe center of gravity of this structure was célcuiated to be at a height
of 665 in from the floor mat. The stiffness of the vertical beam connecting

to the mass at c.g. was calculated in a manner similar to the above procedure.

They are given as:

k=2 L =6.23x10 1b/1
1
With:
E=130x 106 psi
1=665140 -

I was found to be equal to 1.02 x 108 1n4.

-I1,2-
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FLOOR RESPONSE SPECTRUM FOR 0.0 PCT DAMPING WITH SOIL STRUCTURE INTERACTION.
. EQUIPMENT LEVEL - 2-D MODEL.



~T1¢11-

(=]
(S IR

T}

(&)

| FREQUHZ )
FIGURE 9 a
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FIGURE 10

FLOOR RESPONSE SPECTRUM FOR 5.0 PCT DAMPING WITH SOIL STRUCTURE INTERACTION
- EQUIPMENT LEVEL - 2-p MODEL
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- FIGURE 11

FLOOR RESPONSE SPECTRUM FOR 7.0 PCT DAMPING WITH SOIL STRUCTURE INTERACTION{.
EQUIPMENT LEVEL - 2-D MODEL.
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FLOOR RESPONSE SPECTRUM FOR 0. U PCT DAMPING WITH SOIL STRUCTURE INTERACTION.
| EQUIPMENT LEVEL - 2-D MODEL.
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FLOOR RESPONSE SPECTRUM FOR 2.0 PCT DAMPING WITH SOIL STRUCTURE INTERACTION;
EXPERIMENTAL LEVEL - 2-D MODEL
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FLOOR RESPONSE SPECTRUN FOR 7.0 PCT DAMPING WITH SOIL STRUCTURE INTERACTION,
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FLOOR RESPONSE SPECTRUM FOR 0.0 PCT DAMPING WITH SOIL STRUCTURE INTERACTION
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FLOOR RESPONSE SPECTRUM FOR 2.0 PCT DAMPING WITH SOIL STRUCTURE INTERACTION
BALCONY LEVEL - 2-D MODEL
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FLOOR RESPONSE SPECTRUM FOR 5.0 PCT DAMPING WITH SOIL STRUCTURE INTERACTION
BALCONY LEVEL - 2-D MODEL,
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FLOOR RESPONSE SPECTRUM FOR 7.0 PCT DAMPING INTH SoIL STRUCTURE INTERACTION.
| BALCONY LEVEL - 2-D MODEL,
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FLOOR RESPONSE SPECTRUM FOR 0.0 PCT DAMPING. WITH SOIL STRUCTURE INTERACTION,

OPERATIONAL LEVEL - 2-D MODEL,
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FLOOR RESPONSE SPECTRUM FOR 2.0 PCT DAMPING WITH SOIL STRUCTURE INTERACTION,
OPERATIONAL LEVEL - 2-D MODEL.
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Spectrum. Amplification Factors for Horizontal

Table 1

Elastic Response

Elastic Spectrum Bounds for a Maximum Ground

Acceleration of 0.2 g

70 Percentile
Damping
Z Critical A A D
0.5 4.37 3.18 2.50
2.0 3.19 2.46 2.01
5.0 2.41 1.96 1.69
10.0 1.79 1.60 1.44
Table 2

Damping

192 Critical | Max. Accil. in 'g’ Max. Velocitz in in/sec Max. Disgl. in in |
0.5 874 30.528 18.000
i.o -638 23.616 - 14.472
5.0 482 18.816 12.168
10.0 .358 i5-360 10.368
éround .200 9.600 7.200

-11,27-




_ TABLE 3
Seismic Time History of Ground Spectrum - HFBR

TIME FUNCTIUN NUMHBER = ( 1. ..
FUNCTION DESCRIPTION _ = (SEISMIC_TIME HISTURY_ OF GROUNU SPECTRUM « HFBR
NUMBER OF ABSCISSAE = Yoo
FUNGCTIUON SCALE FACTOR s { +1000E+01)
TIME VALUE _ FUNCTION  TIME_VALUE __ FUNCTION TIME VALUE FUNCTION_ TIME VALUE  FPUNCTION TIME VALUE _ FUNCTION
0.00000 1400E+0] 202000 +1700E+01 .06000  .2900E+01 .06000  +1000Es01 L08000  +2000E401)
110000 L1400E+01 . . 412000 _..4S00EOL ... +14000  ,6200E.01 . . 416000  +B300Ee0} .18000  +3200E.01
.20000 o 1600E+0] 022000  «5100€401 224000  <9400E+01 226000 . +1010E«02 +28000 =,3200€E401
130000 =-.6400E401 . +32000__ «16Q0E¢01 . +34000. wi11T0E+02 . . 436000 =,2920E402 . ,38000  .1620te02
,40000 =.1420E402 «42000  +5000E+00 «44000 =+1000E+0]) +46000 =46200E401 ,68000 =¢5500E401
450000 . ,1250E402  52000.__s3T10Es02____.54000. _=,2800Es01 . .56000 . +1000E+00 ,58000 =+1910E402
.60000  ,5020E402 62000 =+1890E+02 «66000 o TOB0E402 ,66000  +1070Es02 C6B000  +1840E402
" 70000 -.3430E402 . . _ +72000.__ ,2400E£02____ +T4000 . . 4B00E402Z .. .. .76000. +1270E402 78000 +5800E+01
.80000 o)150E+02 .82000 =,1010E+02 84000 .5630E402 486000  +1250E+02 88000  .2850E+02
190000 -.B900E+01 _ . __ ¢92000__ «3230Es02_ 494000 ___,S500Ee01 . 496000 _ . +1920E+02 .98000 . +2230E402
1.00000 ,1350E+02 102000  +5320E+02 1.04000  +5910E402 1,06000  +4530E+02 1,08000 +6960E402
1.10000 . .59705902p"m_u1.1zooo___nglnEzna_____lLl9009_,:.35105902 ______ 1016000 =+1500E¢02 1.18000 =,5600t402
}’§3883 "3;:°§’32 1,22000 =.3230E+02 1026000 =,4240E402 1,26000 =.4950E+02 1.28000  .2140te02
L it LS Sl Ghan el i osmng L S
1.50000 28)0E+ * . = ¢ 246000 =¢3330Ee02 1.48000 =.2580Ee02
L EIED e Tl G sliecss e Dl e
l07000° :015605902,”___“1 12000 -:199°E.oz 01 0 bl ] L] . «4090E«02 1.68000 -.52705002
1780000 - 6200E402 R prte T 1Ty ljasoob_ﬂ_.gaxogzqa_____t.76000@“3.50505902 . 1.78000._=43920E402
1590 : £ . 1.8400 +1000E+01 1.86000 «1130E+02 1.R8000 +1360E402
z.ooggg '13235:35 m".%.:gggg«ws.?:ggg,ggu___wé.9:oogmNn.xvgoE.ozm_“.m1.96ooo .. o1020E+02 1,98000 .3490te02
. - . * . 3
. 210000 azoe0z T aizoon L leE s e g 211600 .a7s0Es02 2 taane  i3830Es0s
— «20000 2«66T0E«02 2.22000 =,B8200E+01 2 24000 "10'9‘05"02'——“ ‘56 - e CBa e .
H 2430000 ~-,7300E+01 2,32000__=,2190E+02 2,34 . . 2,26000 -.1290E.02 2.28000 =-,2930E402
! 7 T 00, 0k 000__=,3270E+02 2436000 _ ~+5800E
2040000 -.3310E+02 Sesone £ls . . +02. _____ 2 _=¢5800Ee0]1_.. . .2,38000 . o 1460E+02
N . . «2490Ee02 2.,44000 =~,1710E+02 2.66000 4900E
2.50000 =,1920E402 2.52000____¢3700Es0]_ 2,54 . L1905 2,48000  .1380L402
® e 0l 000 ..=¢3800E+0L 2.56000 1720E '
2.60000 o.4000E+00 2.62000  +6500E+01 2.64 . . .- el720E002. . . 2,58000 -.2200%+01
. 000 =,2000E+00 2.66000 8400E
2470000 <-,2080E+02 2,72000__=.1510E¢02. 2.74 . . +8400E401 2,68000 <=,2910E.02
21000 R 0 ol 202 479000 __=,5100€Ee01 ___  _ 2.76000 __-.2700E402 . . 2,78
29000y ::5285:33 2482000 «1090E+02 2.84000  .2330E402 2.86000  6500E+01 z°88333""§§33§‘32
2.90000 32606402 _ ..2.92000 :?;gggzg{ g.::ggg__:Jggsggpgg_"___5.96000",a.Aooo£~oo4"‘ 2.98000 :1ssoe:o§
3.10000 =,4390E+02 3.412000..41360E+ . : . +06000  -.2950€+02 3.08000  .6600E
. —- 02.—— 3.14000 . . (4590E . . +01
gt e Limoumen ool R - U GNED NN i
3:30000 _:éb‘oe.oz.m_uug.igggg__:tis:oE:oz_ 3.34000 _=.4380E+02_ __ 3,36000 =.8280E+02 LI P
T e 3i5o0n0_oi3sl0Ee0s_ __3.54000 0 e tieseteoe © 3iaone -iiraoeio
2 . v e e =4. k4 Sp—— Y ] .. e 0 202, ... .. 3,560 .-
3.33833 .;f:g%:gg g.ggooo +3510E+02 3,64000 (2360E402 3:66033 -133335135 g'igggg :.gogg2001
3080900  .5190Ee02 J:azggg. ::fggggzgg ....g.;:ggg .;gzgéogf 3.76000 . +4510Ee+02 3.78000 :13305:22
3,90000 =,1180E402 3.92000 ._=¢1640E¢ . . . «86000  ~.1870%4+02 3.88000 - .
et oer¢+ S . . +3550E402
4,00000 =-,5970E+02 4.02000  =.5620E+02 3.94000 - ABS0E402 . 3480000 ot e 0a 3.98000 =.4000E402
4,10000 =-,2580€E¢02 4 + 04000 +5480E.02 4,06000 =,2850E402 4,08000 =,5000¢
¢ . , 4412000, _+1290E402 _ _ 4,16000  ,1620Ee02 4.16000 »2220E . +5000k.01
Tl m2200E.02 +e12000 1290¢ +2220E402 4.18000 ,1680€402
4,30000 +1080E+02 4330 - 19908102 4,24000  .5430€.02 4.26000 .1097E+03 4,28000  +6640E402
ey .i3e3gEs0s ‘:‘zogg- ;-ggbggzgg A :.2:003 (1450L402 4436000 =.3450E402 4.38000 +1910€402
$:50000 <i1370E402  4.52000 . =.5220E402 ‘:54880 Z:ﬁi%ﬁéi%f :';:ggg -';6902‘02 4.48000  =,2580°0402
.:33888 -:;;382:85 :’$§°°° = 5510E+02 4.66000 =,9000E+01 4.66000 -::g:ge:gf :'23383 '35032001
4,80000 ,7920E«02 4:82333 u-.;gzogooz e Ilieootess eT6000 0T a2 478000 -'$Z§osigf
€.90000 =.6800E+0 +3840E.02 4,84000 =-,2500t.01 4,86000 =+2960E+D * *
8100000 16940t+02 8102000 30008 4494000 =-,2440E402 4.96000  .2420E og RIS P
. 000 ‘ : . . . 4,980 3
SNV S (A i 30 1 Sonn  Liaeles
. 0 =.1460ts02 5.22000 =.3610E+« - : +16000  ,2080E.02 5,18000 24T0E
S. 0 -.2300E402 5.32000 =, o e IrasctEses 5.26000  -.4310E 5. . “01
=4S100Es01 5.34000 =~.494 . «4310E402 5.,28000 2500t +01]
y 0E+02 5.36000  .SA00E40]  5,38000 =.5200te0]

- “a
' )
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S¢40000
$.50000
5.60000
5.70000
S.,80000
590000
6,00000
610000
6.20000
6630000
6+40000
650000
6.60000
6.70000
6.80000
£.90000
7.00000
7.10000
7.20000
7.30000

T7.40000

71.50000
7.60000
7.70000
7,80000
7.90000
8.00000
8,10000
8,20000
8,30000
8,40000
8,50000
8,60000
8,70000
8,80000
8,90000
9.00000
9.10000
9.,20000
9.30000
9,40000
9.50000
9,60000
9.,70000
9.80000
9.90000
10,00000
10.,10000
10,20000
10.,30000
10,40000
10.,50000
10.60000
10.70000
10.80000
10,90000
11.,00000
11.10000
11.20000
11.30000
11.40000
11.50000
11.60000

Table 3 {(Continued)

Seismic Time History of Ground Spectrum - HFBR

2640E40  5,42000_ -.6ovoEooz,“___5.~sooo =e3400Ee02__ . 5,46000
-:seogEoof 5.,52000 =~,1140E402 5.54000 =.8000E+01 5,56000
-,1800E+40) 5q§200Q___le2?§191“____§ 90000.ﬁ:03§§Q§302_»...5-66000.”“
«3760E+02 5.,72000 =.4400E+0) 5,76000 ,1550E402 5.,76000
«9900€E 0] .. 5482000 _ «3TT0E+02 . . . 5.84000 Myls9o§ooz 5.86000
.15002001 5,92000 =,1960E+02 5.94000 +2900E+02 5,96000
<2280E+02 . 6.02000__=,1840E¢02 ___ 6,04000 =,2]140Es02 6.06000
L1990E¢02  6,12000 .8900E.01 6,14000 =,2590E+02 6.16000
-.2020E402  __6,22000 __,2700Ee02 ___ 6,24000 W6500E401 . 6,26000
-, 2750E402 6432000 +8500E+01 6,34000  (39708.02 6,36000
“,1460E+02 662000 =¢2700E402 __ . 6.44000  ,1010E+02 6.46000
e, 3070E+02 1 6.52000 =~.4610E¢02 6.,54000 =,3230E402 6.56000
-, 1690E402  _ 6.62000 =.5960€002 6,64000 _=,2300€E+01 _  6,66000
<, 17T70E+02 76472000 <=.4100E¢01 6,76000 =,2130E402 6.76000
L,2390Ee02_ __6.82000 _ .3B00Ee02 6, 84000 _=.4600E+01 __  6,86000 .
T.1260E402 T6,92000 ~.,2080E402 6.96000  +1290E402 6.96000
+4000E«0] _ 7.02000 _=.5800Ee01 . T. 06000  ,4240E+02_ __ . 7.06000
+3900E+02 7.12000 +5000E+02 7.14000 <1620E402 7.16000
-, 2670E402___ T.,22000__=,2860E+02 7.24000__=.2770Ee02 __ 7.26000
-¢3620E402 7032000 =,2350E402 1.36000 +2500E40) 7.36000
«9100€E+01 7.42000 =,2130E+02 T.44000 v9000E401 _ T.46000
Ze23T0E+02 7.52000 .2670E402 7.54000 =,3320E402 7.56000
-,2510E402 7.62000 __¢1000E+01 ____T,64000 . S000E¢01 7.66000 .
.~9eoaéoz" T.72000 =.2960E4¢02 7.76000  2730Ee02 7.76000
.J400E+02___ 7,82000 ,1630E+02 7.84000____ ,1680E+02 7.,86000__
T T700E+01 7.92000 +3820E+02 7.94000 <=,1490E402 7.96000
-.76005001-um-ﬂQ.QZOO0___132!95:ﬂ3_____§pﬂ900Om_:p5000§:02_,___8.06000
T oAB60ES02 8412000 «.3680E402 8.,14000 =,7300E401 8.16000
 LTT40Ee02 __ . ._8.22000___o7BDOEs0L____ 8,24000. . .5250Ee02_ 8.,26000 .
«4630E«02 8+32000  «3060E+02 8,34000 .2900E«02 8,36000
~o1490E+02 8,42000 ~,3800£402 e.oaooo _=ohT120E002_ B,46000_
"=e3490€402 8,52000 =~.1080Ee02 8.54000 =,1020E+02 "8,56000
~.1040E¢02 __  8,62000 ,2540€+¢02 8,64000__=,6200E401 _ 8,66000__
212830E402 8472000 =.3640E402 8.74000 .1120E402 8.76000
.~3aoEooz . B4B2000___¢3790Ee02_ . 8,84000 _ ~,2790E+02 _ _ 8.,86000 .
«3310€E+02 8,92000 ,2600E402 8,94000  (4900E+01 8.96000
J1230E¢02 ____ 9,02000___,2680E+02  9,04000___.2270€+02 __ 9,06000 __
«4T10E%D2 9,12000 ~,3900€.+01 9,14000 «1900E+02 9.16000
.13605002 o 9.22000___41130E002 .26000__‘,23905.02 L 9,26000__
T e3390E002 9.32000 =,8800E+01 9,34000 =,8500£401 9.36000
«o2230E¢02  _ . 9,42000__=.1180E+02 ____9.44000_"..alooE.oz_“"mu9.46ooo_
2 4340E402 -9,52000  «3910E+02 9,54000  ,1340E402 9.56000
= 1140E¢02 __ 9,62000__=,5000Ee0] 9,64000 __ _=,1500E+02______9,66000 _
“.1190E402 9,72000 =,8800E4+01 9,74000 =-,3610E402 9.76000
+1020Es02 __ 9,82000__=,2210E¢02 9,84000_ =.2500E401 __ _ 9,88000 .
«=.3980E+02 9.92000 ~.4TA0Es02 9.94000 =,4370Es02 9.96000
- 2510€002 . . 10,02000 ___+2990E+02___ 10,04000 . ,1450€402 . 10,06000
=,ST00E+0] 10.12000 =,6970E+02 10.14000 <=,4800E401 10.16000
~ 6T20E¢02 . 10,22000___=,2740E+02 _ 10,24000 =,6160Ee02___ 10,26000
«,2200€+01 10,32000 =.9800E+01 10,34000 =,6600E+01 10,36000
©s3920E402  10,42000 _ =.1480€+02 ' 10,44000 _.1770E402 = 10.46000
«6400E+0) ‘0052000 «7500E+02 10,54000 =,2950t+02 10.56000
LT010€402 10.62000 . .1500E+02 _ 10,64000 ,2310E«D2 10.66000
«2930E402 10,72000 .1910E+02 10,74000 .2750t402 10.76000
o1660E402 10,82000 _ _,42%0E+02_ _ 10,84000 =,2260E+02 10.86000
«o6030E002 1092000 =,2810E+02 10.94000 +2930E402 10.96000
.=e2160E402 11402000__=4,1230E402 __ 11.04000 =,6500E+01 11.,06000
«3120E402 11,12000 =,3060E+02 11.14000 ¢3500E401 11.16000
22880E+02 11,22000 ,6600E+01 11,26000 o6610E402 11.26000
.2700E402 1132000 +5600E+02 11.34000  ,27640E+02 11.36000
+6240E402 11,42000 =.2660E¢02 11,4000  .1250E402 11.46000
+2010E402 1152000 =,5700E+01 11.54000 +1500E402 11,56000
.2840E+02 11.62000 «1300E+02 11.66000 2 3940E402 11.66000

=e1060E002
o b480E+02
«1730E¢02
-036305002
¢3000E001
oZ‘ﬁﬂEOOZ
=¢3500€E401
=e3300E401
.lleoEooz
+4640Ee02
«eJ000E+01
-e2900E4+02

=e2760E402

+1220E402

+1310E402

-+95050E«02
+6900E+01
027905002

«+3900E40)

-e16480E+02
¢3440E002
«1330E+02

.+2900E402

~e2T10E402

_._e2130Ee02

«8600E+01]
+1320E402

_=s6400Ee02

«1150E402
=eJ120E+02
«4970E402
+1030E¢02
+2680E02

.. o1760E+02

0018305002
_e5350E+02
+1560€E402
-,8800E4+0)
-e4100E+02
+1720Ee02
=e1269E4+03
«2400E+0)
«~o1750E402
«1260E002
+1950E+02
~+2200E40)
~e1020E402
-e2150E402
=eT050E002
«1370E+02
-«1000E+02
«3070E402
«2180Ee02
.35005002
--‘240E002
+«1000E+00

+1380E+02.

_=¢5100E402
:01300E00l_mu

+10830Es02 _
o4340E402 .
=e149QEe02 __

~«1680E402 _ .

1

5,48000
5,.58000
5,68000
$5.78000
S.,R8000
5,98000
6,08000
6,18000
6,28000
6,38000
6.48000
6,58000
6,6B000
6,78000
6,88000
6,98000
7.08000
7.18000

7.38000
71,48000
7,58000
7,68000
7.78000
7.88000
7.98000
8,08000
8,18000

8,38000
8,58000
8,78000
8.,A8000
8,98000

9.18000

. 9.,28000

9,38000
9,48000
9,58000
9,6B000
9,78000
9,88000

9,.9R000 .

10,08000
10,18000
10,28000
10,38000

7.,28000

—.. 8,28000
8,48000

8,68000 __

9,08000

’
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«3280€402
1 2680E002
1720002

-.7100E001
«4T790Es02
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_=e5520E402
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10,68000
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10,8000
10,98000
11,08000
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11,28000
11.38000
11,48000
11.58000
11.68000

«2080E402
‘01700500l
«296U0E402°
=e3900E401]
~e3960€+02
=e5]140E402
-.6860tA02
© +5100ke0]
=,2170te02
-e5660E402
«3200E401]
.6350£002
«2T740k402
0‘0406002
«4490Ls02
-.4010E402
~.12)0E+02
=¢3600E4+0])
«3710ks02
+2000E400
+3J040E402
«2870Ls02
«IR60L 402
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11.70000
11.80000
11.90000
12,00000
12.10000
12,20000
12430000
12,40000
12,50000
12.60000
12,70000
12,80000
12.,90000
13,00000
13,10000
13.20000
13.,30000
13,40000

13.50000

13.,60000

13.70000 _

13.80000
13.90000
16,00000
14410000
 14.,20000
14430000
14,40000
. 14450000
14,60000

14,70000.

14,80000
14.,90000
1500000

REWUIRED BLANK COMMON FUR THIS STEP= 18001
REQUIRED BLANK COMMON FOR THIS STEPS
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le 3 (Continued)

Seismic Time History of Ground Spectrum - HFBR
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=.3800E¢02 . 12,52000_ =.1990E¢02 __ 12,54000. =,2860E+02 . . 12.56000 . +3420E.+02
«2410E+02 12,62000 «.5960E4+02 12.64000  +27B0E+02 12,66000 =.6970E«02
~.4900E¢01 . . 12,72000 _._.+9000E+00._ . .12,74000 .-.2610€+02 ... 12,76000 =,2590€+02
«3350E402 12,82000 =,1100E«¢02 12.84000 «1870Ee¢02 12.86000 «1270E+02
.98005001._.,12.92009__3.Q]QOEQQL"___12.9#000“._.26605002.m - 12.96000 . .+3000E4+00
-, 1840E¢02 13,02000 «2560E402 13,04000 «7600€E+0)° 13,06000 - =,1290E+02
=.1000E¢00 _ 13,12000__ «7200E+0} 13.34000 __,4B00Ee0)__ . _13,16000._. +1210Ee02
~s1700E+02 13,22000 «2190E402 13.24000 <5000E+00 = 13,26000 22040Ee02
JJ7B0E+02 _ 13,32000__=,3400Ee¢02 ____13,34000_ _~=,1300E+01 . . 13,36000 -.2370E+02
-,2080E+02 13,42000 ~.,4700E¢01 13.44000 =,2240€E402 13,46000 «4060E4+02
=¢2600€401 _ _ 13.,52000_ =,1550E+02 13,54000 _=,1210Ee02 ___ 13,56000  _«9900E+01
+«8700E«01) 13,62000 «1230E402 13.64000 «3040€E+02 13,66000 =.1400E+01
. +8B00E«01 __ 13,72000 =-,9900£+01 13,74000__=,3300E¢0) ___ 13,76000 _~-,1300€E+02
=.T400€E40} 13,82000 «1990E+02 .  13,84000 <=,1490Ee02 13,86000 «1660E+02
“oAQ00ES0] . 13.92000__=,5900E401 ____13,94000. .-¢B300E+0) __ . 13,96000 .. «6800E+01
-,9200E+01} 14.02000 <=,1990Ee02 14,04000 ¢5300E+01 14,06000 +2000E401
L o1600Ee02  _ 14,12000 ___ ,1200E402 _ 14,14000___,1630E402 ___ 14,16000_ .~,9200E401]
«2390E+02 14,22000 +4T00E001] 14,24000 ,2200E401 14,26000 =,4200E401
=,2200E00)____ 14,32000____,7600E«01  16,34000_ =¢8300E¢0) ____ 14,36000__=,T7T700E+01
=, 4500E01} 14,42000 =,1570Esp2 14,44000 =,2000€400 14,46000 «9100E+01
- 03000€E+00 . . . 14,52000 _=,1560E+02____14.,54000. =41310E402.._ .14,56000 . ~-41570€402
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=.2600E0401 14,82000 «+4100E¢01 14.84000 =.4000E+00 14.86000 =¢9000E+00
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NODE

GENERATED NODAL DATA

NUMBER

CENT VP WN

Tablelk
Nodal Data

_ BOUNDARY CONDITION CODES____  NODAL POINY COORUINATES __ o

X Y  xx Yy 21 X Y z T

1 1 1.1 1. ). .....0.000 _ __ -50,000 04000 «0.000

1 1 1 1 1 1 50,000 -50,000 0.000 «0.000

i 1 1. ) 1 _ ). 450,000 __ _ =50,000 - __ 0s000 -0,000

1 1 1 1 1 890,000 «50,000 0,000 =0,000

1 -1 Y v v Y 12%Q.000  __  =50,000 0,000 «0.000

1 1 1 1 1 1 1650000 <50,000 04000 -0,000

1 ) 1 1 VS S, 1700,000 _ _=50,000 .. .. 04000 «0,000

1 1 1 I 1 «$0,000 0,000 0,000 -0.000

1 1 ' 1 )y} =90,000 30,000 ___ __ 0.000 =0.000

1 1 1 1 1 1 50,000 60,000 04000 ~04900

AU SR NS VORI SRR =$0,000 328,000 ___ 0.000 «0,900
-0 =0 1 i 1.7 <0 0,000 0,000 0,000 «0,000
-0 =0 1 1 1 =0 ____ _$0.,000 ___. . 0,000 0,000 -0,000
-0 =0 1 X 1 -0 450,000 0,000 0.000 0,000
-0 -0 1 .1 _1__=0 830,000 . 0,000 ______. 0,000 .. .=0.000
-0 =0 1 1 17 =0 12%0.000 0,000 0,000 «0,000
-0 -0 _ 1.} 1 __=0 16%0,000 0,000 04000  =0,000 -
-0 =0 1 i 1 -0 1700,000 0,000 0.000 0,000
- =0 ' .} 1. _=0____ 50,000 __ 328,000 _ ... 0,000 _=0,000 .
-0 =0 1 1 17 -0 600,000 328,000 0,000 «0,000
-0 =0 ___1__ 1 _1__=0 1100,000 328,000 0,000 __=0.000__
-0 =0 1 1 1 =0 16%0.000 328,000 0,000 «0,000 -
-0 -0 1 1 1 =0 600,000 508,000 0.000 L.=0000 _ .
-0 =0 1 1 1 -0 1100,000- 508,000 0.000 0,000
-0, =0 L...1 _.1__ =0 0,000 725,000 ___.__._.0000 =0,000. .
-0 =0 1 1 1 -0 $0,000 664,000 04000 0,000
=0 =0 1 1 1 =0 690,000 664,000 0,000 «0,000
-0 -0 1 i 1~ =0 1100,000 666,000 04000 20,000
“0 =0 1 1 1 =0 1690,000 664.000 0,000 _=0.000
-0 =0 1 H Y 1700,000 725,000 0,000 «0,000
-0 =0 1 1 ). _e0_________0e000 _____ 30,000 ...0,000__ 0,000
-0 =0 1 1 1 =0 0,000 60,000 04000 7204000
_l . 1 R DRV W l 830,000 0,000 __ 504000 __ __ _=0,000 _ .
_g :g } } : :o.ooo 60,000 0,000 =0,000
2 23 R e 9 1690,000 60,000 _ 0,000 __ _ _«0,000

! 17 -0 17604000 60,000 0,000 0,000



HUOUUNDARY

ELEMENT TYPE

ELEMENTS

a _

NUMBER OF ELEMENTS = 12

Table 5

""" 'Boundary Elements

ELEMENT LOAD CASE MULTIPLIERS e e
CASE(A) . CASE(B) . CASEAC) CASE (D)
«0,0000 -0,0000 =0,0000 «0,0000
ELEMENT  NODE = NODES DEFINING CONSTRAINT OIRECYION  CODE ~ CODE GENEWATION SPECIFIED
NUMBEN (L}] {(ND) (NJ) . ANK) _{NL) . KD - KR CUDE (KN) . DISPLACEMENT
1 12 . b =0 r0 =0 b =0 =0 =0, .
2 13 2 -0 1) -0 1 -0 -0 -0,
3 1 3. =0 »0 -0 R SN ST X .1
4 15 4 -0 »0 0 TR -0 04
5 16 5 =0 e =0 ] L*0 o e =0,
6 1T 6 -0 40 -0 1 -0 « . =0,
T 18T -0 _- )] =0 1 -0 =0 =0. .
8 12 8 -0 v0 <0 i -0 -0 -0,
9 31 - ) *0 =0 1 =0 R < DU T SO
10 32 io -0 »0 -0 i =0 -0 -0,
11 19, R ¥ S =9 *9 =0___ ) _ -0 =0 e0e_ ..
. 12 15 33 -0 v0 =0 -0 : «0 -0,
53 REUWUIKED BLANK COMMON FOR THIS STEPw 221 - T e e
S .. P O — — - - ———— [
{
A e

" SPECIFIED-
ROTATION

=0e
=04

=0

=0
-0
«0,

=0

«04
0

“or -
=0 .

SPRING
RATE

«6100E007

«6100E+07
W6100ED7
+6100E407
+6100E407
«6100E+07
«6100E ¢D7
«6306E408
+6750E406

" W60TSE«06

«2700E+06
+2910E014



PRINT OF FREQUENCIES

MOL& CIRCULAR

NUMBER ~ FREWUENCY ~~~FREGUENCY PER100D

(RAD/SEC)  (CYCLES/SEC) _ __ (SECH _____ . ..

<1T98E+02  2B861E+01 _ ,3495E600__

[

+1905€402  o3032E+0]1 ___+3298E400

w N

.3aéanozyA «S5408E+0)  _+1849E+00

& . J4692E402__ oT46TE¢0]___ 41339400

Table 6

F;equeucies

§ . . .5550E402 _ +B83IEe01__ ,1)32€E600

6 +5T8IE«02  (9203E+01 . «108TEs00 _ _ ...

y «6762E+02 _41013E+02  ,9319Er0] e i
8  +1186E+03  ,1888Eeg2 _ ,5298Ev0l . .
9 . 93309E¢03  ,526TEe02_ . _¢1899€Er0)______ e e e _
1o .33§9£x03mmw.5&195‘9 21848Ev01 R
REWUIRED BLANK COMMUN FOR THIS STEP= 947 L o
!
H - . - ae e s ——rs it - - — . B @S e e w e -
[ .
“,PRINT OF EIGENVECTORS o
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MOD AL

MODE NUMBER 1

FREQUENCYS 2.86142

NUDE
NUMBER

12

13

14

15 .

16
17
18

19 ..

20

el |

e2
23
24

25

26
a7
28
9
30

a ..

32
34
35
36

ANALYSIS. . __._Modal Analysis.
HZ :
EIGGENVECTORS NORMALIZED TO A UNIT MASS MATRIX '
DISPLACEMENTS/ROTATIONS OF UNRESTRAINED NUDES
: X- Y~ 2~ A= Y-
TRANSLATION  TRANSLATION_ _ TRANSLATION. . . HOTATION _. ROTATION
2.415950-03  6,89209D-04 0, 0. - 0,
2061595‘).03 - 6.~89690'°4 _.___o,l.___-_....__.__n..__OI.._., . _.OUA_
2.41596D0-03 -3,244720-04 O, ; 0, 0,
2.,415970-03 __ 3,482080-10 0. Qe __ (| S
2.41597D-03 =3,244720-04 0O, 0, 0.
2.,415980=03 _ =6,489490=04 __ 04 . _._ .0, _ . ... N PO .
2.41598D=03 ~6,89508D-04 0, 0, 0,
2,905590-03 _ 6,48951D0=04___ 0., 0, 0,
2,905590-03 2,02/970-04 0. 0, 0,
2.,905590-03 _ +2,02796D=04 0 0. 0
2,905590-03 «6,48950D-04 0, 0, 0,
3,914930-03 . 2,027970-04 __0e____ ___ ... 0, _. SN + S
3,91493D0=03 =2,027970=04 0. 0, 0.
3,075660-03 _ 6,87509D0=04__ 0, 0. 0, B
3,68R84D-03 6,489510~-04 0, 0. 0.
. 3.68884D=-03_ 2,02/970-04 0, 0, Q.
3.6R8840-03 =~2,027970«04 0. 0. 0.
©3,688840-03. ~6,489500-00 ___ 06 Oe . Oe .
3.075690-03 «6,89508D0=04 0, 0, 0.
2,440280-03___6,895090=04 Qs 0. 0.
2,46462D-03 6,89509D-04 0, - 0. 0,
.2,46462D-03 __ 6,489500=04 0. 0 —— 0.
2.464650-03 ~6,489490-04 O, 0. 0,

2.4646%0-03 _-6.895080,‘:0‘___0..—_._.___._00 PSR | 1Y

Table 7

e
_ROTATION
«8,111930-07

«8,111920-07 .
~8,111820-07 -
.=84111670-07

-8,111820-07
«8,111930~-07

~8,111930=-07

. =84111930=-07

«8,112000-07

=-8,111880=-07.

-6.11!880'01

.. =9.963090=-07__
«8,111920=07
=B8,111900-07_

-8,111900=07
-9,963110~07
=8,111930-07
=-8,111940~07

...=84111930-07
. =8,112000-07

..=8,111920=07.... ..
.=84111930=07__

=B M11930=00 o

=B 30193007 L.

R
Ty, g



Table 7 (Continued)
Modal Analysis

MO0ODAL ANALYSIS e e e ereeen e et
MOUE NUMBEWR 2 = . . e e o e e e e e S
FREQUENCYs 3,03181 HZ

EIGENVECTORS NORMALIZED TO A UNIT MASS MATRIX

DISRLACEMENTS/ROTATIONS OF UNRESTRAINED NODES

-Ce‘11-

NODE
NUMBER

1
13
14
15
16
17
18
19
20
21
22
23
a4
2s
26
ar
o8
29
30
31
32
34
as
36

X~ Yo I- X Y- ‘2
THANSLATION _ TRANSLATION __ TRANSLATION . . ROTATION _ . . ROTATJON . ROTATION
2.904740-10 =2,915200-03 . 0. 0. 3.,232600=12
2.904750-10 _-2,915200=03__ 0, Q.. R, L T . 3.297540-12
2.90492D-10 «2,915190-03 0, 0. 0, 2.743020-12 "

- 2.905100-10  -2,915190-03 __ 0. Oe ___ 0 ... 6,376720-14
2.905270-10 =-2,915190-03 0, 0. 0, -2.615480-12
2.905450-10 -2,915200=03  _0.__ . . __ __ 0. 04 «3,170000-12
2.905450-10 ~2,915200-03 O, 0, 0, -3.105060-12
2.,937480410  «2,915200-03 0. [ R 0. ___=1413584D-1)
2.93760D=10 -2,915210-03 0. 0. =0, -5,373970=12

 2.937320-10 _ -2.915210-03___ 0, 0, 0, 5,501510=-12_ _
2.937230-10  ~2,915200-03 0. 0, 0, 1.148300=1)
3.722610-10 <=2,915210=03 _._ 04 ..ol 00 .o Oee. . . 6,3T7060-14 _ .
3.722610-10 =B,915210=03 0, 0. 0, 6.,317030~14 :

-2,216650=09 __=2,913200-03 O« 0. 0. 23,69984D=12
3.233630-10 -2,915200-03 0, 0, 0. . =9,523420-12
3,233490=10 ~2.915210=03___ 0, 0. o Oe_ . =8,50157D=12
3,233360-10 -2,915210-03 0, 0, 0, 4,629100~12
3,233220~10 _~2,915200=03__ 0o Oe o O ... 9465096012
2.707950-09 -B.915200-03" 0, 0, 0. -3,515170~12

1.93496D=-10 -2,915200-03 0, 0. 0. 3.232600-12
9.65184D-11" -2,9i5200-03" 0. 0., T TTo. T T 3,232600-12
9.261600~1)1 -2.915200-03 0, 0, 0, 3.,297540-12
4,80752D=10 "-2,915200-03 0. 0. 0o <3.170000-32"
4,768490-10  ~2,915200-03__ 0, 00 B .. _=3.10506D-12




MOUODAL

ANALYSTIS

MOOE NUMBER k]

FREQUENCY=

5.40822

wg

EIGENVECTORS NORMALIZED TO A UNIT MASS MATRIX

DISPLACEMENTS/ROTATIONS OF UNRESTRAINED NUDES

NODE
‘NUMBER
12
13
14
15
16
17
18

.19

20
21
22
23
24
25
26

ar .

28
29
30
3.
32
3
as
36

~9€ ‘11~

Table 7 (Continued)

e ——_.. . .. .Modal._Analysis

Ke Y= 1~ X= Y~ -
TRANSLATION TRANSLATION _ TRANSLATION ROTATION LROTATION ROTATION
w1,93640D=03 3,633720=-03 0. 0. 0, -, 27495006
«l.936400-03  3,419970-03 __0,_____ .. _ ..0e.._. . 0. =4 ,274950-06
-1,936420~03 1,709980-03 0. 0, 0. -4,274920=-06 .
_.=1,936420-03 _«9,00167D=11__ Q. 0. - 0, - _ =4,27485D-06 .
=1.936430-03 =1,709980=03 ' : 0, 0. 4 ,274920~06
«]l,936430=03 =3,419970-03. 0y . .. ...0y 04 -4,274950-06
v1,936430-03 «3,633720-03 0. 0, [\ % -ho,27495D=06
-4,16058D=04 ~ 3,41998D0-03 _ 0. 0, .. O, ... .»%4274980=06
~4,160580-04 1,068740+-03 0. 0, 0, =4,274980-06
~4,160580-04 -1,068740-03 _ 0, 0, 0, . =44274980=06 __
«4,160580=04 «3,41998D-03 0e 0, 0, -4,274980-06
1.891610-03 1006‘.’_7‘0‘03. [T RN PR 00 . -l ,274980~06
1,891610=03 «1,06874D=03 [ 0, 0. -4,27498D=06
20021180'03___30633720'03 Qe 0. - 0. _.,_-6.187000.064.;..... o e e
1,981100-03 3,419980-03 0. 0. O «4,274980~06
1,961100-03_ . 1,06874D=03___0. 0. 0. =8,274980=06__ _
1,981100-03 «),06874D=03 O 0, 0. =4,27498D-06
1,981100-03 «3,419980«03 _ 00— O Do .. =4,274980=06_... . .
2. 021160-03 .3.633720'03 0. o. 0. "6.787000'06
. -1.808150‘03 -.3.633720:03 [ 1Y [1 9 0. - “.27‘950"06____ ...
'106,99l0'03 3.633120.03 0. 0, 0. -6.274960-06
«1,679910-03 _ __3,419970=023 D.e. Q. De =4,274950=06___. .
© 1467993003 «3,419970-03 0, 0. 0. =4,27495D~-06
«)e679930=03._ =-3,633720-03___.0,. PSS | IS 0. = o 27496006 ...



MOUDAL ANALY s‘i S

MOUE NUMBER &

Table 7 (Continued)

FREQUENCY=

£ IGENVECTONS NORMALIZED TO A UNIT MASS MATRIX

7.46725

Wi’

" DISHLACEMENTS/HOTATIUNS OF UNRESTRAINEO NODES

-Lg°11-

NUDE

NUMBER

12

13 .

14
15
16
17
18
19
20
2l
22
23
24
25
26
217
28
29
30
3l
32
34
35
‘96

”HN“ModélnAnalyéis.A

~.=14297880=06__ _ . .. ... .

X= Y- z- X= Y- r 2
TRANSLATIUN  TRANSLATION __ TRANSLATION_ __  HOTATION . ROTATION ROTATION
1.034030~03 1,103190-03 0, 0. 0, «1,297880-06
1.034030-03 _ 1,03829D-03 0. [+ XS | X i, =14297RB0=06 .
1.034040-03 5,19144D0-04 0. 0. 0. ~1.297860=06 .
1,03404D=03 __ 1,584400-11 _ 0. 0o 0, . =l4297840=06__ .
1,03405D-03 =5,191440-04 0, 0. 0. ~1,29786D=06
1,03404D+~03 «1,030290-03 . 0o .. . __. . ..0.. 0. «1,29788D-06
1.034040=03 +3,103190~03 [+ % 0, 0, =1,297880=06
1.096590-03 1,038290-03 O O, O =1,297R2D=06 _
10096590"03 3.2‘“690'0“ 00 o.A 0. -‘0291850"06

. 1.096590=03 | =3,24%690=04___ 0, 0, 0, .=1,2971850~-06 _
1.096590-03 =1,038290-03 0, 0. -~ 0, ~1,297830=06
‘loo75190‘02 . 302‘9690'0‘,,__,.,00..‘.___.._.,_.____. __0. . —— 004, - - - 'l0297880’06 .
«1,075190-02 «3,264690=04 0, 0. 0. «1,29788D=06
. 3,498950-03 __ 1,103190-03 0, 0. __0. _=5.647130-06_
«),307740=03 1,038290~03 [\ 0. 0. »].,297850~06
=1.307750-03 = 3,24469D-04 _ 0, 0. o, e =1a297860=06
e1,307750=03 ~ «3,244690-04 0, 0, 0, ~1,29786D-06
«1,30774D=03 _ ~1,038290-03___0, 0. U | P
3,498970-03 ~},103190-03 0, 0. 0. =5,64T140=06
.. 1,072970-03 _ $,103190=03 04 0. O . _,___,'10291890"_06_
1,111900-03  1,103190-03 0, 0. 0, -1,297890-06
1,111900-03 _  1.,038290«03 .0, 0 0o «1,297880-06
1,111910-03 '=1,038290-03 0, 0. 0. «1.297880-06
1.111920-03 . «},103190-03___0, AU | P Y | XU

. =1,297890-06.. . ..



MODAL

ANALLY

. MOLE NUMBER .5

FREQUENCY=

R.83276

Table 7 {Continued)

S 1.S_. .

HZ

EIGENVECTORS NORMALIZED TO A UNIT MASS MATRIX

DISPLACEMENTS/RUTATIONS OF UNRESTRAINED NUDES

NUDE
NUMBER

12

13

)

R §- I

16
17
18
19
20
el
22
23
L

25 .

26
ar
28
29
30
31
32

-8¢‘1I-

35
36

34

. Xe R

TRANSLATION
-7,888480-09
=7.482490-09 .
=6,23561D=-09

=9,88697D=10__ _

2.258220-09
5,505120-09
5.911110-09

=-1.,68438D=-09__

-]1,683010-09

. =1,681750=09 _

«1,680360-09
7,492190-09
7,492190-09

=6,268660-03..

=3,200830-09

.=3,200830-09 _

~3,200830-09
-3,200830-09
6,26866D-03
-1,661090-08
-2.561190-08

=2.244400-08__

2,049800-08

2,366590-08 .

-.-Modal Analysis . .

S

Y= 1~ A= Y=
TRANSLATION. .. TRANGLATION._ .. . ROTATION . .. . ROTATION. . ROTATION
«3,923020-08 0e 0. -0 2.,64967TD-10
"2.631l80‘08.___._.0.0_.._.-_______......._o._...._....... i N | P 20‘93660'10 .
4,891290-08 0. 0. 0. 1.245530~10
J.327160=08 D O - 0, _...=24611900~13 . _
4,8203%50-08 0, 0. 0, «1,250750-10
. =wRy678970=08, ___ O0¢ . ... 0. ..... L P . =2.498880-10
«3,967420~08 0. 0. 0. -2,654900-10
'8'6312‘0208 [ D6 —_ U | TS, "2.638080"13-
-2,691700-08 0. 0. [+ »2.620850~13
=2,604760=08 (12 0.0 0. . =2,602470=-13 _ .
-2.679000-08 0. 0. 0, -2.584740-123
=2,6517T00=08 _._ 0y ... 0. - N P, . *2.611780-13 .
-2,66476D-08 . 0, 0. [ ~2,611780-13
'30923020.2.048 (1 1S O e rems o 0..'_._“.__.__._..,..‘1.826600305_... PRSI
-2,637230-08 Q. 0. 0o - =2.622680-)3
.=2,651700-08__ Q. Qo 0,  =24616950=13
«2.664760-08 0. ‘0 0. -2.60642D-13
.=R.67902D-08___0, . O o0t =206005T0=13
«3,96742D-08 0. 0, - . «],826600-05
=3,923020-08 0. 04 Os__ _ 2.74292D+10 _
«3,923020-08 0. 0. 0, 2.835430~10
-2,637190-08 __ 0, Qe 0, _.24493650=10_ __ .
«-2,67898D<«08 0. 0. 0. «2.49888D0=10
~-3,967420-08___ 0, 0. 00 =24840660=-10



Table 7 (Continued)
MOODAL ANALYSILS ... Modal Analysis

MODE NUMBER 6 S e e o

FREQUENCYs 9,2031% 1}
EJUENVECTORS NORMALIZED TO A UNIT MASS MATRIX
DISRLACEMENTS/HOTATIONS OF UNRESTRAINED NUDES
NODE X~ Y- 2~ X- Y- 1- .
NUMBER TRANSLATION  TRANSLATION_ __TRANSLATION_ . . ROTATIUN . ROTATION ROTATION
12 6,036070-04 =1,059700-03 0. 0 0. 1.246550=06
13 6,036070-04 _=9,97370D-04 0, [\ . X 1,246570-06 . -
1s 6.0361‘0-0“' -4 ,986950=04 0. 0. 0, ) l02‘“30'06
15  6,03618D-04 __2,025400-11 __ 0, Qe o Oe ... le24664D=-06 _ . . ..
16 6,036180-04  4,98695D0-04 0. 0. 0, 1.24663D<06
17 6,036140=04 _ 9,973700-04_ _O0e _____._.....0¢... ... .. 0e. 1.246570<06 "
18 6.,03615D-04 1,05970D=03 0. 0. 0. 1.,246550=06
19  -2.682830-04 _«9,97378D-04 Oy 0o 0. . 1e24676D=06____ ...
20 =2,682820-04 <=3,116820-0&4 0. . 0. 0. 1.246T740%06
21 =2,682820~04  3,11682D-04 0, 0. _ 0o 1.246740=06__ . .
22 «2,682830=04 9.91378D-04 0. ) 0, 0. 1.24€6760=06
23 .. 4,70908D-03 -3,116820-04_ _O¢ . ... Qe ... ... ... D¢ e 12426673006
24 4,709080=03 3.116820«04 0, 0, 0. 1,246730=06
25 . _4,96790D-03 _ ~},05970D-03___ 0. 0. 0, -)1,409230=05__ ____ . .
26 =3,47991D-03 -9,973820-04 0., 0. 0. 1.24€750=06
2t =3,479920-03 _ -3,11682D0-06 0, 0. ——— 0, e 1426€780~06:
28 -3.“79920"03 3-116820'04 0, o. o. l|2“67“0"06
29  <«3,479910-03 _ 9,9/382D0-04___ 0. 04 e O 1024€TSD=06
ao 4,967900-03 1,059700-03 O, 0 0. D
31 5,662110~04 _ =},059700-03__ 0. 0, 0, _ . 14246550906
32 5,288150=06 «1,059700-03 O, 0, 0. TT1.24654D=06
Y g; g.§8§L28195“wr:,9;3129:94 0, : 0, 0. _1.246570~06
Y «28817D~04 «973720=-04 0. 0, 0, 1.,24657D=06
o 36 5,208230-04 _  1,059700=-03__0, 0, SRR | Y 14246540206
\ﬁ .
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Table 7 (Continued)

MODAL ANALYSIS

MOUK NUMBER T
FREQUENCYs 10,7307 HZ

E1GENVECTORS NORMALIZED TO A UNIY MASS MATRIX -

DISKLACEMENTS/ROTATIONS OF UNRESTRAINED NUDES

--Modal -Analysis -.

iz- .

NODE Xe Y- z- X= Yo
NUMBER  THANSLATION . . TRANSLATION .. TRANBLATION_ _.  ROTATION .. .. . ROTATION = ROTATION

12 6.70432D0-04 2,385030-03 0O, 0, 0, ~2.80577D0=06
13 6.704320-04 . 2,24474D~03 __0. e Oeies e B .. . =24805770=06 ..
14 6.704420-04  1,122390-03 0, 0, o, -2.805830-06
A5 __. 6,70447D=04 __ 9,861430-12___ 0. 0. @, m2.80582D=06 . . . . .
16 6.70446D-04 -1,12239D0-03 0, 0. 0, -2,805830-06
17 6.70440D0-00 2,24474D=03 _ Qe ..0e.... . .. 0e_ ... .. =2.80577D0=06

18 6,70440D-04 -B,385030-03 0, 0. 0. -2.,805770-06
19 . 1.115500-03 . B,244750=03__ 0. Oe . ___._.O0e__ _. .. .. =2.80586D-06 .

20 1.115510«03  7,014920<04 0. 0, 0, -2,80591D=06

21 1.115510-03__-7,014920=04 _ 0, 0, 0 ..=2,80591D=06__
22 1.11550D-03 -2,244750=03 0. 0, 0. -2.,80586D-06

23 2.949300-03 .. 7,019910e04 _ 0w " 04 ..o .o Ben. .. =2.80596D-06.. .

24 2.949300-03 -7,0194910-04 O, 0. 0, «2.805960-06

25 ~7.492770-04___B,385040-03__ 0, Q. Qe o _T.478350=06_ _ .

26 =5,438150-03 R.244750-03 0. 0, 0. -2.805870-06

.21 _ ~5,438170=03___7,014910-04 0, 0. 0. __=2,805910=06__ .

28 -5,43817D0-03. -7,01491D=04 0, 0, 0, -2,805910~06

29 | ~5.438150-03. ~2,244750-03___0, —0. 0. reeaee24805870=06__ . ..._

30  =7.492710-04 «2,38506D<03 0. 0, 0, 7,478350=06 )
31  _.7.54605D-04__ 2,385030=03__ 0, 00 0. . »2.805760=06 - __ . .
32 8,387770-04 2,385030-03 0, 0, 0, ~2,805760-06

34, _8,387750-04__P,24474D=03__ 0, 0. 0. o ...=2.,805110=06 . __ . . . .
35 8.38783D=04 -2,24474D-03 0, - 0. 0. ~2,805770-06

36 ..8,38786D-04 -2,385030~03___ 0., 0. 0o e . =20805760206 ___ .. .




MO0ODAL
MODE NUMBER 8
© FREQUENCY= 18,8751 .

ANALYS TS

HZ

£ JGENVECTORS NORMALIZED TO A UNIT MASS MATRIX

UISHLACEMENTS/ROTATIONS OF UNRESTHATNED NODES "

NODE
NUMBER
12
13
16
15
16
17
1A
19
20
21
22
23
24
25
26
27
26
29
30
al
’2
34
3s
36

-9 ‘11~

Xe Y- - : X= Y- ' 2~

TRANSLATION  TRANSLATION _ TRANSLATION. . HOTATION ROTATION " ROTATION
-2.402600-03 - -}.16788D0-03 0, 0. 0. 1,373630=06
«2,40260D=03 =1,099200-03___ 0. O R 0 ©1.37363D-06
«2,402700-03 «5,49641D-04 0, 0. 0. 1.373810-06
«2,402740-03 _=%,293100=11 0, [ Qe 1.,373860-06 -
«2,402710-03 5,496410-04 0. 0. 0. < 1.373810-06
«2,402630=03 . 1,099200203 _ Oe..eo...... .. O 0, 1.373630=06
~2,40263D-03 1,167880=-03 0, 0. 0, 1.373630=06
3,945770=03  =1,099210=03__ 0. e 04 o 1437379D0=-06_ .
3,965900-03 =3,435190-04 0, 0. 0. . 1.373930D-06
3,965900-03 _ _3,435190-04% Qo Oe__.___ 0, e

3,94577D0-03 1,099210-03 0. 0. 0. 1.,373790-06
«2,088970=-04 =3,435180«04 __O0e ... .0 L0, . 1.374080=06 .
«2.008897D~04 3.435180«04 0. ‘ 0. 0o 1.37408D0=06
-2,811850-03 _ «1,167890=03 0, 0, 0, . =14592590=-06 ___
~8,432790-04 =1,099220-03 0, 0. 0. 1.37804D=06
~8,432910-06  -3,435150-04___ 0, Oo_ Qe . . . Ye37004D=06_
—8.632910-06 3-“35‘60-06 0. 0. 00 l.37‘°40~06
=8,432790-04  1,099220=03___ 0, 0.. 0 ... )e3TA040=06 .
-2,811880-03 1,167890-03 0. 0. (' =1,59261D=06
«2,44381D-03 -}.167880-03 0, 0. o 0e o -.1437363D-06 ,
-2,485020~03 =1,167880-03 0, 0, 0. 1.373630-06 " "
=2,4R4970=03  -1.099200-03 0. 0. 0, 1.373600-06
-2,485000-03 1,09920D0-03  0.. 0. 0, 1.,3T73600=06
-2.‘85050"03 ‘016?860‘.03__.__0. ._.___._..,0 B i e e - oc._ vrein e m 1 03'3630‘?054. .

Table 7 (Gontinued)_

Modal Analysis

1.373930~06. . ..



~THY 11~

Table V (Continued)

MODAL ANALYSTIS.

TUTTTTTTTTTTTTTTT T T Modal “Analysis

MODE NUMBER 9 L R
FREWUENCY2 52,6668 HZ

EIGENVECTORS NORMALIZED T0 A UNIT MASS MATRIX
DISPLACEMENTS/ROTATIONS OF UNRESTRAINED NUDES

NUDE K Y 1- X~ Y- Z-

NUMBER  TRANSLATION °~ THANSLATION . _TRANSLATION ROTATION ROTATION ROTAT1ON
12 =7,41080D=07 =4,244060-07 0. "0, - 0, 2.82216D=09
13 . «6,975720-07 =2,874A7D=07 __ 0, ____._ . _0,.. . . 0. 2.656050-09
16 - =3,49456D0-07 $,095880-07 0. 0, 0, 1,326820-09
ls . _.‘l «273860=09 ___ . 1.7‘5100_'07 0. [ T IR | TSR '2.098900"12
16 3,469090-07 3,072650-07 0. 0, 0, =1,332610-09

11 6,950260-07 .. =2,920900«07. ___ Q0o oo Ol e 04 «2:661830=-09

18 7.385340-07 =4,2Y3380-07 0. 0. 0. «2,827950=09
19 | =9,14694D-12 _ -2,875500=07___ Q. ) R | T =3,289720=-12
20 2.137200-11 -2,894830-07 0. 0. 0, -3,078070=)2
21 4,911010=11 . «-2,909340~01 0o 0. 0, .. =24726500=-12
22 7.960990~11 -2,92194D=07 0. 0, 0, ~2.514560=-12
23 1,524510=12 ~2,8Y4800-07.__..0, 0 B PR =2.902890=-12 .
as 1,52452D-12 =2,909320-07 0. 0, 0. «2.902890-12
25. . =1,88948D«02 . ~&,24420D=07 0.0 0., 0O . =6,060080=-06 .. . ... .. . .
26  -2,78070D-11 =-2,875950-07 0. 0. 0, ~3,199370-12
27, =2,780980-11._.-2,874730=07___ 0. 0. 0. .. =3.043860=12 __ . . . . .
20 . .2. 7“1010‘11 -2.90’2‘0-07 0s 0. 0. -2-160920-12
29  «2,78078D-11 -2,922380=07.__ . 0% — . oo . [\ PR | PO . =2+605190=12 .
30 1.889470=02 -‘.2?3530-07 8 0, 0. 6.,060020=-06
31 «8,950730-07 _ ~4,244070=07 0 0. 04 cee20917920=09 _ .
92  -1,05182D-06 =%,24407D<07 0, 0. 0, 3,00584D-09 T
34 -8,569260-07_ -P,874660=0T__ 0, 0o 0, _.2465604D=09 _
35 8.,547270-07 =2,921090«07 0, 0. 0, «2.661830-09
36 . 1,04962D-06. -¥,293400=07__ 0. Qe o s im0 0 g - =34 011620209. .




Table 7 (Continued)

MODAL ANALYSTIS Modal Analysis
MODE NUMBER 10 e ’
56,1029 HZ .

FREQUENCY= A
EIGENVECTORS NURMALIZED TO A UNIT MASS MATRIX

DISHLACEMENTS /HOTATLUNS OF UNRESTRATNED NUOES

-z-

NODE X- A - X= Y- ,
NUMBER  TRANSLATION  TRANSLATION _ TRANSLATION _  ROTATION, ROTATION ROTATION
12 8,918650-04 9,20260D0-04 0. 0. Q. -6,098950~-07
13 8,919090-04  4,897560<04___ 0. 0. ... 0. =6,10065D=07 [
14 8,921800-04 R,45094D-04 0. O 0. -6.111630-07
15 8,922730~04 1,61502D=11 0. 0, e . =6,115540-07
16 8,921860=-04 ~2,450940=04 0. 0, 0% . =6,111630-07
17 8,91919D0=04 «4,89756D=04 _ ) SR | 0. . . =6,100660~07
18 8,91876D-04 ~5,202600=04 0. 0. 0. -6,09895D=~07
19 «T7,247640-05  4,89822D-04___ 0. 0. . Oe__.__ .. .. =6412214D=-07
20 =7,209530-05 1,531080-04 0. 0. 0 -6,122730=07
21  «7,249530-05 =1,531080=04__ 0. | ' X . =64122730-0T7
{2 -7.2475‘0'05 -‘.895220-06 0. [ 0. -6.122“0'01
a3 . 9.11 2‘20-07 . 1.531070-04‘_____0 [ P 0. - ,.0. . by 12430D0-07
24 9.,112420-07 «~1,531080-04 O, 0. 0. -6,124300-07
2s -1,836750-02___ 5,20278D=04 0, Qe 0. . =5,862440-06
26  =3,633350-06 4,89845D0-04 O, "0, 0. .=6,122900-07
27  =3,633680D-06  1,53104D-04_ 0, 0. I TS =6,123150=07
28 =3,633680-06 =1,53104D-04 0, 0. 0. -6,123150~-07
\ 29  «3,633350-06 _-4,898450-04__ 0, S YOS | P YR . =6,122900-07_ ... . . .
= 30 -1,836770-02 =3,202780-04 O, 0. 0 ~5,86250D0=06
H 31 9,100900-04 __ 5,20261D-04 0, 0. _ O o =6,097960-07_ .
s~ 32 9,283130-04 ° 5,202620-04 O, 0. 0. «6,06T7050=07
W 34 9,28504D-04 _ 4,89768D=04 - 0, 0.4 0, o =6,100600=07___
a5 9,285150-04 -4,89768D-04 0. 0. ' 0. ~6,100600-07 '
36 9,283250-04  «53,202620=04___ 0. U | PYS B T . =6,057060~07
E1GENSOLUTION TIWNE LOG e T e e

.68
s e09_

EIGENSOLUTION =
PRINTING




Table 8

SPECtU ) ' Floor Spectra for HFBR, Equipment Level -7% Daméing

ooo.oonoocouonnénaocoeooooonoooo.ééoooobéOoaooobéoédnéoooooonoonoénocnao
2 FLOOW SPECTHA FUR HFBHe ( 2-D ) MODEL- EQUIPMENT LEVEL -7 PCT DAHP

oo“.ﬁoonoﬂo!lﬂOﬂHQDOOQDQODGO.DODDOGQQQDDQQQODDOQO“ODODOOQDO00009060000000

NUMHER OF DAMPING VALUES . s . &
NUMBER OF OUTPUT PERIVUD CARUS 5

NUMBER OF AGCELEMATION VALUES = 1499
INTERVAL OF DIGETIZATION . ® o 0100 o i+ e oo =

ACCELERATION SCALE FACTOR . _® _ _ 1a00000 oo e mcvesn e i s em e = -
INPUT FORMAT = “lors,2y T 77 - ) o T
DAMPING VALYES (FHACTION OF_ CRITICAL) _ e e e e e e e
0,000 L o S
000 . i
\ W050 . — — .
. 2070
-4 - e
: e e e e e
? .
_PERLOD VALUES (SECONDS)___ _ . '
+0294 .0323 ,0353 0382 20411 ,0450 0475 0500
! 323 .,0333  ,0382 __ _,041) 0450 L0475 L0500 0550 05
+0603 0630 +0870 ,0709 JOTAT L0746 .0824 20863 L0901 ':3913 )
4'1478 ...-!0;.7..._ .+1055 41096 o1132 JANTL 41209 21250 .1308 <1365
.éogg 148} ,1538 . 1596 +1654 1712 .1769 .1827 L1885 7 1982
L] . = v e e —— rh me e . - men e me bs e e .
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Table 8 (Continued)

SPECEW o . . ......._Floor Spectra for HFBR, Equipment~Level--7Z.Damping

$5080000R0N0NN00R0Na0ER0EERENOURDACORNNNRNO0NNE0B0NENRI0UNDNNN0N0BR0LND

1 FLOON SPECTRA FOR HFBR- ( 2-D ) MODEL=- EUUIPMENT LEVEL =7 PCT DAMWP
s DEEsEEE0NaB0000B0RRE0RoRENeseRnEnosnsEnRabNOBRE000B000C0DDRRRROOR RDR
NUMHER OF DAMPING VALUES = = & & . o rmicmnnn . S .
NUMBER OF UUTPUT PERIUD CAHUS = 3

NUMBER OF ACCELERATION VALUES = 1499
INTRRVAL OF DIGITIZATION = 0100 = .. S e+ e

ACCELERATION SCALE FACTOR . . o8 o La00000 oo o oo e e o et oo om0 L

INPUT FORMAT = W9FBL2) T T T T T T e i i

DAMRING yALIFES (FRACTION_OF CRITVICAL) ' ‘ \ et i e e

0,000 . _ e e e e e et e e o o =+ e - e e e
.020
6080 : — . e e e e e+ e
. .070
=4
= e - - S e

;_ . e e . e e :
PERLOU VALUES _(SECUNDS) . .. .

+2000 «2067 L2094 ,214) «2189 2236 «2283 «2330 2377 2424
W267) «2519 «2566 e2613 . 2660 +2770 «2875 «2980 ".3085 7 ,3199
+3330 04939 6549 8158 29767 1.1377 1.2986 1,4595  1,6204 1.7814
1.9423 2,1032 2,2682 2,4251 2.5860 2,7470 2,9079 3,0688 3,2298° “3.,3907 7 T T
3.5516 307126 . . 3,8735___ 4,0348__ 45,1983 __ 4,3563___4,5172____ _ 4,6761 __ 4,839 5.0000

- e e e e e *




ACCELERATION HRECORD

-9 11~

TIME
(SEC)

0.0000
«1000
«2000
+3000
04000
«5000
«6000
« 1000
+8000
«9000

1.0000

1.1000
1.2000

1.3000
1.4000
19000
1.0000
1.7000
1.8000
1.9000

2.0000

2.1000

2.,2000

2.3000

2.4000

2.5000

2.6000

2.7000

2.8000

2.%000

3.0000

3.1000

3.2000
3,3000

3,4000

3.5000

3,6000

3.,7000

3.8000

3.9000

4.,0000

4,1000

4,2000

64,3000

4.4000

4.5000

4.,6000

4. 7000

A.B000

4.9000

%.,0000

$.,1000

5.2000

$.3000

$.4000
s.sﬂﬂﬂ

Sl

56

Damping
ACCN ACCN . ACCN ACCN__ ACCN____ . ACCN ACCN ACCN
16) (9 {6) t6) (6) {9) 16) (6)
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_ _Floor_Spectra for HFBR, Equipment Level -7%
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Floor Spectra for HFBR, Equipment Level -7% Damping
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Floor Spectra for HFBR, Experiment
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.. Floor Spectra for HFBR, Experimental-Level -7% Damping
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VAMRING RAT10 = 0,000 e —__Floor Spectra_for HFBR, Experimental.Level ~7Z Damping
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Floor_Spectra_for HFBR, Experiemntal Level -7% Damping
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Floor Spectra for HFBR, Balcony -7% Damping
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Floor Spectra for HFBR, Operational Level -7% Damping
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Floor Spectra for HFBR, Operational Level -7% Dampin
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__Floor Spectra for HFER, Operational Level -7% Damping
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