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ABSTRACT 

In order to perform the dynamic analysis of various structural conipon-

ents of the HFBR reactor building at Brookhaven National Laboratory (BNL) 

subjected to seismic disturbances, it is necessary to obtain the floor re-

sponse spectra of the primary structure. The mathematical model includes 

the four floor levels of the internal structure, the dome, and soil spring 

effects. The standard time history analysis is ad~pted to obtain the re-

sponse spectrum for each floor of the internal structure. This rep.ort sum-

marizes the results both in tabular and graphical form for var'ious damping 

values. 
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INTRODUCTION 

During a seismic event the .foundation mat of the reactor building will 

be displaced by the ground motion. Since this motion is relatively rapid, it 

will cause deformations throughout the· structure. Depending·'on the structure, 

large relative ·~tions could be induced· because of the differential movements 

between the supports and masses of the structure. In order to survive these 

earthq~ake motions, both the parent structure and the structural components 

attached to it must be designed to withstand these deformations. 

The Brookhaven HFBR Reactor Building structure consists of an internal 

structure completely surrounded by a steel dome. Both structures are sup~orted 

on the same floor mat. The internal structure has four floor levels: The 

equipment level, the experimental. level, the balcony level, 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 internal structure corresponding to seismic excitations of the 

ground. The work was divided into three separate phases: selection of 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 
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1 
been done 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 transit horizontal ground acceleration of 0.2 g. Also, the opera­

tion basis earthquake (OBE) concept was not applicable to this plant. 

In order to establish the design spectra to the ground motion at the 

Brookhaven facility, Newmark and Hall also recommended other parameters neces-

sary for the calculations. Since the plant operates at a low pressure and 

. 0 temperature, 200 psi and 120-140 F respectively, a cumulative probability level 

of 70 percent was specified instead of 84.1 percent normally used. The corres­

ponding spectrum amplification factors for horizontal elastic response are 

summarized in Table 1, as recommended in the above report • 

. After a critical study of the soil characteristic for a Long Island site, 

v it was recommended that a velocity to acceleration ratio (-) of 48 in/sec/g be a 

used in the calculations. Also~ to ensure that the spectrum exhibits an ade-

quate band (frequency) width to accommodate a possible range of earthquakes, 
· ad 

it was recommended that -r be taken equal to 6.0. In the above; a, v, and d 
v 2 

are the maximum. values of. ground motion [acceleration (in/sec ) , velocity (in/ 

sec), and displacement (in)], respectively. 

In the present study the structural deformations are limited to the elas-

tic regime. Renee' a ductility factor (~) 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 inelastic defor-

mations. 

-2-
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Based on the recommended parameters, elastic design spectra for a 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 
·' 

. 1 .. 
NeWm.ark report.: Table 2 summarizes the spectrum values correspond:lng to dif-

ferent critical damping levels. For detailed calculations see Appendix I. 

For vertical excitation the recommended response spectrum was taken to be 

2/3 of that in the horizontal direction for. all frequencies. 

DEVELOPMENT OF AN ANALYTICAL MODEL 

~e analytical model used to represent the .structure under study should 

. posse_ss all the earthquake resisting element characteristics of the real struc­

ture2'3, such as, flexural rigidity of the framework, shear wall strength, etc. 

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. Both 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 internal 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 twcr.dimensional appro:xi-

mation of the model is shown in _Figure 2 (a}. The models are formed out of 

lumped mass and beam elements. Each floor of the internal structure consists 
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of several mass points connected by rigid beam elements. The total weight of 
4 . 

each floor given in the FSAR is equally distributed among the mass points re-

presenting that floor. Each floor is connected to each other via beam elements 

whose stiffnesses were calculated from the flexural deflection of the full sys­

tem model using the unit load method. Since the entire structure. is a symmetri~ 

cal .one, the total dome mass was divided into two equal parts and eaCh mass was 

connected to the ground floor mat via a beam element whose stiffness was cal-

culated in a manner similar to the internal structure. The detailed calcula-

tions of these stiffnesses are given. in Appendix II. 

Both the dome and the internal structures are fixed to the ground floor 

mat which is submerged to some extend in the soil. In order to represent the 

soil boundary conditions on the sides and at the base, equivalent elastic springs 

5 
are introduced at appropriate locations. The soil stiffness to horizontal 

motions at any depth below ground level is given by: 

where ~ = coefficient of modulus of subgrade r~ction 

= 75 lbs/in3 for this site. 

{1) 

The base resistance to translational and rotational motions is evaluated 

by treating the soil as an elastic half space. ·The translational spring stiff-

ness k and rotational spring stiffness ~e are obtained from the following 
y 

5 equations. 

32(1-v)Gr 
. 0 

k = y 7-8v 
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8Gr 
3 

k '.. o. e 3(1-v) 

where G = shear modulus of soil 
3 . 

= 12.6 x.lO psi 

v = poission ratio of soil ~ 0.3 

r = radius of raft foundation of the base • 70.S ft. 
0 

(3) 

The discreetation of the soil springs, both magnitude and distribution, 

was performed in accordance with the procedures developed by Arya, et a1.
5 

. 6 . 
There are seven vertical springs ea~ having a stiffness of 6.1 x 10 lbs/in. 

' . 

The rotational spring constant was found to be 2.91 x 10
13 

in-lb/rad. The stiff­

ness of the horizontal spring at the experimental floor is 2.7 x ioS lbs/in. 

The stiffness of the other three horizontal springs on the foundation mat from 

top to bottom were found to l>e 6.075 x lOs, 6.7S x lOs, and 4.306 x 107 lb/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.late!al· stiffness 

obtained from the sides .at this level. 

METHOD OF ANALYSES 

This part of the work consists of three spearate analyses. First, the 

design spectrum developed in the first section, Selection of Design Spectrum, 

;:.. was .used to obtain a number of ~ime bis~ories corresponding to a· random phase 

shift. The worst possible time history was then chosen for our study. The 
. 6 

Modified SIMEAR-SPECTRA Computer Code was used for the above analyses. 

Once the ground motion time history was obtained, it was u.sed as an input 

forcing function exciting the structural model developed in the second section, 
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Development of an Analytical Model. SAP V ,1 an all purpose finite element 

structural analysis code, was used for the structu"J;al analysis •. The structural 

.damping was considered to be 7 percent as per the Regulatory ~uide8 for rein-

forced concrete structures an4 the SSE. The output of this analysis provided 

time histories of each floor level. 

Further, each floor response time history was then used to develop floor 

9 / 
response spectra for various levels of damping. The SPECEQ Code was used for 

10 
these analyses~ The Regulatory Guide was followed in order to break the 

'• 

frequency scale for obtaining the corresponding maximum acceleration amplitudes. 

RESULTS 

Figure 1 shows the design spectrum of the ground motion as suggested by 

Newmark and Hall. This represents a maximum ground acceleration. of 0. 2 g. 

The worst possible time history corresponding to this design spectrum 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 spring stiffnesses are tabulated in 

Tables 4 and 5 respectively. All other pertinent data are shown 6n the figures. 

Tables 6 and 7 summarize the first ten fundamental frequencies and correspond-

ing mode shapes of the building. The first two modes 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 ~ase ground excitation. 

Each floor time history was used to develop floor response spectra for 

various damping ratios. Figures 8 through 23 show response spectra for all the 

four floor levels for 0, 2, 5, and 7 percent of critical damping. These results 
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are sUl!Diiarized in tabular fonn in Tables 8 thro_ugh 11. The digitized floor · 

time histor-ies are also included in these tables. 

These floor response spectra were used for the seismic.analysis of any 
,, 

structural compo~ents already existing or to be installed in the 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 1 were 

computed in accordance with the forego1:ng discussion as follows: 

For maximum gro\md motions·: 

a = 0.2 g 

V .;.. 48 X 0.2 
2 

d = 6 XV ·= 
a 

g = 9.6 in/sec 

6 X {9.6)
2

. 
0~2 (386)_ . = 7 •2 iii 

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

values are multiplied by the amplification factors given in Table 1. 

A ... o~:~ g x 2.41 = o.48.2 g 

V = 9.6 x 1.96 = 18.816 in/sec 

D = 7.2 x 1.69 = 12.168 in 

Similar calculations were carried out .for different aamping ratios •. 
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APFENDIX II: FLEXURAL STIFFNESS CALCULA.TIONS OF Tli:E INTERNAL AND DOME STRUCTURE 

Internal Struc~ure 

· · Referring to Figure 2.(a) , the vertical beam stiffnesses are given by the 

folloWing expressions: 

(1) 

The finite element model of the internal structure was further subjected 

to unit loads at its respective floors, and.the stiffnesses calculatiOns are 

9 
kll = 0.52 X 10 lb/in 

9 I . k12 = k21 = .0067 ~ 10 lb in 
. 9 

kl3 = k31 = -.072 X 10 lb/in 

9 k22 = .0138 X 10 lb/in 

9 k
23 

= k32 = -.0083 X 10 lb/in 

k
33 

= • 396 X 109 lb/fu 

(2) 



Assuming: 

E = 30 X 10
6 

psi 

11 = 268 in 

12 "" 336 in 

13 .. 156 in 

The only unknowns, I 1, I 2 , and I 3 are calculated from (1) and (2). Since six 

equations exist. for ~hree unknown~, the final and error attempt was adopted 

t~ ~ateh the best set of I's.· The final result yields to: 

. 6 4 
Il = 7. 34 X 10 in . 

6 4 
I = 2.30 x 10 in 

2 

I
3 

= 4.41 x 10
4 

in
4 

Dome Structure 

The center of gravity of this stru~~ure was calculated to be at a height 

of 665 in from the floor mat. The stiffness of the vertical beam connecting 

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

They are given as: 

With: 

E = 30 X 10 
6 

psi 

1 = 665 in 
8 4 

I was found to be equal to 1.02 x 10 in • 
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k4 =4.306 X 107 .,..,. 

MATHEMATICAL MODEL OF THE HFBR REACTOR BUILDING 

FIGURE 2 
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Damping 
% Critical· 

0.5 

2.0 

5.0 

\, 
10.0 

Ground 

Table 1 

Spectrum Amplification Factors for Horizontal 
Elastic Response 

Damping 70 Percentile 

% Crit~cal A v 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 

Elastic Spectrum Bounds for a Maximum Ground 
Acceleration of 0.2 g 

A v 
Max. Accel. in 'g' Max. Velocity in in/sec 

.874 30.528 

.638 23.616 

.482 18.816 

.358 15.360 

.200 9.600 

-II,27-

D 
Max. Displ. in in 

18.000 

14.472 

12.168 

10.368 

7.200 



TIM~ fUNCTION NUM~EH 

FUNCTION DE~CHIPTION 

NUMYER OF AijSCISSAE 
FUNCTION SCALE FACTOH 

TABLE 3 

. • c 11 ..... 
Seismic Time History of Ground S'Pectrum - HFBR 

c CSEIS":!IC .. TI.!'l.E .. .!1l!;l91tY __ O!_.GROUNU SPECTHU!1 ... ~ .HF~H 

• c 7511 ....... . 
• I o1000E•OH 

---- ·-·-· -· .. ··-----·--·-·-··---·--

FUNCTION . T_l~E __ V~L\.IE __ _fV~CJ JQ~ ___ tl!4~- VALUE... FUNCTION. 1P4E VALUE I' UNCTION 
TIME VALUE FUNCTION 
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8,7oooo 
8,80000 
8,90000 
9,00000 
9,10000 
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·IOo20000 
l0o30000 
10o40000 
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l0o60000 
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lloZOOOO 
llo30000 
11o40000 
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11.60000 

Table 3 (Continued) 
Seismic Time History of Ground Spectrum - HFBR 
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Table 3 (Continued) 
Seismic Time History of Ground Spectrum - HFBR 
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Table 4 

Nodal Data 
... ---· ------------------- ............... ·---· ----- ... . 

NODi 
NUMYEH 

1 
2 
3 
4 
5 
b 
1 
a 
9 

10 
11 
12 
13 
u 
15 
16 
17 
18 
19 
zo 
Zl 
22 
23 
24 
25 
.2fl 
27 
28 
29 
30 
31 
32 
31 
J• 
Ji 
36 

80UNOA~X.CONU1TION CODES NODAL POINT COOROlNATES 
X Y . z· .. XX Yy ·····-·zz------------··x··-·-·. ... ·y . ... Z T 

1 1 1. 1 1... l ______________ o.ooo _______ .-so.ooo o.ooo -o.ooo 
l 1 1 1 1 1 5o,ooo -so.ooo o.ooo -o.ooo 
1 1 1 1 .. 1 _ ... J __ _:. __ ~5.9.1!!10 _______ -":~o.ooo o.ooo -o.ooo 
1 1 1 1 1 1 aio.ooo -so,ooo o.ooo ~o.eoo 
1 1 . 1 1.. 1 1 12,o,ooo -so.ooo o.ooo -o.eoo 
1 1 1 1 · ·· 1 -----.------16So,o·oo·· ·· ······:so.ooo o.ooo -o.ono 
1 1 1 1 1. ____ 1 ______ noo.ooo__ . -so,ooo ... o.ooo -o.ooo 
1 1 1 1 - 1 1 -5o,ooo o,ooo o,ooo -o.~oo· 

~ ~ ~ ·l ... l----}~---::t~-~~------------ ~~:~~~-- ·-----·-· t~~~ =~:~~~ 
1 1 1 1 1 1 -io,ooo J2s,ooo o.ooo .o,Doo 

-o -o .... i r·· ... .--.····:.;;·c~·------ii-;ooir--·-· ii,ooo ------·-·o.ooo .;.0,·1)00 

-o -o 1 1 1 -o ~o.ooo o,ooo o.ooo -o,ooo 
-o -o 1 1 1 ·-o··-------··4so,"ooo·-······ o,ooo o.ooo -o.ooo 
-o -o 1. J ____ _t __ .~o _____ !'-~!I-• .. 9Q_Q ________ .. o. ooo . ______________ .!!, ooo .............. -I! ._ooo 
-o -o 1 1 1 -o 1zjo,ooo o,ooo o.ooo -o.ooo 
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-o 
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-o 
-o 
-o 
-o 
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-o 
-o 
-o 
-o 
-o 
-o 
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•0 
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1 1 1 -o 170o,ooo .o.ooo o.ooo -o.ooo 
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-o 
-o 
-o 
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-o 
-o 
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-o 
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.. 1.. _____ 1 ____ .. 1 ___ 1 es~t-.PJ!!... ____ o,ooo _______ s_o •. o.Qo ----------~o,ooo ............... _ _ _ _ ___ _ 
1 1 1 -o lo,ooo 6o,o~o o.ooo -o,ooo · 
: :----------1--:g 1-U~:-~gg-------:-~:gg.g -------::ggg---- -- .. --:::-~~g- -------------

----------·------· ..... 



Table 5 

ti 0 U N D A R Y E L EM E _N ~ 5 ···---·-----------········Boiiridary-Kle:irierib-·. 

ELEHlNT TYPE. a· 
NUH~EH Of ELEM~NTS D 

7 
12 

ELEMENT LOAD CASE_MUL'I:l~LJERS_. ·-------·-----------

ELEMENT 
NUHHI:.H 

l 
2 
3 
4 
5 
b 
7 
8 
9 

10 
ll 
12 

CASE(A). 
-o.oooo 

CASECIJ). -···-········C.ASEiCI. 
-o.oo~o -o.oooo 

CASEtDI 
-o.oooo 

NooE ·· · t.ioDE:s v£Frtiii-lo co"NsTRAINT oJREcnoN·--coof: -··c:our--oENEHAtioN sPEtiFIE"o 
CNI (Nl) CNJJ ... _____ (NIH •.... CNLJ. KU .· KR CODE (KNI . OJSPLACEMENT 

12.. .I ····----~o ___ ~_o ______ .o _________ 1 -o _-o ___ -o. 
13 2 -o PO -o 1 · --·:.:o·····-··-······· . -o -o. 
14 .... --·---·· 3 · -o PQ ___ __!'_g ___ 1 ______ ~_o ____________ .. ~!J .. _____ -o,_ 
15 4 -------:i) PO -o 1 -o -o -o. 
16 s ....... -:o __ ; _______ . PO ..... - •. •O 1 -o -o ... -o. 
11 6 -o ~o -o 1 -o -~ • -o, 
18 1 -o ~o -o ·1 -o -o -o. 12. · ·····-----·-·a--- ·--;o ,.o ;-o----~--:o ________ .:o ---- ..-o. 
31 . _______ 9 _________ -9 PO -o 1 -o -o ........ ~-~·---··'·· ···- _ jz 10 -o ,.o ;;;o--··· c----o··--·····-·-···-·-o -o. 
19 ... 11 ········----'!!L ___ !L. ___ :~.!> ______ . __ 1 ______ •1'_. ___ . ___ •......... -o ........... •Q•-····------
15 33 -o ro -o -o 1 -o -o. 

..... .... . .- .... ---·--·-·--·-------·---·· ...... -·~-- ·····-··---~········ 

.... - ·- .... ·- ------------------
··-·· ---· .. --------

...... ···--····-- ------~- ... ~--·--·····'"·-·-··· ....... . 

---------------------------- --······· ·-···--·--· --·· 

-----·-··-----····· ··-···· -- ··-·-··-······ 

SPECiFIED 
MOTA liON 

-o. 
-o. 

.. -o. 
-o. 
-o. 
-o. 
-o. 
-o. 
-o. 
-o. 

---o. 
-o • 

·-·~--------·-- ! .. --·--- .... io. 

SPRING 
RATE 

,6100£•07 
,6100£•07 
1 6IOOE•07 
,61"00£•07 
,6100£•07 
,6100£•07 
,6100£•07 
,4306E•08 
,6750E•06 
1 6075E•06 
,2700E•06 
1 29lOE+l4 

·-----



Table 6 

PRINT Of fHEQUlNCIES Frequencies 

1 

a 

5 

J 

8 

9 

10 . 

ClHCULAR FREUUENCY ···- ... FREQi.iENCY--PERIOD ·----·---·-·-- -············· ------- ... 
CRAD/SECI CCVCLES/SECI _____ CSECL ___ ·-· ... 

el T98E•02 .. e2BblE•Ol ____ ,_~~95~~p_!) _____ _ 

,l905E•02 e303?E•Ol ____ ,_32_~!tE•!l_O ______________ _ 

, 3398E• 02\.. , 540~E• 0 l ... -. ..•.•. l.~49E•OO _________ ... 

,4692E•02 ___ , H.~~-E•.Q)___,_l_~~~~-!l"--------------··----------------------··· .. 

.sssoE~o2 ,_f4Q~J~_~O_l __ t_U].?E•O_o,.__ __ 

, 614 2E • 02 _ . __ , 1 0! 3~ ~ 0.~ ___! 9:3~1~9E,_,.,_0,_._l ----

ell86E•O~ 

e3309E•03 

elB!l.~-g~g2 ___ ,~_?9BE,.Ol. ______ ----······--------------------·--···--·-·-----· ··--·----··· .......... . 

,526_!E• 02 _______ .._l$.9_9E;~_Ol_. _____ ... __ ....... . 

,J39_9E~O~ ......... t5.~_l_()_~!J)_L.....t_l84RE,.O_,._l ________ _ --------------------···---------- ··-···-·· ..... 

REUUIREO BLANK_ COMMO~ _f(I~ __ JHI!_ST~P• __ .:..9..;.4-'-7-

·------------------------ ---------------·-- ----····---- ----- ..... ._ .. ··-· ........... . 

OF EIGENVt:croR~ ···--·----- ------------------------------- ·-- -·--------··.··· --····:· -- .. 

-------------------------------------- ---------------

........ --- -----------------······-·------------· ----- ----"---- .. 

. .. -- · ..... -··· ..... -··-------....... ·---·--···. .. . .. . ....... _ ............ --.. - .......... . 

.. .. ··-----·-------~--

-------- ---------- ----· """····-·---·---------··--·· . 

...... . --····--------·--:- _ ... __ ... _ ---·-·· 

---- ... ----------------. ------- -·- ···-- - -. 



I 
H 
H .. 
w 
f 

Table 7 

M 0 U A L A N A L. Y_ S 1 ~--······---

MOUi NUMHER . 1 - ···------------------
FREQUENCY• 2o86\42 HZ 

EJu~NVECTOHS NORMALll~O TO A UNIT MASS MATRIX 
..... -··· ·-·· ·····-·--·-------

UlSPLACEMENTS/ROTATIONS OF UNRESTRAINED NUDES 

NOUE x- v- z- x- Y• z-
NUHIIEH TRANSLATION TRANSLATION ....... TRANSI.I' UO!(... . HOTA TION ... ROTATION . ROTATION 

12 2.415950•03 6 0 8~~090•04 Do O. Oo -8.111930•07 
u 2,41S'iso-oJ _ 6.4a9490'!'04 __ o_ .. _________ o..... . ___________ o._______ -8.111920·07. 
14 2,415~6o-o3 a.24472o-o4 o. o. o, -8.111820·07 
15 2 ,41597D-oJ ..... J. 4_szoQo.~u __ Q_. o. _______________ o_. ___________ .. ___ -8 .11167D-o7 
16 2 0 415~70-03 -3,244720•04 Oo Oo O, •8,111820•07 
17 2,415980•03 _ -6,489490-04 ___ 0._ _ ______ o .................... o. ___________ ...... -8.111930-07. 
18 2,415980•03 •6 0 8~5080•04 Oo O, Oo •8,111930•07 
19 ...... 2,9o5590-o3 _______ 6.4B?511t~o~___o _o. _________________ o,________ -8,112ooD-07 __ _ 
ZO 2,905590•03 2.02!970•04 o. o. Oo •8o11193D•07 
21 2,905590~03 ----~2 1 02!96Q~O~--~~- 0_,_ O, ________ •8ol11930•0.7 ··-·· 
22 2,905590•03 -6,489500•04 Oo 0 0 0 0 •8o112000•07 
iJ J. 914930-03 . 2. 027910-:04 ___ o •--------- 0, _. . .... o •--- ·-----·--·. .. . •8oll1980·07. 
24 3,914930•03 •2o02197U•04 Oo 0 0 Oo •8ol11R8D•07 
25 3,o7566o-o3 6,8'iSo9o-o4 o o. _______ q, _______________ -:9.~6Jo9o~or ______ _ 
zt. -3,6aea4o.::o3 _____ &.4it95fo:o4--o-. o. o. -8.1l1920·o7 
27 3,688840•03 2,021970·04 0 !;!, _______ Q. _________ ~Rol11C)00•01.__. 
as · 3.6eas4u.::oJ---~2.o2f~tb:~4 o. o. o. -R.11190D·o7 
29 · 3.6888/tU•OJ. •6,489500~.0.4 __ o, ________ o •.. "--·----------O•------------ •8,111920-:0L .. 
30 3,075690•03 -6.8'i5080·04 o, o. 0 0 -9,963110•07 
31 ...... 2,440280·03 ____ 6,8'1!l09o.~O_§_Q. o, _________ o. _________ -8.lll9JD~o7. ________ _ 
32 2,461+620•03 6,8'15090•04 O, Oo O, •8,111930•07 
34 . 2,464620•03. _____ 6,4~~50Q!'!.O~. , ________ o_, ______ ~8.1U930•.0l ...... _. __ 
35 2,464650•03 -6,489490-04 o. o. o. -8.111940•07 
36 2.464690·03 _.6,89So8o.--.o4 __ o_, .o .•. _________ o, ____________ -8.1119JO•ol-............. . 

------------------------------
---------------- -----------~-

--- ------- ...... ····-- .... 

----·------ .. -----------------------· 

---------··- - -- ··. . . - .. -- ----- .... 

. . ........... _ - .... -~ .,. .. _ ...... ,,...,,, ·---



1'1 o 0 A L A N A I. Y S I S 

Table 7 (Continued) 

Modal Analysis 
. .. ··-··--·-- -~---~--···-··-···-· ··---~-·- .. ·-·· ··-··-· ··--··- -- ··-·· ·-·-

I'IO~i NUMBlH .. 2 ... 
FHEgUENCY• 3,03181 HZ 

. . . ···-- ···-·--·· ·-· ---- ,,,._ ....... 
EJijiNVECTORS NOH~ALIZEO TO A UNIT MASS MATRIX 

NO \IE 
NUI'IYEH. 

12 
13 
14 
15 
16 
11 
18 
19 
20 
21 
22 
23 
24 
25 
2b 
27 
28 
29 

I JO 
:::: 31 
.. l2 
w l4 
Y' 35 

36 

x.:- · ·· -:.;:.;·----- z- ··x- -··- · ··-··----··· ··· v- · z-
THANSLATJoN .. TRANSLATIO~ ___ .TRAN51.AJ.lO.N -· . ROTATION __ ..... ROTATION ROTATlON 
2.9o4740-10 -2,91S2oo-o3 o, o. o, 3,232600•12 
2.904750•10 -2,91S200•03 o, -~-· ... _ ·--······ _____ 9•----·-· . 3,297540•12. 
2.9o4no;.l0 ··-2.9isi9o:oi_o_; o. o, 2,H3o2o-12 · 
2.9051Q0•10 .. -2 1 ?151~0~Q.3 _____ Q_, 9_, ______ . -·····--9·•-------··--········. 6,316720.•14 ··-
2,905270•10 -i,915190-03 o. o, o, -2,615480•12 
2.905450•10 -2,915200~03 ...... Q. _____________ o, ... o, -J,lloooo-12 
2.905450•10 -2,915200•03 O, 0, ..... 0~ ··-. •J,lC•S060·12 
2. 937~8u~ 1 o .... ~2. 91 S.2oQ.~o~ __ ct. .o .•........... _________ o_. _______ ---~1,13ss4o-11 ... 
.2.937400•10 -2,915210-03 o. o. ~ o. -5,313970-12 
2.937320•10 -2,915210•03 0 O, O, 5,501510•12 
2.937230;;.1o ·---~2.9i52oo:-o3 o, o~-------o-~-----------1.f4s3oo-11 .... 
3. 7?2610•10 -a ,9152lO-o3 .. ____ o •-----------~-- o •. ____ ........... o, ···- ___ . -···-· ...... 6,3Ho60-14 
3 0 722610•10 •2 1 915210•03 0 0 O, O, 6,317030•14 

-2.21f!650~()9 __ ~~.91~2oQ~o3____o__ o_, _____ ...:.o_, _________ 3,699!J40~12._ .......... . 
3.233630•10 -2,915200•03 o, o, o. . -9,523420-12 
3 ,233490•1 0. -2,~H 5~ 10~Q~ __ !I_, _0 •--··· _ ·-· _______ 9_, __ ···----· ... -4, S.C•15:J!>~12 .. 
3.233360•10 -2,915210•03 o. o. o, 4,629100•12 
3. 233220•1 0 _ -2, 9155200~03 ___ 0, _0 •-----------····--·0 • .. ----·-··-··---·-- 9 ,6S0960·12 
2.707950•09 -2,91 200•03 o, Oo O, -3,515170•12·--

. ~::~t~:g:a -- =~·::t~§~g;-~1~-: ~:----------~:------------- t~~~:~~:~~ ·· 
~.2616~()~~L.-~Z.CJ.15~-~()-03 o, O, O, 3.297540•12 
4.807sao-1o -a,91s2oo-o3 o. o, ·-----o-, ---------:.:;,itoooo;.iz -- ·-· 
4,768490~1 o. -2.~1520Q~o_3 __ q_, _______ o, __ .... -·· _______ o, _________ . ___ ~3.H.5o6D_-12 

··• • .~.- ---·-----.-----·-•· ••"a;,_' ··• '''*'·-~~ .. -.~--•-• ••••• • • • 

········--···-- ·---------------------

·-- ..... - ·-·-·-- -~···----------------·---·~-- .... 



Table 7 (Continued) 

H U 0 A L A N A L 't S 1 S ..... ··------------------- ---· .. ModaLAnalysis 

HOD£ NUMBER J 
fRlOUENCym So408ZZ HZ 

ElG~NVECTOHS NO~HALlZEO TO A UNIT ~ASS MATRIX 

U 1 SPLACEHENTS/HOTAT IONS Of .. UNREST-RAlNEO NUDES ___________ ---

N09£ 
'NU14i!EH 

12 
13 
14 
15 
16 
11 
18 
19 
20 
ill 
zz 
ill 
24 
25 
a& 
at . 
28 
29 

. I so 
~ 31. 
.. 32 
w '4 f 35 

36 

x- v- z- x- v~ z-
THANSLATlON THAN~LATION __ .. THAN~LATlON_ ROTATION .ROTATION ROTATION 

-1.936400-0l 3.633720•03 o. o. o. -4.274950~06 
-1.936400·03 . l.4l9•HO~Ol ...... O. ______ ~_: __________ O.. O.. •4.214950•06 
-1.936420-03 1.70~980-0l o. o. o. -4.274920•06 

.. -•· 936420-oJ. __ -9.o ~ 16.1.P~u __ . ll... 9.. ____________________ o •-------- -4 .2t4850•o6. 
-1.916430-0l -1.709980•03 o. : o. o. -4.274920~06 
-1. 936430•03 -·J. 41 ~970•03 .. ___ 0 ··-------- ---- o. .. . _. __ 0.. .. ... -4. 274950•06 
-1.936430-03 -3.633720•03 o. o. o. -4.274950-06 
-4.160580~04 __ : __ J,4199~P~o3 ____ !1 o, __________________ o, __________________ .4,274980·06. 
-4.160580•04 1.068740~03 o. o. o. -4.274980•06 
-4.160580·04 -1.0!i~H!>.~!I~ o. o. _________ q. ____________ -4,274980~06_ --··-· 
-4.160580-04 -3.419980•03 o. o. o. •4.274980•06 

l.A91610•03 1,0611740•03. __ .. _0, _____________ 0, ... . . . ....... Oo __ .......... •4,274980•06 .. 
1.891610-03 -1.068740•03 o. o. o. -4.274980~06 
2. 021780-o3 ____ l,63;H2o.-:o.3 __ o_ o, ______________ o_, _____________ -6.t87ooo·o6 . .-:. ..... 
1.981100-03 3,419980•03 o. o. o. -4.274980•06 
1.981100~03 ....... I.061!H0.~03 __ o_. Q, ___________ lt•-----------~4,274980~06 _____ . 
1 1 981100•03 -1,06d740•03 Oo 0 1 Oo -4,274980•06 
1,981too-o3. -3.41 '198o~o3 ___ o. ________ o •..•.... -------- ____ .:o. _________ .... -4.214980-o6 ........ . 
2.021760-03 -3,633720•03 o. o. o. -6,787000•06 

-1.8081SO-o3 ____ a.63372o~o3__o_ o_. _________ o_.__: ___________ .. -4.274950~o.6 ______ . 
•lo6F9910•03 a,633720•03 O. Oo Oo ··4,274960~06 
-1.679910-0J ... __ 3.41~9tll.~o.J __ o_._ o._ _____ : ____ o. __________ ~~_.274950~o6 _________ .... _ 
-1.679930-03 -3.41~970-03 o. o. o. -4.274950•06 
-l.679930-o3 __ .3,63l12D"'!.oJ __ o , _________ o ·--- _______ .. ____ o•------~----- -4.214960•o6 ___________ .. _ ... 

-------------------------------------- ------------------ ·-- ·----· 

. ---------------------
. --- -------·-------·------.. . . .. --- - ·---·--------·--·-- -.. 

. . . .... , ~ . 



I 
H 
H .. 
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•' Table 7 (Continued) 

M 0 0 A L A_ N A L Y S. 1 S ····---------------·--·------·-·· ... ModaLAn.alysis 

MOUi NUMBER 4 
FHEQUENCY• 7,46725 HZ 

EIUENIIt:CTOHS NoHMAl.iiEo TO A uNft ··MAss· i4AtRii- --- · · ·· · ··· 

OISfiLAdHENTSiHOTATIUNS oF··uijR[SfHAINEDNOOES _______ ····-·. 

NU(IE 
NUM!iEH 

12 
13 . 
14 
15 
16 
17 
18 
19 
2'0 
21 
22 
23 
6!4 
25 
6!6 
27 
28 
2.9 
30 
ll 
l2 
34 
35 

'36 

x- · ···· -- ·-y;;--·----z·:-·--···------ ···· x;;;··-- --········--···· v- z-
TRANSLATlON TRAN~LATION TRANijLATION _ ~OTATION ..... ROyATION ROTATION. 
1.034030-03 1.10~190•03 --ri.·- -- ... ---~. o. -1.297880•06 
1. 034030-03. _ .lo 0~829.~!'.0.l __ O_o. Oo .. ---···········------ .0 .. •------- ....... ~1,297A80•0ft. 
1.034040-03 5.191440•04 o.. o. o. -1.291860•06. 

~: ~ ~: ~;g:~} ·--:.~: ~~!:~~~~-!---~-: ~-:---------·-- ---:-:------- -· -----: t: ~:;::g:~: ------ . 
i.034040•03 -1-,038290-:03 ...... Oo ..... -----··--·-·····0• ...... . .. Oo.. •1,297(\80•06 ... . 
1.034040•03 •lo10J190•03 Oo Oo o. •1_,297880•06 
1. 096590•03 .. . l.o 03~291)~0] __ Q_, ~ o -----·-··---·-- _Q.o ______________ . -~ lo 297 R30~_06 ·-· .. 
1.096590-03 3.244690•04 o. o.. o. -1.297850•06 

_1. oq65~D-:03 ~ .. ~3 .• 2~-~~'!!11~!1~---"- o_,_ _ ___ c_t. ____________ ~ 1 .• 29185D-.Q~ ___ _ 
1.096590-03 -1.038290-o3 o. o.· ,~ o. -1.297830·06 

-1. 075190•02 .. 3,2H69D•04 ..... 0 •... - _________ o, .... _ ... Oo .................. •lo29T88D•06 
-1.075190·02 -3.244690•04 Oo O, 0, •l,29TA80•06 

3.498950•03 l 0 10ll9U•03 Oo O, Oo . -5,641130•06 
· -i. 3o774o-oj -·-'i.o382'9o:-o3 o. o.--------o.---------.:;i .29185o;.:c;t,· 

-1.307750•03 3,244690•04 Oo O. O, •1.29f86D•06 
-i ,jo'hso-oj ·- -~a.2••69o.;;o4---o-~--------o·~------------- o~----------- .... .:.i .z918&il..;o6-· 
-•· 301740•03 __ ~1.o3~2~D-:03_--0;o____ 0•------- _. __ .. JI •---------•lo29T850":"06 ..... - ...... 

3.4q897D•D3 •) 0 lOJ190•03 Oo O, 0 0 ·5 0 64Tl40•06 
.. I,D12~!Q~03 ....... t olQ~U!l_~O_l._!)_ _(!_.__ ______ !! •-------·- _____ •1o2~!89D~06 ____ . 

1,111900•03 lo10li9D•D3 O, o~ O, -1.291890•06 
lolli90!J-:-.Q.3 ...... l.o 0~!:!~?9~!1-~~t Q_o______ (l_o •1,291880•06 
1.111910·0:, .-1.038290•03 o. o. ---o. ~~-.29T88o~o6·-··---
l.lll92D·OJ.. .• ),1 Ol19Q~o.3_o __ • __ . ________ o.•.------ .. ___ . ______ o_. _______________ ... -1.29T89D~o6. 

______________ ._ _______________ ·····--·--------·-· 
... - ............. ------- ---------- ----------------·····-··-·····--·-····----·· --·----· ···-- --··· 

---------------------·····----------·-- .. 

--------·-----------·------ ------- ---------- . -

...... ·····---------·-·-·-·--· ..... 

. .. . . .. ---· --- -- .. ---------------------



Table 7 (Continued) 

14 0 0 A L A N A L . . 'f .. 5 LS. __ -------------------·--·- .. ModaLAna.lysis . 

HQU[ NUMUEH _ 5 . 
FHEQUENCY• Ao83276 HZ 

OJSVLACEHENTS/HOTATIONS Of UNHESTRAlNED NUDES 

NUI>E 
NUMWEH 

12 
13 
14 

. - 15 
16 
l1 
18 
19 
ao 
21 
22 
23 
a4 
25 
26 
27 
28 

1 29 
H 30 

,!'"4 31 . 
w 32 
f 34 

35 
36 

x- v- z- x- v- z-
THANSLATluN TRANSLA TIOI.'C-... TRANliLAUoN __ ... _ ROTA TlO"' . .. .. ROTATION... HOTATlON 

.. 7
0
888480•09 •l 0 92J020•08 0 0 Oo Oo 2o649670•10 

-7.48H90•09 .. -i! • 637180•08 _____ 0. ____________ 0. ______ ....... ._ ......... 0 o . ---------- 2o493660•10 
-4.235610·09 4 0 8~1290•08 o. Oo o.· 1o245530•10 

__ .. ~9.8116970~10 ___ .l o32!16Q~Oft_D... o. __________ Q. ___________ :-2o611.900~13 --
2.258220•09 4.8~0390-08 o. o. o. -1.250750•10 
s.5o5120-o9 _ -2.678970~o8 __ o, ___________ .o ................. o.______________ -2,498880·10 ... .. 
5.911110-09 -3.961420-08 o. o. o. -2,654900-10 

-1. 6B43BD-o9 __ -i!,631.210"!0_8 __ o_ .. o. _____ ............. ___ .... o,___________ -2.638080·13 .... . 
•1o6AJ010•09 ~2.6~1700•08 Oo Oo Oo •2o620850•13 
-1.691750·09 __ -2.6f!.H60_~oa~ o_._ o_, __________ -2.602410•13 ___________ . 
-1.680360-09 -2.679000•08 o. o. o. -2.584740•13 

1 0 492190•09 •2o6Si 700•08 --- Oo------------Oo.......... ...... . ..... Oo ---------- ... .. . •2o6l1780•1J . 
7.492190-09 -2,664760·08. o. o. o. •2.611780•13. 

-6. 268660~03 ___ -:J. 92~020."!.0.8 __ o_. o_. _______________ o ,.!.,_ ___________ .. 1. 8266oO-,o5 ____ .... __ 
-3.200830•09 -2.637230•08 o. Oo Do -2,622680•1j 

.. •lo 20083D·OL -~2 ,6?1 .. 1..9!l..!:O~--!l Q_. ___________ o, ___________ ~2o616C)50~13 ___ ... _ .. 
-3.200830•09 -2.664760·08 o. · o. Do •2o606420•13 
-3.200830-o9 .. -2.679o2o~oa __ o. _______ o. _________________ o, ______ ........ -2.600570•13 

6.268&60•03 -a.961420•08 o. o. o. •1.826600·05 
-1.66•o9~~of'l .. -~J.9~39_2Q~-· o_~ ______ Q, ___ .______ 2,14~92o'!1o ... 
-2.561190-08 -3.923020·08 o. o. o, 2,835430•10 
-2. 2444oo":"os ___ -e.6~!l9.Q~O!t_Jl, o_. _________ o_, ____ 2,4'1.365!>.~10 _____________ _ 

2.049800•08 -8,678980•08 o. o. o. -2,498880·10 
2. 36659o-o8 ___ -3,96!42o .... _o_8 __ o_,_ -•-- ...... __________ o_, ______________ -2,B4066D·to ... _ 

...... ----------------------------------------------- -----· .... -------·--

-------------------------------

--------.--------------------
--------- ------------- ---------------- ·--------------------------------- ---· 

•-, 
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Table 7 (Continued) 

H 0 0 A L A N A L Y S 1 S 

MODE NUHSER 
FREQUENCY• 

fl ........ - .. -·-·-·· ... --· ---
9o20JlS HZ 

• 0 ·-·-.. -··· ·--- ·--~· •• ··-· 

E1U(NVECTORS NORMALIZED TO A UNIT MASS MATRIX 
. . . . ..... -· -·---------------·· ····- -. ... ··-

DISPLACEHENTS/HOTAT10NS OF UNHESTRAINED NUDES 

NOllE 
NUH~EH 

12 
13 
1 ~-
15 
16 
17 
18 
19 
ao 
ill 
a2 

.Z::l 
24 
25 
2, 
ill 
28 
29 
30 
31 
32 

I 
H 
H 

34 
35 
36 .. 

w 
f. 

.. -- - -···· ... -----·-·--·-···-· -----·-····--·-··-··- ... x- v- z- x- v- z-
TRANSLATION TRAN~LATION ______ J·~~N~LATIOI';f ______ ..... R.OTATION .... HOTATION HGTATlON 
6,036070-04 -1.059700-03 o. o. o. 1.24~50•06 
6,o36oro-o• .... ~'-·c.J7FQP.~.Q-~-'- o_. ___________________ g, _____________ ..... 1,246570-06 ..... 
6,036140-04. -4,91t6950•04 o. o. o. 1o246630•Q6 
6,Q3618D·O~---- ~.o~.S.~91?::-.1.L __ o_. Q_, __________________ o._. _____ --·-··· 1.24~40•06 ............ . 
6

0
036180•04 4 0 91t6950•04 Oo Oo Oo 1o24663D•06 

&,036l40-o4 _ 9.97l700-o4 ____ o•----·-·······---o• ... . o •... _____ 1.246570•06 ·. 
6

0
036150•04 1.059700•03 Oa Oo o. 1,246550•06 

-2.682aJo-o4 .. , ,91l78o-o4 o 9.•----· _______ o_. ___________________ .t. 246r6o-o~---····--· ·-····--····· 
-2.682a2o-o4 - ~j. i i&82o.;,;o4 o. o. o. 1,Z4fi140•o6 
-2,68~8~0·0~ ----~• H~~2Q.~9..4 o. o. ___ Ch ______________ J ,24~HI>.•06 ______ ............ . 
-2,682830•04 9,9FJ780•04 o. o. O, 1a24E760-06 

. 4. 7o9o8o-o3 .. -3 .116820~o~- ___ o , ___________ o •.•.. :. ···-· .... o •. , ---···· ---·· ... . 1 ,;2461JO-o6 
4,709080•03 iJ.11b820-04 Oa o, Oo 1a24E730•06 

_ 4 • 96!~0!)~0~---~1 •. o~9.!.9Q~O_J __ Q_ 0_. _______ 1)._,_ .. ~l,40CJ230~0!$ ________ . 
•3.~79910•03 •9,973820•04 Oo Oo Oo 1o24f750•06 
:-::l.47992o·o3. __ ~~· n~~zP.~~! o_ -"-·---··--·-·-·-9·'--------·- __ 1_,24~·J•()-o6_: ____ .. 
-3.479920•03 3.116820-04 o. o. o, 1.24~740•06 
-3,<\79910~03 ···- __ ,,9 ~3820~.04 __ 0_, .0•---·-·---·-··---·0, --------·-··1,24E·TS0~06 .....•... : .... _ .......... . 
4,967900·03 1,059700•03 Oo 0 0 O, •1,409230•05 
5
5

• 662111>•0' ---~·, o~~IQQ~_O_;i __ o_ Q., __________ !)_. _____________ ..1.~4~550-:o06_ --· __ .... ·-
.288150•04 •1,059700•03 Oo 0, Oo 1,24~540•06 . ·-. 

s, 28~1 qo~Q~---~~ .• nn?Q•Q4 o .Q..,__ o, 1.24E-57D-o6 
5.2a8uo-o• 9,97l720-o4 o. o. o··. ·---·1·.24.6s7o:.;o6··-···-

s. 288230·04 .... 1. os~roo-o~ __ JI.. o.•····--······-·- .. ----~·-·----·····.-·· . ..1..24Eo54D~06 .... 

..... -- ---··-··--------------___;- ---··--·-··-·-----·- -- ····-· ----···--·--· . ····- . 

·----···---···-- ···---···- ----······· ... 

-------------··--·-··--·-----------····--·-·- . 

-----·-·-··--·---·-·--·-------·-··-····· ..... . 

. . ··-·-·-·-·--. ------·-·-·-----· 
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Table 7 (Continued)· 

H 0 0 A L A_N A l. Y. S . .l S _______ _ -- ... Modal.....Analysis ... 

HOU[ NUH.BEH .... ~ 
FREQUENCY• 10.7307 HZ 

E16LNVECT0HS NOR"AL1ZEO TO A UNIT MASS MATRIX 

u 1 s~i.Ati"HENT s/H"OTAT ioNs ·oF··· UN.HESTR_A_I_N_E_O_N_O:-u-Es·---········- ·· -- ·-···--· ·· · ··· ···· -----·- ··· 

NOLlE 
NUMIJEH 

12 
13 
14 
15 
16 
11 

. 18 
1 .. 
20 
21 
22 
23 
24 
25 
26 

x- v- z- x- v- z-
THANSLATION .. TRANlOLATION _____ TRAN~LA.:U.ON_._ •.... ROTATION .. fiOTA.TlON ROTATION 
6.704320-04 2.3~,030·03 o. o. o. -2.805770•06 
6.7o4321.h·04 . 2.2H140·03. __ o_. ____ , _____ o •......... _. . .. - .o.... .. . •. -2.B05710~o6 _:_ 
6.704420-04 1,122390•03 Oo Oo Oo •2o805A30•06 

. 6.7o4Ho-o• ..... 9. 86li+3Q!'l2_o_ o •-----·-····-· _____ o_._ ____________ .. -2. 8o5a20•o6 
6.704460-04 -1.122390•03 o. o. o. -2.805830~06 
6.704400-04 .. -£.244140•03._.0. ________ ..... o •........ - .. .. o....... ........ .. -2.805710•06 
6.704400•04 -2,3H5030•03 O, O. Oo -2.805770•06 

. 1.ll55oo-o3 .2.24H5o'!03_o. ,o. ________________ o. ______ ...... -2.805860·06. 
1.115510·03 7~014920·04 o. o. o. -2.805910•06 
l.1155lQ~03 ____ .~oOl~92Q~OL_O..o !!o ____________ Q., ____ ......... - .. ~2,805910~_06 ____ ··-··· 
1.115500·03 -2.244750•03 o. o. o. -2.805860•06 
2 .949300-o3 ... 1. 014910"!'04 .. -.o • _______ .:...o •.... ··- ··--·---·-·o •··--········ ..... -2.805960·06 ... 
2.949300•03 -7.014910•04 Oo Oo o. -2.805960•06 

.•Toit9ZHQ~o~ ___ e,31:150~Q~!!.~~ QL_ _________ Q, ________________ -, ,47A35!l~06 ...... . 
-5.438150•03 i.244750•03 o. o. o. -2.805870•06 

... -5. 438170~03_ --·'. 0 1~.9.1Q~!I_L___i_ _() ._ !!.. ---~2 ,80591!>~06 ___ - ·---- . 
-5.438170-03. -?,014910·04 o. o. o. -2,805910•06 

. -5.438150-03 ...• a ,24H50"!'03_o. ___ o •···---· ________ o ·-----···---·2.805870·o6 .... ··········-
-7.492710-o4 -2,3H5040•03 O, Oo O, 7,478350•06 

___ 7.5it605D·o• .... i!,31!S0.3Q'!03 o. O_, ___________ Q_.__ ___ ...... -2.805760~06 ...... --·· 
8.387770•04 2,3d5030·03 O, 0, 0 0 -2.805760•06 

. 27 
28 
a9 
30 
31 
32 
l4. 
35 
l6 

.. 8. 397150-04 .... __ e. 2H.HP_~0.3-.D.o 0._. ________ 0.. ____ "!'2 • 80S.H0-:06. ····-·····-··· .... 
8.387630·04 -2.244740·03 o. o. o. -2.805770•06 

... 8. 387&60·04 .. -2.31!~o3D.'!'Ol __ o.. o_ •. __________ o. __________ .. •2.805760.~o6 __ ·-·· ... 

.. -·····-··-----'--------- --- --·· --·. -····-·. . ..... ·····---· .... 

------------·-···---------······------·-····-····---··--

.... ····-·-··--------- ... ·-··· ·-· ..... '"'""'' .. -··-·--·-···--. --· .... - ... 

.... .. -. ·-·· ····-------------····--·-·-··· ···-···--···--· --·· 
--· ... ·-· ·-- ..... -·· ........ ··-·---------

···········-·-····-------

.. ·---! ... 

·. 
--- --···-- ·--

·- M- ·-·- ------- '' - ·- ~--·-'·· ---- --·-··- ·---------
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H 0 D A L A N A t. Y S s 

Table 7 (Continued) 

Modal Analysis 

MOO£ NUI-I~ER 8 
FHEUUENCYQ 18,B75l HZ 

EJ~iNVECTOHS NORMALiZED TO A UNIT t-IASi~Aj~ji 

UJ S~LACEMEN rstHOTA TJ UNS OF u·NRESTR.A i;;iEDNi.mfi-· .: .. 

NODE 
NUMUEH 

12 . 
13 
14 
15 
16 
17 
lA 
19 
zo 
21 
22 
23 
24. 
as 
26 
27 
28 

I Z9 
H 30 
H ll 
~ 32 
.. 34 

35 
36 

x- v- z- x- v- z-
TRANSLATION TRANSLATION lRAN6LATION . ROTATION HOTATlON ROTATION 

-2.402bOO•Ol · :_l,16i880•03 ........ O, ............ O, O, 1,373630•06 
~2.402600-03 -1.099200-03 o. ____ «!•....... ___ ~).. ______ -· 1,313&30•06 
-2,4027oo-o3 ··:.5,4'l&4ib:;.o·4--ci-~ o. o, 1.jne1D·o6 
-2,4o274o-.o~ .. -s.z~310D~ll __ o_,_ _!)_, _____ ..... o. 1,373860-o6 
-2. 4021lO-o3 s, 4 '1641 o-o4 o. , o. · .,. .. -----0 ~ .. ------- .. -· 1. 3738l o-o6 
-2,402630.-03 1,099200•03 .... 0.:, ______ . ____ .. o. ' o, ... 1o37J630•06 
-2,402630-03 1,167880•03 o. o. o. J,37J630-06 
3, 945710•03 ... ~1, Oc;J9210~03 __ 0 .. t Q_.___ .. ___ .......... _ .... _ .. O '---- ---· ........... J,3rJ79D•06. 
3,945900-03 -3,435190-04 o. o, o. . 1,373930•06 
3, 9459QO~Q~ .. -~•43!;19Q~I,I~ __ O_ !)_, ______ ....... ____ 0 .. •.--- _____ 1,37~930::-0(I ...... 
3,945770•03 lo099Zl0•03 Oo O, Oo 1,373790~06 

-2. OAB9l0-04 -3,435180-04 ··-· 0 ·-·------ .. ·-··-·-··-. 0. . o ... -. ..... ' . 1,374'080•06 .. 
-z.on897o-o4 J,435Jeo-o• o. o. o. J,37,o80·o6 
-z.JJ11eso-o~ .. - ~•·•6789Q~oJ __ o_, p_, __ .. ___ _:_ ____ o. _______ .. -t.59i!S90·o& ____ ... 
.. R,432790•04 -1,099220•03 Oo O, O, 1,37,040•06 
.. 8, 432910•04 -3,435150-04 o, .!)_, ___________________ !)_ ... ____ .......... ) ,J!U40•ci6 ....... . 
-R.•j291o:.o4 .. ·· 3.435l&o:-o4-o.- o. o, t,37ilo4o~o6 
.. s, 4327?0-04 ..... 1. 099220~03 ___ o_, __ (l, _____________ o , ___ .:_ ______ ... ... -.. .J ,37~040•06 ...... 
-2,1111880-03 1,167890•03 o. o. o. -1,592610-06 
·2 • 443811>':"03 .. ~J ol f,l ~!U:~~-~-~3 ___ 1!.'- 0 ~--------------· 9_, __________ ......... lo3'r363D•o6. ___ .. 
•2,485020•03 -1,167880•03 O, O, O, l,~T3630•06 
-2,4R4970-03 -1,09'1200•03 o, o •. :_ .. _______ !t, ______ l.~Tl(IOI>.~I!~ ... __ 
-2,4ssoori-OJ ·i.o99ioo·~o3--o-. o. o. J,J136oo-o6 
-2. 4a5uso-oJ 1,1tt 788D~o3 __ o. __ o •--- ... ...... .. .... __ o. -···---- ____ .......... l.l136JO~o6 .. .. 

------------·---.. -----------· ___ .. _,. __________ ............. . 

.... . --................ ---·------

.. ··-·-.. ---~- ----------.......... '. - --

. ·-- ···-··-------·-----·-. ·-···--··-· .. 
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Table 7 (Continued) 

H 0 0 A L A N A L Y S ~ S .. Modal-·.Aiialys is 
MODE NUHUEil 9 
FREguENCym 52.6668 HZ 

-· ..... 
EIGENVECTORS NORHALlllO TO A UNIT MASS HATRIK 

.... --···-------··· 
DJSPLACEHENTS/HOTAJJONS OF UNRESTRAINED NUDES 

NOll f. ·K- v- z- x- v- z-
T~ANSLATlON . THANSLATlON .... TRAN~ijLATION .. ROTATION .ROTAT lON ROTATION 

.7,41oeoo-o7 -4,244060-07 o. ·o. o, 2.82216D·o9 
-t..•Hs72o;.o7 -!.8144ro~_ol .. _.o. _____________ o. .. . . .. o, 2,656o5o-o9 

NUHWt:H 
12 
l3 
1• 
15 
16 
l1 
18 
19 
20 
21 
i2 
23 
a• 
as. 
26 
21 .. 

-3.494560•07 S,OY5880•07 Oo 0, O, 1,326820•09 
... -1.27 3860•09 --··. y. 7~5700~0 'l.__O. 0.•--··-·---·-· ........... 0 ··--·-·-····. -2 ,898900~12 .. . 

3,469090•07 5,012650•07 Oo 0, 0, •1ol3261D•09 

28 
i9 
30 
31 
92 
l4 
35 
36 

6.950260·07 .. -2,920900·01. ___ o_, ______ -··-···········o... .. . . ... ···-···· o. ... .. ..... -2.661830•09 
7.365340·07 -4,2Y3380•07 o, 0, O, •2.827950•09 

.. -9.144940-12 .... ~~.81Ssoo~o1. __ o_._ .. o•·-··-···--·······--···:o. ___ .. _ .-3,289720·12 
2,137200•11 -!,8Y4830•07 O. Oo O, •3,078070•12 
4,911010•11 ... -2,90~34Q.~.o:r __ O_ 0_, _________ 0, ______ ........ •Z.726500·1Z. 
7,9h0990•11 .2,921940•07 Oo O, O, •2,514560•12 
1,524510•12 -1!,8~~800•01.-.. 0o ... ____ o, ............ Oo ·········-···· .. •0!,902890•12 
lo5Z4520•12 -2,909320•07 o. 0, O, •2,902890•12 

-1. 889480•02 .. -~.ZH20Q~.O'l__.O. 0.•---·--···-·----·0•---··· ··-······ •6,060080•06 ·-····· .. 
-2.780700•11 -1!,875950•07 o. o. o. -3.199370"•12 
-2. 180980•11 ..... •2 .e~~.730!!'.07_1lo o •---···-·-···-·····-··0._ _______ ·-·- .•3. 043860"!12 ·--··· 
•2o7Bl010•11 •2,909240•07 Oo O, 0 0 •2.760920•12 
-z. 780780:-11 -2,922380•07 ... -.o•---·--·-·-···-·o• ·······-·· ...... __ o •.. -·······--· ....... -2.605190·12 ... . 

1.889470•02 -4.2~3530•07 o. o. o. 6.060020•06 
.. ~e. 950730·07 ... -~.24~o.1Q.'!!.o.r__o o_._ ____________ o.•--·-·-· --·-····-2,917920~09 -·-···· ..... 
-1.051820•06 -4.244070-07 o. o. o. 3.005840-09 
-e. 5692~o~or. .... -e. e.n.66!>.~0J:-· _o.. o_. ______ ...:_ ____ o ,_. ___ .. ___ ... ____ 2. 6s6o4o~.o9. -··· . 

8,547270•07 -2,921090•07 0 1 0, Oi -2,661830•09 
1. 04962o-o6 .. -~, 2'~Hoo~o:r-o.... .o .•... _ ........ ·-···-- ...... o. ·-·· ··--········ .. -3. o 11620~09 .......... . 

----------- ... -···-···- -··--· ---· ······-

·. . . 



,• 

Table 7 (Continued) 

tot 0 0 A L A N A L Y S 1 S Modal Analysis 

110I>i NUM~ER 10 
FREQUENCY= 54.1029 HZ 

E1G~NVECTOHS NOHHALIZEO TO A UNIT ~ASS··~ATH1X 

01 ~~LAcEMEN rstHOTA'i ioNs oF· uNHE:srt:CA"iN"E:o ··t.iuoE's··--· ---· · 

NODE 
NUMIJEH 

12 
ll 
14 
15 
16 
17 
18 
19 
ao 
21 
22 
il 
Z4 
25 
26 
27 
ZH 

1 29 
H 30 
,.H 31 
::-- 32 
~ 34 

35 
~6 

x- v- z- x- v- z-
THANSLATION TRAN~LATlON .. TRAN~L~TION... HOTATION. ROTATION ROTATION 
8

0
q1H65D•04 ~.zot600•04 Oo Oo Oo •6o098950•07 

8
0
919090-04 .,897560~04 ____ 0.o... ..Oo.. ....... .. ....... Oo.. ....... . -6,100650•07 .· 

e.921aoo-o4 e,450940-o4 o.· o. o. -6,111630-o7 
8.q?.27JO-o4 . 1.615020~1l .. _Q_, o.......... .o ..... -........ -6.11'5540•07 
8.921860-04 -2.4~0940•04 o. o. 0~ -6,1li630~07 
8,'H9190•04 -~.897560•04 _, .. o ............... _ ......... o.. O, . •6,100660•07 
8.916760-04 -5.202600•04 o. o. o. -6.098950-07 

.7
0
247640-05 4,898220•04 O, .. !lo._ ... _... ,_.1!•.-·-·- ... •6,122140•07 

-7.24953o-o5 · · 1,sJ1oao~oit-o-. o. o. -6.122730-o7 
.1, 249530•05 .. 1,531080•04 o. 0 ,_ .. _ .. ________ _It~---- ... · .. --.~6,1~2!30-0'L ..... 
.7.247!)4o-os ... .._4,8982zo:·o4-o. o. o. -6.122140-o7 
. 9.11242o-o-r. 1.sJ1o7o-o~ ____ o •.. ____ ...... - .... o... ..... .. ..... o .................. -6,124joo-o7 

9
0
112420•07 -1,531080•04 o, O. Oo -6.124300•07 

~~~ 836750~02 _____ !;\_, 21!~!~P.~.o~ __ q_, .O.o ______ .. ___ ... o... . ____ .. -5 ,1;162440~06 ..... 
-3.633350-06 •• 898450•04 o. o. o. .-6,122900-07 
-3,633680-06 1.531040-04 o. o, o. -6,123150•07 -l. 63368o-o6 · .. :1. s3i o4·o.:ot.--ii·.----------o. __ .. ___ .. -... -_ .. ___ o ·.-·--- __ ..... · -· -6.t2315o-o7 

-3,63J350-o6 .... -• •. a9H45o .. -o4 __ o, ___ .. o ._ .. _ ... _ ... _ ...... _.o ··-·-·" ..... _ ..... -6.l229oo~o7 ........... .. 
-1.~36770•02 -5.20Z78D•04 Oo O, Oo •5,8f250D•06 

... 9,100900•04 ...... S.2.1!.?61Q~O~--· 0_, ~-•-----·'------Q.e ... - ... ----····-· -~,o.~:Y~6D•OL ... _ 
9.283130-04 . 5.202620•04 o. o. o. -6,097050•07 
~. 285o4Q·o~ ..... ~. 8~!6~P.~O!_:_.!t.• o_.__..:,_ _ __ Q.. --------~.1 a.o600.~or _ .. _ ....... . 
9.285150·04 -4,897680•04 Oo Oo . O, ·6 0 100600•07 
9,28J250-o4 ... -s.zoz~zo~.o4 __ o .• ___________ o ..... -............ _ .. o •. ________ . . -6,0.~'106D~o7 

----·----·-·--" ------·--· -·· 

L. o -=a,...----- --------·-·------·-·-- ............ --- --·- -.. ·--· ·--- .... . 

E1GENSOLUT1DN.• 
PM1NTINO a 

.68 ..... __ •••·-··-------.. ·---·· boo• •••• 0 •••M-00•4•··-·· ..... __ .:_ ..... •• •••••••••• 

. • O'L-·--··------· 

---·-------·----... - ... _._ ... 



Table 8 

SPt:Ct"Y Floor Spectra for HFBR. Equipment Level -7% Damping 

2 fLOOW ~Pt:CTHA FUH HfijH. C 2•0 I MOUEL- lUUIP~ENT l[Vll •1 PCT UAHP 

NUM~EH OF O~MPlNG VALUES . c 4 
NUM~E~ OF O'ITI'UT PEIUUD CA~US a 5 

NUHYEH UF Ar.CELEHATION VALUES • 1499 
INH.HVAL Of l>IGlTIZATION • ........... oO.l.OO .... -----·-···----------------

ACCELEHATION SCALE ~ACTOR .. --•- ______ l,O.OO.Ofl _________ ------·.-----.......... -

.. ---- -· ------ ---------------····· .. - --·---·---------------· --------····- ··-
INPUT FORHAf '" 

---------------------------------- ... ····-·· ... --···--· ----------····--. --------- .. 

. --·-··· ··-- -. -··· --------------------- ............ -----. ····--·- -- . ------ '------ ·--·-. ' .. 

DAMPING VALIIES (FHACTIO~ ~F- l;~_l_T_l_~l,.) ____ .. _______________ .. __ ----· .. · .......... ·_ .. _________________ . ···- ........ __ . 

I 
H 
H .. 
Jl-

o.ooo 
,020 
,050 
• 1170 

------------------------------------ ----- .. 

---- ......... _______ .. _______________________________ ·---··--·--·-·----· ----- ........ . 

t --·····------·------------------------------·----------------------------·~---·-··-· 

. PEHLOO VALUF.S _ _tSE.CQ~Q.SL, ______________ _ 

o0323 
.o6Jo 
,1011 .i4ei ..... 

----·--··-----------·--· ----- -----·- ... ____________ ...... 

.osn 

.0940 
.. ollftS 

.1942 

oOZ9~ 
.0603 
,0978 
.1423 
.zooo . . . - -- ..... ------------------·--------.,------ ..... ---- .. _ .. ______ ·-------- .. ___________ ... _ .... 

'• 

~--, 



Table 8 (Continued) 

SPECEW ........ _____ Floor Spectra for BFBR, Equipment- ·Level- -7% Damping 

. ·--· ........... ~--· -·-4·-~ ·--
0 ....... o .. c ....... o o o .. o • • • o. u. ··• • • • ;·;·.;;; ;· 8 ···• ;·' ;-.;· ~ •• ~ ;;-.;·;;. oo. o o o •• o. o. o. o oo o. 
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OA~~lNu RAllO • 0,000 _Floor Spec~ra for HFBR, Equipment Level -7% Damping 
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DAMPING HAtlO ~ OoOOO_ ____ . Floor_ Spectra .for. HFBR,. Equipment -Level -7% Damp in~ 
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OAM~iNij RATIO = o020 --·------ __ f.l.Q9_J;:_J)p~_c,tJ;a __ {Qr .. JJ.FBR, Equipment Level -7%. Damping 

I 
-H 
H .. 
"" ... 

o029 
o032 
o035 
.038 
o04l. 
o04S 
o048 
o050 
o05S 
.usa 
o060 
o063 
oOf>T 
o01l 
• 075 
o019 

... 08ii! _ 
.086 
o090 
o094 
o098 
o1 02 . 
tl 06 . 
o109 
o113 
ol17 
ol2l 
o12S 

. elll ... 
o131 
o'142 
o14A 
o154 
~160 
o165 
ol11 
o17T 
o183 
ol88 

. ol94 
.• zoo. 

PSEUDO 
oi sPLAcEMENr --·-··· --· ··--·-vEL:oc·i tv ·--·--·--·--··AccELEHA·fiON-··-···· ·- --- ----··--· ··vELoci Tv---·-· 

SDCfTI .. ·----·-· ..... SvtFl/SlCI ...... ---· SACGI .... , ... _. __ SO•WCFT/SEC) . 

PSEUDO . 
ACCELENATION 

SoowoozcGI 

1 .. 

•.0004 _________ .oQ443 _________________ .... _ o5426. ---·---.. --------------- ··tQ;B,P... •o5424 
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Table 8 (Continued) 

,ozo ... _ ..... _ Fl_9_or J;ip~~1;r~ ___ fQJ"_ HFBR, Equ!pment Level -7% Damping 

.•. PSEUDO __ _ 
DISPLACEMENT .. ··vti.OciTV·----····· ACCELERATION VELOCITY 

SO eft I ········-- ·····- SV. tFT /SE.C I -··· _ . . .... SA iGI ............. SD•W eFT /SEC I 

PSEUDO 
ACCELERATION 

SD•IJI .. ZeGI 
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0335 ... ---····· o8966 .... ---···· -1,0220. 1.0511 1o0255 
~.oJ02 .7921 .8848 -.9279 -.8845 

.oJ24 ... ,8394. -,9034. .9113 .9oso 

.o368 .9237 .• ,9875 1,0800 .9841 

.o3?o..... ,9199 -.9985 .1.11111 ,9973 

.0412 .9205 -1.0098 1.1583- 1.0109 
0449 ,9885 -1.0568 ______ .. 1.2364 1.0568 
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.o653 -.7691 -.1205 ,5028 .1201 
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.. ·----- -·. o~36 -.5~~L---- ____ :: .•. o2o6 .169o ___________________ • o2o4 
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:-:~:~:-·----------:~:~~-----~-- -·:·~-:~~ ------------~: :~:: .. .. ::~~;! 
·- .. ·.93.~3.. - ··-~~s.~ ·-··---~-· C!!.l~l .1 036 ····--·- ......... - • 00119 
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..• s2···-·-------- .5535 _________ ..••.. :: .• 011~6---~····----··--··· 0831. . ...• oo63 
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•• 
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. -· ........... __ .!;5 9 ~ .oo45 -.o969 • • 0045 
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.050 .. Flo.or. Spectra .. for HFBR, Equipment Level -7% Damping 
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•• 0 004 . ---·· ---·---- ------ • 0319 .. - .. ..... . . .. • 5612 .. - .'0846 -. 5612 
... ooos o0499 .5604 -.·o926 -.5590 
... 0 0 06 .. ---·------ ···----- ·---~. 0 768 -··· • 6339 ...... . ......... -.1143 -. 6325 
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Table 9 {Continued) 
Floor Spectra for BFBR, Experimental Level -7% Damping 
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JoiEHlOD 

o029 
o032 
.035 
.038 

.. o041 
o045 
o048 
.oso 
o05S 
oOSA 
,060-
o063 
o067 
o071 
o075. 

.. o079 

......• 082 
,QR6 
o090 
o094 
o098 
ol02 

I .. o1 06 
:::: o109 

.. oll3. 
~ ol17 
J. ol21 

o125 
.. o131 

o137 
o142 
·,148 
.154 
ol60 
.165· 
olll 
• 171 
o1R3 
.188 
.194 . 
• zoo 

PSEUDO 'oisPLACEt4ENT: ··-··-·-···- --- ·-- VELOC"itv ___________ . ACCELERATioN ----·--- ······:·····. vil.ocnv 
_____ .SDCFTI ···--·---- _ SYif.TISEC) --------····· .. SACGI -- ·-- .SI)•WCf.T/SECI .. 

PSEUOO 
'ACCELERATION 

SD•W .. 2CGI 

• 0 oous ... ---··------ ---···--·· ..• 0368 .... ----- ···--- .... • 7614 ............... ' ........ - ··-· --.1154 -. 7656 
.. ,0001 .0487 .7672 -,1271- -.7675 
~ 0 00118 _________ ......... ·- ---~• 0_766. ·----- -·-··· ... . . o 8283 .. _ ... _ ·-··------- !" ,1496.. • oll279 
•,0012 -.1082 -~~40 -.1939 -.9911 
... oou --.-- ··--·· ... ___ - .•. 1250 ·····----··--- . ,9991 ---·-· . .... . . -.2092. -.9930 
•.0014 -.1l87 .8362 -.1923 -.8338 
... 0013 .. ----·----------- -----• 1184 ________ .. __ .... --· .. 0 6826 ______ ............... - ... ~.1660 . -. 6817 
... no15 ,o957 ,7524 -,1926 -.7517 
... 0020 -- ........ -- ----------• 1214 . . .............. ,f1232- -----·--·-· . ·----- ~. 2314 . -0 8210 
•,0022 o1260 ,7976 •o235S •o7968 
... 00~3 ..... ---- -"'------~-·.1485 ------- ····-·- __________ ,1871 -· ---- ~.24:35._.____ -. 7875 
... oo27 ,13?.7 ,8488 •.2732 •o8463 
•,0034 ...... -- -----·-----•J.4.~6 _____ .. ____ .... , .. __ ,9440_ --------------- -~·3220 -.9379 
•,0036 -.1605 ,8815 -.3207 -.8832 
•,0037 -.1714 ,8075 -,3079 -.8043 ..ou37 ------- .-.177o _______________ • T34·9---.. ----------:.2953'-- -. 7336 

,0038 ~.1836 _______ ·------~·687.9...:_ __ ,. ______ ... 2907 ____ ..... .. ...... 6884 
•.0040 -,1630 ,6534 -~2888 -.6533 

....... _ .,oo~7 ______ .. _______ -_,_l_552 ___ . ____________ .T.OJ2 _________ ~.3257 _.. __ -.7052 
.. ,oo56 -.1993 ,7803 -.3749 ... 7787 

·------ __ .. ,01!61__ - •. ?.~Cl2 __________ , __ ?fiU ~,3913................ ~.1~01 ....... 
.. ,0065 -.2739 ,7800 .. ,4043 ... 7761 

-·---·-·- •,oo:n ~ •. 3llz_ ________ ,8495 ~,4Sl2 _____ ------·- ~.8456 ....... .. 
•,0089 -.3128 ,9088 •,5092 -.9085 

.... ______ .. ,oo~o. _________ ,J126. _________ ~ __ ,8599 _______ --,4976. __________ .... ~.8578 -· .... 
•,0092 . -,3266 ,8232 -,4916 -·8195 

... •.oo.n __ -. .•.. 312! _____ .. _____ ,!J1~'L---------~-·5o59 --·-----·-·- ......... -..8166 
•.o1o5 -.3516 ,8265 -,5263 -.8215 
.... 0112201 .. ,_38~.5. ______ ,866!L. -~-·5786 _____ ------- ..... -..8633 
•.o -,3883· ,7993 .. ,5584 -,798 1 

..... __ ·-- •.o~-~3-------~~1~.4 -·---··-·-~3\l\ -~·6763 _____ .. ___ _ ___ -.921J _ 
.. ,0166 -.5088 ,9268 -.7025 . -.9257 

--------::g-t~~- -=~~u ::a: ~:-J!:~ ---------- ---· ---:::~~j ---· 
-~.o~~·--------- .. -------·"3.1L ______________ .. l.0031 .. ___________ ~.a~94.. .-1.0022. 
•,0255 o1501 1,0692 •,9343 •1o0652 ...... 
,oJ~O ______________ .• ~41_~--- ___ ...... .. ~-.17~~---- .... _____ _1_,0671._.. 1ol768 
,0365 1o0103 •1,3482 1,2550 1,3404 

:g:~~ -----------------~·!H~:------ -------:1 :n~~----------- -1 ::u:----· ~ ::~~~ 
..• 0~~! __ --------~1' 1~_f!_3 _______ - -------~-1. 3_3~J _____________ .. 1 .• 3_734 .... ..-3399 



J' .1>-- Table 11 (Continued) 

UAMPlNG RAllO _s 0 050 _ .... .F1ooL.Spectra .. £~ .. HFBR, .. Operati()nal---Level----7% Damping. 

PEHIOU 

.zoo 

.zos 
,209 
.• 214 
.219 
o224 
• 228 
.233 
• 238 
,242 

_,247 
.252 
.257 
,261 
o2fl6 
o2T7 
o288 
o29B 
,309 
.319 
,333 
.494 

I o6SS 
H o816 
H .~17 
~1.138. 
.«( 1.299 
· 1o460 

1 • &2 0 
i .-7&1 
1o942 
2ol03 
2,264 
2.425 
2,586 
2.747 
2e908 
3,069 
3,230 
3e39l 
3,552 
3,713 
3,873 
4e034 
4,195 
4,356 
4o517 
4o678 
4,839 
s.ooo 

.,SEUt>O 
·oisPLA~EHENT ··- --- ----- .. VELOCitV·---------ACcELERAt i'oN··----·--·· -·····----·-vELociTY 

. 90CFTL. ______ .... , •. SY .• f:.TISECJ.._ .. __ ... -.-· _ . ,SAIG) .... _____ SOO.WCFT/SEC) 

PSEUDO 
ACCELE~ATION 

so•w .. 2 CG) 

, o4~L----------~-1.16~3~-----·------ ........ -1.3357. _ -~---·-··------- _ 1. 3734 1.3399 
,0451 -1.1042 -1.3162 1,3849 1.3201 

_,OS,11. _ ·-----~-------~-'-~2JO _________ ·-·------~.1,4~12 ... __ ----------·. _ 1,5341 .. le4tt93 
,oS65 1.2990 -1.5071 1.6573 1.s1o1 

.• o~oa _____________ ._1.36513 .. _ .......... _ ... -1.5673 -····---····------ __ 1. 7466 1.5572 
,Ob49 -1.4734 •1.5912 1.8246 lo5924 
.o6~f) ________________ -_t.~J?~--____ . _________ ~1.~273 ____________ 1,8948 1.6195 . 
.o122 -1.6669 -1~6358 1,9469 _ . .1.6304 

.... 01~~------- -1_,_1?1,1_1 __________ ~~-.~~I;!!L ___________ 1,9811 _ .. _ .... _ 1.6261 .. 
~.0797 -1.8134 . 1,6660 -2.0651 -1.6622 

_________ ... o~f:t4 _____________ ~li92~o .. _______________ .. __ 1. 7453 _____ , ________ '!"2 .• 1 ~~3 ...... . .... -1.7340 
.. ,0921 -1.9879 - 1.7896 -2.2978 -1.7802 

.. !eO'l~?. _______ -~-1.9!;ll __ ~---------- ... J.152ft .. _________ :_ _____ ~?..30H_ .... _ _ •io75~0 
~.oYJ4 1,9023 1.6875 -2.2448 -1.6764 

... -"'•~938 ----- ___ !':l•-~5~1 ___ __: ________ ..... h.~-~9?. ___________ ·_~.~16~ ...... _ ----~_1,62SR 
... 1211 2.4183 1.9369 -2.1476 -1.9354 

... ____ .• 1~~5·----------~.2_._i,4H ________ ~~.2o2_o _______ 3,Z45o ___________ ·--------- 2,2024. __ 
o1b16 •3,2313 •2.2467 3,4067 2,23(16 

•o1b18 -3.1797 2.0900 -3.2948 -2.0840 
-- --- ~.2oii' -- -3~ 767a ------.2'.4244 ---·:·3~96i2 ____________________ --2~4230 

.. ~ •. 2~.!.9 _____ -_______ ~_!~7?.~--------- ____ ~. !.~-~1____ "=~.~~~~---------- ___ --~-~.:pn~ _____ _ 
ol361J •2o0809 •e6915 1.7402 o6875 

... l1b~ ~--· ______ 1.~156 ____________ .337.3. •1.121~.-------- ·--- -- ---- -.3342 ..... --
.o799 -1.1827 -.1496 ,6157 .1473 

_________ !o07Q~--- 1,_1~~1 _________ ,_99~~---------~·~!?-~_3 ___ . -· ---------- ~,0912 -------· 
...0617 -1.0354 .0670 -.3138 -.0641 ' 

________ ~ ... OS~'L____ •l_oQ_O~~-----------'g~4~---------"=-•2852 _______ ·-···------ ~·11~28 ___ __ 
,05H3 -,9469 •,0357 .2510 ,0336 

--- -· ------~: ~~~~ : :nff ·:-=::~:~ ·: ~~~:---· -------~: :~~: --·-----
.... 058? -------------·~~~·----~---' ·-------· ...• 0?~3_- --- -------- -.1883 ·-·--·- ---- -.0199 
,.,Ob03 -,9215 ,0189 . :;,,1802 ---- :_,0167-

----- ---:: :~~~ ::-;n: -------;-:-~:~~ :: :-:1~---- ---------------- ---:: :~ ~= ----
:::::~ ---·---··-------~-::::; -· ----·· ---------::::~~------- ------- :: g!!··--. - . :::::: 
... o~:?-------------~-· . .!J.~~1 ___________ ----~_.olo1 ____________ ~.1495 ... -.o 10o 
... o 1 -,8961 .0103 -.1611 -.01(12 

-~:::~~----------------::::~:·---------- ----------::~~~--- -----------~:u;;--- :::~~~ 
- --------- -- ~· 0~28 ----------~· 8~16. ____ _,_ --------- ------------. 0091._ _ _. _________ -- -·- ·-.- ,1642 -. 0090 

"•o 35 -.8893 .ooa4 - ,;..1SB2--- •• 01183 
.•.o'l~t ~·88_72 .oo11 -.1526 •• 0077 
•.o'~62 -.Rasa ,0073 ·· ----- ·:..1498 ., 0072 
... 1002_ . ~·~850 ,0070 _-.1500 -.0070 
... 10ss -,8848 ,0068 -.i52 1 ., 00~8 
... 1111 •o8852 0 0067 - 1545 
",1162 -.8859 .0065 -.1560 -.0067 
".tzos -.8868 ,0063 .-:1565 - -.oot.s 
... 1Z40 -.8879 ,0061 -.1.e58 -.0063 

~ -.0061 



I 
H 

.H .. 
\0 

·t 

.029 

.032 

.o35 
,038 
o041 
.o45 

. ,048 
.o5o 
.055 
.o58 

-. 060 
oOf-3 
o067 
.071 
.075 
o079 
• o8z 
o086 
.o9o 
o094 
,098 
.102 
.106 
.109 
ol13 
oll7 
o121 
o12S 

... • 131 
ol37 

'a142 
ol48 
o154 
o160 
o165 
ol7l 
o177 · 
o183 
o188 
o194 
.zoo 

Table 11 (Continued) 

····-··Floor- Spectra-fo1:--HFBR,-- Operational--Leve-l- -7% Damping 

. . ---··--- _. --------···· .. -------··- ..........•. ·--------·- ······-----f:I.SEUDO_ ..... 
DISPLACEMENT VELOCITY ACCELE~ATION VELOCITY 

. Sl>lff.l ···--. _____ ,_SV •• f.T./_SECI -· ... .. ..... . . SA(GI ·---- ___ SD•WCFT/SEC) 

. PSEUDO 
ACCELERAllON 

SD•111 .. 2tGI 

... ooos ·-··----------·----· 0343 -··-···-· ... ····· ..... -··· ..• 7644 ··- .: .. _, _____ - ----·-- -.1149 -. 7623 
-.ooo1 .o47n .7671 -.1269 -.7661 

_ .. ,ooo8 ____ , _____ ~------ ..... ~ .•. 0672 ____________ ......• .8237 ·······-············- __ .. -.14&3 -.8208 
... oo11 -.09J3 .9393 -.1828 -.9341 

...... "• 0 013 ...... -........ .. _ .•. • o1 079 . ____ . .. ..... . o 9446 . ----·· ---···--· ........ "'• 1975 • o9378 
•• ooi3 -.1088 ,8107 -.1A64 •a80A2 

..... 0013 ........ _ .. ---·-·------- .• 1 043 - -·--· ....... . • .1186 ______ -- ...... ---· -- -.1148 -. 7180 . 
~.oo15 .o953 ,7522 -.1924 -.7508 

_ ... oo2o ___ --·------ _.10!S6 _________ ---··.· .. _.8053 .. ------------ ,..2259 _.. •a80l6 
-.oo22 .1143 ,7935 -.2344 -.7932·· 

. ---- ... 0024 ___________________ .1261 ______ - --·--·-· ...... 7960 ---···----- -- -- - -.2459. ... ~. 7952 
•,0027 : .1181 ,8339 .-.2690 -.8331 

.. "• oo32 _____ ·---- .... - .. -·12H ___________ , ___ .ll875 _______________ -.3021... ... -.8798 
•• oo35 .1302' .8505 -.3067 ~.8448 
•• oo36 .. ------- ---.-~ .•. 1418 .......... ____ .1~92 __________ ~.3008 __ ·-· ____ -· 7856 
... oo37 -.1437 ,7285 ~·2923 -.7261 
... oo37 _________________ .... 1.55.4 ______ ... ·--· __ .• 6124____ ... 2826.., .. _ _ ___ -.6693 •. 
... oo41 -.1467 .6727 -.2964 -.6706 

.. •.oo~7. ··-------- .1~.~.1 ___________ • 1111 --... ~ .• 32'P ............. ___ :_ _________ !"'. 7097 
•.0054 •o1776 .• 7545 · •o3628 •o7535 

_ ..... oo6o __________________ -~_,2121. ···--·-· ... ------• HO.$ ___ --------~•38H____________ . _ .. ----~· 7675 ... 
•o0065 •o2443 0 7797 • 0 4041 • 0 7756 

.. ~.ool,4 ·-------------~oZ7.55 _____________________ .• 8129. ____________ ·,..4396 ..... ____ ... . ... -.8130 
•o0081 ~.2860 .8340 •o4656 •a8309 

__ ....... oOI!2_______ .. ,_2~.0 ______ • .T?.U - .• 4~H3 __ .. .. . .. -.7882 .... 
•.ooa5 -.2990 ,7694 -.4574 -.7625 

. ____ •.!)09L _________ _:-_.~.ol!~----------- oH99 ________ -=..~816_ .. __ ..... ... . .. •.7rl2 .. 
•aOl01 •o3045 . .7936 • 0 5053 · •o78A7 

..... _ .. _,..ou~--------~_.:t~o2 __ .eoa.~- ":" .•. ~~n ______________ ,..8023 .... 
•.0117 -.3442 .7745 -.5376 -.7682 
... 0142- _:_ ____________ ,._.~82q ___________ . ------- .1!626 _______________ .-.6281 ............. -.8612 
... 0159 -.4364 .8925 -.6756 -.8902 

. -~:~:!: ~-:~~·}! =~-~~~ ·~: g;~-----. .. .......... ::::~! ---
..... 0~08 .. _ .. ____________ .51.76 ________ .............. . •.• 9402 __________________ .. -. 7910 -. 9333 

... o234 .6711 .9854 -.eseo -.9782 

::~~:------- :~~:----·-----·-------:~:::~:--- -------------i:~:!! --. ::~:~~ 
-::~=~- _______ _: ________ ~-::;:~ ----·-------- .... :t:~~~~ --·---··· ------ : :~~:; . ; :~::: 
.• 03.~4 _____________ :-. .. 9.78.4____________ .. -~.1 •. 189.0 __________ .. _____________ 1.2066 .. 1.1772 

.. ··~--·----~- ~- .. ~ ·- ··------..:.--.--.... ~---· -·· .. 



·~ Table 11 (Continued) .. 
UA~P,ING HAllQ.• o070 . .. . F-loor-Spectra _for . ....HFBR, .. OperationaLLeveL :-...1% Damping 

I 
·t-t 

H 

PEHIOO 

.zoo 
,205 
.209 
.214 
oZI9 
.224 
.228 
.233 
,238 
.242 
.247 
.252 
,257 
,261 
.266 
.zn 
o28B. 
o298 
,309 
oll9 
o333 
,494 
,655 
oBI6 

.. . ,977 
~ 1.138 
I 1o299 

1,460 
1ob20 

. i. 781 
1,942 
2.103 
2.264 
2,425 

.2.586 
2. 747 
2.908 
3,0b9 
lo230 
3,391 
3,552 
j, 713 
3,873 
4,034 
4,195 
4o3Sb 
4o517 
4,b78 
4,tl39 
5.000 

UJSPI.ACEHENT- ---·-········ ·v[ioCi'TV ·------· --ACCELERATION .... ---- .... -V~~~~~~y 
...... SDCUL_ ...... -----SV.nTISECt.-... - ........... _ . SACOL. _____ SD•WCH/SEC) 

. PSEUl10 
ACCELEWATlON 

SD•W••2CG) 

0 Ol84 ..... ·-·----- :-_ ____ •. 1 9'H14 --·- ...... .. . ... •1 1 1890 .... .. .. ......... - ....... 1o 2066. 1o1 T72 
,o,.l5 1.0288 -1,2!i07 1,3053 1,2442 

0 
0,.! l ___ . ___ .. _____ .. _lo11 ~6 ____ ............. __ .. ~ 1,3296 ·····- . ----------·) ,4130.. .. . .. lo3165 
.o~18 1 1 1818 •1,3876 ),5212 1,3961 

.. ,0557._. _____ ·-·----······-··1•2~65.. ...... ......... .. •1,4434 ........... -··-··- .. 1.5983 . lo4250. 
,0599 -1.3117 -1,4717 1,6829 1.4689 

1 0~~3 ----------· ·-~•-• 40~5 .. ________ ...... ~1,5035 ---·--··-----· __ .. i, 7432 ... ... . 1,4900 
,0(167 •1 0 4893 •1,5185 1,7999. 1o5073 

0 
Of!9?__ .. --~l.o.S~S~---·--·-- ·-· __ . -1,5222 ______ ..... ____ .. ___ 1.o 8488 ........ 1o5116 

,oll1 •1.6399 •1,5362 1,8849 1.511i: 
. ______ . •, ~T72 ______ '!" .. 1o T 1.60.-------·· _ ...... 1. 5599. ___ -·--·--~-1, 9625 ·: __ ... __ •1o5495 

•
0

0816 •1o7680 1,5911 •2,0348 •1o5765 
~.ot;ts2. _____ . __ .. ---~1, 19~1L.-.. ----·-·- ....... 1 ,59(!2 ... ----·-·-- -------~2. 0859 .. . -1,5864 
~.ott79 -1,8133 1,5896 -2.1148 -1.5793 

....... o9.15 ---··-·--~-1 .• 852.4 ____ ·-·---- ... 1.602~·------------·-· '!"2,1603 _ . .. -1,5847 
••1085 •2o1517 1,7455 -2,4601 -1.7329 

.... __ .. _______ .12~6 2,4656 ··---~1,8B62 ___ . _____ 2,76U _______ ..... 1,8784 
.1314 -2.6666 -1,9111 2,8966 1,8967 

................. 1~.~?--------·-~2 .•. ~-~~~ ---------~~·-~340 _____ .. ____ ~,o385 ____ .. _ .. -· 1.9219 
1

1732 •3o2757 •2o1050 3,4118 2o0869 
..... - ·-··20~.?. --- ~~-·1~?~- -2.~_1.1.()_ -;i~~285 _____ ....... ~.... -2.2433 

o1340 •1o9945 •,6836 1,7041 ,6732 
....... ------~·1101 l .•. H!tO. -•~205 .--=-1,0562 .. _. ______ ........... "!'.3147. 

1 0768 "'1o1267' •o1442 ,5915 o1415 
.-.o~~J loH42 ___________ ,_9~;t3 ____ -'-------~•.4394 -·-·---·-- __ .. _•,0878 
.. ,0680 -1.0205 ,0700 -,3757 -,0644 

-..... ----!:~~;6 · ::-~~~~----·-----:~jH ---------~:~:~~ ----- ............. --:~~~~ 
.. ·------····q~6q_ -.J..~~-' -.·9~.!'-'L .21 n ___ .. ______ .. __ ,o261 

,o5~3 -.9154 .. ,0256 ,1985 ,0211 
........... ~.o!?.~L_____ ••.?..0~~------ -----·--'-~Z?.O _________ ~_,l78~ .................... _ .. -.0179 

... 0~71 -·9181 ,0204 -.1707 -.0158 

...... ----:::~~~ ::~n~ :~U-~--- ::H:~ .. -- ····--···--· --·· ::~:~:- .. -· 
_ ..... ::~::~-~-- --:::::~~-----··-· ----·- :~~f:--------- -~--:·: ~~!:-. .. .. . ::~~~~ -.. 

:::~~; ·--·-··--------::::a--·-- ........... ---:~t~~---- ----·-----:: ~::~ ____ ... :·:::: 
... -·::g:!;---------· -~·:::~2--------------:g~:~---------- .. :: :~~~ ::~::; ... 

.... :•ooa99o. 5Q ~--~·f!~a-· ________ .. _ ..• ooe7 __________ ~.15r5 -:oo87..- .. 
• -.889~ .0081 -.1532 -·-· ... . . . -.0081 

. •·!l:!o ........ _ .. ___ .. ---,·.--~·813!7_ ...... .... .... ..oo76 .... _ ......... ~.14?2 -.o 075 
... o 5 -,8864 ,0072 -.1411 - 0071 :. ~ti~~ .. -- --------· 8856 __ ....... - . .. . • 0(169 . .. .1470 -:0068 
~. 017 -,8854 ,0067 -.1483 -.0066 

.1 . ~.8856 ,0065 - 1498 - 0065 
... 1123 -.8862 ,0064 -'1so9 ' 
... 1164 - 8869 • -.0063 
•.12oo. . ....... ··:.:seTa··-·- ·:~~~ :~·~1550182 -.oo61 

• -. -.0059 

! i. 




