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Plan View of Building X-330
Figure 1.2.2-1
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Description | Approx. | Weight % of
Elevation | (kips) { Total
-_Mm-l—
Cell Floor 684’'-0" 14883 | 81.54
1st Mezzanine § 708"-0" 1673 | S.17
Roof 737'-3" 1697 | 8.30

Total Weight of Building = 18253 Kips

Grade Elevation is at 671'-0"
Building X-330 Mass Distribution

Table 3.1.3-3



Freq.
(Hz.)

0.309
0.892
0.928
0.964
1.039
1.460

1.559

Horizontsl Response

Based on 3-D Model of Building

% Mass Dir. % Mass Dir.
Part. | Part.
6.98 | N-S 0.53 E-W
0.00 N-S 08.01 E-W
8.05 N-S 0.00 E-W
2.70 N-§ 0.00 E-W
2.35 N-$ 0.00 E-W
4.96 N-$ 0.00 E-W

Yertical Response

Rased on 2-D Section Alaong Column Line Q

Frequency (Hz.) % Mass Part.
10.3 28.9
10.5 25.7
11.8 22.0
12.7 12.1
15.3 754

Building X-330 Seismic Response
Table 4.1.1-5

65



03

gl e (20| 2] 267 o8
1 , ik

2222

Vubellown cath ‘Y(ku&

} |56 megzanInE

X

g

Module Fien View
— N

e Dendtaa mam varseal bracing

Building X-330 Typical Building Framing
Figure 4.1.1-4

53



—

[ig 2500 | 250 | 2500 | 2600 | 2500 | 050 | 25 |

oo @) CIEK &® @ @ @ (13)

|1 i | | ’ | ‘ | Roof €L 737.3°
DN s NSNS INZZAN N NN N N Ratt Chore 81 7o e
\"'--._..
Framing shghtty
diferemt &t My and N| 1l Mezz B 70807
Call Ficor 8. 8940
R —

Emuitted wind bracing &t N, Tand Z, on

Typlcal N/ S Section Along Column Lines
WIH!P!QR!S!TrUlVQW|XIYQZ|M BBdeC
(A2 roled)

@@v » @

gl 280 |25 | 250nl 2w L2500 | 200

| | I I l I Rt EL 757.3°

NN NSNS ZN N NN NZ N Ratt Ghesl B 709 A

Jet Mezy €1 TOF-0°
Cod Floot £, 504-0°

'
wdn o — <« W

-ty - -k -

Typlcal N/ S Sections Aleng Cotumn Lines DO and EE

8® 8 O ®® D@ @

(
heriess osa | 250|200 | 2500 | 250 ) 260 |
| | | | | | ‘ 1 oot 1, 7373
o " | Botl Chord 8. 727 A
>/\ 181 £1, 708"
> Cell Floor £1. 654' 0"
\< ><
A -— —t -/ o] e s e -t wlm

N § Saction Akeng Column Line FF

Building X-330 Typical Bullding Framing
Figure 4.1.1-4 (continued)

54



C}

lzz

| e N 7 T S e A Y S A |

Typical E/' W Sactions Along Colurnn Linea 68, 69, 70 &nd 73

(&
|
|

[ B ! 1 | 1

2£2225229229223299 ~o

Pl B

Y- T ¥ Y

o e B 7R
Coi P L S0:00"

iRt B

__m- L X an o

L d bl i - L) -t b el - ~ds e

Typkeal Ef W Sactions Along Columm Lines 67, B8, 71 end 72

Building X-330 Typical Building Framing
Figure 4.1.1-4 (continued)

58



v An aie £ a./% )

Damping Ratios - 2, 5, 7,10/ 12, and 16%

TR AN TR, < AN
:g ’@@- “?"‘oe N < ‘ 4 i
z’?&@ o %, >q>< \< )
a0 DS N/ A XA NZ AN/ $
RSS!
20 N \MQ% f><>\ (NN (N4 >/<
e b
10 NS - N vl
8 NOAVAVAN | Q_;C{QX N ]
6 K- XN 8 N r@-éo‘
4 /&/ ' 3 fo\’ "&5
Q | )7 3
é 2 @\@ ©) of:c?d,” /
Weoir o5 %%
3 N o 2
L o8 LXL ; e DAVAN
06 N /N XN
0.4 §<< < Dl w’</\>
- §
AR, K S
02 I 7 X . %Y S T
g D S DOREEE )
/d%{/’ T A% ST AT
e AT 7577 7S ZANNY:
27T A IR
0.01 0.02 0.04 0.06 0.1 0.2 b6 0. 2 4 6 8 10
Period (sec

PADUCAH - 500 YEAR UNIFORM HAZARD
GROUND SURFACE RESPONSE
SPECTRA - HORIZONTAL MOTION

Y-GA94:57 Ihm



rrrrrrr

|
-U'q?)#‘t o
| s

ttttttt

@
| o
|

! :—? 3#%-? H-ﬁ;

&
1%
£E

RN gt

'—t"r‘l.ulll\'
— 1D — e — B <

Liald

Jxr &.&nmb.hn L8T

Y

4

8

Ny,

Module Flan View

Y

seeeees  Doncted main veries! bracirg etne eall ficor
e Demotad frain veriicsl braciy) below el fisor

¥ Typical Building Framing



GENERAL DESIGN AND COMPUTATION SHEET

YA O

\

N &y s . |
IR R I R R R e s W
g @
A - < X
o . > X X p. Q.Wrun Wy c¥oss /_D_mmrbfﬂaﬁc&l
: * 9 '
5 XA\* ”M, - DO o /O.w\fn.,in,\-
2 ! ,, ., ! :
- E . |
“ : . : ?/.L ﬂu@?n.&.np, %7,& /Uﬁ?hqﬁp d‘_./,.w_. _,Op?ﬂ\hw L ﬂboﬂ W
5 H . _ |_w0 ﬂv@// : .u,IO ﬂfao.ﬂ. , 2o _\.O b.n.r(;) :
O\aq/dmf.vﬂfo‘«/ V.,ml/u(rr/* A/ﬂomﬂf g f.,m/mvcrvA = _ ,_DA |
‘ : ; = . , Mﬂ %z?%gﬁf
WO@,,LQ? Root | 17" 775" G 295"
Duspl R | b2 z.A" z. g
?@m Lerron(uls)i oo™ 197 B 223 ¢ 4§ 30 =1 +
By mmp%mm‘@ T S B (R 0oy A o O a
ﬂ 3 PP S PR, 37 Biks
BRACW ﬁt\@ 269 . %W.., w Lo % > 22 5 % ol
: | it : -
QN?D (E-W (WA A S \os T, TP T oma
Reens - D | Ne* 180" 206" oy 5 B T
m%vnzwmm-é ” W 5=
4 o
bo m _ M .\..H_F

LICH 4072 A (

{5

2.54)



£ e

p@»w S kiﬁﬂv

ancnw BY

GENERAL DESIGN AND COMPUTATION SHEET

WA R STuDX

Py

F,?_/OO rﬂrﬂ.ﬂuu

ST

3

(.168% g Y 443

50, KO.

. w maoﬂ
m | N 757
mﬁ..w foﬁ_l ”
" j
m
A wﬂ,m
=, | ¢ (ol
O WBE ] F P e
NISE _,&F : & ..«.nh.m..
4 DL s
. .N!FFW#H%.W,,\L% w.\hm.. A/_A.W fn,ﬂ../.éfu
: nLQ\C... ﬂﬁdoﬁ
. PEDP :
Moe © P@Phﬁy £D| el
3 0 143 2.\ OSP a2
< «A7 l.03 O _mm
% Azl s c094 =




\Oo/o o —5"’0/"’

\J@/\oz, = (K{_,“/jCC—

N@ 2:% % 5.9 /S
Damping Ratios - 2, 5, 7, 10, 12, and 15%

-7

—

=

—O,

B

LeDuArs S

8 LI AN T XA NS XA AT
60 B %”gc;{ N 2N N N
0 RS ANDEC AN K AN AN
>§ Ne X >§ ><\ ;@{i <
20 \ \K/\QQ’Q) | \ X bp‘e / ™ \r\ / //
/&%é "‘3* S N
10 AN ‘Q,_‘_\C? o - N 1
8 AVAVAN j g§3_\ rana mi c _ \.¥ !,
s 2% i = N E - IS r&_ef:
— 4 / / :_ . _Q\’i‘rb@@i v >
3 o¥ ><{ sd‘”" 5] <
3 N ONYRN /] & d o d
£ 2 N 00 > T I, ‘
L 7 < N o,
= @CD © e N %] % N
S 4N SRR Y 1
9 gl XL L AN AN N LA AN AN
0.6 / / \/ / \quéoé qﬁg.x ><\
04 LN < | % P & < e
% @"v
/> %ﬁ/ §>§>{ I QN@"NQ/ )
el AL S
0 @, NI N S N
' GBS &% i A%
AN 4 VA ) S NADX 1 I AN N
oos oL LA 7 X 7N ANHEA /N NN
A AN N PaEN e
70.01 0.02 0.04 0.06 0.1 02 0.4 06041 2 4 6 8 10
Period (sec) ;> 78 1o Lxy :
i . \O?o R
VAt ,‘-’/’s\"‘\‘:s : ['\"4-':'}'\
A S S PADUCAH - 500 YEAR UNIFORM HAZARD
4 B 4 GROUND SURFACE RESPONSE
AR e SPECTRA - HORIZONTAL MOTION
Y-GAB4-57 Ihm




/29 /2y

[/N/rmd, f&./:’w.»sw{

Dampinvesg  US. )SOLAT/ING- STUbLY

- MpeT  MARIETTA

OAKk RIDGE PLANT

Blbs X-330

QRAIG W N INTERS




OARK RIDGE Y—l2 PLANT
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The application of the response spectrum analysis method requires

that estimates of the structural properties are available.
6.3.1 Approximate Determination of Structural Properties

Approximate methods for the determination of the frequencies, mode
shapes and damping ratios of non-classically damped structures have
been successfully applied in problems involving soil-structure
interaction (e.g., Novak 1983; Constantinou 1987). Veletsos (1986)

presented a comprehensive treatment of the method.

The method starts with the assumption that frequencies and mode
shapes of the non-classically damped structure are identical to
those of the undamped structure. Typically, these quantities are

determined in a standard eigenvalue analysis.

The modal damping ratios are determined from an analysis involving
energy considerations. The damping ratio in the k-th mode of
vibration may be expressed as

8 = Gorr, + rr (6-6)
k

where & is the damping ratio due to damping inherent to the

str,

structure, W, is the work done by the dampers in a single cycle of

1.9
motion, and L, is the maximum strain energy. W, may be expressed
as

T

Wy =3 ‘ijd(uj " Upa) (6=7)
I

where P, is the horizontal component of the force in the dampers at
the j-th story, and u; is the modal displacement of the j-th

floor. For the case of purely viscous dampers, it can be shown

that



Py = Cjcoszej(¢j-¢14)a&cos(mkt) {6-8)

where C, is the combined damping coefficient of the dampers at the
j-th story, 61 is the angle of inclination of the dampers at the
j-th story, ¢J is the modal displacement of the j-th floor in the
k—-th mode of vibration, and ®, is the frequency of vibration in the

k-th mode. Combining Equations 6-7 and 6-8, W, can be written as

W, =thk2; C,cos?0, (¢, - ¢,.,)2 (6-9)

The maximum strain energy is equal to the maximum kinetic energy,

SO that
L, = (KE),,, = %Z m, 03 0} (6=10)
;

Combining Equations 6-6, 6-9 and 6-10, the damping ratio of the
structure in the k-th mode of vibration is determined to be
2
z CJCOSZGJ (¢J - ¢j-l)

E, =&, + < 3 (6-11)
2 mkz_ qu)g
J

It is clear from Equation 6-11 that in order to have the greatest
contribution to the modal damping ratio, the dampers should be

placed at story levels where the modal interstory drift (¢, - ¢,,)

is maximum.

The accuracy of the simple energy approach in determining the
damping ratios of the tested structures is demonstrated in Tables
6-I and 6-II. The tables include.the damping ratios calculated by
the complex eigenvalue approach of Section 4 wherein the calibrated
rigorous Maxwell model is utilized for the fluid dampers. The

calculation was repeated by utilizing the simple viscous model and,

6=2U
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thus, solving exactly the eigenvalue problem of the non-classically
damped structure (A was set equal to zero). Finally, the procedure

of Equation 6-11 was employed.

The results demonstrate that the damping in the fundamental mode is
predicted very well by the energy approach. In addition, the
energy approach provides reasonable approximations to the damping
ratios of the higher modes. The error in the calculation of the
higher mode damping ratios is due to neglect of the stiffening
effect of the tested fluid dampers at frequencies exceeding about
4 Hz.

6.3.2 Determination of Peak Response

The determination of the peak structural response to an excitation
described by a response spectrum requires that the peak response in
each significant mode of vibration be evaluated first (Clough
1975). The required mode shapes, frequencies and damping ratios
are determined by the procedures described in Section 6.3.1. The
calculated peak modal responses are then combined by an appropriate

combination rule to give estimates of the peak response.

The only complexity in the application of this approach is that of
constructing high damping response spectra from the wusually
specified 5%-damped spectra. A recent study on this problem has
been reported by Wu (1989). However, it may be appropriate to
include de-amplification factors of design spectra at high damping
in future design requirements of structures with supplemental
damping devices. This will ensure uniformity, reasonable

conservatism and avoidance of gross errors.



