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(a) At Very Low Frequency :
svio~0
+ Quiput = Input: X, = X,
+ Amplificaion C= x,/x = 1
« Change in spring length = §
= (xx)=0

+ Change of Force in spring

due to vibration AF =0

—~Xe
X

{b) At Resonance :
v =l
+ Qutput> Input: x,= Cx
+ Amplification C= x,/x = 12
af=5% Cull)
af=3% C,=10667)
» Change in spring length = &
= (xex )= (C-1)x
« Change of Force in spriug
due to vibration AF = k &
ske(C-1)x

. em——— o - —————
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&
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(c) At Very High Frequency :
*vio» 10
+ Qutput = x,= O
» Amplification C= x,/x ~ 0
» Change in spring length =8 = (%%, )
§=2 (C-1)x, = (0-1)ex,= -X
« Change of Force in spring
due to vibration AF = k«8
AF skx
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Response for Varied Frequency at Unift;fn Input Displacement

Vilratinn Rehaviohr of a2 Simple Sprina-Mass System
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X, = tip motion

e p——
P ———— |

J'fl}f'i

a) Tt

o

8, = tip deflection = w,LY/8EI

o R e |

! distributed load

W = May

root motion = X

root acceleration = g

Distributed Load

Tip Deflection for Uniformly

Figure 4-3

(a,, is resonant)

Xqy = tip motion + | Xg = tip motion

8, =tip deflection = w,L/8EI

8, = tip deflection = k,, x w,LY8EI

o m
: : wfe ' r I
| .- ' 1
bl approximately I | actual varying
: | uniformly * | ' dlﬂﬁbﬂtﬂ! load:
| idistributed load | | 2t tip, load is max.:
y e W may L, 8, 2,
: . : o vy mmag, e ||| at root, load s min.
: 1 [ W ma,
1l (2, is non-resonant | { (ay is resonant)
1] mdag= ) |,

K R
. L4

root motion = x;
root acceleration = a,

root motion e X,
root acceleration = a,

b) Tip Deflection for Whole-Body ¢) Tip Deflection for Actual Varying
(Non-Resomant) Motion Distributed Load

Response of a Vibrating Cantilever Beam
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Acceleqgailion

()
Q, = 96.6 sin 24t fps

40'3;‘ 96.¢ &:’
at frd#;

.X‘s-f. 835 sin 2r 4

Xo=1. 835 i,
Feod Kz

2)
(z.;- b sie 2r 8

(R =39 x %L fps®

AN
V'V

Displadcement

J

]

(1) f,=4Hz & a,=3g=96605

3)
wS66 sin 2w (8T

2= .6 /pst
S,u 16 My

IM

Xy a~0. 5D sum 21 8¢ Xa=-0l/S sm 2116 ¢
Xo= Q459 in Xow OJIS in,
f= 8 Hy = 16 Hy
(2) f2'=8Hz & a,=3g=96.6 /s (3) fy=16Hz

& a,=3g =966 fis*

Displacement Generated by Sinusoidal Motion at Different Frequencies at Constant Acceleration

X = X, §in 2xft

a=x"= -a,sin2nft = a= 4 x

Figure 4-4

Simple Harmonic Motion

or

xo=aol41|.‘1f1
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g %, = conservative assumed %', = Actual response 3
8, ‘ output displacement = C X, displacement = C' X, K
i x", = Non-resonant response B ' . - l §
-————-T =
- 8
& = Bigger bend due to uniform - I LB
5" = very small bend due disributed inertial load (w = mg;) &= ]5_“8 b_ﬂ‘d due to varymng dlstnbgted
to small inertial load = (%% )= (C-1)x inertial load (w = ma,) 7
=~ 0 = (Xex )= (C-1)x
Ca C'ay
m '-U it - i
1 foof : : ! |
I . | 9
n '-I . 1} Assumedccl:lllfc)l"m b Actual varying &
=} Uniform small i / respo;r:‘e ac °éa“°“ | response acceleration E
14 e, tesponse acceleration I 7 al _amcli ticadon | at Amplification C' 2
1 | . atamplification C =~ 1 Iy 8= Ly I a = Cl a at tip %
' L A"~ | = @ atroot
Hl J."" 1 | ! &
" = ! | E
s L4 LA .'1"‘.’" ’-, A ¢ L
L ﬂxl’l A7) 8 4 x, / ;—-I 3, | oy
inputs ~—1 Inputs

( 3 )_Amplified Response for Actual

(.2 )_Amplified Response for Assumed
Varied Response Acceleration

( 1) Non-Resonant Resp_‘ onse
Uniform Response Acceleration

Figure 4-5  Displacement and Deflection on a Vibration Cantilever Beam
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Figure 4-6 Time-History of Typical Complex Vibration
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Figure 4-7 Output Recording of a Frequency-Spectrum Analyser
using filter bandwidth = 1/3 octave
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A cos 10w . . Acos8wt

) \J— \-Jo \J \..A \’n \I —_ .
\ I\ [} i W \ !\ ! [

A WY F | 1y [/ ! T Y 1N N

/AW ! [ /A A - I

, m. , .._. ‘ ._ ___ ..— ... 3 _. .._ J .. —. _a M .

i AN AN W\ ¢ WH | \ "\

! vy vy, w1\ g \ / w; v\ s- \ s.. . .
/ Vo N W / \; v, \

A cos 10wt + A cos 8wt

(i) Three recordings showing *he addition of high frequency waves to a low frequency wave, where the
amplitude of the second wave is much smaller than, 1/4 as big as, and equal to that of the first wave. The
first wave is aiso shown in each case, for reference. .

Figure 4-8  Addition of Two Vibrations of Different _.»_.mn_:mzo.mm
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Intermediate-Field Eq,
= == Far-Field Eq.

. === Near-Field Eq. -

—

Acceleration (gat)
o
0
(»]
E__-
L \%
~
ALY
L
//
4 7
’
l"

Y
v / ~ III...
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0.02 0.05 0.1 02 03 0405 07 19 20 Period (second)
50 20 10 5 33 2520 14 10 0.5 Frequency (H2)
(2) Smoothed envelops curve used for design
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Intermediate-Field Eq.
X . ) | o= wwe== Far-Field Eq.
= s h. o \.C,n. g t | e Near-Field Eq.
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(b) Acceleration response spectra for recorded and synthesized earthquakes

‘'Figure4-9  Design Response Spectra for Recorded Earthquakes
Desprocf.wpd



Proprietary Document Design of CANDU Reactors

System response curve = product of sub-system response curves

L

{vil) :Qawuozmooqmamcc.wﬁﬁaaﬁmaaca motion input spectrum
= (3rd ampl. curvej x {input to 3rd sub-system)
= {3rd ampl. curve) x {response of 2nd sub-system)

:Auamsv_ curve) x {2nd amp, ) x (1st ampl. 820:9.65
C3= xQ\Xn \.ﬂ:(ﬂ/

L |
|
_ (vi) amplification curve for third sub-system
N \bl.//

1

. 3 net response of 2nd sub-system to the ground motion input muonwcn..
Ihxn . = (2nd ampl. curve} x {input to 2nd sub-system)

= (2nd ampl. curve) x (response of lowest sub-system)
= {2nd ampl. curve) x (1st ampl. curve) x (input)

= TN

' _ —

@y (iv) amplification curve for second sub-system

AHx, {iii} response of 1st sub-system fo the ground motion input spectrum

= (1st ampl. curve) x (ground motion input spectrum)

o= ] PN

(i) amplification curve nx first (lowest) sub-system

= UASN N

() ground motion input spectrum

Desproct.wpd Figure 4-10 Added _...ammvo:mmm for a Simplified

Representation of a Complex Structure
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Figure 4-11  Floor Response Spectrum for CANDU 6 Reactor Structure
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Figure 4-12  Structure mo:mammo of Present CANDU 6 Reactor Assembly
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Figure 413 Dimensions of Present CANDU 6 Reactor Assembly
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Kes = O = Calandria
Shell Stiffness /
Ket = 16E6 = Calandria
\ Tube Stiffness
Attached Mass
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\ / / \\ \ End Shield

e
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Figure 4-14 Seismic Schematic of Present Reactor Assembly
- Basic Response Modes and Frequencies
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Figure 4-15 Seismic Schematic of Present Reactor Assembly
- End Shield Response Mode and Frequency
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Figure 4-16 ‘Seismic Schematic of Present Reactor Assembly
- Fuel Channel Response Mode and Frequency
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Figure 4-17  Structure Schematic of Modified Reactor Assembly
- Axial Support by Bolts at Both Ends
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Figure 4-18 Seismic Schematic of Modified Reactor Assembly
- Basic Response Modes and Frequencies
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Figure 4-19  Structure Schematic of Straight-shell Reactor Assembly
- Axially Rigid Joint Direct to Vault at Both Ends
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Figure 4-20  Seismic Schematic of Straight-shell Reactor Assembly
- Basic Response Modes and Frequencies
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Figure 4-21 Comparison of Present and Proposed Designs
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(b) Behaviour when response amplitude becomes biager than gap
- beam has 3-point support, coupling it to downstream sub-system

(a) Behaviour when response amplitude is less than gap
- beam is simply supported and decoupled from downstream sub-system

Figure 4-23 Vibration Behaviour of a System with a Gap

ina. supported beam with a large gap at mii-span at connection to the downstream sub-system
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