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Figure 4-3 Response of a Vibrating Cantilever Beam
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Figure 4-5 Displacement and Deflection on a Vibration Cantilever Beam
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output Recording of a Frequency-Spectrum Analyser
using filter bandwidth =1/3 octave
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(ii) Three recordings showing lIle 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 also shown in each case, for reference.

Figure 4-8
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Addition of Two Vibrations of Different Frequencies
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Design Response Spectra for Recorded Earthquakes
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System response curve = product of sUb-system response curves..

(viQ net response of 3rd sub-system to the ground motion input spectrum
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(v) net response of 2nd sub-system to the ground mOtion input spectrum
=(2nd ampI. curve) x QnJll.~ to 2nd sub-syslem)
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=(2nd amp!. curve) x (1st amp!. curve) x Qnput) I

"~ W~.
(iv) amplification curve for second sul>system

x,

~
Qii) response of 1st sul>system to the ground motion input spectrum

X, =(1st amp!. curve) x (ground motion input spectrum) j
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QQ amplification curve for first (lowest) sub-system
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(I) ground motion Input spectrum

Figure 4-10 Added Responses for a Simplified
Representation of a Complex Structure



REACTOR BUILDING@ 0.04 DAMPING
GRADE FLOOR EL. 100 M HOR. AIC DffiECTION

3
ACCELERATION (gl

'" "':""<;<'" . .. - " ~

i :

............:....; ...

1.3 :

.........L......~ .... .... ....~ ... ~.! ...,...;
I

......... : " i. ~. ...j. . .. :...••i l
~. '! i

!

i f.h
: ! 1

! :
. ; ..1...,.........) , ! l.,. ' ,, !

i,

................. ·········j········++.. ·I+I· ..····
,2

1

100101

O+==--i---+-+-+--+-++++----+--i-+-i-++-T-H----+--+--+--rir+-+-H
0.1

FREQUENCY (Hz)

Figure 4-11 Floor Response Spectrum for CANDU 6 Reactor Structure



Calondria Tubes
'" Lattice Tubes

End Shield

Calandria Shell

Sub-shell '"
End Shield Shell

Vault End Wall

~. __ .. __ ._--_ .. -,J

-

~ .-- T- .pesigJ! ofC;:~ND.l!!..",!~rsr - -----,
. .

I

I

I

... 1[i'

. .
I I
- -. -VM ..l- .. __ .__ ._ .. ...L. ({WA'<I

Cylindrical
Support Shell

Proprietary Document

Support Plate

Colandria Shell
Annular Plate

Embedment Ring

Positioner Stud

Attached
Fuelling

\ Machine

l End Fitting

..~

b<t;,;oJ ··_··_··_··_··_··_··lci::".9c,",d

L ..

Pressure Tube

Bolts Through
Support Plate

One Side Only

212" 48"

308"

Figure 4-12 Structure Schematic of Present CANDU 6 Reactor Assembly

Dcsprocf.wpd



0{)
o.....

~
N
0{)

,....,..,
N

.. .-1 ~
i Y

I

I

I

I

I

I

I

I
_i__

I

I

I

I

I

I

I

Support Shell 270" Dia.

Subshell &: End Shield Shell 266" Dia.

Main ~hell 300" Dia.

I

I

L_.

Proprietary Document Design of CANDU Reactors
1··----··-·[-·--··-··-··----··-··-]"-··-·--··,
. .'
'. .'

I ~-.- -.- "-'--"-" --.~ ~ Vault Endwall Built-in
! : /I All Around Edges
. I I /:

I

I

I

I

I

I

I
.-
J

I

I
__L-_,_

396" 48"

492"

Figure 4-13 Dimensions of Present CANDU 6 Reactor Assembly

Dcsprucf.wpd



Proprietary Document Design of CANDU Reactors

Kcs et o = Colandria~
Shell Stiffness ~

Kct = 16E6 = Colandria
Tube Stiffness

Attached Mass

End Shield

Fuelling
Machine 7

M/2 M/2

Attached Mass

End Shield

Positioner Stud
On End Fitting

Kw = Ineffective
= Vault Wall

Stiffness

67 slugs

Aeu
•

2 805
slugs

KusetO=
Unbolted Suppart
Plate Stiffness

Vault Wall

Aeb
•

Kbs = 25E6 =
Bolted Suppart
Plate Stiffness

Vault Wall

.~

1'.0.

Kcs et l00E6
= Vault Wall

stiffness

I LP A:n P={ :: F=¥A:p~ I

f, = half-mass mode = 11.7 Hz, A, = 0.9 g
f2 = whole-mass mode - 10.6 Hz, A, = 1.0 g

Figure 4-14 Seismic SChematic of Present Reactor Assembly
- Basic Response Modes and Frequencies

Dcsprocl'wpd



Proprietary Document Design of CANDU Reactors

Inner Part of
End Shield &
Attached Moss

Positioner Stud
On End rotting

•Aep
. Kes = 2.5E6 =

End Shield
Stiffness

r

Kct = 16E6 = Colandria
Tube Stiffness

Vault Wall

M/4M/4

Kbs = 25E6 =
Bolted Support
Plate Stiffness

Vault Wall

Aen
•

Kes = 2.5E6
End Shield
Stiffness

Fuelling
Machine 7

Outer Part of
End Shield &

Attached Mass

f. = end shield mode = 6.6 Hz, A, = 1.3 g

Figure 4-15 Seismic SChematic of Present Reactor Assembly
- End Shield Response Mode and Frequency

Despro<f.wpd



Proprietary Doc::ument Design of CANDU Reactors

67 slugs

Outer Port of
End Shield &:

Attoched Moss

Kpt = 0.14E6 =
Pressure Tube
Stiffness

Fuelling
Mochine 7

Aen

I ~. j==j=1\
Kes = 2.5E6 =
End Shield
Stiffness

Kbs = 25E6 =
Bolted Support
Piote Stiffness

Voult Woll

Kct = 16E6 = Coiondrio
Tube Stiffness

Inner Port of
End Shield &:
Attoched Moss

Positioner Stud
On End Fitting

•Aep

Kes = 2.5E6 =
End Shield
Stiffness

Voult Woll

f.= 7.4 Hz, A.= 1.3 g

Figure 4-16 .Seismic Schematic of Present Reactor Assembly
- Fuel Channel Response Mode and Frequency

Dcsproc:f.wpd



Design of CANDU Reactors
:··-T-··_··_··_··_··-r-··:
'. .'
I· . I
: ~ .. _.._.._.. _..~ :
I. I.. .
. I I·
I I

Proprietary Document

Colandria Shell
Annular Plate

Embedment Ring

Cylindrical
Support Shell

~." -. "..
....L .. _ .. _ .. _ .. _ .. ..l.....r~'4

Calandria Shell

Vault End Wall

Sub-shell &
End Shield Shell

End Shield

Calandria Tubes
& Lattice Tubes

Positioner Stud

Pressure Tube

Support Shell
Bolted To

Embedment
Both Sides

b.}',; ...\;;J ~·_ .. _··_ .. _ .. _··_··lt7<iyd

Attached
Fuelling
Machine

End Fitting

L ..

212"

308"

.. .-1

48"

Figure 4-17 Structure Schematic of Modified Reactor Assembly
- Axial Support by Bolts at Both Ends

Dcsprocf.wpd



Proprietary Document Design of CANDU Reactors

End Shield &
Attached Moss

Kpt = 0.14E6 =
Pressure Tube
Sti.ffness

Fuelling
Machine

Aen
•

M/2 M/2

Kct = 18E6 = Colandria
Tube Stiffness

End Shield &
Attached Moss

Positioner Stud
On End Fitting

.
Aep

Kbs = 25E6 =
Bolted Support
Plate Stiffness

Kw = 100E6 =
Vault Wall
Stiffness

Kbs = 25E6 =
Bolted Support
Plate stiffness

Kw - 100E6 =
Vault Wall
Stiffness

f. = 14.9 Hz, A.= 0.9 9

Figure 4-18 Seismic Schematic of Modified Reactor Assembly
- Basic Response Modes and Frequencies

Desprocf.wpd



End Shield

.Cylindrical
,SUpport Shell

I
T

:.::::::~ .",.- Calandria Tubes./ & Lattice T
.::::::. ./ ubes

,

End Fitting

I Attached
Fuelling
Machine

t::·::::.

.: ."

f : ~.::::::~
,.:.:.::::. ~::::.'it

---
~
~

-::::::J d' I

I?'::::.:. I I r::::::.

/ ... "':J I I I:::::::

Pressure Tube~ '.:::::. ..:.:..
":::::: .

:.~: I:. .:I'.~~:

;. ".:- :.- ~ ~
~ ..~. .~ ..~
• J.• :.

:7:ro.

I

212" 48" 1c:::J---

308"

Figure 4-19 Structure Schematic of Straight-shell Reactor Assembly
- Axially Rigid Joint Direct to Vault at Both Ends

Dosprocf.wpd



Proprietary Document

Kpt = 0.14E6 =
Pressure Tube
Stiffness

Design ofCANDU Reactors

Kct = 125E6 = Calandria
Shell Stiffness

End Shields &
Attached Mass

Fuelling
Machine 7

Aen
•

M
Positioner Stud
On End Fitting

v ~. dMfi I
Aep

Kbs = 6OE6 =
Bolted Support
Plate Stiffness

Kw = l00E6 =
Vault Wall
Stiffness

Kbs = 6OE6 =
Bolted support
Plate Stiffness

Kw = 100E6 =
Vault Wall
Stiffness

f; = 23.1 Hz. A; = 0.89 g

Figure 4-20 Seismic Schematic of Straight-shell Reactor Assembly
- Basic Response Modes and Frequencies

Desprocf.wpd



Outer
1000 Tens

Inner
2000 Tens
a cal sheU=
6000Comp

Inner
1450 Tens

62300
Ib

,70800
Ib

2.40
g

2.74
g

1.83 47400
g Ig

2.25 58100
g Ib

!
!

7.4 J

Hz! 1.3

i g

23.1 i
Hz:

: 0.8
i g

nJa

STANDARD
CANDU6

STRAIGHT
CALANDRIA

SHELL

f,lA, i i Outer I
6.6 I ! 190 Comp e,

B~:r nJa Ii: I Hz I ~ I 1.:0 491~00 2.:6 6~~00 Inner i
I-------lf----f--+:_0..::::-f_---7i--...:I~::...3_+--+i_1::.:-t t -r-__--t ---j,..-1_0_80_T_e_ns,i

f', 1 A', i a
! i

6.6 i
Hz!

:,
! 1.3
!: g

~ 1
r-l~----""T-H-alf.--B-O-d-Y"""Wh-o-le---B-Od-Y"""'-En-d-shi-·e-ld-"--FM/P--T-""'--P-o-si-tio-n-e-r--'--N-on--p-o-S-iti-o-ner--1C-T-S-tr-e-ss'!

DESIGN Mode Mode Mode Mode Assembly End Assembly End (Net)
OPTION i"

f, , A, f. ! A. f. i A. 1.2 AeD P.. 1.2 Aen PD'
1--------J=~==+!~~F ...t;...,.~A=2+~=+:~b1F;b+=! ~bj=O:';~~+=~b==t",,:,;~:;;;,;,;.t===a.:.!!db=f~ou=t=er==i I

i j 1~~
11.7 i 10.6 6.6 7.4 !

Hz I Hz Hz Hz I,,:: 1~3'I 0: I~O :I:

Figure 4-21 Comparison of Present and Proposed Designs



AOCESSFOR
INTERNALIM3..D

__ EMBEOMEN1

RING

I I ~ M6.1NSH3.L___________ EXTENSION
BARS

CDClGElOt£S'I I

II

I I
':" =t 1= ::. - - -==-

1Z'

~--=--=-.

~------- -
1"

~ANDlflReactorsProprietary Docum~--
\I\fl DSEQUENCE

FSSIP=
1* End Shield Shell to 2 Tl.tlesheets
2* SJ>.sheII to TLtlesheet
3* \I\ebs to ES Shell & Tl.tlesheets
4* Glsset to TItlesheet

5*Exl'n~\~

6*~:Jr
70~ Shell to F Tubesheet
ff Sb />6s Eni:led't Ring
f! & 1(Jl1~~~

11* Arniar A to Iv'ain Shell
12:'~ Ext Bars &

VIEW FROIVI-TOP (CONCRETE Re/OIIED)

~'=- .. - - a F - - - =-tI:::::. 30 VvE8S & GUSSE
1 I @ 12" ATCH

('" 31:4" PITCH)

V\EB

ENDSHElD
SH3.L

;N 3'

48"

36'

2"
_GUSSET

38"

SlJB.SH3..L

~

~

SUPPORT SH8..L

1-11lr' ,CALANDRlAM6.IN~rz~t riil~
~' - Nl'"

SECTION lHROUGH~ER OF 11J8E SHEET lUBE SHEET
END SHIELD. CALANDRIA MAIN SHELL ~.- -§-

& EMBEDMENT RING ASSEMBLY
END SHIELD

DesprocfRQure 4-22 Details of Area of Structure at Reactor Support
for Straight-shell Design



Proprietary Document Design of CANDU Reactors

,-----,. ,

L-

----
1..J....1

(b) Behaviour when response amplitude becomes bigger than gap
- beam has 3-point support, coupling ~ to downstreamsu~m

_----P'I" --- - -

(aj Behaviour when response amplitude is less than gap
- beam is simply supported and decoupled from downstream sulrsystem
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