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Vibration of Reactor Structure, Part II-1?

INTERLUDE-1 : Seismic Response Analysis Code

Takeshi TKUSHIMA
Office of Power Reactor Projects, Tokai, JAERI

(Received Febfuary 10, 1973)

The- code INTERLUDE-1 has been prepared for analysis of the seismic
response of a reactor structure. It is treated as the multi-mass-points system.
Features of the code are following:

(1) Treatment of the shear vibration, bending vibration and their composition
1s possible.

(2) Any seismic wave may be the input,

(3) Numerical analysis is by the so-called '"modal analysis".

(4) The time intervals for calculation, graphic representation of the
results, and their printoutcan be chosen freely, with the result in a saving
of the computer time with sufficient accuracy.

(5) A subroutine for the graphic representation is provided with the code,
so that the results can be given with a CALCOMP plotting machine.

The code written in FORTRAN IV is for FACOM 230-50. The computation
time of seismic response is about 1.0~2.0 sec per step, for the 1500 step,

in the case of a five mass-points system.
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2.1 EBXsLUBEE
1 ANZESGROBE KR,
MY+CY+EKY=F(t) {21)
THhh, T
o EE
o453
RS2
DA E
P E
DAL
L F AN
(2.1 ) R&ML kg & — FEGE (modal analysis) EFERMAE (step-by-step
method) D2 DWHEANL, ERMMPECHAL> 7 - 2w £« P2 ( Runge-Kutta-
Gills) & L A% sk ( inear acceleration method, or Newmark -3 metliod)
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( 2.1 )RFiE pitld = — Vgt (modal analveis) EBERFEDE (step-by-step
method) O2DWAFMEANL. BERFEHRELC T L2 5.
Gilts) £ L (F#UEMES ( Vinear acceleration wethed,
LTt - MPEHEEIKIAZ LT L,

- FMEEETH,
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=U4g
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T E .

FaE, FAF( 2.1 )RARALT, @HRUT % #
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# A ( Runge-Kutta-
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FEA. FERLEROHLENL, DEORSE LN,

¢* UIMU_ =0 ) )

ciulcy, =0 ; (r=s)

¢ UrKU; =0 J ' L _

L, . b S (2.4

CIUTMUg =MD ]

ClUICU, =¢Cl. | (r=s)

oI UTKU, =K J : )

L imE (=1, 200, n)
CiOfEME 1L RLLATHEAINE L, CNFx— FOERL LN, v FAOTH
i

M§5r+n;£r+K;zr:ciUTF(s) ( 2.5)

reT, OFCLACwtE (25 YRR 2TIYKOLIT R L,

ol )
—'——* = 2, h r(U :
1\1 r
> ( 2.6)
K r =@
MY |

UTF(e)y =P, (o)

Y

gr%'ZhrujrﬁrJf'waSr:

Py (t) (2.7)
R L

e wli=o, V1-hd kit

~hrwr(t-1)

1 t
@.o= - f Pelt)e
o

£ M*w!
r

sin @!(e-1)dr 2s)

FROEHREADT, (22 )RELDTYFROBLEHNTED. (2.2 VROUIdERE
N T, - FREECLOTE CRDITHE, A< P s FEAEOR RS
SO ETR DL b BAE L KBRS 2 bR RO B FEE L T, B (power
method), ¥ 2 DL EN{#EE (Jacobi threshold me thod), # =1 7=2*—ik
( Danilevskii method), “~¥ Xk & £FE(House holder method ), QRE(QR
method )} T &8 5. |
NERELERAGETLABECAM LN TERNOT, TOTHY 2 €O L & WHE
{EP RN S P
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2.2 EHEHE
EAER(2.1) 866, REOZNES mﬁ%%<?&ﬂlof$%%ﬂ% (21)=

MY+Ky=0
M- Ky=34y

LT, A=w? L, ERFBHRES, BLEBRIGETSLE, ’\*ﬁ&zfd <?é—7')=
TERNWOTY IO L EWERLCLAL LT A ;Jf:rcrr;l“w@gtug,r,;% M-tK
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Ky=2.XL-XL"Y (2103
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ATE

Iy T A A,

m

(2

(3)

DEFL=(Y; = Yi-1 )+ (Hj—Hj-1) Y] X#
8) HAHM ( Shear force)
Sr{iﬁ:AR_:r;l,ir-.l(Yi —Yi-1)
T, M BEEZ (em)

ArEE (Acceleration)
.&;i (gal)
Maxcf it ( Absolute acceleration)

.

ABSACC=Y{+H{Y] Xa+ Yo (gal)

MR (Relat ive acceleration)
RELACC=Y; + ;Y] x# (gal)
H FEE{Velocity)

i (em/see)

et

Z2 fif (Displacement )

Y; (em)

HEHZEM ( Relative Displacement ).
RELDIS=Y,; +d; Y] xX# {cm)

Wi (Detlection)

DA RIC BRI

=
Bt

.\

SEDERETFRER T IR S

{ em)

( kg)
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3. iHEz-F

CHEA TS AR Fig 3. 1WA+ TNENO T e 75 adDBBEEA DEN L

MAIN: FA A3 vromeEs LT, sHEFRBEOEEFT L,

MAINX:

INPUTL

INPOT 2

HIE A 4
READW:
REPIN:
DATSA :

DTRI T
HEADI 1 -

READY:
VIBRA:

INTERP
KOYUOTT =

FAFENDT T - F o HELE

I G R

B £ 4 b Akt BHEOKR & 3% 50 A 10
ANWLwHL A, #7733 AREADW, REPIN, DATA

ADBRATELOH, F 2% b THh.
W EODYGT B L EE I A AT,
Wik R, W EREA AR

DATA TETHRAAKLT - 2O 70 v b

AR T 0 00 AR T

g

Hy B o B AT A,

WA L OMEE N2 b

HER T

BEPAT: WEEBEHOHFESTY.

PRINT :
MSG: =

F w7

TNy R EETS,

5“*})7“[1“*;‘/’7/%’&"3‘3

STORE: [GHEFEERO 7Y ¥ bLUHRE 78 Y4 - HUITLDLLHOT = #

=T A A

GVLESEA:

VIEW:
TITLE :
VIEWX :
TYPIE] :
TYPE2

PASS:

ACOCESBS -
SCALEX

G — rOmh

o

RS AR ) B A E AR T L A, T v h b,
7wy A WAOFIEEATO .
MEED A4 P A LRSS T — KO A P AT e Y b A,

MEFHEER T ey b TS,

ANJHEE® 70 v b B

ATIHEE» 7o v T4,

Py g O bhER T — AR AET b
79

F— 2 OHFEREST

F—AO A 5 v

¥,

Fig.
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3.2 AABICHNTER
.21 Ams
ANBRT Table3 1L —ERTCLTRLTH A L 3T,
() #FORES I
(2) ETH &
3y AT _
@) EE, HHERE HEGRE RFOME
{5) #FFOHDHIE

MR Tinhe. MROWENEIREAT ~ 7H LEF AR DL ANTEALHITHDT
b, COBe, T2 - OEOLORBATHAIN TR NIEA L

DO 1 T=1, N

s WRITE(ID)  (DATACI, J), J=1, N)
AT E = 2O =Tl Table 3 2RI N TS, '
3.2.2 HABK - o
IR TS LT Table 3L2WEINT WAL 9T,
(1) AHF -~ S
(&) A AEOR AL
BB R, FMERR, WEERE tLOE

=
R

) % AL ,
W AR, CEETT
(5) ETEAREO T w v b

T E MR DT A

3.3 EtHEf

Fig.3.3 WHRINABFEBMESOBETACLDOTHRALABERSY, AT -2 K
DNTit Tabled 210, RO T Tabled. 3 22X UFig.3 4 WA EHT+, 5=
— R A N T D Fig.2 1 WATEROHMERERF ST C e T8 b,

a5 pl
AT SRAEE 180 gal |
. 'U EL CENTRO 40 N§
B 5
I AEEEE 1500 sec
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Table 3.1 Toput list of code TOROTG-1
i(?ar[.l i J FORMAT E Variables 3 Descriptions
1 1 | TITLEO 3:0 : Calcalation continue
E =1 ! Calculation stop
5 9 A8 TITLEL() Problem identilication
2 5¥10.0 GALMAX |Maximwp acceleration (gal)
10% TFIN gFinal.time af response caleulation(sec)
DT Time interval for calculatien(sec),
if this column 1s blank, DT=001
. AMY UJ .Time interval {or plot (see), if this
_ fs_oiumn is blank, AMYU=0.01, AMYUZDT
TPRINT [ Print out interval(see), 1{ this column
is blank, TPRINT=0.1
Fi0.0 ETA . Calculation model factor, 1f this column
is blank, ETA=1.0
11¢C TABEND ; Cut -off time due to computer central
| processing time(sec), if this column is
| blank, TABEND=3600
3 313 NPaINT Number of muss
NFIRST @ { Number of f{irst fuel point)
'NEND ( Number of last fuel point).
4 313, IDMP =1 ! Damping matrix inpuat
3X =2 : Mode independent damping facter
| paput
=4 : Mode dependent damping factor input
: MATR =0 ! Stiffness wmatrix inpui
=1 : Flexibility matrix input .
, NEW. . =0 " Beismic wave ‘is used wave of
| former. oroblem ..
=1 ! Seigmic wave input
IS(GX) KAT(1) Calculgtion model factor
13, 3X KAT{(4) =0 *Mass stiffness and damping mat rix
data are read from input card
=1 :Matrix data are. read from
disk or tape No. 10
413 ITWIN Seismic wave data from disk or tape

-8 =
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Clard No E FORMAT Vari‘.ables  Descrips ions
S 1[ ; - — -
i iNo- IWIN (IWIN=2, 3 4, 8) o
: standard seismic wave data are disk
¥ ‘ L
' NBES Only usable 11 seismic wave data [rom i
disk or t,ml)e. No. TWIN,
— (0 : seismic wave data trom input card
=1 ! seismic wave data from disk cor tape
) IWOUu | Response acceleration is stored in disk
or tape No. IWOU ( IWOU= 2 3, 4)
; IWNP Only usable if response aeceleration
s stored in Aisic or. tape No. TWOTI.
=1 tdont store ' .
‘21'1 response acceleration is store,
i I‘WN-P is mass pbiﬁt nwnber
5 11 CIPLT1 | =0 : Dont ptotted B
' : =1t Caleulation results are plotted
15 IPLT2 | Length of time axis,
' t.PLTZ(mm/sef:i
; | 9r3 IPLTH Total mass number to be plotted
| | TPLT3(D =0 : Doa’t plotted
. ' ~{"% Caleulation Fesults arc plotted
“I="1": Absolute acceleration
I=2: Relative displadéﬁ)ent
I=3: Shear torce
5 i=4 1 Acceleration
I =5:Relative acceleration
) : =8 Displacement
E [ =7:Doflection
1=28 —
‘ » 1 =9 Veloeity
8 2413 | IPLT7(1) | Mass peint pumber to be plotted
7 1844 ; NAME Seismic wave npame
8 - T4, 6X i NREC Recorded nﬁmber of seismic wave dat.a,
11, 9X ; IWAVE = 1 ¢ Input data are zcard No. 94
c I o ." =2 ! Input data ére card No. 9B
’.’_’ : |
-9 —
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) . i . o o ]
Jard No.l FORMAT | Variables Descriptions
F10.0 DTW L Mime interval of selsmic wave dasa
% (only use 3f ITWAVE=1Y (sec)

9A 10¥, 5F10.3 WAVEIN(U Accele}‘zntion (gal)
9B 3X, [TWAVE(D) | Fime (seo)

[

4(F7.4.F9-6). [WAVE IN(D)| Acceleration (g)

) ANy standard seismic wave data are used,
o eard No. 9 and 10 are omitted

16 5(13.. _FQ.O) | NN‘ . Repeated pumber

Y{1) Initial pesition eof mass. point (cm)

1y 6(13, ¥9.0) NN Repeated number

H1(1) | Height of mass point {(om)
12 Mass matrix, sti{fness (flexibistisy) matrix avd damning

coeftficient (damping matrix)

! ; i

313 L ROW | Number of dzta rTow

11 | FLAG i =] : Only nse last ecard . ;
|
i
I OOL Number of datg eoluwna
i i IDATA Newber of dat

7110.0

o+
=

DATA DATA(TROW 100OLY~DATL(IROW,

1C0L-F.IDATAD

_ D IF KAT(4Y =1, card No. 12 are Omitted
1f TDMP =2 and 4, damping facior data arec roacd

according to the {ollowing format

. _ ' '
12C 6F120 IH( L) ‘ Damping facior ()

P

TOFNT - FOBRICEL T, CHRER WK ERE DR RRE SO LEF K, &
HEFF LD DICIRL THE % nde 2 7o RSN T 358 0 28 S R A AR R S SRl 7 M1 — 2
RICFECRHFLE A,

s |
i
@%‘E

(1) #BH, VIB3ES—6: ZFHAROHBLEEN -, J ABRY =M 6806
1972’:‘55_}? o
2 #E® ; PREL&J'DE#] PR s RBLOKRBILEET -, JAERI-M
4905, 1-97’251%?}?.
—10—



 JARRI-M: 5166

1 Card No.l FORMAT Varl oles Deseriptions .
F10.0 DTW _Time interval of feismic wave data
_ : : (only use it IWAVE=1Y {sec)
QA. 10%,5F10.3] WAVEIN(I)! Acceleration (gal)
9B | 3X, [TWAVE(D) | Time (seo)
4('.[“7.4.1?‘9.6). ]LW'A.VE IN(D{ Acceleration (g)
. Il standard seismic wave data arce uscdq
card No. 9 and 10 are omitted
16 ﬁ(_IB,. FQO) | NN Repeated number
| Y(I) Initial pesition of wwass peint (em)
11 6([3, FQ.O_)_ NN Repeated number
| HI(T1) Height of muss point {em)
12 .Mass matTix, stiffnes$ (flexibisity) matrix and damping i
coeltic 1c=nb (damping matrix) i
11 FLAG S =1 :Only nse last card ‘
313 IRO'.W Number of datu row
. | I COL Number of dats column
] IDATA Negmber of dnta o
7TF10.0 DATA DATA{TROW, 1J00L)~DaTa(l .H(}"&-‘L‘; ‘
| LCOL-FIDATAY
7 { If KA (4Y =1, eard No. 12. ave Omitted
1f _IDEVIP-T 2 and .4,_ damping factor data are reac
‘ aeccording Lo the lollewing format
120 | 6F120 | H€(T) ‘ Daunpiog Factor (—) |
s W
COFEH T - VPOENIKEL T, CHEPWELAWLZEMBHDFARRFEOLEZ K, &
WEHF LD LT THE» i 7 B 70 B 5 o S B0 b M 2 S RHE R T —

RCHR CRR# L%+

(1

(2)

w1

E%E%E,VIBsES—a:

19724 'SH .

WER PRELCDh”l a2
4905, 19725157H

%Jaf{;\—'firf*@ﬁb‘”ﬁxﬁ“% ’E"fﬂ - ¥,

% E W E

JALRI-M. 4808,

'n%w»i{mu P méfrfw —F, JAERI—M
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i
tard Noop FORMAT | Variables Descripbions

F10.0 DTW '__T‘ime interval of seismic wave daia
. _ .- : (only use If '\\7!‘1*\7}3:1}‘ (seoc?
QA. 10X, 5F10.3 WAVEIN(I)!] Acceleration (eal)

9B | 3X, [TWAVE( 1} | Time (sec)

4(F7.4,F9.6) WAVEIN(D){ Accelaration (g)

—

It standard seismic wave data are used,
card No. 9 and 10 are omicted

10 613, 79.0)} NN Repeated number

ER 4SSN Initial pesition of mass point {cm)
1y 5(13. ¥9.0)) NN Repeated number
HI(1) Height of mass poeint {(em)
12 ll\'fa.ss matrix, stiffness (f_lr;xibii,isy) matrix and damping

coelficient (dampiog matrix)
| o :

P11 FLAG i =1 :0Only nse last carcd
313 L RO'.W | Number of data row
I COL Numnhber of datsz colnmn
IDATA Number of danta .
7F10.0 DATA DATACTROW, [OOLY~DATA(LROW,
LCOL -+ X LATAY
: If KAI{4Y =1, ecard No. 12 are Omittend

1f [TDMP=2 and 4, damping factor data are reac

according to the lFollowing format

|
12¢ | 6¥120 JH(TI) | Dawping facior (=)

4B

EOIE T — ¥ OESICEL T, CHES W AN BB FRRF SO ARE,
@ERF LD BICEL THE R i 720 e B S 040 5 5 B 48 s b b 7 AR T i — i
TR CREH LT,

(W]
W
>Q"_
@}:

(1) MEH, VIBSES—6: ZHAMROBBLESN T — 1 JAERL-M {806,
1972458 :
(2) x&ﬁ%{,APRLLUDh-l 7 u fé'b“dow;miﬁ;—m wi*ﬁJ—l JAER M

4905, 197247 A



JAERI-M 5166

HANT

1]
oA

-

= §-Z-d
009¢

PR T Y L R R e R F YR EEY TR

09

0T

€00 <00
y+
£ 13
(13
1144 ¢ 00Z% 0 0nEY
[the] 00 0o
oT Zo*Q

T=3¢NTHILNT

wma[qoid ajdwmes yo ®iwp yndujy

qdyd  1S¥]

&G0 c6°0
e BT e 8012
B I=Gs TT'T &4 B I=7
n"T=g+ €L &+ £9=Z
=0 TT &+ Gry=Z
G+ o= 94+ Gi*T T
CyZZT*9 T
Te0Z 0T T
SH¥ZZ I3 T
C¥ze 19 1
CwZZ-13 T
0008z 0100TZ o
nrp Lt ]
SNo¥ OMINI2 T3
L
¢ T T o1 T 00
T & 1T 6 0T 0 0
1
1o Q'€ 1}
J1THS5T13S 89

A5NO4S I N

o

o
-

0

EL LY. T
ELEE TR X
-

<
X

-
oA

~
-
-

PR N1
ey

-

YET IETET YRR R TP T

¢ 't °19:L

—_ 1 1 —




1
;
7

JAERI-M 5166

(335,

¢238) 00200 IWIL IWANZIND F1NdWOD
¢35y 0D9E . IIL LIW] 1=ndD
¢I35) Q00G-T AWIL T¥AHALNT LNTHdD
€23%) d00AaCT IWIL HSINTA
6 & £ 2 1
Q311074 38 01 y3IEWnN LIN1Od SSYW
o ALIZ0T3A
a INAWOW NENL 43A0
1 NOE1D31439
1 SNIWIIVIAS LG
u =7329% ALV
T NODLLVY3IIZOY
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