JAERI-M
91659

SONATINA-1 : A COMPUTER PROGRAM
FOR SEISMIC RESPONSE ANALYSIS
OF COLUMN IN HTGR CORE

November 1980

Takeshi IKUSHIMA

H ®* B ¥ Hh WH R F
Japan Atomic Energy Research Institute




TR, ARG A4 JAERIIM L - b LD, AVERIIZ FITL Ty B
e ETT . A T F&‘ 2@ FoOsiah HASIE 1 A8 Al £ 00 D (R
Bom i didggsfy H 7, HHL 2L <7720,

JAERI-M reports, issued irregularly, describe the results of research works carried out
in JAERI. Inquiries about the availability of reports and their reproduction should be
addressed to Division of Technical Information, Japan Atomic Energy Research Institute,

Tokai-mura, Naka-gun, Ibaraki-ken, Japan.




JAERI-M 9165

SONATINA-1: A Computer Program for Seismic Response Analysis of
Column in HTGR Core
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An computer program SONATINA-1 for predicting the behavior of a pris-
matic high-temperature gas~cooled reactor (HTGR) core under seismic exci-
tation has been developed. In this analytical method, blocks are treated
as rigid bodies and are constrained by dowel pins which restrict relative
horizontal movement but allow vertical and rocking motions. Coulomb
friction between blocks and between dowel holes and pins is also considered.
A spring dashpot model is used for the collision process between adjacent
blocks and between blocks and boundary walls.

Analytical results are compared with'experimental results and are
found to be in good agreement, The computer program can be used to pre-

dict the behavior of the HTGR core under seismic excitation.
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1. Introduction

The high temperature gas-cooled reactor consists of several hundred fuel
columns surrounded on their outer periphery by side permanent reflector blocks.
Each fuel column contains 10 - 16 hexagonal blocks deweled together to ensure
alignment of the coolant channels and the control rod channels. Gaps exist
between columns allowing the blocks to collide each other during seismic exci-
tation. It is necessary to analyze seismic behavior of the HTGR core for de-
sign purpose. Several computer programs have been developed for the purpose
(1) - (8). The author has developed the computer program PRELUDE for one-
and two~dimensional mathematical model. In the model, the element is treated
the rigid body with one horizontal translational motion and isnot considered
rocking motion. The present mathematical model in the SONATINA-1, involves
two translational motion, i.e. horizontal and vertical displacements, and one
rotational at the center gravity. Blocks are treated as rigid bodies and are
constrained by dowel pins which restrict relative horizontal movement but
allow vertical and rocking motion. Coulomb friction between blocks and be-
tween dowel pins and sockets is also considered. A spring dashpot model is
used for the collision process between adjacent blocks and between blocks and
boundary. In the computer program, dowel forces and friction forces are also
computed. At the termination of each run, a summary of maximum output valves
is printed. The computer program has optional plotter capability which, if
selected, vibration modes and time history response curves are depictted

using the Calcomp plotting and COM (Computer Output Microfilming) machine.
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2. Reactor Core Structure

Arrangement of experimental VHTR is set as in reactor plant of Fig.2.l.
Reactor vessel is placed in the central part of building and fixed to
concrete barrier.

The structure of reactor core for experimental.VHTR is shown in Fig.2,2.
Reactor core formed as structure Capable of supporting its weight through
high temperature plenum (core supporting block and core supporting post).
Its side is coupled to core barrel with side restraint structure of the
core as shown in the structure of the core in Fig.2.3 (the reactor core plan).

(1) Structure of reactor core

The core of experimental VHIR shown in Fig.2.2 is composed of graphite
block (fuel block, movable reflector, fixed reflector), lower part structure
of core, its surrounding core supporting structure, core side restraint
structure and orifice block for flbw adjustment,

Horizontal arrangement of core shown in Fig.2.3 is set in 73 columns of
fuel block, its neighboring 66 columns of movable reflector, and 18 columns
of fixed reflector and core restraint structure.

Vertical arrangement shown in Fig.2.2 is set with seven-layer fuel
block and two-layer movable reflectors with blocks in above and below.
Orifice block for flow controlris set on the top of the reflectors, and
graphite block and thermal barrier forming high temperature plenum are set
in lower section.

(2) Graphite block (fuel block)

Fuel block shown in Fig.2.4 is pin-in-block type with fuel rod inserted
into cooling channel which opens in graphite block of hexagon pillar shape,
One region for fuel replacement, control and flow control is formed from

those seven columns of fuel block.



JAERI-M 9165

0f the seven columns, surrounding six columns of fuel block are called
as standard type fuel block in which twelve cooling channels opened. The
fuel block in the central column is called control fuel block in which
three cooling channels, two holes for inserting control rod and one hole
for insertion of back up shutdown element (boron) opens.

This positions of those graphite blocks are decided by three dowel pins
each in the direction of upper and lower and coupled, but are not restrained
to the horizontal direction because of gap between each column.

Orifice block in the upper top of column is made mutual key coupling in
one region., Furthermore, upper part block in high temperature plenum in
lower part of reactor core is also made mutual key coupling.

(3) Core side restraint mechanism

As shown In the core mechanism drawing of Fig.2.3, fixed reflector is
directly coupled fo core barrel through core restraint mechanism. This core
side restraint mechanism is turnbuckle machinism and 18 pieces are fixed to
direction of circular and 15 stages are fitted to direction of height.

(4) Core bottom support mechanism

Core bottom support mechanism consists of a structure in which the core
is set on high temperature plenum block and supported by core support post

and further the whole core is supported by diagrid fitted to bottom of core

barrel (See Fig.2.2).
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Control rod driving mechanism
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| —Pressure vessel

Plenum block

.

Core support port

v o
000

L Thermal insulator block
| —

e 0 e
l i //’gore support plat

c _—Diagrid plate
b
\ Main coolant pipe

|

Fig.2.2 Reactor vertical view of VHTR

_5__



JAERI-M 9165

YIHA JO MOTA dueTd 103089y ¢€°Z7°3TJg

i 1! 0O

but too0g

Jojeinsui f{eudayl g

agn3 apinb- uajunod uoanay 2y
[aued Bupjoog |

?qn3 aptnb a(dnojouwsay} @y
|9SSIA BUNSSALd 6

[3adeq 340) g

JULBU}SAL 840) ¢

Buipiatys apis 9
Joleinsul jewady) ¢
40303434 paxL{ ¢
40123 [ 434 a|geaowsy ¢
¥20(q [3n) pos |o43u0) 2

A20(q |3ny paepueis |




JAERI-M 9165

pos josjuod Joj 90K
_490dwo)

oARO|S

ejoy Dujjpuoy jeny
iomoQq

fon} |emo(

fon} piopuDyg

%%0|q eyiydosb edA; |o4juo)

$o0iq syjydosb edh} piopuoyg

EERREEERRE

Uuo1j99s $504) -0
L i

¥20Tq Tengd  4°Z°8Td

U0I;095 &5

v-v

S

.-_.%@. ﬁR Ta

©
r

(

8y

\\
0

mn mey,
a.._v @X)-60)
ss 5

) 01. avA\
DN

n:vv

8104 -¢ 0} “\

feny adA} pJopupig

,ﬁﬂé??g

uol1|28s $501) B8-0 1=

12°]

N S6

PN :T4)

1enj edk} |oJjuo)




cC

cD

cV

FBL

FBR

FDL

FF

FP

FTL
FTIR
FVL
FVR

£(v)

e

e

JAERI-M 9165

3., Calculation Equation

Nomenclature
block rocking spring half width
block geometric half width
damping coefficient
damping coefficient.associated with ¢
damping coefficient of displacement detector
damping coefficient associated with B8
damping coefficient of impact plate support
damping coefficient associated with y
distance of dowel from block center line

horizontal collision force acting at the bottom of
the left side

horizontal collision‘force acting at the bottom of
the fight side

dowel force acting at the left dowel

friction force acting at the horizontal interfaces
between block

vertical gas pressure force acting at the block center
horizontal collision force acting at the top of the left side
horizontal collision force acting at the top of the right-side
vertical collision force acting at the left corner

vertical collision force acting at the right cormer

prescribed function for the friction characteristics

gravity constant

block half height

block mass moment of inertia
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spring constant associated with ¢
spring constant associated with B
spriné constant of impact plate support
spring constant associated with y
block mass

total number of blocks in column
horizontal block displacement as the center gravity
impact plate displacement

boundary horizontal displacement

velocity

vertical block displacement at the center gravity
boundary vertical displacement

vertical forces due to block weight and pressure
difference acting at lower part of the block
vertical forces due to ﬁlock weight an& pressure
difference acting at upper part of the block
dowel spring deformation

spring deformation of a spring-dashpot unit at
interface between blocks

initial gap between the block and boundary wall
gap on the left side of dowel

gap on the right side of dowel

spring deformation of a spring-dashpot unit at between

block and boundary impact plate
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3.1 Equations Governing Motion

The forces involved in the analysis of a single vertical column of the
HTGR core constrained within a rigid boundary are as shown in Figs.l(a) and 2.

Let the coordinate system be chosen as shown in Fig.l(b). Each block
has two translational coordinates, u and w, and one rotational coordinate 6;
Figure 1(b) shows the forces that act upon an individual block. The equations

of motion for ith block of the single column may be written as:

_ TL . TR . .BL _BR L
AR SRS AR S +F1+F +FD

Fg + ngl FDRl + ciﬁ ' (1)

+

+ FVR + FVL + FVR + pFDL + pFDR

W, =F i i+1 T Y141

VL
i1 i
DL DR U]

R bR + W+ wi, (2)

1%

TL TR BL BR R
M(Fi ) + M(Fi ) + M(Fi ) + M(Fi ) + M(Fi)

+ M(F 1+1) + ML) + MED) + MDY ) + OFR )

+

M(F ) + M(F ) + M(F'E ) + M(F'R.) + u(urlf‘)

i+l i+l

+

MOFY) + MFp ) + NP ) + u0D) + o, )

where, M(F) are moments caused by forces F, WU and WL are forces due to block
weights and pressure differentials acting at the upper and lower part of block.
3.2 Friction Force between Blocks and Its Associated Moment
The friction force due to surface sliding is represented by a nonlinear
Coulomb element. The equations for the friction force FF and its associated

i
moment M(Fz) acting on the ith block, are as follows.

\
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Defining a, as (61-61_1), then, when a, > 0

Fi - -sign(vi) F(vi).

)
M(F') = F¥ (h,cos6, - b,sin6.) ? (%)
- SO T RAr TS e o 1
and for i-~1lth block
FF = gign(v,) P(v,) =~
i-1 i i’? ~
M(FF ) = FF (h, ,cos6 | - b, ,8ing, ,) (5)
i-1 i-1 i-1 i-1 i-1 i-17?
where
v, = {ui - (hicosei + biainei)ei}
- {ﬁi—l + (hi_lcosei_1 - bi_lsinei_l)ei_l} (6)
For i =1
vy =u, - (hlcose1 + blsinel)e1 = 4, )

where ug and ﬁi are the horizontal displacement and velocity of the center

of gravity of the ith block, respectively.

60 is the horizontal velocity of the support floor.
If sign (ai) < 0, then

F
P, - -sign(vi) F(v,),
M(FF) - FE (=h,co86, + b,sing.) (8)
i g \~h4c088y + b,sing,),
and for i-1th block
F' = sign(v,) F(v.) ~
i-1 i i) ;

F F i
M(Fi-l) = Fi-l (hi_lcosei_1 = bi_lsinei_l), —f 9)
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where

v, = {ui - (b cose, - bisinei)éi}

i
- {ui-l + (hi_lcosei_1 + bisinei-l)ei-l} (10)
For 1 = 1
v, =4 - (hlcose1 - blsinel)e1 Ggs (11)

where ﬁo is the horizontal velocity of the support floor. F(vi) is a pre-
scribed function for the friction characteristics which is related to the
vertical contact force and the coefficient of both dynamical and statical

friction.

2 3
F(v,) F, {“s + f(vi) + £(v)) + f(vi)}, (12)
and, the functions f(vi, vi, vi) are related to kinematic coefficient of
friction py. The vertical contact forces are obtained by summing blocks

weights L and the differential pressure of a unit block length, Fi.

Fm L omg+ . ~ (13)
o1

3.3 Vertical Impact Force and Its Associated Moment
The forces acting on the interface between the ith and i-1th block as
a results of impact are derived in term of deformation of each spring~-

dashpot unit., When the gap is closing, the spring deformation Y4 and its

time rate Y are

1
Yy =3 {wi_1 - h1-1(1'°°s°1-1) - a,sing, .}

i i-1
1
3'{wi + h (1-cosb ) - aisinei}, (14)
. 1 '
Yy =3 ¥y - (b ysine, , +acose, )8, ]
l .
-3 {ﬁ + (h sine1 - aicosei)ei} (15)
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For i =1
1
e 5-[wO - {wl - hl(l-cosel) - alsinel}}, (16)
L] 1 & L 3 4
- 3-[wb - {w1 + (hlsinel - alcosel)el}}, 17)

where Yo and ﬁb are the vertical displacement and velocity of the support

floor, respectively. The vertical impact forces FXR (or FVL) and its as-

v i
sociated moments M(FXR) (or M(FZL)) acting on the ith block are as follows.

If Yy 2 0

PR e ok y, - cZ

1 174 Yy

VR VR
M(Fi ) = -F1 (hiSinei - aicosei) (18)

For i-1th block

VR .V V.
Fied =Ky Y4+ 0y ¥y

VR VR

M(Fi—l) = Fi—l (hi_lsinei_l +'ai cosf

1 (19)

When Yy S 0

VR VR
Fi = Fi—l =

VR VR
M(F™) = M(F, 1) =0 (20)

0,

Where KZ and CX are the vertical spring and daﬁping coefficients,respectively,

for a single unit. In the more general formulation, these quéntities may be

represented by a polynominal function.

m
v VAR
K, = I K,, v
1 e 471

\4 v .
Ci = jEO Cij Yi (21)
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3.4 Boundary Wall Forces and Its Aésociated Moments

The forces acting on the ith block as a results of impact on the
boundary walls are derived by deformation of each spring-dashpot unit which
are located on the upper and lower, right and left-hand corners. During
impact against the boundary wall on the upper right-hand corner the spring

deformation €y and its time rate ¢, of ith block are

B B
gy = uy + hisinei - bi(l-cosei) -uy - 61 . (22)
Y . > -B
g =G+ (hicosei - bisinqeei - 4, (23)

where ug is the lateral boundary displacement at the contact point and 62

is the gap between the ith block and its boundary wall. The boundary wall

TR

impact force Fi and its associated moment M(FIR) acting on ‘the ith block

are as follows.

If ei >0
TR B B .
Fi -{Ki g, + Ci ei}

TR TR
M(Ti ) Fy (hicosei - bisinei). (24)

where K? and CE are the boundary spring and damping coefficients, respectively

and may be represented in the following general form.

m
B
K, = I K, e,

Cj= I Cy éi (25)

Similarly, on the upper left-hand corner

B
B
gy = -uy - {hiSinei + bi(l-coseg} +uy -8y, (26)
= -. - hd .B
éi a4, (hicosei + bisinei)e1 + 4, (27)
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if ei >0
TL B B
F1 -'Ki ei+Ci ki’

IL, _ oTL
M(Fi ) Fi (hicosei + bisinei)
On the lower right-hand corner

- &8

B
€y =y - {hisinei + bi(l-éosei)} -u 1

i

. . . .B

€y = uy - (hicosei + bisinei)e1 - 4,
if € >0

BR B B .

BR BR
M(Fi ) -Fi (hicosei + bisinei)

And the lower left-hand corner

B B
€y = ~uy + {hisinei - bi(l—cosei)} +u, - §

i i?
€, = -4, + (h,cos6, - b sine.)é + GB
i i i i i i771 i?
if ei>0
BL B B,

Fg =-Kje +Ci ¢,

BL, _ _BL
M(Fi)- Fi (hic:osei biSinei)

When ¢ 5_0

TR TL BR BL
M(Fi ) = (M(Fi ) = M(Fi ) = M(Fi ) =0

(28)

(29)

(30)

(31)

(32)

(33)

(34)

(35)
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3.5 Dowel Forces in the Horizontal ﬁirection and Its Associated Moments

The dowel forces in the horizontal direction are derived by the contact
condition between dowel pins and mating holes. When a dowel pin and its
mating hole are in contact, the dowel spring deformation 8i and its time

rate Bi of ith block interface are

Bi = {ui_1 + hi-ISinei-l - d1-1(1'°°391-1)}

- {ui - hisinei - di(l-cosei)} ¥ 6R,L’ (36)
éi =4, _, + (h_,cose, . - di-ISinei-l)éi-l
- {ﬁi - (hicosei + diSinei)éi}’ (37)
For i = 1
Bl =u, - {u1 - hlsinel - dl(l-cosel)}‘¥ GR,L’ ‘ (38)
B, = Gy - {8, - (hjcosd, + d, s1n6,)6,}, (39)

where GR and GL are the gap between dowel pin and hole on the right and left
reépectively. The dowel force FER and its associated moment M(F?R) in hori-
zontal direction acting on the ith right-hand dowel are as follows.

If Bi > 0 on the right gap and Bi < 0 on the left gap

Py =Ky By +C) By,

M(F?R) = -F?R (hicosei + disinei), (40)
for i-1th block

ng-{l B 'Kl; By - Cg By»

M(FE&I) = szl (hi_lcosei_1 - disinei_l) (41)
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If Bi < 0 on the right gap and Bi > 0 on the left gap

2R PR Lo,

1-1
R DR
M(FYY) = MR ) = 0 (42)

where Kg and Cg are the dowel spring and damping coefficients, respectively

and may be represented in the following general form.

I K
17 oo 1

m
3
Bi

D
Ci

D *j
Jo Cu B 43)

m
z
Similarly, the dowel forces F?L and its associated moments M(FEL) in the
horizontal direction acting on the ith left-hand dowel are the same as
equations (40) through (43) above.

3.6 Dowel Friction Forces in the Vertical Direction and Its Associated

Moments

The dowel friction forces in the vertical direction are derived from
the dowel forces and the friction factor. When dowel pin and mating hole
are in sliding contact, the relative velocity between pin and hole on the
ith block interface is

wy = ﬁi + (hiSinei - dicoaei)éi

- {% - (h

sinei_ + d,cos8 (44)

1-1 = by 1 440088, 100, )
For 1 = 1

w, =W, + (hlsine1 - dlcosel)e1 = ¥y (45)
The dowel friction force on the right-hand dowel in the vertical direction

quR and its associated moment M(uF?R) for ith block are as follows.
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DR DR
WF, " = --sign(wi)-lFi |£Qu),

DR DR
M(uFi ) -uFi (hisinei + dicosei) (46)

for i-1th block

DR

Fi—l = gign (wi)-IFgR|-f(u)

DR R
M(uFi_l) = -uF?_l (-hi_ sin® + dicose (47)

1 i-1 1—1)
where £f(u) is a function of the friction factors both static and kinenatic.
Similarly, the friction force quL on the left-hand side and its moment

M(quL) are as follows.

For the ith block

DL DL
uFi = —sign(wi)'lFi «fLu)
DL, _ _ DL
M(F; ) = -uF, (h,sine, + d cose,) (48)
for the i-1th block
L DL
WFy = sign(u,) e« |FoC|-£(u) (49)
DL, _ _ DL _
M(uFi_l) = “Fi-l ( hi-ISinei-l + dicosei_l),
£ = £Qu, u) (50)

3.7 Moments Due to Block Weights and Pressure Difference

The moments acting on the ith block as a results of the blocks weight
and pressure difference are as follows.

1f @ >0

U, U
M(Wi) =W (hisinei + bicosei) (51)
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I1f ai+1 = (
i U

M(W) W h, sing (52)
If ai+1 <0

M(W) = W (h,sind, - b,cose.) (53)

i i i i i i

Where

U n P

W= I Wj +Fy (54)

j=1+1

Where j = n, M(Wg) = 0, Similarly,
If ai >0

M(wli) = wli (hisine):l - b1°°3°1) (55)
If a; = 0

M(Wﬁ) = Wﬁhisinei (56)
1f ui <0

M(Wﬁ) = Wﬁ (hisinei + bicosei) (57)
Where

n P
We= § W +F (58)

= 41
3.8. Equation of Motion for Impact Plate

For the ith impact plate on the right hand side, the equations of motion

are as:
BR ,BR TR BR
m .ui - -FTR + Fi + Fi (59)
where
- MR (60)
F?R KTR by v Cy ¥y
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and for the left impact plate

Bl Bl o pML _ pTL _ oBL

i "1 i i i°
where
ML
R bt Gy,
v = Ub - ui'
m

Ki= 1 & ¢

1 gm0 173

M_ T M .
C,= I C ]

i 4=0 ij

3.9 Numerical Integration Method

(61)

(62)

(63)

(64)

The governing equations given in above can be numerically solved by

using the fourth-order Runge-Kutta integration schemes,
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4., Computer Prdgram

The computer pfogram SONATINA-1 performs the dynamic analysis of a single
stacked column subjected to seismic excitation. The program is capable of
solving nonlinear impact problems. The nolinearities may be due to gaps be-
tween block and boundary, and between dowel pin and socket, and Coutomb friction.

4,1 Program description

Computer program SONATINA-1 consists of 13 subroutine that are MAIN,

JULY 31, FUN, MOMNT, FRIC, FUNBO, FUNUO, FUNWO, GCOS, SSIN, GREATT, PICT and
DIVWST. Overall structure of SONATINA-1 is éhown in Fig. 4.1. 1In the figure,
line from one box to another indicates that the right routine is called by the
left one. Function of subroutine is as follows.

MAIN ¢ Initializes at start of run, controls the flow of program,

and stores output.

JULY 31 ¢ Integrates system.of differential equations using Runge-
Kutta numerical method.
FUN ¢ Sets up equations for given time.
MOMNT ¢ Determines moment of block weight and gas pressure difference.
FRIC ¢t Determines friction force.
FUNBO : Determines boundary displacement and velocity.
FUNUO ¢ Determines base horizontal displacement and velocity.
FUNWO ¢ Determines base vertical displacement and velocity.
- GCos ¢ Determines value of cosine function.
SSIN ¢ Determines value of sin function.
GREATT ¢ Searches maximum value, and prints maximum value.
PICT ¢ Plots vibration mode.
DTVWST ¢ Stores displacement data for post processor SONPLI,
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Macroscopic flow chart of SONATINA—lvis shown in Fig.4.2. SONATINA-1
has two post-processer that are SONPL1l and SONWV1. SONPL1 is used for column
vibration mode plotting and SONWV1 for response curve plotting.

4.2 Description of input data

This section describes the input data required by SONATINA-1l. Input
data consists of job description, number of blocks, spring constants and
damping coefficients, friction féctor, gap between column and boundary, gap
between dowel pin and socket, element geometry and weight, initial condition,
selsmic data, options for printout and plot interval, times for starting,
ending and integral step and others. Input data forms are presented in Table
4.1,
card 1

Problem initiation and title.

Card 2

Master control card.
Card 3

Initial value.
card 4

Control card for geometry data.
card 5

Geometry data.

Card 6 group
Card 6A

Friction factor and etc.

Card 6B

Spring constant and damping coefficient of dowel pin,
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Card 6C
Spring constant and damping coefficient of vertical impact.
Card 6D |
Spring constant and damping coefficient of boundary impact.
Card 6E
Gap between element and boundary data,
Card 7
Geometry and time data.
Card 8
Option data for print out.
Card 9
Impact data.
Card 10
Distance of vertical spring.
Card 11
Dowel data.
Card 12
Option for response curve plotting.

Card 13 group
Card 13A

Seismic data (Sinusoidal wave) .
Card 13B

Option for seismic data (Sinusoidal wave),

Card 13C
Seismic data (Random wave),

Card 13D

Number of seismic data and time step of data, and seismic data

displacement and velocity.
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4.3 Description of output data

This section describes the output data from SONATINA-1. Printed output
data consists of input data, time history data and output summary. The
computer program SONATINA-1 has optional plotter capability which vibration
modes and time history response curves are depictted using the Calcomp
plotting and COM machine.

(1) Input data

Input data is printed in two formats. The first print format is exactly
the same as it was read. Second, the program lists the data as interpreted
by the code.

(2) Time history output

This time history data is printed every print interval. The following
is a description of output data.
Time

TIME - Current value of time (sec).
Displacement

THETA - Angular displacement (rad).

U - Horizontal displacement.
W - Vertical displacement.
Velocity

D-THETA/D-T - Angular velocity (rad/s).

D-U /D-T - Horizontal velocity.

D-W /D-T - Vertical velocity.
Acceleration

D2THETA/D2T - Angular acceleration.

D2U /D2T - Horizontal acceleration.

D2W /D2T ~ Vertical acceleration.
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Force and Moment
MOMENT BY GRAVITY - Moment by gravity.
FORCE BY FRICTION - Friction force between upper and lower block interface.
MOMENT BY FRICTION - Moment by friction force.
FORCE BY V. SPRING - Vertical impact force on the center of the block.
MOMENT BY V. SPRING -~ Moment by vertical impact force.
FORCE BY DOWEL - Dowel force.'
MOMENT BY DOWEL - Moment by dowel force.
FORCE BY B. WALL - Boundary impact force on the center of the block.
MOMENT BY B. WALL - Moment by boundary impact force,
(3) Output summary
At the termination of a runm, an output summary is printed which gives
all of the maximum displacements, rotations, velocities, accelerations,
forces, and moment. The following is a description of the output summary
data,
Maximum displaéement 8, u, w,
Maximum velocities 6, 4, w.
Maximum acceleration g, u, W.
Maximum friction force.
Maximum friction force moment,
Maximum vertical impact force.
Maximum vertical impact moment.
Maximum dowel force.
Maximum dowel moment.
Maximum boundary impact force.

Maximum boundary impact moment.
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Table 4.1 Input data cards for SONATINA-1

Column Format Variable Description
Card 1 : Problem initiation and title card-one card.
1-72 18A4 ITI Title or job descriptionmn.
IF ITI(1l) is blank, job stop.
Card 2 : Master control card—dne card.
1- 5 I5 NN Number of block.
6-10 I5 NM Number of different blocks.

11-15 I5 NB Number of different length of
vertical spring.

16-20 I5 ND Number of different size dowels.

21-25 I5 NPR Response curve plotting flag.

26-30 I5 KPR Data stored interval for column
vibration mode plotting. The code
will store output every KPR inte-
gration step. If KPR is zero, data
not stored. Data file No.51 is used
for data store of column vibration
mode plotting.

31-35 15 NTW Column vibration mode plotting flég.

36-40 15 NSW Dummy

41-45 I5 MPLOT Data stored interval for response
curve plotting. The code will store
output every MPLOT integration step.
If MPLOT is zero, data is not stored.
Data file No.1ll is used for data store
of response curve plotting.

46-50 I5 NBND Option for boundary structure.

NBND = 0 : Boundary is elastic.
NBND = 1 : Boundary 1is block.
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Column Format Variable Description

Card 3 : Initial value - NN cards.

11-20 F10.0 X(1) Initial rocking angle.

21-30 F10.0 X(2) Initial rocking angular velocity.
31-40 F10.0 X(3) Initial horizontal displacement.
41-50 F10.0 X(4) Initial horizontal velocity.
51-60 F10.0 X(5) Initial vertical displacement.
61-70 F10.0 X(6) Initial vertical velocity.

As many cards as needs to initializes NN elements.

Card 4 : Control card for geometry data - NN/6 cards.
21-25 I5 IMT(1) Element-1 definition.
26-30 (15 IMT(2) Element-2 definition.
31-35 %5 IMT(3) :

E s |
S y - |
66-70 I5 IMT (10) !
Next card :
21-25 15 IMT(11) |
26-30 15 IMT(12) !

! ! [
Card 5 : Geometry data - NM cards.
11-20 F10.0 HH Block half height.
21-30 F10.0 EI Block mass moment of inertia.
31-40 F10.0 EM Block mass.
41-50 F10.0 Wl Block weight.

As many cards as needs to generate NM groups.
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Colunmn

Format

Veriable

Description

Card 6 Group

Total spring constant = D1K + D2K*B + D3K*g2

Total damping coeff.

Card 6A : Friction factor etc. - one card.

11-20 F10.0 Fl Static friction factor.

21-30 F10.0 F2 Related to dynamic friction factor.
If static and dynamic friction factor.
is equal, F2 is zero.

31-40 F10.0 CXX Damping coefficient of displacement
detector.

41-~50 F10.0 PPPP Gas pressure force between upper and
lower column.

Card 6B : Spring constant and damping coefficient of dowel pin-one card.

11-20 F10.0 D1K Spring constant of dowel pin.

21~-30 F10.0 ‘D2K Spring constant.

31-40 F10.0 D3K Spring constant.

41-50 F10.0 D1C Damping coefficient of dowel pin.

51-60 F10.0 D2C Damping coefficient.

61-70 F10.0 D3C Damping coefficient.

= DIC + D2C*B + D3C*p2

Card 6C : Spring constant and damping coefficient of vertical impact-one
11-20 F10.0 V1K Spring constant of vertical impact.
21-30 F10.0 V2K Spring constant.

31-40 F10.0 V3K Spring constant.

41-50 F10.0 Vic Damping coefficient of vertical impact.
51-60 F10.0 va2c Damping coefficient.
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Column Format Veriable ' Description

61-70 F10.0 Vv3c Damping coefficient.

Total spring constant = VIK + V2Kdy + V3K#,2

Total damping coeff. = VIC + V2C*y + V3C*y2

Card 6D : Spring constant and damping coefficient of boundary impact-one

card.
11-20 F10.0 B1K Spring constant of boundary impact.
21-30 F10.0 B2K Spring constant.
31-40 F10.0 B3K Spring constant.
41-50 F10.0 B1C Damping coefficient of boundary impact.
51-60 F10.0 B2C Damping coefficient.
61-70 FlO.Q B3C Damping coefficient.

Total spring constant = B1K + B2K*e + B3K*e

Total damping coeff. = B1C + B2C*& + B3C*¢

Card 6E : Gap between element and boundary data. — one card.

11-20 F10.0 DELB Gap between element and boundary.
21-30 F10.0 WLC Mass of left boundary.
31-40 F10.0 SLC Spring constant between left boundary

and frame,
41-50 F10.0 WRC Mass of right boundary.

51-60 F10.0 SRC Spring constant between right boundary

and frame.

As many group cards 6 as needs to generate NN elemeats.

Card 7 : Geometry and time data-one card.

11-20 F10.0 ~ BB Block half width.

21-30 F10.0 DT Integral time step.




JAERI-M 9165

Column Format Variable Description

31-40 F10.0 TEND Ending time.

41-50 F10.0 TINT Starting time.

Card 8 : Option data for print out—one card.

11-20 F10.0 T1T Check print starting time in Ruge-
Kutta scheme.

21-30 F10.0 T2T Check print ending time in Runge-
Kutta scheme,

31-40 F10.0 TiX Check print starting time for calcu-
lation results.

41-50 F10.0 F2X Check print ending time for calcu-
lation results.

Card 9 : Impact data-one card.

11-20 F10.0 EE Coefficient of restitution.

21-30 F10.0 TC Contact time.

If momentum model is adopted, this data is necessary.

Card 10: Distance of vertical spring-NB/6é cards.
11-20 F10.0 XB(1) Block rocking spring half width.
21730 F10.0 XB(2) T
! !
Card 11: Dowel data-ND/2 cards.
11-20 F10.0 XD (1) Distance of dowel from block center
line.
21-30 F10.0 DEL(1,1) Gap on left side of dowel.
31-40 F10.0 DEL(2,1) Gap on right side of dowel.
41-50 F10.0 XD(2)
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Column Format Variable Description
51-60 F10.0 DEL(1,2)
61-70 F10.0 DEL(2,2) - - - - -
Next card.

11-20 F10.0 XD (3) - - - - =

21-30 F10.0 DEL(1,3) - - - - -

31-40 F10.0 DEL(2,3) - - =

| | |
' ' '

Card 12: Option for response curve plotting-one card.

1-4 14 IPLOT(1) Rotation angle plot option.

3-8 14 IPLOT(2) Rotation angular velocify ploy option.

9-12 14 IPLOT(3) Rotation angular acceleration plot

option.

13-16 14 IPLOT(4) Horizontal displacement plot option.
17-20 14 IPLOT(5) Horizontal velocity plot option.
21-24 14 IPLOT(6) Horizontal acceleration plot option.
25-28 14 IPLOT(7) Vertical displacement plot option.
29-32 14 IPLOT(8) Vertical velocity plot option.

33-36 14 IPLOT(9) Vertical acceleration plot option,
37-40 14 IPLOT(10) | Moment by gravity plot option.

41-44 14 IPLOT(11) Friction force plot option.

45-48 14 IPLOT(12) | Moment by friction force plot option.
49-52 14 IPLOT(13) | Vertical impact force plot optionm,
53-56 14 IPLOT(14) | Moment by vertical impact plot option.
57-60 14 IPLOT(15) Dowel force plot option.

61-64 14 IPLOT(L6) | Moment by dowel force plot option.
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Column Format Variable Description
65-68 I4 IPLOT(17) | Boundary impact force plot option.
69-72 I4 IPLOT(18) | Moment by boundary impact plot optionm.

IPLOT(I) = O: Don't plotted.

IPLOT(I)

Results are plotted.

Card 13 group

Seismic data (Sinusoidal wave)=-one card.

Card 13A :
11-20 F10.0 G Amplitude of input wave.
KIK = 0 : Displacement.
KIK = 2 : Acceleration.
21-30 F10.0 W Angular frequency.
KIK = 0 : Radian/s.
KIK = 2 : Hz.
31-40 F10.0 P Phase shift. (radian).
Card 13B : Option for seismic data (Sinusoidal wave)-one card.
10 Il KIK Option input wave data. (See card 13A).
Card 13C : Seismic data (Random wave)-one card.
1-5 IS5 KXK (1) Option for horizontal data input.
6-10 I5 KXK(2) Dummy .
11-15 15 KXK(3) Option for vertical data input.
21-30 F10.0 ALP Maltiplication factor of displacement.
31-40 F10.0 BET Maltiplication factor of velocity.
KXK(I) = 0 : No-data.
KXK(I) = 1 : Data input.
Card 13D : Number of seismic data and time step of data.
1-4 14 KXN(1,1) Number of horizontal displacement data.
21-30 F10.0 DDT(1,1) Time step.
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Column Format Variable Description
Next cards
21-60 5F10.0 VX Horizontal diSplacemeﬁt.
(1,1,KXN(1,1)
Next cards
1-4 14 KXN(1,2) Number of horizontal velocity data.
21-30 F10.0 DDT(1,2) Time step.
Next cards
21-60 5F10.0 D Horizontal velocity.
(1,2,KXN(1,2)
If KXK(1) is zero, above four cards
are not necessary.
Next cards
1-4 I4 KXN(3,1) . Number of vertical displacement data.
21-30 F10.0 DDT(3,1) Time step.
Next cards
21-60 5F10.0 VX Vertical displacement.
(3,1,KXN(3,1‘))
Next cards
1-4 14 KXN(3,2) Number of vertical velocity data.
21-30 F10.0 DDT(3,2) Time step.
Next cards
21-60 5F10.0 VX Vertical velocity.
(3,2,KXN(3,2)
If KXK(3) is zero, above four cards
are not necessary.
Table 4.2 1Input data card for post-processor SONWV-1
Column Format Variable Description
1-5 I5 M Number of potting divide.
6-10 15 IPLT2 Length of time axis, IPLT2 (mm/s).
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5. Some Examples and Discussions

To demonstrate the performance of SONATINA-1, sevel examples were calcu-
lated and shown in this chapter. The results are also compared with experi-
mental results. The geometry and weight of the block elements (shown in
Table 5.1) in such a way that the system analyzed corresponds to a VHTR fuel
column with dimension scaled by i/2 and weight scaled by 1/8. Computation
time interval is 10~% seconds. The numerical results for both free-
vibration problems are compared with experimental results.

5.1 Free vibration of a Single Column

Figure 5.1 shows a comparison of the calculation and experimental results
of a single stacked column released from an initially displaced position,

In the figure the time histories of the block displacement were plotted.

For this free-vibration case therg is good agreement between the experi-
mental and analytical results. It is also seen that the oscillation periods
are amplitude~dependent.

Through proper adjustment of the physical parameters in the analytical
model, a close correlation between the analytical results and experimental
data can be achieved for free-vibration problems. In the experiment the
displacement was accurately measured by mean of differential transformer type
displacement detector. In the analysis the damping coefficient of this
detector was used to adjust the analytical data to experimental data.

5.2 Forced Vibration without Boundary Impact

The forced-vibration response of the one column under boundary excitation
was also studied. The support floor was assumed to be connected with the
boundary walls to form a rigid frame so that the movement of the walls is the
same as that of the flaor. Except at the top block, the side wall gap was

large and as a results, no side wall impact occured. The column was excited
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by a sinusoidal floor motion at 3.5 Hz wifh 500 Gal maximum acceleration.
The time histores of displacements of the blocks from both the experiment
and analysis are shown in Fig.5.2. Figure 5.3 shows the column deflection
as a function of input acceleration level for sinusoidal excitation along
the horizontal axis. It can be seen from the figure that there is satis-
factory agreement between the analytical and experimental results.

5.3 Forced Vibration with Eoundary Impact

The forced vibration response of a single column impacting the boundary
walls was studied for both sinusoidal and seismic wave input.

The blocks were subjected to impact loads due to periodic impingement
against the walls. The column-to wall gap in the test was taken to be 15mm
except at the top where a smaller gap of 0.5mm was used.

(1) Sinusoidal wave excitation

Figure 5.4 shows the time histories of displacements and impact forces
of the column under 3.5 Hz at 500 Gal sinusoidal excitation. The results
from analysis and experiment are compared. Figure 5.5 presents a se~
quential display of the motion of a 1l3-element column. The block were
subjected to impact loads due to periodic impingement against the impact
plates.

In the figure, it can be seen that the analytical results for both block
displacements and impact forces are in good agreement with the experimental
results.

Figure 5.7 (a) shows the distribution of the block impact forces along
the column and compares analytical and experimental results. Analytical re-
sults show a favorable correlation with the results of the experiments,

(2) Random wave excitation

As the random input wave, the El Centro (1940 NS) modified by the



JAERI-M 9165

structural response was applied to the VHfR core., Since the column model
was 1/2 scale the time scale was reduced tol//i'according to the law of
similarity.

Figure 5.6 shows the time histories of the displacements and impact
forces of the column when modified EL Centro wave of 500 Gal peak acceler-
ation. Analytical and experimental results are compared. In the analyti-
cal results the large damping effect appears comparison with the experimental
ones.

Figure 5.7 (b) shows the distribution of block impact forces along the
column. Analytical results shows a favorable correlation with the results
of the experiments.

Figure 5.8 shows the impact forces as a function of input acceleration
level for sinusoidal and random excitation. Analytical results show a favour-

able correlation with the results of the experiments,
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Table 5.1 Mass, moment of inertia, spring constant and damping coefficient

Block No.l - 12 Top block
a (cm) 2.5
b (cm) 7.23
d (cm) | 5.2
h (cm) 14.23
I (kg.sec2/cm) 0.524 1.36
m (kg.seczlcm) 0.00628 0.00918
ng (kg.sec?/cm) 0.00628 0.00918
GR; 61, (cm) 0.025
Uk (=) 0.2
Us (=) 0.2
cB (kg.sec /cm) 1.77
cC (kg.sec /cm) 0.02-0.12 (depend on column deflection)
cD (kg.sec /cm) 4,2 |
cM (kg.sec /cm) 1.77
¢V (kg.sec /cm) 1.77
KB (kg/cm) 2.5 x 104
KD (kg/cm) 1.55 x 104
KM (kg/cm) 2.5 x 104
KV (kg/cm) 2.5 x 104
P (kg/cm?2) 0.0
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6. Concluding Remarks

The author has developed a computer program SONATINA-1 for simulation
analysis of stacked block column of HTGR core. Several calculation results
are compared with results obtained with vibration experiment. The following
conclusions have been drawm:

(1) The calculation results were compared with experimental data for
both the free and horizontal force vibration of a single column. Good
agreement was obtained analytical and experimental results.

(2) Using this computer program, forces and moments can be computed.
Especially dowel force and boundary impact force can be computed. And
stresses of dowel pins and sockets can be evaluated from forces. This is
important since the structural design of dowel pin and socket is often the
most critical in a fuel block. |

(3) The computer program is éapable of being extended to the plane

motion problem of a series of many interacting stacked block columns.
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