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Abstract

A computer program SONATINA-2V has been developed for predicting the behavior
of a two-dimensional vertical slice HTGR core under seismic excitation. SONATINA-2V
is a general two-dimensional computer program capable of analyzing the vertical slice
HTGR core with the permanent side reflector blocks and its restraint structures. In the
analytical model, each block is treated as rigid body and is restrained by dowel pins which
restrict relative horizontal movement but allow vertical and rocking motions between
upper and lower blocks. Coulomb friction is taken into account between blocks and
between dowel pin and hole. A spring dashpot model is used for the collision process
between adjacent blocks. The core support structure is represented by a single block.
The computer program SONATINA-2V is capable of analyzing the core behavior for an
excitation input applied simultaneously to both vertical and horizontal directions.

Analytical results obtained from SONATINA-2V are compared with experimental
results and are found to be in good agreement. The computer program can thus be used to
predict with a good accuracy the behavior of the HTGR core under seismic excitation.

In the present report are given, the theoretical formulation of the analytical model,
a user’s manual to describe the input and output format, and sample problems.

Keywords: Computer Program, Seismic Excitation, H-TGR Core, Multicolumns Vibration,
Seismic Response, Nonlinear Vibration, Impact Vibration, Core Structure.
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1. Introduction

In the HTGR designed by General Atomic and a very high-temperature gas-cooled reactor
(VHTR) taking designed by Japan Atomic Energy Research Institute, the reactor core consists
of hexagonal graphite blocks. These graphite blocks are stacked in several hundred columns.
The reactor core is enclosed in a core barrel and the column is restrained horizontally at the
top with a keyed orifice block of a heat-resisting alloy. The column bottoms are restrained
with dowel pins placed on the core support blocks. On the periphery, fixed reflectors are
restrained by the core barrel. Blocks in the core are aligned in the columns by dowel pins. Each
column is separated from adjacent columns by small gaps. The gap is initially several mili-
meters. After residence in the core, however, the block diameter is reduced in size due to fast
neutron irradiation, so that the gap increases to 4 milimeters or more.

This large gap together with the large number of columns may result in a large cumulative
gap during a seismic excitation. The cumulative gap across the core diameter is significant since
it may affect the capability of insertion of the control and shutdown material into the core.
Moreover, because of these gaps, columns may repeatedly impact each other during a seismic
excitation. The aseismic design requires the following information from analysis and/or ex-
periments:

(1) deflections and disarrays which could cause disengagement of dowels and affect
control rod insertion,

(2) collision forces of blocks, and

(3) shear forces on the dowels.

Exact modeling of the complete three-dimensional core array is not possible because of
computational cost. It is realized, therefore that reasonable tools are needed; i.e. analytical
methods and computer programs, which are conducted in parallel with experiments. The
methods and computer programs should be verified and revised, if necessary, by using the
experimental data, in order to make them usable for design purposes.

Since such a system of blocks as in the HTGR core does not constitute a structure in the
usual sense, existing structural theory and experimental data cannot be applied directly.
Several special computer programs have thus been developed for analysis of this system.

Muto et al.() proposed a two-dimensional analytical method of a vertical slice core model
using a complex number representation to simplify the calculation model and to save the
computer time. In the method, collision theory and momentum conservation rule are applied.
However, forces of dowel which connect blocks vertically, can not be obtained from the
method. Thompson(?) has developed an analytical method for interacting multi-column
dynamic behavior using visco-elastic model. In the model, dowel frictional effect and dowel
length are not considered.

The author has developed the computer program SONATINA-2V for analyzing the
dynamic behavior of the two-dimensional vertical slice HTGR core under seismic excitation.
Main features of SONATINA-2V are as follows:

(1) Blocks are rigid, and the upper and lower blocks are connected with three dowels.

(2) Blocks are allowed to rotate around the center gravity but restrict horizontal move-
ment beyond the dowel gap.

(3) Collision forces are represented by a spring and dashpot model.

(4) Friction forces are calculated at the horizontal interfaces between blocks.
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(5) Collision force between dowel pin and hole is calculated by a spring and dashpot
model.

(6) Displacement, velocity, acceleration, forces and moments around block center gravi-
ty of each block are printed out.

(7) Maximum values of the above-mentioned quantities over the core, are also printed
out.

(8) Two integration methods are available in the computer program, the Runge-Kutta-
Gill and the Newton methods.

(9) Two-dimensional seismic excitation is available for one horizontal and one vertical
directions simultaneously.

(10) Three types of one horizontal and one vertical excitations can be simulated; these
are sinusoidal sweep, sinusoidal dwell and time history excitation.

(11) The time intervals for printing and graphic representation of the results can be
changed, so that the computer time is saved depending on the calculation purpose.

(12) The calculation results can be represented with COM (Computer Output Microfilm-
ing) and/or a CALCOMP plotting machine.

The remainder of this report is arranged as follows. In Chapter 2, we present the mathe-
matical model dealing with the dynamic behavior of the HTGR core including two-dimensional
effects. Chapter 3 describes the formulism of the analytical mode. In Chapter 4 is given a user’s
manual to describe the input and output format. In addition, the applicabilities are demon-
strated through comparison between experimental and analytical values.
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2. Mathematical Model

2.1 Structure of HTGR core

The block-type fuel HTGR core consists of several thousand hexagonal graphite elements
stacked in column and separated by small gaps. The blocks are aligned in columns by means
of dowel pins which restrict relative horizontal movement but allow vertical and rocking
motion between blocks. The core columns are surrounded by both replaceable reflector
columns with the some hexagonal cross section and permanent side reflector columns which
are larger and of varying shapes. The permanent side reflector block is connected by the core
restraint structure attached to the core barrel in the pressure vessel. The core structure of an
experimental HTGR is illustrated in Fig. 1.

2.2 Analytical Model

A vertical slice across the core is selected, and fuel columns and two permanent side
reflector columns are modeled as shown in Fig. 2. Figure 3 and 4 together form the complete
SONATINA-2V mathematical model. The analytical method adopted for SONATINA-2V
takes into account the complex nonlinear vibration associated with the multiple collisions and,
in addition, the frictional forces between the block interfaces and between the dowel pins and
their mating holes. In the actual core, the blocks and columns extend three-dimensionally.
In SONATINA-2V, the following two-dimensional model is considered:

(1) block is treated as a rigid body,

(2) each block has three degrees-of-freedom, two translational displacements and one
rotation around the block center of gravity,

(3) collision forces are represented by a spring and dashpot model located at the impact
point of each block (see Appendix A),

(4) the dowels are represented as deformable members and the slipping of the interface
surface between dowel holes and pins is allowed,

(5) friction forces are calculated at the horizontal interfaces between blocks, and

(6) permanent side reflector block is restraint with core restraint structure.

2.3 Representation of Collision Forces

The computer program SONATINA-2V provides the spring-dashpot collision model as
shown in Fig. 5. At the instant of impact, when the interblock gap goes to zero or becomes
negative, the interblock and damper engage thus producing a force. The spring and damping
forces are calculated as followings. The initial gap between two adjacent blocks, the 7-th
and j-th blocks, is defined by parameter §,;. The spring and damping forces as a function of
relative displacement x;-x;, and relative velocity %;-x;, of two impacting bodies are:

Spring force F°;

Fs=K;;j(xi—x;—0;;), if x; <|x;—9,,],
=0, if x; glx,»—S,»,I.

Damping force F?;
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FD:Cij(.i'i—.i'j), if xj<|xi'_6ijL

=0, if x,-2|x,~—8,-,-|.
The impact force is then
F=F°+F?"
Control rod driving mechanism
Refueling penetration
-
oo JidS S Flow control device
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e SElo Yoo C
S I Side fixed reflector block

l_Lr_”"N_M J H ! i ) .
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I ; AN o

—:”‘LH" i IJ—"HU ____— Replaceable reflector block
LT T

iy J(Lw i e ‘hd{?'// Pressure vesssl
—f—“\l‘f‘j”;_i'i
BUESBEE B

i | B L

Ul _‘“_U '_.1_ 1 17 |~ Plenum block
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| __— Thermal insulator block
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g | __— Diagrid plate

i | Main coolant pipe

Fig. 1  Vertical view of an experimental HTGR.
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Dowel pin

(a) Impact model

W2
}
Fz.Ll'H I-LFI?l:!H
Flue
—
Dowel
Fee

Displacement

/_ detector

v,

Block (k, £)
7
NL
Fus m,9tFye
Dowel gap b, 3
d ak't FNRg
K,
Fl e [T
: FoR BR
f FF —_— £ Fk.l
I k.2

FVL L VR
e pFRy RAR LW
(b) Forces acting on a fuel block

Fig.4 Impact model and forces acting on a fuel block.

JAERI 1279



JAERI 1279 2. Mathematical Model

ul

Force

o & /

.1
C(Xi—wxi)
m m >
¢ 0 / Deflection Xi—Xj—38ij
8y
(a) Mass impacting model (b) Hysteresis loop for impact

Fig. 5 Viscoelastic model with two impacting bodies.
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3. Calculation Equations

3.1 Equations of Motion

The forces involved in the analysis of multi-columns of the HTGR core constrained
within boundary are illustrated in Fig. 3.

Let the coordinate system be chosen as shown in Fig. 4. Each block has two translational
coordinates, » and w, and one rotational coordinate 6. Figure 4 shows the forces that act upon
an individual block. The equations of motion for the row /-th block in the £-th column may be
written as:

M tn, 1= Fi 1+ FREH O R+ FEF+ PR FEE+ RS+ FE A+ FE 1+ FES

+ PR B+ Ff o + FESHCE vty (N
M, e =FE+ IS+ FY o+ FES o+ u B+ u P uFPs o+ nFE5 +WE
+We, (2)

L, G, = MCFEE+ MCEME )+ MCEED+ MCRED+ MCFED+MF¥F)+ M)
+MFED+MFED+MFE 1)+ MR+ MELS+M(FF,)
+M(FE) + MCE D+ MFEDA ML D)+ MOFYS )+ M(uFP
+ M (uFPH)+MuFL1 )+ MuFP5 . )+ MWWE ) +MWE,), 3)
where M(F )’s are moments caused by force F. The WY and W* are forces due to block weights
and pressure differentials acting at the upper and lower part of the 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 F¥,; and its associated monent M(F{,) acting on the
block (&,/) are as follows. Defining ax,; as (0¢,;—04,-, ), then, when ax, ;>0

Ffy=—sign(us,1) f(oe,), @)

MFE))=F£(—hg,cosOr, —bs,; sinby,;), }
and for block (& /—1)

FE o= signoe,: )f (v, ),

MCFE 1 ))=FF 11 (Bg,1=1 €080k, 11 —br,1-1 SinOr,i-1), } (5)
where

e, 1= {ttn,1—Cha,1cosOe, 1 +0n; Sin6; )6es )

_{i‘k,l—l +(hk,l—l COSﬂk,[-l —bk,/..l sinol.,,_l )0/@,1_1 } . (6)

For /=1,

Uk, :Z.Uz,l - (hle,l COSﬁk,x +bk,1 Sinak,x )ék,x ~t, (7)

where ux,; and #: are the horizontal displacement and velocity of the center of gravity of
the block, respectively. The «, is the horizontal velocity of the support floor.
If sign(as,,;)=0, then
Fii= —signos )fe,) ,
M(FE)=F&(~hk,1cos Ok ;+by, sinby,), }
and for the block (k,/—1)

(8)
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Ff - =sign(os,; )f (e, ), } ©)
MCFE ;1 )=FE 12 (i y-1c08 0k 1 +bp, -y SINO ;1 ),
where
a1 =ldhn, i —Chus cosOs i +bs; sinOr:) 0}
— {11+ (B, 1-1 COS Ok, -1 +br -1 Sin Or1-1)6k,1-1} . (10)
For /=1,
Uk,1:l.¢k,1 '(hk,xcos 01:,1 —bg,1 Sin ak,l )ék,l‘do ’ (1D

where #, is the horizontal velocity of the support floor. The f (vk,1) is a prescribed function
for the friction characteristics which is related to the vertical contact force and the coefficient
of both dynamic and static friction:

For)=Ff{ps+fior,)+ (08 )+ 0k}, (12)

and, the functions f; (v, vE1, v, ) are related to coefficient of friction s . The vertical
contact forces are obtained by summing block weights m; ;g and the differential pressure of
a unit block length, F¥; :

FQi= Elmk,l,jg+Fk‘?l- (13)

3.3 Vertical Impact Force and its Associated Moment

The forces acting on the interface between the block (&,/) and the block (k,l—1)as a
result of impact are derived in term of deformation of each spring-dashpot unit. When the gap
is closing, the spring deformation 7, and its time rate 7,/ is

Tk,l:% {wp, 11— he,1-1(1—c0s Ok s-1 ) —as,s sin Or,1-1}

—é—{wk,z‘*’hk,z(lﬁcos0k,1)—(1k,1sinﬁk,z}, (14)

. 1,. . :
ThI= o {thp,1-1—Chr1-1 Sin Ok, -1+ ary COS Op, 11 ) Ok, i1

(o, 1+ (1 510 s, 1,1 005 0, ) B 1) (15)

For /=1,
rm:% (wo— {wa,y + ka1 (1 —cos On,1 ) —ay, 1 8inb,1} ], (16)
fk,l':% Lo _{&)k,1+</’lk,1 Sin Ok, 1—ax,: COSg*J)ék_l}], (17)

where wo and @o are the vertical displacement and velocity of the support floor, respectively.
The vertical impact forces F¥§ (or F{§ ) and its associated moments M(F¥F) (or M(Fi%))
acting on the block (k,/) are as follows.

If 72,:>0,
Fif=—K4 ire,i—CE it (18)
MCEY5)=—F{5(hs,; sin Ox,1—ar, cos Or,1) .

For the block (k,/—1)
F¥5 =K irui+Clitrs, } (19)
MCFEB)=F{%_ (hp, 11 SinOp, 11+ @k, 1 COS Or,i-1 ).

When 7#.:50,
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Fk‘:’l?:Fkv,I;—l:OJ } (20)

M(FE5)=M(FEi-1)=0,

where K}, and Ck, are the vertical spring and damping coefficients, respectively, for a single

unit. In the more general formulation, these quantities may be represented by a polynominal
function:

m .,
Kbi= 2 Khiirds,
i=0

Ci,= Z(:) Criités.
=

3.4 Horizontal Impact Force and its Associated Moment between Columns

The forces acting on the block (&,/) as a result of impact on the adjacent column’s blocks
shown in Fig. 6 are derived by deformation of each spring-dashpot unit which are located on

Zl.t S Zpy
— = ____Z‘,"’Zn th -zﬂf
Mg = 7y, ~Zp Mot = Zn =Zep
(k-1,2)
Zlb Zrp
(a) Upper right—hand corner (e) Upper left—hand corner

(b) Upper—middle right—hand corner

Zn
Ny , = Zrt=Zgb
k.2 Zey=Zyp
Zyy
Zrb
(c) Lower—middle right—hand corner (g) Lower—middle left—hand corner
Zy
Zp-Z rp Zrt -Zgp
A = SH b A
k.2 Zy~Zygy (k-1,0) ke Z t—Z¢b
o Zrb
(d) Lower right—hand corner (h) Lower left—hand corner

Fig. 6 Block horizontal impact model.
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the upper, middle and lower, right-and left-hand corners.
(1) Impact on upper right-hand corner

During impact against adjacent block at the upper right-hand corner, the spring deforma-
tion €g,; and its time rate éx,; of the block (k,/) are written as follows.

If &:>0,
er, =tr,t{hr s sinOp—br 1 (1— cos b, VY —trir,s
_{ (1’—2113,1 )hku,l sin 0k+1,1+bk+1 N (l—COS 0lz+l,£ )}*ak,l » (22)
Ev 1= g, +(hep,y cosOri—besin ok,l)ék,lki‘kﬂ,l
—{ (1 =2k 1 Dhps1,1 COS Opey, s +bpey, s SINOper, 1} Orer,s s (23)
where 1 ; is given by the following form as shown in Fig. 6.
th_Zrt
g =——— . 24
M Zi (24)

The wur+y,; is the adjacent block displacement at the center gravity and 6%, is the gap be-
tween the block (k,/) and block (#+1,/). The impact force Fif and its associated moment
M(F¥%) acting on the block (#,/) are as follows.
If 6k,l>0;

Fif=—{KEiex, 1 +CliErt), }

(25)
MCTEE)=FI5(hp,i cos O, i—br,s sinbe; ),

where K£, and C#; are the boundary spring and damping coefficients, respectively, and may
be represented in the following general forms:

m
Kii=2 Kiijiéd:,
i=o

i (26)
Ckﬁl:ZO Cit,i &
fas
(2) Impact on upper-middle right-hand corner
Similarly to Eqs. (22) ~ (24), et,: and éx,; are written as
er s —un, {1 =22k ) hrssinbrys—br i (1—coSOr,1))} —thpsr,s
+{hpsr, s SiNOpsr, 1+ bpsr, s (L— oS Oper 1)} =0y, (27)
€t =ttn s {1 =228, ) ha 1 COS Op,;—bp; Sin Or,s } Ok
~tensr, i —(Raer,1 COSOper 1 tbpsy, s SiNOkir. 1) Orvt s (28)
Zrl_th
A= .
A 29
If €x:>>0, force and moment are given by
FMf= — (K&, er,i +CRi1€r1), (30
MCEM)=F* {1 —228,0 kg1 cOS Ok, 1—br,s sinbr; }. )
(3) Impact on lower-middle right-hand corner
ers—=ur i {1 —=2%) ha,y sinOr,;—ba, (1—Cc08 O, )} —thasr,
_{'*hk+1,l Sin0k+1,l+bk+1,1 (1 “Cosgkﬂ,l)}_ak,i B (31)
Epi=tr tF{(1—22k1) he COSOk,s—br s sinb, }ék,z—itku,l
—(—hrs1,1 €OS Oksr, 1 Tbrir,t SINOks1 ) Gpan, s (32)
_ Znn—Zu
Xk,l_Z’t__Zrb - (33)

If €x,>0,
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Vertical Slice HTGR Core
Fet=—(KE eri+CEyény), } 4
3
MEFLE)=F5{(1—22,1 Db, 1 coS On, s+ brs sinba;}. (34)
(4) Impact on lower right-hand corner
ek =trtt{—hrisinbs;—bs (1 —CoS Ok, )} —thner s
'{ (1 —Zlk,l)hk+l,l sin 0k+1,1 +bk+1,1 (1~ cos 6;&1,1 )f _ak,l » (35)
Evi=tr 1t {—hscosOpi—br, Sinok,l}ék,l —Uk+r, 1
—{(1 =22k, ) hrs1,1 COS Opar,t +bper 1 SINOhir, 1} Opsr s, (36)
1 — ZI! _Zrb
M Zu—Zn G7)
If €+.>0,
F&5 =—(KEieri+Cl1ERL), }
38
M(FEF)=—F&f(hr,i cosOr;~+by; sinbs,). (38)
(5) Impact on upper left-hand corner
en s =th-1,0 T{(1—228,1 ) ha=1,1 SinOp-y, 1 —br,1 (1 —COS Op—y )} —tn,
—{ha1sinbp+br (1 —cosbri)} =0k, 39)
Er i =thk-1,1t{ (1 =228, ) har,1 COSOh—y 1 —br_y,, SinB@a-y.s Yhoy, ) —dta,
—(h, oSOk, +byysinbr )b, (40)
_ Zrt —le
Qb= Zoi—Z., 41)
If 6k_1>0,
Fii=Ki,exi+CEI éru } (42)
MF{?)=Fi7(he,cos Ory+brsinby, ).
(6) Impact on upper-middle left-hand corner
€kt =the-1,0H{Pe—1,0 SINOk_y 1 —bp-1,1 (1 —COS Oy 1)} —Uny
~{(1 =22, a1 $inOhcy s +b4mr,s (1 =08 Oay, 1)} ~Bpr s, (43)
ént = thi-1,0+ (Ba=1,1 COS Op—y 1 —bp-y s Sin 0&—1,1)515—1,1 —Uk
~{(1—22k,1) cos Os,1+bassinbe,:} b, , (44)
Zit— Zn
A=l 45
M 22 (43)
If €, >0,
FPP=Ki7 er i +CHiért } (46)
M(FEP)=FP{(1—22k1) ha,1 COSOp1+briSinbe}.
(7) Impact on lower-middle left-hand corner
ek =thp—y, 1t {—hry 1 SinOp_s, 1 —baoy, 1 (1—coS Op—y 1)} —try
{1 —22k0 ) hay sin Or,;—br (1—cos 04,0 )} — 84y 4, (47)
Ent=tk-1,0— (Ba-1,1 COS Op-1,/ +br—y,; sin 0;»1,1)5"&‘1,1 —Up,
+{(1 —224,1 ) a1 cos Or,; —brs Sinbu; ) bus, (48)
th_Zrb (49)

A= 5—F—

Zu—Zw
If e,:>0,
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F{5 =KE | e, 1+C£1 kil s
M(FY)=FF5 {(1— 22,0 )hp,s COS Ok, i +br s sinby ). } (50)
(8) Impact on lower left-hand corner
€t =Uh-1, 0+ {(1—=22k0 ) Bo—1,0 SINOpy,;—bg—y,; (1— COS Opy,i )} —tn,
—{hp,1sinBp +br;(1—cosOri)}—8k-1.1, (51
€t =g, 1 {(1 =221 )hs-1,1 COS Or-y s —bhor,s SIN Opy, s } Ohr, s —dhn,s
—(hr, 1 cOSO,; +br, sin ak,l)ék,l , (52)
_ Zrt‘ZIb
'{k,l—__'—Zrtizrb . (53)
If ¢>0,
Fei=—KEer, i +CE1 ért }
MCFEE)=—FE} (ha; cos O, —bas sinOa.). 4)
(9) No-impact case
When e, <0,
Fif=FlF=F{f=FFf=0,
FLi=F=F{i=Ffr =0, (55)

MCF{D=MFUE) =MEFY )=MFE)H=0,
MFIE ) =M@EVF)=MEFEM )=M(FEF)=0.

3.5 Horizontal Impact Force and its Associated Moment between Column and Side
Reflector

The forces acting on the block of the m-th column and the last column as a result of
impact on the adjacent reflector blocks shown in Fig. 7 are derived by deforming each spring-
dashpot unit which are located on the upper and lower, right-and left-hand corners.

(1) Impact on upper right-hand corner of the /-th block in the m-th column

During impact against adjacent reflector block on the upper right-hand corner, the spring

deformation em,: and its time rate ém,; of the block (m,/) are written as

em 1 =Um 1+ {Rm,1 SN Om 1 —bmi(1—COS Om 1)} —thmiz,i—Om,; , (56)
ém,I:iim.l‘*‘(hm,l coS Om,t—bm, Sinam,l)ém,l_dm+2,l s (57

where #m+24 and #m+z,; are the adjacent block displacement of the right reflector column
and its velocity at the contact point, respectively. The 8, , is the gap between the block
(m, 1) and the reflector block. The impact force Fa and its associated moment M (Fn¥
acting on the block (m, /) are written for ¢s ;>0 as follows:

Frl=— (Kb emi+Ch i6mi), }

MCEZS Y= F2% (him,1 COS Om.s —bm, 1 Si0 0,1 ) 58)
(2) Impact on lower right-hand corner of the /-th block in the m -th column

em i =Um,i—{Pm,1 SINOp 1 F+bmi(1—COS Oms)} —tmszi—Omy, (59)

mi=timi—(Rmi COSOm 1+bm i SINOm 1) Omi—thmez. ;. (60)

If Em,l >0,
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Vertical Slice HTGR Core
Column m (m+2)th column
/ Core barrel
L
. -I:;j-/ (242)
Fm+2..t+2
. |/ —Restraint
_ Fate.e2 _m: structure
TR /
Cat) Foys KY 1o
(e+1)
RF
LT I P
—
Block F::-Z. 241 _ﬁ;j.
" v
K, 2th row
cY¥,
v
Reflector -[A_B_"']-f
block (2-1)
7/

Fig. 7  Side reflector block model.
Fat=—(Kmiemi+Chiémi) } 61)
M(FRf )= —F5 (hm, cOS Om,1+bpi SinOp ;).

(3) Impact on upper left-hand corner of the /-th block in the first column
€1, [=—#1,0—hy,; sin 01, b, (1— 00501,1 )}+um+1,l —81,1 ’ (62)
€‘1,1 - _ﬁl,l_ (hl,l cos 0,,;+b,,,sin b, )él,:’ +i‘m+l,i ’ (63)

where #m+1,0 and #m+:,; are the adjacent block displacement of the left reflector column and
its velocity at the contact point, respectively. The §, , is the gap between the block (1, /) and
the reflector block.

If 61’1>O,
FlM=K{ 1e1,+CP 1 é0,
} (64)
MCFR)=FT4(hy,1 cos0y,1+b1,,sinb,,) .
(4) Impact on lower left-hand corner of the /-th block in the first column
61,1:“141,1"‘ {hl,l sin al,l_bl,l (1 —Cos 01,1)}+ um+l,1_al,l > (65)
5'1,1:_1.‘1,I+(h1,l Cosal,l_bl,l Sinex,l)él,i'*'lzmn,l . (66)

If €,,>0,
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FE =K? +Ciié,
. 67
M(Ffll' :’_Ffli(hl.l cos 01,1—b1.l Slnol,l) .
(5) No-impact case
When e1,/=¢m,:1=0,
Fah=Fai=F1=Ff=0, } 68)
MFRE ) =MFR8)=MF" ) =M(FF7)=0.

3.6 Dowel Forces in the Horizontal Direction and its Associated Moments

The dowel forces in the horizontal direction are derived from the contact condition
between dowel pins and mating holes. When a dowel pin and its mating hole are in contact,
the dowel spring deformation A&, and its time rate B« of the block interface are given by

Bri={tur,i-1thp i sinbri-1—dri-1 (1—cosbr,i-1)

—{ur,s—hrssinOs;—dai (1—cos s )} FOk,., (69)
ﬂ.k,l: wn -1+ (Ba -1 COS O -y —dr-,Sinby -, )ék,l-l
—{dhn,s —Che,1cos Os,;+dr,i sinbu; )0ss} . (70)
For /=1,
Bra=uo—{ur1—hr,sinbr1—dr1(1—cosbs,)}Fds., (71)
B =teo—{tip,1— Chy,y cos Ok +dy1 sinby )0k}, (72)

where &, and 8, are the gaps between dowel pin and hole on the right and left sides, respec-
tively. The dowel force F#; and its associated moment M (Fif ) in horizontal direction
acting on the right-hand dowel are written as follows. If £&: >0 on the right gap and £, <0
on the left gap,

FO5=KR 1 Br1+CEi Bas,

M(FP)=—FP5(hy,1 cos s, 1+dr,; sinbs,;), }
and for the block (¢, /—1),

FPi=—KR1 Br,1—CRy /ék,l )

MEPED)=F%-, (ha,1 -1 cOS On -y —dr,; Sinbs ;- ), }
If &,:<0 on the right gap and £+,;>0 on the left gap,

FPi=F¥i-,=0,

MFL)=MEFLE-1)=0, }

where KF: and CF; are the dowel spring and damping coefficients, respectively, and may be
represented in the following general forms:

(73)

(74)

(75)

KRi=2 KRiipidi,
J;O N (76)

Ch,= ZO Ciui Bl
7~

Similarly, the dowel forces Fi7 and its associated moments M ( Fi%) in the horizontal direc-
tion acting on the left-hand dowel are written in the same equations as (73) through (76)
above.
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3.7 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 block (%, /) interface is given by

Wr =Wk (hasinbr—dr, oSO, )ék,f
—{dok,1-1—(hr,g-1 Sinbk 11+ dr,1 COSOr, i )ék,l—l} , 77)
and for /=1,
we1=d0p 1+ (B a sin Ok —dy,, €08 Op1 0 —1bo . (78)

The dowel friction force on the right-hand dowel in the vertical direction uF£f and its as-
sociated moment M(uF¥5 ) for the block (&,/) are written as follows:

uF&% =—sign(ow, ) |F- f(w), } (79
MuFRE) = —nFR Che,i sinOs,i+das cos Or1 ),
and for the block (k,/—1),
uFP3 ., = sign(os )| FPI]- f() ,
M (uFP5_ ) == pF& - (—hi -, SinOp i1+ dr,1 COSOk,1-1), } *

where f(u) is a function of the friction factors both static and dynamic. Similarly, the friction
force #F¥Py on the left-hand side and its moment M(uF{7) are written as follows.
For the block (&,/),

uFPr=—sign(we, ) |FEF - f(0), } @1)
MuF)=—uF% (hey sinOp, i +dr, cos O ),

and for the block (&, {—1),
pFPE = sign(ws, ) |FP5l - f), } (82)
MuFPs - )= —puFPi- (hei-y sinBp, i1 +dr, 0 cOS Or,1-1 ),
S)=flun,us) . (83)

3.8 Moment due to Block Weight and Pressure Difference

The moments acting on the block as a result of the block weight and pressure difference
are given as follows. If as,/+:>0,

MWE)=WF (hissinbr,; +br; cosbs). (84)
If ag,1+1=0,

MW )=Wes “hps - sinba, . (85)
and if a,/+:<0,

MWED)=WE Chersin@r;—be cosbr;), (86)
where

Wk,l—'—jgﬂ Wi it FEi . 87

When j=n, M(W,?;)=0. Similarly, if as,>0.
If ak_;=0,
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M(WkL,l):WkL_lhk,l sin 0k_1 , (88)
and if dk'1<0 5
MWE)=Wi i (he, sinr+br, cosbr,), (89)
where
Wi, = Z; Wei i tFE . (90)
P

3.9 Restraint Force between Top Orifice Blocks

The top blocks of columns are restrained each other in regionwise as shown in Fig. 1.
The restraint force F is given by

FOT=KPS Guper 1 —tn ) — KR 1 (s — 1) 9D

where K97 is the spring constant of tie plate between the block (k+1,/) and the block (&,7).
3.10 Equation of Motion for Side Reflector Block

Each reflector block has one translational coordinate #. For the reflector block on right-
hand side, the equation of motion is written as:

Mimsz, i Umez,t =Ff5 a1+ FREy 10+ FRR 4+ Fatf+ Fay + FaR+ Y, 92)
where F&%.., is friction force at the block interface. The F™ is the force of core restraint
structure given by GG=m+1,m+2)

FMi=K¥ i +Clris

Vi =to— Uil ,

x.ﬁi,zzﬁo_fh‘,z s
> (93)

m .
K= _ZOKAII,;' ¥,
i~

m - o
cl= %C:‘.’l,i ¥y
-

/

Friction force acting on the / -th row reflector block is written as follows G=m-+1,m+2):
FX=—sign(; ) fwi.),
N T T L (94)
fi D)=Fi i lus+f i)+ @)+ W),

and, for the (/—1)-th row reflector block,

Ff_ =sign(v, ) f(vi,1), (95)

and velocity v,,s for /=1,

N

Ui,lziliJ*do-
Similarly, for the reflector block on the left-hand side, the equation of motion is written as:
Mm+1,! umﬂ,l:ansil,1+wa‘:1,l+1+F17,-17+F1It411'+Flj:qi+Flt,}[i+F1}t’I (96)
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3.11 Equation of Motion for Core Support Block

The core support block has one translational coordinate u. For this block, the equation of
motion is written as follows:

msths=F*+FS+FY, (X))

where FM®, F@ and F{ are respectively side support forces, dowel forces and friction forces,
which are given by

JR=2 KM yM, +2CH, ‘/.’1,1 s
Y, 1 =us U , (98)

‘pl,x:ﬁs_do s

Fs":kZ (FPR+FP), 99)
=1

m 2
Ff= /.gl Ff ‘+,§1 F . (100)

3.12 Numerical Intergration Method

The governing equations given above can be numerically solved by using the fourth-order
Runge-Kutta-Gill and the Newton methods.
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4. Computer Program

The computer program SONATINA-2V performs the dynamic analysis for a two-
dimensional vertical slice HTGR core subjected to seismic excitation. The program is capable
of solving nonlinear impact problems.

4.1 Program Description

The computer program SONATINA-2V consists of 20 subroutines that are MAIN,
SETARY, ROC, CRDINP, DTAPR, JULY31, FUN, BLOCK, DOWEL, MOMENT, VSPRNG,
FRIC, XPR, FMPR, MXCL, MXPR, FUNBO, FUNUO, FUNWO and TITLE. Overall structure
of SONATINA-2V is shown in Fig. 8. In the figure, line from one box to another indicates
that the right subroutine is called by the left one. Functions of subroutines are as follows:

MAIN . initializes the start of run,
SETARY : sets memory core size,
ROC . controls the flow of program and stores the output,

CRDINP : reads input data,

DTAPR : prints out input data,

JULY31 : integrates system of differential equations using the Runge-Kutta-Gills and/
or the Newton numerical methods,

FUN . sets up equations for given time,

BLOCK : determines horizontal impact force and its associated moment,

DOWEL : determines dowel force and its associated moment,

MOMENT: determines moment due to block weight and gas pressure difference,

VSPRNG : determines vertical impact force and its associated moment,

FRIC . determines friction force between blocks,

XPR : prints out displacement, velocity acceleration at each print step,

BLOCK

TAPR DOWEL

LY 34 MOMWN

XP SPRN

FUN

MAIN SETARY] ROC

MPR FRIC

MXCL FUNBO

MXPR

T

LI

TITLE FUNWO

Fig. 8 Structure of computer program SONATINA-2V.
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MXCL
MXPR
FUNBO
FUNUO
FUNWO
TITLE
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prints out force and moment at each print step,
searches maximum displacement, velocity, acceleration, force and moment,
prints out maximum displacement, velocity, acceleration, force and moment,
determines boundary displacement and velocity,

determines base horizontal displacement and velocity,

determines base vertical displacement and velocity,

prints out the job description.

A macroscopic flow chart of SONATINA-2V is shown in Fig. 9.

FTMAIN
SETARY

ROC

CRDOINP

DTAPR

ROC
BLOCK
DOWEL
MOMNT

VSPRNG
FRIC

FUN

JULY 31

R
[?I\ZPR

MXCL

MXPR

ROC

ROC

Start

Read
input data

Initialization

N T

Read
input data

Restart
initial condition
from file 51

Y
Print
input data
\_//\

Compute
force and moment

I

Assemble
system equation

i

Solve equation

Search max.value

Next time step

Print

max. value

Write block
displacement

~<

mode plot data on

Column deform
file 11

<>

Yes
Write time history

Response curve
plot data on fille 10

data and final value

for restart job

Final condition
file 51

Fig. 9 Program flow and subroutines.
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4.2 Description of Input Data

This section describes the input data required by SONATINA-2V. The input data consists
of the job description, number of columns, number of blocks in a column, block weight and
geometry, spring constant, damping constant, integral step, and options for printing and plot-
ting. The input instruction are simple and easy to follow. The computer program SONATINA-
2V contains a number of options which are available to the user. The input data forms are

presented in Table 1;
Card group 1
Problem title card,
Card group 2
Master control card,
Card group 3
Mass and moment of inertia,
Card group 4
Height and width of block,
Card group S
Distance of dowel,
Card group 6
Block rocking spring distance,
Card group 7
Gap width between blocks,
Card group 8
Gap width of right side dowel,
Card group 9
Gap width of left side dowel,
Card group 10
Spring constant of vertical impact,
Card group 11
Damping coefficient of vertical impact,
Card group 12
Spring constant of dowel pin,
Card group 13
Damping coefficient of dowel pin,
Card group 14
Spring constant of horizontal impact,
Card group 15
Damping coefficient of horizontal im-
pact,
Card group 16
Damping coefficient of displacement
detector,

Card group 17
Spring constant and damping coeffi-
cient of side reflector restraint struc-
ture,
Card group 18
Spring constant of top orifice block
keyway,
Card group 19
Mass of core support block and its
restraint structure spring constant and
damping coefficient,
Card group 20
Initial displacement,
Card group 21
Initial velocity,
Card group 22
Gap pressure difference force,
Card group 23
Factor according to friction force
Card 24
Coefficient of friction,
Card 25
Restart data,
Card 26
Solution time,
Card group 27

2

Option for calculation results printing
and plotting,
Card group 28
Seismic data,
Card group 29
Option for response curve plotting.



a2

SONATINA-2V A Computer Program for Seismic Analysis of the Two-dimensional JAERI 1279

Vertical Slice HTGR Core

Table 1 Input data for SONATINA-2V

Column Format Variable Description
Card 1: Problem title
1-80 20A4 ITIT Title or job description.
Card 2: Master control
1-10 110 JSEQ Identification number = 100.
11-20 F10.0 M Number of columns.
21-30 F10.0 N Number of blocks in a column.
3140 F10.0 FUNGE Option for solving equation.
RUNGE = 0.0: Runge-Kutta-Gill integration method.
RUNGE = 1.0: Newton integration method.
41-50 F10.0 DOWH Effective length of dowel pin.

If DOWH = 0.0, the effective length of dowel pin is infinite.

Card 3: Mass and moment of inertia

Card 3A: One point data of mass and moment of inertia

1-10
11-20
21-30
51-60
61-70
71-80

110
F10.0
F10.0
F10.0
F10.0
F10.0

JSEQ
K
L
WG
AMS
ROI

Identification number = 200.

Column number.

Row number.

Weight of block WG (K, L).

Mass of block AMS (K, L).

Mass moment of inertia of block ROI (K, L).

Card 3B: Array data of mass and moment of inertia

1-10
11-20
21-30
3140
41-50
51-60

61-70

71-80

110
F10.0
F10.0
F10.0
F10.0
F10.0

F10.0

F10.0

JSEQ
KDMY 1
KDMY 2
LDMY 1
LDMY 2

WG

AMS

ROI

Identification number = 210.
First column number.

Last column number.

First row number.

Last row number.

Weight of blocks

WG (KDMY 1, LDMY 2)

l
WG (KDMY 2, LDMY 2).
Mass of blocks
AMS (KDMY 1, LDMY 1)

l
AMS (KDMY 2, LDMY 2).
Mass moment of inetia of block
ROI (KDMY 1, LDMY 1)

l
ROI (KDMY 2, LDMY 2).

Card 4: Height and width of block

Card 4A: One point data of height and width

1-10
11-20
21-30
51-60
61-70

110
F10.0
F10.0
F10.0
F10.0

JSEQ

WD e R

Identification number = 250.

Column number

Row number.

Half height of block H (K, L).
Half width of block B (K, L).
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Table 1 Continued

Column Format Variable Description

Card 4B: Array data of height and width

1-10 110 JSEQ Identification number = 260.
11-20 F10.0 KDMY 1 First column number.
21-30 F10.0 KDMY?2 Last column number,
3140 F10.0 LDMY1 First row number.
41-50 F10.0 LDMY?2 Last row number.
51-60 F10.0 H Half height of blocks
H (KDMY1, LDMY1)

l
H (KDMY2, LDMY2).

61-70 F10.0 B Half width of blocks
B (KDMY1, LDMY1)

!
B (KDMY2, LDMY2).

Card 5: Distance of dowel
Card SA: One point data of dowel distance

1-10 110 JSEQ Identification number = 300.
11-20 F10.0 Column number.
21-30 F10.0 Row number.
51-60 F10.0 Distance of left dowel from block center line D (K, L, 1).
61-70 F10.0 Distance of right dowel from block center line D (K, L, 2).

o R

Card 5B: Array data of dowel distance

1-10 110 JSEQ Identification number = 310.
11-20 F10.0 KDMY 1 First column number.
21-30 F10.0 KDMY?2 Last column number.

31-40 F10.0 LDMY1 First row number.

41-50 F10.0 LDMY?2 Last row number.

51-60 F10.0 D Distance of left dowel from block center line
D (KDMY1, LDMY1, 1)

l
D (KDMY2, LDMY2, 1).
61-70 F10.0 D Distance of right dowel from block center line
D (KDMY1, LDMY], 2)
l

D (KDMY2, LDMY?2, 2).

Card 6: Block rocking spring distance
Card 6A: One point data of block rocking spring half width

1-10 110 JSEQ Identification number = 350.
11-20 F10.0 Column number,
21-30 F10.0 Row number.
51-60 F10.0 Block rocking spring half width A (K, L, 1).
61-70 F10.0 Block rocking spring half width A (K, L, 2).

>R

Card 6B: Array data of block rocking spring half width

1-10 110 JSEQ Identification number = 360.
1120 F10.0 KDMY1 First column number.
21-30 F10.0 KDMY?2 Last column number.
3140 F10.0 LDMY1 First row number.
41-50 F10.0 LDMY?2 Last row number.
51-60 F10.0 A Block rocking spring half width for left side
A (KDMY1, LDMY1,1)

l
A (KDMY2, LDMY2, 1).
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61-70 F10.0 A Block rocking spring half width for right side
A (KDMY1, LDMY1,?2)

l
A (KDMY2, LDMY?2, 2).

Card 7: Gap width between blocks
Card 7A: One point data of gap width between blocks

1-10 110 JSEQ Identification number = 400.
11-20 F10.0 K Column number.
21-30 F10.0 L Row number,
51-60 F10.0 DLT Gap width between block (K, L) and block (K+1, L):
DLT (K, L).

Card 7B: Array data of gap width between blocks

1-10 119 JSEQ Identification number = 410,
11-20 F10.0 KDMY1 First column number.
21-30 F10.0 KDMY?2 Last column number.
3140 F10.0 LDMY1 First row number.
41-50 F10.0 LDMY2 Last row number.
51-60 F10.0 DLT Gap width between blocks.
DLT (KDMY1, LDMY1)

l
DLT (KDMY2, LDMY2).

Card 8: Gap width of right side dowel
Card 8A: One point data of gap width of right side dowel

1-10 110 JSEQ Identification number = 450.
11-20 F10.0 K Column number.
21-30 F10.0 L Row number.
51-60 F10.0 DLTDWR Gap on right side of right dowel DLTDWR (K, L, 1).

61-70 F10.0 DLTDWL Gap on left side of right dowel DLTWL (K, L, 1).

Card 8B: Array data of gap width of right side dowel

1-10 110 JSEQ Identification number = 460.
11-20 Fi10.0 KDMY1 First column number.
21-30 F10.0 KDMY2 Last column number.
31-40 F10.0 LDMY1 First row number,

41-50 F10.0 LDMY2 Last row number.
51-60 F10.0 DLTDWR Gap on right side of right dowel
DLTDWR (KDMY1, LDMY1, 1)

l
DLTDWR (DKMY2, LDMY2, 1).

61-70 F10.0 DLTDWL Gap on left side of right dowel
DLTDWL (KDMY1, LDMYI, 1)

l
DLTDWL (KDMY2, LDMY2, 1).

Card 9: Gap width of left side dowel
Card 9A: One point data of gap width of left side dowel

1-10 110 JSEQ Identification number = 500.
11-20 F10.0 K Column number.
21-30 F10.0 L Row number.
51-60 F10.0 DLTDWR Gap on right side of left dowel DLTDWR (K, L, 2).

61-70 F10.0 DLTDWL Gap on left side of left dowel DLTDWL (K, L, 2).
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Card 9B: Array data of gap width of left side dowel

1-10 110 JSEQ Identification number = 510.
11-20 F10.0 KDMY1 First column number.
21-30 F10.0 KDMY?2 Last column number,
31-40 F10.0 LDMY1 First row number.
41-50 F10.0 LDMY?2 Last row number.
51-60 F10.0 DLTDWR Gap on right side of left dowel

DLTDWR (KDMY1, LDMY], 2)

!
DLTDWR (KDMY2, LDMY2, 2).
61-70 F10.0 DLTDWL Gap on left side of left dowel
DLTDWL (KDMY1, LDMY1, 2)
l

DLTDWL (KDMY2, LDMY2, 2).

Card 10: Spring constant of vertical impact

Card 10A: One point data of spring constant of vertical impact

1-10 110 JSEQ Identification number = 550.
11-20 F10.0 K Column number.
21-30 F10.0 L Row number.

51-60 F10.0 SPKVRA Spring constant of vertical impact SPKVRA (K, L, 1).
61-70 F10.0 SPKVRA Spring constant of vertical impact SPKVRA (K, L, 2).
71-80 F10.0 SPKVRA Spring constant of vertical impact SPKVRA (K, L, 3).

Total spring constant = SPKVRA (K, L, 1) + SPKVRA (K, L, 2) *7+ SPKVRA (K, L, 3) *7*
r: Vertical impact spring deformation.

Card 10B: Array data of spring constant of vertical impact

1-10 110 JBEQ Identification number = 560.
11-20 F10.0 KDMY1 First column number.
21-30 F10.0 KDMY2 Last column number.
31-40 F10.0 LDMY1 First row number.
41-50 F10.0 LDMY2 Last row number.
51-60 F10.0 SPKVRA Spring constant of vertical impact
SPKVRA (KDMYl,2 LDMY1, 1)

SPKVRA (KDMY2, LDMY2, 1).
61-70 F10.0 SPKVRA Spring constant of vertical impact
SPKVRA (KDMY1, LDMY1, 2)

l
SPKVRA (KDMY2, LDMY?2, 2).
71-80 F10.0 SPKVRA Spring constant of vertical impact
SPKVRA (KDMY1, LDMY1, 3)
l

SPKVRA (KDMY2, LDMY?2, 3)

Card 11: Damping coefficient of vertical impact

Card 11A: One point data of damping coefficient of vertical impact

1-10 110 JSEQ Identification number = 600.
11-20 F10.0 K Column number,
21-30 F10.0 L Row number.

51-60 F10.0 SPCVRA Damping coefficient of vertical impact SPCVRA (K, L, 1).
61-70 F10.0 SPCVRA Damping coefficient of vertical impact SPCVRA (K, L, 2).
71-80 F10.0 SPCVRA Damping coefficient of vertical impact SPCVRA (K, L, 3).

Total damping coefficient = SPCVRA (K, L, 1) + SPCVRA (K, L, 2) *7 + SPCVRA (K,L,3)* 12
7: Time rate of vertical impact spring deformation.
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Card 11B: Array data of damping coefficient of vertical impact

1-10 110 JSEQ Identification number = 610.
11-20 F10.0 KDMY1 First column number.
21-30 F10.0 KDMY2 Last column number.
31-40 F10.0 LDMY1 First row number,
41-50 F10.0 LDMY?2 Last row number.
51-60 F10.0 SPCVRA Damping coefficient of vertical impact
SPCVRA (DKMYI,I LDMY1, 1)

SPCVRA (KDMY2, LDMY2,1).
61-70 F10.0 SPCVRA Damping coefficient of vertical impact
SPCVRA (KDMY1, LDMY1, 2)

l
SPCVRA (DKMY2, LDMY2, 2).
71-80 F10.0 SPCVRA Damping coefficient of vertical impact
SPCVRA (KDMY1, LDMY], 3)

l
SPCVRA (DKMY2, LDMY?2, 3).

Card 12: Spring constant of dowel pin

Card 12A: One point data of spring constant of dowel pin

1-10 110 JSEQ Identification number = 650.
11-20 F10.0 K Column number.
21-30 F10.0 L Row number.

51-60 F10.0 SPKDWA Spring constant of dowel pin SPKDWA (K, L, 1).

61-70 F10.0 SPKDWA Spring constant of dowel pin SPKDWA (K, L, 2).

71-80 F10.0 SPKDWA Spring constant of dowel pin SPKDWA (K, L, 3).

Total spring constant = SPKDWA (K, L, 1) + SPKDWA (K, L, 2) *8 + SPKDWA (K, L, 3) *2
B: Dowel pin spring deformation.

Card 12B: Array data of spring constant of dowel pin

1-10 110 JSEQ Identification number = 660.
11-20 F10.0 KDMY1 First column number.
21-30 F10.0 KDMY2 Last column number.
3140 F10.0 LDMY1 First row number.

41-50 F10.0 LDMY2 Last row number.
51-60 F10.0 SPKDWA Spring constant of dowel pin
SPKDWA (KDMY1, LDMYI1, 1)

l
SPKDWA (KDMY2, LDMY2, 1).
61-70 F10.0 SPKDWA Spring constant of dowel pin
SPKDWA (KDMY1, LDMY 1, 2)

l
SPKDWA (KDMY2, LDMY2, 2).

71-80 F10.0 SPKDWA Spring constant of dowel pin
SPKDWA (KDMY1, LDMY1, 3)

l
SPKDWA (KDMY2, LDMY?2, 3).

Card 13: Damping coefficient of dowel pin

Card 13A: One point data of damping coefficient of dowel pin

1-10 110 JSEQ Identification number = 700.
11-20 F10.0 K Column number.
21-30 F10.0 L Row number.

51-60 F10.0 SPCDWA Damping coefficient of dowel pin SPCDWA (K, L, 1).
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61-70 F10.0 SPCDWA Damping coefficient of dowel pin SPCDWA (K, L, 2).
71-80 F10.0 SPCDWA Damping coefficient of dowel pin SPCDWA (K, L, 3).

Total damping coefficient = SPCDWA (K, L, 1) + SPCDWA (K, L, 2) "‘é + SPCDWA (K, L, 3) *52
,é: Time rate of dowel pin spring deformation.

Card 13B: Array data of damping coefficient of dowel pin

1-10 110 JSEQ Identification number = 710.
11-20 F10.0 KDMY1 First column number.
21-30 F10.0 KDMY?2 Last column number.
31-40 F10.0 LDMY1 First row number.
41-50 F10.0 LDMY2 Last row number.
51-60 F10.0 SPCDWA Damping coefficient of dowel pin
SPCDWA (KDMY1, LDMY1, 1)

l
SPCDWA (KDMY2, LDMY2, 1).
61-70 F10.0 SPCDWA Damping coefficient of dowel pin
SPCDWA (KDMY1, LDMY1, 2)

l
SPCDWA (KDMY2, LDMY2, 2).

71-80 F10.0 SPCDWA Damping coefficient of dowel pin
SPCDWA (KDMY1, LDMY1, 3)

l
SPCDWA (KDMY2, LDMY?2, 3).

Card 14: Spring constant of horizontal impact

Card 14A: One point data of spring constant of horizontal impact

1-10 110 JSEQ Identification number = 750.
11-20 F10.0 K Column number.
21-30 F10.0 L Row number
51-60 F10.0 SPKBKA Spring constant of horizontal impact SPKBKA (K, L, 1).
61-70 F10.0 SPKBKA Spring constant of horizontal impact SPKBKA (K, L, 2).
71-80 F10.0 SPKBKA Spring constant of horizontal impact SPKBKA (K, L, 3).

Total spring constant = SPKBKA (K, L, 1) + SPKBKA (K, L, 2) *¢+ SPKBKA (K, L, 3) g2
¢: Horizontal impact spring deformation.

Card 14B: Array data of spring constant of horizontal impact

1-10 110 JSEQ Identification number = 760.
11-20 F10.0 KDMY1 First column number.
21-30 F10.0 KDMY2 Last column number.

3140 F10.0 LDMY1 First row number.

41-50 F10.0 LDMY?2 Last row number.

51-60 F10.0 SPKBKA Spring constant of horizontal impact
SPKBKA (KDMY1, LDMY], 1)

l
SPKBKA (KDMY2, LDMY2, 1).
61-70 F10.0 SPKBKA Spring constant of horizontal impact
SPKBKA (KDMY1, LDMY1, 2)

l
SPKBKA (KDMY2, LDMY2, 2)
71-80 F10.0 SPKBKA Spring constant of horizontal impact
SPKBKA (KDMY1, LDMY]1, 3)

l
SPKBKA (KDMY2, LDMY2, 3).
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Card 15: Damping coefficient of horizontal impact

Card 15A: One point data of damping coefficient of horizontal impact

1-10 110 JSEQ Identification number = 800.
11-20 F10.0 K Column number.
21-30 F10.0 L Row number.
51-60 F10.0 SPCBKA Damping coefficient of horizontal impact SPCBKA (K, L, 1).
61-70 F10.0 SPCBKA Damping coefficient of horizontal impact SPCBKA (K, L, 2).

71-80 F10.0 SPCBKA Damping coefficient of horizontal impact SPCBKA (K, L, 3).

Total damping coefficient = SPCBKA (K, L, 1) + SPCBKA (K, L, 2) *¢ + SPCBKA (K, L, 3) *¢2
¢: Time rate of horizontal impact spring deformation.

Card 15B: Array data of damping coefficient of horizontal impact

1-10 110 JSEQ Identification number = 810.
11-20 F10.0 KDMY1 First column number.
21-30 F10.0 KDMY2 Last column number.
31-40 F10.0 LDMY1 First row number.
41-50 F10.0 LDMY?2 Last row number.
51-60 F10.0 SPCBKA Damping coefficient of horizontal impact

SPCBKA (KDMY1, LDMY1, 1)

l
SPCBKA (KDMY2, LDMY2, 1).
61-70 F10.0 SPCBKA Damping coefficient of horizontal impact
SPCBKA (KDMY1, LDMY], 2)

l
SPCBKA (KDMY2, LDMY2, 2).
71-80 F10.0 SPCBKA Damping coefficient of horizontal impact
SPCBKA (KDMY1, LDMY]1, 3)

l
SPCBKA (KDMY2, LDMY2, 3).

Card 16: Damping coefficient of displacement detector

Card 16A: One point data of damping coefficient of displacement detector

1-10 110 JSEQ Identification number = 830.
11-20 F10.0 K Column number.
21-30 F10.0 L Row number.
51-60 F10.0 CXX Damping coefficient of displacement detector CXX (K, L).

Card 16B: Array data of damping coefficient of displacement detector

1-10 110 JSEQ Identification number = 840.
11-20 F10.0 KDMY1 First column number.
21-30 F10.0 KDMY?2 Last column number.
31-40 F10.0 LDMY1 First row number.
41-50 F10.0 LDMY?2 Last row number.
51-60 F10.0 CXX Damping coefficient of displacement detector

CXX (KDMY1, LDMY1)

l
CXX (KDMY2, LDMY?2).

Card 17: Spring constant and damping coefficient of side reflector restraint structure

Card 17A: One point data of spring constant and damping coefficient of side reflector restraint

structure
1-10 110 JSEQ Identification number = 850,
11-20 F10.0 K Column number.

21-30 F10.0 L Row number.
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51-60 F10.0 SPKSR Spring constant of side reflector restraint structure
SPKSR (K, L, 1).

61-70 F10.0 SPCSR Damping coefficient of side reflector restraint structure
SPCSR (K, L).

Card 17B: One point data of second and third stage spring constant
1-10 110 JSEQ Identification number = 855,

11-20 F10.0 K Column number.

21-30 F10.0 L Row number,

51-60 F10.0 SPKSR Second stage spring constant of side reflector restraint structure
SPKSR (K, L, 2).

61-70 F10.0 SPKSR Third stage spring constant of side reflector restraint structure

SPKSR (K, L, 3).

Card 17C: Array data of spring constant and damping coefficient of side reflector restraint
structure

1-10 110 JSEQ Identification number = 860.
11-20 F10.0 KDMY1 First column number.
21-30 F10.0 KDMY?2 Last column number.
3140 F10.0 LDMY1 First row number.
41-50 F10.0 LDMY?2 Last row number.
51-60 F10.0 SPKSR Spring constant of side reflector restraint structure
SPKSR (KDMY1, LDMY1, 1)

SPKSR (KDMY2, LDMY2, 1).
61-70 F10.0 SPCSR Damping coefficient of side reflector restraint structure
SPCSR (KDMY1, LDMY1)

SPCSR (KDMY2, LDMY2).

Card 17D: Array data of second and third stage spring constant

1-10 110 JSEQ Identification number = 865.
11-20 F10.0 KDMY1 First column number.
21-30 F10.0 KDMY2 Last column number.
31-40 F10.0 LDMY1 First row number.
41-50 F10.0 LDMY?2 Last row number.
51-60 F10.0 SPSKSR Second stage spring constant of side reflector restraint structure
SPKSR (KDMY1, LDMY1, 2)

SPKSR (KDMY2, LDMY2, 2).
61-70 F10.0 SPKSR Third stage spring constant of side reflector restraint structure
SPKSR (KDMY1, LDMY1, 3)

SPKSR (KDMY2, LDMY2, 3)

Card 17E: Distance from first to second stage spring

1-10 110 JSEQ Identification number = 867.
51-60 F10.0 DELI1 Distance from zero to first stage spring.
If DEL1 is zero, DELI is infinite.
61-70 F10.0 DEL2 Distance from first to second stage spring.

Card 18: Spring constant of top orifice block keyway

Card 18A: Identification of connecting column number

1-10 I10 JSEQ Identification number = 870.
11-20 F10.0 K1 First column number.
21-30 F10.0 K2 Last column number.

51-60 F10.0 NOTOP Number of spring constant data NOTOP (K1)~ NOTOP (K2).
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Card 18B: Spring constant of top orifice block keyway
1-10 110 JSEQ Identification number = 880.
11-20 F10.0 K1 First data.
21-30 F10.0 K2 Last data.
51-60 F10.0 EKTOP Spring constant of top orifice block keyway
EKTOP (K1) ~ EKTOP (K2).

Card 19: Mass of core support block and its restraint structure spring constant and damping
coefficient

Card 19A: Mass, friction factor and weight of core support block

1-10 110 JSEQ Identification number = 900.
51-60 F10.0 AMSBP Mass of core support block.
61-70 F10.0 EMUBP Friction factor between core support block and base plate.
71-80 F10.0 WGBP Weight of core support block.
Card 19B: Spring constant and damping coefficient of core support block restraint structure
1-10 110 JSEQ Identification number = 910.
51-60 F10.0 BPK Spring constant of core support block restraint structure.
61-70 F10.0 BPC Damping coefficient of core support block restraint structure.
Card 19C: Second and third stage spring constant of core support block restraint structure
1-10 110 JSEQ Identification number = 915.
51-60 F10.0 BPK?2 Second stage spring constant of core support block restraint
structure.
61-70 F10.0 BPK3 Third stage spring constant of core support block restraint
structure.
Card 20: [Initial displacement
Card 20A: One point data of initial displacement
1-10 110 JSEQ Identification number = 950.
11-20 F10.0 K Column number,
21-30 F10.0 L Row number.
51-60 F10.0 X Initial angle X (K, L, 1).
61-70 F10.0 X Initial horizontal displacement X (K, L, 3).
71-80 F10.0 X Initial vertical displacement X (K, L, 5).
Card 20B: Array data of initial displacement
1-10 110 JSEQ Identification number = 960.
11-20 F10.0 KDMY1 First column number.
21-30 F10.0 KDMY2 Last column number.
31-40 F10.0 LDMY1 First row number.
41-50 F10.0 LDMY?2 Last row number.
51-60 F10.0 X Initial angle
X (KDMY1, LDMY1, 1)
l
X (KDMY2, LDMY?2, 1).
61-70 F10.0 X Initial horizontal displacement
X (KDMY1, LDMYI, 3)
l
X (KDMY2, LDMY?2, 3).
71-80 F10.0 X Initial vertical displacement

X (KDMY1, LDMY], 3)

l
X (KDMY2, LDMY2, 3).
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Card 21: Initial velocity
Card 21A: One point data of initial velocity

1-10 110 JSEQ Identification number = 1000.
11-20 F10.0 K Column number.
21-30 F10.0 L Row number.
51-60 F10.0 X Initial velocity
X (K, L,2).
61-70 F10.0 X Initial horizontal velocity
X (K, L, 4).
71-80 F10.0 X Initial vertical velocity
X (K, L,6).

Card 21B: Array data of initial velocity

1-10 110 JSEQ Identification number = 1010.
11-20 F10.0 KDMY1 First column number.
21-30 F10.0 KDMY?2 Last column number.
3140 F10.0 LDMY1 First row number,
41-50 F10.0 LDMY2 Last row number.
51-60 F10.0 X Initial velocity
X (KDMY1, LDMY], 2)

l
X (KDMY2, LDMY2, 2).
61-70 F10.0 X Initial horizontal velocity
X (KDMY1, LDMY1, 4)

l
X (KDMY2, LDMY?2, 4).

71-80 F10.0 X Initial horizontal velocity
X (KDMY1, LDMY], 6)

l
X (KDMY2, LDMY2, 6).

Card 22: Gap pressure difference force

Card 22A: One point data of gas pressure difference force

1-10 110 JSEQ Identification number = 1050.
11-20 F10.0 K Column number.
21-30 F10.0 L Row number
51-60 F10.0 GSF Gap pressure difference force
GSF (K, L).
61-70 F10.0 GSPK Spring constant simulating gas pressure effect
GSPK (K, L).
Card 22B: Array data of gas pressure difference force
1-10 110 JSEQ Identification number = 1060.
11-20 F10.0 KDMY1 First column number.
21-30 F10.0 KDMY2 Last column number.

31-40 F10.0 LDMY1 First row number.

41-50 F10.0 LDMY?2 Last row number.

51-60 F10.0 GSF Gap pressure difference force
GSF (KDMY1, LDMY1)

l
GSF (KDMY2, LDMY2).
61-70 F10.0 GSPK Spring constant simulating gas pressure effect
GSPK (KDMY1, LDMY1)

l
GSPK (KDMY2, LDMY2).
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Card 23: Factor according to friction force

Card 23A: One point data of factor according to friction force

1-10 110 JSEQ Identification number = 1100.
11-20 F10.0 K Column number.
21-30 F10.0 L Row number.
51-60 F10.0 FI1 Coefficient of static friction
FI1 (K, L).
61-70 F10.0 FI2 Related number to coefficient of dynamic friction
FI2 (K, L).
Card 23B: Array data of factor according to friction force
1-10 110 JSEQ Identification number = 1110.
11-20 F10.0 KDMY1 First column number.
21-30 F10.0 KDMY?2 Last column number.

31-40 F10.0 LDMY1 First row number.

41-50 F10.0 LDMY?2 Last row number.

51-60 F10.0 FI1 Coefficient of static friction
FI1 (KDMY1, LDMY1)

l
FI1 (KDMY2, LDMY2)
61-70 F10.0 FI2 Related to coefficient of dynamic friction
FI2 (KDMY1, LDMY1)

l
FI2 (KDMY2, LDMY2).

Card 24: Coefficient of friction

1-10 110 JSEQ Identification number = 1130.
51-60 F10.0 FICOF Coefficient of static friction.
61-70 F10.0 FICOFK Coefficient of dynamic friction.

Card 25: Restart data

1-10 110 JSEQ Identification number = 1200.

11-20 F10.0 JREINP Initial condition option.
If JREINP = 0, initial displacement and velocity set by card input.
If JREINP = 1, initial displacement and velocity read from file

No. 51 generated from previous run.

21-30 F10.0 JREOUT Final condition option.
If JREOUT = 0, no final conditions saved.
If JREOUT = 1, final conditions saved on file No. 51 for a

restart run.
31-40 F10.0 JTIMAX Maximum computer time (CPU second).
41-50 F10.0 IPRINT Result print option.

If IPRINT = 0, all input and output data are printed.
If IPRINT = 1, maximum values of calculation results are printed.

Card 26: Solution time

1-10 110 JSEQ Identification number = 1250.
11-20 F10.0 TIMS Starting time.
21-30 F10.0 TIMEND Ending time.
31-40 F10.0 TIMSP Integral time step.
41-50 F10.0 TIMOP1 Option for integration method.
TIMS ~ TIMOP1 ~ TIMEND

Runge-Kutta-Gill Newton method
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Card 27: Option for calculation results printing and plotting

Card 27A: First step number for calculation results printing and plotting

1-10 110 JSEQ Identification number = 1300.
11-20 F10.0 JCPRBG First step number for displacement, velocity and acceleration
printing.
21-30 F10.0 JCFMBG First step number for force and moment printing.
31-40 F10.0 JCMXBG First step number for maximum value printing.
41-50 F10.0 JCPLBG First step number for vibration mode plotting.

51-60 F10.0 JCP2BG First step number for time history curve plotting.

Card 27B: Interval step number for calculation results printing and plotting

1-11 F10.0 JSEQ Identification number = 1310.
11-20 F10.0 JCPRSP Interval step number for displacement, velocity and accelera-
tion printing.
21-30 F10.0 JCFMSP Interval step number for force and moment printing.
31-40 F10.0 JCMXSP Interval step number for maximum value printing.
41-50 F10.0 JCPLSP Interval step number for vibration mode plotting.
51-60 F10.0 JCP2SP Interval step number for time history curve plotting.

Card 28: Seismic data.
Card 28A: Sinusoidal excitation data

1-11 110 JSEQ Identification number = 3000.

11-20 F10.0 COF1 Amplitude of horizontal input wave.
If KIK =0, COF1 is displacement.
If KIK = 1, COF1 is acceleration.
If KIK =2, COF1 is acceleration.
If KIK = 3, COF1 is displacement.
If KIK =4, COF1 is dummy data.

21-30 F10.0 COF2 Angular velocity or frequency of horizontal input wave.
If KIK = 0, COF?2 is circular frequency (Hertz)
If KIK = 2, COF2 is circular frequency (Hertz)
If KIK = 3, COF?2 is circular frequency (Hertz)
If KIK =4, COF2 is dummy data.

3140 F10.0 COF3 Phase shift of horizontal input wave (radian).

41-50 F10.0 COF4 Amplitude of vertical input wave COF4 is same as COF1.

51-60 F10.0 COFs Angular velocity or frequency of vertical input wave.
COF4 is same as COF2.

61-70 F10.0 COF6 Phase shift of vertical input wave, COF6 is same as COF3,

Horizontal input displacement:
KIK =0: (¢ = time)
uo = COF1 *sin (COF2 x t — COF3)

KIK = 1:
COF1 .
Uy = m * sin (2m * COF * t — COF3)
COF=Z1+22 =t +Z3%t +Z4xt + Z5xf + Z6%t
Frequency COF is sweeping up or down from Z1 to COF2.
KIK = 2:
COF1 .
Ug = (2n+COF2)? * sin (2a*COF2 * t — COF3)
KIK = 3:

#o = COF1 * sin (2m » COF * t — COF3)
COF =71+ Z2%t + Z3*t + Z4xt +Z75*t+ Z6%t
Frequency COF is sweeping up or down from Z1 to COF2.
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Table 1 Continued

Column

Format

Variable

Description

Vertical input displacement:
KIK = 0:

wo = COF4 * sin (COF5 % t — COF6)

KIK=1:

COF4

Wo = - i F — F
[ W*SIH(2W*CO L1 COF6)

COF =Z1+ Z2xt + Z3xt + Z4+t +Z5xt + Z6xt

KIK = 2:

0

KIK = 3:

__ COF4
(2m*COF5)?

Frequency COF is sweeping up or down from Z1 to COF2.

* sin (27 * COFS %t — COF6)

wo = COF4 * sin (27 * COF * t — COF6)
COF =Z1+ Z2+t + Z3xt +Z4xt + 75+t + Z6xt

Frequency COF is sweeping up or down from Z1 to COF2.

Card 28B: Option for input wave data

1-10
11-20
21-30
3140
41-50
51-60
61-70

110
F10.0
F10.0
F10.0
F10.0
F10.0
F10.0

KIK
Z1
72
3
Z4
Z5
Z6

Option for input wave data (See card 28A).
Coefficient of polynominal function (See card 28A).

Card 28C: Seismic data (Random wave)

1- 5
6-10
11-15
21-30
31-40

Is

IS

15
F10.0
F10.0

KXK(1)

KXK(2)

KXK(3)
ALP
BET

Option for horizontal data input.
Dummy.
Option for vertical data input.
Multiplication factor for displacement.
Multiplication factor of velocity.

KXK (I) = 0 : No-data.

KXK (I) = 1 : Data input.

Card 28D: Number of seismic data and time step of data

1- 4
21-30

21-60

1- 4
21-30

21-60

1- 4
21-30

21-60

14
F10.0

Next
5F10.0

Next
14
F10.0

Next
5F10.0

Next
14
F10.0

Next
5F10.0

KIN(I, 1)
DDT(1, 1)

VX(1, 1,
KXN(1, 1))

KXN(1, 2)
DDT(1, 2)

VS(1, 2,
KXN(1, 2))

KXN(3, 1)
DDT(3, 1)

VX(3, 1,
KXN(3, 1))

Number of horizontal displacement data.
Time step.

Horizonta displacement

Number of horizontal velocity data.
Time step.

Horizontal velocity.
If KXK(1) is zero, above four cards are not necessary.

Number of vertical displacement data.
Time step.

Vertical displacement.
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Column Format Variable Description
Next
1- 4 14 KXN(3, 2) Number of vertical velocity data.
21-30 F10.0 DDT(3, 2) Time step.
Next
21-60 5F10.0 VX(3, 2, Vertical velocity.
KXN(3, 2)) If KXK(3) is zero, above four cards are not necessary.

Card 29: Option for response curve plotting

Card 29A: Plot option and maximum number of plot curves

1-10 110 JPLOT

11-20 110 MAXPLOT

Plot option. JPLOT = 0, no action.

If JPLOT = 1, time history data are stored in the file 10 for
response curve plotting using the post-processor SONWV-2V.
Maximum number of plot curves.

Card 29B: Block number and kind of response curve plotting

1-10 110 KK
11-20 110 LL
21-30 110 1

Column number of block to be plotted.
Row number of block to be plotted.
Kind of response curve plotting.

JI=1
JI=2
JI=3
JI=4
JJ=5
JI=6
=17
JI=8
JI=9
JJ =10:
JJ=11:
JI=12:
JI=13:
J1=14:
JI=15:
Jy=16:
=17
J]=18:
JJ=19:

: Rotation angle.

: Rotation angular velocity.

: Horizontal displacement.

: Horizontal velocity.

. Vertical displacement.

: Vertical velocity.

: Rotation angular acceleration.
: Horizontal acceleration.

: Friction force between blocks.

Friction force between blocks.

Moment due to friction force between blocks.
Vertical impact force.

Moment due to vertical impact force.

Dowel force.

Moment due to dowel force.

Horizontal impact force.

Moment due to horizontal impact force,

Weight and pressure difference force.

Moment due to weight and pressure difference force.

4.3 Description of Output Data

This section describes the output data from SONATINA-2V. SONATINA-2V prints out
all of the input data as well as various time history results. To minimize the amount of output
produced by the program, the user can choose options to select the output data. If print
option IRRINT =1 in the input card 25 in Table 1, only maximum displacement, velocity,
acceleration, force and moment are printed out. If IRRINT =0, the output consists of input
data, displacement, velocity, acceleration, force and moment at a determined step interval,
in addition to maximum displacement, velocity, acceleration, force and moment. The contents
of these various output quantities are described in the followings.

(1) Input data

Input data are printed in two formats. The first print format is exactly the same as they
were read. Second, the program lists the data as interpreted by the code.
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(2) Time history response value

Time history response values are printed at every print interval steps, which describe the
response history as a function of time. The title of the analysis is printed at the top of the
various output quantities for an easy identification to the problem. The following is a sum-
mary of the output data.

Time
TIME — Current value of time (sec),
Displacement
THA  — Angular displacement (rad),
U — Horizontal displacement,
w — Vertical displacement,
Velocity
THADF1 — Angular velocity (rad/s),
UDF1 — Horizontal velocity,
WDF1 — Vertical velocity,
Acceleration
THADF?2 — Angular acceleration,
UDF2 — Horizontal acceleration,
WDF2 — Vertical acceleration,

Force and moment
WGM — Moment by gravity,

FIF — Friction force at interface between upper and lower blocks,
FIM — Moment by friction force,
VRF — Vertical impact force at the center of the block,

VRM — Moment by vertical impact force,
DWF — Dowel force,
DWM — Moment by dowel force,
BKF - Boundary impact force at the center of the block,
BKM - Moment by boundary impact force.
(3) Output summary
At the termination of a run, an output summary is printed to give all of the maximum
displacements, rotations, velocities, accelerations, forces, and moments. The following is a
description of the output summary data.
Maximum displacement, 4, ¥, w,
Maximum velocity, @, &, @,
Maximum acceleration, 8, %, i,
Maximum friction force,
Maximum friction force moment,
Maximum vertical impact force,
Maximum vertical impact moment,
Maximum vertical impact moment,
Maximum dowel force,
Maximum dowel moment,
Maximum boundary impact force,
Maximum boundary impact moment.
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4.4 Post-processor

The computer program has two post-processors that are SONPL-2V and SONWV-2V as
shown in Fig. 10. The SONPL-2V povides the users with graphical display output of the core
behavior at determined time step. The SONWV-2V provides the users with graphical display

output of the time history response curve of the each block.

The input data for SONPL-2V and SONWV-2V are summarized in Tables 2 and 3, respec-

tively.
SONATINA-2V
Input data
>
a
' \
<z[ Seismic
= response
<ZI SONATINA-2V
? SONPL - 2V
/ Input data
‘ Data file ‘ ‘
11 SONWV-2V
. Input data
<]
@ Column deform Response curve
§ mode plotting plotting
5 SONPL - 2V SONWV - 2V
| |
Coom | [Tom
—L Column deform Response
mode curve
Fig. 10 Computer program SONATINA-2V and post-processors.
Table 2 Input data for post-processor SONPL-2V
Column Format Variable Description
1-10 110 JSEQ Identification number = 200.
11-20 F10.0 SCL 1 Scaling factor of overall figure.
21-30 F10.0 SCL 2 Scaling factor for angle.
3140 F10.0 SCL3 Scaling factor for horizontal displacement.
41-50 F10.0 SCL 4 Scaling factor for vertical displacement.
51-60 F10.0 SCL 5 Scaling factor for gap width between blocks.
Table 3 Input data for post-processor SONWV-2V
Column Format Variable Description
1-10 F10.0 XLENGT X-axis length of plotter,
11-20 F10.0 YLENGT Y-axis length of plotter.
21-30 110 MMMM Number of plotting wave in a single figure.
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5. Some Examples and Discussions

The governing equations given in Chapter 3 can be solved numerically by using the
Runge-Kutta-Gill and/or the Newton integration schemes. The geometry and weight of the
block elements (shown in Table 4) are chosen in such a way that the analyzed system corres-
ponds to an experimental VHTR core with dimension scaled by 1/2 and weight scaled by 1/4.
The computation time interval is 2 x 107 seconds. The numerical results are compared with
experimental results.(®) Calculation input data are described in Appendix B.

Table 4 Calculation data

. Column Side reflector
Symbol Unit Block Nos. 1~12 Top block column
a cm 5.0 —
b cm 7.25 -
ct kg*s/cm 7.85
c¢ kg-s/cm 0.0 -
c’ kg-s/cm 5.10 -
c kg-s/cm - 1.96 x 1072
cY kg.s/cm 9.81 -
d cm 52 -
h cm 14.25
I kg-s?/cm 0.924 (0.302) 1.75 (0.62) -
K® kg/cm 1.24 x 10*
K® kg/cm 1.23 x 10* -
K" kg/cm - — 8300 (Hard)
Ko°F kg/cm 98.1 -
K kg/cm 2.45 x 10* -
m kg-s?/cm 0.0195 (0.0146) 0.0157 (0.0104)
ms kg-s®/cm - - 0.054 (0.04)
n — 13 -
) cm 0.2 0.05
5,8 cm 0.05
Lk — 0.2
s — 0.2

( ) shows short length block.

5.1 Effect of Input Acceleration Level

Figure 11 shows the relative displacement as a function of input acceleration level for
harmonic excitation. In the figure, it can be seen that the calculated values are in good agree-
ment with the experimental results at input accelerations of 100 and 500 Gal. At the 250 Gal
level excitation, analytical results are lower than experimental values especially at excitation
frequency 3 to 6 Hz. This frequency region is considered to be unstable. Concerning the un-
stable frequency, Fig. 12 shows the resonance curve comparing the sweep-up with the sweep-
down.

The sweep-down response is also presented in the figure to verify the nonlinear behavior
of the multi-column vibration. As illustrated, the limit frequency for lumping in the sweep-
down was slightly lower than in the sweep-up, defining an unstable region.
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a0 T T T T T 40 T T T T T
Hard spring support Hard spring support
R No-column spring J | No-column spring ]
—_ Experiment Max. acceleration 250 Gal
E O X A Analysis E sl Block (1,7) i
= T Block (1,7) 1 - X Anolysis
- __ Initil total gop__ __ ,:, Initial total gap |
"é [ 1 Co T ]
g !
= 20} - a 20} -
5 €
g : | _
s | 1 g
o o
® &
o O Max. acceleration | © 10 ]
2 500 Gal 2
o =
[T} - 250 o - .
-— ‘-_x
& 100 & *+---=Sweep-down
0 1 1 1 1 ] 1 o ] 1 1 1 ! ]
o 2 q 6 8 10 12 14 o) 2 4 6 8 10 12 14
Excitation frequency (Hz) Excitation frequency (Hgz)
Fig. 11 Effect of input acceleration on relative Fig. 12 Comparison between sweep-up and

displacement. sweep-down responses.

The fact that the frequency of sudden decrease of displacement at the sweep-up is higher
than at the sweep-down indicates that the system exhibits a nonlinear spring effect. The
response curve shows hysteresis characteristics. In the unstable region, analytical values of
response displacements are slightly apart from experimental ones.

Figure 13 shows the comparison between experiment and analysis of the boundary
reaction force as a function of input accleration level for harmonic excitation. The agreement
is good for the lower reaction force, but less satisfactory for strong reaction force.

It is seen that resonance frequency is strongly amplitude-dependent and increases with an
increase in excitation level. The system exhibits a spring hardening effect, which means that
the jump frequency will increase with an increase in excitation acceleration level.

5.2 Impact Reaction Forces along Column
Figure 14 shows the distribution of impact reaction forces along the column and com-

pares the analytical results with the experimental values. Analytical results show a favorable
correlation with the results of the experiments.

5.3 Effect of Side Reflector Support Stiffness

Displacement response characteristic is shown in Fig. 15 comparing with three kinds of
lateral support stiffness, hard, intermediate and soft spring support. These spring constants are
shown in Table 5. In the low excitation frequency, the maximum column displacement de-
creases with increasing lateral support stiffness, while the opposite is observed in the high
excitation frequency. In the figure, it can be seen that the analytical results are in good agree-
ment with the experimental results. It is thus indicated that the harder lateral support stiffness
is, the smaller the column displacement becomes.

Figure 16 shows the impact reaction force characteristic comparing analysis and experi-
ment as a parameter of the lateral support stiffness. Hard support stiffness is found to give a
large impact force in comparison with soft or intermediate stiffness. In the low excitation
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frequency, a lateral support with intermediate stiffness affords a smaller impact force than that
with soft support. In the figure, it can be seen that analytical results are fairly in agreement
with the experimental results.

1600 T T T T T T
Hard spring support
1400} No- column spring .
Experiment
’;‘ O X A Analysis T T T T 1 T
x 1200 Block (13.8) Top '3[ , X i
12 X
[+}] — 1 ) —
21000} - 1 X
L2 B ! M ¢ -
_ o[ k ]
L 800} - g 9 X
ke o = ' [ -
° 3 °L 9 ¥ 4
.. 600} . a 7| X |
5 x 6 X
° o s ¢ }i( Sinusoidal 3Hz 7
3 400 -1 m n \ Max-input acc. 500 Gal
o 4 % Hard spring support
§ : No - column spring j
3
200% o * O Experiment
- .* X Analysis _
o) Bottom ! 1 X 1 ] | ]
0 14 (o] 200 400 600 800 {000 1200 1400
Excitation frequency (Hz) Boundary reaction force (kg)
Fig. 13  Effect of input acceleration on bound- Fig. 14 Boundary reaction force distribution
ary reaction force. along column.
80 T T T T T T
Max. input acceleration 250 Gal
70t No - column spring 4 1400 ‘ : : ‘ : ‘
E Block (1,7) Max. input acceleration 250 Gal
60} A Support  |Experiment| Analysis : 1200k No - column spring |
o _Ja Hard o > K (1
a i |Infermediate| ———- X x Block (13.8)
S 50f Soft I — o {1  tooo} Support __[Experiment | Analysis
g e Hard ¢} W
a é' Intermediate | ~——— X
< OF . 800} Soft pp— remmil
Py [=3
@ ]
E -~
2 S
k=] 301 1 @ 600 -
2 >
= =]
o 20F 4 T 400} -
= g
I=] i}
& 10k - 200} —
0 ] [s) 1
o] {0 12 14 o} 2 9 6 8 10 12 14
Excitation frequency (Hz) Excitation frequency (Hz)
Fig. 15 Effect of support stiffness on relative Fig. 16  Effect of support stiffness on bound-

displacement. ary reaction force.
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Table 5 Spring constant of side support structure

Support spring

Spring constant (kg/cm)

Referector block
(per one spring)

Support plate

Hard 8300 6000

Intermediate 600 740

0<6<1.1 40 40

Soft Displacement 1.1<6<5.5 800 800
(cm)

6>5.5 8300 6000

5.4 Dowel Force

It is important to evaluate the stresses of dowel pins and its holes since the structural
design of dowel pin and hole is often the most weak portion of a fuel block for seismic load.
In the experiment, measurement of dowel force is made.

The curves in Fig. 17 illustrate that the block dowel force frequency response is com-
pared between analysis and experiment values. Analytical values show a favorable correlation

with experimental ones.

(kg)

Dowel pin force

X
50 QJ -
O 1 1 1 1
o) 2 r:} 6 8 10 12
Excitation frequency (Hz)

1 T 1 T

Max. input acceleration 250 Gal
Intermediate spring support
No - column spring
—O~— Experiment
—=X== Anaglysis

X Block (7,13)

\

Fig. 17

Dowel pin shear force,
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6. Conclusions

The author has developed a computer program SONATINA-2V for dynamic analysis of
a two-dimensional vertical slice core model of HTGR core.

The calculation equations have been presented and the numerical results were compared
with the results of the experiments. The following conclusions have been drawn:

(1) The analytical results agree well with experimental data for horizontal forced vibra-
tion of a series of many interacting stacked columns.

(2) The present method can be used to compute forces and moments of dowel pins and
around holes. Analytical values of dowel pin forces are in good agreement with the experi-
mental ones.
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po .
Fe& .
F> .
F>* .
FF

F¥ .
FML .
FMR .
F
FM" .
Fo
FE .
F? o
FT .
FT® .
F'*
FVR :
fw)

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 g

damping coefficient of reflector restraint structure

damping coefficient associated with 7

distance of dowel from block center line

horizontal collision force acting at bottom of left side
horizontal collision force acting at bottom of right side
dowel force acting at left dowel

dowel force acting at right dowel

friction force acting at horizontal interface between blocks
reflector restraint force

horizontal collision force acting at upper-middle of left side
horizontal collision force acting at upper-middle of right side
horizontal collision force acting at lower-middle of left side
horizontal collision force acting at lower-middle of right side
restraint force between top orifice blocks

friction force acting at horizontal interface between reflectors
vertical gas pressure force acting at block center

horizontal collision force at top of left side

horizontal collision force at top of right side

vertical collision force acting at left corner

vertical collision force acting at right corner

prescribed function for friction characteristics

éravity constant

block half height

block mass moment of intertia

spring constant associated with ¢

spring constant associated with

spring constant of side reflector restraint structure

spring constant associated with 7

block mass

mass of core support plate

total number of blocks in column

horizontal block displacement at center gravity

boundary displacement

core support plate displacement

velocity

vertical block displacement at center gravity

boundary vertical displacement

vertical forces due to block weight and pressure difference acting at lower part of block
vertical forces due to block weight and pressure difference acting at upper part of block
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dowel spring deformation
spring deformation of a spring-dashpot unit at interface between blocks
initial gap between blocks
gap on left side of dowel
gap on right side of dowel
spring deformation of a spring-dashpot unit at between block and boundary impact
plate
block rotation
dynamic coefficient of friction
static coefficient of friction
relative velocity between dowel pin and hole.
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Appendix A Impact Models”

A.1 Models

In the block-type fuel core, this group of blocks extends in so-called three dimensions.
In the present study, the following simplified models as shown in Fig. A.1 through A.3 will be
considered for calculations.

(1) The blocks at the top are restrained by the orifice block with some stiffness and
damping.

(2) The blocks at the bottom are restrained by the core support plate with some stiff-
ness and damping.

(3) The blocks are restrained by three dowels and dowel pins with some stiffness and

damping.
Block
Legend
@ ._; Friction
MM~ Stiffness
—i— Damping
(a) Plane view
Element of restitution
Stiffness

/\
B 0.0

(b) Spring dashpot model (¢) Impact model (d) Dry—friction model

Fig. A.1 Fuel element arrangement and impact calculation models.

+)
-3
e
hd Frie
5 {Fﬁt:O; I, ~%, 1< 8
12
i t{x;-%,;)28
(—) - Deflection +) Fm=iFm{ ’(x, . 4))0&2
X" X Xi~Xg
Su

Fig. A.2 Calculation model for friction.
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{a) model—A (b) model—B {(c) model—C

Fig. A.3 Calculation model for discontinuous mass system.

(4) The blocks in the core periphery are restrained with the restrained structure with
some stiffness and damping.
(5) Frictions exist between blocks as shown in Fig. A.2.
(6) It can be conceivable two models for the mass of blocks:
(i) each blocks are lumped mass (L-mass type),
(ii) each blocks are consistent mass (C-mass type).
(7) It can be conceivable three models for the impact phenomena as shown in Fig. A.1:
(i) spring dashpot model (S-impact type),
(i) impact model (I-impact type),
(iii) dry-friction model (D-impact type).
(8) Six calculation models can be conceivable according to the above (6) and (7) com-
bination:
(a) L-S model (Lumped mass-Spring dashpot type model),
(b) L-I model (Lumped mass-Impact type model),
(¢) L-D model (Lumped mass-Dry-friction type model),
(d) C-S model (Consistent mass-Spring dashpot type model),
(e) C-I model (Consistent mass-Impact type model),
(f) C-D model (Consistent mass-Dry-friction type model).

A.2 Formulae

A.2.1 General Formulae
In Fig. A.1 through A.3 the equation of motion for block 7 at the core center, with its
position in absolute coordinate of X, is then given as
Cit (X — X))+ Kis (Xi —X1) —Cpi (X=X~ Kui (Xe—Xi )£ F pi1£—F fa
R (A1)
where F, is the force form surrounding mass points. With x as the local coordinate from the
core barrel instead of X, and x;=X;—X, , Eq. (A.1) takes the following form:
mi%i+Cildi— )t Kiu(xi—2)—Cri a2 )~ Kri Gr— 2 DL F gt = F pi
=—mi%e+Fp . (A.2)
In Egs. (A.1) and (A.2), suffix zero mean the core barrel, and hence evidently x,=X,. The

equation of motion for a block / adjoining the core barrel, with stiffness coefficient and damp-
ing coefficient of the restraint structure of K and Cs, , respectively, is similarly given as
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mi%i+Caizi + Kpixi +Cit(i~x)+ Kiy(xi—2,)—Cri Ga— %) Kpi (x2—x,)
iFﬁ,"{—ka,‘:—m,';o‘i‘Fp. (A.3)

A.2.2 Spring Dashpot Model

In Eqgs. (A.2) and (A.3), if the mass ¢ is in coupled state with its surrounding masses, F
is given as

Fo=—A2Cijxi—2; )+ 2 Kij(xi—x,;+8;)}. (A4)
7 7

Concerning the effect of gap between blocks, as shown in Fig. A3, the three different
models can be conceivable.

(1) Model-A: no restraint in the gap

In Fig. A.3 (a), when the two adjoining masses 7 and j contact, there exist stiffness coeffi-
cient K;; and damping coefficient C;; in Egs. (A.4) and (A.5). And if they do not, both the
values are zero.

Kij=Cij=0, |xi—xl=—8i;,
Ki=kij (A.5)
Cij=Cij |xi—xjl<—38;; .
8;j=0; J,
(2) Model-B: some restraint in the gap

In Fig. A.3 (b), depending on the fact whether the masses 7 and 7 contact or not, the K
and C;; in Eq. (A.4) take the different values:

.= KL ,Cii= ciy
K,, 1y 5] 1] |x',_x’.|g~3'.j,

b ’ A6
Kii= K% C.i= C3) (A.6)
S 7 3('2]) ey } [xi—x;]<—8;;.

is = 0ij ,

(3) Model-C: some restraint in the gap with limitation

In Fig. A.3 (c), depending on the condition if the two masses contact or not, the K; jand
Cijin Eq. (A.4) are different. When the masses 7 and j are separated beyond a certain distance,
however, both the values become zero.

Kij=C;; =0, |x;—2x;]=0,
Kij:[{i(i”; Cij:C}.lf) (2)
8, =0 } 0> lrimal= =837 (A7)
Ki;= K}, Ci=Clf
8»~]* 5 oY ! } |xi—x;]>8 .
if — Yij )

As seen, above equations are nonlinear, and of these three models, Model-A can be
applied to the motion of blocks when there exists some gap between them in horizontal direc-
tion. And Model-B and C are applicable to the case when the adjoining blocks are joined
together with key and keyway.

(4) Compressive force in block

With the stiffness coefficient K;; between blocks and restraint in the gap, the force acting
on the mass points¢ and j with gap & is given as

Pij=0,

If |xi—x;]=8;; } A8)
Pii=Kij(xi—2;+8;), '

If |xi—x;] <8;;
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where the compressive force at one side of a block is £;;. When it is compressed on both sides,
however, the total compressive force in the block is P;;+ Pi;, where Pi; is due to block £ on
the other side.

A.2.3 Impact Model

In the impact model, the impulse and momentum technique for the collision is used.
The velocity and the collision force after collision are calculated from the impulse-momentum
equation.

(miv,-o+m,~ Vjo )*emj (Uio ~Vjo )
Vi— ’
m,-+m,~
(m; Vio +ijja )+emi(vio 2 ) A9
Vi — ’ (A.9)
mitm;
7(1)1'0 —Vio )(1+€) ) mim; J
o ¢, mi+m;

A.2.4 Dry-friction Model

This model is a combination of impact and spring dashpot model. In Eqgs. (A.2) and

(A.3), F, are given as

(1~
K,‘j(x,‘—xj)-f-K—Jl(_i_—eez (xi—xj), =0
Fp= (A.10)
Ki;(1— .
K{j(x,'—xj)_%e—z (xi—x;), =0

A.2.5 Relation between Coefficient of Restitution and Damping Coefficient
The relation between the coefficient of restitution and the damping coefficient will be
given on the assumption (see Appendix B).

A.2.6 Comparison of Impact Model

The calculation has been performed with the above three models, and the results are

shown in Fig. A.4.
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Fig. A.4 Comparison of three impact models on response.
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Appendix B Input Data"”’

This section describes calculation input data. The important dynamic properties of the
core are considered to be fuel block collision contact time and the coefficient of restitution,
both measured in the fuel block collision tests. These properties were used to determine the
spring constant and damping coefficient of the impact mechanisms for the blocks in the calcu-
lation program.

B.1 Spring Constant

The static stiffness of the elements is not used as the impact mechanism stiffness because
it did not yield and adequate inter-element collision model. The static spring constant,
however, is appropriately applied to the restraint structure of the side reflector block because
this structure approximated simple massless structure relative to the fuel blocks with which
they interact. The spring constants for two-body impact are obtained by Hertz’s theorem for
local deformation spring or element impact tests.

B.2 Damping Coefficient in Viscoelastic Impact Model

Let us consider a damping coefficient in the viscoelastic impact model. In the study,
impact behavior is confined to elastic bodies impacting one another, and it is represented by
the viscoelastic element shown in Fig. 5. The kinematic energy of impact bodies, the potential
energy of elastic spring and the dissipation energy of dashpot are written as follows:

., 1 ez e
T:% mx,+§mx§, U:%K(m*xzfslz)z ’ F:%C(x?_x%)z-
The Lagrange equations of motion are written as

d oT ,  oU | OoF

it or Tox Tox (-1

mit, +C(&1— ) + K(x,— %2.—81,) =0 , (B.2)

m¥,+C(Fo—%,) +K(x,—2,+8,2)=0 . (B.3)
Assume the following particular solutions of Egs. (B. 2) and (B. 3),

ti=actattaze” , X2=botbit+bse* , (B.4)
where a,,a1 , @z, bo, b1, bz and 2 are constants. And the initial conditions are given as follows:

£:=0, x2=—8,,, 01,=%,=0, v2=%,=0, t=0. (B.5)
We have the following equations from Egs. (B.4) and (B.5),

20=0, a:=a22=0, by=—382, botbd=v, . (B.6)
Substituting Eq. (B.6) into Eq. (B.4), it gives

= attaze’ , x=—08,tbitt+bet . (B.7)

Substitution of Eq. (B.7) into Egs. (B.2) and (B.3) yields
(C+Kt) (a1—b,)+e* {ma 2+ Clart+b2)2+ K(az—b2)}=0, }

(B.8)
(C+Kt) (b,—a,)+ {ma,2*+C(b,—a; A+ K(b,—a;)}=0.
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Since Eqgs. (B.8) are satisfied generally at any times, equations below are derived:
U2

a1=by, a;+b,=0, az—bz:»j— . (B.9)
From Egs. (B.6) and (B.9),

a=b=2 . (B.10)
Hence we obtain the so-called characteristic equation from Eqgs. (B.8),

(mA*+2CA+2K)a.e" =0 or 2*+2wh+0i=0, (B.11)
where  w.=y2K/m, C.=\2mK, C/C.=h, (B.12)

A= wn(—ht/h—1). (B.13)

Since the impact takes place as an internal damping, the damping factor is smaller than 1.
Equation (B.13) becomes

A=wn(—ht\[1—h*) , (B.14)
or A=wn(—h+y/1—h*) . (B.15)

Substituting Egs. (B.10) and (B.15) into (B.7), we get

x,:—g-z-H-ag exp(—hwat+iwaa/ 1—h%t),
2 ) (B.16)
xz:—812+72t+b2exp(—hw,,t+iwm/l—kzt ),

1= 2t-Hzgexp (—hwat) sin waa/ 1—H%t
2 (B.17)

v
Xa=—0,,+ 72t+bz exp(—hwq4t) sinwy A/ 1 =A%t .
Applying the initial conditions, we obtain the relations:

Vs
2

—'f?i+ boonn/ 11— =05, (4=0; ¥=v:) ,

which are solved for a; and b. to give

v v
R T

o/ 1—H 2 o/ 1—h 2

Therefore after the impact, Eq. (B.17) becomes, with the initial conditions,

+asonn/1—h*=0, (=03 i=0)

2 Y

PR . AP S—
2 1R 2

B, 1 »

2 Wy / l_hz 2
Since x; —x.=0,, when two bodies leave each other after impact, from Eq. (B.18) the
contact time is derived as

exp(—hwyt) sin waa/ 1 — A%t ,

(B.18)

2= —8,,+ exp(—hwat) sin waa/ 1— A%t .

1
————— v, exp(—hwnt)sin o/ 1—h*t =0,
o ’—I—hz 2 n
or Q)n;\/l‘hz tg:n, tc: z

@nn/ 1—h?2 '

where £. is the contact time. Velocities of the two impacting bodies after impact are given as:
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(5 )sr =5t 5 exp(—hont =51 (1+ exp (hwnte),

(oot =53 exp(—hwnt)=5 (1= exp(~hants)).

The coe.fficient of restitution 7 is given by

,= (xz)t=t,;2(xl)f=’c ) (B.19)

h
=exp (—hwat. )= €x (——”-——) . B.20
or n p p ,\/1_——1?— ( )

In the model, the relation between the damping factor ~# and the coefficient of restitu-
tion 7 is thus obtained, and from Eq. (B.12) the relation between the damping factor 4 and the
damping coefficient C is also obtained:

C=r/2zKh , (B.21)
or C=2mw,h =2mh 2xfy) . (B.22)

Since the coefficient of restitution 7, the contact time #, and the natural frequency @» are
obtained from the experimental data, the damping factor 4 is calculated using the Eq. (B.20).
Finally the damping coefficient can be calculated from Eq. (B.22).
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Appendix C Sample Problem Input

AEIEEEAEIEAXRIIRRARAR
» *
s INPUT DATA LIST =
« *
P T T T T

EERL EETRY TN NPy SIS TEEEE:- TR PINPIY TUNPIE NN DU ST - DI SR S SRR -
SONATINA-2V SAMPLE PROBLEM SINUSOIDAL INPUT 4.0 HZ 250 GAL

100 12.0 13.0
200 1.0 1.0 19.1 0.0195 0.924
200 2.0 1.0 14.3 0.0146 0.302
200 5.0 1.0 14.3 0.0146 0.302
200 8.0 1.0 14.3 0.0146 0.302
200 11.0 1.0 14.3 0.0146 0.302
200 12.0 1.0 19.1 0.0195 0.924
200 1.0 13.0 10.2 0.0104 0.62
200 2.0 13.0 15.4 0.0157 1.75
200 5.0 i3.0 15.4 0.0157 1.75
200 11.0 13.0 15.4 0.0157 1.7
200 8.0 13.0 15.4 0.0157 1.75
200 12.0 13.0 10.2 0.0104 0.62
210 3.0 4.0 1.0 1.0 19.1 0.0195 0.924
210 6.0 7.0 1.0 1.0 19.1 0.019S 0.924
210 9.0 10.0 1.0 1.0 19.1 0.0195 0.924
210 3.0 4.0 13.0 i13.0 10.2 0.0104 0.62
210 6.0 7.0 13.0 13.0 10.2 0.0104 0.62
210 9.0 10.0 13.0 13.0 10.2 0.0104 0.62
210 1.0 12.0 2.0 12.0 19.5 0.0195 0.924
210 13.0 14.0 1.0 1.0 39.0 0.04 1.8
210 13.0 14.0 2.0 13.0 52.8 0.054 2.05
250 1.0 1.0 14.25 7.23
250 2.0 1.0 10.7 7.23
250 5.0 1.0 10.7 7.23
250 8.0 1.0 10.7 7.23
250 11.0 1.0 10.7 7.23
250 12.0 1.0 14.25 7.23
250 1.0 13.0 10.7 7.23
250 2.0 13.0 14.25 7.23
250 5.0 13.0 16.25 7.23
250 8.0 13.0 14.25 7.23
250 11.0 13.0 14.25 7.23
250 12.0 13.0 10.7 7.23
260 3.0 4.0 1.0 1.0 14.25 7.23
260 6.0 7.0 1.0 1.0 14.25 7.23
260 9.0 10.0 1.0 1.0 14.25 7.23
260 3.0 4.0 13.0 13.0 10.7 7.23
260 6.0 7.0 13.0 13.0 10.7 7.23
260 9.0 10.0 13.0 13.0 10.7 7.23
260 1.0 12.0 2.0 12.0 14.25 7.23
260 13.0 14.0 1.0 1.0 10.7 7.23
260 13.0 14.0 2.0 13.0 14.25 7.23
310 1.0 12.0 1.0 13.0 -5.2 5.2
360 1.0 12.0 1.0 13.0 -2.5 2.5
410 1.0 13.0 1.0 12.0 0.2
410 1.0 13.0 13.0 13.0 0.05
460 1.0 12.0 1.0 13.0 0.05 0.05
510 1.0 12.0 1.0 13.0 0.05 0.05

B R R LT TS T P R N L LT RS LT T TS Y- DRI DUPIPIRy SUp S -3

xxx CONTINUE s==

EEXTEXTXTXXTEITXRRERL

* =
* INPUT DATA LIST =
* *

PR ER RS TN 2iees®iaanSaas PRELEEERY P PR S TXE L
560 [} 12.0 25000.0
610 0 12.0 10.0
660 0 12.0 12500.0
710 0 12.0 5.2
760 0 14.0 12600.0
810 0 164.0 8.0
860 [ 2.0 8300.0 0.02
870 1 3 1
870 4 6 2
870 7 9 3
870 10 12 3
880 1 4 100.0
900 0.365 0.01 3300.0
910 6000.0 0.02
960 1.0 14.0 1.0 13.0
1010 1.0 14.0 1.0 13.0
1060 1.0 12.0 1.0 13.0 0.0
1110 1.0 14.0 1.0 13.0 0.2
1130 0.2
1200 0.0 1.0 7160.0 0.0
1250 0.0 1.6 0.0002 20.0
1300 50000.0 50000.0 50000.0 1 1.0
1310 10000.0 10000.0 10000.0 100.0 20.0
3000 0.3958 25.132 0.3958 25.132
0
1 20
1 3 3
1 7 3
1 8 3
1 11 3
1 13 3
] 3 3
6 7 3
6 8 3
6 11 3
6 13 3
12 6 16
12 8 16
12 9 16
12 10 16
12 13 16
1 6 16
1 8 16
1 9 16
1 10 16
1 13 16
EEREE FRI PINAEE SYSE CEEEE FEE RS PISPY SN SIS TRTEY TR DUy SIS DN

*sx INPUT DATA END ==

Vertical Slice HTGR Core
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Appendix D Sample Problem Output

SONATINA-2V SAMPLE PROBLEM SINUSOIDAL INPUT 4.0 HZ 250 GAL SONATINA-2V
xx L1
* INFORMATION OF RESTART *
xx LT
TIMS ¢ RESTART TIME ) = 1.600066D+00

THE STATE AT RESTARY TIME
WAS WRITTEN

AS THE INITIAL STATE

TO RESTART TAPE(S1)

xx xx
* DIMENSION *
) %

«.. SECURE WORDS ...

26000
... USED WORDS ...
25772
e (1]
* CALUCULATION SYSTEM *
xx xx
NO. OF MASS C M= 12 N= 13 )
TIMS ¢ START TIME ) = 0.0
TIMEND ( END TIME = 1.600000D+00
TIMSP 4 TIME STEP ) = 2.0000000-04
TIMOP1 ( TIME OPTION
NO.1 ) = 2.0000000+01
JCPRBG ( BEGIN OF CYCLE OF DISPLACEMENT , VELOCITY , ACCELERATION PRINT ) = 50000
JCPRSP ¢ STEP OF CYCLE OF DISPLACEMENT , VELOCITY , ACCELERATION PRINT ) = 10000
JCFMBG ( BEGIN OF CYCLE OF FORCE , MOMENT PRINT ) = 50000
JCFMSP  ( STEP OF CYCLE OF FORCE -, MOMENT PRINT ) = 10000
JCMXBG ¢ BEGIN OF CYCLE OF MAX VALUE PRINT y = 50000
JCMXSP ¢ STEP OF CYCLE OF MAX VALUE PRINT )y = 10000
JCPLBG ( BEGIN OF CYCLE OF PICKING UP OF DISPLACEMENT DATA FOR PLOTTING ) = 1
JCPLSP ¢ STEP OF CYCLE OF PICKING UP OF DISPLACEMENT DATA FOR PLOTTING ) = 100
JCP2BG ( BEGIN OF CYCLE OF PICKING UP OF TIME HISTORY DATA FOR PLOTTING ) = 1
JCP2SP  ( STEP OF CYCLE OF PICKING UP OF TIME HISTORY DATA FOR PLOTTING ) = 20
JPLOT ¢ TIME HISTORY DATA -- 0/1 -- NO PLOTTING / PLOTTING )y = 1
MAXPLT ( NUMBER OF PLOTTING KIND ) = 20
*THA. ... 1 *U.uueuae 3 *Wo oo 5 *THADF2... 7 *FIF..... .10 *VRF......12 *DWF......14 *BKF......16 *WGF..
*THADF1... 2 *UDFi..... 4 *WDF1..... . 8 *FIM......11 *VRM.__... 13 *DWM......15 *BKM......17 =WGM..

*BLOCKC 1 , 3 )---PLOTTING OPTION = 3
«BLOCKC 1 , 7 PLOTTING OPTICON = 3
*BLOCKC 1 , 8 ) PLOTTING OPTION = 3
«BLOCK( 1 » 11 >---PLOTTING OPTION = 3
*BLOCKC 1 , 13 )---PLOTTING OPTION = 3
*BLOCK¢ 6 ,» 3 PLOTTING OPTION = 3
*BLOCKC 6 » 7 PLOTTING OPTION = 3
*BLOCKC 6 , 8 PLOTTING OPTION = 3
*BLOCK( 6 , 11 PLOTTING OPTION = 3
=BLOCKC 6 , 13 OPTION = 3
*BLOCKC 12 » 6 OPTION = 16
*BLOCKC 12 , 8 OPTION = 16
*8LOCKC 12 » 9 )---PLOTYING OPTION = 16
*BLOCKC¢ 12 , 10 )---PLOTTING OPTION = 16
*BLOCKC 12 , 13 OPTION = 16
sBLOCKC 1 , 6 OPTION = 16
*BLOCKC 1 , 8 OPTION = 16
*BLOCKC 1 , ¢ OPTION = 16
*BLOCKC 1~ 10 OPTION = 16
*BLOCKC 1 , 13 OPTION = 16
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SONATINA-2V SAMPLE PROBLEM SINUSOIDAL INPUT 4.0 HZ 250 GAL

DISPLACEMENT OF BASE PLATE (MAX)

* RESULT MAX VALUE =
x FROM PREVIOUS STATE =
x T0 NOW STATE =
LR RS EE 2
x TIME = 1.800066D+00 *
* *
* CYCLE OF MAX VALUE PRINT *
x = 13324 x
xnx -
...COLUMN Tevens
+ + + + + +
ROW MAX OF MAX OF MAX OF MAX OF MAX OF
THA u W THADF1 UDF1
+ + + + + +
1 3,08424D-03 1.032630-01 1.64826D-02 4.13191D+00 1.77599D+01
2 3.970190-03 2.39474D-01 3.19132D-02 3.50973D+00 2.088780D+01
3 4.99717D-03 3.77618D-01 4.606830-02 3.50153D+00 2.272010+01
4 6.06510D-03 5.42771D-01 5.94938D-02 3.15287D+00 2.18774D+01
S 6.24977D-03 7.32318D-01 7.21466D-02 2.82579D+00 2.09614D+01
4 6.45505D-03 9.028920-01 B8.36778D-02 2.49477D0+00 1.81460D+01%1
7 6.0964BD-03 1.050300+400 9.41451D-02 2.09527D+00 1.81334D+01
8 5.75952D-03 1.21126D+00 1.032130-01 1.84748D+00 1.73980D+01
9 5.64816D-03 1.34245D+00 1.10595D-01 1.61085D+00 1.92315D+01
10 7.52168D-03 1.37637D+00 1.16216D-01 1.44720D+00 2.24591D+01
11 1.11739D-02 1.279700+00 1.198910-01 2.02211D+00 2.25207D+01
12 1.99163D-02 9.213470-01 1.220450-01 1.642300+00 2.01889D+01
13 2.03386D-02 6.403490-01 1.17713D-01 2.33963D+00 1.98439D+01
..... COLUMN 2. ...,
+ + + + + +
ROW MAX OF MAX OF MAX OF MAX OF MAX OF
THA u " THADF1 UDF1
+ + + + + +
1 3.783770-03 9.55605D-02 1.71562D-02 8.92627D+00 2.95969D+01
2 4.460010-03 2.09474D-01 3.36957D-02 3.86166D+00 2.052680+01
3 5.54205D-03 3.52754D-01 4.917710-02 3.38784D+00 2.25765D+01
4 6.22002D-03 5.161650-01 6.33993D-02 3.05741D+00 2.19877D+01
5 7.02820D-03 6.882150-01 7.63072D-02 2.85952D+00 2.166300+01
6 6.33083D-03 8.54792D-01 8.78733D-02 2.47076D+00 1.982800+01
7 6.13288D-03 1.02380D+00 9.80632D-02 2.335890+00 1.713130+01
8 6.11627D-03 1.17828D+00 1.068390-01 1.90863D+00 1.80015D+01
9 5.91778D-03 1.30359D+00 1.141920-01 1.66521D+00 1.801450+01
10 7.115890-03 1.37189D+00 1.20095D-01 1.80298D+00 1.975460D+01
11 9.872130-03 1.25745D+00 1.24506D-01 1.81709D+00 2.03212D+01
12 1.733270-02 9.26146D-01 1.27375D-01 1.38611D+00 1.89427D+01

13 2.03884D-02 6.20569D-01 1.28668D-01 1.75905D+00 1.62639D+01
«e...COLUMN 30000
+ + + + + + +
ROW MAX OF MAX OF MAX OF MAX OF MAX OF
THA u w THADF1 UDF1
+ + + + + +
1 2.61664D-03 1.01556D-01 1.73572D-02 4.050330+00 1.777140+01
2 3.56856D-03 2.00288D-01 3.38176D-02 3.92452D0+00 1.88797D0+01
3 4.51235D-03 3.42589D-01 4.91339D-02 3.75914D+00 2.00399D0+01
4 5.19654D-03 4.84224D-01 6.30691D-02 3.28237D+00 2.14429D+01
5 5.42563D-03 6.42442D-01 7.55733D-02 2.95913D+00 1.81903D+01
6 5.462330-03 8.22295D-01 8.65996D-02 2.46531D+00 1.81367D+01
7 5.26380D-03 1.00383D+00 9.61241D-02 2.09657D+00 1.58402D+01
8 5.22582D-03 1.16274D+00 1.04156D-01 1.84176D+00 1.62214D+01
9 S5.60464D-03 1.28663D+00 1.10712D-01 1.54539D+00 1.62892D0+01

10 8.83029D-03
11 1.290370-02
12 1.64924D-02

1.28767D+00
1.171100+00
8.04568D-01

1.157610-01
1.19326D-01
1.21522D0-01

2.721080+00
1.73377D0+00
2.14150D0+00

2.12309D0+01
1.94259D+01
2.48635D+01

13 1.84544D-02 5.442220-01 1.223400-01 1.97554D+00 2.03471D+01
«vss COLUMN bovene
+ + + + + +
ROW MAX OF MAX OF MAX OF MAX OF MAX OF
THA U w THADF1 UDF1
+ + + + + +
1 2.52166D-03 1.015560-01 1.73771D-02 4.05033D+00 1.63730D+01
2 3.55805D-03 2.12056D-01 3.38045D-02 3.41442D+00 1.82392D+01
3 4.88709D-03 3.43675D-01 4.908750-02 3.48876D+00 1.71628D+01
4 5.58366D-03 5.03696D-01 6.303490-02 3.15879D+00 1.58988D+01
S 6.28457D-03 6.79645D-01 7.553330-02 2.802520+00 1.59908D+01
4 5.855050-03 B.579780-01 8.65657D-02 2.46531D+00 1.756460+01
7 5.99414D-03 1.04260D+00 9.60963D-02 2.02201D+00 1.57035D+01
8 5.66278D-03 1.21155D+00 1.04142D-01 1.81713D+00 1.88438D+01
9 5.46843D-03 1.24113D+00 1.10724D-01 1.782460+00 1.93563D+01

10 8.381150-03

1.24243D+00 1.158670-01

1.90857D+00

2.123020+01

11 1.28829D-02 1.10587D+00 1.19611D-01 1.40787D+00 2.03215D+01
12 1.71330D-02 7.43447D-01 1.21924D-01 2.09289D+00 1.504490+01
13 1.71675D-02 4.93846D-01 1.21473D-01 1.94762D+00 2.066830+01
+ee+.COLUMN Sevnns
+ + + + + +
ROW MAX OF MAX OF MAX OF MAX OF MAX OF
THA U w THADF1 UDF1
+ + + + + +
1 4.45183D-03 9.39450D-02 1.71792D-02 9.14407D+00 2.01884D+01
2 4.04340D-03 1.86483D-01 3.37067D-02 3.50204D+00 1.69698D+01
3 4.81676D-03 3.31030D-01 4.91455D0-02 3.43829D+00 1.65534D+01
4 5.83316D-03 4.71434D-01 6.33696D-02 3.38490D+00 1.625260+01
S 6.26338D-03 6.25767D-01 7.630140-02 3.04529D+00 1.537090401
6 S5.79375D-03 7.84825D-01 B8.78795D-02 2.37959D+00 1.53400D+01
7 6.23248D-03 9.298190-01 9.80824D-02 2.12620D+00 1.49891D+01
B 6.09892D-03 1.07344D+00 1.068650-01 1.88438D+400 1.69033D+01
9 5.47923D-03 1.26200D+00 1.14221D-01 1.48082D0+400 1.599050+01
10 6.534970-03 1.23030D0+00 1.20110D-01 1.21591D+00 1.92794D+01
11 1.10239D-02 1.07227D+00 1.24487D-01 1.035610+400 2.07706D+01
12 1.764990-02 7.46730D-01 1.27315D-01 1.35288D+00 1.40830D+01
13 1.79908D-02 4.61579D-01 1.28571D-01 1.62218D+00 2.02196D+01
..... COLUMN [ R
+ + + + + +
ROW MAX OF MAX OF MAX OF MAX OF MAX OF
THA v L] THADF1 UDF1

MAX OF
WDF1

2.21126D+00
2.824120+00
3.17721D+00
4.54001D+00
4.82321D+00
5.64401D+00
6.79280D+00
7.54911D+00
B8.77305D+00
9.32535D+00
9.69442D+00
1.05617D+01
1.198520+01

MAX OF
WDF1

2.85353D+00
4.20870D+00
3.68941D+00
4.36467D+00
4.91743D+00
6.31355D+00
6.58510D+00
7.17633D+00
7.573320+00
8.20847D+00
8.75721D+00
9.69743D+00
1.01907D0+01

MAX OF
WDF1

3.58115D+00
4.04140D+00
4.75627D+00
5.75062D+00
5.11575D0+00
5.88579D+00
6.55370D+00
7.52666D+00
8.06983D+00
8.35029D+00
8.777090+00
9.79785D+00
9.67477D+00

MAX OF
WDF1

3.17454D+00
4.39506D+00
4.25190D+00
5.456590+00
5.99500D+00
5.64405D+00
6.842170+00
7.12849D+00
7.80709D+00
8.35029D+00
8.777090+00
9.79785D+00
1.00824D+01

MAX OF
WDF1

3.14875D+00
4.20870D+00
5.11820D+00
$.87891D+00
4.91714D+00
6.96774D+00
7.04971D+00
7.17633D+00
7.584620+00
8.21768D+00
8.68019D+00
9.41005D+00
1.071750+01

MAX OF
WDF1

SONATINA-2V

0.0

MAX OF
THADF2

1.41073D+04
8.74238D+03
9.981380+03
1.27254D+04
8.04002D+03
6.52216D+03
6.58404D+03
6.71498D+03
5.59480D+03
5.48078D+03
6.61174D+03
5.70028D+03
1.01288D+04

MAX QF
THADF2

6.32093D+04
1.46475D+04
9.66366D+03
1.04089D+04
7.75108D403
7.82046D+03
8.22723D+03
1.15042D+04
5.68261D+03
7.76738D+03
1.10753D+04
6.09041D+03
6.19904D+03

MAX OF
THADF2

1.30016D+04
1.000260+04
8.792720+03
$.10461D+03
9.91319D+03
9.08529D+03
7.95757D+03
7.43358D+03
6.84689D+03
1.10852D+04
1.13716D+04
9.19934D+03
1.32048D+04

MAX OF
THADF2

1.41174D+04
9.93044D+03
1.00256D+04
9.68494D+03
7.78588D+03
7.76403D+03
8.62320D+03
5.818160+03
8.54276D+03
9.94807D+03
9.27182D+03
1.13087D+04
3.92331D+03

MAX OF
THADF2

3.79085D+04
1.42416D+404
9.76392D0+03
1.13699D+04
8.72509D0+03
7.64794D+03
6.19444D403
5.528660+03
5.73906D+03
4.002810+03
4.42036D+03
5.171090+03
3.87054D+03

MAX OF
THADF2

MAX OF
UDF2

3.32345D+04
2.34871D+04
3.24829D+04
3.04832D+04
3.43262D+04
2.54797D+04
2.00108D+04
2.56337D0+04
3.07848D+04
2.61607D+04
2.76782D+04
1.96695D+04
3.45258D+04

MAX OF
UDF2

5.19153D+04
3.97356D+04
3.359730+04
2.32750D+04
2.24745D+04
2.45008D+04
2.25012D+04
3.83481D+04
3.11060D+04
3.03393D+04
5.21680D+04
2.03951D+04
4.88128D+04

MAX OF
UdDF2

2.87838D+04
2.97048D+04
2.53361D+04
2.48200D+04
2.40024D+04
2.93037D+04
3.38243D+04
2.06619D+04
3.03723D+04
4.02006D+04
3.92075D+04
4.40342D+04
7.52379D+04

MAX OF
UDF2

2.71452D+04
2.70378D+04
2.31535D0+04
2.24220D0+04
1.98244D+04
2.01009D+04
2.067110404
1.85821D+04
2.4610390+04
3.34414D+04
3.14835D+04
3.90778D+04
2.37837D+404

MAX OF
UDF2

4.84627D+04
3.67939D+04
2.80541D+04
2.88373D+04
2.11088D+04
1.88877D+04
1.757310+04
2.28869D+04
2.34539D+04
2.54303D+04
1.56669D+04
1.75376D+04
4.33796D+04

MAX OF
UDF2

JAERI 1279

MAX OF
WDF2

5.06404D+03
6.96186D+03
4.74178D+03
7.56379D+03
6.48969D+03
6.22934D+03
5.95694D+03
4.91960D+03
3.82344D+03
4.15590D+03
4.17129D0+03
4.99693D+03
9.35791D+03

MAX OF
WDF2

1.28728D+04
1.08299D+04
7.367330+03
7.04588D+03
6.23492D+03
5.83118D+03
4,89351D+03
4.224770+03
3.78310D0+03
4.00754D+03
4.15094D+03
3.86941D+03
4.099610+03

MAX OF
WDF2

6.81297D+03
8.47665D+03
7.82459D+03
7.39399D+03
7.69567D+03
5.89066D+03
4.64812D0+03
4.56351D+03
4.331520+03
4.01284D+03
4.92394D4+403
7.95912D+03
1.39738D+04

MAX OF
WDF2

5.76587D+03
8.03234D+03
7.53116D+03
7.01748D+03
8.38521D+03
6.364648D+03
5.90768D0+03
4.67134D+03
4.03404D+03
3.37468D+03
5.372490+03
4.03590D+03
7.62818D+03

MAX OF
WDF2

1.23323D+04
8.798310+03
9.00507D+03
8.76633D0+03
7.36618D+03
8.43568D+03
7.04480D+03
5.69265D0+03
4.875250+403
3.525390+03
3.482880+03
4.55935D+03
5.12254D+03

MAX OF
WDF2



JAERI 1279

+ + +
1 2.52166D-03 1.01556D-01
2 3.72973D-03 1.71439D0-01
3 5.02510D-03 2.94197D-01
4 5.68241D-03 4.46991D-01
5 5.58804D-~03 6.03209D-01
6 5.77108D-03 7.64142D-01
7 6.04862D-03 9.37193D-01
8 6.08007D-03 1.11291D+00
9 6.06537D-03 1.19804D+00
10 6.671260-03 1.186500+00
11 1.33952D-02 9.90440D-01
12 1.84405D-02 6.23390D-01
13 1.90027D-02 3.98633D-01
..... COLUMN Teaans
+ + +
ROW MAX OF MAX OF
THA ")
+ + +
1 2.88138D-03 1.01554D-01
2 3.55761D-03 1.78542D-01
3 4.45423D-03 2.949020-01
4 5.21179D0-03 4.20276D-01
5 5.66728D-03 5.72603D-01
& 5.54352D-03 7.51808D0-01
7 6.07098D-03 9.27798D-01
8 6.137920-03 1.13368D+00
¢ 5.39009D-03 1.32718D+00
10 6.86436D-03 1.34287D+00
11 1.57152D-02 1.09879D+00
12 1.99775D-02 6.04466D-01
13 2.10117D-02 3.64857D-0%1

esaes COLUMN 8.....

+ +

ROW

VBNV LN

vese s COLUMN 9.

+
ROW

VDN LR

ceea s COLUMN

+
ROW

VANV B W

+

+

MAX OF
THA

3.67453D-03
3.30004D-03
4.53436D-03
5.64555D-03
6.050190-03
6.044760-03
5.95417D-03
6.09882D-03
5.95801D-03
5.45243D-03
1.20496D-02
1.973650-02
2.153560-02

MAX OF
THA

+
2.625900-03

3.77982D-03
4.59773D-03
4.92096D0-03
5.65487D-03
6.15354D-03
6.35464D-03
6.028570-03
6.05732D0-03
7.883800-03
1.47619D-02
1.88566D-02
2.15466D-02

+

MAX OF
THA

2.79427D-03
3.98799D0-03
5.03872D-03
5.74204D-03
5.74831D-03
5.956110-03
5.997100-03
6,07546D-03
5.83364D-03
1.07857D-02
1.30560D0-02
2.17996D-02
2.214020-02

+

MAX OF
U

9.394500-02
1.69346D-01
2.932820-01
4.32572D0-01
5.874670-01
7.44253D-01
9.21119D0-01
1.10516D+00
1.28692D0+00
1.38572D+00
1.27349D+00
8.375540-01
4.295990-01

+
MAX QF
u

1.01556D-01
1.91017D-01
3.06374D-01
4.48175D-01
6.11537D-01
7.946980-01
9.845000-01
1.17558D+00
1.36402D+00
1.352210+00
1.17957D+00
7.20452D-01
4.565040-01

10.....

MAX OF
v

1.0526%¥D-01
2.15291D-01
3.349000-01
4.70119D-01
6.380480-01
8.124670-01
9.943580-01
1.17876D0+00
1.35850D+00
1.34341D+00
1.11663D+00
7.62711D0-01
4,89124D-01

vees s COLUMN 11.....

+
ROW

OO NN

+

+

COLUMN

+

MAX OF
THA

4.26153D-03
3.554000-03
4.750340-03
5.65521D-03
5.98843D-03
6.40306D-03
6.72921D-03
6.047500~03
6.06897D-03
7.672760-03
1.21677D-02
1.54407D0-02
2.30448D-02

MAX OF
THA

+
MAX OF
u

+

9.61166D-02
1.958380-01
3.232150-01
4.75968D-01
6.52389D-01
8.35538D-01
1.01813D+00
1.21473D+00
1.371310+400
1.37966D+00
1.22062D+00
9.141300-01
5.19854D-01

12,000

MAX OF
u

+
2.52166D-03 1.01556D-01

3.05200D0-03
4,12068D-03

1.90869D-01
2.999960-01

+

Appendix D Sample Problem Output

1.737250-02
3.38051D-02
4.909250-02
6.303360-02
7.553130-02
8.65634D-02
9.60914D-02
1.041300-01
1.10690D-01
1.15772D0-01
1.194000-01
1.21575D-01
1.221900-01

MAX OF
W

1.737250-02
3.38051D-02
4.90925D0-02
6.30336D-02
7.55313D-02
8.65634D-02
9.60914D-02
1.041300-01
1.106900-01
1.15772D-01
1.19400D0-01
1.21575D-01
1.221900-01

MAX OF
W

1.717920-02
3.37067D-02
4.914550-02
6.33696D-02
7.63014D-02
8.78795D-02
$.80824D-02
1.06865D0-01
1.142210-01
1.20110D0-01
1.24487D-01
1.27315D0-01
1.28571D-01

MAX OF
W

+
1.73725D-02

3.38051D-02
4.90925D-02
6.30336D-02
7.55313D-02
8.656340-02
9.60914D-02
1.041300-01
1.106900-01
1.157720-01
1.194000-01
1.215750-01
1.221900-01

MAX OF
L]

1.73725D-02
3.380510-02
4.90925D0-02
$.30336D-02
7.55313D0-02
8.65634D-02
9.60914D-02
1.04130D-01
1.106%90D-01
1.157720-01
1.194000-01
1.21575D0-01
1.221900-01

MAX OF
W

1.71792p-02
3.37067D-02
4.91455D-02
6.33696D-02
7.63014D-02
8.78795D-02
9.80824D-02
1.06865D-01
1.14221D0-01
1.201100-01
1.244870-01
1.273150-01
1.28571D-01

MAX OF
w

1.73725D-02
3.38051D-02
4.90925D-02

+

4.05033D0+00
3.64147D400
3.48876D+00
3.15879D+00
2.80252D+00
2.46531D+00
2.10346D+00
2.115810+00
1.45929D0+00
1.73148D+00
1.38278D0+00
2.622570+00
1.62957D+00

MAX OF
THADF1

4.05033D+00
3.50259D+00
3.48876D+00
3.28616D+00
2.98753D+00
2.46531D+00
2.00313Dp+00
1.81414D+00
1.58700D+00
1.22696D+00
1.22525D+00
2.50579D+00
2.11118D+00

MAX OF
THADF1

9.14407D+00
3.16069D+00
3.57478D+00
3.23274D+00
3.245590+00
2.67806D+00
2.31206D+00
2.136980+00
1.942400+00
1.65658D+00
1.12044D+00
1.47718D+00
1.62596D+00

MAX OF
THADF1

+
4.05033D+00
3.41442D0+00
3.48876D+00
3.15879D+00
2.87670D+00
2.634580+00
2.17648D+00
1.87287D+00
1.58634D+00
1.54983D0+400
1.17996D+00
2.249890+00
1.75768D+00

MAX OF
THADF1

4.050330400
3.522900400
3.72448D+00
3.15879D+00
2.87502D+00
2.52698D+00
2.12527D+00
1.81414D400
1.58634D+00
1.28174D+00
1.392390+00
2.14506D0+00
1.82066D+00

MAX OF
THADF1

9.734370+00
3.708920+00
3.193820+00
3.18689D+00
2.893920+00
2.60162D+00
2.24730D+00
1.996070+00
1.94790D+00
1.49926D+00
1.67398D+400
1.4642650400
1.98488D+00

MAX OF
THADF1

+
4.050330+00
3.95607D+00
3.48876D+00

1.57497D+01
1.607120+01
1.43051D+01
1.36610D+01
1.65274D+01
1.73798D+01
1.53424D+01
1.717830+01
1.794100+01
2.23371D+01
1.831680+01
1.23928D+01
2.43574D+01

MAX OF
UDF1

1.65306D+01
1.60712D+401
1.42980D+01
1.28237D+01
1.22164D+01
1.44190D0+01
1.58897D+01
1.80836D+01
2.04740D+01
1.98412D+01
2.151900+01
1.217540+01
2.50799D+01

MAX OF
UDF1

2.003400+01
1.64938D+01
1.64394D+01
1.510740+01
1.525130+01
1.50519D+401
1.63526D+01
1.83657D+01
1.74009D+01
1.97249D+01
2.031400+01
1.662250+01
2.036880+01

MAX OF
UDF1

1.53724D+01
1.82558D+01
1.54218D+01
1.74184D+01
1.80361D+01
1.96287D0+01
1.73700D0+01
1.89628D+01
1.82127D+01
1.947100+01
2.278200+01
1.67963D+01
2.40735D+01

MAX OF
UDF1

1.763630+01
1.973270401
2.15193D+01
2.30711D+01
1.88430D+01
1.68447D+01
1.545350+01
1.48381D+01
1.623290+01
1.78346D+01
1.79934D0+01
1.351800+01
2.25728D+01

MAX OF
UDF1

2.00340D+01
1.786730+01
1.89431D+01
1.79780D+01
1.84104D+01
1.68670D+01
1.60388D+01
1.71747D+01
1.782450+01
1.87951D+01
1.912030+01
1.77606D+01
1.63773D0+01

MAX OF
UDF1

+
1.60496D+01
1.71739D0+01
1.911570+01

4.78082D+00
5.755180+00
6.135800+00
4.51407D+00
4.91885D+00
6.29524D+00
7.140380+00
7.84981D+00
8.46533D+00
8.35029D+00
8.77709D+00
9.797850+00
1.070540+01

MAX OF
WDF1

4.16671D+00
5.214910400
6.272290+00
4.92608D+00
4.67435D+00
7.37974D+00
9.05549D+00
8.49689D+00
7.80709D+00
8.35029D0+00
8.77709D+00
9.79785D+00
9.67477D+00

MAX OF
WDF1

5.015900+00
4.20870D+00
6.12867D+00
4.36406D+00
5.242250+00
7.67744D+00
7.86606D+00
9.05589D+00
7.584620+00
8.21768D+00
1.04667D0+01
1.010870+01
9.31080D+00

MAX OF
WDF1

4.49673D+00
5.22195D+00
5.43592D+00
4.30131D+00
4.67435D+00
6.37092D+00
7.70286D+00
7.846360400
7.80709D+00
8.35029D+00
8.77709D+00
9.797850+00
1.09270D+01

MAX OF
WDF1

4.87992D+400
5.82425D+00
5.43566D+00
4.30131D+00
4.759910+00
6.37089D+00
7.69629D+00
7.84598D0+00
7.807090+00
8.350290+00
8.77709D+00
9.79785D+00
9.67477D+00

MAX OF
WDF1

4.55144D+00
5.07939D+00
6.11718D+00
4.346406D+00
4.91714D+00
6.91716D+00
7.58521D+00
7.976930+00
7.584620+00
8.21768D+00
9.72742D+00
1.04991D+401
1.124820+01

MAX OF
WDF1

+
3.398550+400
5.221950+00
5.435660+00

1.28145D+04
8.181310+03
8.32787D+03
8.28436D+03
6.94374D403
7.91629D+03
7.42655D+03
8.14791D+03
4.81193D0+03
9.875880+03
4£.66978D+03
8.89070D+03
1.01358D+04

MAX OF
THADF2

1.29344D404
8.67182D+03
8.62493D+03
8.668030+03
B8.94686D+03
9.01377D0+03
6.92102D+03
6.44338D+03
1.00595D+04
3.49971D+03
7.70927D+03
1.08580D0+04
4.55899D+03

MAX OF
THADF2

4.21693D+04
1.69739D+04
1.09020D+04
1.04721D+06
1.06647D404
9.429270+403
6.65740D+03
8.02830D+03
6.25818D+03
6.41276D+03
3.89409D+03
2.542010+03
2.852050+03

MAX OF
TRADF2

1.43210D+04
1.085750+04
8.84151D+03
9.63322D0+03
7.68774D+03
8.568680+03
1.16725D+04
1.05725D+04
5.85461D+03
8.86831D+03
4.18934D+03
8.43361D0+03
1.12073D+04

MAX OF
THADF2

1.30897D+04
1.026830+04
1.04199D+04
1.07729D+04
9.899570+03
9.95604D+03
1.04439D+04
5.42049D+03
4.72906D+03
4.93554D403
8.69678D+03
1.04954D+04
4.05555D+03

MAX OF
THADF2

5.899300+04
1.791000404
1.04040D404
9.048280+03
1.01672D+04
8.06116D+03
8.20734D+03
6.22306D+03
6.11713D0+03
5.541840403
5.30306D+03
4.44674D+03
4.47017D+03

MAX OF
THADF2

+
1.329170+04
1.01004D0404
8.227780+03

2.78117D0+04
2.53693D0+04
2.65274D+04
2.02174D+04
1.866550+04
2.420200404
2.47238D0+04
2.05584D+04
2.01499D+04
3.33342D+404
1.79852D+04
2.74888D+04
7.85594D+04

MAX OF
UDF2

2.71452D+04
2.22741D+04
1.93354D+04
2.08488D+04
2.207390+04
2.26757D+04
2.06384D+04
2.04393D+04
3.43031D+04
1.30772D+04
2.57232D+04
3.562320+04
2.67353D+04

MAX OF
upF2

7.49373D+04
5.70394D+04
2.36169D+04
3.54724D404
3.47692D+04
2.062390+04
3.03756D0+04
3.37720D+04
2.282900+04
1.80227D+046
1.21092D+04
8.34115D+03
3.63905D+04

MAX OF
unf2

2.71452D0+04
2.41170D+04
2.06268D+04
2.20890D+04
2.18883D+04
2.32547D+04
2.68477D+04
2.81982D+04
2.12289D+04
2.99331D+0&
1.902180+04
2.83360D+04
6.51695D0+04

MAX OF
Upf2

2.93433D+04
2.306280+04
2.618310+04
2.61031D+04
2.351920+04
2.33039D+04
2.86400D+04
2.02756D+04
2.18245D+04
2.09706D+04
3.01823D+04
3.55371D0+04
2.26893D+04

MAX OF
UDF2

6.44621D+04
4.91965D+04
2.32811D+04
2.24979D+04
2.42071D+04
2.35839D+04
2.62486D+04
1.951190+04
2.87969D+04
2.05569D+04
3.09682D+04
2.58739D+04
3.42913D+04

MAX OF
UbF2

+
2.981620+04
2.34315D+04
2.61753D+04

7.97991D+03
9.22458D0403
6.867550+03
5.738000403
8.30267D+03
6.619270+03
5.40796D+03
5.78402D0+03
5.38968D+03
4.372550403
3.58933D+03
6.54429D+03
1.24377D+04

MAX OF
WDF2

6.36768D+03
8.53522D+03
7.96122D+03
7.23958D+03
7.39789D+03
6.79008D+03
6.87406D+03
4.75374D+03
3.51357D+03
3.19437D+03
2.67454D+03
$.37709D+03
1.01198D0+04

MAX OF
WDF2

1.34771D0+04
8.272530+03
8.36342D403
6.31267D+03
9.236110+03
8.712650+03
6.71265D+03
4.46481D+03
5.89527D+03
4.42957D+03
4.70943D+03
4.33567D+03
3.46231D+03

MAX OF
WDF2

6.72429D+03
8.79180D+03
7.51315D+03
6.72749D+03
6.58176D+03
6.82803D+03
6.19208D0+03
4.55380D+03
3.78512D0+03
3.25609D+03
3.108500+03
5.82299D0+03
8.06235D+03

MAX OF
WDF2

7.42521D0+403
8.710210403
7.513150+03
7.86427D0+03
7.03821D+03
6.828030+03
6.184000+403
4.54753D+403
3.78512D+03
3.27427D0+03
4.65754D+03
4.16651D+03
8.83570D403

MAX OF
WDF2

1.76078D+04
1.08748D+04
8.61450D0+03
6.29970D0+03
7.07786D+03
7.93141D+03
7.12299D+03
5.64869D+03
3.99198D0+03
3.07859D0+03
3.822120+03
6.154370+03
5.45097D+03

MAX OF
WDF2

+
6.00643D0+03
8.500940+03
7.513150+03

55
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Vertical Slice HTGR Core

4 5.017470-03 4.37795D-01
5 5.36065D-03 5.97817D0-01
6 5.694180-03 7.61182D-01
7 5.62065D-03 9.13793D-01
8 5.41624D-03 1.06546D0+00
9 5.156380-03 1.229440+00
10 8.73766D-03 1.23309D+00
11  1.22248D-02 1.05687D+00
12 1.44205D-02 7.61517D-01
13 2.07827D0-02 5.22924D-01
-+ .COLUMN 13.....
+ +
ROW MAX OF MAX OF
THA u
+ +
1 0.0 2.49933D-02
2 0.0 2.52508D-02
3 0.0 2.534720-02
4 0.0 2.53766D-02
5 0.0 2.54993D-02
6 0.0 2.55224D-02
7?7 0.0 2.56718D-02
8 0.0 2.56359D-02
9 0.0 2.56488D-02
10 0.0 2.56554D-02
11 0.0 2.574170-02
12 0.0 2.56881D-02
13 0.0 2.52897D-02
...COLUMN 14.00ee
+ +
ROW MAX OF MAX OF
THA u
+ +
1 0.0 2.499330-02
2 0.0 2.52508D-02
3 0.0 2.53472D-02
4 0.0 2.53766D-02
5 0.0 2.55195D-02
6 0.0 2.55683D0-02
7 0.0 2.56914D-02
8 0.0 2.57231D-02
9 0.0 2.573450-02
10 0.0 2.57229D-02
11 0.0 2.578050-02
12 0.0 2.57978D-02
13 0.0 3.84243D-02
- .COLUMN Teeeon
+ +
ROW MAX OF MAX OF
WGM FIF
+ +
1 3.39181D+03 1.874000+401
2 3.12773D0+03 1.71960D+01
3 2.84786D+03 1.56360D+01
4 2.56854D+03 1.40760D+01
S 2.28649D+03 1.25160D+01
6 2.002270+03 1.095600+01
7 1.71602D+03 9.394000+00
8 1.43089D+03 7.83400D+00
9 1.14591D+03 6.27600D+00
10 B.59478D+02 4.71600D+00
11 5.789210+02 3.15600D+00
12 2.93400D+402 1.59600D+00
13 7.58882D+01 4.080000-01
-« .COLUMN 2.00as
+ +
ROW MAX OF MAX OF
WGM FIF
+ +
1 3.434790+403 1.89640D0+01
2 3.20115D0+03 1.76120D+01
3 2.92420D0+03 1.605200+01
4 2.64706D+03 1.44920D+01
5 2.366492D+03 1.29320D0+01
6 2.078800+03 1.13720D+01
7 1.793000+03 9.812000+00
8 1.50653D+03 8.252000+00
9 1.22264D+03 6.692000+00
10 9.34514D+02 5.132000+00
11 6.53772D+02 3.572000+00
12 3.69413D+02 2.012000+00
13 1.14837D+02 6.16000D0-01
<. .COLUMN Jeaens
+ +
ROW MAX OF MAX OF
WGM FIF
+ +
1 3.391400+03 1.874000+01
2 3.12337D+03 1.719600+01
3 2.B4741D+03 1.56360D+401
4 2.56673D+03 1.40760D+01
S 2.28298D+03 1.25160D0+01
6 1.99894D+03 1.09560D0+01
7 1.71418D+03 9.396000+00
8 1.43001D+03 7.83600D+00
9 1.14595D403 6.276000+00
10 8.618160+402 4.716000+00
11 5.80339D+02 3.156000+00
12 2.938090+02 1.596000+00
13 7.55337D+01 4.08000D-01

ROW

NourWRe

+

MAX OF
FIF

booonn
+
MAX OF
WGM
+
3.391180+403

3.12190D+03
2.84607D+03
2.56576D+03
2.28437D+03
2.00092D0+03
1.716100+03

1.874000+01
1.71960D+01
1.563600+01
1.40760D0+01
1.251600+01
1.095600+01
9.396000+00

6.30336D-02
7.55313D-02
B8.65634D-02
9.60914D-02
1.041300-01
1.106900-01
1.157720-01
1.194000-01
1.21575D0-01
1.221900-01

MAX OF
w

COCO0OODOOOOOD
CX-F-R-N-N-N-¥-¥-X-R-X-¥-]

>
b3

oF

000000000000 «X
-R-R-X-R-R-R-R-N-N-N-¥-¥-1

MAX OF
FIM

2.67461D+02
2.45529D+02
2.23372D+02
2.01197D+02
1.78909D+02
1.56631D+02
1.34304D+02
1.11982Dp+02
8.96805D+01
6.74500D0+01
4.516300+01
2.29634D+01
4.462469D+00

MAX OFf
FIM

2.03433D+02
2.51526D+02
2.29380D+02
2.07153D+02
1.849290+02
1.62563D0+02
1.40253D+02
1.17953D+02
9.56448D+01
7.33578D+01
5.11077D+01
2.88997D+01
8.86697D+00

MAX OF
FIM

2.67384D+02
2.45431D+02
2.23295D+02
2.01109D+02
1.78836D+02
1.56549D+02
1.34246D+02
1.11957D+02
8.96812D+01
6.74990D+01
4.51802D+01
2.290100+01
4.41929D0400

MAX OF
FIM

2.67384D+02
2.45483D+02
2.23341D+02
2.01134D+02
1.78918D+02
1.56575D+02
1.342910+02

3.15879D+00
3.078180+00
2.90635D+00
2.006800+00
1.97714D400
1.62076D+00
1.44213D0400
1.891380+00
2.544L470+00
2.594400+00

MAX OF
THADF1

X-X-N-R-E-N-X-N-¥-R-N-¥-]
CX-X-K-X-E-X-R-X.X-R-X-¥-1

MAX OF

-
T
>
o
-
»

cooo0DOCOOODOO
RN R N X-X-X-X-X-R-¥-¥-)

MAX OF
VRF

1.17849D+02
1.55256D+02
1.11965D+02
1.31583D+02
1.200490+02
1.12179D+02
1.11272D+02
1.04360D+02
9.40571D+01
9.41186D+01
1.00840D+02
8.11893D+01
1.07522D+02

MAX OF
VRF

2.022430+02
2.001140+02
1.35106D+02
1.25748D+02
1.03253D+02
1.069020+02
9.43869D+01
7.814310401
7.355870401
8.08977D+01
8.48152D+01
9.49536D+01
7.97638D+01

MAX OF
VRF

1.519530+02
1.84795D+02
1.53266D+02
1.38593D+02
1.34561D0+402
1.13840D+402
9.51506D+01
8.88711D0+01
7.461170+01
9.77504D+01
1.15517D+02
1.357030+02
1.55528D+02

MAX OF
VRF

1.31534D+02
1.577670402
1.535650+02
1.36813D+02
1.61475p+02
1.18366D+02
1.04256D+402

2.02950D+01
2.05062D+01
1.93258Dp+01
2.00591D+01
2.05160D+01
2.03530D+01
2.27416D+01
2.39285D0+01
2.27128D+01
2.021390+01

MAX OF
UDF1

1.95608D+01
1.96608D+01
1.965330+01
1.97220D0+01
1.979030+01
1.979120+01
1.98034D+01
1.97914D+01
1.97617D+01
1.97794D+01
1.97831D+01
1.97576D+01
1.78504D+01

MAX OF
UDF1

1.956080+01
1.96608D+01
1.96533D+01
1.97220D+01
1.97903D+01
1.979120+01
1.98034D+01
1.97914D+01
1.976170+01
1.98060D0+01
1.97645D+01
1.978290+01
1.977920+01

MAX OF
VRM

1.02664D+03
1.21221D0+03
1.15683D+03
1.22280D+03
1.09102D+03
9.34071D+02
7.77279D0+02
6.84872D+02
5.16472D+02
3.59849D+02
4.08495D+02
3.58387D+02
2.62364D+02

MAX OF
VRM

1.44946D+03
1.197290+03
1.03050D+403
1.03621D+03
9.29110D+02
9.56461D+02
7.34803D+02
6.12231D+02
4.85903D402
4.29029D+02
3.67495D+02
3.42441D+02
1.95705D+02

MAX OF
VRM

1.05073D+03
1.41237D0+03
1.14980D+03
1.18743D+03
1.07016D+03
8.86413D+402
7.33699D+02
7.21434D+02
5.63718D+02
4.48929D+02
3.053880+02
3.14817D+02
2.38890D0+02

MAX OF
VRM

9.93621D+02
1.15200D0+03
1.149800+03
1.18743D+03
1.07040D403
8.864090+02
7.19018D+02

4.30131D+00
4.67435D+00
6.37089D+00
7.696290+00
7.84598D+00
7.807090+00
8.35029D+00
8.77709D+00
9.79785D+00
1.19444D+01

MAX OF

=
o
-
-

COOOOODOOOOOD
Ve e e ey

CO0OUOO0OOOOO0

MAX OF

=
=3
-
-

COO0OO0ODO0O0O0COORLOO

ER-R-X-R-¥-R-R-R-N-N- ¥ X

MAX OF
DWF

6.473090+02
4.408030+02
4.408030+02
5.952030+02
5.952030+02
3.65443D+02
3.65443D+02
2.79165D+02
3.17339D+02
3.173390+02
3.41311D+02
3.41311D+02
2.239120+02

MAX OF
DWF

7.57392D+02
7.572310+02
6.39095D0+02
4.53083D+02
4.39032D0+02
4.39032D+02
3.19454D402
3.503400+02
3.64491D+02
3.64491D+02
3.349350+02
2.626120+02
2.62612D+02

MAX OF
DWF

5.62047D+02
5.62047D+02
4,78417D+02
4.699150+02
4.55532D+02
4.55532D+02
3.56328D+02
2.98161D+02
2.981610+02
2.58374D+02
3.16470D+02
4.29263D+02
2.42759D+02

MAX OF
DWF

5.10591D+02
5.100410+02
4.35856D+02
4.231530+02
3.740600+02
3.65858D+02
3.65858D+02

7.559750+03
6.64817D+03
7.255130+03
7.6464590+03
7.69718D+03
6.810270+03
6.91574D+403
6.47399D+03
7.451930+03
7.881050+03

MAX OF
THADF2

R

00000 ODOOOOOO

DOOOCOODOOOOOO

MAX OF
THADF2

CO0O0ODO0000000O

R

-X-R-R-N-¥-N-¥-X-R- N ¥

MAX OF
DwWM

9.74454D+03
6.55887D+03
6.28142D+03
B8.48164D+03
8.48164D+03
5.20753D+03
5.207520+03
3.978100+03
4.522010+03
4.52207D+03
4.86367D0+03
4.8463650+03
2.39407D+03

MAX OF
DwWM

1.461730+04
1.079050+04
9.10709D+03
6.45643D+03
6.25604D+03
6.25618D+03
4.552200+03
4.99235D+403
5.194000+03
5.194000+03
4.77281D0+03
3.74184D+03
3.74195D+03

MAX OF
DWM

B8.86399D+03
9.41489D+403
6.69627D+03
6.69626D+03
6.49133D+03
6.49132D+03
5.077650+03
4.341500+03
4.24879D+03
3.68183D+03
4.509720+03
3.72263D0+03
2.59742D0+03

MAX OF
DwM

1.39558D+04
7.268080+03
6.21095D0+03
6.029920+03
6.01596D+03
5.414850+03
5.21347D+03

2.13503D+04
2.18665D+04
2.59679D+04
3.00428D0+04
2.45523D+04
2.468240404
2.592510+04
2.99256D+04
2.74954D+04
4.45677D+04

MAX OF
UDF2

5.14244D+03
4.72488D+03
5.01143D+03
8.533550+03
4.99391D+03
5.00479D0403
8.48094D+03
6.57136D+03
9.00656D+03
9.22334D+03
7.33836D+03
9.38245D+03
7.83129D+03

MAX OF
UDF2

5.142440403
4.705340+403
4.62005D+03
7.41803D0+03
5.74514D+03
4.67560D+03
7.495190+03
5.56373D+03
7.12035D+03
7.71559D+03
9.07914D+03
1.03919D+04
7.92189D+403

MAX OF
BKF

0.0

2.90624D+02
5.80232D+02
4.16618D+02
4.852890+02
4.85898D+02
3.89431D+02
4.914310+02
5.99524D+02
5.09354D+02
5.38944D+02
2.47948D+02
3.63490D+02

MAX OF
BKF

0.0

0.0

2.90624D+02
3.54623D+02
4.014070+02
4.785450+02
4.379940+02
7.56039D+02
5.54130D+02
5.90837D+02
1.016500+03
3.951480402
7.66977D+02

MAX OF
BKF

0.0

2.84372D+02
2.639450402
3.54623D+02
4.02924D+02
4.02307D+02
6.689700+02
4.02128D+02
5.914810+02
7.83132Dp+402
7.29025D+02
8.05060D+02
7.773310+402

MAX OF
BKF

0.0

0.0

2.65485D+402
3.35472D+02
3.27882D+02
4.02924D+02
4.,02307D+02
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6.340330+03
&.567430+03
6.82803D+03
6.18400D+03
4.547530+03
3.87739D+03
3.86992D+03
5.06072D+03
5.83757D+03
9.39821D+03

MAX OF
WDF2

e X-X-R-N-N-N-R-N-¥-E-N-X-)

[ R-Y-R-R-N-N-X-N-R-X-N-¥-3

MAX OF

[
=3
-
~

o E-E-E-N-X-¥-R-N-N-¥-¥-¥-}
- E-E-X-X-X-R-R-R-¥-¥-¥-1

MAX OF
BKM

0.0

4.14052D+03
6.16450D0+03
4.70438D+03
5.935600+03
5.02296D+03
4.,64527D+03
5.70301D+03
4.56423D+03
4.20168D+03
5.46008D+03
3.803970+03
6.,26776D+03

.04974D+03
4.20931D+03
4.68972D+03
4.312030+03
4.50904D+03
8.81084D+03
4.78952D+03
5.99016D+03
9.80947D+03
5.63542D+03
1.10360D+04

MAX OF
BKM

0.0

2.02498D+03
3.749960+03
5.05377D0+03
5.74934D+03
5.731130+03
7.58321D0+03
4.96392D+03
6.320350+03
1.03228D+04
1.062510+04
8.52881D+03
8.26470D0+403

MAX OF
BKM

0.0

0.0

3.78325D+03
4.787000+03
4.65414D+03
5.71462D+03
5.71800D+03
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«suasCOLUMN

1.430900+403
1.14399D0+03
8.59061D+02
5.798550+02
2.93747D+02
7.56048D+01

7.836000+00
6.27600D+00
4.71600D0+00
3.15600D+00
1.596000+00
4.080000-01

S500nus

+ + +
ROW MAX OF MAX OF
WGM FIF
+ + +
1 3,436280+403 1.89640D+01
2 3.19994D+03 1.76120D+01
3 2.92234D+03 1.605200+01
4 2.64303D+03 1.44920D+01
5 2.36202D0+03 1.29320D0+01
6 2.07680D+03 1.13720D+01
7 1.79284D+03 9.812000+00
8 1.50742D+03 8.25200D+00
9 1.22070D+03 6.69200D+00
10 9.33688D+02 5.13200D+00
11 6.52317D+02 3.572000+00
12 3.713760+02 2.01200D+00
13 1.152000+402 &.160000-01
eee--COLUMN [- I
+ + +
ROW MAX OF MAX OF
WGM FIF
+ + +
1 3.39118D+03 1.87400D+01
2 3.12299D+03 1.719600+01
3 2.84588D+03 1.56360D+01
4 2.56548D+03 1.40760D+01
$ 2.284210+03 1.251600+01
6 2.00003D+03 1.09560D+01
7 1.71642D+03 9.39600D+00
8 1.42856D+03 7.836000+00
9 1.14202D0+03 6.27600D+00
10 B8.57085D+02 4.716000+00
11 5.770150+02 3.156000+00
12 2.95488D+02 1.59600D+00
13 7.57388D+01 4.08000D-01
«....COLUMN Teoosn
+ + +
ROW MAX OF MAX OF
WGM FIF
+ + +
1 3.391464D+03 1.874000+01
2 3.12044D+03 1.719600+01
3 2.84418D+03 1.56360D+01
4 2.56417D403 1.40760D+01
S 2.28281D+03 1.251600+01
6 2.00028D+03 1,09560D+01
7 1.71655D+03 9.396000+00
8 1.43054D+03 7.836000+00
9  1.14344D+03  6.276000+400
10 8.57325D+02 4.716000+00
11 5.77369D+02 3.15600D0+00
12 2.96634D+02 1.59600D+00
13 7.58948D+01 4.080000-01
«eees COLUMN - I
+ + +
ROW  MAX OF MAX OF
WGM FIF
+ + +
1 3.43628D+03 1.89640D+01
2 3.20015D+03 1.76120D+01
3 2.91833D+03 1.60520D+01
& 2.643090+03 1.44920D+01
§ 2.36068D+03 1.293200+01
6 2.07552D0+03 1.137200+01
7 1.792220+03 9.812000+00
8 1,507870+03 8.25200D+00
¢ 1.22264D+03 6.69200D+00
10 9.33798D+02 5.13200D+00
11 6.50057D0+02 3.572000400
12 3.718920+402 2.012000+400
13 1.155630402 6.160000-01
vee--COLUMN Qevnnn
+ + +
ROW MAX OF MAX OF
WGM FIF
+ + +
1 3.391520+403 1.87400D+01
2 3.12228D+03 1.71960D+01
3 2.B4475D+03 1.56360D+01
4 2.56465D+03 1.407600+01
S 2.28427D+03 1.251600+01
6 2.00138D+03 1.09560D+01
7 1.71750D0+03 9.39400D0+00
8 1.43182D+03 7.83600D+00
9 1.14593D+03 6.27600D+00
10 8.59384D+02 4.71400D+00
11 5.79263D+02 3.156000+00
12 2.95505D+02 1.594000+00
13 7.57717D+01 4.080000-01
vea..COLUMN 10.....
+ + +
ROW MAX OF MAX OF
WGM FIF
+ + +
1 3.39137D+03 1.87400D+01
2 3.124500403 1.719600+01
3 2.84886D+03 1.563600401
4 2.56754D+03 1.40760D+01
5 2.28414D+03 1.25160D+01
6 2.00052D+03 1.095600+01
7 1.71583D+03 9.39600D+00
8 1.43240D+03 7,836000+00
9 1.14374D+03 6.27600D+00
10 8.59313D+02 4.716000+00
11 5.81352D+02 3.15600D+00

Appendix D Sample Problem Output

1.11982D+02
8.96755D0+01
6.74826D+01
4.51808D+01
2.293320+401
4,41560D+400

MAX OF
FIM

2.03520D+02
2.514620+02
2.292970+02
2.07106D+02
1.848830+02
1.62525D+02
1.40256D+02
1.17953D0+02
9.56248D+01
7.33066D+01
5.118246D+01
2.89230D+01
8.85670D+00

MAX OF
FIM

2.67384D+02
2.455030+402
2.23365D+02
2.01158D+02
1.78855D+02
1.56567D0+02
1.34301D+02
1.120050+02
8.97065D+01
6.74008D+01
4.52724D+01
2.29531D+01
4.42086D+00

MAX OF
FIM

2.87434D+02
2.45459D+02
2.232990+02
2.01111D+02
1.78836D+02
1.56550D+02
1.34303D+02
1.120090+02
8.96647D+01
6.74119D+01
4.52960D+01
2.296720+01
4.42661D+00

MAX OF
FIM

2.03429D+02
2.51376D+02
2.29263D+02
2.070990+02
1.84843D+02
1.62519D0+02
1.40240D+02
1.17952D+02
9.56436D+01
7.33322D+01
5.120470+01
2.89466D+01
8.87187D+00

MAX OF
FIM

2.67398D+02
2.45497D+02
2.23330D0+02
2.01071D+02
1.78862D0+02
1.56607D+02
1.34316D4+02
1.12003D0+02
8.97046D+01
6.74696D+01
4.52616D+01
2.29527D0+01
4.42814D+00

MAX OF
FIM

2.67421D+02
2.45537D+02
2.23369D+02
2.011180+02
1.788700402
1.56552D+02
1.34298D+02
1.12005D+02
8.96946D+01
6.750170+01
4.526700+01

1.10591D+02
9.816390+01
8.49609D+01
8.91527D+01
9.820000+01
8.95331D+01

MAX OF
VRF

1.94352D+02
1.520670+02
1.63464D402
1.51443D+02
1.53624D+02
1.44996D+02
1.37707D+02
1.056090+02
9.15067D+01
7.55675D+01
7.38247D+01
8.00460D+01
9.582390+01

MAX OF
VRF

1.655120402
1.81466D+02
1.33132D+02
1.31391D+02
1.42402D+402
1.262430+402
1.025120+02
1.12802D+02
1.04268D+02
8.26557D+01
6.79585D+01
1.08114D+02
1.39552D+02

MAX OF
VRF

1.432700+02
1.85937D+02
1.44990D+02
1.43588D+02
1.42634D+02
1.38898D+02
1.53544D+02
1.111380+02
8.627090+01
6.98380D0+01
6.20513D0+401
8.53533D+01
1.15446D+02

MAX OF
VRF

2.11066D+02
1.68732D+02
1.71948D+02
1.42597D+02
1.60604D+02
1.777190+02
1.503970+02
1.06564D+02
1.344580+02
8.62354D+01
1.11334D+02
1.04046D+02
6.97583D0+01

MAX OF
VRF

1.50224D+02
1.80021D+02
1.56277D+02
1.27006D+02
1.339020+02
1.25592D+02
1.13647D+402
1.082990+02
7.23734D+01
8.29937D0+01
8.01157D0+01
9.40484D+01
9.40484D+01

MAX OF
VRF

1.638920+02
1.852680+402
1.53736D+02
1.386990+02
1.33913D+02
1.25592D+02
1.13647D+02
1.081770+02
7.04483D+01
7.65233D+01
7.13221D+01

6.84299D+402
5.98605D0+02
4.78173D+02
3.696900+402
3.82304D+02
2.05205D+02

MAX OF
VRM

1.510230+03
1.22181D+03
1.24420D+03
1.132250+03
9.11666D+02
7.935540+02
6.548030+02
5.29666D+02
4.76038D+02
3.958810+02
2.94243D+02
3.46626D+02
2.35223D+02

MAX OF
VRM

9.532810+02
1.152000+03
1.14980D+03
1.18743D+03
1.070400+03
8.86409D+02
7.156890+02
6.86345D+02
5.98399D+02
4.80841D+02
3.61413D0+402
4.59642D+02
2.59214D+02

MAX OF
VRM

1.062970+03
1.21522D+03
1.19133D+03
1.18743D+03
1.07040D0+03
8.86409D+02
7.156890+02
6.86345D+02
5.98399D+02
4.80841D+02
3.29117D+02
3.47788D+02
2.21443D+02

MAX OF
VRM

1.42722D+03
1.12602D+03
1.05410D0+03
1.03903D+03
8.71198D+02
7.77641D+02
6.85535D+02
5.97477D+02
5.140970+02
4.34589D+02
3.69306D+02
2.832300+02
1.59301D0+02

MAX OF
VRM

1.02394D+03
1.16455D+03
1.14980D0+03
1.18743D+03
1.07040D0+03
8.86409D+02
7.15689D+02
6.B6345D+402
5.98399D+02
4.80841D+02
3.291170+02
3.01307D+02
1.75806D+02

MAX OF
VRM

1.05206D+03
1.215710+403
1.14995D+03
1.18743D+03
1.070400+03
8.864090+02
7.156890402
6.86345D+02
5.98399D+02
4.80841D+02
3.29117D+02

3.615700+02
2.51668D+02
2.40693D+02
2.40693D+02
2.80125D+02
2.521790+02

MAX OF
DWF

7.08127D0+02
7.08127D+02
5.47836D+02
5.478360+402
4.108420+02
3.56938D+02
3.41896D+02
3.31841D+02
2.69563D+02
2.31973D+02
2.31973D+02
2.85243D+02
2.85243D+02

MAX OF
DWF

5.23588D+02
4.77505D+02
4.77505D+02
3.80163D+02
3.64757D+02
4.72719D+02
4.72719D+02
2.89031D0+02
2.26647D+02
2.970290+02
3.09263D+02
3.09263D0+02
2.48193D+02

MAX OF
DWF

5.10591D0+02
4.17149D402
3.61405D0+02
3.92476D+02
4.31220D0+402
4.31220D+402
2.83092D+02
2.95163D+02
2.95163D+02
2.29992D0+02
2.29992D+02
2.25934D+02
2.16988D+02

MAX OF
DWF

1.09466D+03
1.09466D0+03
4.47298D+02
6.77219D+02
6.77219D+02
3.90795D+02
3.90795D+02
2.757080+402
3.50663D+02
3.50663D+02
2.35350D+02
1.63432D+02
1.63432D+02

MAX OF
DWF

5.10591D+02
4.69501D+02
3.86588D+02
4.16660D+02
3.38659D+02
3.27484D+402
3.36347D+02
3.434420+02
3.43442D+02
2.53462D+02
3.01226D+02
4.76647D+402
4.151850+02

MAX OF
OWF

5.53454D+02
4.50505D+02
4.94935D+02
4.94935D+02
4.57845D+02
4.11847D+02
4.11847D+02
2.95076D+02
2.95076D+02
2.43683D+02
2.43683D+02

5.15237D+03
3.58624D+03
3.42987D+03
3.42977D+03
3.195300+03
2.69824D+03

MAX OF
DwWM

8.37139D0+03
1.009080+04
7.80665D+03
7.80666D+03
5.85447D+03
5.13569D+03
4.87198D+03
4.72874D+03
3.84125D+03
3.30561D+03
3.305461D+03
4.06481D+03
4.06403D+03

MAX OF
DWHM

7.67138D+03
6.804450+403
6.80443D+03
5.417270+03
6.54034D+03
6.73623D+03
6.736240+03
4.11869D0+03
3.229720+03
4.23266D+03
4.40698D+03
4.40700D+03
2.655420+03

MAX OF
DWM

7.89654D+03
5.94437D+03
5.14999D0+03
5.59278D+03
6.14487D+03
6.144890+03
4.04067D+03
4.20607D+03
4.20606D+03
3.27738D+03
3.27738D+403
4.03211D+03
2.32169D+03

MAX QF
DWM

1.171280+04
1.55988D0+04
7.13477D403
9.65034D+03
9.65028D+03
6.12088D+03
5.56882D+03
3.928820+03
4.99690D0+03
4.99693D+03
3.694580+03
2.32893D+03
2.328820+03

MAX OF
DWM

8.95607D+03
6.69039D+03
6.38489D+03
6.29910D+03
4.981800+03
5.75818D+03
5.41698D+03
4.89404D+03
4.89404D+03
3.611820+03
4.29247D+03
5.86837D+03
4.45220D+03

MAX OF
DwM

7.88672D+03
7.61881D0+403
7.052790+03
7.05282D+03
6.52429D+03
5.868760+03
5.868780+03
4.20481D+03
4.204820+03
3.47248D+03
3.47247D+03

3.25693D+02
4.69245D+02
6.52887D+02
6.117450+02
7.62798D0+02
2.43723D+02

MAX OF
BKF

0.0

0.0

0.0

2.65485D+02
3.35472D+02
3.09646D+02
2.80345D+02
4.45515D+02
4.56570D+02
4.96670D+02
3.01994D+02
3.28959D+02
6.81875D+02

MAX OF
BKF

0.0

0.0

1.63397D+02
3.92883D+02
2.537620+02
3.09646D+02
3.85518D+02
4.01668D+02
3.86648D+02
6.601680+02
3.38706D+02
5.502700+02
8.166100+02

MAX OF
BKF

0.0

0.0

1.204410+02
2.43761D+02
3.92883D+02
2.53762D+02
4.01668D+02
3.27284D+02
6.49883D+02
2.54225D+02
5.06253D+02
6.92148D+02
2.77639D+02

MAX OF
BKF

0.0

0.0

1.64840D+02
2.43761D+02
2.48126D+02
3.48954D+02
5.82511D+02
6.29195D+02
4.,22989D+02
3.49123D0+02
1.949480+402
1.499530+402
5.66791D+02

1.71415D+02
2.94507D+02
4.27602D+02
4.52686D+02
5.24310D+02
5.577000+02
4.07688D+02
5.789800+02
3.70146D+02
5.54147D+02
6.78171D+02

MAX OF
BKF

0.0

7.34132D+01
2.94507D+02
3.12919D+02
4.48321D+02
4.552060402
5.577000402
3.87538D+02
4.19302D+02
3.57626D+02
5.854000402

3.84222D+03
6.680500+403
9.299510+03
8.101680+03
1.08523D+04
2.51231D0+03

MAX QF
BKM

0.0

0.0

0.0

2.57446D+03
3.58471D+03
4.416580+03
4.00209D+03
4.78718D+03
4.82162D+03
3.87374D+03
4.299950+03
4.703600+03
6.948120+03

MAX OF
BKM

-0
0.0
2.32804D+03
5.59882D0+03
3.61751D+03
3.90691D+03
5.47719D+03
5.72722D0+03
4.72701D+03
9.06464D+03
3.557330+03
7.89733D0+403
6.181290+03

MAX OF
BKM

0.0

0.0

1.640350+403
2.32401D+03
5.58036D+03
3.60544D+03
5.703200+03
4.66622D+03
9.253130+03
3.44597D+03
7.18409D+03
9.90422D0+03
2.77572D0+03

MAX OF
BKM

0.0

0.0

2.348500+03
3.47431D0+03
3.541060+03
4.98094D+03
4.83258D+03
6.93373D+03
5.04594D+03
3.11169D+03
1.877250+03
2.13759D+03
5.169120+03

MAX OF
BKM

.0
0.0
1.98799D+03
4.20041D+03
6.082120+03
6.462110403
6.488860+03
7.952600+03
5.27687D+03
8.24634D+03
4.07970D+03
7.89344D403
7.04466D+03

MAX OF
BKM

0.0

1.043210+03
4.180750+03
4.,462120+403
6.36264D+03
6.45823D+03
7.89328D+03
5.223180+03
3.75097D0+03
4,75341D+03
8.30338D+03
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SONATINA-2V A Computer Program for Seismic Analysis of the Two-dimensional
Vertical Slice HTGR Core

12 2.95845D+02
13 7.60815D+01

..... COLUMN 11...
+ + +
ROW MAX OF
WGM
+ + +

1 3.43628D+03
2 3.19864D+03
3 2.92208D+03
4 2.64297D+03
5 2.36070D+03
6 2.07819D+03
7 1.79486D+03
8 1.50838D+03
9 1.22134D+03
10 9.363800+02
11 6.512720+02
12 3.72264D+02
13 1.14235D+02

ceean COLUMN 12...

+ + +
MAX OF
WGM

1 3.391120+03
2 3.122840+03
3 2.84320D+03
4 2.56425D+03
5 2.28285D+03
6 1.99963D+03
7 1.71540D0+03
8 1.43048D+03
9 1.14415D+03
10 8.59937D+02
11 5.79913D+02
12 2.95422D+02
13 7.52056D0+01

+«COLUMN

1.5%9600D+00

2.29840D0+01

4.08000D-01 4.429830+00
MAX OF MAX OF

FIF FIM
1.89640D+01 2.03505D+02
1.761200+401 2.51386D+02
1.605200+01 2.292900+02

1.44920D0+01
1.293200+01
1.137200+01
9.812000+00
8.252000+00
6.692000+00
5.132000+00

2.07087D+02
1.84837D+02
1.625730+02
1.40295D+02
1.17946D+02
9.56457D+01
7.33291D+01

3.572000+00 5.12095D0+01
2.012000+00 2.88608D+01
6.160000-01 8.87829D+00

MAX OF
FIF

1.87400D+01
1.71960D+01
1.56360D+01
1.407600+01
1.25160D0+401
1.095600+01
9.39600D+00
7.836000+00

MAX OF
FIM

2.67384D+02
2.45420D+02
2.23269D+02
2.01066D+02
1.78831D+02
1.56572D+02
1.342710+02
1.11968D+02

6.276000+00 B8.96599D+01
4.71600D+400 6.74875D+01
3.156000400 4.52482D+01

1.59600D0+00
4.08000D-01

2.290320+01
4.42596D+00

13 (REFLECTOR BLOCK).....

+ +
ROW

+
MAX OF
FIA

9.748910+01
1.02091D+02

MAX OF
VRF

2.71374D+02
2.00818D+02
1.638280+02
1.42344D+02
1.57518D+02
1.47192D0+02
1.35162D+02
1.19398D+02
9.12775D0+01
7.24444D+01
9.40313D+01
1.06879D+02
1.00980D+02

MAX OFf
VRF

1.362250+02
1.85268D+02
1.53736D+02
1.27006D+02
1.339130+02
1.255920+02
1.13647D+02
1.081770+02
7.44414D+401
8.858470+01
1.18184D+02
9.73295D+01
1.07941D0+02

3.26734D+02
1.90583D+02

MAX OF
VRM

1.51491D+03
1.20487D0+03
1.052910+03
9.587620+02
8.76666D+02
7.328650+02
6.99547D+02
5.524220+02
4.76038D0+02
3.958810+02
3.36482D+02
3.83608D+02
2.26025D+02

MAX OF
VRM

1.07538D+03
1.254400+03
1.14980D+03
1.18743D+03
1.07040D+03
8.86409D+02
7.15689D+02
6.86345D+02
$.98399D+02
4.808410+02
4.14115D+02
3.236580+02
2.581400+02

2.473690+02
2.47369D+02

MAX OF
DWF

9.41719D+02
9.41719D+02
4.37930D+02
4.379300+02
4.59106D+02
4.59106D+02
3.87252D+02
2.95462D+02
3.4B8563D+02
3.48563D+02
2.6B875D+02
2.704900+02
2.70490D+02

MAX OF
DWF

5.62675D+02
4.39717D+02
3.64782D+02
3.51062D+02
3.48530D+02
3.55296D+02
3.55296D+02
3.26452D+02
3.264520+02
2.74490D402
3.77064D+02
4.63096D+02
4.63096D+02

+ + +
5.22480D+01
4.,857600+01
4.435200+01
4.,012800+01
3.59040D0+01
3.16800D+01
2.74560D+01
2.323200+01
1.90080D0+01
10 1.47840D+01
11 1.05600D0+01
12 6.33400D+00
13 2.11200D+00

VRN NS W

+ +
MAX OF MAX OF
BKA SRF
+ +

0.0 2.07441D+02
0.0 2.09578D+02
2.35488D+02 2.10380D+02
5.09329D0+02 2.10624D+02
3.63794D+02 2,11643D+02

3.25379D+02
5.83388D+02
3.51476D+02

2.11835D+02
2.130770+02
2.12779D+02

5.31945D+02 2.12886D+02
3.87155D+02 2.12942D+02
3.993890+02 2.13664D+02

5.05279D+02
5.00929D+02

2.13207D+02
2.09905D+02

..... COLUMN 14 (REFLECTOR BLOCK).....
+ + + + +
ROW MAX OF MAX OF MAX OF
FIA BKA SRF

+ + + + +
1 5.224800+01 0.0 2.07441D+02
2 4.B5760D+01 0.0 2.09578D+02
3 4.435200+01 .26880D+02 2.10380D+02
4 6.01280D+01 4.52001D+02 2.10624D+02
5 3.59040D+01 3.08853D+02 2.11811D+02
6 3.16800D+01 2.67400D+02 2.12217D0+02
7 2.74560D+01 4.22017D+02 2.13239D+02
8 2.323200+401 3.22795D+02 2.13503D+02
9 1.90080D+01 3.56587D+02 2.13598D+02

10 1.47840D+01
11 1.05600D+01
12 6.336000+00
13 2.11200D0+00

4.334830+02
4.92518D402
5.61061D+02
4.25598D+02

2.13502D+02
2.13980D+02
2.14124D+02
3.18934D+02

3.52491D+03
2.64686D+03

MAX OF
DWM

1.322380+04
1.341950+04
6.24050D+03
6.24046D+03
6.542270+403
6.542250+03
5.51834D+03
4.210310+03
4.96696D+03
4.96699D+03
3.83147D+03
3.85447D+03
3.85449D+03

MAX OF
DWM

B.18277D+03
6.26597D+03
5.863270+03
5.00263D+03
4.96654D+03
5.062960+03
5.06297D+03
4.65193D+03
4.65193D+03
5.77637D403
5.37316D+03
6.59919D+03
4.95394D+03

6.72245D+02
2.35561D+02

MAX OF
BKF

0.0

2.03405D+02
3.129190+02
3.61569D+02
3.780720+02
5.11067D0+02
3.79703D+02
5.54847D+02
3.91208D+02
6.03100D+02
4.50477D+02
5.37757D0+02

MAX OF
BKF

0.0

0.0

4.836550+02
4.022550+02
4.318420+02
5.11067D0+02
5.76439D+02
4.79551D+02
4.80526D+02
5.04760D+02
5.82769D+02
5.377570+402
3.79923D+02

JAERI 1279

9.63643D+03
2.59169D+03

MAX OF
BKM

0.0

1.970950+03
4.43339D+03
5.15377D+03
4.570930+03
7.287400+03
4.20994D403
4.104540+03
4.59474D+03
4.04031D+03
4.30888D+03
7.65317D+03

MAX OF
BKM

0.0

0.0

5.26734D0+03
3.885410+03
4.39977D+03
4.55236D+03
4.54083D+03
5.513130+03
4.91973D+03
5.29093D+03
5.93591D+03
6.71052D+03
4.62558D+03



JAERI 1279 Appendix D Sample Problem Output

SONATINA-2V SAMPLE PROBLEM SINUSOIDAL INPUT 4.0 HZ 250 GAL SONATINA-2V

xEx %%

* RESULT MAX VALUE *

* AT NOW STATE x

PR *

* TIME = 1.600066D+00 *

x x

* CYCLE OF MAX VALUE PRINT x

* = 13324 =

Ak k PR R

+ + + + + + + + + + +
MAX OF MAX OF MAX OF MAX OF MAX OF MAX OF MAX OF MAX OF MAX OF
THA u W THADF1 UDF1 WDF1 THADF2 UDF2 WDF2

+ + + + + + + + + + +
2.30448D-02 1.38572D+00 1.28668D-01 9.73437D+00 2.95969D+01 1.19852D+01 6.32093D+04 7.85594D+04 1.76078D+04

+ + + + + + + + + + +
MAX OF MAX OF MAX OF MAX OF MAX OF MAX OF MAX OF MAX OF MAX OF
WGM FIF Fi1M VRF VRM DWF DWM BKF BKM

+ + + + + +

+ + + + +
3.43628D+03 1.89640D+01 2.67461D+02 2.71374D402 1.51491D+03 1.09466D+03 1.55988D+04 1.01650D+03 1.10360D+04

SONATINA-2V SAMPLE PROBLEM SINUSOIDAL INPUT 4.0 HZ 250 GAL SONATINA-2V
COLUMN NO. 1
L.BOT R.BOT L.CENT R.CENT L.TOP R.TOP L.DOWEL R.DOWEL

1 0. 0.0 0.0 0.0 0.0 0.0 3.236600+02 3.23649D+02
2 0.0 0.0 0.0 0.0 0.0 2.90624D+02 2.15848D+02 2.15885D+02
3 2.35488D+02 0.0 2.989290+02 0.0 4.330190+02 2.06420D+402 2.20457D+02 2.20346D+02
4 2.64652D+02 0.0 2.22628D+02 2.83035D+02 2.40932D+02 2.921600+02 1.83164D+02 1.831630+02
S 3.20568D+02 2.95261D0+02 2.37559D+02 3.14856D+02 2.55688D+02 3.47496D+02 2.97589D+02 2.97814D+02
6 2.13646D+02 2.73641D+02 2.79915D+02 2.98391D+02 2.186990+02 3.21231D+02 1.47751D+02 1.48424D+02
7 2.20164D+02 2.22138D+02 2.27957D+02 2.66983D+02 2.08599D+02 3.26036D+02 1.82901D+02 1.82543D+02
8 2.89967D+02 3.51937D+02 2.63656D+02 3.58378D+02 2.94407D+02 2.65774D+02 1.395680+02 1.39597D+02
9 2.64640D+02 2.425950+02 2.87206D+02 3.35316D+02 1.92874D+02 2.15477D+02 1.20745D+02 1.19681D+02

10 2.37622D0+402 2.68634D+02 2.30671D+02 2.86938D+02 2.04774D+02 1.208240+402 1.58304D+02 1.59035D+02
11 2.44370D+02 2.25139D+02 2.39067D+02 3.19710D+02 2.66212D0+02 3.88705D+01 1.246600+02 1.247350+02
12 2.6794BD+02 2.25665D+02 2.04737D+02 1.53799D+02 O. 0.0 1.70856D+02 1.704550+02
13 2.05191D+02 2.86137D+02 3.63490D+02 1.27110D+02 2.68651D+02 1.30720D+02 1.199090+02 1.06928D+02

COLUMN NO. 2
L.BOT R.BOT L.CENT R.CENT L.TOP R.TOP L.DOWEL R.DOWEL

1 0.0 0.0 0.0 0.0 0.0 0.0 3.790360+02 3.78356D+02
2 0.0 0.0 0.0 0.0 0.0 0.0 3.78425D+02 3.78806D+02
3 0.0 2.84372D+02 2.90624D+02 1.59812D+02 0.0 2.26043D+02 3.19571D+02 3.19525D0+02
4 0.0 1.86761D+02 2.06420D+02 3.54623D+02 9.45575D+01 2.95329D+02 2.26579D+02 2.265040+02
5 2.83035D0+02 0.0 3.215980+02 3.70340D+02 3.14856D+02 3.289950+02 1.74223D+02 1.74268D+02
6 1.15705D+02 0.0 3.47696D+02 2.70895D+02 2.9B391D+02 3.02540D+02 2.18874D+02 2.201580+02
7 2.52979D+02 2.03192D+02 3.21231D+02 3.087B1D+02 2.669830+402 3.162850+02 1.59803D+02 1.596500+02
8 2.42745D+02 6.18594D+02 3.51937D+02 5.17238D+02 3.24862D+02 2.430090+02 1.291380+02 1.29023D+02
9 2.63347D+02 3.34369D+02 2.97733D+02 3.54951D+02 2.57746D+02 2.513420+02 1.75171D+02 1.75170D+02

10 3.353180+402 4.20426D+02 2.68634D+02 4.61114D402 2.86936D+02 1.50142D+02 1.82241D+02 1.82251D+02
11 1.19795D+02 6.88295D+02 2.25139D+02 8.20969D+02 3.197100+02 2.73908D+02 1.67544D+02 1.67391D+02
12 2.58056D+02 3.95148D+02 2.25665D+02 2.45821D+02 1.53799D+02 0.0 1.092030+02 1.09369D+02
13 6.54106D+01 7.76703D+02 2.84137D+02 4.23224D+02 1.27110D+02 1.86876D+02 1.32131D+02 1.31599D+02

COLUMN NO. 3
L.BOT R.BOT L.CENT R.CENT L.TOP R.TOP L.DOWEL R.DOWEL

1 0.0 0.0 0.0 0.0 0.0 0.0 2.62551D+02 2.62676D+02
2 0.0 0.0 2.84372D+402 0.0 0.0 0.0 2.81071D+02 2.80976D+02
3 1.59812D+02 0.0 2.260643D+02 2.63945D+02 0.0 1.43230D+02 1.79550D+02 1.79713D+02
4  3,54623D0+02 0.0 2.953290+02 1.79816D+02 0.0 3.27882D+02 2.34883D+02 2.35032D+02
S 3.70340D+02 0.0 3.28995D+402 2.56617D+02 0.0 4.02924D+02 1.99556D+02 1.99601D+02
& 2.70895D+02 0.0 3.02560D+02 1.91698D+02 2.66737D+02 4.02307D+02 2.27745D+02 2.27787D+02
7 2.79115D+02 3.54303D+02 6.18594D+02 2.346120402 4.75809D+02 2.233160+02 1.780430+02 1.78284D+02
8 1.744670+02 2.11808D+02 3.36369D+02 2.28924D+02 2.42973D+02 3.48167D+02 1.257290+02 1.25830D+02
9 1.91396D+02 3.17045D+02 5.40742D402 2.155780+02 4.43519D+02 1.22798D+02 1.49027D+02 1.49134D+02

10 2.67536D+02 3.52476D+02 7.35116D+02 4.72570D+02 7.24671D+02 2.44200D+02 1.29193D+02 1.29181D0+02
11  2.24473D+02 2.23047D+02 4.80614D+02 6.52887D+02 0.0 4.10214D+02 1.00608D+02 1.00838D+02
12 2.45821D+02 5.97083D+02 7.76703D+02 3.51536D+02 4.23224D+02 0.0 1.59829D+02 1.56641D0+02
13 3.050260+02 7.42798D+02 1.86876D+02 6.56838D+02 2.04259D+02 1.984320402 1.24399D0+02 1.18360D+02

COLUMN NO. 4
L.BOT R.BOT L.CENT R.CENT L.TOP R.TOP L .DOWEL R.DOWEL

1 0.0 0.0 0. 0.0 0.0 0.0 2.55229D+02 2.55362D+02
2 0.0 0.0 0.0 0.0 0.0 0.0 2.55109D+02 2.54932D+02
3 0.0 0.0 0.0 0.0 0.0 2.65485D+02 2.17902D+02 2.17954D+02
4 2.63945D+02 0.0 1.43230D+02 2.512390+02 0.0 3.35472D+02 2.11561D+02 2.11591D+02
5 1.79816D+02 0.0 3.27882D+02 2.088200+02 0.0 3.09622D+02 1.87203D+02 1.86858D+02
6 2.56617D+02 0.0 4.02924D+02 2.42304D+02 1.84812D+02 1.95341D+02 1.74331D+02 1.74156D+02
7 1.83828D+02 0.0 4.02307D402 2.25691D+02 2.34612D+02 2.16393D+02 1.82776D+02 1.830820+02
8 2.20564D+02 2.29002D+02 2.23316D+02 3.053890+02 1.80859D+02 1.89749D+02 1.80678D+02 1.80893D+02
9 2.28924D+02 1.86349D+02 3.4B167D+02 2.15434D+402 4.692450+02 1.34507D+02 1.25970D+02 1.25698D+02

10 4.07423D+02 3.02524D+02 3.52476D+02 2.71808D+02 6.52887D+02 1.06533D+02 1.17033D+02 1.17079D+02
11 4.006220+02 1.56196D+02 5.97083D+02 1.77535D+02 2.06226D+02 7.59448D+01 1.21321D+02 1.19372D+02
12 3.51536D+02 1.24752D+02 7.62798D+02 0.0 6.56838D+02 0.0 1.04898D+02 1.04570D+02
13 3.22520D0+402 1.89394D0+02 1.98432D+402 2.36345D0+02 2.00677D+02 2.009500+402 1.26499D+02 1.256800+02

COLUMN NO.
L.BOT R.BOT L.CENT R.CENT L.TOP R.TOP L .DOWEL R.DOWEL

1 0.0 0.0 0.0 0.0 0.0 0.0 3.27192D+02 3.27622D+02
2 0.0 0.0 0.0 0.0 0.0 0.0 3.542200+02 3.539070+02
3 0.0 0.0 0.0 0.0 0.0 0.0 2.030270+02 2.03089D+02
4 0.0 0.0 2.65485D+02 0.0 0.0 1.80612D+02 2.73895D+02 2.739410+02
5 2.51239D+02 0.0 3.35472D402 1.38038D+02 4.61244D+01 1.98314D+02 2.05478D+02 2.05364D+02
6 2.08820D+02 0.0 3.096220+02 1.55278D+02 1.48005D+02 3.09646D+02 1.78940D+02 1.77998D+02
7 2.42304D+02 0.0 1.95341D+402 2.478050+402 1.08706D+02 2.80345D+02 1.710210+02 1.70875D+02
8 2.25691D+02 1.80787D+02 2.290020+02 2.61220D+02 2.43490D402 2.08963D+02 1.65973D+02 1.65868D+02
9 2.57539D402 1.35803D+02 1.8974590+02 2.84957D+02 2.15434D402 1.76317D+02 1.34696D+02 1.34866D+02

10 1.45623D+02 1.27368D+02 3.02524D+02 3.312850+02 2.71808D+02 1.65385D+402 9.66497D+01 9.663680+01
11 1.718630+02 3.01994D+02 1.56196D+02 2.50893D+02 1.77535D+402 1.02816D+02 1.159890+02 1.15984D+02
12 1.07387D+02 3.28959D+02 1.24752D+02 5.66493D+01 0.0 0.0 9.81039D+01 9.79347D+01
13 0.0 5.10519D+02 2.19873D+02 6.17222D+02 2.36345D+02 2.19573D+02 1.45314D402 1.39930D+02



SONATINA-2V A Computer Program for Seismic Analysis of the Two-dimensional
Vertical Slice HTGR Core

COLUMN NO. ]
L.80T

1.380380+02
1.55278D+02
2.478050+02
2.612200+02
1.709970+02
1.949420402
2.508930+02
5.66493D+01
2.161930+02

VBNV W

COLUMN NO. 7
L.BOT

0.0
0.
0.
0.

-X-X-

1.93183D+02
1.471510+02
1.448670+02

1

2

3

4

5 2.24521D+01
6

7

8

9 1.23398D+02

R.BOT

0.0

0.0

0.0

1.155100+402
(4

2.73989D+02
1.95748D+02
4.,016680+02
1.300830+02
2.321880+02
2.43569D0+02
3.64896D+02
5.92961D+02

R.BOT

0.0
0.0
0.0
1.53114D+02
1.42287D+02
1.99602D+02
2.29640D+02
1.776370+02
1.45799D+02

10 1.838970+02 1.708030+02
11 1.53748D0+02 1.49629D+02
12 1.55187D0+02 6.714850+01
13 2.355890D+02 2.026220+02
COLUMN NO. 8
L.B8OT R.BOT
1 0.0 0.0
2 0.0 0.0
3 0.0 0.0
4 0.0 1.716150402
5 0.0 2.481260+02
6 0.0 3.48954D+02
7 0.0 2.46140D+02
8 0.0 2.90959D+02
9 0.0 3.53716D+02
10 B8.38508D+00 2.04577D+02
11 1.14108D0+02 1.32192D+02
12 1.499530+02 0.0
13 0.0 3.61145D+02
COLUMN NO. 9
L.BOT R.BOT
1 0.0 0.0
2 0.0 0.0
3 1.39615D+402 7.34132D+01
4 0.0 2.94507D+02
s 0.0 2.32237D+02
6 0.0 4.48321D+02
7 0.0 4.55206D+02
8 9.00404D0401 5.577000+02
9 7.836790+01 3.67852D+02
10 1.464500+02 2.312200+02
11 9.139490+01 2.562100+02
12 1.151800+02 8.70031D+01
13 3.00905D+402 6.54222D+02
COLUMN NO. 10
L.BOT R.BOT
1 0.0 0.0
2 0.0 0.0
3 7.08551D+01 2.03405D+02
4 2.61311D0+01 3.,129190+02
5 8.23305D0+401 1.66402D+02
6 3.978070+02 1.55114D+02
7 2.33623D+02 1.746970+402
8 3.23151D+02 1.72768D+02
9 2.63303D+02 1.87212D+02
10 1.910940+02 2.101690+02
11 2.710900402 1.037340+02
12 1.68115D+02 8.18937D+01
13 2.04971D+02 2.83925D+02
COLUMN NO. 11
L.8OT R.BOT
1 0.0 0.0
2 0.0 0.0
3 0.0 0.0
4& 0.0 0.0
S 3.842300+01 3.61569D+02
4 2.82837D+02 3.20866D+02
7 1.34712D+02 5.11067D0+02
8 2.01613D+02 2.77474D+02
9 1.17181D402 3.26414D+02
10 2.79644D+02 1.899980+02
11 2.83587D+02 1.83527D+02
12 2.40637D+02 1.82076D+02
13 0.0 5.37757D0+02
COLUMN NO. 2
L.BOT R.BOT
1 0.0 0.0
¢ 0.0 0.0
3 0.0 0.0
4 0.0 2.72686D+02
5 1.00618D+02 3.08853D+02
6 3.19418D+02 2.447390+02
7 2.22784D+02 2.11767D+02
8 2.41790D0402 2.207500+02
9 2.57526D+02 2.16300D+02
10 2.64788D+02 2.09198D+02
11 2.79755D+02 2.21766D+02
12 3.01186D+02 3.08297D+02
13 2.21943D0402 1.46243D+02

L.CENT

1.80612D+02
1.98314D+02
3.09646D+02
2.80345D+02
2.08963D+02
1.76317D+02
3.01994D+02
3.28959D+02
5.105190+02
2.19573D+02

L.CENT

0.0

0.0

1.155100+02
1.63397D+02
3.928830+02
2.53762D+02
4.016680+02
2.818220+02
3.18637D+02
2.43569D+02
5.06253D+02
5.92961D+02
2.60965D+02

1.53116D+02
1.42287D+02
1.99602D+02
2.29640D+02
1.79689D0+02
1.89529D+02
1.72765D+02
1.94948D+02
1.47071D+02
2.84443D+02

L.CENT

0.0

0.0

1.71415D+02
2.48126D+02
3.48954D+02
2.46140D+02
2.90959D+02
3.53716D+02
2.04577D+02
2.00275D+02
9.57160D0+01
3.61145D+02
2.32091D+02

L.CENT

0.0

7.34132D+01
2.94507D+02
2.32237D+02
4.648321D+02
4.55206D+02
5.57700D+02
3.67852D+02
2.19096D+02
3.366070+402
5.854000+02
6.54222D+02
2.60805D+02

L.CENT

0.0

0.0

2.03405D+02
3.12919D+02
2.65065D+02
2.41143D+02
2.233730+02
2.61915D0+02
2.06779D+02
3.02137D+02
1.86372D+02
1.28004D+02
2.83925D0402

L.CENT

0.0

0.0

0.0

3.61569D+02
3.20866D+02
5.11067D0+02
4.71155D+402
4.20574D+02
3.05080D+02
3.48870D+02
2.93267D+02
$.37757D+02
2.10070D0+02

R.CENT

1.931830+02
1.332170+02
3.85518D+02
1.44867D+02
3.27284D+02
6.49857D+02
1.55187D+02
7.801180+01
7.17322D+02

R.CENT

0.0

0.0

1.20441D+02
2.43761D+02
2.006569D+02
1.88655D+02
2.43757D+02
1.95015D0+02
1.20483D+02
1.33941D0+02
1.49953D+02
0.0

2.00979D+02

R.CENT

0.0
0.0
1.396150+02

cooo
CX-X-1

4.52686D+02
4.22194D+02
2.296100+02
1.46450D0+02
9.13949D+01
1.15180D+02
5.54147D402

R.CENT

oo

7.08551D+01
8.23305D+01
3.97807D+02
0.0

[-X-3

2.39260D+02
3.25204D+02
1.99921D+02
2.442200+02
2.710900+02
1.458520+02
7.01841D0+02

R.CENT

0.0

0.0

1.38284D+02
3.10990D+02
3.23924D+02
3.03609D+02
2.63714D+02
2.08963D+02
2.999490+02
2.83587D+02
2.40637D+02
0.0

2.44612D+02

R.CENT

0.0

2.05035D+02
3.19418D+02
2.33985D+02
2.67748D402
4.58896D+02
2.64788D+02
2.79755D+02
3.01186D+02
4.92051D+02

R.CENT

0.0

0.0

2.305510+02
2.454650+02
2.1696504+402
1.571720+02
2.89491D0402
1.967260+02
2.209020+02
2.332270+02
2.659910+02
2.250850+02
2.67733D+02

49570+02
1285D0+02

02700+02
09890+02

7.470290+01
4.91676D+01
3.855180+02
3.272840+02
6.448900+02
1.45597D+02
5.477980+01
6.92148D+02
2.52116D+02

L.TOP

0.0

0.0

1.204410+402
2.437610+02
2.006690+02
1.886550+02
2.437570+02
1.950150+02
1.204830+402
1.339410+02
7.536730+01

0.0
2.00979D+02

r
-
o
-

o
o
o
]
4
S

2686D+02
22194D+02
.296100+02
.924960+01
.0

0.0

5.541470+402
1.41360D+02

CONFFOOOO0

L.TOP

0.0
0.0

0.0

1.21208D+02
2.39260D+02
3.25206D+02
2.14227D+02
1.99921D+02
2.32296D+02
9.193490+01
6.72245D+02
1.703430+02

L.TOP

0.0

0.0

1.382840+02
3.10990D+02
3.23924D+02
3.036090+02
2.27468D+02
2.08963D+02
2.99949D+02
1.40571D+02
1.34288D+01
0.0

2.446120+02

2.04641D+02
1.74544D+02
2.33985D+02
1.61326D+02
4.11560D+02
1.04501D+02
6.689210+401

4.691280+02
3.417270+02

R.TOP

0.0

0.0

1.63397D+02
3.92883D+02
2.53762D+02
2.570330+02
2.818220+02
2.935270+02
2.17231D+02
5.06253D+02
2.10504D+02

0.0
2.60965D+02

1.796890+02
1.89529D+02
1.72765D+02
1.949480402
1.416380+02
0.0

2.09456D+02

R.TOP

0.0
.0
1.648400+02
0.
0.
0.

coco

1.29825D0+02
2.07001D+02
2.000270+02
2.00275D+02
9.57160D+01
0.0

2.32091D+02

R.TOP

0.0
0.0
0.0
2.03645D+02
4.276020+02
3.702780+02
2.85049D+02
2.53745D+02
3.25936D+02
5.75947D+02
3.05878D+02
0.0
2.15624D+02

R.TOP

0.0

0.0

1.94629D+02
2.65065D0+02
2.411430+02
1.649020+402
2.61915D+02
2.06779D+02
1.76213D+02
1.86372D0+02
1.28004D+02
0.0

2.17443D+02

2.84745D+02
2.51659D+02
2.88274D+02
2.777670402
3.050800+02
3.48870D+02
2.93267D+02
0.0

2.100700+02

R.TOP

0.0

0.0

2.96014D+02
1.58531D+02
2.52230D0+02
2.54326D+02
1.93681D+02
2.42209D+02
2.47207D+02
2.59291D+02
2.97628D+02
0.0

1:522730002

L .DOWEL

2.65438D+02
2.08531D+02
2.387090+02
1.90207D0+02
1.700670+02
1.82356D+02
2.36367D+02
1.44387D+02
1.132910+02
1.04364D+02
1.48537D+02
1.54790D+02
1.248870+02

L.DOWEL

2.60834D+02
2.085310+02
1.80826D+02
1.804700+02
1.962120+02
2.15561D+02
1.41451D+02
1.26508D+02
1.47491D+02
7.97146D+401
1.15066D+02
1.15048D+02
1.092080+02

L.DOWEL

3.69352D+02
5.472200+02
2.23722D+02
2.22251D+02
3.38807D0+02
1.64321D+02
1.95355D+02
1.37823D+02
1.054350+02
1.755300+02
1.17687D+02
7.47035D0+01
8.25907D+01

L.DOWEL

2.60431D+02
2.347220+02
1.679590+02
2.08141D+02
1.71221D+02
1.63413D+02
1.68397D+02
1.57108D+02
1.71735D+02
1.26691D+02
9.500340+01
1.505790+402
2.07276D+02

L.DOWEL

2.76622D+02
2.08531D+02
2.25215D+02
2.47357D+02
2.289520+02
1.660940+02
2.06098D+02
1.233310+02
1.47573D+02
9.881220+01
1.219600+02
1.10876D+02
1.24407D+02

L.DOWEL

4.14536D+02
4.70897D+02
2.15163D+02
2.18799Db+02
1.77233D+02
2.29622D+02
1.93683D+02
1.37454D+02
1.477140402
1.74433D402
1.06463D+02
1.340800+02
1.35373D+02

L.DOWEL

2.842740402
2.19866D+02
1.85665D+02
1.75524D+02
1.74427D+02
1.698660+02
1.777150+02
1.37868D+02
1.631750+02
1.37283D+02
1.23155D+02
1.88607D+02
2.275000+02

R.DOWEL

2.65527D+02
2.08618D+02
2.38796D+02
1.899570+02
1.695880+02
1.824010+02
2.36351D+02
1.44644D+02
1.13356D+02
1.04289D402
1.48492D+02
1.54473D+02
1.233050+02

R.DOWEL

2.60911D+02
2.08618D+02
1.80579D0+02
1.79426D+02
1.96264D+02
2.15659D+02
1.41641D+02
1.26310D+02
1.47672D+402
8.02785D+01
1.14926D+02
1.108670+02
1.07779D0+02

R.DOWEL

3.692700+02
5.47436D+02
2.23734D+02
2.22226D+02
3.384120+02
1.64406D+02
1.95439D+02
1.37885D+02
1.05619D+02
1.75133D+02
1.176650+02
7.46918D+01
8.35217D0+01

R.DOWEL

2.60626D+02
2.34779D+02
1.67942D+02
2.08519D+02
1.69148D+02
1.64071D+02
1.679500+02
1.572140+02
1.71707D+02
1.26771D0+02
9.49928D+01
1.50647D+02
2.079090+02

R.DOWEL

2.768320+02
2.08618D+02
2.25289D+02
2.,47577D+02
2.28893D0+02
1.660170+02
2.05749D+02
1.23132D+02
1.475020+02
9.86004D+01
1.21723D+02
1.10889D0+02
1.22963D+02

R.DOWEL

4.16694D+02
4.70822D+02
2.15205D+02
2.19130D+02
1.77339D+02
2.29484D+02
1.935690+02
1.379950+02
1.47748D+02
1.741300+02
1.06575D+02
1.347950+02
1.351170+02

R.OOWEL

2.84179D+02
2.19851D+02
1.85835D+02
1.755380D+02
1.76103D+02
1.698900+02
1.77581D+02
1.37963D+02
1.632770+02
1.37207D+02
1.2346030+02
1.88458D+02
2.355960+02
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Appendix D Sample Problem Output
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Fig. D.1 Output of SONPL-2V
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SONATINA-2V A Computer Program for Seismic Analysis of the Two-dimensional

Vertical Slice HTGR Core
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Fig. D.2a Output of SONWV-2V

JAERI 1279



JAERI 1279

Appendix D Sample Problem Output

co. + BLOCK( 1 . 13 ) BLOCK-COLLISION FORCE ( KG)
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Fig.

D.2b Output of SONWV-2V




