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ABSTRACT -

FRIDA is a computer code that calculates the dynamic longitudinal,

response of fuel rods subjected to thermal transients. The fuel rod
is modeled -as a simple beam, fixed at one end and in series with an -

'

effective cladding stiffness spring and plenum spring at the other end.
The model is discretized through'a finite element approach and the re-

.

sulting system of differential equations solved with a fourth-order ,

Runge-Kutta integration scheme.
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I. Introduction

During a hypothetical reactivity insertion accideni; (RIA), fuel rods
will be subjected to thermal loads sufficiently severe that the inertial
response of the rods must be considered in a complete mechanical analysis ~-

of their behavior. A computer program, FRIDA (Fuel Reactivi,ty Insertion
Dynamic Analyses), has been written that computes the dynamic axial loads'

in fuel rods subjected to such transients. FRIDA compliments the
FRAP-TI (Fuel Rod Analysis Program - Transient) computer code in that
FRAP-T fuel temperature histories are typically used as input to the
program, although arbitrary histories are permissible.

2
FRIDA was originally coded and documented in 1975 . Results from

the code were sometimes questionable. In particular, the calculated
axial loads seemed unreasonably large. Since then, a number of signi-

ficant improvements have been made, specifically: (a) a new driver pro-

gram, (b) arbitrary noding, (c) more frequent updating of the stiffness
3matrix, (d) incorporating the latest MATPR0 material properties, (e)-

an input smoothing function, and (f) calculation of the natural frequen-
cies of the model. The purpose of this report is to demonstrate the~

effects of these changes on the program calculations.

Section II of this report will discuss the assumed fuel rod model,
~

Section III the solution procedure, and Section IV the general code
description. Section V will present the results of a benchmark problem
comparison, while Section VI will present the results of an RIA sample

Finally, Section VII discusses limitations and recommendationscase.
for use of FRIDA. Appendix A is a user input manual and Appendix B is

a code listing.

.
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II. General Model Description

1. Fuel Rod Model

The fuel rod is modeled as a one-dimensional (longitudinal) beam. -

"

One end is assumed to be rigidly fixed while the other end is modeled
by two springs in series, one for the plenum spring and one representing .

an effective cladding stiffness. The stiffness of the beam itself is
assumed to be entirely due to the fuel. In other words, no friction

is assumed between the fuel and the cladding.

The temperature of the beam model is input by the user as discrete
temperature-time histories. The axial temperature distribution and
history may be arbitrary although most frequently the histories are
derived from FRAP-T analyses. FRAP-T calculates both axial and radial
fuel temperatue profiles; however, for FRIDA only one temperature is
used at any axial location. Often a volume averaged radial temperature
is used to describe the fuel rod temperature.

.
.

A simple model for estimating the cladding hoop stress is incor- _

porated in the code. It is assumed that during the high fuel temperatures
of an RIA (frequently exceeding the fuel melt temperature) the fuel
stress distribution will be very nearly hydrostatic. Thus the axial
stress resulting from the calculated axial loads will approximate the
fuel-cladding interface pressure. Thin wall tube theory then leads
directly to an estimate of the cladding hoop stress,

2. Equation of Motion

The equation of motion for longitudinal vibration of the modeled
fuel rod, see Figure 1, may be derived as shown.

-

.

:

2
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Fig. 1 Beam / spring model of the fuel rod

where

longitudinal displacement as a function of distanceu(x,t) =

(x) and time (t)

mass density=p

cross sectional area of beamA =

.

Young's modulus of elasticityE =

.

length of the beamL =

effective spring constant of the cladding andk =

plenum
-

may be functions of temperature, T, and hence of xp,A,E =

and t
,

The thermal heat conduction solution for the beam is assumed to be
uncoupled from the mechanical solution. That is, the change in the

'

temperature field arising from work being done on the beam is negligible
compared with the change in temperature from the nuclear fuel internal

.

heat generation source. Thus, the thermal solution may be arrived at
~first and used as input for the mechanical solution without the need

for iteration.

3
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The kinetic energy of an element of the beam is proportional to
the square of the velocity of the elemental displacement. The kinetic
energy of the whole beam is found from the integral over the length, or

BEAM
"

0 .

The work done per unit volume in straining an elastic element to*

,

a uniaxial strain ex _ subject to a uniaxial stress e isx

work *x (2)f o*dc*
,

volume
0

Hooke's Law for elastic deformation with thermal loads is given by

('x - " (#y + "z)) + aT (3)*ex

where

Poisson's ratio
.

v =
.

linear coefficient of thermal expansion. .=a

The beam is assumed free to contract laterally so that e and o arey
zero. The work per unit volume can then be solved for by substituting

(3)into(2).
~

c
I (Ec - EnT) dc=

olume x x
0

2
hec - EaTe=

x x

handintegratingoverthebeam,thepotential .Noting that e =
x

energy associated with the beam is given by
.

L

/ [ AE (h)2 -AEaT(h)]dx (4)V =
BEAM 0

4
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The potential energy associated with the spring is given by

Ku(L,t) (5)V =
spring

The beam is assumed to have a distributed viscous damping, that is, the
.

local damping is proportional to the local velocity of a given element.'

The dissipative work increment'for the whole beam associated with an
,

increment of displacement is thus given by the following, where 6 is
used to indicate an increment.(or as it will be termed later, a

variation).

L

-b(h)Sudx (6)6W /=

0

'

where

work increment6W =

viscous damping coefficient.b =

.

,

Hamilton's Principle (Reference 4) for continuous systems states that the
variational indicator must vanish between times t and t , where the

z 2

variational indicator (VI) is determined as

2
/ (6K - 6V + 6W) dt . (7)VI =

t j
where K, V, and W refer in general to the kinetic energy, potential
energy, and work (force times displacement) defined specifically for this
system earlier. The variational indicator is defined to be zero M times
t and t . Substituting from equations (1), (4), (5), and (6) gives the

1 2
variational indicator for the fuel rod model.

.

2
~

[fpA(h)2 - f AE (h) +AEaTh]dxVI =-

f 6 4 /

b(h)6udx- f k u(L,t) dt (8)/-

5
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Performingtheindicatedvariations,andnotingthat6(h)* "

and6(h)= ou) the first term of the VI may be integrated by parts

timewise and the second and third terms integrated by parts spacewise,

Making use of the geometric boundary condition that u(0,t) = 0 and
ou(0,t) - n, and that the VI vanish by definition at t) and t '2

the VI becomes .

l

I I [-pA +h(AEh)-h(AEoT)-bh]6udx -2 8
VI =

t 0 at
1

+ [-ku(L,t) - AE h (l' ) + AEoT] du(L,t) dt (9)
.

Also, the mass densisy, p, was assumed to not be a function of time.
For the variational indicator to vanish for a geometrically admissible
variation du(x,t) implies that

+ h (AE h) - h(AE aT) - b h = 0-pA 0< x<L (10)

~-

and

-ku - AE h + AE ai = 0x=L (11)

Equation (10) is :he equation of motion for the model and Equation (11)
is the " natural" 6,undary condition at x=L. -

.

O

4
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III. Solution Procedure

1. Finite Element Formulation

.

The equation of motion (10) contains, in general,' partial deriva--

tives of the cross sectional area, Young's modulus, coefficient of thermal

expansion, and temperature as well as displacement. For this problem'

the partial derivative of the mass density with respect to time is
assumed to be zero as previously stated. It is also reasonable to
assume that time derivatives of the area are zero. However, the
other terms ' vary significantly with temperature. Since temperature is
allowed to be an arbitrary function of time and location, these terms
cannot be discarded. Thus the solution is analytically intractible
and a numerical approach is necessary.

A finite element formulation was chosen to describe the beam be-
havior. The beam was divided into a number of elements, each described

- by two nodal locations and an element length. Each element was
allowed a linearly distributed mass and linearly distributed displace-

.

ment function (a constant strain element in static finite element
problems). Using kinetic and potential energy arguments for the
discretized elements, submatrices were constructed for each element by

equilibrating nodal forces with elemental displac,ements and distributed
forces. The submatrices were assembled into an overall matrix repre-
sentation of the beam, given as

2

[M] 7{u)+[B]f7{u} + [K] {u} + {Q} =0 (12)
at

where

.

mass matrix[M] =

.

viscous damping matrix '
[B] =

stiffness matrix[K] =

7



_ _ _ ._- _. . . . .

04

(Q) nodal thermal forces=

^

nodal displacenents.(u} =

The spacewise variation is handled through this formulation by evaluating
'

material properties and temperatures at discrete locations and the time-
wise variation throagh numerical' integration over time (dividing the

,

history into load steps). The stiffness matrix is updated at every
time step while che mass matrix is assumed constant. The damping matrix
is assumed prop;rtional to the mass matrix, but the proportionality
factor is assi.med to be a function of Young's modulus of elasticity.
Hence, the /amping matrix is updated every time step as well..-

2. Solveion Technique

The finite element representation of the beam generally results in
a system of second order differential equations to be solved. Equation

|
(12) may be rearranged to solve for the nodal accelerations as functions

'

, of the property matrices, nodal' velocities and nodal displacements.
This initial value problem is then solved given assumed initial displace-

,

ments and velocities by a fourth-order Runge-Kutta integration scheme.
The explicit Runge-Kutta scheme was chosen because of its good con-
vergence qualities and fast running time.

.

6
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IV. General Code Description

1. Flow Chart

The flow ch at for the program is shown in Table ~1. Functional
~

.

activities are described in rectangular boxes and the subroutine names

associated with those activities are shown in ovals. Logical decisions-

are shown in diamond shaped figures.

2. Input Requirements

The input to FRIDA consists of four basic parts: (1) a general

physical description of the beam and spring model, (2) a tabular listing
of the temperature history as a function of time and location, (3)
modeling parameters such as the number of nodes, assumed damping ratio,
and so forth, and (4) numerical integration scheme controls. A user
input manual giving the specific input details and job control language
is given in Appendix A.,

- 3. Output Results

At each axial node FRIDA calculates and plots the displacement,

velocity, acceleration, load, stress, strain, strain rate and an
estimate of. cladding hoop stress. The output is'given as a time
history: In addition, the natural frequency and modeshape of the model

are caltulated.
.

.

O

I
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PROGRAM
CALLER

| READ TEMPERATURE,
CALLS

TIME, N00E DATA
READ

_
.

-

.

| IF
! USER SUPPLIED YESp READ TABLE OF CALLS

INTERPOLATIONTIM[ TIMES READ|

(NTABT.GT.0).;

No |2

- SM0OTH CALLS
| TEMPERATURE-TIME TERP2

HISTORY

h
WRITE AND PLOT CALLS

l TEMPERATURE HISTORY XMAXM, WRITE,
LOT. IGSi

h -

CALCULATE 3

| INITIAL CONDITIONS
'

FTHEXP
|

! |
.

. .

R A FRIDA

| 2

[ V'

PLOT CALLS
RESPONSES PLOT, IGS

J .

STOP -

i

TABLE 1 FRIDA FLOW CHART

i

I
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FRIDAFROM CALLER -
,

MULT

v
DETERMINE MASS CALLS

COEFFICIENTS MASS
.

V-

CALCULATE MASS CALLS
MATRIX INVERSE INV1*

Y
GENERATE TABLE CALLS

AE VS. TIME FELMOD

V
CALLS

INTERPOLATE FTHEXP,
'

.

FORCES FELM00,

V

URRE
YES

GREATER THAN PROB-

h LEM TIME
~ V '

TO
LCU TE y NO INCREMENT,'CALLE RETURN 4 M CHECK AE VS. TEMP TO TIMEF TO CALLER'l RESPONSES

SELECT NEW RESPONSE A
TIME INCREMENT

+
OETERMINE

'

STIFFNESS COEFFICIENT

REQUENCIE YES CALCULATEAND MODES DESIRED

(NRESP.NE.0) MODES AND

FREQUENCIES

1r NO*

<
. DETERMINE DAMPING N

COEFFICIENTS
'

i

T
CALCULATE TRANSIENT

RESPONSE-

TABLE 1 (Contd.) FRIDA FLOW CHART-

'
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V. Benchmark Problem

In order to estimate the accuracy of the numerical approximations

! in FRIDA, a benchmark problem was devised whereby sufficient simplifying
assumptions were made that the equation of motion could be solved -

analytically. In particular, the beam was assumed to be subjected to
'

an axially uniform step jump iri temperature at time zero with no damping
and no spring. Equation (10) reduces to

2 23 u' o
7 gau7= 0 (13)

3x at

| under these assumptions. The boundary conditions become

!

u(0,t) = 0

au(L,t) (14)T=
*

,

and the initial conditions become
~

-

u(x,0) 0=

|

. h (x.0) 0. (15)=

r

The solution of this problem is given as
|

u(x,t) = aTx~ 8a "g (-)(i-1) i
i"{cos

2 sin
2 2L (16)

i=1,3,5... iw

where T is the chaage in temperature of the beam.
.

The analytical solution for the displacement of the midpoint of the
,

beam is shown in Figure 2 and can be compared with the FRIDA solution

shown in Figure 3. The particular beam modeled was 3.76 m long, 1.22

12
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Fig. 2 Analytical solution for the displacement at the nidpoint of
the benchmark problem.
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Fig. 3 FRIDA solution for the displacement at the midpoint of the
benchmark problem.
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cm in diameter, and had a density of 10.42 g/cm . The temperature

jump was 1000 K from a reference of 572 K. The FRIDA model used

20 nodes. Both solutions predicted a frequency of about 280 Hz,
and the analytical solution had about an 8% greater maximum displace-
ment than the FRIDA solution at the midpoint. This is a reasonable
agreement between the two solutions. .

.
-

4

4

-
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VI. Sample Problem
,

RIA 1-2 is the second of five planned tests in the Reactivity

Initiated Accident (RIA) Test Series 1. It was performed in the Power

Burst Facility (PBF) which is operated by the Thermal Fuels Behavior -

Program at Idaho National Engineering Laboratory (INEL) as a part of
the Nuclear Regulatory Commission's (NRC) Reactor Safety Research

Program. The objectives of the RIA Series 1 tests are to determine the
thresholds, modes, and consequences of fuel rod failures under RIA
conditions as a function of energy deposition, irradiated history, and
fuel design. Test RIA 1-2 was canprised of four, individual, pre-
irradiated fuel rods, each surrounded by a separate fl.ow shroud. The
specific objectives of Test RIA 1-2 were to (a) characterize the
response of preirradiated fuel rods during an RIA event conducted at
BWR hot-start ccr.ditions for an axial peak pellet surface energy of
200 cal /g UO , and (b) evaluate the effect of internal rod pressure on

2

preirradiated fuel rod response during an RIA event.

.

The purpose of this FRIDA sample problem is to investigate the
mechanical response of the RIA 1-2 fuel rods. The temperature input to
the code was taken from a FRAP-T5 analysis of the RIA. The tempera-
tures were chosen as the hottest calculated fuel temperatures at each
axial node. Figure 4 shows the input temperature history as a dotted line
and the smoothed input as a solid line. The base data for the analysis
are listed in Table 2.

Figure 5 shows the axial acceleration of the rod midpoint as a
function of time. The frequency of vibration is about 1300 Hz. The
lowest natural frequency of the rod at the initial conditions is 1295
Hz so the rod is primarily vibrating in its first mode. Figure 6 shows
the axial displacement and Figure 7 the axial strain at the midpoint as*

functions of time. The axial load, Figure 8, is seen to have a maximum
.

value of approximately 178.N. However, the maximum axial load occurs at
the bottom of the rod and has a value of 215 N occurring at 0.0396

|

15
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rod midpoint.
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TABLE 2

RIA 1-2 FRIDA INPUT
-

-

.

Axial Nodes 10

I Ft.el Stack Length 86.69 cm-

Rod Outside Diameter 1.00 cm >

j
3

Fuel Density 10.30 g/cm

Cladding Thickness 0.08 cm'-

Cladding Length 95.97 cm
,

-5
Integration Time Step 1.0 x 10 seconds

! Damping Ratio 0.03

1

.
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'
.

seconds into the transient. Figure 9 shows the estimated cladding
hoop stress based on the assumption of a hydrostatic state of stress in

the fuel.

The maximum axial load is probably the most interesting result in
-

~

that it can be used as input to an analysis of the structural integrity
of the fuel rod support system. For an 8x8 BWR, 248 fuel rods would .

possibly experience the dynamic axial loads calculated above, cLasidering
only the four adjacent bundles. As many as 750 rods may actually be

affected. For the first case, a transient load of around 53,000 N is
thus exerted on the fuel rod support system. Such a load is certainly
significant and should be considered in a design analysis of the
system.

.
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VII. Limitations and Recommendations

Within the framework of the beam model, FRIDA adequately calculates

the dynamic structural response of beams subjected to arbitrary tempera-
ture histories. The temperature smoothing functicn, fjnite element .

'

formulation, and Runge-Kutta solution technique all contribute to a
numerically reasonable approximation to the continuum. The limitations

.

of the subcode are directly related to the accuracy of the model
assumptions and not the programing itself. Specifically, the tempera-
ture distribution in a fuel rod during an RIA has a decided radial
dependence, sometimes melting at the outer surface. An ir.put single value
of temperature at a given axial node may not adequately model.the rod
conditions. Furthermore, the input of the hottest temperature may not
be conservative since the decrease in Young's modulus with increase in

temperature may outweigh the increased thermal strain. Second, the
ef fact of the cladding on the dynamic response of the whole rod should
probably be included. Although the thermai exoansion coefficients of
the cladding and fuel are similar for like temper uures, the intense

.

heat generation in the fuel over such a short time (approximating

.
adiabatic heatup) should lead to vastly different actual thermal
expansions between the fuel and the cladding. Under such conditions
the assumption of no friction between the fuel and cladding does
not seem likely. Third, the cladding stress calculation is based on a
crude approximation. This approximation is probably only good for tne
same duration that the no friction assumption is not good. As soon as
any appreciable heat transfer has occurred, the cladding will likely
melt since the fuel contacting the cladding melted at the onset
of the RIA. Fourth, the damping in near molten fuel or highly fragmented
fuel is unknown. There is good reason to believe it is nonlinear
since fragmented fuel would probably withstand compressive wave
fronts but probably not withstand tensile ave fronts such as reflective"

waves might have. Thus, there is some justification for qualifying
.

the results of the FRIDA code in terms of fuel rod dynamic behavior.

However, for general applications where the assumptions are good,
the code can and does produce reasonable results.

21
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APPENDIX A
,

INPUT
1

'

1. Card 1: (1615)
'

'

Columns 1-5 NX: Number of nodes, .

6-10 NTEM: Number of nodes at which temperature

history is defined,
-

11-15 WRITE: Multiple of integration steps at which
printout is desired

16-20 IFSI: Units used (l=S.I., 0=lb., in, sec,)
21-25 NFl: Logical file number for accelerations,

velocities, displacements and times to
bewritten(eg.,8)

26-30 GF2: Logical file number for axial loads,
strains, strain-rates, cladding hoop
stress and times to be written (eg., 9)

-31 - 35 IPRNTl: For intermediate printout, (l=YES, 0=N0)

36-40 IPRNT2: For response printout, (l=YES, 0=N0) ,

41-45 NTABT: Interpolation control,

f
(0= Interna' generation of interpolation

time table).
(GT.0= Externally supplied table with

NTABT equal to the number of times

supplied).

2. . Card 2: (8E10.4)

Columns 1-10 RODR: Fuel outside radius,

11-20 RH0: Fuel density,

21-30 RODL: Fuel stack length,

31-40 TS: Start time of analysis,

41-50 TO: Integration time-step size,
'

51-60 .TE: End time for analysis, ,

61-70 CLADTi Cladding wall thickness.

'

3. Card-3: (8E10.4)

Columns- 1-10 SPRNG-K: Spring constant for plenum spring,

11-20 CLADAE: Average value of cladding AE,

24

.
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,

21-30 CLADL: Length of the cladding tube,

31-40 SFACT: Fraction of chanqe allowed in stiffness

before updating.

41-50 DFACT: Fraction of change allowed in damping
before updatinn. -

-

.

51-60 ZETA: Damping ratio.
.

4. Temperature input card set
Temperature is input as a matrix of values by axial location and time.
Two matrix indices and four temperatures are input per card.
First card. ( A6,I4,IS): Alphanumeric matrix name, total number of axial

locations, total number of times.
Next N cards (2I5,4E16.0): Axial index, time index, four temperatures

(K) (to time index +3).
-

Last card: Zeros in the first ten card columns.

5. Time history input card set

Time is input as a vector of values in a matrix format.
.

First card (A6,I4,I5): Alphanumeric matrix name,1, total number of
- times.

Next N cards (2IS,4E16.0): 1, time index, four time values in seconds
.

(to time index +3).,

Last card: Zeros in the first ten card columns.
.

6. Axial locations for temperature input card set
Axial location is input as a vector of values in a matrix format.
First card (A6,14,I5): Alphanumeric matrix name, total number of

locations, 1.

2 Next N cards (2IS,4E16.0): Axial index,1,four locations (distances)

(to index +3).
,

Last card: Zeros in the first ten columns.
.

7. Interpolation time step card input ,

If NTABT is greater than 0, include a card set similar to card set
5 with the desired interpolation time history.

|

|
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.

JNS3 hC B ,S TMF 6,T5 0 0.
ACCCUNT,3520.433"ECFCC,w35.
AsiaLH,iG3. *
LIBRAkY,1GS.

-F I LE .F I L P.PL, R T=U , BT=C , PkL= 32G. -

FTh(R=5)-

n L a l Nd ( INP UI 4
CCPYSaF.

7 R E hlN0 ( INPUT 3 -r

CCPY5oF. -

tXIE.
DPP(0,377006)
REh!NG(IhPull
CGPY5sF.

PROGkAc LALLER ( IN P UT ,du TP bI, I AP E5=l hP OI , I AP ct=uu l Pu l, I A P L b,4 A rt 9,
2 FILMPL, TAPE 10=FILMPL, TAP 215)

C
CCMMGh/LACMDL1/ MAXIE1.EFFLAGt25)

LLMMuh /PMTPnD / F I M E L T , F nc F u 5,C TP.L L T , CH EF u 5, LI n Ah b ,
s .CTRAhE,CTRAh2,FUELTA,3U . CDP.P
. CIMENSION TEFPh0(10,11, T EP.hCD ( 10 ) ,
i r e t i ni .x t in i .x n t sc i .c t io n . EPs ( 301. ASTRES (30 )
CINENSIUh TAeIEP(LC,1GO), TAoI(10,203, TInAh(20,1dJ,

1 TABTR(100,1GI, VTAT(20), VTAST(1003
CIMENSIGN XCC(303,AALCAD(30),EPSDCT(303,CHS(301,0F(303
01MENsILA It?c0). TValtl3002). XCEVAL(13002), xvAL(13002),

2 AAL V AL (13002 s , L Pt v aL( 13004 ) , ChsvAL(130024
GIMENSION PLVEC 1( 1003 , PL V EC2 (100 )

C
CATA Kk.KTEF. KTF. KTA. h TF /

1 30, 10, 10G, 20, 100/
DATA EPFLAG/25*3HOFF/.

C
r rat i !NC PRECRAM FOR SuhkOUTIhE FRICA

_

L '
* 999 R E A0 ( 5,11013 h X , N TE M ,lo wR I T E ,1F S I , h F1,hF2 , IPR NT 1, I P RN T2,f.T A 6T

READ (5,1102) RUDk, RHO,RGOL,TS,TC.TE,CLADT
1000 R EAC ($.1102i SPRNGM.CLACAE CLADL.SFACT,CFACT. ZETA
11ut F Lar. A l (Aulb)

'1102 FORr.AT (dE10.4)
C

_

FTMELT = 3113.15
CLnP = 0.L ,_

CALL MCLESG (2,C)
C ,

CC 10 1-1,KIce 1

CO 10 J=1,KIF -
T AB T EP. ( 1, J ) C.0=

IC TABTR(J.Il = C.C
CL 12 A=1,KTEP
CC 12 J-1,KTA
T AbT & l,J) C.C=

12 T T R A h_ ( J . I ) C.0=

EL is l=i,KTA
0.0 |' 14 VTA1(1) =

CG 1e !=1,KTF
..

PL4ECl(!) C.0=

PLvcL& 414 G.0=

1- V T A S ,T L I ) 0.0=
,

.
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.

C TEM TactCALL EEA0 (TAET,NRTT,NCTT,KTEM,KTA)
L *

CC 17 I= 1,hCTT
17 PLVECl(I) = TAdT(NX/2,1) -

-

C
GL Lo A = i , r.F i i
CO 18 J=1,hCTT '

16 TTRAh(J,I) = TABT(I,J) .

CD 22 I=1.KTEP
UL 24 J=LehTA

0.022 TA6T(I,J) =
CALL READ (TAbT,hKT,hCT,KTEM,KTA) TIME TA.
CC 24 I=1.hCT

I A e T ( t4K T ,1 )24 WIAT(I) =
TEMP.?4 .CALL REAC ( TE P P hD , hR h0, N C hD , KTE M ,1)

C '

TF i NTinT _CT. Of CC Tn 77
C
C IhTERPCLATE Tbr VALUES OF'TEMPRATUkE FRGM KTA TO NTF NUMoER OF.
C T IME Pb i hT S. ( hTF = 100,F IXE0 3
r

AhTF = (hTF-13
C

VTAT(1)WTABT(1) =
#VTATfNrT) _ VTATfill / A hTFvrrt =

CC 26 I=2,hTF
iTAbT(I-1) + VCEL26 VTABI(I) =

C
-7 r g_ T t ._ i r

IF i NTAal .GT.C) NTF = NTA6T
IF (NTA6T .GT. OJ CALL READ ( VT ABT,hT F 1,NRT 1,1, KTF) TIME tat

C
.

f i f_ !_ _C!Tr tVTAT mffT ART #4TARTfh_MTa37

CALL mRITE IVTAbi,hTF.hRT,chTAnTOT,KTF)
CALL hkITE (TTRAh,hCTT,NRTT,6HTBTEMT,KTA)

C ,

* - f il t TLDD' f VT A T VT LR T _ TT E Ah. TA RT Q. AT TT. h TF .N RT T .t T A .KT F 1
C

CG 26 I=1,NTF '

I TL4TDff f)'o n M t

C ALL aE ITE (TABIEM,hRTT,hTF,6HTABIEM,KTEM) -

C ___

c __

C TEMPERATURE PLOT SECT 10N.
C

-00 30 1= 1,NTF
m T A D T r p i k i / 7 _' ? 17' prVEr' sit

L CALL XMAXM t hTF,PLVEC2,Y P AX,YMI N,NMAX ,hMIh)
CALL Sb6JEG ( 2,% T AT ( 1) , Y r lt., VT AT ( hCT T ), YM Ax !
r ai_ e_ cc_ tour a 7 _ e. _ v r A T _ o f s r e i ,14.14Hr r m s e s p r n kr. s i .

* 31,31HILMPERATbRE AT 1:00 MIDDLE (,K) ,
* 31,31HRIA TEMPERATURE HISTORY (IhPUT) ),

C AL, L SETSMG (2,31,2.01.

r2_ r l ur t e. t7_nrTT_vTAT_psvrcil

CALL SET 5MG (Z,31,0.0)
C ALL LIht SG (Z,hTF,VTABT,PLVEC2)

'

.

e

1

,

.

28 _
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.

CALL PAGEG (I,0,0,1)
C_ __- - -- _ _ _ _ -

b
CC 100 I=1,NIEM

T E MP hD ( 1,1-)1su TEMhCG(Is -=
*

0.0L(11* =

uL 12w a=2,hien
C(I) 0.0=

T En hCD ( I-11 ) *7 15 0 C(I) L(1-1) + (TEMh00(I) -=
+ FTHExP ( T AATEm( 1-1,1),0.011/2.* (FThEXPfTAsTEM(1,1),0.C)

hiai = h e c r. - 1
RCCL / hXSPAh =

CG 155 I-1.hX
I 4 SPANP =

ut Ana a=A,narA

IF (P .GE. TErhCD(J) .ANC. P.LT. TEMhCC ( J+111 60 TO 152
GC TO 153

152 L = J
uu av A;9

L93 CChTIhbE
154 FACT = ( P-T E M N CC ( L ) 1/ ( T E M h 0C ( L + 1 )-T E r$ hGD ( L ) )

G(L1)L55 X(I) = u(L) + FACT * (Q (L +1) -

GL 100 A=1,hx
160 A0(I) = 0.0 _

CALL = RITE ( x ,t.x ,1,6HX IN IT L,KX)
C CC 30C I=1,hTEF

0.333 * nuunL jug x r. ( 1 ) *=

CALL mRITE (TEMh00,NTEM,1,6hTEMNCC,KTEn)
CALL =EITE ( VT AE T ,hTF ,hRT ,$hV T AB T,KTF )
CALL Fk IC A ( T AB T EM , b T A8T , T EMh00, R M, x, XD ,E PS , A ST RE S, RODR ,RCUL RHC,

i SPxt.un , LL AU AL , LL Aut, LLAu i ,dr AL1, ur Ac t ,4 e 6 *,4 ),

. 2 T L, T t ,NX, t.T E F ,hT F , IF 51, IP RN T 1, I P R hT2,Nn R I TE , NF 1,hF Z )
PIG = AX/2
CC 400 f.TIFE=1,3
n e w l ha Nr i
REnINC hf2

C -

c .

hGTP = (IE - IS) / IL
hbp = t.CTP / 13000 .

*

C .

c______
n=u

440 READ (t.F13 T , t AXLOA. O(I), A ST RE S(I ),EPS (I) ,EP S00T. ( I), CHS( II ,I=1 hx)
g

IF (frF(NF111 11.9
9 C0hilh0i

C *

RE AD (hF2) T x , ( CF ( J ) , J= 1, NX ) ,( XD C ( I ) ,xD ( I) , X ( I) ,1 =1, NX I
r - - --- -

C j

C MGDIFICATIONS TO PLCT ' 13CCC POINTS CR LESS OVER ThE TOT AL TIME. I

I
C

!C f ?.n D _ T r_ _ ni r. O TF 7

C' 1,NCPDG $ h1 =

READ thFil DUMP 1, ((CUMP2,0bMP3,CLMP4,0 UMP 5,0 UMP 6), I = 1, Nh )
,

C
~

|IF (EUF(NFil) 11,5
'

.
,

.

f

.

|
'
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.
.

1,
> READ thF2) D u r.P 1, ((CUMP21, J=1 hXI, ((CUMP3,0 UMP', LUMP 5),I=1,hX3

1 C0hTINUL
C

-

C ~ -

IF (T .AF. TX1 CD T f: *99
-

.

r = ne s
IF thTIME .EC. Il GC TG 4Cl
IF ( hT I ME .EC. 2) GU TO 402_*

IF (hTIME .EC. 31 GO TO AC3*

9u L L=L
GC'TC 40%

MIC4d2 L =
6C TC sus

9ua L= tA
C

T904 TbAL(M) =

XCCILIDCDVALIMI =
= ALLbA%ALinh

AXLCA0(L)AXLVAL(M) =

EPS(L3Er5 VAL (M) =

CPSIL)CFSVAttM) =

IF (I .LI. IL) 60 10 90u
Li C Uh T It.u k

h6 = M
C
g --

mkITE to,1103) AGP , r.0
1L03 FCkMAT (Ih1 25(/) 30x

1 *huMbER OF INTERVAL' POINTS =*,IS,/

4 auA +hb. Le rulh6) oven suiAL ntdrun3t A i, t4%n ruu6 =.,434
--

C-
C

IF ( N T I F.E .EC. If GC TO 41i
it t h e a .'.L .cw. cJ uu su sir

* IF thTIMc .EC. 33 GG TO 413 --

CC TC Abn
C

wa . LuJ.41 hut
CALL AMAXM ( f 4 C , XCCV AL , Y M A X ,Y M I N, h EAX ,h MI N 3
CALL SonJEG ( 2 , T S , Y M if,, T E , YM A x )
CALL GRAdhG (2, 0 TVAL,XCObAL,14,14HTIME_(SECONCS2,

Jo,2cnALLcLtnA4Aun As nuu c v s a u r. 6Aa/acL*+42,
*

* 42,42NFUEL ROD RESPONSE TO RIA THERMAL TRAhSIENT 1
CALL LIhESG (2,NO,IVAL,xDCVALI
CALL PAGEG(i,C,C,1)

.

LALL A E m A T. t it L , AVAL,TMAA,TMLAshr.AA,hnihd ,

CALL SUEJEG ( 2, T S ,Y Mi r4, T E , Y M A x) -
CALL GkAPnG (2, 0, TV AL ,. X V AL ,14,14HTIME (SECONDSI,

* 31, 31hD I S P L A C EMEh T AT R U D B U T T C P. (IH) ,
___ _

+ sc,94nr.utt nuo Atarchac su nAA anennAL a na n2 4 c. a .
C ALL LIhE SG (2,hC,TVAL, XvALI
CALL PAGEG(Z,V,0,il

CALL XPAxn ( NG , AXL V AL , Y M A X , Y M I N, hr.AX , hM Ih )
LALL hLcJcb ( 4 , 4 ) , T f.14, 4 c , T M A A d
C ALL GR APNG (Z, 0,TVAL,AXLVAL,14,14HTIME (SEC0hDSl ,

*

* 30,30hAXI AL LGAu AT BOTTOM (LaS) ,

* 42,42HFULL RCD RESPCNSE TG RIA THERMAL TRANSIENT 1
LALL LAhtsu tz,hL,4 vel 3Astvate
CALL PAGEG(2,C,0,11

.

|

A
_
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.

CALL XeAXM (hD,EPSVAL,YMAX,YMIN,NEAX,hMIN)
CALL 50cJEC ( Z , T S , t M I N , T E , Y P. A x l

' ' ~

GALL GkAPMG (4, 0,ie-L,tr>~ SAL,14,14hilnc t ac cue.v > J ,
* 34,34HAXIAL STRAIN AT kC6 bCTTOM (Ih/IN) ,-

* 4C,42HFUEL RCD RESPCNSE TO RIA THERMAL TRANSIENT I
.

C ALL L INE SG (I,hC,TWAL,EPS%AL)
_

LaLL PaulGti,G,0,is
CALL XMAAM (NU,CHSVAL,YMAX,YMIN,NEAX,hMIN)
CALL SUBJEG (2,TS,YMIh,TE,YMAX)*

, CALL GkAPHG (Z, 0,TbAL,CHSVAL,14,14HTIME ( S EC 01. US 3 ,
_

46,40htLacuibb hube dikts) Aa nbu ousnun tr>ad ,-

* 42,42HFudL ROD RESPONSE TC RIA THERMAL T R ANS IE N T )
CALL LIhdSC (2,hD,TVAL,CHSb4L)
CALL PAGEG(i,0,0,1)

GL Tu *ev
414 CGATIh0E

CALL XMAXM (hC,700 VAL,YMAX,YMIh,hMAX,NMIhl
CALL SU6JEG tZ.TS,YMIN,TE,YMAX)
CALL okAPnG ti, 0,1,AL,AubvAL,14,ishl1Mt t i t uuteu ) J ,

* 30,36HACCELEkATION AT ROL MIDDLE ( I N/ SE C* * 2 ) ,
* 42,42HFucL RCC RESPCNSE 10 RIA THERMAL TRAhSIENI 1

~

CALL tins 5G (Z,NC.TVAL.XCCVAL)
LALL PAGEbtl,G,G,1)

CALL XNAAM (NC, XVAL,YMAX,YMIN,NMAX,NMIh)

CALL SucJEC ( Z , T S ,',. d I r. , T E , Y M A X )IVAL,14,14HTIME (SECChDS)(1, 0 TNAL, ,CALL GRAPNG
* JL,Jihui3PLAccntNI AI kuu-716Uct LINA ,
* AZ,42HFUEL ROL RESPCNSE TO RIA THERMAL TAANSIENT 3
CALL LIhtSG (2,NO,TVAL, XVuL)
CALL PAGEG(/,0,0,18

LALL XPAAM (hu,AXLVAL,YM4A,TMlh,hEAA,hMihJ
CALL SUcJE0 (2,TS,YMIt,TE,YMAX) .

CALL GhAPNG (Z, 0,TVAL,AXLVAL,14,14HTIME (SECONDS) ,
* 30,30HAXIAL LC AD AT RCC MIGULE (LES) ,

- * *ce64hFbtL kbb nthpLhbt IL kiA thtnnAL 1A-h)&the 3
CALL LINESG (2,NC,TVAL.ANLVAL)
CALL PAGEG(2,C,C,1)
C AL L AMAAM (NC,EPSVAL,YMAX,YMIN,NMAX,hMIh)
LALL SUcJcb 44,4),Tnth,#t,IAAAJ
CALL GAAPNG (I, 0,T b AL, E P SV AL,14,14 HT IME (SEC0hCS) ,

* 34,34HAXIAL STRAIh AT RCD MIDDLE (IN/IN) ,
* *2,42HFUEL RLD RESPONSE TO RIA T HE RM A L TRAhSIENT I
LALL uintab <t,hu,6 VAL,tr>v-La
CALL PAGEG(2,0,0,1)

CALL XMAXM (NL,CMSVAL,YMAX,YMIN,hMAX,NMIh)
CALL SUtJEG ( 2, TS,Y MI N, T E ,YM AX I

~

LALL uAAPhG tt, 0,4 VAL,ths,AL,14,isesint tsttuhusa,
* 4C,40HCLACCIhG HOOP STRESS AT RGG MIDDLE (PSI) ,

'* 42,42HFUEL ROD RESP 0 HSE TO RIA THERMAL TRAhSIENT )
C ALL LINE SC ( 2,NO TVAL.CHSb AL )
LAun vAutbti,c,U,a4

GC TC 460
4L3 CCNTIhbE

CALL XPAXM (AC,XDDVAL,YMAX,YMIN,NEAX,hMIh)
LALL stoJcb ( A ,13 , T r i h , I t , T T. A A J

,

CALL GRAPHG (2, 0,T V AL,XGDV AL ,14,14HT IME (SECONDS) ,
5 * 36,3cHACCELERATIOh AT RCD TCP (Ih/SEC**23 . ,

* 42,42HFUEL RCO RESPONSE TC RIA THERMAL TRANSIENT I
LALL Lahndu t i ,hb ,1 * Ac , A cu v L a

- CALL PAGEG(1,0,0 1)

5

.

*
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C ALL XM AAM (h0, XV AL ,Y M A X,Y MI N , NMA X ,h M I h )
CALL SLEJEG ( 1,7 3,Yrth,TE,YMAXI
LALL uhAthy (A, uitDAL, Ab aL ,19,1 % n a A nt L>cLwav2d ,

* 31,31HDISPLACEMENT AT RGO TOP (1h) ,'

* 42,42HFUELRCC RESPCNSE TC RIA THE R MA L TRAh51ENT 3
-

C ALL L I NE 5G. ( 2,hC, T V AL, . XVAL)
LALL Paututt,U,U,13

CALL XMAXM (NG,AXLVAL,YMAX,YMIh,hMAX,hMih)
_ CALL SLbJEG ( 2 , T S , Y N I N , T E , Y r. A X )

CALL GRAPHG ( 2, 0 TV AL , A ALV AL ,14,14HT I FF (SECCh053 ,

* Ju,3OhAA1AL LUAV AI IUP (LodJ ,

42,42hFUEL ROU RESPCh5E TO RIA' THERMAL TRANSIENT I*
.

(2,NO,TVAL,AXLYAL)C ALL LIhE SG
CALL PAGEG(2,0,C 11

CALL AMAAM ( hG,E P 5V AL, Y M A X, YMih , NPA A s hnih n
CALL SutJEG ( Z ,T S ,Y r.I N, T E , Y M A A )
CALL GRAPhG .( Z , 0,T V AL ,E P SV AL ,14,14HT I F.E (SECONDS; ,

* 34.34HAx1AL STRAIA AT RCD TOP (IN/INI ,

* 42,*ZhFUEL RLu Rc;P0h5L IG n la 3henMAL i n A h h ic i, 6 3
CALL LINE5G (Z,hC,TVAL,EPSVAL)
CALL PAGEL(Z,C,0,Il

rai s vrava fNr.r9svan.YMAX.YMIh.NPAX.hMIN)
-

CALA SLbJEG ( 2, T S , Y M L N , T E , Y P. Ax l
CALL GRAPhG (2, 0,TV AL ,CHS V AL,14,14HTI ME ( SECOND S ) ,

* 40,40HCLACGING HOOP ST RESS AT RUC TCP (PSI) ,

* 4?.4?HFtFI Rfm R F sPnt SF TO RIA THFRMAL TR ANSIEN T I '

CALL LINESG (2,NC,TVAL,CH5bAL)
CALL PAGEG4Z,0,G,1)

4o0 CONT 1hbE
rD Tr Enn?

499 wkITE (6,40991
4099 FORMAT (1hl,///1CX,*TX .hE. T hhEh READING FRGM FRICA TAPE 5* 1

50GC CONTInbE
r*t1 F1TTr t 71-

EhD *

SLBROUT: 4E E IGEN ( A ,V AL, V EC ,NIN, FOC IN KR )
CIMENSILA AIKR,11, VAL (L), VEC(KR,13

(VEC) * (vAtl.C -C AL CUL A TES E I GENV ALUES/ E IGENVEC TORS 0F (Al*(VEC1 =

C JACGb1 METHCD.
C THE MATRIX A ShCULO BE REAL AhD SYMMETRIC. UPPE R TRI ANGULAR HALF
c - - I S "S E E -
C --AFGUMchTS. - *DESTRLYE0*INPUT MATRIX TC 6E DIAGONALIZED.C A =

'C-- VAL = GUTPUT VECTOR CF EIGENVALUES. SIZEth).
f_' tit Pt?T *ATLTV FF f i c F N k ir T r k' S _ Ef?FfN.N1_

r - -- - = VfC w

INPUT Ab5(NIhl=h 15 THE SIZE CF MATRICE'a A , i E C , A P.0C -- NIN =

C VECTGR VAL. IF hlh 15 NEGATIVE, INITIAL VEC MATRIX IS-
C ASSUP.ED TO eE SUPPLIED TERCUGh ARGUMENT.
F fnrfN s I NPr1T C I N Al nGF f l a C O N 11 V 11 U F FOR EIACONAL17FD A.

C IF FCDIN .LE. 0.C, FG0=TRACL(A)*LO**-15 n1LL tE USEL.
IhPUT R0h 01MEh510h 0F A AhC VEC Ih CALLING PRGGRAM.C KR =

C
A s TAPRfAINt
IF (hlh .LT. 01 GC IC 10

C SET INITIAL VEC MATRIX TC Uh1TY.'

00 6 I=1,N
.

nr 5 3=1.A
0.05 VEC(1,J) =

1. C . .: VEC(1,1) =

G

6-

.

8
* .
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,

.

.

C
'O IF th .LC. 13 GO TG 60

c
C-----LCC AT E LARGE S T OF F01 AGON AL ELEME N T OF A.

. 'C -(CALCULATE TxACE OF A F0k COMPARISIC). -

T e. AC E 0.0=.

inacan = -oatest,4aa

hM1 = h - 1
.

CO 19 1=1,hMt*

TRACE + A(I,1)TRACE =

Ari = A+A
DO 15 J=iPL,h

i5 IF (ABS (A(1,JI) .GT. THRESH 1 THRESH = AcS(A(1,J))
TRACE + A(N,h)TkACE =

rub = cou.n
T R A CE * 1.0 E- 15IF (FOL1h .LE. 0.03 F00 =

IF (THRcSH .LE. F001 60 TO 60
-

*

C
6= LocA4Abb.

20 THRESH = THRESH /10.0
IF ( ThEE Sh .LT. F001 THRESH = F00

1' i lkiUG = 0
LL *i IP=1,hML
IPM1 = IP-L "

IPP1 = IP+1
CC 40 JP=IPP1,b
IF (AuS(A(IP,JPil .LI. I h n t ?)M) GL iu 44
1RE00 = 1

C --CALCULATE ROTATICN VALUES.
a( JP , J P lAt19.lP)CEL = -

5%KT (ULL**Z + 4.O*A(IP,JP)**2)RAU =

IF (CEL .LT. G.0) RAL = -RAL
(2.0 * A(IP,JP))/ (CEL + RAC)TN = .

1.C /SCRT (1.0 + TN**21 _ _ _CS =

Th * LSSN =
- C --CIAGGhALI2E NATRIX (A).

JP-1JPM1 =

JPPI JP+1=

IF (LP .cJ. 13 GO TG 33
DO 32 1=1,1PM1

A(1,IPl*CS + A(1,JP)*SAA11P =

-a f f . I P l * T P. + A(1.JPl*C%, _ aff.JPl =
A11PJ2 A ( 1, IP ) =

33 IF (IPP1 .EC. JP) CD TO 35 -

CC 34 !=IPPL,JPM1 *

117 f = LifP.I1*r9 + i f f . J P l * S t.
A(1,JP)*CS-A(IP,1)*Sh +. A ( 1, JP ) =

A I P.I3% A ( I P ,1 ) =

35 IF (JP .EC. h) GO TO 37
' nr 1A ImJPPl.A

A(IP,1)*C5 + A(JP,1)*ShAIP1 =
- A( IP ,II*Sh + A(JP,1)*CSA(JP,1) =

AIPI3e A(IP,1) =
- sare_rDi17 ira;a

A(JP,JP)AJPJP -=

'CS2 = CS**2'

Sh2 = 5:. * * 2
e ' F e AfrD.fDitCN*FM /* Agr

AIPIP * CSZ + ASC + A JPJP * Sh2A(IP,IP) =
AIPIP * Sh2 - ASC + AJP;P * CS2A(JP,JP) =

.

F

?
'

.

i 33
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.

A(IP,JPa = 0.C
C ---C A L C ui A T F FIGENVECTCES.

CL 3o I=1,N
VEC(1,IP)*CS + VEC(I,JPl*Sh

.VECIIP = VEC(I,JP)*CS _VEC(I,JPs = -vEC(1,IP)*SN +
VECIIP16 VEC(I.IP) =

wu CChTInte
nl CChTIhGE

IF (IRECO .EC. 1) GC TO 22 -

IF (THRESH .GT. FOUI GO TC 20
L
C -ASSEMBLE DIALChAL ;RGM A INTC VAL (EIGEhvALUES).'

60 CC el I=1,h
A(I,Ilol VAL (Il =

L -

RETURh
EhD ( T AETE M , VT A6T, T E NN00,RM , X, XD ,E PS ,A STRE S , RUDR ,SUBROUTINE FR IDANULL,nnu,5vkhvA CLAuAc,LmAuc,LLAbs,2FAL4,vrAL.,4taA,42,

T C , T E , NX , hT EM,hTF , I F S I , I P RNT L , IPRhT2, hnR I T E ,NF IL E1,NF ILE2)i

2
C FT MELT FHEFUS,CTMELT,CHEFUS, CTR AN6,CCMMGh /PHYPRC /

LIKAnc,LinAht,PucLIA,cb , cu Mr.
a

.

C
CIMENSICN A(3C,30), E(3C,30), C(30,30), CF(30), PF(30),cL(30),

1
T ADT E M t 10,100 ) , T A B T( 3 0,100 3 TE MP ( 3 0,100) , /T A B T ( 100 ) ,
IAcActAu,iova, 6AuctJu,luus, u r. a 3 3 t i , * J , vactiussi,
XOO(3C),AO(30),X(30),AXLCAC(30),EPS(30),EPSDOT(30),4

3 CAC2(30), XD C ( 3C ) , XO(30), ASTRES(30),DAEl(30), '
4 >0DMAX(3>),xDOFIh(30),XCMAX(30),xDMIh(30),XMAX(30),5 A M I N 4 J u l , l o u.T A x t d u J , 4 u b e.i h t a v a , t A u r. A A t a v a s s A u n u. t Ju e ,

T XM AX t 30 ),T AMIN (30), AXMAX t 30) , AXMIN( 30) ,E M AX ( 30 ),o
7 EMIN(303,ECMAXt30),EDMIh(30),TAXMAX(30),TAXMIN(30),

-

TEr AX( 30 3,T E MIN (30 ),TE DP AX( 30 ),TED MIN (30) , RMELT(30),e
9

1 A>MAAtJol, A>Mihta0J, iAdMAatJua, 4AJMihtava,
2 CH S r. AX t 30 ) , CHSMIh(30), TCHMAXt30), T CH MI h( 30 ) , .

3 CHS(3Cl, RM(10), TEMh0C(10)'

O AT A NIT,hGT / 56 /
uATA ALPP, KX,KTcN, nIF/

* 60, 3C, 10, 100/ .

00/CATA FCTNTL,FCGMP / 2.0 ,
C
c * * .* * * * * * * * * * * * , * * e, , , e + +

C
C *** *** *** _ *** *** *** *** FRIDA *** *** *** *** *** * * * * * *
C
C CISCRETE r.LDet RESP 0 HSE ROUTIhc 10 SCLkt Inc PROcLEM UF FutL Rtav livil Y
C INSERTIch DYNAMIC ANALYSIS (FRIDA)... MASS-SPRING DISCRETE SYSTEM FORCh0
C EY THERMAL FORCES, wHIch, IN TURh, CERIVE F ROM' INPUT NGDAL TEMPERATLAE
F TIMF HISTCi!FS R F SUt_T I NC CRCF A REACTIVITY IhSERTICN ACCIDENT (RIA).
C
C ThE ANALYSIS IS STRICTLY A LINcAR GhE.
e TH't VfRRTrN OC FCTCA ttSFS ?fGD Y t1 T T T A1 n T SPt ACF MFNTS Ahn CCERFSP ChL ING
C

ZEk0 INITIAL FGRCES. THE TRANSIEhI SOLUTICN IS Ih TERM 5 CF RtLATIVt
DISPLACEMEhTS WHICH ARE ThEh LINEARLY AUCED TO THE ACTUAL I N IT IA L

C
' C

C DISPLACEMENTS TC GET THE TOTAL DIPLACEMEhT - TIME HISTORIES.
T THE RTIGCAPSR MATRTY f9 Mr.nTF1&O AFTFE AN TNPUT FRACTIGNAL CHANCF TAKFS
C PLACE IN STIFFhESS PRCPERTIES.

.

'

C .

w. - -
,

5

.

|

I

'
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C ***** CCDEC cY J. h. SINGH *****
c ***** Anv_ 1979 ******
C
C
C * * * * * * * * * * * * * * * * * _* * * * * *
r.

C FAIDA CALLS ThE FULL 0nING SLekOUTINtS...lbvl, MA55, MutI6,
_ C STIFF, TR1, TERP2, nRITE

C

{ _ FRTOA CM i S ThF FC!IOhINC MATPRO kOUTINES...FTHEXP, FELMCG*

c
C * * * * * * * * * * * * * * * * * * * * * * *

h
C ***** . NOTE LN IhPUT Lh1TS *****
C ***** *****
C ***** VARIAELES ARE IhPUT IN SI UNITS *****
c ***** Lv *****
L ***** Ih Uh1I5 0F Lo 5- I NCh t s- 5 c CU b u 5 *****
C' ***** uuT' *****
C ***** TEMPERATURE IS AL'AYS Ih KELVIN *****n ,

'
C
C- StonGUTIhE ARGLMEhT5 tihPUT)
C
C TAbT = FIRST--MATRIX OF NOCAL TEMPERATURES...EACH CCLUMN
C FEPRESENTING NUCAL TEMPERATURES FCR A DISCRETE TIME.....EACH
C KLa ncPktSchTING A 5tnich Ur I CMPen A IUF L5 (chduhULUbiLALJ
C FGR GNE ACDE Ch A RCO.
C SIZE (NTEr hCTT(MAX.203). (CEGREES . KELVIN)
C **NUTE** THIS TE MP . SHCULO BE SUCH THAT IT GIVES A FUEL AE

AL'bb5 Iht FutL Lnca h->cL i iufsAL AnLA.C A V e r. A b t b K

SECGhD--VECiCR GF TIFES CORRESPONDING TG TEMPERATURES InC =

C TAbtE CF TcMPERATURES SIZE (1,hCTT).
VECTOR CF NCDE LOCATIONS ALONG RGD AXIS AT hMICh TEMPERATUREC TEMNCO =

L h15ILAlc5 .nc lhPUI. 5 Lie t h i t r. J . .

- C * * * F IRST NOUE SHCULD COIhCIDE nITH BCTTOM OF RGD * * *
C * * * LAST NGCE SHCULD CGIhCIDE h1Th TOP DF RGD C * *
C

,,,,,,,,,,,,,,,,,,,
L,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,IME PTS.C NGTE= ThE SUPPLIED TEMPERATLkES ( A M AX. GF 20 T PER NOCE)
C -I S D i AP A R ABOL.IC ALLY INTERPOLATEC TO 100 TIME PT5. PER hCCE
C TO MAKE IT SMOOTHER.
u,,,,,,,,,,,,,,,,,<,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,e.e ,,,,,,e.ee;,e
C

-

C ROGR = FLEL OUTSICE RADIUS.
FLEL STACK LENGTH.C ROCL =

PLcL uthba&T.L nhb =

PLENUM SPRING, SPRING CCNSTAhT.C SPRhGK =

AbERAGE VALUE OVEk LEAGTH ANC TIME OF CLADCIhG AE.C CLADAE =

LEhGTH OF CLADCING TUBE.C CLADL =

LLAub1hu >ALL 4MLLKht>>.L LLAuf =

C SF ACT = FR ACTICh CF CHAhGE ALLO *ED Ih RCD AE BEFORE STIFFNESS AND
C DAMPING ARE MCLIFIED AND A NEn INTE GkAT ION INTERVAL IS STAFTED.
C ( C.G .LT. SFACT .LE. 1.0 3.. RLCCNMENDEC VALUE OF .1 TG .25._
L UPALI = Arucht eT nhiLh uANetnu PALALn As inuntAsto in tAsn Aasconenaua

-

C IhTERVAL CVER kHICH STIFF. AND OAMPING MATRICES ARE RECALCbtATED.,

C ZET A = Ct;1TICAL DAMPING FACTOR USEC'IN CONSTRUCTING DAMPING MATRI).
C THE SAME VALUE IS USED FGR EACH VIBRATORY MODE.*

36AnaAhv itre P L t. An-Lidia. -u id a

C TD= IhTEGRATICN TIMc STEP SIZE.
.

d
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0.C, IF IT IS TG aE CALCULATED I NTE RN ALL Y.C =

FIhAL TIFE FOR ANALYSI5.C TE =

NLMocn LP huuch tubFJ rbK xtdinAlato ubnLAlburnAL xbu ar34cn.L NA =

C ** MUST EE .GE. 2 ANL LESS THAN OR EUVAL TC 29 **

NUM.aER CF hCDES AT =HICh TEPPERATURE HISTORIES ARE DEFINEL.C NTEM =

NUMuEk CF CISCRETE TIMES IN TEMPERATURE HISTORY MATRICES T AETE MC NTF =
-

L Ahb IAcl.tFIAcv At 100J.
. C IFS I = 1, SI UNITS USEL.

0,2,3, ETC, UNITS ARE LB-IN-SEC WITH TEMPERATURE IN DEGRE ES K.
C =

= 1. IF PPihTGUT CF MATRICES CF S T IF Fh ES S , D A MP I NG, M A S S , TEM P E R A TURE ,C IPRNT1
C FLACtS,IIML5,ETC IS LESIntd.

G, IF NC PRINT OF T H IS INFORFATICN IS DESIREG. -

C =

C IPRNTZ = 1, IF PRINTCUT CF RCC kESPCNSE IS CESIREC EVERY h* RITE * TC.'

f = b. !F Nr PRINT PF TE!S I NF D P F AT I CN IS' DESIRED.
L haRITE = MLLTIPLE OF IhTtGRATION SIcPS TU PRIhT CUT.

1,. PRINT E VE RY STEP (0,1,2,...)C =
'

2, PRINT EVERY SECChD STEP (0,2,4,...)C =

C FTC. FTC.
LGGICAL STCRAGb UhlI Oh ah 1 Ch F CKCE S, ACCELex A TI CNS, ' ELOC I I IES,vC AF L =

C DISPLACEFENTS, Ah3 CCkRESPGhCIhG TIMES ARE aRITTEh. THIS UNIT
C IS aRITTEN IN THE FGLLG~aING FAShf0h...
F e _2YTF fP.E Y! Ett T.f&f 11. 131. N Y 1. f i CH f f l . > n i f ) . X ( I ) . I = 1. F. y } *

F0kCE AT J-Th NGuc.C AhD hHERE I= TIME, AND F(J) =

LUGICAL STORAGE UNIT Ch aHICH AXIAL LOACS, STRAINS, S T RA I N - AI E S ,C NF2 =

C AhD CLAD HOCP STRESS. AND THE CCRRESPGNCING TIMES ARE hRITTEh.
F Tb TS ttNT T TS WRITT?N Th THC FOt t O' ihC FASHION ...

C * mx!TE .t hF ILE 2 ) T ,( AXLU AD ( 1 ) , AS I R Ea ( I ), E PS ( I ) ,E P 500 T ( I ),CH S ( I),1 = 1, N A J
G , IMPLIES 1GG ECUAL T I M E-P O I!.T S ( BETaEEh START TIMEC STA6T =

C AhD EhD TIME CF TEMPERATURE TABLE) TO sE USED FGR
r TNTF2PCf "T!CN_

GT.G,. IMPLIES NTAoi NC. CF TIME PGIhTS IS TO BE READ IN.C =

C. THESE ARE THE TIME PG I ATS AT hMICH TEMPERATURE IS
C TG BE INTERPCLATED. SIZE (1 X hTAeT)
r

C
C SUERCUTINE ARGCMENTS (CUTPUT, IhPU T AND GuTPUT) -

ALL INTERNALC -

C
IS. 5IZE (NA).C x= IhPui IhlTIAL CISPLACEMENT AT T =

GLTPUT FIh AL DISPLACEMEhT AT T = TE. SIZE (NX).C =

INPUT INITIAL VELOCITY AT T = T S. SIZE thX).C XD =
TE. SIZE (NX).Ct:T9HT F I N A t_ VELCCITY AT T =C =

vtLTux GF MLLI KAull CGnkESPChu1Nu IC AAIAL huut5. 514e (httM).
C xM =

TE. SIZE (NA).C c P S = GU TP UT NGCAL AXIAL STRAINS'AT T =

GLTPUT hCCAL AXIAL (MGLTEN FYDRGSTATIC) STRES5 AT T = TE.C ASTRES =

f sII (Ny1. *** NEG AT IVE VALUES AR E COMPR ES SI VE STRESS ***

C
C
C * * * * * * * * * * * * * * * * * * * * * * *

C

C
'

&u EnluA...L P k l u n A P. VAhlAdLth ihtenhAL

C A= MASS MATRIX FOR FUEL.
SM ALLE ST DI AGCNAL ELEMENT OF MASS MATRIX.C A MI h =

= Axial (HYLRC15Ixt55, LALLvLAltu Al tALM Ihico. 24tr. SAcc i na J .C A5inES
,

C *** hEGATIVE VALUES ARE COMPRESSIVE STRESS ***
| r
|

C AXLGAC = AXIAL INTERhAL LGAC, CALCULATEC AT EACH INTEG. STEP. SIZE (hX).
! C' *** NEG AT IVE V ALUES ARE COMERESSIVE LCAD ****

| t e = LAMv1NG MAIxix Fun Fuct.
C C = STIFFNESS MATRIX.

;

-
1D

.
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C CHS = AX1AL ACCE CLACCING hCCP STRESS AP P R Cx 1 M AT 10h, CALCULATED AT EACh
C I h Tt G R AT I Ct. STEP. **** hEGATIVE VALUES m/0 MEANING ****+++-rus i 4 a vt 4-cvE5 sni .t.. .wuL stat t .s A a . +++.

C C r. A X . = L ARGEST C I AGON AL ELEPEr.T OF STIFFNESS MATRIX. -

C CSAnEA = CRUSS-SECTIONAL AREA bF FUEL. -

C LMASS = CISTRIBUTED MASS PR C PE RT IE S.-

uisinibuito diterac33 exertkists.L UAt =
~E SPRihG C0hSTAhT FCOND AS S ER IE S AD CIT ION OF PLENUMEFFEC'C cFFK v=

C SPRIb- AND CLACCING HALL S T IFFNE SS.
'

.

C ENDT = ENE IIME FOR At IhTEGRATICh I N T E R V AL .
C cP5 = AAIAL STkAlha, LALLULAltu Al CALM tilcu. alce. Sitt toAs.

C EPSDOT = AX1AL STRAIh RATES, CALCULATED AT EACh INTEG. STtP. SIZE (hx).
C F = AXIAL FCRCE DUE TO Ih1TIAL CEFLECTICN OF PLEhuM SP R ING.
C SIZE (Ax).

UIMch510h 514e UF RLu PAhtL PUihlh Aha Or MA>> ANU 34APPht>3
C KA =
C MATnICES FOR THE UhRESTRAINEC ROG SYSTEM.

L I NE hS ICN SIZE FOR NUMBER OF IhPUT TEMPERATuxE N00E S.C' KTEM =

C KTF = OIMENSION SIZE FOR NUMBER OF DISCRETE TIMES IN TEMPERATURE -
C IiMc h15TUkith.
C N1 = hCM.BER CF D.O.F. CF UhRESTRAINEC ROC SYSTEM.

ha + 1.! C =

VFcTnR CF NCPF (PANFt1 POINT 1GCAT10h5 FOR T HE UNRESTR AI NE C RO O.r PP =

VECTGR CF INITIAL ABSOLUTE C I SP L AC EMEN T S. Slic (hx).C GG =

C CF = LINE ARLY INTERPOLATED NGDAL THERMAL FORCES USc0 IN RONGE-KOTTA
C 1hTEGRATION. FOUhD US1hG TASF ANC TAbT IN TR1 SUaRCUTINE.
E SI16 (hX1.

VELIGR GF MELT AADil CURnESPChblNG TO NTtM AAIAL huut5.C RMcLT =

C Ih THIS VERSIGN THE ROL IS ASSUMED TG MELT ON THE O UT SIL E .
C SPAN =' LENGTH CF EACH R00 SEGMENT (IF NX .hE. hTEM).
r sTARTT = ST2RT TIFF FOR AN IATEGRATICh INTERVAL.

MAlaix CF NCDAL AE VALUE5 Al VAkiCUS IIMES. 312c (hTEM,hTr).
C IAoAE =

MATRIX LF N00AL THERFAL FORCES. S I ZE C NX,h TF ) .L TABF =

C TACT = MATRIX CF TIMES CORRESP0hD1hG TO THE TEMPERATURES IN TAdF.
r SLMF SFT OF TIMFS FCR EACH AXIAL NOEE. SIZE (NX.NTFl.

*
C TEMP = MATKIX OF IhTERPCLATED T EMP ERAI LRES FOUhD FRCM T A o I E r..
C SIZE (A1,NTFl.
C TT,TTE = TIP.E VARIABLES USED IN CALCULAT ING LENGTHS OF INTEGRATIGh

- C TIFF TNTFRValS_
C
C- UPDATE 1hTERVAL CHECK IS HARD *1 RED AT 5.C*TO FOR THE PRESEhT.
C
C vN m t0rTnD FC Y A TT Y At OptiTYVF Of9PtAFFMFAT9_ 911F (hX1.

VECTOR CF IhlTIAL VELOCITIES. SIZE ( t. X ) .C XCC =

AX I AL CISPLACEMEhTS, C ALCUL ATED AT EACH INTEG. STEP. SIZE ( hA ) .
C X =

h dh I I*hib_ Yhhhh_d k fE x_ _ hfbhNh$ hk f h^h" f" hkI k hhI k! h !Nf!Iv
--

C * * * * * * * * * * * * * * * * * * * * * * *

C
- r e * * * A r c T A F. f t f. OF DDnCPAF * * * *

C : -

WRITE ( t.0 T ,3 C 01 ) ROGR,ROCL,kHC S PRNGM, C' AD AE',CL AOL,
L CL ADT ,S F ACT ,DF A CT ,Z ETA , TS ,TD, TE ,NA ,hT E M ,NTF, I F S I,

T P ahT f . I Pk N T7. NiRI TF .hf f t F 1. NF il f ??

300L FCRMAT (1hl////////// lux *SLbROUTIhE FRIDA HAS 6EtN CALLED WITH 1hE
1 FOLLCalhG SCAR.ARS TRANSFEkkED THROUGH THE V ARI AoLE LIST * /////'

2 ZX,* RCOR = *,1PE15.8,6X,* RCDL ='*,1PE15.8,dX,* RHO = *,
*.1PE15.8.8X. I

..

T IPF16.8.E) /// 7X.*SPRhCR '=

* ,1 P E 15 . e , o x , * C L A OL = * ,
4 . SCLAUAt =

3 IPE15 6 /// 2X,* CLACT = *,1PE15.6,8X,* SFACT = *,1PE15.8,6x,

il

.
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*,iPE15.5,3),* ZET A = *,1PE15.8 /// 2A,* T5 *,=
o .* OFACT =

*,1PE15 8,8X,* _ T E = __* ,1P E 15. 8 / / / // / 5 X ,7 IP E 15. a ,8X , * TD =
,42.Asa,.,ia,Aa^,- aar -

+,4a,taA,+ r. a c e =o + 4. A = * ,13,13 X ,*,13 /// 5x , * 1PRN T2 =
9 * IFS I = *,13,13X,*IPkhTl =

* *tenRITE = *,I3,13X,*HFILE1 = *,13,13X,*hFILEZ = *,I3) ,

C
Anchh = u
IF (IFSI .EC. 1) GG TG 1C
anITE th0T,2002)

-

GG TG ic
.v antic t i.w i ,i cu a ;

2002 FGRMAT ( ih l ,10 ( /1,4 0x , * TH E F GLL G'a ING I hF ORM AT ION IS FRICA CUT P U T *
* ///*4X,*ALL CF THE CUTPUT IS IN LNITS OF*
* /4CX,*L35 - INCHES - SECCNDS - DEGREES KLLblN* 1

s in t , & v i e a , *w 3, s ir.2 r QtuG = i na i hf CnEu i s ch 13 FRiuA GvU L"4zuwa r un r. e 4
* ///**A,*ALL GF TPE OUTPUT IS I F. SI UhlTS* 3

C SET IteITIAL CONCITICNS.
C

mw ni =oA * L
C0 30 I=1,hA

XO(1)XCOLI) =

x(I)CC(1) =

= u.U .av Abtaa
CALL hKITE ( G C ,h X ,1 ,6 P.X O IS,KX) , ,

IFTD = 1
Ar Lao .ac. c.va ww au *v
IFTG = 0

C
C FORM NCCE POINT LCCATIONS.
u

40 K 1 = AX
NTEM2 = 3,IEM/2
IF (NTEM .EC. N1) GC TD 100

ndut/ ha ,dPAN =

TEMNOC(l)PP(1) =

DC 50 I=2,N1
PP(I-1) + SPA 7.40 PP(I) =

GL 10 Ito
100 CU 110 I=1,hl

TEMh0C(I)llG PP(I) = NERROR 1=

14v U6 125 L=1,NA
PP(I+1)li5 CF(I) =

ahITE ( f.G T ,3 C C 2 ) (I,CF(I),I=1,hX)
70e? FORMAT (IHi///2Cx.*TPF FGLLC'aING AXIAL NCCE P C I hT CCORDINATES CGR*

1 ,*RtSPJhD 10 THt RESP 0hSt DUTPOT* / / / 3ca, * hOut tiu . * , 1 G X ,
2 *0IST ANCE AECVE ROD BOTTOM * // ( 3 b X ,13,17 X ,1P Elb. 8 3 )

IF ((AES( PP(hl)-PP(lli-RCCL) .GE. 1.t-3) GC TO 999
c
C CALCULAIE Chc-SNCT 9A5S MATRIA FROM UNI F ohm MAS 5 D I ST R i ouT I Gt..
c

CSAREA = 3.14159 * RODR * RLOk
.~

rea ss r i .. i = prii

CMASSil,2) = PP(f.1)r RhD * CSAREACMASSII,3) =

RHC * CSAREA .

.OMASSil,5) =-

r zt i =1ss tpp.nyzss.A t:1.1.1.xt)
CALL akIIc (A,N1,H1,6HMASS F,K12 '

C ~

.

,

n
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C RESTRAIN MASS MATRIX Ih THE FIkST DCF.
C

Ub 1;L i=i hA
C D' 130 J=1 h1

13 u A ( I , J ) = A(I+1,J) -

'

CO 180 J= L , NJ*

00 1*u i = A , s. A
A(I,J+11

-
190 A(I,J) =

'

- CALL WRITE ( A ,NX,NX,6HMASS R,K1)
C -

A v. L h atL,L>=

CC 15C I=2,N)
IF (A(I,1) .GE. AMIN) GC TC 15u
AMIN A(I,Il=

A3u Lunainuc
REw IND NF ILEl
hkITE ( hF I L E 1 ) ( ( A ( I , J ) ,1,= 1, NX ) , J = 1, h X ) A= MASS

CALL It.b1 (A,C,hX,IPRNT1',K14
CALL hRITE (C,hX,NX,6HMASSIV,Kl)
WRITE (NFILEl) ((CII,J),1=1,NX),J=1,hX)

L
C
C FIND TABLE OF AE .vS. TIME (TAEAE).
C

hat = h4 - A
hTML = h T E P. - 1 .

CG 200 I=1,NTEM
OC 200 K= 1, NT F

__ _

,

* cd-acAdvs IAcacil,nk = P c t r.uc t a A o i c r. t i , n s , A . , r b a n L,rtunes
IF (IFSI .EO. 11 GO TC 207
0C 2C3.1=1,NTEr.

1CC 203 K=t,NTF
__.

202 4ABAtti,Ka . UUU19 su w iAo ctr,na=
. 207 C ALL mRITE (TABAE.NTEM,NTFichTABAEI,KTEM)

C
C
L LINcAnLT anachrLLA6c 6 Ac a t n t n a c r., n s r 4 su uu4AAn saccu u , air 4.
C

IF (NTEM .NE. hl) GO TO 220
GC 210 I=1,hTF1
ou zlu n=t,nar .

( F E LP OD ( T ABT E M ( 1, K) ,1. ,FOTMTL,F COMP ) +210 TAcF(I,K) =

1 .
FELMGC(TAETEr(I+1,K),1.,FETMTL,FCOMP))/2. ,

1 * ((F TH: XP ( T A E TEM ( I,K ), C. ) + F THEXP ( T Ae T EM ( I + 1,K ) ,0. ) ) / 2. -
4 - t r i nc Ar t I A c a c." 41,i k ,0. J + e6ncArtsAcat.mtA,A,4s,v.aaic.s-Cienca
GC TO 205

C
C- .I INDEX (LO 250) REFERS TO PP NGDES.
L

220 CC 250 I=1,N1
CC 235 J=1 ,NTP.1
IF ( PP ( I I . GE . T E F.N CD ( J ) .AND. PP ( I I.LT.TEMNG0( J+ 1) ) GC'TG 230 .

bL Iu cao
,

23G L= J.
GG TO 24G '

-

'15 C C NT I t,U E
neAxus c=

. GG TG 96w

.

- L3 )
i
I

.
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290 FACT = (PP(ll-TEMNCD(L)) / ( TEMN CD( L + 1)-T EMNGC(L) )
I
I

FACT * ( K P(L + 1)-A M (L I ) !C RFELT(IJ = RF(L) +
bb 2*> n=1,hTF *

- 2*5 TEMP (1,K) = T ABT EM(L,K) + FACT * (TABTEM(L+1,KI-TAsTEM(L,K)) '

250 CCNTIhLE
-

.

C CC 255 I=1.hA
krELT(I+1)C 255 KrcLILI) =

C CALL aRITE (RMELT,hX,1,6HRMELT.,KI)
CALL hAITE (TEMP,N1,NTF,6hTEMP ,Kl)

C :
C 1 ihCEX (La 260) REFERS 10 1-Ih ROC StGMcNT.
C

CD 260 I=L,hX
C f. 76C K=I.NTF

( F ELr00 ( It MP ( 1,n ) ,1. ,FOT MIL , F COMP ) +
26G IAbFil,KJ =

1 FELM.GD(TEMP (I+1,K),1.,FOTMTL,FCOMP11/2. *
FTHEXP(TEMP (1+1,K),0.))/2.

1 (IFTHEAP(TEMP (1,K),0.3 +

7 - (FTherpt TE=Pif.11.0_1 + FTHFXP ( T E MP i l + 1. I ) . O . ) ) / 2. ) *C S A R E E
C

265 IF (IFSI .EC. Il GC TO 275
CC 270 1=1,NX
PC 770 Yri .NTF

.0C01450 * IABF(1,K)270 TAbE(1,K) =

275 CALL mkITE ( T AEF,N A,hTF ,6H AE ALF T,K13
.

C
C FORM hnDLt T HEG a Ai EXPANSIGN FGRCES FRGM RCD EL E ME N T TERMS.
C

00 277 1=1,NAL
CG 277 h= L,hTF

TAFF(f.K1 - TABF(I+t.K)277 T ABE(1.K1 =

CALL ah1Tc (IA6F,NA,NTFichTAcF-1,K13
C

-

C FGRM TIME TABLE CCRRESPCND1hG TC TA6F..

C
uu goo a=a,hA
DD Zbo J=L,hTF

.

VTAET(J)250 TAST(1,JJ =

CALL kk IT E (T ABT ,hX ,hTF ,6F TABT,Kil

c
C FINC EFFECTIbE TCP SPRING ST IFFNESS.
C 1./(CLADAE/CLAOL))1. / (1./SPRhGK + eEFFK =

L
-

C
STARTT = TS

C
wo L ua s it.uc ,- ,

IF (STARTT .EC. TS) CG TC 550
IF (STARTT .GE. TE) GO TC 600

C
wu aiu A=i,ax

X(IlXC(I) =

SLO XCOL I) = AD(1)
-

t rinu 4 a r.c ><-n run uaunAnuco 3 61 r r r.ii5 m4 0 L-n F i .su PR6FcRiiL3.
C

550 TT = STAnTT ~

C
aou centAbut ,

C ~

,

{4+

.

N

40
- =-
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CD 620 n= l s h TF
IF (IT .GE. VTA6T(K) .ANC. IT .LT. VTAET(K+111 GO TC 610.
uu au cru

6 LG TTE = VTA6T(K+1)
LL = K .

.

ASS (( ST ARTT-V T AS T (LL ) l/ ( VT AbT ( LL + 13-V T A 6T (L L ) ) ) __ _ ..FACTA =.

i Ab A t t is i c M4, LL J ' P AL 4 A + L 4 AD A t L ie 4 t nc , LL e 13 - a A o n c h ru e n4, LL A s iAthlAl a
!GC TO 630

620 CCNTIhuE.

C l
C tau Ii = 4& + 5.0 * La i

030 TT = TT + 1.C * TD
IF (TT .LT. TE) GO TO 64C l

EADT = TE
Lo 10-400.

C
640 IF (TI .GT. TTE ) GC TO 560

C
03U FACTS = Ach(( I i-V I Ac i(LL J J / t ) 4 Ab 4 L LL +il-W IN,3 (LL 13 J

AETT = TABAEthTEM2,LL)+FACTB*(TABAE(hTEM2,Llell-TASAE(NTEM2,LLI)
ABS ((AESTAT-AETT)/AESTAT)CELTAE =

IF (DFL TAF _LT. SFACT) GC TU 630
EhDT = II -

C .

(STARTT.LE.T.LE.ENOT).C FIND AVERAGE AE iALUES OVER THE TIME SPAN
r

( ST ART T - vrAcT(LL)) / (VTABT(LL+1) - %IAoi(LLJJ i7u0 FACTL =

VTABT(LLI) lFACTZ = ( ENDT - VTABT(LL)) / (VTAbT(LL+1) -

CG 720 I=L,NTEM i

TAEAEll.LL) + FACTI * (TABAE(I.LL+11-TAoAE(I.LL)) lC AE tt i l =
lTAaAE(I,LL) + FACT 2 * (TAbAE(1,LL+1)-IAoAc(1,LL))72C CAE2(1) =
!

~

CO 730 l=1,NTML
TEMNCL(I) '

CAE(I,1) = ,

TEMNG0fl+11 |CAF(1.11 =

0.5 * (oat 1(1 ) + DAE2(I 14DAE(1,3) =

0.5 * ( C AEl( I+ 1) + DAE2(1+11)730 DAE(I,43 =

IF (NRESP .EC. 0 .AhD. IPRhT1 .hE. IJ
t r Af f mRfTF inAF.NTM1.4.6hlN-CAF.KTEM)
IF (IPRNT1 .EC. 1) CALL > RITE (UAE,hThl,4,6H DAE,KTen)~

C -
*

C FIND STIFFhESS NATRIX.
r ,

C ALL S T IFF ( PP ,0 AE ,C ,N L ,hT P 1, KT EM ,K1) |
-

IF (NRESP .EC. 0 .AhD. IPkhil .hE. 13
1 CALL WRITE (C,hl,N1,6HSTIFIF,K1)

IF ( TPwNT' _FC_ 11 E Af t .RYTF (C.NI.N1.6HSTIF F.Kil
C
C RESTRAIN SYSTEM WITH TOP SBRING AND BOTTOM FIXITY.

*

CO 711 I=1.NV
CG 731 J=1.hl

731 C(I,J) = C(I+1,J)
CC 732 J=1,NX

-

c c 7 t' r = 1. n>
C(1,J+1)732 C(1,J) =

C(hX,NX) + EFFKC(hX,hX) =

IF (NRESP .EC. C .AhD. IPRATI .hE. 1)
* 1 r al i 6EITF (C.NX.NY.hhSTIFIk.K11

IF (IPENT1 .Es. 13 CALL hklTE (C,hX,hA,oH5IIF k ,h i)
IF (NRESP .EC. 0 .AND. IPRhT1 .hE. 1)'

.

d

15
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ICALL INVL (C,E,NX,1,Kli
IF (IPRhrl .EC. 1) CALL INV1 ( C , B , NX , IP Rh T1,ril)
At LNktde .te. u .Asu. icha41 .ac. AJ

LC ALL mk ITE (8,NX,NX,bHFLEX~I,KL)
IF ( IP RNT1, .EC. 1) CALL hRITE ( 6, t< x , NX ,6 hF L EX, Kl),

C --
--

e _
-- ___-

-
C - --C ALCUL ATE N ATUR AL F RE C. + MCDESHAPES AT INITIAL CONGITIONS.

IF (NRESP .NE. 0) GG TO 735
REklND AFILE1

-

c
READ (hFILE11 ((A-(I,J),1=1 hX),J=1,NX)

CALL MULTB ( B , A ,NX , hX , hX , KX ,K X )'
Lact ciben L A s t r 3 , o , n A , A . u c,- t a , n A 4

C
-

,00 733 I= 1,hX
A(I,1) 0.0=

3%Kl(1.U/crbt1A3 / O.40J1C3)(JJ cfbti) =

C ARRANGE THE FFEC. AND MOCESHAPES IN A SC ENDING CRD ER.
C ALSO MAKE FIRST ELEMENT CF EACh NCDE PCSITIVE.

IF ( NX . Ecol ) GC TG 7340
= h A .- 1 -

,

hPi 'DC 7335 J=1,NM1
EPSMih = EPS(J)
hMIN = J

J+1Jrl =

CO 733C I=JPL,hX
IF ( EPSMIN .LE.EP5(I) ) GG TO'7330

EPS(I)EPSMIN =

LhMLh =

7330 CChTINUE
.IF (NMIh .EC.J ) CD TO 7335 -

EPS(NMIh! = EPS(J)
CPSrihtPS(J) =

CC 7334 K=1 hX s '

BKJ = B(K,J)
RfR.hrIN)9tK.J1 =

7339 b(B,NMih) dnJ _
=

7335 CCNT1reUE
C
7140 DC 73*' J=1.Ny

IF ( bil,J) .GE.C 3 GO TC 7345
CG 7342 I=1,NX -

7342 o(1,J) = -Bil,J) '

7'i46 (Ch T ! M:F
CALL nkITE (EPS,hX,1,4hFREC,KX)
CALL mRITE (6,hX,NX,6HMOCE,KX)

C
PP 774 Iw1.Ww

C.CEPS(I) =

CC 729 J=1,KX
A(1,J)=0.C

' 2 C' *' ' I - ! ! - C _ C_

745 C Ct. Ilh C E -

C- --

| h crun esmotoc'ervery_
l C

~ - ~

,

| REWIhD hF ILE1
,

! ,

s t

~ 16
,

we

l

|

|

.
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A= MASSREAD thFILEL)((A(1,J),I=1,NX) J=1,NX)
,

IF (STARTT .hE. TS) GG TC 739 ,,

ZZ =0.
-

,

nn 716 f=1.hTFP
71 6 il =ZZ + IAcTEM(1,Al

TEMAVG = Z2 / NTEM . .

3.14 * ZETA * SCRTIFELMOD(TEMAVG,1.,FDTNTL.FCOMP)* GAMMA =

1 / ( RhD * e CE L * FCLL))
IF (IFSI .EC. 11 60 IU 737 ~ |

1

.01204 * GAMMAGAMMA =

737 OC 736 I-1,NX
|00 738 J=1.NX

0.0 d= CAMP |
e(1,J3 =

GAMMA * A(1,J)736 E(I,J) =
IGG TC 791

( 1. 0 + DFACT) * GAMMA |739 GAMMA =
'

UC 74u laa,hX
CC 74C J=1,NX b= CAMPGAMMA * A(1,J)740 0(1,J) =

'

741 CONTINUE
16 thRthP .co. 0 .AhD. IPRhT1 .ht. Ik

1 CALL 'aRITE (E,NX,NX,6HDAMPIh,Kl)
IF (IPkNTI .EC. 1 ). CALL hRITE (B,NX,NX,6H DAMP,Kl)

C
L
C DETERMINE INTEGR*ATICN TIME STEP USING 0.1 THE SHORTEST SYSTEF NA T URAL |

'hlCH IS, IN TURh, CETAINED FROM THE LARGEST AND SMALLEST |C PERICD, w
C GIAGONAL ELEMENTS, RESP., OF THE STIFFNESS AhD MASS MATRICES. '

'
- IF (IFTD .NE. 03 GO TG 750

C(1,1) ,CMAX -=
CO 744 !=2,NX
IF LLL1,1) .Lt. LMAA) LU AU (99-

CMAX C(1,1)=

744 CCNTIhuE
C * * o.2o319 .. un a s u n A.if s..AA sau = u.us +

C
C PERFORM TkANSIENT RESPONSE AhALYSIS.

I

C
(Du LALL Ik1 4 A s d , L , 4 A d i , 4 A c t , As u , A U , A U , A, Aw u A A A., A u u r lis , Au n A A , AGn i .. ,

1 XMAX,XMIN,STARTT.TC,ENCT,TS,CO,TCOMAX,TOOMIN,TXDMAX,
2 T XDM IN, T XMAX,T X M Ih , I P R hTZ , NX ,N TF , K 1,NF ILE l,NF I LE2,
3 IPRNTil

L
NRESP + 1NRESP =

STARTT = ENDT
GO TO 500

'

C
C F ING AND PRINT V ECTORS OF AX I AL- LO AD,STR AIN,STR AIh R ATE , AND
C CLACDING hCOP STRESS .VS. TIME.
C PRlhT MlhlMUPS/PAXIPUNS OF ACCELERATION, VELOCITY, DISPLACEMENT, ANC
L AAIAL LLAL, SI R A I'i, 5IkAlh RAlt, AND CLAUG1hG HUUF hlKths.
C

600 REWIhD.hFILE1
REWIND NFILE7 A = r. A d dHEAD AhfiLkl) ((A(1,J),1=1,hX),J=1,hX)

. REhlhD hE ILE1

17
- |

|

.
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C !
WRITE th0T.2004) NRESP

20v4 FGKMAI ( lh i 25(/) 3cx
1 * RESPONSE ROLTIhE hAS CALLED --*,I7, * -- TIMES *)

C
-

'C
CC oLG L=1,NK
CC 810 J=1,hX

_

81u B(I,J) 0.0=

F = t
C6 blu J=M,nX B=LODSur

82C B(I,J) 1.0=

C
C al l Mtit TR ( R .2 , N Y . hX .N X . K l .K i l

C - A* XDD( T ) .C * NDTE * LGACS CAh oE FCUhD hGm AS, L(T) =

C TS.r FINE Ct1 ANT TT IF S AT TTMF =

C .

.

READ (NFILE23 T , ( CF ( J ) , J = 1, NX )., ( XCD ( I ) , XC ( I ) , X( I ) ,I = L ,NX )
TSIARIT =

P9171 - PPfilSPANY =

SPANX = PP(NL) - PP(tiX)
GO TG b42

C
640 RFan l AF it F 71 T . ( CF I J 1. 3= 1.h X I . ( XED i l l .XS f f ) X ( I I .I = 1 NX I
c42 CC o60 i=1,NX

C.CA XLO AO ( I) =

CG 655 J=1,hX
AYtIAO(f) - Afl.J1 $ IDOljlM6% AYlPAE( T1 =
AXtGAu(1) / CSAAEAASTRES(1) = OLD(RMELT(II/CLACT) * ASTRES(I) *

C 860 CHS(I)
( RODR /CLACT) * ASTRES(I) HEW

~=-

600 CHS(I) = -

FPS (11 = Xf21 / SPANI
(XthX)-A(hX1,)/SPAhX 'EPS(NAJ =

X0 (21 / SPAN 1EPSUGT(1J =

( XD(NX I-XU ( hX1) ) /SP ANXEPSDOT(hX) =

DC 67G I=2,Nyt
PP(1)5 PAN = PP(L+2) -

(X(I+1)-X(I-1)l/SPAhEPS(I) =

(X E(I +1 -XD( I-1) ) /SP AN670 EPSDCT(I) =

C
m R I T C- (AFiLEl) I,( AXLL AU ( I I, Ab i n thi l l s cr b t il-,tPhuut t i J ,bh3 t & J ,

* I = 1, t y ) .

C .

GO TC 9GGIf (T .GT. STARTT1
C
C SET M IN I MU M/ M AX I FUM VALUES AND CORRESPONDING TIMES OF GCCURRENCE.
C

CC 880 I=1,NX
= AXLLAutlJA X P. AX t i j

AXLCAO(I)AXMIh(Il =

A ST RE S (I)ASMAX(1) =

ASTRES(IlASMIN41) =

tM AA ( A J = eP5411,

EPS(I)EMIh(I) = '

EPSOUT(I) -E DM AX ( I) =

EPSDCT(I)EDMIh(I) =

Lnsti)cranAAtAJ = *s

CHS(I)ChSMIh(13 =-

19 .
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STARTTTAXMAX(1) =

STARTTT AXMIN( 1) =

s A d r.A A t t i = 34Asas
STARTTTASMIN(I) = '

STARTT . '

.
TEMAx(I)* =

STARTT ~~~TEMIN(I) =

SIAKI43tDMAAtaa =
,

STARTTTEDMIN(Il =

STAkTT_
- TCHMAX(1) =

STARTT660 TCHMIN(13 =

GL Iu 900 ,

C
90C 00 950 I=1,NX-

IF-(AXLCA0(I) .LE. AXMAX(Ill GD TO 925 __

AXMAX(i) AALLAutil=

TTAXMAA(I) =

925 IF (AXLUAD(I) .GE. AXMIN(Ill GO TC 927 ,

AXLCAD(IlAXMIN(I) =

IAXMIN(1) T= ,

C
927 IF (ASTRES(!) .LE. ASMAX(II) GG TO 928

,

AS Pli t f 1 = ASTEF9ff)
TTASMAx(I) =-

928 IF (ASTRES(Il .GE. ASMIN(Ill CD TG'930
ASTRES(IlAS M It4 ( Il =

= TTAsM1hfIl
C

930 IF (EPS(Il .LE. EMAX(I)) GO TO 935
EPS(1)EMAX(I) =

TTFMalift =

935 IF ( cP S ( I ) .GE. EMih(I)) 60 TO 940
EPS(I1>EMIN(I) =- - ,

TTEM 1h41) =

c
. 940 IF (EPSDOT(1) .LE. EDMAX(I)2 GC TO 995 '

EPSDUT(IlEDMAX(I) =

TTEDMAX(I) =

4*6 IF f FP%nt!T f 11 _CF. FPMIN(Ill CD TO 9%7
EPSUOT(1)EDMIh(13 =

ITEUMIh(Il =

C -

._ 947 ff trHTift _1 F . Ek%FAYfTil GD TO 948
CMS (I) .CHSMAX(1) =

TT Chr.AX ( I ) =

948 IF(CHS(Il .0E..CHSMIh(Ill GO TO 950
CHS(f)CHS ?! Ih f i I =

TICHMIh(1) =

950 CONTINUE
C -

- 960 IF (T LT. TE) GO TO 890
_

L
C PR1hT RESULTS EVERY NWRITE * TD IN TIME.
C

REWIND hF IL E 1
ktnIND hFlLEt
IF (IPRhT2 .hE. 13 GC TO 1050'

'
- C' 962'hkM1 = hagITE - 1

ou 10 9c3
- 963 hhM1 = hmM1 - 1

- it

?
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965 DC 970 NPRal,hhM1
n E A C_ ( hF_ I_ LE 1) T_

_

scnu sursuris sa
IF (T .EC. TS) GO TO 98C -

.

IF (T .GE. (TE-1.E-63) GO TO 980 '

970 C C fj T _I h u E _ _ _ _ _ _ ,,,,,, ,_, ,,,,, , , , , , ,

4,...uu-u.... ,__,,,,_r.ca..,,m<..,m.mo.....om.....__ ___,,,,_

..acau snriuci,

* I=1,hX) -

READ (hFILE21 TX , ( C F ( J ) , J= 1, NX ) , (XLD ( I ) , XD ( I ) , X ( I ) ,1= 1, N X )NERROR = 9
ii GG i^ 7s?ir .i .ni. A

GG TO 990 -

960 SACKSPACE hFILE1 i1

B ACKSP ACE _ NF ILE2 _ _ ___ _ ___ ____
___,_, ____,_,_, _ ,,,,

seso u.riuci, . , s aacu au _ _i,,as.sca.i ,cra.i.,crauu. ...un..i.,

* I=1,NX) .

READ (hFILE2) TX , ( CF ( J ) , J= 1, hX ) , ( XGD ( I ) , XU ( I ) ',X (I ) , I = 1, NX )'
* NERRGR = 10

ar aa , .s c . 4As ou a u N6
-

990 akITE thdT,2050) T -

DG 995 I=1,hX
995 WRITE (NGT,2055) I, XOD( I ) ,XD ( I) , X(I) , AXLG AD( I ), ASTRES ( I) ,

* crdtA1,erdou6(A4,Lnstra

IF (T .EO. TSI CC TO 903
IF (T .GE. (TE-1.E-62) GO TO 1050
GO TO 962

L
C PRINT MINIMUM / MAXIMUM V ALUES AND THE CCRRESPONDING TIMES.
C
1050 CC 1060 I=1,hX

AMAxtAJ = A n a.i i i J + wutts
-

XMIh(I) + G0(I)1060 XMIN(I) =
,

CC 111G MM=1,8
hXE C ==

hat + 1 .llv0 AX5 =

hxE = hX
IF ((NXE-hXS) .GT.~(NLPP-113) NX E = NXS + ' (NLPP-111
mRITE (h0T,2CC1)

'

IF (MM .E G. 1) hkITc (hul,2010) ( 1,100M AX t 13 , AUur.Ax t 13 ,
TO DM I h( I ) ,XODM IN ( I ) ,1 = NXS, N XE )*

*
'

2) hRITE (h0T,2020) (I,TX0 MAX (I),XDMAA(1),IF (MM .60. TXCMIh(I),XDMIN(I), I=hXS,NXE)
(MM .EG. 3) an1Tc th0T,20304 ( 1, I XMA x t 13 ,- AM AX t i l ,, * IF TXMIN(I), XMIN(I), I=NXS,NXE)

IF (MM .EC. 4) hRITE (h0T,2060) (ISTAXMAX(I),AXMAX(I),
* TAXMIN(I),AXMIN(1), I=NXS,NXE)
IF (MM .EC. 5) hkITE th01,2065) (I,TASMAX(I),ASMAA(II, -

T ASMI h(I) , ASMIN( I) ,I= hXS,NXE )*
IF (MM .EQ. 6) wPITE ( h0T,2070)' ( I, TEMAX(I), EMAX(I),

* TEMIh(II, FMIN(I), I=hXS,NXEl
IF (MM .EO. 73 hRITE th0T,2060) (I,TEOMAx(ll,EGMAX(i),

* TEDMIh(I),EDMIN(I), !=hXS,NXE)
IF (MM .EO. 8) hRITE ( NO T ,2 0901 (I,TCHMAX(I),CHSMAX(i),

TCHMIN(I).CHSMIN(I),I=NXS NXE)*
IF (NX .GT. hxE) GC TO 1100 ,

1110 CONTIfiUE
C

-

mEfTF (ACT.70c11
RETURt.

999'bRITE thCT,2101) NERRGk .

_
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C
evvi runnaa tAnts2050 FORMAT (1hi/4CX,* ROD TRANSIENT RESPONSES TO RIA THERMAL LOACING* -

1 ///50X,*'IME = *,F12.5,///ZX,*NGCE*,3X,*ACCELERATIChW,
'

2 4X,*VELOL'TY*, _eX,*01hPLACEMENT*,4X* AXIAL _LLAD*,3X,
2 +aA4ac 264cu ,24 -AAsc 2an-Aa-,ca,-=^ 2an-Aa naat-,

* 2X,*CLAC HO.'P STRESS *.//)
2055 FORMAT (3X,13, 8 ( 2X < 1PE13.6 2 )" .

2010 FCRMAT (// 20X,SH TIME OF,26X,8H TIME OF _

*wuch,
_ _ _

L Iva,$nnuoc,oA,Lun nAA accct,oA, sun naa
2 10X,1Ch MIN ACCEL,6X,10h MI N ACCEL
3 // ( 10X ,13,0P F 16. 6,1P E 18. 6,0 P F 18.6,1P E 18. 81 )

2020 F CR MA T (// 2CX,8H_ TIME _OF, 26X,8H TIME OF
_

1 /7Avinnuut,4A,CM CAA ,cL, OA,Gn faA ., c h , .

2 12X,8H MIN VEL, 8X,tH MIN VEL
3 // ( 10X ,13, GPF 16. 6,1PE 18. 6, OPF 18.6,'IP E 18.8 3 )

2030 FORMAT (// 2CX,8h TIME OF, Zox,8H TIME OF __

m /3A,9nnuoc, (A,vn nuA uAar, <A,vn naa vaar,

2 10X,9H M-IN DISP, 8X,9H MIN CISP
3 // (ICX,13,0PFic.6,1PE18.8,0PF18.6,1PElb.833

2060 F OR MAT (//20X,8H TIME OF,2bx,eH TIME CF
i / N A,4MhUuc s o A ,1UP F. A A AALLAL,oA,1bnnAA MALuAu,
2 10X,1CHPIN AX LO AC ,6X,10 H M IN AXLOAD -

. 3 // (10X,13,0PF16.6,1PE18.8,0PF18.6,1PE16.8JJ
2065 FORMAT (//21X,8h TIME OF 36X,cM TIME _GF_ _ _ _ _

anaac aancaa,
._ __ _ __ . . , ,

A /vA,snavut,ar,AornAA AArat 24nc22,2A,.onnan
2 9X,16HMIh AXIAL STRESS,5X,16HMIN AXI AL ST RE SS
3 // (ICX,I3,5X,0PF16.6,5X,1PE16.8,9X,0PF16.6,5X,1PE16.83)

2070 FORMAT (//20X,8h TIME OF,26X,8H TIME CF
A /9A,*nhuec,oA,AunnAA 2444tn,oA,1cnnaA 2anain, .

- 2 10X,1ChMIN ST R A l h ,6X ,10 H M I N STRAIN .

3 // ( I CX ,13,0PF 16. 6,1P E 18. 6,0 FF 18.6,1P E 18.8 3 3
2080 FGkMAT (//22X,8H T I ME OF,38X, BH TIME OF __ _

nAac,
__

A /NA,9Nhubc,oA,tannAA 3 4 n a tn saat,ox,1snnAA 2ena.n
.

2 10X,15HMIh STRAIN R AT E,6X 15HMIh STRAIN RATE
.|3 '// ( IC X,13,5 X , CP F 16.6,5X ,1P E 16. 8,9X , OPF 16.6,5X ,1PE 16. 8 3 )

2090 F OR MAT (//22X,8H TIME OF.3eX, 8H TIME OF I

L /9A,*hnout,oA,1annAA ccAu sant>>,oA,tinnaA utuu aincas, ,

I

2 10X,15HMIN CLAD STRESS,6X,15HMIN CLAC STRESS
3 // ( 10X ,13,5 X ,0P F 16. 6,5 X ,1P E 16. 8,9X ,0P F 16.6,5X ,1PE 16. 8 8 ) |

2101 F ORM AT - ( 1H1, / / / / //20X, *ER ROR ENCCUNTERED IN SUBkuuT INE F RID A* |
9 //JOA,*Al htnnbn = *,AJJ ,

|

,

END iFUNCTI ON F ELMC0( FTEMP ,FR ADEh,FOT PTL,FCCMP)
|

C I

COMMGh /PHYPkG / FTMELI,FHtFua,cIMcLI,Lhtrus,c4 nano,
CTR AhE, CTR ANZ, FCEL T A,8U ,CDMP

s
C

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *c
FLcL TEMPERATukE lh GE6kEc5 KELYLh.C FTEMP =

FUEL TEMPERATURE IN DEGREES KELVIh.C FTEMP =

C FRADEh = F A ACT IONAL CEhSITY CF FUEL MATERIAL. .

nXYGFA TD FETAL RATIO (EG. = 2.0)C FCTMTt =
*******************0******************************************vousL

' C

.* C *

(2.752*(1.
,

FRADEh)))*(L. -1.0915E-04*23.34E10 * 11 -YS -=

AFILMP3 -

6.0EC9 s
_ UFELMU =

-

21
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IF (FTEMP .LT. 1.6E03) GC TO 10 .

UFF1MO = UFFtMD + YS * (FTEMP - 1.6 E 0 311 e .0 5 2 6E0 3
IF (FIEMP .LI. 3113.15) GO 10 10 ,

YS = 0.0
-UFELMG = 0.0 *

CD TO 60
10 UhSTuc = AoS(FOTMTL - 2.0) *'

_ IF (UNSTGC .GT. 1.0 E-C 3 ) GO T0-20 .

IF (F CO MP .LT. 1.0E-03) GG TU oc
10 s = i_14

IF (FUTMIL .LI. 2.0) B 1.75=

Y= YS * EXP(-E*LNSTCC) * (1. + 0.15 * FCGMP) .

UFELMD = (UFELMC**2 + (Y - YS)**2)**0.5
VS = Y

60 FELMUD TS=

RETURh
EhD ,

FUNCTIOh FTHEXP(FTEMP.FACMOT)
. C

COMMUN /PHYPRO / F T M ELT,FHEFUS, CTMELT,CHEFUS, CTR ANB ,'

a CTRANE,CTRAh2,FDELTA,dU , COMP
C
G * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

0.01.C FCOMP = FR ACTIch GF PLUT0hlUM'IN THE FUEL (EG. =

C FACMOT = Fk ACT ICN OF ThE HAY THROUGH MELTING (EG. = 0.0).
C ******************************************************************
L
C

CATA FUELTA / 1. /
UEX(Tl = -4.972E-4 + 7.107E-c*T + ' 2 . 5 81 E-9 * T * T + 1.14 0 E- 13 * T* * 3

-3 9(Joc-* + o.*Sonc-o*6 + 4 13 tat-9+4+6 +etAttJ =

n 3.7143E-16*(T**3) -

- T1 = FTEMP- 273.15
R=FACMOT
bl = bbNr/LUU. .

T M=FTMELT - 273.15
IF iT1 .LT. (TM-1.E-101) GG_T0_10 _

s i r.- r u cu s - 4 wu av aute s4& .ou. ten a.c tus .ano. ai .uc.
_ _ _ . , _ . . __ __ ____

IF (T1 .GE. (TP+FCELTA)) GO TO SC
LC IF (COMP .GT. C.C) GG TO 15

'UEX(T11
-

FTHEXP =

wo ic Auc
( 1. - C 1 ) * UE X ( T I ) + Cl*PEX(TI)15 FTHEXP =

GO TO 100
30 IF (COMP .GT. 0.0) GC TO 35

eentAr = utAtin4 + n+a.v3ot 4
GO TO 100

(1. - C1)*UEX(TP) + Cl*PEX(TM) + R*3.096E-235 FTHEXP =

GD TO 100
av ar tbunr .v4. v.uk vo iu 55

UEx(TM) + 3 096E-2 + ( 3 5E-5 *( T1 - T M) )FTHEXP =

GC TO 100
55 FTHEXP = PEx(TM) + 3.096E-2 + (3.5E-5*(T1 - TM))

'

AUU Mt3Unh
EhD
SuoROUTINE INV1 (A,Z,N,IPRIhT,KR) .

OIMENSION A(1),Zill,1X(3C),6(30),Gt30),DETR(3G)
LAIA h i l ,h ul /3,O/

C .

.

'

- 22
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C MATRIX INVERSIOh (A**-1 = Z). 80RDERIhG METHOD.
C
C IF PhlhT CPIIGN IS Tushte UN, IHt thick 51Uh LMcLK i+A And IMt utech.unane
C kATIO DET(I+11/CET(Il ARE PRINTED. DET(I) IS THE DETcRMINANT OF THE fiksT
C I oY I SLb-MATRIX GF A. -

C
C r.AIKICE5 A,4 MAY S hA R E 5 Ant LLat LucA11und. tzvA ListLA 1) nta anvAtaua.

C
- C SUBROUTINE ARGUMEhTS -

ThPUT MATRIX TO BE INVERTED. SIZE IN NI.r A =
UblPUI RESULT MATRIX. 512t th,hk.C 4 =

IhPUT SIZE OF MATRICES A,Z. MAXIMUP IS DIMENSIOhED SIZE.C N =

C IPRIhT = IhPUT PRINT LOGIC VARIABLE. (=1, PRINT). (=0,2,ETC,NO PRIST).
IhPLT R G '. CIMENSIOS CF A.1 IN CALLIhG PROGRAM.C KR =

C
1000 FORMAT ( 1H L'l
2000 FORMAT (//10X,10(7X,1H(,12,1H)))
2001 FORMAT t//10X.* SUBROUTINE IhV1 H AS C ALCUL ATED THE DATA BEL 0b*

* ///10X,*THE DETtRMihAhI RATIO 5 LET(1+1)/OtT(13 Ast*
* // ( 13 X ,1 C ( IP E 11. 31 ) )

2002 FORMAT (///1CX,"THE (A**-1)*(A) IhvERSIGh CHECK GIVL5"
* ///10Y.*T9F n i a CP AL A . FI F9FhTS ARE*//(13X.10F1',81)

2003 FORMAT (// 10X,*THE MAXIPUM OFF-OLAGONAL ELEnchI 15*,

* E11.3,2X,* HAT (13,1H,13,1HI)
C

nn 160 f=>.N
i160 IA(1) =

'

C - ,

00 190 I=1,N
IF (Atil .NE. C.) GO TO 220 __

190 L0hilhbt .

GO TC 999.

C
= A(I)2Z0 CETR(11
1./Atl)

~
iti) =

IF (h.EC.11 RETURN
C

1IX(1) =

1lati) =
-

C
<00 630 L=2,N

K =L
L1 = L-i .

0.0250 5 a

1)MIXL = KR * (IX(L) -

IX(L1 + MIXLLL =

CC 450 l= i,L 1
1)KR * ( IX ( I )MIX 1 -=

LI= IX(L) + MIXI
<'0.0B(I) = ,

0.6Gil) =

CO +40 J=1,L1 -
.

1)= KR * (IX(J)MIXJ -

IX ( Il + MIXJIJ =

JL = 1A(J) + MIXL
b(I) - Z(IJ) * A(JL)S(I) =

JI= IX(J) + MIXI.* L J .= IX(L) + MIXJ
A (L J J *i( JI Jb(i)** v G(13 -=

.
650 5=5 + A(LI)*E(Il

,
,

23
.

O
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AL = A(LL) + 5
IF (A(LL) _.EO. 0.03_GO TO 460
acc an .- aussac e ascess
GG TU 490 .

4c0 ALSAR = ads (AL)
-

490 IF (ALbAR .GE. .1 E- c ) GO TC 550
-

K+1K =

IF (K .GT. h) GG TO 540
IX(L)IX L =

lasta - aAtns
8

IX L.IXf A) =

GC IG 250
546 IF 1ALBAR .GE. .LE-83 CD TG 550

ut au vvy.

1./AL550 Z(LL) =
-CETR(L) AL '

=
'OC 570 !=1,L1 '

1AtiJ + MLALIL =

13.LI= IX(L) + KR * (IX(I) -

d(Il * Z(LL)Z(IL) =

1 11 I1'= C(Il * ?ftf1
___

OG $70 J=L,L1
13IX(I) + KR * (IX(J)IJ -=

570 Z(IJ) = Z(IJ) + GtJ) * Z(IL) *
630 CCNT1f.LE

C
XCFF = 0.G
CC 720 1=1,N
CC 710 J=L.N
A = U.b
KJA = Kk * (J-ll ,

DC 703 E=1 h - -

IK = I + XE*(M-11
KJ = A + AJA

X+ 2(IK) * A(KJ)703 ) = '

IF (I .NE. J) GC TG 705
cali = y

GG IO 710
70S IF (abs (X) .LT. ABS (XGFFil GO TO 710

XCFF = X
= IICFF

JCFF = J
-

710 CChTIhuE
-

720 CGNTIh0E ,

C
IF (IPRINT .hE. 11 60 TO 9b9
mRITE (h0T,1000)
> RITE (NGT,200C) (JC,JC=1,10)
'RfTe thMT.7CC11 (BFTRill.1=1.N1m
mRITE thui,2002) (Gil) ,1=1,h)
hkITE (h0T,2003) XOFF,IDFF,J0FF

989 RETURN .

QQQ uRTTE funT.7nc41
2004 FORMAT (1H1,10(/),20X,* ERROR lh SUBRGUTiht INVl*)

STOP
- EhD -

s h4 2ntiT IN F MASS ( PP .f1 M A S S .I . NP P . h CM . KD M .K11
OlMENSlub ppt 1), OMAS)(KuM,1), Z(KZ,1)
CATA hlT,h0T/5,b/ _

9

.

24'
,

'

.
_ _ _
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C '

C CALCULATE MASS PATRIX FOR A BEAM. LINEAR VELOCITY FUNCTION AS SU ME D
'O scintth Coh3dCUll%c PAhtL thGbt) FU1hl3.
C
C TRAhSLATICNS AT THE PANEL PCINTS ARE THE GEhERALIZED'CCORDINATES.

- C
L invb4 1s Li>4x1 butte nA33. ant utsixAccato Laia nas aua cACEte ont
C PANEL PCIhT LIMITS (BEAM EhCS)..

C-

C SU6RCUTINE ARGUMEhTS
L ve = invud itL4Un br fantL thouti rukni). 2Ait LnerJ.
C DMASS = IhPUT MATRIX OF DISTRIBUTED MASS, STRAIGHT LINE SEGMENT DATA.
C SIZE t hCr. ,4 ) .
C CGL L X COCRD. AT SEGMENT END 1.=

L LLL 4 = A Lounu. As sevrtna cnu 4.
C CCL 3 = MASS / UNIT DISTAhCE AT SEGMENT END 1.
C COL 4 MASS / UNIT DIST AhCE AT SECMthT END 2.=

C I OUTPUT TRI-DIAGONAL MASS MATRIX. SIZE (hPP,hPP).=

L Ner = thru6 n u r.e c x ut rAntt ruan43. >Att Le vtcaun rr, .,aiAAA 2.
C NCM = IhPUT NUMBER GF SEGMENTS (RCkS) Ih OMASS.
C. KDM IhPUT ROh CIMENSION CF OMASS IN CALLING PRGGRAM.=

C K2 IhPUT R06 GIMENSION OF Z IN CALLING PRGGRAM.=

L
DC 10 I=1,NPP
GC 10 J=1,hPP

10 III,J3 0.0=

re t A Y d hve-1=

CC 90 I=1.hCM -

DMASS(I,1)XI =
' X2 = OMASS(I,2)

--~ Vi OMA33(1,1)=

. V2 = CMASS(I,Al
-

hERRCR =1'

IF (XI.LT.PPti) .DR. X2.GT.PP(NPP) .CR. XI.GE.X21 GO TO 999
.

GL J2 K=1,h8AYS '

IF (XI .LT. PP(K+11) GC TO 24
32 CGNTIhuc ,

34 XP = XI
kP V1=

3o IF (X2 .LE. PP(K+14) GG TC 38 -

PP(A+12
.

xG =

VI + (XC-X118tV2-V11/tX2-X11VC =
CC TO 39 -

X2 !36 XG =
VC = V2

TG P AYI = pp f r +11 - Ap f k i

SEGL = XO~- )P
HP = ( X P-PP O.1 ) / BAYL
FC = (XG-PP(TI) / e4TL
vpvo , va + vc

F1 = SEGL * VPVC/Z.
F2 = SEGL * (VPVQ*(HP+HQ) + VP*HP + VQ*hC) / 6.
F3'= SEGL * (VPVG*(NP+HGl**2 + 2.*(VP*HP**2 + VO*NQ**212/12.
i . w+t

'ZIK,Al + FL- 2.*F2 + F3Z(K,K) =

Z(K,L) = Z ( K ,L) + F2 - F3
Z(L,L3.= Zit,L) + F3.

10 di? _1 f _ PpfK*111 CD TC 4G

A = K+1
AP= XL

. 2F
. _

I

'
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VP = VC
Cr TC in

9b CONTIhtt
CC 110 K=1,NBAYS

Z(K,A+13 .110 Z(K+1,K) =

L TuTAL MASS PROPERTIES...FOK CHECKGUI PURPU5E5.
C

*TM = 0.
C.TP =

TI = 0. '

CD 100 I=1,hPP
DC 100 J=1,NPP
Tw = TM + Iff.31

Z(I,JJ * PP(J) -TP =~ TP +
PP(I)*Z(1,J)*PP(J). ,

100 TI= TI +
CG = TP/TM
TI = TI - TM*CC**2
mKI1E (hGI,2GCL) It,CG,TI

2001 FCRMAT (1H1,10(/),48X,*SLEROUTINE MASS * //
* *1X, * COMPUTES THE TOTAL PROPERTIES * ///* . Fi s _8. / /41 x . e xc c = o - E 15. 8, / / 43 x, * I CG = *,E15.83* 411.*5 =

RETukh
999 mRITE (h0T,20C23 NERRGR.

2002 FORMAT (IHL,20x,* ERROR EhCOUNTERED IN SUBROUTINE MASS *
*,I3)* ///30X,*AT NERROR =

thu
-

SU6 ROUTINE MULTB (A,8Z,NRA,hRB,NCB,KA,KBZ1
CIMENSICh A(KA,11,Bl(ABZ,1), h(3C3

C
*

4..C MaldlX MLLIAFLILAIIUh. A * o =

C -

C USES TWO h0RK SPACES. RESULT Z IS PLACEO IN B. -

C El MUST cE CIMENSIONED LARGE Eh0 UGH'Ih C ALLING PROGR AM TO C0hTAIN THE
L LA&uen ur o un 4.

C
'

C SUBROUTINE ARGUMENTS . (NRA,hRBI.IhPCT MATRIX. SIZEC A =
a Auros rAanAA. aitt tono,atos.

L or
C = OUTPUT RESULT MATRIX. SIZE (hRA,hCB3.

IhPUT huMBER CF RGh5 CF MATRICES A,Z. MAX.=0IMENSION SIZE CF h.
C NRA = I AP U T NUPBER GF R0h5 GF MATRIX 6, COLUENS OF MATRIX A.
C NRB =

L i.% o = taru6 a u r. a t n Le L L t u ., n > ur nA4 xact) o,4.

IhPUT ROW DIMENSION OF A IN C ALL I hG PROGRAM.C KA =
IhPUT ROW DIMEhSIch GF CZ IN C ALL Ih6 PROGRAM.C KcZ =

C
Lu 90 J=A,NLc
CD 30 I=i,hRA

C.0a(I) =

GC 30 k=L,NRB
Ju mLis a m&il + Ati,AJ * oath,JJ -

CD 40 I=1,NEA
>(I)*C BZ(1,J3 =

RETUhh
.

thLSU6 ROUTINE READ (A,hR,NC,KR,nC),

GIMENSION A(KR,11,X(4) --

6 AT A h1T h0T/5,e/
C
10CI FCRMAT (Ao,14,153 , .

26
~ .

,
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1002 FCRMAT (215,4E15.01
20C1 FCRMAT (LH1//1X,* CARD INPUT MATRIX *,2X.A6,2X,1H(I4,2H X I4,2H ) 3
4u62 FLkMAI t/ /19 h L-nu lheul r.A i n ia ,4A ,A c , 4A AHL 19,in A 19,4n 4

* 3X 9hCCNTINUe 0 // )
2004 FORMAT (1x 215,4E17.8) -

2GG5 FORMAT (13HOEhD OF READ.)
Zuub FLnMAI (ini)-

2007 FORMAT (1hl,////10X,*ERRCR ENCOUhTERED Ih SUBROUTINE READ *I.

READ thlT,1001) ANAME,hR,hC
- WRITE th0T.2CC11 AhAME,NR,NC

IF (hR.bi.KR .CK. hG.GI.KLJ GU I U 999
htINE = 0
00 105.I=1,NR
CO 105 J= 1, N C

105 A(1,J) 0.0= -

110 R EA D C A IT ,1002 ) I,JS,X
IF (I.EC.0 .AhD. JS.EO.01 GO TO 300 1

IF (1.LE 0 .CR. I.GT.NR .CR. JS.LE.O .OR. J S . GT .N C 3 GO TO 999
Je = Jh*J
IF (JE.LE.NC) CD TO 115
JX NC-JS+2=

En it? J=Jx.4
IF (A(JJ .NE. 0.3 CU TO 999

- 112 CCNTIhuE ,

JE = NC
Y1s h =0

.

GC 120 J=JS,Je*

h = N+1
120 A(1,J) X(N)=

hlINE NLINE+1=
-- IF ( AL I he.LE . 9 7 3 GU,IU_143

hRITE ( NO T ,2 006 3 -
'

. nRITE ( f.0 T ,2 002 ) ANAME,NR,hC
NLINE = 1

-- 125 WRITE (h6I,4GU43 I , JS , ( Al i, J 3, J= Jb,Jt i
GO TO 110~

300 = RITE (h07,2005) -

RETURN .

999 mk11L thu i ,2 GU t 3
STOP
EhD
SUBROUT INE ST IFF ( P P ,0 A E ,2, NP P,ND AE ,K CA E,KZ I
blMchhAUn PPtLJ,UAtthuAc,LJ,ithi,LJ

-DATA h1T,NOT/5,6/
.

C
C CALCULATE STIFFNESS MATRIX (FREE-FREE) FOR A LONGITUDINAL ROD.
L Luh 5 4 Ahl PUnLt A > > U T. t U ccidttN LUN>tLU4Avt rANtL Lhuuc3 ruthed.
C TRANSLATILNS AT THE PANEL PGIhT5 ARE THE GEhERALIZED C00RUINATES.
C .

C INPUT IS DISTRIBUTED S TIFFNESS ( AE l._ _ SU6RCUTINE APPLICABLE ALSO TO
L anc auk >$uh ruutLtn. ant At veia nc34 AsAn4 anu tav ni anc cnua ur
C ThE ROD.
C
C SUBROUT INE A RGUME NTS
L PP = A le P U I VclJUK Ur FAhcL LNbuti (Uth63. S&Ad thrri.

' C DAE = IAPUT MATRIX UF DISTRIbbTED STIFFNESS, STRAIGHT LINE SEGMEhT CATA.
C SI2E (NCAE,4).'

*

= X COORD. AT SFGMEhT E hD 1.. C COL L
t Let c = A LLunu. a! 2concna t .i u 4.

STIrFNESS (AE) AT SEGMENT END 1.C COL 3 =

.

27
. -. . .. ~
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STIFFNESS (AE3 AT SEGMENT END 2.C COL 4 =
CUTPUT S'TIFFNESS MATRIX. SIZE (hPP,NPP). _ ___

A.C Z
_

=

A lor b i NUEctn ur FAhtL Pb4Nta. a14t Lr vtbsuK er, 7AthAA
L he r =

1hPUT'NUMEER OF SEGMEhTS (ROWS 3 IN GAE.
.

C r.LAE =

1hPUT R0h CIMEhSIGN CF GAE IN CALLING PROGRAM. -

C KDAE =

C KZ= IhPUT R0h GIMENSION CF Z I h CALLI hG PROGRAM.-
L

~

DC 10 l=1,NPP
CC 10 J=1,NPP

0.010 2(1,J3 =

bcAT'2 = her-i
CO 90 I=1,NDAE
X1 = CAE(1,1)
X2 = OAE(1.2) -

v4tlk,1hvL =
V2 = OAE(I,43 hERROR = 1

.

.0001PPI = PF(I) -

PPshPPI + .00v1PPNP
IF (XI.LI.PPI .OR. X2.GT.PPNP .OR. XI.GE.X2) GO TO 999=

CD 32 K=1,hBAYS
IF (11 1T. PP(K+111 CG TO 34

,

J4 CCNTIhbt
XL-34 AP =

VP = VI ''

!n IF (X2 LF. PP(K+1)) CC TO 38
XC = PP(K+1)

(XO-X11*(V2-V11/(X2-X11vc = VI +
GC TO 39 -

ib XC = X2
VG = V4

(VC-VP1/(XC-XP)39 8 =

IF (8 .EC. 0.1 CD TG 55 - -

ItK.F1 '+ ALOGiVC/VP) / 2Itk.K1 =

GC 10 70
55 ZtK,K) = Z(K,K) + (XC-XP1/VP

'

7C TF tX7 1F_ (PP(K+11+. OOC 111 GC TC 90
K = h*1 .

XP = XG ,

)P = VL
CC TU 3e

9u CLhllhut
.STCn2 = Z(1,13

0.0Z(1,1) =

DC 120 k= l .NP AY S
L = K+1
STGR1 = 1./STOR2
SIGR2 = Z(L,LI

I{ K ,F 1 + STGRIZ(R.K1 =

STOx12(K,LJ = -

Z(L,KI = -STCR1
~

120 Z(L,L)' = STOR1 ,

RETURN
999 mRITE th0I,2CC2) NERRLR

2002 FORP.AT (1H1,2CX,* ERROR EhCOUNTE RED Ih SUEn00 TINE SLIFF*
-

'
* ///3CX,*AT hERROR = *,13).

*

STOP "
-

thu . ( A, B ,C,T A B T , T ABF , XCC , X 0, X C, X, XOO M AX, X DD M I N, XDM AX,SUBROUTIhE TRL
s

f
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1 XDMlh,XMAX,XMIh,STARTT,0ELTAT,ENGT,TS,CO,TLDMAX,
2 T OD MI N , T X 0M AX , T X DMI N, TX M A X, TX M Ih, lP RNT2, NX ,hTF ,
J ' NA,N Ar t i sh 4 Arts , Ar AA A A s .

DIMENSICh A ( K A ,1) ,6 ( K A ,1 ) , C ( KA ,1 ) , T A 6 T ( K A, l l , T A BF ( K A e l ) ,
1 XLO( K A ) ,X0(K A ) , XDD( 30 ) , XL( K A) , X ( AA ) ,F ( 30 ),cL( 3 0 ),c( 30 ),

.

2 XDDMAX(KA), XOPAXtKA), _XMAX(KA), P(4), C0thA), XTOT(30),.

a .auunAnanA4, A u r. A n s n A 4 , A ., A n a n a s ,

* TCCMAX(KA), TX0 MAX (KA), TXMAX(KA),
5 TDCMIN(KA), TXCMIN(KA), TXMIN(KA).

CATA h!T,NOT/5,6/
t
C RESPCNSE ROUTIhE TO SCLVE THE SECOND CRDER CIFF ERE NTI AL EQUATIOh

F FOR XDD,XG,X.C (A)XDD + (B)XC + (C)X =

C FOURTH-URCER RUhCE-KUTTA (GILL M OD IF IC A T I 0h ) NUMERICAL INTEGRATI0h U SE D .
L
C VECTOR F IS DBTAINED BY LINEAR INTERPOLATI0h USING T A6 T,T ASF.
C .9ATRICES A,8,C Sh00LD NOT SHARE SAME CORE LOCATION (GUE TO MULTb).
C
t ant htducts ti,e,Aua,AL,A3 MALL ct wxtieta un asArte evtar ottiae.
C
C CALLS FCLLOWING SUEROUTINES...MULT8.
C
C MAXINUM huhutR OF tGUAIAUN) bbLVtU 15 blWtN UT LA.9th>1Uh-S&4t Ur Abb UK r.

C
C SUSROUTINE ARGUMENTS (IhPUT)

MATRIX CCEFFICIEhT OF XCC. SIZE (NX,hX).C A =

C ** hbl htcUtu lh WAK1AOLc LASI PUK &M13 WLK3&UN, CUI At&AAntu **
**

C ** FOR YARIABLE GIMENSIONINC.
C 8= MATRIX CCEFFICIENT CF XD. SIIEthX,hX). ** DESTROYED **

MATRIX COEFFICIEhT CF X. SIZE (hX,hX). ** DESTROYED **C C =

TAdle GF IiMt> FOR FGxCE 1h IAce. 314ttNA,hlta.C IAbT =

TABLE OF FORCES. S I ZE ( NX , NTF ) .C TA6F =

C XCO = bECTOR OF INITIAL VELOCITIES. SIZE (NX)..

VECTOR OF INITIAL RELATIVE DI SP LA CE ME N T S. SIZE (NXP.C XO =

-
C STARTT = 1hl EGR AT I 0h 5IEP STARIlhG IIMt.
C DELTAT = 1hTEGRATION STEP SIZE. ' .

C ENUT = IhTE GR AT ICh STEP EhD TIME.
C Ts = STARTINC T IME OF TCTAL INTEGRATION PROCEDURE IN CALLING P ROGR AM .

LhlIIAL AoS6LUIt 015PLALLMEhTh. blit thAJ.L 00 =

SIZE CF MATRICES A,E,C (SGUARE), R0h SIZE OF TABT,TABF.C hX =

hun 6ER CF CCLS IN TABT,TABF.C NIF =
RGa CIMENSION CF A , B,C,T AB F,T ABT IN CALLING PROGRAM.C KA =

C NTAPEl = LbG10AL Uhli NUMBER GF FILE CONTAlhlNG AtidiJ, A**-AtznUJ.
C NTAPE2 = LOGICAL UNIT , NUMBER OF FILE COhTAINING RESPONSE OUTPUT.
C
C SOERCUTINE ARCUMENTS (CUTPUT)
C A0 = VtCIGR LF VLLOCITIES AT ENLT. 51ZE thA).

bECTOR OF RELATIVE DISPLACEMENTS AT ENOT. SIZE (MX).C X =
bECTOR OF MAXIMUM ACCELERA T IONS FOR '( Sl ARTT .LE. T .LE. EhDT). (NX).C XDOMAX =

WECTOR OF MINIMUM ACCELER ATIONS FOR ( ST ARTT . LE. T .LE. EhCT). (NX).C XODMIh =

VFCTGR OF M5XIMUM VELOCI T IES FOR (STARTT .LE. T .LE. ENCT). (NX).C XDMAX =
vtCIUR CF MlhlMUM VtLOCIT IE5 FUM thTAK3I .Lt. 3 .Lc. thui3. thA3.C XOMih = ,

VECTOR OF MAXIMUM CISPLACEMENTS FOR (STARTT .LE. T .LE. ENGT). (NX). <' C XMAX =
i

'

WECTOR OF MINIMUM C ISPLACtMEhT 5 FUK thisnil .Lt. 4 .LL. thblJ. thAd.C XMIN =

.

2D
I .. . . . . .. |
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VECTCR OF TIMES CORRESPONGIhG TO XCDMAX.C TUOMAX =

L s uu..th = vettun LP atrL) Luxxt>runuanu 4L Aoun4n.
VECTOR OF TIMES CCRRESPONDIhG TO XCMAX. -C TXDMAX =

VECTOR OF TIMES CORRESPOND 1hG TG XUMih.C TXDMIN =

C 'TxMAX = VEC TOR GF TIMES CORRESPONDIh6 TO XMAX. -

L 4Ar.in a vcuauk ut 4 inca Luxatarunuanu au A r. 4 a .
C

-

C
IF ISTARTT .EC. ENDT 1 RETURN .

nEnn6m - .

IF (h4 .CT. KA) GO TO.999
C ' RITE (NOT,20Cl) START T DE LT AT ,E ND TIF (IPRhT1 .EC. 11 w

zuvi PLxnA4 i at/#, loa,*itt thrua sLALAx) au duonuu4Anc eni m.t C = ,
1 / 23X, ICH STARTT = F10.6,
2 / 234, ICH GELTAT = F10.6,

F LO.6)3 / 23X, ICH EhdT =

L
CD lo I=1,NX

HERR 0m =2
IF (STARTT .LT. TABT(1,13) GO TO 999
GL L4 J=L,hnt
IF (TAbT(I,J-1) .GE. TABT(1,Jil CD TO 14

12 CCNT1hui ,

J = tilF+1
A4 1r 4tnb& .Lt. 4Aulta,J-1JJ uu to AO

- NERRuR = 3
GO TO 999.

'16 CCNTINLE
L

RE'n1ND hTAPEl .

READ thTAPEL) .'
READ t h T AP E l l ( ( A ( I , J 3 ,1 =1,NX ) ,J= 1,NX ) A=AI_
LALL r.U t i n LA, b, NA, nA, nA, na, nAJ o-64o

'

CALL MULTB (A, C, hX, NX, hA, KA, KA) C=AIC,

C
NSTEPS =0

baenaia =
DG 30 l=1,NX

0.0CC(I) =

0.0C (Il =

AuGL13ALLI) =

AO (Il30 X ( Il =

CC 36 I=1,NX
CC 14__ J = 1. N T F
if (I .LL. IAhi(1,J+1) .CR. (J+1) .EQ. NIF) GU IU J6

34 CONTIhutT ABF ( 1, J) + (T-TABT(1,J)) * ( T ABF ( 1, J + 1)-T ABF ( 1, J 11 /3o f il) =

* (TAbT(1,J+1)-TABT(1,Ji)
00 36 L=ishX

C.0XC0111 = - .

CU 37 J=1.hX
XLDill + All.3)*F('J)- B(I.J)*XD(J) - C(I,J)*XtJ117 XDDIII =

3c CONTit.UE,

IF (T .GT. TS) Cu TG 50
. CC 40 !=1,hX -

*

XED il lXCDMAXII) =

ALO(1)ACUnihtl) =

STARTTTEDMAX(13 s

i

30
i

.

9
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TCOMIh(I) STARTT=
ytti)xnM11til =

30(1)ADMIh(I) =

STARITTXDMAX(I) =

STARTTTXDMIN(I) =
'YMA1(f) = XII)

*
X(I)XMIh(1) =

*TXMAXtil = ST ART T
STARTT40 TXMINCIA =

,

50 P(1) .5=

1. - SCRT(.5)P(2) =

1. + SCRT(.5)P(3) =
p 141 m _6

C
'

GC TO 34C
C
r ThTECDATIEh f nnP _ _ _ f Ja l .HLt F STFP1. fJ-2. HALF STFP AGAINI.
L (J=3, FULL STtP), (J=4,6hD OF STEP).
C GILL FACTOR = 0.5
C -

inn nn tsn 3 1.4
CL 110 I=1,NX
2 = XL(I) * DELTAT
20 = XCL(I) * CELTAT
IF (J .FC. 41 CC TO.105

P(J) * (i - G(IllR =
RC = P (J) * (20 - GG(I))
GC TO 107

(I - 2.* C(III/6.105 R =

(10 - 2.*%L(Ill/o.kG =

= A (I) +d107 X (I)
XD(I)'= XD(I) + EU

-

*

c (Il + 3.*R -P(Ja*ZC (1) =

ws(13 + 3.*nu -P(J384ulib GG413 =

IF (J .hE. 1) GC TO 115-

I + .5*DELTATT =

GC TO 13C
'

Lib IF (J .bc. J3 uw IU amu
NSTEPS = NSTEPS + 1 -

T = STARTT + FLDAT(NSTEPS)*DELTAT
L30 DC 136 I-1,NX

uU AJi Aat,64r .

IF (T .LE. TABT(I,K+1) .OR. (K+1) .EC. NTF) CD TO 136
134 CONTINUE- _AaF(I,K)) /TTABF(I,K) + (T-TAET(I,K)) * (TAeF(1,K+1)136 F(I) -=

V L4A0441.n'AJ - 4A3841,nJJ

140 DC 15C I=1,NX
0.0 .XCD(Il =

CC 145 K=1 hX
u*) esutia = AuetA4 + attins* Fins -stions-eDins - Cii,nie^ihi
150 CCNTIhuh

C
C MAXIMUMS AND MIhlMUMS.
L -

00 330 1=1,NX'

IF (XCC(I) .LE. XCOMAX(III C0 TG 305
,

XCC(I)XCDMAX(I) =- -

* 43 L O ". AA ( L A
305 IF (XGU(1) .GE. XDOMIN(III GO TO 310

31 ,

.
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,'

XCD(I)XCUMIN(I) =

TTCLMIN(1) =

31b IF (AD(I) .Lt. XUMAA(143 Ub 10 313
XL(1)

-
XCMAA(1) =

TTXDMAA(IJ =

315 IF (XC(I) .GE. XGMIN(I)) GO TO 320
XL(I)XLM1h(1) =

TTXCMLh(I) =

320 IF (X(Il .LE. XMAX(1)) GG TO 325 *

1(I) ,XMAXift =
IXMAX(1) I=

325 IF (X(1) .GE. XMIh(II) GC TO 330
X(l')XMIN(1) =

TTXMINIII =

330 C Ct4 I lhth
C

340 IF (T.EG.STARTT .AND. STARTT.NE.TS) CD TO 341
00 14CG I=1.hX , _ _ _

*
-3460 X IC T (1 ) = 6011) + x(I)hRITE (NIAPE2)T, (F(J),J=1,NA), (XDD(1),XC(I),xTUT(Ils1=1,NX)

.

C . uc cu _nyucoccucc __e
C

-

hERROR = 4341 00 350 i=1,NX

fr (ARsfYdill _CT. 1 F+761 CD TO 999
330 CCNT1 hue ,

C .
. '

IF (T .LT. ENDT) GU TO 100
f

Eh0T = I
C ,

RETURh
r

999 nkITE (NCI,1002) NERRGR
1002 FGRMAT (1hl,10(/),30X,* ERROR IN SUBRCUTIhE TR1* / .

* 30X, * AT hERROR = *, 13 1
STCP
thL
SUBROUTINE TERP 2 ( X A, XZ ,Y A, Y Z ,NX A,feXZ ,hC A ,K A, KZ )'

CIMENSION X A ( 1 ) , Xi( 1) ,Y A ( K A ,1 ) , Y Z 4 KZ ,1).
C
C UIPARAEULIL lh ic KFUL A l lOh. .

C- (PARABLLIC INTERPOLATION 1h FIRST,LAST SAYS AhD OUT SID6 'XA) .
C -VALUES CF X Z MAY UE QUTSICE OF XA. (EXTRAPOLATION).
C
C SUBKGUTlhE ARGLMENIS. .

. YA. MUST bE lhthPUT VECTOR OF X-COORDINATES FOR R0wS OFC XA =

C INCREASING CRDER. S IZE t hX A).
'

'
.

IhPUT VF CTOR OF X-COGRDI N A TE S FOR IN TE RP OL AT ED/E XT R APGL ATEDC X Z. =
.

L VALurs. 514t(NAA).
IhPUT MATRIX OF Y-COURDIN ATES TO BE INTERPOLATED.C YJ =

C SIZE (NXA,hCAl.
OUTPUT FATRIX UF I hTERPOL A TEC Y-C00ROthATES. S IZ E ( NXI,NC A ) .C Y1 =

L- L ALH L blur.N 1.F YL NA) &httKPbLAltu vaLut) ue suc
C RESPECTIVE COLUMN OF Y A.'

IhPUT NUMBER UF XA STATIONS, R0h5 0F MATRIX YA.
. C hXA =

C NXI = INPUT NUMBER OF X2 STAT 10hs, RGnS OF NATRIX YZ. .

ihPUI hunced UF LLLOMN VttibAb Ah NAIMALt3 IA,IL.
L htA =

I NP U T R0h DIMENSIDA 0F YA IN CALLING PROGRAM.C KA =
.

O

.. . . - .

t
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a ,
,

IhPUT Ruh DIMENSIGh UF YZ IN C ALL ING PROGRAM.C K2 =

C
acnnon ^ 4

LF (NXA .LT. 31 GD TO 999
C

00 400 K=1,NXZ
*

___ ___ _ _. __

ar satins .cc. 44s444 wo su Auv
IF (XL(A) .GE. X A INXA-13 ) GG TO.30c
CO.50 l=3,hXA
IF(XZ(K) .LE. XA(II) GG TG 200-

,u coaa4aut
C .

C FIRST 6AY OR LEFT EXTRAPELATION.
100 S AY L = AA(2) - XA(1) *

M 8 4A4thJ - AAL1J3 / OATL
0= ( A A (3 ) - X A 01)) / BAYL
00 102 J=1,NCA

102 YZ(K,a) Y A ( 1, J ) * ( H * *2-H 4 ( 1. 0 + 0 ) +C ) / 0=

1 + TA(4,JJ'tM'*4-h*DJ / ti.u-bJ s

2 + YA(3,J)*(-n**2+H) / ( D-0.* * 2 )
GD TO 900

C
C IhiERILk. CAY.

200 BAYL = XA(I)-XA(I-1) *

(XZ(K) -XA(I-131/BAYLN =
C (XA(I-21-XA(1-13)/BAYL*

U 4AA(i+1)-XA(I-131/dAYL=

CD 202 J= 1.hCA
202 YZ(K,J)= YA(I-2,J)*(H**3-2.0*h**2+H)/(C-C**2]

1 + Y A ( I-1. J 1 * ( H ** 3 * ( C-0 ) +H * * 2 * ( 2. 0 * D-C )-H * ( D+ C * 01 + C * 01/ ( C *0 )*

4 + YA(I , J ) * ( H * * 3 * ( D-C ) + H * *2 * ( 1. 0-2. O * D + C )-H * C+ ( 1. 0-U I A /

3 . ((1.0-C)*(1.0-03)
. 4 + Y A ( I + 1, J ) * (-H * * 3 + he * 2 3 / ( D-0 * *2 ) ' ~

,

CD TO 400
_ _ . -

C
C LAST BAY OR RIGHT EXTRAPCLATION..

300 BAYL ='XAthXAl-XA(NXA-1)
H = 111(rl -xA(NxA-ill/EAYL

~"~

C= (AA(hxA-21-XA(hAA-1))/bAYL
GC 302 J=1,NCA

'302 Y2(K,J)=YAthxA-2,J)*(-H**2+H)/(C-C**2)
I +YAINYA-1.31*(H**2-H*(1.0+C1+C1/C
2 +YA(hXA ,J)*(H**2-H*C)/(1.u-C)

.

C
400 CCNTINUE

R F Tif L N
C

999 hRITE (c.1002) hERROR
1002 FORMAT (1H1,10(/),30X,*EERDR IN SUBROUTINE TERP2* /-

i snr_ e r nrsonu . e_ 17s
STCP
EhD
StoROUTINE > RITE (A,NR,NC,AhAME,KR)
r r m e .a v rm 2rus_vi

__

2000 FGRhAT (In1)
2010 FORMAT t//15H GUTPUT MATRIX ,A6,2X,lH(I4,2H X,14,2H ) //

* 10X,10(7X,1ht 12,lh))/)
2n?n AnsMAT A//16H Otf TPtf T MATRIX .A6.21.1H(14.2H X.14.2H ), '* 3X, 9HCONTINUED / /10 X ,10 ( 7 A e lH ( _I2,1H))/)
203C FORT.AT ( I X ,215,2 X ,10( IP E I I. 31 1 -

.

. . . . _ . .
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204C F CRP. AT (14HOEhC CF hRITE.1
-

'a R I T E to.20001me<iIc to.2010) Ah Ar.t ,rin ,ht ,L L.L= 1 ,Av a
N L 1 hE . = 0 ,

CC 60 1=1,NK
hiERU = 0 .

45 = 1
-

10 JE = JS + 9
IF (JE .GT. NC) JE = NC
CD 20 J=J5,JE
IF (A&L,J) .NE. O.3 GG 6U JG

20 00hTIhuE
- ,

CO TO 4G
30 NLINE = NLINE + 1

AF thL1hc .Lc. Suk wu IU JD
mRITE 16,2000)
WRITE (6,2020) AhAME,hR,hC,(L,L=1,103

= 1hLlNE *

J5 unlic 46,40JO3 1, J5 s t A L 1, J J , J=J3sJth
N2ERO = 1

40 IF (JE .E". NC) GO TO 50
J5 = JS + 10

50 IF (hC.LE.10 .OR. NZERG.EC.0 .OR. 1.EC.NRI GO T O 6060 Ib i t. *

NLINE = NLINE + 1
WRITE (6,20301

ou Cuhilhut .

. RITE (6,2040) ,

RETURh
EhDbuonULilht Ar.AAE 4 h , A, A r. A A, AMI N ,hn A A ,n nlai '

GIMEASIOh X(11
XMAX=X(11
XMIh=X(11 '

AcAA=1
hMIN=1
CD 1 J=1,N _

IF ( X ( J ) .LT .X MI N1 NMIN=J -

16- t A t J A . L I . e. n t N J Anth=AtJ3
IF(X(J).GT.XMAXI NMAX=J
IF (XI J 3.GT.XM AX) XMAX=X(J)

I CGhT h0E
kttunh

. . . _ . . _ _ . _ . ~ . _ _ _ , _ _

END ._ __ __
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