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1. _INTRODUCTION

R il of . R 0 U
he e, 4,
.
v e e

For experimental studies of target response to high energy blast, one ]
needs an accurate definition of the blast field which provides the load on the
target. Direct measurements of the flow field usually are restricted, for
technical reasons, to pressure history observations, and to shock arrival time e
and incident shock pressure measurements at various stations. Hence, one has ]
to compute other flow variables, e.g., the density and the particle velocity, N
from the measured pressures. The problem can be formulated as a task to solve =]
numerically the governing equations of the flow field with boundary conditions
derived from pressure history and shock observations.

L e
..1'(_£

-

EAE  WFUIREN
L 4

. In this formulation, the task is a mathematically ill-posed problem

. because the boundary conditions overdetermine the solution in some parts of :

E the flow field, and at the same time may not be sufficient to compute the o
complete flow history for the full duration of a pressure history observation
at some other station.

LN
et L
hdtnd bt o

PP

A possible regularization of the problem is described in Reference 1. It

- consists of deleting one of the flow governing equations, solving the ensuing
E well-posed problem numerically, and using the deleted equation later for

control calculations. The calculation starts by first determining a pressure

field function pf(r,t) within a region of interest. The function is found by

() - v
2t Lttt

a least squares model fitting, and substituted into the governing equations
which in turn determine the other flow variables. Problems of this type were -

considered by l\‘lakino2 who observed that one does not need the continuity ___;
SRS

Lo
MU
AP

PRI

—
.. equation for the flow calculation if pf(r,t) is known. Following Makino's

theoretical ideas, we have established camputer programs that compute the flow

in the aforementioned manner using the continuity equation at the end of the

calculations to check the accuracy of the results. Reference 1 also contains
3 an analysis of the sensitivity of the results to observational inaccuracies.
i The calculation of corresponding accuracy estimates of the results is included
in the computer programs. A
: The present manual describes the structure of the programs and specifies
- the input requirements. The basic theory is described in Section 2, and
Sections 3 and 4 provide an outline of the solution method. A more detailed e
b description of the method is given in Reference 1. The computer program for
K the solution consists of three independent parts, BLAFS, BLAFOP AND BLAFHI, -
" which are described in Sections 5, 6 and 7, respectively. Section 8 contains G
O descriptions of all subroutines that are included in the three programs in o
alphabetical order. The programs are listed in Appendices A, B and C. -

p ¢ Users at the Ballistic Research Laboratory may contact the author about
access for the latest versions of the programs.

K 1. Aivars Celming, "Reconstruction of a Blast Field from Pressure History
4 Observations,”" ARBRL-TR-@2367, September 1981 (AD-Al106141).

2. Ray C. Makino, "An Approximation Method in Blast Calculations," R
- BRL-MR-1023, February 1956 (AD-114 875). R
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2. BASIC ASSUMPTIONS AND THEORY

We seek to determine certain parts of the flow field within a blas*
bubble in air. The area of interest is a relatively narrow strip in the
r,t-plane behind the initial shock trajectory at a distance where the shock
strength is only moderate. We shall assume that the following conditions are
satisfied within the area of interest:

(A) the flowing medium is an ideal gas with zero viscosity and no
heat conduction, and

(B) the event is spherically symmetric and the flow has only a radial
velocity camponent u.

The first assumption is satisfied in most applications because typically
the maximum overpressure at the target is only of the order of one megapascal.
Within this pressure regime air behaves like an ideal gas. The second con-
dition is nearly satisfied in most experiments, because usually the explosion
source and the targets are positioned on the same plane, and the blast bubble
is a hemisphere. Deviations from spherical flow symmetry within the bubble
may be caused by local surface disturbances, by wind, and by the presence of
dust in the flow near the ground surface. The present technique cannot be
applied to cases where such disturbances are not negligible.

The governing equations for a flow satisfying the conditions (a) are:3

dp v =

3t + p div u 0, (2-1)

“du

Pt + 9gradp=0 (2.2)
and a _ do

‘—E- - E — =

b3t p at 0, 2.3
in which

d 9 (2.9

at = 3t * (u - grad)

is the material derivative. The equation of state is

= 1P 2.5
16

where Y is the ratio of specific heats.

€

Eliminating the specific internal energy e between Equations 2.3 and 2.5
one obtains

1 1 do
° 2:%' 5 3¢ = ©- (2.6)

3. Richard von Mises, "Mathematical Theory of Compressible Fluid Flow,"
Academic Press, NY, 1958.
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Equation 2.6 can pe inteqrated elong a particle rath line. The result is the
well known formula for a particle in an adiabatic flow:

1/y
2 _[(x ) (2.7)
Pa Pa

where the subscript A indicates reference velues at a point A on the particle
path.

Tne momentum Equation 2.2 can be reformulated by substituting in it the
expression given in Eguation 2.7. The result is

aw _ o1 ()" 2.8)
at Pa P sr .

1t the pressure function p(r,t) is given, e.qg., by measurements, then Equation
2.0 cen be numerically integrateu together with the path line equation

dr

o (2.9)

Tne integration provides the path line starting at a poirt A and the particle
velocity elong it. Tne density along the same path line is given by Eguation
2./. ALl other flow variables, such as, internal energy, dynamic pressure,
ond sound speed can be computed from p, u, and p.

the continuity Eguation 2.1 is not needed for the described calculation
of the flow corresponding to an observed pressure fieild p(z,t). Therefore,
one can usec the equation to test the calculated results, as suggested by

Makino.2 In fact, if the pressure p(r,t) is measured precisely then this test
proviuves a check of the validity of the assumptions (A) and (8) about the flow
field. In praxis, test calculations based on the continuit, eguation cannot
provide exactly the same result as the integration along path lines because
tne pressure field function p(r,t) on the right-hand sicge of Equation 2.3 is
zn approximotion containing observational and systematic errors. The effects
ot the former ere estimated in our approach from input information about tnc
Jate accuracy. Systematic errors may menifest tnemselves by aifferences
oetween original and control calculations that are larger than predicted by
the estimated propsgation of the observational errors.

A control calculation basea on the continuity eguation can bc carricu out
as ftoilows. First, we use kguation 2.6 ena reformulate the continuity
Squetion 2.1, ootaining

: 1 dp _
div u + Tp at = 0, (2.10)
or
3 (rzu) + (rzu) 1 éB—+ﬁ dp _ 0 (2.11)
ir Yyp 3r «yp ot  °° ’
9
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Equation 2.1l expresses the dependence of the quantity rzu on r for t = const.
A formal integration of the equation along a line t = const. yields

. r.\2 P 1/y
c o

u(r,t) = u__( c  —

o CAr ) (mr,t)) +

) 1 ¢ 2. 1/v 3p(¢,t) )
+ ¢ p(¢,t) = d¢
i rz vp(r,t) 17y Ir ot

(2.12)

The subscript C in Equation 2.12 indicates function values at a point C with
the coordinates (rc,t). Using Equation 2.12 one can calculate the particle

, velocity u(r,t) by a numerical quadrature along t = const., if an initial
bi value Ue and the pressure field function p(r,t) are known.

.o In summary, we proceed as follows for the calculation of the flow field.
- First, we establish a pressure field function p(r,t) by data fitting. Next,
- we integrate Equations 2.8 and 2.9 along a particle path AlBl’ as shown in

Figure 1. The integration produces the velocity uy at Bl' The density Py can

b be computed using Equation 2.7, once the path line is established. (The flow

variables u, and p, on the shock are known from the pressure field function

and shock relations.) Finally, the calculated velocity ug
another calculation using Equation 2.12, applied along the line CB

| is compared with
|
Ei velocity u. at the point C is again obtained from shock relations.

1° The

The overpressure field function is determined within the indicated damain
from pressure history measurements along the lines AA3, BB3 and CC3, and from

g can be calculated between B and
BZ' and test calculations by Equation 2.12 can be carried out between B and B

shock observations. The flow history at r=r

LA Al
. ;‘.. _.nA‘ ]

1

3. NUMERICAL INTEGRATION AND ACCURACY ESTIMATES

In most applications, one needs the flocw history at some fixed distance,
say rp. We obtain the history, i.e., the values of flow variables at a series

of points along the line r = ¢

B in Figure 1, by integrating Equations 2.8 and

- 2.9 along a number of path lines, each starting at a different point of the
shock. The test calculation of the velocity is done by integration of
Equation 2.12 along appropriate lines t = const. Figure 1 schem3tically shows
the integration lines and the locations of the computed nodes in the
r,t-plane. The values of the flow variables at the shock as well as the
pressure field function behind the shock that are needed for these
integrations, are obtained by model fitting of shock and pressure observations
. respectively.

IS L I e I
A MR
s_a 0 0 cle s o

K

The results of the shock model fitting are two functions of the radial
distance r and of a model parameter vector § describing the shock arrival time
ts(r;0) and the shock overpressure ps(r;O) respectively. The shock density Ps
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Figure 1. Computation of Flow History at a Given Distance.
The overpressure field function is determined within the indicated -

domain from pressure history measurements along the lines AAK’
BB3, and CCS’ and from shock observations. For r = TB’ the flow

history can be calculated between B and B_, and test calculations

2)
' can be carried out between B and Bl'
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and "article velocity u behind the shock follow from these functions and

shock relations. The model fitting of the observed pressure histories
produces an overpressure field function pf(r,t;o). (See Section 4.)

The differential equations for the path line, Equations 2.8 and 2.9 are
in terms of these functions:

dr _
at = W
du (3.1

7t = F(r.t;59) =

R
I I R
St e

where L

. : 3p.(r,t;:0) T
) 1 (ps(rA'e)+po > Pg i ' 6.2 RN
F(r’t; = - . . r .
DS(rA,B) pf(r,t,6)+po |

and Py is the ambient pressure. We integrate Equation 3.1 using a fourth

order predictor-corrector algorithm.

The control calculation by Equation 2.12 is carried out by substituting
Pg and Pe in it and then calculating the integral with a Raomberg quadrature

routine.

The accuracy of the computed results depends on the accuracies of the
integration algorithms as well as on the accuracies of the data that are used
to determine the pressure functions Pg and P+ The pure integration errors

can be reduced to desired levels by monitoring the integration step sizes.
The errors due to data inaccuracies are estimated using the linearized law of
variance propagation as described below.

The least squares data fitting programs4 provide an estimate of the
variance-covariance matrix Vg of the parameter vector ¢ in terms of the
estimated standard errors of the observations. BAn estimate of the standard
error of a function of ¢, e.g., of pf(r,t;e) is given by

' ] 172
. = [ﬁ v (ap_f> ] (3.3)
p 30 6\ 26 .

The standard error of ps(r;a) can be calculated by a corresponding formula, fiz

and the standard error of p can be calculated by using the relation
between density and pressure given in Equation 2.7. ' : v

The standard error of the particle velocity can be calculated in the same
manner provided that one knows the derivative vector 4u/3¢ . Unlike ap%/ﬂo ’

4. Aivars Celmip¥, "A Manual for General Least Squares Model Fitting,"
ARBRL-TR-02167, June 1979 (AD-B040229L). :?1

12 o
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- that vector cannot be obtained by a formal differentiation because u is not :
. given by a formula but obtained by solving numerically the equation system
3.1. Therefore, we differentiate that system with respect to the parameter
and obtain another system of differential equations where the unknown
functions are the derivatives du/39 and pr/p6. The new system is

a (22) _E 2 B i

at \2e 30 ar 98
4a far) | au (3.4) S

The equations are integrated numerically concurrently with the path line
Equations 3.1.

The end point of each path line has an uncertainty in the t-direction
which again can be camputed by the variance propagation formula using the

derivatives .
t 2t_(r_ ;0) ' -
T _ s » Lo (3.5 :
36 30 uB ae r=r .
B : B
For the camputation of the standard error of the dynamic pressure pu2/2
one needs to know the variances as well as the covariance of p and u. The e
full variance-covariance matrix of the flow field at an end point of a path S
line is calculated with the formula IR
T SOa
_oon o fonm —=
Vi T 38 Ve (ae) (3.6) -
where "
= T 3.7 o
H = (tB' PB: uB' P B) ( ) L
Z:i is a vector that characterizes the flow field. VH contains the covariance s
:‘.; between velocity and density that is needed for the dynamic pressure error . :j
- estimate.
{ 4. OVERPRESSURE MODEL FITTING .
:'-.:ﬁ The shock overpressure is modeled by the following three-parameter e
o function e
2 3 e
l ’ ps(r;a,b,c) = a/r + b/r° + /7, (4.1)
\ bt
0 and the shock arrival time is modeled by the four parameter function O
-, r AN
- f — (4.2) 2
- t_(r;a,b,c,d) =4 + ! * :
4 s o ¢ ‘rl # X2 x4 b/x 4 o) o
o VP, —
-. 13 . :.




where c, is the ambient sound speed and r, is an arbitrary reference distance.

The overpressure field function is modeled by the five parameter model

n
s S Rk
Op (L.t Ap,AL,B) 85,0 15t = [ l/r ] e "“1/‘ , (4.3)

where

¢ = [t-ts] (A +"‘\2[)I + [t-ts] (B +t32[)/[' . (4. 4)

In these equations, the exponents Npr Ny and n. are determined by an analysis

of the trends of the observed pressure histories. Therefore, the total number
of free parameters for both model fittings is nine, the four shock parameters,
a through d, and the five parameters, A1 through Cl’

n

The model fitting is done in two stages using utility programs from
Reference 4. 1In the first stage, one determines the shock functions Pg and

ts. The second stage provides the overpressure field function Pg- The data

for the model fittings are measurements of overpressures, times, and distances
with corresponding accuracy estimates. In the second stage one also uses as
input the results of the first stage, namely, the shock parameters a,b,c,d and
their accuracy estimates.

The two adjustment stages are programmed as two independent program
packages, BLAFS and BLAFOP. A third package, BLAFHI, uses the results of the
first two (essentially, the nine pressure field parameters with accuracy
estimates) and carries out the integrations described in Section 3. Instruc-
tions for the use of the three program packages are given in Sections 5, 6,
and 7, respectively.

5. SHOCK FITTING PROGRAM BLAFS

5.1 Purpose of the Program.

The purpose of the program is to determine from measurements of shock
arrival times, distances and overpressures a shock overpressure model function

Pg (r; a,b,c) =a/r + b/r2 + c/r3 (5.1)

and a shock arrival time model function

r

ax
t_(r; arblcld) =d +f (5.2)
S Yy +1 2 3 1/2
r <, [1 + —3;;; (a/x + b/x° + c/x )]
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In these equations L, is an arpitrary reference distance, <, is the ambient
sound speed, Py is the ampient pressure, and ¥ is the ratio of specific neats

of the ambient zir. ‘These four gquantities are part of the input for the -
program, in aadition to the shock measuremonts. The program cslculztes icast
sjquares values of the four shock model caremeters a, b, ¢ and ¢, ang proviass
estimates of thelr variences and covariances. A program listing with comments —
1s given 1n Aopenaix A, ana the subroutines of the program cre described in j(j
section 4. gt}

5.2 input for the 3nock Fitting Program

Tne input consists of two parts: gjeneral data describing the ambient zir
and the cnarge, and shock ooservations,

The general uata are provigeu by three mandatory and three optional -
cerus. The end of the general data patch is indicated by a blank cara. The
first two manaatory caras have the format (8AlU) and the third card nhes the
foramet (2al0, uelu.3). The contents of the mandatory cards are as follows:

1 11

TITLE 30 character title

1 11 L
PLOTLABEL 14U character plotting label o
™ 21 R
CHARGE v, E, H, e ——

The TITLE card contzins the identification of the computer run. The
identification will appear on all printed and plottea output.

he PLOTLABEL card conteins the identification for the Calcomp plotter ;f;
output. It will not appear on individual plots.,

he CHARGE card contains a description of the charge by the following
parameters:

= volume of the tire ball, m3,
released energy, J,

height of burst, m,

standard crror of H, m.

ram<
Won

(?H
I'he values of V and E are only needed to scale thc event, and they do

not atfect any otner results of the calculations. If scaling is not of
interest, then crbitrary or nominal values of V and E may be entered. -
Howover, V must Do positive. The neight H corresponds to the center of thc o
fire bail. It snould pe smcll compared to the distaonce oetwesn the center of
tine explosion a2nd the locations of the pressure gages in order not to violate
the assumction of a spherical symmetry of the flow field.

15
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The three optional cards have the same format as the CHARGE card, namely
(2A10, 6E10.3), and they may be entered in arbitrary sequence after the first
two or three mandatory cards. The cards have the following contents:

1 21

AMBIENT Py to' Y, M
1 21

SCALES Syr Spr Sp

1 21

PLOTTING DATA fp, f.
The AMBIENT card specifies the ambient air as follows:

ambient pressure, Pa (101325.0)

o
]

-3
I}

ambient temperature, K (293.0)

-<
1]

ratio of specific heats (1.4)

M

molar mass, kg/mol (0.02896) .,

I1f this card is missing, or if an input value is not positive, then the
missing or faulty value is replaced by the corresponding default value shown
in parentheses. The input must be expressed in base SI units, as indicated.

The SCALE card allows one to carry out the calculations in arbitrary
scales. The specified scales are:

77

a'ar ot an

" .
el
O e
2 a’a gt g

AT
'l<.l' [l

1

-v’ .1
s, = distance scale, m 2
»
s_ = pressure scale, Pa o
p ’ ol
S, = time scale, s. - -4
1f the SCALE card is missing or if any of the scales is not positive then the g
following default scales will be used: -
3
T
- =
Sp = Po v - ;:
= >
Sy = sr/co, -
where o is the ambient sound speed, computed with the formula 2
Co = TOR/M) :.:::;
N
with the universal gas constant R = 8.3143 J/(K x mol). The scales S, sp, A
and s, are also used for the output. Therefore the SCALE card permits one to
obtain the output in non-standard scales, if desired. If the output is to be -
16 -
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in pase 5I units then unit sceales S, = sp =s = 1 must be specifieda. The

numerical performance of the projram is little influenced by the sceling,

The PLOTTING DATA card conteins error factors for tne plotting of confi-
aence linits:

£
p

£

error factor for confidence limits in pressure plots,

error factor for confidence limits in all otner plots.

Tne plotteu confidence limits will correspona to fp and f standaru errcrs,
respectively., 1f tne card is missing then the default values fp =f = 2,u are

used. If a factor is zero then corresponding confidence limits will not be
plotted.

The end of tne general data is indicated by a bliank card. It is followead
Oy cards containing snock data. All shock data caras have the format (2Al0,
6Elvu.3) and their sequence is arbitrary. Each snock point is represented py
two cards witn lidenticel labels. The two cards contain the following data:

1 1011 2uf21
Lzoel SHOCKbbbbb It , €.r Py ep
1 lull 20|21
Lapel RANGEbbbbb X, ey s n, e,
where
t = shock arrival time, s,
e, = standerd error of t, s,
p = shock overpressure, Pa,
ep = stancara error of p, ra,
X = range (ground distance) of observation station, m,
ex = stanaard error of x, m,
h = elevation of obscrvation stetion, m,
¢, = standara error of h, m.

The "Label" is ¢ ten cheracter alphanumeric iventification of thc observation.
Missing t- or p- observations are indicated by & zero or a blank field. (t = U
or et = (0 indicate a missing time observation; o = U or ep = v indicete a mis-
sing pressure observation.)

The maximum number of shock observations thot will be read by the program
is 5u. If tne number is 1ess than 50, then the enu of the shock data should be

17
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indicated by another blank card. The minimum number of shock points for the Lo

model fitting is four because the model function contains four free para- L
meters. RO
-

After the data have been processed and the shock model parameters . 4
determined, the program will try to read the next shock fitting case, starting R,
with the general input. The execution will come to a programmed stop if the A
input is not a TITLE or PLOTLABEL card, for instance, if it is a blank card. {.:-::
oo

The computing time for a typical shock fitting problem is less than 20 A
seconds on the CDC 7600. IR
5.3 Shock Fitting Process and Output
The shock fitting is done by a least squares process with constraint :.:ﬁ;l-
equations derived from the model functions Py and to, defined by Equations 5.1 - 3
and 5.2. Let Pyr Iy and ti be the observed shock overpressures, distances e
o

fram the center of explosion and shock arrival times, c¢ pi’ Cri and Cei be the ~'.__'-
corresponding residuals, and let s be the number of observed shock points. j.:-f.]
Then the constraints are formulated as follows: o
_ 3 3 . _ g

F1i = B * Sy (ry + 657 = (xy + €))7 Py + Cpyi asby0) = 0, 5.3) R
in = cots(ri + Cri’ a,b,c,d) - (1:i + cti) c, = g,i=1, ..., s. :..'_':-\:'1
The distance r, is calculated from the range (ground distance) X4 and ____;
elevation hi by - 4
- 2 2.1/2 :;i

r, = (xi + (hi - H)Y) (5.4) I

X BOas
" with the estimated standard error S

y _ 2, 2 2 2,, 172
e = [(xiexi) /1:i + ey )] . (5.5)

+ (- /r)? (e

l.l .

The arbitrary constant r, in the function ts' Equation 5.2, is set equal to

il the smallest observed distance L.

T
. The least squares objective function is ;.':::3
N s 2 2 2 N

s N+ (e /e )] 5.6 v
.:> W= Z [(epi/epi) + (cri/etl) t1 t1 . ( ) .---—?
i=1 _\;
It is minimized subject to the constraints 5.3. The minimizatioa is done by a R
version of the least squares utility routine COLSMU (Reference 4) for problems
with multi-component constraints. The flexibility of the routine permits one —
+o use also such data sets from which either the overpressure observation Py ;
"y
13
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or the time observation ty is missing. (The constraint for such an incomplete
data set is only one of the two Equations 5.3.)

The data fitting is done in four steps:

Step 1. Only pressure is adjusted. This renders the problem linear e
in the parameters (only the first equation of Equation 5.3 is e
used) and provides a convenient method to obtain initial o
approximations of the parameters a, b and c. o

Step 2. Only pressures and distances are adjusted. This provides better
initial approximations of the three parameters a, b and c for
the next step.

Step 3. Simultaneous adjustment of all observations: pressure, distance X
ard time,., This provides the final values of all four para-
meters, a, b, ¢ and d.

Step 4. Only pressures and times are adjusted. This is merely a test
for the effect of distance measurement inaccuracies. The result e
of this step corresponds to the assumption that distances are O
measured without errors. We notice, however, that the "distanc- .
es" are measured fram an imaginary and ill defined “center of

explosion." Therefore, very small distance errors are probably

not a realistic assumption and the range standard errors e,r to el

be specified by input, probably should be larger than the A

range survey errors. —

v 4

;,-: The output of the shock fitting program consists of printed summaries of e
- the general data and shock data in self-explaining formats, and of printed and e
- plotted results of the four adjustment steps. The printed output of the
adjustment steps also includes standard output generated by the least squares ‘_:-jj
H subroutine COLSMU, which may be useful in case of algorithmic difficulties. ey
:-'_'ﬁ: Normally, the only relevant output is the self-explaining summary of the "
s adjustment results in Step 3. Corresponding plots of ps(r), ps(t) and rs(t) 0
o curves serve as illustrations and provide a visual check of the adjustment s
. quality in all four steps. Examples of output plots are reproduced in T
» Reference 1. <4
5.4. Structure of the Shock Fitting Program 1

The shock fitting program consists of a main program and 15 subroutines.

Figure 2 shows a flowchart of the main program. The hierarchy of the various e
» . subroutines is shown in Figure 3 and the communications between the - 1
subroutines through COMMON blocks is displayed in Figure 4. A listing of the —s
x5 programs is given in Appendix A. The contents of the six COMMON blocks that
- are used in the shock fitting programs are as follows: -
R COMMON/AMBCHA/P , T, Y M, V, E, H, e_. o
> (o] o H

P T A . P S e e R A e e~
P R R P T S S o, STt et e et et T Lt M v ma e e e el e.
DR N e I TR LI D R A Y

L PR N N A R LS S e R T T P T T e




------------

L) REVARRC

, v
.
-
N
.

P TU T T SR S T
e e T a T e e e e e e
el o b PRI SIS I SO Wl

READAM

Y

READSH

!

SCALSH

Figurc 2.

—

READ AMBIENT DATA
STOP IF NO DATA

READ SHOCK DATA

ARRANGE DATA FOR
LEAST SQUARES FITTING

FITSH

SHOCK FITTING

!

PRSHAD

PRINT FITTING RESULTS

!

DIMPARS

PRINT RESULTS IN SI UNITS

Y

PLPDSH
PLPTSH
PLDTSH

PLOTTING PROGRAMS FOR
pglr), Pt rglt)

'

<—(terate 4 times)  CHANGE ADJUSTMENT TYPE

e Y

Main Program SHOKFIT for Shock Fitting
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S o' B
Sx|5|w| 545 .
(na) 253 —lo-|= -
\ =lwl=l=lo 8
Subroutines zlol|lola|aola
DIMPARS X
FITSH x| ®

FMSHCK
F2DER x o
F2SHCK ® e
LOGSC x "]

b 4

PLDTSH x | x| x x | x

PLPDSH x X x | x —
PLPTSH x | x| x x | x

PRSHAD x

READAM | @ ®
READSH s -
SCALSH x|®|®|®|x

Figure 4. Access to COMMON Blocks by Shock
Fitting Subroutines.

A circle indicates the subroutine which enters
data into the COMMON block.
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This block is filled by the subroutine READAM and its contents are

P, = ambient pressure, Pa,
T, = ambient temperature, K,
y = ratio of specific heats,
M = molar mass, kg/mol,
) V = volume of fire ball, m3,
E =released energy, J,
H = height of burst, m,
ey = standard error of H, m.
COMMON/CF2DER/ T’ , co,.a, b, ¢, 4, Xnin? Sp’ sp, Sy-

This block is filled by the subroutines SCALSH and F2SHCK. Its
contents are

r = [0+7)/(2N]1(pg/P,) ,» (factor in Equation 5.2),
_ ' 1/2

c, = (YT° 8.3143/M) st/sr, (sound speed),

a, b, ¢, 4 = shock parameters, see Equations 5.1 and 5.2,

Xmin = (xi/sr)min'

sr = distance scale, m,

sp = pressure scale, Pa,

st = time scale, s.

COMMON/EMISFM/MISPDT (3,58) , DISTN(5¢), NODIST, SCD.

This block is filled by the subroutines SCALSH and FITSH. Its
contents are

! MISPDT (3,58) = a non-zero in this array indicates a missing

s camponent of the observation vector (pi, r ti)'
. N i = 1' esey 50.

- DISTN (5@) = scaled distances r,/s_

l% NODIST = a non-zero indicates for the subroutine FMSHCK
- that the distances are not to be adjusted, but
> the values from DISTN used. This is set by the
. subroutine FITSCH.

%ﬁ SCD = distance scale s_, m.

o 23
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COMMON/CMPLSH/ Pnin’ Prax’ “min’ ‘max’ Tmin’ max
This block is filled by the subroutine SCALSH and its contents are jii
the extremes of the observed values of overpressure p (Pa), distance r T
(m) and time t (s). s

COMMON/COMSHDT/TPXH (4,50) , ERTPXH(4,58), TITLE(3), ALAB(2,5#)

This block contains the raw shock observations. It is filled by the
subroutine READSH and its contents are

TPXH(4,58) = observation vectors (t,p,x,h) for up to 50
observation sets. The units of the observations
are (s, Pa, m, m).
-
ERTPXH (4,58) = estimated standard errors of the observations in
TPXH.
TITLE(3) = alphanumeric title of the computer run, read from
the TITLE card.
ALAB (2, 50) = alphanumeric identifications of the observation -
sets. -
w 1‘
COMMON/PLOT/PD (6) , PLABL (4)

This block is filled by the subroutine READAM and it contains
information for the plotting routines.

Tt ey ; I TR T T
L DL DR N L a, e :

D (6) = contents of the PLOTTING DATA card. Only the
first two components are used: PD(l) = f_, . ¢4
FD(Z) = fo See Section 5.20 p :‘:.An
PLABL (4) = label for Calcomp plots, read from the PLOTLABEL e
card. o
-
X
6. BLAST FIELD OVERPRESSURE FITTING PROGRAM BLAFOP -
6.1. Purpose of the Program .,t
® The purpose of the program is to determine from measurements of overpres- N
sure histories at a number of stations a model function that approximately -

describes the overpressure field within a limited region behind the shock.

< The model function has the form ~fﬁ
e _ _ rA(r) + 7= B(r) S
R Pg = [p (r) - Clr)]e +C(r), , (6.1) ]
where T =t - t_(r), (6.2)

Vf. ps(r) and ts(r) are known functions describing the incidental shock overpres-
» sure and arrival time, and A(r), B(r) and C(r) are unknown functions of the

. 24

S
. RSN
NI Or N SN

.
2 1 1

.....




S NN T N T T T T T Ty

distance r from the center of the explosion, to be determined by the program.
The region in which the fitted overpressure field function P approximates the

overpressure field is indicated in Figqure 1. The three adjustable functions
of r are defined by

n, .
A(r) = (A +Ax)/r 7, .
n .
B(r) = w1+5fp¢3, (6.3) N
e
C(r)= Cl/r .
The three exponents, Nyr Ng and Nee are determined by a trend analysis of the

overpressure histories, and the functions ps(r) and ts(r) are determined by

shock fitting (see Section 5). Thus the function given by Equation 6.1 con-
tains five free parameters, Al' Az, Bl' 82 and Cl’ which are determined by a

least squares approximation to the pressure history data. A program listing
is given in Appendix B and the subroutines of the program are described in
Section 8.

6.2. Input for the Blast Field Overpressure Fitting Program

The input consists of three parts: general data, results of the shock
fitting described in Section 5, and overpressure history observations.

The general data are provided by three mandatory and three optional
cards. The format and the contents of the cards are the same as for the
general data input for shock fitting described in Section 5.2. (The cards are
read by identical subroutines.) The end of the general data batch is
indicated by a blank card.

The shock fitting results are provided by four cards in arbitrary order.
The cards contain the shock fitting parameters and their error estimates. The
format of all four cards is (2Al10,6E1@0.3) and their contents are as follows

| S
[
.
>
'

1 21
SHOCKPAR ja, b, ¢, d, T,
1 |21
SHOCKPARERRORS €yr € L1 €4
o 1 21
Q; . SHOCKPARCORCOEF e s €, s C 4 Cpor Spgr Seg
X 1 21 -
.;' SHOCKSCALESDBR, P, T Sgr Sy Sy .
: The end of the shock fitting data is indicated by a blank card.
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The numerical contents of the four cards is normally taken from the
results of the third step of shock fitting. (See Section 5.3.) The meaning
of the contents of the cards is as follows

—-—ad

a, b, c,d = shock fitting parameters, see Equations 5.1 and 5.2. .
o, = shock distance for arrival time 4. e
€ 1 ©yr ©ur g < standard errors of the shock fitting parameters. The ?f

standard error of weight one, ey generally should
be included as a factor in these estimates, if e, is . K

larger than one, or deviates considerably from one.

b through S correlation coefficients of the shock fitting )

parameters.

S s sp, st = scales, in metres, pascals and seconds, of distance,
pressure and time which are used to express the shock
parameters. If the shock parameters are expressed ]
in SI base units, then the scales are 1 m, 1 Pa and i
1 s, respectively. A

The third batch of input consists of cards containing overpressure his-
tory observations. Each overpressure history is entered by one card contain- N
ing the range and elevation of the pressure transducer, and a number of other T
cards each containing an observed time and corresponding overpressure at the ‘
station. The number of t,p-observation sets must be at least four for each
station. The total number of stations must be at least two and not more than L
50, and the total number of t,p-observations in all stations is limited to
5000. All cards pertaining to one history, including the range and elevation
card, should be in one batch. Their order within the batch is arbitrar.. The _
format of the cards is (2al10, 6E16.3). The first word (Al®) is a labcl iaen- A
tifying the station, that is, the overpressure history, and it should be the
same in all cards belonging to that history. A different label indicates for Lt
the computer the beginning of a new batch pertaining to a different history. e

The contents of the cards are as follows:

1 11 20 21

Label RANGE,ELEV X, eyr h, ey )
o

1 11 20 21

Label TIME,PRESb t, e, p, e

where x = range (ground distance) of the station, m

e
X

h

eh

standard error of x, m,

elevation of the station, m, ;};-

standard error of h, m,

..
AR
S
e

b el

oy
‘
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t = tine after detonetion, s,
e = standard error of t, s,
p = overpressure at time t, Pz,
b
t: cp = stenadard error of g, Pa.
e ¥
b

fne =nu of 21l date is indicated by a blank ceara.

Tne computing time for a typical case (5 histories, and & total of 15u
t,p-obscrvations) 1s less than 1UU seconds on the CDC 76uU.

0.3 OQOverpressure Field Fitting Process and Qutput

The overpressure fiela function is Jdetermined in two steps. First, 2
three parameter exponcntial function

| 2

g _ )A T+ 3t

: P, = (pg + Qe c, (6.4)
L. with T = t-t., is fitted to each overpressure history. Then tne depenaence
4 of tnc fitting paraneters A, B and € of the individuel histories on thc

. distance r from the explosion is analyzed, and power function approximations
; arc determined in the form

) A "3 c .

Ei A(r) = Ao/r , B(r) = Bo/r , Clr) = Co/r . (6.5)

The ensuing values of the cxponents Nps Ny ana n. are usec in Eguation 6.3 to

construct the overpressure field function.

~ The second step consists of a joint fitting of all observations to the
.‘ overpressure model 6.1 through 6.3. Free parameters for that fitting are the
. five constants Al' AZ' Bl' Bz, and Cl'

The output sterts with 2 comgrehensive summsry of all input data. Next,
the individual histories ere fitteo using a version of the least squares
utility routine CCOL3AC (Reference 4) with the constraint function

- ti = ph(ti + Cti; A, B, C) - (pi + Cpi)' i=1,0.,5 (b.b)

where ti anc p, arc the observed tlnes ang Lreossures, Cei i i
¥
corresponuing residuals, and the function Py, is defined by Equation 6.4. (Tnc

» ) tunction p, is diffeorent for each history because the shock values o and ts

o}
arc uitferent for each history.) COLSAC prints the agjustment results in &
stanaarc torm, which 1S suppledented by a selt-cxpliaining list of wujult _u
gaeta ana paremeter values. 1In sauvition, Coalcomp plots crc jenereted of zech

- aajusted history, providing a visual check of aata end adjustments. At tne

» ent of the first step & list of the varameters A, B and C of 2ll nistorics 13

provideu together witn tne coxronents Nys N, @NU N, 2na tie values ot Ao' SN
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and Co. Tne three paremeters A, B and C are also shown in log,log-plots as

functions of r.

In the sccond step, tne joint fitting of all observations is done in
substeps to avoid algorithmic difficulties. First, only overpressure
observations are aujustea; then overpressure and time observations are =
aajusted, and finally, overpressure, time and cistance observations are .
aajusted. Tne adjustments are again done by the COLSAC routine, now using
constraints derived from the model function 6.1 through 6.3. The constraints e
are formulated as the function

fi = pf(ri tCe b togs Al, Byr Bys Bz, Cl) - (pi + Cpi) = 0,1 = l,ié.ii

where B¢ is defined by Equation 6.1. The output consists of the standard

output by COLSAC, and after the third substep, a list of the aajusted obser- -
vations and a list of the overpressure field parameters in SI base units. For

cach history 2 plot is provided of the overpressure field function, its

confidence limits and the corresponding observations. A final plot gives in

the r,t-plane the locations of the observed histories, the shock trajectory

and some particle path lines. The latter plot can be used for the planning of .
experiments, beceause it provides an indication of the domsin in which the flow L
field can be reconstructed and checked by test calculations. (See Figure l.)

Examples of tne various plots are given in Reference 1.

6.4. Structure of the Overpressure Field Fitting Program

The overpressure field fitting program consists of a main program and 41 -
subroutines. Five of the subroutines (COLSACA, COLSAC3, MTRIND3, LUDATD, .
LUELMD) belong to the least squares model fitting utility routine COLSAC e
(Reference 4), and usually are not included in a special epplication program,
but attached as needed for a particular computer run. For the present
application the set of routines was modified, and the program package contains v
the modified version. The modifications concern the use of the LEVEL2 option —
for certain arguments of these subroutines. LEVEL2 variables were necessary -
in order to accomodate the possibly large number of data within the present .
computer configuration at BRL. (The shock fitting program described in Section b
5 uses a standard version of the least squares routine COLSMU, which is A
therefore not included in the program package, but attached at run time.) ol

N UOSRCREEN ) AR

)

."'- bt e aer Rl 4
o i
St e e

A flowchart of the main program is shown in Figure 5, Most of the -
subroutines that are called from the main program are cuite simple. Tne =
structures of the two more complicated subroutines, FITPR ana FTPFLD, are S
illustrated by Figures 6 and 7. At a lower level, the subroutine PFIELD for o
the computation of the overpressure field is more involved and its hierarchy
is shown in Figure 3.

A MO

A list of COMMON blocks is given in Figure Y together with tne names of e
subroutines wnich have access to the blocks. Seven of the 16 blocks are dummy o
blocks, and needed only because of idiosyncrasies of the LEVEL2 option. (They e
arc not used to transmit information between different parts of the program.) :
Several other blocks are identical to those used in the shock fitting orogram,
Section 5. A description of the contents of the COMMON blocks follows. -
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READAM READ AMBIENT DATA o
READSP READ SHOCK FITTING PARAMETERS o
READPR READ OVERPRESSURE HISTORY DATA
SCALPR PREPARE ONE HISTORY FOR FITTING
* FITPR FIT ONE HISTORY
DIMPAR PRINT RESULTS IN SI UNITS
PLTPNTS PLOT FITTING RESULTS
< REPEAT )  REPEAT FOR ALL HISTORIES -~
PRINPAR PRINT SUMMARY. COMPUTE EXPONENTS \
PLTPAR PLOT PARAMETERS vs DISTANCE ':'ff%
FTPFLD FIT ALL OVERPRESSURE DATA
DIMFLD PRINT RESULTS IN SI UNITS
PLTLOC PLOT HISTORY LOCATIONS IN r,t - PLANE

'
C stoP )

Figure 5. Main Program OPREFIT for Overpressure Ficld
Fitting.
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Figure R.
The subroutine computes the overpressure field function defined by

equations 6.1 thru 6.3.
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L | COMMON Block | Subroutines with access to the COMMON Block !
| NAME and Length | l
H | AMBCHA, 8 | READAM, READSP, READPR, PLTLOC, SHOCK, STRBEG |
| | |
g | CFLDEX, 3 | ACOEF, BCOEF, CCOEF, FTPFLD |
| I I
- | CF2DER, 10 | F2DER, FRSHCK, READSP, SHOCK, SHOCK2, SHTINT, SHODER, |
b
o [ | STRBEG [
| | |
| | CCMPR, 30158 | FTPFLD, READPR, SCALPR, PLTFLD |
- | | I
; | COMSHK, 24 | READSP, QFUNCT, SHOCK, SHOCK2, SHODER, STRBEG [
I | |
| CPARG, 155 | PLTFLD |
| | |
A | CSCALE, 3 | FTPFLD, OFUNCT, PLTLOC, STRBEG, PLTFLD |
. | | I
| GUECM, 60 | GUESS, FLDGES |
3 | PLOT, 18 | READAM, PLTPAR, PLTPNTS, PLTLOC, PLTFLD |
. I | |
b | PSTS, 2 | FITPR, EXPON, PLTPNTS |
: I | |
- | SCRCH, 13668 | FITPR [
| | !
. | SCRCHA, 195 |  PLTPNTS |
. | ] I
a | SCRCH2, 114397 | FPIFLD, PLTFLD |
N | | I
< | SCRCH3, 155 | STRLIN |
by | | I
- | SCRCH4, 140 |  PLDAUX |
._‘w » l ' |
" | TPINDX, 2 | FTPFLD, FLDGES, FIELD, QFUNCT, PRTFLD, STRLIN, PLTFLD |
| | |

Figure 9. List of COMMON Blocks in the Overpressure
Field Fitting Program BLAFOP
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The underlined subroutines enter data into the COMMON Block.
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- COMMON/AMBCHA/ - see the description in Section 5.4. ]
:‘-".' DaS
CQMMON/CFLDEX/n,, ngs Nee =
‘ This block contains the three exponents in the field function, R
Equations 6.1 through 6.3. The block is filled by the A
o subroutine FTPFLD. T
o COMMON/CFDER/ - See the description in Section 5.4. L
e
' COMMON/CQMPR/TP (2,5000), ERILP (2,5000), ALB(2,500¢), NSET(54), DIST(50), s
: EROIST(50) . ]
B This block contains the raw input from history observations.
- It is filled by the subroutine READPR. Its contents are 7]
“ TP(2,5000) - time and plressure observations, 4
ERTP(2,5000) - corresponding standard errors, l
» ALB(2,5000) - labels of the observations, .
. 4
i_- NSET (58) - numbers of t,p-observations in each history; up
- to 50 histories are permitted, N
Z;_'-: DIST(50) - ranges (ground distances) of up to 5@ pressure .'-_f'_'.:_:
T transducer locations, R
i ERDIST(5¢) - standard errors of the ranges in DIST. v 4
= COMMON/CCMSHK/NPS, PR (4) , VPR (4,4) , Sps v Sy- o
- .-'j
- This block contains the shock fitting parameters and their S
i variances. The block is filled by the subroutine READSP and —
its contents are N
‘7.; NPS - number of shock parameters; this is a set equal to :'.;
X four, ]
;5 PAR (4) - shock parameters a,b,c,d, R
Z'-j: VPAR (4, 4) - variance—covariance matrix of the shock :':‘j
T parameters, ROy
j-:' Spr Sgr S, - length, pressure and time scales which are used S
" P to express the shock parameters. K
- COMMON/CPARG/ p
This is a dummy block, necessary o use the LEVEL2 memory option. :I:
) -
.. : "-‘J
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COMMON/CSCALE/S{, sp, st

This block contains tnhe scales for distance, pressurc anu timne
aich are usea for the calculations in this program. They are

set by FTPFLD in accordance with the general input.
COMMON/GUECM/

This iIs a dunmy block, necesary to use the LEVEL2 memory option.
COLLAON/PLOT/

See description in Section 5.4.
COMMON/PSTS/P,t

This block contains a shock overpressure and a corresponding
shock arrival time. It is set by the subroutine FITPR.

COMMON/SCKCH/ 1
CCOMON/SCRCHA/
COMMON/SCRCH2/ p Dummy blocks necessary to use the LEVEL2

memory option.
COMMON/SCRCH3/

COMMON/SCRCH4/
COMMON/TPINDX/1 L’ ip
This block contains two indices signifying the time and pressure

components of the three component observation (p,t,r).

Subroutine FTPFLD sets it = 2, ip = 1.

7. BLAST FIELD HISTORY COMPUTATION PROGRAM BLAFHI

7.1. Purpose of the Program

The purpose of the program is to compute blast field histories at given
locations using a previously determined overpressure field function., The
computation process is schematically described in Section 2 and illustreteu oy
Figure 1. It consists in essence of numerical integrations of a nunber of
selected path line equctions and of quadratures over flow field functions
along lines t = const. The results of these calculations produce, at
specified distances r, histories of overpressure g, particle velocity u,

density o, dynanic pressure pu‘/Z and temperature T, all with estimated
stanaard errors. A program listing is given in Appendix C and the subroutines
of tne program are described in Section &,
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7.2. Input for the Blast Field History Computation Program

The input consists of four parts: general data, results of the shock fit- B
ting Jdescribed in Section 5, results of the overpressure field fitting de
scribed in Section 6, and instructions as to what calculations are to be done,
‘'ne four data groups are entered as four batcnes of input cards, separated by
a blank card at the end of each batch.

The 3Jeneral data are provided by three mandatory and three optional -
caras. The format and the contents of the cards are the same as for the '
general data input for shock fitting described in Section 5.2. s

Cat e T
Eacd Rt 8 b -

The shock fitting results are provided by the four cards described in
Section 6.2.

The overpressure field fitting results are entered by seven cards
containing the overpressure field parameters and their estimated standard -

errors. The format of the cards is (2Al0, 6ElU.3) and their order is
arbitrary. The contents of the caras are as follows:
Il 21 -
FIELDPAR g
R

Aye Byr Byy Bys G

These are the five overpressure field parameters, see Equations
6.1 through 6.3.

Il 21
FIELDPARERRORS en1’ ©a2’ €31’ ©R2’ €1
These are the standard errors of the overpressure field .o
parameters. s
.’,:.:4
1 21 :-ftj-:
"
ll I2l -
FIELDPARCOb2

€247 C257 C347 €357 Cyg

These cards contain the correlation coefficients between the
overpressure fiela parameters.

P T T
PSPy

1 21
FIELDPAREXPONENTS Npr Ngr Do

These are the exponents in the overpressure field function, see
Equation 6.3.

PR
e 0 e
R
“atg e L a0

|l 21 .
Scales in metres, pascals and seconds, of distance, pressure .ﬁ}j
and time that are used to express the overpressure field 'ZSH
parameters. )
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1 ]21
FIELDPARRANGE r. ,r
min’ "max

Distances in metres between which the overpressure field
function is assumed to approximate the real overpressure.

The end of the pressure field data is indicated by a blank card.

The computing instructions are entered by one card for each set of
histories that are to be calculated. The card has the format (2A10,6E10.3)
and the following contents:

1 21
HISTORYbR, TMAX,NRPTS r, t , N
max
where
T = distance from the center of explosion at
which the histories should be computed, m,
tmax = end time for history calculations, s,
n = approximate number of nodes to be calculated; n should

not exceed 100.
The program starts the calculations after a HISTORY card is read. After
completing calculations the program tries to read the next HISTORY card. A
blank card indicates the end of the input and will cause the program to stop.

A typical camputing time for a history with 84 nodes is 1560 s on the CDC
7600.

7.3 Blast Field History Camputation Process and Output

A short description of the computation process is given in Section 2 and
the process illustrated by Figure 1. More detailed information about the
numerical integration of the path line and derivative equations is given in
Reference 1, Section 3. The actual history is obtained at the prescribed
distance r and for equidistant time values by interpolation in the r,t-plane
between path lines. Details of the interpolation process are given in the
description of the subroutine FLINTER.

The output of the program consists of a comprehensive summary of all in-
put data, that is, the general (ambient) conditions, the shock fitting results
and the overpressure field fitting results, followed by a printed list of the
computed histories. The list contains values of time t, overpressure p, veloc-

ity u, density P, and dynamic pressure Pu2/2, all with estimated standard
errors, at equidistant time intervals. In addition to these histories a list
of the test velocities is printed together with the corresponding original
velocities and the dynamic pressures camputed using the test velocities.

37




A

r REY T S e L L Te T Ta s e ¥

".l.‘.'."‘fl‘.'.'.-‘ RN

~

The printed output is supplemented with plots of the five histories of p,

u,P,pu2/2 and T, and a plot of the dynamic pressure history computed using the
test velocities instead of the original velocities. Examples of the plots are
given in Reference 1.

7.4. Structure of the Blast Field History Computation Program

The program consists of a main program and 28 subroutines, Most of the
subroutines are identical to those used in the shock fitting and the pressure
field fitting programs. A flowchart of the main program is shown in Figure
13, and a flowchart of the principal subroutine FLOWFLD is shown in Figure 1l.
The routine computes the flow history at r = Iy by calculating a number of

particle path lines (each line is generated by calling STRBEG and STRLIN) and
by interpolation between the lines to obtain history values at r = Iy and for

equidistant t-values. After calculations are completed the output routines
PRIHIS, UTEST and PRITST are called to print results and to compute test
velocities. Other subroutines of the program have quite simple structures.
The somewhat more involved structure of PFIELD is shown in Figure 8. Short
descriptions of all subroutines are given in Section 8.

A list of COMMON blocks is given in Figure 12, showing also the names of
those subroutines which have access to the various blocks. Most of the COMMON
blocks have the same contents as corresponding blocks in the other two program
parts, BLAFS and BLAFOP. Next, we give a description of the COMMON blocks.

COMMON,/AMBCHA/

This block contains general data and is described in
Section S5.4.

COMMON/CFLDEX/nA, Ngr Da

This block contains three exponents of the overpressure field
function, and it is filled up by the subroutine READFP. (See also
Section 6.4.)

COMMON/CF2DER/ - See the description in Section 5.4.

COMMON/COMFLD/P (5) /V (5,5) 4S.s S,r Syr Tpins oy

This block is filled by READFP and it contains the parameters of the
overpressure field function. The contents of the block are
P(5) = (Al, A2, Bl' Bz, Cl) = overpressure field

parameter vector;

v{(5,5) = variance-covariance matrix of the parameter
vector P
Sr’sp' st = gcales in metres, pascals and seconds of

distance, pressure and time in which the
parameters P are expressed;
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READAM READ GENERAL DATA
?; READSP READ SHOCK FITTING RESULTS

READ OVERPRESSURE FIELD
READFP FITTING RESULTS

= ¢

? Read a HISTORY card —=(STOP if card is blank)

l COMPUTE HISTORIES AS SPECIFIED
= FLOFLD BY THE HISTORY CARD
3 }

: Y [PUTFFLD PLOT COMPUTED HISTORIES

.

Figure 10. Main Program HISTORY for Flow History Computation.
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( enver )
1

COMBINE SHOCK AND FIELD PARAMETERS

Ro= 8 :::-
25 -
ESTABLISH At FOR i
=1 ;=R STRBEG —~1 INTEGRATION IN STRLIN -
.
| [ STRLIN (New path line) |
48
STORE PREVIOUS FIRST LINE ? ‘
PATH LINE —~— NO J YES 1
] g
_//ONE NODE CASE 2 \ .
65 } N | YES b
SET t=t+Qt \ 1
FOR NEXT HISTORY - CALCULATE OR FOR NEXT ]
NODE INTERPOLATION PATH LINE AND At FOR 3
| HISTORY CALCULATIONS ‘ §
[TFunter OnterpoLae) | 1 86 o
3 {  STORE FIRST HISTORY NODE  J=—" -
/ NEED NEW LINE ? s
L YES ] NO \ ONE NODE CASE? " ,-:_i
R | N | ves RN
tmox REACHED?\ 145 § '
} YES | No ' | R =R,-OR MESSAGE = NO
95 t - — 155 1
R,=R,-OR PRIHIS
: 2 UTEST '
100 9 PRITST ‘-
Ry 2 Tnig 1
YES NO —=| MESSAGE = YES ( RETURN )
»
Figure 11. Flowchart of Subroutine FLOFLD, .‘_:-;:.'_-'.
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Subroutines << il Rl Rl Rl Rl
ACOEF X

BCOEF X

CCOEF X

FLOFLD X X ®

F2SHCK ®

PLFFLD x x

PRIHIS x
PRITST X
QFUNCT X X
READAM ® ®
READFP ® ®

READSP X ® ®

SHOCK x x x

SHOCK 2 X x

SHODER x| | x

' SHTINT x

3 STRBEG 1 1=l [x| |x

Ei UTEST X ®

. UTINT x

g MAIN PR <| |~

-

- Fienre 12, Access to COMMON Blocks by History

:0_ Computing Subroutines.

éi? Vel te adicates Jata entry into the COMMON Block.
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: min®  max sure field function is assumed to hold.

COMMON/COMSHK/ -~ See the description in Section 6.4.
COMMON/COUTST/t,P(18), v Py
This block contains information about the test computation by the

quadrature Equation 2,12, It is filled by the subroutine UTEST
and its contents are

t = time for which the integration is done, expressed in
the S units that are used for calculations
4
{ B(10) = the nine overpressure field parameters Al, A2, Bl' Bz,
Cyr ar b, c, d. The tenth component of P is not used.
[ y = ratio of specific heats,
3 Py = ambient pressure expressed in the s_ units that
k. are used for calculations.

s COMMON/CSCALE/ - see the description in Section 6.4.

COMMON/PLOT/ - see the description in Section 5.4.

8. DESCRIPTIONS OF SUBROUTINES

This section contains short descriptions of all subroutines in alpha-
betical order. The listings of the subroutines in Appendices A, B and C
contain additional comments. Some subroutines are used in more than one of
the BLAF programs, and listed in more than one Appendix, as indicated in the
headings of the following descriptions.

ACOEF (Appendices B and C)

This subroutine computes the function 6.3,

DA
A(r) = (Al + Azr)/r

and its first and second order derivatives with respect to t,p,r and the five
parameters PAR = (Al’AZ’Bl'BZ'Cl)' It is called from QFUNCT and it uses

COEFFI for the actual calculations. The conventions for the arguments are

t =X(1,...), P=X(2,...), £ =X{(3,...).

42
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BCOEF (Appendices B and C)

This routine computes the function 6.3

g

B(r) = (B, + Bzr)/r

1

and its first and second order derivatives. Its structure and conventions are
the same as those of ACOEF.

CCOEF (Appendices B and C)

This subroutine computes the function 6.3,

n
C(ry = Cl/r C,

and its first and second derivatives. (See also ACOEF.)

COEFF! (Appendices B and C)

This is an auxiliary routine for ACOEF, BCOEF and CCOEF and it calculates
the function

A= (p1 + p2r)/rex
with its first and second derivatives with respect to r, Py and P,y

COLSACA, COLSACB (Appendix B)

This is a version of the COLSAC routine (Reference 4), modified to
conform with the LEVEL2 memory option for certain of its arguments. The COLSAC )
routines are general least squares adjustment routines for scalar constraints, .
generally non-linear in terms of the observations and parameters. -

- DIMFLD (Appendix B)

This routine computes the overpressure field parameter values in base SI o
, units, and prints a comprehensive summary of the parameters and their estima- -
® ted errors. The routine is called from the main program for overpressure
field fitting after completed calculations, and DIMFLD produces the last page -
of printed output for that program. Information from this page is used as .
input for the history calculation program. -

DIMPAR (Appendix B)

» This routine computes and prints the individual overpressure history -
- paramaters A, B and C of Eguation 6.4 in base SI units. 1t is called from the -
: main program for overpressure field fitting after the individual fitting of -
- each overpressure history. -
i DIMPARS (Appendix A)

This routine is called from the main program for shock fitting after each
of the four fitting steps. It calculates the shock fitting parameters in base
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SI units and prints a comprehensive list of the shock parameters and their
estimated variances.

ERELCM (Appendix B)

This routine computes 201 nodes of an error ellipse for a given
variance-covariance matrix. It is used by several plotting routines.

EXPON (Appendix B)

This is the constraint routine for the three parameter exponential
function, Equation 6.4. It computes

AT + Brz

f = (Pshock * C)e -C-p

where 7 = t - tshock

and the first and second derivatives of f. EXPON is used as constraint by
FITPR when the latter routine calls the least squares routine COLSACA to fit
an individual overpressure history.

FITPR (Appendix B)

This routine is called by the main routine for overpressure field fitting
to carry out a fitting of an overpressure history. Figure 6 shows the hier-
archy of FITPR.

FITSH (Appendix A)

This routine is called from the main program for shock fitting. It pre-
pares the shock data for least squares fitting and calls the fitting routine
COLSMUA. A modifier KA in the argument of FITSH indicates which observations
(pressure, distance, time) should be adjusted and the data preparation is done
accordingly. The constraint routine for the fitting is FMSHCK.

FLDGES (Appendix B)

This routine is called from FTPFLD to provide initial estimates for the
overpressure field parameters. Of the five parameters in Equation 6.3, the

initial estimates of A2 and B2 are zero. The estimates A, B and C of Al, B1

and Cl are computed by the following algorithm.

The constraint corresponding to Equations 6.1 through 6.3 can be

expressed for Az = 82 = @ by

n 2

C t-t (t-t )

In|BEE . A —S . g —2_ o,
n n n
p -C/r ¢ r A r B
S
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Let C be an approximation to C. Then the above equation can be linearizea in
terms of a correction cpsilon ¢ of C with the result

a in p-C/r c . (ps - p)/x : i
p ~ Np _ n _n

N p -C/r ~ (p-C/r c) (p -C/r C) ]
° °
- -y

-a—= - B— - 0
A B
r r J
=
| J
Z; we use this equation as a constraint cquation with the first term as ]
"observation." We define for each observed point
: _ nc ‘ 1
- p, - C/r, -]
1 i o
y.= 1ln]*+—r2>—1% , .
i _  ng 3
Pgy = ¢/Ty c
=
n. ]
~ (pg; - P;)/x;
Yi = _ nc _ nc) ’
(p; - ¢/x; 1) (py; - C/r,
"a
= - ’
% (&) - t54)/7y

B. = t, -t _.) /ri ’

b::l:
P
.
st-i;:

. and - -~ c,2,2
P_ W, (p; - C/x, ")7/e pi’
o -9
[N . . i . ‘»_.._'.
X where epi is the estimated standard error of the observation P;- As the least e
[ s
- squares objective function we chose ]
E' > 2 A
b = - - - S
" Y Z by; — %2 = BB -Yo)w . <
v i=1 A
L -
(YR

R 24

45

a e
o

Bl Y

[

[

t'_. P R T i S Y .
P e R T U AT L R

- S et et e e el e et R R T P

PR . Tt T IS S P S IRV DAL PR S e T e e T, G-
R i e I P R W WO SR WP R S P PR L W W o P PSP




e

DRI IS
K RN

e e — - - - o T —— DA G B e e it arvi S e hdnanis ot aSRh SGE i LaPic il

Tne normal equctions tor thils problem are

2

+ + LAY, = L0, Y.

AZwi@i Bzwiaisi Ezwlalyl Ewlalyl
2
AEw.a.B.+EE w,.B. +EEW.B.Y.=E ™
1 1 1 11 111

A w + B 7.8 + w 2 = w
Zi“i ZiiYi EZiYi "Z

Inz subroutine FLOGES solves tnese normzl equations anc iterates four tiwes,
revlacing € by C + € ofter eacn itcration. The initial apcroximaticn C 13
furnishea by the calling program. In order to avoid unreasonatle C + £ ue to

o bud initiel guess tne following restrictions cre applied to the correcteu
values at ezch 1teration:

18374

i7i%5

n. N n
~U.o(o.r. < + e<(o.r. . = Q.uU . C.
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FLINILR (Appendix C)

1'nis 1S an interpolction routine, It 1S callea by the subroutine FLOFLD
to 1nterpolate betwecn two given perticle poths end ce lCUlatC at a spccified

point in tno r,t-plane the vector of flow variables (g,u, o, u? p/2) ana the
corresponding variance-covarionce matrix. The intcrpolation is done in two
steps. rirst, along each particle oath the voint with the prescribed time is
octermined by linear interpolation. Then a lincar interpolation is done pe-
tween these two nodes in the r-direction. Error returns arce projranned for

cases wnicn would require extrapolation.

FLOFLD (Arpencix C)

I'nis subroutine is called from tne main program for blast field nistory
ccleulations cnd it 1s the most important subroutine of that program. A
flowcnart of FLOFLD is shown in Figure 11. The projram comoutes tne history
at & jiven location (given gistance r) and cells other subroutines to print
tne rcsults ana to corpute the tost velocity according to Figqure 1. In order
to calculete tne nistory, FLUFLD computes a series of particle path lines (by
calling SIK3EG ana 5[RLIN). when two lines are computea and storec, FLOFLD
calls PLINIER to calculate tne flow variables at specifiea r,t-nodes Dy 1nter-
polation petween the two gath lines. If tnis requires an extrepolation,
FLINVER returns witn @ corresponding error inaicator, FLCFLD then calculates
o ncw particle path, storting at a oroper initial point, discards one of the
orcvicus path lines and cells FLINTER ajain. After all reguired noces of the
history neve peen computed, tne progran calls PRIMIS to print the results,
UILsT to cowpute test velocitics anu PRITSEY to print the test velocities,

FASHCK (Appendix A)

. .
e e

n

1

This is the constraint routine, Equation 5.5, for tne shock fitting. The -

varticular form of the constraint function and its cerivatives arc given in e
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Reference 1, pages 21-23. The program is called from the least squares

subroutine COLSMU. It contains some logic to handle observations with missing
time or pressure values. Information about missing data is passed to FMSHCK e
through the COMMON/CMISFM/. The routine uses SHOCK3 and F2SHCK to compute the -
two camponents of the constraint function. T

FTPELD (Appendix B)

This subroutine is called from the main program for overpressure field
fitting. It takes the raw input data from COMMON/COMPR/, stores the data in
arrays according to the requirements of the COLSAC routine, calls FLDGES to
obtain initial approximations for the overpressure field parameters, and calls 1
the least squares routine COLSAC to compute their final values. The adjust-
ment results are printed by calling the subroutine PRTFLD and plotted by call-
ing the subroutine PLTFLD. Normally there are three successive calls to
COLSAC: for adjusting pressure; pressure and time; and pressure, time and
distance, respectively. Other calls are programmed to handle cases with algo-
rithmic troubles in COLSAC. Such problems can arise if the initial approxima-
tions of the parameters are bad and/or large residuals are present,

F2DER (Appendices A,B, and C)

The calculation of the shock arrival time by Equation 4.2, and its
derivatives requires the numerical evaluation of nine integrals (see Reference
1, pages 22-23). These integrals are calculated simultaneously by a special
Romberg routine (ROMULT). The subroutine F2DER computes the nine components
of the integrand, and it is called from ROMULT, which is activated by F2SHCK.

r v
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F2SHCK (Appendices A,B, and C)

This subroutine represents the second component of the constraint for
shock fitting, Equation 5.2. The constraint is formulated in the form

)y e =@, -t

f2 = (ts-d) c, + (d—ti—cti o .

where ti + c,_. is the corrected time observation and ts—d is the integral in ]

ti
Equation (5.2). The formal derivatives of this function are listed in Refer-
ence 1, pages 22-23. The subroutine computes the function f2 and its first

and second order derivatives. In programs other than the shock fitting
program, F2SHCK is used to compute the shock arrival time for a given j{f
distance, and the corresponding derivatives. "4

GRAPH (Appendix C)

This is an auxiliary routine for the plotting routine PLFFLD. It estab-
lishes scales and plots those parts of the legend that are common to all
plots.
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GUESS (Appendix B)

This routine provides initial estimates of the overpressure history
function parameters for individual history fitting. It is called from the
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. suproutine FITPn (sce Figure 6). The initial estimates are obtained by :
- soiving ¢ lineerized version of the nonlinear problem acfined py Equation 6.4. .
o lne lincarizotion 1s aone py expressing the constraint in the form S
A A
t' in(<C) - In(p_ - C) =AT1T + [T 2, o
' wherc 1=t - t_, 2na linearizing this expression with respect to a correction € 3
of the approxination C: ;ff
. b -p o
-C -
. in B2 = ¢ S . — + AT + BTZ. TS
-_ el - . . 1
P Cc (ps C) (p-0) o
This expression is linear with respect to €, A and B, We use it in a least ‘
5; squares algorithm as follows. First, we define for cach observea Py ti the _
quantitics
P, - c 1
v. = 1n —
1 - e 1
] P -
pS - pl
Yi = T N
-C . ~C
(pS ) (pl ) —
1. =t, -t e
. 1 1 S -__._'_
A - - 82 -
i i T (pi <) -
. and formulate an objective function by
- g
> 1
- - 4
L s o
..._V 2 2 _.
. ) W = - .- A - B K
- Z (yi &Yy Yy Ty ) Wi )
. i=1
R : 1
, .
=
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1f one considers the y; as observations, then the normal equations for this
problem are

2 2
A E LT, E LY. T, E Y., = E Y.Y. .
inlTl + B w].YlTl e wlYl wllel

The subroutine solves this system of eguations (calling MTRINDB), replaces g
by C + € ana iterates four times. For this iteration the initial values are
A=y, B=4u, ana C = min (0, P; - U.u5 ps). In order to avoid unreasonabie

velues of € + ¢ , the following restrictions are applied after each 1teration

wjps$@+sgp.

imin ~ 0-0> Pg-

Because tne signs of the parameters ¢ and of the parameter C in Equation 6.4
(usea in tne subroutine EXPON) are reversed, the negative value of C is comnu-
nicated as parameter C to the celling routine.

LOGSC (Appendix A)

This is an auxiliery routine for the plotting of shock fitting results.
The routine establishes proper plotting scales for logarithmic plotting.

LUDAID, LUEIMD (Appendix B)

These are modified IMSL routines for the solution of linear eguations.
‘ihey are part of the least squares package COLSAC and are included here
because the use of the LEVEL2 memory option makes a special version of the
routines necessary.

MIRINDB (Appendix B)

‘This is a matrix inversion routine. It belongs to the least squares
package COLSAC and is included here because the use of the LEVEL2 option makes
a special version of this routine necessary.

PFIELD (Appendices B and Q)

This subroutine represents the overpressure field model function defined
by Equations 6.1 through 6.3. It has two entries. If entry PFIELD is used
then tne function

a2
£ = (pﬁ - Qe AT+ Bt +C-p

is computed including its first and second order derivatives with respect to
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t,p,r, tne five ovororecsure filcld perameters Al, Az, Bl' 82 and Cl' and the
four shock puranctire o, b, ¢ ¢na a. If tne entry PFIELDC is used, tnen the
corivatives witn resioect to the snock paraneters ore not computec. ‘The latter
CNLry 15 usScu oS & constroeint routine for the overpressure tield fitting. The
entry ketlelas 15 uscd tor ths comcutation of the overvressure fielu witn cor-
responding wocur.cy estimates.  Formules for tne derivatives of f are given in
heference 1, section oo cthe alerarchy of the routine is shown in Figure 3.

PLOAUK (Appe neix B)

I'nis 1s sn -uxlliary routine that permits one to make an overpressure
frela fi1tting with tne mouel function of Etguations 6.1 tnrough 6.3, simplified
oy A2 = U ana B, = U. It 1s useu as a least sqgueres constraint routine py

FLPFLD if fitting with the full constraint function PFIELD (entry PFIELDC) is
not possible oecause of algorithmic difficulties.

of

' PLIYI'SH (Acpenalx A)

. This is tne plotting routine to plot shock distance a2s a function of time
: with corresponding confiuence limits., The plot alsc contains the shock
‘ distance and arrival time observations.

PLFFLD (Appendix C)

I'nis is the plotting routine for tne flow fiela history computation
program. It generates five history plots: overpressure, particle velocity,
density, aynamnic pressure, temperature, and dynamic pressure computed from the
test velocity. All plots except for the lest one include confidence limits
and tne velocity ovlot also contains the history of the test velocity.

- PLPDSHE (Appendix A)

This 1s the plotting routine to plot snock overpressure versus distance
wlth corrcsponalng confidcnce limits and observations.

PLPISH (Aopendix A)

Plotting routine to plot shock overpressure versus shock arrivel time
with corresponding confidence limits and observations.

PLTFLD (Appendix B)

I'his routine is callecu from FTPFLD after aajustment of the overpressure
field to plot at the observation sites the observed overpressures ana the
adjustea overpressure histories. The rlots provide a visual check of the
adjustment results and a comparison with the inaividuel pressure history ad-
justinent clots oy PLIPNIS,

PLILOC (Avpenuix B)

i Inis routine is callad from the mein progrem for overpressure field
fitting after completed celculations. The routine plots in the r,t-plane the

50

I T Y ST Y G Y VA S S AP N S L YA W ISP

y
Fv
y o

~

e

.

e

P

VUGG O S G STy

Aos o ais ais o

ik

I
D

LA

‘- -‘ “a




T —'.v S e T

A Y Y v v v

. R MR
AP
N M

W, T T Y W WP AP TP DRI

Snock trajectory, the locations of the observed histories and five particle
path lines.

PLTPAR (Appenaix B)

‘lnis suworoutine vlots in a log,loy-scale tne absolute values of the
overpressure history paremeters A, B and C (see Equation 6.4, Section b.3)
versus the distances of tne histories. The plot provides a visual check for
anomalies of individual histories and for the validity of the assumed
aependence of the parameters on a power of the distance,

PLTENTS (Appenaix B)

Tnis routine plots the overpressure history observations and the
corresponding individual history fitting results (first fitting step, Section
0.3). It is called from the main program for overpressure field fittina after
the fitting ot each individual history.

PRIHIS (Appendix C)

This routine is called from the subroutine FLOFLD (see Figure 11) after
completed calculation of a flow field history. It prints a history table

) 2 . .
containing t, P, 4, p, U p/2 and corresponding estimates of standard errors.

PRINPAR (Appenaix B)

This routine is callea from the main program for overpressure field
fitting after the acjustment of all individual histories (see Section 6.3,
first acjustment step). It prints two lists of the parameters A, B and C with
their stendard errors for all histories, one in the scales used for the
computation and the other in base SI units. The subroutine also computes the
exponents Nae N and ne for the overpressure field function and initial

estimates of the field function parameters Al' B1 and Cl' (These estimates

are improvea by FLOGES before the ectual field fitting is started, see Figures
5 anu 7+) ‘I'nhe computation of the exponents is done as follows:

Let Di be a parameter determined at the distance ri. We determine a

function br” by iminimizingy the objective function

2

S
_ _ _ _ 2
W= ;g% (1n |)i| in |w| nln ri) D,
The normal equations tor this problem are
in |} 2021 + “ZDZi Inr, = ZD2i In I)il
1n >l EDziln ro o+ nZ')z.1 (In ri)2 = Z?)zi In r, 1n IDiI.
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The solution of this system provides the exponent n and‘B = D sgnDl, where
Dl is the parameter corresponding to the smallest distance r. The exponents

Nar Ngo and n. are rounded to one decimal and the D(C) is used as an initial
estimate of the parameter C1 by FLDGES.

PRITST (Appendix C)

This routine prints results of the computation of the test velocity (see
Figures 1, 10 and 11) by Equation 2.12., It also calculates and prints the

dynamic pressure uZQ/z, computed using for u the test velocity instead of the
original particle velocity. The subroutine is called from FLOFLD after the

completion of calculations of the histories and after calling UTEST to compute
the test velocities.

PRSHAD (Appendix A)

This routine prints shock observations, their standard errors and the
corresponding adjusted values of the observations. It is called from the main
program for shock fitting after each adjustment (see Figure 2).

PRTFLD (Appendix B)

This routine prints all overpressure field observations, their standard
errors and their least squares residuals. It is called from FTPFLD after
completing the overpressure field adjustment (see Figure 7). Observations
belonging to different histories are printed in different tables.

PRTPNTS (Appendix B)

This routine prints the overpressure fitting results for individual
history adjustments. It is called from FITPR (see Figure 6) after the least
squares adjustment of data from one history.

QFUNCT (Appendices B and C)

This routine computes the exponent Q in the overpressure field function,
Equations 4.3, 4.4 or 6.1, and all first and second order derivatives of Q.
It is called from the subroutine PFIEID which computes the overpressure field
(see Figure 8).

READAM  (Appendices A,B and Q)

This routine reads the data cards containing ambient conditions and
general data (first batch of cards), and prints their contents in a
comprehensive format. 1t is called by the main programs of all three
programs.

READFP (Appendix C)

This routine reads the overpressure field fitting results (field
parameters and their accuracies) in the form of seven cards (see Section 7.2).
It is called by the main program for history calculations (see Figure 18).
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READPR (Appendix B)

& This routine is part of the overpressure field {itting program (sec
Fagure 5). It is callea trom the main program and it reads all precssure
history data from cards described in Section 6.2, -

READSH (Appendix A)

I'nis routine reads shock data from SHOCK and RANGE cardas, see Section 5.2
any Figure 2. ‘The routine is called from the main program for shock fitting.
I'ne input is printed out by tnis routine in a simple list.

READSP (Appenaices B and C)

1nis routine reads tne cards with the results from shock fitting (shock
varameters, their error estimates, etc.). The input is described in Section
v.2. ‘lne routine is called from tne main programs for overpressure fiela
ritting and history calculations. After reading anc checking the data for
completeness, REAUSP prints the input data in a comprenensive format.

ROMBIN (Appendices B and C)

This is a Romber] integration routine. It is used by the routine SHOCK2
to compute the snock arrival time at a given distance according to Eguation
4.2. The arguments of ROMBIN have the following meaning.

F name of the subroutine that computes the integrana.

A,B = integration limits -
FINT = integral value
NBAD = error indicator, set egual to zero if the integral nas been

computed, and egual to a non-zero value if the inte3jral cannot
be computed.

ine repeated subdivision of the integration interval is limited to 2u steps
ana the convergence test is on the changes in the latest row of extrapolated
-10

.f; values. If at least one rclative cnange of less thet 10 is getected, then
) the highest order extrapolated term is taken as the final result.

L

. KOMBINZ (Appenaix C)

g I'nis routine is tne same cs ROMBIN. It is used by UTEST to compute the
.- integral given in Equation 2.12. 3ecause the integrand contains the function
N t _(r) wnich is calculated usiny ROMBIN, a second copy of the general

L J 2 . . .

y integration routine was neeaed.

N DOMULT (Apcendices A,B, and ()

; A lomberg integration routine for s vector function witn ninc components.
PY It 1s usca by the routines SHOCK, SHOCK2 end F2SHCK to compute the shock

¥
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arrival tine ane 1ts acrivatives with respect to all arguments. (See Refrr-~
ence |, pajos z2-23.) e Integrations are done simuitaneously tor zll compo-
nents of tie intejreond.  iteration eno 1S tested on the last corrections of

. . : -10
ali comzonents, 1t cll relative corrections ere smaller than 1U , then the
iteration stucs,  Ine wrqunents of ROMULT are tne same as those of ROMBIN.

o

SCALPR  (ADPCndlx B

fa1s routine 15 collea from the main grogram for overpressure field
fitting (see Figure o). Tt tekes from tne COMMON/COMPR/ date belonging to one
cressure history (socciflied by NRCASE) and arrenges the data in the format
regulrea oy the icast sguares projramn COL3AC.

SCALSH (Appenalx A)

inls routine is calieo from the main program for shock fitting. (See
Fraurc 2.} It takes tne raw shock data from COMMON/COM3IDTI/ana arranges them
1IN arrays conpatlule witn the least sguares gprogram COL3MU. It also expresses
the cute 1n sceles specifiea in the argument list of the subroutine. Some
speclal loglc 1s used to nandle observations with missing gate, Information
abhout such data 1s communicated to the constraint routine FMSHCK through the
COPMUN/CIISFVY/

SUUCK (Appenalees 3 ana C)

This subroutine comrutes for a given distance from the center of explo-
sion the corresponuing snock overpressure, arrival time, shock velocity, part-
icie velocity anu aensity. The formulas that are used for the computation are
glven in section 4 of keference 1. The routine is called from the main pro-
jram for pressure fiela filtting in order to establish the initicl point of a
nistory, anu also trom tne subroutines SCALPR, PLTLOC and UTCST.

SHOCKZ (Appenaices 3 and C)

. Tnis routine computes for a given distance r from the explosion center

S tne correspondind shock arrival time tS and overpressure Pgr and the first end
L

;A* second oraer der ivatives of ts ana p with respect to r. The corresponding

bos B . - . . .

| torunutas ere jiven in Sectlon 4 of keference 1. The routine is called from

kg the subroutine JFUNCT.

o 3UOCK3 (Apmindix R

- Thie 18 the constraint routine for a shock overpressurc model with three
r; varameters, It comonites the function

N 5 J

v t =or” - ar” - or-c

-;? ona 1ts dorrsstives. It s used by FMSHCK to calculate the first component of
- the constraint function diven by Bquation 5.3,

e
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SHODER (Appendices B and C)

’

This routine computes for a given distance r from the center of the
explosion the shock arrival time ts, the shock overpressure Pgs and all first

and second derivatives of tg and Pg with respect to r and the shock
parameters. The routine uses the subroutine F2SHCK to compute tS and its

derivatives. It is called from'the subroutine QFUNCT.

SHTINT (Appendices B and C)

This is the integrand in the integral given in Equation 4.2 for the
calculation of the shock arrival time.

STRBEG (Appendices B and C)

This routine computes the initial values for the differential equation
systems given in Equations 3.1 and 3.4 and the derivatives ats/ae and aﬁs/ao

at the shock. (ﬁs is the particle acceleration at the shock, aus/ae is the

initial value of the right hand side of the second Equation 3.4.) It also
calculates an expression DPIN, which is part of the right hand side of the
second Bquation 3.4. ‘The routine is called from PLOTLOC and FLOFLD to initiate
the numerical integration of Equations 3.1 and 3.4. The calling program
provides the shock distance r = SOLIN(3) and STRBEG uses the following
formulas to calculate the other variables. (The formulas are derived in
Reference 1.):

The shock overpressure is computed by Equation 5.1:
SOLIN(2) = Py = a/r + b/r2 + c/r3.

The shock parameters a, b, ¢ are taken from COMMON/COMSMK/. Let P, be the
ambient pressure, Py be the ambient density, ¥ be the ratio of specific heats,
co be the sound speed,

r

L= (Yy+ /2,

@ and

r,=tr-1)/(2mp,).

Then the shock velocity is

- . _ 1/2
p U—co (1+I‘1ps) .

if The density behind the shock is

SOLIN(S) =k = p_ (1 + rp, )/ + rp.)
e
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and the particle velocity behind the shock is
SOLIN(4) = ug = p/(Up,) .

The shock arrival time SOLIMN(l) = ts is computed by calling the subrou-
tine F2SHCK which evaluates the integral Equation 4.2. The acceleration ﬁs is

given by
P T
UPT = Us = ) or .
S
The derivatives with respect to the model parameters # are calculated as
follows
of TPIN = Bts/ae provided by F2SHCK
{ XPP = 09r/98 =y
. -
9 UPP = 3y /36 =
%. = u, [i/ps - 0.5T, /(1 + Flpgi} ap_/30
- 1S
b, = 9.3 = |2 A+T.p) A+Tp)] L ap /30
s6 s o 1Ps zps Ps
= ROFACT . aps/ae
. . 1 azps
= 90 = - )
UPTP aus/ us{ pse/!)sx * aps/ar arae} .

The derivatives of Pg with respect to r and ¢ are easily computed. The

] . . . .
above mentioned expression DPIN is defined by
L DPIN = p ,/P_ ~ S — dp /98
g s8’ s (p, *+ Pg)Y s,
»
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STRLIN (Appendices B and C)

This routine carries out the numerical integration of the differential
cquation systems given in Equations 3.1 and 3.4. Initial values for the
integrals are provided by the calling program which also specifies a time
increment DT for which the results are needed and an end time for the
integration. THe actual integration increment is DTS = @.2 DT, but results
are stored at DT-increments. The numerical integration is done using a two
ievel fourth order scheme for Equation 3.1 and a two level third order scheme
for Equation 3.4. The schemes are described in Reference 1, Section 3. The

important results of the integration are the flow variables (t,p,r,u,p,pu2/2)
which are stored as a six component vector in SLINA, and the corresponding
variance covariance matrices at each computed node. These 6x6-matrices are
stored in VSLINA. The values of 9r/98 and ou/pg , that is, the solution of
Equation 3.4, are only needed to calculate the variance-covariance matrices.
They are stored internally only at two current integration levels in the

arrays XP and UP, together with the other quantities (u, u, u and éo in U, UT,
UTT and UTP) that are needed for the integration. The subroutine STRLIN is
called from PLTLOC and FLOFLD (See Figure 11).

UTEST (Appendix C)

This routine computes test velocities by evaluating the integral given in
Fquation 2.12 (see also Figure 1). It is called from FLOFLD (Figure 11) to
evaluate the integral at specified ts~values. The corresponding shock points

provide the additive term in BEquation 2.12 and are obtained by calling the
subroutine SHOCK. Because SHOCK computes shock values for given r, but ts is

specified, the proper r-value is found by a regula falsi iteration. The
evaluation of the integral is done by calling the subroutine ROMBINZ.

UTINT (Appendix C)

This is the integrand in Equation 2.12. The routine is used by UTEST as
argument when calling the ROMBIN2 quadrature to evaluate the integral.

57

e e e T e e e, P
PRSI RPN RS I I S

...............

P T o py—y




T

. LIST OF REFERENCES
Aivars Celmins$, "Reconstruction of a Blast Field from Pressure History
QObservations," ARBRL-TR-(2367, September 1981 (AD-A106141).

Ray C. Makino, "An Approximation Method in Blast Calculations," BRL-MR-
1u23, Pebruary 1950 (AD-114 875).

Richard von Mises, "Mathematical Theory of Compressible Fluid Flow,"
Academic Press, W.Y. 1958,

Aivars Celmins, “A Manual for General Least Squares Model Fitting,"
ARBRL-TR-02167, June 1979 (AD-B040229L).

58

SUSEERRFEIINVIN SEPE VSN S VSR SRR ST SE S WE ISV WD P W VR A W s SN PN PUPL |

T T LT e s e S T T
A T S RS W, 4 ~
I . . MRS AT AL T ) ® .

.
Y




A

Appendix A e
Shock Fitting Program BLAFS S

PAGE ]
1. SHOKEIT « « « o o o o o v o o o s e e oo me oo nene s e bl o
2. READAM « v v e e e e e et et e e e 63 -
3.0 READSH « v v v e v o o o o s mmee e 6T ;
. SCALSH + v v v s oo s s e e e te e 69 ]
5. FITSH v v o o v o s o o wm oo mee oo nitenae el
R - .
e SHOCK3 v e v v et e e e e TS
B. F2SHCK o v v v o o e e e oo e e e T6
9. EZDER « o v v vt o e e e e T
10, BOMULT « o o o o v o o o oo e e m e e e oo eannae e e e o T8

ll. PRSHAD L] - L] - L] L L] - L] L - L] - * - L 4 L . L] . . . L] - - . - - - - - 79

'
LT VOIS 4

12 - DIMPARS - . . L] . L] LJ . L - . . L] L] L] L] L . LJ * L] L] L] - - . - L4 - L] . 8 1
1 3 - PLPDSH . L] . L] . . L] L] L] . Ll L . . - - L] . - L] - . » - . L4 L] L] - L L] 83
14 - PLPrSH L] L] . L] . L] L] L] - L] . . L . L] . . LJ - . - - . . . . L] - . . L 86

1 S . PLUTSH e ® ® e & e © e o e & 6 8 & e @ e & e ¢ & o s & @ v ¢ e o o o 90

. . R
AP U "R B N

16. LOGSC @ @ 6 o ® 6 ® e e 6 & 8 e e e & & 6 5 » e e s o o o o s+ v o o o 93

-9
- “L“
Oy
o)
A .*
RS
R .\_1
S
1.-‘*
K -4
)" - .
r.'._ 59 -
V.. ",
- -“
............. AT et et .-‘~\‘. .'..-I‘.--\.h...-.‘~~..‘l“ -7-‘..'.n>' .-"..‘.>\ -..‘. "‘b'.--"‘.~'--.' . '.s".h "- '. ’.t.’ . *
[P PEVC VTP PSP PIONE R P T PEE P SPGB % AT G T W S G SR T S vy




v e

ey

d

- v v

.
STt

LA

"V.'—)‘c

10

15

20

25

30

315

40

45

50

55

LSt e

[aXaXal

o o (g} OMNOOO

(e X2l [ X gl OO0 [ X ol [a X gl

[aXsg} (e Xal (a]

PROGRAM SHOKFIT(INPUT,OUTPUT, TAPEG=QUTPUT, TAPEL3)
MAIN PROGRAM FOR SHOCK FITTING

DIMENSION X(5550)sR(555550)s ALABEL(2550)sLSTX(50)sPARS(10),
ANXNK (2550) 9 XC(5950)9C(5550)5LSTN(S50)»VPARS(10,10),ERPARS(10)>
BPARSD(10) s VPARSD(10510)s TITLE(D)

THESE DIMENS IONS ALLOW TO TREAY UP TD 50 SHOCK DBSERVATIONS
CORRESPONDING LIMITS ARE IMPLIED BY ARRAYS IN SUBROUTINE READSH

CALL READAM (SCOIS,SCPREsSCTIMsTITLEsNBAD)
READ AMBIENT DATA
IF(NBAD.NE.O)STOP

CALL READSH (NRSHOK, TITLE)
READ ALL SHOCK OBSERVATIONS
IF(NRSHOK .LE.OQ)STOP

CALL SCALSH (SCODIS,SCPREsSCTIMsXsRsALABELsLSTX» NXNK»NRSHOK, NBD)
IFINBD.NE.O)GOTO 25
THIS STORED SCALED OBSERVATIONS IN LSQ ARRAYS X THROUGH NRSHOK

PARS(1)=1, $ PARS(2)=l. $ PARS(3)sl. $ PARS(4)s0,
INITIAL VALUES OF SHOCK FITTING PARAMETERS

DO 65 KA = 1,4
MAKE & ADJUSTMENTS: PRESSURE, PRESSURE+DISTANCE,
PRESSURE*DISTANCE+TIME, PRESSURE¢TIME

CALL FITSH(SCDISsSCPRE»SCTIMsKAs XsRyALABEL,LSTXsNXNKsNRSHOKs PARS»
1 NPy XCsCr LSTNsNRGD» ERZSy»VPARS s ERPARSy NBAD)

NEXT PRINT ADJUSTED OBSERVATIONS
CALL PRSHAD(SCDISsSCPREsSCTIMyKAs XCoCoRsLSTNs ALABEL) NRSHOK,
A TITLE)Y

IF(NBAD.NE.O)YGOTO 25

NEXT COMPUTE DIMENSIONAL VALUES PARSD OF THE PARAMETERS
CALL DIMPARS(KA,SCDES»SCPREsSCTIN,PARSy NPy VPARS)ERZIS,PARSDs VPARSD,
A TITLE)

SCOI = 1. $ SCPR = 1. 8 SCTI = 1,
THESE SCALES CORRESPOND TO PARSD AND VPARSD
THEY WILL CAYUSE PLOTTING IN SI BASE UNITS
ERFACT=3,
ERROR FACTOR FOR PLOTTING OF CONFIDENCE LIMITS

CALL PLPOSHIKA,SCOI»SCPRySCTI,NRSHOKs PARSD, NP, VPARSD,
AERZS» ERFACT)

PLOT PRESSURE OVER OISTANCE
CALL PLPTSH(KAsSCOI,SCPRySCTI5 NRSHOKs PARSDs NPy VPARSD
AERZIS,ERFACT)

PLOT PRESSURE OVER TIME
CALL PLDTSH(KA,SCDI»SCPR,SCTIs NRSHOKs PARSDy» NPy VPARSD)
AERIS, ERFACT)

PLOT DISTANCE OVER TIME
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65 CONTINUE
60710 25
END
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SUBROUTINE READAM(SCDISVySCPRES,SCTIME,TITLESNBAD)
THIS ROUTINE READS TITLE, PLOTLABEL AND CATA CARDS DCSCRiBING

AMBIENT CONDITIONS AND THE CHARGE
FIRST TWa CARDS ARE MANDATORY AND ALPHANUMERIC

THE REST OF THE CARDS HAVE THE FORMAT (2A10,6E10.3)

CHARGE CARD IS MANDATQRY

T, D——

(TITLE AND PLOTLABEL) -

IF AMBIENT DATA ARE NOT PROVIDED THEN STANDARD AIR WILL BE ASSUMED

SEQUENCE OF MANDATORY INPUT CARDS

TITLE CARD
PLOTLABEL CARD

(ALPHANUMERIC)
(ALPHANUMERIC)

CHARGE CARD = VOLUMEs ENERGYs HIGHTs ERRDOR DF HIGHT

THE FOLLOWING ARE OPTIONAL INPUT CARDS IN ARBITRARY SEQUELNCE

AMBIENT = P, TEMPERATURE,

GAMMA, MOLAR MASS

DEFAULT VALUES CORRESPOND TO A STANDARD AIR

SCALES = SCALES OF RsP»T

DEFAULT VALUES ARE COMPUTED AFTER STATEMENT 1110

TO BE USED IN COMPUTATIONS

PLOTTING DATA = ERROR FACTORS FOR THE PLOTTING OF CONFIDENCE
LIMITS IN HISTORY PLQATS
DEFAULT VALUES ARE FACTORS 2.0 FOR ALL PLOTS

END OF INPUT IS INDICATED BY A BLANK CARD

DIMENSION TITLE(3)
DIMENSION D(8)5 AMSTAR(4)

COMMON/ZAMBCHA/AIRPRyAIRTEMy AIRGAMsATRMOLsCHARVO, CHARENS

ACHARHI, CHARHER

COMMON/PLOT/ZPD(6) s PLABL(S)
Ys (PLAB=10HPLOTLABEL )
)5 (AMB=10OHAMBIENT )

DATA(TITL =10HTITLE
DATA (BLANK=10H
DATA (CHA=10HCHARGE )

DATA(PLT=10HPLOTTING DIs{SCAL=20HSCALES R, P}

15 FORMAT(1Hl,10X, 20HINPUT READ BY READAMs/5s1H 510X,20(1H=),s/)}

FORMAT(8A10)}
FORMAT(1H »10Xy8A10)
35 FORMAT(2A1096E10.3)

36 FORMAT(1H ,10Xs»2A1056(2X51PE10.3))

PD(1)=2.0

DEFAULT VALUE FOR PLOTTING ERROR LIMITS IN PRESSURE HISTORIES

PD(2)=2.0

DEFAULT VALUE FOR PLOTVTING FIELD HISTORIES (PyV,RHOyVE*2¢RHD/2,) Aiu

AIRPR=101325.0 $ AIRTEM=293.0 $ AIRGAM=1.4

AIRMOL=0.02896 §& AIRDEN=(AIRMOL/8+3143)*(AIRPR/AIRTEN)
THESE ARE STANDARD AIR DEFAULT VALUES FOR AMBIENT CONDITIONS

NSCAL=0 $ NAMSTAR=0
NAMB=0 $ NCHA=0

DO 37 J=l,4
AMSTAR(J)=1H

PRINT 15

DO 46 KK=1,2

READ 25,(D(J)pJd=1,8)
PRINT 269(D(J)»J=1,8)

IF(D(1)EQ.TITL ) GOTO 42

IF(D(1).EQ.PLAB) GOTO 44
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PRINT 48 $ NBAD=1 $ RETURN

C

42 DO 43 KAs1,3

€3 TITLE(KA)=D(KA+]1)
GOTO 46

LT} DO 45 KA=1,4

45 PLABL (KA) =D(KA+1)

46 CONTINUE

C

&7

READ 35,(D(J)yi=1,8)
PRINT 365(D(J)yJd=1,8)
IF(D(1).EQ.AMBIGOTD 55
IF(D(1).EQ.CHA)GOTO 65
IF(D(1)EQ.PLT) GOTO 66
IF(D(1).EQ.SCAL) GOTOD 68
IF(D(L)EQ.BLANK) GOTO 69

PP e e v Lewe IR A

475 PRINT 48 $ NBAD=2 $ RETURN
48 FORMAT(1HO, 10Xy 13HINVALID INPUT)
c
55 IF(NAMB.EQ.1)GOTO 475
C ONLY ONE AMBIENT DATA CARD WILL BE CONSIDERED
NAMB=1

IF(D(3)eGTe0s}JAIRPR=D(3)
IF(D(5)eGTe0e}AIRGAM=D(5)

$

$

IF(D(4).6T 0. )AIRTEM=D( &)
IF(D(6)aGT<0.)AIRMOL=D(6)

INPUT IS ZERO THEN USE AIR DEFAULT VALUES
D0 57 KA=1s4 $ AMSTAR(KA)=1H

IF(D(KA#2).6T40.) GOTO 57

AMSTAR(KA)=]1H® § NAMSTAR=1l

57 CONT INUE
Ay DEN=(ATRMOL/8.3143)%(AIRPR/AIRTEM)
6aT0 47

c

65 IF(NCHA.EQ.1)GOTO 475

CHARVO=D(3) $ CHAREN=D(4)
CHARHI=D{S5) $ CHARHER=D(6)
NCHA=1
GOTO 47

c

66 D0 67 KA=1,6

67 PO(KA)=D(KA®+2)
GOTO 47

C PLOTTING DATA CARD SPECIFIES PLOTTED OUTPUT
C PD(l)= ERROR FACTOR FOR PRESSURE HISTORIES
C PD(2)= ERROR FACTOR FOR OTHER FLOW HISTORIES

C
68

NSCAL=1
SCO=0(3) $ SCP=D(&) $ SCT=0(5)

C SCALE CARD OVERRIDES SCALES COMPUTED FROM AMBIENT AND CHARGE DATA

IF(SCDe6T c0eeANDSCPeGTe040sANDSCT.6T.0.) GOTO 47
NSCAL=0 $ PRINT 681

681 FORMAT(LH 510Xy 36HNON=POSITIVE SCALES ARE NOT ACCEPTVED)
GOTO &7
C
69 TF(NCHA.EQ.O0.OR. NAMB, EQ.0) PRINT 70
10 FORMAT(1HO, 10X, 16HINCOMPLETE INPUT)
75 PRINTLO06» (TITLE(JDsJ=1,3)
106 FORMATC(1H1s791H »10Xy SHEVENT»751H »10Xs 5(1H~-)»/51H0515X53A1057/})
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i5 PRINY 107
107 FORMAT(1HO» 10X, LGHAMB IENT CONDITIGNS, /9 tH , LoAs L3ULH .
IF(NAMB.EQ.O) PRINT 1071
1071 FORMATU1HOs10X> 36HTHE FOLLOWING AMBIENT CONOIT{ONS AR(,
A /51H 510X 27HSTANDARD AIR DEFAULT VALUES»/)
0 PRINT 1089 AMSTAR(L))AIRPRIAMSTARIZ) s AIRTEMs AMSTARI3Y, ALK AN,
A AMSTAR(4) s AIRMOL
108 FORMAT(1IH s13XsAl,1X, BHPRESSUREs 11X, THAIRPH =, 1PELZ.5,4H PAs/,
A 1H 513X Al,1Xs 1 IHTEMPERATURE » 8Xs THAIRTEN=s IPEL2.5,3H K»/»
B 1H »13XsAls1Xs16HSPEC, HEAT RATIOs 3Xy THAIRGAM=, 1PEL12.5,/,
] C 1H »13XsAls1Xs 10HMOLAR MASSs»9X, 7THAIRMOL =9 1PEL12.5,9H KG/MOLE, /)
AIRSND=SQRT(AIRGAM®AIRPR/AIRDEN)
PRINT 109, AIRSND,AIRDEN
109 FORMAT(1H ,15Xs11HSOUND SPEEDy 8X, THAIRSND=, 1PEL2.5,5H M/S,/,
A 1H 515Xy THDENSITY» 12Xy THAIRDEN=) 1PEL12.5,9H KG/M##3,/)
30 IF(NAMSTAR.EQ.1) PRINT 1081
1081 FORMATU(IH ,13Xs35H% THE STARRED DATA ARE STANDARD AIR,
A 15H DEFAULT VALUES,/)

IF(NCHA.EQ.1) GOTO 1100
24 NBAD=4 ¢ PRINT 110LsNBAD $ RETURN
1101 FORMAT(1HO,10X, 29HRETURN FROM READAM WITH NBAD=, 12,
A 33H, BECAUSE CHARGE DATA ARE MISSING)
c
1100 PRINT 110
) 110 FORMAT(1HOs 10Xs 1 BHCHARGE DESCRIPTIONs /51H 510Xs18(1H=)57)
PRINT 111, CHARVO,CHAREN
111 FORMAT(1H 515X 13HCHARGE VOLUMEs6Xy THCHARVO=, 1PEL2,5,6H M#%3,/,
A 1H 515Xy 13HCHARGE ENERGY»6Xy THCHAREN=, 1PE12.55 3H drt)
SCOISTsCHARVO*#(1,73.)
Yy PRINT 11105CHARHI,CHARHER
1110 FORMAT(IH ,15Xs16HCHARGE ELEVATION, 3X, THCHARHI =, 1PEL2.594H 4= ,
A 1PEL12.553H M,/)
SCYIME=SCDIST/AIRSNO
SCPRES=AIRPR
B SCEVEN=CHARENZ(CHARVO*AIRPR)
PRINT 112
112 FORMAT(1HOs10Xs THSCALINGs /9 1H 510Xy 7(1H~)57)
PRINT 113,SCDIST,SCTIMEsSCPRES,SCEVEN
113 FORMAT(14 ,15Xs12HLENGTH SCALEs 4Xs20HSCDIST=CHARVO**(1/3),
2X9s1H=31PEL2.553H Ms/»
1H 515X, JOHTIME SCALE»6X,20HSCTYIME=SCOIST/AIRSND,
2Xs 1H=,1PEL12.553H S$s/»
1H 515X, 14HPRESSURE SCALE,2Xy 13HSCPRES«=AIRPR »
GXs LH=s LPEI2.554H PAs/y
1H »15X, 14HSCALE OF EVENT»2Xs 21HCHAREN/ (CHARVO®AIRPR),
1Xs 1H=,1PEL12.557)
IF(SCEVEN.EQ.0.0)PRINT 114
114 FORMAT(1IH 515X, 30HEVENT CANNOT BE SCALED BECAUSE,
A29H CHAREN IS NOT GIVEN BY INPUT,/)

Mmoo e»

&%
IFINSCAL.EQ.0) GOTO 115
C USE SCALES FROM SCALE CARD IF SUCH A CARD WAS READ
SCDIST=SCD $ SCPRESaSCP $ SCTIMEsSCT
V3 115 PRINT 1165SCDIST,SCYIME,SCPRES

116 FORMAT(1H ,////51H ,10Xs 27HSCALES USED IN THIS PROGRAM,/,
65
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A 1H »10Xs27(1H=)57/91H 20X 16HLENGTH SCALE  #,1PE12.5,3H My/» ;
8 1H »20Xs 16HTIME SCALE 23 1PE12.5s3H S»/» )
C 1H 520X, 16HPRESSURE SCALE =31PE12.5s4H PA)
175 NBAD=O
RETURN
END ]
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SUBROUTINE READSH{NRSH,TIT)
THIS READS SHOCK DATA

ALL CARDS HAVE THE FORMAT (2A105,6(E10.3))

SHOCK CARD CONTAINS LABEL,TIME,ERRDR OF Ty PRESSURE, ERROR
RANGE CARD CONTAINS (ABELs Xs ERROR OF X, HIGHT,

THE SEQUENCE OF THE INPUT CARDS IS ARBITRARY

END OF INPUT IS INDICATED BY A BLANK CARD

ERROR QOFf 4

LF P

COMMON/COMSHDT/TPXH(4550) sERTPXH(4»50), TITLE(3),ALAB(2,50)
TsPyXsH OF SHOCK DBSERVATIONS. CORRESPONDING ERRRORS

DIMENSION TIT(3)},DU(6}
DATA(NMAX=50)

MAXIMUM NUMBER OF SHOCK DATA THAT CAN BE STORED

DATA (RANGE=10HRANGE
Ay, (BLANK=10H )

DB 10 J=1,3

TITLEGJ)=TIT(J)

NRSH=0

00 12 J=1,50 $ ALAB(1,J)=BLANK
DO 11 K=1ls4 8 ERTPXH(KyJ)=0,
TPXH(K,JV=0.

ALAB (2, J)=BLANK
FORMAT(2A10,6(€10.3))

FORMAT(IH $5X»2A1056(2X,1PEL12.5))
PRINT 18

FORMAT(1H1910Xs 20HINPUT READ BY RTAOSHy//)
CONT INUE

READLS3»(DUJI)sd=156)

PRINT 165 {Dld)sd=1,6)
IF(D(11.FA.BLANK) GOTO 75

IF(D{(2) .EQ.RANGE) GOTQO 35
IF(D(2Y.EQ.SHOCK) 5DTQ 55

PRINT 28

STop

FORMAT(1H »10Xs13HINVALID INPUT)

DO 37 KA=1, NMAX

IF{KA.GT.NRSH) GOTO %0
IF(D(1).EQ.ALAB(15KAY) GOTO 42
CONTINUE

G070 85

NRSH=NRSHel § KA=NRSH
ALAB(1,KA)=D{1) $ ALAB(2,KA)=TIT(1)
TPX4(3,KA)=D(3) $ ERTPXH{(3,KA)=D(4)
TPXH(4yKA)=D(5) ¢ ERTPXH(4,KA)=D(6)
GOTo 27

DO 57 KA=1, NMAX

IF(KA.GT.NRSH) GOTO 60
IF(D{L).EQ.ALABI1sKA)) GOTO 62
CONTINUE

GOTO 85

NRSH=NRSH+1 § KA=NRSH
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ALAB(LpKADI=D(1} $ ALABC(Z,KAIRTIT(L)
62 TPXH(1sKA)=D(3) ¢ ERTPXHIL,KA)=D(4)
59 TPXH{2,KA)=D(5) $ ERTPXH(Z2sKA)=DL6)
GOT0 27
C
75 IF(NRSH.LE.O) STOP
85 DO 105 KA=1,NRSH
65 IF(MOD(KA, 45).NE.1) GOTO 101
PRINT 95, (TITWJ}»J=1, 3)
95 FORMAT(1H1» 10X 22HSHOCK DATA FROM EVENT ,3A17. i}
PRINT 98
98 FORMAT(1HO»4H NRes1IXs GHLABELS»12Xs QHTIME, 6X, 2177, ¥ iRCE, LY,
70 A 12HOVERPRESSURE»2Xs FIHSTDERRORy» 7Xs SHRANGE, 54,

B 9HSTOERROR»6X9 9HELEVATIONS 3X,9HSTDLERROR, /»
C 1H 533X 3H(S)s 10X 3H(S)s LLXs &HIPA) 99N GH(PAY, 13X, IniiML,
D 9Xs 3H(M)»11Xs3H(M)»10Xs3H(M), /)

[ 75 101 CONTINUE
! PRINT 102,KAs ALAB(LsKA)s ALAB(2sKA) 9 (TPXH(IsRA Vi RYPY MR LT iv, o2
- 102 FORMAT(LH »I4s1Xs2A10,4(4Xy 1PE12.55 2Xkp LPEG. 2t}
'Q( IF((KA/5)#5.EQ.KA) PRINT 103
103 FORMAT(LH )
S 80 105 CONTINUE
f RETURN $ END
o
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1 SUBROUTINE SCALSHUSCDI»SCPR,SCTI»XsRs ALABst STX; NXNK,
ANRSHOK» NBAD) co

THIS STORES PROPERLY SCALEO SHOCX DATA IN LSQ ARRAYS 4

THE SCALES ARE PROVIDED BY THE CALLING PROGRAM

X(1)=PRESSUREs X(2)=DISTANCE, X(3)=TIME

IF PRESSURE DATA ARE MISSING THEN X(1)=TIME

DIMENSION XU(5550)sR(555550)5ALAB(2550)»LSTX(50)sNXNK(2550)

2
(2] OO0

" 10 COMMON/AMBCHA/AMPRS AMTEM, GAMs AMBMOL s CHVOL s CHEN» CHHy ECHH T
COMMON/COMSHDT/TPXH(4»50) s ERTPXH(4550)» TITLE(3)9 ALB(2,50)
THIS CONTAINS RAW INPUT
COMMON/CMISFM/MISPDT(3550)sDISTN(S50)9NODIST,SCDD )
THIS INDICATES FOR SUBROUTINE FMSHCK MISSING P,D OR T BY 1 IN MISPDT -
NODIST.NE.O INDICATES THAT ERROR FREE DISTANCES ARE IN DISTN :

COMMON/CF2DER/GAMCAPs SNDSPD,CPAR(4)sDMINSC,»SCO»SCP,SCT
JCF2D0ER/ IS USED BY CONSTRAINT ROUTINES F2SHCK AND F2DER
20

COMMON/CMPLSH/PMINyPMAXsDMIN, DMAX, TMIN, TMAX
THE EXTREME VALUES IN CMPLSH WILL DETERMINE PLOTTING LIMITS

: L 4 ;
OO0 00 000 0o

GAMCAP=((1++GAM)/ (2. *¥GAM) ) *(SCPR/AMPR) :
5 SNDSPD=SQRT(GAM*AMTEM#8.31431/AMBMAL)*(SCTI/SCDI)

b SCD=SCDI s SCPsSCPR § SCT=SCTI

- THIS TELLS IN WHAT UNITS GAMCAP AND SNDSPD ARE EXPRESSED

Al
[R5
\J

[ Xul

PMIN=O $ PMAX=0 $ DOMIN=0 $ DMAXs0 $ TMIN=0 $ TMAX=0
37 NRS=0

B

SCDD=SCDI o
DO 55 KA=1, NRSHOK
IF(TPXH(35KA)oGT 400 ANDLERTPXH(35KA)eGT.0,)60TO 15
15 MISPOT(2)KA)=1l $& LSTX(KA)=1
MISPDT(1,KA)=0
IF(TPXH(29KAYeLEeOe s ORERTPXH(29KA) LE.Os) MISPDT(15KA)=]
MISPDT(3,KA)=0
ITF(TPXH(LsKAYeLE.OesORERTPXHUL,KA) LE+Oe) MISPDT(3,KA)=1
40 GOTO 45
15 X(2sKA)=SQRT(TPXH{ 3o KA)*%2+ (CHH~TPXH(4s KA) ) *%2)
R(2925KA)3(TPXH(3, KA *ERTPYXHI3sKAI/X(25KA) ) *%2 ¢ R
ACCCHH=TPXH(&sKA) ) /X(29KA) ) %% 2% (ECHH**2+ERTP XH(4p KA) %%2) SORE

’

, , ,..‘

. . L Tt
vy y T e h .

PPN S N DTS B R RPN

45 IF(DMIN.GT.0.)GOTO 16
DMIN=X(2,KA) 8 DMAX=DMIN
16 DMIN=AMINL1(DMIN, X(2sKA)) $ DMAX=AMAXL(DMAXsX(29KA)) 1

X(2oKA)=X(2,KA)/SCDI
S0 R{2y2,KA)=R(25,2,KA)/SCDL*%2
DISTN(KA)=X(25KA)
R{1s3,KAY=0 $ R(3,1,KA}=0 $ R(253,KA)=0 $ R(3,2,KA)=0
R(1y2sKAY=0 $ R(2515KAI=0 ¢ LSTXCKA)=0 $ MISPDOT(2,KA)=0
J=l $ MISPDT(1,KA)=1 b
55 IF(TPXH(2yKA) e LE«OQesOR.ERTPXH{2sKA)JLE.0.)GOTO 25 :

J=3 $ MISPDT(1,KA)=0
69
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60

65

70

75

80

N e Tt S Tt

22
25
35

38
45
55

X(1leKA)=TPXH(2,KA)/SCPR
RE1s1sKA)=(ERTPXH(2sKA)/SCPRI* %2

IF(PMIN.GT.0.)G0TOD 22
PMIN=TPXH(2,KA) $ PMAX=PMIN $ GOTO 25 e
PMINSAMINLCPMIN, TPXH(2,KA)) $ PMAXSAMAXLU{PMAX, TPXH{2,KA)) R

IF(TPXH(L,sKA) eGTo0e e ANDLERTPXH(19KA).GTL0.)GOTO 35
MISPOT(3,KA)=1 $ IF(MISPDT(1sKA}NE.OILSTX(KA)=1 § GOTO 45
X(IsKAY=TPXH(1,KA)/SCTI

R(Js JoKA)=(ERTPXH(1,KA)/SCTI)®*2

MISPDT(3,KA)=0

IF(TMAX.GT+0.)GOTO 38
TMIN=TPXH(1sKA) $ TMAXsTMIN $ GOTO 45
TMIN=AMINLCTMIN, TPXH(1,KA)) $ TMAX=AMAXL(TMAX, TPXH{1sKA))

ALAB(1,KA)=ALB(1,KA} $ ALAB(2,KA)=ALB(2,KA)
IF(LSTX(KA)Y.EQ.OINRS=NRS+1
CONT INUE

DMINSC=DMIN/SCDI
NBAD=0 $ IF(NRS.EQ.0)NBAD=1
RETURN -4
END L
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SUBROUTINE FITSHUSCDs SCPsSCTsKAsXsR,)ALABEL,LSTXs NXNKsNRSCKyPARs NP>
1 XCsyCsLSTN,NRGDSERZsVPARSERPAR,NBAD)
THIS FITS SHOCK DATA ACCORDING TO MODIFIER KA

ROUTINE USES LSQ PROGRAM COLSMUA FOR FITYING

SCDy SCPy» SCT = SCALES IN TERMS OF WHICH THE ARGUMENTS X IS EXPRESSED
KA = MODIFIER FOR FITTING

KA=1 - FIT PRESSURE., KA=2 - FIT PRESSURE+DISTANCE

KA=3 — FIT PRESSURE+#DISTANCE+TIME. KA=4 - FIT PRESSURE+TIME

X{5550) = LEAST SQUARES DATA ARRAY
X{1)=PRESSUREs X(2)=DISTANCEs X{(3)=TIME
IF PRESSURE DATA ARE MISSING THEN X(1)sTIME

THE REMAINING ARGUMENTS ARE STANDARD LEAST SQUARES ARGUMENTS

OIMENSION X(5550)sR(555,50)» ALABEL(2550),LSTX(50),NXNK(2,50),
APAR(10)5sXC(555015C(5550)9LSTN(50)5VPAR(10510)5ERPAR(10)

DIMENSION XA(S5s50)5RA(5,5950),XCA(55,50)5CA(5550)
DIMENSION WORK{(4000})

COMMON/ZCMISFM/MISPDT(35,50),DISTN(50),NODIST,SCDD

COMMON/CF2DER/GAMCAPs SNDSPDsCPAR(4)»ALOWS SCOIsSCPRySCTI
MISPDT INDICATES MISSING P»D OR T BY CORRESPONDING ONES
NODIST.NE.O INODICATES THAT ERROR FREE DISTANCES ARE IN DISTN
BOTH COMMON BLOCKS ARE NEEEDED BY CONSTRAINT ROUTINES

EXTERNAL FMSHCK

DATA(NWORK=4000)
MAXIMUM DIMENSION OF WORKs NEEDED BY COLSMUA

SNOSPD=SNDSPO*SCOI*#SCT/(SCTI*SCD)
GAMCAP=GAMCAP*SCP/SCPR
ALOW=ALOW*SCOI/SCD
SCOI=5CO
SCTI=SCT
SCPR=sSCP
S1=SCDD/SCD
DO 10 I=1s50
DISTN(I)=DISTN(II*S1
10 CONTINUE
SCDD=5CD
NOW ALL COMMON BLOCK ODATA ARE EXPRESSED IN SCALES GIVEN 8Y THE ARGUMENT

NX=MINO(KA»3) $ NODIST=0 $ ITYPE=Q
NP=MAXO(3,KA+1) $ NP=MINO(NP, &)

D0 45 KB=1,NRSCK $ IFC(LSTX(KB).EQ.1)G0TO 45
00 25 KC=1,3 $ XA(KCsKB)=X(KCy»KB)
XCA(KC,KB)=X(KCyKB) $ DO 2% KD=1,3

25 RA(KCsKDsKB)=R{KCsKDs KB)

NXNK(1sKBl=NX $ LSTX(KB}=O
71
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NXNK(2sKE)=MAXO(1sKA=1) $8 IF(NXNK(2sKB) GTo2)NXNK(25KB)=2 o
IF(KAcEQ.1.AND.MISPDT(15KB) «NEQOILSTX(KB)=22 e

60 IF(KAEQa2.AND.MISPDOT(15KB) «NEOILSTX(KB)=3 S
IF(KA.LE.2)GOTO 45 -
IF(KA.EQ.3)6G0T0 35

NODIST=1 $ NXNK(1,KB)=2 § NX=2 s
65 IF(MISPDT(1,KB) e NE.O.OR.MISPOT(35KB) . NE<OINXNK(1sKB)=1 AN
NXNK(2,KB)=NXNK(1,KB) L
IF(MISPOT(1,KB).NE.O)GOTO 45 '
XA(2,KB)=X{3,KB) $ RA(2,2,KB)=R(3,3,KB) e
GOTO &5
70 c
35 IF(MISPOT(1,KB)eEQeOs AND.MISPDT(3,XB),EQ.0)GOTD 45
NXNK(1lsKB)=2 $ NXNK{2,KB)=1
45 CONTINUE

75 IF(KAEQ.3) ITYPE=4
NXD=5 $ NPD=10 $ NKD=3
CALL COULSMUA(XASRASALABELSLSTXsNXNKsNRSCKs PARs NP»FMSHCKoITYPE,
AXCAy CAsLSTNyNRGDSERZy VPARSERPARINBADs NXD»NKO, NPD,» WIRK, NWORK)
IF(NBAD.EQ.B) GOTO 50
80 c
PRINT 465 (PAR(J)S»JI=1,NP) ]
46 FORMAT(LHO» 10Xs 4HPAR=» 4(3Xs 1PEL12,5)) -
PRINT 47, (LSTNCJ)»J=1,NRSCK)
L2 4 FORMAT(1H 510Xy SHLSTN=,10(3X,17))
85 c
50 CONTINUE

D0 65 KB=1,NRSCK $ IF(LSTN(KB) .NE.O)GOTO 65 i

00 55 KC=153 $ XC(KCyKB)=KCA(KCyKB) -
90 55 C(KCsKBI=CA(KCsKB)

IF(KA.LE.3)GOTO 65

IF{MISPDT(1,KB)NE.O)GITO 65

XC(2,XKB)=X(2,KB) $ C(2,KB)=0 e

XC{3,KB)=XCA(2,KB) $ C(3,KB)=2CA(2,KB) i
95 65 CONTINUE -

RETURN )

END
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SUBROUTINE FMSHCK XXy CKyNXNKsKApPARSFoFXsFPoFXXs FXPs FPPyNB)
MULTIPLE CONSTRAINT FOR SHOCK FITTING
ARGUMENTS ARE DESCRIBED IN COLSMU MANUAL

DIMENSION XX{55100)5CK(35100)9 NXNK(25100)sPAR(10)sF(3),
A FXU395)sFPY3510)sFXX(595),FXP(5510)sFPP(10,10)
DIMENSION DFX(5),DFPC10),>DFXX(555),DFXP(5510)»DFPP(10+10)50X(551)
COMMON/CMISFM/MISPOT(3,50),DIST(50),NODIST,SCD
MISPDYT INDICATES 8Y 1 IF PsD OR T IS MISSING
DIST ARE DISTANCES OBSERVED. IF NODIST.NE.O THEN DIST ARE ERROR FREE
SCD IS THE SCALE USED FOR DIST

NB=0

D0 & KB=1,2 $ F(KB)=0 $ DO & KC=1ls4 $ FX(KB,KC)=0
FP(KBsKC)=0

00 5 KB=1ls4 $ 00 5 KC=1,4 $ FXX(KByKC)=0 $ FXP(KB,KC)=0
FPP(KB>KC)=0

IF(MISPDT(2,KA).NE.O} GOTO 6
BRANCH TO ERROR RETURN IF DISTANCE IS MISSING
-

DX(1s1)sXX(1lsKA) $ DX{2513=XX(29sKA) $ DX(351)sXX{(35KA) $ M=3
IF(NODIST.NE.O) GOTO 7
IF(MISPDT(15KA).€EQ.0) GOTO 10 $& IF(MISPDT(3,KA).EQ.O0) GOTC 8

NB =99 $ RETURN

DX(2,1)=DIST(KA) $ M=1 $ IF(MISPDT(1,KA).EQ.O0) GOTO 9
DX(3,1)=sXX(1yKA) & J=1 $ GQATO 60

OX(3,1)=XX(25KA)

ENTER 9 AND COMPUTE FIRST COMPONENT OF CONSTRAINT FUNCTION
CALL SHOCK3(DXs 1,PARsF(1)5DFXsDFPsDFXXsOFXPsDFPP,NBAD)
IF(NBAD.EQ.0) GOTO 15 $ NB=NBAD#100 $ RETURN

15 DO &5 KB=1,M $ FX(1,KB)=DFX(KB) $ D0 25 KC=1,HM

25 FXX(KBsKC)=CK(1yKA)*DFXX({KBsKC)

00 35 KC=1,4

35 FXP(KBsKC)=CK(1sKA)*DFXP(KB,KC)

45 CONTINUE
00 55 KB=1,4 $ FP(1,KB)=DFP(KB) $ DO 55 KC=1l,4%

55 FPP(KBsKCI=CK(1,KA)*DFPP(KB,KC)

TF(NXNK(2,KA) oL T.2) RETURN $ J=2

CALL F2SHCK(DXy 1sPARSF(JVsDFXsDFPsDFXXsDF APy DFPPyNBAD)
THIS IS THE SECOND CONSTRAINT COMPONENT. ENTER 60 FROM 8 IF
ONLY THE SECOND CONSTRAINT COMPONENT IS USED.

IF(NBAD.EQ.O) GOTO 65 $ NBaNBAD+200 $ RETURN

L=NXNK(1yKA)

DO 95 KB=lyL $ KJI=KBe(2-J)%(4-2%KB)

IF(J*M.€EQ.2.AND.KB.EQ.2)KI=3 $ FX(JyKBI=DFXI(KJ)

0075 KCs=slsl$ KKsKC4(2-J)#%(6-2%KC) $ IF(J*M.EQe2.ANDKC.EQ.2)IKK=3
75 FXX(KBsKC)aFXX(KBsKCI+CK{Js KA} *DFXX(KJyKK)

00 85 KC=1,4
85 FXP(KB,KC)IsFXP(KB)KC) ¢CK(JsKA)*DFXP(KJIsKC)

95 CONTINUE
DO 105 KB=1y4 $ FP(JpKB)=DFP(KB) $ DO 105 KC=l,4
105 FPPIKByKC)=FPP(KByKC) +CK({JpKA)*DFPP(KByKC)
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2 1 SUBROUTINE SHOCK3(XXsKAyPARsFs FXsFPyFXXsFXPsFPPyNBAD)
SHOCK FITTING CONSTRAINT WITH 3 PARAMETERS :
THIS IS USED BY FMSHCK AS THE FIRST CONSTRAINT COMPONENT -

Ty
-
[z XaXal

5 DIMENSION XX(5,100)sPAR(LO)sFX(5)sFP(LO)sFXX(5s5)sFXP(5510), o
1FPP(10,10) o
& ¢ S
S NBAD=0 $ X=XX(25KA) -
[ FX(1)=X®X*X e
10 F=((XX(1sKA)*X~PAR(L) ) #X—PAR(2))*X=PAR(3) :
. FX(2)3(3.#XX{LsKA)*X=~2,$PAR(1) )$X=PAR(2)
FX(3)=0
FP(1)a-X*X $ FP(2)=—X § FP(3)==1. $ FP(&)=0
: FXX(1,1)=0. $ FXX(152)=3.%X¢X $ FXX(251)3FXX(1s2)
{ 15 FXX(252)26e*XX(15KA)EX=2,%PAR(1)
[ DO 15 KB=1»3 $ FXX(3,KB)=0s. $ FXX(KBs3)=0 $ DO 15 KC=1l,4 :
t“ 15 FXP{KBsKC)=0 :
» DO 25 KB=l,4 $ DO 25 KC=l,4
! 25 FPP(KA,KC)=0 )
- 20 FXP(2s1)==2.%X $ FXP(2,2)a-1, ]
: RETURN A
END
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1 SUBROUTINE F2SHCK(XXs KAsPARsFs FXs FPoFXXsFXP,FPP,NBAD)
THIS IS SECOND CONSTRAINTY COMPONENY FOR SHOCK FITTING,
CALLED FROM FMSHCK.

2 Xz X2
P EEPEN

5 DIMENSION XX(55100)sPAR{10)sFX(5)sFPILO)sFXX(5,5)5FXP(S»10),

A FPP(105101)»SF(9)

EXTERNAL F2DER

COMMON/CF2DERFGAMCAPy SNOSPDyCPAR(&),ALOWSSCDsSCP,SCT SR
GAMCAP=(({1.4GAM)/(2.%¥GAM) ) *(SCPR/ANBPR) T
GAMCAP, SNDSPD AND ALOW ARE SET BY SUBROUTINE SCALSH e

L.y

10

2 XaXal

DO 15 KB=1y4 . }
15 CPAR(KB)=PAR(KB) :
C THE PARAMETERS CPAR WILL BE USED BY SUBROUTINE F2DER o
15 X=XX(25KA) j
DO 25 KB=1,3 $ D@ 25 KCsl,3 .
25 FXX(KBsKC)=0 3
IF(X.GT.1.E-30) GOTO 35 $ NBAD=1 $ RETURN -
35 NBAD=0
20 SQ=1.+GAMCAP®{(PAR(3) /X+PAR(2) )/ XPAREL) )/ X
IF(SQ.6T.1.E-50) GOTO 45 $ NBAD=2 $ RETURN
45 FX(1)%0. $ FX(2)s1./SQRT(SQ) $ FX(3)==SNDSPD
FXX(252)20¢5%GAMCAPHFX(2)%( (3. #PAR(3DIX42.#PAR(2))/X
A+PAR(1))/ (X#X#5Q)
25 CALL ROMULT(F2DERsALOWs Xs SFs NBAD)
IF(NBAD.EQ.O) GOTO 55 $ NBADsNBAD®10 $ RETURN
55 F=SFUL)+(PAR(4)=XX(3yKA))*SNDSPD o
FOIL)=SF(2) $ FP(2)aSF(3) $ FP(I)eSF(4) $ FP(&4)=SNDSPD o
FPPUL1,1)=SF(5) $ FPPL1,2)=SF(63 $ FPP(1,3)sSF(T) i

N L4
Tt e
Y SR R L

’

o
LM e
PP %

30 FPPU2,1)=SF(6) $ FPP(252)sSF(T) $ FPPL2,3)=SF(8) .
FPP(35,1)=SF{(7) $ FPP(352)=SF(8) S FPP(3,3)=SF(9) ey
DO 65 KB=lybh § FPP{4,KB)=0 ¢ FPP(KBp&)=0 $ FXP(1,sKB)s=sD -t
65 FXP(3,KB)=0 -4
FXP(291)=2=0.5¢GAMCAPRFX(2)/7(X*5Q) =
35 FXP(292)2FXPL2s1)/X $ FXP(253)=F)XP(292)/X § FXP(2,4)s0 RN
RETURN -
END T
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1 SUBROUTINE F2DER(XsF» NBAD) -
C INTEGRAND FOR NINE COMPONENTS OF F2 AND DERIVATIVES g
DIMENSION F(9) )
COMMON/CF2DER/GAMCAPy SNDSPDy PARI&)9ALOW,SCDySCP,LSCY -
5 C GAMCAPs{ (1.+GAM)/(2,%GAM)I*(SCP /AMBPR) s
C GAMCAP, SNDSPDy, ALOW AND SCALES ARE SET BY SUBROUTINE SCALSH =
NBAD=0 $§ IF(X.GT<1.E=30) GOTO 15 % NBAD=1 $ RETURN '3;ﬂ
15 Y=l./X '{:
SQA=l . +GAMCAPS((PAR(3)*Y+PAR(2) )*Y+PAR(L))*Y T
10 IF(SQ.GT. 1. E-5C) GOTO 25 ¢ NBAD=2 $ RETURN =)
C INTEGRANDS CORRESPOND TO FOLLOWING QUANTITIES
C FoFPUL)»(2)5(3)sFPP(151)5(192)9(153)2(252)5(253)5(3,53) 1
25 F(1)=1./SQRT(SQ) 9
F(2)==0.,5%GAMNCAP*F (1) *Y/SQ ]
15 F(3)=F(2)%Y & F(4)=F(3)%Y ]
F(5)=-1.5%GAMNCAP*F(3)/SQ
FIO)=F(5)8Y $ F(T7)sF(6)*¥Y $ F(B)=F(T)*Y $ F(9)aF(B)*Y 4
RETURN
END 4
]
4
i
4
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SUBROUTINE ROMULT(F,AsBsSF,NBAD) N
ROMBERG INTEGRATION OF A 9-DIMENSIONAL VECYOR FUNCTION

DIMENSION SF(9)sT(9520520)sFA(9D)»FB(I)sFN(9)s»FM(9)s CORKM(9510)

NBAD =0 R
CALL FC(A,FA)NBAD) $ IF(NBAD.NE.O) RETURN ‘<
CALL F(BsFBsNBAD) $ IF(NBAD.NE.O) RETURN
DO 14 KD=1,9
14 T(KDs1s2)a(FA(KD)+FB(KD))*0.5
KM=1 $ KMA=1
15 DO 16 KD=1,9
16 FM(KD)=0
DEN=FLOAT(KMA)*2,
DO 25 KA=1,KMA _
AC=FLOAT(1+2%(KMA-KA))/DEN $ BC=FLOAT(2#KA-1)/DEN .
ARG=AC*A+BC#*B S
CALL F(ARGsFNsNBAD) $ IF(NBAD.NE.O) RETURN 1
DO 23 KD=1,9
23 FM(KD)=FM{KD) +FN(KD) .
25 CONTINUE
00 26 KD=1,9 $ FM(KD)=FM(KD)/FLOATIKNA)
26 T(KDy 1o KM*1)=(TCKDs1s KMI+FM(KD))*0.5

) o
At ps?

PR .
s Aot

PO VP S .

THIS IS TRAPEZ. NEXT COMPUTE ROMBERG
KM=KMe+l $ KC=]1 $ DDEN=1.

35 KCa=KC+¢1l $ DDEN=DDEN*4,
DO 37 L=1,9
CORKMILSKC)=(TC(L,KC~-1,KM)=-T(LsKC~15KM=1))/(DDEN=-1.)
TLsKCoKM)=T(LyKC~1,KN)+CORKM(L,KC) .
IF(KCoaLT.KMsAND.KC.LT410) GOTO 35 S

P

R
(B SR |

NEXT TEST CONVERGENCE
IF{KM,GE.3) GUTO 45 $ KMA=KMA®*2 $ GOTO 15
45 IF(KM.GE.20) GOTO 56
D0 53 L=1,9
TEST=ABS(CORKM(L,XC))
KC=MIN(KM»10)
IF(TESTWLEL1.E~200% GOTO 53
IF(TESTSLELABS(T(L)KCoKM) }*1,E~10) GOTO 53
KMA=KMA®2 s GOTO 15
53 CONTINUE

'y

._., ,

L . et
LT L )

P S Pr S ) .

56 DO 58 L=1,9

58 SF(L)=T(LsKCsKM)*(B=A)
RETURN
END
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SUBROUTINE PRSHAD(SCDIS»SCPREs SCTIMpKKs XCoCsRyLSTN, ALAB,
A NRSHOK,TITVLE)

THIS PRINTS ADJUSTED SHOCK DATA

ROUTINE SHOULD BE CALLED AFTER RETURN FROM FITSH

DIMENSION XC(5550)sR(555550)5C (55,5015 ALAB(2,50)
DIMENSION TITLE(3),LSTN(50)
COMMON/CMISFM/MISPDT(3550)sDISTN(S50)sNODIST»SCDD

TB8=1H
PB=1H
K=0
DO 100 I=1,NRSHOK
IF(LSTN(I).NE.O) GO TO 100
K=K+1
IF(MOD(Ks40)eNE.1) GOTO 18
PRINT 2,TITLE

2 FORMAT(1H1,45X53A10)
PRINT 5

5 FORMAT(1H »45X,*ADJUSTED SHOCK OBSERVATIONS#,/7)
PRINT 10

10 FORMATU(IH ,4H NRo»8Xy 6HLABELS»12Xs6HTIME 4525X, 12HOVERPRESSURE,

A 23X, 10HDISTANCE +,/,
BlH »28Xs1OHCORRECTION, 2Xs BHCORRECT« 92Xy 9HSTD. ERRORy 2Xy
CL1H+CORRECTIONs 2Xs BHCORRECT 49 2Xs FHS TD« ERROR» 3 X
D1OHCORRECTION2X9sBHCORRECT.»2Xs9HSTDL.ERROR, /)
IF(SCTIM.EQels)PRINT 11
11 FORMAT(1H#» 31X, 3H(S)y» 2(8Xy3H(S)))
IF(SCTIMeNE.L1«)}PRINT 1101
1101 FORMAT(1H+9 29Xy BHISCTIME) 91 X»2(2XsBH(SCTIME)))
IF(SCPRELEQ.1.)PRINT 12
12 FORMAT(LIH+s 64X 4H(PAY »2(7X,4H(PA)))
IF{SCPRE.NE.1.)PRINT 1201
1201 FORMAT(1H®,63Xs BHISCPRES)»2(3X,BH(SCPRES)))
IF(SCDIS.EQ.1.)PRINT 13
13 FORMAT(1H+,99Xs3H(M)y 2{BXs3H(M)))
IF(SCDIS.NE.L1.)PRINT 1301
1301 FORMAT(IH#,97XsBH(SCDISTI»1Xs2(2XsBHISCDIST)))
PRINT 15
15 FORMAT(1H )
18 CONTINUE
IF(KK.EQ.1} 6O YO 30
IF(KK.EQ.2) GO TO 40
IF(KK.EQ.3) GO TO 50
[F(KK.EQ.4) GO TO 60

30 R13SQRT(R(1,1,1))
C(2,1I)=0,0
R2=0.0

PRINT 21,I,ALAB(1, 1)y ALAB(2,1),TByTB,TBsXC(1,I)5C(lyI)sP1,yXC(251},

1 C(251I),yR2

21 FORMAT(1H ,I491X92A1093XsALl051X9A991X9»A10,2(3Xs1PEL103s1X>»
A 1PE9.251X»1PEL10.3))
GO 10 90

40 R1=SART(R(1,1,1I}))
R23aSQRT(R(25251))
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PRINT 215 I ALAB(LsI)s ALAB(25I)sVByTBsTBsXCUL1sI)»C Lo I),R1sXC(2,1)>
1 C(251I),R2
60 TO 90

50 [F(MISPDT(1ls1).EQeO0eO0.AND.MISPDT(391).EQ.0.0) GO TD 51
IF(MISPDT(151).NE.Q.0) GO TO 52
IF(MISPDOTC(3,1).NE.O.0) GO TO 53
51 R1sSQRTIR(15151I))
R2sSORT(R(2525I))
R3=SQRTF(R(35351))
PRINT 205 IsALABCLlo ) ALABC(2, 1) XCU(351)pC{35I)sR3sXC{Ls1),C(1s]),
1 R1sXC(2921)5C(251)sR2
20 FORMAT(1H sI4s1lX52A1093(3Xs1PEL10e301Xs1PE9.,251X»1PEL0.3])
G0 YO 90

52 R1=5QRT(R(15151))
R2=SQRT(R(25251IM)
PRINT 225 I1,ALABC(L,1), ALAB(251)sXC(Lls1)5Cl151)sR1sPByPByPBeXC(2,1)>
1 C(251I)yR2
22 FORMAT(IH »1491X92A1053Xp1PELO3s1X»1PEQ.251Xs1PEL0.393XsAL0s
A 1XsA951XsA1093X»1PEL0.351Xs1PEG.251X»1PEL0.3)
60 7O 90

53 R1=SQRT(R{1s15I))
R2=SQART(R(25251))
PRINT 2151, ALAB(1,I)s ALAB(2,1),TBsTBsTBsXCULsI)pC(1,I35R1sXC(2,51},
1 C(251I),4R2
60 7O 90

60 IF(MISPDT(1,I).NE.O) GO TO 61
IF(MISPDT(3,I).NE.O) GO TO 62
R2=0,0
R2=SQRT(R(15151))
R3=SQRT(R(35351))
PRINT 205 I, ALABCL,T) s ALAB(2,1)sXC(35L)5C(35I0,RI,XC(1,1I)5C({1s]1)y
1 R1sXC(251)50.0,0.0
60 70 90

61 R1=SQRT(R(1,5151IM)
R2=SQRT(R(2,25,1))
PRINT 22, I,ALAB(L,1)5 ALAB(2,1)sXCt1s1),ClL9I)sR1,PByPBsPByXC(25,1))
1 0.0,0.0
G0 TQ 90

62 R1=SQRT(R(1,1,1))
PRINT 215 IoALAB(IsI)o ALAB(2,1)sTByTByTBsXC Lo T)sClLlsI)pR1yXC(251I)»
1 000’ 0.0
90 IF(MOD(Ks5).,EQ.0) PRINT 15
100 CONTINUE
RETURN
END
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SUBROUTINE DIMPARS(KK,SCOISySCPREsSCTIM,PARS, NPy VPARSSERIZSy
APARSDs» VPARSD, TITLE)
THIS COMPUTES DIMENSIONAL VALUES DOF SHOCK PARAMETERS

KK = MOOIFIER INDICATING WHAT HAS BEEN ADJUSTED
SCDISs SCPREs, SCTIM = SCALES OF PARS AND VPARS
PARS(10) s SHOCK FITTING PARAMETERS

NP s NUMBER OF SHOCK FITTING PARAMETERS
VPARS(10510) = VARIANCE MATRIX OF PARAMETERS PARS
ERZS s  STANDARD ERRROR OF A SETV WITH WEIGHT ONE
PARSD(10) = SHOCK FITTING PARAMETERS IN SI UNITS
VPARSD(10510) = VARIANCE MATRIX OF PARAMETERS PARSD
TITLE(3) = NAME OF EVENT

DIMENSION PARS(10),VPARS(10,10)}sPARSD(10),VPARSD(10510),TITLE(3)
DIMENSION SCMAT(10,10),0IM(10)
COMMON/CF2DERF GAMCAPsSNDSPOsCPAR(4)»OLIMy SCOySCP»SCT

ODATAC(DIMN(JI)oJ=1s4)sTHPA®N  , THPA®MES2, THP ACME$3, THS )

PRINT 11, (TITLE(J)yd=1,)
FORMAT(1H1,10Xs SHEVENT»5X»3A105/51H 510X»5(1H=))

DO 15 KA=1,10 $ DO 15 KB=1,10
15 SCMAT(KA,KB)=0
SCMAT(1,1)=SCPRE*SCOILS
SCMAT(2,2)=aSCPRE*SCDIS**2
SCMAT(3,3)=SCPRE*SCDIS**3
SCMAT(4,54)=SCTIN

D0 45 KA=1l,4 $ PARSD(KA)=0

00 35 KB=1,4 $ VPARSD(KA»KB)=Q

00 25 KC=1,4 ¢ DO 25 KD=1,4
25 VPARSD(KAsKB)=VPARSD(KApKB)I+SCHMAT(KA,KCI*VPARS(KCoKDIESCHAT(KDyKB)
35 PARSD(KA) =P ARSD(KA)I+SCMAT(KA»KB)*PARS (KB)
45 CONTINUE

PRINT 55
55 FORMAT(1HOs///51H »10Xs32HDIMENSIONAL VALUES OF PARAMETERS,/)
PRINT 65
65 FORMAT(1HOs 10Xs 10HPARAMETERS» 5Xy8BHSTANDARD» 7X» BHSTANDARD, 5X
ASHOIMENSIONs/51H 526X 6HERRORS s 7Xs LOHERRORS*ERZ s /)
DO 85 KAsl,NP
PER=SQRT(VPARSD(KA,KA}) $ PERZ=PER*ERZS
PRINT 755,PARSD{KA)»PERSPERZ,DIMIKA)
75 FORMAT(1H ,9Xs1PE12.553Xs1PE10.354X51PE10.356X5A7)
85 CONTINUE
OLIMD=DLIM®SCD
IFINP.EQ. 4)PRINT 88,0LIMD
FORMAT(1H#¢, 62Xy 23Hs SHOCK ARRIVAL TIME AT,1PEL2.3,7H METRES)
PRINT 95
95 FORMAT(1HOs//7/51H 510Xs31HTHE SHOCK OVERPRESSURE FUNCTION,
A 12H IS GIVEN 8Y,
B /7/91H $20Xs40HP = PAR(1)/R ¢ PAR(2)/R*%2 ¢+ PAR(3)/R*%*3,//)

PRINT 135

135 FORMAT(1HOs //91H »10XK937HADJUSTED ARE OBSERVATIONS OF PRESSURE)
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IF(KK.EQe2) PRINT 136
136 FORMAT(1H#,47Xs13H AND DISYANCE)
60 IF(KK.EQ.3) PRINT 137
137 FORMAT(1H+»47Xs19Hs DOISTANCE AND TIME)
IF(KK.EQ.4) PRINT 138
138 FORMAT(1H#, 47Xy 9H AND TIME)

65 C COMPUTE CORRELATEION MATRIX
DD 185 KA=1,NP $ DD 185 KB=1,NP
185 SCMATIKAs KB)aVPARS(KA»KB) /SQRT(VPARS(KA9KA)*VPARS{KBsKB))

PRINT 195

195 FORMATEIH »///s1H 510Xy EBHCORRELATION MATRIX»//)

70 DO 215 KA=1,NP
PRINT 2055 (SCMAT(KAsJ)sJs15NP)

L 205 FORMAT(1H 510X, 6(0PF13,8))

215 CONTINUE
!“ 75 PRINT 105
i 105 FORMAT(1H »//s1H 510X»27HVARIANCE-COVARTIANCE MATRIX »
3 A33H(NOT INCLUDING THE FACTOR ERZ*%2),/7)
- DO 125 KA=14NP
e PRINT 1155 CYPARSO(KAsJ)sJ21,NP)
{ 80 115 FORMAT(IH 510Xs5(3Xs1PE1245))
‘. 125 CONTINUE

RETURN

- END
b .
ﬁi‘
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SUBROUTINE PLPPT inns SCOIsSCPRySCTI»NRSHOKs PAR) NP, VPAR,ERZ)
AERFAT T,
Tivas PLOTS PRESSURE OVER DISTANCE (DATA AND FITTED CURVE)}

KK = JINDICATES WHAT HAS BEEN ADJUSTED. SEE STAT. 185 FF,
SCLIsSCPRySCTI = SCALES YO SE USED ON INPUT DATA

NRSHOK = NUMBEH Of INPUT DAFA SETS

PAR = PARAMETERS OF SHOCK FITYTINC FUNCTION

NP = NUMBER OF PARAMETERS

VPAR = VARIANCE-COVARIANCE MATRIX OF PARAMETERS

ERZ = STANDARD ERROR OF SET WITH WEIGHT ONE

ERFACT = ERROR FACYOR TO 8E USED FOR CONFIDENCE CURVES

PROGRAM CALLS ROUTINE SHOCK3 TO GET FITTED CURVE
DIMENSION PAR(1C)»VPAR(105s10)

COMMON/COMSHBT/TPXH(4550) yERTPXHI 45501, TITLE(3 )y ALB(2,50)
COMMON/AMBCHA/ZANMB(8)
THIS CONTAINS INPUT DATA

COMMON/PLOT/PD(E)s PLABLI G}
FROM THIS COMMON BLOCK USE ONLY THE PLOTTING LABEL

COMMON/CMISFM/MISPDT(3,50),0ISTN(50),NODIST,SCDO

DIMENSION PMIMA(2),DMIMA(2) s TMIMA(2),
AQ(5, 1), FX(5)>FPLL0),FXX(555)sFXP(5,10)5FPP{10510),
BTEXT(6),XP(201)5YP(201)5YPE(201),ERYP(201)

DATACANAME=6HPLPDSH)
CALL LOGSC(SCDI>SCPRySCTIsANAMESDMIMA,PNIMA, TMIMA,SCLyNBD)
IF(NBD.NELOIRETURN

THIS ESTABLISHED LOGARITHMIC PLOTTING SCALES

CALL PLTBEG(21.0528.050.3973513,PLABL)
XSC=5CtL 3 XOR=DMIMA(l) $ XRAN=DMIMAC2)-DMIMA(1)}
YSC=SCL $ YOR=PMIMA{1) $§ YRAN=PMIMA(2)-PMINA(L)
CALL PLTSCA(5.029.05X0RsYORy XSC»YSC)
DX=1. % XLEFT=XOR $ XRIGHT=XOR+AMAXL{XRAN,AINT(10.%XSC))
DY=1. $ YBOT=YOR $ YTOP=YOR4+AMAXL1(YRANsAINT(10.%YSC)}
NTYPE=T
CALL PLYAXS(DXsDYs XLEFTsXRIGHT,YBOT»YTOP,NTYPE)
CALL LABLOG(DXs DYy XLEFTsXRIGHT»YBOT»YTOPs040,0.,0)}
25 FORMATY(3A10,1H>)
ENCODE(31s 25, TEXTU(INI(TITLE(JI) »J=1,3)
CALL PLYISYM(O.4s TEXT(1)s0.0sXLEFT,YBOT-YSC*4,0)
35 FORMATU(L3HDISTANCE (M)2>)
ENCGODE(13535, TEXT(1))
TX=(XLEFT+XRIGHT)I*#0.5-6.0%0.3*XSC
TY=YBOT-1.5%YSC
CALL PLTISYM(O,3,TEXT(1)50.05TX,TY)
36 FORMAT(IBHOVERPRESSURE (PA)>)
ENCODE( 18536, TEXT(1))
TX=XLEFT~1.8%XSC
TY=(YBOT+YTOP)I*0.5-8.0%043%YSC
CALL PLTSYM(0.23,TEXT(1)590.09TXsTY)

)
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DO 45 KA=1,NRSHOK
TF(MISPOT(25KA).NELO) GO TO 45 .
IF(MISPDT(1sKA)NE.O)GOTFD 45 =
XP(1)=0.5%ALOGIOC(TPXH(3sKAL**24(TPXH(&sKA)~ANB(T))**2)/SCDI*¢2)
C AMB(7) = CHARGE ELEVATION (IN COMMON/ZAMBCHA/ )

YP(2)=ALOGRO(TPXHI2,KA)/SCPR)
NS=sMISPDT(3,KA) $ CALL PLTOTS(3aNS»XP5YP»1,0)

45 CONTINUE

THIS PLOTTED DATA POINTS

s NaRal
.

NEXT PLOT FITTED CURVE
CALL PLTWND(XLEFT,XRIGHT,YBOT, YTOP)
IP=1
DO 65 KA=1,201
XPCIP Y= XLEFTH+(XRIGHT-XLEFT)I*FLOAT(KA-1)/200.
Q(1y1)=0 $ Q(2,1)510.%%XP(IP)*SCDI

CALL SHOCK3(QslsPARsFsFXsFPsFXXsFXPoFPP,NBAD)
C THIS CALL TO THE CONSTRAINT FUNCTION FURNISHES FITTED CURVE

IF(F.GE«OessOR<NBADNE.0)GOTO 65
YP(IP)=ALOGLO(-F/(Q(2,1)%%#3%S5CPR))
FY=20
00 55 KBs1lsNP & DO 55 KC=1,NP
55 FY=FY#FP(KB)*VPAR(KBys KCI*FP(KC)
: ERYPUIP)=SQRVT(FY)/(ALOG(10.)*(~F))
C LOGARITHMIC ERROR IS INDEPENDENT OF SCALE
IP=IP+1
65 CONTINUE

IPM=IP-1 $ IF(IPM.LE.Q)GOTO 120
DO 105 KE=1s2
DO 95 KB=1,3 $ ERFsERFACT*FLOAT(KB=2)
TF(KE.EQ.1)G0T0 75 $ IF(ERZ.LT.1.5)G0T0 105 8 ERF=ERF*ERZ

75 DD 85 KP=1,IPM

85 YPE(KP)=2YP(KP)+ERF*ERYP(KP)
CALL PLTDTS(1505XPsYPE,IPM,0)

95 CONTINUE

105 CONTINUE

115 FORMAT(2LHCONFIDENCE LIMITS FOR»F&e1s17H STANDARD ERRORS?>)
120 ENCODE( 429115, TEXT(1))ERFACT
CALL PLTSYM(.259 TEXT(1)90.0sXLEFT5YBOT~YSC#5.0)
IF(ERZ.GE«145)G0TD 145
125 FORMAT(24HWITHOUT THE FACTOR ERZ =sF6.3,1H>)
ENCODE(315125sTEXT(1))ERZ
GavTd 155
135 FORMATV(33HWITH AND WITHOUT THE FACTOR ERZ =,F6.351H>)
145 ENCODE(405135,TEXT(1))ERZ
155 CALL PLTSYM(e259 TEXT(1)90.05 XLEFT»YBOT=YSC*5.4)
IF(KK.NE. 1) GOTO 175
165 FORMAT(38HADJUSTED ARE OBSERVATIONS OF PRESSURE>)
ENCODE(38,5,165,TEXT(1))
CALL PLTSYM(<255 TEXT(1)s0.0,XLEFT>YBOT-YSC *5.8)
GOTO0 265
175 ENCODE(295185,TEXT(1))
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CALL PLTSYM(e25, TEXT(1)5040s XLEFT,YBOT-YSC *5.8)

IF(KK.EQs2) GO TO 195 o
IF(KK.EQ.3) GOTO 215 -
IF(KK.EQ. %) GOTO 235 L
GOTD 265 SRR
ENCODE( 22,205, TEXT(1)) $ GOTO 255 oA

FORMAT(22HPRESSURE AND DISTANCE>)

]
1
FORMAT(29HADJUSTED ARE OBSERVATIONS OF>) - j

ENCODE(285,225,TEXT(1)) $ GOTD 255
FORMAT(23HPRESSURE, DISTANCE AND TIME>) R
ENCODE(189245,TEXT(1)) §& GOTO 255 o

FORMAT(18HPRESSURE AND TIME>)

CALL PLTSYM(e25,TEXT(1)50.05XLEFT,YBOT-YSC %6.2)
CONT INUE

CALL PLTPGE

RETURN

END

85




1 SUBROUTINE PLPTSH(KK» SCDIST»SCPRES,SCTIME,NRSHOK,sPARSGs NPy V4, i
1 ERZ4,ERFAC) 4
THIS PLOTS PRESSURE OVER TIME (DATA AND FITTED CURVE) o

KK = INDICATES WHAT HAS BEEN ADJUSTED
SCDIST»SCPRESsSCTIME = SCALES TO BE USED ON INPUT DATA -
NRSHOK = NUMBER OF SHOCK OBSERVATION STATIONS e
PAR4(10) = SHOCK PARAMETERS ;
NP = NUMBER OF SHOCK PARAMETERS il
Ve(10510) = VARIANCE MATRIX DF SHOCK PARAMERERS PAR4 -
ERZ4 = STANDARD ERROR OF A SET WITH WEIGHT ONE
ERFAC = FACTOR FOR CONFIDENCE LIMIT PLOTTING

As ol o 4

10

ROUTINE USES SHOCK3 AND F23HCK FOR THE COMPUTATION OF FIVTED PRESSURE

Al A A

15
DIMENSION PAR4(10)5V4(10510)sTEXT(6) CURVE

(g} OO0

DIMENSION PMIMA(2),0MIMA(2),TMIMA(2)
DIMENSION XP(201),YP(201),EYP(201),YPE(201)5Q(551)
20 DIMENSION FX(S5)sFP(L10)sFXX(555)9FXP(5510)sFPP{105s10)

(a]
WU WY

COMMON/COMSHDT/TPXH(4550) sERTPXH( 49 50)s TITLE(3), ALAB(2,50)
COMMON/AMBCHA/AMPRy AMTEMy GAMMA, AMMOL, CHVOLy CHENy HC» ERCHEL
CC THESE TwWwO COMMON BLOCKS CONTAIN INPUT DATA -
25 C
COMMON/PLOT/PD(6),PLABL(S) e
FROM THIS COMMON BLOCK USE ONLY THE PLOTTING LABEL <

[a Xgl

(4

PN
Al A

COMMON/CF2DER/GAMCAP, SNDSPDsCPAR(4)»ALOWSSCDeSCPsSCT -

30 THIS COMMON BLOCK IS NEEDED BY THE CONSTRAINT ROUTINES -

[a X e

COMAGN/CMISFM/MISPOT(3,50),DISTN(50),NODIST,SCDD
MISPDT IS USED TO IDENTIFY MISSING DATA

o0
'.
‘A'u; l._"l "

35 DATACANAME=6HPLPTSH)

Sl

.t e
.
[

SCIPY YOr WA

IF{X{K.LE.2) RETURN i~
C PLOT OVER TIME ONLY IF TIME IS AN OBSERVABLE

!"v '
£.7,

40 SNDSPD=SNOSPD#SCD*SCTIME/ (SCT#SCDIST)
ALOW=ALON*SCD/SCDIST
GAMC AP=GAMCAP*SCPRES/SCP
SCO=SCOIST )
SCT=SCTIME oo
45 SCP=SCPRES RO
C THIS WILL CAUSE F2DER TQ PRODUCE RESULTS IN THE PROPER SCALES

CALL LODGSC(SCOIST9SCPRESySCTIME,ANAMESDMIMA,PMIMA, TMIMA, SCLsNBD)
IF(NBD.NE.O) RETURN
50 C LOGSC COMPUTED PROPER PLOTTING SCALES

L
FO T

S
e s

CALL PLTBEG(21.05,284050.3945,13,PLABL)
XSC=SCL $ XOR=TMIMA(L) $ XRAN=TMIMA(2)-TMIMA(1l)} N
YSC=SCL $ YOR=PMIMA(Ll) 3 YRAN=PMIMA(2)-PMIMA(1)
55 OX=1. $ XLEFT=XOR $ XRIGHT=XLEFT+AMAXL({XRAN>AINT(10.,%XSC))
DY=1., $ YBGT=YOR $ YTCP=YBOT+AMAX1(YRANsAINT(10.%YSC))
CALL PLTSCA(5.059.09X0RsYORyXSC»r»YSC)
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NTYPE=?
CALL PLTAXS(OXsOYe XLEFT,XRIGHT,YBOT»YTOPSNTYPE) e
60 DXL=1.0 $ DYL=1,0 — ]
CALL LABLOG(DXLsDYLsXLEFTSXRIGHT,YBOT>YTOP»0.050.0)
TEX=1OHTIME (S)> 8 ENCODE(10, 379, TEXT(L))ITEX
179 FORMAT(ArIO) NS
TX={ XLEFT#XRIGHT ) #0,5-4,9%0,3%YSC oA
65 TY=YB0T-1.5%YSC
CALL PLTSYM(O03,TEXT(1)50.0,TX,TY)} B
301 FORMAT(LS8HOVERPRESSURE (PA)>) ot d
ENCODE(13,301,TEXT(1))
TXsXLEFT-XSC*1.7 1
70 TY={YBOT+YTOP)*0,5-8.0%0.3%YSC T
CALL PLTSYM(O03,TEXT{1)990.0,TXsTY)
ENCODE(31, 178, TEXTI(L)I(TITLE(S ) »d=1yp3) L
CALL PLTSYM(Oe4s TEXT(1)50.0sXLEFT»YBOT-YSC*4.0) - 1
NPP=0 $ DO 197 KPs1l,NRSHOK . y
75 IF(MISPOT(1sKP)oNELOLORMISPDT(3,KP).NELO) GOTO 197
NPP=NPP+1 ]
XP(NPP)=ALOGLIO(TPXH(L,KP)/SCTIME)
YPINPP)=ALOGLO(TPXH(2,KP)/SCPRES)
197 CONT INUE {
80 CALL PLYDTS(350,XPsYPyNPP,O0)
THIS PLOTTEO DATA 1

OO0

NEXT FIND SUCH DISTANCE LIMITS THAT CORRESPOND TO P,T-WINOOW
DPLRAN=DMIMA(2)-DMIMA (1)

85 DEISTMI=DNIMA(1) e
DISTMA=DISTMI+AMAX1(DPLRAN, AINT(10,#SCL)) S
DELOX=(DISTMA-DISTMI)/20. -]
Q(1,1)=0.8 Q(3,1)=0 =
LOW=0

90 DX=DISTMI

405 Q(2,1)=10,%#DX*SCDIST
CALL SHOCK3(Qel,PAR%sFsFXsFP,FXKyFXP,FPP,NBAD)
C THIS ROUTINE COMPUTES THE NEGATIVE OVERPRESSURE
OVP=-F/(Q(2,1)¥+3¢SCPRES) L
95 IF(OVP.LE.O.) GOTO 425 S

IF(NBADNEL.O.OR.ALOGLO(OVP)+GT.YTAP) GOTO 415 j
C BRANCH IF PRESSURE IS QUTSIDE WINDOW T
CALL F2SHCK{Qs1sPARGsFsFXsFPyFXXsFXPyFPPsNBAD) ) q
C THEIS ROUTINE COMPUTES TIME RICARS

100 TIM=F /(SNDSPD*SCYIME) S
IF(TIMJLE.O.) GOTOD 425 )
IF(NBAD'NE.OOR.ALOGLO(TIM) LT XLEFT) GOTO 415

C BRANCH IF TIME 1S OQUTSIDE WINDOW
LOw=1

105 C AN INSIDE POINT FOUND. GET A LOWER LIMIT OUTSIDE POINT
DX=DX-DELDX s
GOTO 405 S

415 IF(LOW.EQ.1)GOTO 425 N
DX=DX+DELDX : o

110 GOTO 405
C NEXT SEARCH FOR UPPER LIMIT

425 DISTMI=DX

LAR=0
DX=DISTMA
&7
« 3
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115 435 Q(2,1)=10.%#DX*SCOIST
CALL F2SHCK(Qs1,PAR4GyFsFXoFPoFXXs FXPs FPPsNBAD)
TIM=F/(SNDSPD*SCTIME)
TF(TIM.LE.O.) GOTO 455 -
IF(NBADNE«O«ORALOGLO(TIM)IGTXRIGHT) GOTQ 445
120 C BRANCH IF TIME OUTSIDE WINDOW R
CALL SHOCK3(QslsPAR&sFFXsFPsFXXsFXPsFPPsNBAD) e
OVPs=F/(Q(251)**3%SCPRES) R
IF(OVP.LE.O.) GOTO 455 R
IF(NBADNE.O.ORJALOGLO(OVP).LT.YBOT) GOTO 445 nid
125 C BRANCH IF PRESSURE OUTSIDE WINDOW -
DX=DX+DELDX . {
LAR=1
C AN INSIDE POINT HAS BEEN FOUND. GET AN DUTSIDE POINT
GOTO 435 1
130 445 JF(LAR.EQ.1)GOTO 455
DX=0X-DELDX .
GOTO 435 o
455 DISTMA=DX 4

135 C NEXT COMPUTE FITTED CURVE FOR PLOTTING
IPsl -
DO 201 KP=1,201 S
PXPaDISTMI+(DISTMA-DISTMI)®FLOAT(KP-1)}/200, T
Q(1s1)=20s% Q(251)=10.%%PXP*SCDISTS Q(351)s=0 - Y

140 c

‘ CALL SHOCK3(QslsPAR&sF,FXsFPyFXKsFXPsFPPsNBAD)
FIRST SHOCK FITTING CONSTRAINT ROUTINE PROVIDES PRESSURE
IF(FeGEs0soOR.NBAD.NE.O) GOTO 201

©

145 YP(IP)=ALOGLO(-F/(Q(25,1)%*3%SCPRES)) R
EY=0. $ 00 199 KB=1,NP $ DO 199 KC=1,NP .

199  EYSEY#FPIKBI*V4{KBsKC)I*FP(KC) -4
EYPCIP)=SQRT(EY)/(ALOG(L10.)%!~F)) D

o ]

150 CALL F2SHCK(Qs1sPAR4s FoFXsFPs FXXs FXPs FPPsNBAD) X
C SECOND SHOCK FITTING CONSTRAINT ROUTINE PROVIDES TIME e
IF(FoLE.O.+OR«NBAD.NE.O) GOTO 201 S

c s |
XP(IP)=ALOGLO(F/ (SNDSPO*SCTINE)}) _—

155 IP=IP+1 B
201 CONTINUE

C NEXT PLOT FITTED CURVE S
CALL PLTWNOUXLEFY, XRIGHT,YBOT, YTOP) S
160 D0 2031 KE=1y2 ’
KPM=1IP-1 $ IF(KPM.LE.O) GOTO 2031
DO 203 KB8=1,3 s ERF=ERFAC*FLOAT(KB=-2) -
IF(KE«NE.2)GOTO 2011 8 IF(ERZ%.LT.1.5)60T0 203 § ERF=ERFEERZS R
2011 CONTINUE . -
165 D0 202 KP=1,KPM
YPE(KP)=YP(KP)ICEYP(KP )*ERF
202 CONTINUE
CALL PLTDTS{1505XPsYPESKPM,0)
203 CONTINUE )
170 2031 CONTINUE iu“
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175

180

185

190

195

200

205

10

14
15
16

20

24
25

195
215

235
255
178
180
205
225
245
265

e

ENCODE( 609 5o TEXT(1))IERFAC

FORMAT(#CONFIDENCE LIMITS FOR %,F4.,15% STANDARD ERRGRS>¥)
CALL PLTSYM(.25,TEXT(1)50405XLEFT,YBOT~Y5C%5,.0)
IF(ERZ4.6E.1.5) GO TO 14

ENCODE(315,10,TEXT(1)) ERZ4

FORMAT(®WITHOUT THE FACTOR ERZ =#*,F6.351H>)

GO TO 16

ENCODE(40» 155, TEXT(L1)) ERZ4

FORMAT(®WITH AND WITHOUT THE FACTOR ERZ =¥,Fb6.3,1H>)
CALL PLTSYM(.255TEXT(1)040,XLEFT,YBOT~YSC*5.4)
IF(KK.NE.1) 60 TO 24

ENCODE(38520, TEXT(1)}

FORMAT(*ADJUSTED ARE OBSERVATIONS OF PRESSURE>*)
CALL PLTSYM(.25,TEXT(1),0.0,XLEFT,YBOT~YSC®5,8)
G0 TO 265

ENCODE( 29,25, TEXT(1)}

FORMAT(*ADJUSTED ARE OBSERVATIONS OF>%)

CALL PLTSYM(.25, TEXT(1)9040sXLEFT,YBOT~YSC*5.8)
IF(XK.EQ.2) 6D TO 195

IF(KK.EQ.3) GO TO Z15

IF(KK.EQ.4) 60 TO 235

ENCODE(225205,TEXT(1))

G0 YO 255

ENCODE(285225,TEXT(1))

60 YO 255

ENCODE (18,245,TEXT(L1))

CALL PLTSYM(.25,TEXT(1)900,XLEFT,YBOT~YSC*6,2)
FORMAT(3A10,1H>)

FORMAT(SHCASE »12s6Hy NX=,1155H, NP=sIls1H>)
FORMAT(22HPRESSURE AND DISTANCE?>)
FORMAT(27HPRESSURE, DISTANCE AND TIME>)
FORMAT(1B8HPRESSURE AND TIME>)

CALL PLTPGE

RETURN
END
89
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SUBROUTINE PLOTSH(KKy SCOISTySCPRES, SCTIMEsNRSHOKyPARGs NPy V4
1 ERZ4,ERFAC)
THIS PLOTS DISTANCE OVER TIME (DATA AND FITTED CURVE)}

KK =  [INDICATES WHAT HAS BEEN ADJUSTED

SCDISTy, SCPRESy SCTIME = SCALES TO BE USED ON INPUT DATA
PAR4(10) = SHOCK FITTING PARAMETERS

NP = NUMBER OF SHOCK FITTING PARAMETERS

V4(10,10) = VARIANCE MATRIX OF SHOCK PARAMETERS PAR%
ERZ4 = STANDARD ERROR OF A SET WITH WEIGHT ONE

ERFAC = FACTOR FOR PLOTVTING OF CONFIDENCE LINMITS

ROUTINE USES CONSTRAINTY ROUTINE F2SHCK TO COMPUTE TIME FOR GIVEN
DISTANCE

DIMENSION PAR&(10)sV4(10510)s TEXT(6)

DIMENSION PMIMA(Z2)sDMIMA(2),TMIMA(2)
DIMENSION XP(201),YP(201),EYP(201),YPE(201},Q(5,1)
DIMENSION FX(5)sFP(L10)sFXX(555)sFXP(55,10),FPP(10510)

COMMON/COMSHDT/TPXH(4550) sERTPXH(4950)s TITLE(3)y ALAB(2950)
COMMON/AMBCHA/AMB(S)
THESE TWO COMMON BLOCKS CONTAIN INPUT DATA

COMMON/CMISFM/MISPDT(3,50)y DISTN(50),NODIST,SCDD
COMMON/CF2DER/GAMCAP, SNDSPDsCPAR( 4) 9 ALOWs» SCDOs SCP»SCT
THESE TWO COMMON BLOCKS ARE NEEDED BY THE CONSTRAINT ROUTINE F2SHCK

COMMON/PLOT/PD(6),PLABL(A)
FROM THIS COMMCN BLOCK USE ONLY THE PLOTTING LABEL

DATACANAME=6HPLDTSH)

IF(KK.LE,2) RETURN
NO PLOTTING IF TIME WAS NOT ADJUSTED

SNDSPD=SNDSPO*#SCO*SCTIME/(SCT*SCDIST)
ALOW=ALOW*SCD/SCDIST
GAMCAP=GAMCAP*SCPRES/ SCP
SCD=SCDIST
SCT=SCTIME
SCP=SCPRES
THIS WILL CAUSE F2SHCK TO FURNISH RESULTS IN THE PROPER SCALES

CALL LOGSC(SCDIST,SCPRESySCTIME,ANAME,DMIMA,PMIMA,TMIMA,SCL,NBD)
IF(NBD.NE.O) RETURN
LOGSC ESTABLISHED PLOVTTING SCALES FOR LOGARITHMIC PLOTTING

CALL PLTBEG(21.05284050.394,13,PLABL)

XSC=SCL $ XOR=TMIMA(l) $ XRAN=TMIMA(2)-TMiIMA(1l)

YSC=SCL $ YOR=DMIMA(L) $ YRAN=DMIMA(2)-DMIMA(1)}

DX=l. $ XLEFT=XOR $ XRIGHT=XLEFT+AMAX1(XRANSAINT(10.%XSC))
DY=1, § YBOT=YOR $& YTOPsYBOT+AMAXL(YRANyAINT(10.#YS5C)}
CALL PLTSCA(5.099.09XORyYOR»XSC»YSC)

NTYPE=7

ChALL PLTAXS(DXsDYs XLEFTsXRIGHT,YBUT»YTOP,NTYPE)
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197

DXL=1.0 $ DOYL=1.0

CALL LABLOG(DXLsDYL,XLEFT,XRIGHT,YBOT,YTOP,0+050.0}
FORMAT(13HDISTANCE (M)>)

ENCODE(13,35, TEXT(1))

TX=XLEFT-XSC*1.7

TYs(YBOT+YTOP)/2.~YSC*6.0%0.3

CALL PLYSYMUO.3,TEXT(1)590.05TX5TY)
FORMAT(QHTIME (S5)>)

ENCODE(9s 365 TEXT (1))
TX=2(XLEFT#XRIGHT)/2.-XSC*4.0%0.3
TY=YBOT-YSC*1.5

CALL PLTSYM{OG3»TEXT(1)50.05TXsTY)
ENCODE(315 178, TEXT(L) I(TITLE(J)»I=153)

CALL PLTSYM(Oe4s TEXT(1)50.0,XLEFT,YBOT-YSC*4.0)

D0 197 KP=1,NRSHOK

IF(MISPDT(25KP)eNELO) GO TD 197

IF(MISPDT(35KP)«NE.O) GO YO 197

XP(1)=ALOGL1O(TPXH(LsKP)/SCTIME)

YP(L) =0 .,5¥ALOGIO((TPXH(3,KP)* ¥ 24 (TPXH (4, KP)-AMB(T7))*%2)/SCDIST*%2)
NS=MISPDT(1,KP)

CALL PLTDTS(3sNS,XPsYPy1,0)

CONT INUE

THE PREVIOUS LOOP PLOTTED DATA

NEXT PLOT ADJUSTED CURVE

CALL PLTWND(XLEFT,XRIGHT, YBOT,YTOP) § IP=l

DO 238 KP=1,201
YP(IP)Y=YBOT+(YTOP-YBOT)*FLOAT(KP-1)/7200.
Q(lp1)=0. $ Q(251)=10.%*YP(IP)*SCDISTS Q(3,1)=0.

CALL F2SHCK(QslyPARGs FoFXoFPsFXXsFXPsFPPsNBAD)
IF(NBADJNE.O) RETURN

THE CONSTRAINT ROUTINE COMPUTED TIME FOR GIVEN DISTANCE

236

238

2381
243

246
2451

XP({IP)=ALOG1O(F/ (SNDSPD*SCTIME}))

DUM=0. $ DO 236 KB=1yNP $ DO 236 KC=1,NP
DUM=DUM+FP(KB)*V& (KB, KCI*FP(KC)
EYP(IP)=SQRT(DUMI/(F*ALOG(10.))

IP=2IP+1

CONTINUE

DO 2451 KE=1,2

KPM=IP-1 & IF(KPM.LE.O0) GO TJ 2451

DO 246 KB=1y3 $ ERF=ERFAC*FLOAT{KB-2)

IF(KE«NE.2) GO TO 2381 $ IF(ERZ4.LT.1.5) GO TO 246 $ ERF=ERFEERZ4
CONT INUE

D0 243 KP=1,KPM

YPE(KP)=XP(KP)+EYP{KP }*ERF

CALL PLYDTS(1,09YPESYPsKPM,y0)

CONT INUE

CONT INUE

ENCODE(60»S5»TEXTIL)) ERFAC
FORMAF(*CONFIDENCE LIMITS FOR #,F&.1,% STANDARD ERRORS>*)
CALL PLTSYM{.259sTEXT(1)s0.0,XLEFT,YBOT~-YSC#5.0)
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140
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195
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178
180
205
225
245
265

IF(ERZ4.6E«145) 60 TO 14

ENCODE(31910,TEXT(1)) ERZ4

FORMAT(*WITHOUT THE FACTOR ERZ =#*,F6.351H>)

GO TO 16 :

ENCODE(40,15,TEXT(1)) ERZ4

FORMAT(SWITH AND WITHOUT THE FACTOR ERZ =%5F6.3,1H>)
CALL PLTSYM(.255 TEXT(1)50.0,XLEFT,YBOV-YSC#3.4)
IF(KK.NE.1) 60 TO 24

ENCODE(385,20, TEXT(1))

FORMAT(®ADJUSTED ARE OBSERVATIONS OF PRESSURE>#)
CALL PLTSYMC255 TEXT(1)90.05XLEFT,YBOT~YSC*5.8)
GO TO 265

ENCODE( 29525, TEXT(1))

FORMAT(*ADJUSTED ARE OBSERVATIONS OF>#)

CALL PLTSYM{.259TEXT(1)s0+0,XLEFT,YBOT-YSC*5,8)
IF(XK.EQ.2) GO TO 195

IF(KK.EQ.3) GO TO 215

IF(KK.EQ.4) GO TO 235

ENCODE (225205, TEXT(1))

GO0 TO 255

ENCODE(285225,TEXT(1))

60 YO 255

ENCODE (18,245, TEXT(1)}

CALL PLTSYMU.25, TEXT(1)90.0sXLEFTsYBOT~YSC*6.2)
FORMAT(3A10s1H>)

FORMAT(SHCASE s1256Hy) NX=»Ily5H, NP=,I1,1H>)
FORMAT(22HPRESSURE AND OISTANCE?)
FORMAT(27THPRESSURE»DISTANCE AND TIME?>)
FORMAT(18HPRESSURE AND TIME?>)

CALL PLTPGE

RETURN

END
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SUBROUTINE LOGSC(SCDI»SCPRySCTIs»ANAMEs DMIMA,PMIMA,
ATMIMA,SCLG10sNBAD)

THIS COMPUTES MINIMUM AND MAXIMUM PLOTYING LIMITS

AND PLOTYING SCALE FOR LOGARITHMIC PLOTS

SCDI, SCPRy, SCTI = SCALES TO BE USED WITH DATA IN CMPLSH
ANAME = NAME OF CALLING PROGRAM

THE FOLLOWING IS COMPUTED BY LOGSCA

DMIMA(2)sPMIMA(2), TMIMA(2) = MINIMUM AND MAXIMUM VALUES OF DIST,P,T
REPRESENTING COORDINATE WINODOWS FOR LOGARITHMIC PLOYS
SCLG10 = (OGARITHMIC SCALE DETERMINED SUCH THAT ALL QUANTITIES
CAN BE LDGARITHMICALLY PLOTTED WITHIN A 15 X 15 CHM SQUARE
NBAD = ERROR INDICATOR. NBAD.EQ.0 IF NO ERROR

DIMENSION DMIMA(2),PMINA(2),TMINA(2)
COMMON/CMPLSH/PMIN, PMAXsDMINy DMAXy TMINy TMAX
THIS COMMON BLOCK CONTAINS THE EXTREME DATA VALUES

NBADs O
IF(SCDTeGTa0aeANDSCPRGT 04 ANDSCTIGT.0.)GAOTO 25
NBAD=]
PRINT 15 ANAMEsSCDI»SCPRySCTI
RETURN

15 FORMAT(1HO»10Xs 15HNO PLOTTING BY sAb6s8H BECAUSE,
A33H PLOTTING SCALES ARE NOTV POSIVIVEs/s1H »10X,»
B2OHDISTANCE SCALE SCDI=»1PE12.5s/s1lH »10X,
C20HPRESSURE SCALE SCPR=yg1PE12+59/791H 510X,
D20OHTIME SCALE SCTI=2y1PEL2.557)

25 IF(PMINGGTe0eeANDPMAX.GTL.0,)GOTOD 55

35 NBAD=2
PRIMT 45, ANAMEsPMINsPMAXs DMINs DMAXs TMINy THAX
RETURN

45 FORMAT(1HO» 10Xs15HNO PLOTTING BY ,A6,8H BECAUSE,

A45H DATA ARE QUTSIDE RANGE FOR LOGARITHMIC PLOTSs/,
Bl1H »10X,5HPMINS, 1PEL12.5%yTH PMAX=s,1PEL12.55/)
ClIH »10Xs5HOMIN=,1PEL2.5,7H OMAX=;1PE12.59/>
D1H » 10Xs5HTMINSy 1PEL245s7TH TMAX=,1PE12.557)

55 IF(DMINJLE.Oe.OR.DMAX.LE.O.)GOTO 35

IF(TMINGLE«CeeOR«TMAX WLEO.)}GATA 35
AP=sALOGI0(PMIN/SCPR)
PMIMACL)=AINT(AP) ¢AMINL(O.pSIGN(L.yAP))
AP=ALOGLO(PMAX/SCPR)
PMIMA(2)=AINT(AP)+*AMAX1(0.>SIGN(L1.sAP))
PMIMAC2)=AMAXL(PMIMAC2),PMIMA(L)+1.)
AP=ALOGLO(DMIN/SCODI)
DMIMACL)=AINT(AP)+AMINL(O.y SIGN (1.5 AP))
AP=ALOG1O(DMAX/SCDI)
DMIMA(2)=AINT(AP)+AMAX1(0.s SIGN(1as AP))
DMIMA(2)=AMAXL(DMIMA(2),DMIMA(L)+]1,)
AP=ALOGILO(TMIN/SCTI)
TMIMACL)SAINTCAP)+AMINY(OQos SIGN{14sAP))
AP=ALOGL10CTMAX/SCTI)
TMIMA(2)=AINT(AP)+AMAXL1(0.sSIGN(1ayAP))
TMIMAC2)=AMAXL(TMIMAC2), TMIMA(L}+1.)
PLOGR=PMIMA(2)~-PMTMALY)
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DLOGR=DMIMA(2)-DMIMA(]1)
TLOGR=TMIMA(2)-TMIMA(]) .
60 SCLGLO=AMAX1(0.29sPLOGR/15.»DLOGR/154» TLOGR/15.} -
RETURN .
END K
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23,

24.

OPREFIT .

READAM

READSP

READPR

SCALPR

FITPR .

GUESS .

EXPON .

PRTPNTS .

DIMPAR

PLTPNTS .

ERELCM
PRINPAR
PLTPAR
FTPFLD
FLDGES
PFIELD
PLDAUX
QFUNCT
ACOEF .
BCOEF .
CCOEF .
COEFFI

SHOCK .

.
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PROGRAM OPREFITUINPUTOUTPUT,TAPEG=OUTPUT,TAPEL3)
BLAST FIELD OVERPRESSURE FITTINGs MAIN PROGRAM

LEVEL 29XsRyALABSLSTX,PRPSVPRP,PRPDsVPRPD

COMMON X(55,100)sR(555,100)5ALAB(2,100),LSTX(100)sPRP(4,50),
1 VPRP(494550)5PRPD(4550), VPRPD (45 4y 50)
COMMON/PLOT/PD(6), PLABL (4}

DIMENSION TITLE(3),PAR(10),VPAR(10510),PRDS(50)5PRDSD(50)>
1 PARDIM(10)5VPDIN(10510)

DIMENSION PIN(50),PIND(50), TAR(50),TARD(50)5PRLAB(50)
DIMENSION EXNU(3)

DIMENSION TEND(50),TENDD(50)

EXTERNAL SHOCKsPFIELD

CALL READAM(SCDISsSCPRESsSCTIME,TITLE,NBAD)
READ AMBIENT DATA
IF(NBADNE«O.AND.NBAD.NE.3) STOP

CALL READSP(NBAD)
THIS READS SHOCK FITTING RESULTS. THE PARAMETERS AND THEIR
ACCURACIES WILL BE STORED IN PROPER COMMON STORAGES.
IF(NBAD.EQ.O) GD TO 5
PRINT 2,NBAD
2 FORMAT(1H ,*ERROR IN READSP,NBAD= *,15)
sSTOP

5 CONTINUE
CALL READPR(NRPROF)
READ ALL OVERPRESSURE HISTORY DATA. NRPROF IS THE VTOTAL NUMBER
OF OVERPRESSURE HISTORIES (PROFILES) IN THE INPUT.
IF(NRPROF.GT.0) GO YO 10
PRINT 7,NRPROF
7 FORMAT(1H s*ERROR IN READPRsNRPROF= *,15)
STOP
10 CONTINUE

DO 45 KA=1l,; NRPROF
CALL SCALPR(SCDIS,SCPRESsSCTIMEsKAs XsRs ALABSLSTXS
A NRSETS,TIMSHsPRSHsDISHyNBAD)
SCALE IN SI-UNITS AND STORE ONE HISTORY IN Xy 1 THROUGH NRSETS.
SHOCK TIME, PRESSURE AND DISTANCE ARE SCALEDs TOO
IFI(NBAD.EQ.O) GO TO 15
PRINT 12, NBAD
12 FORMAT(1H »*ERROR IN SCALPRyNBAD= #*,15)
sTop
15 CONTINUE

CALL FITPR(XsRyALABsLSTXsNRSETSy TIMSHsPRSHy DISHsPAR>
A VPARSERZ, TITLE,SCOISySCPRES,SCTIMESNBAD)
FIT THIS OVERPRESSURE HISTORY
IFINBAD.EQ.O) GO TO 20
PRINT 17sNBAD
17 FORMAT(1H »*ERROR IN FITPRyNBAD= %,15)
sToP
20 CONTINUE

97
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CALL DIMPAR(SCDISySCPRESySCTIMEsPARyVPARSERZy PARDIM, VPDIM)
60 C COMPUTE DIMENSIONAL VALUES OF PARAMETERS AND VARIANCES (IN SI UNITS)

CALL PLTPNTS(XsRyALABsNRSETSs>PRSHs TIMSHy SCPRES,SCTINE,
A PARDIM,VPDIM,TITLE)
PLOT PRESSURE HISTORY AND OBSERVED NODES WITH ERROR ELLIPSES

65 THE PLOTS WILL BE IN SI-UNITS. PARDIM IS ASSUMED TO BE IN SI.

OO0

D0 35 KB=1,3 $ DO 25 KC=1,3
VPRP (KBsKCyKA)=VPAR(KB,KC) v -
25 VPRPD(KByKC,KA)=VPDIM(KB,SKC) ;:J
70 PRP(KBsKA)=PAR(KB) -
35 PRPD(KBSKA)=PARDIM(KSB)
STORE PROFILE PARAMETERS, SCALED AND DIMENSIONAL
PRDS(KA) =DISH $ PROSD(KA)=DISH#*SCDIS RS
STORE PROFILE DISTANCES, SCALED AND DYMENSIONAL -
PIN(KA)=PRSH $ PIND(KA)=PRSH®*SCPRES C
STORE INCIDENTAL SHOCK OVERPRESSURES o
TAR(KA)=TIMSH & TARD(KA)sTIMSH*SCTIME A
STORE SHOCK ARRIVAL TIMES St
TEND(KA)=X(15NRSETS) S
80 DO 37 KB=1,NRSETS S
37 TENDC(KA)=AMAXL(TEND(KA)s X(15KB)) -
TENDD(KA)=TEND(KA)*SCTIME
STORE HISTORY END TIMES
PRLAB(KA) =ALAB(151)
USE LABEL OF FIRST OBSERVATION TO IDENTIFY PROFILE

75

[ 2N s N o TN o |

85

o0 o

45 CONTINUE

(g )

CALL PRINPAR(PRLAB,PRDOSy TARyPINyPRP,VPRP,
90 APRDSDs TARDs PINDy PRPDs VPRPDy NRPROF s PARy EXNUs TITLE) O
PRINT SUMMARY OF PRESSURE HISTORY FITTINGS Sl
AND DBTAIN EXPONENTS EXNU AND INITIAL APPROXIMATIONS OF PAR ]
CALL PLTPAR(NRPROF,PRPDyPRDSD» TITLE) g
PLOT HISTORY PARAMETERS VERSUS DISTANCE

O [a N 2]

95

CALL FTPFLD(SCDIS,SCPRESsSCTIMESTITLE,PRLABsPRDSDs TARD» -
A PINDy NRPROF,EXNUsPARs VPARSERZsNPsNBAD) 'u“J
:
w

W

FIT ALL TIME, OVERPRESSURE,DISTANCE DATA TO OBTAIN OVERPRESSURE FIELD B

[z Nal
.

P
AN

100 IF(NBAD.EQ.0) GO TO 50 S
PRINT 475NBAD B
47 FORMAT(IH »*ERROR IN FTPFLD,NBAD= *,I5) A
© sTOP
50 CONTINUE O
105 CALL DIMFLD(SCDIS,SCPRESsSCTIMESEXNUs PARyVPARs ERZINPy "]
A PARDIMsVPOIMs TITLE) L
COMPUTE DIMENSIONAL VALUES OF OVERPRESSURE FIELD PARAMETERS T

DA uO

AP A
"'l.l'lA
[z X 2]

SCD=1.0 $ SCP=1.0 $ SCT=1.0 0
i10 C SCALES ARE ONE IF DIMENSIONAL QUANTITIES ARE USED IN PLTLOC ARGUMENTS C el
CALL PLTLOC(PRDSDs TARD>TENDDsNRPROFsPARDIM» VPDIMsNP, e
A SCDsSCPySCT,SHOCK, TITLE) S

C PLOT HISTORY LOCATIONS IN THE X»T PLANE -

98
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SUBROUTINE READAM(SCDIST, SCPRES,SCTIMEs TITLE;NBAD)
THIS ROUTINE READS TITLEs PLOYLABEL AND DATA CARDS DESCRIBING
AMBIENT CONDEITIONS AND THE CHARGE
FIRST TWO CARDS ARE MANDATORY AND ALPHANUMERIC (TITLE AND PLOTLABEL)
THE REST OF THE CARDS HAVE THE FORMAT (2A105,6E10.3)
CHARGE CARD IS MANDATORY
IF AMBIENT DATA ARE NOT PROVIDED THEN STANDARD AIR WILL BE ASSUMED

SEQUENCE OF MANDATORY INPUT CARDS
TITLE CARD (ALPHANUMERIC)
PLOTLABEL CARD (AL PHANUMERIC)
CHARGE CARD = VOLUMEs ENERGYs HIGHT» ERROR OF HIGHT

THE FOLLOWING ARE OPTIONAL INPUT CARDS IN ARBITRARY SEQUENCE
AMNBIENT = P,TEMPERATURE, GAMMA, MOLAR MASS
OEFAULT VALUES CORRESPUND TO A STANDARD AIR
SCALES = SCALES OF RsP»T TO BE USED IN COMPUTATIONS
DEFAULT VALUES ARE COMPUTED AFTER STATEMENT 1110
PLOTTING DATA = ERROR FACTORS FOR THE PLOTTING OF CONFIDENCE
LIMITS IN HISTORY PLOTS
DEFAULT VALUES ARE FACTORS 2.0 FOR ALL PLOTS

END OF INPUT IS INDICATED BY A BLANK CARD

DIMENSION TITLE(3)
OINENSION D(8)s ANSTAR(4)
COMMON/AMBCHA/AIRPRy ALRTEMy AIRGAMs AIRMOL» CHARVOs CHARENS
ACHARHI» CHARHER
COMMON/PLOT/PDL6),PLABLI(S)
DATAL(TITL =10HTITLE }» (PLAB=10HPLOTLABEL )
DATA (BLANK=10H )> (AMB=10HAMBIENT )
DATA (CHA=10HCHARGE )
DATA(PLT=10HPLOTTING D)o (SCALs1OHSCALES RyP)
15 FORMAT(1H19 10Xs 20HINPUT READC 8Y READAMs /93H »10X920(1H=0s/)
FORMAT(8AL10)
FORMAT(1H 510X»8A10)
35 FORMAT(2A1056E10.3)
36 FORMAT(IH » 5X»2A1006(2Xs1PEL4.7))

PD(1)=2.0

DEFAULT VALUE FOR PLOTTING ERROR LIMITS IN PRESSURE HISTORIES
P0(2)=2.0

DEFAULT VALUE FOR PLOTTING FIELD HISTORIES (PyVsRHOsVE®2%RHO/2.)
AIRPR#101325.0 $ AIRTEM=293,0 $ AIRGAM=1l.4
AIRMOL=0.02896 $ AIRDEN=(AIRMOL/8.3143)¢(AIRPR/AIRTEN)

THESE ARE STANDARD AJR DEFAULT VALUES FOR AMBIENT CONOITIONS

NSCAL=0 $ NAMSTAR=Q
NAMB=0 $ NCHA=0

00 37 J=l,ré

AMSTAR(J)=1H

PRINT 15

D0 46 KKs=l,2

READ 255(0(Jd)sJd=1,8)
PRINT 265(D(J)rJd=1,8)
IF(D(1)EQ.TITL ) GOTO 42
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IF(D(1)+EQ.PLAB) GOTD 44
PRINT 48 § NBADs1 $ RETURN
60 c
42 DO 43 KA=1,3 e
63 TITLE(KA)=D(KA®1) e
GOTO 46
46 DO 45 KA=l1,4 N
65 45  PLABL(KA)=D(KA+1)
46  CONTINUE

47 READ 355(D(J)5J=1,8) o
PRINT 365(D(Jd)yJ=1,8)
70 IF(D(1).EQ.AMB)GOTO 55
IF(D(1).EQ.CHA)GOTOD 565
IF(D(1).EQ.PLTY) GOTD 66
IF(D(1).EQ.SCAL) GOTO 68 e
IF(0C1).EQ.BLANK) GOTO 69 N
75 475 PRINT 48 $ NBAD=2 $ RETURN N
48 FORMAT(1HO0,10Xs13HINVALID INPUT) -
c .
55 IFINANB.EQ.1)GOTO 475
C ONLY ONE AMBIENY DATA CARD WILL BE CONSIOERED
80 NAMB=1 o
IF(D(3) 6T 0. JAIRPR=D(3) § IF(D(4)eGTo0.)AIRTEN=D(4) -fql
IF(DU(5)eGToO0IAIRGAMSD(S5) $ IF(D(6)GTV.0s)AIRNOL=D(6) s
C IF INPUT IS ZERO THEN USE AIR DEFAULT VALUES .
DO 57 KA=ly,4 $ AMSTAR(KA)=1lH )
85 IF(DC(KA®2).GT.0.) GOTOD 57 e
AMSTAR(KAI=1H® $ NAMSTAR=1 T
57 CONTINUE )
AIRDEN=(AIRMOL/B.3163)¢(AIRPR/AIRTENM) S0
GOTO 47 A

90 ¢
65 IF(NCHALEQ.1)60TQ 475
CHARVO=D(3) $ CHAREN=D(4)
CHARHI=D(5) $ CHARHER=D(6)
NCHA=1
95 GOTO &7
c
66 DO 67 KAel,6
67  PD(KA)=D(KA#2)
GOTO 47
100 C PLOTTING DATA CARD SPECIFIES PLOTTED OUTPUT
C PO(1)= ERROR FACTOR FOR PRESSURE MISTORIES
¢ PDI2)= ERROR FACTOR FOR OTHER FLOV HISTORIES
68  NSCALs1l
105 SCD=D(3) $ SCPaD(4) $ SCT=D(5)
C SCALE CARD OVERRIDES SCALES COMPUTED FROM ANBIENT AND CHARGE DATA
IF(SCD.GT<00eAND2SCPoGTo00oANDSSCT.GTo0) GOTO 47
NSCAL=0 $ PRINT 681
- 681  FORMAT(1H »10X,36HNON-POSITIVE SCALES ARE NOT ACCEPTED)
= 110 G0T0 47
R - c
69  IFINCHA.EQ.0.OR.NAMB.EQ.0) PRINT 70
70  FORMAT(1HO,10X» 16HINCONPLETE INPUT)
75 PRINT106, (TITLE(J),Jde1s3)

101 ~ o
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-----------------
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106 FORMAT(1H1s F91H 510Xy SHEVENTs/91H 510Xy 5(1H-)9/791HO0»15X»3A10,77) e ]
PRINT 107 iii
107 FORMAT(1HO0»10Xs1BHAMBIENT CONDITIONS»/791H 510Xs18(1H=)s7)
IF(NAMB.EQ.O) PRINT 1071 -_{
1071 FORMAT(1HO»10Xs36HTHE FOLLOWING AMBIENT CONDITIONS ARE,» S
A /9lH 510X927HSTANDARD AIR DEFAULT VALUESs/) -]
PRINT 1089 AMSTAR(1)5AIRPRyAMSTAR(2)>AIRTEMy AMSTAR(3)9AIRGAM, R
A AMSTAR(4) s AIRMOL <
108 FORMAT(1IH »13XyAls1Xs BHPRESSURE»11Xs7THAIRPR =5 1PEL1245s4H PAs/y DY
A 1H s513XsAls1lXsLIHTEMPERATURE» 8Xy THAIRTEMSy 1PEL2.553H Ky /» » 24
B 1H 9513XsAls1Xy16HSPEC. HEAT RATIO» 3Xs 7THAIRGAM= 3 1PEL12459 /s - 1
C 1H 513Xy Al 1Xs LOHMOL AR MASS» 9Xy THAIRMOL=51PEL12.559H KG/MOLEs/)
AIRSND=SQRT(AIRGAM*AIRPR/AIRDEN)
PRINT 109, AIRSNDsAIRDEN
109 FORMAT(1IH s15XsL1HSOUND SPEEDs8Xy THAIRSND®»1PEL12.555H N/Ss/»
A 1H 515Xy THDENSITYs 12Xy THAIRDEN=2,1PEL12.5,9H KG/M#*$3,/)

: . . . .
. Lo
PO SR TS SR

IF(NAMSTAR.EQ.1) PRINT 1081 -
1081 FORMAT(1H »13X,35H* THE STARRED DATA ARE STANDARD AIR, :
A 15H DEFAULT VALUESs/)
IF(NCHA.EQ.1) GOTO 1100 :
NBAD=4 $ PRINT 110L,NBAD $ RETURN .
1101 FORMAT{1HO0»10Xs 29HRETURN FROM READAM WITH NBAD=,I2, o
A 33H, BECAUSE CHARGE DATA ARE MISSING) <
¢ o4
1100 PRINT 110 ot
110 FORMAT(1H0»10Xs 18HCHARGE DESCRIPTIONy /51H 510Xs18(1H=)s/) <
PRINT 111s CHARVOsCHAREN .
111 FORMAT(1H »15Xs 13HCHARGE VOLUME;6Xs THCHARVO=,1PE12.5,6H M*%3,/, <
A 1H 515X, 13HCHARGE ENERGY»6Xs THCHAREN=y 1PEL2.593H Js/) R
SCOISTeCHARVO**(1./3.) ——d
PRINT 1110, CHARHI,CHARHER ~-
1110 FORMAT(1H 515Xy 16HCHARGE ELEVATION,3Xs7HCHARHI=»1PE12.554H ¢- » ]
A 1PE12.553H My7/) e,
SCTIME=SCDIST/AIRSND o]
SCPRES=AIRPR oo
SCEVEN=CHAREN/(CHARVO#*AIRPR) PONE
PRINT 112 v
112 FORMAT(1HOs10Xs 7THSCALINGs /9 1H 510X 7¢1H=)s/) -~
PRINT 113,SCDISTsSCTIME;SCPRESySCEVEN o]
113 FORMAT(1H 515Xy 12HLENGTH SCALE»&Xs20HSCOIST=CHARVO®®(173), o
A 2Xs1H=51PEL12.593H Ms/s
B 1H »15X, 1OHTIME SCALEs6X»20HSCTIMESSCOIST/AIRSND,
C 2Xs1H=51PEL124553H S»/>»
D 1H 515Xy 14HPRESSURE SCALE,2Xs 13HSCPRES=AIRPR »
E IXs1H=51lPEL2e55s4H PAy/y -
F 1H »15Xs14HSCALE OF EVENT»2Xs 21HCHAREN/ (CHARVO*AIRPR)» oL
G 1Xs 1H=51PEL2455/) o

IF(SCEVEN.EQ.0.0)PRINT 114
1164 FORMAT(1H »15Xs30HEVENT CANNOT BE SCALED BECAUSE, -
A29H CHAREN IS NOT GIVEN BY INPUT,/) S

.
.
.. n!’“.

IF(NSCAL.EQ.0) GOTO 115 )
C USE SCALES FROM SCALE CARD IF SUCH A CARD WAS READ
SCDIST=SCD $ SCPRES=SCP $ SCTIME=SCT oo

. T "
. coy
- s

L]
Tl
et
A TACIR IR I DAL

115 PRINT 1169SCOISTsSCTIME,SCPRES

102

T W L T o T N R N L e TP I . SRR TR R Wl Nl % te te e e e e
e e e Ve et T e e el et T S T T e el . . R S LA N 38 T S I



- . e e T

. '.', - . )
C e
ateTa

v

TR AR A v N .

175

116 FORMAT(LH /7///91H 910X, 27THSCALES USED IN THIS PROGRAMs />

A 1H 910Xs27(1H=)s//51H 920XsL6HLENGTH SCALE
8 1H 220X, L6HTIME SCALE
C 1H 220X, 16HPRESSURE SCALE =51PE12.5,4H PA)
NBAD=0

RETURN

END

103

sy 1PE12,593H S»/»

55 1PE12.593H Ms />
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SUBROUTINE READSP(NBAD}

THIS ROUTINE READS SHOCK PARAMETERS NAD THEIR ACCURACIES
COMMON/COMSHK/NPS,PAR (435 VPARU 45 4)5SCDy SCP,SCT
COMMON/CF2DER/FGAMCAPs SNDSPDsCFPAR(4)» ALOWS CFSCD»CFSCPCFSCT
COMMON/AMBCHAZANMP; ANT 5 ANGs AMN, AMCHV s AMCHE s AMCHH» AMCHHE

DIMENSION DAT(B8),ER(4)>COR(4s4)
DIMENSION DSI(4)sDSC(4),DPR{4)

DATA(PL=LOHSHOCKPAR )s{EL=LOHSHOCKPARER)»(CL=LOHSHOCKPARCO) s
A (SC=10HSHOCKSCALE), ( BL=10H )

DATA DSI/10HPA®N s10HPA®N®$2  ,10HPASHS#3

A 10HS /

DATA DSC/LOHSCP#SCD  »LOHSCP*SCD*#2, 10HSCP#SCD**3,

A 10HSCT ’

KPLsl $ KEL=1 $ KCL=1 $ KSCsl

PRINT 12

FORMAT (1H1510Xs 20HINPUT READ BY REAOSPs /)

FORMAT(2A1056€10.3)

FORMAT(1H »5X»2A1056(2Xs1PE14.T))
READ 155(DAT(J),»J=1,8)
PRINT 25, (DAT(I)»Ji=1,8)

B A it S DS ini Bt S 5 v Tr i e

IF(DAT(1).EQ.PL) GOTO
IF(DAY(1).EQ.EL) GOTO
IF(DAT(1).EQ.CL) GOTO
IF(DAT(1).€EQ.SC)} GOTO
IF(DAT(1) .EQ.BL) GOTO

55
75
95
115
125

NBAD=]
PRINT 45 $ RETURN
FORMAT(1HO» 10Xy 13HINVALID INPUT)

D0 65 KA=1l,4
PAR(KA)=DAT(KA+2)
DALOW=DAT(?7)
IF(DALOW.GE<1.0E~90) GOTOD 67
PRINT 665 DAT(6)
FORMAT(1H »10X,*5-TH NUMBER ON PREVIOUS CARD SHOULO BE *
A 'POSITIVE INDICATING SHOCK DISTANCE AT Te®1PE12.5)
NBAD=66 $ PRINT 45
RETURN
CONT INUVE
KPL=O
G070 235

00 85 KA=1,4
ER{KA)=DAT(KA+2)
KEL=0

6070 35

$ COR(292)%1s $ COR(3,3)=1, $
$ CORI251)=COR(1y2)
$ COR(351)=COR(153)
$ COR(4s1)=COR(154)

COR(1,1)=1, COR(4s4)=1,
COR(1,2)=DAT(3)
COR(15,3)=DAT(4)

COR(1,4)=DAT(S

104
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COR(253)=DAT(6) $ COR(3,2)=COR(253) -
COR(254)=DAT(7) $ COR(4s2)=COR(254) “
60 COR(3,4)sDAT(8) $ COR(453)=COR(3s4) L
KCL=0 e
60710 35 : —

(o]
4
'

115 SCDO=DAT(3) & SCP=DAT(4) s SCT=DAT(5)
65 KSC=0
6070 35

“ *r gt
»
(]

.

H .

.’ I' N
'l .l ‘l

PRI

(2]
s

125 IF(KPLoEQeOoANDoKELeEQeQeAND«KCLoEQeOaANDKSC2EQe0)GOTO 145
- NBAD=2
70 PRINT 135 $ RETURN
135 FORMAT(1HO0510Xs 16HINCOMPLETE INPUT)

Lers
‘E.',.‘
Y o }

aialatals

145  MPS=4 N
ALD "DALOW*SCD DS
75 GAMCAPS((1.4AMG) /(2. %ANG) )} 7 AMP o
SNOSPD=SQRTLAMG*AMT®(8,.3143/ANN)) . -
CFSCO=1. $ CFSCP=1le $ CFSCT=l.
C /CF2DER/ IS NEEDED FOR SHOCK ARRIVAL TIME COMPUTATIONS
DO 155 KA=1l,4 $ DO 155 KB=1l,4
80 155 VPAR(KA,KB)=ER(KAI*COR(KAsKB)*ER(KB) 7
NBAD=0 =
PRINT 165 “'j
165 FORMAT(1HO»12Xs L6HSHOCK PARAMETERSs 4Xs 6HERRORS » 5Xs» -
A 1O0HDEIMENSIONS, /) .y
85 IF(SCDeEQs1eeAND+SCPeEQel e AND.SCT.EQ.1.) GOTO 167 oS
00 166 KAs1,4 o]
166 DPR(KA)=DSC (KA) Rt
DISDI=10HSCOD NS
GOTO 169 A
90 167 DO 168 KA=1,4 :
168 DPR(KA)=DST(KA)
OISDIL=10HMETRES
169 PRINT 1755 ((PARCJISER(JISDPRIJ)ID),Jalse)
175 FORMATC(LIH 516Xs1PEL12.554X»1PE10.352XsA10)
95 PRINT 178, DALON,DISDL
178 FORMAT(1HO»10Xy43HTHE LAST PARAMETER IS SHOCK ARRIVAL TIME AT,
A 2Xs1PEL12.592X»A10)
PRINT 185
185 FORMATCIH »/#/7791H 515Xs*SHOCK PARAMETER CORRELATION MATRIX®,/)
100 PRINT 195, ((COR(JIsK)sKels&)sdnlsh)
195 FORMAT(&(L1H 510Xs&4(2X,0PF10.T)5/))
PRINT 205
205 FORMAT(IH »/7/91H 515X»16HSHOCK PARAMETER »
A 26HVARIANCE-COVARIANCE MATRIXy/)
105 PRINT 215, ({VPAR(JsK) sKulsb)s iulys &)
215  FORMATC(&(LH »10Xs4(2X51PE12.,5)57))
PRINT 225
225 FORMAT(LH 5/7/91H 516Xs22HSHOCK PARAMETER SCALESs/)

PRINT 235, SCD,SCP,SCT 1

110 235 FORMAT(1H »15XKs 12HLENGTH SCALE»4X»5HSCD =,1PEL2.553H My /) o)

- A 1H 515Xy L4HPRESSURE SCALE»2Xs SHSCP =5 1PE12.554H PAs/y T

B 1H »15Xs LOHTIME SCALEs6XsSHSCT =»1PEL12.553H §) -y

RETURN o

~". END ]
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SUBROUTINE READPRINRPR)

THIS READS PRESSURE HISTORIES FROM CARDS

COMMON/AMBCHA/ZAPR9ATE9 AGA» AMOs CVO,CENs CHI»CHIER
COMMON/ZCOMPR/TP(2,5000)5ERTP{25,5000)5ALB(255000)5NSET(50),
1 DIST(50),ERDIST(50)

LEVEL 25TPoERTPyALBsNSET»DIST,ERDIST

DIMENSION D(8)

DATA (TIMPRE=10HTIME, PRES ) (RANGEL=10HRANGE,ELEV)
As ( BLANK=10H )

PRINT 8

FORMAT(1H15 10X, 20HINPUT READ BY READPRs /)
NRPR=0

FORMAT(2A1056(E10.3))

FORMAT(1H »5Xs2A1056(2Xs1PE12.5))

READ 9,(D(J)sJd=1,56)

PRINT 105(D(J)sd=1,6)

IF(D(1).EQ.BLANK} GOTO 15
IF(D(2).EQ.TIMPRE) GOTO 35

IF(D(2) .EQ.RANGEL) GOTO 55

IF(NRPR.EQ.0) RETURN

PRINT 185 DIST(NRPR)ISERDISTI(NRPR)

PRINT 175 NRPRyNSET(NRPR)

IF(DIST(NRPRY.GT.0.) GOTO 16

PRINT 405 ALBU1,NRST)

NRPRsNRPR-1 $ NRST=NRST-KST $ KST=0

CONTINUE

RETURN

FORMAT(1H »5Xs20HNUMBER OF SETS NSET(s[392H)mp [64s/)
FORMAT(1HO,» 5X91OHDISTANCE =,1PEL12.5s4H *— »1PE9.2)

IF(NRPR.GT.0) GOTO 39

NRPR=] $ KSTsQ S NRST=]
DISTINRPR)=0, $ ERDISTI(NRPR) =0,
6070 45

IF(D(1)EQ.ALB(1,NRST)) GOTO 45
PRINT 18s DISTINRPR)ISERDIST(NRPR)
PRINT 17sNRPRyNSETINRPR)

IF(DISTINRPR)GT.0.) GOTO 41

PRINT 40, ALB(1,NRST)

NRPReNRPR=1 $ NRST=NRST-KST $ KST=0

GO0TO 12

FORMAT(1H »5Xs29HPREVIOUS DATA SET WITH LABEL ,Al0,
A 464 NOT ACCEPTED BECAUSE DISTANCE CARD IS MISSING»/)
IFINSET(NRPR).GT.3) GOTO 43

PRINT &2, ALB(15NRPR)

NRPR=NRPR=1 $ NRST=NRST-KST §$ KST=0

6010 12

FORMAT(1H »5X»29HPREVIOUS DATA SET WITH LABEL »Al10,
A 41H NOT ACCEPTED BECAUSE NUMBER OF DATA SETS,

A 184 IS LESS THAN FOUR,/)
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CONT INUE

NRPR=NRPR+1 $ KST=0 $ NRSTaNRST+l R
IF(KSTeGT.0) NRST=NRST+1 ol
KST=KST+1 o
ALBC1sNRST)=D(1) e
FORMAT(SH PT. 5I4s1H ) S
ENCODE(10»4T» ALBL2,NRST)IKST N
TP(1sNRST)=D(3) $ ERTP(1sNRST)I=D(4)

TP(2,NRST)=D(5) $ ERTP(2,NRST)=D(6) O
NSET(NRPR)=KST s
6070 12

IF(D(3).6T+0..AND.D(4).6T.0.) GOTO 57
PRINT 56

6070 12

FORMAT(IH »5Xs38HCARD NOT ACCEPTED BECAUSE DISTANCE ORs
A 22H ERROR IS NOT POSITIVE,/)
IFINRPR.GT.0 ) GOTO 59

NRPR=1l ¢ KST=s0 ¢ NRST=l
DIST(NRPR)=0, $ FERDIST(NRPR)=0.

6070 65

IF(D(1).EQ.ALB(1,NRST)) GOVO 70

PRINT 18y DISTINRPR)SERDIST(NRPR)

PRINT 17sNRPRsNSETI(NRPR)
IF(DIST(NRPR).GT.0.) GOTO 61

PRINT 40,ALB{(1,NRST)

NRPR=NRPR=1 $ NRST=NRST-KST §$ KST=0
CONTINUE

NRPR=NRPR+1 § KST=0

NRST=NRST+1

ALB(1,NRST)=D(1)
0SQA=D(3)#*2¢(CHI~D(5) ) *#2

ODIST(NRPR)=SQRT(DSQ)
ERSQ=(D(3)%D(4))**2/DSQ+(CHI-D(5))##2%(D(4)*%2¢D(6)*%2)/DSQ
EROIST(NRPRI=SQRTC(ERSQ)

GOTO 12

END

R
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1 SUBROUTINE SCALPRUSCDISTy SCPRESsySCTIME, NRCASE, -
AXsRs ALABs LSTXsNRSETSs TIMSHy PRSHyDISHs NBAD) e

THIS ROUTINE TAKES PROFILE DATA FROM COMPR AND STORES THEM o

IN ARRAYS X» 1 THROUGH NRSETS, FOR ADJUSTMENT BY COLSAC .

THE DATA ARE ALSO SCALED USING THE SCALES IN ARGUMENT LIST

USES SUBROUTINE SHOCK TO COMPUTE SHOCK VALUES AT PROFILE DISTANCE

wn
[z Xs N aNa Xyl

LEVEL 2sXsRsALABSLSTX 0N

DIMENSION X(5,100)sR(5555,100)5ALAB(2,100),LSTX(100) o

10 COMMON/COMPR/ TPPR{255000) s ERTPPR( 25, 5000) » ALBPR( 2,5000) » o
1 NSETPR(50),DISTPR(50),ERDIPR(50) B
LEVEL 25TPPRyERTPPRsALBPRyNSETPR,DISTPR,ERDIPR
NBAD=0
NRSETSsNSETPR(NRCASE) $ IF(NRSETS.LE.0)GOTO 45

15 KIN=1 $ IF(NRCASE.EQ.1)60T0 25

DO 15 KA=2,NRCASE
15 KIN=KIN®NSETPR(KA~1)
25 KENsKIN®NSETPR(NRCASE)=1 $ KST=0

20 DO 35 KA=KIN,KEN

KST=KSTel

X(1lyKST)=TPPR(1L,KA)/SCTINME

X(2sKST)=TPPR(25,KA)/SCPRES

R(1ly1sKST)=(ERTPPR(1s KAI/SCTINME)®*2 T
25 R(2929KST)={ERTPPR(2,KA)/SCPRES)**2 -

R(1y2sKST)=0 $ R(251sKST)=0 § LSTX(KST)=0

: ALAB(1sKST)=ALBPR(15KA) $ ALAB(2,KST)I=ALBPR(2,KA)

35 CONTINUE

¢ AN

30 DS=DISTPR(INRCASE) “
CALL SHOCK(DS,TSsPSOV,US, UP,RHOsNBAD) S
IF(NBAD.NE.O)RETURN —

C SHOCK RESULTS ARE IN SI UNITS. SCALE THE OUTPUT ACCORDING TO
C SCALES IN THE ARGUMENT LIST,
35 TIMSH=TS/SCTINME
PRSH=PSOV/SCPRES
DISH=DS/SCDIST :
RETURN -
45 NBAD=1 $ RETURN
40 END
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SUBROUTINE FITPR{XsRy ALAByLSTXsNRSET, TIMSHs PRSHs DISHsPAR, VP ARy ERZ
A TITLE»SCOIS»SCPRES,SCTIME,NBAD}
THIS FITS THE ONE PRESSURE HISTORY WHICH IS STORED IN X
THE SUBROUTINE IS CALLED FROM MAIN AFTER THE DATA HAVE BEEN PREPARED
BY CALLING SCALPR

LEVEL 2sXsRsALABSLSTX9XCsCs LSTNy WORK
COMMONZSCRCH/XC(55,100)9C(5»100)5LSTNC100) s WORK(12560)

DIMENSION PAR(10)5VPAR(10510)5ERP(10)5V(10510)s TITLE(3)
DIMENSION X(55,100),R(55,5,100), ALAB(2,100),LSTX(100)
DIMENSION PPR(10) :

COMMON/PSTS/PSsTS
EXTERNAL EXPON

NXD=5 $ NPD=10 $ NW=12560
PS=PRSH
TS=aTIMSH
STORE SHOCK OVERPRESSURE AND ARRIVAL TIME IN COMMON /PSTS/
COMMON /PSTS/ IS USED 8Y THE CONSTRAINT SUBROUTINE EXPON
CALL GUESS(XsPPRyNRSET»TIMSHy PRSH)
GUESS COMPUTES INITIAL ESTIMATES OF PRESSURE PROFILE PARAMETERS
00 15 KP=1,10
PAR(KP)=PPR(KP)
NR=NRSET
NX=2
NP=3 § ITYPE=Q
IFINRSET.LT.3) GOTO 37

CALLCOLSACA{XsRs ALAB» LSTXsNXs NRsPARSNPs EXPONs ITYPES XCoCo LSTNsNRGDS

1 ERZsVPARy ERPyLBAD9NXDsNPDy WORKyNW)

IF(LBAD.EQ.O) GOTO 45
SUBSEQUENT CALLS TO COLSACA ARE EXECUTED ONLY IN CASE OF
CONVERGENCE PROBLENMS

D0 25 KP=1,10
PAR(KP)=PPR(KP)
NP=2 § PAR(3)=0
ITYPE=4

CALLCOLSACA(X9Ry ALABs LSTXsNXsNRyPAR ;NP s EXPONs ITYPES XCoCoLSTNINRGOD)

1 ERZ»VPARs ERPoLBADsNXDsNPDs NORKs NW)
NP=3
ITYPE=]

CALLCOLSACA(XsRy ALABy LSTXsNXs NRyPARSNPs EXPONs ITYPEyXCoCoLSTNINRGDy

1 ERZy VPARSERPyLBADsNXDsNPDy WORKyNW)
IF(LBAD.EQ.O0) GOTO 45

ITYPEs=4

DO 35 KP=1,10

PARI(KP)=PPR(KP)

CALLCOLSACA(XsRyALAByLSTXsNXsNRyPARyNP9 EXPONs ITYPE, XCoCy LSTNs NRGD»

1 ERZsVPARSERPyLBADyNXDsNPDy WORKsNW)
IF(LBAD<EQe25) ITYPE=1
IF(LBAD.EQ.25)

ACALLCOLSACA(XsRy ALABy LSTXsNXsNRyPARSNPyEXPONs ITYPE,XCoCoLSTNsNRGD,

1 ERZ,VPARS ERPsLBADs NXDsNPDs WORKyNW)
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NEXT PRINT THE RESULTS OF FITTING
CALL PRTPNTS(XsRyALABsXCsCoNRSETy TIMSHy PRSHsDISHs TITLE,
A SCDIS»SCPRES,SCTINME)
NBAD=LBAD
RETURN
END
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1 SUBROUTINE GUESS(XsPARsNR»TS»PS)

C THIS ESTABLISHES INITIAL APPROXIMATIONS OF PAR
cC X = TIME AND OVERPRESSURE
C PAR = MODEL PARAMETERS A,8,C IN THE MOPEL
5 c Pa~C+(PS+CI*EXP (A*TAUGB*TAU**2),
C TAU=T-TS. PAR IS OUTPUT FOR THIS ROUTINE
C NR = NUMBER OF DATA POINTS
C PS,TS = SHOCK OVERPRESSURE AND ARRIVAL TIME
10 DIMENSION X(55100)5PAR(10) 2
LEVEL 25X

COMMON/GUECM/ANL353)5RS(3),W(18)
DOUBLE PRECISION ANsRS»W»DET
15 LEVEL 2,AN,RS,W

IF(NR.GT.3)6G0OTO 25
PRINT 155NR
RETURN

20 15 FORMAT(1HO,»40(1H*)5 /5, 1H », 10Xy L2HERROR RETURN,
A35H FROM SUBROUTINE GUESS BECAUSE NR =,13,
B28H IS 10O SMALL FOR ADJUSTMENT»/»1HO,40(1H®*))

25 PMIN=PS
25 D0 35 KA=1,NR
PMIN=AMINI(PMINs X(2,KA)}
35 CONTINUE
C THIS ESTABLISHED LOWEST VALUE OF OVERPRESSURE

30 CMIN®=PS*0,.5 -
CMAX=AMINL1(O.»PMIN=-PS*0,05)
C=CMAX
C INITIAL GUESS FOR PARAMETER C
IF(CMIN.LT.CMAX) GOTD 55
35 PRINT 45, PSsPMIN
RETURN
45 FORMAT(1HO» 40(1H*)s/p1H »10X, LTHERROR RETURN FROM,
A30H SUBROUTINE GUESS BECAUSE PS =,1PE12.5, o
B12H AND PMIN =2,1PE12.5s/91H »40(1H*)) '
55 KIT=0 e
C KIT IS ITERATION COUNTER A
NX=3 $ NA=3 § KINsl .-
C NEXT ESTABLISH NORMAL EQS FOR SIMPLIFIED PROBLEM
45
56 D0 75 KA=21,3% DO 65 KB=l,3
65 AN(KA,KB)=0
75 RS(KA)=0

50 DO 85 KA=1,NR
TAU=X(1,KA)-TS
RO=(PS=X(2sKA)) /7 ((PS~CI*(X(2sKA)=C))
AL=ALOG((X(2,KA)=C)/7(PS=C))
WE=(X(2sKAYI-C)*%2

55 ANCL)L)=ANClo 1) #WEXTAUS®2 § AN(1,2)=AN(1,2)¢WE*TAU®*] L
AN(153)=AN(1,3)+WE*RO*TAU $ AN(292)=AN(252) *WESTAUS S T
AN(2,3)2AN(2,3)¢WESRO*TAU®E2 $ AN(3,3)=AN(3,3) ¢NE*RD o
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RS(1I=RS(1)¢WESTAUSAL
RS(2)=RS(2)*NE*TAURS28AL
60 RS(3)sRS(I)VWESROQ*AL
85 CONTINUE

AN(251)=AN(152) $ AN(351)=AN{1,3) $ AN(3,2)=AN(2,3)

- 65 CALL MTRINDBUAN;NX9RSsNAp KINs DET, W) g
S C THIS SOLVED THE NORMAL EQUATIONS N
e IFINX<EQe2.0R.DET.NE.O.) GOTO 95 e
NX=2 $ NA=3 $ KINsl ==
6aTD 56
70 95 CONTINUE
EPS=RS(3) $ IF(NX.EQ.2) EPS=0.
CsAMAXL(CMINy) AMINL(C*+EPSs CMAX))

KIT=KIT+1
NX=3 $ NA=3 §$ KIN=1
75 IF(KIT.LT.4) GOTO 56

C ITERATE THREE TINMES

PARC(L)=RS(1) $ PAR(2)=RS(2) $ PAR(3)=s~(
RETURN
8o END
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SUBROUTINE EXPON(XsKAsPARsFsFX,FPsFXXsFXPsFPP,NBAD)
CONSTRAINT FOR 3-PARAMETER PRESSURE HISTORY FITVING BY FITPR

TTL T T e YT Tm e g % = % W - v . e cexm o — o -

F s (PSeCISEXP(A*TAU+BE*TAUSS2)-C-P) TAU=T-TS

TsX(1l) $ PsX(2)

LEVEL 2sXsFXsFPyFXXoFXPsFPP

DIMENSION X(55100)s PAR(L0DsFX(S5)sFP(L0)sFXX(555)9FXP(5,10)»

1 FPP(10510)
COMMON/PSTS/ PS» TS

NBAD=O
A=PAR(1)¢2.,%PAR(2)%(X(1sKA)-TS)
BaX{1lsKA)=TS
ARG=(PAR(2)*DB+PAR(1))*8
IF(ARG.LT.700.) GOTO 15

NBAD=1 $ RETURN
IF(ARG.LT.=650.) EXPQ=0,
IF(ARG.GE.=650,)EXPQ=EXP(ARG)

PC=PSePAR(3)
PEXsPC*EXPQ
F=PEX-PAR(3)=-X(2,KA}
FX{1)=A®PEX
FX(2)==1,
FP(1)=B#*PEX
FP(2)=8%%2%PEX
FP(3)=EXPQ-1.

SECOND DERIVATVIVES

FXX({LyL)=PEX®*(2.,¢PAR(2)+A%*2)
FAX(15,2)=0.0

FXX(2510=0.0

FXX{2,2)=0.0

FXP(1,1)=sPEX¥(1.¢8%4)

FXP(2,1)=0.0
FXP{Ll,2)=PEX*(2,%B¢B8#2%A)
FXP{25,2)=0.0

FXPU1y3)=EXPQ*A

FXP(253)=0.0

FPP{1,1)=PEX*B**2

FPP(1,2)=PEX®B**]

FPPL25,1)=FPP(1,2)

FPP{1y3)=EXPQ*B $ FPP(351)=FPP(1,3)
FPP(2,2)=PEXSB** 4
FPP(253)sFPP(153)%8 S FPP(3,2)=FPP(2,3)
FPP(3,3)=0

RETURN

END
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SUBROUTINE PRTIPNTS(XsRyALABsXCsCyNRsTS»PS»DSsTITLES R
A SCDIS»SCPRES»SCTINME) Co
C THIS IS CALLED FROM FITPR VO PRINT THE SINGLE HISTORY —
C ADJUSTMENT RESULTS o
¢
DIMENSION X(55100)5R(5555100)5 ALAB(25,100)5XC(55,100) “:3
DIMENSION C(5,100)» TITLE(3) e

LEVEL 2sXs RoALABXC»C ff*

NSI=1

HTX0=3HM §& HTXP=3HPA $ HTXT=3HS

TXT=5H (S) § TXP=5H(PA)

IF(SCDISeEQelecANDoSCPRES«EQe1++AND,SCTIME.EQ.1.) GOTO 5

NSIsO -
C NSI=0 INDICATES THAT COMPUTATION IS NOT IN SI UNITS R

HTXD=3HSCD § HTXP=3HSCP $ HTXT=3HSCT <

TXTs5H(SCT) $& TXPaSH(SCP)

5 DO 100 J=1,NR
IF(MDD(Jy40).NE.1) GOTO 45

PRINT 105 (TITLE(K)sK=2193)sDSsHTXDsPSyHTXPsTSoHTXT <
10 FORMATC(IH1 s SXeSHEVENT»5X»3A109 45X 21HHISTORY DISTANCE L) T4
A 1PE10.352XpA39/91H »5Xs5(1H-)580Xs 21HSHOCK OVERPRESSURE = o
B 1PEL10.392XsA39/91H »90X» 21HSHOCK ARRIVAL TIME = ,
C 1PE10.35,2X9A35/) R
PRINT 20 )
20 FORMAT(1H 24Xy 43HADJUSTMENT OF A SINGLE OVERPRESSURE HISTORY»/) :}ﬂ
PRINT 30sTXTsTXT»TXTo TXTo TXP» TXP» TXPs TXP R
30 FORMAT(LH s8Xs6HLABELSs14X,4HTIME»TXeo9HSTD. ERRORY 3Xs -]
A 10HCORRECTIONs 4Xs 9HCORR.TIME» 2X9s L2HOVERPRESSURE » 3X» et
B 9HSTD.ERRORy» 3Xs 1OMCORRECTION, 6X» 10HCORR.OVPR />
C 1H ,22Xs8(6XsA592X)s /)
40 FORMAT(1IH )

45 R1=SQRT(R(1,y154))

R2=SART(R(29254))

PRINT S50, ALAB(L1sJ)sALAB(25d)sX(15J)sRLyC(Lpd)oXCULlpddsX{29J))

1 R2,C(25)5XC(254) ‘
50 FORMATI1H »2X»2A10,1P58(3XsE10.3)) ufj
75 IF((J/75)%5,.EQ.d) PRINT 40 e

IF(J.NE.NR<AND.MOD(Jy 40) s NE. 0. )60TO 100 )
IFINSI.EQ.1) GOTO 100 S

C PRINT SCALES IF SI-SCALES WERE NOT USED
PRINT 1155 SCDIS»SCPRES,SCTIME =
115 FORMAT(IH 5/51H »21X» 31HTHE DATA ARE SCALED AS FOLLOWSt»S5X, -
A 16HDISTANCE SCD = ,1PEL12.59s3H Ms/s1lH »57X,» )
B 16HPRESSURE SCP = ,1PE12.554H PA»/s1lH »57X» R
C 16HTIME SCT = ,1PEL2.593H S} ST
T

100 CONT INUE

IF(MOD(NRS40).GT.30) PRINT 55

55 FORMAT(1H1) e
RETURN T
END e ]

114 e
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1 SUBROUTINE DIMPAR(SCDISsSCPRESsSCTIME,PyVPyERZ,PDINs VPOIN)
C THIS COMPUTES DIMENSIONAL VALUES OF PRESSURE PROFILE PARAMETERS
C IT IS CALLED FROM MAIN AFTER A PROFILE ADJUSTMANT BY FITPR
C

5 DIMENSION P(10),VP(10510)5PDIM(10), VPDIN(10510)
DIMENSION SCMAT(10,10)
00 15 KA=1,10 $ DO 15 KB=1,10
15 SCHMATIKAsKB)=0
SCMAT(151)=1./SCTIME $ SCMAT(252)21./SCTINE*#*2
10 SCMAT(3,3)=SCPRES

DD 45 KA=1,3 $ PDIM(KA)=O -
00 35 KB=153 $ VPDIM(KA,KB)=0
00 25 KC=1,3 $ DO 25 K0=1,3 i
15 25 VPDIM(KA, KB)=VPDIM(KAKB)+*+SCMAT(KASKCI*VP(KC,KDI*SCMAT(KBsKD) i
35 PDIM(KA)=PDIM(KA)+SCHMAT(KA,KB)*P(KB)
45 CONTINUE

c -
PRINT 55 {
20 55 FORMAT{1HOs 7//91H 510Xy 32HDIMENSIONAL VALUES OF PARAMETERSs/)
PRINT 65 -]
65 FORMAT(1HOs 10Xy IOHNPARAMETERS 9 5 X9 BHSTANDARD» 7X» BHSTANDARD,
A 5Xs FHDIMENSIONs /91H 526X, 6HERRORSs 7X» LOHERRORS*ERZs /) A
PER=SQRT(VPDIM(151)) $ PERZ=PER®ERZ T

25 PRINT 75,PDIM(1),PERy PERZ -
75 FORMAT(1H »9X»1PE12.553Xs1P E10+354Xs 1PELO. 356Xy 3H1/S) .
PER=SQRT(VPDIM{2,2)) $ PERZsPER®ERZ
PRINT 85,PDIM(2)sPER, PERZ
85 FORMAT(1H »9Xs1PE12.553Xs 1PE10o354Xs1PELO.3,6X,6H1/S%2)
30 PER=SQRT(VPDIM(353)) $ PERZ=PERSERZ
PRINT 95,POIM(3)»PERy PERZ
95 FORMATI1H 59X»1PEL2.593Ks 1PELO<354X>1PEL04396Xy 2HPA)

PRINT 105
35 105 FORMAT(LIH 57/7//51H 520Xy 24HTHE OVERPRESSURE HISTORY,
A 19H IS APPROXIMATED BYs///»
8 1H »30X,7THP(T) = ,35H~C ¢ (PSHOCK+CI*EXP( A*(T-TSHOCK) ¢,
C 19H B*(T~TSHOCK)*%2 )yy//,
D 1H 530Xy 42HWHERE Ay B AND C ARE THE THREE PARAMETERS.)

40
RETURN ]
END e
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SUBROUTINE PLTPNTS(XsRyALABsNRyPSHs TSHy SCPsSCTyPAR,V,TITLE)
THIS ROUTINE PLOTS FITTED PRESSURE HISTORY AND CORRESPONDING OBSERVAT
THE PLOTTING IS DONE IN SI UNITS

X(5,NR) = TIME X(1s ) AND PRESSURE X(2s ) O8SFRVED

R{555,NR) = VARTANCE-COVARIANCE MATRIX OF OBSERVATIONS X

ALAB (25 NR) = LABELS OF OBSERVATIONS

NR = NUMBER OF OBSERVATIKNS

PSH = SHOCK OVERPRESSURE AT HISTORY GAGE LOCATIOGN

TSH = SHOCK ARRIVAL TIME AT HISTORY GAGE LGCATION

sCpPy, SCT = PRESSURE AND TIME SCALES, RESPECTIVELY, OF THE ABOVE
PAR(10) = HISTORY FITTING PARAMETERS IN SI UNITS

V(10,10) = VARIANCE-COVARIANCE MATRIX QOF PAR

TITLE(3) = NAME OF THE EVENT

DIMENSION X(55100)9R(5555100)sPAR(10)»V(10,10)5ALAB(25,100)
DIMENSION Q(2,2)

DIMENSION TEMP(B)» TITLE(3),X1€200),Y1(200),Y2(200)

DIMENSION X3(201)sY3(201)9X4(201)5Y4(201)

LEVEL 2sFXsFPoFXXsFXP,FPP
COMMON/ZSCRCHAZXP(551) s FX(5) s FP(LO) s FXX(S595)sFXPLS,10),FPP(10,10]
COMMON/PSTS/PS, TS

LEVEL 2sXsRpALABy XP

COMMON/PLOT/ERFsD(5), PLABLLS)

PSaPSH*SCP

TS=sTSH*SCT

XMIN=X(1,1)%#SCT $ XMAX=XMIN
D0 15 KA=2,NR
XMIN=AMINL(XMINs X(1,KA)%SCT)
XMAX=AMAXL1{XMAXs X(LoKA)S*SCT)
CONT INUE
DELX={XMAX-XMIND/200.
IF(ERF.EQ.0.0) ERF=2,0

NEXT COMPUTE 200 POINTS OF FITTED CURVE WITH CONFIDENCE LIMITS

D0 200 I=1,200

ES=0.0

XP(1s1)=XMINSDELX*]

XP(2,1)=0,0

CALL EXPON(XPslsPARsFsFXsFPyFXXoFXPoFPPyNBAD)
F IS OVERPRESSURE

IF(NBADLEQ.O) GOTO 139

PRINT 134,NBAD

PRINT 135,XP(151)5(PAR(JI)»JI=1ls5)

PRINT 138

RETURN

134 FORMAT(1IH ,10Xs*ERROR RETURN FROM EXPON WITH NBAD=#,15)
135 FORMAT(1H »10Xs*THE ARGUMENTS WERE XP(l,1)=%,1PEL12.5,5/

13

A 1H 510X, *PAR(J)=%,5(2Xs1PEL245))
8 FORMAT(1H ,10X,*ERROR RETURN FROM PLTPNTS*)

139 DO 150 KA=1,3

c

DO 150 KB=1,3
ES=ES*FP(KA)SVIKA,KB)*FP(KB)
150 CONTINUE
E=SQRT(ES)
E IS THE STANDARD ERRROR OF COMPUTED F (OVERPRESSURE)
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X1(I)=XP(1ls1)
o 60 Y1(I)=F+ERF*E
Y2(I )=sF=ERF*E
X3(I+1)=XP(151)
Y3(I+l)=F
. 200 CONTINUE
. 65 CALL PLTBEG(8475114291.0513,PLABL)

C
T C NEXT FIX SCALES AND PLOT AXES WITH LABELS

¥ ¢
. ) XSIZE=5.0
' 70 YSIZE=4.0

X3(1)=x3t2)
CALL FIXSCA(X152009XSIZEs XSsXMINs XMAX5DX)
CALL FIXSCA(Y152009VYSIZE»YSsYMINs YMAXsDY)
. CALL CONSCA(Y2,200,YSIZE» YS> YMINs YMAX,DY)
75 Q(ls1)sR(1s151)8SCTES2
[; Q(1ly2)=R(1,251)*SCTHSCP $ Q(2y1)=Q(1,2)
. Q(252)=R( 25,25 1)%SCPH$2
o CALL ERELCM(X(151)#SCTsX(2,1)%SCPsQpERFy X4, Y4)
CALL CONSCA{X4»2015XSIZE» XSy XMINs XHAXDX)
80 CALL CONSCA(Y45201,YSIZE, YSy YMINs YNAXsDY)
. Q(1ls1)=R(1515NR)#SCTE*2
o Q(152)=R(152,NR)*SCT*SCP $ Q(2,1)=Q(1,2)
ﬁ Q{25 2)=R1252,NR)*SCPE*2
| CALL ERELCM(X(1sNR)#SCTsX(25NR)*SCPsQsERFyX4s V&)
Y 85 CALL CONSCA(X452015XSIZEsXSsXMINsXNAX,DX)

oh CALL CONSCA(Y4&,2015YSIZEsYSyYMINs YNAX,DY)
o Y3(1)sYMIN
e CALL PLTSCA(2.554,09XMINs YMIN, XS5 YS)
E CALL PLTAXS(DXsDYyXMINsXMAXs YMINy YMAXs4) g
90 CALL LABAX{DX»2,08DYs XMIN, XNAX, YHINy YHAX) -4
HT'Ool S0
ENCODE(B805160sTEMP) ERF BNt
160 FORMAT(*FITTED CURVE WITH ®#,F3.1,* STANDARD ERRORS>#) s
TXs(XMAX+XMIN)®0  5=17 « SEHT®XS e
95 TYaYMAX#0.5%YS S
CALL PLYSYMIHT,TEMP,0.0,TXsTY) A
ENCODE( 8051105 TENP) - 4
110 FORMAT(9HTIME ($)>) )
TX=(XMAX+XMIN)#0O,5=4¢ O®HT*XS R
100 TYSYMIN-0.5%YS S
CALL PLTSYM(HT, TENP5 040, TXs TY) T
ENCODE (805120, TEMP) T
120 FORMAT(18HOVERPRESSURE (PA)>) T
TXsXMIN-0. 7#XS 4
105 TYSCYMAX® YMINI#®O0.5=9, O*HTHYS
CALL PLTSYMIHT,TEMP90.0sTXsTY) .

NEXT PLOT CURVE WITH CONFIDENCE LINITS

[z XaXal

110 CALL PLTDTS(1505X1,Y1s20050) w4
CALL PLTDTS(1,05X1,Y25200,0) -
CALL PLTDTS (1,05 X35Y35201,0) S

[ X2}

NEXT PLOT ERROR ELLIPSES OF OBSERVATIONS
117
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250

00 250 I=1,NR

X1(I)=X(1l,I)%SCT

YI(I)sX(2,1)*SCP

Qils1)=R{ 151, I)*S5CT%%2

Q(1ls2)sR(152, 1)#SCTESCP $ Q(2,1)=0Q(1,2)
Q(2,2)=R(252,1)#SCPE*2

CALL ERELCMIXL(I)s>YL(I)sQsERFy»X35Y3)

CALL PLTDOTS(1505X35Y3,201,50)

CONTINUE

C THIS PLOTS OBSERVATIONS

130

140

CALL PLTDTS(3519X15Y15NR»0)
ENCODE(805130sTEMP) ALAB(151)
FORMAT(ALO051H>)

TXs{XMAX+ XMIN)*0.5-5, 0¢HT*XS
TYsYMAX40,75%YS

CALL PLTSYM(HY,TEMP90s0sTXsTY)
ENCODE( 805140, TEMPITITLE
FORMAT(3A1051H>)

TX=({ XMAX+XMINI*0.5-15,0%HT*XS
TYsYMAX#0,95%YS

CALL PLTSYM(HTSTEMP»0.0sTXsTY)
CALL PLTPGE

RETURN

END
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SUBROUTINE ERELCM(XsYsRsERP,XESYE}

C THIS COMPUTES ERROR ELLIPSE FOR GIVEN VARIANCE-COVARIANCE MATRIX R

C THE ELLIPSE CORRESPONDS TO ERP STANDARD ERRORS _
DIMENSION R(2,2)»XE(201),YE(201)
Cs0e $ IF(R(151) LE<D.cORR(252).LE.O.) GOTO 15
CsR{1s2)/SQART(R{1,1)#R(252))

15 AsO0e 8 IF(C.G6Te-1s) AaSQRT(1.+¢C)
850 $ IF(CelLTele) BaSQART(1.-C)
FXsQse $ IF(R(151).6T.0.) FX=ERP#SORT(R(1,1)%0,5) o
FY=0. $ IF(R(252)¢GTa0e) FYSERP*SQRT(R(2,2)1%#0.5) L
D0 25 KA=1,201 o
FI=sFLOAT(KA=1)%0.031415927
XE(KA)=X¢FXS(ASCOS(FI)~B*SIN(FI))
YE(KA) =Y+ FY*(AXCOS(FI)+B*SINIFI))

25 CONT INUE
RETURN
END

-
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SUBROUTINE PRINPAR(PLABsOISTy» TIMsPINsP,VPyDISTD,

A TIMDsPINDs PDsVPD»NRy PNUs EXNUy TITLE)
SUBROQUTINE PRINTS SUMMARY OF PRESSURE HISTORY FITTINGS
IT IS CALLED FROM MAIN AFTER ALL PRESSURE HISTORIES HAVE BEEN FITTED
IT ALSO COMPUTES INITIAL PARAMETER APPROXIMATIONS PNU AND EXPONENTS
EXNU FOR THE PRESSURE FIELD FUNCTION

DIMENSION PLAB(S50),DIST(50)>TIM(50),PIN(50)sP(4s50) VP 4s4>50},
ADISTD(50), TIMD(S50) s PIND(50)sPD(4550)sVPD(4s4»50)ER(4)
8s PNU(10)5s EXNU(3), TITLE(3)

LEVEL 25PyVP,PD,VPD

PRINT 12, (TITLE(J)5JU=1,3)
FORMAT(1HL,/51H »10Xs SHEVENT»5X93A10s /9 LH »10Xs 5(1H~))
PRINT 15 8 PRINT 25
FORMAT(1H »///51H 510X520HSCALED PARAMETERS OF,
A30H INDIVIDUAL PRESSURE HISTORIES,/)
25 FORMAT(1H »3Xs3HNR.»5Xs5HLABEL,6XsBHDISTANCE,2X,
A 12HARRIVAL TIMEs1Xs 9HOVERPRES 495Xy 6HPAR(1)53Xs 9HSTOLERRQOR,
B 5Xs 6HPAR(2)9 3Xs FHSTDcERROR» 5X s 6HPAR(3) 53Xy 9HSTO.ERRCRy /}
PRINT 16
FORMAT(1H® 23Xy SH(SCD)s6XySHISCT),8Xs SHISCP),
A 6Xy TH(1/SCTDpbXsTHIL/SCT) 94Xy 10H(1/SCT*%2),1Xs
B 1OH{1/SCT*%2)35Xs SHISCP )} »5Xs SHISCP )y /)

DO 65 KA=1,NR
DO 55 KB=1,3
55 ER(KB)=SQARTI(VP(KBysKBs KA))
PRINT 35,KAsPLABIKA),DIST(KA)s TIM(KA)SPINC(KA),
A ((P(JsKA) SER(J))IsJI=1,3)
65 CONTINUE

PRINT 45 $ PRINT 25

45 FORMAT(1H 97//51H »10Xs25HD IMENSIONAL PARAMETERS OF»
A30H INDIVIDUAL PRESSURE HISTORIESs/)
PRINT 46

46 FORMAT(1H®#524Xs3HIM) s 8Xs3HI(S )9 9Ny 4HIPA)s8Xs5HIL/S),
A 6Xs5HUL/S)s6XsBHUL/S*#2) 93X BH(L/S*¥2) 56Xy &4H(PAY),
8 6Xy4H(PA)s /)

DO 85 KAs1,NR

DO 75 KB=1,s3
75 ER(KB)=SQRT(VPD(KByKBsKA))

PRINT 35,KAsPLAB(KA)s DISTD(KA)s TIMD(KA),PINDI(KA),

A ({PDUJsKA)SER(JI))sJI=1,y3)
35 FORMAT(IH 92XsI4s2XsA1053(2X»1PE10+3)53(2X»1PELL.%s1X51PED.2))
85 CONT INUE

NEXT COMPUTE INITIAL APPROXIMATIONS OF PRESSURE FIELD PARAMETERS
AND EXPONENTS FOR THE PRESSURE FIELD FUNCTION
BY STRAIGHT LINE LGsLG FIT OF PARAMETER(DISTANCE)

D0 135 KB=l,3

Ci1=0 $ C12=0 $ C(C22=0 $ RS1=0 §$ RS20
KK=0

DO 105 KC=1,sNR
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IF(DIST(KC).LE.O0.) GOTO 105 _;“?
IF(ABS(P(KBsKC})elTel.E~30) GOTO 105 T

: 60 KKsKK+1 o
! IF(KK.EQel) KM=K(C -
IF(DISTIKC) LT DIST(KMN)) KM=KC
. ALD=ALOG(DIST(KC))
- PSQ=P(KBsKC)®**2 § ALP=0.5%*ALOG(PSQ)
- 65 C1l1=C1l14PSQ $ C12=C12¢PSQ*ALD $ (22=C224PSQ*ALD**2 -
RS1=RS14PSQ*ALP $ RS2=RS24PSQ*ALP®ALD ,3x
: SIGsSIGN(1l.sP(KBsKM)) L
. C USE THE SIGN OF PARAMETER CORRESPONDING TO SMALLEST DISTANCE o
. 105 CONT INUE
70
IF(KK.GE.2) GOTO 125
PRINT 115,K8 -
sToP 1
115 FORMAT(1H »7/51H 510Xs15HSTOP BY PRINPAR,
75 A 37H BECAUSE LESS THAN TWO HISTORIES HAVE,/»
B 1H 510Xy 19HNON~ZERO PARAMETER(»I151H)) !
125 C=(RS1#C22~-RS2%C12)/(C11#C22-C12%%2) T
EN=({RS2#C11~-RS1¢C12)7(C11#%C22~C12%42) o
80 PNUC 2%KB-1)=EXP(C)*SIG
PNU( 2%KB)=0. L
NEN=EN#10. $ EXNU(KB)==FLOAT(NEN)/10. 9
) 135 CONTINUE y
v T
85 PNU(5)==PNU(5) -
PRINT 145 S
145 FORMAT(LH s#/77//751H 510Xs22HINITIAL APPROXIMATIONS, o
A 36H OF SCALED PRESSURE FIELD PARAMETERS,//7) 7gi
_ 90 DO 165 KB=1,3 )
- KCs2#KB-1 $ KDs2#KB ]
- PRINT 155,KCsPNUCKC)»KDsPNUIKD)sKBs EXNU(KB) R
N 155 FORMAT(1H »10Xs&HPNUC(»ILls2H) =9 1PEL2.555Xs 4HPNU (9 I1,2H)=,1PEB.1) )
- A S5Xs SHEXNU(5»I1y2H)=5,0PF5,2)
= 95 165 CONTINUE S
2 RETURN U
END -4
2
':1
g o
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SUBROUTINE PLTPAR(NRPROF,PRPDy PRDSD,TITLE)
THIS ROUTINE PLOTS HISTORY PARAMETERS VERSUS DISTANCE IN LOG-SCALES

NR PROF = NUMBER OF HISTORIES OBSERVED
PRPD(4»50) = HISTORY PARAMETERS

PRDSD(50) = HISTORY DISTANCES

TITLE(3) = DESIGNATION OF EVENT

LEVEL 2,PRPD

DIMENSION PRPD(4,50), PRDSD(50)
DIMENSION TITLE(3)

DIMENSION X{50),Y(50),TEMP(4)
DIMENSION XA(50),NS(50),DIM(3)
COMMON/PLOT/D(6),PLABL (4}

DIM(1)=10H(1/5)>

DIM(2)=10H(L1/5%%2)>

DIM(3)=10H(PA)>

CALL PLTBEG(8.7511.291.05135PLABL)

DO 1000 KA=1,3

D0 100 KB=1,NRPROF

X(KB)=ALOGLO(PRDSD(KB))

Y(KB)=ALOGLO(ABS(PRPD(KA»KB)})

XA(KBI=X(KB)

NS(KB)=0

IF(PRPD(KAsKBY.LT.0.0) NS(KB)=1
USE SYMBOL NS=0 OR 1 FOR POSITIVE OR NEGATIVE PARAMETERS, RESPECTIVELY
100 CONTINUE

CALL SORTXY(XsYsNRPROE)
CALL SORTXY{XAs NSyNRPKOF)
CALL FLOGSC(XsNRPROFs 4.0 XSy XMINs XMAX»DX)
CALL FLOGSCUY,NRPROF» 6.0 YS, YMINs YMAX,DY)
XS=AMAX1(XS,YS)
YS=XS
CALL PLTSCA(3.05440sXMINy)YMIN,XS,YS)
CALL PLTAXS(OX,DYs XMINy XMAX, YMIN, YMAX,7)
CALL LABLOG(DXsDYsXMINsXMAXs YMINs YMAX50.050.0)
CALL PLTDTS(1505XsYsNRPROF,0)
DO 120 KB=1,NRPRQOF
CALL PLTDTS(3,NS(KB)s X(KB), Y(KB)»1,50)

120 CONTINUE
ENCODE(405150,TEMP)

150 FORMAT(#DISTANCE (M)>%)
TXs{XMIN® XMAXK)*0,5-6.0%0.1*XS
TY=YMIN-045%YS
CALL PLTSYM(O0.15TEMP»0.05TXsTY)
ENCODE( 405 160 TEMPIKASDIMIKA)

160 FORMAT(*PARAMETER(*,11,%) *,A10}
TXsXMIN=0.7%XS
TY=(YMIN+YMAX)*0.5-9¢ 0%0,1%*YS
CALL PLTSYM(O.lsTEMP»90.09sTXsTY)

900 ENCODE( 409 370,TEMP) TITLE

370 FORMAT(3A1051H>)
TX=s(XMAX+XMIN)*0.5-15.0%0,1%XS
TYasYMAX#40.5%YS
CALL PLTSYM(O0.1,TEMPs 0.0, TX,»TY)
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CALL PLTPGE
1000 CONTINUE
60 RETURN
END
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a 1 SUBROUTINE FTPFLO(SCDIS,SCPREsSCTIM,TITLESPRLABsPRDSDy
t A TARDoPINDs NRPROFyEXNUsPARs VPARSERZ NPy NBAD)
L -

c o
C CALLED FROM MAIN THIS FITS AN OVERPRESSURE FIELD MOOEL TO ALL —
5 C OVERPRESSURE DATA
C INITIAL VALUES OF PARAMETERS PAR ARE ASSUMED TO BE SPECIFIED BY o
C THE CALLING PROGRAM X
¢ e
l ¢ SCDIS» SCPREsSCTIM = SCALES USED FOR THE PARAMETERS e
.10 c TITLE = ALPHANUMERIC TITLE OF THIS RUN R
c PRLAB = ALPHANUMERIC LABELS OF HISTORIES -
: ¢ PRDSD = DISTANCES OF HISTORIES IN METRES
c TARD = SHOCK ARRIVAL TIMES IN SECONDS
[ - ¢ PIND = [INCIDENTAL SHOCK OVERPRESSURES IN PASCALS
S18 c NRPROF = NUMBER OF PROFILES (HISTORIES)
: c EXNU. = EXPONENTS IN OVERPRESSURE MODEL FUNCTIOM
c S
i; C THE FOLLOWING WILL BE COMPUTED BY THIS ROUTINE S
, ¢ .
: 20 ¢ PAR = PARAMETERS OF THE OVERPRESSURE FIELD MODEL .
c VPAR = VARIANCE-COVARIANCE MATRIX OF PAR, NOT INCLUDING ERZ¥#2 "
c ERZ = STANDARD ERROR OF WEIGHT ONE o
g c NP = NUMBER OF OVERPRESSURE FIELD FUNCTION PARAMETERS. o
kb c NP.NE.5 ONLY IN CASE OF ERROR RETURN =
L 25 ¢ -
_ , DIMENSION TITLE(3)sTARD(50),PIND(50)s EXNU(3)sPAR(10),VPAR(LOs10}
o DIMENSION PST(6),VPF(10510),ERPAR(10),PARG(10) e
. Cc - ~:‘
- 30 EXTERNAL PFIELDs PFIELDC>PLDAUX Sl
: c e

COMMON/COMPRITP (25500015 ERTP (25500015 ALBL25 5000),NSET(50), L,
1 DIST(50),ERDIST(50)
LEVEL2, TPy ERTP, ALBSNSET»DISToERDIST
35 COMMON/CFLDEX/E XAs EXB » EXC SN
COMMON/CSCALE/SCDI»SCPRySCTI AR
COMMON/SCRCH2/ X{355000)5R(35355000)5LSTX(5000),XC(355000), T
1 €{355000) 5 NORK (14307 ),LSTN(5000) S
LEVEL 2sXsRsLSTX»XCsCpWORKsLSTN i
40 c
COMMON/TPINDX/ITC»1PC S
TIME AND PRESSURE INDEX IN X—ARRAY T
DATA (IT=2)s(IP=1) o
ITC=IT s IPC=IP -
XCIT)STIME » X(IP)=OVERPRESSURE, X(3)sDISTANCE e

o

45

SCOI=SCDIS $ SCPR=SCPRE $ SCTI=SCTIM
THE SCALES ARE NEEOED IN QFUNCT WHICH IS CALLED FROM PFIELD
50 EXAsEXNULL) $ EXB=EXNU(2) $ EXC=EXNUI(3)
STORE EXPONENTS TO BE USED BY THE PRESSURE FIELD AUXILIARY FUNCTIONS
ACOEF, BCOEF AND CCOEF

OO0 o0 (g ¥ o)

NXD=3 $ NPD=10 $ NWORK=14307

53 NBAD=0
IF(SCDISeGTo0e0cANDSCPRECGT+0:s0eANDeSCTINGTL0.0)60T0 15
NBAD=1$ PRINT 20y,NBADS RETURN
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60

65
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h 75

80

85

90

95

100

105

110
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15 IF(NRPROF.GT.1)GOTO 23
NBADs=2
PRINT 20yNBADS RETURN -
20 FORMAT(1HO»10X» 29HRETURN FROM FTPFLD WITH NBADs, I3} PR
23 KCS=0 $ KC=0 o
DO 35 KA=1,NRPROF S
KBMsNSET(KA) $ IF(KBM.LE.O) GOTOD 35 S
DO 25 KB=l,KBM o
KC=sKCSeKB S
XC(IToKC)=TP(LoKCI/SCTIMN $ RCOITHITHKCI=C(ERTP(LsKCIZSCTIM)®e2 S
X(IPsKC)sTP(2,KC)/SCPRE $ RIIPyIPSKCI=(ERTP(2,KC)/SCPRE)}S*2 S
X(3sKC)I=DISTI(KA)/SCDISS R{3539KCI=(ERDISTI(KA}/SCDIS)**2
R(1p2sKC)=08$ R(153,XKC)=08 R(2»35KC)=0
R(25s19KC)=08 R(3515KC)I=08 R(3925KC)=0
LSTX(KC)=0
XC(2sKCI=sX(29KC) & XC(3,KC)=X(3,K()
C(2sKC)=0,0 $ C(35,KC)=0.0
WORK{KC)=PIND(KA)/SCPRE $ WORK(6000¢KC)=sTARDIKA)/SCTIM
C STORE SHOCK OVERPRESSURE AND ARRIVAL TIME FOR FLOGES
25 CONTINUE
KCS=KC
35 CONTINUE
NR=KC

PARG(5)=PAR(5)
CALL FLOGES(XsRyWORK(1)yWORK(6001)sNRyEXNUy PARGyNBAD)
C THIS COMPUTES BETTER INITIAL APPROXIMATIONS OF PARG
IFINBADNE.O)GOTO 39
C BRANCH AND TRY APPROXIMATIONS PROVIDED BY CALLING PROGRAM
00 38 KA=156
38 PAR(KA)=PARG(KA)

39 CONTINUE
00 &7 KA=1l,6 .
47  PSTIKA)=PAR(KA) i

c .
NXsl $ NPs5 $ [ITYPE=O T
CALLCOLSACA(XsRs ALBsLSTXsNXsNRyPARSNP»PFIELDCH ITYPE, -
AXCyCsLSTNs NRGDs ERZy VP ARSERPAR s NBAD» NXDy NPD» WORK » NWORK) z
NX=2 $ NP=s5 §$ [ITYPEsl .
IF(NBAD.EQ.0) 607D 52

C

49 PAR(L)=PST(L) $ PAR(2)=PST(3) S PAR(3)sPST(5)

NXsl § NP=3 §$ ITYPE=0

CALL COLSACA(Xs Ry ALBs LSTXsNXy NRyPARsNPs PLDAUX, ITYPES
1 XCoCHLSTNsyNRGDSERZ,VPFyERPARs NBADs NXD» NPDs» WORK» NWORK)
IF(NBADNE<O) RETURN

NX=2 $ NP=s3 § ITYPEs]
CALLCOLSACA(X9RsALBLSTXsNXsNRyPARy NPsPLDAUX, ITYPES
1 XCsCrLSTNy NRGDS ERZyVPFSERPARs NBADy NXDs NPD» WORK» NWORK)
IF(NBADNE<O) RETURN

NX=3 ¢ NP=3 § ITYPE=l

CALL COLSACA(XsRoALBoLSTXsNXyNRyPARSNPsPLDAUX ITYPE,

1 XCsCoyLSTNsNRGDSERZsVPFIERPARs NBADs NXDy» NPDy» WORK » NWORK)
IF(NBADJNE.O) RETURN

PAR(5)=PAR(3) $ PAR(3)=PAR(2)

PAR(2)=PST(2) $ PAR(&#)=PST(4)

125

L R YR VR VRN WA N SR w i B T PG OO Rt P I A P R S P P U S Yoy




115

120

125

130

135

140

v

"....
. el e

Ty
A

53

54

vwr—— . P Rt T e it R o — — — CHRRCRNEC A e

NX=3 $ NP=5 ¢ [ITYPE=l
GOT0 54

CONTINUE

CALLCOLSACA(XsRy ALBsLSTXsNXsNRsPARyNPsPFIELDCy» ITYPE,
AXCsCoLSTNsNRGDSERZsVPAR)ERPAR, NBADy NXDs NPDs WORK s NWORK )
NX=3 § NPs5 § [ITYPEsl

IF(NBAD.EQ.O) GOTD 54

DD 53 KA=1,NR $ XC(2sKA)=X(2,KA)

C(2,KA) =0,

GOTD 49

CONTINUE

CALLCOLSACA(XsRs ALBsLSTXsNXsNRsPARs NPsPFIELDCs ITYPE,
AXCsCoLSTNyNRGDSERZsVPARSERPARS NBADs NXD9 NPDs WORK» NWORK )
IF(NBAD.EQ.O) GOTO 55

RETURN

55 CONTINUE

CALL PRTFLD(SCDISySCPRE»SCTIMy TITLESPRLABsPRDSD» TARD)
A PINDyXsRs ALBSNR»C)

PRINT FIELD ADJUSTMENT RESULTS (RESIDUALS)

CALL PLTFLO(TITLE,»TARDsPINDsPARsVPAR, ERZsNPsNRPROF)

PLOT OVERPRESSURE FIELD HISTORIES

RETURN
END

. EXCEEDS 131,071 WORDS (LCM=I REQUIRED)
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1 SUBROUTINE FLDGES(XsRsPS»yTS,NRIEXNUSPARGyNBAD)
C THIS COMPUTES INITIAL APPROXIMATIONS OF FIELD PARAMETERS PARG.
C FLDGES IS CALLED FROM FTPFLD.
¢ —_—
5 cC x = TIMEsOVERPRESSUREDISTANCE -
¢ R = VARIANCE-COVARIANCE MATRICES OF X -
cC PpS s INCIDENTAL SHOCK OVERPRESSURES ::
c Ts = SHOCK ARRIVAL TIMES .-
€ NR = NUMBER OF DATA POINTS “en
10 C EXN = EXPONENTS IN OVERPRESSURE FIELD FORMULA 5 :
C
C THE FOLLOWING WILL BE PROVIDED BY THIS PROGRAM
c
{ C PARG = FIELD PARAMETERS
- 15 C NBAD = ERROR INDICATOR. NBADJNE.Q 1IN CASE OF ERROR RETURN
' DIMENSIONX(3,5000)9R(3,3,5000),PS(5000)sTS(5000)sEXNUL3),PARG(10)
t; LEVELZ2sXyRyPS,TS
S
b 20 COMMON/TP INOX/ZITCs1IPC
[ - C XCITCsK)= TIMEs X(IPCsK)=QVERPRESSURE
S COMMON/GUECM/AN(3,3)5RS(3),4(18)
- DOUBLE PRECESION AN,RS,WsDET
) LEVEL 2sANsRS,W \
L? 2 :
NBAD=0 ‘
. FMIN=XCIPCo 1) ®XCI, L)% %EXNUCI) $ FMAXSFMIN ‘:
L D0 15 KA=2,NR -
FFEaX(3,KA)*#EXNU(3)
3 30 FMINSAMINLCFMINS XCIPCoKAD#EF, PSCKA) $FF) -1
FMAX= AMAX1{FMAXy XCIPCoKA)*FF,PS(KA)*FF) o
15 CONTINUE =

CMAX=FMIN-ABS(FMAX)*0,001
35 CHIN=AMINL(~0.5*ABS(FMAX)}9CMAX)
CaAMINL(CMAXs; AMAXL(PARG(S)»CMIN))

25 K1T=0 -
C KIT IS ITERATION COUNTER -

40 NX=3 $ NA=3 §$ KIN=l -
IF(CMIN.EQ.CMAX) NX=2

C NEXT ESTABLISH NORMAL EQS FOR SIMPLIFIED PROBLEM S

- 35 D0 55 XKA=1,3 $ DD 45 KB=l,3 s

45 45 AN(KA,KB) =0 e
55 RS(KA)=0 )

. . ot B :
N LI I I o
Vo s, L o . il

THE FITTED FUNCYION IS OF THE FORM YsF(AsB)sIeEes
ALOGU(P-=CD) /(PS—CD))=AD*(T-TS)+BD*(T-TS)*%2,
WHERE AD=A/D**EXNU(1}, BD=B/D**EXNU(2),
CR=C/D**EXNU(3), AND D IS DISTANCE

THE MEIGHYS ARE (P-CD) *#2/R

THE FIRST TERM IS LINEARIZED FGR CORRECTION EPS OF C

INITIAL VALUE C=PARG(5) PROVIDED BY CALLING PROGRAM

50

OO

S5
DO 65 KA=1lyNR
PCaX{IPCyKAI~C/X(3,KA)**EXNU(3)
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PSC=PSIKA)-C/X(3sKA)**EXNU(3)
ERFsPC**2/R(1IPC,IPC,KA)
TAUS(X(ITCoKA)-TS(KAY)/X(3sKA)SSEXNU(])
TAUS= (XCITCoKA)I~TSI(KA)I®#2/7X(3,KA)*SEXNU(2)
ROs(PSC=PC)/(PSC*PCEX (I, KA)*SEXNU(3)})
ALsALOG(PC/PSC)
AN(151)=ANC(151)+ERFETAUSS2
AN(L,2)=AN(15 2} +ERFSTAU*TAUS
AN(153)=AN(1y3) ¢ERFE*TAU*RO
RS(1)=RS{1)+ERF*TAUSAL
AN(252)=AN( 25 2) +ERFETAUS*®2
AN(253)=AN{ 25 3) *ERF*TAUS*RO
RS(2)=RS(2)+ERF*TAUSSAL

AN(353)sAN(3,3) +ERF*RO**2
RS(3)=RS(3)+ERF*RO*AL

CONTINUE

AN(2s10%AN(1,2) $ AN{351)2AN(1,3) $ AN(3,2)=AN(2,3)
CALL MTRINDB(ANsNXsRSsNA» KINsDET, W)

THIS SOLVED THE NORMAL EQUATIONS

75

NO

IFINX<EQe2,0RDET.NE.0.}GOT0 75
NX=2 $ NA=3 $ KINs=1
GOT0 235

EPS=RS(3) $ IF(NX.EQ.2)EPS=0
CaAMAXL(CMIN, AMINL(C*+EPS,CHAX))
IF(CMINJ,EQ.CMAX) GOTO 85
ITERATION FOR € IF C IS FIXED
KITsKIT¢l

NX=3 § NA=3 $ KINs=l
IF(KIT.LT.4)60TO0 35

ITERATE THREE TIMES

PARG(1)=RS(1) $ PARG(3)=RS(2) $ PARG(5)=C
PARG(2)=0 $ PARG(4)=0

IF(DET.EQ.0.)NBAD=1

RETURN

END
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SUBROUTINE PFIELD(XeKKpPAR)FoFXsFPoFXXsFXP,FPP,NBAD)

THIS IS THE OVERPRESSURE FIELD FUNCTION CONSTRAINT ROUTINE
THE ARGUMENTS ARE EXPLAINED IN COLSACB AND IN COLSAC MANUAL

THE FUNCTION F IS DEFINED AS
Fa(PSHOCK-CIK*EXP(Q(TsRsP(1l)secesPl4))¢C(RyP(5)) ~ P
THE OBSERVABLES ARE
TIME T=X({IT)y OVERPRESSURE PsX(IP)s RADIUS R=X{(3)
THE INDEXES IT AND IP ARE IN COMMON/TPINDX/
THE FUNCTIONS Q,PSHOCK,C WILL BE OBTAINED BY CALLING
QFUNCT AND CCOEF.

LEVEL 29XsFXoFPoFXXsFXPsFPP

DIMENSION X(3s1),PAR(10)sFX(3),FP(L10)sFXX{353)sFXP{3»10),FPP(10,510

n

DIMENSION QX(3),QP(10?,QXX(35,3),QXP(3,10)5QPP(10510),CX(3),
ACP(10)}sCXXU3s3)sCXPU3s10)sCPP(10s10)5PS5P(10),PSRPLLIO),PSPP(10510)
DIMENSION PSCX(3),PSCP(10)

COMMON/TPINDX/ZIT, 1P
JTPINOX/ IS SET 8Y FTPFLD
TIME=X(IT) » OVERPRESSUREsX(IP)» DISTANCE=X(3)

NPSHK=4 ¢ GOTO 10
ENTRY PFIELDC
NPSHK=0

CONTINUE

ENTRY PFIELDC IS USED AS CONSTRAINT FOR PRESSURE FIELD ADJUSTMENT
IT DOES NOV COMPUTE DERIVATIVES WITH RESPECT TO THE SHOCK
PARAMETERS PAR(6) THROUGH PAR(9)

ENTRY PFIELD IS USED TO COMPUTE THE PRESSURE FIELD AFTER ADJUSTMENT
IT COMPUTES DERIVATIVES OF THE OVERPRESSURE WITH RESPECT TO
ALL PARAMETERS

DO 12 Kg=1,10

FXP(1,KB)=0 $ FXP(2sKB)}=0 $ FXP(3,XB)=0 s FP(KB)=Q
D0 12 KC=1,10

FPP(KC,KB)=0

NBAD=0Q

CALL QFUNCTIXsKKsPARs QsQX»QP,QXX,OXP,QPP,

APS PSRy PSPyPSRRyPSRPy PSPPsNPSHK,NBAD)
IF(NBADNE.O)RETURN

CALL CCOEF(XsKKsPARSC»CXsCPsCXXsCXPsCPPsNBAD)
IF(NBADJNE.Q)RETURN

13 EXPQ=0.0
PSC=pPS~C
IF(QeGE«~675.84.ANDQ.LE.741.6T7) EXPQ=EXP(Q)
IF(Q.LE.100.,) GOTO 14

LARGE EXP HAS CAUSED QOVERFLOW IN COLSAC
IF(Q.LE.741.67) GOTO 14
NBAD=101
RETURN

14 CONTINUE
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FEXsPSC*EXPQ
FsFEX+C=X (IP5sKK)
00 15 K8=1,3
PSCX(KB)Y=-CX(KB)
15 FX(KB)SEXPQ®(PSC*QX(KB)+PSCX(KB)I+CX(KB)
FX(IPY=FX(IP)-1.
PSCX(3)=PSCX{3)+PSR
FX(3)=FX{3)+EXPQ*PSR
D0 25 KB=1,5
PSCP(KB)==CP(KB)
25 FPIKB)SEXPQ*(PSC*QP(KB)+PSCP(KB))eCP(KB)

DO 32 KB=1,3 $ DO 32 KC=1,3

FXX(KByKC)=EXPQ*(PSC* (QXX(KB,KC)+QX(KB)*QX(KC))

A+QX(KB)*PSCX(KC) +PSCX(KBI*AX(KC)-CXX(KBsKC) )+CXX(KBsKC)
32 CONTINUE

FXX{353)=FXX(353)¢EXPQ*PSRR

D0 35 KB8=1,3 $ DO 35 KC=1,s5

FXPUKBsKCI=EXPQ* (PSC*(QXP(KBsKC) +QX{KB)*QP(KC))

A+QX(KBI*PSCPIKCI+PSCX(KBI*QP(KC)-CXP(KBs»KC) )+CXP (KB5KC)
35 CONTINUE

00 45 KB=1s5 $ DO 45 KC=1,5
FPP(KB,KC)=SEXPQ#(PSC*(QPP(KB,KC)+QP(KB)*QP(KC))
A+QP(KB)*PSCP(KC)+PSCP (KB)*QP(KC)I-CPP(KB,KC) )#CPP(KBsKC)
&5 CONTINUE
c
IF(NPSHK.LE.O0)GOTO 75
C NPSHK IS THE NUMBER OF SHOCK PARAMETERS.
KUP=5¢4
C ASSUME THAT PRESSURE FUNCTION HAS 5 PARAMETERS AND SHOCK HAS & PAR.
DO 55 KB=6,KUP
PSCP(KB)Y=PSP(KB)
FP(KB)=EXPQ*(PSC*QP(KB)+PSCP(KB))
D0 52 K(C=1,3
FXP(KC,KB)=EXPQ®(PSC*(QXP(KC,KB)+QX(KC)*QP(KB))
A+QX(KC)I*PSCP(KB)+PSCX(KC)I*QP(KB))
52 CONT INUE
FXP{3sKB)=FXP(35KB)*EXPQ*PSRP (KB}
DO 55 KC=6,KUP
FPPIKByKCI=EXPQ*(PSC* (QPP(KByKC)+QPIKB)*QP(KC))
A+QP(KB)I*PSCP(KC)*PSCP (KB)*QP(KC)+PSPP(KBsKC)})
55 CONTINUE
DO 65 KB=1,5 8 DO 65 KC=6,KUP
FPPIKBsKCY=EXPQ*(PSC*(QPP(KBs»KC)+QP (KB)*QP(KC)})
A+QP(KB)*PSCP(KC)I#PSCP (KB)*QP(KC)+PSPP(KBsKC))
65 FPP(KC,KB)=FPP(KB,KC)
75 CONTINUE
RETURN
END

NPSHK=0 OR =4
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1 SUBROUTINE PLDAUX(XsKKsPARsFoFXpFPyFXXeFXPy FPP,NBAD)
C THIS CONVERTS THE FIVE PARAMETER PRESSURE FIELD FUNCTION INTO A
C THREE PARAMETER FUNCTION. IT IS USED 8Y FTPFLD IN CASE OF
C ALGORITHMIC PROBLEMS VO OBTAIN INITIAL APPROXIMATIONS FOR
5 C THE FINAL FIVE PARAMETER FITVTING
¢

1 10

DIMENSION X{(351)sPARCLO0)I»FX(3)sFP(L10)oFXX(353)sFXP(3510)»
1 FPP(10,10),P(10)

LEVEL 29Xo FXsFP>FXXsFXPsFPP

COMMON/SCRCH4/ GP(10),GXP(3510),GPP(10,5,10)

LEVEL 25GP»GXP,yGPP

c
P(1)=PAR(1) & P(3)=PAR(2) $ P(5)=PAR(3) S P(2)=0 $ P(&)=0
CALL PFIELDC(XsKKyPsFsFXsGPsFXX9GXPpGPPsNBAD)
15 DO 15 KA=1,3 $ FP(KA)=GP(KA*2-1)
D0 15 KB=153 $ FXP(KByKA)=GXP(KByKA*2~-1)
- 15 FPP(KByKA)=GPP(KB*2~1,KA®2-1)
. RETURN $ END
)
N

-t .¢- .~! ,.—' ‘—!:..." - ,,.‘.' A-’ ." Y
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- 4
i SUBROUTINE QFUNCTIXsKKsPAR»QeQXsQPsQXXs QAXPs» QPP P
APS,PSRYPSPWPSRR, PSRP, PSPP,NPSHKsNBAD) A
€  AUXILIARY ROGUTINE FGR PFLELDe IT COMPUTES THE EXPONENT Q OF TYHE T
C PRESSURE FIELD FUNCTION. [T ALSO Th. MITS THE SHOCK L3
. € OVERPRESSURE PSR} WITH DERIVATIVES.
o
c SUBROUTINES ACODEF,BCOEF AND SHODER ARE NEEDED S
C R
LIVEL 25X w
10 DIMENSION X{3s1)sPAR{10)»QX(3)QP(10)»QXK(393}»QXP(3510), L
AQPP{10510)5AX(3)sAP(10)sAXX(323)5AXP(3510)»APP{10510), Y
BTAUX(3)
DIMENSION TP(10),TRP{10)s TPP(10,10)sPSP(L10}sPSRP{10),PSPP(10,10)
C
15 COMMON/CSCALE/SCDISsSCPRE,SCTIM
COMMON/COMSHK/NPSH sPARSH(%) s VPARSH(454)sSCDSHs SCPSHySCTSH
C
COMMON/ZTPINDX/IT, IP o
€ /TPINDX/ IS SET 8Y FTPFLD
20 C TIMEsX(IV) » OVERPRESSURE=X{IP)s DISTANCE=X(3) e
C Q»."
DO 12 KA=1,10 $ QP(KA)=0 $ DO 1C KBs1l,3 SR
10 QXP(KBsKA)=0 $ DO 12 KC=1,10 S
12 GPP(KASKC)=0 ]
25 NBAD=O § RsX(3,KK)*SCDIS oo
o
: [F(NPSHK.GT40) GOTO 13 o
C IF NPSHK = NUMBER OF SHOCK PARAMETERS IS ZERO THEN COMPUTE ONLY o
C DERIVATIVES WITH RESPECT TO PRESSURE PARAMETERS PAR(1) THROUGH PAR(S5) e
30 CALL SHOCK2(RsT,TRy; TRRyPS»PSRy PSRRsNBAD)
IFINBAD.NS.0) RETURN
GOTO 14
C
13 CONTINUE
35 CALL 5HODER( RpTsTRsTPyTRRy TRPyTPP,PS,PSRe PSP,
APSRRyPSRP, PSPPy,NBAD)
IFINBAD.NELO)RETURN
c
14 CONT INUE
40 C SHOCK2 OR SHIDER COMPUTED EVRYYTHING IN SI UNITS., NOW SCALE RESULTS
C ACCOROING T3 THE SCALES IN /CSCALE/
T=T/SCTIM & TR=TR&SCDIS/SCTIM 8 TRR=TRR*SCDIS**2/SCTIM
PSaPS/SCPRE $ PSR=PSR¥SCDIS/SCPRE $ PSRR«PSRR&SCOIS**2/SCPRE
TF(NPSHK.LE.Q)Y GOYO Yo
45 C

DO 15 KBab,8
TP(KB)=TP(KB)®SCORE*SCOISH*{KB-5)/S5CTINM
PSPIKB)=PSPIKB)*SCDIS**(KE~5)
TRP(KB)I=TRPUKBIRSCDPISE+{NA-4)#SCPRE/SCTIN
50 PSRPIKBI=PSRPIKBIY*SCOIS**(KB-4)
TPPIUIyKB)=TPP(I,KBI*SCPRESSCDIS*E(KB=-5) § TPP(KB,?)=TPP(9F,KB)
PSPP(9,KB)aPSPP(I,KB) #SCTiM*SCDIS**({XB~5) § PSPP(KBy9)aPSPP(9,KB)
G0 L3 rl=n.R
[PPIKC,KA) = TPP(KCsHB)¥(SCPRE/SCTIM)I*¥22SCO[S**(KB¢KC~10) -
55 PSPP(KCyKB)#PSPP(KC,KBI®SCDIS**(KB¢KC-10)
15 CONTINUE
PSP(I1=PSP(Q)SSCTIM/STPRE
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TPPU9s9)=TPP(959)*SCTIM
PSPP(9,9)=PSPP(9,9)*#(SCTIM/SCPRE}**2

CONTINUE
TAUsX(IT,KK)-T
TAUX(IT)=1.0 $ TAUX(IP)=0.0 $ TAUX(3)s=-TR

XT COMPUTE THE LINEAR TERM IN THE EXPONENT
CALL ACOEF(XsKKysPARsAs AXs APsAXXsAXPoAPPyNBAD)
IFINBADNE.Q)RETURN

Q=sA*TAU

DO 25 KB=1,3

QX{KB)=AX(KBI*TAU+A*TAUX(KB)

DO 25 KC=1,3

QAXX({KByKCI=AXX(KByKC) *TAU+AXIKBI*TAUXKIKC)I*AXIKC)STAUX(KS)
CONTINUE

QXX{353)=QXX(353)-A*TRR

DO 35 KB8=1,3 8 00 35 KC=1,5
QXP{KBsKC)=AXP{KB,KC) *TAU+AP(KC)*TAUX(KB)

DO 45 KB=1s5 $ QP(KB)=AP(KB)*TAU

00 &5 KC=1,5
QPP(KBsKC)=APP(KB,KC)*TAU
IF(NPSHK.LE.0)GOTO 53

SHK IS THE NUMBER OF SHOCK PARAMETERS
KUP=5¢NPSHK

SUME THAT PRESSURE FIELD HAS 5 PARAMETERS
D0 48 KA=H,KUP

QP(KA)==A*TP(KA)

QAXP(35KA) ==AX(3)}*TP(KA)=A*TRP (KA)

D0 48 KB=6,KUP

QPP(KA,KB) =—A*TPP(KA» KB)

00 50 KA=1y5 $ DO 50 KB=6,KUP
QPP(KASKB)=~AP(KA)*TP(KB)
QPPIKB,KA)=QPPI{KA»KB)

XT COMPUTE QUADRATIC TERM

CALL BCOEF(XsKKy PARyAsAXs APsAXXsAXPsAPPyNBAD)
IF(NBAD.NE.Q)RETURN

Q=Q+ A*TAUSTAU

DO 55 KB=1,3

AX(KBI=QX(KB)*TAU*(AX(KB)*TAU+2.#A*TAUX(KB))

DO 55 KC=1,3

QAXX(KByKCI=QXX(KByKC) ¢TAUS(AXX(KBsKCIETAU+2.#AX(KB)*TAUX(KC)
A+2 #AXIKC)*TAUXIKB) )¢ 2. *A*TAUX (KB)*TAUX(KC)

CONT INUE

QAXX(353)=QXX(353)=2.¥A¥TAU*TRR

00 65 KB=1s3 $ DO 65 KC=1,5

QAXP{KByKC) =QXP(KBsKC) ¢TAUR(AXP (KBsKCIETAU+2,.%*
ATAUX (KB )*AP(KC))

CONT INUE

DO 75 KB=1,5 $ QP(KB)=QP(KB)+APIKB) *TAU*TAU
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i 115 00 75 KC=1,5 CoL
. 75 QPP{KB,KC)=QPP(KB,KC) ¢+APP(KBsKC)*TAU*TAU :
7i IF(NPSHK.LE.0)GOTO 97 -
¥ DO 85 KA=6,KUP .
- QP(KA)=QP (KA)=A#2,*TAU*TP (KA) .
- 120 QXP{3,KA) =QXP(39KA) 2. ¥ (~AX(3)*TAUSTP(KA)+A*TP (KA)*TR e
o A-ASTAU*TRP(KA)) A
e DO 85 KB=6,KUP AR
e QPP(KA,KB)=QPP(KAsKB) ¢A®2.% (TP (KA)*TP(KB)=TAU*TPP(KASKB)) e
-l 85 CONTINUE
123 DO 95 KA=6,KUP $ DO 95 KB=l,5
» QPP(KB,KA)=QPP(KBsKA) =2.*AP(KB)*TP(KA)*TAU
95 QPP(KA,KB)=QPP(KByKA) C
97 CONTINUE e
. RETURN .
e 130 END =
» l
z .‘.y.%
|
|
J
| 1
b 1
S
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SUBROUTINE ACOEF(XsKKsPARsAsAXsAPsAXXs AXPs APPyNBAD)

LINEAR COEFFICIENT IN PRESSURE FIELD EXPONENT

AU

15

25

35

XILIARY ROUTINE FOR QFUNCT

DIMENSION X(3,1)sPAR(10)5AX(3)sAP(10)sAXX(353)5AXP(3510),
AAPP{10510)sCP(2)sCXP(2),CPP(252)

LEVEL 2,X

COMMON/CFLDEX/EXAS EXB5SEXC

NBAD=0

R=X{3,KK) $ P1l=PAR(1) $ P2=PAR(2)

EX=EXA

CALL COEFFI(RyPLyP25EXsAsCXsCPsCXXsCXPsCPPyNBAD)
IF(NBAD.EQ.0)GOTO 15 $ NBAD=NBAD+100 $ RETURN

D0 25 KA=155 $ AP(KA)=0 $ IF(KALLE.3)AX(KA)=O
D0 25 KBs1y5 $ IF(KALLE.3)AXP(KASKB)=0
IF(KACLEs3cANDeKBoLE«3IVAXX{KASKB)=0
APP(KAsKB)=0

AX(3)=CX $§ AP(L)=CP(1) S AP(2)s=CP(2)
AXX(3s3)=CKX $ AXKP(351)=CXP(1) $ AXP(3,2)=CXP(2)}
DO 35 KA=1l,2 $ DO 35 KBsl,2
APPIKAsKB)=CPP(KA»KB)

RETURN $ END

135

CUPUIRONL AP S P I

ST TP, B WL AV P A P TORE W R AT X fas. :

------ —~"

el
s
o )




Pr—— n — - - . —— P—— s TR o —

.
'
B
‘
\ .
. ¢
inta'al

v 1 SUBROUTINE BCOEF(XeKK>PAR,AsAX» APSAXXsAXP,APP,NBAD)
C QUADRATIC COEFFICIENT IN PRESSURE FIELD EXPONENT
C AUXILIARY ROUTIME FOX QFUNCTY
DIMENSION X(3p1)sPARCIOI,AX(3)AP(10)»AXX (353},
rl p) AAXP(U3510) s APP(10,10)sCPL2),CXP(2)5sCPP(252)
< LEVEL 2,X
- COMMONZCFLDEX/EXASEXBy EXC
: N8AD=Q .
R=aX{3,KK) 3 PL=sPAR{3) § P2=PAR(4)
10 EX=EXB o
CALL COEFFI(RsPLyP2oEXsAsCXsCPyCXXpCXPsCPPyNBAD?
-' IFINBAD.EQ.O)GUTO 19 ¢ NBAD=200+NBAD ¢ RETURN

. P
K e, oo
PN .
L 3 . [ i

Ad_F B _tata m

e
ooe

T
¢

15 DO 25 KA=155 $ AP(4AAY=0 $ IF{KAJLEL3)AX(KA)=D
15 DO 25 KB21ls5 $ IF(KA.LE.3)AXP(KAyKB)=0
TF(KALLE.3ANDKB.LE. 3VAXX(KA,KB)=Q
25 APP(KA»KB)=0 !

Fes AX(3)=CX $ AP(3)=CP(L) $ AP(4)=CP(2)

: 20 AXX(353)aCXX $ AXPU353)2CXP(L) $ AXP(3,4)=CXP{2}
. DO 35 KA=l,2 $ DO 35 KB8al,2 o
. 35 APP(24KAs 2+KB)=CPPIKAsKR) s
. RETURN $ END L
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|
’ 1 SUBROUTINE CCOEF(XsKKsPARsAs AXsAPsAXXsAXP9APPyNBAD)
: C THIS IS ADDITIVE COEFFICIENT IN PRESSURE FIELD FORMULA
' C AUXILIARY ROUTINE FOR PFIELD
{i DIMENSION X(351)sPARC10)sAX(3)9AP(10)sAXX(353)sAXP(3,10),
) 5 AAPP(10s10)5CP(2)5CXP(2)sCPP(252)
; LEVEL 25X
| COMMON/CFLDEX/EXASEXBSEXC
L NBAD=0
T R=X(3,KK) $& Pl=sPAR(5) § P2=0,
o 10 EXsSEXC
CALL COEFFI(RIPLIP2sEXsA9CXsCPsCXXsCXPsCPPyNBAD)
FI . IF(NBADEQ.0)GOTO 15 $ NBAD=NBAD+300 $ RETURN

15 DO 25 KA=1,5 $ AP(KA)=0 $ IF(KA.LE.3)AX(KA)=D
15 DO 25 KB=1p5 8 IF(KAJLEL3)AXP(KAsKB)=O
IF(KAeLEe3I«ANDKB.LE. 3)AXX(KAyKB) =0
25 APP(KAsKB)=0

- c

f» AX(3)sCX $ AP(5)=CP(1)

_ 20 AXX(3p3)sCXX $ AXP(3,5)=CXP(1)
APP(5,5)CPP(1,1)

: RETURN $ END

MY VU A

‘v.ﬁvvvv'rv
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SUBROUTINE COEFFI(RsPLyP25EXsAsAXsAPsAXXs AXPs APPSNBAD)
THIS COMPUTES TAU COEFFICIENTS TO BE USED IN PRESSURE FIELD

FUNCTION EXPONENT AND AS ADDITIVE TERM.
DIMENSION AP(2)sAXP(2)5APP(2,2)
NBAD=0

REX=1le /R¥*EX
AsREX*®(PLl+P2%R)

THE COEFFICIENTS DEPEND ON R

A IS THE COEFFICIENT. NEXT COMPUTE FIRST ORDER DERIVATIVES

AX=REX®(-P1*EX/R¢P2#(1.~EX})
AP(L)=REX $ AP(2)=REX*R
NEXT COMPUTE SECOND ORDER DERIVATIVES

AXXsREX®(PL*EX#(EX®1ls ) /R-P2%({1.—-EX)#EX) /R
AXP(1)=REX*(=EX)/R $ AXP(2)=REX*(1l.-EX)
APP(15,1)=0. $ APP(152)=0. $ APP(25,1)=0. $ APP(2,2)=0,

RETURN s END
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SUBROUTINE SHOCK{R, T, POV,US,UP,RHOs NBAD)

THIS COMPUTES SHOCK VALUES USING PARAMETERS FROM /COMSHCK/
ALL ARGUMENTS ARE ASSUMED VD BE EXPRESSED IN SI UNITS
ROUTINE USES ROMBIN AND SHTINT VO COMPUTE SHOCK ARRIVAL TIME
R = SHOCK DISTANCE (GIVEN)
T =  SHOCK ARRIVAL TIME
POV s INCIDENTAL SHOCK OVERPRESSURE
us = SHOCK SPEED
up = PARTICLE VELOCITY BEHIND SHOCK
RHO = SHOCK DENSITY
NBAD = ERROR INOICATOR. NBAD.NE.O IN CASE OF ERROR RETURN

EXTERNAL SHTINT
INTEGRAND TO COMPUTE SHOCK ARRIVAL TIME

COMMON/COMSHKINPSyPARSH(4)s VPARSH(4»4 )9 SCOISs SCPRE,SCTIM
COMMON/AMBCHA/PZsTZ56AMs AMOL » CHVOL s CHENs CHHs CHHER
COMMON/CF2DER/GAMCAPy SNDSPDsPAR(4)» ALOWS SCD»SCP»SCT

GAMCAP=GAMCAP/SCP & SNDSPD=SNOSPD#SCD/SCT ¢ ALOW=ALOW*SCO

SCD=1. & SCP=l. $ SCT=1,
DO 15 KA=1,3

15 PAR(KA)=PARSH(KA)*SCPRE *SCDIS*#KA

PAR(4)=PARSH(&)*SCTIN
THIS CHANGED THE CONTENTS OF /CF2DER/ INTO SI UNITS

POVa((PAR(3)}/R4PAR(2) }/R+PAR(L))I/R
CALL ROMBIN(SHYINT,ALOWsRsF,NBAD)

QUADRATURE TO COMPUTE SHOCK ARRIVAL TIME
IF(NBAD.EQ.O) GO TO 30
PRINT 20, NBAD

20 FORMAT(1H s *RETURN FROM SHOCK WITH NBAD= #*,15)
RETURN

30 CONTINUE
T=F/SNOSPD *PAR(4&)
US=SQRT(SNDSPD**2%(1.4GAMCAP*PDV))
RHOZ=(AMOL/8.3143)%(PZ2/T2)
UPsPOV/ (RHOZ*US)
RHO=RHOZ* (1. +GAMCAP*POV)/ (1.4 (GAM=1.)*POV*0.5/(GAMN*PZ))
RETURN
END
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SUBROUTINE SHOCK2(Rs Ty TR> TRRsPsPRyPRR,NBAD)
THIS ROUTINE COMPUTES SHOCK ARRIVAL TIME AND OVERPRELSURE FIP
GIVEN DISTANCE

R = SHOCK DISTANCE (GIVEN)

T = SHOCK ARRIVAL TIME

TRy TRR = DERIVATIVES OF T WITH RESPECT 1O R
P = SHOCK OVERPRESSURE

PRy PRR = DERIVATIVES OF P WITH RESPECT 7O R

ALL QUANTITIES ARE COMPUTED IN SI UNITS

EXTERNAL SHTINT
COMMON/COMSHK/NPSsPARS(4),VP(454)9SCDS»SCPSHSCTS
COMMON/CF 2DER/GAMCAP, SNDSPDsCP(4)»ALOW,»SCDySCP, SCT

GAMCAP=GAMCAP/SCP & SNDSPD=SNDSPD*SCD/SCT $ ALOWsALOW®SCO
SCD=1. $ SCP=1. $ SCT=l.
D0 15 KA=1,3
CP(KA)=PARS(KA)*SCPS®SCDS*¥KA
CP{4)=PARS(4)*SCTS
THIS TRANSFORMED /CF2DER/ INTO SI UNITS

CALL ROMBIN(SHTINT, ALOWsR»TsNBAD)

IF(NBAD.EQ.O) GO TO 30

PRINT 205 NBAD
20 FORMAT(1IH »*RETURN FROM SHOCK2 WITH NEAD= *,15)
30 CONTINUE

P=a((CP(3)/R+CP(2))/ReCP(1))/R
PR==((3.%CP(3)/R+2.2CP(2))/R+CP(1))/R*%2
PRR2((12,#CP(3)/R+6.,%¥CP(2))/R+CP(1))/R**3
T=T7SNDSPD+CPL4)

SO=1.¢GAMCAP*P

TR=1./7(SQRT(SQ)*SNDSPD)
TRR2~0.5¢GAMCAP*TR*PR/SQ

RETURN

END
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1 SUBROUTINE SHTINT(XsFsNBAD)
C INTEGRAND FOR SHOCK ARRIVAL TIME COMPUTATION <
c ~. .
COMMON/CF2DER/GAMCAP, SNDSPOsPAR(4) 5 ALOW,»SCO»SCPs SCT L
5 c
IF(X.6Te1.E=10) GOTO 15 $ NBADsl $ RETURN
15 SQalo¢GAMCAP*((PAR(3)/X+PAR(2) ) /X+PAR(1)) /X -
IF(SQ.GT.1.E~100) GOTO 25 $ NBADs2 $ RETURN S
25 Fs1./SQRT(SQ) $ NBAD=0 SR
10 RETURN o
END -
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SUBROUTINE ROMBIN (Fy AyBs FINTs NBAD)
ROMBERG INTEGRATION SUBROUTINE

OIMENSION T(105,20),CORKM(10)

NBAD=0

CALL F(AsFAyNBAD) $ IF(NBADNEOIRETURN
CALL F(BsFBoNBAD) $ IF(NBAD.NE.O)RETURN
T(1l:1)=(FA+FB)*0.5

KM=l $ KMA=1

15 DEN=FLOAT(KNMA)®*2, $ FN=0
D0 25 KA=1s5KMA
AC=FLOAT(1+2%(KMA=-KA))/DEN
BC=FLOAT(2*KA-1)/DEN
ARG=AC*A+BC*B
CALL F(ARGyFNsNBAD) $ IF(NBAD.NE.O)RETURN
FM=FMe+FN

25 CONTINUE
FM=FM/FLOAT(KNA)
T(lyKM+1)=s(T(1pKM) ¢FM)*0.5

THIS IS TRAPEZ. NOW COMPUTE ROMBERG
KM=KM+l $ KC=1 $ DDEN=1.

35 KC=KC+1 $ DDEN=DDEN*4.
CORKM(KC)=( T(KC~1sKM)-T(KC=1yKM-~1))7(DOEN-1,)
T(KCoKM)=T(KC-15KM)+CORKMIKC)
IF(KCoLT.KM.AND.KC.LT.10)GOTO 35
IFIKC.GE.3)GOTO 45

AFTER AT LEAST 3 STEPS BRANCH TO 45 AND TEST CONVERGENCE
KMA=sKMA®*2 $ GOTO 15

€5 DO 55 KA=2,KC
TEST=ABS(CORKM(KA))
IF(TEST.LE.ABS(T(KCyKM))*1.E~-10)GOTO 65
IF(TEST.LE.1.E-100)60T0 65

55 CONTINUE
IF(KM.GE.20)GOTO 65

COMPUTE NOT MORE THAN 20 ROMBERG CORRECTIONS
KMAsKMA®*2 $ GOTO 15

65 FINT=T(KCsKM)*(B=A)

RETURN
END
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1 SUBROUTINE PRTFLD(SCDISySCPREySCTIMyTITLESPRLAByPRDSDy
A TARDsPINDs XsRs ALABSNR,»C)
C THIS IS CALLED FROM FTPFLD TO PRINT PRESSURE FIELD ADJUSTMENT RESULT

Pl ".l""‘-.v— o

5 DIMENSION PRLAB(50),PRDSD(50), TARD(50),PIND(50)
DIMENSION X(351)5R(353,1)5ALAB(251)5C(35,1)»TITLE(3)

LEVEL 25Xs ReALAB,C

10 COMMON/TPINDX/1T,1IP
JTPINDX/ IS SET BY FTPFLD

VIME=X(IT) s OVERPRESSURE=X(IP)s DISTANCE=X(3)

[aXaXel [a]

KH =0 $ KHIS=1
15 D0 200 KA=1,NR
KH=KH+1
KH COUNTS OBSERVATION SETS WITHIN THIS HISTORY
IF(MOD(KHs40) .NE.1) GOTO 28

i
o

20 PRINT 105 (TITLE(J)»JI=193)sPROSDIKHIS)»PIND(KHIS)» TARD(KHIS)
10 FORMAT({1H1,/71H 515Xs5SHEVENT»5X53A10,40X521HHISTORY DISTANCE =
A 1PE10e353H Mp/s1lH »15X» 5(1H~)9T75X»21HSHOCK OVERPRESSURE = ,
B 1PE10.354H PAs/s1H » 95X 21 HSHOCK ARRIVAL TIME = ,1PEL10.3»

C 34 S}
25 PRINT 15
15 FORMAT(1H »s/91H »40X» 31HJOINT FITVING OF ALL SPECIFIED »
A 22HOVERPRESSURE HISTORIES,/)
PRINT 20
20 FORMAT(1H 526X 3(5XsBHOBSERVED»4X9sBHSTANDARDs 3Xs BHLST. SQe) s/
30 A 1H »2X92HNR» 10X 6HLABELS»13Xs 4HTIMES 7X» SHERROR» &X>»

B 10HCORRECTIONs2Xs 1 2HOVERPRESSURE»3Xy SHERRORs 4X» LOHCORRECTION,
C 4Xs BHDISTANCE» 5Xs SHERRORS X » 10HCORRECTION)
IF(SCTIMGEQ1.)PRINT 21
21 FORMAT(1H 534Xs3H(S)»B8Xs3H(S)»>8Xs3H(S))
35 IF(SCTIMJNE.1.)PRINT 22
22 FORMAT(1H 533XsSH(SCT)»b6Xs5HISCT)ob6Xy SHISCT))
IF(SCPRECEQLLLIPRINT 23
23 FORMATULH+968Xs&4H(PA) 98Xo4H(PA)»TX9 4H(PA))
IF(SCPREJNE.1)PRINT 24
40 26&% FORMAT(IH®* 969X SHISCP )s6XsSHISCP) 96X 5H(SCP))
IF(SCDIS.EQ.1.)PRINT 25
25 FORMAT(1H+,105Xs3H(M) 99Xy IH(M) » TXs3HI(M) )
IF(SCDIS<NELLLIPRINT 26
5 26 FORMAT(1H#5106XsS5H(SCD) s 7?Xs SHUSCD) s 6Xs 5HISCD))
4
C THIS PRINTED HEAOLINE. NEXT PRINT A DATA LINE
28 R1s=sSQRT(R(IT,IT,KA))
R2sSQART(R(IP,IP,KA))
R3=sSQART(R(3535KA))
50 IF(MOD(KH-155).€E0Q,0) PRINT 30
30 FORMAT(1H )
PRINT 40sKA9ALAB(LlsKA)sALAB(25KA)»X(ITsKA)»RLls C(ITyKA)»
A XCIPsKAI»R2y CULIPsKA)SX(39KA),R3, C(3I,KA)
40 FORMAT(1H 51492X92A1051Ps3(3XsE21lebslXs€EL0.351Xs€E20.3))
55 IF(KAEQ.NR) 6070 55
" IF(ALAB(lsKA)EQ.ALAB(LyKA+1)) GOTO 50
" KHISsKHISe1l
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C KHIS COUNTS HISTORIES

KH=0

GaT0 55
50 IF(MOD(KHs 40) .NE.O) GOTO 200

55 IF(SCTIMeEQelecANDsSCPRE.EQele+AND.SCDIS.EQ.1.)607T0 200

PRINT 65,SCTIMy, SCPRE, SCDIS

65 FORMAT(1H 5//91H
A LOHTIME
B 16HPRESSURE
C 16HDISTANCE

200 CONTINUE

RETURN

END

R AT

natall

T
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»31X»31HTHE DATA ARE SCALED AS FOLLOWS:»5X,
SCT = 3 1PEL12.593H Ss/lslH
SCP = »1PEL12.5s4H PAs/slH »67Xs
SCD = 51PEL124593H M)
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SUBROUTINE PLTLOC(PRDSsTAR, TENDsNRPROFs PARs VP ARy NP,
A SCDISsSCPRESsSCTIME 5 SHOCK,TITLE)
THIS ROUTINE PLOTYS IN THE XsT-PLANE THE SHOCK TRAJECTORY, THE
LOCATIONS OF OBSERVED HISTORIES AND SOME STREAMLINES.

PRDS (50) a HISTORY DISTANCES

TAR(50) = SHOCK ARRIVAL TIMES

TEND (50) = HISTORY END TIMES

NRPROF = NUMBER OF HISTORIES OBSERVED

PAR(10) = PRESSURE FIELD PARAMETERS

VPAR(10510) = VARIANCE-COVARIANCE MATRIX OF PAR

NP = NUMBER OF PRESSURE FIELD PARAMETERS

SCDIS, SCPRE» SCTIHE = PRESSUREs DISTANCE AND TIME SCALE
SHOCK = SUBROUTINE THAT COMPUTES SHOCK {IN SI UNUTS)
TITLE(3) s NAME OF EVENT TO BE USED ON PLOTS

COMMON/AMBCHA/ AIRPR, AIRTEMyAIRGAMs AIRMOLy CHARVO» CHAREN
DEMENSION PRDS(50),TARC(50), TEND(50),TENP(B),TITLE(3)
DIMENSION XSH(100},YSH(100),X(3)5Y(3)

DIMENSION PAR(LO)sVPAR(L10910)5 SOLIN(6)»VSOL(6565100)
OIMENSION STRM(65100)

DIMENSION XPP(IO):UPPGIO),UPTP(IODpOPIN(IO):TPIN(IOl
COMMON/CSCALE/SCDI»SCPRySCTI

EXTERNAL PFIELD

COMMON/PLOT/DUMIG6) » PLABLI &)

SCDI=SCDIS $ SCPR=SCPRES $ SCTI=SCTIME
RIN=PRDS(1) $ R=sPRDS(1} §& TMAXsTEND(1l) § TMIN=TAR(1}
DO 5 KA=2,NRPROF
RIN=AMINL(PROS(KA)sRIN)
R=AMAX1(PRDS(KA)sR)
TMIN=AMINL(TAR(KA) s TMIN)
TMAX=AMAXL(TEND(KA)s TMAX)
5 CONTINUE

NEXT COMPUTE SHOCK TRAJECTORY

RMIN=RIN
RMAX =R
DELR=(RMAX-RMIN) 799,
00 10 KA=1,100
R1=RMIN+FLOAT(KA-L)*DELR
RINDIM=R1*SCOIS
XSH{KA)=R1
CALL SHOCK(RINDIM,TOIMsPOVDIM, USDIMsUPDIMsRHODIM,(LBAD}
IF(LBAD.EQ.O) GO TO 12
NBAD=LBAD
PRINT 14,NBAD
14 FORMAT(1H ,*RETURN FROM PLTLOC 14 WITH NBAD= %,110)
12 CONTINUE
YSHIKA)=TDIM/SCTINME
10 CONTINUE

NEXT PLOT SHOCK TRAJECTORY AND LABEL AXES

CALL PLTBEG(B.7511.251.0s13,PLABL)
CALL FIXSCA(XSHs10055.09XSy XMINsXMAXsDX)
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65

70

75

80

85

90

95

100

105

110

21

31

[aNaXal

2 X aXal

15

20

30

X(1) sRMIN-0,02%( RMAX-RMIN)
X(2)sRMAX+0.02%(RMAX=RMIN)
X(3)=sRMIN*1,.01

CALL CONSCA(X»355.0sXSsXMINs> XMAXsDX)
CALL FIXSCA(YSH»10054.05YSs YMINy YMAX,DY)
Y{1)sTMIN=-0.02%(TMAX-TMIN)
Y(2)=TMAX+0.02%( TMAX~-THMIN)

CALL CONSCA(Y»9254.05YSsYMIN,YMAX,DY)
CALL PLTSCA(2.55%<09sXMINy, YMINy XS»YS)
CALL PLTAXS(DXy DY XMINy XMAXs YMINy YMAXy %)
CALL LABAX(DX92.0%*DYs XMINsXMAXs YMINy YMAX)
CALL PLTWND(XMINy XMAXy YMINy YMAX)
TXs(XMAXSXMINI*0e5-15,0%0,1%XS
TYSYMAX#0.5%*YS
ENCODE(B80s 15, TEMP)TITLE
FORMAT(3A10s1H>)

CALL PLTSYM(O«ls TEMP» 0409 TX,TY)
ENCODE (80920, TEMP)
FORMAT(13HDISTANCE (M)>)
IF(SCDIS.NE«1.0)ENCODE(80521, TEMP)
FORMAT(15HDISTANCE (SCD)>)

TX=s{ XMAX+XMIN}*0.5~6, 0%0. 1%XS
TY=YMIN-Q.5%YS

CALL PLTSYM(O.1lsTEMPy» 0.0 TX,TY)
ENCODE(80530, TEMP)

FORMAT(OHTIME (S)>)
IF(SCTIMENE.1.0) ENCODDE(80»31,TEMP)
FORMAT(L11HTIME (SCT)>»)
TXsXMIN-0.7%*XS
TYs(YMIN¢YMAX)*0,5-4,0%0.,12YS

CALL PLTSYM{0els TEMP»90.,0,TX,TY)
CALL PLTDTS(1505 XSHyYSH» 100, 0)

NEXT PLOT HISTORY LOCATIONS

40

D0 40 KA=1,NRPROF
X(1)sPRDS(KA)

X(2¥=sX{1) $ X(3)=X{(1l)
Y(1)=sTAR(KA)

Y(2)sTEND(KA) $ Y(3)=Y(1l)
CALL PLTDTS(1,509X5Y53,0)
CONT INUE

NEXT COMPUTE AND PLOT STREAMLINES

IN

690

AIRPRSC=AIRPR/SCPRES

DR=0.2%(R-RIN}

00 1000 I=1,5

THIS LOOP COMPUTE 5 STREAMLINES
D=RIN®DR*(I-1)

SOLIN(3)sD

CALL STRBEG(SOLIN,TPINsXPPsUPP,UPTP,DPIN,LBAD)
IF(LBAD.EQ.O) GO TO 700

NBAD=LBAD+100

PRINT 690,NBAD

FORMAT(1H »*ERROR RETURN IN PLTLOC 690 WITH NBAD= %,]110)

GOTD 1000
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115
700 CONTINUE
NSTMAX=100
DELTST=(TMAX-SOLINC(1))780.
C THERE WILL BE AT LEAST NSTMAX/2 NODES. NORMALLY THERE WILL BE 80 1O
120 C WITH THIS DELTST
CALL STRLIN(TMAX»AIRPRSC»AIRGAMsPFIELDs PARs VPARS NPy SOLINs TPINs
1 XPPyUPPyUPTPSDPINSOELTSTySTRM,VSOLINSTMAX, LBAD)
1F(LBAD.EQ.0) GO TO 900
) NBAD=LBAD+300
| 125 PRINT 290,NBAD
: 290 FORMAT(IH »*ERROR RETURN IN PLTLOC 290 WITH NBAD= %,110)
IF{NSTMAX.LE.1) GOTO 1000

X

900 DO 70 KA=1,NSTMAX
130 XSHIKA)=STRM(35KA)
B YSHUKA)=STRM(1,KA)
Wl IF(KALT.NSTMAX/2) GOTO 70
SO=(XSH(KA)=XSH{KA=1} )/ (YSH{KA)-YSH(KA-1))~
A (XSHUKA=1)=XSH(KA=2) }/(YSH(KA=1)-YSH(KA-2))
135 IF(SD.GT.0.) GOTO 74
C THIS TESTS FOR POSITIVE CURVATURE OF STREAMLINE AND PREVENTS
C THE PLOTTING OF NONSENSICAL TAIL OF STREAMLINE
70 CONTINUE

140 GOTO 75
T4 NSTMAX=KA
75 CALL PLTOTS(1505 XSHs YSHyNSTMAX,0)
1000 CONTINUE
CALL PLTPGE
145 RETURN
END

m:

=m0
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1 SUBROUTINE STRBEG(SOLINs TPIN,XPPsUPP,UPTP,DPINyNBAD}

THIS COMPUTES THE INIVIAL STREAMLINE NODE ON THE SHOCK AND ITS

ACCURACY., THE SOLIN COMPONENTS ARE —
(Ty Py Ry Uy RHO, U*¥2¥RHO/2)

THE GIVEN ARGUMENT IS THE SHOCK DISTANCE R=SOLIN(3).

R IS ASSUMED TO BE CONSISTENT WITH THE SCALES IN /CSCALE/

TPINs XPPsUPP,UPTP AND DPIN ARE INITIAL STREAMLINE VARIABLE

DERIVATIVES WITH RESPECT TO THE PARAMETERS

10

OO0

ROUTINR USES F2SHCK S

DIMENSION SOLIN(6),TPIN(10) s XPPL10),UPP(L0),UPTP(10)5DPIN(10)
DIMENSION X{(551)5PARCLODISFX(5)sFP(LO)SFXX(555)5FXP(5,10), o
15 A FPP(10510),SOLMAT(6s 4),SCALE(4) S

COMMON/CSCALE/SCD»SCP,SCT
COMMON/CF2DER/GAMCAP, SNDSPDsCPAR(4) »ALOWSSCDC»SCPC,SCTC
COMMON/AMBCHA/PZs TZ9GZ,AMZy VCH ENCHyHCHy EHCH

20 COMMON/COMSHK/NPSsPARS(4)sVPARS(454)9SCDSsySCPS,SCTS

D0 25 KA=1,3
25 SCALEUKA)=({SCPS/SCP)I*(SCDS/SCD)I**KA
SCALE(4)=SCTS/SCT
25 DO 45 KA=1,4 $ PAR{KA)=SCALE(KA)*PARS(KA)
CPAR(KA)=PAR(KA)
" THE NEW PARAMETERS ARE SCALED ACCORDING TO /CSCALE/ T

[a N X
W

{

]

SNDSPD=SNDSPD¥(SCT/SCTC)*(SCDC/SCO) ;{gj
30 GAMCAP=GAMCAP#(SCP/SCPC) B
ALOW=ALOW#(SCOC/SCD) L

SCDC=SCD $ SCPCaSCP $ SCTC=SCT =

C THIS TRANSFORMED /CF20ER/ INTO /CSCALE/ UNITS

35 R=SOLIN(3)
C NEXT COMPUTE SHOCK ARRIVAL TINME
X(le1)=0. $ X(2,1)=R 8 X(3,1)=0.
CALL F2SHCK{Xs1lsPARsFyFXsFP,FXXsFXPyFPPy,NBAD)
IF(NBADNE.O) RETURN
40 c
POV=((PAR(3I/R+PAR(2) ) /RePAR(L)I)/R
USH=SNDSPD#*SQRT(1.+GAMCAP*PQOV)
SHOCK VELOCITY
ROSI=(AMZ/8.3143)%(PZ/T7)
ROSI IS AMBIENT DENSITY IN SI UNITS
RAMB=ROSI#*#(SCO/SCT)I*%2/S5CP
AMBIENT DENSITY IN /CSCALE/ UNITS

45

UPSH=POV/(RAMBRUSH)
PARTICLE VELOCITY AT THE SHOCK
GAMTIL=((GZ~1.)/(2.%GZ*#PZ))*SCP
- ROSH=RAMB*(1.4GAMCAP*POV)/(1,+GAMTIL#POV)
- C DENSITY AT THE SHOCK
o DPSH=UPSHE#2¢ROSH*0.5
55 C DOYNAMIC PRESSURE AT THE SHOCK (=SPECIFIC KINETIC ENERGY)
SOLIN(1)=F /SNDSPD o
SOLIN(2)=POV S
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60

65

70

75

80

85

90

SOLIN(5)=ROSH
SOLIN(6)=DPSH

NEXT COMPUTE INFLUENCE MATRIX SOLMAT WHICH EXPRESSES THE
RELATION BETWEEN SOLIN AND THE PARAMETER VARIANCES VPARS
DUM=1.+GAMCAP*POV
UPFACT=UPSH*{1./POV-0.5%GAMCAP /DUN)
ROFACT=1./7(SNDSPD*#2%DUM* (1. ¢GANTIL*POV]))
OPFACT= (UPSH*$2*ROFAC T#2, *UPSH*ROSH*UPFACT) *0.5
00 65 KA=1,3
65 SOLMAT(2,KA)=1./R**KA
SOLMAT(2,4)=0,
DO 75 KA=1,4
SOLMAT(1,KA)=FP(KA)}/SNDSPD
SOLMAT(3,KA)=0.
SOLMAT(4sKAY=UPFACT#SOLNMAT(2,KA) :
SOLMAT(5,KA)=ROFACT#SOLMATI2,KA) ;
75 SOLMAT(6sKA)2DPFACT*SOLMAT(2,KA)
C

OO0

"71

1

4

SOLIN(4)=UPSH ‘ ]

DO 105 KA=1,10 $ XPP(KA)=O $ UPP(KA)=0 $ TPIN(KA)=0 $ DPIN(KA)=0

105 UPTP(KA)=0
POVR=~( (3« #PAR(3) /R42.#PAR(2) ) FR4PAR(L) ) /RS2
UP T==POVR /ROSH

C OU/DT OF PARTICLE VELOCITY AT SHOCK ]
D0 115 KAel,3
TPIN(KA5)=SOLMAT(1sKA)

DPIN(KA®5 )= (ROFACT/ZROSH=1.7(GZ*(POVePZ/SCP) ) ) #SOLNAT (25KA)
UPPUKASS) =SOLMAT(4sKA)

115  UPTP(KA#5)=UPT#(~SOLMAT(5,KA)/ROSH+FLOAT(~KA) /7 (ROS(KA+1)$PAVR))
TPIN(9)=SOLMAT(1,4) :
RETURN o
END
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SUBROUTINE SHODER( RyTs TRy TPs TRRy TRP»TPPy
APQVy PRy PPy PRRsPRP»PPPsNBAD)
THIS COMPUTES FOR GIVEN DISTANCE R THE CORRESPONDING
SHOCK TIME T AND OVERPRESSURE POV, AND DERIVATIVES
SUBRQUTINE USES F2SHCK TO COMPUTE SHOCK ARRIVAL TIME
ALL ARGUMENTS ARE ASSUMED TO BE IN SI UNITS

OIMENSION TP(10)sTRP(10)»TPP(105s10),sPP(10),PRP(L10}>PPP(10s10),
A SPAR(10) s X(551)9sFX(5)s FP(10)s FXX(5,5)5FXP(5510)sFPP(10,10

COMMON/COMSHK/NPSsPARSH(4)s VPARSH(454)»SCDIS» SCPREsSCTIN
COMMON/CF2DER/GAMCAPs SNDSPDsPRS(4)s ALOWSSCD»SCP, SCT
GAMCAP=GAMCAP/SCP ¢ SNOSPD=SNDSPD*SCO/SCT $ ALOW=ALOW*SCD
SCD=1. $ SCP=l. $ SCT=1.

THIS CHANGED /CF2DER/ TO SI UNITS
IF(NPSeGE « 0« AND«NPS.LE.5)GOTO 15

THIS IS CODED FOR NPS = NUMBER OF SHOCK PARAMETERS = &
NBAD=IABS(NPS) $ RETURN

25 NBAD=25
PRINT 27,NBAD

27 FORMAT(1H »*RETURN FROM SHODER WITH NBAD= #*,15)
RETURN

IF(R.LE.0.)GOTO 25
NBAD=0
IF(NPS.EQ.0)GOTO 55

NOW COMPUTE SHOCK OVERPRESSURE IN PASCALS BY 3-PARAMETER FORMULA
00 35 KA=1,3
SPAR(KA)sPARSH(KA)*SCPRE*SCDIS**KA
SPAR(4)=PARSH(4)*SCTIM

SPAR IS FOR COMPUTATION OF POV IN PASCALS WHEN R IS IN METRES

POV= ((SPAR(3)/R+SPAR(2))/R+SPAR(1))}/R
PRa=( (SPAR(3)#3,/R¢SPAR(2)%2.)/R+SPAR(L)}/R%*%2
PRR=((SPAR(3)%12./R+SPAR(2)*%6.)/R¢+SPAR(1)*2,)/R**3

DO 37 KA=1,10 $ PP(KA)=0 $ PRP(KA)=O
TPIKA)=0 $ TRP(KA)=0
D0 37 KB=1,10 $ TPP(KA,KB)=0

37 PPP(KA,KB)=O

ASSUME THAT SHOCK PARAMETERS ARE NRe 6575859,
PP(6)=1./R $ PP(T7T)=PP(6)/R S PP(B)sPP(T)/R
PRPUO6)=—PP(T) $ PRP(7)=~2.%PP(8) S PRP(B)=>3,%#PP(B)/R
NEXT COMPUTE SHOCK ARRIVAL TIME. X(1)=PRESSUREs X(3)=TIME
Xt1ly1)=0 8§ X(251)=R $ X(3,1)=0
CALL F2SHCK(Xsls SPARy FoFXsFPosFXXsFXPsFPPsNBAD)

IF(NBAD.EQ.O) GO TO 40
PRINT 38,N8AD

38 FORMAT(LH »*RETURN FROM SHODER AFTER F2SHCK WITH NBAD= #*,I5)
G0 TO 55

40 T=F/SNDSPD § TRsFX(2)/SNOSPD $ TRRefFXX(2,2)/SNDSPD

DD 45 KA=1,NPS $ TP(54KA)=FP(KA)/SNDSPD
TRP{S5+KA)=FXP(25,KA)/SNDSPD
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DO 45 KB=1,NPS
45 TPP(5+KA,5¢KB)=FPP{KAsKB)/SNDSPD
60
55 CONTINUE
RETURN
END
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SUBROUTINE F2SHCKIXXsKAsPARsFs FXsFPsFXXsFXPsFPPyNBAD)
C THIS IS SECOND CONSTRAINT COMPONENT FOR SHOCK FITTING

DIMENSION XX(55100)sPAR(10)sFX(5)sFP{10)sFXX(S5,5),FXP(5510), -
A FPP(105,10),5F(9)
EXTERNAL F2DER
COMMON/CF2DER/IGAMCAP, SNDSPDCPAR(4)ALOWS SCD» SCP,SCT
GAMCAP=((1.¢GAM)/(2.%GAM) ) *(SCPR/ AMBPR)
GAMCAP, SNDSPD AND ALOW ARE SET BY SUBROUTINE SCALSH

PR
oy RN

t

OO0
'
PRUADNCATREN

DO 15 KB=1,4
15 CPAR(KB)=PAR(KB)
C THE PARAMETERS CPAR WILL BE USED BY SUBROUTINE F2DER
X=XX(25KA)
00 25 KB=1,3 $ DO 25 KC=1,3
25 FXX(KByKC)=0
IF(X.GT<1.E-30) GOTO 35 $ NBAD=1 $ RETURN

A tataala LT

35 NBAD=0
SQal ¢GAMCAP*((PAR(3) /X+PAR(2))/X+PAR(1))I/X
IF(SQ.GTe1l.E~50 ) GOTO 45 $ NBAD=2 $ RETURN
45 FX(1)=0. $ FX(2)=1./SQRT(SQ) $ FX{3)==SNDSPD
FXX(292)20.5%GAMCAPSF X(2)%( (3. *%PAR(3)/X*2,%¥PAR(2))I/X -
A+PAR(1) )7 ( X*X#¥SQ) T
C COMPUTE PARTS OF F2 AND DERIVATIVES BY MULTIPLE QUADRATURE :
CALL ROMULT(F2DERsALOWsXs SFsNBAD)
IF(NBAD.EQ.O) GOTO 55 $ NBAD=NBAD+10 $ RETURN
55 F=SF(1)+{PAR(4)-XX(35KA))*SNDSPD
FP(L)=SF(2) & FP(2)=SF(3) $ FP(3)=SF(&) & FP(4)=SNDSPD
FPP(1s1)=SF(5) $ FPP(1,2)=SF(6) 8 FPP(1l»3)=SF(T)
FPP(2,1)=SF(6) $ FPP(2,2)=SF(T7) $ FPP(2,3)=SF(8) A
FPP(3,1)=sSF(7) & FPP(3,2)sSF(8) $ FPP(353)sS5F(9) o
D0 65 KB=1ls4 $ FPP(&»KBI=0 $ FPP(KB»4)=0 $ FXP(Ll,KB)=0 .
65 FXP(3,KB)=0
FXP(2s1)==0.5%GAMCAP*FX(2)/7(X*5Q)
FXP(292)=FXP(2,1)/X $ FXP(2,3)2FXP(252)/X § FXP(254)s0
RETURN
END

- ar
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.- 1 SUBROUTINE F2DER(X»FyNBAD)
¥ INTEGRAND FOR NINE COMPONENTS OF £2 AND DERIVATIVES
USED BY F2SHCK AS ARGUMENT OF ROMULT

OO0

5 DIMENSION F(9)

COMMON/CF2DER/GAMCAPy SNDSPDs PAR(4)pALOWs SCDySCPsSCT
GAMCAP=((1.¢GAM)/(2.#GAM)I*(SCP /AMBPR)
GAMCAPs SNDSPD» ALOW AND SCALES ARE SET BY SUBROUTINE SCALSH

10 NBADsO $ IF(XeGTeleE-30) GOTO 15 $ NBAD=1 $ RETURN

© OO0

15 Y=1l./X

SQ=l . +GAMCAP*((PAR(3)*Y+PAR(2) J*YSPAR(L1) ) *Y

IF(SQ.GT.1.E=50 ) GOTO 25 $ NBAD=2 $ RETURN
15
INTEGRANDS CORRESPOND TO FOLLOWING QUANTITIES
EsFPCL)»(2)9(3)sfPP(l51)5(152)5(1,3)m(252)5(25305(3,3)
25 F(1)=s1./SQRT(SQ}

F(2)=-0.5%GAMCAP*F (1) %Y/SQ

20 F(3)sF(2)eY $ Fl&)=F(3)%Y

F(5)s=1.5%GAMCAP*F(3)/5Q

FL6)sF(5)%Y $ F(T)=F(6)*Y $ F(B8)=sF(T7)%Y § F(9)sF(B)*Y

RETURN

END

(s XaXal
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ROMBERG INTEGRATION OF A 9-DIMENSIONAL VECTOR FUNCTION

14

15
16

23
25

26

SUBROUTINE ROMULT(FsA»BsSFyNBAD)

DIMENSION SF(9)5T(9510520)sFA(9SFBLO)»FNIDDsFN(9)» CORKN(9510)

NBAD=0

CALL F(AsFASNBAD) $ IF(NBAD.NE.O) RETURN
CALL F(BsFBsNBAD) $ IF(NBAD.NE.O) RETURN
DO 14 KD=1,9
T(KD»1s1)=(FA(KD)+FB(KD))*0.5

KM=l § KMA=]

00 16 KD=1,9

FN(KD)=0

DEN=FLOAT(KMAY®2,

00 25 KA=1,KMA

AC=FLOAT(142%(KMA-KA) })/DEN $ BC=FLOAT(2¢KA-1)/DEN
ARG=AC*A+BC*p

CALL FUARGsFNsNBAD) $ IF(NBAD.NE.O) RETURN
00 23 KD=1,9

FM(KD)=FM(KD)+FN(KD)

CONT INUE

D0 26 KD=1,9 $ FMIKD)=FM(KD)/FLOAT(KMA)
T(KDs 15 KM+1)=(T(KDs1ls KM)¢+FM(KD))*0.5

THIS IS TRAPEZ. NEXT COMPUTE ROMBERG

35

KMsKM+1 $ KC=1 $ DDEN=1,

KC=KC+¢1 $ DDENsDDEN#*4,

DO 37 L=1,9
CORKM(LsKCI=(TILsKC=1sKM)=T(LoKC~15KM=1))7(DDEN=~1.)
TILo KCoKM)=T(LsKC-1,KM)+CORKM(LsKC}
IF(KCoLToKM.AND.KC.LT.10) GOTO 35

IF(KM.GE.3) GOTO 45 $ KMA=KMA*2 $ GOTO 15

AFTER THREE STEPS TEST CONVERGENCE

45

IF(KM.GE.20) GOTO 56

MAXIMUM OF 20 STEPS ALLOWED

00 53 L=1,9
TEST=ABS(CORKM(L,KC))

KC=MIN{KM,10)

53

56
58

IF(TESTWLE.1.E~-100) GOTO 53
IF(TESTWLE<ABS(T(LsKCrKM))*1.E-10) GOTO 53
KMA=KMA®2 $¢ GOTO 15

CONT INUE

D0 58 L=1,9
SF(L)=T(LsKCoKM)%(B=A)
RETURN

END
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SUBROUTINE STRLIN(TMAX»AIRPRy» AIRGAMsPFIELDs» PARs VPARs NPARsSOLIN,
A TPINsXPPsUPP,UPTPsDPINyDT,»SLINAs VSLINASNMAXA,NBAD)

THIS COMPUTES A STREAMLINE STARTING WITH SPECIFIED INITIAL

VALUES AND ENDING AT TMAX

TMAX = TIME AT END POINT OF STREAMLINE. THE ACTUAL TINME
CAN BE BY OT LARGER THAN TMAX

AIRPR = AMBIENT PRESSURE
AIRGAM = RATIO OF SPECIFIC HEATS
PFIELD = PRESSURE FIELD SUBROUTINE
PARs VPAR s NPAR = PARAMETERSy THEIR VARIANCE AND NUMBER FOR PFIELD
SOLIN(6) = INITIAL VALUES ON STREAMLINE, VIZ.
TIMEs PRESSURE, DISTANCE, VELOCITY, DENSITY,
DYNAMIC PRESSURE (= KINETIC ENERGY DENSITY)
TPIN(10) = D/DPAR OF THE INITIAL TIME
XPpP(10) = D/DPAR OF INITIAL POSITION
UurPP(10) = D/DPAR OF INITIAL PARTICLE VELOCITY
UPTPL{10) = D/OPAR OF INITIALL PARTICLE ACCELERATION
DPINC(10) = D/DPAR EXPRESSION NEEEDED FOR INTEGRATIDN OF UPP
DT = TIME INTERVAL FOR INTEGRATION

THE FOLLOWING WILL BE COMPUTED B8Y THIS ROUTINE

SLINA(6,NMAXA) = FLOW VARIABLES ALONG TH: STREAMLINE (T,PsRyUsRHOsUS®2¢

VSLINACGs6sNMAXA)= VARTANCE-COVARIANCE MATRIX OF SLINA

NMAX A = MAXIMUM NUMBER OF NODES IN SLINE
WILL BE REPLACED BY ACTUAL NUMBER COMPUTED
NBAD = ERROR INDICATOR

DIMENSION PAR(10),VPAR(10510), SOLIN(6), TPINC(10)s XPP(10)»UPPL10),
A UPTP(10)sDPINC10)sSLINA(G65100)9VSLINA(GS6,100)

COMMON/SCRCH3/ X(351)sFX(3)sFP(10)sFXP(3510)sFXX(353)sFPP(10510)
LEVEL 2sXsFXoFPsFXP,F XXy FPP
COMMON/TPINOX/IT,IP

/TPINDX/ IS SET BY FTPFLD

TIME=X(IT) ,» OVERPRESSUREsX(IP)s DISTANCEsX(3)

DIMENSION UT(2)9XP(2510)5UTP(2510)5UP(2510)sSOLMAT(6,10)
AsUL2)oUTT(2)5SLINE(6s51)9s VSLINE(656551)

SLINE AND VSLINE ARE WORKING AREAS WITH LENGTH NMAX
DATA (NMAX=51)

NBAD=0

00 9 KAs=l,6

SLINE(KA,1)=SOLINIKA)
9 SLINACKA, 1}=SOLIN(KA)

IF(NMAXA.GT.2)G0OTO 12

NMAXA=0

NBAD=11 ¢ PRINT 11, NBAD $ RETURN
11 FORMAT(1HO»10X,30HRETURN FROM STRLIN WITH NBAD s=,I4)
12 IF(DT.GT.0.) GOTO 15

IF(SLINA(151).GE.TMAX) GOTO 15

NMAXA=0

NBAD=12 ¢ PRINT 11,NBAD $ RETURN
DT IS PERMITTED TO BE ZERO FOR ONE POINT STREAMLINE
15 IF(SOLIN(3).GT.0.) GOTO 25
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- C CHECK FOR NEGATIVE INITIAL DISTANCE
i NMAXA=0
60 NBAD=15 $ PRINT 11, NBAD $ RETURN
- 25 CONTINUE
{] ROZ=SOLIN(5) $ GEXPs1./AIRGAM § PRZ=SOLIN(2)+AIRPR
& DO 31 I=1,2
s D0 30 KAs1,NPAR $ XP(I;KA)=XPP(KA) $ UP(I,KA)eUPP(KA)
. 65 30 UTPCI,KA)=UPTPIKA)
- 31 CONT INUE

"9
&

- X({ITy1)sSLINE(Ls1) $ X(IP511s0.0 $ X(3,1)=SLINE(351) =
. c TINME PRESSURE DISTANCE :
70 CALL PFIELD(Xs1sPARsFsFXsFPsFXXsFXPsFPP,LBAD)
3500 IF(LBAD.EQ.O) GOTO 39
NMAXA=0
NBAD=3500+LBAD $ PRINT 11, NBAD $ RETURN

: 75 39 UT(Ll)==FX(3)*(PRZ/(F+AIRPR))**GEXP/ROZ i
ﬂi C OU/DT=—(DP/DR)*(PO/P)**(17/GAMMA) /RHOZERD
, Ut1)=SLINE(4s1) B
: UTTCL)sUT(1)e(~GEXP®(FX(ITI+U(LI®FX(3)})/(F+ALRPR) -
A +(FXXCITs3)4UCLI*FXX(353))/7FX(3) )
80 DTSTOR=DT § TSTOR=SLINA(1,1)¢DVSTOR $ KTsl e
COMPUTATION RESULTS WILL BE STORED APROXIMATELY FOR TSTOR S
KT COUNTS STORAGE IN SLINA AND VSLINA - 4
THIS IS ACTUAL INTEGRATION INTERVAL. WITH DTS=0 GET FIRST NODE )
DTS=0. .
85 KA=l

SO0

NEXT STATEMENT IS BEGINNING OF INTEGRATION LOOP ]
45 SLINE(3sKA+1)=SLINE(3,KA)+DTS*(U(1)+0.5%0TS*(UT(1)+DTS*UTT(1)/3.)) -
NEW DISTANCE BY FOURTH ORDER FORMULA IN DTS ——d
SLINE(15KA+1)=SLINECL,KA)4DTS o
NEW TIME s
_ DO &7 KB=1,NPAR o]
L 47 XP(2,KB)=XP(LsKB)+DTS*(UP(1,KB)+0.5¢DTS*UTP(1,KB)) o
: NEW DX/DPARAMETER. THIRD ORDER ERROR IN DTS T

O O OO0

:
g

:

3
R

[a N a)

. 95 T
Fi X(IT s1)aSLINE(1sKA®#1) $ X(IP;1)20.0 $ X(351)=SLINE(3,KA®1) .1:%
CALL PFIELD(X9lsPARSFsFXsFPsFXXoFXPoFPPoLBAD)
IF(LBAD.EQ.O) GOTO 55 ]
: 5100 NBAD=5100¢LBAD $ PRINT 11, NBAD )
g- 100 KT=KT=1 $ GOTO 155
A c )
' 55 SLINE(2sKA+1)=F )
C NEW PRESSURE 1
UT(2)==FX(3)#(PRZ/(F+AIRPR) )**GEXP/ROZ
105 UC2)sUC(1) +0.5#DTS*(UT(1)+UT(2)) 1
C FIRST APPROXIMATION OF NEW VELOCITY., THIRD ORDER ERROR IN DTS
UTTC2)=UT(2)#(~GEXP*(FXCIT)+UC2)*FX(3))/(F+AIRPR)
A *(FXXCIT,3)4UC2)%FXX(353))/FX(3) )
U(2)=UC2) +(UTT(L)=UTT(2))$DTS*%2/12,
110 C NEW VELOCITY. FIFTH ORDER ERROR IN DTS
SLINE (4sKA®1)=U(2)
DO 65 KB=1,NPAR
UTPI2,KB)=UT(2)*(=DPIN(KB)
A —(FP(KB)*FX(3)#XP(2, KB))*GEXP/(F+AIRPR)
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B +(FXP(3,KBISFXX(353)*XP(25KBI)/FXN(3))
UP(2yKBISUP{1,KB)+0.5%DTS*(UTP(1,KBI+UTP(2,KB))
65 CONTINUE
NEW OU/DPARAMETER. THIRD ORDER ERROR IN DTS
SLINECS5sKA+1)3R0OZ*((F+AIRPR)/PRZ)**GEXP
NEW DENSITY
SLINE(6sKA®*1)=0.5¢SLINE(5S,KA+LI#SLINE(4, KAL) $¢2
NEW DYNAMIC PRESSURE

NEXT COMPUTE VARIANCE ESTIMATES OF SOLUTION
DO 75 KB=1sNPAR
SOLMAT(1,KB)}=TPIN(KB)
SOLMAT(2,KB)=FPIKB)+FX(3)*XP(2,KB)
SOLMAT(3sKB)=sXP(2sKB)
SOLMAT(4,KB)=UP{2,KB)
SOLMAT(5,KB)=SLINE(S5, KA+1)}*(DPINIKB)

A SGEXP*(FP(KBI*FX(3)¢XP(2,KB) +FX(IT)*SOLMAT(1,KB} )}/ (FEAIRPR] )
SOLMAT(6sKB)=0s5%SLINE(4»KA+L)#(SLINE(55KA¢+1)#SOLMAT(4,KB)®2,

A +SLINE(4sKA#1)*SOLMAT(55KB))

75 CONTINUE

SOLMAT IS TVHE JACOBIAN MATRIX DSLINE/DPARAMETER
D0 95 KB=1,6 $ DO 95 KC=1,6
VSLINE(KBsKCyKA+1)=0,
DO 85 KD=1,NPAR $ DO 85 KE=1sNPAR
VSLINE(KBsKCoKA+1)=VSLINE(KBsKCoKA®L)®
A SOLMAT(XBsKDI®VPAR(KD,KE)*SOLMATI(KC,KE)

85 CONTINUE

95 CONTINUE

NOW STORE RESULTS IF TSTOR REACHED
KA=sKA+1
IF(KT.EQ.1)6GOTD 97
IF(SLINE(1,KA)oLT.TSTOR-DTS#0.2)60T0 125
97 DO 99 KB=1,6 $ DO 98 K(=1,6
98 VSLINA(KBsKCoyKT)sVSLINE(KBsKCoKA)
99 SLINA(KByKT)=SLINE(KB,KA)

IF(SLINACL,)KT).GE.TMAX)IGOTO 155

BRANCH TO 155 WHEN END OF STREAMLINE REACHED
TSTORSSLINAC(L,KT)+DTSTOR

TIME VALUE FOR NEXT NODE TO BE STORED IN SLINA
KTeKTe¢l 8 DTS=DT#*0,2

AFTER FIRST NODE CONTINUE WITH DTS.6T.0.

IF(KTLV.NMAXAYGOTO 115

THIS 1S PROGRAMMING ERROR. WITH GIVEN DT END TIME CANNOT
BE REACHED IN NMAXA STEPS. CORRECT 8Y INCREASING DT
DTSTOR=DTSTOR®2.
ELIMINATE HALF OF STORED RESULTS
KC=2 $ KB=3
102 00 104 KD=1,6 $ DO 103 KE=1y6
103 VSLINA(KDsKEsKC) =VSLINA(KDs KE»KB)
104 SLINA(KDsKC)=SLINA(KD,KB)
KC=KCe¢1l $ KBsKBe2
IFIKB.LE.NMAXAIGOTO 102
KTsKC=1 ¢ TSTOR=SLINA(L1,KT)+DTSTOR
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GOT0 125
115 IF(KT.LE.2)KA=1

(T

125 IF(KALT.NMAX)IGOTO 145

’
[ X2] (2] (al

NOW WORK AREA IS OVERFLOWING. ELIMINATE OLD STUFF

- KC=2 § KB=3

.7 180 131 DO 133 KD=1,6 $ DO 132 KE=1,6

- 132 VSLINE(KEsKDsKC)=VSLINE(KEsKD»KB)

Il 133 SLINE(KDs KC)=SLINE(KDsKB)
KC=KC+1 $ KB=KB+2 ]
IF(KB.LE<NMAX)GOTO 131

185 KA=sKC=1 $ IF(KB.EQ.NMAX+l) GOTO 45

. C PREPARE FOR NEXT INTEGRATION STEP
d 1645 U(1)=sU(2) $ UT(1)=UT(2) $ UTT(1)=UTTI(2) "4
E 00 148 KB=1,NPAR $ XP(1lsKB)=XP(2,KB) $ UP(1,KB)=UP{25KB)
190 148 UTP(1,KB)=UTP(25K8)
GOTO 45

155 NMAXA=KT
- RETURN
; 195 END . -
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1 SUBROUTINE DIMFLO(SCO»SCPsSCT»EXNUsPs»VPSERZINP,

A POIM,VPDIM,TITLE) '
THIS COMPUTES THE VALUES OF PRESSURE FIELD PARAMETERS -
AND OF CORRESPONDING VARIANCES IN SI UNITS.

IT IS CALLED FROM MAIN AFTER PRESSURE FIELD ADJUSTMENT BY FTPFLD

OO0

:j DIMENSION P(10),VP(10510)sPDIM(10), VPDIM(10510), TITLE(3)
= DIMENSION EXNU(3)
DIMENSION SCMAY(10,10)»DIM(10),COR(10510)}

" 10 c

il : EXA=EXNU(1) $ EXB=EXNU(2) $ EXCsSEXNU(3)
‘ DO 15 KA=1,10 $ D0 15 KB=1,10 X

15 SCMAT(KAsKB)=0

17 FORMAT(F4.15A5)
15 TX=SH/S $ ENCODE( 9517sDIMCL)IEXASTX
EXA2=EXA-1. $ ENCODE( 9917,DIM(2)) EXA2,TX !
r— TXs5H/S**2 § ENCODE( 9917sDIM(3)) EXB,TX 1
ol EXB2=EXB-1, $ ENCODE( 9,17,DIM(&4)) EXB2,TX
TX=5H®PA § ENCODE( 9917sDIM(5)) EXC,»TX ]
20 EXC2=EXC-1s $ ENCODE( 9»17,DIM(6)) EXC2,TX

SCMAT(1,1)=SCD**EXA/SCT
SCMAT(2,2)aSCD*®(EXA-1.)/S5CT

' SCMAT(353)=SCO**EXB/SCT#%2

. 25 SCMAT(%54)=SCO**(EXB=1,)/SCT**%2
SCMAT(555)sSCO**EXC*SCP : O

SCMAT(656)=SCO**(EXC-1.)*SCP S

DO 45 KA=1,NP $ PDIM(KA)=0

30 00 35 KB=l,NP $ VPDIM(KAsKB)=0 )

DO 25 KC=1sNP $ DO 25 KDs=1,NP -

VPOIM(KAsKB)=VPD IM{KA,KB)#+SCHATIKAS KC)#VP(KCoKD)*SCHATIKB,KD)
35 PDIM(KA)=PDIM(KA)+SCMAT(KA,KB)*P(KB)

45 CONTINUE _—

35 c S

PRINT 50, (TITLE(J),J=1,3) o

50 FORMAT(1H1, 7//91H 510X 5SHEVENT» 5X5 3A105/91H 510Xs5(1H=)) o

R

PRINT 55 e
Ei 55 FORMATCIH »//7/s1H »10Xs30HDIMENSIONAL VALUES OF PRESSURE, )
40 A 17H FIELD PARAMETERS /) 3

PRINT 65 :

- 65 FORMAT(1HO»10Xy LOHPARAMNETERS» 5Xs8HSTANDARDy 7Xs BHSTANDARD,

S AS5Xs9HDIMENSIONs /5 1H » 26Xy 6HERRORS 9 7X» 10HERRORS*ERZs /)
DO 85 KA=1,NP S
) 45 PER=SQRT(VPDIM(KA;KA) ) $ PERZ=PER*ERZ * 1

@ PRINT 75, PDIM(KA)»PER,PERZ,DIM(KA)
75 FORMAT(IH »9Xs1PE12.553%Xs1PELO354XsLPELO.355Xs3HNEE,A9)
85 CONTINUE

PRINT 87, EXApEXBsEXC e
50 87 FORMAT (1H 9//91H ,10Xs29HTHE EXPONENTS IN THE PRESSURE, T

A 18H FIELD FORMULA AREs//slH 510X, 4HNA =50PF5.25/» _.
° B 1H »10Xs4HNB =9 0PF5.29/51H 510Xy &HNC =,0PF5,2) -
- C NEXT COMPUTE AND PRINT CORRELATION MATRIX ]
- 55 00 88 KAs1,NP $ DO 88 KB=1, NP i
o 88 COR(KA»KB)=VP(KAsKB)/SQRT(VP(KAsKA) #VP(KBsKB)) R
o PRINT 89 4
s 159 :-j
®
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89 FORMAT(1H o//,1H »10Xs26HCORRELATION MATRIX OF THE » _
ALOHP ARAMETERS,/7) L
60 DO 91 KA=1,NP iy
PRINT 905 (COR(KAsJ)sJu1sNP) .

4 90 FORMAT(1H ,8Xs6(2X,0PF11.8)) )
: 91 CONTINUE |

- 65 PRINT 955 EXCs EXA»EXBs EXC
S 95 FORMAT(1HO,///s1H 510X, 34HTHE OVERPRESSURE MODEL IS GIVEN BYs//,
o AlH 5 20X921HP = (PSHOCK(R)-P5/R*$,Fé,1,1H),
N B 25H * EXP( TAU®(PLeP2¥R)/R*¥,F4,1,3H ¢
II C 20HTAUSS2¥ (PIePL*R)/R**,Fh. 19 2H )99H ¢ PS/RE$,F4.1,1Hs 7/,
70 D 1H 520X, SHWHERE»5Xs17THTAU = T-TSHOCK(R)»?//)

PRINT 105
105 FORMAT(1H 5//51H 510Xy 2THVARIANCE-COVARIANCE MATRIX »
. A33IH(NOT INCLUDING THE FACTOR ERZI®*#2),//)
75 D0 125 KA=1,NP
[;i PRINT 1155 (VPDIM(KAsJ)pd=l,yNP)
. 115 FORMATC(1H »10Xs6(3Xs1PEL1245))

125 CONTINUE

- PRINT 127
; ) 127 FORMAT(1H »7//)
: RETURN $ END 5
. R
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SUBROUTINE PLYFLD(TITVTLES>TARD,PIND,)PARsVPARSERZyNPyNRPROF)
THIS ROUTINE PLOTS INOIVIDUAL OVERPRESSURE HISTORY OBSERVATIONS
AND CORRESPONDING PRESSURE FIELD FUNCTION
IT IS CALLED FROM FTPFLD AFTER ADJUSTMENT

TITLE(3) = NAME OF THE EVENT

TARD(50) = SHOCK ARRIVAL TIMES AT THE HISTORY LOCATIONS (S)
PIND(50) = INITIAL SHOCK OVERPRESSURE AT HISTORY LOCATIONS (PA)
PAR(10) = PRESSURE FIELD PARAMETERS

VPAR(105,10) = VARIANCE-COVARIANCE MATRIX OF PAR

ERZ = STANOARD ERROR WITH WEIGHT ONE

NP = NUMBER OF FIELD PARAMETERS PAR

NRPROF = NUMBER OF HISTORIES

THE ROUTINE USES PFIELD TO COMPUTE THE FITTED PRESSURE
DIMENSION TITLE(3)sTARD(50),PIND(50)sPAR(10),VPAR(10,10)

COMMON/COMPR/TP(2,5000),ERTP(2,500005ALB(255000),NSET(50),
A DIST(50), ERDIST(50)
LEVEL 2sTP,ERTP» ALBSNSETsDIST, ERDIST

/COMPR/ CONTAINS INPUT TIMES AND OVERPRESSURES>

NSET GIVES THE NUMBER OF SETS IN EACH HISTORY,s

DIST CONTAINS HISTORY DISTANCES

COMMON/SCRCH2/X(395000)5R(35355000)»LSTX(5000),XC(355000)
A C(3,5000),W0RK(14307)5LSTN(5000)
LEVEL 2sXs RoLSTXsXCsCsWORKSLSTN

FROM/SCRCH2/0NLY XC IS NEEDED TO PLOT

THE CORRECTED OVERPRESSURES AND TIMES

COMMON/TPINDX/ITYC,IPC
COMMON/CSCALE/SCDI»SCPRySCTIX
/TPINDX/ AND /CSCALE/ ARE USED BY PFIELD

COMMON/CPARG/XF(3s1)sFX(3),FP(10)sFXX(353)sFXP(35s10)sFPP(10510)
LEVEL 2sXFsFXsFPyFXXs FXP,FPP
THESE ARE ARGUMENTS OF PFIELD

COMMON/PLOT/ERF>D(5)sPLABL(G)
/PLOT/ CONVAINS CONFIDENCE FACTOR ERF AND PLOTLABEL

DIMENSION XP(201)sYP{201)sRE(252)sTEXT(10)sEP(201)
‘F(ERF.LE.O.,ERF.ZQO

CALL PLTBEG(22.05284550.3937513,PLABL)
PLOTTVING SCALES ARE IN CENTIMETRES

KCS=0
15 DO 155 KH=1,NRPROF
KSET=NSET(KH) $ IF(KSET.LE.O0)GOTO 155

NEXT FIND EXTREMA FOR A HISTORY AND FIX SCALES
KINT=KCS+1
XP(L)=TP(1,KINT) $ XP(2)=XP(1)
XP{1)=AMINL(XP(1}, TARD(KH})
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65

70

75

80

85

90

95

100

105

o 110

YP(1L)=TP(25KINT) $& YP(2)=AMAXL(YP(1)sPINDIKH))
DO 25 KA=1,KSET

KC=KCS+KA

XP(1)=AMINLI(XP(L)s TP(LsKCI=ERTP(1,KC)*ERF)
XP(2)sAMAX1(XP(2)» TP(1sKCI+ERTP(1,KC)*ERF)
YP(1)=AMINLCYP(L)sTP(2,KCI-ERTP(25KC)*ERF)
YP(2)sAMAXLA(YP(2)sTP(2,KC)+ERTP(2,KC)*ERF)

25 CONTINUE

C NEXT FIX SCALES

31l

32

33

34

35

36

37

XSIZE=12.0 $& YSIZE=10.0
AUGX=AMAX1(XP(2)=XP(1)s0.001)%0,05
XP(3)=XP(1)-AUGX

XP(4)=XP(2)+AUGX

CALL FIXSCA(XPs4sXSIZE»XSsXMINsXMAXDX)
AUGY=AMAX1(YP(2)~-YP(1l)y1l.E3)*%0.05
YP(3)=YP(1)-AUGY

YP(&)sYP(2)+AUGY

CALL FIXSCA(YPs4sYSIZEsYSsYMINsYMAXsDY)

CALL PLTSCA(6.0510.0s XMINyYNINsXS»YS)
CALL PLTAXS(OXsDY»XMINs XMAXs YMINs YMAX54)
CALL LABAX(DX92.0%DYs XMINs XMAXs YMIN, YMAX)

NEXT PLOT HEADLINE ETC.

HT=20.25

ENCODE( 80531, TEXT)
FORMAT(SQHTIME (S)>)
XT=(XMIN¢XMAX)*0.5-4. OFHT*XS
YT=YMIN-YS*1l.4

CALL PLTSYM(HT,TEXT90.,0,XT,YT)
ENCODE( 80,32, TEXT)
FORMAT(18HOVERPRESSURE (PA)>)
XTaXMIN-XS*1.8
YT=(YMIN+YMAX)*#0.5-84 5¢HT*YS
CALL PLTSYM(HT,TEXT990.05XT»YT)
ENCODE(809 33, TEXT)I(TITLE(J)»d=1s3)
FORMAT(3A1051H>)
XT=(XMIN*XMAX)}*0.5-15.0¢HT*XS
YTsYMAX¢YS*2,3

CALL PLTSYM(HT,TEXT50.05,XT,YT)
YT=YMAX®YS*1,.5
ENCODE(80s 34, TEXTIALB(1,KINT)
FORMAT(ALOs 1H>)

CALL PLTSYM(HT,TEXT50.09XT»YT)
ENCODE( 80535, TEXT)
FORMAT(26HFITTED OVERPRESSURE FIELD>)
XTa{ XMIN¢XMAX)*0,5-12.5*HT#XS
YT=YMIN-YS5%2,5

CALL PLTSYM(HTSTEXT»0.0sXT,YT)
ENCODE (80536, TEXT)

FORMAT(37THCONFIDENCE LIMITS AND ERROR ELLIPSES>)

XT=XMIN

YTaYNIN=-YS*4.0

CALL PLTSYM(HTSTEXT50.09XT»YT)
ENCODE( 80537, TEXT)ERF

FORMAT(14HCORRESPOND TOD »OPF5.2517H STANDARD ERRORS?)
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YTaYT=2.,0%HT*YS
CALL PLTSYM(HTSTEXT50.,09XT,YT)
ENCODE (80538, TEXT)ERZ
38 FORMAT(16HTHE FACTOR ERZ =,1PEG.2517H IS NOT INCLUDED>)
YTaYT-4,0%HT#YS
CALL PLTSYM(HTSsTEXT30,0,XT,YT)
ENCODE( 80539, TEXT)
39 FORMAT(23HIN THE ERROR ESTIMATES>)
YT2YT-2.0%HT*YS
CALL PLTSYM(HT,TEXT90.0,XT,YT)

CALL PLTWND(XMINyXMAXy YMINs YMAX)

NEXT PLOT ALL OBSERVATIONS WITH ERROR ELLIPSES
DO 45 KA=1,KSET
KC=KCS+KA
TC=TP(1,KC) $ PC=TP(2,KC)

CALL PLTDTS(3,1,TC,sPC»1,0)

THIS PLOTTED DATA POINT
XP(1)sTP(1lsKC) $ XP(2)sXCUITCoKC)ESCTI
YP(1)=TP(2,KC) $ YP(2)sXC(IPCsKC)*SCPR
CALL PLTDYTS(15s09XPsYPs250)

THIS PLOTTED CONNECTION TO CORRECTED DATUM
RE(1,1)=ERTP(1,KC)**2
RE(292)=ERTP(2,KC)%k%2
RE(192)=0. $ RE(251)=0,

CALL ERELCM(TCyPCyRESERFoXPsYP)

THIS COMPUTED THE ERROR ELLIPSE
CALL PLTDTS(1505,XPsYP,201,5,0)

THIS PLOTTED THE ERROR ELLIPSE

45 CONTINUE

XP(L)=aXMIN & XP(2)=TARD(KH) $ XP(3)=XP({2)
YP(1)=0.,0 $ YP(2)=0.,0 $ YP(3)=sPIND(KH)
CALL PLTDTS(15,0,XPyY¥P,»3,0)
THIS PLOTTED PRESSURE AHEAD OF SHOCK AND INITIAL PRESSURE

NEXT COMPUTE FITTED CURVE
D0 75 KA=1,201
XP(KA)=TARD(KH)+ (XMAX=TARD(KH) }*FLOAT(KA-1)7200.
XF(ITC,y1)=XP{(KA)/SCTI
XE(LPC,1)=0.
XF(351)=DIST(KH)/SCDI
PFIELD PARAMETERS ARE SET FOR SCALED CALCULATIONS,
THEREFORE INPUT MUST BE SCALED, TOO
CALL PFIELODU(XFy1sPARsFsFXsFPoFXXsFXPsFPP,NBAD)
IF(NBAD.EQ.O)GOTO 63 $ F=0.
DO 61 KB=1,NP
61 FP(KB)=0.

63 YP(KA)=F*SCPR

YP IS OVERPRESSURE IN PASCALS
EPIKA)=D
DO 65 KPA=]1,NP §$ DO 65 KPB=1, NP

65 EP(KA)=EP(KA)+FP(KPA) *VPAR(KPASKPB)*FP{KPB)
EP(KA)=SQRT(ABS(EP(KA)))I*SCPR

75 CONTINUE
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180
185
190

CALL PLTIDTS{1,0,XPs¥YP»201,50)
C THIS PLOTTED THE FITTED FIELD

D0 85 KA=1,201
85 YPIKA)I=YP(KA)+EP(KA)*ERF
CALL PLTDTS(1505XPsYP,201,0)
D0 95 KaA=1,201
95 YP(KA)=YP(KA)-2.,¢%EP(KA)*ERF
CALL PLTDTS(150,XP»YP5201,0)
C THIS PLOTTED CONFIDENCE LIMITS

CALL PLTPGE
C PLOTTING COMPLETED., REPEAT FOR NEXT HISTORY
KCSsKCS+KSET

155 CONTINUE
C END OF LOOP 15-155 OVER ALL HISTORIES

RETURN
END

‘L EXCEEDS 131,071 WORDS (LCM=1 REQUIRED)
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SUBROUTINE COLSACA(XsRsALABELSLSTXsNXsNSET» PARSNP,FU-ITv e,
A XCpCoLSTNyNRGDSERZyVSERPSLBADsNXDs NPDy WyNW)
LEAST SQUARES ROUTINE FOR CORRELATED DATA AND SCALAR CONSTRAILINTS

IN THIS ROUTINE COMPUTE ADDRESSES IN THE WORK AREA W(NW) AND THEN

CALL COLSACB WITH CORRESPONDING ARGUMENTS
THE DIMENSION NW OF THE WORK AREA W MUST BE LARGER OR EQUAL T2
NXE(L1+NX) %2 + NXENP*4 + NPE(L+NP)*8 +
+ NXD*(1L+NXD) ¢ NXDENPD + NPD*(1¢NPD) +
+ NRE(LI+NXENXENX) ¢+ MAXO(NX*¥(34NX)sNP*(34NP))
FOR DOUBLE PRECISION CALCULATIONS THE REQUIRED WORK AREA IS
NXE(1¢NX)*4 ¢ NXENP*8 ¢ NP¥(15+18#%NP) +
+ NXD*(1+#NXD) ¢ NXD*NPD + NPD*(14NPD) +
+ NR¥ (1+NX+2ENX¥NX) ¢ MAXOCNX*(34NX)sNP*(3¢NP) )2

THE MEANINGS OF ALL OTHER ARGUMENTS ARE GIVEN IN COLSACB
DIMENSION W(1)
LEVEL 25Xy RoALABELLSTXsXCpCrWsLSTN
EXTERNAL MTRINDByMTRINVS
DATA(I=?2)

I=1 FOR SINGLE PRECISION COMPUTING

I=2 FOR DOUBLE PRECISION COMPUTING
KFP=NXD#1l $ KFXX=KFP+NPD $ KFXP=KFXX+NXD#NXD
KFPP=KFXP+NXD¥NPDS KRINV=KFPP+NPO*NPD

ASSUME THAT CONSTRAINT SUBROUTINE IS CODED FOR

MAXIMUM X-~DIMENSION NXD AND PAR-DIMENSION NPD

THE FOLLOWING ARRAYS ARE USED ONLY WITHIN COLSACBs AND

THEREFORE ONLY ACTUAL DIMENSIONS NX AND NP ARE NEEDED
KRLSKRINVENXENXENSET*I § KA=KRLENX*I $ KGGsKA+NXENX*1
KBaKGG#NX*NX*] & KD=KB+NP#NX*]
KEasKD+NP+NP*I $ KBGsKE+NXENP*] § KHsKBGENPENX*]
KFFeKHeNPENX%] $ KAMsKFFeNP*I $ KANsKAMONPENPE]
KRS=KANSNPENP*] $ KTAUSKRS+NP*]
KEPS=KTAU#NP*] $ KCOR=KEPS+NX*I $ KGGFACT=KCOReNPENP*]
KOUM=KGGFACT4NSET $ KANN=KDUMeNP*I $ KTTAUSKANNENPENP®]
KPLASTaKTTAUSNP*I & KCLAST=sKPLAST#NP
KANGAUS=KCLASTENXENSET § KRSGAUS=KANGAUS+NPENP*]
KANINsKRSGAUSeNP*]
KANLAST=KANIN®NPENPEI § KRSLAST=KANLAST-NPENP*I
KVD=KRSLAST#NP*I §& KWMAT=KVD&NPENP*]
KEND=KWMATHMAXO(NX*(3+NX)sNPE(3eNP) )*]-1
IFIKENDL.LE.NW)IGOTO 25
LBAD=NW
PRINT 15,LBADSKEND,yNW
RETURN

15 FORMAT(1HO0»10Xs3O0HRETURN FROM COLSACA WITH LBAD=,16,
A34H BECAUSE STORAGE REQUIREMENT KEND=,16,
B24H EXCEEDS W-DIMENSION NW=,16)

PRINT 27, KEND

FORMAT{1H1, 10X, 34HENTERING THE LEAST SQUARES ROUTINE,
A 8H COLSACAs/s1H 510X925HTHE PRESENT RUN REQUIRES »
B32HA WORK ARRAY WITH THE DIMENSION ,I5,1Hes/)
IF(I.EQ.2) GOTO 35

CALL COLSACB(XsReALABELSLSTXsNXsNSETsPARyNPsFU, ITYPES
A XCyCrLSTNsNRGDSERZSVSERPSLBADSNXDyNPDy

165
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W(L) s WIKFP)s WIKFXX)os WIKFXP)s W(KFPP)s W(KRINV),
WIKRL)»W(KA)pW(KGG)p W(KB), W{KD)},W(KE), WIKBG)

WIKHY s WIKFF)pW(KAM)» WCKAN} > W(KRS )y WIKTAU),

W(KEPS )y WIKCOR) y WOKGGFACT) s WEKDUM) s WIKANN) s WIKTTAUD s W(KPLAST),
WKCLAST) s WIKANGAUS) s WCKRSGAUS) s WIKANIN) »

W(KANLAST) s W(KRSLAST)»W(KVD) s WIKWMAT), MTRINVB)

RETURN

CONTINUE

OMMOO® >

CALL COLSACB(XsRyALABELSLSTXsNXsNSETyPARINPSFU,ITYPE,

XCs CsLSTNs NRGDERZsV,ERPsLBADsNXDs NPD>»

WEL) o WIKFP )y WIKFXX)s WIKFXP) o W(KFPP),W(KRINV),

WIKRL) s W(KA)»W(KGG)s W(KB)s W(KD)s WIKE)s W(KBG)»

WKH) s WIKFFIsW(KAMD)y WIKAN) y W(KRSD)s W(KTAU)»

W(KEPS), WIKCOR) s W(KGGFACT) s WCKDUM) s W(KANN) sW(KTTAUD)sW(KPLAST)
WIKCLAST ) » WEKANGAUS) s WIKRSGAUS) s W(KANIN),

W(KANLAST) o W{KRSLAST )o W(KVD)s W(KWMAT)s MTRINDB)

RETURN
END

leg
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SUBROUTINE COLSACB(XyRyALABEL»LSTXsNXsNRsPARSNPFULIC»
A XCsCsLSTNyNRGDy ERZ9VoERPLBADyNXDs NPD»
B FXsFPsFXXo FXPsFPPy
C RINVsRLyA»GG»BsDsEsBGsHyFFsAM» AN»RS» TAU>
D EPS»CORyGGFACTsDUM,ANNs TTAUSPLASTSCLASTyANGAUS»RSGAUS,
F ANINs ANLASToRSLASTSVDsWMAT, MTRINDB)
LEAST SQUARES ROUTINE FOR CORRELATED DATA AND SCALAR CONSTRAINTS
DOUBLE PRECISION RLs»GsAK»AsDGGsGGsRINV, DB, B+DE2»E»DyBGyHsFF»
A RSGAUS9RS» ANy ANGAUS» HRHy AMs WP TTAU,TAUs ANLAST,RSLAST, WPLAST,
8 ANNy ANIN, DUMVDsWCsCORp Wy DET, WLAST,BGE

X{NXDsNR )

RONXDsNXDsNR)
ALABEL(2,NR)

LSTXINR)
NX
NR
PAR(NPD)
NP
FU
IC

XC (NXDs NR)
CUNXDsNR)
LSTN(NR)
VINPDsNPO)
ERPINPD}
NXD

NPD

LBAD

THE REMAINING

NR SETS WITH NX.LE.NXD OBSERVA4IONS EACH
VARIANCE-COVARIANCE MATRICES OF OBSERVATIONS X
ALPHANUMERIC LABELS OF OBSERVATION SETS

ONLY SETS WITH ZERO LSTX WILL BE USED

NUMBER OF OBSERVATIONS IN EACH SET. {(NXLEJNXD}
NUMBER OF X-SETS, INCLUDING SETS WITH LSTX.NE.O
PARAMETERS., WILL BE REPLACED BY L.S5Q. SOLUTION
NUMBER OF PARAMETERS. (O0.LENPLLELNPD)

NAME OF CONSTRAINT SUBROUTINE

= [TERATION TYPE IN BINARY CODE

0 - NORMAL. SET C=0 AT START, BEGIN WITH PARAMETER
ITERATIONs USE NEWTON-RAPHSON FORMULAS.

1 - DO NOT SET C=0 AT START

2 - START ITERATION WITH RESIDUAL UPDATING

4 - START ITERATION USING GAUSS—NEWTON FORMULAS

CORRECTED (ADJUSTED) OBSERVATIONS = x+C

RESIDUALS (CORRECTIONS OF X)

LSTNeNE.O IF THE SET WAS NOT USED FOR ADJUSTMENT

VARIANCE-COVARIANCE MATRIX OF THE PARAMETERS

STANDARD ERRORS OF THE PARAMETERS

FIRST DIMENSION OF Xy XC AND C» AND FIRST TWO

OIMENSIONS OF R DECLARED BY DIMENSION STATEMENT

DIMENSIONS OF PARs, V AND ERP AS DECLARED BY

DIMENSION STATEMENTS

LBAD.NE.O IF ADJUSTMENT CANNOT BE DONE PROPERLY

ARGUMENTS FX THROUGH WMAT ARE STORAGE ALLOCATIONS

SPECIFIED BY THE SUBROUTINE COLSACA. A FORMULA FOR THE
REQUIRED STORAGE AREA FOR THESE ALLOCATIONS IS GIVEN IN COLSACA

MTRINDB

NAME OF SUBROUTINE FOR MATRIX INVERSION,
ALSO SPECIFIED BY THE SUBROUTINE COLSACA

DIMENSION X(NXDs1)yRUNXDsNXDsl)sA ABEL{2,1),LSTX(1),
APAR(NPD)I» XCUNXDs1)sCONXDs L) s VINPDsNPDI>ERPINPDI»LSTN(L))

Mmoo

FXUNXD)s FPINPD) s FXXUNXDsNXD}, FXPINXD,NPD),FPP(NPD,NPD),
RINVINXsNKsL)oRLUINX) s AUNXs NX) s GGINXsNXDI9sB(NPsNXIsD(NPyNP),y
E(NXsNP)s BGINPSNXIsHINPsNX) 9 FFINP) JAMINPyNP)» ANINPsNP)»RS(NP)
TAUCNP)SEPSUNX) s CORUNPyNP)»GGFACT(L)sDUMINX) s ANN(NP,NP),
TTAUINP)» PLASTINP)»CLAST(NXs 1), ANGAUSINP,NP),»RSGAUS(NP),
ANINUNPSNP Do ANLAST(NPSNPISRSLASTINP) s VO(NP,NP)

LEVEL 2sFXsFPoFXXsFXPsFPPsRINVIRLsA»GGr»BsyDsEyBGosHyFFoyAMyANs RSy TAU
1 EPS»CORsGGFACTsDUMy ANNs TTAUS PLASTSCLASToANGAUS» RSGAUS ANINs ANLAST
29 RSLAST,VDy WMAT
LEVEL 2sXsReALABELSLSTXsXCsCsLSTN

NXMX=NXD$

P PR L L R T
P TSR R SV SASE T SO TSV S gt SR TP S S . SO S St S0 SO Sty
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MAXIMUM DIMENSIONS AS DECLARED BY THE CALLING PROGRAM ]
DATA(SUBNAM=9H COLSACB ) -

NAME OF THE SUBROUTINE FOR ERROR MESSAGES AND OUTPUT - -
DATACITMAX=25)s (ERMAX =2,)

ITMAX IS THE MAXIMUM NUMBER OF ITERATIONS g}}
ERMAX IS FACTOR IN LOOP 1056 TO CHECK FOR LARGE RESIOUALS -
PRINT 11,SUBNAM
FORMAT (1HO05 10Xs 37THENTERING THE LEAST SQUARES SUBROUTINE,
A A9y 42HFOR CORRELATED DATA AND SCALAR CONSTRAINTS,/ R
A 1H »10Xs19HROUTINE USES DOUBLES -9
B43H PRECISION ARITHMETIC FOR MOST CALCULATIONS,/7) -
IFINXeGE«1 e ANDoNXoLEJNXMX) GOTO 45
LBAD=1 $ PRINT 15,SUBNAM
15 FORMAT(15HO RETURN FROM»A9530H1S5 BECAUSE NX IS OUTSIDE RANGE)
25 FORMAT(3X»3HNX=»IB8530H IS THE NUMBER OF OBSERVATIONS
1 9H IN A SETs/s3X»3HNR=918522H IS THE NUMBER OF SETSs/»
2 3Xs 3HNP=,18,28H IS THE NUMBER OF PARAMETERS) -
30 PRINT 25,NXsNRs NP
PRINT 35,LBAD
RETURN
35 FORMAT(3Xy» 5HLBAD=516)
45 IF(NR.GE.1)GOTO 65
LBAD=2 $ PRINT 55,SUBNAM $ GOTO 30 o
55 FORMAT(15HO RETURN FROM»A9»30H45 BECAUSE NR IS OUTSIDE RANGE) o
IF(NP<GE«O«ANDe NP LEsNPMXsANDeNP.LE.NR} GOTO 85
LBAD=3 $ PRINYT 75,SUBNAM $ GOTO 30
75 FORMAT(15HO RETURN FROM»A9530H65 BECAUSE NP IS OUTSIDE RANGE)
85 LBAD=0 $ NRGD=0
IF(ICLT.0.0RIC.GT.7)IC=0
IC IS MEANINGFULL ONLY BETWEEN ZERO AND 7 T
GAUS=0. $ IF(IC.GE.4)GAUS=1l. $ MODI=O e
GAUS=1l. INDICATES THAT GAUSSIAN ITERAVION WILL BE USED

DO 135 KA=1,NR FSNE
LSTN(KA)=1 =

IFILSTX(KA) .NE.O)GOTD 135 R

00 95 KB=1,NX $ D0 95 KC=1,NX R

95 A(KBsKC)=R(KBsKCsKA) -
-4

CALL MTRINDBC(AsNXsDUMsNX»Os DET s WMAT) e
INVERT MATRIX Rt

IF(DET.GT.0.)60TO 105 S
ONLY DATA WITH POSITIVE DEFINITE R WILL BE ACCEPTED e
PRINT 1005KAs ALABEL(1sKA)sALABEL(25KA)
GOTO 135
100 FORMAT(3Xy 47THVARIANCE MATRIX R NOT POSITIVE DEFINITE FOR SET» K
A I5,21H WITH LABELS ALABELs »2A10) B
105 DO 115 KB=1oNX $ DO 115 KC=1,NX 4
115 RINV(KBKCsKAISA(KBSKC) R
RINV IS THE INVERSE TO R AND IS NEEOED TO COMPUTE W sl
{
-~

LSTN(KA)=0 $ NRGD=NRGD+1

D0 125 KB=1,NX _

IF(CIC/2)#2.EQ.IC) C(KByKA)=O. e
125 XC(KBsKA) =X (KByKA)+C(KByKA) o
135 CONTINUE N,

l68
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115 IF(NRGD.LE.O) GOTO 145
A TF(NP-NRGD)1855,165, 145
. 145 LBAD=145
-‘ PRINT 150,SUBNAM $ PRINT 155,NRGD $ GOTO 30
150 FORMAT(15HO RETURN FROM»A9522H145 BECAUSE NP<GT.NRGD)
120 155 FORMAT(3Xs5HNRGD=5s 16 27H IS THE NUMBER OF GOOD SETS)
165 PRINT 1755 SUBNAM ¢ PRINT 155,NRGD $ PRINT 25sNXsNR,yNP
175 FORMAT(14HO WARNING AT, A9,19H175 BECAUSE NPsNRGD)
185 ITERNR=0 $ IWTEST=0
C COUNTER OF ITERATIONS AND CONVERGENCE INDICATOR FOR W
125 KPCT=0 $ IPTEST=0
C COUNTER OF PARAMETER SUBITERATIONS AND CONVERGENCE INDICATOR
KCCT=0 $ ICTEST=0
C COUNTER OF RESIDUAL SUBITERATIONS AND CONVERGENCE INDICATOR
ERZs1l. $ W= FLOATINRGD-=NP) $ WP=W
130 PRINT 190, SUBNAM,IC
190 FORMAT(1H »10Xy20HITERATION RESULTS BY»A9»10Xs16H(ITERATION TYPE ,
ABHIC=5I351H)s//7/51H »2Xs IHITERATIONs8Xs 1HWs 35Xs» LOHPARAMETERS,/ /)

-

c
C ITERATION STARTS AT 195
135 195 WLAST=W $ WPLAST=WP $ KPCT=0
IFINP.GT.01G0TO 196
PRINT 198, ITERNR, WS GOTO 569
196 DO 197 KA=1,sNP
197 PLAST(KA)=PAR(KA)
140 KP=MINO(NP,5) 3 PRINT 198, ITERNRyWs (PAR(J) s J=1,KP)
IF(KP.EQ.NP)GOTO 200
KPP2KP¢1l $ PRINT 1999 (PAR(J) s J=KPPyNP)
198 FORMAT(&X»I5s1PE19.1255Xs5(2Xs 1PE16.9))
199 FORMAT(33Xs5(2Xs1PE16.9))
145 200 IF(ITERNR.GT.0) GOTO 204
IF(IC-4.GE.2) GOTO 575 $ IF(IC.EQ.2.0R.IC.EQ.3) GOTO 575
C STARY WITH RESIDUAL ITERATION AT 575 IF ICs=2

204 MARQ=0
C MARQ INDICATES NUMBER OF MARQUARDOT CORRECTIONS. SEE 435.
150 205 NRGDP=0 $ WP=0

208 DO 217 KA=1,NP$ RS(KA)=20.3 RSGAUS(KA) =0,
D0 217 KB=1,NP
AM(KAyKB) =0% AN(KAsKB)=0.% ANGAUS(KA,KB)=0.
217 CONTINUE
155 c
225 D0 405 KA=1,4NR

C THIS LOOP ESTABLISHES EQUATIONS FOR PARAMETER CORRECTIONS
IF(LSTN(KA) .EQ.1)GOTO 405
¢
160 CALL FU(XCoKASPARsSFsFXsFPyFXXs FXPsFPPsNBAD)
C THIS IS THE CONSTRAINT SUBROUTINE. ITS ARGUMENTS ARE
C XC(NXDyNR) = OBSERVATIONS
C KA = NUMBER OF SET WHICH WILL BE USED FOR CALCULATIONS
C PARINPD) = PARAMETER VECTOR
165 c
C THE FOLLOWING WILL BE CALCULATED BY FU
o s CONSTRAINT FUNCTIONAL
C FX(NXD) AND FP(NXP) = FIRST ORDER DERIVATIVES OF F
C FXX(NXDsNXD)s FXP(NXDsNPD)y FPP(NPDyNPD) = SECOND ORDER DERIVATIVES
170 C NBAD = NBAD.NE.O IF F CANNOT BE COMPUTED FOR GIVEN XC AND PAR
C
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At Ak

235 1FINBAD.EQ.0)GOTD 245
LSTN(KA)=235000+IABS(NBAD) $ GOTO 405 .
245 DO 255 KB=1,NX =
175 RL(KB)=0 $ DO 255 KC=1,NX
255 RL(KB)=RL(KB)#R(KB,KC yKA)*¥FX(KC)
G=0 $ DO 265 KB=1,NX T
265 G=G+FX(KB)*RL(KB) -
275 IF(G.GT.1.E~100)GOTO 285 e
180 LSTN(KA)=275 T
PRINT 277,KPCT $§ PRINT 278,KAsALABEL(1,KA)»ALABEL(25KA) -
GOTO 405
277 FORMATU(3X»29HWEIGHT G NOT POSITIVE AT 275.,9H KPCT=,14) j
278 FORMAT(5X» 3HKA=5 1553Xs THALABEL =» 2A10) -
185 285 6=1./6 .
AK==F o
DO 305 KB=1,NX $ DO 295 KC=1,NX
A(KBsKCI=FX(KB)*RL(KC ) *G -
IF(KBEQ.KCIA(KBSKC)I=A(KB,KC)-1,
190 295 CONT INUE o
305 AK=AK+FX(KBI*C(KBsKA) ]
AK=AK*G
GGFACTIKA) =1,
311 DO 325 KBal,NX $ DO 325 KC=1,NX e
195 DGG=0 Y
DO 315 KD=1,NX § DO 315 KE=1,NX
315 DGG=DGG+GGFACT(KA)*AK*R(KBsKDs KA)$A (KD KE)*FXX(KE,KC) © ]
IF(KB.EQ.KC)IDGG=DGG+1 e
325 GGI(KB,KC)=DGG e
200 CALL MTRINDB(GGsNXs DUMsNXs0sDEToWMAT)
IF(DET.GT«1.E-100)GOTO 335
GGFACT(KA) =GGFACT(KA)I*0e5 $ IF(GGFACT(KA)oLToe1.E=3)GGFACT(KA)SO.
C FXX IN FORMULA FOR GG IS REDUCED FOR NUMERICAL STABILITY
1
6070 311 .
205 335 DO 345 KB=1,NX -
DB=0 $ DO 337 KC=1,sNX
337 0B=DB+RLIKCI*FXX(KCsKB)
DO 345 KC=1,NP
BIKCsKB)=AK*{FXP(KB,yKC)—G*FP(KC)+DB)
210 DE=0 $ DO 339 KD=1,NX $ DO 339 KE=1,NX
339 DEsDE+R(KBsKDsKA)*A(KD,KE)*FXP (KE,KC)
E(KBsKC)=G#RLIKB)I®FP(KC)+AK*DE o
- 345 CONTINUE'® el
E{" DO 355 KB=1,NP e

'

-—vena

’
SO e T

;' « Y N

PP LR ST ML DS

- 215 DB=0 $ DO 347 KD=1,NX S
{ 347 DB=DB*RLIKDI*FXP(KDsKB) -
le D0 355 KC=1,NP
s 355 D(KCsKB)=sG#FP(KB)®FP(KC)=AK*(FPP(KByKC)~G*FP(KC)*DB) T
- DO 365 KB=1,NP $ DO 365 KC=1,NX R
- 220 BGIKB,KC)=0 $ DO 357 KD=1,NX .

B 357 BGI(KBsKC) =BG(KB,KCI+B(KBsKD)I*GG(KDyKC) P
= 365 CONTINUE .

DO 385 KB=1,NP o

00 375 KC=1,NX . !

225 DE=0 $ DO 367 KD=1,NX :
s 367 DE=DE+BG(KByKD)*A(KCyKD)

- 375 H(KBsKC)=G*FP(KB)*FX(KC)+DE s

o DE=0.$ 0O 377 KD=1,NX s
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377 DE=DE+BG(KBsKD)* ( AK#RL(KD)I-C(KDyKA))
384 FF(KB)=AK*FP(KB)+DE
385 CONTINUE
THIS COMPLETES CALCULATIONS FOR SET KA. NOW ADD UP MATRICES
D0 395 KB=1,NP
RSGAUS(KB)=RSGAUS(KB) +AK*FP (KB}
RS(KB)=RS({KB)+FF(KB)
THESE ARE RIGHT HAND SIDES FOR TAU EQS.
DO 395 KC:1sNP
BGE=0.% DO 389 KD=1,NX
389 BGE=BGE+BG(KBsKD)*E(KD,KC)
390 AN(KBsKC)=AN(KB,KC)*D(KB»KC)+BGE
THIS IS MATRIX OF EQS. FOR TAU
ANGAUS(KBs KC)sANGAUS(KBsKC) +G*FP(KB)*FP (KC)
HRH=0 §& DO 391 KD=1»NX $ DO 391 KEs=1l,NX
391 HRH=HRH+H(KBy KD ) *¥R(KD sKEs KA)*H(KCHKE]}
AMIKByKC)2AM(KByKC)#HRH
THIS IS THE INFLUENCE MATRIX OF SET KA
395 CONTINUE
WP=WP+AK*#2/G
NRGDP=NRGDP+1
COUNT GOOD SETS IN COMPUTATION LOOP FOR PARAMETERS
405 CONTINUE
END OF LOOP 225-405 OVER ALL SETS OF OBSERVATIONS

415 IF(NP.LE.NRGDP.AND.NRGDP.GT.0) GOTO 425
LBAD=415 $ PRINT 417, SUBNAM
PRINT 419,NRGDP $ PRINT 25,NXsNRyNP $ PRINT 35,LBAD $ GOTO 1057
417 FORMAT(15H0 RETURN FROM» A9, 23H415 BECAUSE NP.GT.NRGDP)
419 FORMAT(3X, 6HNRGDP=, [5,26H IS THE NUMBER OF SETS FOR,
A52H WHICH CALCULATIONS CAN BE PERFORMED IN LOOP 225-405)
425 IF(KPCT.EQ.0)GOTO 485
AFTER FIRST PARAMETER ITERATION CHECK IF WP DECREASES
IF(WNP.LT.WPLAST#1,10)GOTO 475
IF(MARQ.GT.10) GOTO 475
APPLY MARQUARDT IF WP HAS INCREASED T0OO MUCH
435 MARQ=MARQ+1 $ ALAM=10.*¥%#(MARQ~4)
D0 445 KA=1,NP $ TTAU(KA)=RSLAST(KA)
D0 445 KBs1yNP $ AN(KA,KB)=ANLAST(KA»KB)
IF(KACEQeKBIANIKASKB) sAN(KASKBI#(ALAM®1.)
445 CONTINUE

CALL MTRINDB(ANs NPy TTAUsNP,1,DETy WMAT)
INVERT MATRIX AND SOLVE LINEAR EQUATIONS

IF(DET.NE.O.)GOTO 455
GOTO 435
455 DO 465 KA=1,NP
PARIKA)=P AR(KA)-TAULKA)¢TTAU(KA)
465 TAUIKA)=TTAU(KA)
G0TO 205
NOW REPEAT AT 205 LAST ITERATION WITH ODIFFERENT PAR

475 IF(MARQ.EQ.0)GOTD 485
PRINT 477, MARQyKPCTs WP

477 FORMAT(2X5 29HMARQUARDT CORRECTION APPLIED »I4»
ALS5H TIMES AT KPCT=y1455Xs 3HWP=,1PEL9.12)
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485 WPLAST=WP$ INOTAU=O
IF(GAUS.NE«0.)GOTO 491
487 DO 489 KAslsNP$S TAU(KA)ISRS(KA)S RSLAST(KA)I=RS(KA)
DO 489 KB=1yNP $ ANLAST(KAsKB)=AN(KAsKB)
489 ANN(KA;KB)=AN(KA,KB)
GOTD 495
491 D0 493 KA=1,NP$S TAU(KA)=RSGAUS (KA)S RSLASTI(KA)=RSGAUS(KA)
DO 493 KB=1,NP $ ANLAST(KA,KB)=ANGAUS(KA,KB)
493 ANNUK A, KB)=ANGAUS (KA» KB)
495 CALL MTRINDB(ANNsNP» TAUsNP»15DET, WMAT)
IF(DET.NE.O0.)GOTO 511
IF(INDTAU.EQ.0)GOTO 509
LBAD=495 $ PRINT 497, SUBNAM,LBAD
497 FORMAT(15H0 RETURN FROM»A9514H495 WITH LBAD=y 14,
A52H BECAUSE MATRIX ANN OF EQUATIONS FOR TAU IS SINGULAR)
PRINT 498
498 FORMAT(31HO THE SINGULAR GAUSS MATRIX ISs/)
D0 499 KA=1,NP
PRINT 500, (ANGAUS(KAyJ)sJ=1yNP)
499 CONT INUE
500 FORMAT(LH »10(1Xs1lPEL2.5}))
PRINT 501
501 FORMAT(32HO THE SINGULAR NEWTON MATRIX IS,/)
00 502 KA=1,NP
PRINT 5005 (AN(KASJ)sJ=1,NP)
502 CONT INUE
' RETURN
509 INDTAU=1$ IF(GAUS.NE.0.)GOTO 487
GOTD 491
511 INOVAR=0
IF(INDTAUL.EQ.0.AND.GAUS.EQ. 0. )GOTD 515
IFCINDTAUCNELO.AND.GAUS.NE.0.)GOTD 515
C BRANCH TO 515 IF ANN CONTAINS THE INVERSE OF NEWTON MATRIX AN
IF(GAUS.EQ.0+«AND.INDTAU.NE.O) GOTO 514
C BRANCH TO 514 IF NEWTON MATRIX AN WAS SINGULAR
DO 512 KA=1,NP 8 DO 512 KBs1l,NP
512 ANIN(KA,KB)=AN(KA,KB)
CALL MTRINDB(ANINSNPy DUMsNPsOs DETSWMAT)
IF(DET.EQ.0.) GOTO 514
DO 513 KA=1,NP $ D0 513 KB=1,NP
513 ANNCKAs KB) =ANIN(KA, KB )
GaT0 515
514 INOVAR=1
C INDVAR=1 INDICATES THAT GAUSS MATRIX USED FOR VARIANCES
515 DO 525 KA=1,NP
PAR(KA)=PAR(KA)+TAU(KA)
DO 525 KB=1,NP
VD(KA,KB)=0S DO 517 KC=1,NP $ DO 517 KD=1,NP
517 VD(KA,KB)=sVD(KAsKBI+ANNIKA,)KC)*AM(KC) KD )SANN(KB,»KD)
525 CONTINUE
KPCT=KPCTel
IF(MARQ.NE.O)GOTO 555
C APPLY CONVERGENCE TESTS ONLY IFf MARQUART WAS NOT USED
¢
DE=O., $ DO 535 KA=1,NP $ DO 535 KB=1,NP
535 DE=DE+TAU(KA)*AN(KA,KB)*TAU(KB)
FTEST=10.**(—-MINO(10s ITERNR®2) )#(1.499.¢GAUS)
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SDE=DE $ TIF(ABS(SDE).GT.WP*FTEST) GOTO 555
FTEST=AMAXL(ERZ»0e01) *10.**(-MINO(B,ITERNR+2)}*(1.499,%GAUS)
IPITER=O
DO 545 KA=1,NP
STAUSTAUCKA) $ SVDsVD(KAsKA)
IF(ABS(STAU) LT SQRT(SVDI*FTEST) IPITER=IPITER+]
545 CONTINUE
IF(IPITERLEQ.NP)GOTO 565
555 IF(KPCT.LE.11)GOTO 204
565 PRINT 567,KPCT
567 FORMAT(1H 510Xy SHKPCY =5 [4524H = PARAMETER ITERATIONS)
PTEST=AMAX1(ERZ»0.01)*1.E-B8%(1.499,%GAUS)
DO 568 KA=1,NP
SVD=VO(KA, KA}
IF(ABS(PAR(KA)-PLASTIKA)).GT.SQRT(SVD)#PTEST) IPTEST=0
568 CONTINUE
569 IPTEST=IPTEST+1
C IPTEST COUNTS CONSECUTIVE PASSES OF TESTS FOR PAR
C ENTER 569 FROM 195 IN PROBLEMS WITHOUY PARAMETERS
C
570 IF(IPTESTeGTo2.ANDINTESToGTo2.AND. ICTEST.GT.2)G0T0 785
C THIS IS TEST AND BRANCH FOR REGULAR RETURN
575 IF(ITERNR.GT.ITMAX®NODIIGOTO 775
KCCT=0 s JIEPTE=]
C COUNTER OF RESIDUAL ITERATIONS AND RESIDUAL CONVERGENCE INDICATOR
00 577 KA=1,NR 8 DO 577 KB=1,NX
577 CLASTU(KBy KA)=C(KBsKA)
EPTEST=AMAX1(ERZ50.01)1%10,%*%(—MINO(8, ITERNR42))*(1.¢99,.%GAUS)
C
C RESIDUAL ITERATION STARTS AT 578
578 W=0 $ NRGDC=0
DO 745 KA=1,NR
IF(LSTN(KA).EQ.11GOTO 745
LSTN(KA)=0
CALL FUIXCyKAsPARsFsFXsFPsFXXs FXPsFPP,NBAD)
585 IF(NBAD.EQ.0)GOTO 595
LSTN(KA)=585000¢IABS(NBAD) $ GOTOD 745
595 DO 605 KBs1,NX
RLIKB)=0 & DO 605 KC=1,NX
605 RL(KB)=RLIKB)#R(KByKC »KA)*FX(KC)
G=0 $ DO 615 KB=1,NX
615 GsGeFX(KB)I*RL(KB)
625 IF(G.6T.1.E~100)G0TO 635
LSTN(KA)=625
PRINT 627,KCCT 8 PRINT 2785KAsALABELIL,KA)» ALABEL(2,KA)
GOTO 745
627 FORMAT{3Xs29HWEIGHT G NOT POSITIVE AT 625.»9H KPCT=,14)
635 6=1./6
AKs=F
DO 655 KB=1,NX $ DO 645 KC=1,NX
A(KB,KC)=sFX(KB)*RL(KC)*G
IF(KBEQ.KCIAIKBIKCI=AIKBIKC)-1,
645 CONTINUE
655 AKSAK+FX(KB)*C(KByKA)
AK=AK*G
GGFACT(KA)=]1.
665 D0 685 KB=1y,NX $ DO 685 KC=1,NX
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400 DGG=0. $ IF(GAUS.NE.O.) GOTO 681 ;
DO 675 KD=1sNX $ DO 675 KE=1sNX )
675 DGG=DGG*GGFACTIKA) *AK*R(KByKDs KA)*A(KDy KE)*FXX (KELKC)
681 IF(KB.EQ.KC)IDGG=DGG+1 .
685 GG(KByKC)=DGG o]
405 CALL MTRINDB(GGsNXsDUMsNXs0sDET,WMAT) :
IF(DETGT+1.E~100)160TO 695
GGFACT(KA)=GGFACT(KA)*0.5 $ IF(GGFACT(KA)eLTeleE=3)GGFACT(KA)=0. e
C REDUCE INFLUENCE OF FXX IN GG TO IMPROVE STABILITY Tl

GOTO0 665 T
410 695 DO 715 KB=1,NX
EPS(KB)=0 |
DO 715 KC=1,NX 1
715 EPS(KB)=EPS(KB)+GG{KB,KC) *{ AK*RL(KCI-C(KCsKA)) ]
DO 725 KB=1,NX P
415 IF( ABS(EPS(KB)).GT.EPTEST* SQRT(R(KBsKB>KA)))IEPTE=0 :
C(KByKA)=C(KByKA)+EPS (KB) )
725 XC(KBsKA)=X(KBsKA)+CU{KBsKA)
WC=0 $ DO 735 KB=1sNX $ DO 735 KCalyNX 1
735 WC=C(KBsKA)SRINVIKBsKCosKAI®C(KCoKA) +WC :
420 WsWeWC
NRGDCsNRGDC+1

745 CONTINUE
‘ C END OF LOOP 575-745 FOR UPDATING OF RESIDUALS
; C
425 IF(NP.GT.NRGDC+sOR«NRGDC.LE.O) GOTO 765
: KCCT=KCCT+1
IF(KCCT.GT.11)GOTO 746
IEPTE-IEPTE+l & IF(IEPTE.LE.L)GOTD 578
746 PRINT 747,KCCT
430 747 FORMAT(1H »10XsS5HKCCT=5I4523H = RESIDUAL ITERATIONS)
SWsW $ WTEST=AMAX1(SWsFLOAT(NRGD~NP1*%0,01)*]1.0E-10%(1.+99.%GAUS)
C THIS TAKES CARE OF EXACT DATA FOR WHICH w=0.
SWWL=W-WLAST §& IF( ABS(SWWL).GT.WTEST) IWTEST=0
EPF sAMAXL(ERZ»0.01)#*1.E-8%(1.¢99,.%GAUS)
435 DO 755 KA=1,NR 8 IF(LSTN(KA).NE.O)GOTO 755
DO 754 KB=1,NX
IF( ABS(C(KBsKA)-CLASTI(KBsIKA)) «GT.EPF* SORT(R(KBsKBsKA)IIICTEST=0
754 CONT INUE
755 CONTINUE
€40 IWTEST=IWTEST¢l 8 ICTEST=ICTESTel
ITERNR=ITERNRe¢1
ERZSQ=1.
IF(NP.GT.NRGDCIERZSQ=W/ FLOATI(NRGDC-NP)
ERI=SQRT(ERZSQ)
445 GOT0 195
C OBRANCH TD 195 FOR NEXT ITERATION 1
¢ .

R
A .
ataa'c a's

s
i

A o s s ate s o w

Ll

A

765 LBAD=745 $ PRINT 767, SUBNAM $ PRINT 747,KCCT $ PRINT 7685NRGODC
PRINT 25,NXsNRyNP $ PRINT 35,LBAD 8 GOTO 1057
450 767 FORMAT(15HO RETURN FROMyA9,23HT745 BECAUSE NP.GT<NRGDC)
768 FORMAT(3X,6HNRGDC=pI5,26H IS THE NUMBER OF SETS FOR,
A52H WHICH CALCULATIONS CAN BE PERFORMED IN LOOP 575-745)
775 LBAD=ITMAX
C ENTER 775 FROM 575 IF TOO MANY ITERAVIONS
455 776 PRINT 7775 SUBNAM
777 FORMAT(1H1, 10Xy 34HRESULTS OF ADJUSTMENT BY THE LEAST,
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A19H SQUARES SUBROUTINE»A9,//)
PRINT 779,1TMAX,LBAD
779 FORMAT(43HO WARNING., THIS IS NOT A REGULAR RETURNs/»&H »
A39(1H~)9/»49H COMPUTATION INTERRUPTED BECAUSE THE NUMBER OF,
B27H ITERATIONS EXCEEDED ITMAX=5155 9H LBAD=5 155 1Has/»
C45H YO CONTINUE ITERATION RESTART WITH 00D IC,//)
GOTO 795
C ENTER 785 FROM 570 FOR A REGULAR RETURN
785 IF(GAUS.EQ.0.)GOTO 788
PRINT 786 ¢ MODI=3
IPTEST=0 ¢ IWTEST=0 $ ICTEST=0 $ GAUS=0. $ GDTO 195
786 FORMAT(1HO0s5X935HSWITCH ITERATIONS TO NEWTON-RAPHSON,/)
C BRANCH TD 195 FDR ADDITIONAL NEWTON ITERATIONS AFTER GAUSS ITERATIONS
788 PRINT 777,SUBNAM
795 IF(NRGDC.EQ.NRGD)GOTO 815
PRINT 805
805 FORMAT(41HO WARNING. SOME OBSERVATION SETS CQULD»
A30H NOT BE USED FOR COMPUTATIONS.»/7/)
815 IF(NP.LT.NRGDCIGQTO 835
PRINT 825
825 FORMAT(41HO WARNING. THE NUMBER OF PARAMETERS IS,
A47H EQUAL TO THE NUMBER OF USABLE OBSERVATON SETVS.s//)
835 PRINT 845,NPsNRGOsNRGDP,NXy ITERNR
845 FORMAT(10Xy 20HNUMBER OF PARAMETERS, LOXs 155/
A10Xs 26HNUMBER OF OBSERVATION SETSs4XsI5,/»
B10Xs 19HNUMBER OF SETS USEDs11X,I54/»
C10Xy 21HDIMENSION OF EACH SET»9Xs15,//
D10X, 20HNUMBER OF ITERATIONS»10XsI5577)
PRINT 855,4
855 FORMAT(10X, 34HWEIGHTED SUM OF CORRECTION SQUARES»8X,
A THW =y 1PE16495 /7))
IFINP.LT.NRGDC)GOTO 885
ERI=0., $ VARZI=0.
PRINT 875
875 FORMAT(10X»4OHVARIANCE OF WEIGHT ONE AND CORRESPONDINGs/,
A10Xs 41HSTANDARD ERROR NOT COMPUTABLE BECAUSE THE,
B1OXs 47THNUMBER OF PARAMETERS EQUALS THE NUMBER OF SETS.»//)
GOTa 894
885 VARZ=W/ FLOAT(NRGDC-NP)
ER2=0
IF(VARZGT«O0J)ERZ= SQRT(VARZ}
894 PRINT 895,VARZ,ERZ
895 FORMAT(10Xs22HVARIANCE OF WEIGHT ONE»20Xy THERZ*%22, 1PEL16.9s/
A1OXy 39HSTANDARD ERROR OF A SET WITH WEIGHT ONE»s 3Xy THERZ =y
B1PELH9s/ /)
IF(NP.EQ.0)GOTO 1028

905 PRINT 915
915 FORMAT(IH 513Xy 10HPARAMETERS,8X516HLAST CORRECTIONS,6X>»

ALS5HS TANDARD ERRORS,6X,15HSTANDARD ERRORS»/791H » 77Xy
BIHTIMES ERZ,s//)
00 910 KA=1,NP
SVO=VD(KAy)KA) $& ERP(KA)I=SQRT(SVD)
ERPZ=ERP(KAY*ERZ $ DIFP=PLAST(KA)-PAR(KA)
PRINT 925,PAR(KA)»DIFPERP(KA)SERPZ
910 CONTINUE
925 FORMAT(1IH »5Xs4(5Xs1PEY6.9))
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560

565

570

IFCINDVAR .NE.O) PRINT 928
928 FORMAT(42HO WARNINGs SECOND ORDER DERIVATIVES WERE,
A43H NOT USED FOR VARIANCE CALCULATIONS BECAUSEs/»
BlH »12X»29HTHE NEWTON MATRIX IS SINGULAR)
PRINT 935
935 FORMAT(1IH »7//791H 510Xs24HTHE FACTOR ERZ*#2 IS NOT,
A34H INCLUDED IN THE VARIANCE MATRIX V)
965 00 975 KA=1l,NP$ DO 975 KB=1l,NP
VIKAsKB)=VD(KA)KB) $ SVD=VO(KA,KA)*VDI(KB,KB)
975 COR(KAsKB)=V(KAyKB)/ SQRT{SVD)
995 PRINT 1005
1005 FORMAT(1H »///510X»25HCORRELATION MATRIX OF THE,
AllH PARAMETERS,/ /)
00 1015 KAs1,NP
PRINT 1025, (COR(KAsJ)sJd=1,NP)
1015 CONTINUE
1025 FORMAT(1X»10(2XsF1l1l.8))

1028 KPR=0

00 1045 KA=1,NR

IF(LSTN(KA) .NE.O)GOTO 1045

IF(GGFACT(KA).EQ.1.)G0TO 1045

IF(KPR,EQ.O)PRINT 1035
1035 FORMAT(1H »7/93X,33HFOR THE FOLLOWING SETS THE SECOND,

A55H DERIVATIVES FXX HAVE BEEN REDUCED BY THE SHOMWN FACTORS,

B//3s5X310HSET NUMBER»SXy6HFACTOR»9IX» LOHSET LABELSs/)

KPR=1 .

PRINT 1037,KAsGGFACT(KA)SALABEL(L,KA),ALABEL(2,KA)
1037 FORMAT(8XsI456Xs1PE12.595X52A10)
1045 CONTINUE

IF(ERZ.EQ.0.) GOTO 1057

SQsERMAX®ERZ $ DUMSS=SQe#2
KPR=0 $ DO 1056 KA=1,NR
IF(LSTN(KA).NE.O) GOTO 1056
DUMS=0. $ 0O 1050 KB=1,NX $ DO 1050 KCs=1,NX
1050 DUMS=DUMS +C (KByKA) #RINV(KBsKCs KA)#C(KCrKA)
IF(DUMS.LT.DUNSS) GOTQ 1056
IF(KPRLEQ.O)PRINT 1052,ERMAXs»SQ $ KPR=l
1052 FORMATUIH 5//91H 53X 35HTHE FOLLOWING SETS HAVE CORRECTIONS,
A24H LARGER THAN ERMAX#ERZ =sF4c1s8H % ERZ =s1PE12.55//s1H 54X
BTHSET NRe»10Xs6HLABELS»>11X» 14HSQRT(CHRINVECY, /)
DUMS =SQRT (DUMS)
PRINT 10545KAsALABEL(LsKA), ALABEL(25KA)»DUNS
1054 FORMAT(IH ,5Xs1455Xs2A10, 5X»1PE12.5)
1056 CONTINUE
¢
1057 KPR=0 $ DO 1065 KA=1, NR
IFILSTX(KA)<NE.O) GOTO 1065 $ IF(LSTN(KA).EQ.0) GOTO 1065
IF(KPR.EQ.0) PRINT 1059 $ KPR=l
1059 FORMAT(IH »//51H »32HTHE FOLLOWING SETS HAVE NOT BEEN,
A25H USED IN THE CALCULATIONSs//s1H »3Xs THSET NR.»11X»
B6HLABELSs 12Xs 4HLSTNs /)
PRINT 1062,KAsALABEL(L1sKAD)s ALABEL(25KA)sLSTNCKA)
1062 FORMAT(1H »5XsI455X524105 3X»17)
1065 CONT INUE
RETURN 176
END

PR AU VL PN W A A

-

‘a.a




[ERUE VAR UE S WS

e

ol

10

15

25

30

.t e e e e W Ty T T -

SUBROUTINE MTRINDBUAs NXsRSsNAy KINs DET, W)
DOUBLE PRECISION AsRS,»DET»D1502»W
MATRIX INVERSION ROUTINE
NX = ACTUAL DIMENSION OF A
NA = DIMENSION OF A(NAsNA) AS DECLARED BY OIMENSION STATEMENT
W MUST HAVE THE LENGTH NA*(3+NA) OR MORE
KIN=O - COMPUTE INVERSE. KIN=1 - SOLVE ALSO A*®X=RS,
AT RETURN A IS REPLACED BY ITS INVERSE AND RS IS REPLACED BY THE
SOLUTION X (THE LATTER IFf KIN=1)
USES SUBROUTINES LUDATD AND LUELMD
DIMENSION A(NA»1)»RS(1)sW{(NA,1}
LEVEL 2sAsRSyM
DET=0
IF(NXeLE«OORNXGT.NAIGOTO 55
IF(KINeLT.0s0RKINJGTo1) GOTO 55
DO 15 KA=1,NX $ DO 15 K8=1,NX
15 W(KA»KB)I=A(KAsKB)
CALL LUDATD(U)V!NX!NADDI,DZDU(1’Nl0llou(1,NA02)’NBAD)
IF(NBAD.NE.O) RETURN
DET=D1%2,#%D2
00 35 KA=1,NX
DO 25 KB=1,sNX
25 WIKBsNA+3)=0
W(KAsNA+3) =],
CALL LUELMD(WsW{1sNA®3),W (1, NA+1)sNXsNASA(L,KAY})
35 CONTINUE
IF(KINeEQ.1)CALL LUELMD{WsRSsW{LsNA+1)sNXyNASRS)
RETURN
55 PRINT 65sNXsNAsKIN
RETURN
65 FORMAT(1H 10X, 26HERROR CALLING MTRINDBe NX=y 14,
ATHs NA=,I1457Hy KIN=,14)
END

OO0
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SUBROUTINE LUDATD (AsULsNyIA,D15D2, IPVT,EQUIL, IER}
DOUBLE PRECISION AsULsDLsD2,EQUILsP»QySUMsBIGyRN

FUNCTION
USAGE
PARAMETERS A

uL

IA

01

02

IPVT

EQuIL

1ER

L-U DECOMPOSITION BY THE CROUT ALGORITHM

CALL LUDATOD(AsULsNyIA,D1,D2,IPVTSEQUILsIER)

INPUT MATRIX OF DIMENSION N BY N CONTAINING
THE MATRIX TO BE DECOMPOSED

REAL OUTPUT MATRIX OF DIMENSION N BY N
CONTAINING THE L-U DECOMPOSITION OF A
ROWWISE PERMUTATION OF THE INPUT MATRIX.

INPUT SCALAR CONTAINING YHE ORDER OF THE
MATRIX A.

INPUT SCALAR CONTAINING THE ROW DIMENSION OF
MATRICES A AND LU IN THE CALLING PROGRAM.

QUTPUT SCALAR CONTAINING ONE OF THE TwWO
COMPONENTS OF THE DETERMINANT, SEE
DESCRIPTION OF PARAMETER D2, BELOW.

QUTPUT SCALAR CONTAINING ONE OF THE
TWO COMPONENTS OF THE DETERMINANT. THE
DETERMINANTY MAY BE EVALUATED AS (D1)(2#%D2)

OUTPUT VECTOR OF LENGTH N CONTAINING THE
PERMUTATION INDICES. SEE DOCUMENT
(ALGORITHM).

OUTPUT VECTOR OF LENGTH N CONTAINING
RECIPROCALS OF THE ABSOLUTE VALUES OF
THE LARGEST (IN ABSOLUTE VALUE) ELEMENT
IN EACH ROW.

ERROR PARAMETER

= 0 MEANS NO ERROR

= 129 MEANS THAT MATRIX A IS
ALGORITHMICALLY SINGULAR

L!

OO0 MO

PRECISION - DOUBLE

LANGUAGE =~ FORTRAN

LATEST REVISION = AUGUST 15, 1973
CHANGE TO DOUBLE PRECISION AT BRL = 12 APRIL 1979
DIMENSION ACTA»1)sUL(TIAS 1) IPVT(1)sEQUIL(L)

10

LEVEL 2,A5UL,IPVT,EQUIL

IER = 0
RN = N $ D1=1.0

s

INITIALIZATION
02=0.0

DO 10 I=1sN $ BIG=0.0

DO 5 J=1,N
P = A(IsJ)

UL(IsJ) = P
IF(PelLT+0.0) P==P

IF (P .6T.
CONTINUE
IF (BIG .EQ.

8IG) BIG = P

0.0 ) GO 7O 110

EQUIL(I) = 1.0/BIG

CONTINUE

00 105 J=1,N
JM1 = J-1
IF (JM1 .LT.

DO 35 I=1,JM1

1) 60 TO 40

COMPUTE UlIsd)s (2lseeesd-1
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SUM = UL(I,J)

IMl = I-1 Lt
- 60 25 IF (IM1 .LT. 1) GO TQ 35 Lt -
4 D0 30 K=1,IM1 L
SUM = SUM=UL (IsK)#UL(KsJ) ]
30 CONTINUE Lt RO
UL(I»Jd) = SUNM T
65 35  CONTINUE L _
40 P = 0.0 F
o COMPUTE U(JsJd) AND L(Isd)s I=J#ls,eeasl! 4
] DO 70 I=dsN Lt ]
SUN = UL(Isd)
70 55 IF (JM1 LT 1) GO TO 65 L
DO 60 K=1sJM1 L
SUM = SUM=UL (I,K)I*UL(KsJ)
60 CONTINUE L ~
— UL(IsJd) = SUM 4
ol 75 65 Q=EQUIL(I)*SUM $ IF(QeLT.0.0) Q=—Q
IF (P .GE. Q) GO TQ 70 Lt
P = L
IMAX = I Lt g
70 CONTINUE Lt .
80 c TEST FOR ALGORITHMIC SINGULARITY Li g
IF (RN*P .EQ. RN) GO TO 110 Lt 3
) IF (J .EQ. IMAX) GO TO 80 LI
: ¢ INTERCHANGE ROWS J AND IMAX Ll
D1 = -D1 Lt
85 DO 75 K=1sN Lt

P = UL(IMAX,K)
ULEIMAXSK) = UL(J5K) .
i ULGJsK) = P . A

> 75  CONTINUE Lt
90 EQUIL(IMAX) = EQUIL{J) U ]

80  IPVT(J) = IMAX Lt .
D1 = DI*UL(J,d) -
85  IF(D1#D1.LE.1.0) 60TO 90

DL = D1/16.0 $ D2sD2¢4.0 .
. 95 G0 TO 85 Lt 3
L] 90 1F(D1eGEe0.0625 +0Re. D1.LEe=0.0625) GOTO 95 )
D1 = D1%16.0 $ D2=D2-4.0 4
G0 TO 90 L .
95 CONTINUE Lt ]
100 JP1l = J+1 tt ]
IF (JP1 «GT. N) GO TD 105 Lt
o DIVIDE BY PIVOT ELEMENT U(J,J) Lt
) P o= UL(JpJd)
D0 100 I=JPl,N Lt 1
105 UL(I»J) = UL(I,d0/P
100 CONT INUE Lt
105 CONTINUE Lt
RETURN
c ALGORI THMIC SINGULARITY Lt
) 110 110 IER = 129 Lt )
D1=0.0 $ 0220.0 -]
9005 RETURN Lt X
END L R
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1 SUBROUTINE LUELMD (AyBeIPVT,sNs IAsX)
ODOUBLE PRECISION AyB,yXsSUM
c
k. C FUNCTION - ELIMINATION PART OF SOLUTION OF AxX=8 -
. 5 o FULL STORAGE MQODE
o (o USAGE = CALL LUELMD (AsBoIPVTeNsIA»X)
% c PARAMETERS A ~ THE RESULT, LUs COMPUTED IN THE SUBROUTINE
’f ¢ *LUDATD*, WHERE L IS A LOWER TRIANGULAR
-. c MATRIX WITH ONES ON THE MAIN DIAGONAL. U IS
10 c UPPER TRIANGULARe L AND U ARE STORED AS A
C SINGLE MATRIX Ap AND THE UNIT DIAGONAL OF
C L IS NOT STORED
C 8 - B8 IS A VECTOR OF LENGTH N ON THE RIGHT HAND
C SIDE OF THE EQUATION AX=8
15 c IPVT - THE PERMUTATION MATRIX RETURNED FROM THE
o SUBROUTINE *LUDATO®, STORED AS AN N LENGTH
c VECTOR
c N - ORDER OF A AND NMUMBER OF ROWS IN 8
C 1A - NUMBER OF ROWS IN THE DIMENSION STATEMENT
20 C FOR A IN THE CALLING PROGRAM.
c X - THE RESULT X
c PRECISION - DOUBLE
c LANGUAGE - FORTRAN
c
25 o LATEST REVISION -~ APRIL 11,1975
C CHANGE TO DOUBLE PRECISION AT BRL - 12 APRIL 1979
¢
DIMENSION A(TA»1)»B(Ll)sIPVTILD»N(L)
LEVEL 25A»BsIPVT,X
30 c SOLVE LY = 8 FOR ¥
DO 5 I=1,N
5 X(I) = B(I)
I =0
D0 20 I=l,N
35 Ip = IPVT(I)
SUM = X(1IP)
X(IP) = X(I)
IF (IW .€EQ. 0) GO TO 15
IM1l = I~-1
40 00 10 J=IW,sIM1
SUM = SUM=A(I,J)%X(J)
10 CONTINUE
60 TO 20
15 IF (SUM NE. 0.) INW = I
45 20 X(I) = SUM
c SOLVE UX = ¥ FOR X
DO 30 1I8=1,N
I = N+1-18B
IPl = J+1
50 SUM = X(1)}
IF (IP1 .GT. N) GO TO 30
DO 25 J=IP1lsN
SUM = SUM=A(IsJ)*X(J)
25 CONTINUE
55 30 X(I) = SUM/A(I»1)
RETURN
END 180
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- APPENDIX C
: BLAST FIELD HISTORY COMPUTATION PROGRAM BLAFHI
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PROGRAM HISTORY(INPUTSOUTPUT» TAPEG=OUTPUT,TAPEL3)

THIS PROGRAM COMPUTES FLOW HISTORIES AT SPECIFIED LOCATIONS

/C

5

RE
TH

10
NE

NP
IN

RE

COMMON/COMFLO/FPAR(5) s VFPAR(595)5SCDsSCPsSCT,RMIN,RMAX
COMMON/CFLDEX/EXNU(3)
OMFLD/ AND /CFLDEX/ ARE SHARED WITH READFP

DIMENSION X(55100)sR(5555100)5s UTEST(100)
DIMENSION PAR(10)sVPAR(10510), VITLE(3),SCV(10)

CALL READAM(SDsSP»ST>» TITLEsSNBAD)
READ AMBIENT DATA
IF(NBAD.NE.O.AND.NBAD.NE.3) STOP

CALL READSP(NBAD)

THIS READS SHOCK FITTING RESULTS.THE PARAMETERS AND THEIR
ACCURACIES WILL BE STORED IN THE PROPER COMMON STORAGES
IF(NBAD.EQ.O) GO YD 5

PRINT 2,NBAD

FORMAT(1HO, 10Xy *ERROR RETURN FROM READSP WITH NB8ADs*,110)
svop

CONT INUE

CALL READFP(NBAD)

AD IN PARAMETERS OF THE OVERPRESSURE FIELD FUNCTION

E RESULTS ARE IN /COMFLD/ AND /CFLDEX/

IF (NBAD.EQ.O) GO TO 10

PRINT T7,NBAD

FORMAT(1HO» 10X, *ERROR RETURN FROM READFP WITH NBAD=#%*,110)
sTOP

CONT INUE

XT EXPRESS FIELD PARAMETERS IN SCALES SPECIFIED BY READAM
SCV{1)=(SCD/SD)**EXNU(L1)/ (SCT/ST)
SCVI2)=(SCD/SDI**(EXNU(L1)-1.)/(SCT/ST)
SCV(3)=(SCO/SD)**EXNU(2)/(SCT/ST)**2

SCYU& Y= (SCD/SDI**(EXNU(2)=-1.2/(S5CT/ST)I**2
SCYI5)=(SCN/SD)**EXNU(3)*(SCP/SP)

D0 20 KA=1,5 $ 00 15 KB=1,5

VPAR(KA,KB)sVFPAR(KAs KB)*SCV(KA)*SCVIKB)
PAR(KA)=FPAR(KA) *SCVIKA)

NP =9
IS THE TOTAL NUMBER OF PARAMETERS. PAR WILL BE SUPPLEMENTED
FLOFLD WITH SHOCK PARAMETERS

READ 35sTA» TBsDHIST, TMAXy ANR

AD AN INSTRUCTION CARD FOR HISTORY COMPUTATION
FORMAT (2A105£E10.3)

PRINT 36, TAp TBy DHIST, TMAXs ANR

FORMAT(1H1,//91H »10Xs*INPUT READ BY HISTORYMAIN®»/51HO0s5X, 2410,

A 6(2Xp1PE14.7))
IF(TA.NE.10H ) GOTO 55
PRINY 45 ¢ STOP

FORMAT(1HO» 10X, *STOP BECAUSE FIRST FIELD OF INPUT CARD IS BLANK®)

PRINT 65
183
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65 FORMAT(1HO,5Xs*THE CARD CONTAINS DISTANCEs MAXIMUM TIME AND*,
A % THE DESIRED NUMBER OF NODES#*s/s1H »5Xe#FLOW HISTORY WILL®,
60 B * BE CALCULATED AT THE GIVEN DISTANCE AND UP TO THE MAXIMUMS,

C * TINE.*5/p1H »5X,#COMPUTING SCALES ARE SPECIFIED BY * -
D »*AMBIENT DATA INPUT®) .4
PRINT 75 .
75  FORMAT(1HO»10X,*THE PRESENT INPUT IS ASSUMED TO BE IN SI UNITS®) e
65 Lo
RMINSsRMIN®SCO/SD $ RMAXSSRMAX$SCD/SD i
DHISTS=DHIST/SD $ TMAXS=TMAK/ST T
NRHIS T=ANR
70 CALL FLOFLD(SDySP»STy RHINSsRMAXS,DHISTS , THAXS»PAR, VP AR, NP, '
A XsRyNRHISToUTESTsNUTEST, NBAD) ‘
IF(NBAGJNE.O) PRINT 85,NBAD 4
85  FORMAT(1HOs10X,*ERRROR RETURN FRON FLOFLD WITH NBAD=+#,110,/
A751H0510Xs #NEXT TRY TO PLOT THE RESULT#) ]
75 C THIS COMPUTED AND PRINTED THE FLOW FIELD AT OWIST
CALL PLFFLD(SDsSPsSTyDHISTSs XsRoNRHISToUTEST,NUTEST, TITLE)
C THIS PLOTTED THE RESULTS OF FLOFLD ]
60Ta 25
c g
80 END :
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SUBRQUTINE READAM(SCDISYsSCPRES,SCTIME, TITLESNBAD)
THIS ROUTINE READS TITLE, PLOTLABEL AND DATA CARDS DESCRIBING
AMBIENT CONODITIONS AND THE CHARGE
FIRSY THO CARDS ARE MANDATORY AND ALPHANUMERIC (TVITLE AND PLOTLABEL
THE REST OF THE CARDS HAVE THE FORMAT (2A1056E10.3)

CHARGE CARD IS MANDATORY
If AMBIENY DATA ARE NOT PROVIOED THEN STANDARD AIR WILL BE ASSUMED

SEQUENCE OF MANDATORY INPUT CARDS
TITLE CARD (ALPHANUMERIC)
PLOTLABEL CARD (AL PHANUNERIC)
CHARGE CARD = VOLUNEs ENERGY, HIGHT, ERROR OF HIGHY

THE FOLLOWING ARE OPTIONAL INPUT CARDS IN ARBITRARY SEQUENCE
AMBIENT = P,TEMPERATURE, GAMMA, MDLAR MASS
DEFAULY VALUES CORRESPOND TGO A STANDARD AIR

SCALES = SCALES OF RsP,T TO BE USED IN COMPUTATIONS

DEFAULT VALUES ARE COMPUTED AFTER STATEMENT 1110
PLOTTING DATA = ERROR FACTORS FOR THE PLOTTING OF CONFIDEMNCE

LIMITS IN HISTORY PLOTS
DEFAULT VALUES ARE FACTORS 2.0 FOR ALL PLOTS

END OF INPUT IS INDICATED BY A BLANK CARD

DIMENSION TITLE(3)
DIMENSION D(8), AMSTARL%)
COMMON/ZAMBCHA/AIRPRsAIRTEM, AIRGAMy AIRMOL »CHARVGs CHARENS
ACHARHI, CHARHER
COMMON/PLOT/PD(6) s PLABL(S)
DATA(TITL =10HTITLE )s (PLAB=1OHPLOTLABEL )
DATA (BLANK=10H Y» CAMB=10HAMBIENT }
DATA (CHA=10HCHARGE )
OATA(PLT=1OHPLOTTING 01, (SCAL=10HSCALES R,P}?
15 FORMAT(1H1» 10Xy 20HINPUT READ BY READAMs/51H ,10X520{1H=),/)
FORMAT(8A10)
FORMAT(1H »10X,8A10)
35 FORMAT(2A1056E10.3)
36 FORMATUILIH » 5X»2A1006(2X51PE14.7))

PD(1)=2,0

DEFAULT VALUE FOR PLOTTING ERROR LIMITS IN PRESSURE HISTORIES
PD{2)=2.0 :

DEFAULY VALUE FOR PLOTTING FIELD HISTORIES (PyVsRHO,VE*%2%RHO/2,)
AIRPR=101325.,0 $§ AIRTEN=293.0 $ AIRGAMs1l.4
AIRMOL=0.02896 $ AIRDEN=(AIRMOL/843143)¢(AIRPR/AIRTEN)

THESE ARE STANDARD AIR DEFAULT VALUES FOR AMBIENY CONOITIONS

NSCAL=0 8 HAMSTAR=0
NAMB=0 $ NCHA=0
DO 37 Jslyé

37 AMSTAR(J) =1H

PRINT 15

DO 46 KK=1,2

READ 25,(D(J)ed=1,8)
PRINT 265(0CJ)sJd=1,8)
TF(D(11EQ.TITL ) GOTO 42
IF(D(1).EQ.PLAB) GOTD &4

185
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PRINT 48 $ NBAD=1 $ RETURN

c _
- 60 42 DO 43 KA2l,3 -
ri 43 TITLECKA)=D(KA¢1)
‘ GOTO 46
~ o4 DO 45 KAsly4
- 45 PLABL(KA)=D(KA+1) o
s 65 46 CONTINUE oo
. C
- 47 READ 355(D(J),J=21,8) LT
. PRINT 365(0(J)sJd=1,8)
IF(D(1).EQ.AMB)GOTO 55
70 IF(D(1).EQ.CHA)GOTO 65

' IF(D(1).EQ.PLT) GOTO 66

. IF(DU1).EQ.SCAL) GOTO 68

| IF(D(L)<EQ.BLANK) GOTO 69
475 PRINT 48 $ NBAD=2 $ RETURN

o

r; 75 ; 48 FORMAT(1HO0» 10X, 13HINVALID INPUT) J
55 IF(NAMB.EQ.L1)GOTO 475 A
C ONLY ONE AMBIENT DATA CARD WILL BE CONSIDERED ]
NAMB=1 N
80 IF(D(3).6T<0.)AIRPR=D(3) $ IF(D(4)eGTo0.)AIRTEN=D(4) 5
: IF(D(5)eGT<0s)AIRGAM=D(5) $ IF(D(6).GTo0.)AIRMOL=D(6)
r C IF INPUT IS ZERO THEN USE AIR DEFAULT VALUES
* DO 57 KA=ls4 $ AMSTAR(KA)=1H
: IF(D(KA+2) .6T+0.) GOTO 57
85 AMSTAR(KA)=1H® $ NAMSTAR=1
57 CONT INUE s
ATRDEN=(AIRMOL/843143)*%(AIRPR/AIRTEN) )
GOTO &7 o
C -
90 65 IFINCHA.EQ.1)GOTO 475 g
CHARVO=D(3) $ CHAREN=D(4) e
CHARHI=D(5) $ CHARHER=D(6) P
NCHA.I : RRNLR
GOTO 47 S
95 c 5
66 DO 67 KA=l,6
67  PD(KA)=D(KA+2) N
GOTO 47 S
C PLOTTING DATA CARD SPECIFIES PLOTTED OUTPUT 0y
100 C PD(1)= ERROR FACTOR FOR PRESSURE HISTORIES ]
C PD(2)= ERROR FACTOR FOR OTHER FLOW HISTORIES )
c <
68 NSCAL=1
SCO=D(3) $ SCP=D(4) $ SCT=D(5) o
105 C SCALE CARD OVERRIDES SCALES COMPUTED FROM AMBIENT AND CHARGE DATA .
TF(SCDeGT eOeeANDeSCPaGTo0es ANDoSCTo6To0.) GOTOD &7
NSCAL=0 $ PRINT 681
681 FORMAT(LH 510X, 36HNON=-POSITIVE SCALES ARE NOT ACCEPTED) o
GOTO 47 o
110 c .
69 IF(NCHAGE Qe 0c ORe NAMB, EQ.0) PRINT 70
70 FORMAT(1H0510X, 16HINCOMPLETE INPUT)
75 PRINTL206, (TITLE(J)»J=1,s3)
106 FORMAT(1HLs/s1H »10Xs SHEVENT»>/>1H 510X, 5(1H=)s751H0»15Xs3A10s//)
186
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115 PRINT 107
107 FORMAT(1HO, 10X, 18HAMBIENT CONDITIONSs/51H »10X518(1H=)s/)
IF(NAMB.EQ.0) PRINT 1071 -
1071 FORMAT(1HO, 10X, 36HTHE FOLLOWING AMBIENT CONDITIONS ARE,
A /51H »10X,27HSTANDARD AIR DEFAULT VALUES»/) 1
120 PRINT 1085 AMSTAR(1)sAIRPR,AMSTAR(2)sAIRTEM, AMSTAR(3)5AIRGAM) 5
A ANSTAR(4)s AIRMOL
108 FORMAT(1H 513XsAly1Xy BHPRESSURE»11Xs» 7THAIRPR =3 1PEL124554H PAs/»
A 1H »13XsAls1X911HTEMPERATURE» BXs THAIRTEM=, 1PEL12.5s3H K»s/»
B IH »13X»AlslXs16HSPEC. HEAT RATIOs3Xs7THAIRGAM=,1PE12459/»
125 C 1H »13XsAls1Xs10HMOLAR MASSs9Xs THAIRMOL=5 1PEL12.559H KG/MOLEs/)
AIRSND=SQRT(AIRGAM*AIRPR/AIRDEN)
PRINT 1095 AIRSNDs AIRDEN
109 FORMAT(1H 15X, 11HSOUND SPEEDs8Xs 7THAIRSND=,1PEL12.5s5H M/Ss/»
A 1H 515X, THDENSITYs 12Xy THAIRDEN=31PEL2.559H KG/M*%3,/)
130 IF(NAMSTAR.EQ.1) PRINT 1081 .
1081 FORMAT(1H »13X»35H®# THE STARRED DATA ARE STANDARD AIRs 3
A 154 DEFAULT VALUES»/)

ST
PR B

IF(NCHA.EQ.1) GOTOD 1100 -]
135 NBAD=4 $ PRINT 1101,NBAD § RETURN
1101 FORMAT(1HO»10Xs29HRETURN FROM READAM WITH NBAD=»12,
A 334y BECAUSE CHARGE DATA ARE MISSING)

PPy

c
1100 PRINT 110
140 110 FORMAT(1HO, 10Xy 18BHCHARGE DESCRIPTIONs /91H »10X518(1H=)s /)
PRINT 111» CHARVOsCHAREN
111 FORMAT(LH 515Xy 13HCHARGE VOLUME»6Xy THCHARVO=,1PEL12.5,6H M#*%3,/,
A 1H 915Xs13FCHARGE ENERGY» 56Xy THCHAREN=9 1PE12.59s3H J»s/)
SCOIST=CHARVO#**(1./3.)
145 PRINT 11105 CHARHI» CHARHER
1110 FORMAT(1H 515X 16HCHARGE ELEVATIONy 3Xy THCHARHI=91PE12.554H ¢~ ,
A 1PE12.553H My/)
SCTIME=SCDIST/AIRSND
SCPRES=AIRPR
150 SCEVEN=CHAREN/(CHARVO#AIRPR)
PRINT 112
112 FORMAT(1HO»10Xs THSCALINGs /9 1H 510Xs 7(1H=)5/)
PRINT 113,SCDIST,SCTIME,SCPRES»SCEVEN
113 FORMAT(1H »15Xs12HLENGTH SCALE »4X»20HSCDIST=sCHARVO*%(1/3),
2Xs LH=91lPE12e593H My/»
1H 515X 10HTIME SCALEs6X»20HSCTIME=SCDISTY/ZAIRSND,
2Xs 1H=91PEL2.5923H S»s />
1H »15Xs 14HPRESSURE SCALE»2Xs 13HSCPRES=AIRPR »
9Xs 1H=91PEL12.554H PA,/,
1H »15Xs 14HSCALE OF EVENT»2Xy 21HCHAREN/ (CHARVO*AIRPR)»
1Xs 1H=31PEL2.557) -
IF(SCEVENL,EQ.0.,0)PRINT 114 :
114 FORMAT(1H »15Xs 30HEVENT CANNOT BE SCALED BECAUSE,
A29H CHAREN IS NOT GIVEN BY INPUT,/)

AR
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155

160
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165
IF(NSCAL.EQ.0) GOTO 115
C USE SCALES FROM SCALE CARD IF SUCH A CARD WAS READ
SCDISY=SCD 8 SCPRES=SCP $ SCTIMEsSCY T

170 115 PRINT 1165SCDISTsSCTIME,SCPRES
116 FORMAT(IH 57/7/51H 510Xs 27THSCALES USED IN THIS PROGRAMs /s

187
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A 1H »10X527(1H-)s/7/51H 520Xs16HLENGTH SCALE s 1PEL124553H My /, y
B 1H »20Xs LOHTIME SCALE 83 1PE12.593H Ss/» ;
C 1H 20X L6HPRESSURE SCALE =31PE12.5s4H PA) b
NBAD=O -

RETURN !
END {
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85

SUBROUTINE READSP(NBAD)

THIS ROUTINE READS SHOCK PARAMETERS NAD THEIR ACCURACIES
COMMON/COMSHK/NPSsPAR(4)s VPAR(454)sSCDy SCP,»SCY
COMMON/CF2DER/GAMCAPy SNOSPD,CFPAR(&4) s ALOWSCFSCD,CFSCP,CFSCT
COMMON/ AMBCHAZAMP» AMT 5 ANG» AMM, AMCHV s AMCHE » AMCHH » AMCHHE

DIMENSION DAT(8)5ER(4)sCOR(4s4)
DIMENSION DSI(4)sDSCU4)>DPR(4)

DATA(PL=10HSHOCKPAR )s(EL=10HSHOCKPARER)» (CL=10HSHOCKPARCO)»

A (SC=10HSHOCKSCALE}» (BL=10H )
DATA DSI/10HPA*M s LOHP A*¥M*%2 2 10HP A®M%%3 ’
A 10HS /

DATA DSC/1OHSCP*SCD 2 LOHSCP*SCD#**2, 10HSCP*SCD*#*3,
A 10HSCT /

KPL=z1 $ KEL=1 $ KCL=1 $ KSC=l
PRINT 12

FORMAT(1H1,10X, 20HINPUT READ BY READSPs/)
FORMAT(2A1096E10.3)

FORMAT(1IH »5X»2A1096(2Xs1PE14.T))
READ 155(DAT(J)»J=1,8)

PRINT 25, (DAT(J)yJ=158)

IF(DAT(1) .EQ.PL) GOTO 55
IF(DAT(1).EQ.EL) GOTO 75
IF(DAT(1).EQ.CL) GOTO 95
IF(DAT(1).EQ.SC) GOTO 115

IF(DAT(1) .EQ.BL) GOTD 125

NBAD=1

PRINT 45 $ RETURN
FORMAT(1HO» 10Xy 13HINVALIO INPUT)

DO 65 KA=1l,4
PARIKA)=DAT(KA+2)
DALOW=DAT(7)
IF(DALOW.GE.1.0E-90) GOTO 67
PRINT 66, DAT(6)
FORMAT(1H 510Xy *5~TH NUMBER ON PREVIOUS CARD SHOULD BE *
A 'POSITIVE INDICATING SHOCK DISTANCE AT T=?1PE12.5)
NBAD=66 $ PRINT 45
RETURN
CONT INUE
KPL=0
GOTo 35

D0 85 KA=1,4
ER(KA)=DAT(KA+2)
KEL=0

GOTo 35

COR(1ls1)=1. $ (COR(252)=1. $ COR(3s3)=1. $ COR(4&s4)=]l,
COR{152)=DAT(3) $ COR(251)=COR(152)
COR(153)=DAT(4)} % COR(3,1)=COR(1,3)
COR(Lly4)=DAT(5) $ COR(4511=COR(1,54)
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: COR(253)=DAT(6) $ COR(3,2)=COR(2,3) :
- COR(254)=DAT(T) $ COR(4,2)sCOR(2s %) ]
ri 60 COR(394)=DAT(B) $ COR(%53)3COR(3,4)
‘ KCL=0O ]
- 60T0 35 ]
- ¢ -3
- 115 SCD=DAT(3) $ SCPsDAT(4) $ SCT=DAT(S) o
. es KSC=0 ]
GOTQ 35 1
¢
rl 125 IF(KPLeEQeO AND.KELoEQeDeANDKCLEQeD.ANDoKSCoEQ.0)GOTO 145
. NBADs2
| 70 PRINT 135 $ RETURN
{ 135 FORMAT(1HO»10Xs 16HINCOMPLETE INPUT)
c 4
‘ 145 NPSs4 ]
f ALON=DALOW*SCD
hd 75 GAMCAP=((1.+AMG) /(2. %AMG) )/ AMP ]
L SNDSPD=SQRT(AMG*AMT*(843143/AMM})
! CFSCO=1. $ CFSCP=1. $ CFSCT=1.
€ /CF2DER/ IS NEEDED FOR SHOCK ARRIVAL TIME COMPUTATIONS
DO 155 KA=ls& $ DO 155 KB=1,4 !
80 155 VPAR(KASKB)=ER(KA)*COR(KASKB)*ER(KB) f
NBAD=0
PRINT 165

165 FORMAT(1HOs 12Xy 16HSHOCK PARAMETERSy 4Xs 6HERRORS » 5X» -
A 1OHDIMENSIONSs/) R

85 IF(SCDeEQeleeANDeSCPeEQelec ANDeSCT.€EQels) GOVO 167 ]
DO 166 KA=1,4 SRy

166 DPR(KA)=DSC {KA) N

DISOT=10HSCD .

GOTo 169 3
90 167 00 168 KA=1,4
168 DPRI{KA)=DSI(KA)
DISDI=10HMETRES

169 PRINT L1755 L(PAR(JISER(JDISDPR(JI)I)IsI=]1y4) o
175 FORMAT(1H 514Xy 1PE12.554Xs1PEL10«352X5A10) T
95 PRINT 178,DALOW,s DISOI
178 FORMAT(1HO»10Xs43HTHE LAST PARAMETER IS SHOCK ARRIVAL TIME AT,
A 2Xs1PE12.592X5A10)
PRINT 185
185 FORMAT(LIH »7//51H 515X #SHOCK PARAMETER CORRELATION MATRIX*,/)
100 PRINT 1955 ((COR(JsK)sK=1y&)5J=1l,s4) e
195 FORMAT(&4(1H »10Xs4(2X»0PF10.7)»/)) oo
PRINT 205
205 FORMAT(1IH »//7/51H »15X,16HSHOCK PARAMETER » !
A 26HVARIANCE-COVARIANCE MATRIXs/) :
105 PRINT 2155 ((VPAR(JsK)sK=1ls4)s =154}
215 FORMAT(&(1H 510X, 4(2X91PEL2.5)5/))
PRINT 225
225 FORMAT(1H 9///91H 916X522HSHOCK PARAMETER SCALES»/)
PRINT 2355 SCDsSCP,SCY
110 235 FORMAT(1H 15X, 12HLENGTH SCALE»4Xs5HSCD =»1PEL12.5s3H Ms/» -l
A 1H 515X, LAHPRESSURE SCALE,2Xs5HSCP =,1PEL12.554F PAs/, e
B8 1H ,15X, LOHTIME SCALE»6Xp5HS.'T =91PEL2.553H ) et
RETURN et
END S
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SUBROUTINE READFP(NBAD)
THIS READS OVERPRESSURE FIELD FUNCTION PARAMETERS

COMMON/CFLOEX/EXNU(3)
COMMON/COMFLD/FPAR(S5) sVFPAR(555)5SCDsSCPySCTHRMIN,RMAX
OMFLD/ IS AVAILABLE TO THE MAIN PROGRAM

DIMENSION DAT(BISER(S5),COR(555)
DIMENSION DIMA(S)»DIMB(5)

DATA(FP=1OHFIELDPAR ), (FE=1OHFIELDPARER)»(FS=10HFIELOPARSC)
1 »(FC=10HFIELOPARCO}, (BL=10H )
DATACEX=1OHFIELDPAREX)» (RA=10HFIELDPARRA)

DATA (COR1=10H 1 )>(COR2=10H 2 )

PRINT 12

FORMAT(1H1,10Xs *INPUT READ BY READFP%*s/)
FORMAT(2A1056E10,3)

FORMAT(1IH s5Xs2A1056(2X,1PE14.T))
READ 15,(DAT{(J)»J=1,8)

PRINT 25,{DAT(J)yJ=1,8)
IF(DAT(1).EQ.FP) GO TO 55
IF(DAT(1) +EQ.FE) GO TO 75
IF(DAT(1).EQ.FS) GO TO 95
IF(DAT(1).EQ.FC) GO TO 115
IF(DAT(1).EQ.BL) GO TO 125
IF(DAT(1).EQ.EX) GO TO 135
IF(DATC1) .EQ.RA) GOTO 145

NBAD=1

PRINT 45

FORMAT(1H 510X, *INVALID INPUT#*)
RETURN

DO 65 KA=1,5

FPAR(KA)=DAT(KA+2)

CONT INUE

60 TO 35

D0 85 KAs1,5

ER(KA)=DAT(KA+2)

CONT INUE

G0 TO0 35

SCO=DAT(3) 8 SCP=DAT(&) $ SCT=DAT(5)
60 TO 35

IF(DAT(2).EQ.COR1) GOTO 116
IF(DAT(2).EQ.COR2) GOTO 120

GO0TO 38

COR(1,1)=1. $ COR(252)=1. $ COR(353)=1.
COR(454)=1, $ COR(555)=1,

COR(1,2)=DAY(3) 8 COR(2,1)=DAT(3)
COR(Ls31=DAT(4) $ COR(351)=DAT(4)
COR(154)=DAT(5) $ COR(4»1)=DAT(S5)
COR(15s5)=DAT(6) 8 COR(551)=DAT(6)
COR(25,3)sDAT(7) & COR(392)sDAT(7)
60 13O 35

COR(2s4)=DAT(3) $ COR(4»2)=DAT(3)
COR(2,5)=DAT(4) $ COR(5,2)=DAT (&)
COR(394)=DAT(5) $ COR(4&s3)=DAT(5)
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COR(3,5)=DAT(6) $ COR(5,3)=DAT(6)
% COR(4,5)=0AT(7) $ COR(5,4)=DAT(7)
60 GO 10 35
135 D0 160 KA=1,s3
EXNUCKA)=DAT(KA+2)
160 CONTINUE
G0 170 35
65 145 RMIN=DAT(3) $ RMAX=DAT(4)
G070 35

c
C ENTER 125 WHEN BLANK CARD INDICATES END OF DATA
125 D0 155 KA=1,5
70 D0 155 KB=1,5
VFPAR(KA, KB)=ER(KA)*COR(KAsKB)*ER(KB)
155 CONTINUE
NBAD=0
C NOW PRINT COMPREHENSIVE LIST OF INPUT
75 PRINT 165
165 FORMAT(1HO0912Xy16HFIELD PARAMETERSs 3Xp1OHSTDERRORSy 4X»
A 10HDIMENSIONS»/)
DIMA(L)=LOHM**EXA/S $ DIMB(1)=10H
DIMA(2)=10HM**(EXA-1) $ OIMB(2)=10H/S
80 DIMA(3)=10OHM**EXB/S**$ DIMB(3)=10H2
DIMA(&)=10HMEX(EXB-1) $ DIMB(4)=10H/S**2
DIMACS)=1 OHM**EXC*PA $ DIMB(S5)=10H
IF(SCTeEQele s ANDeSCDeEQeles AND.SCP.EQe14)GATO 168
DIMA(L)=10HSCD**EXA/S ¢ DIMB(1)s10HCT
85 DIMA(2)=10HSCD**(EXA- $ DIMB(2)=10H1)/SCT
DIMA(3)=10HSCD*+EXB/S ¢ DIMB(3)=s10HCT*¥*2
DIMA(G)=10HSCD**(EXB~ $ DIMB(4)=10H1)/SCT**2
DIMA(S)=10HSCD**EXC*S ¢ DIMB(5)=10HCP
168 CONTINUE
90 PRINT 175, ((FPAR(JISER(JI)SDIMA(I)»DINB(I))sJI=1,5)
175 FORMAT(1H »14Xs1PE12.594X91PEL10e354Xy2A10)
PRINT 178sRMINsRMAX
178 FORMAT(1HO» 12Xs 34HTHE PARAMETERS CAN BE USED BETWEEN,
A 6H RMIN=, 1PE12.5510H AND RMAX=31PE12.5)
95 IF(SCD.EQa14)PRINT 1781
1781 FORMAT(1lH+»86Xs7H METRES)
IF(SCDeNE«L1.)PRINT 1782
1782 FORMAT(14#,86Xs4H SCD)
PRINT 180
100 180 FORMAT(1HO,»12X,39HEXPONENTS IN OVERPRESSURE FIELD FORMULA,/)
PRINT 182,EXNUCL)EXNU(2)4EXNU(3)
182 FORMAT(1IH »15Xs5HEXA =2,F12,25/5s1H 915Xs SHEXB =,
A F12.29/51H 315Xs5HEXC =,F12425/)
PRINT 185
105 185 FORMAT(IH s /91H ,15X,*FIELD PARAMETER CORRELATION MATRIX*,7)
PRINT 1959 ((COR(JsK)pK=lys5)9d=1p5)
195 FORMAT(S(1H »10Xs5(2XsF10.7)15/7))

PRINT 205
. 205 FORMATU(IH »///51H 515Xs*FJELD PARAMETER #,
f, 110 A ¥*VARIANCE-COVARIANCE MATRIX*,/)

PRINT 2155 ({VFPAR(JsK)sK=195)5J=1,5)
215 FORMAT(S5(1H ,10Xs5(2Xs1PEL2.5)s/))
- PRINT 225
- 225 FORMAT(LH »///51H »16X>*FIELD PARAMETER SCALES*,/)
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118 PRINT 235, SCDsSCP»SCT ,
235 FORNAT(IH »15X9L2HLENGTH SCALE»4Xs5HSCO® »1PEL20592H Mo /s BN
A 1H 515X 14HPRESSURE SCALE»2Ks SHSCPe s1PEL2.553H PAs/»
B 1H ,15X, LOHTIME SCALE,6XsSHSCTe »1PE12.5s2H ) e
RETURN e
120 END el
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SUBROUTINE FLOFLD(SCO»SCPsSCTsRMINs RMAXsRs TMAXsP ARy VPAR, NPARS

A HISToVHISToNHIST,UTS ToNUTST,NBAD)

THIS IS CALLED FROM MAIN TO COMPUTE THE FLOW HISTORY A THE
DISTANCE R AND FOR TIMES BETWEEN SHOCK ARRIVAL AND TMAX

SCDs SCP»SCT s SCALES. ALL ARGUMENTS ARE IN TERMS OF
THESE SCALES

RM INs RMAX = RANGE OF PRESSURE FIELD APPROXIMATION

Rs THAX = DISTANCE AND END POINT OF HISTQRY

PARs VPARs NPAR = PARAMNETERS OF PRESSURE FIELD FUNCTION
PFIELD AND VARIANCES OF THE PARAMETERS., PAR AND
VPAR WILL BE SUPPLEMENTED BY SHOCK PARAMETERS AND THEIR
VARIANCES. NPAR IS IGNORED AND SET EQUAL TO 9.
NHISTY NUMBER OF NODES TO BE COMPUTED. IT WILL BE
: REPLACED BY ACTUALLY COMPUTED NODES.

THE FOLLOWING WILL BE COMPUTED BY THIS RDUTINE

HIST (5 NHIST) s FLOW FIELD HISTORY (TsPsRyUs RHO»O0.5¢U*+2%RHD)
VHIST(595sNHIST) = VARIANCE~COVARIANCE MATRICES OF HIST

NHIST = NUMBER OF HISTORY NODES COMPUTED

UTSTINUTST) = PARTICLE VELOCITIES COMPUTED BY TEST PROCESS
NUTST = NUMBER OF TEST VELOCITIES IN UTST

NBAD = ERROR INDICATOR

ROUTINE USES SUBROUTINES STRBEG, STRLIN AND FLINTER

EXTERNAL PFIELD
PRESSURE FIELD FUNCTION

DIMENSION PAR{10),VPAR(C10510)5sHIST(55100)5VHIST(5555,100)5UTST(100)

DIMENSION SOLINCG6)»TPINC(10},XPP(10),UPP(10)5UPTP(10),0PIN(10)
DIMENSION STRNU(65200)sVSTRNU(6965200),STROL(65200)5 VSTROL(6565200

1)

COMMON/ZA¥.3CHA/ZAPREs ATEMy AGAMs AMOLsCHVOL s CHENE s CHHIG» ECHHIG
COMMON/CSCALE/SCDI»SCPRySCTI
COMMON/COMSHK/NPSHyPARSH{ &) s VP ARSH( &y 4) 9 SCOSHs SCPSH» SCTSH

SCOIsSCD ¢ SCPRaSCP $ SCTI=SCT
THESE SCALES ARE NEEDED IN QFUNCT WHICH IS CALLED FROM PFIELD

NEXT SUPPLEMENT PAR AND VPAR WITH SHOCK PARAMETERS
DO 8 KA=6,8
PAR(KA)=PARSHIKA=5)#(SCPSH/SCPI*(SCDSH/SCD)I**(KA-5)
VPAR(KA99)=VPARSHIKA=5,4) *(SCTSH/SCT)*(SCOSH/SCD)*#(KA~5)
A #(SCPSH/SCP)
VPAR(9sKA) =VPAR(KAS 9)
DD 8 KB=6,8
VPAR(KBsKA)=VPARSHIKB=5,KA~5)% (SCPSH/SCP)¢#2
A ®(SCOSH/SCDI**{KA+KB~10)

8 CONTINUE

PAR(I)I=PARSHE&)*SCTSH/SCT
VPAR(959)aYPARSH( 45 4) #(SCTSH/SCT)**2
D0 9 KA=1,5 $ DO 9 KB=6s9 $ VPAR(KA,KB)=0
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65

70

5

80

85

90

95

100

105

110
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11
16
13
17
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9 VPAR(KByKA)=0
NPAR=9
THIS PROGRAM ASSUMES 5 PRESSURE FIELD PARAMETERS AND
& SHOCK PARAMETERS

NBAD=0
IF(NHIST.GE.1) GOTOD 12
NBAD=11 $ PRINT 14,NBAD
PRINT 16 $ RETURN '
FORMAT(1H®» 45Xs *» BECAUSE NHIST=0')
12 IF(0.«LT.RMINANDRMINCLE<R.ANDR.LE.RNAX) 6OTO 15
NBAD=13 $ PRINT 14,NBAD
PRINT 17 & RETURN
FORMAT(1H#*5 45Xs *» BECAUSE RMINsRMAXsR ARE OUTSIDE RANGES')
14 FORMAT(1HO»10Xs29HRETURN FROM FLOFLD WITH NBAD=,15)

15 NHMAX=NHIST
AIRPRSC=APRE/SCP

SCALED AIR PRESSURE It NEEDED BY STRLIN
RINNU=R $ NHIST=1

SET YO COMPUTE FIRST HISTORY NOOE

25 SOLINC3)=RINNU

CALL STRBEG(SOLINsTPINsXPP,UPPUPTP»OPINsLBAD)
THIS COMPUTES INITIAL POINT OF STREAMLINE

SOLIN(6) = FLOW VARIABLES (TsPsRsUsRHO»05¢Us*24RHO)

TPINC(10) =0/DPAR OF INIVIAL TIME SOLIN(1)

XPP(10) sD/DPAR OF THE INITIAL POSITION SOLIN(3)

uPP(10) sD/DPAR OF THE INITIAL PARTICLE VELOCITY SOLIN(&)

UPTP(10) =D/DPAR OF THE INITIAL PARTICLE ACCELERATION

DPINCL0) =AN EXPRESSION OF DERIVATIVES NEEDED BY STRLIN

L8ad = ERROR INDICATOR. LBADJNE.O IF ERROR RETURN FROM STRBEG

IF(LBAD.EQ.O) GOTO 35

34 NBAD=34 $ PRINT 14, NBAD $ RETURN

35 TMAXS=AMAXL(TMAXsSOLIN(LY)
NSTRNU=200
DTNU=SOLIN(1)/100,

DEFAULT DT FOR ONE-NODE STREAMLINE COMPUTATION
NODESsMINO(NSTRNU-1,MAXO{NHNAX>»20))
IF(TMAXS.GToSOLINC(1))DTNU=s( TMAXS—SOLIN(1))/FLOAT(NODES~1)

CALL STRLIN(TMAXS,AIRPRSCoAGAM,PFIELD)PAR)VPAR, NPAR,SOLINS
A TPINSXPPsUPPsUPTPoDPINsDTNUs STRNU» VSTRNUS NSTRNUSLBAD)

THIS COMPUTES A STREAMLINE STARTING AT SOLIN AND ENDING AT THMAXS

THAXS = END POINT OF STREAMLINE

AIRPRSC = AIR PRESSURE

AGANM = GAMMA OF AIR

PFIELD = PRESSURE FIELD FUNCTION

PARy VPARyNPAR = PRESSURE FIELD PARAMETERS, VARIANCES» NUMBER

SOLIN THROUGH OPIN ARE PASSED FROM STRBEG

DTNV = DELTA-TIME TO BE USED FOR INTEGRATION
195
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115

120

125

130

135

140

145

150

155

160

165

170
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STRNU(65200) = STREAMUINE FLOW VARIABLES (TsPyRsUsRHO,0P)
VSTRNU(6565200) = VARIANCE-COVARIANCE MATRICES OF STRNU

NSTRNU = NUMBER OF NODES IN STRNU. INITIALLY IT SHOULD
BE SET EQUAL TO THE MAXIMUM DESIRED
LBAD = ERROR INDICATOR. LBAD.NE.O IF ERROR RETURN

IF(LBAD.EQ.O) GOTO 48

46 NBAD=46 $ PRINT 14, NBAD $ RETURN

48 IFINHIST.GT.1) GOTO 65

BRANCH AFTER FIRST NOOE. ELSE DELTR MAY BE ESTABLISHED
IF(TMAX.LE.STRNU(1,1)) GOTOD 55
IF(NHMAX.EQ.1) GOTO 55

BRANCH IF THIS WAS A ONE-NODE CALCULATION
RHOZSC=(AMOL/8.3143)% (APRE/Z/ATEM)I*(SCD/SCT)*%2/SCP
OTHIST=(TMAX=STRNU(1s1))/FLOAT (NHMAX=1)

THIS IS DELTA-TIME FOR HISTORY
DELTRsDTHIST#STRNUC4» 1 14STRNU(251)/(STRNU(251)-RHOZSC*STRNU( 4y 1)
12)

DISTANCE DECREMENT FOR SUBSEQUENT STREAMLINES X

THE SECOND STREAMLINE WILL CROSS R AT ABOUT STRNU(1s1)¢DTHIST

NOW STORE CALCULATED FIRST NODE
55 00 57 KA=1,s5 8 DO 56 KB=1,5
KCKA $ IF(KAGT2IKC=KASL
KD=KB8 $ IF(KB.6T.2)KD=KB+1
56 VHIST(KAsKB»1)sVSTRNU(KCsKDs1)
57 HIST(KA»L)=STRNU(KC,1)
IFINHMAX. EQel1OR TMAXLLE.HIST(1,1)) GOTO 145
RETURN IN ONE-NODE HISTORY CASE

RINOL=RINNU $ RINNU=RINOL-DELTR
ORSIGN=1.
60T0 100
BRANCH TO STORING OF STRNU IN STROL AND NEXT STREAMLINE

65 TIMEsHIST(1sNHIST-1)+DTHIST
TINEsAMINLCTIME, TMAX)

ENTER 65 FROM 48. NOW STROL CONTAINS DATA.

ALSO LOOP TO 65 FROM 88

CALL FLINTER(TIMESRsHISTy VHISTyNHISTySTROLs VSTROLsNSTROLS
1 STRNU,VSTRNUSNSTRNUy; DRSIGNsKBAD)

THIS INTERPOLATED BETWEEN STROL AND STRNU AND STORED

RESULTS IN HIST(eeesNHISTY.

73 IF(KBAD«NE.99) 6070 75
NHISTsNHIST-1
60T0 95
BRANCH TO CALCULATION OF NEXT STREAMLINE INSTEAD OF USING EXTRAPOLATED
VALUE
75 IF(KBAD.EQ.0) GOTO 85
77 NBAD=77 $ PRINT 14, NBAD $ RETURN
85 IF(HIST(1,NHIST)GE-TMAX~DTHIST®#0.1) GOTOD 145
THIS IS REGULAR RETURN AFTER REACHING TMAX

NHIST=NHIST+1
88 6070 65
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175

180

185

190

195

200

95 RINOL =RINNU $ RINNUsRINOL -DELTR®DRSIGN
ENTER 95 FROM 73 AND GET NEXT STREAMLINE

100 RINNU=AMAXI (RINNU>RMIN) $ RINNUSAMINLIRINNUsRMAX)
IF(RINNU.NE.RINOL ) GOTO 115
MESS=1 $ 6070 155

105 FORMAT(1HO» 10Xy SHTHAX=» 1PEL12,5519H CANNOT BE REACHEDs
A33H BECAUSE OF RESTRICTIONS BY RMIN=»1PE12.5511H AND RNAX=,
B 1PEL2.55/)

115 00 125 KA=1,NSTRNU
NOW STORE OLD STREAMLINE

D0 122 KB=1,6 $ DO 120 KC=1,6
120 VSTROL(KC»KBsKA)=VSTRNUIKCyKBsKA)
122 STROL(KBy KA)=STRNU(KB sKA)
125 CONTINUE

NSTROL=NS TRNU

NHISTeNHIST+1

6070 235

145 MESS=0 :
ENTER 145 FROM 85 FOR REGULAR RETURN

155 CALL PRIHIS(RIHISTVHIST,NHIST)
IFIMESSEQ.1)PRINT 205, THAXSRMIN, RMAX
CALL UTEST(SCDySCPsSCToRMINSRMAXsRy THAXs PARSVPARSNPAR,
A HISToVHISToNHIST,UTSToNUTST,LBAD)
CALL PRITST(RyRMAXsHISToVHISTy NHISTHUTSToNUTST)
IF(LBADNE.O}PRINT 165,LBAD

165 FORMAT(1HO0510Xs12HLBADIUTEST)=,15)
RETURN
END
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SUBROUTINE STRBEG(SOLINsTPINs XPPyUPPsUPTPsOPINs NBAD?

THIS COMPUTES THE INITIAL STREAMLINE NODE ON THE SHOCK AND ITS
ACCURACY. THE SOLIN COMPONENTS ARE

(Ts Py Ry Us RHO» U**2%RHO/2)
THE GIVEN ARGUMENT IS THE SHOCK OISTANCE R=SOLIN(3).
R IS ASSUMED TO BE CONSISTENT WITH THE SCALES IN /CSCALE/
TPINs XPPoUPPsUPTP AND DPIN ARE INITIAL STREAMLINE VARIABLE
DERIVATIVES WITH RESPECT TO THE PARAMETERS

ROUTINR USES F2SHCK

DIMENSION SOLINCG6)»TPIN(10),XPPL{10),UPP(LO)UPTP(L10),DPINI2O)
DIMENSION X(551)sPARCLOISFX(S5)oFPELO)sFXX{S555)sFXP(5510),
A FPP(10510)5SOLMAT(6s 4),SCALELS)

COMMON/CSCALE/SCD»SCP»SCT

COMMON/CF 2DER/GAMCAP, SNDSPOsCPAR(&) > ALOW» SCDC»SCPCy SCTC
COMMON/AMBCHA/PZsTZ9GZsAMZs VCHy ENCHs HCHy EHCH
COMMON/COMSHK/NPSsPARS (&) 9 VPARS(45%)»SCDS,SCPS»SCTS

DO 25 KA=1,3

SCALE(KA)=(SCPS/SCP)*(SCDS/SCD)**KA
SCALE(4)=SCTS/SCT

D0 45 KA=1,4 $ PAR(KA)=SCALEI(KA)*PARS(KA}
CPAR(KA)sPAR(KA)

" THE NEW PARAMETERS ARE SCALED ACCORDING TO /CSCALE/

SNOSPO=SNDSPD*(SCT/SCTC)I*(SCDC/SCD)
GAMCAP=GAMCAP*(SCP/SCPC)
ALOW=ALOW*{SCDC/SCD)
SCDC=SCD $ SCPCsSCP s SCTC=SCY

THIS TRANSFORMED /CF2DER/ INTO /CSCALE/ UNITS

RsSOLINC3)
NEXT COMPUTE SHOCK ARRIVAL TIME
X(1»1)s0. $ X{2s1)sR 8§ X{(3,1)=0.
CALL F2SHCK(XsLsPARsFsFXsFPsFXXsFXPsFPPsNBAD)
IF(NBAD.NE.O) RETURN

POV=( (PAR(3)/R¢PAR(2) ) /R+PAR(1D)/R
USHaSNDSPD#SART(1.+GAMCAP*POV)

SHOCK VELOCITY
ROSI=(AMZ/78.3143)%(PL/TZ)

ROSI IS AMBIENT DENSITY IN SI UNITS
RAMB=ROSI*(SCD/SCTI**2/5CP

AMBIENT DENSITY IN /CSCALE/ UNITS

UPSH=POV/ (RAMB*USH)

PARTICLE VELOCITY AT THE SHOCK
GAMTIL=((GZ=14)/(2.%GZ#PZ))%SCP
ROSHERAMB* (1. *GAMCAP*POV) /(1. +GANTIL®*POV)

DENSITY AT THE SHOCK
DPSH=UPSHS*2¢ROSH*0.5

DYNAMIC PRESSURE AT THE SHOCK (=SPECIFIC KINETIC ENERGY)
SOLINC1)=F/SNDSPD
SOLIN(2)sPOV
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70
A 75
fA 80
b

85

90

C

SOLIN(4)sUPSH
SOLIN(S5)=ROSH
SOLIN(6)=DPSH

C NEXT COMPUTE INFLUENCE MATRIX SOLMAT WHICH EXPRESSES THE
C RELATION BETWEEN SOLIN AND THE PARAMETER VARIANCES VPARS

65

75
c

105

DUM=1,+GANCAP*POV

UPFACT=UP SH®(1./P0V=0.5¢GAMCAP /DUN)
ROFACT=1. 7 {SNDSPD*#24DUM* (1. +GANTIL*POV))
DPFACT=(UPSH*#2¢ROFAC T+2. *UPSH*ROSHS*UPFACT) *0.5
DO 65 KA=1,3

SOLMAT(2, KA)=]1,/R**KA

SOLMAT(2, 4)=0,

D0 75 KA=1,4

SOLMAT(1, KA)=FP{KA)/SNDSPD
SOLMAT(35KA)=0.

SOLMAT( 4> KA)sUPFACT*SOLMAT(2,KA)
SOLMAT(S5sKA)=ROFACT*SOLMAT(2,KA)
SOLMAT(6s KA)=DPFACT#*SOLMAT(25KA)

D0 105 KA=1,10 $ XPP(KA)=0 3 UPP(KA)=0 $ TPIN(KA)=O $ DPIN(KA)=O

UPTP(KA)=0
POVRa=( (3, %PAR(3) /R4+2.#PAR(2} ) /R4+PAR(L) }/R*#2
UPT==POVR/ROSH

C DU/DT OF PARTICLE VELOCITY AT SHOCK

115

00 115 KA=1,3
TPINIKA#5)=SOLMAT(19KA)

DPIN(KA#5) = (ROFACT/ROSH-1.7(GZ*(POV4+PZ/SCP)))I*SOLNAT(2,KA)

UPPLKA+5)=sSOLMAT (45KA)

UPTP(KA+5)=aUPT#(=SOLMAT(5sKA)/ROSHOFLOAT(~KA) 7 (R**(KA+1)OPOVR))

TPIN(9)=SOLMAT(1,4)
RETURN
END
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1 SUBROUTINE STRLIN(TMAXsAIRPRy AIRGAMSPFIELDsPARs VPARs NPAR,SOLINS
A TPIN, XPPy UPPoUPTPsDPINsDTsSLINA> VSLINASNMAXAs NBAD)

THIS COMPUTES A STREAMLINE STARTING WITH SPECIFIED INITIAL

VALUES AND ENDING AT TMAX

TMAX = TIME AT END POINT OF STREAMLINE. THE ACTUAL TIME
CAN BE BY DT LARGER THAN THAX

W ALRPR = AMBIENT PRESSURE

- AIRGAM = RATIO OF SPECIFIC HEATS

- 10 PFIELD = PRESSURE FIELD SUBROUTINE

I PARs VPAR 9y NPAR = PARAMETERSy THEIR VARIANCE AND NUMBER FOR PFIELD

- SOLIN(6) = INITIAL VALUES ON STREAMLINE, VIZ.

- TIMEs PRESSUREs DISTANCE, VELOCITY, DENSITY,

g DYNAMIC PRESSURE (= KINETIC ENERGY DENSITY)

o 15 TPIN(10) = D/DPAR OF THE INITIAL TIME

- XPP(10}) = D/DPAR OF INITIAL POSITION

- UPP(10) = D/DPAR OF INITIAL PARTICLE VELOCITY

ﬁ ueTP(10) = D/DPAR OF INITIALL PARTICLE ACCELERATION

- DPIN(10) = D/DPAR EXPRESSION NEEEDED FOR INTEGRATION OF UPP
20 or = TIME INTERVAL FOR INTEGRATION

THE FOLLOWING WILL BE COMPUTED BY THIS ROUTINE

SLINA(6sNMAXA) = FLOW VARIABLES ALONG THE STREAMLINE (TsPsR,sUsRHO5V
VSLINACGs65NMAXA)= VARIANCE-COVARIANCE MATRIX OF SLINA
NMAXA = MAXIMUM NUMBER OF NODES IN SLINE
WILL BE REPLACED BY ACTUAL NUMBER COMPUTED
NBAD = ERROR INDICATOR

2

OO0

E. 30 DIMENSION PAR(10)sVPAR(L10510)s SOLIN(6),»TPIN(10), XPP(10)5UPP(10),
A UPTP(10),0PIN(10)5sSLINA(G65200)sVSLINALG»62100)

| VA
o

DIMENSION X(351)sFX(3)sFPL10)s FXP(3510)5FXX(353),FPP(10510)

35 DIMENSION UT(2)5XP(2510)sUTP(25,10)5UP(2510)9SOLNAT(6510)
AsUC2)oUTT(2) s SLINE(6551)s VSLINE(656551)

C SULINE AND VSLINE ARE WORKING AREAS WITH LENGTH NMAX

DATA (NMAX=51)

_ 40 NBAD=0

g DO 9 KA=1s6

v SLINE(KAs 1)=SOLIN(KA)
. 9 SLINA(KA,1)sSOLIN(KA)
" IF(NMAXA.GT.2)60T0 12

45 NBAD=11 $ PRINT 11, NBAD $ RETURN
11 FORMAT(1H0,10X, 30HRETURN FROM STRLIN WITH NBAD =,1¢) .

12 IF(DT.6T.0.) 6OTO 15 R

IF(SLINAC191) 4GE.TMAX) GOTO 15 i

NBAD=12 $ PRINT 11,NBAD $ RETURN B

50 C OT IS PERMITTED TO BE ZERO FOR ONE POINT STREAMLINE ~

15 IF(SOLIN(3).6V.0.) 6OTO 25 ]

C CHECK FOR NEGATIVE INITIAL DISTANCE A%

NBAD=15 $ PRINT 11, NBAD $ RETURN R

25 CONTINUE R

55 ROZ=SOLIN(5) $ GEXPs1./AIRGAM $ PRZ=SOLIN(2)+AIRPR i
DO 31 I=1,2 -

DO 30 KA=1,NPAR $ XP(TsKA)=XPP(KA) $ UP(I,KA)=UPP(KA) A
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- 30 UTP(IsKA)=UPTP(KA)
- 31 CONTINUE
60 (-

X{1ls1)=SLINE(1s1) $ X(251)=0. § X{(3,1)sSLINE(3,1}
¢ TINE PRESSURE OISTANCE

CALL PFIELD(XsLoPARSFoFXsFPsFXXsFXPsFPPsLBAD)
3500 IF(LBAD.EQ.O) GOTO 39
65 NB8AD=3500¢LBAD $ PRINT 11, NBAD $ RETURN

- ¢
- 39 UT(1)s=FX(3)¢(PRZ/(F+AIRPR) )**GEXP/ROZ
= C DU/DT==(DP/DR)IS(PO/P)I®**(1/GANNA)/RHOZERD
. . Ul1)=SLINE(4,1)
70 UTTCL)SUT( Y@ (~GEXPS{FX(1)*ULLI®FX(3))/ (F¢AIRPR)

A *(FXXC1y3)UCLISFXX(3,3))/FX(3) )

DTSTOR=DT $ TSTORsSLINA(1,1)4DTSTOR $ KTsl
COMPUTATION RESULTS WILL BE STORED APROXIMATELY FOR TSTOR
KT COUNTS STORAGE IN SLINA AND VSLINA
THIS IS ACTUAL INTEGRATION INTERVAL, WITH DTS=0 GET FIRST NODE

o 75
E DYS=0.
KAsl

NEXT STATEMENT 1S BEGINNING OF INTEGRATION LOOP
45 SLINE(3,KA¢1)aSLINE(3,KA)+DTS®(UCLI¢0.5%0TS*(UT(LI+DTS®UTT(1)/3,)
NEW DISTANCE BY FOURTH ORDER FORMULA IN DTS
SLINE(1,KA#1)=SLINECLsKA}+DTS
NEW TIME
DO 47 KB=1,NPAR
85 47 XP(2,KB)sXP(1sKB)+OTS*(UP(1,KB)40.55%DTS*UTP(1,KB))
NEW OX/DPARAMETER. THIRD ORDER ERROR IN DTS

OO0

e 80

[ B o B e X o ]

(2 X 2]

X(1s1)=SLINE(1sKA®L) $ X(251)=0 $ X(3,1)=SLINE(3sKA®L)
CALL PFIELO(Xs1lsPARSFoFXsFPyFXXsFXPoFPPLBAD)
90 IF(LBAD.EQ.0) GOTO 55
5100 NBAD=5100¢LBAD $ PRINT 11, NBAOD $ RETURN
- ¢
ij 55 SLINE(2,KA¢1)=F
N C NEW PRESSURE
Ei 95 UT(2)==FX(3)*(PRZ/(F+AIRPR) )**GEXP/ROZ

U(2)=U(1) +0.5¢DTS*IUT (1)+UT(2))
C FIRST APPROXIMATION OF NEW VELOCITY. THIRD ORDER ERROR IN DTS
e UTT(2)aUT(2)#(-GEXPS(FX(LI¢UC2Z)EFX(3) )/ (F+AIRPR)
o A +(FXX(153)¢UL2) $FXX(3,3))/FX(3))
- 100 U(2)sU(2) ¢ UTT(1)-UTT (2) ) #DTS**2/12.
s C NEW VELOCITY. FIFTH ORDER ERROR IN DTS
_ SLINE (45KA¢1) eU(2)
- DO 65 KBs1,NPAR
® UTP(2,KB)=UT(2)¢(-DPINIKB)
- 108 A ~(FP(KB)+FX(3)#XP(2,KB))$GEXP/{F+AIRPR)
- 8 +(FXP{3,KB)+FXX(353)$XP(25KB))/FX(3))
- UP(2,KBI=UP(15KB) +0.540TS*(UTP(1,KBI+UTP(2,KB))
- 65 CONTINUE
o C NEV DU/DPARAMETVER. THIRD ORDER ERROR IN DTS
- 110 SLINE(55KA+1)=ROZ#( (F*ATRPR)/PRZ) ##GEXP
. C NEW DENSITY
SLINE(6,KA41)=0.5¢SLINE(5,KA+1)¢SLINE(4sKAS1)#22 S
C NEW OYNANIC PRESSURE T
¢ oy
L eTe oY
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-7 115 C NEXT COMPUTE VARIANCE ESTIMATES OF SOLUTION
DO 75 KB=1,NPAR
SOLMAT(15 KB)=TPIN(KB)
SOLMAT(2,KB)=FP(KB)+FX{3)*XP{2,K8B)
e SOLNAT(3,KBI=XP(2,5KB)
120 SOLMAT (45 KB)=UP(2,KB)
- SOLMAT(5,KB)=SLINE(SsKA+1)*(DPIN(KB)
- A +GEXPH(FPIKB)I¢FX(3)*XP(2,KB)*FX(1)*SOLMATUL,KB))/(F+AIRPR))
. SOLNAT(6sKB)=0oS*SLINE(&sKA+L)*(SLINE(S5sKA®L)*SOLMAT(45KB)®2,
- A *SLINE(G,KA+1)*SOLMAT(5,KB))
125 75 CONTINUE -
L C SOLMAT IS THE JACOBIAN MATRIX DSLINE/DPARAMETER
- D0 95 KBs1,6 $ DO 95 KC=1ls6
VSLINE(KBsKCosKA#1)=0.
DO 85 KD=1,NPAR $ DO 85 KE=1sNPAR
130 VSLINE(KBs KCoKA+1)=VSLINE(KByKCpKA®L)®
A SOLMAT(KB,KD)*VPAR(KDSKE)*SOLMAT(KC,KE)
85 CONTINUE
95 CONTINUE

135 C NOW STORE RESULTS IF TSTOR REACHED
KA=KA+L
IF(KT«EQ.1)60TD 97
IF(SLINE(LsKA).LT.TSTOR-DTS*0.,2)60TO 125
97 00 99 KB=1,6 $ DO 98 KC=1,6
140 98 VSLINA(KBsKCsKT)=VSLINE(KB,KCoKA)
" 99 SLINACKByKT)=SLINE(KBsKA)

IF(SLINAC(LsKT)eGE.THAX)GOTD 155

BRANCH TO 155 WHEN END OF STREAMLINE REACHED
TSTOR=SLINA(1,KT)+DTSTOR

TIME VALUE FOR NEXT NODE TO BE STORED IN SLINA
KT=KT¢l $ DTS=DT#0,.2

AFTER FIRST NODE CONTINUE WITH DTS.6T7.0.

145

150 IF(KT.LT.NMAXAIGOTD 115
THIS IS PROGRAMMING ERROR. WITH GIVEN DT END TIME CAMNOT
BE REACHED IN NMAXA STEPS. CORRECT BY INCREASING OT
DTSTOR=DTSTOR*2.
xa 155 ELIMINATE HALF OF STORED RESULTS
o KCs2 $ KBe3
- 102 DO 104 KD=156 $ DO 103 KE=1,6
o 103 VSLINACKDsKEsKC)=VSLINACKD,KEsKB)
" 104 SLINACKD,KC)=SLINACKD,KB)
160 KCsKC+1 $ KB=KB+2
IF(KB.LE.NMAXA)GOTO 102
KTsKC=1 $ TSTOR=SLINA(1,KT)+DTSTOR
6070 125

© 3OO O O O o

165 115 IF(KT<LE.2)KA=]

125 TF(KALT.NMAXIGOTO 145

.
[a X g (] (3]

NOW WORK AREA IS OVERFLOWING. ELIMINATE OLD STUFF
170 KC=2 ¢ KB=3
131 00 133 KD=1,6 $ DO 132 KEe*1,6

LA
Wt
PUPL S

A
R

202 oY




-
3 132 VSLINE(KE»KDsKC)sVSLINE(KEsKDsKB) T
o 133 SLINE(KD,KC)=SLINE (KD»KB) e
KC=XC¢1l $ KB=KB+2 2
175 IF(KBeLE.NNAX)GOTO 131
KAsKC=1 $ IF(KB.EQ.NNAX¢1) GOTD 45
¢ .
C PREPARE FOR NEXT INTEGRATION STEP *
145 U(1)=U(2) $ UT(1)=UT(2) $ UTT(1I=UTTL2)
180 DO 148 KB=1,NPAR $ XP(1,KB)I=XP(25K8) $ UP(1,KB)sUP(2,K8) e
148 UTP(1,KB) =UTP(25KB) S
GOTO 45
155 NMAXASKT S
185 RETURN o
END g
i
=
"
SN
o
e
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1 SUBROUTINE FLINTER(TyRsHISTsVHISTSNHIST,STROLDy VSTROLD,»
A NOLDy STRNEWs VSTRNEWs NNEWSDRS TGNy NBAD)

FLOW FIELD INTERPOLATION BETWEEN TWO STREAMLINES.

INTERPOLATED RESULTS ARE STORED IN HIST AND VHIST.

T

R

HIST(5,100)
VHIST(5,55,100)
NHIST
STROLD(65100}
VSTROLD(6565,100)
NOLD
STRNEW(65100)
VSTRNEW( 6565100}
NN EW

DRSIGN

TIME VALUE FOR INTERPOLATION

DISTANCE VALUE FOR INTERPOLATION

HISTORY VARIABLES = TsPsUsRHQOy US$2%RHO/2
VARIANCE-COVARIANCE MATRIX OF HIST

NODE NUMBER WHERE TO STORE RESULTS
PREVIOUS STREAMLINE=T,P»RsUsyRHOy U**2%RHO/2
VARIANCE-COVARIANCE MATRIX OF STROLD
NUMBER OF NOOES IN STRGLD

NEW STREAMLINE=T,»P,RyUsRHO» U**2+%RHD/2
VARIANCE-COVARIANCE MATRIX OF STRNEW
NUMBER OF NODES IN STRNEW

SIGN OF NEXT DELTA~-R TO BE SUBTRACTED
FROM PREVIOUS INITIAL POINT OF STREAMLINE
ERROR INDICATOR. NBAD=99 MEANS THAT
EXTRAPOLATION WOULD BE NECESSARY.

10

15

NBAD

ey

20

AN OOO

DIMENSION HIST(55100)»VHIST(555,5,100)sSTROLD(69100)s VSTROLD(Gy6,
A) s STRNEW(69100) 9 VSTRNEW(6265100)
DIMENSION XA(6)s VXA(G26)9 XBILO)sVXB(O6s6)»X2(6)9VXZI6s6)
25 c
NBAD=0Q
IF({ NHIST.GE.2)GOTOD 15
NBAD=14 $ PRINT 14,NB8AD $ RETURN
16 FORMAT(1HOs10X531HRETURN FROM FLINTER WITH NBAD =,14%)
30 C NO INTERPOLATION FOR FIRST NODE OF HIST
15 IF(NOLD.GT.1)6GOT0 17
NBAD=15 $ PRINT 14yNBAD $ RETURN )
17 IF(NNEW.GT.1)G0TO 25 =
NBAD=17 $ PRINT 14,NBAD $ RETURN ‘ -

,.1iwv,u.t.

35 c
C NOW FIND BASE WITH TIME=T ON OLD STREAMLINE
25 00 29 KA=1,NOLD
IF(T-STROLD(15KA) )35, 38,29
29 CONTINUE -
40 NBAD=29 $ PRINT 14sNBAD $ RETURN -
35 IF(KA.GT.1)GOTO 45 :
NBAD=35 $ PRINT 14,NB8AD $ RETURN
38 KAlsKA $ KA2=2
FAlsl. $ FA2=0. $ GOTO 51
45 &5 KAl=KA~1 $ KA2=KA
DEN=STROLD(1»KA2)=-STROLD(1,KAL)
FAl=(STROLD(1,KA2)~T) /DEN
FA2=(T~STROLD(1,KAL)) 70EN
51 DO 55 KA=1,6 $ DO 53 KB=1l,6
50 53 VXA(KByKA)=FAL*VSTROLO(KB KAy KAL) ¢FA2RVSTROLD(KByKAsKA2)
55 XA(KA)=FAL*STROLD(KA» KAL) #+FA2%STROLD(KA,KA2)

C NOW FIND BASE WITH TIME=T ON NEW STREAMLINE
00 69 KA=1,NNEW :
55 IF(T-STRNEW(19KA))75,78569 :
69 CONTINUE .
NBAD=69 ¢ PRINT 14,NBAD $ RETURN
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65

70

75 IF(KA.GT.1)60T0 85
NBAD=75 $ PRINT 14sNBAD $ RETURN

78 KBLl=KA $ KB2=2
FBl=l. $ FB2=0. $ 6OTO 91

85 KB81l=KA-1 $ KB82=KA
DENsSTRNEW(1sKB2)~STRNEW(15KB1)
FBl=(STRNEW(1,KB2)~T) /DEN
FB2=(T-STRNEW(15KB1))/DEN

91 DO 95 KA=1,6 $ DO 93 KB=1,6

93 VXB(KByKA)=FBL*VSTRNEW(KBsKAsKBL)FB2¢VSTRNEW(KBsKA,KB2)

95 XB(KA)sFB1*STRNEW(KA, KB1) ¢FB2*STRNEW(KA»KB2)

C NOW CHECK IF EXTRAPOLATION REQUIRED
TFCCXAC3)=RI*(XB(3)~R).LE.0.)GOTO 105
DRSIGN=1. $ IF(XA(3)=ReLT.0.)DORSIGN=~1,
99 NBAD=99
C THIS INDICATES THAT THE NEW VALUE IS OBTAINED BY EXTRAPOLATION

IF(XA(3)-XB(3)«NE.0.)60TO 105

102 NBAD=102 $ PRINT 14;NBAD $ RETURN

C NOW INTERPOLATE

105 FA=(R=XB(3))/(XA(3)~-XB(3))
FBa(XA(3)=RI/(XAC3)~XB(3)})
DO 115 KAsls6 $ D0 114 KB=1l,6

114 VXZ(KBsKA)=FASVXA(KBy KA)+FB*VXB(KBs KA)

115 XZ(KA)sFA*XA(KA)+FBEXB(KA)

C NEXT STORE RESULTS IN HIST AND VHIST

00 125 KA=1»5 $ DO 124 KB=l,5
KCaKA $ IF(KAGT.2)KC=KA®1
KD=KB $ IF(KB.6T.2)KD=KB¢1

124 VHIST(KAs KBoNHIST)=¥XZIKCsKD)

125 HIST(KASNHIST)I=XZ(KC)
RETURN
END
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SUBROUTINE PFIELD(XsKKsPARsFsFXyFPyFXXyFXPyFPPyNBAD)

THIS IS PRESSURE FIELD CONSTRAINT SUBROUTINE.
THE FUNCTION F IS DEFINED AS
F2(PSHOCK-CIK*EXP(Q(TsRsP(1l)rcuesPl4))¢CIRsP(S)) - P
THE OBSERVABLES ARE
TIME T=X(1)s OVERPRESSURE P=X(2), RADIUS R=X(3)
THE FUNCTIONS QsPSHOCK,C WILL BE OBVAINED BY CALLING
QFUNCT AND CCOEF.

OIMENSION X{(351)sPAR(10C)sFX(3)sFP(10),FXX(353)sFXP(3510)sFPP(10s:
1}

DIMENSION QX(3),QP(10),QXX(393)5,QXP(3510),QPP(10,10),CX(3),
ACP(10)5CXX(353)5CXP(3510)»CPP(10510)sPSP(10)sPSRP(20)PSPP(10510:.
DIMENSION PSCX(3),PSCP(10)

NPSHK=4 $ GOTO 10
ENTRY PFIELOC
NPSHK=0

CONT INUE

ENTRY PFIELDC IS USED AS CONSTRAINT FOR PRESSURE FIELD ADJUSTMENT
IT DOES NOY COMPUTE DERIVATIVES WITH RESPECT TO THE SHOCK
PARAMETERS PAR(6) THROUGH PAR(9}

ENTRY PFIELD IS USED TO COMPUTE THE PRESSURE FIELD AFTER ADJUSTMENT
IT COMPUTES DERIVATIVES OF THE OVERPRESSURE WITH RESPECT TO
ALL PARANMETERS

DO 12 KB=1,10

FXP(1sKB)=0 $ FXP(2,KB)=0 ¢ FXP(3,KB)=0 $ FP(KB)=0
DO 12 KC=1,10

FPP(KC,KB)=0

NBAD=0

CALL QFUNCT(XsKKsPAR» Qs QX5QP» QAXX,QXPyQPP,

APSsPSRs PSPy PSRRyPSRPs PSPPsNPSHKsNBAD)
IF(NBADNE.O)RETURN

CALL CCOEF(XsKKyPAR»C»CXsCPsCXXsCXPsCPPsNBAD)
IF(NBADJNE.O)RETURN

PSCePS—C
IF(Q.LT.740.) GOTO 14 $ NBAD=740 $ RETURN
EXPQs0. $ IF(Q.GT.-670.) EXPQ=EXP(Q)
STATEMENTS 13 AND 14 AVOID OVERFLON OR UNDERFLOW BY EXP FUNCTION
FEX=P SC*EXPQ
FeFEX+C=X (25KK)
00 15 KB=1,3
PSCX(KB)=—CX(KB)
FX(KB)=EXPQ#(PSC*QAX(KB)+PSCXIKB))+CX(KB)
FX(2) sFX(2)-1,
PSCX(3)=PSCX(3)+PSR
FX(3)=FX(3)4EXPQ*PSR
D0 25 KB=1,5
PSCP(KB)=—CP(KB)
FP(KB)=EXPQ#(PSC*QP(KB)+PSCP(KB))4CPIKB)

00 35 KB=1,3 $ DO 35 KCs1l,5
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FXP{KBsKCI=EXPQ*(PSC* (QXP(KByKC)+QAX(KB)*QP(KC))
A+QX{KBI*PSCPIKC) +PSCX(KB)I*QP(KC)-CXPIKB»KC)I+CXP(KB,KC)
35 CONTINUE

DO 32 KB=s1,3 $ DO 32 KC=1,3

FXX(KByKC)=EXPQ*(PSC* (QXX(KBsKC)+QX(KB)*QX(KC)})

A+QXCKB)#PSCXIKC)I#+PSCXIKBI*QXIKCI-CXX(KByKC) I*CXXIKB,KC)
32 CONTINUE

FXX(353)=FXX(353)¢EXPQ*PSRR

DO 45 KB=1y5 $ DO 45 KC=1,5
FPPILKB,KCI=EXPQ*(PSC*(QPP(XBsKC)+QP(KB)*QP(KC))
A+QP(KB) *PSCP(KC)+PSCP (KB)*QP (KCI-CPPIKBIKC) I +CPP(KBSKC)
&5 CONT INUE
c

IF(NPSHK.LE.0)GOTO 75
€ NPSHK IS THE NUMBER OF SHOCK PARAMETERS. NPSHK=0 OR =4
KUPs5+&
C ASSUME THAT PRESSURE FUNCTION HAS 5 PARAMETERS AND SHOCK HAS
D0 55 KB=6,KUP
PSCP(KB)I=PSPIKB)
FPIKB)YSEXPQ*(PSC*QP(XB)+PSCPIKB))
DO 52 KC=1,3
FXP(KCyKBI=EXPQ*(PSC* (AXP(KCoKB)+QX(KC)*QP(KB))
A+QXCKCI*PSCP(KB)+PSCX (KCI*QP(KB))
52 CONTINUE
FXPU3,KB)=FXP(3,KB)+EXPQ*PSRP(KB)
DO 55 KC=6,KUP
FPP(KByKCI=EXPQ*(PSC* (QPP (KByKCI¢QP (KB)*QP(KC))
A+QP(KBI*PSCP(KC)+PSCP(KB)*QP(KC)+PSPP(KBsKC))
55 CONTINUE
DO 65 KB=1,5 $ DO 65 KC=6,KUP
FPP(KByKC)=EXPQ*(PSC*(QPP(KByK ) +QP(KB)I*QP(KC))
A+QP(KBI*PSCPIKC)+PSCP (KB *QP(KC)+PSPP(KBsKC)]}
65 FPP(KCsKB)=FPPI{KB,KC)
75 CONTINUE
RETURN
END
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SUBROUTINE QFUNCT(XsKKsPARs Qs QXsQPsQXXs QXPo QPP

APSsPSRs PSPy PSRRyPSRPy PSPPyNPSHK,NBAD)
AUXILIARY ROUTINE FOR PFIELD. IT COMPUTES THE EXPONENT Q OF THE
PRESSURE FIELD FUNCTION. IT ALSO TRANSNITS THE SHOCK
OVERPRESSURE PS(R) WITH DERIVATIVES.

SUBROUTINES ACOEF,BCOEF AND SHODER ARE NEEDED

DEMENSION X(3513,PAR(10),0X(3),QP(1009QXX(353),QXP(3,10)s

A QPP(10510)9AX(3)sAPCLONAXX(353),AXP(3»10)sAPP(10,10),

8 TAUX(3) »

OIMENSION TYP(10)sTRP{10),TPP{10510)+PSP(10)sPSRP(10),PSPP(105,10)

COMMON/CSCALE/SCDISsSCPRE,SCTIN
COMMON/COMSHK/NPSH sPARSH(4)s VPARSH(%54)5SCOSHs SCPSHeSCTSH

DO 12 KA=1,10 $ QP(KA)=0 $ DD 10 KBs=1,3
10 QXP(KB»KA)=0 $ D0 12 KC=1,10
12 QPPI{KAsKCHI=0

NBAD=0 $ R=X{3,KK)*SCDIS

IF(NPSHK. GT«0) 6GOTO 13
IF NPSHK = NUMBER OF SHOCK PARAMETERS IS ZERO THEN COMPUTE ONLY
DERIVATIVES WITH RESPECT TO PRESSURE PARAMETERS PARI1) THROUGH PAR(!
CALL SHOCK2(RsT»TR» TRRsPSyPSRy PSRRyNBAD)
IF(NBADJNE.O) RETURN
GOTO 14

CONTINUE

CALL SHODER(RsTsTRsTPsTRRoTRP> TPPsPSs PSR, PSP,
A PSRRePSRPy»PSPPsNBAD)

IFINBADNE.Q)RETURN

CONTINUE
SHOCK2 OR SHODER COMPUTED EVRYTHING IN SI UNITS. NOW SCALE RESULTS
ACCORDING TO THE SCALES IN /CSCALE/
TaT/SCTIM $ TReTR*SCDIS/SCTIN $ TRROTRR*SCDIS**2/SCTIM
PSsPS/SCPRE $& PSR=PSReSCOIS/SCPRE & PSRR=PSRR*SCDIS*+2/SCPRE
IF(NPSHK.LE.O) 6OTO 16

D0 15 KB=6,8

TPIKB)=TP(KB)*SCPRE®SCDIS**(KB~5)/SCTIN
PSP(KB)=PSP(KB)*SCDIS**(KB~5)
TRP(KB)=TRP(KB)*SCDIS**{KB~4)*SCPRE/SCTIN
PSRP(KB)=PSRP(KB)I*SCOIS*4(KB~4)
TPP(IsKB)=sTPP(IsKB)SSCPRESSCDIS**(KB=5) ¢ TPPIKBsy9)=aTPP(9,KB)
PSPPI9sKB)=PSPP(9sKB) #SCTINGSCDIS*#(KB=5) $ PSPP{KBs9)=PSPP(9,KB
D0 15 KC=6,8
TPPU(KCsKB)=TPPIKCsKB)S(SCPRE/SCTIN)®020SCOIS*+(KBKC~10)
PSPPIKCy8)=PSPP(KCoKBI*SCOIS*#(KBOKC~20)

CONTINUE

PSP{9)=PSP(9)*SCTIM/SCPRE

TPP(9s90=TPP(9 9)*SCTIN

PSPP{959)=PSPPL9s9)&(SCTIN/SCPRE)®**2

CONTINVE
TAU=X{1,KK)-T
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TAUX(l)=l., § TAUX(2)=0. § TAUX(3)e=TR

NEXT COMPUTE THE LINEAR TERM IN THE EXPONENT
CALL ACOEF (XoKKo PARSASAXs AP9AXXsAXPoAPPyNBAD)
IF(NBAD.NE.O)RETURN
Q=A*TAU

(2 X2}

00 25 KB=1,3

QAX(KB)=AX(KB)STAUSASTAUX(KB)

DO 25 KC=1,3

QXX(KByKCI=AXXIKBsKCISTAUSAX(KB)ISTAUXIKC)*AXIKC)ETAUX(KS)
25 CONTINUE

AXXC393)=QAXX( 353 )-A*TRR

00 35 KB=1,3 $ D0 35 KC=1,5
35 QXP(KBsKCI=AXPIKB,KC)ISTAUSAPIKCISTAUXIKD)

D0 45 KB=1,5 $ QP(KB)=AP(KBI*TAU
00 45 KC=1,5
45 QPPIKB,KC)I=APPIKB,KC)®TAU
IFINPSHK.LE.O)GOTOD 53
€ NPSHK IS THE NUMBER OF SHOCK PARAMETERS
KUP=5eNPSHK
€ ASSUME THAT PRESSURE FIELD HAS 5 PARAMETERS
DO 48 KAss,KUP
QP(KA)==ASTP{KA)
AAPLISKA)a=AX(I)STP(KA)-ASTRP(KA)
00 48 KB=6,KUP
48 QPP(KA»KB)=~ASTPP(KA,KB)
DO 50 KA=1,5 $ D0 50 KBe=b6,KUP
QPPIKAS KB ) ==APIKA)*TP(KB)
50 QPPIKByKA)=QPPIKA»KB)
C
C NEXT COMPUTE QUADRATIC TERM
53 CALL BCOEF(XsKKs PARsAsAKs AP» AKX AXPAPPsNBAD)
IF(NBAD.NE.O)RETURN
Q=sQeASTAUSTAU

00 55 KB=1,3
QAXIKB)=QX(KB)*TAUC(AX(KBISTAUS 2., $A*TAUX(KE) )
00 55 KC=1,3
QXXI{KBs KC)=QXXIKB,KC) ¢TAUS(AXX (KByKCIETAUS2,#AXIKB) ¢TAUXIKC)
A*2.5AXCKC ) STAUXIKB) )¢ 2, #ASTAUX(KB)I*TAUX(KC)
53 CONTINUE
QAXX(3,302QXXC393)=2,8A*TAUSTRR

00 65 KB=153 $ 00 65 KCel,5
QXPIKDBsKC ) =QXP(KBIKC) *TAUSIAXP (KBsKCISTAUS 2, #
ATAUXIKBI*AP(KCY)

63 CONTINUE

00 75 K8=1,3 $ QP(KB)=QP(KBICAPIKB)*TAUSTAY
00 75 KC=1,5

73 QPPIKBsKC)I=QPPIKB,KC)*APPIKB,KCI*TAUSTAVY
IF(NPSHK.LE.O)GOTO 97
00 05 KAsb6,KUP
QP(KA)=QP (KA)=A®*2,8TAUSTP (KA)
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115 AXP(3,sKAISQXP (3o KAV 2, #{—AX (I ) *TAUSTP(KA)+A*TP(KA)*TR
A=A*TAUSTRP (KA))
D0 85 KB26,KUP
QPP(KAsKB)=QPP(KASKB) ¢A®2. (TP (KA)*TP(KB)-TAUSTPP(KASKB)})
85 CONTINUE
120 DO 95 KA=6,KUP $ DO 95 KB=1,5
QPPIKBs KA} =QPP(KBsKA)=2.*AP (KB }*TP(KA)*TAU
95 QPP(KASKB)=QPP(KBsKA)
97 CONTINUE

RETURN
125 END
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1 SUBROUTINE ACOEF(XsKKsPARsAsAXsAPsAXXs AXPy APPy NBAD)
C LINEAR COEFFICIENT IN PRESSURE FIELD EXPONENT
C AUXILIARY ROUTINE FOR QFUNCT
c

5 DIMENSION X(¢3,510)5PAR(10)sAX(3)5AP(10)9AXX(3,3),ANP(3,10),
AAPP(10510)5CP(2)5CXP(2)5CPP(2,2)
COMMON/CFLODEX/EXASEXBEXC

NBAD=0
10 RsX(3,KK) $ PlePAR(1l) $ P2=PAR(2)
EX=EXA
CALL COEFFI(RIPLIP2,EXsAsCKsCPICXAXsCXPSCPPyNBAD)
IF(NBAD.EQ.0)GOTO 15 $ NBAD=NBAD+100 $ RETURN

15 15 D0 25 KA=155 $ AP(KA) =0 § IF(KAL.LE.3)AX(KA)=0
00 25 KB8=1s5 $ IF(KALLE.I)AXP(KASKB)=0
IF(KAeLE«3oANDeKBoLES 3)AXX(KA»KB)=0

25 APPI(KAsXB)=0

20 AX(3)=CX § AP(L)=CP(1) S AP(2)=CP(2)
AXX{353)=CXX $ AXP(3,2)=CXP(L) $ AXP(3,2)=CXP(2)
00 35 KA=1,2 $ DO 35 KBg=1,2
35 APP(KA,KB)=CPP(KA,KB)
RETURN $ END
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. 1 SUBROUTINE BCOEF(XoKKsPAR»AsAXsAPSAXX9AXPoAPPo NBAD)
o C QUADRATIC COEFFICIENT IN PRESSURE FIELD EXPOMENY
- C AUXILIARY ROUTINE FOR QFUNCT

¢

. 5 DIMENSION X(3,1),PAR(10)sAX(3),AP(10)9AXX(3,30
-, AAXP(3510),APP(10510)5CPL2),CXP(2),CPP(252)

e COMMON/CFLOEX/EXA» EXB s EXC

NBAD=0
10 R=X{3,KK)} $ P1l=PAR(3) $ P2=PAR(&)
EX=EXB
CALL COEFFI(RyPLIP2,EXsA»CXsCPCAXoCAPoCPP, NBAD)
IF(NBAD.EQ.O)GOTO 15 $ NBAD=200¢NBAD $ RETURN

15 15 DO 25 KAs1,5 $ AP(KAYSO $ [F(KA.LE.3VAX(KA)®O
D0 25 KBe1,3 $ IF(KA<LE<3)AXP(KAsKB)=O
o TF(KAoLEo30¢ AND. KBoLE« 3)AXX( KA KB) O
o 25 APP(KA;KB)=0

20 AX(3)=aCX § AP(3)=CP(1l) S AP(4)=CP(2)
AXXE353)3CXX $ AXP(35,2)=CXP(Ll) $ AXP{3,4)eCXP(2)
D0 35 KA=152 $ DO 35 KBsl,2
35 APP{24KA»2¢KB)=CPP(KA»KB)
RETURN s END
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SUBROUTENE CCOEF(XsKKyPAR»Ap AKX AP AKX AXP»APP, NBAD)

C THIS IS ADDITIVE COEFFICIENT IN PRESSURE FIELD FORNULA

C AUXILIARY ROUTINE FOR PFIELD

¢
DIMENSION X(351)5PAR(10)oAX(3D,APIL0)oAXX(3»3)9AXP(3,10),
A APP(10510),CPL2),CKXP(2),CPP(2,2)
COMMON/CFLOEX/EXAS EXB) EXC

NBAD=0

ReX{3sKK) $ PlsPAR(S3) § P220,

EXsEXC

CALL COEFFECRIPLIP2IEX s AsCKsCPCXXsCAPSCPPINAAD)
IFINBAD.EQ.O)GOTO 13 § NBAD=MBAD+300 $ RETURN

15 D0 25 KA=1ls5 S AP(KAI=0 $ IF(KA.LE.3IAX(KA)=0Q
D0 25 KB=1,95 $ IF(KALE«IIAXP(KA,KB)=0
TFIKACLE.3.ANDKB.LES 3)AXXIKA,KB)=0

25 APPIKAsKB)=0

AX(3)=CX & AP(5)sCP(]1)
AXX(353)8CXX $ AXP(3,5)sCXP(1)
APP{5,5)=CPP(1s1)

RETURN & END
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SUBROUTINE COEFFI(RsP1yP2,EXsApAXsAPsAXXs AXPsAPPyNBAD)
THIS COMPUTES TAU COEFFICIENTS TO BE USED IN PRESSURE FIELD
FUNCTION EXPONENT AND AS ADDITIVE TERMN. THE COEFFICIENTS DEPEND ON

DIMENSION AP(2)sAXP(2)sAPP(252)

NBAD=O
REX=1l./R*$EX
A=REX*{PL+P2%R)

A IS THE COEFFICIENT. NEXT COMPUTE FIRST ORDER DERIVATIVES
AXSREX®(~PL*EX/R¢P2%(1.-EX))
AP(1)=REX §& AP(2)s=REX®*R

NEXT COMPUTE SECOND ORDER DERIVATIVES
AXX=REX®(PLOEX*(EX*Lle V/R=P2%*(1.~EX)*EX)/R
AXPULISREX*(-EX)/R $ AXP(2)=REX®*(1l.-EX)
APP(151)=0., $ APP(1,2)=0. $ APP(251)=0. $ APP(2,2)=0.
RETURN $ END
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SUBROUTINE SHOCK(R»TsPOVsUS»UP»sRHOsNBAD)
THIS COMPUTES SHOCK VALUES USING PARAMETERS FROM /COMSHCK/
ALL ARGUMENTS ARE ASSUMED TO BE EXPRESSED IN SI UNITS
ROUTINE USES ROMBIN AND SHTINT TO COMPUTE SHOCK ARRIVAL TIME

R s SHOCK DISTANCE (GIVEN}

T s  SHOCK ARRIVAL TIME

POV = INCIDENTAL SHOCK OVERPRESSURE

us = SHOCK SPEED

up = PARTICLE VELOCITY BEHIND SHOCK

RHOD =  SHOCK DENSITY

NBAD = ERROR INDICATOR. NBADJNE.O IN CASE OF ERROR RETURN

EXTERNAL SHTINT
INTEGRAND TO COMPUTE SHOCK ARRIVAL TIME

COMMON/COMSHK/NPSyPARSH(4)» VPARSH(424)»SCOISy SCPRE, SCTIN
COMMON/AMBCHA/PZsTZsGAMs AMOLs CHVOLy CHENs CHHo CHHER
COMMON/CF2DER/GAMCAP, SNDSPDs PAR( &) ALOW» SCDsSCP,SCT

GAMCAP=GAMCAP/SCP $& SNDSPD=SNDSPD*SCD/SCT $ ALOW=ALOW®SCD
SCD=1. ¢ SCP=sl. $ SCTs].
00 15 KA=1,3
PAR(KA)SPARSH(KA)*SCPRE #SCDIS*#*KA
PAR(&)=PARSH{&)*SCTIM
THIS CHANGED THE CONTENTS OF /CF2DER/ INTO SI UNITS

POV={(PAR(3)/R*PAR(2) }/R¢PAR(1))/R
CALL ROMBIN(SHTINT, ALOWsR,FsNBAD)

QUADRATURE TO COMPUTE SHOCK ARRIVAL TIME
IF(NBADJ,EQ.O) 60 YO 30
PRINT 20,NBAD

20 FORMAT(1H »*RETURN FROM SHOCK WITH NBAD= #*,[5)
RETURN

30 CONTINUE
TsF/SNDSPD +PAR( &)
USsSQRT(SNDSPO**2%( 1, +GAMCAP*POV))
RHOZ=(AMOL/8.3143)%(PZ/T2)
UP=POV/(RHOZ*US)
RHO=RHOZ*(1.+GAMCAP*POV)I/ (1. +(GAN-1.)*POVE*0.5/(GANSPZ))
RETURN
END
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1 SUBROUTINE SHOCK2(RsT» TRy TRRoPsPRysPRR,NBAD)
THIS ROUTINE COMPUTES SHOCK ARRIVAL TIME AND OVERPRESSURE FOR
GIVEN DISTANCE

[ o]

R = SHOCK DISTANCE (GIVEN)

T = SHOCK ARRIVAL TIME

TRy TRR = DERIVATIVES OF T WITH RESPECT TO R
P = SHOCK OVERPRESSURE

PRy PRR = DERIVATIVES OF P WITH RESPECT TO R
10
ALL QUANTITIES ARE COMPUTED IN SI UNITS

(2 Xz XaXaXaXaKsXaNaXaXal

EXYERNAL SHTINT
COMMON/COMSHK/NPSsPARS(4)sVP(4,4)5SCDS» SCPSHSCTS
15 . COMMON/CF 2DER/GAMCAPs SNDSPDsCP(4)5ALOW»SCO» SCP»SCT

g GAMCAP=GAMCAP/SCP $ SNDSPD=SNDSPO®SCD/SCT S ALOWsALOWSSCOD
A $COel. $ SCPel. $ SCT=l,
DO 15 KA=1,3
20 15  CP(KA)=PARS(KA)*¥SCPS#SCDS*EKA
CP(4)aPARS (4)#SCTS
C THIS TRANSFORMED /CF2DER/ INTO SI UNITS

CALL ROMBIN(SHTINT;ALOWsR»TsNBAD)
25 C QUADRATURE TO COMPUTE SHOCK ARRIVAL TINME
IF(NBAD.EQ.O) GO TO 30
PRINT 20sNBAD
20 FORMAT(1H »*RETURN FROM SHOCK2 WITH NBAD= #,15)
30 CONTINUE

30 c
~ Ps((CPLI)/ReCP(2))I/R+CPLLI)I/R
PRe=( (3. #CP(3)/R+2.%CP(2))/R4CP(1}))/R022
PRRe((12. *CP(3)/R*6.,%CP(2))/R4CP(1) )/R®*]
TsT/SNDSPD+CP(4)
35 SQ=l.¢GAMCAP*P

TR=sl./7(SQART(SQ)*SNDSPD)
TRR==0,5%GAMCAP*TR#PR/SQ
RETURN

END
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SUBROUTINE SHTINT(XsFsNBAD)
INTEGRAND FOR SHOCK ARRIVAL TIME COMPUTATION

COMMON/CF2DERIGANC APy SNDSPDsPARC&)» ALOWS SCD»SCPy SCT

IF(X.6To1.E-10) GOTO 15 $ NBAD=1l 3 RETURN
$Qel . +GAMNCAP® ((PAR(3) /KSPAR(2) I/X+PAR(L)I/X
IF(SQ.GTe1.E~100) GOTO 25 $ NBAD=2 $ RETURN
Fel./7SQRT(SQ) $ NBAD=0

RETURN .

END
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SUBROUTINE ROMBIN (Fy AsBs FINT»NBAD)
ROMBERG INTEGRATION SUBROUTINE

DIMENSION T(10,20),CORKM(10)

NBAD=0

CALL FUA»FASNBAD) $ LF(NBAD.NE.OIRETURN
CALL F(ByFBsNBAD) $ IF(NBADNE.OIRETURN
T(l,1)=(FA+FB)*0.5

KM=l $ KMA=1

15 DEN=FLOAT(KMA)*2, $ FM=0
00 25 KA=1,KMA
AC=FLOAT(142%(KMA-KA) ) /DEN
BC=FLOAT(2#%KA-1)/DEN
ARG=AC*A+BC*B
CALL F(ARGyFNysNBAD) $ IFINBAD.NE.O)}RETURN
FM=F M+FN

25 CONTINUE
FM=sFM/FLOAT(KMA)
T(loKMe1)=(TO1,KM)+FM)I*0.5

THIS IS TRAPEZ. NOW COMPUTE ROMBERG
KM=KM+l $ KC=1 $ DDEN=1l.

35 KC=KC+1 8 DDENsDDEN*4,

CORKMUKC)= (T(KC-19KM)-T(KC=1sKM=1))/7(DDEN~1.}

T(KCyKM)sT(KC-19KM)+CORKMIKC)
IF(KCoLToKMoANDSKC.LT.20)6G0OTO 35
IF(KC.GE.3)GOTO 45

AFTER AT LEAST 3 STEPS BRANCH TO 45 AND TEST CONVERGENCE

KMAsKMA®2 $¢ 6GOTO 15

45 D0 55 KA=2,KC
TEST=ABS(CORKM(KA))
IF(TESTLLE.ABS(T(KCyKM))I*1.E~10)GOTO 65
IF(TEST.LE.1.E~100)GOTOD 65

55 CONTINUE
IF(KM.GE.20)6GOTO 65

COMPUTE NOT MORE THAN 20 ROMBERG CORRECTIONS
KMA=KMA®2 § GOTO 15

65 FINT=T(KCoyKM)*(B-A)

RETURN
END
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SUBROUTINE SHODER(RsTy TR TP TRRyTRP,TPP,

A POV, PRyPP,PRRyPRPsPPPsNBAD)
THIS COMPUTES FOR GIVEN DISTANCE R THE CORRESPONDING
SHOCK TIME T AND OVERPRESSURE POVs AND DERIVATIVES
SUBROUTINE USES F2SHCK TO COMPUTE SHOCK ARRIVAL TIME
ALL ARGUMENTS ARE ASSUMED TO BE IN SI UNITS

DIMENSION TP(10)»TRP(10)»TPP(10510},PP(10),PRP(L0)»PPP(10510),
A SPAR(10)s X551} FXU5)sFPULO)s FXX(555)sFXP{5510)sFPP(10510)

COMMON/COMSHK/NPS,PARSH(4)s VPARSH(454)»SCDISy SCPRE» SCTIN
COMMON/CF2DER/GANCAPs SNOSPDyPRS(4 )5 ALOWS SCO»SCP» SCT

GAMCAP=GAMCAP/SCP $ SNDSPDaSNDSPO#SCD/SCT $ ALOW=ALOW*SCD
SCD=1s $ SCP=1, § S(CT=1l.

THIS CHANGED /CF2DERs TOD SI UNITS
IF(NPS.GE<O0«AND.NPS,LE.5)GOTO 15

THIS IS CODED FOR NPS = NUMBER OF SHOCK PARAMETERS = 4
NBAD=IABSI(NPS) $ RETURN

25 NBAD=25 $ RETURN

IF(R.LE.0.)GOTD 25
NBAD=0
IFINPS.EQ.0)GOTO 55

NOW COMPUTE SHOCK OVERPRESSURE IN PASCALS BY 3-PARAMEYER FORMULA
00 35 KA=1,3
SPAR(KA)=PARSH{KA)*SCPRE*SCDIS**KA
SPAR(4)sPARSH(4)*SCTIN

SPAR IS FOR COMPUTATION OF POV IN PASCALS WHEN R IS IN METRES

POV=((SPAR(3)}/R+SPARI2))/ReSPAR(LI)I/R
PRa-( (SPAR(3)%3, /R¢SPAR(2)%2. ) /R¢SPAR(1) ) /R**2
PRRE{(SPAR(3)%12./R+SPAR(2)%6. )/R*SPAR(1)#2,)/F *#3

00 37 KA=1,10 ¢ PP(KA)I=0 $ PRP(KA)=0
TP(KAY=0 $ TRP(KA}=0
DO 37 KB=1510 $ TPP(KA»KB)=0

37 PPP(KAsKB)=0

ASSUME THAT SHOCK PARAMETERS ARE NRe 65758,9.
PP(6)=1./R 8 PPU7)=PP(6)/R S PP(B)=PP(T)/R
PRP(6)I=—PP(T) $ PRP(7)=-2.4%PP(8) & PRP(8)=-3,¢PP(8)/R
NEXT COMPUTE SHOCK ARRIVAL TIME. X(1)=PRESSUREs X(3)=TINME
X{1p1)s0 8§ X(251)sR § X{3,1)20
CALL F2SHCK(Xs1lsSPARsFsFXsFPs FXXsFXP»FPPyNBAD)

IF(NBAD.NE.0)1GOTO 55
T=F/SNDSPD 8 TR=FX{Z2)/SNDSPD $ TRR=FXX(2,2)/SNDSPD

D0 45 KA=1,NPS § TP{5¢KA)=FP(KA)/SNDSPD
TRP(S5+KA)=FXP(25KA)/SNOSPD
DO 45 KB=1,NPS

45 TPP(S5¢+KA,5+4KB)I=FPP(KA»KB)/SNDSPD

55 CONTINUE
RETURN
END
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SUBROUTINE F2SHCK(XXeKAsPARsFs FXs FPsFXXs FXPyFPPs NBAD)
IS IS SECOND CONSTRAINT COMPONENT FOR SHOCK FITVING

DIMENSION XX(55100)sPARCLOI,FX(S)IsFP(LOI»FXX(555)sFXP(5910)
A FPP(10510),SF(9)

EXTERNAL F2DER

COMMON/CF2DER/GAMCAPy SNOSPDSsCPARIS) s ALOW,» SCD»SCPySCT T
MCAP=((1.+GAMY/(2.*GAM)I*(SCPR/AMBPR) -

GAMCAPy, SNDSPD AND ALOW ARE SET BY SUBROUTINE SCALSH

15
TH

25

35

45

COMPUTE PARTS OF F2 AND DERIVATIVES BY MULTIPLE QUADRATURE

65

NIRRT I )

D0 15 KBsl,4

CPAR{KB)=PAR(KSB)

€ PARAMETERS CPAR WILL BE USED BY SUBROUTINE F20ER

XsXX{25KA)

DD 25 KB=15s3 $ DO 25 K(C=1,3 .
FXX{KB,KC)=0

IF(X<GT<1.E-30) GOTO 35 $ NBAD=1 $ RETURN

NBAD=0

SQ=1.+GAMCAPS((PARI3) /XePAR(2))/X+PARIL)}/X
IF(SQ.6T.1.€E~50 ) GOTO 45 $ NBAD=2 $ RETURN

FX{1)s0. $ FX(2)=1./SQRT(SQ) $ FX(3)=-SNDSPD
FXX(292120.5%GAMCAP*FX(2)1%( (3. *PAR(3)}/X¢2.¥PAR(2))/X
A #PAR(1))/7(X#X*5Q)

CALL ROMULT(F2DER»ALOWsXsSFyNBAD)

IF(NBAD.EQ.0) GOTD 55 $ NBADsNBAD+10 $ RETURN
FaSFEC(L)+(PARCS)=-XX(3, KA} )*SNDSPD

FP(1)=SF(2) $ FP(2)sSF(3) $ FP(3)=SF(4) $ FP(4)=SNDSPD
FPPI1,1)=SF(5) $ FPP(1,2)=SF(6) $ FPP(1,3)sSF(T)
FPPI2,1)sSF(6) $ FPP(2,2)aSF(T7) $ FPP(293)sSF(8)
FPP(3,1)sSF(7) $ FPP(352)=SF(8) $ FPP(353)=sSF(9)

DO 65 KB=ljs& $ FPP(4»KB)=0 $ FPP(KBy43)=0 $ FXP(15KB)=0
FXP(3,KB)=0 L
FXP(2,1)2=0.5%GAMCAPS®FX(2)/ (X*5Q) -
FXP(252)=FXP(251)/X $ FXP(253)sFXP(202)/X $ FXP(254)=0 g
RETURN "
END -
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1 SUBROUTINE FZDER(X,{.NBAD)
INTEGRAND FOR NINE COMPONENTS CF ¥#2 AND DERIVATIVES
USED BY F2SHCK AS ARGUMENT OF ROMULY -

DIMENSION F(9)
COMMON/CF2DER/GAMCAPy SNDSPDy PAR(4)sALOWSSCDsSCP»SCT

GAMCAP=((1.+GAMI/(2.*GAM) )*#(SCP /AMBPR} ;jj
GAMCAP, SNDSPDs ALOW AND SCALES ARE SET BY SUBROUTINE SCALSH o

OO (n} (s XaXal

10
NBAD=0 $ IF(XeGTeleE=30} GOTO 15 $ NBAD=1 $ RETURN

(2]

15 ¥Y=1l./X
SQAsl+GAMCAPF((PAR(3)*Y+PAR(2) 1*Y4PARIL) )Y
15 IF(SQ.GT.1.E-50 ) GOVO 25 $ NBAD=2 $ RETURN

c
- € INTEGRANDS CORRESPOND TO FOLLOWING QUANTITIES .
h C FoFP(1)o(2)5(3)sFPPlLlsl)s(152)5(Ls3)=(252)5(253)9(3,3)
{ 25 F(Ll)=1./5QRT(5Q}
= 20 F(2)2=0.5%GAMCAP*F (1) *Y/SQ
: F(3)aF(2)%Y $ Fla)sF(3)*Y
F{5)==1.5%GAMCAP*F(3) /5Q
FUB)=F(5) %Y $ FU(T)=F(6)*Y § FUBISF(TI*Y § F(9)=F(B)&Y
RETURN
25 END
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SUBROUTINE ROMULT(F»A»BsSF»NBAD)
C ROMBERG INTEGRATION OF A 9-DIMENSIONAL VECTOR FUNCTION

DIMENSION SF(9)5T{(9510520)sFAL9)sFBII)>FNI9)y FN(F)y CORKN(9,10)

NBAD=0
CALL FUAyFASNBAD) $ IF(NBAD.NE.O) RETURN
CALL Ft(BsFByNBAD) $ IF(NBADNE.O) RETURN
00 14 KD=1,9

14 T(KD, 15 1)=s(FAIKD)+FBI(KD})*0.5
KMsl $ KMA=]

15 D0 16 KD=1,9
16 FM(KD)=0
DENsFLOAT(KMA)®2,
00 25 KAs=1l,KMA
ACaFLOAT(L1+2¢(KMA-KA) ) /DEN $ BCsFLOAT(2¢KA-1)/DEN
ARG=AC*A+BC*8
CALL FUARGsFNoNBADY $ IF(NBAD.NE.O) RETURN
DO 23 KD=1,9
23 FA(KD)=FM{KD)+FN(KD)
25 CONT INUE
00 26 KD=1,9 $ FMI(KD)=FM(KD)/FLOAT(KNA)
26 T(KDs 1o KM*1)s(T(KDy1lyKM)+FN(KD))*0.5

€C THIS IS TRAPEZ. NEXT COMPUTE ROMBERG
KMsKMe¢l $ KC=) $ DDEN=1.

35 KC=KC¢1 § DOEN=DDEN*4.,
DO 37 L=1,9
CORKM(LIKC)=(TILIKC-1sKN)=T(LyKC=19KM=1))/(DDEN=1,)
37 TCLsKCsKM) = T{LsKC-1,KMI+CORKM(L,KC)
IF(KCoLToKMeAND.KCoLY,10) GOTO 35

IFIKM.GE.3) GOTO 45 $ KMA=KMA®2 $ GOTO 15
AFTER THREE STEPS TEST CONVERGENCE

45 IF(KM.GE.20) GOTO 56
MAXIMUN OF 20 STEPS ALLOWED

(2 X2} (o X 2 o

D0 53 L=1,9
TEST=ABS(CORKMIL,KC))

KC=MIN(KM,10)
IF(TEST.LE.1.E-100) GOTD 53
IF(TESTLLE«ABSITIL,KCsKM))I*1.E~-10) GOTO 53
KMAsKMA®2 $ GOTO 15

53 CONVINUE

(2]

56 00 58 L=1,9

38 SFIL)=T(LyKCsKM)*(B=A)
RETURN
ENOD
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1 SUBROUTINE PRIHIS(RsSHISTSRHIST,NR)

C TH!S IS CALLED FROM FLOFLD TO PRINT FLOW HISTORY AT OISTANCE R

c = DISTANCE FROM THE EXPLOSION

C HIST(5:100) s TIME, OVERPRESSURE, VELOCITY, DENSITY, V**#2#RHO/2
5 €C RHIST(5,5,100) = VARIANCE-COVARIANCE MATRICES OF HISY

C NR s NUMBER DF NODES IN HIST

C

DIMENSION HIST(5,1000,RHIST(5,55100}
ODIMENSION ERHIS5),MES(S5)

10 DIMENSION PRH(5)9sNEX(5)sNT(5)s NUIS)»SI(5;
COMMON/CSCALE/SCD,SCP,SCY

DO 85 KAs1sNR
IF(MOD (KA, 35).NE.1)GOTD 47
15 PRINT 25,R
25 FORMAT(1H1s /s 1HO0»20Xy 27HFLOW HISTORY AT OISTANCE R=,1PE12.5)
IF(SCOLEQ.LIPRINT 26
26 FORMAT{(1H®560X;1HMN, /)
IF(SCONE.1.)PRINT 27
20 27 FORMAT(1IH*5 60X, 3HSCDs /)
PRINTY 35
35 FORMAT(LIHOs /o1lH s5XsIHNR.pOXs AHTIME 4 Xy OHSTERC» 83Xy
A 9HOVERPRES. 22Xs 6HSTLER. s IXKs BHVELOCITY 22X s 6HSTLERG» &X
BS5X»THDENS ITVp 3Xs GHSToERes 7Xs LOHUSS2¢RHD/ 2, 2X» 6HST.ERGs /)
25 IF(SCT.EQ.1.)PRINT 236
36 FORMATULIH®» 15X, 3H(S)» 6Xs3H(SH)
IF(SCT.NE.1.)PRINT 37
37 FORMAT(LH®9 24Xy SHISCT )5 4Xs 5H(SCT) )
IF(SCP.EQ.1.)PRINT 38
30 38 FORMAT(1H®»38Xs 4HIPA) »6Xs H(PA))
IF(SCP.NE.1.)PRINT 39
39 FORMAT{1H®, 38X, SHISCP I, 4K, 5H(SCP))
TF(SCTaEQeleaANDSCDeEQe1)PRINT 41
41 FORMATULIH® 6N, 5HIM/S ) s4Xs5HIM/SY)
35 IF(SCTANE«1eeOReSCONESL.IPRINT 42
42 FORMATULH®5 67X, 9HISCD/SCT))
IF(SCTeEQeleeANDaSCPaEQelee AND.SCD.EQeLIPRINT 43
43 FORMAT(1H®, 91X QHIKG/ MNE$]))
IF(SCYNEelooDR.SCP.NELL1.OR.SCDONELL1.)PRINT 46
40 46 FORMAT(1IH®, 8T X, LIH(SCPESCTS22/5CD*#2))
IF(SCP.EQLl<)PRINT 45
45 FORMATELH®» 114X, SHIPA D ;4 Xs4HIPA)D
IF(SCP.NE.1.IPRINT 46
46 FORMATCLIH®, 113X SHISCPI»3X»5HISCPY)
45 47 IF(MODUIKA»S).EQ.1IPRINY 471
471 FORMAT(LIH )
MESC=0
MESS =0

50 DO 479 K8=1,5
MES(KB)=1lH
> PRH(KA) =HTIST(KByNA)
. ERHIKB)aSQRTIABS(RHIST(KB,KBsKA)))
IFIRHISTIKReKByKA) LT 0,00 MESSe)
55 [FIRHEISTIKBIKBIKAILTL0.0) MES(KB)=IMN
OM=2AMAXLI(ABS(PRHIKBY) ) ERH(KB))
IFIDM.LE.O.) NEXIKB)=(

—

D SR



62

65

70

75

80

85

90

48

IF(OM.GT. 04 INEXC(KB)=INT(ALOGL0(DM)+100,)-100

PRH(KBI=PRH(KB) /10. *SNEX(KB)

ERHIKB)=ERH(KB) 710.*¥*NEX(KB)

SIKB)=1H* $ IF(NEX(KB)elLT.0) S(KB)=)LH~-

NT(KB)=IABSI(NEX(KB))/10 $ NUIKB)=IABS(NEX(KB))-NT(KB)
479 CONTINUE

PRINT 48,KAs (PRHIJDISERH(JID»S(SIpNT(I)sNULJ)»I=1,55)
FORMAT(LIH 53Xs13,2Xs5(3Xs IH(»OPFTo4s2H SO0PFH.&y3H JESALsI2,11))
IF(MESS.EQ.1) PRINT 495 (MES(J)sd=l,5)
49 FORMAT(1H#59X55(11X5A1513X))
IF(MESS<EQ.1IMESC=1
IF(NOD(KA»35) «NE.O.AND.KA.NE.NR)GOTO 85
IF(MESC.EQ.1)PRINT 65
MESC=0
65 FORMAT(1HO»10Xy35HNEGATIVE VARIANCES INDICATED 8Y %N*)
IF(SCTeEQaleeANDeSCPeEQ.l oo ANDeSCDeEQ.1.)60T0O 85
DENSC=SCP&(SCT/SCDI**2
PRINT 70,SCT,DENSC
70 FORMAT(1HO»10X»32HTHE OUTPUT IS SCALED AS FOLLOWS:»//s1H ,20X»
A &HTIME,10X,5HSCT =5,1PEL12.552H S»20Xs THDENSITY, 3X,
B 1BHSCP*(SCT/SCD)*#2 =5,1PE12.5s8H KG/N*#*3)
PRINT 75,SCPsSCP
75 FORMAT(1H 520X 12HOVERPRESSURE »2Xs SHSCP =,1PEL12.5,
A 3H PA»19X5s16HOYNAMIC PRESSURE» TXsSHSCP =,1PEL2.553H PA)
VELSCsSCD/SCT
PRINT 80s VELSC,SCD
80 FORMAT(1H »20Xs8HVELOCITY»2X,9HSCO/SCY =,1PE12.554H M/Sp18X,
ABHDISTANCE»15Xs SHSCD =,1PEL12.552H M)
85 CONTINUE

RETURN
END
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1 SUBROUTINE UTEST(SCDs SCPySCToRMINSRMAXy RHy THAX s PAR, VPARSNPAR)
A HIST,VHISTyNRHIST,UTST,NRUTST,NBAD)

THIS ROUTINE CCMPUTES TEST VELOCITIES UTST BY INVEGRATION ALONG ' ':

CONSTANT TIME LINES =

IT IS CALLED FROM FLOFLD AFTER HIST HAS BEEN COMPUTED _—

ROUTINE USES SHOCK, ROMBIN2 AND UTINT ]

w
[aXaXa X NaXal

DIMENSION PAR(10)sVPAR(10510)sHIST(552)sVHIST(595,1),UTST(1)
10 COMMON/ZAMBCHA/APRES ATEM; AGAM, ADUM(S) e
COMMON/COUTST/TIMNESCPAR(L10)sCAGAMSCAPRE T
EXTERNAL UTINT

NBAD=O
15 CAGAM=AGAM $ CAPRE=APRE/SCP
00 10 KA=1,10
10 CPAR(KAI=PAR(KA)
NRUTST=0
IFINRHIST.LE.O) RETURN
20 NRUTST=1
UTSTC(1)=HIST(351) $ IF(NRHISTL.EQ.L) RET -}
- IF(RH.GE.RMAX) RETURN
RD=RH*SCD $ R1s=RD
CALL SHOCK{RDsT1,POVsUSHsUP,RHO,LBAD)
25 IF(LBAD.EQ.O) GOTD 25
12 NBAD=100+TABS(LBAD)I*LO¢NRUTST
13 PRINT 15,NBAD

RETURN
15 FORMAT( 140, 10Xs28HRETURN FROM UTEST WITH NBAD=16)
30 C
25 DTIMDs(HIST(152)-HIST(1,1))*SCT
TD=HIST(1,2)%SCT
27 R2=R1+DTIMD®USH
CALL SHOCK(R2,T2,P0Vs USHsUP,RHOsLBAD)
35 IFILBADNELO) GOTO 12
c
C AT 35 START REGULA FALSI ALGORETHM TO FIND PROPER R
C SUCH THAT SHOCK ARRIVES AT GIVEN TIME TD AT R
35 R3=R2+(TD-T2)*(R2-R1)7(T2-T1)

40 CALL SHOCK(R35T3,P0Vs USHs UP»RHO»LBAD)
IF(LBAD.NE.C) GOTO 12
IF(ABS(T3-TO).LE.OTIND*0.01) GOTOD 41
R1=R2 % T1=¥2 $ R2sR3 $ T2=73
GOTO0 35

45 c

41 RS=R3I/SCO & TIME=T3/SCY
CALL ROMBINZ2(UTINTsRHyRSsUIN,LBAD)
C QUADRATURE TO COMPUTE TESTY VELOCITY
IF(LBAD«EQ.OQ) GOTYO 45

50 NBAD=200+EABS(LBAD)#10+NRUTST
GOTO 13
¢ . S
45 NRUTSTsNRUTST+1 =]
UTST(NRUTST)=UP#{SCT/SCD)*(RS/RH)*$2 -
55 A *((POV/SCP+CAPRE}/(HIST(2, NRUTST)®CAPRE))I#*( 1, /AGAM) -

B ¢UIN/(AGAMSRHE$2¢(HIST(2,NRUTST)I*CAPREI**(1./7AGAM))
C THIS IS THE NEW TEST VELOCITY
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IF(RS «GE.RMAX) RETURN
- IF(NRUTST.GE.NRHIST) RETURN
- 60 TO=HIST(LsNRUTST+L1%SCT
v | C NEXT TIME VALUE FOR WHICH TEST VELOCITY IS NEEDED
% OTIMD=TD-T3
ot R1sR3 $ TleT3
o GOT0 27
- 65 END
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SUBROUTINE UTINT(XsFs NBAD)
INTEGRAND ROUTINE FOR TEST VELOCITY COMPUTATION

COMMNON/COUTST/TH,PAR(10) s GAMy APRE
DIMENSION XXU351),FX(3)sFP(10)sFXX(353)sFXP(3,10),FPP(10510)

XXK(ls1)sTH $ XX(2510=20 $ XX(351)=X
CALL PFIELDCIXXsLoPARsFFsFXsFPsF XXy FXP, FPPoNBAD)

IF(NBAD.NE.O) RETURN
FaXsd28(FFe¢APRE)*# (1. 7/GAN-1.)¢FX (1)

RETURN $ END
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SUBROUTINE ROMBIN2 (FpAsBeFINTH,NBAD)
C ROMBERG INTEGRATVION SUBROUTINE

C
DIMENSION T(10,20)»CORKM(10)

C
NBAD=0
CALL F(As. sNBAD) $ IF(NBAD.NEOIRETURN
CALL F(BsFBsNBAD) $ [FINBADNE.OIRETURN
T(l,1)=(FA+FBI*0.5
KM=l $ KMA=1

c

15 DEN=FLOAT(KMA)*2, $ FN=0
DO 25 KA=1,KMA
AC=FLOAT(1+2#%({KMA-KA))/DEN
BCsFLOAT(2*KA-1) /DEN
ARG=AC*A+BC*B
CALL FCUARGsFNyNBAD) $ IF(NBAD.NE.OJRETURN
FMsFM4FN

25 CONTINUE
FM=FMN/FLOATI(KNA)
T(ly KMe1)=(T(1,KM)¢FM)*0.5

C THIS IS TRAPEZ. NOW COMPUTE ROMBERG

KM=KM¢+l § KC=1 $ DOEN=1.

35 KCsKC+1 $ DDEN=DDEN*4.
CORKMIKC) = (T(KC-1sKM)~T(KC-1,KN=-1)07¢00EN~-1.)
TO(KC,KM)=T(KC-1,KM}+CORKM(KC])
IF(KCoeLT. KMo ANDKC.LT.10)G0OTO 35
IF(KC.,GE.3)60T0 45
C AFTER AT LEAST 3 STEPS BRANCH TO 45 AND TESVT CONVERGENCE
KMA=KMA®2 § GOTO 15

45 D0 55 KA=2,KC
TEST=ABS(CORKM{KAY)
IF(TESTL.LE.ABS(T(KC,KM))*1.E~10)GOTD 63
IF(TEST.LE.1.E~100)60T0 65

55 CONTINUE
IF(KM.GE.20)GOTO 65

C COMPUTE NOT MORE THAN 20 ROMBERG CORRECTIONS

KMA=KMA®2 ¢ GOTO 15

65 FINT=sT(KCyKMI®(B-A)

RETURN
END
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SUBROUTINE PRIVST(RsRMAXsHIST» VHISTSNRHIST,UTST,NRUTST)
THIS ROUTINE PRINTS THE TEST VELOCITIES UTST TOGETHCU® WITH
CORRESPONDING VELOCITIES FRDM THE ARRAY HIST
AND THE DYNAMIC PRESSURE COMPUTED USING THE TEST VELODIITY

DIMENSION HIST(551)sVHIST(5,591)5UTST(1)

(g} [aXaXaNaNgl

COMMON/CSCALE/SCDsSCP,SCT

IF(NRUTST.LELOIRETURN
IF(NRHIST.LE.20) PRINY 8
8 FORMATCLIH ,0¢7777)

DO 55 KA=a1gNRUTST
IF(MOD(KAS35)«NE.1)GOTO 35
IF(NRHIST.GT.20) PRINT 11
11 FORMAT(1HL)

PRINT 15 sR

15 FORMAT(IH »20X,32HTEST VELOCITIES FOR DISVANCE R =»1PE1l2.5)
IF(SCDLEQ.1.)PRINT 151

151 FORMAT(1H®, 65Xy 1HM, /)
IF(SCDeNE1<)PRINT 152

152 FORMAT(1H®965Xs3HSCOy 7)
PRINT 153

153 FORMAT(1H 583X, *DYNAMIC PRESSURE®*)
PRINT 34

34 FORMAT{1H ,10X,2HNRy TXy4HTIME, 8Xy BHVELOCITY,2X»

A GHSTCERepIXyIHTEST VELes2Xs6HUTST=Us )
PRINT 340

340 FORMATU(1H®» 84Xy 1IHUTS T##2%RH0O/2,)
IF(SCT.EQe14)PRINT 341

341 FORMAT({IH »,20X,3H(S))
IF(SCTNEL1+)IPRINY 342

342 FORMATE1H »19X, SHI(SCTY)
IF(SCTeEQelecANDeSCDLEQaLl)}PRINT 343

343 FORMAT(IH+, 33X, 5HI(M/S)»3XsSHIM/SIsL2KsSHIM/S) 9 4 XsSHIM/S))
IF(SCTeNECLleeORLSCDNECLIPRINT 344

346 FORMAT(LIH+5ITXs9HISCD/SCT) 5 16XsIH(SCO/ISCT))
IFISCPLEQ.1.)PRINT 345

345 FORMAT(1H® 88X, 4H(PA))
IF(SCP.NEL1YPRINT 346

346 FORMAT(1lH+3 88X, 5H{SCP))

35 TFIMODIKA>S5).EQ.1)PRINT 33
33 FORMAT(1H

TIMsHIST(1,KAD
ERUsSQRT(ABS(VHIST(3,3,KA)))
UsHIST(3,KA} $ UT=UTSTIKA)
UD=UTSTIKA)I-HIST(3sKA)

SUD=1He ¢ [F(UDLLT.0.) SUDs1H-
OM=AMAXI(ABS(U),ERUSABS(UT),ABS(UDY)
IF(DM.LE.O.) NEX=O

IF(OMeGT 0 INEX®INTLALOGL1O(DM)+100.)~100
NT=IABSINEX)/10 $ NU=LIABSINEX)-NT
SNEXs1He ¢ IF(NEX.LT40) SNEX=1H=-
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FCT=10.*#NEX
UsUZFCT 8 ERUSERU/FCT s UTsUT/FCT $ ABUD=ABS(UD}/FCT

= 60 PRINT 36sKA» TIMp UsERUs SNEXs NTy» NUsUT»SUD»ABUDs SNEXsNT,NU

i 36 FORMAT(1IH » BXsI&»3Xs1PEL12.593IXs1H{s0PFT.4s2H sOPFH&s»3H YE,
A AlyIlsI)le&XslH U »OPF7e492XsAlsOPFba4s3H JEsALlsIlsIl)

- RHO=HIST(45KA)S DYP=UTST(KA)*#2#RHO/2.
: 65 PRINT 361,DYP
361 FORMAT(1H¢, 85X, 1PELL.4)

IF(MOD(KA»35) «NE<O«ANDKANESNRUTST)GOTO 55
IF(SCT4EQelecAND+SCD.EQ.1.)GOTO 55
10 VELSC=SCD/SCT
PRINT 45,SCDs»SCT,VELSC
45 FORMAT(1H0,15X,32HTHE QUTPUT IS SCALED AS FOLLOWS:,
A 10X BHOISTANCE» 10Xy SHSCD =p1PEL2.552H Ms/»
B 1H s57Xs @4HTIMES14Xs5HSCT =291PE12.552H S,/»
Ei 15 C 1H 557X, BHVELOCITYs6X»IHSCO/SCY =5 1PEL2.554H M/S)
PRINT 451,5CP
451 FORMAT(1H 557Xy L6HDYNAMIC PRESSUREs2Xs5HSCP =, 1PE12.553H PA)

55 CONTINUE
80
IF(NRHIST.LE.NRUTST) RETURN
PRINT 65, RMAX
65 FORMAT(1HO» 10Xy 22HTEST VELOCITIES CANNOT,
A 36H BE COMPUTED FOR LATER TIMES BECAUSE, 6H RMAX=,1PE12.5s
85 B 314 LIMITS THE COMPUTATIONAL RANGE)
RETURN s END
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SUBROUTINE PLFFLD(SCD»SCPsSCTsDeHISTHIRHISToNRs UTST>NRUTST,TITLE)
THIS ROUTINE PLOTS THE FOLLOWING FLOW VARIABLES

OVERPRESSURE VERSUS TIME

VELOCITY VERSUS TIME

DENSITY VERSUS TIME

DYNAMIC PRESSURE VERSUS TIME

DYNAMIC PRESSURE FROM TEST VELOCITY VERSUS TINME

TEMPERATURE VERSUS TIME

SCDy SCP,SCT = SCALES OF DISTANCE, PRESSUREs TIME

D = DISTANCE FROM EXPLOSION

HIST(5,NR) = FLOW FIELD HISTORY{(TsPyUsRHO»U¥*¥2%RHO/2)
RHIST(595,NR) = VARIANCE COVARIANCE MATRICES OF HIST
UTSTONRUTST) = PARTICLE VELOCITIES COMPUTED BY TEST PROCESS

DIMENSION HIST(551C0)sRHIST(5555100)s TEMP(8B)
DIMENSION X(102)sXA(100),Y(102),YL(100)5Y2(100])
DIMENSIDN TITLE(3)

DIMENSION UTST(100}

COMMON/AMBCHA/ POsTOsGsMy VCHEC
COMMON/PLOT/ZAP, AHs Z(4)sPLABL(%)

REAL ™

CALL PLTBEG(Be7511251.0513,PLABL)
THIS SECTION PLOTS OVERPRESSURE VERSUS TIME

X{1)=sHIST(1ls1)=0e *(HIST(1,NR)}=HIST(151))
Y(1)=0.

X{2)sHIST(1,1)

Y(2)=Y{1)

D0 50 I=1,NR

X(I+2)=HIST(1,1)
Y(Ie2)=2HIST(2,1)¢Y(1)
EYsSQRT(ABS(RHIST(2,2,1)))
YI(I)=sY(I#2)=-AH*EY
Y2(I)=Y(I#2)¢AHSEY

XACIYsHIST(1,1I)

CONT INUE

N=NR+2

CALL FIXSCAIXsNsS5¢0sXSsXMIN,XMAX,DX)
CALL GRAPH{YsY1yY2s XMINy XMAXs YMINsYMAXs XS»pY¥S»DXsDsSCO,
A AHs SCTHTITLEsSN)

CALL PLTWNDC(XMIN, XMAX, YMIN, YMAX)
ENCODE( 805,90, TEMP)
FORMAT(1IBHOVERPRESSURE (PA)>)
IF(SCPNE.1.JENCODE(80,91,TEMP )
FORMAT(19HOVERPRESSURE (SCP)>)
TX=XMIN-O.,T7#*XS
TY=(YMAX¢YMIN)I*0,5~8.5%0.1%YS

CALL PLTSYM(Ols TEMP» 90es TX,TY)

CALL PLTDOTS(1l509XsYsN» Q)

CALL PLTDTS(1509XA»Y1yNR,»O)

CALL PLTOTS(1509XA,Y29NR»0)

CALL PLTPGE

THIS SECTION PLOTS VELOCITY VERSUS TIME
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Y(1)=0.0
60 Y(2)=Y(1)
D0 100 I=1,NR
Y{I+2)=HIST(3,])
EY=SQRT(ABS(RHIST(35351)))
Y1(I)sY(1+2)-AH%EY
65 Y2(I)=Y(1¢2)¢AH*EY
100 CONTINUE
CALL GRAPH(Ys Y1y Y23 XMINs XMAXy YMINs YMAX9 XSoYS»DXs0,S5CD»
A AHp SCT,TITLEsN)
CALL PLTWND(XMINyXMAX» YMINy YMAX)
70 ENCODE(80,110,TENP)
110 FORMAT(ISHVELOCITY (M/S)>)
IF(SCToNEeLleeORSCDaNE«L JENCODE(80»211, TEMP)
111 FORMAT(19HVELOCITY (SCD/SCT)>)
TY=2(YMAX¢YMINI*0,5-7.0%0.1%YS
75 CALL PLTSYM(O. 1y TEMP» 9045 TX»TY)
CALL PLTDTS(1505sXsYsNsO)
CALL PLTDTS(1,05XAyY1lsNRsO)
CALL PLTDTS(1,09XA»Y2,NR»O)
CALL PLTOTS (450, XAsUTST,NRUTST,0)

80 CALL PLTPGE
c
c THIS SECTION PLOTS DENSITY VERSUS TIME
c
' Y(1)=(M/843143)%(PO/TOI*(SCD/SCT)®*2%(]1,./SCP)
85 Y(2)=Y(1)
D0 120 I=1,NR
Y{I+2)=HIST(451)

EY=SQRT(ABS(RHIST(4s451)))
Y1(I)sY(I#+2)~-AH*EY
90 Y2(I)=Y(I+2)+AHXEY
120 CONTINUE
CALL GRAPH(YsYls Y29 XMINsXMAXs YMINsYMAXy XS ¥YSs0XsDsSCD»
A AHy SCTsTITLE,N)
CALL PLTWNDU(XMINs XMAXs YMIN, YMAX)
95 ENCODE (805130,TEMP)
130 FORMAT(1B8HDENSITY (KG/M#*#3)>)
TF(SCTeNEeleeORGSCONEQLeeORSCPoNEC1.YENCDDE(BO5131,TEMP)
131 FORMAT(27HDENSITY (SCP*(SCT/SCD)*%2)>)
TYs(YMAX¢YMIN)I®O ,5~8.5%0,1%YS
100 CALL PLTSYM{OQ1sTEMP5 90,5 TX,TY)
CALL PLTDTS{(1505sXsYsN»O)
CALL PLTDTS(1,05XA9»Y1,NR,0)
CALL PLTDTS(150sXA5Y25NR»0)
CALL PLTPGE

105 C
o THIS SECTION PLOTS DYNAMIC PRESSURE VERSUS TINE
c
Y(1)=0.0
Y{2)=Y¥(1)
110 DO 140 I=1,NR
Y(I42)=HIST(5,1)

EYsSQRT(ABS(RHIST(5,5,17))
YL(D)=Y(I#2)-AH*EY
Y2(I)sY([+2)+AH*EY
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2 115 140 CONT INUE
i CALL GRAPH(Y>YlsY2sXMINs XMAXs YMIN,YMAXsXSsYS,DX9DsSCD>» :
ii A AHy SCTHTITLEsN) -
CALL PLTWND{XMINy XMAX5 YMIN, YMAX) .
ENCODE (805 150, TEH?) o
120 150 FORMAT(33HDYNANIC PRESSURE RHO#V#$2/2 (PA)>) L]
IF(SCPNE.1.)ENCODE(80,151, TENP) S
151 FORMAT(34HOYNAMIC PRESSURE RHO®V#$2/2 (SCP)>) L
TY=( YHAX4 YMIN)*0.5-16.0%0.1#YS o

CALL PLTSYM(O1sTEMP» F04» TX»TY) B
125 CALL PLTDTS{1505XsYsN»O)

CALL PLTDTS41,05XAsY15NRsO) ]

CALL PLTDTS(1505XAsY29NR>0) 4

CALL PLTPGE ]

THIS SECTION PLOTS DYNAMIC PRESSURE FROM TEST VELOCITY
VERSUS TIME. ]

130

[a X el

Y(1)=0.8 Y(2)sY(1)
DO 160 I=1,NRUTST
135 Y(I+2)=HIST(4,1)#UTST(I)*%2/2,
160 CONTINUE
BH=~24% NT=NRUTST+2 L
BY SETTING THE ERROR FACTOR BH=-2 INDICATE FOR GRAPH 3
THAT FOR VHIS PLOT THE SAME SCALES AS PREVIOUSLY SHOLD
BE USED, AND THAT TITLE OF PLOT SHOULD BE DIFFERENT L
CALL GRAPH{YsYLy Y25 XMINy XMAXy YMIN,YMAXs XS»Y¥SsDXsDsSCOy =)
A BHy SCT,TITLE,NT) Ty
CALL PLTWNDUXMINyXMAX»YMINs YMAX) 0N
ENCODE(805170,TEMP) AN
145 170 FORMAT(33HDYNAMIC PRESSURE RHD*V##272 (PA)>) —— e
IF(SCP.NE.1.)ENCODE(80,171,TEMP)
171 FORMAT(34HDYNAMIC PRESSURE RHO*V*#2/2 (SCP)>)
TYS{YMAX+YMIN}$0.5-16.0#0.1#%YS
CALL PLTSYM(OW1lsTEMP» 9005 TXsTY)
150 CALL PLTOTS(1505XsYsNRUTST,0)
CALL PLTPGE

s XeXal

140

H
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C THIS SECTION PLOTS TEMPERATURE VERSUS TIME

155 Y{1)=T0
Y(2)=Y(1)

DO 180 I=1,NR
PRSHIST(2,1)%SCP+PO
PRESSURE IN SI UNITS
ROSHIST (49 1)€SCP*ISCT/SCD)**2
DENSITY IN SI UNITS
Y(I+2)=PR*M/(RO*8.3143)
THIS IS TEMPERATURE=PRES SURE*(MOLAR MASS)/DENSITY 1IN KELVINS
165 EYsY(I42)#SQRT(RHIST( 2,2, 1) #(SCP/PR)*¢2
’ A =2, 0¥RHIST (254> I)*SCP/{PREHIST(4sT))¢RHIST (4sbs I} /HIST (41 )%42)
YL(I)sY(I+2)=AH®EY
Y2(L)sY(I¢2)+AH®EY B
180  CONTINUE R
170 C N

160

[ 2N o BN o |

CALL GRAPH(YsY1ly Y25 XMINs XMAXs YMINSYMAXs XS»YSsDXeDsSCDy AHy SCTy
233
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A TITLESN) B
CALL PLTWND(XMINS XMAX s YMIN, YMAX) q
ENCODE( 809190, TENP) -—
175 190 FORMATU16HTEMPERATURE (K)>) -
TY=s(YMAX+YMIN)#*0,.5-8. 0%0.1%YS l
CALL PLTSYM(O1yTEMPy90.05TX,TY) S
CALL PLTDTS(1505XsYsN»0)} o
CALL PLTDTS(1505 XAp YLsNRy D) T
180 CALL PLTDTS(1505XA2Y25NRy0)
CALL PLTPGE -
c :
RETURN ’
END
234 - b
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1 SUBROUTINE GRAPH(YsY1,Y29 XMINs XMAXs YMINs YMAXe XS» YS9 D XsD»SCDy
A AHs SCTSTITLESN)
C AUXILIARY ROUTINE OF PLFFLD FOR ESTABLISHING SCALES ETC.
€ IT IS CALLED FROM PLFFLO

5
DIMENSION Y(102)5Y1(100)»Y2(100)» TITLE(3)
DIMENSION TEMP(B)

10 IF ERROR FACTOR IS NEGATIVE THEN THIS IS A PLOT OF

C
- C THE DYNAMIC PRESSURE FRDM TEST VELOCITY. IN THIS CASE
C USE THE SAME SCALES AS FOR PREVIOUS PLOT
CALL FIXSCA(YsNs&.0sYS»YMINy YMAX5 DY)
CALL CONSCACY1yN=2,4405YS,YMIN, YMAX,DY)
15 CALL CONSCA(Y2,N-254.05YSsYMINs YMAX5DY)
35 CONTINUE
CALL PLTSCA(2.595409sXMINsYMIN, XS5»YS)

CALL PLTAXSIDXsDY»XMINsXMAXsYMIN, YMAX &)

20 CALL LABAX(DX#24yDY#245XMINs XMAXs YMINy YMAX)
» ENCODE( 80,50, TEMP) TITLE
50 FORMAT(3A10s1H>)
&. TXa(XMAXEXMIN)#0o5=154 0%041%XS
25 TY=YMAX®1. O%YS

CALL PLTSYM(O1lyTEMP, 0.Q» TX5TY)
IF(SCD.EQe1.)ENCODE(BO,60,TEMP) D
60 FORMAT(2B8HDISTANCE FROM THE EXPLOSION »F7.258H METRES>)
IF(SCO.NE.1.) ENCODE(BO»61, TEMNP) O
30 61 FORMAT(28HDISTANCE FROM THE EXPLOSION sF7.258H (SCD) >)
TX=(XMAX* XMIN)*0.5-22.0%0.1%XS
TY=YMAX4. 752YS
CALL PLTSYM(O.1,TEMPy 0.0, TX,5TY)
IF(AH.LT.-1.160T0 72

35
ENCODE(80s TOs TEMP) AH
70 FORMAT(*ERROR LIMITS CORRESPOND TO #*yF5.29% STANDARD ERRORS>#)
TX=(XMAX+XMIN)*0.5~24.0%0.1%XS
TYsYMAX40,5%YS
40 CALL PLTSYM(CelsTEMP5,0.05TXsTY)
60T0 78

72 ENCODE(80,73,TENP)

73 FORMAT(46HDYNAMIC PRESSURE COMPUTED USING TEST VELOCITY>)
2 45 TX=(XMAX¢XMINI/2.~23. 0%0. 1#XS

QD TYSYMAX4045%YS

CALL PLTSYM(O.1, TEMP, 0405 TX5TY)

78 CONTINUE
50 ENCODE(80» 80y TEMP)
80 FORMAT(OHTINE (S)>)
IF(SCT.NE<1.)ENCUDE(80,81,TEMP)
81 FORMAT(ILIHTIME (SCT)>)
TXs(XMAXEXMINI*045-5.0%0,1%XS

55 TYsYMIN-Q.5%YS
CALL PLTSYMIO.LsTEMPy 0,05 TX,TY)
RETURN
END 235
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a, b, ¢, d

A(r), B(r), C(r)

A1' A2' Bl' BZ' Cl

C
[o]

i’ S12° etc.

p

P
(o)

Pf(r, t; A
Byr By Cp)
P, (t; A, B, C)
Ps(r; a, b, ¢)
0

r

r

o]

S S S
!

p' "t

t

ts (r; a, b, ¢, d)
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LIST OF SYMBOLS

shock fitting parameters.

fitting parameters of a single overpressure history.
functions, defined by Equation 6.3.
overpressure field fitting parameters.

sound speed in ambient air, m/s.

correlation coefficients.

specific internal energy, J/kKg.

effective energy released by the explosion, J.
standard error of the quantity in the index.
elevation of the pressure probe, m.

elevation of the center of the explosion, m.
molar mass, kg/mol.

pressure, Pa.

ambient pressure, Pa.

- fitted overpressure field function.

fitted overpressure history function, Pa.
fitted shock overpressure function, Pa.
exponent in Equation 4.3.

distance from the center of the explosion, m.
a reference distance used in shock fitting, m.

distance pressure and time scales used in the
calculations, m, Pa, s.

time after the explosion, s.
fitted shock arrival time function, s.

ambient temperature, K.
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\Y -~ volume of the fireball, m3. j
Vy ~ variance—covariance matrix of 6. -/i
X - range (ground distance) from the explosion, m. :
. - ratio of specific heats. itfi
6 -~ a model fitting parameter vector. Eﬁi

density, kg/m3.

©
t

-
!

time after shock arrival =t -t_, s. Co
1

i

P I
P NN

«
.
0
’
A al g

- .
. «
.

238

PO R O S R P T S P T Y - SN B . . .-
PO T O I T TSI L PO PO ST TSI SC P S N R B SRR SC S S Tt ] PR ORI N e s e LR,
R M U R A B N IR ’ o W e - B v, e M

. R T T T T A T P AL PR ..'.P-\.'-.'."-". P e S R L M DN
. L) LI LIPRLI 2 h1 PR AN PR PRSIV IGY SN 2 S PP SN B UL ARSI .S U,

DL




RO S A S el fadh e A PeL S Uren Sanh Bas g om ian sam oo

DISTRIBUTION LIST

No. of No. of
Copies Organization Copies Organization
12 Commander 1 Director
Defense Technical Info Center Defense Communications Agency
ATTN: DTIC-DDA ATTN: 930
Cameron Station Washington, DC 20305
Alexandria, VA 22314
g Director
1 Director of Defense Defense Nuclear Agency
Research & Engineering ATTN: DDST
ATTN: DD/TWP TIPL/Tech Lib
Washington, DC 20301 SPSS/K. Goering
SPTD/T. Kennedy
1 Asst. to the Secretary of SPAS/P.R. Rohr
Defense (Atomic Energy) G. Ullrich
ATTN: Document Control STSP/COL Kovel
Washington, DC 20301 NATD
NATA
1 Director Washington, DC 20305
Defense Advanced Research
Projects Agency 2 Commander
ATTN: Tech Lib Field Command, DNA
1400 Wilson Boulevard ATTN: FCPR
Arlington, VA 22209 FCTMOF
Kirtland AFB, NM 87117
2 Director
Federal Emergency Management 1 Commander
Agency Field Command, DNA
ATTN: D. A. Bettge Livermore Branch
Technical Library ATTN: FCPRL
Washington, DC 20472 P.0. Box 808
Livermore, CA 94550
1 Director
Defense Intelligence Agency 1 HQDA
ATTN: DT-2/¥Wpns & Sys Div DAMA-ART-M
Washington, DC 20301 Washington, DC 20310
1 Director 1 Program Manager
National Security Agency US Army BMD Program Office
ATTN: E. F. Butala, R15 ATTN: John Shea
Ft. George G. Meade, MD 20755 5001 Eisenhower Avenue
Alexandria, VA 22333
1 Director
Joint Strategic Target
Planning Staff JCS
Offut AFB
Omaha, NB 68113
239
e e e e e e

L DARERT
i ‘ A.’_'A"AVAIA’AIO‘A" _‘l;l




T T el s e

R ———— “‘."“!

DISTRIBUTION LIST ';1

No. of No. of .ifi
Copies Organization Copies Organization i
]

2 Director 1 Commander il?

US Army BMD Advanced Naval Weapons Center
Technology Center ATTN: Tech Svecs Br, Code 3433
ATTN: CRDABH-X China Lake, CA 93555
CRDABH-S .
Huntsville, AL 35807 1 US Army MERADCOM
ATTN: DRDME-EM, D. Frink
Fort Belvoir, VA 22060

'
Argiate s

o

N

1 Commander
US Army BMD Command
ATTN: BDMSC-TFN/N.J. Hurst 1 Commander

~n

P.0., Box 1500
Huntsville, AL 35807

Commander

US Army Engineer Division
ATTN: HNDED-FD

P.0. Box 1500

Huntsville, AL 35807

Deputy Chief of Staff for
Operations and Plans
ATTN: Technical Library
Director of Chemical
& Nuc Operations
Department of the Army
Washington, DC 20310

Office, Chief of Engineers

Department of the Army

ATTN: DAEN-MCE-D
DAEN-RDM

890 South Pickett Street

Alexandria, VA 22304

Commander
US Army Engineer
Waterways Experiment Station
ATTN: Technical Library
Jim watt
Jim Ingram
P.0. Box 631
Vicksburg, MS 39180

‘US Army Materiel

Command
ATTN: AMCDRA-ST

5001 Eisenhower Avenue
Alexandria, VA 22333

Commander

Armament R&D Center
US Army AMCCOM
ATTN: SMCAR-TDC
Dover, NJ 07801

Commander

Armament R&D Center

US Army AMCCOM

ATTN: SMCCR-LCN-F, W. Reiner
SMCCR-TSS

Dover, NJ 07801

Commander

US Army Armament, Munitions
and Chemical Command

ATTN: SMCAR-ESP-L

Rock Island, IL 61299

Director

Benet Weapons Laboratory
Armament R&D Center

US Army AMCCOM

ATTN: SMCAR-LCB-TL
Watervliet, NY 12189

240 :~:.:-.

-----------
.........
.....




Tr T TR L e o
el - bR N St S e auaes 4 —————
T T v e e e

DISTRIBUTION LIST

Commander

Naval Electronic Systems Com
ATTN: PME 117-21A
Washington, DC 20360

Commander

Naval Facilities Engineering
Command

Washington, DC 20360

Commander

Naval Sea Systems Command
ATTN: SEA-62R
Department of the Navy
Washington, DC 20362

Officer-in-Charge(Code L31)
Civil Engineering Laboratory
Naval Constr Btn Center
ATTN: Stan Takahashi
R. J. Odello
Technical Library
Port Hueneme, CA 93041

Commander

David W. Taylor Naval Ship
Research & Development Ctr

ATTN: Lib Div, Code 522

Bethesda, MD 20084

Commander

Naval Surface Weapons Center
ATTN: DX-21, Library Br.
Dahlgren, VA 22448

Commander
Naval Surface Weapons Center

No. of No. of <
Copies Organization Copies Organization -

Commander

Naval Weapons Evaluation Fac
ATTN: Document Control
Kirtland AFB, NM 87117

Commander

Naval Research Laboratory
ATTN: Code 2027, Tech Lib
Washington, DC 20375

AFIT (Lib Bldg. 640, Area B)
Wright-Patterson AFB
Ohio 45433

AFSC/SDOA
Andrews Air Force Base
MD 2033%

AFATL/DIODL, Tech Lib
Eglin AFB, FL 32542 -5000

AFWL/SUL
Kirtland AFB, NM 87117

AFATL (DLYV)
Eglin AFB, FL 32542 -5000

RADC (EMTLD/Docu Libray)
Griffiss AFB, NY 13441

AFWL/NTES (R. Henny)
Kirtland AFB, NM 87117

AFWL/NTE, CPT J. Clifford
Kirtland AFB, NM 87117

ATTN: Code WA501/Navy Nuclear
Programs Office 2 Commander-in-Chief

Code WX21/Tech Library Strategic Air Command .

Silver Spring, MD 20910 ATTN: NRI-STINFO Lib S

Offutt AFB, ¥B 68113 .~

X ff?
. 241 S
3 ]
: \’??
B R R i




El

Sl e e W)

No.

PR S e g a8 End i o g

TP p——

T ———— =TT %

DISTRIBUTION LIST

of
Copies

Organization

1

Commander

US Army Aviation Research
and Development Command

ATTN: AMSAV-E

4300 Goodfellow Boulevard

St. Louis, MO 63120

Director

US Army Air Mobility Research
and Development Laboratory

Ames Research Center

Moffett Field, CA 94035

Commander

US Army Communications-
Eleetronics Command

ATTN: AMSEL-ED

Fort Monmouth, NJ 07703

Commander
US Army Electronics Research
and Development Command
ATTN: DELSD-L
AMDSD-E, W. S. McAfee
AMDSD-EI, J. Roma
Fort Monmouth, NJ 07703-5301

Director

US Army Harry Diamond Labs

ATTN: Mr. James Gaul
Mr. L. Belliveau
Mr. J. Meszaros
Mr. J. Gwaltney
Mr. Bill Vault
Mr. R. J. Bostak
Mr. R. K. Warner

2800 Powder Mill Road

Adelphi, MD 20783

No.

Copies

of
Organization

242

Director

US Army Harry Diamond Labs

ATTN: DELHD-TA-L
DRXDO-TI/002
DRXDO-NP
DELHD-RBA/J. Rosado

2800 Powder Mill Road

Adelphi, MD 20783

Commander

US Army Missile Command
ATTN: AMSMI-R

Redstone Arsenal, AL 35898

Commander

US Army Missile Command
ATTN: AMSMI-YDL

Redstone Arsenal, AL 35898

Commander
US Army Natick Research and
Development Center
ATTN: DRXRE/Dr. D. Sieling
DRXNE-UE/A. Johnson
J. Calligeros
Natick, MA 01762

Commander

US Army Tank Automotive Rsch
and Development Command

ATTN: AMSTA-TSL

Warren, MI 48090

Commander

US Army Foreign Science and
Technology Center

ATTN: Rsch & Cncepts Br

220 Tth Street , NE

Charlottesville, VA 22901

~




........

WO e T e, W,
P atatalateolataltal

DISTRIBUTION LIST

No. of

Copies

Organization

.........

Commander

US Army Logistics Management
Ctr

ATTN: ATCL-O

Mr. Robert Cameron

Fort Lee, VA 23801

Commander
US Army Materials and
Mechanics Research Center
ATTN: Technical Library
DRXMR-ER, Joe Prifti
Eugene de Luca
Watertown, MA 02172

Commander

US Army Research Office
P.0. Box 1221

Research Triangle Park
NC 27709-2211

Commander
US Army Nuclear & Chemical
Agency
ATTN: ACTA-NAW
MONA-WE
Technical Library
LTC Finno
7500 Backlick Rd, Bldg. 2073
Springfield, VA 22150

Commander

US Army TRADOC

ATTN: DCST&E

Fort Monroe, VA 23651

Director
US Army TRADOC Systems
Analysis Activity
ATTN: LTC John Hesse
ATAA-SL
White Sands Missile Range
NM 8802

243

No. of
Copies Organization
1 Commander

US Combined Arms Combat
Developments Activity
ATTN: ATCA~CO,
Mr. L. C. Pleger
Fort Leavenworth, KS 66027

Commandant

US Army Infantry School
ATTN: ATSH~-CD~CSO-OR
Fort Benning, GA 31905

Commander

US Army Development &
Employment Agency

ATTN: MODE-TED-SAB

Fort Lewis, WA 98433

Commandant

Interservice Nuclear Weapons
School

ATTN: Technical Library

Kirtland AFB, NM 87115

Chief of Naval Material
ATTN: MAT 0323
Department of the Navy
Arlington, VA 22217

Chief of Naval Operations
ATTN: OP-03EG

0P-985F
Department of the Navy
Washington, DC 20350

Chief of Naval Research
ATTN: N. Perrone
Department of the Navy
Arlington, VA 22217

Director

Strategic Systems Projects Ofc
ATTN: NSP-U3, Tech Library
Department of the Navy
Washington, DC 20360




T e e =

DISTRIBUTION LIST

Y

Lawrence Livermore Lab.
ATTN: Tech Info Dept L-3
P.0. Box 808

Livermore, CA 9550

Director

Los Alamos Scientific Lab.

ATTN: Doc Control for Rpts
Lib

P.0. Box 1663

Los Alamos, NM 8754l

Director
Sandia Laboratories
ATTN: Doc Control for 3141
Sandia Rpt Collection
L. J. Vortman
Albuquerque, ¥NM 87115

Director

Sandia Laboratories

Livermore Laboratory

ATTN: Doc Control for Tech
Lib

P.0. Box 969

Livermore, CA QU550

Director

National Aeronautics and
Space Administration

Scientific & Tech Info Fac

P.0. Box 8757

Baltimore/Washington
International Airport

MD 21240

Aerospace Corporation
ATITN: Tech Info Services
P.0. Box 92957

Los Angeles, CA 90009

No. of No. of
Copies Organization Coples Organization
FTD/NIIS Agbabian Associates
Wright-Patterson AFB ATTN: M. Agbablan
Ohio 45433 250 North Nash Street
El Segundo, CA 90245
Director

The BDM Corporation

ATTN: Richard Hensley
P.0. Box 9274

Albuquerque International
Albuquerque, NM 87119

The Boeing Company

ATTN: Aerospace Library
P.0. Box 3707

Seattle, WA 98124

California Research
and Technology
ATTN: M. Rosenblatt
F. Sauer
Suite B 130
11875 Dublin Blvd
Dublin, CA 94568

Carpenter Research Corporation
ATTN: H. Jerry Carpenter
6230 Scotmist Drive

Rancho Palos Verdes, CA 90274

Goodyear Aerospace Corp

ATTN: R. M. Brown, Bldg 1
Shelter Engineering

Litehfield Park, AZ 85340

Director

Inst for Defense Analyses
ATTN: Library

1801 Beauregard St.
Alexandria, VA 22311

WLt S
AP R A S

v . Tt - W '.~.,~,.'_.'
BRI I G LA PG Do WU N

,. .
c, t et 4 e s

44




4
i

P

DISTRIBUTION LIST

No. of
Copies Organization
6 Kaman AviDyne

ATTN: Dr. R. Reutenick
(4 cys)
Mr. S. Criscione
Mr. R. Milligan
83 Second Avenue
Northwest Industrial Park
Burlington, MA 01830

Kaman Sciences Corporation
ATTN: Library

p. A. Ellis

F. H. Snhelton
1500 Garden of the Gods Road
Colorado Springs, co 80907

geience Applicatlons, Inc
ATTN: Technical Library
1250 Prospect Plaza

1a Jolla, CA 92037

Kaman-~TEMPO

ATTN: DASIAC

p.0., Drawer QQ

Santa Barbara, cA 93102

Kaman-TEMPO

ATTN: E. Bryant, Suite UL-1
719 Shamrock Road

Bel Air, M 21014

Lockheed Missiles & Space Co.

ATTN: J. J. Mmurphy, Depl.
81-11, Bldg. 154

p.0. Box 504

sunnyvale, CA g4086

Martin Marietta Aerospace
orlando pivision

ATTN: G. Fotieo

p.0. Box 5837

Orlando, FL 32805

No.
Copies

2

245

of

Organizabion
il bt A

McDonnell Douglas Astronautics
Corporation
ATTN: fRobert W. Halprin
K.A. Heinly
5301 Bolsa Avenue
Huntington Beach, CA Q2647

The Mitre Corporation
ATTN: Library

P.0. Box 208

Bedford, MA 01730

New Mexico Engineering
Research Institute (CERF)

ATTN: J. lLeigh

P.0. Box 25 UNM

albuquerque, M B7131

Physics International Corp
2700 Merced Street
San Leandro, Ca  G4577

R&D Associaies

ATTN: Technical f.ibrary
Allan Kuhl

P.0. Bax 969%

Marina del Rey, oA 902N

RCA Government Communications
Systems

13-5-2 Front & Cooper Streets

Camden, NJ o102

Science Applications, Inc.
ATTN: W. ltayson

Jonn Cockayne
PO BO¥ 1303
1710 Goodridge Drive
Mclean, VA ool

P

St e e




m——-——-'__—”"*”"
P

DTISTRIBUTION LIST

No. of No. of
Copies Organization Copies Organization

2 Systems, Science and Software 1 IIT Research Institute

ATTN: C. E. Needham ATTN: Milton R. Johnson
Lynn Kennedy 10 West 35th Street
- PO Box 8243 Chicago, IL 60616
Albuquerque, NM 87198
1 TRW
3 Systems, Science and Software Ballistic Missile Division
ATTN: Technical Library ATTN: H. Korman, Mail Station
R. Duff 526/614
. K. Pyatt P.O. Box 1310
[; PO Box 1620 San Bernardino, CA 92402
- La Jolla, CA 92037
) 1 J. D. Haltiwanger
: 1 TRW Electronics & Defense Consulting Services
ATTN: Benjamin Sussholtz B106a Civil Engineering Bldg.
One Space Park 208 N, Romine Street
Redondo Beach, CA 90278 Urbana, IL 61801
2 Union Carbide Corporation 1 Massachusetts Institute of
Holifield National Laboratory Technology
ATTN: Doc Control for Tech Lib deroelastic and Structures
Civil Defense Research Proj Research Laboratory
PO Box X ATTN: Dr. E. A, Witmer
Oak Ridge, TN 37830 Cambridge, MA 02139
1 Weidlinger Assoc. Consulting 2 Southwest Research Institute
Engineers ATTN: Dr. W. E, Baker
110 East 59th Street A. B. Wenzel
New York, NY 10022 8500 Culebra Road
San Antonio, TX 78228
1 Battelle Memorial Institute
ATTN: Technical Library 1 SRI International
505 King Avenue ATTN: Dr. G. R. 5
Columbus, OH 43201 Abrahamson T
333 Ravenswood Avenue A
1 California Inst of Tech Menlo Park, CA 94025 O
ATTN: T. J. Anrens
1201 E. California Blvd. 1 Stanford University ‘
Pasadena, CA 91109 ATTN: Dr. D. Bershader .
Durand Laboratory D
2 Denver Research Institute Stanford, CA 94305
University of Denver
ATTN: Mr. J. Wisotski 1 Washington State University
Technical Library Physics Department
PO Box 10127 ATTN: G. R. Fowles -9
Denver, CO 80210 Pullman, WA 99163 SRR

246 ]




DISTRIBUTION LIST

Organization

Aberdeen Proving Ground

Dir, USAMSAA
ATTN: AMXSY-D
AMXSY-MP, H. Cohen
Cdr, USATECOM
ATTN: AMSTE-TO-F
Cdr, CRDC, AMCCOM
ATTN: SMCCR-RSP-A
SMCCR-MU
SMCCR-SPS-IL

247

ot W




B B AP B Sl I S S B ARAC Mo A S et Shic et uradnn - e et el eh e e e e g e s iy T y—" ~—wr >~

USER EVALUATION SHEET/CHANGE OF ADDRESS

This Laboratory undertakes a continuing effort to improve the quality of the
reports it publishes. Your comments/answers to the items/questions below will
aid us in our efforts.

‘_"o'-"""f‘i' Y'I'.o.'v—‘]
'

1. BRL Report Number Date of Report

2. Date Report Received

3. Does this report satisfy a need? (Comment on purpose, related project, or
other area of interest for which the report will be used.)

Ty

4. How snecifically, is the report being used? (Information source, design
data, procedure, source of ideas, etc.)

5. Has the information in this report led tc any quantitative savings as far
as man-hours or dollars saved, operating costs avoided or efficiencies achieved,
etc? If so, please elaborate.

6. General Comments. What do you think should be changed to improve future
reports? (Indicate changes to organization, technical content, format, etc.)

Name
CURRENT Organization
ADDRESS Addross
-
City, State, Zip :f
7. If indicating a Change of Address or Address Correction, please provide the j?ﬁ
New or Correct Address in Block 6 above and the Old or Incorrect address below. NS
"
Name 1
OLD Organization RS
ADDRESS 7
Address .
City, State, Zip oo
(Remove this sheet along the perforation, fold as indicated, stur ¢ ot tape "';
¢losed, and mail.) -

E LI S I S S .. - .t




- — — — — — — — FOLDHERE — ~— — — — — — — —
Director
US Army Ballistic Research Laboratory NO POSTAGE -
NECESSARY
Aberdeen Proving Ground, MD 21005-5066 IN THE k|
UNITED STATES i »
OFFICIAL BUSINESS T
PENALTY FOR PRIVATE USE, $300 BUSINESS REPLY MAIL e
FIRST CLASS  PERMIT NO 12062 WASHINGTON,0C L ol
POSTAGE WILL BE PAID BY DEPARTMENT OF THE ARMY ] i
I -
Director |
US Army Ballistic Research Laboratory ] -
ATTN: AMXBR-OD-ST e
Aberdeen Proving Ground, MD 21005-9989 ] A
N
— — — — — — — — FOLD HERE — — —— — — — — — —
e e e e T e e S R




