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ABSTRACT
Accurate constitutive relations are required to predict the transient
response of rock and soil media in a number of engineering and geophysical
applications. Diffuse velocity interferometry has been specialized to this
task. In this work, we report a method of analysis which accounts for the
laser window-sample material impedance mismatch in determining material
constitutive properties and describe two computer programs which have

been developed to provide for rapid evaluation of these properties.

-2



I. INTRODUCTION

There is currently a need for consti£ptive models which are capable
of predicting the transient dynamic response of rock and soil media in a
number of engineering and geophysical applications. Controlled plate
impact experiments on samples of geclogical media provide one technique
for determining the experimental data base necessary to develop adequate
models. Attractive features of this approach are; (1) a controlled labora-
tory situation which allows measurement of the input loading pulse and
subsequent evolution of the deformational stress wave and; (2) the fact
that the experiment is dynamic, consistent with most of the application
requlrements.

Instrumentation capable of providing accurate data during a plate
impact test has evolved over the past decade. At present, transducer techni-
ques which measure stress-time or particle velocity-time histories have
been the most successful. These include piezoresistant,l piezoelectric,2
magnetic induction,3 and laser interferometry techniques.l‘L A notable
advance has been the recent development of diffuse surface laser interfero-
metry5 which does not have the severe optical reflectivity requirements of
earlier laser systems. Development of this very accurate instrumentation
capability has made feasible the study of transient wave propagation in
rock and soil media, and several recent studies on rocks have been conducted

in this laboratory.é’7

A particularly attractive feature has been the
capability of making accurate relief wave studies which has been a limiting
problem with other transducer techniques.

A critical problem in controlled impact studies has been the difficulty

in relating the large amplitude transient wave propagation data to the stress-



strain constitutive properties and to the physical effects underlying the
observed propagation characteristics. The measured stress or velocity pro-
files are only indirectly related to these properties and methods must be
developed to effectively analyze the data. This problem has been considered
by a number of authors.8’9’lo’ll

A further difficulty occurs with velocity interferometer techniques
where velocity is measured at an interfgce between the sample under test
and a laser window material. Since the window material is never an exact
impedance match for the test material, a region of wave interaction is
created in the test material near the sample-window interface and the
measured interface velocity is a distorted version of the profile originally
propagating in the undisturbed test medium. This sample-window impedance
mismatch also complicates the problem of relating the wave propagation data
td the rock material properties.

The present effort was undertaken to develop a systematic method for
reducing velocity interferometer data to determine constitutive rock
properties. A computer program, VISAR, has been developed by Barkerl2 to
determine particle velocity profiles from the raw interferometer fringe
data. In the present work two additional programs, MODIFY and IMP have
been developed to obtain lcoading and unloading stress-strain, stress-par-
ticle velocity, and material moduli data for the test material from the
measured particle velocity profiles. These programs were developed for
the PDP-10 computer system and make full use of the interactive graphics
feature of this system.

In this report we first outline the experimental conditions upon
which the method of analysis is based. We then provide the mathematical

background and assumptions necessary to treat the problem of wave interaction



due to the sample-window impedance mismatch. In many rock materials of
interest, the dispersive and dissipative character of the medium makes it
difficult to design experiments in which the loading wave and the overtaking
relief wave do not interact. Wave attenuation, therefore, results and
introduces special problems in the analysis. These problems are discussed
in the succeeding section. In the remaining sections an operational des-

cription of' the analysis programs is provided.



II. EXPERIMENTAL CONDITIONS

The experimental methods which have Eeen employed in this laboratory
to investigate the dynamic properties of rock and soil media under condi-
tions of plate impact are illustrated in Fig. 1. A 10 cm diameter light
gas gun is used to impel flat-nosed aluminum projectiles at the target
media. Projectiles are faced with thin plates of mechanically well known
impact material which in turn are backed with low impedance solid foan.
Fused quartz has been the standard impact material in most studies. Impact
on the target material provides a step input stress wave in the sample
material followed by an unloading wave originating at the impact plate-solid
foam interface. Projectile velocities, ranging from 0.01 to 1 km/s, can be
controlled within about 2 percent and impact planarity can be maintained
within approximately one milliradian. The projectile velocity is measured
by offset pins to within 0.2 percent and impact time at center of impact is
measured to within about 10 ns using an offset impactlfiducial pin and a
planarity measurement with coplanar flush pins,

A laser window material is mounted on the back surface of the sample
specimen. Although fuzed quartz, plexiglas, and sapphire have been cali-
brated for laser window materials,l3 only fused quartz has been used in the
current study of rock properties to date. The window material surface
which is to be placed in intimate contact with the sample surface is first
vapor deposited with silver or aluminum to provide a diffusely reflecting
surface. Upon emergence of the impact-produced stress wave at the sample-
window interface, the particle velocity is continuously and accurately

recorded through the complete history of loading and unloading with the

diffuse surface velocity interferometer.
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A series of tests on one rock material consisted of selecting a number
of impact amplitudes within the range of intefest and conducting several
experiments at each impact amplitude. Sample thicknesses vary, usually
ranging between 5 and 25 mm. By this procedure we can determine the evolu-
tion of the wave propagation which will be determined by the particular
dispersive and dissipative properties of the rock under test. A set of
particle velocity profiles obtained in such a series of tests on Solenhofen

limestone are illustrated in Fig. 9 of this text.



III. ANALYTIC BASIS

In. Fig. 2 an x-t diagram for & typiﬁgl platé slap experiment using a
window material is shown. The test material is impacted from the left
producing a simple loading stress wave propagating to the right in the sample
material and to the left in the impactor material. The wave in the impactor
material reflects off of the foam-impactor interface producing a right-
going unloading wave which enters the sample material at the impact inter-
face. The impactor plate, therefore, produces a complete loading and un-
loading stress pulse which propagates to the right in the test material and
emerges at the sample-window interface where the resulting velocity profile
is measured with laser interferometry. As was mentioned in the previous
section, experiments using several sample thicknesses are conducted so the
propagation velocities and dispersion characteristics of the wave pulse can
be determined. " Since the window materiallis never ah exact impedance match
for the test material, a region of wave interaction is created in the
sample to the left of the sample-window in%erface and the measured velocity
profile is a distorted version of the input profile, depending on the
coupled mechanical properties of the window material and the unknown sample
material. The objective is to subtract out properties of the window material
so that the constitutive properties of the test material can be determined
from the experimental wave profiles,

The method we have used to account for the interface mismatch has been
to correct the distorted profiles and obtain the profiles which would
have been measured at the sample-window interface if no impedance mis-
match occurred. These profiles are then used to determine the stress-

strain and stress-particle velocity properties of the test material. This

11
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approach is basgd on invariance of the Riemann integrals in regions df wave
interaction and, hence, precludes the anaiysis of experimental profiles
which exhibit highly rate dependent material behavior. This is not a
critical limitation, however, to a large class of geological and engineering
materials where working constitutive relations are required. When signifi-
cant rate dependence occurs, it is recognized as curvature in the distance-
time characteristics of constant particle velocity amplitude.

Wave propagation in the unknown sample material is governed by the

equations of continuity and momentum. In Lagrangian coordinates they are:

XOR

h t
'9.1.1.) +_l_(3_51) _ (2)
\oth Py -] s
where e=1- po/p . (3)

The time coordinate and Lagrangian space coordinate are t and h, respectively,
and ¢, u, and g are the strain, particle velocity, and stress referred to

the direction of wave propagation. p and o, 8re the present and initial
densities. Equations 1 and 2 can be rewritten as

(g_t}] : (%%2 5 (1)

(Bu 2fa
\'éﬁ;')h it (gﬁ)t =0 (5)
where
2 1 (oo
e = fo (5e)h : (6)

13



1L

By adding and subtracting, we can put Eqs. 4 and 5 into the following form.

%4'_02_;;0 (7)
%B‘l-cg.g-=o (8)
Z.cX=o0 (9)
%Jrc%éi:o (10)

Equations 9 and 10 define families of right- and left-facing characteristics,
C, and C and o and B are new independent variables referred to these char-

acteristic coordinates.. Equations 7 and 8 can be integrated to obtain the

Riemann invariants

J.(8) =u+ £(o) (11)
and
J (@) = u - fo) (12)
where i
(o) = =% (13)

is a function, to be determined, which described the stress-strain response

of the unknown sample material. Continuity of stress and particle velocity

require that, at the sample-window interface,

3 (3, +3) = (%) (14)

and

2 (3, - 3) = £(B(t)) (15)



where U(t) is the measured particle velocity profile and P(t) is the stress
profile determined from the known properties of the window material (for
instance, a nonlinear elastic equation of state for fused silica). Solving

Eqs. 14 and 15 for the Riemann invariants, results in

J, = U(t) + £(e(t)) (16)

+

and

Ll

J_ =1U(t) - £(p(t)) . (17)

The x-t diagram in Fig. 2 shows, that the propagating stress wave is
originally a simple wave (all wave information is carried on C+ characteris-
tics) which enters an interaction region caused by reflection at the
sample-window interface. Due to invﬁriance, the same value of J,_ in the
simple wave region is carried into the interaction wave region. Therefore,

if no interface were present the Riemann invariants would be

J, = U(t) + £(2(t)) (18)
J =0, (19)

Equations 18 and 19, with the definition of the Riemann invariants
in Eg. 11 and 12 provide the in-material particle velocity profile if no

mismatched interface were present,

u(t) = 3[uce) + £(2(s))] . (20)

Neglected in this analysis is the slight refraction of J+ characteris-
tics when they enter the interaction region which causes slight arrival
time errors upon reaching the sample-window interface. These time errors
will be small if propagation time in the region of interaction is maintained

small compared to propagation time in the noninteraction region, and if

15
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the impedance mismatch is kept small so that the bending of characteristics
is minimized. Also, since the refraction of characteristics will be in
the same direction for experiments using different sample thicknesses,
the errors in time of arrival used to calculate wave velocities will tend
to cancel.
A geometric interpretation of equation (20) is helpful in visualizing
the impedance mismatch correction. 1In Fig. 3 we show a representative loading
response curve for the window material and the sample material in the pressure-
particle velocity plane. Also shown is the mirror image of the sample
material loading curve about a point u(t) on the particle velocity axis.
Referring to Eq. (20) the quantities U(t), P(t), f(P(t)), and u(t) are
shown in the figure. A‘similar geometric representation can be drawn for
the unloading wave.
It is necessary to clarify one further point concerning Fig. 3. We
see that it conforms with a familiar interpretation of a wave of amplitude
u(t) "unloading" to an amplitude U(t) upon encountering the lower impedance
window material. The concept of unloading, however, is misleading in the
case of a continuous loading wave arriving at the sample-window interface.
In the case of a hysteretic material (loading and unloading response paths

are different), it is important to note that it is the loading and not

unloading curve that is used as the reflected cur.e in Fig. 3. This geometric

procedure is then consistent, as it must be, with Eq. (20).

Eq. (20) provides the analytic expression for correcting the experi-
mental profiles for impedance mismatch of the window material. The function
£(P(t)) in Eg. (20) or, equivalently, the response curve for the sample

material in Fig. 2 is not known before the fact. Since
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to) = f & (21)
(8]

we see that knowledge of the functional dependence of the wave velocity
within the integral in Eq. 21 is equivalent to knowing f(c). The procedure
followed is to use the multiple uncorrected particle velocity profiles
obtained at different sample thicknesses to provide an estimate of the
functional dependence of the Lagrangian wave velocity on particle velocity.
Eq. (20) is then used to provide an estimate for the corrected particle
velocity profiles (those occurring if no interface were present) which

in turn provides a better estimate of the [unctional dependence of the wave
velocity. By this iterative procedure, the value of f(c) or equivalently
the o-u curve for the uﬂknown sample material 1s determined. Having this,
the stress-strain paths and longitudinal modulus for material loading and
unloading readily follow.

In practice, it has been found that no iterating was necessary to
obtain satisfactory results in the materials studied to this date. TFurther
iteration provides improvement only if the mesh size is sufficiently fine.
To check the procedure, a test problem for a sample material with a variablk
impedance differing from fused silice window material by about 25 percent
on loading and by about 100 percent on unloading was developed. A total of
28 mesh points were used to describe the total loading and unloading profile,
The analysis scheme rebroduced the correct in-material particle velocity
profiles within about 0.5 percent on loading and about 2.5 percent on

unloading after one iteration.



IV. ATTENUATING WAVE
When a one-dimensional loading stress wave propagates into a region
of uniform state, as in the situation of a.typical plate impéct experiment,
the wave velocity at any amplitude on the loading wave relates directly to

*
the loading stress-strain modulus through the relation

% = noce(c) . (22)

Similarly, if an overtaking relief wave propagates into the uniform state
remaining after passage of the loading wave then the relief wave velocity
at any amplitude is related to the unloading stress-strain modulus thfough
the same relation (Eq. 22). 1If, however, the unloading wave overtakes the
loading wave and attenuation of the wave peak occurs then wave velocities
determined from the unloading wave do not provide the unloading stress-
strain modulus as in Eq. 22. Care must be exercised in extracting unloading
stress-strain data from wave velocities determined from attenuating wave pro-
pagation data.

We have found attenuating wave data difficult to circumvent in the
study of some rock types. A good example is Solenhofen limestone? (See
Fig. 9) which has an extremely slow loading.wave velocity above the axial
failure stress allowing rapid overtaking of the unloading wave and subsequent
attenvation of the pgak.

The approach we have taken to extract the unloading stress-strain res-
ponse from attenuating data has been to examine the equations governing
attenuating wave propagation and determine, quantitatively, how significantly

the measured unloading wave velocities differ from Eq. 22. We have found a

*
This observation is strictly true only if rate dependent effects are

not present. The experimental situations in which rate dependence will
adversely effect the results are limited, however, and will not be considered
here.

19
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relation for this difference which depends on the rate of attenuation of
the peak and the slope of the wave in front of end in back of the peak. We
have found Ffrom this analysis that in a majoriéy of experimental situations
the unloading wave velocity does not differ significantly from Eq. 22, and
therefore, analysis methods valid for nonattenutating wave propagation can
be used with little error on attenuating data. The results of that cal-
culation follow.

In Fig. 4 we depict a set of particle velocity histories which might
be obtained in a typical experiment where wave attentuation has occurred.
Let the Lagrangian distance and time coordinates be h and t, respectively,
and u the particle velocity. The velocity of the wave peak will be denoted
by D and quantities immédiately in front of and immediately in back of the
peak will be denoted by a subscript 1 or a subscript 2, respectively.

We ultimately wish to relate the unloading wave velocity at a given

amplitude to the unloading stress-strain modulus

a
dg _ t _ o &
T "% e
t
From the equation of continuity
_ _ 1 . P
Gt*_uh-ﬁ(ut-—u). (24)

The respective partial derivatives are expressed by subscript t or h and
the dot refers to a directional time derivative along the path of the
attenuating peak. The equation of motion gives

ch T pout (25)

and since
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we obtain
oy = o+ R (27
Equations 23, 24 and 27 provide

o D(s + QODUt)
& i (w, - 0 =5

Since Eq. 28 applies either in front of or behind the peak, we obtain

the relations

> ) 2 .

0,18y = W) = pD7u, = DS (29)
2 ) > )

Polelia. = W) = gD ¥y = B9 (30)

=< P
where PoC1 and P.Cs are -the slope of the stress-strain curve immediately

in front of and immediately behind the peak. Similarly, and u,, are

Y1 £2
slopes of the particle velocity profile on opposite sides of the peak.
To eliminate o it is necessary to restrict the form of the loading

wave. We will make a simple wave assumption

g = pOcl(u)ﬁ (31)
which includes as limiting cases shock loading, g = ooDﬁ or a steady wave,
o = pOCﬁ, where ¢ = constant.

Substitute Eq. 31 into Eq. 29 and 30 and deline oo = &futl and
B = fl/ut2 which are ratios of the rate of profile decay in front of and

behind the peak. The resulting equations are

2

ci(l -a) =D (32)

n
o
i
=
o

51 - 8) - D°

n
=
o

]
o]

(33)



In region two we will define an unloading wave velocity

- (38h
ey "5t (34)

u

which is the experimentally measured wave velocity at particle velocity
aﬁplitude Uu. “The'purPose*of this calculation is ﬁo determine how cy differs
from ¢ which in turn is identified with-the unloaaing stress-strain modulus
through Eq. 22. In region 2 (at the peak) we obtain the relation

e, =D/(1-8) - (35)
which is used to eliminate D from Egs. 32 and 33. Let x = ce/cu and elimi-

nating c, from the resulting expression provides, after some algebra, the

1

relation

x2=(1—6)[l+1ﬁ_}a} i o (3)
when tﬁere is no attenuation x = 1 (Cu = 02) and the measured wave velocity
identically determines the stress-strain modulus. When attenuatidn occurs
o and B can be determined:from the.rate of attenuation and the local

slopes of the profiles in front of and behind the peak and Eg. 36 can be
used to determine the error in assuming that the measured wave velocity
determines the stress-strain modulus. In Fig. 5, Eq. 36 is displayed
graphically. The curves shown correspond to 1 percent, 2 percent, and 3
percent errors, respectively. Also shown is the point corresponding to

the Solenhofen limestone data presented in Fig. 9 which places the order

of error expected in perspective.

23
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0.3

Fig. 5: PLOT OF EQUATION 36 AT CONSTANT VALUES OF X.

The ordinate and abcissa are the relative slopes of the loading
and unloading waves to the slope of the peak attenuation. The

point shown corresponds to the Solenhofen limestone data plotted
in Fig. 9.



V. OPERATIONAL DESCRIPTION

For each individual experiment, program "VISAR"le will provide a
particle velocity-time history from the raw interference fringe records.
The profile shape is determined by the impact velocity, impactor thick-
ness, constitutive properties of the test medium, and impedance differences
between the test sample and the window material. The profiles from a
series of experiments are used to determine the constitutive behavior of
the test material. Programs "MODIFY" and "IMP" have been developed to

assist in this analysis.

Program "MODIFY" Analysis begins by taking the velocity profiles from the

same series (similar impact velocities and impactor thicknesses but dif-
ferent sample thicknesses) and plotting them on the same particle velocity-
time graph. This can be done using program "PLOTPL" which is available on
the PDP10O, and provides a qualitative picture of the propagation properties
of the wave profiles. Since profiles were obtained from individual experi-
ments, there are obvious inconsistencies due to slight differences in
impact velocities and impactor thicknesses. Adjustment of the amplitudes
and unloading wave times to account for these slight differences is
required in order to make the profiles from a given series compatible.
Also, individual profiles may have irregularities due to superpose time
marks, triggering noise or other sources which would be desirable to elimi-
nate. Program "MODIFY" was constructed to account for these problems.

When "MODIFY" is executed (EX@MOD) the user is asked the input file
name and then the desired output or modified file name. If the user is
sufficiently confident of the adjustments required, the new file may be

read into the old file name. This will irreversibly kill the old file,

25
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however. The input profile is then automatically plotted and provides
the user with a working plot of the velocity;time history.

The user is then asked to distinguish the point in time separating the
loading wave from the unloading wave ("DO YOU WISH TO MARK THE PEAK?").
This has two purposes. First, if adjustment of the unloading wave due
to different impactor thicknesses is desired this separation time is
necessary. Second, this time is required in program IMP. When the user
responds with yes ("Y") he or she is given the option to replot. This
can be done on a magnified scale so that the time of the peak can be more
closely identified. The user is then requested to identify the time
("ENTER TIME OF PEAK").

The next operation ﬁllows adjustment of the data in time and amplitude.
The user is asked "DO YOU WISH TO SCALE OR TRANSLATE THE DATA." An affir-
mative response is immediately followed by "DO YOU WISH TO TRANSLATE IN
TIME?" If yes, then the user is asked whether they wish to shift the entire
profile or the unloading wave only. The former provides a rigid trans-
lation of the profile while the latter shifts only the unloading wave.

The user then has an opportunity to scale the profile in time by some con-
stant scale factor. This operation is used primarily to compare profiles
for self similar flow where the profile i1s some function of the distance
divided by the time. Finally, the user is asked "DO YOU WISH TO SCALE IN
VELOCITY?" This operation allows the user to adjust the profile amplitude
for differences in impact velocity.

In the next operation the user is given a chance to alter the profile
("ALTER ANY PORTION OF THE PROFILE?"). If yes, the user is allowed to re-
plot and focus on any portion of the profile. The user may then select

any time interval of the data file to be eliminated and then specify the



points to replace the eliminated data. The process is repeated until the
user has no further alterations to perform.

- Lastly, the user is given an opportunity to plot both ﬁhe old and the
new data. file.on the same velocity-time plot. The old data appears as a
solid line while the new data is plotted as a dashed line. This provides
a check on the adjustments and alterations made on the data file. This

comparison cannot be made if the modified file has been given the same as

the input file.

Program "IMP" After a set of particle yeiocity profiles from any given

series have been satisfactorily correlat?d using "MODIFY," program "IMP"

is executed (EX@IMP), This program is intended to evaluate the constitu-

tive properties of the test material (stress-strain, st;ess-particle velo-
city, and wave velocity-stress behavior) and account for the impedance dif-
ference between the sample material and the laser window material as was
discussed in Section III. At execution, the user is asked the nﬁmber of input
files and their names. Two to five files éan presently -be analjzed with the
proéfam. Fdliﬁwing this, the size of the velocity iﬁcrement must be input.

We have found that about 20 to 30 increments from wave foot to peak convenient
and sufficient and the increment is selected accordingly. The program then
asks whether the user desires a plot of the incremented velocity profiles.

An example of such a plot is provided in Fig. 6, If this is the first

program run such a plot is necessary as a working plot fof subsequent user
interaction operations. The user is then asked to supply sample thicknesses
in millimeters corresponding to the input profiles in order (increasing
sample thickness). Finally, the user is given the opportunity to adjust
timing of the profiles such that initial breakaway of the wave (foot of

wave) corresponds to a prescribed velocity. This is convenient if a break-
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away velocity has been determined from a number of experiments and it is
desired to have all profiles consistenf'with this velocity. The program
then proceeds with the incremental veloci£y plot shown in Fig. 6.

The next program section provides distance-time plots for data
evaluation and possible adjustment. The user is asked which characteris-
tics he wishes to plot. Response is governed by a systematic numbering
of the particle velocity levels. Referring to Fig. 6 the zero velocity
foot of the wave is numbered one. Each consecutive velocity level through
the full profile (loading and unloading) is numbered with consecutive
integers. A response of '5', for example, would plot the first, sixth,
eleventh, and so forth characteristics. An irregulafity occurs if the
wave attenuates with propagation distance as occurs in the example in Fig.
6. In such a case the level count up the loading wave proceeds as long as
any two profiles can contribute to that characteristic. Failing this, the

count switches to the unloading wave and continues.

The user is then asked to provide the minimum and maximum time desired
in the plot. This can be estimated from the velocity plot in Fig. 6.
The distance axis is determined automatically from the sample dimensions
entered. A distance-time plot corresponding to the velocity data in Fig.
6 is shown in Fig. 7. The small circles indicate the exact distance-time
point for a given profile and particle velocity level. The line is a best
linear fit to equivalent particle velocity level points on different con-
tributing profiles. The user is then provided an opportunity to add or
delete characteristics, adjust timing in terms of a rigid translation in time
of any profile, and replotting. This process is iterated until the user is

satisfied with the distance-time prdperties of the series.
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The user may then plot the wave velocity data determined from the
linear fit to the incremented profile déﬁa. ~This plot is shown in Fig. 8.
Note that there is a one-to-one correspondence between the points in the
wave velocity-particle velocity plot in Fig. 8 and the particle velocity-
time plot in Fig. 6. Adjustment of the wave velocity may be made at this
point, a feature which is particularly valuable in assessing the effect
of velocity variations on the ultimate constitutive properties of them
material. Adjustment may be made in two ways: (1) The user may adjﬁst
the veloeity corresponding to pagrticular particle velocity level points
on loading or unloading. The numbering scheme is the same as that incor-
porated for the characteristics in the distance-time plet. Or, (2) the
user may adjust the total velocity spectrum in order to bring a given level
point into correspondenée with a desired wave velocity. This acts as a
rigid trgnslatipn_of the wave profiles ﬁo bring about the desired corres-
pondence,

At this point the user must enter the initial sample density (g/cc)
and then the program uses the final wave velocity-particle velocity data
to determine, and account for, the impedance difference between the sample
material and the window material according to the methods discussed in Section
IIT and to provide the.final constitutive properties for the sample material.
In Fig. 9 measured particle velocity profiles for Solenhofen limestone
are shown and compared with profiles corrected with program IMP for the
limestone~-fused silica interface mismatch. The user may, at this point,
print out in tabular form the incremental stress, strain, particle velocity
and wave velocity data for both loading and unloading. The user may also

choose to write a data file for the stress-strain, stress-particle velocity,
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PARTICLE VELOCITY PROFILES IN SOLENHOFEN LIMESTONE.

Solid lines are the uncorrected profiles. Dashed
lines represent the in-material profiles corrected
for the limestone-fused silica interface impedance
mismatch.
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or wave velocity-stress data. This is convenient if, for example, a combined
plot of the stress-strain data from several égries is desired. As mentioned
earlier, program "PLOTPL" may be used for this purpose. Finally, the user
is given an opportunity to make immediate plots of the constitutive data.
Program "IMP" has been found convenient for rapid evaluation of the
constitutive properties of a large number of experiments. It has also
proved useful where questions of how errors in timing and amplitude in
the original profiles effect the final constitutive properties since such
variations may be introduced in the initial profiles or, at some other
point and the resulting variation observed in the final output. The
program was developed with velocity interferometer data from a sample-
window interface configuration. It could be extended for use in other

experimental configurations without undue difficulty.



APPENDIX I

Listing of Program MODIFY
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PROGRAM MODIFY
TIMENSION  X(5p8), vtsrmaaLAB*tzba.Lnuvtzsi.L111L£t25:
12UCOR(1¢g) MPROF(2),)XC(28),YC(20)
c INITIALIZATION QF TEKTRQXICS SOFTWARE SWITCHES
~ALL SET4TK
cALL INITT(3I™)
~ALL TERM(41,1024)
1822 ___cALL BINITY
~ALL ANMIDF

c
c OLOT FILE -=CARTESIAN COORDINATES ONLY
c : a : 2
TYPE 14
14 FQRMAT(' INPUT FILENAME '§)
ACCEPT 1@, 1FIL
....... 122 rORH#T( A5) - R AR
TYPE 255 IFIL
25 FORMATC(! QUTPUT FILE FOR MUDIFIER 0R CORRECTED ',A5,' '%)

ACCEPT 1rg, MOUT

TALL NEWPAS

TEK SUBPKOGRAMS FOR PLOTTING EITHER REQUIRE MUCH STORAGE OR 2N
TXTRA-READ OF THE FILES TO PRLDETERMINE PLOTTIMG PARAMFTERS,
THE LATTFR WAS CHOSEN IN THIS PROGRAM,

PRESET GLOBAL MaXIMA ARD MINIMA FOR ALL X AND Y ARRAYS

FROM ALL FILES,
—CALL PRESFYT (XMIN,XMAX,YMIN,YMAX) . _

CALL READCIFIL,X.Y)

CALL MINMAX (X, XMINgXMAX)

TALL MINMAXCY,YMIN)YMAX)

1
!nnnnnnn

an

PLOT UNALTERED DATA
g MIN, XMAX, YMIt, YMAX, 'Y ,1)
CALL TINPUT(H)
CALL NEWPAG
nALL ANMODE
- S——
1p08 TYPE 152
150 FORMAT(' DO YQU WISH TO MARK THE PROFLE PEAK? 'X)

o NETERMINE PROFILE PEAK
SURSNSRERI | - -1 .9 i I ;L RS
“ARPELK=(
LIFSLYESLWEQ,'NrY 6O TO 199 S el
'V ARPEKs1
154 TYPE 152

152 FORMAT(' REPLOT? 'S)
i hEREOL Ry LYES .
IFCLYES,EQ.'N') GO TO 156
NS 5, . - R 1 . (.
153 FORMAT (! E ‘TER U”IN UMAX, TMIN, TMAX ')
PT YMAX ) XMINy XMAX
154 rQRMAT!4GJ
SRR - | = 3 ) .5 ) & M
CALL NEWPAG
e CALL PLSCAL(X,Y, IFIL o2 o XMIN,XMAX, YM]IN, YMAX, 'Y",1)
rALL TINPUT(M)
CALL NEWPAG

CALL ANMODE

156 TYPE 157 .

157 FORMAT(' ENTER TIME OF PEAK 'S)
ACCEPT 158,TPEAK )

36



158

164
162

164

7]
199

SSee

222
204

223

224
28

FORMATIG)

CALL READ(IFIL,X,Y)

LREAD='Y*
“EX(1)

0 160 [=2,N

"lFax(l)=TPEAK

1HCDIF.GE,2,) GO TO 162

rONTINUE

csUMLODaN=ley S—
L=l

"0 164 J=i,MUNLOD
Y(NeR=J)zY(Nel1a])
X(N+2=J)aX(N+1aJ).

~ONTINUE

i INOl

Sy (1)=N

vil)=N

TYPE 49

FORMATE' Dn YOU WISH TO SCALE OR TRANSLATE THE PRQFILE? '$)

ACCEPT 21,NYES
IF(NYESLEQ.'N'Y GO 10 169 . _ .
rEX(1)

TRE- 28 e

FORMAT(' DO YOU «~ISH TO TRANSLATE IN TIME? '§5)

TFINYES,EQ,'N') GO 7O 227
LIPE 298 . .

FORMAT(' ENTIRE PROFILE OR UNLOADING ONLY? 'S$)

YYPE 286 .
FORMAT(' (ANSWER "ENT™ OR "UNL") '§)
ACCEPT 203,PSHIFY

FORMATLAZ)

JYPE 204 = . -

FORMAT(' ENTER TIME SHIFT '$)
ACCEPT_28B,%T8
FORMATIG)
1F(PSHIFT,EQ, "UNL') GO 10O 2p7

°0 205 I=2,H

AP O CH G20 —

0 YO 22¢

207 IF(MARPEK,EQ.1) GO T0 240

TYPE 241
FORMAT(' You FORGOT TO MARK TWE PEAK! ')

0 TO 1098

CMNLIaNNLey

N0 208 IsNNL1,N

S LA 2Ly €S T b i A I e S )

"0 209 1=2,NNL
1FCXCT) L, CE.X(NNLE)) GO TO 2189

CXCNNLISXENNLL)

CONTINUE
t0 TOo 229

5O 215 IsIL,NNL
N0 214 JsNNL1,V

214

IFEX(J) LT, X(1)) GO TO 214

CCIEEYCI LAY, Y(])) GO TO 236

60 TO 215
CONTINVE .
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215
216

217

227
221

222

223

L .

225

226

227

169
175

— nCCEPT 28,YF

CONTINUE
y(I+1)=2x(1)
yOI*ed)v(ly
125]+2
MEN+[=Je+?
n0 217 I=12,!
X(I)sx(J+(1=12))
villeY(J+(1=12))

_ CONTINUE
Y(1)=n
y(1)=N
TYPE 221
FORMAT(' (Jn YOI 184 TO SCALE IN TIME? '%)
A\CCEPT 21,nYES

IFANYES EQ,'M') GO TC 224
TYPE 222
cQRMAT(' ENTFR TIME SCALE FACTOR '%)
ACCEPT 25,%F
W 223 [=2,M
KCL)sX (] )exF

_YYPE 225 .. V. B d '
FORMAT (' DO YOu w[SH TC SCALE [N VELNCITY? 'S)
~CCEPT 21,“YES
TFINYES ,EQ,'M") GO TO 169
TYPE 226
EORMAT(' EnTER VELDCITY SCALE FAGTOR '%)

"0 227 1=2,N
YeI)=sY([)ayF
CONTINUE

TYPE 175
FORMAT(' ALTER A*Y PCRTION OF PRIFILE? ')

176

tLTER PQRTIONS OF PROFILE

#CCEPT 21,LYES

TFCLYES,FQ,'%:') nC TO 42
LEX(L)

TYPE 1731

ACCEPT 21,%YFS

177
178
179

IF(NYES,EQ,''y GO TO 177
_ CALL ALTPLT(MOUT X Y?

TYPE 178

FQRMAT(' E“TER THIN AND TMAX FOR DOMAIN OF ALTERATIO: '3)

"ACCEPT 179,T™]%, ThaX

FORMAT(26)

.- 482

482

183

TYPE 182
_____FORMAT(' ENTER VUMBER OF POINTS TO ]HSERT 'S$)
ACCEPT 1R2,NCORP
__FORMAT(])
TYPE 183
FORMAT(® EMTER CORRECTED U-T POJNTS [N ORDER '/)

184
- 185%

"0 185 ]=31,NCORP

_TYPE 184 .

FORMAT(' ENTFR U=T PAIR '$)
_ACCEPT 179,YCC(1).XC(I)
CONTINUE

"0 _186 [=2,N

186
187

38

FIFEX(l)=TMIN
IFCDIF,GE,2,) GO TO 187
CONTINVE
IMINR]»q



N0 188 J=IMIN,N
NIFEX(1)=TuAX

RPN ( Ly 5 AN P B L O 1R U L R .
187 mONTINUE
189 1MAX=]

A0 190 l=i,NCORP .
XCIMIN*I)=XC(])
YCIMIN#])=YC(])

1ga _ cONTINUE
LENDEN=]MAYX
20 191 I=1,LEND
XCIMINSNCORP+[)aX(IMAX+])

191 YCIMINSNCORP+[)uY(IMAXe])
NEN® IMIN=IMAX+NCORP
y(1)=N e -
y{1)aN
S 5 1 W0 I 4. pp—
174 FORMAT(Y REPLOT? 'S)
- _ ACCEPT 21, LYES . : .
1F(LYES,EQ,'N') GO TC 174
ALl ALTPLT(MOUT X,Y) ST
174 TYPE 192

192 FORMAT(' FURTHER ALTERATIONS? 'S)
ACCEPT 21, LYES
o YFSLYESLEQ.'Y') GO TO 176

c WRITE MODIFIED FILE
— 42  cALL WRITE(MOUY,X,Y¥Y) e S L VR
24 ~“ONT INUE
L Ahep ety waven s e
37 TYPE 39

.39 . ___FQRMAT(' DO YQU WISH TO PLOT INPUT AND OUTPUT FILES? '§)
ACCEPT 21,LYES '
IF(LYES,EQ,'™') GO TO 37

TYPE 35
.35 ____ _FQRMAT(' DQ YNU WISH TITLES AND LABELS?')
ACCEPT 21,47
. RL _____F QEﬂAIinl ___________________________ L e A B i BT e RSB TR0
IF(HT EQ.i1HN) GO TO 147g -
CALL MYLABL(LTITLE,LABX,LABY) . _ _
TYPE ‘33
.33 ___FOQRMAT(' PLOT WITW GRID2'
ACCEPT 21,M0
. Agpe ____cALL BINITY I e
TYPE 15
158 FORMAT(' ENTER UMIN, UMAX, TMIN, TMAX '§)
ACCEPT 16, YMIN,YMAX,XMIN,XMAX '
... 46 ____FORMAT(4G)
C
soramedbasssc Pl Y YNPUY AND MODIPLER FILES:. .. o0 oooccdoe o v cnle cueanan
36 CALL NEWPAG
0O 23 K = 1,2
: YMSMOD(K,2)
psressarezonic MPRQECKYRIO YL e e T i T R 7 S
. IF(MM,EQ,P) MPROF(K)sMOUT
_______ 2 CALL PLSCAL(X, Y, MPROF K, XMINy XMAX ) YMINQ YMAX MO MM)
23 fONTINUE
IF(MT,EQ,LWN) GO TO 38
c AUTPUT TITLE AND LABELS
__________________ CALL MOVABS(3RA,78@)

CALL HLABEL(25,LYITLE)
s wesres = Bl ONAREEISUBNY. . ooonn i e

39



.. CALL HLABEL(25, LABX)

)

CALL VLABEL(25,_ABY)

rFALL MOVABS(3@0,2)

CALL TINPUT(M)

CALL NEWPAp

rALL ANMODE

SEPLOT AGAIN?

TYPE 34

FQRMAT(' REPLOT FILES? 'S)
ACCEPT 21, MG

1F (MG,EQ,'N') GO TO 17

0 7O 1g2@

TYPE 3@ _ .

FORMAT(' MQODIFY QTHER FILES? '%)
ACCEPT 24, MG

tF (MG ,EQ, 'Y') GO To 1402
CONTINVE

CALL NEWPAG

CALL FINITT(R,?)

CALL CLR4TK

END

aoOono

SROFILE PLAT DURING INTERMEDIATE ALTFR STEP,

SUBROUTINE ALTRLT(MOUT,X,Y)
NIMENSIO® X(4),Y(1)

18
2¢

CALL WRITE(MOUT,X.Y)
3 i o 1 R (.
FORMAT(' ENTER UH[N,UHAx.THlN.THkX L
AGCEPT 23, YMIN,YMAX;XM[M,XMAX
rORMAT(4G)

CALL BIN

rALL NEWPAG
CALL PLSCALEX, Y, MOUT 1) XMIN, XMAX, YMIN YMAX, 'Y, 1)
CALL TINPUT(M)
CALL NEWPAG.
rALL ANMODE
RETURN

FND

__READ ONE _FILE FROM QISK

SUBROUTINE REANCIFI,X,Y)
CIMENSTION X(1), Y(1)

APEN(UNIT =20, FILE=IF], ACCESS®'SFQIN')
‘Q s e .

0 12 1 = 2,508

READ (22, 196,END ® 22) Xx(1),Y(])
FORMATI(2G)

P10 5 NQ +%

FETURN

TYPE 22, IFl

_FORMAT(' NOT ALL DATA READ FROM FILE ',A5, ' 580 PTS., MAX,'/)

X(1) = NO=-g

V(L) = NOwi

CALL RELEAS(20)

Lo

ap

END

SUBROUTINE PLSCALCX, Y KFILo Ko XM XMA,YMT ) YMA, MO ) MH)



PLOT ONE DISK FILE USING GLOBAL MAXIMA AND MINIMA FOR

X _AMND_Y AQRAYS,

“M IS P-=PLOT A GGTTLU LINE FOR FlLi@ 2;4;60 ETC.

*M 1S 1-=PLCTY A SOLID LIYE FOR FILES 1, 3, 5, ETC,

FTIMENSTION X (1) ,Y(1),KFIL(1)

1Fl 3 KFIL(K)

rfALL READCIFT, X,Y)

cALL DLIMXEXH],XMAY S

CALL DLIMY(YM]I,Y™A)

IF(MO.EQ,1HY) GO TO 1@

c NELETE GRIT WITH NEXT TwO CALLS
oALL YFR#(2)
rALlL XFRM(2)

» W O ) ] W) 0§ - 3 | e g s SRS T

c 1F MM IS @, THen DOT LINES=-DOTTED LINES FOR 2,4,..ETC
TF (K EQ.1) G0 10 12
1F (MM,EQ,u) CALL LINE(1212)

¢ PLOT FILES 2+34044004ETC, _

cALL CPLAT(X,Y)

AETURN

onopnaa

c
c - BLOT-FILE. 2. . ez
12 TALL CHECK(X,Y)

fALL DSPLAY(X,YY
“ETURN

ENQD

on

TAIS SUBRQUTINE_FINDS THE MAXIMUM AND MINIMUM OF AN ARRaY
SUBROUTIYE MINMAXOXX, XXq,XX2)
CJDIMENSTIQNM XX(1) e e
voEoXX(1)
N "o 1¥ K & 2,N .
XX1 = AMINL(XX{K),XX1)
YX2 = AMAXYL(XX(K), XX2)

12 ~ONTINUE
“ETURN . S
FND
c THIS SUBROUTINE WRITES QME FILE TO DISK .

SUBROUTINE WRITE(QF[L, X,Y)

CNIMENSIOQN X(€3), Y€1)

’PENﬁUNIT'21- FILE®OF JL,ACCESS®'SEQOUT")
C ., .....20, OF POIMTS RESIDES IN X(1)r Y(1)

L0 ® X(1)

~QP1=NO+}

No 20 | = 2, NOPY
S A2 . WRITE (21, 170) X(1)» (1)
120 FORMAT (2F)
2@ . CONTINUE e
CALL RELEAS (21)
RETURN

END

€. _PRESET MINIMA ANO MAXIMA OF X AND aﬂus__.'
SUBROUTINE PRESET(XHIN,XH&X,YNIN X)

XMIN = 1.ER

XMAX m=i,E8

YMAX = XMAX
FETURN. ~JNS—



EnD -
THIS SUBROUTINE ACCEPTS LABELS AND TITLES FOR GRAPH
£NOM THE KEYBQARD, 25 CHARACTERS PER TITLE OR LABEL,
SUSROUTIME MYLABL(LTITLE,LABX, LABY)
SIMENSICM LTITLE(CL) ,LAEXCL),LABY (1), KTITLE(S)
16 TALL ANMOOE
TYPE 8
8 FORMAT(' TITLE? '7)
s imnn e BAD (D3 KTEFLE. . - . o
11 FQRMAT(5A5)
TALL KAM2AS(25,KTITLE(LTITLE)
"0 19 J 8 1,5
15 «TITLECJ) =
~allL ANMODE
. 1 | - & A .
19 FORMAT('  LAREL FOR X=AX[S? '/)
SEAD(S,11) KTITLE
CALL KAM2AS(25,KTITLE,LABX)
"0 20 J = 1,5
22 cTITLECY)Y =
___CALL ANMODE _
TYPE 12
12 FORMAT(' |LAREL FOR Y=-&xIS?7 '/)
HEAD(5,11) KTITLE
“ALL KAMRAS(25,kTITLE)LABY)
TYPE 14
.14 FORMAT(' aLL T]TLES ALD LABELS nk? '$)
ACCEPT 5, MO
5 FQRMAT(AL)
'F (MOL,EQ,."N") GO TO 16
SRTURN
END)

K

Lo
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aoaon

anon

b | aoo

~i

o'

Fri
{5

s e

_SQMMON/ZRTV

3

PROGRAM IMP

SENNIS GFANY, FEBRUARY, 1975

THE PRESEH4Y PRAGRAM PRAVIDES A RFDUGTION
_MF_VELOCITY INTERFEROMETFR [ATA TQ STRESSASTRAIW

FATHS AND MODULT.
~OMMONZBICF

COMMONZBICDS /R
COMMON/BICOV /DuX

TOMMON/BIS
nOMMON/ZBTICCS
AIMEMSTON
LOGICAL SwW,

/5¢10¢),E(102)
/UCIR(100)

lcamy

PRESET FOR TEK PLUTTlNQ.,
TALL
CALL
CALL
~ALL
nALL

NPERATIOH

SET4TK
INITT¢38)
TERE (1,12324)
BINITT
TANMOQE.

13213.

INPUT AN JTOENTIFY ALL PROFILES, NORMALIZE,

TYPE 7

TFQRMAT(Y EnTER “UMBER AF FILES TH ®EAD

ACCEPT g,
FOQRMAT(])
M el =1, 1p~
NUgL (1) = @
L CONTINYE
"0 36 Js1,NOF
TYPE 4L o
FORMAT(' InNpPYT FILE?
ACCEPT 12, IFIL(Y)
FURHﬁT(i«)
CONTINnGE
TYPE 21
FORMAT(®
ACCEPT 272,
_LFORMAT(F)
TYPE 23
ACCEPT 47,
MA

4QF

'$)

EYTER VELOCITY INCREHEN'
oux

NYES

CTYPE 39, 1
FORMAT(' ENTER SAMPLE',[4,!
~ ACCEPY 42, XSaM(T)
FORMAT( )

T PLOY VELOCTTY VS, TIFE?T
mﬁo 41 1 = ¢,NOF

's)

¥)

THICKNESS,

JXSAM(S) 2 A(120),6(170)y C(1PD),TV(5,108) "
POMMON/BICCCS /ML o NCTTORDER(B,120)

/(%02) , T(522), TTIV(422) ,NL(5) NT(5)

1FIL ¢12), DELUCIRD) JNDEL(408) 9 X10100)

'g)

anTTNlé

rALL NEwPAR
¥MIN = 1,E5 7
XMAX = =1,E5

CALL REA"(IFILIJ).NFI

913

AND INCREMENT,

Ly

CALL VINCTRNT, NN, TF,
_oNLCJImENL
© NTUJ)enNN?
DO 24 K = 1, NNT

IPILGI))



24
35

7¢

72

1]

75
76

37

28

25

TTUNDEL (k) ' 1

TV(Jd,k) = TTVIK)
CONT]UE
CONT INUE
TYPE 70

FOQRMATLY FIT PRNFILE FEET TO PRESCRIRED VELOCITY?

ACCEPT 47, MYES
IFEMYES EQ, vy #Q TO 38
TYPE 72
FORMAT(' E4TER FO0T VELOCITYZ? '3)
\CCEPT 4., CFpOT
CALL FFIT(CFPQT)
TF (NYES EQ. 'n1) GO YO 77
nQ 76 J = 1,M0F
NNT = NT(J)
DO 75 1 5 1,07
XMIn 2 AMIaL(XMINGTV (YD)
XMAX = AMAYYL (XMAX,TVY(Ja1)) .
CONTIHUE
CONT INUE
YMIN = &,
VMAX = Y™ )
nno 37 € = 3, NOF
YMA = OyUx ¢ FLOAT(NLEK))
YMAX 2 A4AX1¢ YMAX, YMA)
CONTINUE
w B 'FALSF.
Y 25 J o= o4 NOF
Ji J
HNT s 'TtJ)
DO 28 K =3 31, wuMT
X1(K) = TV(JaK)
CONTINUE
NN B MLEY) e
Do 25 « 3 1, Nl
DELU (W) = DX & FLOAT (K-1)
CONTINUE
NNL; E ] N“L +* l
Np 27 K =3 NNL1,» NNT

CDELU(RY = "NELU (NNL) = DUX » (FLOAT(K=NNL1))

- CONTINUE

CALL PLGIKK1.QELu,xn;N.xHAX.Yn[N,YMAx,IplL,sw.Ji.Nulz

CONTINUE
FALL TINPUT(KK)
sAlLL NEWPAR
CALL ANwCODE o
RETERMINE WAVE VFLOCITIES AT L&CH
FARTICAL VELOCITY LEVEL, —

CALL CFITY

SUBRTN CFIT PROVIDES A LINEAR FIT TO EACH VELOCITY - N
TCEVEL TND RETURNE K(T1-INU B (TT TN THE RECATION FREHRR

4ND C(I), THE SnUND SPEEG.

TYPE 65 ]

FORMAT(' GHAT CHARACTERISTICS Tn pLOT?
ACCEPT 9| D

CONTINUE
YHlX = -1|E5
no 6; K = 1."NOF

L5



XMAX = AMAXL(X“AX,XSAM(K))
XMIN = AMINQ(x*IN,XSAM(K))

83 CONTINUE

61 TYPE 64

64 FORMAT(r  ENTER TMIN)THAX 13)
ACCEPT 49, TMIN, TMAX

49 ~ FORMAT(26)

rALL MEWPACr

TALL XTPLOT(NDEL , TMIN,TMAX)
SALL HONMFE

~ALL TINPUT(KKC)

cALL ANMCDFE

TYPE 46
46 FORMAT(' SHIFT TIME OM ANY PROFILE? '$)
_ ACCEPT 47, MYES
47 FORMATtAL)

TF (MYES,EQ, *M1) GO TN &g

TYPE 48
4B FORMAT (v wkMlgd PROFILE ? %)

ACCEPT 9, 5

____TYPE 57 L ,

1 FORMAT(' TIME SWHIFT? '%)

tCCEPT 22, TS
CALL TSHIFT(AS, TS)
CALL CFIT
TYPE 51
84 FORMAT( ' REPLAT 7 '%)
ACCEPT 47, MYES
1IF (MYES, 3. 'Y') Gp TO 61

69 CALL ANMONE
TYPE 52
52 FORMAT(' ADN AWY CHARACTERISTICR? '3%)

s AOUBET &2y BYER s i
TF(MYES,EQ, 'Yy CALL DE_ADD(NDEL,1)

23 TYPE 54 _ R .

54 FORMAT(' JELEYE ANY CHARACTFRISTICS? '$H)
ACCEPT 47, MYES
1F (MYES, EQ. '¥") CALL DELADD(NDEL.2)
TYPE 51

ACCEPT 47, MYES
IF (MYES, £Q, '~') GO TO 79

60 TO 61
e s
79 TYPE 8@
82 FORMAT(' 1O YU WISH YO ADJUST THE WAVE VELOCITY DATA? '$)

ACCEPT 47, LYES
1F (LYES ,EQ, 'a') GO 7O 66
CALL CADJST(IFIL.DELUV)

c
“C TFORRETY FOS THE VATERIAL-WINDUW [NTERFACE THAPEDANCE 4ISMATCH,
66 CALL NEWPAG
EACLANFODE "~ L e e e
TYPE 13
43 FORMAT(' ENTER SAMPLE DEMSITY IN GRAMS/CC %)
cevooo—..  ACCEPT 14,8HWO [
14 FORMAT(G)
RHO = RHMO » 1@, e - ey —
CALL NEWPApQ
sALL CORVEL
€ 'SUBROUUYINE CORVEL RETURNS THE CURRECYED WAVE VELOCITIES,
C DETERMINE THE STRESS~STRAIN DATA,

L6



99 CALL STsT
- SUBRRQUTINE STST RETURNS CORRESPANDING STRESS-STHA!N DaTA,

) TYPE 81
A4 FORMAT(' Do Yo! 41SH A PRINT QUY OF THE DATA? '3)
ACCEPT 47, LYES
TFC(LYES,EQ,'N') 60 TO 1p@7
GALL NEWPAR
CALL ANMDDE
TYPE 82 ) R R
Az FQRMAT(® LOADING DAYA /7))
TYPE 83 _ -
8y FORMAT(! STRESS STRAIN PARTICLE WAVE ')
I . . O 1 B P A T A ’
84 FORMAT (! VELOCITY VELOCITY!'/)
LINE = 5
nQ 88 1si,NCL
LINE = LINE o 1
I1COPY » LINE ,GT, 30
_1F_(1GOPY) _CALL HOCOPY
- IF (1coPy) TYPE g3
1F (JCOPY) LINE = @
TYPE 85, !-S(I).EtIJ;UCORtI}aCtIJ
88 _ CONIJNUE -
&5 FORMAT(4H ,13,3%.,F12.2,2F10.4,F8.,2)
CALL TINPUTCKKWY) e R
CALL NEWFPAG .
- CALL ANMODE
TYPE B8
B&  FORMAT('  UNLOADING DATA v//)
YYPE 83
TYPE 84
LINE = 5
__JCOPY =  FALSE,
LCLP1=NCLey
N0 89 leNnCLPL,NCY
LINE = LINE oy 77
ICOPY = LINE ,GT, 32

TF (TcoPY) ¢ALL HDCOPY
IF (1cOPY)  TYPE 83
;F (JCOPY)  INE = 0

L YPEHQELIA_SlI)-Et!)aUCOR(IJ Cetry _ -

89 CONTINUE
. CALL TINPUT(KKK)

f¥T) CALL NEWPAG
TYPE 110 ‘
~=pQRRAT{T 08 YoU WISH TO MAKE DUTPUT DATA FILES? 's) ~~
___ACCEPT 47,LYEg ~
TUYF(LYES,EG, NV 60YD gis T o
CALL WRITE(1,E,$:+1sNCT)

CALL WRIYE(<,UCOR.,S,I,NCT)
o _CALL WRITE(3,S,CedoNCLY
"NCL1aNCL#+1 o
. CALL HRITEI4,S.C NCL1¢NCT} o
119 " CALL RESULY
TYPE &7

87 FORMAT(" REDUCE ANQOYTHER SET UF DATAT %)
ACCEPT 47, MYES
{F (MYES 20, '¥Y")Y "©wO Ty T
CALL FINITT(D,0)

L7



CALL CLRaTk
FND

“IHENSION Atl)aEtl)_
IF(NR,EQ,1Y TYPF 111
IF(NG.EQ,2) TYPE 112
IF(NO.EQG,3) TYPE 113
AF(ND, £0.41_TYPE A14

111 FORMAT(' NAME STRESS~STRAIN FILE '8)

112 FORMAT(' NAME STRESS~PARTICLE VELOGITY FILE '$)

113 FORMAT (v NAME LOADING WAVE VELOCITy=STRESS FILF %)

114 FORMAT(' NAME UNLOADING WAVE VELOC:TY—STRESS FILE '$)
ACCEPT 18, IDFIL

18 FORMAT(AS)

APEN(UNIT=20,FILE=1DFIL,ACCESS=1SEAOYTY)
JRITE(20,422) (AC1)aBCI), IENL,N2)

120 CORMAT(2F)
CALL RELEAS(23)
RETURN
END.
c
¢ s e s oz o
SUBROUTINE DELADN(NDEL ,1SW)
c THIS ROUTIME SETS FLAGS TO DELETE OR ADD CHARACTERISTIN LINES
NIMENSION NDEL (L), NDELTA(1E)
SPSNIDIES. .«
10 FORMAT(' wOW MaMY? (<=18)'%)
o ACCEPT 12, NuMA
12 FORMAT(12])
TYPE 14

14 FORMAT(' ENTER ALL GHARACTER[STIC nNNS, ON ONE LINE '/)
o __ACCEPT 12, (NDELTA(K), K = 1, Nyugy o B
NO 16 K = 1, NUMR
I =NDELTA(K)
CIFCISW,EN,1) NDEL(I) = 1
o 1r(1$HlEo 2) NREL(]) = @

16 CONTINYE
RETURN e e g S S s s R
END

c_ . .

c

. SUBROUTINE TSHIFT(NS,TS)
c YIME SHIFT ARRAY TV BY TIME, TS~
COMMON / BIVZUL520),T(500),TTV(1720) NL(S)INT(5)

COMMON / BICF/ XSAM(B), AUiP®), B(17A@)Y, C(1C@), TV(5,i27) ,NOF
__H“L_____ggnuonzarcccs /nCLaNCT ) TORDER(5,100)

&8 NT(NS)
...... D0 1B K = 1, NTT -
CYVINS K) ® TVNSYRY ¢ TS -

1 CONTINUE R
= FETURN S — I I
_____________ ENO _

¢

_SUBROUTINE FFIT(CFOQT)

" COMMAN/ RIV/ZU(5R2),T(5m@) , TTV{L102) ,NLIB) 'NT(5)
COMMON/ a:crgggantsi.a<1az) B(108),C(380),TV(5,128) ,NOF

48

£ .. D08 J s 1.NTT

N0 48 1 = 1,NOF
TCOR & Tv(l,4)=XSAM(I)/CFOQOT
NTT & MT(])



aaa

12

TV(I,J) = Tv(1,J)=TCOR
CONTINIE
CONTINUE
RETURN
END

PLOT X Vs, TIHE

SUBROUTINE XTPLOT‘NDCthHlM TMAX)

ZOMMON/BICF /xsinSS:At!ﬂﬂ).B(lﬁﬂ).CllﬂU!aTVlE;iBGJ NOF
COMMON/BICCCS/NCL o NCT TORDER(5,100) ‘

LOGICAL IT3]P

NIMENSION TIME(L206),%X(107) ) APT(3),XX(3), NDELI;):L‘BI‘O):L;BZ!G)

NATA LAB1/5H ) 5H .5HDISTA|BHNGE 9K ) 8H

DATA LAB2/5H  _4%W . aSHTIME %M. _a5W . 154/
rALL BINITY

(MIN = 9,

XMAX = XSAM(NOF) + 1.

I1TRIP = ,TRUE, _

"o 10 J = 1, NOT '

: IE_LNQELP{JJNJEHJ 2) G0 _T0 12 I S s

00 12 K =» 1, NOF - - _

IF (TORDER(K,J) +LY, 1.,Ew@) 60 Y0 12

N oa ' el

X(N) = XSaAM (K)

RNy o R R ). o e e s | = &

CONTINUE
TIME (1) = FLOAT (N=1)
X(1) & FLOAT (Nel)
APT (1) w 2,
APT (2) = l(J
APT (3) = A(J
Xx (1) s 2,
KK (2) L "1
XX (3) = XMAX
CALL XFRM(2)
CALL YFRM(2)
CALL YNEAT(@)
CALL DLIMX(XMIN, xMAX)
CALL DLIMYUTMIN,TMAX)
CALL LINE (.1)
CALL SI2pS(0.,28)
CaLL SYHBL¢2>
CALL CHECK(X,TINME)

, _ .
) ¢ B(J) #( XSAM(NOF) ei,)

- TF(TTRIP) 67 Y0 17 T ' o

_ CALL CPLAT (X, TImE)
CALL LINE(D)
CALL SyMBL(g)
CALL CPLOY (Xx,» APT)
GO TO 19

TALL DSPLAY( X YIRED

CALL LINE (@)

CALL SYMRL (2, '

_____ CALL CPLOT (XX APT) e e
[TRIF & FALSE, Sl

CONTINUE

IF (TMIN +,GE. 2 ) GO Yo 18
A\PT(2) ®» 8,

APYL(S) = 0, S
CALL LINE t:!!!!

Lg



TALL CPLOT (Xx, APY)

is ~QONTINUE
CALL PUTON (LAB1, LABZ)
RPETURN
END
C
SUBROUTINE VINO(UNT,NNL,MF, IF1)
ILOGICAL JHI, PEAK
nOMMON/BICAV/ZDUX B
rFOMMON/ZBIY ZULS0@) y TUBAY) , TTV(LRD) ,NL(D) 4 NT(B)
E .
c ~QISE NQOT USED NV THE RAW DATA TRACE
"0 8 [®1,52
DIF=ABS(UCL+1)=UC]))
IF(DIF,GE,.p321) GO TO 9§
i CONT INUE
TYPE 1@, IF]
12 FORMAT(' TTV(4) NOT FOUMD [N FIRST 5¥ DATA POINTS
1 FROM FILE ',As,"' [N S5,R, VINC') -
rALL EX1Y
¢ ,
o4 FIRST POINT OF TTV ARRAy IS8 T(I)
9 TTIV(L) = T(¢I)
\'HI E QFﬁLqu
PEAK = ,FALSFE,
UX = DUX
NG B g
J sl =1
29 Jry +1
C J WITHIN RaW DATA?
IF ‘J aGTo tr"FFi,) JHI '|TRU£|
IF (.NOT, JHI) GO TO 21
o - TYPE 23; F ! L )
23 FORMAT( Y Ho PEAK FOUND ON LOADING CyRvE
4 IN FILE ',a%,' [N S, R, VINC, ")
CALL EXIT
o) CALCULATE LOADING DATA
21 NIF =2 T(Jeq) ~ TLI)
. . IF (oIF,LT, (1,eF-3)) PEAK = ,TRUE.
1F (PEAK) Go 10 26
IF (UtJ) (LT, UXx) GO TO 20
ENL = NNL et
i S o (UYY = Uual))/(TY) = T(J=1))
CTTVINNL) & T(Y) = (UGJ) = UX)/S
yX = UX * ""U'K
’ R T e e .
o 60 TO 21
C
€ FEAK FOUND
[of ALL LOADING DAYTA CALCULATED
26 MNY = NNL o
X~ ® UX = pUYX ST T T -
€ J WITHIN RAW DATA?
32 1IF (J, GT, (NFat)) JH] = ,TRUE,
c ALL RAW DATA NAS BEEN USED

1F (UR]) RETURN
IF (u(Jd) LLE. Ux) GO YO0 32

50

J s J e 1

60 YO 32

CALCULATE UNLOADING DATA
NNT = NNT o 1



S B (UtJ) = Uty=i))/Z(T(J) =T(J=1))
TTVINNT) = T(J) »(UCJ) = UX)/S
UX = _UX » DUX G TR s -

J BJe ]
G0 TO 32
END

C

¢

SUBROUTINE CFIT
COMMON/BICF / XSAH(B’altiﬂﬂJoHti@P),CtiﬂB} TV(5,102) ) NOF
COMMON/BIV  7y(5p@),T(500),TTV(10g) ,NL(3)NT(5)
COHHON/B!GCCSIMCLuNcT.ToRDERt5.10@}
RIMENSION NSW(B),NX(5)
NMAX = ¢
N0 31 = 1, NOF
NMAX 8 MAXZ(NMAX, NLTIY) ™
3 _CONTINUE p—
ng 4 1 = 1, NOF
Nx(l) s NL(D)
4 CONTINLUE
C .~ ARRANGE ARRAY My IN H] 70 LO URUrH
MOFL s NOF =1
no 51 = 1, NoFy
IST = 1 & 1
DO 7 J = IST, NOF I
IF (NX¢JY » NXED) LTy 8) GO YO 7
—— . . _SAVE s NX T T S
NX(J) = NXt1)
NX(1) & SAVE

7 CONTINUE .
3 CONTINVE . .
¢ LCL ® NX¢2)
€ nROER Tl ME ARRAY TO AN ARRAY FOR FITYTING CRARACTERISTIES

_no @ =
e D& 51 .L:r” 51}“____ e -

. .. . __ _TORDER (J, 1) = B,
14 CONTINUE
10 : CONTINUE

npo 5 J = 4, NOF
IDIF = NcL = NL(J)

LENGTH = NT(J) « 2 # [OIF
T IR T LLE, NEL)Y T YOROER(U.1) W

SO
IF (1 6T, NCL) TORDER(Js1) = T

_— o
ViJol=aeIDIF )

S0 CONTINUE
e JF _UIDIF.LE. @) GO Y0 32
LMIN s NEL ~ 10]F o}
oo __LMAX = NCL + IDIF i
DO 45 M = | MIN, LMAX
TORDER (J,M) = 3,

|
|
|
!
1
I

'y CONTINUE
5 GONTINUE e = . e = "
Ng .} K NG
n B 4, F
m:z__“_m.h_ﬂ_wifimiiﬁ_ O
16 CONTINUE
NTOT = @

Up 17 J® 4, u .
YTESY w TORDER(JINCT)
IF (TTEST LY, 44E=4) GO 7O 37



17

18

c

NSW(J) = 3
NTOT = NTOT » 1
CONTINVE . 5 ;
1F (NTOT LT, 2) G0 Yo 55
RETERMINFE LEAST SGU&RE POINTS
SUMX = &,
SUMT = p,
SUMXT a 4,
_sUMxg = o,
NSUM = NTDT
"Q 18 IS 3 1,NOF
SUMX = SUMX + MNSW(IS) & XSAM(]S)
SUMT g SUMT & MSW(IS) # TORDER(]S,NCT)
SUMXT s SUMXT + NSW(]S) » XSAMfIS} ® TORDER(IS,NCT)
SUMX2 = SUMX2 ¢ NSW([S) ® XSAM(]S5)ee2
CONTINUE
NEN = NSUM # SiM¥X2 = SUMXwe2
ANUM = SUMT @ SyMX2 - SUMXT # SU4Xx
aNUM =z NSUM # S MXT = SuMX & SUMT °
AINCT) = AUM 2 DEN
FANGT) = BYNUM 2 NEN
CINCT) = 1,/ BiafT)
NCT = NCT o 1
0 TO 12
MET a3 NCT - 1
RETURN
__FND

SUBROUTINE CORVEL

<< COMPUTES COARRECTED PARTICLE VELOGCITIES >>
COMMON/BICCCS/NeL JNCT o TORDER(5,1720)
. _COMMON/RICESZUCOR( (L) .
TOMMON/BICOS/RNN
COMMON/B1COV/DUy
rnnnnN/B!C:szantsi A(142)2B(1083)sC(192)2TV(S,140),NOF
NIMENSION FP(1na)
<< INITIAL SETTING oF F' >
NQ 1@ I=ayg,NCT

FP(IY=RNOeC(])
, “5-3 I .
CEVALUAT[OM AF CARRECTED UL >>
TCBR(JJIJ i
S np 20 132,nCL
HCOR(I)sUCAR([=1)+@,58(1,0¢GP(I=1)/FP(1~1))eDUX

CONTINUE o
LICOR(NCLe1)3UCARINCL)
JCLP2=NCL+2

_ N0 3@ [=NCLP2,N6Y o o
UCOR(1)sUCOR(]=1)~0,58(1,0¢GP(I=1)/FP(I-1))eDUy
CONTINUE

1F1 Nm‘_iT'ﬁ'f,_uﬁN T T, O A e A I e S = e

HEENS+1

- KC REEVALUATE p' 5>

DO 42  Jm2,NCT
Js]
FTEMRFPP(J)

52
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FP(l)=RMNGFTEM
60 TO 15
END



[y ]

i ] (s Re)

S
L

- ———— x2®

40

FUNCTION FPP(I)

<< REEVALUATE ¢! FOR SUBRTAN CORVEL >>
rOMMON/BICECS/NAL,NCT, TORDER(S, 17@)
ConﬂﬂnfBlcrftsnth) Atia?).etiﬂa:.ct1uﬁ>»TV(5.1vG!.NoF
TF(L.GT,NCL)Y g0 T0 1W

<< LNADING »>
"TEST=GG(])
CALL SINT(STEST,SFsCFs1)
1F(SF,.GT,¥,) FPP=CF
I1F(SF,GT,2,) RETURN
FPPeC(NCL)
FETURN

<< UNLODADING >>
STEST=GG(NeL)
rALL SINT(STEST,5F.CF.1)
1F¢(SF.GT,¥,) 60 TO 20
1F(GGt]), GE.SF: FPPaC(NCL*1)
IF(GG(I),GF,SF) RETURN
STEST= GG(M”L!

- CALL_SINT(STEST,SpaCFe2)
1IF(SF.GT,d,) FPpaCF
IF(SF.GT,3,) RETURN
FPP:C(NCT)

RETURN
END ’

SUBROUTINE SINT(STEST,SF,CF,18)

¢<¢ I"TEGRATES FURRENT CORRECTED P~uU PATH >>
~QMMON/BICCCS/Mel ,NCT, TORDER(5,170)
COMMON/BICF/ZXSAutSY ) A(L00 ) ) BLIRE) s (1R2) s TV(5,107) ,nnF
TQMMON/BICES/UCOR(XOEY .
COMMON7BICOS/RHD -

1F {1S,E0,2) 69 T0 3@
S=3,

nd 20 T=2,NCL
ZeRHOW(C([)*C(lm1)) /2,

BT
S8+ (UCOR(1)=UCOR(I-1))aZ
CIFUS,LY,STeST) 50 T0 22
rFIC(l-1)¢(Ct;) C(I 1))#(STEST=R)/(S~R)

apEE
RETURN

SF'-iaﬂ
FNEYORR: T e e e e
e=0,
RO 4@ Je2,0CT T T Tt
;-nuu-tc:laoccz.gxszz.

~ EONTINUE o i TE

5354 (UCOR(])~UCOR(I=1))eZ
1Ff§ +LENCL) GO YO 47
IF(S.GT,STEST) g0 70 4n
CFeC(T=1) e (CUI)<E(T=1)a(STEST=R)/(S=-RJ

2ONT INUE
SFusl.@ B
RETURN

53
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FUNCTION Go(T)

<< PoU EQUATIO" OF STATE FCR WINDOW MATERIAL >>
FOMMON/ZBICCCS /L yNCT o TQRUER(2,108)
COMMON/glIQOV/DUX
IFCIWLE,NCL) ys(l=1)#DLX
IFCLGT,HCL) Us(2eNCL~-])eDUX
GGa131,74U-73,48108U%e2400 47ajea349 630Ul
DETURN
END

FUNCTION GRLI)

<<_P=U NDERIVATIVE FAR WINDOW MATERIAL FOS 3>
cOMMON/ZBICCS /L ,NCT, TORDER(S,179)
COMMON/BICOV/DUY
TFCILLEMCL) us(l=-1)2DUX
TFCI.GT,NCL) Us(2eNCL=1)#DUX
GPE131,7=147,2%00+298 418 nu2-164 528 8al
FETURN
END

SUBROUTINE §TSY

“OMPUTE STRESS STRAIN CATA

FOMMONZBICE ~ /XSAMES), AC17R)2B(1¥17),C(170) s TV(S5,16A) 01 OF

FOMMON/GICAS/RHG
"OMMON/RICCCS/Mal ,NCT TORUER(S,172)
FOMMON/BIS/S(177),E(1E7)
FOMMON/BICAS/URAR (102)
LOGICAL FQUAL
(1)=7,
£(1i)=p,
FQUAL = FALSE.
_ 'o 20 1=2,NCT _ _
EQUAL = 1 LEQ, (NCL+1)

IFC,NOT, EQUAL)  SCI)sS(I=1)#R40s(UCOR(I)=UCOR(I-1))e

T4 B 5e(C(1)+C(1aid?

1 (0,58(C(1)eCt1e1)))
. IF (EQUAL) St!1) = b(l:;?”
CJF (EQUAL)Y g1 = E(]=1)
CONTINGE

._._._c;___ b=

RETURN = ; e e A e e s _
S,

" REAT UNE FILE FROW NJSK
SUBROUTIME REANCIFILE,ZNF)

TEOMMON /RIV 20U (580, T(BB2),TTVI1AR) ,NL(S),

NT(5)

NPEN (UN1Ts 29, FILE = JFJLE, ACCESS ® 'SEQIN')

F 3 @
N0 10 1 = 1,5¢7
READ (27, 1{g&,END = 28Y T, U(D)
L FOR”ATIZG)
NF = NF o1
CONTINUE

IF¢.NOT, EQUALY E(D)sE(I=1)+(UCAR(II=UCOR(I=1))/

TYPE 22, IFIL
FORMAT(' NAT ALL DATA READ FROM FILE ',AS,
CONTINUE

CALL RELEAS(22)

1

500

PTS, MAX,'/)
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T 42 FALLTRaME o

RETURN
END

SUBROUTIME PLOT (XY o XMI XMA,YMI, YMA,IFIL,SW,K,N0)
PIMENSION Y(1),;x1(1) ISYM(L12)IFIL(DL)
LOGICAL Sw _ ;
bOHHnM JELFF /xSAMIB) ,A(L00) B (102),C(100),TV(5,108),10F
IHENa;G‘ 1LAB1(8)» LAB2(K), LAR3I(E), LAB4(6)
A ISyv/1,1,1,100,0,0, 101,101,141/

WATA LAg1/8H y BH 1 BHTIME ,8H -1 1 5H
NATA LAB2/%H ) 5K ) SHVELOC,®HITY ,5H ) BH
NTATA LAB3/SH s 5HSOUND,SHVELOC,BHITY ,5H ¢ BH
NATA [ AB4/5H .QHPAPTerHCLE U.SHELUCI,5HTY 1 5H

i S

CCALL DLIMX¢XMI, X“A)

TCALL PUTON (Uhﬁi.‘Liﬁia

TCONTTINUE

C‘LL.DLIH*‘Y”ItYF*,
TALL LINE (=1)

cALL SIZFS (7,15)

SALL SYMEL (ISYM(K))
1F (K,EQ,4) 60 T0 12

ALOT FILES 25 3,e004ETC,

CALL NPTE(MD)

"rALL CHECK( X1, ¥)

CALL CPLOT(X1,Y)
IF (SW) Go To 27
CIF (K 4LT. iOF) RETURN

”ALL ANMODF
TYPE 26, (1FIL (K1) K181 ,NOF)
FORMAT(' FILES~a', 10A7)

CETURN.

rALL PUTON(LAB4,LAB3)
"RETURN

BUOY FYEE s
NRAW BOX

CALL NPTS(wO)

T CALL CRECK(XL,Yy T

~ COMMUN /  AICF/ XSAM(5Y, A(iw@&), B(10U), C(1PB), TV(5,184), NOF

CALL DSPLAY(X1,Y)

“SETURN

END e

SUBROUTINE RESULY

COMMON / N1V /utSep), T(5p@)s TTV(1lpe), NL(5), NT(5)

T COMMON /7 RIS /Jstive), evimeY T

fOMMON /BI1CCS /uCOR(10P)

/
/

~ NAYA CAB3/sH  ,8H ) SHSTRAI,8HN — 8K w88/
/

GOMMON /RICCCS/NEL NCT, TORUERTS,127) T
AIMENS]OM LABitbi,Llﬂzléig LAB3(8), L&B4t61

DAYA LAB1/8H %W u!HSTREs|5H3 GOHTT T, 8H
NATA LAB2/SH +9HSOUND ) 5H VELO,BHCITY ,8H » BH

DATA LAB4/SH 1 SHPART],5HCLE V,SHELOC!,3HTY  ,5H

aad

KEY TO REQUESTS FOR PLOTTING
CALL NEWPAG
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TALL ANMODE
TYPE 4
g _ FORMAT(' TO 0B8TAIN GRAPH STRESS«STRAIN, TYPE "SE™t/
118X, VSTAFSS.PARTICLE VELOCITY, TYPE "SVu"'/
248X, 'SoUvD VE| OCITY=STRESS, TYPE "CS"'/
218X, '8NUND VELNCITY=-PARTICLE VELOCITY, TYPE nmCy"')
CALL ANMCDE

iE

TYPE 12

12 . FORMAT(' wAICH GRAPH?,,,,TYPE "NQuE™ TO EXIT ")
ACCEPT 12, NEM

ig FORMAT (AZ)

fALL NEwPASG
1F (NEM ,E2, *Hout') FETURY
CALL BINITT

_CALL NPTS(nCT)

c STRESS=STRaIN BLNT
IF (NEM ,NF, 'SEg') GO 1O 22
"ALL CHECK (E,S)
CALL DSPLAY (E,s)
TALL PUTOY (L4an3, LAB1)
TALL TIMPUT(KKK)
ro TD 68

c
e STRESS« PAaTICLE VFLOCITY (COKREZSTED)  PLOT
22 IFC MEM ,NE, 'Sy!') GO TO 3¢
' _ TALL CHEFK (UCAR, S)

SALL DSPLAy ( UCTRS)

CALL PUTSN (LAR4, LABL)

SALL TINPUT(KKY)
50 T 6¢

& STRESS=SoU~D VELNCITY FLOT
I3 ]F (MEM ~;r 'FQ!) GO T 59
__CALL CHEPK (S, c:
CALL DSPLAY(S,
nALL PUTOY (LAﬂf. LaB2)
CALL TINPUT(KKR)
GO TO 62 U
%@ IF (NEM NE, 'Cy') GO TO 5
T CALL CHECK ( UcaR,C)
___CALL DSPLAY( yCnR,C)
" nALL PUTON (LA%4, LAB2Y =
CALL TINPUT(KKK)
62 CALL HOME
0 TO 5
o . S o R

T 77 TTTAIS SUBRAUTINE PUTS TITLE AND LABELS OV A GRAPH °

SUBROUTINE PUTON(LABX,LARY) R
ATHENSTO " LYTTLEC1Y,LABX (1), LABY(1),LAB(32) '

% O AALL MOVABS(3p7,784)
e CALL HLABEL(38,LTITLE)
CALL MOVABS(%,667)

CALL KAM2AS(3p,| ABY,LAR)
SALL VLAREL(3p,LAB)
CALL MOvVABS(327,25)
CALL KAM2AS(3@,LABX,LAB)
SALL HLABEL(32,LAB)
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SALL ANMODE

2ETURN

eng_ o o
SUBROUTINE CADJST(IFIL,DELU)
ADJUST  THE WAVE VELOCITY DATA

0

SOMMON/ BIGF /XSAMS) ) A(180),B(188),0(107) TV (5,10¢),NOF
GIMENSTOY! DELUCL?Y »IFIL(L)

FUHMON ZileQV _/puXx

~OMMON/ BIRCCS/nCL NCT, TORDER(5,187)

(e Ea

LOGICAL 5W

W = LTRUE,

"0.5 K= 1, NOL e
DELU (K) = DUX * FLOAT(K=1)

5 CONTINIIE

Ll o5 NCL +1

0 6 K = NL1,» HgT
”ELU(K) = CELH{NCL) = DUX M FLD&T(K NL1)
CONTINUE

FALL BINITT

UMIN D

IMAX

i

~n

sux * FLOAT(NCL)

~rMIN 1,E5
=CHMN

CMAX
N0 8 K = 1, .“GI____M.”_E e .
CMIN = Asl ‘40 CMIN, CY

- CMAX = AMAX1( CMAX, C(X.
£ CONTINUE
CALL NEyPAG
rALL PLOUT(NELU,CoUMIN,URAX,CHIN, CMAX, IFIL,SW,1,NCT)
CALL HOME
FALL TINPUT(KKK )Y
cALL ANMODE

nn II.

;‘

TYPE 13 o '
13 FORMAT(' pn YoU «“[SK TO ADJUST PARTICULAR POINTS? ‘SI
- ~ ACCEPT 14, IYES
44 FORMAT(A1) L S
TFUTYESEQ, TNy 50 Y0 4 —
TYPE 1%
15 FORMAT (v ENTER NUMRER OF FOINTS TO CORRECT. 8) -
ACCEPT 2d,NTS
TR - FORARTLT) E S TR S
oo O80T % THNTS e e R
YR R 3 N
23 FORMAT(+ ENTER POINT NUMBER ANN KEV VELOCITy, 1§) )
- ACCEPTY 25,MPY,ONEw ) S
25 FORMAT(2G)
- - C(NPTY = BNEW ST
3p CONTINUE
el TYPE 45 - TTrem T
4% FORMAT(+ QO yOU WISH PROFILE VELOCITIES SCALED AT A

1 PARTICULAR LEVEL? %)
(ACCEPT 14, 1YES s R
{F (IYES, £Q. "ut) g0 Y0 8¢ S ' '

st e T APE B o o o - B
e FORMAT (7 "ENTER LEVEL NUWEER ANG NEW VELDEITY 7'%) ——
. ACCEPT 6y, NLEV, CNEW
60 FORMAT(26) '

CNLEV = C(NLEV)

"7



7p
£
e

ng7@ 1 = o4, nOT
C(I) = §, 7/ t4./C(1) =1,/ CNLEY # 1, /CNEW)
COMT INUE

TYPE 85

FORMAT(' aGEPLOT?'S)

ACCEPT 14, IVES

1P (IYES, £6. 'Y") Gn 70 2

SETURN

END
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