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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 w~ndow- 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 . 
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I . INTRODUCTION 

There is currently a need for constit~tive models which are capable 

o f predi cting the transient dynamic response of rock and soil media in a 

number o f engineering and geophysical applications . Controlled plate 

i mpact experiments on samples of geological media pro vide one techni que 

f or determining the experLmental data base necessary to develop adequat~ 

models . Attractive f eatures of this approach are; (1) a controlled l abora­

t ory s i tuation which allows measurement o f the i nput loading pulse and 

subsequent evolution of the de formational stress wave and; (2) the fact 

that the exper i ment is dynamic, consistent with most o f the appl i cation 

requirements . 

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 piezoel ectric,2 

magnetic i nduction,3 and laser interferometry techniques. 4 A notable 

ad vance has been the recent development of diffuse surf ace laser interfero­

metry5 wh i ch does not have the severe optical reflectivity requirements of 

earlier laser systems . Development o f this very accurate instrQmentation 

capability has made feasible the study o f transient wave propagation in 

rock and soil media, and several recent studies on rocks have been conducted 

in t his laboratory . 6,7 A particularly attractive feature has been the 

capabil i ty o f making accurate relie f wave studies which has been a limi ting 

problem with other transducer techniques . 

A critical problem in controlle~ impact stud i es has been the di f f i culty 

i n re l ating the large ampl i tude trans i ent wave propagation data to the stress ~ 
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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 pr oblem has been considered 

by a number of authors .8,9,lO,11 

A further difficulty occurs witb velocity interferometer techniques 

where velocity is measured at an interface between the sample under test 

and a laser window material. Since the window material is never an exact 

impedance matcb for the test material, a region o f wave interaction is 

created in the test material near the sample-window i nterface and the 

measured interface velocity is a distorted version of the pro f ile ori ginally 

propagating in the undisturbed test medium. This sample- window impedance 

mismatch also complicates the pr oblem of relating the wave propagation data 

td the rock material properties . 

The present effort was undertaken to develop a systematic method fo r 

reducing veloCity interferometer data to determine constitutive rock 

propert ies. 12 A computer program, VISAR, has been developed by Barker to 

determine particle veloci ty profiles from the raw interferometer fr inge 

data . In the present work two additional programs, MODIFY and IMP have 

been developed to obtain loading and unloading stress- strain, stress - par-

ticle velocity, and material moduli data fo r the test material from the 

measured particle velocity profiles . These programs were developed for 

the PDP- 10 computer system and make ful l 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 

in t erest, the dispersive and dissipative ·character of the medium makes it 

d i fficult to de.sign experiments in which the l oading wave and the overtaking 

relief wa ve do not interact . Wa ve 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

cript i on of the analysis programs is provided . 
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II . EXPERIMENTAL CONDITIONS 

The experimental methods which have been 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 em 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 foam . 

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 kln/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 impact fiducia l 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,13 only fused quartz has been used in the 

current study of rock properties to date. The window material surface 

which ~s to be placed in intimate contact with the sample surface is first 

vapor deposited with silver or alQminum to pro vide a diffusely reflecting 

sur face . 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 o f tests on one rock material consisted of selecting a number 

of impact amplitudes wi thin the r ange of' interest and conducting several 

experiments at each impact amplitude . Sample thicknesses vary , usual ly 

ranging between 5 and 25 rom . By t his procedure we can determine the evolu­

tion of the wa ve propagation which will be determined by the part:i.cular 

dispersive and dissipative properties of' the rock under test. A set of 

particle velocity pro f iles obta i ned i n such a series of tests on Solenho fen 

limestone are illustrated i n Fi g . 9 of this text . 



III . ANALYTIC BASIS 

In. Fig. 2 an x- t diagram for a typical plate slap e~periment 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 

mater i al reflects off of the foam- impactor inter face 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 characteri~t~cs of the wave pulse can 

be determined . Since the window material is never an exact impedance match 

for the test material , a r egion of wave interaction is created in the 

sample to the left of the sample-window interface and the measured velocity 

pro fi le is a distorted version of the input profile, depending on the 

coupled mechanical properties of the window material and the unknown sample 

material. The objecti ve 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 



t 
I-

FOAM-IMPACTOR 
INTERFACE 

IMPACT 
/ INTERFACE 

SAMPLE-WINDOW 
(INTERFACE 

I 
I 
I 

I 
'-LOADING I 

WAVE I 
INTERACTION 
REGION 

DISTANCE .. 

Fig . 2 : DISTANCE- TIME PLOT 

12 

Il l ustrates the initial step input l oading o f 
the sample on impact and interact ion regions due 
to impedance differences between sample and window 
material. 



approach is based on invariance at' the Riemann integrals in regions of wave 

interaction and , hence , precludes the analysis of experimental profi les 

which exhibit higbly 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 sign i f i -

cant rate dependence occurs , it is recognized as curvature in the distance­

time characteristics of constant particle velocity amPlitude. 8 

Wave propagation in the unknown sample material is governed by the 

equations of conti nuity and momentum . In Lagrangian coordinates they are : 

at) + (~~) = 0 

\ h t 

( 1) 

'0 '0) + L (00) = 0 
\ot p oh 

hOt 

( 2) 

where e= l - p/p . 
0 

The time coordinate and Lagrangian space coordinate are t and h, respectively, 

and €, u , and a are the strain, particle velocity, and stress referred to 

the direction of wave propagation . p and p are the present and initial 
o 

densities . Equations 1 and 2 can be rewritten as 

= 0 

where 
2 1 (00) 

c= P03€h' 

(4 ) 

(6) 
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By adding and subtracting , we can put Eqs. 4 and 5 into the fo llowing form . 

oU + OE 0 C - " &Y oa 

ou OE 
o~ - C OF = 0 ( 8) 

oX ot 0 oa - c aa = ( 9) 

ox + 
o~ 

ot 
c ~ = 0 (10) 

Equations 9 and 10 define f amilies of right- and l eft- facing character istics , 

c+ and C_ and a and ~ are new independent· variables ref erred to these char­

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

Riemann invariants 

(11) 

and 

J (a) = u - r (o) (12) 

where 
o 

r(o)"f :~ 
o 

(13) 

is a function , t o be det ermined , which descr ibed the stress- stra i n r es ponse 

of the unknown sample material. Cont i nuity of stress and particle velocity 

require that, at the sample- wi ndow inter face, 

(14) 

and 

( 15) 



where U(t) is the measured particle velocity profile _and p(t) is the stress 

profile determined f rom 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) + f(P(t)) , (16) 

and 

J • U(t) - f(P(t)) . (17) 

The x- t diagram in Fig . 2 shows. that the propagating stress wave is 

originally a simple wave (al l wave information is carried on C+ characteris ­

tics) which enters an i nteraction region caused by reflection at the 

sample-window interface . Due to invariance , the same value of J+ in the 

simple wave region is carried into the interact ion wave region. Therefore, 

if no interface ~ present the Riemann invariants would be 

J+ = U( t ) + f(P(t)) 

J = 0 

(18) 

( 19) 

Equations 18 and 19 , with the definition of the Riemann invariants 

in Eq . 11 and 12 provide the in- material particle velocity profile if no 

mismatched interface were present, 

u( t) • ~ ~(t) + f(P( t))] (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 i n - the region of interaction is maintained 

small compared to propagation time in the noninteraction region, and i f 
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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. In Fig . 3 we show a representative loading 

response curve for the window ma.terial 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. 

Re ferring to Eq . (20) the quantities U(t), p(t), f (P(t)), and u(t) are 

shown in the figure . A similar geometric r epresentation can be drawn for 

the unloading wave. 

It is necessary to clarify one further point concerning Fi g . 3 . We 

see that it conforms with a familiar interpretation of a wa ve o f amplitude 

u(~ "unloading" to an amplitude U(t) upon encountering the lower impedance 

window material. The concept o f unloadin~ , however, is misleading in the 

case of a continuous loadin :::; wa ve arr ivins at the sample- window interface . 

In the case o f a hystereti c material (loading and unloading r esponse paths 

are di fferent), i t is important t o note that it is the loading ~ ~ 

unloading curve that i s used as the re flected cur".e i n Fig . 3 . 'rhis geometric 

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

Eq . (20) provi des the analytic expression for correcting the experi­

mental profiles for impedance mismatch o f the window material. The function 

f(P(t)) in Eq . (20) or , equivalently, the response curve for the sample 

material in Fig . 2 is not known before the fact . Since 
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f(a ) =f cb 
p c 
o 

we see that knowledge of the functional dependence of the wa ve velocity 

( 21) 

within the i ntegral in Eq . 21 is equivalent to knowing f (o) . The procedure 

followed is to use the multiple uncorrected particle veloc ity profiles 

obtained at di fferent sample thicknesses t o provide an estimate of the 

functional dependence of the Lagrangian wa ve velocity on particle velocity . 

Eq . (20) is then used t o pro vide an estimate fo r the corrected particle 

veloc i ty profiles (those occurring i f no inter face were present) which 

i n turn provides a better estimate of the functional dependence of the wave 

velocity . By this iterative prpcedure , the value of f (o) or equivalently 

the o-u curve for the unknown sample material is determined . Ha ving this, 

the stress- strain paths and longitud inal modulus fo r material l oading and 

unload ing readily fo llow . 

In prac t ice , it has been found t hat no iterating was necessary to 

obtain satisfactory results in the materials s tud ied to this date . Further 

iteration provides impro vement only if the mesh size is sufficiently fine . 

To check the procedure, a test problem for a s ample material wi th a variab£ 

impedance dif fering from fused sil i ca window mater i al by about 25 percent 

on loading and by about 100 percent on unloading was developed . A total of 

28 mesh paints were used to describe t he total loading and unloading profile . 

The analysis sc heme reproduced the corr ect in- material part i cle velocity 

profiles within about 0 . 5 percent on loading and about 2 . 5 pe r cent on 

unloading a fter one iterat ion . 



IV. ATTENUATING WAVE 

When a one- dimensional loading stres·s wave propagates into a region 

of uni f<?rm state, as in the si .'~uation of a typical plate impact experiment , 

the wave velocity at any amplitude on the loading wave relates directly t o 

* the load i ng stress- strain modulus t~rough the relation 

de 
2 o C (0) 

o 
(22) 

Si milarly, if an overtaking relief wave propagates into the uniform state 

remain i ng after passage of the loading wave then the rel i e f wave veloc i ty 

at any amplitude is related to the unloading stress- strain modulus through 

the same relation (Eq. 22) . If, howe.ver, the W110ading wave overtakes the 

l oading wave and attenuation of the wave peak occurs then wa ve velocit i es 

determined from the unloading wave do not provide the unload i ng stress -

strain modulus as i n Eq. 22 . Care must be exercised in extracting unloading 

stress- strain data f rom wave velocit i es determined from attenuating wave pro-

pagation data. 

We have found attenuating wave data di f ficult to circQmvent in the 

study of some rock types . A good example is Solenhofen limestone7 (See 

Fig . 9) which has an extremely slow loading wave velocity above the axial 

f a i l ure stress allowing rapid overtaking of the unloading wave and subsequent 

attenuation of the peak. 

The approach we have taken to extr act the unloading stress- strain res -

ponse from attenuat i ng data has been t o examine the equations governing 

attenuating wave propagation and determine , quantitati vely, how significantly 

the measured unload i ng wave velocities d i ffer from Eq. 22 . We have found a 

* This observation is strictly true only i f rate dependent effects are 
not present . The experimental situations in which rate dependence will 
adversely e f fect the results are limited, however, and will not be considered 
here. 
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r elation for this difference which depends on the rate of attenuation of 

the peak and the slope o f the wave in front of and in back of the peak. We 

have found from this analysis that in a majority 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 hand t, respectively, 

and u the particle velocity. The velocity of the wave peak will be denoted 

by D and quantities immediately 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 g iven 

amplitude to the unloading stress- strain modulus 

do= 
d o 

From the equation of continuity 

= p c 
o 

2 

I':t '" - uh '" i (ut - u) . (24) 

The respective partial derivatives are expressed by subscript t or hand 

the dot refers to a directional time derivative along the path of the 

attenuating peak . The equation of motion gives 

and since 

0h '" - P u o t 
(25) 

( 26) 
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22 . 

we obtain 

Equations 23, 24 and 27 provide 

2 
D C o 

= 
D(cr + DOD"'t;) 

("'t; - il) 
(28) 

Since Eg . 28 appli~s either in front of or behind the peak , we obtain 

the relations 

( Sl) 

(30) 

" and Poc2 are ·the slope of the stress - stra i n curve immediately 

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

and u
t2 

are 

slopes of the particle velocity profile on opposite sides of the peak . 

To eliminate cr it i s necessary to restrict the fo rm of' the loading 

wave . We will make a simple wave assumption 

. 
which includes as limiting cases shock l oading , cr = 

. 
(J = P CU, where c =: constant. 

o 

o Du or a steady wave, 
o 

Substitute Eq . 31 i nto Eg . 29 and 30 and de f ine a = u/utl and 

~ = U/Ut2 which are ratios of the rate of profile decay in front of and 

behind the peak . The resulting equations are 

(32) 

(33) 



In region two we will define an unloading wave velocity 

eu = (~~1 
which is the experimentally measured wave velocity at particle velocity 

amplitude u . '-The ' purpose -'of this calculation. 'is to determine how C u differs -
from c

2 
which in turn is identified with ' the unloading stress - strain modulus 

through Eq . 22 . In region 2 (at the" peak) we obtain the relation 

e = D/(l - ~) (35) 
u 

which is used to eliminate D from Eqs . 32 and 33. Let x = c 2/c u and elimi-

nating c
l 

from the resulting expression provides, after some algebra, the 

relation 

(36) 

when there is no attenuation x = 1 (C . u = c
2

) and the measuxed wave velocity 
, 

identically determines the stress- strain modulus. When attenuation occurs 

a and. ~ can, be determined · from the . rate of attenuati~n and the local 

slopes of the profiles in front of and behind the peak and Eq . 36 can be 

used to determine the error in ass~ming that the measured wave velocity 

determines the stress - strain modulus . In Fig . 5, Eq. 36 is displayed 

graphically. The curves shown correspond to I 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. 
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Fig . 5 : PLOT OF EQUATION 36 AT CONSTANT VALUES OF X. 

The ordinate and abcissa are the relati ve 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 

F h i di " "t "VISAR" 12 '11 "d or eac n v~dual exper~men , program W~ prav). e a 

particle veloc i ty- 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 !lIMP" ha ve been developed to 

assist in this analysis . 

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

same series (similar impact velocities and L~pactor 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 PDPIO, 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 

requi red 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 modi f ied 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, 
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however . The input profile is then automatically plotted and provides 

the user with a working plot of the velocity- time hi story . 

The user is then asked to distinguish the point in tLme separating the 

loading wave from the unloading wave ("00 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 t i me is 

necessary . Second, this time is required in program IMP. When the user 

responds with yes (ttytt) 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 r eques ted to identify the time 

("ENTER TIME OF PEAK") . 

The next operation allows adjustment of the data in time and amplitude. 

The user is asked " .00 YOU WISH TO SCALE OR TRANSLATE THE DATA . " An affir­

mative response ~s immediate ly followed by ".00 YOU WISH TO TRANSLATE IN 

TIME?tt If yes, then the user is asked whElther they wish to shi ft the entire 

profile or the unloading wave only . The former pro vides a rigid trans ­

lation o f the profile whi le the latter shifts only the unloading wave . 

The user then has an opportunity to scale the pro file in time by some con­

stant scale fac tor . This operation is used primar i ly to compare pro fi les 

for self similar flow where the pro f ile is some function of the distance 

di vided by the time . Finally, the user is asked lIDO YOU WISH TO SCALE I N 

VELOCITY?" This operation allows the user to ad just the pro file amplitude 

for differences in impact velocity . 

In the next operation the user is given a chance to alter the profile 

("ALTER ANY FORTION OF THE PROFILE?") . If yes, the user is allowed to re­

plot and focus on any portion o f the pro file . The user may then select 

any time interval of the data file to be eliminated and th~n 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 g i ven an opportunity to plot both the old and the 

new data file _on the· same velocity- time plot . The o·ld data appears as a 

solid line while the new data is plotted as a dashed line . This provides 

a check on the adjustments and alter.ations 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 velocity profiles from any given 

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

is executed (EX@IMP). This program ·is in·tended to evaluate the consti tu-
, 

tive properties of the test material (stress - strain , stress - particle velo-

city , and wave velocity- stress behavior) and account for the impedance dif­

fer.ence b~tween the sample material and the laser window material as was 

discussed in Section III . At execution , the user is asked the number of input 

files and tbeir names... Two to f.i ve files can pres ently -be analyzed with the 

program . Following this , the size of the velocity incr ement 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 ex~mple 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 for 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) . Finall y, the user is given the opportunity to adjust 

timing of the profiles such that ini tial breakaway of the wave (foot of 

wave) corresponds to a prescribed velocity. This is convenient if a break-
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Fig . 6 : INCREMENTED PARTICLE VELOCITY PROFILES . 

Selected i ncrement size is 0 . 02 ~m/s . Data 
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away velocity has been determi ned from a number of experiments and it is 

desired to have all profiles consistent 'with this velocity. The program 

then proceeds with the incremental ' velocity 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 15 1
, for example , would plot the first, sixth, 

eleventh , and so forth characteristics . An irregularity 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 ~roceeds 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 maximQm time desired 

in the plot . This can be estimated f rom the veloc i ty plot in Fig . 6 . 

The distance axis is determined automat i cally from the sample dimens ions 

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 properties of the series . 
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The user may then plot the wave velocity data determined from the 

linear fit .to the -incremented profi~e da~a. - This plot is shown in Fig . 8 . 

Note that ther e 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 the 

material. Adjustment may be made in two ways: (1) The user may adjust 

t he velocity corresponding to particular particle velocity level points 

on loading or unloading. The numbering scpeme is the same as that incor-

porated for the characteristics in the distance- time plot. Or, (2) the 

user may adjust the total velocity spectrum in order to bring a given level 

point into correspondence with a desired wave velocity. This gcts as a 

rigid trans~ation of the wave profiles to bring about the desired corres-
'. 

pondence. 

At this point the user must enter the initial sample density (g/ec) 

and then the program uses the final wave velocity-particle velocity data 

to determine, and account f or, the impedance difference between the sample 

material and the window material according to the methods discussed in Section 

III and to provide the final constitutive properties for the sample material. 

In Fi~ . 9 measured particle velocity profiles for Solenhofen limestone 

are shown and compared with prof iles corrected with program IMP for the 

limestone_fused silica interface mismatch. The user may, at th i s point, 

print out in tabular f orm the incremental stress, strain, particle veloc i ty 

and wave velocity data for both loading and unloading . The user may also 

choose to write a data f ile for the stress - strain, stress- particle velocity, 
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or wave velocity- stress dat a . This is convenient if , for example, a combined 

plot of the stress - strain dat a from several series is desir ed . As mentioned 

ear lier , progr am II PLOTPL" may be used for this purpose . Finally , the user 

is given an opportunity to make immediate plots of the const itutive data . 

Program " IMP" has been found convenient for rapid evaluation of the 

constitutive pr operties 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 pr ofiles 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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c 

c 
c 

PROGRAM MODIFY 
::' If'4E:~§g! f:: _ ~_t~.aV( y (}> r.III ),I._~8~. (2~)t\.Un'(2~),LTtlLE(25) 
" UC~R (l t~ l, t· pq ~r(2),XC(20),·C(2 ~ ) 

[NITIAL IHTl ON OF TEKTHO ~JlC S S QIT~A~~ ~_IoiJrr;_HES 
-ALL SET"h: 
rA~L I NITJ( J fII) 
~ALL TER~(1 , 102~ ' 

___ ~~ "L ~l~IlL __ ____ _ 
"ALL ANH10E 

OL01 rI LE -- CA~TE S IA~ CQ ORO I NATl S ONL Y 

TYPE. 14 
14 rO H'1A TC' l "' P ~' T ft\'£, ~A ME '1i ) 

,\ CC(I-'T H~ . I F'IL 
___ J.2.~ _ _ LE!<ORHAT( A51 

25 
TYPE. 2" , In\. 
n.t~MA.lc. ' .. OVr.PUL rB. E: ~OR HtlOI~tE"! ~R. t;!lRR(CT £O 
. cCe;f-'T leO , t' OUl 
':'''I.J. NEjo(PA~ __ _ . . 

C TEK SU8P~OCRAMS YOH PLOTTI NG l lT~(R ~ L OUIRE ~UCH STonA~l o~ tN 
_~C:-_ _ _ ,iXHU. . RE"·() o r~ FI LES TO PR(DET~I!~L~L . t'J...Q.ql! I G , P .A~ A "'[l (iH'. 

C ThE LATTF'R kA S CHO SE ~ IN THJS PHn G R A ~ . 

-- ~ 
c c_ 
c 

__ c 
c 
18 

pRE S!:;_T GJ;O.8A.l ~ 'XI!1 ... M • .D MINI"" fOR ALL ;( AND Y "RRAVS 
rRol1 At.. l riLES. 
r ill PH ESE T ,x ·,J ~ .XM.U.y ~ J !Ll.t'.A.!.l..... __ __ . _ _ 
CALL. ~ EA ry (lf Jl,X . Y I 

__ ._ C-"L.L. _ J1 J ~~A)((~ , Xt:1tN .J X!'U ) 
CALL M J N ~ .XC Y ,Y ~ IN,YHAX) 

- --
PLOT U ~ALT ER[O ~!l A 
r: ALL PLSCAl D . y .IF lLll,X H~....!X..Ll~l..!d..J.!.t1!..l.t....!..l...!..l L _ 
;; ALL TJNPUT ( tt ) 

________ ~'"J. _ N'~.A.G 

r. ALL ANMODE ___ c ______ __ ____ . ______ _ 
1e ~a TYPE 15e 
1'0 ~ORM "'T(' ao YO ;J 1oI 1SH TO M'Rt( THL p~OF'l L"t;_1'MJ_'1L_ __ _ 
C '! (TEHHI N[ PROfl L.E PE"'~ 
____ ._. __ _ ..A..CCEPL21 ..... _.L Y(.S . _ _ ___ __ ._ 

" . RP LK· e 
_ .. , )£jJ.:r .l~-"-~ Q .! _~l.· J _ pC; 0 __ HL 1.1(9 __ 

... . RPEK ·l 
"1 nPE '52 
152 rO~MAT(' R(PlOT1 'S) 

_______ _ __ _ _____ AC~_Erl _ 2h_I • .YE_~ ___ __ ___ _ _ 
. JfCL YES,(Q,' N" CO TO 156 

____ ______ ______ J_!P_Ll '_~ ___ _______ ____ ___ ___ _ 
153 ~ORMAT(I ENTER UM I N , UH Ax,T~I N , TH'X 1) 

AC CEPT 15 •. YH I N ,Y~AX, XH I N IX~AX 

154 rORMATI4G) 
_________ _____ "-~U __ BJMl! _____ _____ ____ _ 

CALL. N£W"AC 
____ _ .1 5-' ______ . .c.~L..L . f.: L. .~C ALJ ~.I_\' ... _l fJ.L..ll..lX ~J ~ l X_" A ~ LV)oI IN, Y t1 A ~ , ~ Y I I 1) 

r:A t..t.. TJf\PUT CIo!, 
_ _ ___ --"C'".~L~L""-'N~[;""_'P~."'C-----------________ _ _______ _ 

CALL At>.:HnOr 1.,, _ 
157 

__ 1IP.[ 1" ______ ___ ___ _ 
rORMATI' E ~ TrR TIME Of PEAK tl) 
OCC[PT 158.TPt~ l _ 

--- -



15~ rO~M A T IG) 
CALL R[A OllfIL,X, YI 

_ ____ 1 READ&:~~ ___ ... ___ . ____ _ _ ._ .. .. _ . __ 
, =X(1) 
lI 0 10" 11!2. 
" lr.x[I)"'T~lAI( 

n (Olf .G E" .. 1 .) GO_ TO .162 _ . 
16 1.' r ONT I ",IJ [ 
162 .:! U!iLUll..!.N..~ _________ . __ . ____ _ 

. r-L. 1 
~ o 164. J'l, ~UNLDD 
V(~ +~-J).V( N +1~JI 

X ( t-l "tZ"'J) JlX( ~:t1.,Jt. 
164 r: OJIITINUe: 

c 
C 
19. 

. __ -JL-

26 

, a N+l 
). (1)·~ 

~ (l):;: N 

-
TyPE 4" 
'· O~t!"TI ' 0" YOU wlJUi.....!....Qll~Olf L~~~A.lLl.tl E_jR.QI_lL~? 'S) 
.\CCEt'T 21, ~ YES 

_ t r OtY E.S ... £Q. .. !S ! .L o..O_.T 0 _169_ 
, :)( (1) 

_. J_yPE' 2~ ___ ________ ___ ___ , __ _ 
rOH M4TC' 00 Va l) . 15~ TO THA~SL'TE I N TIME? ' $ ) 

... --__ ~'~C~C~E::e:;I72~' -!c' "',!-YE::S~-::;;-;;-;;--=-;;-_ _ _ 
t n N YE.S.(~. I N') GO TO 22 :'1 
!Y~.E _ 2~2 ____ ._._ . ._ ... _ .. ___ . ___ _ .. _ 

22':tI rQRMAT(' £ ~TlR ( PROF"JLE OR UNL.OAOI 'JC O~LY1 . , ' 
. . ._ J_ Y ~_E _ 20.6 ____ . ____ . __ . ____ .. __ .___ __ _ ____ .. _.. . _.. .. _. 

206 rOR~Al(' (A "l SWER "ENT" OR ' ~UfII L.") 'SI 
___ _ ._. __ ACCEPT 2 ~l J.PSHfr' __ ________ ._. ______ ._. _____ . 

2~J rQRHATIAJI 
. __ _ JY~.L2H ____ . . __ ____ ____ ._. ____ ._._ . __ 

.eRMAT(' ( NTER TIME SHlfT '5) 
A.CCf;r_L2h~' L __ . _____ _ . _____ . __ . ____ _ 
rOfH1A T( G) 

-----,~If"'!'"Pi!5!l· H~I"iE~Ic:,Lr~Q~, .:.'li,U"NLL' ,-, -'G"OLJI-'Q'--'2 .... .!.1_~ _______ .. _. _____ __ _ ._ . ___ . 
C. O 21o!15 1.2. fl _ . .z0.' . __ .. __ XI.lL· . JU_lL.~JL _ .__ __ ._ ._ .... _____ ____ . . . ._.. .... __ 
GO TO 22 e1 

. _ 2 01. ___ ____ U.l~A..~ ~'£' I!...'Il.l.l _ .G 0 __ 1_O __ l'_U _________ __ ___ . ______ __ . __ 
f TYPE 241 

24' rORMATI' YOU FORIiOT TO MARl( THt ~EAK! I! 
GO 10 1008 

. _~ __ _ .2!2 _______ ~J_'YU~J_l.~:!'.1 ___ __ __ . ________ ____ . __ .~ _ ___ _ __ . __ . __ _ 
.,0 208 IaNNL,1.'J 

__ .2U __ _____ Jd.ll..xUI-<ll.lS _______________ ____ . ____ _ _ _____ . ___ __ . . _ __ _. 
r:.'I O 21.'9 Ja2.NNL 
IfCXSll.Ct.X(NNL1») GO TO 210 

209 r. ONTINUE 
. __________ .. ____ .xL~~I.L~~J.N~.l.1l.. _ ________ _ ______ ___ __ . ________ .. ___ _ ._. ____________ . _____ _ . __ 

~ O TO 22 0 _ 
, __ ___ __ ~JJ! _______ Jl.~_ I ____ __ _____________ __ ________________________ ______________ _______ _____ __ __________ ._ 

DO 215 lalL, rmL 
DO 214 J.~ "J L1, \I 
IE!X(J),LT,XII)) GO 1021" 

___ . ______ __ ____ ._J£UL~I~.l. YJ UL~_q _JQ __ U .L __ ___ ,,_ . ____ ._ . ____ . . ____ ... . ___ ,,_, _. ____ . 
,"0 10 21' 
C Q!<.U./'f~.L ______ . _____________ ._ .... _ ..... _._ 
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<.17 

22::-
221 

222 

723 
_1 H 

225 

226 

c.ON T I f4U L 
v. CI+l):IIx<1> 

. .Y.1.t ill :II V .lLL_. ___ _ 
12-1·2 
" - !II ·I-J+ (' 
·'0 217 I-1 2 , t 
:« II:IIX(J·(t~12» 
V I t ):II YC J + ( I - I 2) ) 

__ LIl. ... T.L'iJlL __ 
Y(l)= "I 
H ll=N 
TYP l 22 1 
r OR~ AT!' O~ yo ~ ~IS 4 TO SC4L[ IN TIME ? ' $) 
,CC EflT 21, ', YES 

._. l~. ! "iY ~.~ ~g . ~~! (;9 J~ ~_2L . 
nllt: i:'!22 
rO~~ A T I' ( NTrR TIME SCALE fAC ! OH 'll 
~ CcE pr 25, lCF" 
'0 22J I -Z, ~ 
'.(( II =:1(1 I) ."F" 
TYPi:. 225 

---rOHMA1 C " 01) "YO II "ISH- "'O ··sC AL,E - i'" \ltL f'l C(TY1 ' 'Oi ) 
,'. CCtPT 21 , ··'n s 
!F { ~ 'ES,rb .' ~ ·) GO TO 169 
T'PE 22 6 ' 
~n~M AT(' E ' : T[~ VE LOCITY ~CAL( rA ~ T n~ t t) 

. _ _ ... _ _ _ -1J. CC~.~~llL. __ _ 

-
227 
C 
169 

''' 0 227 J _?" N 
y(l' =Y(l'·Yf 
r O"4T INU ( 

TyP E 175 
_ -:'L7", __ -", ;Q"R"",!.,,T~Ic;·~!L!.t~SJ'...E.C~! 1 1l~ . ..QF"_ ~~U l..n ~ ~ L 

C l LTEH PO GT10 t·S Or ~ ROF ILr 

.t. CC(PT 21,L YE S 

-. 
176 

'- --
-

177 
___ 11.8 

179 

tf (LYES.F" Q , II.; ') 1':.0 TO 42 
: ..• X(l) . _ 
TYPE 171 
II CCEt1T 21. ',;HS ~_. ___ ... _. ___ ~_. __ _ 
IF"U"YES.EQ,tt : " r.o TO 177 

____ C.Ak~ .Akl~l T (~OU T ,~ ., yl 
TYPE 17 8 

_.~IQtf-''1 ~T1'.~ ~_·! TJR TI-' P" "'NP _I":! ~X ~. OFl OO HAl N Of AL.TERATIO ·, ' i) 
' ,CCEPl 179.T~I ' ~ ,1 ~AX 
rO~HATC2r.) 
TYPE 1!t0 

__ _ ..18J. ___ _ ._. rO~~~J~ ·_. £. \j J'ER . "4J~B.E~ Of popq s TO l lJ SE IH 'S) 
.. CCEPT 1S 2, NCO~P 

.. __ .18.2. ____ ~_ r'.Q.!'f"'A l ( I L _ .. _. 
TYPE 183 

183 rO~"'4T(t E~ ' TER CORRECTEJI~:I X9J~HLl~J~~OP~_'L L _ __ __ ...... . 
nO 185 l-lr NCO~P 

_TYPE 1~ 1 .. _ .. 
184 rORHAT( ' V H fR u .. T PAIR 'SI 

__ .~ ______ . ___ . __ .A CJ:EPT 17.9.. )'1;; (1) t XC U' 
185 r. ONTINUE 

1a6 
18' 

"' 0 1B6 1.2, N _____ ___ _ .. ___ ~ •. _ ... __ . 
"·rr_x( 1 )·T~' ~ 
IF"~OlftC;E:J'1 t ) ~O TO lS7 
CONTINUE 
tM I ~ ·t·l 



DO 1U . l!1 ~ I N , !Ij 
:\I f-X(l)-T~AX 

._. _ ._ .. _-1ill IF .GE.lo L~lQ. .UL. _. _ _ . .. 
la~ ,:: ONTtNUE 
189 !.'P.X-I 

:'0 190 1-1,~ C ORP . 

X(l MI N+ll!IXC(I). 
v(]:'1IN+l)_vC!I) 

l..9."L ... _.c..Qlil.lN..U[ _ _ . ___ ._~.~ . ____ .. _._ .. __ ._ . 
LENO -N~ t .'·T" X 
~ O 1'!l1 1-l,L.f.:N O 
~(lHIN.NCORP·l)_X(tMAX·l) 

Y ( 1.1'1 1 N!NC.O~P!: U ~y. ( lMAh.l t 
~2~ +IHIN-IMAX.~CORP 

_~Y"!-I~l~1 0-' N~ _____ _ ___ . ___ .. __ _ ._ ..... __ _ __ .. 
y (1) aN 

171 
JYH .11.1 . .... "" ' . ... ' . . . . .. . 
rOR ~ ATI' R(PLOT? IS) 

.. AC>.'~.L ah. 'Y"L ... 
tf (LYES.EQ.' ~I) GO TC 174 
rAL.~ A~tPLT(MOU T,X,YI 

1" TYPE 192 
19 • ..... r Jl8MUl! ... f.uB.t~J:B . A'.l'.R~ TJ Q~S.1 .. o~ I 

A. CCEPT 21, L.VES 
... . .... . ... .lf JbE.~~.Jl..!.~o .L.kO"T9 .12L . . 
C ~ RITE HOOlrlEO FILE 
42 "'AL.L WRlIrtH01JT,X,Yl - --_.-.---_ .... . _. _ ._ ---. - .. 
24 CONTINUE 

. .c.... . .... ............ ... .... .. ...... .. ... .. .... . 
37 TyPE 39 

.. ... 39. •. .. .... F.O!<.~ALJ.~.JlO .. YIlu..~n" .. LQ . f.,o.LIN!'.VJ .. 'N~ .. O~ TP.VT. F 1 LE.S? '. ~.l .. 
ACCEPT 21.L.YE:S 
lElL.YES,EO,I NI) GO TO 17 --.---.--- .. 
TYPE 3~ 

... .. ~5 ........ F.O~.~HL· . . .. OQ .Y.QU . . " IS!! r tJJ.E~ .~~O . . 'A ~J:'S I' L . 
. ACCEPT 21,~T 

....... 2 L ....... r.OR1!HlA1.L ..... .. .. ........ . ..... _ .. . . ... . ... ... ............. . . 
tf(HT.(O,1~N) GO TO 10~0 
CAL.b MYL.lBL.(LTJTkE,~ABX.L.ABY) 
"TYPE 33 

.. 33.. . . ....• J.O.R~~. H.~ ... ~1.0LlltJ_~ . .G~.lOJ.~L ' ... . . . . . .. . . .. . . _ 
ACCEPT 21,MO 

." ... .10~~ ..... . J:.~kLl!maL. . ............. ......... ... .. .. .... ... .. . .. .. .. . . _ . . . ..... .. .. .. .. .. . .. . 
TYPE 15 

15 rORHAT(' ENTER UMIN, UM,U, THIN, TMAX IiI 
ACCEPT 16, V~IN,VMAX,XMIN,XMAX 

." . .. . 16 . . .... . . . f.~!'.~~.lJ.~ •. L . .. ........ . .. .... ' . ' .... ... __ .... . .... . 
C 

... .... C . . ........ P.~9.LlNfU.LA~IL!1.QO.lf.UJl fJ L..t S.'--. . .. .. . . ..... ... ..... . .. . .. ....... ......... . . 
J6 CALL NtWPAC 

00 23 K • 11 2 
I..lH-MOOCK.21 

" '. _ ........... .. "~ftOf.lll.lo.lUI. ....... . . ....... ..... . . .. .. . ..... .. . .... . . .. _. .. ... .. . . ..... .. . ......•... ... . 
. tfl~M.EQ,01 Mp~Or(~).MOUT 

______ _ Z2. ______ __ .c.A.L..I. _ ~I...SC.AL..t~.I..'{.I_~P~gfJ.KL~~JJ~J_l!~'_~l(.LY!tlthrJ'1~.1'!.O.lJ'H1..L ________ ~ _ .. __ . __ ____ _ _ 
23 eONTINUE 

If'HT!EQ,1~N) GO TO 38 
C ~ UTPUT TII.E AND L'BE~S 

.. __ ....... _ ......... CAI.I. . J\OnasJ.3U • .1D~.L._ .....•........ _ ....... .. .............. ... _ .... _ .............. . . . 
CAL~ H.AB[~C2'.~IIT~[1 

. ........ . . t.~k • . J\P.HI.SJ.~ •.• UL .... .. .. . . . . __ . . ' .__ .... __ .. . . 

39 



e 

CALL V_LAeE.L (2' __ L.-'8 Y) 
rA LL MOVABSC300 , ~ ) 
CAkL HLAaELC25. LA8X) t ALL TI NPUTC 't) ~-~--.--, --. 

CA" NE"PM 
rA LL ANM OOe: 
~EP,OT ,-CA I " ? 
TV"'! 34 

_]..~ ____ E.o.Iot.jAT I' RE.f..ln..I.Jl~ll _ 'il __ ._._ 
4CC[ PT 21, I'1C 
IF ( HC . EQ . ! K') GO TO 17 
roO TO 1 0 J 0 · 

11 TYP E J ~ . 
3 ;a rORMAT l' "1001F'V OTHER rILE:S? ' $ ) 

. __ . ___ ----"Ce •• T . ,2~1!:-• ..J",-,CCc,-,--_==~ 
p . (Me . EQ , 'V') GO TO 1002 

. CON) I.NVE . 
CALL NEil/FlAG 
r ALLJIt-'LTTI P! , ~ ) _ 
CALL CLR4TK 

_ -::-___ '-'''-'''!Ll __________ ___ . __ •. ___ _ 
c 
c. 
c 
C 

C:-UBROU i -I .:if -;\-CTQC-'- ( HOUT • x, V ) 
" t/'l £NS 10') )( (1) • .Y.i.lL. ____ __ ___ . __ 
CALL WRI TE( H~U T, X IY) 
!.YPE . 10 ___ ._ __ __ .. _. __ 
rOHMAT (' ( »T[R UMtN , UH AX, TM I N,T MAX ' ) 

_ ,\ cnPT 2.~ .... _Y ~ .l~ , ¥ ~AX , XMJ ~~l X"1.u 
rORMAT( 4C) 
CA LL etNI TI 
CALL NEIoIP " G 
C.A"'L. p' ,L.S CAU. ~ , y, ~O\.H _, 1, ~~ IN, X~AX, YM P ' I nux , 'Y 1,1 ) 
GALL TINPUT("') 
C.AU _.N!;WPAC_ 
r. ALL ANHOO£ 

. _____ ~.!:£!,TU""t!J.IL----------... - ------.--.-. __ . _ _ _ 
r"o ______ c _____ _ 

C _____ C __ ___ ~,£ AO _ Q~ LF.I L~ . r.R_Q~ _.O I ~ ~ ___ _ _ 
SU BHOUTI NE RtA O(lfI,X,V) 
r IM[ NSION X(1) , V(1) ___ . _____ • __ . 

;") PPHUNJT -2 0 , nlE-Ift, "CCESS.'S(C t~') ___ ._. _____ ._ · ~o _ ! _.l _____________ . ____ _ 
,0 10 I • 2,50~ 

. ______ •• ___ ._. F.tA.C __ '-ZJ1. __ Ul6.J-t N.Q ~ _2~L )c< I), Y (I) 
106 rORMA T(2 G) 
1m l O & NO .1 ._-_._-- -.-- -----

TYPE 22, In 
.. __ .22 ____ 0 . f_Q _'t~~J 1_~ _ JtOl ALL. . D_' IA. R.E~Q fROM r J L.~ ',1.5, ' 

22 ~ (1) - ~O-1 
__ • 0 _ _ ~ _. ________ yJ 1.1 __ ~ X(t"!.l __ 

40 

.c. _ 
c 

0", RE, f AS ( 20 ) 
"£TURN 



C 
C PLOT ONE DI SK FILE US ING GLOBAl. ~AXl ~ A A~O MINt~A FOP 
~ . __ .. _..LA!lD--.l-.A~R!-"~. ______ _ __ . ___ .__ _ _ . 
C Y ~ IS 0.-PLO T A ~OTTED LI NE FOR FILE S 2,.,6, (TC. 
C .... 1'1 I:> t-·PL OT '" SOLID 1.1 'J [ FOR FIL.ES 1, 3, 5, ETC. 

l JMENSIO ~ X(ll ,YI·l), KF1 L(11 

c 

t e 
c 

1ft .• KflLIK) . 
~.L L REA(]([F"1, x.rI 
CALL _ QUJ1_XtX~tLX~AJ .. _ ... _ _ _ 
r ALL OLI ~ Y(V~ I I,V4A' 
tF ( NO .[U,lHY) GO TO 10 
r l ~L ET E GRI Q ~ IT~ NEXT Tw O CALLS 
CAL.l. YfR l~ ' 2) 
r: ALL XrR~1 (2l 

__ ,CAJ..1. LI r~ E ( n 
1F "'to' IS 0 , HH: ~; OOT ~iNE: s ;:-DoffF:lf~~E S rOlf 2~4. ".ET C 
,F ( ~ .•. Eg. 11 JiO 1.D._*? 
IF (MM,EO, &) CALL Ll ~l(1212) 

PLOr fl.L. E.S C • .J-' ~II .. ETC L_ 
CUL CPL OTIX,Y) __ c ____ ·_-'.I..!..T"'VO"NL _________ - - ---- - .---

C 
12 

~LOT _OLE. 1. _________ . 
.o; ALL CIoIECI«(X,Y) 
C Aw..: _ .D.SP~A't(X , :O ____ ___ __ . _____ . __ _ 
r, [TUHN 

. _______ ...r,'"u'-______ _ 
C 

_ C TJ< J ~ S V.B 90.UT.JNLJ:J~O~ T~( MAXl~V~ .ANO H J N J M.U~ of AN A~R. v 
~ UHROUTI ~ E M I N~AX(X~ 'XX1,XX2' 

_ _ .:l l~' f(S I.Q t'--X~_ 'lL ___ __ _ . _______ __ . ______ . 
~ :I XX(1) 

__ C,,-_ 

rND 
___ C ___ __ __ ______ __ ______ _____ _____________ _ __ ._ . ___ . ______ . __ _ _ 

· C .. 
______ L .... __ ____ ?_Hk~ 1:.1 _ jj l_~ JjjL'-'I.Q __ ~~ l!!LOL 1l _ ~.N 0 __ ! __ ~ MU L . 

~U8 ROUTI ~ E PRESET(~HIN,X~AX,YMI N ,YMAX) 
~MIN • LEe 
xl1.H "1, EA 

______________ ___ _ .Y_l1 j}~ __ • __ .x.~lt~ _______ ________________ . _______ ____ _ A_A. _ _ ___ _ ____ _ _ _ ________ _ __ _____ ____ _ _ _ • _ 

VMAX • XI1AX 
o~r_~M __ _ 
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c 

" 
16 

, 
-
11 

1. 

22 

.. 12 

,. _ _ 14 

c 
c 

[~O , 
TrllS SUBQQI JTIN[ ~CC~PTS LABELS ANP TITLES FOR CR4 P~ 
Lt(. 9.~ !I!.LMYJiQ AR D. 25-"~AR~~!~R~ p~R r iTLE O~ t"ABEl. 
~ U9RUUTlt ' E MVLABL(lTITLE,LAex, LAHy, 
·' JI1[ NSIOt LT tT LE(l),I.A eX (1),LA BY( 1), KTITL [(5) 
'":AL L. " Nr-' O~H:: 
TYPI:; 6 
rONMAT C' TITLE? 'II 

_. __ nlAil. ' 5 ,l1L..IS..H.I~. 
C"ORMATI5 ·\ 5) 
C ~LL. ~AM~ AS( 2 5, KT ITL.l,~T IT~E ) 
~ · 0 15J· i , 5 
'( TITL,«Jl I! ' 

(' ALL ANHOO( 
_ -I.leLJ..il __ _ .. _ .. __ 

~ORr1AI' (' L~8EL ~' OR X-AXIS? 'I) 

~ ~ A D( 5,1 1 ) KTITL [ 
r, ALL KAM2 AS( 2S , KT ITLl,LA 8X) 
:- 0 ;; ~ oJ • 1, 5 
.( TITLEe J) .t 

._--.L!.b.~ , AN~.QL __ .. __ . _ "_ 
'TY PE: 12 
rQ RM"T(' ~~~EL r o ~ V-AXIS? : /) 
WEAO(5,ll) KTITLE 
~ALL. . ~ A Ml~S (J ~, KT ITLE'LA ~ ') 
TVP( 14 

_-E..Q..R"1AH' ,l~ .. JjT L.ES_ .. 4tl OJ~.~(..b~ _O~ 7 .s) 
J. CC(I'" 5, /·10 
rQRMAT("l) 
!F ( 1'10 ,£ 0 ," 1' ) GO TO lb 
;; E T VH.J'l 
~Nll 

_ ... -- .. _ --- -_._. _ _ ._--- - - ._-- _ . -.-
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Listing of Program IMP 
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PROGRAM IMP 
C ~lNNIS G~. ~ Y, r t8RUAHY, 197' 
C THE PRESE~ T PR ~~~ A~ PR OVIDES A RrO UCTloN 
C r. ~ _ .V~LO"CJ TV_J ~.I[~ f ~I; Qrl E T ~ 'LPA ! .4 . _TQ _STH~~S ... S flH.l N 
c P AT~S AND ~OOUL ' . 

r. 

r O~~ ON/~lcr I~SA~~5),A(1~0),B(11~), C(1~0),TV(5,1~~), ~ O r 

~O~HON/ 8 ICCCS /~CL,~C T,TOROER(~,1 ~d ) 

COMM ON / aleos IR~ ~ 
~OMHON/BIc n v I D~ X . 

. " . ~.QMMQNISl V I ') ('J0Z.1,JJ ~~.~. !, T !V (t.~~ " "41. (!i ~, f1T (5 ~_ . 
~ OH~aN/ars 1~(10el,Ef100' 
COMM ON / Bre eS I UCO R(100) 
" IM(~ ! SIO :" IF'I L ( lid ', O(L. \J(H~0 1, J'.j!"l l L ( 1~0 ),X1(1 0 "" 
LOGICAL sw , lc~pv 

C _PHES£. 1 r~q TE!( pl.O!r.l~~_ 
c 

c 

~A l.L SET HK 
C.t.L.L P llrTC3", 
CA LL TER ~ (1,lJ2 A) 
"-: ALL 8PiJTT 
_r: .A!J. . AN ,"fQ:JI . 

C n PERATJO' 1,2.~. 

C IN PUT A ~O I OE NT lry ALL PQOrJLES, ND~~ ALJiL, _~D INCREH(~ T. 

1 , TYPl 7 
- r"O~ ;1AT( ; ' E '! TER \ji JK6tR " 6r ··rICl ~ T" -QEAO 'S) 

A CCEP l 9, lI or 
rORHATn, 
l O(;I &1,10 " 

""Ut; L (r) • " 
.. _~ .. __ .... .... __ .~9.~!J.:-1I .lt . . _. __ ., . . 

~, o 36 J~l, "Or 
TYPE 11, 

11 r OR:-iA TC' pip 'J T FILE.? I~" 
ACC EPT ~2~ I~IL(~' 

f2 · - r ORMA T(A '; ) 
36 CONTJ "~I E - -_·_ ·- - ·-· f·("P[ 2 1 - .. . 

.. _?1.,._ ._. -fQ.HMAT L' E"lHH v( lO_C_JT Y. J !'1 C~~ I'1 EN" '" 
.A CCEPT 22 , DUX 

_ .. ?~ ... _ .. _, , r..p~~ A q r L .. _ _" 
fyPE 23 
ACCEPT 47, ~jYES 
rOR 'h 'I'--.1.llT--VU rrcn rv>;-n><nr - -; , 
('1 0 41 J s 11 "lor -· .---- -. -· .-. . - ··. ~ t-Yp-C - 39· ~- -·C -. -. --. . -. .. _.-. - .. .. 

39 rOHMATc l £ ~ T ER $AMPLt',J4,' THICK~ESS. 'SI 
··- · ~· · · · · ·--·-- - -·TcrrpT- .;;'· ·· )(~.Hn , .- .. . . 

'0 rO~~ATC~) 
41 CcrHI NLJl --------.--.--- -- ----

I';ALL NEwP4r. .- ---.. - '·-· · · ,,11 I N' = 1" ;.£ 5"- ' -.- ,- . . -. - . -. - ... 
XMAX • - 1 .(5 ---... ------- ·--·~j~r ·3·!t · ·r .- · i .; . -~ I;Y--- - ---- . --- - ~ .• ---. - _. -- .. --. ... - -~ ... ".. -- -- .... . -- " . . 

CALL Rr4~CIrllfJ)fNr) 
elL L "P:j C TfiNT'~.'i'''Ni-L-'-. ;'r,;", -'-, "1 f''-rnL-c,rJn,n,r­
NL (J) :J :'; ~ L 

------ ------ - ----- --NTTJroNNT -- -- - ---
_. __ , __ _ , __ . __ _ DO 24 . ~. 1, NNT 
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TVeJ,II') = T"VO() 
74 CO'll TI ' )ut 
35 CO NTIN Ue 

'!"yPI:: n' 
10 I-""OH M_TC I fIT p ~~~ rlL .. E FUT TO PRESC fl I SE:D V[LUC PY1 '-:; ) 

:l. CCEPT 47. "'.YE<; 
JF" ( ~ YE.S. [Q .' :'l ll GO TO 36 
TyPE 72 

7Z. !:"QRI'IATC' E'I HR f OOT vll .. ocpn I~' 
' CC£ .... 1 4 ; , CF"O :1 T 
"; 41..1.... ~ F"Jl( r; F" -':'OT) 

36 IF" ( ""Y ES , rO, I ~ I ) ti l" TO 71 
'''·0 76 .J :z 1, "'or 

N!II T • ~ ' TeJ' 

00 75 t 1. 1, " ~i T 
XH I N z A ~l I ~ l(X~tN,TVeJlt)l 
XHAX • ' M AV1(X~A~,TV(~,tll 

75 CONT I ~ u [ 
76 CO~TI ~U ( 

"'H 1 N ;: t. .• 
.... MAl( ;: y'q I 

uO 3 7 K z 1 . N,r 
VHA z nJx • r l~ AT(~l...fK» 

Vt1 AX 3 ' AAXlf YM~X. VHAI 
37 COfJTI NIl E 

28 

25 

77' 

"":\1/ • • FA I. Sr . 
~ O ~6 J ~ 1f ~~r 

Jl • J 
W'n s r T(J) 
DO 2!ii K ~ 1, ;·J·'.:T 

XiCK) • TVfJ,K) 
CO rll Pojll[ 

. ___ ~N t._ ~ .... ~.!.LJ .J! .. ... .. 
00 25 <#. II 1. ~J~ 1.. 

ut;~u (~) = O:.iX 
CONT 1:"WE 

• FLOAT ( K-1) 

~NL.l • ~H.' 1.. • 1 
00 "27 K ~ ·N NL.i. N~ l 

-.- ~fii; ¥: 16E ~ ".(~. \t J ~~.kL ~ ... OU~ _!....! f.L.~~ J e K .. ~N~ ~ ~ ) 

CAL L. _ P l.. O .. T ( )( 1 • P E: ~ ~ • ). H J II! • X H AX , Y f'1 t N, y ~ A X • 1 F I L • S lo' • J 1 , N i>J , , 

com I NLi E 
r: Al.L. TINPUTCM.K) 
r: AI.L-·liIt",P·AIJ 
CAL.L. ANi'1~DE 

ntTtRHI NF ~AV t Vr LOCITltS AT lAC ~ 
r ARTJc-AL Y(lOCf"lV LEYU. 

CALL CF IT -
<;UB RT N crtT PR Ov lCES A LI NEAR rtT TO EACH V[LOCITY 

._. -- ' Crvrl INti ~!"TU1f,\'"!)I. "nJ"A"lnr'"8"II' IN T'I£ RE[TTTCli .. ·'T. r.r:rx;---- ·- ·- ··­
~NO C(I). THE s ou~n SPEE O, 

'5 

T'fPE '6'5- '" 
rOR MAT(' ~~ AT C~ A~ACTERISTICS 
A.CCEJif- 9 -~ T o - . ._-
l~ O 45 K I; 1, NC_tL NO ...... ·-- Noel C I() • 1 

CO NTI NU E 
'(I1AX i: -1.[5-
0063 I< - _i. NOr 

___ _ _ e _ _ _ _ _ _ _ • ___ _ - - - .---- - ----
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~3 
61 
6. 

'6 

.7 

.. 51 . 

60 

XMAX • 4' l lXl(x~A X,XSAM(~» 

x~t~ z 4 ~ 1 ~ 1(~ V l ~ ,XSA M ( K ») 

C;:ONllil< U ~ 
TYPE 64 
rO~MAT (. ~~ TE ~ TMT N,T hAX 1$) 
~ CC[f' l 41i . TI"I I " . T"!Al(_ 
rOflMU (C? G) 
r: ALL NELoICI .6. [, 
~ A~L XTP~ O! ~ ~ o tL ,TMJ ~r TH' X ) 
: ALL HO~lF.: 
-::,4. I..L T J NPU ,T(I(K<) 
CA LL .o. ~JMC:DF: 
TYPE 46 
r OQM4, T(' SH irr TI~E o ~ A~Y P~ O FII..[? '$) 
II..CCEYT .7, HY E, 5 
rORMAT ( Al1 
IF ( HY E S .E ~ . ' ~ I) 
TYPE 48 

GO T" 6.: 

rORHA T(, ~ w tc ~ ~R O rIL[? . ~) 

~ CCE"'r 9, ' .S 
TYPE "5'11 
rORMAT(' TI H ~ ~ ~ lr~1 ' .~') 
~ CCEP T 2;:. TS 
CALL T SHl rT( ~ S, T51 
CALL c r!"T 
T't~[ 51 
rOR MAT(' R( PL ~T ? ' i ) 
'CClPT 4; f !j 'l'ES 
IF Ct1TES. 0;:0. ''1') 
r. ALL A ~~ '-" !'l'l ': 
TYPE. 52 

Go TO 61 

r ORMA T(' ~o n ANY C H lH'CTEAI~TtC~l 'i) 

.. ~ "-- ft7~~~s-:~b, ~~7} CALL ·D[L·~· tiOf;;;-Dtl ·~l)·· -· .-
'!'YPE 54 

- -- --.·f OR ,'HT(' a ElET[ ANY C L.l A~·ACTrRTsTICS1 'i) 
ACCE"'T 47, M~ E!;; 
I F CH YES. r.Q, 'y l ) 

TYPE 51 6tCEPT"'-;- ' ""W[S-- .-. -- ---- ------
IF (HYES t r a , I ~" ) GO TO 79 

. ~- --- - .- - --- GO -ftl 61 - . 

. ~9 -· ···· "hH e. 
!0 rORMATC' rO Y':Ii) WISH TO ADJ UST TIo/( WAVE ~ _~L._q~_p_Y , O"TA? I_$ L ____ _ _ ~ ACCEPT -4,;- L'?fS __ __ n_ --- - - _.- - ..• 

. - ---~ ··-- - -- -e~L~!- ~~~J-S~-~ i r t[ ~ti-E [~ ~ T,' 66 
C ----c ---- - -- ' ro~E"CT rO-~- 'nfE: V ATE~1 A L,"-. P'Hl trW 
66 CALL NE~PAr. 
-='----;;eTIlLl~lrC·m-- . - ---- . . ---.--. . -.- --.- -- .... --.--- -.- . 

'TYPE: 13 
·---1"3-- -·----- r'OFnU,T (" r'jl-£R !fiMP"l,E C('ISlTY rr.i -CQA '1S/ct - -fJ~ 

o\CC(PT 14,QIol O 
----- j -.. -----' 4--fi:fRH-An-G; .-. -- .- - ---

46 

RHO • RH O • 10~ 
CALL NEwPAC · .----.-- - --- --- . . _- .. --.. - .--- --
CALL COR VEL 

.. ~OlfR1l1lTT"[ · 1:'OI!~t1; ·.£TO.N~ · T>lE··C~.RECnln ... vtv[LOC IT I ES • 
~ET[HHINE TIo/~ ~T~ESS~STR'~N OA!A. 



CALL sUr 
SU~.O ~U~'- ST'T . Rq uRNS cnRRrSP.'~OI 'G STRE5S~.I!.T.A1N OHi, 

TYPE 81 
rORMAfP "i:ill- YOU" :,,1 1"5104 A PFlIN'1 QIJT " (fr THE 04TA? II) 

A.CCEPT .7, LYES 

8. 

ft(C't'£S.EQ: -q~ ,) ~o TO 10'" 
CALL. N(WPA.r. 
cAlL-'AN~noT . 
TYPE 82 
FOQR/'U l ( , 
TYPE &3 
F"OR"1AT(' STR[SS STRAI 'J 
T'(!'~ .• H _ ... ___ .... _ . ..... _._. _ __ _ 
FORMATe' 
L!~I . '~ .... .. .. . 
')0 88 l-l, Ne,-

I.INE: • li NE. 1 
ICOPY • Ll~; E .Gr. 30 

. . __ . ... . .!L.llc.OPY1. . ...c...~·~.QfOl'.L. __ 
IF (IC OPV) Tv~[ a3 
I~ : CJ .• oPy ) .. 1.1 NE • • . __ . 
TyPE 85,y , S(t),[fl), UcnRCI),C(I) 

~e CONTIN ll E 
~ 5 tOR~'f liH ,13.3~.fI0.2,2r!0.4,fe.2) .... - -·- -mt ~~~:n'm.L.-__ .- -.- -

CAl.. ANM OOt -' tv,'ceo ..... - ... 

t//) 

WAvE I) 

rORMA T( I 

hi''-- a"j" 
til) . 

--- lmH!-,-4 .. ,-------. - --_._ .. _- - -_ .. _ .. _ ._. --.. -.. .. ... -

JCOP'!' • ,F'Al..SE • . . ..... · ··· "·eVi.NcL .i· ···-
~ O 89 la Nc,-P1, NcT 

, - ~ "- -"- --- 4_ .-- 'elNE-' . -1 1 Nt" .. --r .. __ ... -.. " .. - .. _ . 
. _____ +lrCO"'P

ll
Y"". L I N[ ", CiT. 30 

- I r (I COl'vr-"c;';jiLTL-VH omc"'o".r-.yr-'--- _._- - - ---_ .- . _ .. -
If (ICOPY) TYPE 83 .-........... " ... rrj"cop.r . i.i Nt -. " . ... ...... ... - ... . 
tYPE 85,1, Sff),Ect) , YCOR(J),Cfl) ... n ····-··· -···cOiftrWt -···· .. ' ..... . -- .... ... -.- ........ . . 

- -c"-;;-;;' CAI.L TI NPUTCKK., 
lee 'cALL Nt.PAc -.-

.. " iU ' -..... ; ~;~·.H·~· llii" Y60' -IIrs .cro..-AKE· llUl.V T O All""rli. n r' s) 
ACCEPT 41.LY(S .. -...... rTlUES-;r'Q, T~ '"j" '00' -I 0 "11-, ..... ... -.. -... -- .. . 
CALL WR1T[(1,[.S.1,NCT) 
CALL WRll[f2,UeO.,S,1, NcfJ 
OALL WRITE(~,S'Cll,NCL' ' ............ TCLiollCl:_r ' ... -.. .... _ . .. .......... .. .. _ . . .. .... - ......... .... -. ... . .. _ . . 
CALL ~RITE(4,S,C,NCL~, ~ CT' . -· T1'····· . CAWRESUL'r .. ·· .... -. ..... ......... -... ............ -. 

61 
TYPE 67 
t oAR.u f I REDUC~oTHtR StT OF nATA? · I s) 
iccr.T 47. MYEl 
rr ·IHVrr.-rl1;·-Hf'r " VO "lO"l' ........ . 
CAL~ flkJ.TT.(e •• ) 
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.. SUBR'"OU'n Ht "1.'·R f"f((N~; A ;8 ; '·) 1 ,-N2', 
n t~tNSIO N '(1).9(1) 
rfCN0.EQ.l) Tyltt 111 -: 
IrCN~,.Q,21 TYPE 112 
(fCN0.EQ.3) TYP£ 113 

iF.! !'ll!, t _hU __ J _YP LUI... _______ _ _ _ ___ _ _ ___ _ 
111 rO~M~TC' ~AM£ ST~tSS-STR'IN rl~E .,) 
112 rO •• 'Tc' ~'"E ST'ESS-P'RTICL[ vELOCITY FILE 'SI 
113 rORMATc' NA ~( LOADING ~AVE vr~OCtTy.~TRESS ft~£ 'I) 
11. rOR~AT( ~ . NlM[ 4N LOAOING WAVE VE~O;rTY~STR~SS fiLE 'i) 

ACCEPT B. t DF"fL 
_18 _ EO_~~AIH}L______ ____ ___ ___ _ ____ _ __ _ __ 

~PENCUNIT. ?0 ,rll£·10fIL,ACCESSaISE 'OU T') 
~ RJT£(20~120)(A'I).e(1),I·N1 , ~2) 

12' rORMAT(Zr) . - .. 

c 
c 

c 

C'LL REL ( '~(201 
QETURN 

_ENo._ _ _______ __________ _ 

SU8ROUTl'\.I ( DEL"'D"(NO(~ ,JSW) 
T~IS ROUTl~l£ SETS r~'GS TO O[L£Tr O~ ADO CHARACT[RISTI C LINE ~ 
DIMENSIOh 'O~ LI1I, NDEL1AC101 
TYPE 11:1 

i0'- --. 'rOiuun, '--~ow" M"iiYr' C( -';'l I!Ti i) 

ACCEPT 12, NllM~ 
rOR • .-f l13j, 
TYPE 1. 

14 rDR~'T tt E ~t ER ALL CHARACTtRlSTIC ~ Q S, ON OH£ LJNE 'I) 
_._ ._ .. _ _ ." . __ .. ~ ~CE!.J...J1.LJ.~.Q.tJ •. ! .Al~~LJL..!. _~ I ~U~_~J __ . .. _ 

48 

aD 16 K • i. NUM 9 
r .ND_[.\,.T~J~t _ .... . . 
If(IS~IE,,1' NO E~(I) • 1 

._ t.r(I~W •. E~~0) N.o£L(l' I: 111 
16 CONTINUE -- -- - mURL _ __ ______ _____________ _ - -- -- - --- - - -- -------- ---- -

c -c ------ -- - --- - -
.. . __ ___ __ .! _~'!.~~_~O_~JJ~~ _ .T.~~.H'.!_( .f!S, TS) _ .. 
C TI"E SHIrT ARRAY TV --BY- TIME, - IS -

COMMON I Blv/UC~00',T(5e0).TTV(1~0).N~(".NT(') 
eOIl1MON I "i 'JeF'1 )lShd5J, '·nnT;-"9"n~nn. eCle.", TVff';fa~T;"Nor '" 

-____ . __ . '--- '&~~fN'* !·~~f~- lN~~-~. t(~! · . LO_~~ .~~ .. ~~ .. 1~e) . . .. ------ .. ----. 
00 10 ~ • 1, NTT 

- --- -rvrN"S-",) -.-- i'-vP~S·'-iC. r. 'n " -._-
CONTINUE 

J:'[TURN -
END 

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

c ------------- -- - - ------ -- -- --



, 
l~ 

C 
C. 

TV(I,JI • 'Vll,J)-TCQR 
CONTINIJ[ 

CONUN~L 
P[TU~N 
,"0 

C P ~OT X VS, TIME 

12 

SU~~OUT I ~ t _'l.T P. ~ O T< NO~l,lI" INc' T"~ ' L . . .. . 
COMMON/61Cr IXS1Hr5),A(li~),S(100',CC10e),T V I~,li0),NOr 

COMMON/S.! CCC!?/ ."tCL, ~_CT ~ TORDER I ~, t""~' 
LOGICAL IT'IP 
~ 1~[ NS10 ~ Tl~tCl ~ 0 1,X(}0~ ),AP ! (3),XX(3"NQ~~(1),~A~1(6,,~-a2(61 
~ ATA L'Bl/5~ ,'H ,'HOlSTA"H NCE ,'H ' ,'H I 
1 ATLL~i2I~ ___ ~~ _ _ . .lMt"E ..• 'JI. ..... . _L~~ . •.. L5.H . . I 
C A~L BINITT 
(I4JN C iii .• 
~MAX • XS. ~ ( N O', • 1. 
rTRIP ~ I Tp UE:, 
~010J'1,NeT 

If_ i !!QrL .. \.LL.~1:.qLJL_~.O_ !JlJl __ ._. _ _ .. __ .. _ . 
N • 1 
00 .12 . ~ • ~,. ;.J ~ f . ... . -- - T.' 

, If (TOROEAt~,JI ,LT, 1,E·~1 GO ~ 12 
N • ' I • 1 
X(N) • X54M flO 

_ .ll_'!l:H L -'. _IJ15jl!;~ IK.'-"L _ _ . __ __ . __ _ . _ .... __ . __ .. 
CONTINUE 

Ttl'1~ . '-l) ~_ n. Q 'L-'N"~J 
'III • rLDAT IN.II 
APT U) • ~. 
APT -'2'" ; .Ii, .. 
• Pl.-1.!L.~!J.L..!....!!~1 . ..!..L.1SAM I ~J.9!1._ .J_!_~ _. ________ " ____ .. _ . _. 
XX(1)'2. 
l()( (~) • " . )(-X--(·3' ··. )( MA')( --' - -
~A~LL_ XrRMI.2L __ 
CI.LL yrQM(2) 

. . _. _ _ ._ CALL V"tATIII 
.---. ··t"Al.l. Ol ll1X (X ).4 t tJ,XMrX-,----­

Cl.l.l. all~Y(TMI ~ ,T~.X) 
CALL lr~~~ f~-I i -- .. .. 

- m~--m~m;·" -----.---- ----- . -.- -
CALl. C~ECK(XITEH[) --- -.-.. . --- - -Tnmt~) cO !O --n - _.- ---------- - - .-.--. 

-.. ~:t-t - m~;Ii-:X ; TW1 . -- ----- - .. 

mt - ~~~~~!fh.- APW -- ~ - -.. -- ..... - - - -----.-- ~-. -. -- -
GO TO 10 

----1'..-- - CILL OSPLI'1 X, T I 1'4 [ , -mt ~~~kINI -- ------ - -. -- - -- - -----0-· 0- -~-.- - .. . 

---- ---- -m~l'·t-~~i.m: --~p-!1 - ------------------------- --- .--~ .. -
__ M ___ CONTINUE 

I r I T H IN. GE. a, GOl"'o- lns.------ ­
"TI21 • I • 
.. ltTC;f Ii .. ~ -
CALL LI ~[ I_un I 
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~ALL CPL OT (XX, APT, 
18 ~ ONTJNVE 

c 

C 

C A~L PVtQ~ . (L~~l~ ~A 8~ ! 
Cl [TURN 
~~O 

!'UBRoUT I NE Y I N~ C ' iNT, I'.:N L., ~JF" I r'F 1 ) 
LOGtCAL JHt, P(A ~ 
C O~110 N/B~ cnV/ OY )( .._ __ 
CO MMO N/Sl Y /U ( ~0t), Tf5 n~),TTV(1~ ~ ), NL(5), N T( 5) 

C ·' OISE NOT uSED I~ T~E RA W DATA T~ACE 
~O 8 1~1,5 0 . 

OIF"=ABSC U (I+1)~U(JJ) 

Ir(OIF", Gr . ~ e ~~ l) GO TO 9 
~ C ON TJ~V( 

TyPE U. IrI 
1~ rOR~ATe' T1 V(1) NO T f OUN D I N FI RST '0 OAT A POl ~ TS 

t FR O~ FlU ','S.' It"' S .~, VI~C') 

c 
c 
• 

a 
C 

t Al.L EXIT 

rpU;f POI NT or T;Y ARRAy lS' Tt I) 
TTII (1) .1(I> 
J IoI J • _fAL ') (, 
i' EAI< == .F"ALSf. 
!IX • DUlt 
'~ N L • L 
J • t - 1 
J It J • 1 
J WltHJh RA~ OATAl 
JF (J .GT . ( N F~1) J~I _,TR U~ . 
fr (.NOT. JHI) GO TO 21 

- 23 "---'- ;~:~. ~~~ IF)O- -P[A !( f'O uNO ON' L.OAdING cuRvt 

c 
21 

_.1 IN rlLt I,A',' I~ S. R, vINC,') 
r ALL. EXIT 
CALCULATE LOAD t ~G DATA 
nl' • TeJ+i) - TfJ) 
If COlf.L.T. el. ~f. ·')l · P[AK:I .TRUE. -- -.-._ .. . r'r fp"EAI<'- - "-'G o-T-ci 26 -
If CUCJl . LT. UXl co TO 2. 
~ : ~·H .. - NNL. .1 ' 
~ • ( UIJ) - UIJ;1)I/C1eJI - 1eJ-1» 

._ .. . -- -.. . nV(NNL,) • T(J) ' ;" - fU (J) - U"lO/S 
!J x • UX • ~U '" - ------""Ji"-'J-.;--r ···· -.-. -- .- - -. _ .. 

---c------ -- ~O TO 21 

C ~£AK FOUND 
--- ----c ------ ---- .l:L-TO'CH NC-lln , --C-' -L CUL,(TEO -

26 ~ ~T • N~L 'rr.- ur.. -~OITU x"--
C J WJTHI ~ RA~ OATA1 

. ---- -jif .-------no" (j, G-t '
f 

nJ"-';i'-'- -J-H r -.--. '1 RU'( , 
_____ ~ ___ __ ______ __ ~~J. _ 1'.' ~ _ 9 ~r __ ~ _ M ~i_~U ~ __ u~~_~__ _ __ _ _ __ _ _ 

IF CJHll "ETuON 
If CUCJl .LE. uxl GO TO ~2 _ _ ___ _______ __ ___ ____ ___ ____ _ 
J • J • 1 

- -- e- -- -- - -- ~k~eL!kuiiLD'orNc CAT, -
._ 32 NNT • NNT • . ~ 
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.c 
c 

3 

• c 

S • IUI.I - UIJ-l1,/ITI.I -TIJ-l" 
TTV(~NT) • T(J; ~(U(J; ~ UX)/5 
I)X._LUX _- il UX 
J • J - 1 
GO TO _30 
END 

SUf!RQ~D_"Lcr IT _ _ ___ .. .. __ _ _ ._ .. _ . _ 
COHMON/Bter I wSAM('),A(100),B(1~~),C(1~0),TV(5.10~)t N Of 

COHMON/jlV IUI'00)Jl(500),TJVJ1~~"~~(~)f~T(5) 
C OMHON/8tCCCS/~CL,NCT,TORO(R(~,1A~, 
I'\tHEtjSJO ~ . ~J SW(,),N~(~J 

IJI1AX • " 

D QN~A-l-: ~!Y~~&~4.U;Nl:"fn,-- .. - _ .. _ .... - .. _ .. .... . 
__ CQNTINUL . 

(1 0 " 1 • 1, ~j OF' 
Nx<I.J ~ 'JLCI) 
CONTINUE . 

t ~~iN~I~~~~.~~ _ . ~! ~.-LN---±!.L !~_ t.O _.9~jJ~~ _ .. ___ . ______ .. __ '_." 

(1 0 5 I • 1, t.lorl 
--1ST - . r .- 1 . . _._-

bo 7 J • 1ST, ~O~ 
If --CN)(tJf '; - "-.jirn - ,LT, -I) roO "TO 1 

.-.. ---- .- - -~H~T\_;~--------
NXfl) • SAVE 

-CONHNU[ - .. - --
CQN,I .IiUi; _ .. _ ._ .. 
reeL' NXI.I 

-t-- ·-"ADEII T I ~rTlrR-'Vl0- n.-,l!RH ·~ Trr11ij!;-elrA~rcnATmc-s-·----- · ·· 
----- ---·-- n.Qtr!~·i~- - l .1.!/~~{e- --- - .. __ .. .. --

TORCER CJ, II • 0, 
-- -Ciil,jTrNUt -· --- --- -- . 

. _~NT! NVE,-,--~=-------------- .. _ _ __ ____ . ________ ____ _ 
00 Sil J • 1, NOr 

IOlr • NCL - NLI.I . . --.,-----". -----lINctH" --.--'ff(J,-·; 2--. IifH' --- .' ---- -- - -.. . 

. - --.------ - ~\~·-d -;d:- ~~tV-~ - TOlfOr-RT.i,J ' -'f'{fJoi I - - --------
____ If-.-J __ L_, GT. NC~ J _)OROE_R (J, 1 )_~_V (J , I :,,_~~!'pJ£_.L ____ ._ 

le CONTI"UE .-'-------

------------- - - --th~J SJ{ttE~ - ~ 8rr -. r-O - TO -.,,----

~HAX • NCL • rOI' --- ----.- ----- --- f,-d --4'- -- ~ -· .--rHI N; -'Ltf ,l)( - -. - - --.---- - --- . ----- - -- -." --- ',- - - - - -- --- .- --. ----

TOADER (J. -~'I) • I • 
• , cONTINUE 

- --~e------,-c~Q~-~I-~~~ - - ------ --­
. . -- I~ ----- -- J1QlIl~(~j\1-~ - ~~! . 
~_ CONTINUE 

t~ TOT • /I 

-OQff;-s~H~~~~~I.' ,,'" 
_ J~ !TJE_'L,J.! .• _ I.E_~~_I_ _ ~O_ . T_~ P .. 
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-
18 

c 

NSW(J) • 1 
~TOT • NTO T + 1 
CO~ T I ~l!L _ _ 

IF (N10T .LT. '-) GO TO 55 
nET£R~lN E LEAST SQU4~E POINTS 
!; UI'1X '; !lit 
SUMT = ~ . 
<:UHXT • 0 . 

"_ ~ UI'1X..2. I!'_ ~l . 
r~ SUM '; NTOT 
r.O 16 IS ·. 1,~nr 

SUM X _ SUHX • N S~(IS) • 
SUMT _ $ II"'T • Ii S\oI ( IS) • 
SU"'XT • 5UHXT • N5 W(JS) 
SUI'1 X2 • SU~X2 • NSW (IS) 
CONr"lNUE- · . - - .- -

X5AM(J<;) 
TO f? DE ~ ( IS, t.ell 
• XSAl'1tIS) • TORDlN(ISj~~l) 

~ X~4J1t1g).·2 

DtN • NSUM • S l J~ V2 • SUMX •• 2 
,N UH '; SUMT • SU~X2 - SUMXT • SU'~X 
~~UM z NSUM • 3 U ~XT - su~x • SU~T 
ACfIIC T) • 4 'J U ~ I 'E~ 
r LNC.T) I!I _ B '! L!~ I ~ ~.~ 
C(NCT) c 1.1 B( ~ CTI 

,,;CT • NCT • 1 
,, 0 To 12 
\! CT • NCT - 1 
P[TURN 
rNO - --.--- --- - _. - -_. -

« COMPUTES CO~RECTE O PARTIC LE VELOCITIES » 
COHMOf'4ie f C eCSI'~CL , F.lC T t t-ORO£R (", 1 ~~ ) 

o ___ __ ____ -"lI"1'Q1J1~ICC>!.UJ:Q~lJ0~Loo _____________ 0 

~OMHON/eJCOS/~~~ 

CQHHON!8JC,V /~VX . . 
rOHMON/8tcr/XSlM(5"A(1~ f ),8(1 0~ ).C(1 ~0 ).TV(5'1 ~o ), Nn F 

... __ I") IM~NSJOt, ~ P(l';,:a) 
« l ~ : ITIAL SETTING or r' » 
_~n~_lLt·~_ L~\! .! ___ __ .. _ ... _. _____ . . __ 

rP(I}zRH~.ctl) 
tJS_e 

C (·< ·-c v At.:U ;n Io~j ~-M' Cf6QPECfEU II » 
__ ~, __ .. __ , __ q ~~~ _(1)!? 1 _ ... ___ _ 

"'0 20 1-2, ",Cl 
. I I CO~.!U Cj~_~) H~ I ~! U .. ! _~.! _~~0_.:.! )lf~ (I-~J J.!DJl~._._ .... . ___ . _ 
CONTINUE 
lICORCNCt,.·1)·UC"Q(NCL) 
;.f(;l.-PZ"·f.fcCi2 .---- - -- .-
~ O J0 1. ~ CLP2f N~ ' 

- ---- Licolfclr.ucnR(f .. i -,-;.If,5e(1.-SiC,Pct .. -U/F'-P(I-l" .. OU')c .... 
f~c~i~~t 1) R-f'U~N _._-_._- .. - .. - - .- -------.-- ._ - - ----
r.: S.~S+l 

C---- (-( --Rr-iiiALUnt --r 1 - ) -) " .- - -- --
. ______ . ______ ~p __ ~..0 ____ l~_~ l_~~ 1. ___ ___________ ___ ______ ___ _ 

J-I 
F"TE"".F"PPfJ' 

C 



c 
fUNCTION fPP(11 

C «R(EIJAL.~_H E r ' f .9.fL ~U~~!-'\ C9RV~~_ > ~ .. 
c OMMO N/aIC cCS/NCL ,~CT,TO~OER(~,l~~ ' 
CO~HON /Blcrl·S. M (5),.(10~),B(1~0),C(1~0 ) 'TV'5,1~ e )'NOr 
tF(I.Gr,'Jel l GD TO 10 

C «L,nADING» 
o::T[ShGGC I) 
CALL. SI N T( ~ TE.S.T...I. S F",cr,~) . 
tf (SF.GT. 0 ,) F'PJ:'.C~ 
{nSf .gT , 21 ,) R(r URfIO 
rpPaC(NCL) 
r:f~ TUffN 

C « UNLOA OING » 
10 q~sr= ~ G( NrJ, .!, _ . ___ _ . 

r4LL SI NT (STEST, sr,Cr,l) 
tF(Sf.CT. ~ .) GO TO 2 ~ 
!F(GG(l);C"E.sF') rpp.co~ CL.l) 
TF(CC(I'.GE.SF) QETU~~ 

20 ~ 1tST=GG (~~L) ' . 

c 
C 

~~L!.._~.I .NI15JLSI. Sf .'.f;IL?J ____ ___ _ 
If(sr.GT.~.) F~p.cr . 
tF(SF.CT,~,) R£T UR~ 
FPPaC( Nct ) 
~ ETURN 
rNO 

S U8ROUTI ~ E SINTcST£ST,Sr,CF,IS) 
C « 1' :TECHnn' CU"RE . T coRRtc!EO·· ·PCW·.ATH "» 

"OMHON/aICCCS/ ~CL ,~CT,TOROER(5,1~ ~ ) 
r OHHO~/~JCt~XSA M !~l ; ~(10 ~ rr8t!00)~~(1 0 0)rTVI5,t ~2 )r ~~ F . 
~OMMON/8rCCS/UCO~(10~) C0f4MON/STcosiR40---- -· --- - ' .. _-.- -- .--.. - -.' 

I r 'n S ;"E D', 2 ) .. G O T~3. ·· 

~." , [1 0 '20 -T.t; rfC[ ... 
1·~HO.(C(I)·Clr.l»/2, - -- .. ---- --.. -" ... ~"iS-. - - _._. --... . --.- -------
S ·S·IUCO R (I)-UCC~(r-l».1. 

. In~;lT,ntS'rj" ' G" -'O ' 2~ ....... -... .. . . . 
r. r·C(1·1)·(C(I)_C(I~1».(STEST-R)/(S-R) -'-''', ' -- .. " .,- Sr·-s---··--- -- -.-.. --_.-._ . -- - ..... - ---- -- -- -_.---,-- -- --
°ETUAN "'2"3- " -· -~ o"~'lTtNUt --- - -'----- - .-------.- -.--•. - - .- ---- -.-... - - -_ ..• ,--- .. ----.---- ._--
5 r·-l.!1~ 

. --- rf [TORN - --- --- --.- -- - ---,-- -- -- - -. 

30 C:.". -- ro o--40"' -r.-2 -,-t=} C'T - ·- --- .- - .-. ----- -- -.-- ---------.. . -
1. .R 1·10. ( C ! 1 ) • C ( t • t ) , 12 • 

. ~-------------
S.S.(UCO~(I)-UCOR(I-1».i -yr-rt ;-L-t". Net:) -Ci-n --fa n ------- -- --- --. -.- -.---. --. ------
tf(S.GT, STEST, Gn TO _~ 

.. c riie·fFiT·Tcnj-.;en~-ln .. (srEn~lIJlis;l'T ..... . - .. - .. . ... . 
sr.s -.. --- - ·-"~ ----QtT\JRN 

_e .o;O'NTlNU[ 
~ror·r, • 
• tTURN 
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.NO 

rUNCTIO r~ GG(J I 
~ «P.U [ QU AlIO ') ~ F S 'A~E tGR wIN DDW 11ATt RIAL » 

~OMM U~ / BtCcCS/~~ L,~CT,TO ~O ER(,.1 ~0 ) 

~O M MON /~IC U V/O I JX 

" " 

IF(I.LE.~CLI Ullt-ll*U l X 
P:(I,GT. :'! CL) U~fZ·NC.~·IL·OUX 
GG .131.'* U.73.St*U·· 2*99.47*u •• 3- 4 1 .5S *U •• 4 
1) [ T U~ 11 

r'lD 

rUNCTIO:-l GP(J) 
C <~ . P.V OERIV~TIVE F,R ~ _ I.NOP-,,~ I1 ATE~I~ ~ rOS » 

c 
c 

C O~HnN/~tcCCS/ ~ CL,NcT,TOqDER(~,l~~) 
rO~~ON/BICnV/DU~ 
If(I.LE. ~ CL) ulct-1).UUX 
!FCI.GT, NCLI U'(2.~CL-l).UU~ 
G P·131,7-147.2? ~ ·29 8 .41·U •• 2-16~tS2·u··3 
": E (UR;~ 
U-i l) 

SUB HOUlPf- SlST 

t OMP~TE ST~ESS STRAIN ( ATA 
I"OMMON/81CF -- i'(SAM (5-), A n.~·t) .8 (lid~) • C (l r,I..,), TV (~. Url) ,l or 
~OMHON/dJC ~ S/R Wo 
"'OMMONI fit CCCSI"CL ,fo/C T , TO RUE ~ (~, 1 ~r, ) 
rOMM(JN/alS/Sfl @1 ),E(10 ~ ) 
~O~HUN/Blc~s/ur,~(10~) 

__ . ______ !".921.P~J. __ .f..QU .~~ __ 
q1)a~. 

54 

r:tlhl1l. 
~"Q UAL' • ,fALSE' , 
":0 20 la2, \! CT 

tOU·AI.. • t ' ~ E~, -(NCL·l) 
Ife,NOT, E~U4L) sel).5(1·1).~ I.IO .{ 'J COH(I)-lJCOR(J·1». 

- --- - ---·1 "-;' .... rC··cJ;+c(i:-iIT-· ----. . ~ . 
I!_(_ •. ~O T • .. J~aVAl.. _t . .. E (1' ... ~ (t-~). (UCM {I )-UCO~ (1 .. 1"1 

1 II1l.5*crCT'·CCl·1») 
, IF" (E QU AL) ·5(1). SCl .. l) ----------- .. . --'fr ' «(QIlie,-- ~ -(n -. e:(f;'-l Y-

~£i8~~I~l;E---_-- - - .. - .-.. -.. . - .-_.-

[NO ----c.:.----- -- -. ---. ----- .. -- - .--- .. lH:-"l: - UIifE - r I u: FROM" "11 SK 
SU8ROUTJ ~I E REAn(IFILt,~F") 

- -.. --~---- .- - --- t -OffMOI·r I ~ I Ii ----)(H 5l!l0T, .(5'00"",- i"TV / l Cii0 ) ,NCTS); -~Jn 5)' ­
~PEN (UNIT. 20, fiLE ~ rF"ILE. ACCESS. 'SEQJH') 

------~::I_V_- --- - - -. ---.-- - ----.--- - .- -.. - .----. -- .,-

nO 10 I • 115"~ 
.------ --- . -~·[A·O (2~;--f0-&~rf\jl'J --.. · - 2"~ ·)--T(n ,U'( 1'-

106 rORMAT(2G) --.. - ---- --N'F'"" :: --'Nf'--. -f --- .-- ---- ,. -_ .. ---------- .. ----
~ CONTINUE 

---jY"I22~n----------

22 rQAHATC' NnT ALL OATA READ FROM rILE ',A5,' 50~ ~TS. MAX,'/) -- -a co,rnNOi: ---
CALL RELEAst2V . 



c 

~UBPOUTIt ' E PLOT(~l'YIX~I,XMA,Y~l,'~A.lrIL,Sw.K.NO) 
r'lIHE~·fsICF" Y(11;Xl(ll,ISYtt (12l,IF'tLtl1 . 
I~ OGJCAI. Sw 
COMMO 'N I r}I":f Ix';,;,k (5) • A (10lrO -, B (U';") ,C (1"'~), tv 15, UH1), r'oF' 
/), F't~NS 1.0 ~~ ~ A~1.l~)' 1.~.,e.2 (~. l! __ ~~~.3 _~ ~_ ) ' . ,",~a4l ' (6' 
~ATA ISY~/l,1,1.1,1,1,1,111,1.1,11 

' 4T~ L~~1/5 ~ 15H 15~11Mr ; 5 ~ ,SH 15~ I 
fl A!" L.A8?/1111 ,'H . 15fiVE.I.OCI~H1TY ,5H ,'iH I 
~.TA LA9J/~~ J'HSOU ND,5HvtLoc,5~ITY ,5H ,~~ I 

.... :! ~ .T ~ .L~~ ~L1'"!._ . _. _, ~p.~!!J I !. ~Ji~ .~ .. L ~ .I _? .. I-I~1. ac J ,.5 H.T,Y ,5104 I 
CA LL OLI H X(XNI,x ~ A' 
c,u.J". . DI.I~YcY1"I,. y~·4) 
'~.'I..L L H.t. r .. 1) 
~ AL~ ~t~tS (e ll" 
r, ALL SVM BL (Jsy ~ rK) 

LF -'!'A.Q.J.J . ..•. 0-1 0 . E_. _ .. . 
~ LOT FILES 2, ! •••• ,ET~. 
CALL NPTS (~J O) 
r:'~-L.L CH(CI( ( X1; ',) 
~ALL CP.L O T(X~,Y) 
IF (S~) ~o TO 2' 

.. ' ~~L~ K p-UT ~~ i/~i'"1~~,~a~-,-~---· n_" 

~ ,.I..k _. !'!.O .V "t:i5 (~~., 7 ~.0} __ . _. • ____ . _. __ . 
:A"" ANMOOr. 
!yP[ 26,ftrll.(Kl"Kl-1,NOrl 

. 26- ro~I1Al(' rt"L·ES ... ·'; 10A7T · . . 
- - 2-' ·· - · ·a~1*(jC - - - --.-------.. ........... -... .. - ... . 

r.A~~ PUT ON(LAB'.~'B3) . ~tfURN -· ·· . - .. _- ~-- .. . --
C .. . C· 'Lnl- nv 1 .. ... . .. .. . 

__ 'i-C.,_ ~R' •• ox 12 ··- 'AU r •• k~--------·---
CAl.L NFlTS( ~~O) 

---------.. · ··· -- t-.LL-·CMrtTaxl~y,- --·· ---- .. - .---- _ .. -.-
L CALL DSPL AV(~l.Y) -- .- - -- -_.- - - .• -- -'5" [TOFf N-.. _- ._- ---- .. --- -- _. -- -_ . -- -. .. .. -•.. ---- -- -, 

rNO -C-···-·· .. ~ .. "---.---.------.--. . ----
. SUBROUTI NE RESUL' 

................ ·C·O](Rlrn··r ·nC-rrXSUHT; ··'f1e-~r; · Y r10~), C (130) , · ,vn·, n~) , ··.or 
CO~HON I ~tV ' U(500', T(501), TTV!l~~), NL(5), NTC', .. ........ . .. ··· ~·Oi'.-MON · T · ·. ·W IS i l~Oli ··Er1n )...... .. . . ... ..... .. . . ... ....... -... . 
~O~~ON I BteeS luCOR(100) 
~ 0 !1 MaN 18 ICC e 5 } ~ e c -,;'NOic;;Ir.,"T~OI~RrTlorrE"RT' "5-;, '1 "1f~1!T) ----­
n l~ENSIO ~ LA91(6),LAB216), LAB3(6),LAB4(6) 

... -...... .. ··· ·oATrplfi;rij>r · ·····;"Ii·· · ··--·"](Snn;·~>rs·· · ·· ·"w· ... ... i5~ ·· · 7 . 
~ATA L'82/'~ ,'HSOUNO,5H VELO"HCITY ,'H "M I 

,.------ - -.- --- 1fATA ·-CX83j!;i.i ---·-"--· '-;~-··---- ·- "'~Silfir'-;Wt";r ' -- --~-'ff - - · "M · l ----
_ .. _ c_ .. __ -"O Ah LAS' "'" ---L..~~_ARTlf'HCI,.£ V,~IooIELOCI,~IoIJ~_ ~___ , . ___ _ 

c 
(; 

KEy 10 .R[~U~.S_'s.!g. ""OTTING 

r.ALL Ntw'.4,C: , . 
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~ALI.. ANM ODE" 
TYPE .. 

4 ~O~MA T (' TO OqTAI N ~R APW STRE~S-STR A JN, TYPE "5[»'/ 
,-- 11'3X, · 'sf~'i.:sS' .. PA:ji ICL.(-Vt L.OCI',(' tyPE "SV"'/ 

' 18)(, 'S C'U ' IO VF.L OCITV-STPESS, Typr "es"'/ 
~ l ~X , Is nu~o VELOC IJY-PAgTICLl V[L OCITY, TYP[ "G v"" 

~ ~ A~~ AN MCDt ' 
TYPE 12 

12 . fORMA ~ (' __ , . w_ ~lC\.j GRAPH? .t. f .L! TYP~ "'!Qf·! E" TO EX IT ') 
I, ccn.>' 1,' , IJ EM 

1~ rORMAT(A~) 
CALL NEwPAC 
If (t~~M ,E '~ , '110:jI ) PETU~ ;-..j 
:'A l.1.. SltIlJTT 

_ ,_ ~A I..L ~P ' S ( OJCJ L 
c 
C. _ ~ TRESS-STRAl ~ PL ~l 

c 

If ( NEH , Nr, '~E') GO TO 2~ 
r: ALL CHECK ([. ,, ) 
GAt-L QSP lA Y fE,S) 
CAL_I.. . P.uTO '~ Ct,..i ~~! L~~lJ 
CALL T I~.PU ,!,(KI(~) 

r.o TO 6~ 

C ~!RE SS- DA ~ TtcLr VELOCIT Y (COkR~~Tr D ) PLOT 
2~ tfl f'EM . ~ E, 'S v ') ~o TO 3c 

, r:A_I,.t,.. GH~r~, ~ 'y_C_g~ , 2.l __ 
CALL DSPLAy I WeeR.S) 
CALL PUT~N (LA~", LAH1) 
t~LL Tr~~UT(KK~) . 
G.O .10_ 6 ~ 

__ , __ 5_T_HES~~~ !lI,J:' ~G __ Y...t..L.~C U~, !J....ql_ . 
If (~tEM ,i~ . '~Sl) GO T~ 50 

, ~~h~ ~~E ~~ ( S,r.) 
CA LL OSPl. AY( S,C) 
~ALL PU T O~ (LA~ l ' L482) 
~.lL 'I~P U~(~K~i ' -- - r --____ r,o TO ~~, _, __ .. _, __ _ ___ ._ . ______ , _ __ . 

5~ Ir ( N[M ,Nt, 'eVIl GO TO 5 
.. - -- - ---- - -- - C4I..L · CIot( CI( "( U"C~Q- ; C; - . -

CALL DSPLAV ( UCO~,C) 
----- ---- --r.Al:L -PO-I ON -(LA.'-; 0-,,21" ----

'0 
r.At.L T I NPU T(I(.,K.o".!..' __ 
t; ALt. HOM E --
GO TO , - --------- -- ---,NU - - -- -- - -----------

C 
-1' ,.- -- - - ., --TR1S ~U~FpmTJ"N'E PtrTS 'TIlL£"- 4Nn LABELS O~ • GlUP4 " 

SU8ROUT I' I[ P l/ TON (LAale, I..A"Y) 
" IHENS! O· .'[Tftml.,.-;(llJXlIT ,1:"''BVl l) I LlBTJ0-,--- ---'-' -

-c ·- "-'- ?':-UL JfOV49-~(30 ~;"'8") 

C ~ ALL HLA BEL(J0,LTITLE) ---- --- ------ --r: AU --f1TJVl-ss i5 ; 6-, ,-,- -- --
______ ~C~.~L~L-rrK~·7"~2AS(JeLkABYILAR) 
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