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ANALYSIS OF DYNAMIC IN SITU BACKFILL PROPERTY TESTS 

AN IMPROVED LAGRANGIAN ANALYSIS FOR STRESS 

AND PARTICLE VELOCITY GAGE ARRAYS 

I INTRODUCTION 

A. Background 

SRI was given the task by the U. s. Army Engineer Waterways 

Experiment Station (WES) to analyze stress gage records obtained from 

high-explosive simulation tests conducted on prepared soil beds to 

determine the constitutive relations of the soil under uniaxial strain 

conditions. A major tool used in the process was a Lagrangian analysis. 

A Lagrangian analysis is a procedure for deriving the stress-s train 

relations for a material from a series of stress or particle velocity 

histories measured during the passage of a one-dimensional stress wave 

through the material. In this report we consider only planar one

dimensional waves. The gages are placed at several distances through the 

sample so that they measure the progress of the wave. The gage records 

are used to obtain the time and space derivatives that appear in the 

equations for the conservation of mass, momentum and energy. These 

conservation relations are integrated to obtain the stress, strain, 

particle velocity, wave velocity, internal energy, and tangent modulus at 

any time and location in the flow. 

B. Scope 

In this report we outline the general procedure for a planar 

Lagrangian analysis, derive the method for fitting the gage records to 

obtain the needed derivatives, show the expressions for the derivatives, 

and derive the integration procedure. Then the technique is illustrated 

with some sample data. Because this technique is well established, we 

focus herein mainly on some new features of the procedure which were 

developed specifically for analyses of the WES experiments. These new 

features were created in response to special requirements of the WES 

problem as follows: 
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(1) The accuracy of the stress-strain relations needed to be 
high (within a few percent) even during the unloading 
part of the stress-strain path. For stress records, 
this requirement was met through a higher fidelity fit 
to the records so that the derivatives are more 
accurately determined than in previous methods. For 
velocity records, we perform the integration along lines 
of constant time, instead of along gage lines as in 
earlier analyses. 

(2) Reflections from the back of the sample (bottom of the 
l~S test pit) may occur and must be accounted for in the 
fit. These reflections were not treated very precisely 
in the earlier method, but a new fitting method is being 
developed to handle the reflections in detail. However, 
these reflection features are not yet complete in the 
current version of the code. 

(3) Some of the WES soil stress and velocity data show 
significant amounts of noise, so that special fitting 
techniques were needed to treat these data and make 
maximum use of the information in the records. However, 
in the present tests, most of the noise was eliminated 
by a separate fitting procedure. 

(4) The new procedure eliminates the inaccuracies that 
occurred in the earlier path line method when the data 
were so irregular that adjacent path lines might 
intersect. 

Three new approaches were used in improving the prior Lagrangian 

analysis. The first was a pror.edure for fitting a surface in stress

time-distance space to the data; this was expected to provide smoother 

data for the analysis. Second, a method was developed for accounting 

for the complexity that occurs in wave reflections; the method provides 

for special subregions within the surface fit to the data. Third, a 

revised integration method was constructed for determining stress from 

particle velocity data; this method has essentially uniform accuracy as 

a fundtion of time, instead of drifting as in the earlier path line 

method. 

This report also includes derivations of the fitting, differentia

tion and integration procedures, a description of the computer program 
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called GUINSY for performing the Lagrangian analysis, and sample 

problems. 

C. Historical Background 

In 1970 Fowles and Williams1 introduced the Lagrangian analysis for 

processing data from a series of stress or velocity gages in a material 

through which one-dimensional planar waves were passing. Later, 

Cowperthwaite and Williams2 generalized the method to account for 

attenuation of the wave peaks. Grady3 introduced the concept of a path 

line to aid in computing derivatives needed for attenuating flow. 

Seaman4 constructed a computer program for routine application of the 

path line method. Vantine, et al.s applied the Lagrangian method to 

waves in explosives and compared the results of integrations from 

"directly" computed derivatives with those from derivatives based on 

path lines. They recommended use of the path line method. The 

Lagrangian method has also been applied to analyze large-scale field 

experiments in spherical and cylindrical geometries by Rosenberg, et 

al.6,7 
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II APPROACH 

In the Lagrangian method we begin with stress or particle velocity 

data, and combine these data with the conservation relations to obtain a 

complete set of the flow variables: stress, particle velocity, specific 

volume, and internal energy. The method uses derivatives obtained from 

a series of stress or particle velocity records such as those shown in 

Figure 1. In this section we outline the approach taken in the 

Lagrangian analysis and indicate the derivation of the necessary 

equations. The procedure for fitting the stress or velocity data to a 

surface is described, including the provision for subregions in the 

surface to account for reflected waves. From the fitted surface we 

obtain derivatives of the flow variables. Then an integration procedure 

is developed for computing the unknown flow quantities from the 

conservation relations. Generally these derivations are only briefly 

described in this section, and the complete development is given in the 

appendices. 

A. Introduction 

In conducting this analysis we imagine that the stress (or particle 

velocity) can be represented as a surface above the position-time plane. 

The records in Figure 1 are considered to be just four slices through 

this surface at four specific positions. From this surface we are able 

to compute partial and total derivatives of the stress or velocity. 

These derivatives from the gage data are used in the conservation rela

tions to evaluate the other flow variables. In Lagrangian coordinates 

the conservation laws for mass, momentum, and energy are 

( ov) 1 (au) 0 
ath-~abt-

(mass) (1) 
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(momentum) (2) 

(energy) (3) 

where 

P
0 

- initial density 

u - particle velocity 

V - specific volume 

a = stress in the direction of propagation 

t - time 

h - initial or Lagrangian position 

E - internal energy. 

To determine the stress, particle velocity, volume, and energy 

histories at each gage plane, the preceding equations are integrated 

along lines of constant h (the gage path). For the numerical calcula

tions, the integrations are performed over a short time interval from t 1 
to t 2 • The integrated forms of Eqs. (1), (2), and (3) are 

v2 - v + ~ /2 (~) dt (4) 1 p . Oh 
0 t1 . t 

1 
/

2 
( ~) dt (5) u2 - u1 --

Po t Oh t 
1 

1 t2 o(it dt (6) E2 - E1 -- f -
Po t1 

Equation (2) can be integrated along a line of constant time to obtain 
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h2 ( 00) a2 • al - Po h f rt h dh ( 7) 

For each of these integrals, the terms under the integral sign are 

evaluated numerically from the gage records. Thus, volume histories are 

determined from velocity records, velocity histories from stress 

records, stress from velocity records, and energy histories from stress 

and velocity data. Hence, if only velocity data are obtained, Eqs. 4 

and 7 are used to obtain volume and stress, and then Eq. 6 can be used 

to compute energy. 

To conduct the Lagrangian analysis, we perform the following four 

steps: 

• Assemble and calibrate digitized data for each record. 

• Fit the data to a surface in stress-position-time or 
velocity-position-time space. 

• Compute derivatives from the surface fit. 

• Integrate the conservation relations to obtain stress, 
particle velocity, specific volume, and energy. 

Several methods have been designed for conducting each of these steps, 

as discussed in References 1 to 5. 

B. Fitting the Records to a Surface 

For fitting the velocity records to the surface in velocity

position-time space, we envision the surface divided into a series of 

regions as shown in Figure 2. Within each region the velocity is mono

tonic on all records. The path lines dividing regions represent peak 

velocities or other distinguishing features such as the top of the 

precursor wave. Path lines should be passed through all features that 

occur on several of the records and that the analyst feels are signi

ficant (a~d thus represent important aspects of material behavior). 

Two types of fitting surfaces are considered here. Those surfaces 

that span all gage records (as in Figure 2) are treated first. Later in 

this section a method is given for handling the special subregions that 

occur near points of reflection. 
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For the fit we construct a function that represents in the least 

squares sense a region of the surface between two path lines. This 

surface function has the general form 

a • F(h, t) (8) 

where a is stress, and h,t are Lagrangian position and time. Because of 

the complexity of the surface in some cases, we chose the function to be 

the sum of a series of terms with separate functions for t and h. 

C1 - C1 (h) + 
j 

C1 (h) - C1 (h) 
j+l j 

L (~) + 
0 

(9) 

with 

(10) 

Here aj and Tj are the stress and time at any h point along the jth path 

line. The L's are shape functions (quintic in dimensionless time) and 

the D's are time derivative~ of the records in the jth region between 

the j and j+l path lines. The procedure for fitting a surface to the 

stress data is conducted in two steps. First, the data in each region 

for each record are fitted to a curve in o-t space. In this step, the 
* * values of stress aj and time Tjg are determined on each path line (sub-

g * script j) for each gage (subscript g), and the slope quantities Dijg are 

determined for the region following the jth path line (i runs from 1 to 

4 because four slope quantities are used in the fit for each region for 

each gage). In the second step ~hese starred quantities are fitted in 

the h-direction. For example, the fitted stress is given by 

a. (h) 
J 

10 
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along the jth path line. 

least squares fit of the 

A and C. 

The Ujk values are constants obtained by a 
* ajg values; this fit is described in Appendices 

To provide some further fidelity to the gage records, the fit in 

the h-direction can be made in logarithmic space. The fitted function 

is then 

and 

The bias value 

The Ujk values 

values. 

is introduced to guarantee that aj(h) 

are obtained from a least squares fit 

(12) 

(13) 

+ abi is positive. 
as * 

to log ( a jg + 'l>ias) 

The same fitting procedure given for stress in Eqs. (11) to (13) is 

used for particle velocity and for time along the path lines. The slope 

quantities D are also fitted in the h-direction to a parabola like Eq. 

(11), but they are not permitted to be fitted in logarithmic space. 

The form of the surface function, Eq. (9), has been chosen to make 

the fitting process very straightforward and to provide continuity bet

ween regions of the flow that are represented by different functions. 

Care is taken in the program to control the quintic functions so that 

they are monotonic in each region and therefore can represent well the 

true velocity or stress surface. Because the surface in each region is 

tied to the bounding path lines, continuity between adjacent surfaces is 

guaranteed. In Appendix A the time and position fitting steps are 

derived separately. Then the two fitting functions are combined to give 

the complete functional form of Eq. (9). 

Reflected waves introduce special complexity into the shape of the 

velocity-position-time surface to be fitted over the velocity records. 

We outline below some of the experimental configurations that lead to 
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unloading waves, and then show how to provide special surface segments 

that fit the records. 

One of the major purposes for the new Lagrangian procedure was to 

facilitate the treatment of unloading waves with precision. Unloading 

waves can be obtained in several ways; some examples are illustrated in 

Figure 3. In Figures 1 and 3a the unloading wave proceeds from the rear 

of the flyer or explosive. For the flyer, this makes a very rapid un

loading, but for the explosive, the Taylor wave produces a very gradual 

unloading. The stress in this unloading wave may not reduce sufficient

ly during the period of one-dimensional flow in the experiment to 

provide the unloading data needed. Therefore, it may be necessary to 

use configurations such as those shown in Figures 3b and 3c. In these 

the unloading wave occurs because of a reflection of the initial com

pression wave from the rear surface of the sample. Here the unloading 

process will be fast, and the minimum stress reached can be controlled 

by the choice of buffer material. 

The standard experimental configurations in which the unloading 

wave proceeds from the back of the flyer or from the explosive (Figures 

1 and 3a) lead to simple surfaces that extend to all gage positions. 

However, the configurations in Figures 3b and 3c produce surfaces with 

small triangular regions between gages 3 and 4 only. These triangles 

represent the interaction of the initial compression and the unloading 

wave. Because these two waves have a finite extent in time, this inter

action does not occur at a point on the fourth gage line, but is spread 

out in time and position. To obtain derivatives accurately within this 

interaction region, a special surface or subregion must be provided. 

The interaction surface must be approximated from the meager data 

available. Usually only one gage (the last one) will pass through the 

surface. Therefore, the surface is presumed to be defined by the sur

rounding three lines: one is provided by the last gage, the other lines 

are also part of the other surfaces. Therefore, this triangular surface 

is defined by the surrounding curves, plus straight lines of constant 

time. Hence to obtain the value u(h,t), we first evaluate u(j • 4,t) 
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and the u value at time • t on one of the bordering dashed curves in 

Figures lb or lc. Then we linearly interpolate in h between these 

velocity values to obtain u(h,t). Derivatives are also obtained 

numerically by a similar interpolation procedure. 

This wave interaction procedure has been written into the computer 

program, but it has not been tested. The method is complicated, and 

thus we expect some further development will be required before it can 

be used reliably. 

c. Partial and Total Derivatives 

For the determination of the flow variables, we must integrate the 

conservation equations (Eqs. 1-3). The derivatives that appear in these 

equations must be evaluated from the surface generated from the gage 

data. ~esides the derivatives that appear directly in these equations, 

we need the second partial derivative of stress with respect to 

position, and total derivatives of the stress or velocity and time with 

respect to position. Here we derive the partial derivative of particle 

velocity with respect to time. 

The partial derivatives with respect to time are readily obtained 

from the complete expression of the function for velocity or stress. 

The result is 

4 

= (u - u ) L'(~) + ~ L'(~) D (h) o~/ot 
j+l j 0 i=l i ij 

where o~/ot = 1/(Tj+l 

with respect to ~ are 

- Tj) and the derivatives of the L quantities 

listed in Table A.l of Appendix A. 

(14) 

When the velocity and time functions are constructed from the 

logarithms of the values, the uj and Tj values are obtained as follows: 

(15) 
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and 

where y and ~ are determined by the fitting series: 

and 

The derivatives are determined in the same manner as above for the 

nonlogarithmic case. 

(16) 

(17) 

(18) 

The corresponding partial derivative with respect to position is 

more complex because so many terms depend on h. These derivatives are 

given in Appendix B. 

The total derivatives along the path lines are obtained as part of 

the fitting process. The computational steps involved are described in 

Appendices B and c. 

D. Integrations to Determine the Flow Variables 

Determinations of the stress from particle velocity data, particle 

velocity from stress data, and computations of specific volume, moduli, 

and energy require integrations of the defining differential equations. 

Here we outline how these integrations are treated numerically in the 

GUINSY program 

1. Particle Velocity from Stress Data 

Particle velocity values are determined from the stress 

function by an integration of the momentum equation (Eq. 2). Here we 

use Simpson's rule to perform the integration numerically. 
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~t 
- 6p 

0 
(aa) + 4( aa) + laa) 
ail m "Ni m+l/2 \ab m+l 

(19) 

where Um and "mil are successive values of velocity along an h-line and 

are separated in time by the time step ~t. The spacial derivatives of 

stress are computed according to the procedure in Appendix B along the 

same h-line at times tm, tm+l/2, and tm+l• The initial material density 

is p • This computation is conducted over each h-line for all regions 
0 

of the flow field. Along the first path line the Urn values are zero. 

2. Specific Volume from Stress Data 

The computation of specific volume from stress data requires a 

double integration. First we integrate the momentum equation, after 

differentiating it with respect to time: 

(20) 

With values of au/ah, we can then integrate the continuity equation (Eq. 

1). To perform these numerical integrations, we divide the region of 

integration into a number of small time steps and assume a parabolic 

variation of a2 a/ah2 within each time step. This parabolic variation is 

written 

a2 a 
• B + (B +1 - B )(t - t )/~t 

ah2 m m m m 

(21) 

2 2 where Bm, Bm+1/ 2, and Bm+1 are values of a a/ah at the beginning, 

middle, and end of the time step, t is the time, tm and tm+1 are the 

beginning and ending times, and 6t = tm+1 - tm is the time step. With 
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2 2 this expression for a a/~ we can integrate Eq. 20 to obtain '0.1/ at as a 

function of time. At t • tm+l• the derivative is 

Thus, we have an evaluation according to Simpson's rule. At the begin

ning of the flow and at other path lines, (Ou/oh) is evaluated accord-
m 

ing to the method in Section 4 of Appendix B. When the expression for 

au/oh as a function of time (obtained by combining F~s. 20 and Zl) is 

placed in Eq. (4) and that equation is integrated, we obtain the 

specific volume at t =- tm+1 : 

vm+l =- v + .O.t m 2p 
0 

+ (23) 

With the expressions for o2 cr/oh2 and Ou/oh in this equation, we can 

compute the specific volume throughout the flow. 

3. Volume from Particle Velocity Data 

Specific volume is readily obtained from particle velocity 

data through the evaluation of the integral in Eq. (4). The numerical 

integration is conducted by stepping in time along one h-line at a time. 

In preparation for the 

are evaluated from the 

and at the midpoint of 

Simpson's rule. 

integration, the 

surface function 

the time step. 

partial 

at both 

Then the 

derivatives of velocity 

ends of each time step 

volume is computed by 

(24) 

where the m and m+l subscripts refer to the beginning and ending of each 

time step .O.t. 
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4. Stress from Particle Velocity Data 

For known particle velocity data, the momentum equation can be 

integrated to obtain an expression for the stress Eq. (7). Note here 

that a
1 

and a
2 

are at the same time but at different Lagrangian loca

tions. The technique for performing the integration is suggested in 

Figure 4. Two possible integration lines tA and tB are shown. The 

integration begins at the shock front, or the beginning of the wave, 

with a zero stress value. The integration proceeds by determining 

values of the acceleration (au/ot)h at each gage line and then integ

rating Eq. (7) to obtain stress values along the gage lines. The 

integration cannot be performed along the path tc because there is no 

initial value for stress. Thus, to completely determine the stress in 

the flow field, a known stress history is required at some point in the 

flow. Such a known stress history may be provided by a stress gage in 

the flow field or by a free surface. 

5. Energy, Modulus and Sound Speed 

After the primary flow variables--stress, particle velocity, 

and volume--have been obtained, several subsidiary variables can be 

computed. Each is computed numerically over time steps along one h-line 

at a time. The internal energy is obtained by numerical evaluation of 

the integral in Eq. (6). 

= E 
m 

E m cdV 

where E is the internal energy in erg/g. The numerical form of this 

equation is 

18 
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The effective or tangent modulus is 

M •-m+l 
(27) 

The modulus M has the units of stress. 

Two characteristic speeds are determined by separate procedures; 

both results are listed by the program. The first characteristic speed 

is computed as dh/dt, the apparent Lagrangian speed in the direction of 

a path line. The second characteristic speed is the Eulerian expression 

for the sound speed: 

sm+l - Mm+l • v m+l 

where S is the sound speed in cm/s. These two speeds are generally 

quite different. The second is more closely related to loading and 

unloading moduli of the material. 

20 
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III DESCRIPTION OF THE PROGRAM: GUINSY 

The flow of operations in the Lagrangian analysis program is 

described in this section, together with an explanation of the input 

procedure. Input data for three sample problems are given to aid in the 

practical use of the program. 

A. Operations in GUINSY 

The GUINSY program contains the numerical procedures that are 

developed in Section II and the Appendices. There are provisions for 

entering the data records, for fitting these records to the analytical 

functions given, and for plotting the data with the fitted functions. 

These comparisons tend to illustrate the wave processes in the experi

ment, and may also alert the user to errors in data, calibration, and 

timing, or in the appropriateness of the choice of path line points. 

After the input is plotted, the Lagrangian analysis is performed. The 

results are plotted as groups of stress histories, velocity histories, 

and stress-volume paths. This section gives the location of each of 

these operations in the subroutines to aid in understanding or amplify

ing the code. 

Figure 5 gives a flow chart of the GUINSY program, and the 

operations of each subroutine are given in Table 1. The variables are 

identified in Table 2. In addition, some description of each subroutine 

is contained within the listing of the subroutine. The program listing 

is presented in Appendix D. 

B. Input Procedure 

The input for a problem consists of the stress or velocity records, 

locations of the gages, plus other indicators to describe the nature of 

the calculation and desired results. We present below the input data 
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FIGURE 5 FLOW CHART OF THE LAGRANGIAN ANALYSIS PROGRAM GUINSY 3 
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Subroutine 
Name 

GUINSY 

ANALYT 

'BUBBLE 

CUBIC 

DERIV 

Table 1 

OPERATIONS IN THE SUBROUTINES 

Purpose 

The main program starts the calculation by reading 

the general control information for each calcula

tion. It calls ANALYT to construct analytical gage 
• 

records if needed. It calls SMOOTH to perform the 

least squares fit over time for each record. It 

calls UTHFIT to construct the aurface fit, BUBBLE to 

put the h-locations in order, and UTLINE to construct 

the TIMER array of times along the path lines. 

GUINSY calls the graphing routines. It sets up the 

arrays to account for wave intersections. GUINSY 

calls VELOCITY or STRESS to perform the Lagrangian 

calculations and then prints or plots the final 

results. 

This subroutine constructs a set of stress, velocity, 

and volume histories corresponding to a strongly 

attenuating simple wave. The results are written to 

tape 2. 

A bubble sort is performed of all the Lagrangian 

locations in the input: gage locations and locations 

where histories are requested. 

A subroutine called by SMOOTH to construct a cubic 

fit to a set of points in a record, and to adjust the 

fitted coefficients so the function is monotonic. 

DERIV constructs arrays of values and derivatives for 

quantities fitted along the path lines. It is called 

by STRESS to obtain du/dh from U values along the 

path line. 
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Subroutine 
Name 

FDUDT 

FDTDH 

GETS 

GETU 

GMF 

LSTSQ2 

MINV 

PLOT CON 

QUADR 

Purpose 

FDUDT calculates the partial derivative of 

the particle velocity or stress surface function with 

respect to time. Called by VELOCITY. 

This function computes the total derivative of time 

along the path line. Called by STRESS and VELOCITY. 

GETS evaluates the stress (or velocity) and its first 

and second derivatives with respect to Lagrangian 

position at any time and location in the flow. 

Called by STRESS and VELOCITY. 

This function computes the particle velocity or 

stress at any time and location in the flow for 

VELOCITY and for UTLINE. 

A routine for graphing the raw and fitted data in 

single or grouped plots. Called by GUINSY and by 

PLOTCON. 

A least squares fit is performed to produce the E and 

W matrices referred to in Appendix c. Called by 

STRESS. 

A standard routine for inverting a matrix. 

This subroutine controls plotting of the stress

velocity, stress-volume, and stress history graphs, 

plus the stress and velocity surfaces at the end of a 

calculation. Called by GUINSY. 

QUADR fits a set of points to a quadratic function 

and then adjusts the coefficients to make the 

resulting functions monotonic in the interval. 
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Subroutine 
Name 

QUARTIC 

QUINFIT 

QUINTIC 

REDR 

SIMQ 

SMOOTH 

STRESS 

UTHFIT 

UTLINE 

Purpose 

A subroutine for fitting a set of points to a quartic 

function. The resulting function is not necessarily 

monotonic. 

This subroutine fits a quintic function to a set of 

data points. It starts by fitting a cubic to the 

points and then, by iteration, computes the 

coefficients of the 4th and 5th power terms to fit 

the data while requiring that the function remain 

monotonic. 

A subroutine for fitting a set of points to a quintic 

function. The resulting function is not necessarily 

monotonic. 

This subroutine is called by SMOOTH to locate and 

position the data record requested in the input. 

A standard routine for solving simultaneous 

equations. 

This large subroutine is called by GUINSY to read the 

data records and perform the fit of each record to a 

quintic function in time. 

STRESS performs the Lagrangian analysis for stress 

gage data. Called by GUINSY. 

The velocity, stress, time, and derivative values on 

the path lines are fitted to parabolas on these lines 

and the fitting coefficients (UFIT, CTH, and DERFIT) 

are stored. Called by GUINSY. 

UTLINE is called by GUINSY to construct the TIMER 

array of times on the path lines. It also constructs 

velocity and stress values at the Lagrangian points 

for use in plotting the fitted functions. 
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Subroutine 
Name 

VELOCITY 

XINT 

Purpose 

VELOCITY conducts the Lagrangian analysis for 

particle velocity data. Called by GUINSY. 

This function computes the Lagrangian position 

corresponding to a given time from the fit along the 

path line. Called by VELOCITY. 
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Variable 

c 

CAL 

CTH 

DERFIT 

DERIVS 

EM 

EMV 

ENG 

GTYPE 

Table 2 

DEFINITIONS OF MAJOR VARIABLES 

Definition 

Array for the computed sound speed based on the 

apparent velocity along the path lines; cm/s. 

Calibration factor for the stress or velocity data; 

Stress = CAL * Stress Data. 

Coefficients in the fit of time along a path line. 

The time on the jth path line for any h-value is 

CTH(l,j) + CTH(2,j)*h + CTH(3,j)*h2 • 

An array for fitted derivatives in each region. In 

this array the coefficient for the nth power of the 

fit for the ith derivative for the jth region is 

stored in the location n+3(i-1+4(j-l)). 

The array of slope values generated in SMOOTH from 

the quintic fits in time. In this one-dimensional 

array the ith slope value for the jth region of the 

Nth gage is stored in location 4(j-1+10(N-l))+i. For 

i = 1 and 2, DERIVS is the slope at the beginning and 

end of the region; for i = 3 and 4, DERIVS is the 

second derivative at the beginning and end. 

Modulus computed from the slope of the stress-volume 

curve; dyn/cm2• 

Sound speed computed from the slope of the stress

volume curve; cm/s. 

Internal energy computed from the stress and volume; 

erg/g. 

Indicator for stress or velocity data. The values 

are: STRESS or VELOCITY. 
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Variable 

I ANAL 

IBUG 

INTEG 

I STRESS 

IVAR 

NGAGE 

NLINE 

NP 

Definition 

Indicator for real or analytical data. 0 for real 

data; 1 for analytical. 

Input control. Set to 1 or greater to obtain 

debugging information from the subroutines SMOOTH and 

VELOCITY. 

Indicator for type of integration method used for 

particle velocity data. A value of 0 means 

integration along lines of constant time. For 1 the 

integration is along h-lines, and it is assumed that 

third derivatives of time and velocity are zero. 

(The procedure for INTEG • 1 has not been implemented 

yet.) 

Indicator for stress boundary conditions for velocity 

data. For a value of -1, there is no stress boun

dary. For 0 there is a free surface at the last gage 

location. For !STRESS = 1 there is a stress gage at 

the last gage location. !STRESS is not used for 

stress data. 

Format used for reading the stress or particle 

velocity data. Samples are in Figure 8. 

The number of velocity or stress gages in a 

problem. A stress gage used for a boundary condition 

in a problem with a series of velocity gages is not 

counted. 

The number of path lines used. 

Power of the fit of stress or velocity in the h 

(distance) direction. The maximum value is 2. The 

number (2) is grouped with the indicator for NPLOG in 

Figures 6, 7, and 8. I 
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Variable 

NPLOG 

NPOWER 

NPT 

NREQ 

NTH 

NTLOG 

RHOO 

S(i,j) 

SA 

SBIAS 

T(i,j) 

TA 

Definition 

Indicator for the type of fit of the stress or veloc

ity along the path lines. For a value of "LOG" a 

logarithmic fit is used. Otherwise a nonlogarithmic 

fit is used. 

Power of the fit in time to be used in SMOOTH. 

Nominally set to 5. 

An array containing the number of time points to be 

computed by SMOOTH for each region for each gage. 

The number of h-locations at which calculations are 

requested, in addition to the gage locations. 

Power of the fit of time in the h (distance) 

direction. The maximum value is 2. The number (2) 

is grouped with the indicator for NTLOG in Figures 6, 

7, and 8. 

Indicator for the type of fit for the time along the 

path line. For a value of "LOG" a logarithmic fit is 

used. Otherwise a nonlogarithmic fit is used. 

Initial density of the material in g/cm3. 

Main array for stress values. i indicates time 

values and j indicates h-locations; dyn/cm2 • 

Array containing the original stress or velocity 

data. 

A bias value added to the stress quantities for a 

logarithmic fit to make all stresses positive; 

dyn/cm2 • 

Main array for time points. i indicates time steps 

and j indicates h-locations; seconds. 

Array containing the original time data. 
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Variable 

T~D 

TBIAS 

TCAL 

TIMEH 

TINTER 

U(i,j) 

UBIAS 

UFIT 

V(i,j) 

X 

X INTER 

Definition 

Time to be added to the time values of a gage record 

t~ make all records have the same relative time; 

seconds. 

A bias value added to the time quantities for a 

logarithmic fit to make all times positive; seconds. 

Calibration factor for the time of a gage record: 

True time = TCAL * Tdata + T~D. 

Array constructed for the times on each path line for 

each of the h-values used; seconds. 

An array for the times at which path lines intersect; 

seconds. 

Time variable used for velocity data in which all 

quantities have the same time basis; seconds. 

Main array for particle velocity values. i indicates 

time values and j indicates h-locations; cm/s. 

A bias value added to the stress or velocity 

quantities for a logarithmic fit to make all values 

positive. em/sec. 

An array of coefficients for the fit of stress or 

particle velocity along a path line. The value on 

the jth path line at any h-value is UFIT(l,j) + 

UFIT(2,j)*h + UFIT(3,j)*h2 

Specific Volume array in which i indicates the time 

values and j indicates the h-locations. cm3/g. 

An array containing the gage locations; em. 

An array for the locations at which path lines 

intersect; em. 
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Variable 

XREQ 

XSTR 

XUNIQ 

Definition 

An array for the requested h-locations; em. 

Location of the stress gage in a velocity problem; 

em. 

An ordered set of all the X values; em. 
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for three sample problems and describe the meaning of the indicators. 

Section IV presents the processed results for these sample problems. 

The input for a test problem using the analytical case in Subroutine 

ANALYT with stress gages is shown in Figure 6. Four gages (NGAGE•4) are 

located at X = 1, 2, 3, and 4 em in a material with a density RHOO of 

1. Three path lines (NLINE=3) are used: along the shock front, at the 

peak of the wave, and at a chosen end of the wave. IANAL=1 indicates 

the analytical case. !STRESS is not used. NPT gives 10 points in the 

region between the first and second path lines, and 30 in the second 

region. Besides the gage locations, we are requesting (NREQ=3) complete 

information along locations X = 1.5, 2.5 and 3.5 so that we will have a 

more complete picture of the flow. Because of the rapid attenuation of 

the stress in this problem, we have used a logarithmic fit {LOG 2) in 

the path line direction. No actual stress records are required with 

this input because the data are generated by ANALYT. The ANALYT 

subroutine generates the stress histories and writes them to file 2 

(usual file for any stress histories). These files are then read and 

processed in the usual way by the program. The "2" preceding the last 

four or five lines in Figs. 6, 7 and 8 indicate the file to be read for 

the gage data. 

The input for the test problem with velocity gages is shown in 

Figure 7. This input is very similar to that in Figure 6, with the 

addition of some features needed for the velocity gage case. !STRESS is 

set to 1 to show that a stress history is being provided, XSTR is 4 for 

the h-location of the stress record, and INTEG is zero for the constant 

time integration method. 

A sample of the data input for five vertical stress records from 

one of the WES field tests 
8 

(DISK0-1) is given in Figure 8. In this 

example case the digitized data records are shown. The first two 

columns are time (sec) and stress (psi). The third column (an integer 

that occurs in only a few lines) indicates the path line number. 
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GUINSY FOR MIKE'S ANALYTICAL CASE: 4 
GTYPE • STRESS NGAGE • 
RHOO • 1.0000 NLINE = 
NREQ • 3 !STRESS = 
NPT • 10 30 
X • 1.0 2.0 3.0 
XREQ • 1.5 2.5 3.5 

2ANALYTICAL GAGE 1 
2ANALYTICAL GAGE 2 
2ANALYTICAL GAGE 3 
2ANALYTICAL GAGE 4 

STRESS GAGES 
4 NPLOG -= LOG 
3 !ANAL = 
0 

4. 

2 NTLOG • 
1 INTEG = 

FIGURE 6 INPUT FILE FOR GUINSY TO PERFORM A LAGRANGIAN 
ANALYSIS ON ANALYTICALLY DERIVED STRESS DATA 
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GUINSY FOR MIKE'S ANALYT. CASE: 4 VEL. GAGES, STR. GAGE AT X = 4. 
GTYPE • VELOCITY NGAGE • 4 NPLOG • LOG 2 NTLOG = LOG 2 
RHOO • 1. 0000 NLINE = 3 !ANAL • 1 INTEG • 
NREQ • 3 !STRESS = 1 XSTR • 4. 
NPT • 10 30 
X = 1.0 2.0 3.0 4.0 
XREQ • 1.5 2.5 3.5 

2ANALYTICAL GAGE 1 
2ANALYTICAL GAGE 2 
2ANALYTICAL GAGE 3 
2ANALYTICAL GAGE 4 
2ANALYTICAL GAGE 5 

FIGURE 7 INPUT FILE FOR GUINSY TO PERFORM A LAGRANGIAN ANALYSIS 
ON ANALYTICALLY DERIVED PARTICLE VELOCITY DATA 
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GUINSY - DISK0-1, SV2,10,14,20,22 
GTYPE • STRESS NGAGE • 5 NPLOG • LOG 
RHOO • 1.6340 NLINE • 6 IANAL • 
NREQ • 0 ISTRESS • 0 XSTR • 
NPT • 20 20 20 15 20 
X • 14.63 44.80 75.59 105.7 

2DISKo-1 SV2 
2DISK0-1 SV10 
2DISKo-1 SV14 
2DISKQ-1 SV20 
2DISK0-1 SV22 

2 NTLOG • 
0 INTEG • 

IBUG • 

135.3 

a. Controlling Parameters for the Calculation: 
Contained on File 5 

Pigure 8 Input Data for Lagrangian Analysis of Five 
Stress Recorda of the DISK0-1 Event 
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DISKo-1 SV2 8-MAR-84 DISPT-1-SAND 1-1-1 
IVAI • 2E10.3,2I5 
NPOWER • 5 5 
TCAL • 1.000!+00 CAL • 6.892!+04 TADD • 
2.092E-03 0.000!+00 1 
2.094E-03 8.000E+02 2 
2.095!-03 1.200!+03 
2.115!-03 2.175!+03 
2.134E-o3 2.222!+03 
2.145!-03 2.419!+03 
2.158E-o3 2.420!+03 3 
2.181!-03 2.389!+03 
2.205E-Q3 2.170!+03 
2.247!-03 1.874E+03 
2.295E-Q3 1.592E+03 
2.323!-03 1.480!+03 
2.344E-Q3 1.387!+03 
2.355E-03 1.35lE+03 
2.378E-Q3 1.317!+03 4 
2.397E-03 1.530!+03 
2.430E-03 1.714E+03 
2.448E-03 1.802E+03 5 
2.450E-Q3 1.768!+03 
2.459E-03 1.73ZE+03 
2.473!-03 1.697E+03 
2.483E-03 1.710!+03 
2.493E-03 1.714E+03 
2.503E-03 1.713!+03 
2.516E-03 1.732!+03 
2.539E-03 1.719E+03 
2.556!-03 1.654E+03 
2.563!-03 1.661E+03 
2.579E-Q3 1.634E+03 
2.598E-03 1.565E+03 
2.608E-03 1.538!+03 
2.613E-03 1.541E+03 
2.625E-03 1.513!+03 
2.635!-03 1.471!+03 
2.644!-03 1.472E+03 

STRESS - PSI 

0.000!+00 

b. Listing of the Stress Recorda: 
Contained on File 2 
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2.655!-03 1.462!+03 
2.663E-o3 1.464!+03 
2.681E-03 1.455!+03 
2.703!-03 1.409!+03 
2.722!-03 1.375!+03 
2.733E-o3 1.356!+03 
2.737!-03 1.361!+03 
2.754!-03 1.313!+03 
2.772E-03 1.272!+03 
2.787!-03 1.240!+03 
2.802!-03 1.199!+03 
2.811!-03 1.192!+03 
2.817!-03 1.186!+03 
2.830E-Q3 1.143!+03 
2.847E-03 1.115!+03 
2.864E-o3 1.077!+03 
2.880!-03 1.023!+03 
2.892!-03 9.963!+02 
2.903!-03 9.705!+02 
2.915!-03 9.395!+02 
2.929E-03 9.267E+02 
2.941E-03 9.151!+02 6 
DISKo-1 SV10 30-MAR-84 DISPT-1-SAND 1-1-6 STRESS - PSI SV10 
IVAR • 2!10.3.215 
NPOWER • 5 5 
TCAL • 1.000!+00 CAL • 6.892E+04 TADD • O.OOOE+OO 
2.710!-03 0.000!+01 1 
2.719!-03 8.000!+02 2 
2.722E-03 1.020!+03 
2.739!-03 1.290!+03 
2.754!-03 1.184!+03 
2.767!-03 1.293!+03 
2.782E-03 1.337!+03 
2.808!-03 1.502!+03 3 
2.818E-Q3 1.491!+03 
2.831E-03 1.482!+03 
2.845E-03 1.482!+03 
2.859!-03 1.484E+03 
2.874!-03 1.472!+03 
2.894E-03 1.410!+03 
2.912E-03 1.370!+03 
2.922!-03 1.350!+03 
2.932!-03 1.308!+03 

b. Listing of the Stress Recorda: 
Contained on Pile 2 
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2.945.!-03 1.282!+03 
2.959!-03 1.263!+03 
2.970£-03 1.226!+03 
2.981!-03 1.214!+03 
2.994!-03 1.209!+03 
3.006E-Q3 1.199!+03 
3.019E-03 1.192E+03 
3.035E-Q3 1.165!+03 
3.058!-03 1.148!+03 
3.077E-03 1.125!+03 
3.091E-03 1.10lE+03 
3.106E-03 1.102!+03 
3.117E-03 1.067!+03 
3.125!-03 1.072E+03 
3.135E-03 1.062!+03 
3.144!-03 1.056!+03 
3.158!-03 1.052!+03 
3.176!-03 1.061!+03 
3.190E-03 1.056E+03 
3.205E-Q3 1.040E+03 
3.223!-03 1.047E+03 
3.234!-03 1.024E+03 4 
3.250E-03 1.063!+03 
3.269E-03 1.127E+03 
3.294E-03 1.241!+03 
3.302E-Q3 1.320!+03 5 
3.332E-03 1.303!+03 
3.341!-03 1.298!+03 
3.353!-03 1.290E+03 
3.370E-03 1.281!+03 
3.385!-03 1.271!+03 
3.401!-03 1.253E+03 
3.417E-03 1.247E+03 
3.428!-03 1.242E+03 
3.438E-03 1.219E+03 
3.453!-03 1.218E+03 
3.473!-03 1.179!+03 
1.484!-03 1.168!+03 
3.499!-03 1.144!+03 
3.513!-03 1.105!+03 
3.519!-03 1.137!+03 
3.535E-Q3 1.135!+03 
3.548£-03 1.080!+03 

b. Listing of the Stress Recorda: 
Contained on File 2 

Figure 8 Input Data for Lagrangian Analysis of Five 
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3.555!-03 1.101!+03 
3.573!-03 1.102!+03 
3.593!-03 1.096!+03 
3.605!-03 1.113!+03 
3.615E-03 1.111!+03 
3.624E-Q3 1.106E+03 
3.633!-03 1.123E+03 
3.647!-03 1.114!+03 
3.664E-03 1.09ZE+03 
3.676!-03 1.074!+03 
3.684E-03 1.055E+03 
3.696!-03 1.047!+03 
3.707!-03 1.049E+03 
3.721!-03 1.054!+03 
3.735!-03 1.019!+03 
3.740E-Q3 1.017E+03 
3.753!-03 1.000E+03 
3.767E-03 9.890E+02 
3.774E-03 9.927E+02 
3.783E-03 9.903!+02 
3.792E-03 9.842!+02 
3.801E-Q3 9.866!+02 
3.816E-03 9.805E+02 
3.827E-03 9.550E+02 6 
DISKo-1 SV14 26-APR-84 DISPT-1-SAND 1-1-12 STRESS - PSI SV14 
IVAR • 2E10.3,2I5 
NPOWER • 5 5 
TCAL • 1.000E+OO CAL • 6.892E+04 TADD • O.OOOE+OO 
3.282E-03 0.000!+01 1 
3.284E-03 2.362E+02 
3.288E-03 6.800!+02 
3.289E-03 8.000E+02 2 
3.295!-03 1.325!+03 
3.309!-03 1.267E+03 
3.317!-03 1.013!+03 
3.326!-03 1.140E+03 
3.329E-03 1.200E+03 
3.333E-03 1.260E+03 
3.340!-03 1.258E+03 
3.348E-03 1.267E+03 
3.354!-03 1.264E+03 
3.359E-03 1.261E+03 
3.366!-03 1.286!+03 

b. Listing of the Stress Records: 
Contained on Pile 2 
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3.373!-03 1.303!+03 
3.378E-Q3 1.283£+03 
3.385£-03 1.260!+03 
3.389E-Q3 1.258!+03 
3.39SE-03 1.243£+03 
3.401E-Q3 1.229!+03 
3.405!-03 1.222£+03 
3.411!-03 1.222!+03 
3.415E-03 1.230E+03 
3.420£-03 1.217£+03 
3.425E-03 1.206!+03 
3.427!-03 1.207!+03 
3.429!-03 1.207!+03 
3.435E-Q3 1.186!+03 
3.442!-03 1.180E+03 
3.445E-Q3 1.196!+03 
3.450!-03 1.188!+03 
3.456!-03 1.178!+03 
3.461E-03 1.158!+03 
3.468E-Q3 1.158!+03 
3.475E-03 1.181!+03 
3.482£-03 1.173E+03 
3.490E-03 1.151E+03 
3.495E-03 1.145!+03 
3.498!-03 1.146!+03 
3.501!-03 1.147!+03 
3.504E-03 1.149E+03 
3.510!-03 1.155E+03 
3.519E-03 1.151!+03 
3.526!-03 1.137£+03 
3.531E-03 1.126!+03 
3.538!-03 1.125!+03 
3.546E-03 1.146E+03 
3.553!-03 1.145!+03 
3.558£-03 1.119E+03 
3.563!-03 1.126!+03 
3.568E-03 1.138!+03 
3.575!-03 1.111E+03 
3.582E-03 1.097!+03 
3.586!-03 1.113E+03 
1.589!-03 1.120E+03 
3.591E-Q3 1.119!+03 
3.593!-03 1.119!+03 

b. Listing of the Stress Records: 
Contained on File 2 

Figure 8 Input Data for Lagrangian Analysis of Five 
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3.595!-03 1.120!+03 
3.597!-03 1.117!+03 
3.599E-03 1.114!+03 
3.605E-03 1.100E+03 
3.611!-03 1.090E+03 4 
3.615!-03 1.107E+03 
3.622E-03 1.105E+03 
3.633!-03 1.111!+03 
3.645E-03 1.121!+03 
3.652!-03 1.111!+03 
3.660E-03 1.134!+03 
3.667!-03 1.159!+03 
3.674!-03 1.134!+03 
3.681E-Q3 1.110!+03 
3.686!-03 1.137!+03 
3.693!-03 1.157E+03 
3.698!-03 1.156!+03 
3.701!-03 1.158!+03 
3.706!-03 1.171E+03 
3.713!-03 1.192!+03 
3.720!-03 1.185!+03 
3.729!-03 1.205!+03 
3.736!-03 1.232E+03 
3.741!-03 1.217E+03 
3.748!-03 1.218!+03 
3.755!-03 1.232!+03 
3.759!-03 1.234!+03 
3.763!-03 1.247!+03 
3.768!-03 1.269!+03 
3.774E-03 1.258E+03 
3.779!-03 1.241!+03 
3.781!-03 1.244!+03 
3.785!-03 1.252!+03 
3.789!-03 1.255!+03 
3.792E-03 1.257E+03 
3.796E-03 1.258!+03 
3.802E-03 1.260!+03 
3.807E-03 1.258!+03 
3.809!-03 1.250!+03 
3.812!-03 1.246!+03 
3.818E-03 1.258!+03 
3.824!-03 1.278E+03 5 
3.831!-03 1.262!+03 

b. Listing of the Stress Records: 
Contained on File 2 
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3.8371-03 1.236!+03 
3.843!-Q3 1.252!+03 
3.849!-03 1.269!+03 
3.852E-Q3 1.259!+03 
3.8571-03 1.254!+03 
3.862!-03 1.254!+03 
3.866!-03 1.247!+03 
3.870E-o3 1.247!+03 
3.875!-03 1.242!+03 
3.879!-03 1.232!+03 
3.882!-03 1.234!+03 
3.886!-03 1.236!+03 
3.890!-03 1.242!+03 
3.893!-03 1.253!+03 
3.900!-03 1.233!+03 
3.912E-o3 1.229!+03 
3.919!-03 1.246!+03 
3.922E-03 1.224!+03 
3.928!-03 1.216!+03 
3.933!-03 1.225!+03 
3.939!-03 1.207!+03 
3.946E-o3 1.192!+03 
3.954!-03 1.204!+03 
3.961!-03 1.211!+03 
3.966!-03 1.186!+03 
3.973!-03 1.170!+03 
3.980E-03 1.186!+03 
3.987E-03 1.186!+03 
3.992!-03 1.166!+03 
3.998!-03 1.162!+03 
4.003E-03 1.168E+03 
4.008!-03 1.163!+03 
4.013!-03 1.160E+03 
4.015E-03 1.160E+03 
4.017!-03 1.159E+03 
4.019!-03 1.161!+03 
4.026!-03 1.142E+03 
4.033!-03 1.118!+03 
4.039!-03 1.130!+03 
4.045E-03 1.145!+03 
4.047!-03 1.147E+03 
4.052E-Q3 1.139!+03 
4.0581-03 1.134!+03 

b. Listing of the Stress Recorda: 
Contained on File 2 
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4.061!-03 1.139!+03 
4.066E-Q3 1.126!+03 
4.071!-03 1.117!+03 
4.073!-03 1.122!+03 
4.076!-03 1.122!+03 
4.081!-03 1.116!+03 
4.086!-03 1.111!+03 
4.091!-03 1.121!+03 
4.095!-03 1.125!+03 
4.098E-Q3 1.127!+03 
4.101!-03 1.128!+03 
4.103!-03 1.119!+03 
4.105!-03 1.114!+03 
4.108!-03 1.111!+03 
4.112!-03 1.113!+03 
4.115E-Q3 1.115!+03 
4.119!-03 1.105!+03 
4.126!-03 1.113!+03 
4.136!-03 1.111!+03 
4.143!-03 1.095!+03 
4.146E-03 1.104!+03 
4.149!-03 1.110!+03 
4.151!-03 1.109!+03 
4.153E-o3 1.107!+03 
4.156E-03 1.106!+03 
4.159!-03 1.109!+03 
4.161!-03 1.109!+03 
4.163E-o3 1.111!+03 
4.166!-03 1.112!+03 
4.169!-03 1.112!+03 
4.171!-03 1.109!+03 
4.176E-Q3 1.100!+03 
4.183!-03 1.091!+03 
4.187!-03 1.087!+03 
4.189!-03 1.087!+03 
4.191!-03 1.086!+03 
4.196!-03 1.101!+03 
4.206!-03 1.094!+03 
4.2131-03 1.071!+03 
4.218!-03 1.090E+03 
4.224!-03 1.100!+03 
4.227E-o3 1.094!+03 
4.232!-03 1.086!+03 

b. Listing of the Stress Recorda: 
Contained on Pile 2 
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4.2391-03 1.0841+03 
4.2461-Q3 1.1011+03 
4.253!-03 1.093!+03 
4.2571-Q3 1.072!+03 
4.263!-03 1.086!+03 
4.269E-o3 1.103!+03 
4.274!-03 1.0991+03 
4.281E-Q3 1.089!+03 
4.290£-03 1.1021+03 
4.297E-Q3 1.117!+03 
4.302!-03 1.0881+03 
4.309!-Q3 1.086!+03 6 
DISKG-1 SV20 3-JUL-84 DISPT-1-SAND 1-1-19 STRESS - PSI SV20 
IVAR • 2£10.3,215 
NPOWER • 5 5 5 5 5 
TCAL • 1.000!+00 CAL • 6.892£+04 TADD • 0.000!+00 
3.842!-03 6.085!+00 1 
3.852E-Q3 7.880!+02 2 
3.868!-03 1.098!+03 
3.883£-03 1.000!+03 
3.896£-03 1.1381+03 
3.908£-03 1.211!+03 
3.923£-03 1.250!+03 3 
3.941E-o3 1.213!+03 
3.956£-03 1.227£+03 
3.969£-03 1.226!+03 
3.991!-03 1.228!+03 
4.009E-o3 1.206!+03 
4.018E-03 1.212!+03 
4.025!-03 1.205!+03 
4.034!-03 1.208!+03 
4.046!-03 1.213!+03 
4.056!-03 1.210!+03 
4.068!-03 1.212!+03 
4.081E-03 1.218E+03 
4.098E-o3 1.211!+03 
4.115!-03 1.203!+03 
4.128E-o3 1.195!+03 
4.143!-03 1.1881+03 
4.157!-03 1.180!+03 
4.167!-03 1.167!+03 
4.175!-03 1.165!+03 
4.184!-03 1.161!+03 

b. Listins of the Stress Records: 
Contained on Pile 2 
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4.195!-03 1.152!+03 
4.209E-o3 1.141!+03 
4.220!-03 1.129!+03 
4.229E-D3 1.123!+03 
4.244!-03 1.114!+03 
4.257E-Q3 1.099!+03 
4.265!-03 1.093!+03 
4.277E-o3 1.091!+03 
4.293!-03 1.082!+03 
4.307E-Q3 1.085!+03 
4.316!-03 1.084!+03 
4.325E-D3 1.074!+03 
4.341!-03 1.078!+03 
4.354E-Q3 1.066!+03 4 
4.364!-03 1.075!+03 
4.381E-Q3 1.072!+03 
4.396!-03 1.075!+03 
4.408E-Q3 1.079!+03 
4.424!-03 1.083!+03 
4.435E-o3 1.102!+03 
4.441!-03 1.088!+03 
4.450!-03 1.095!+03 
4.458!-03 1.101!+03 
4.465!-03 1.100!+03 
4.470!-03 1.109!+03 
4.480!-03 1.113!+03 
4.490!-03 1.117!+03 
4.497E-Q3 1.130!+03 
4.507!-03 1.138!+03 
4.516E-Q3 1.142!+03 
4.524!-03 1.149!+03 
4.535E-Q3 1.153!+03 5 
4.546!-03 1.147!+03 
4.559!-03 1.149!+03 
4.575!-03 1.151!+03 
4.584E-o3 1.142!+03 
4.596!-03 1.134!+03 
4.610E-Q3 1.124!+03 
4.622!-03 1.091!+03 
4.633!-03 1.058!+03 
4.645!-03 1.043!+03 
4.663E-Q3 1.015!+03 
4.675!-03 9.949!+02 

b. Listing of the Stress Recorda: 
Contained on Pile 2 
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4.686!-03 9.911!+02 
4.703!-Q3 9.759!+02 
4.714!-03 9.5848+02 
4.725E-Q3 9.454!+02 
4.740!-03 9.348!+02 
4.756E-Q3 9.264!+02 
4.770!-03 9.036!+02 
4.781E-Q3 9.036!+02 
4.793!-03 8.952!+02 
4.805!-03 8.922!+02 
4.825!-03 8.846!+02 
4.839!-03 8.686!+02 
4.844!-03 8.671E+02 6 
DISKQ-1 SV22 12-APR-84 DISPT-1-SAND 1-1-22 STRESS - PSI SV22 
IVAR • 2!10.3 1 215 
NPOWER • 5 5 5 5 5 
TCAL • 1.000!+00 CAL • 6.892!+04 TADD • O.OOOE+OO 
4.348!-03 O.OOOE+OO 1 
4.350!-03 3.200!+02 
4.360E-03 8.000!+02 2 
4.362!-03 9.000E+02 
4.373!-03 9.650!+02 
4.390!-03 8.550E+02 
4.402!-03 9.200E+02 
4.418E-Q3 9.770E+02 
4.434E-03 1.042E+03 
4.447!-03 1.050E+03 
4.459!-03 1.050!+03 
4.477!-03 1.056!+03 
4.491!-03 1.089E+03 
4.496!-03 1.075!+03 
4.512E-03 1.079E+03 
4.530!-03 1.084!+03 3 
4.540!-03 1.093E+03 
4.549!-03 1.092!+03 
4.558!-03 1.079!+03 
4.573E-Q3 1.081!+03 
4.586!-03 1.066!+03 
4.592E-Q3 1.073!+03 
4.598!-03 1.077E+03 
4.605!-03 1.074E+03 
4.618!-03 1.064!+03 
4.630!-03 1.063E+03 

b. Listing of the Stress Recorda: 
Contained on Pile 2 
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4.642!-03 1.067!+03 
4.654!-03 1.048!+03 
4.662!-03 1.050!+03 
4.670!-03 1.045!+03 
4.678!-03 1.046!+03 
4.692!-03 1.041!+03 
4.710!-03 1.030E+03 
4.726!-03 1.026!+03 
4.738!-03 1.018!+03 
4.748!-03 1.017!+03 
4.759!-03 1.017!+03 
4.773!-03 1.011!+03 
4.785E-03 9.979!+02 
4.796£-03 1.001£+03 
4.811!-03 9.918!+02 
4.830!-03 9.905£+02 
4.846E-03 9.898£+02 
4.854!-03 9.898!+02 4 
4.865E-03 9.999£+02 
4.877£-03 1.009£+03 
4.886£-03 1.009£+03 
4.900!-03 1.012£+03 
4.911E-03 1.030!+03 
4.917E-Q3 1.020£+03 
4.934E-03 1.022£+03 
4.947E-03 1.038£+03 
4.957£-03 1.025£+03 
4.976£-03 1.024£+03 
4.992!-03 1.026E+03 5 
S.OlOE-03 1.023!+03 
5.025E-03 1.023E+03 
5.032E-03 1.026E+03 
5.043E-03 1.021E+03 
S.OSSE-03 1.019E+03 
5.066E-03 1.019E+03 
5.078E-03 1.013£+03 
5.090E-03 1.011£+03 
5.101E-03 1.013E+03 
5.111E-03 1.011£+03 
5.120E-03 1.008£+03 
5.127!-03 1.013!+03 
5.134!-03 1.011!+03 
5.143E-03 1.006!+03 

b. Listing of the Stress Records: 
Contained on Pile 2 
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5.153!-03 1.009!+03 
5.163E-Q3 1.009!+03 
5.172!-03 1.009!+03 
5.186E-Q3 1.005!+03 
5.207!-03 1.002!+03 
5.222£-03 1.005!+03 
5.230!-03 1.001!+03 
5.239E-Q3 9.992!+02 
5.254£-03 1.002!+03 
5.275E-03 9.972£+02 
5.293£-03 9.905!+02 
5.312!-03 9.871!+02 
5.328!-03 9.864!+02 
5.337!-03 9.857!+02 
5.348!-03 9.797!+02 6 

b. Listing of the Streaa Recorda: 
Contained on Pile 2 

Figure 8 Input Data for Lagrangian Analysia of Five 
Streaa Recorda of the DISR0-1 Event (concluded) 

I 
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IV SAMPLE RESULTS 

Sample results are provided herein to aid the user in verifying his 

results and also to demonstrate the capability of the GUINSY code. We 

present two tests of the code (for stress and for particle velocity 

records) and a sample use of the code on actual field data. 

A. Analytical Cases for Stress and Velocity Gages 

The new Lagrangian analysis computer program has been tested by 

exercising it on sets of gage records created analytically. The correct 

stress, specific volume, and energy histories are known, so an assess

ment of the accuracy of the new program could be made. Of especial 

interest in these tests is the accuracy with which stress and volume are 

calculated near the end of unloading as the stress approaches zero. 

The first sample case concerns an attenuating shock wave traveling 

through a perfect gas. Some stress histories from the analysis of 

Cowperthwaite9 are given in Figure 9 for this sample. For the 

Lagrangian analysis test, four gage records at a 1-cm spacing were used, 

giving an attenuation of 62 percent. This flow is like that in Figure 

1; hence no special surfaces were required. The calculation was 

conducted using the data file given in Figure 6. The resulting stress

volume curves are shown in Figure 10. 

We note that the accuracy is best for the computed path in the 

center of the region spanned by the four gages. The accuracy of the 

specific volumes and particle velocities at the peak and final time are 

given in Table 3 for this central location (h = 2.5). 

In the second test calculation the analytically derived particle 

velocity records were used. The data file is that shown in Figure 7. 

Here the computed results are shown as stress histories (Figure 11) and 

the stress-volume paths (Figure 12). As usual, the histories and paths 

generated for locations in the center of the region spanned by the gages 

are most accurate. The accuracies at the peak and final time are given 
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in Table 3. Under similar conditions, the velocity data provide more 

accurate volume values than do the stress data. 

Particle Velocity 
Stress 
Specific Volume 

Table 3 

ERRORS IN STRESS, VELOCITY, AND VOLUME 
VAI.UES AT THE CENTRAL POSITION* 

Stress Anallsis Particle Velocitl 
Peak Final Peak 

3.8% 4.4% -
- - 4.3% 

7.6% 6.8% 3.6% 

Anallsis 
Final 

-
0.4% 
0.1% 

* A second-degree fit of the logarithms of the stress or velocity data 
was made in the h-direction. A fit to a series up to the fifth power 
was used in the time direction. 

In these calculations the stress attenuated 62% through the set of four 

gages. All percentages are with respect to the maximum values of the 

parameter. This difference is expected because second derivatives of 

stress are required for the analysis with stress data. 

These two results with stress and particle velocity data suggest 

the maximum levels of accuracy to be expected. There are no measurement 

errors, and thus the inaccuracies are all associated with fitting the 

record surface and numerical integration of the conservation equations. 

The comparisons also show that particle velocity gages give higher 

precision because only one differentiation and integration is required 

to obtain either stress or volume. The accuracy decreases with increas

ing attenuation, so attenuations over 50 percent should normally be 

avoided. 
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B. 8 Field Case with Stress Gages 

A selected group of five stress records from the DISK0-1 high

explosive simulation test were also utilized for testing the Lagrangian 

analysis. Each of these diaphragm-type stress gages had been placed at 

one of five depths in dry flume sand at the test site in Fort Polk, 

Louisiana. These gages were positioned to record the vertical stress 

histories. A bermed explosive charge was constructed over the test bed 

to provide the surface loading. 

In preparation for this Lagrangian analysis, each stress record was 

process~d through a computer program called RECFIT10 • This program 

removed high-frequency oscillations on the gage records and provided a 

good estimate of the actual soil stress at each gage location. 

The input data file for this abbreviated analysis of DISK0-1 was 

given in Figure 8. Some of the fitted stress records are shown in 

Figure 13 to indicate the nature of the flow. Note a second compressive 

wave travelling downward from the explosive cavity. Because of the 

apparent break in the wave front, the loading portions of the records 

were divided into two regions. When the break did not show on a wave 

front, a point was chosen near the midheight of the front. Any 

oscillations that remained on the records after processing with RECFIT 

were removed by the fitting operation in GUINSY. 

Figure 14 shows the distance-time plot for this DISK0-1 analysis. 

The stress-volume paths in Figure 15 indicate a fairly large amount of 

hysteresis in the soil, which is an expected result for a dry sand. 

Note, too, that the stress-volume paths for loading are essentially 

linear, in agreement with the short rise times observed in the records. 
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Appendix A 

FITTING A SURFACE TO THE STRESS OR VELOCITY DATA 

The procedure for fitting a surface to the stress or particle 

velocity data is conducted within GUINSY in two steps. First, the data 

in each record are fitted to analytical curves in a-t or u-t space in 

the subroutine SMOOTH. Second, the parameters of these individual curves 

are fitted to parabolas in the h-direction in UTHFIT. With the 

completion of this second step, a complete surface has been generated to 

represent the data. 

In the following sections we present first the fitting procedure in 

the time direction, using a fifth-power function. The second section 

contains the fitting procedure for the spacial direction. A discussion 

of the complete function in time and space is in the third section. If 

the fit made in the time direction is not monotonic, then steps are 

required to enforce monotonicity. The fourth section contains a study of 

the monotonicity of the cubic function used in the fit in the time 

direction. The result is an analytical procedure for obtaining a fitted 

cubic that is monotonic. The fifth section contains an iterative 

procedure for obtaining a fitted quintic that is also monotonic. 

1. Fitting in the Time Direction 

In preparation for the first step of fitting the surface, the path 

lines are constructed through the foot of the initial wave, the wave 

peaks, ends of the records, and through other important points in the 

flow. Then for each record, the data in the region between path lines 

are fitted to a Taylor series in time using terms up through the fifth 

power. For this purpose a dimensionless time parameter, ~, is used, 

where 

(A.1) 

where t is time, and Tj is the time at which the jth path line crosses 

the Lagrangian position h. The meaning of the parameter ~ is suggested 

in Figure A.1. The fitting function in time then has the form 
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(A.2) 

where Y represents either stress or particle velocity, Yj is the value of 

Y on the jth path line, and f(~) is the quintic function of dimensionless 

time. For clarity in the discussion of the f(~) function and simplicity 

in its application, we write this quintic in two forms. First, f(~) is 

written in terms of ~and (1 - ~): this form makes most of the terms 

have the value zero at both ends of the interval (~ = 0 and ~ = 1). 

(A.3) 

Here H1 = 1 and the other H values are determined by the least squares 

fit to the data at intermediate times. 

In the second form for f(~), the coefficients are the first and 

second derivatives of the function at ~ = 0 and ~ = 1. 

f( ~) = L ( ~) + 
0 

a£ I Here n1 = ~ ~ = 0 

I ~ = o 

(A.4) 

When we impose these boundary conditions on Eq. (A.4), we can determine 

the L functions listed in Table A.1. Also, we can relate the H quanti

ties from Eq. (A.3) with the D's. 

Dl - H1 + H2 -
1)2 - H1 - H2 - H3 (A.5) 

D3 - 2(-H2 + H3 + H4) 

D4 - 2(-H2 - 2113 + H4 + H5) 

Equations (A.5) are used later to transform from H's to D's and vice versa. 
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Function 

Lo 

L1 

L2 

L3 

L4 

Table A.1 

VALUES OF THE L(X) FUNCTIONS FOR A QUINTIC 

Representation 

x3 (10 - 15X + 6X2) 

X(1 - X)2 (1 + 2X - 3X2) 

-X3 (1 - X) (4 - 3X) 

0.5 x2 (1 - X)3 

0.5 x3 (1 - X)2 

30 x2 (1 - x) 2 

(1 - X)2 (1 - 3X)(1 + 5X) 

-x2 (6 - 5X)(2 - 3X) 

X (1 - X) 2 (1 - 2.5 X) 

0.5 x2 (1 - X)(3 - SX) 

60 X (1 - 3X + 2X2) 

-12 X (1 - X) (3 - 5X) 

-12 x (2 - 1x + 5x2) 

(1 - X) (1 - 8X + 10X2 ) 

x (3 - 12x + tox2) 

Notes 

constant 

ru/ at at X = 0 

ru/at at X = 1 

a2u/ at2 at X = 0 

a2u/ at2 at X = 1 

At this point a standard least squares fitting calculation is 

performed using all the stress-time points at intermediate times to 
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compute the coefficients for f(~). The user can choose the power of the 

fit from linear up to quintic (NPOWER = 1 to 5). The fit made uses the 

highest power possible consistent with the user's request, the number of 

points, the uniqueness of the fit, and the need to obtain a monotonic 

curve. If the matrix obtained in the least squares fit cannot be 

inverted, the coefficient of the highest power in the fit is not defined; 

then the fit is repeated at the next highest power. 

The requirement for a monotonic curve is treated differently 

depending on the highest power in the fit. The linear function is 

guaranteed to be monotonic. The quadratic is monotonic if the non

dimensional derivative at either end of the interval is between 0 and 

2. Therefore, after D(1) is computed from the fit, D(1) is simply reset 

to be within the interval. A similar analytical procedure can be defined 

for the cubic function; the method is described in Section 4 of this 

appendix. 

For the quartic and quintic functions, several steps are required to 

guarantee a monotonic curve. First the fitted functions are tested by 

computing f(~) and df(~i)/d~ at 20 points within the time interval. Then 

the quantities f(~i) - f(~i-1 ) and the derivatives are tested for 

negative values. If there is a negative value for the quartic fit, a 

refit is made with a cubic. If the quintic curve is not monotonic, an 

iterative procedure is used to produce a fit that is also monotonic. The 

procedure begins by fitting a cubic to the data and forcing the cubic 

curve to be monotonic. From the cubic fit, H1 , H2 , and H3 are known, and 

H4 and Hs are zero. With this initial fit, the five H coefficients of 

the quintic are gradually modified through a series of steps to minimize 

the variance from the data and also maintain a monotonic curve. The 

analytical basis for this fitting process is given in Section 5 of this 

appendix. 

At the conclusion of the foregoing fitting process, we have a set of 

slopes (D's) for each region between path lines for each gage. For each 

region the function has been verified to be monotonic, and hence well 

behaved. 
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The quintic polynomial for representing the u-t data was selected to 

permit a high fidelity to the shape of each record. The fifth power 

allows considerable flexibility in fitting the data: some sample shapes 

are shown in Figure A.2. The odd power allows the designation of the 

same number of derivatives at each end of the time interval. The cubic 

is somewhat too restrictive. For example, in Figure A.2 the cubic with 

end slopes given is fully specified: no freedom is available to govern 

the position or slope of the central portion of the curve. The quintic 

allows designation of the end slopes, the crossing point in the center, 

and the slope in the center. Alternatively, with the quintic, the second 

derivative at the beginning of the interval can be zeroed to allow an 

apparent late arrival of the wave. Hence, the user's choice of the path 

line position does not totally govern the subsequent fit to the curve. 

2. Parabolic Fit in the h-Direction 

In the second step of the fitting process, the parameters derived 

from the fit in the time direction are fitted to functions in the h

direction. These parameters are the times and stresses (or velocities) 

on the path lines, and the derivatives Dij representing the regions 

between path lines. Each of these parameters are fitted to quadratic 

functions of h; 

2 

uj - L: 
n=O 

2 

L: 
n=O 

2 

the fitted 

u 
n 

h • Jn 

n 
c h 

jn 

n 
Dij - L Qijn h 

n=O 

functions are then: 

(A.6) 

where the superscript n is a power, and the U. , c. , and Qi. values 
Jn ]n ]n 

have been obtained from the fitting operation. Note that Uj and Cj are , n n 

fitted along the path lines, whereas Qijn is fitted for the region. 
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Now we can see a reason for using the derivatives as the series 

coefficients instead of the H's (in Eq. (A.3)). The D's have clear 

physical interpretations; hence, they are likely to each vary smoothly 

through the flow just as the Uj and Tj values do. Therefore, fitted 

values of the derivatives can be expected to construct a surface with a 

reasonable shape. 

3. Complete Function for Stress or Velocity 

The preceding fitting processes give a fully defined surface for 

stress or particle velocity as functions of time and distance. The sur

face function is obtained by combining Eqs. (A.2) and (A.4). 

L (~) + 
0 

4 

~ L i ( ~) D i j (h) 
i al 

(A. 7) 

In this expression only ~ is a function of time, but ~ (through T j) and 

all other terms are functions of h. This surface function is continuous 

across the path lines and has well-defined derivatives everywhere except 

across the path lines. At the path lines, the au/ot derivatives are 

discontinous in general. 

Having fitted a surface in position-time space to the velocity or 

stress data, we can now calculate a velocity or stress value at any 

position and time within the flow. To begin the evaluation, consider the 

small section of a stress surface in Figure A.3. A line at constant h is 

drawn on the surface from one path line to the next. The intersections 

of this h-line and the path lines occur at the stress and time points 

Uj,Tj and Uj+l' Tj+l· Hence our first step is to compute these 

intersection values along the path lines from the fits in h: Eqs. 

(A.6). The four derivative values Dij (i = 1,4) are evaluated for the 

jth region between the two path lines j and j+l also using Eqs. (A.6). 

I 
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Then ~is computed from its defining equation (Eq. (A.l)). The Li values 

are determined from their definitions in Table A.l. Finally we can 

evaluate the stress from Eq. (A.7). (These steps are provided in the 

computer function GETU and subroutine GETS). 

4. Study of the Cubic Fit 

The cubic equation makes a good representation of the data in many 

intervals. However, under some circumstances, the function is not mono

tonic. Yet a monotonic function is required for the later steps in the 

Lagrangian analysis. Some possible forms for the cubic equation are 

shown in Figure A.4. The purpose of this subsection is to examine the 

cubic and find ways to produce a cubic fit that will always be mono

tonic. First we study the general nature of the cubic equation as used 

in the fitting process. Then a test is developed to determine whether 

the cubic is monotonic. If the curve is not monotonic, a method is 

provided for adjusting the curve to make it monotonic. 

Theoretical Background 

The study of the cubic is begun by taking Eq. (A.3) for the quintic 

and omitting the H4 and Hs terms. Using Eq. (A.S) we can replace the H's 

with the first derivatives n1 and D2 at each end of the interval. The 

resulting equation for the cubic is 

(A.R) 

Thus we see that two slopes completely define the cubic. Now we consider 

the possible combinations of D1 and D2 which provide a monotonic cubic. 

First in our examination of the permissible ranges of the deriva

tives we note that neither derivative can he less than zero. Hence, in 

the Dl - D2 plane, only the first quadrant represents acceptable cubics 

(see Figure A.S). 

Next we examine the first derivative of f(~) and look for roots of 

the derivative function. These roots correspond to extrema of the cubic 
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and we want to have no extrema in the range 0 < ~ < 1. The fjrst 

derivative of f(~) is 

Setting f'(~) to zero, we have a quadratic equation in ~for identifying 

the extrema. The discriminant of this quadratic is 

For d < O, there are no real roots so the function is monotonic. There

fore we compute the locus of d = 0 to find sets of n1 and D2 for which 

the cubic is monotonic. The d - 0 curve is shown in Figure A.S. The 

region where there are no roots is within the ellipse. 

A systematic examination of the nature of the cubics in the n1 - n2 
plane were made by plotting the curves. Some of these plots are shown in 

Figure A.6. From an examination of these curves it appears that the only 

region for monotonic solutions is bounded by the n1 = 0 and n2 = 0 lines 

and the outer curve of the discriminant d = 0. 

Application to the Current Fitting Problem 

From the foregoing background we can now provide a test to determine 

whether any cubic is monotonic in the range of 0 < ~ < 1, and then give 

a means for adjusting its coefficients to make it monotonic. 

The test must determine whether the first derivatives at the end 

point lie within the acceptable region of the D1 - D2 plane as shown in 

Figure A.S. First we test whether the derivatives are positive, and then 

whether they represent a point below the outer curve defined by the 

discriminant. 

If the cubic is not monotonic, it can be adjusted by recomputing the 

first derivatives so that they lie in the acceptable region of Figure 

A.S. The correction procedure is illustrated in Figure A.7. The first 

step for all points is to move them along a 45 degree line toward the 
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coordinate axes of the first quadrant. Then, for points outside the 

first quadrant, both derivatives are brought into the range of 0 to 3. 

For points in the first quadrant, as the o1 ,o2 point is brought down 

along a 45 degree line toward the coordinate axes, it may strike either 

the axes or the ellipse. From the equation for the ellipse, we can 

deduce that the line will strike the ellipse if ln1 - o21 is less 

than 213. If the line strikes one of the axes before hitting the 

ellipse, the solution is taken as (0,3) or (3,0), as appropriate. If the 

line strikes the ellipse, the solution is taken as the point of 

intersection. This point is given by 

(A.ll) 

(A.12) 

where Q = o1 - o2, using the original values of o1 and D2. 

After making these adjustments in o1 and o2 , the cubic is monotonic, 

and also fairly close to the derivative values determined from the least 

squares fit. 

The initial fit to the cubic, tests for monotonicity and adjustments 

to make the function monotonic are in the subroutine, CUBIC. 

5. Incremental Method for Fi.tting Data to a Quintic Polynomial 

A quintic polynomial can be directly fitted to a series of data 

points. However, when it is necessary that the polynomial represent a 

monotonic function between certain limits, the direct fit may not be 

useful. In fact, usually the quintic provides a curve which is non

monotonic. Therefore, an alternate approach is developed here in which 

the quintic is fitted only incrementally. We start with a valid, mono

tonic cubic fit to the data, and gradually modify the coefficients of 

this fit to reduce the variance and yet keep the curve monotonic. 
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The initial fit to the quintic is performed by QUINTIC on a call 

from SMOOTH. The cubic fit is done in CUBIC and the incremental 

refitting is done by QUINFIT. 

Designating the Quintic 

In outlining the method for fitting the quintic incrementally, we 

begin by specifying the polynomial in a form that is especially 

convenient for the fit. The constant and linear terms of the polynomial 

are already given by the requirements that the function go from 0 to 1 

over the dimensionless time interval 0 < ~ < 1. For these conditions the 

constant term is 0 and the linear term is simply ~. Now there are four 

additional coefficients in the quintic to modify for an optimum fit. We 

can specify the remaining terms in the quintic in many ways; for example, 

using the H factors as in Eq. (A.3) or the derivatives (D's) as in Eq. 

(A.5). The H form is rewritten here as follows 

5 
f( ~) - ~ Hihi (A.3a) -

where 
i=1 

h1 - ~ -
h2 - ~ (1 ~) - -
h3 - ~2(1 - ~) (A.13) -
h4 - ~2(1 - ~)2 

hs - ~3(1 - ~)2 

This form of the quintic expansion is useful for some purposes but not 

for the incremental fitting because these four functions are not ortho

gonal, that is, they do not represent distinctly different shapes. 

Therefore, we chose a set of modified Legendre polynomials to represent 

the quintic. The standard Legendre polynomials are defined over the 

interval -1 < X < 1, and are given by 
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Po -- 1 

pl - X 

p2 - (3X2 - 1)/2 

p3 - (SX3 - 3X)/2 (A.14) -
p4 -- (3SX4 - 30X2 + 3)/8 

Ps - (63x5 - 70X3 + lSX)/8 

These functions are orthogonal to each other over the interval -1 to 1, 

but they each equal ±1 at each end of the interval. Therefore we 

modified them by adding either -1 or -X to each of tnem. Then we 

transformed them to the interval 0 to 1 using ~' where X = 2~- 1. 

The redefined polynomials are 

Q2 = -6h2 

Q3 - -20h3 + 10h2 

Q4 - 70h4 - 20h2 

Q5 = 252hs - 126h4 - S6h3 + 2Bh2 

(A.lS) 

These functions are illustrated in Figure A.8. They are mutually ortho

gonal except for 2 with 4, but these two represent clearly distinct wave 

forms. Therefore, these four functions should provide an appropriate 

form for the quintic. 

The quintic is written as follows for the fitting process. 

(A.16) 

This form for f(~) can be compared with that in Eq. (A.3a) to relate the 

coeffFcients. The results are 

H2 - - 6B2 + 10B3 - 20B4 + 28Bs 

H3 - - ZOB3 - S6Bs 

H4 - 70B4 -126Bs (A.17) 

Hs - zszs5 
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And in the reverse direction, 

Bs = Hs/252. 

B4 = H4/10 + HS/140 (A.l8) 

B3 - -H3/20 - HS/90 

B2 - -H2/6 - H3/12 - H4/21 - Hs/42 

Similarly we can relate the derivatives (D's) to the B coefficients, 

using Eq. (A.S). 

Dl - 1 - 6B2 + lOB3 - 20B4 + 28Bs 

n2 - 1 + 6B2 + lOB3 + 20B4 + 28Bs -
D3 - 12B2 - 60B3 + 180B4 - 420Bs (A.l9) 

D4 = 12B2 + 60'B3 + 180B4 + 420Bs 

And in the reverse direction, 

B2 - (- 9Dl + 9D2 - n3 - n4)/84 -
B3 - (-30 + lSD1 + 1SD2 + n3 - n4)/180 (A.20) 

B4 - (2Dl - 2n2 + D3 + D4)/280 -
Bs -- (12 - 6D1 - 6D2 - n3 + n4 )/504 

It is noteworthy that there is a significant amount of symmetry in these 

relations. 

Now that the form of the quintic has been provided as well as the 

relations between the coefficients and the end derivatives, we can 

develop the method- for making the incremental solution. 

Incrementing procedure: 

The incremental fit of the quintic to a set of data begins by 

performing a fit to the cubic equation (in CUBIC), as described in 

Section 4 of this Appendix. After the cubic fit has been made (and 

adjusted, if necessary), we have values for all four derivatives: D1, U2, 

D3, D4. Actually, only D1 and D2 were varied to make the cubic fit, and 

' 
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the second derivatives were determined by differentiating the 

function f(t) in Eq. (A.8): 

D3 = 6 - 4D1 - 2D2 

D4 = -6 + 2D1 + 4D2 (A.21) 

When we use Eq. (A.20) to compute our first estimates of the B's, we find 

that B4 and Bs are zero. Hence, the cubic is a subset of the quintic 

written as a series of modified Legendre polynomials. 

Now the incrementing is begun in QUINFIT by designating a 

nondimensional increment size ~ = 0.032. Then a computational loop is 

constructed in which we test the suitability of incrementing each of the 

B's. The loop has these steps: 

o Increment each Bi by +6 and -6, generating a matrix Bik, 

in which k is 1 for +6 and 2 for -6. Thus R cases are 

considered. 

o Using the current set of B's (with one modified), compute the 

variances vik and test whether the function is monotonic. 

Nonzero values of the reverse area Aik as shown in Figure A.9 

indicate whether the function is monotonic. 

Aih =~[max (Y 1 , Y2 ••• Yj ) - Yj] 

j 

o Examine the variances (only for monotonic functions), comparing 

0 

the new ones with the variance Vstd of the function with 

unincremented coefficients. 

If the smallest Vjk is less than Vstd, set 

If no Vjk is smaller than Vstd, reset 6 to 

B· = J 
6/2. 

o Test the completion criteria: 

The number of increments (!COUNT) is greater than an input 

value (ICTMAX) 
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The value of ~ is less than 0.001 

The variance Vstd is less than 0.001Y2 , where Y is 

representative of the amplitude of the curve. 

If none of these criteria is met, return to the beginning of the 

loop and repeat it. 

l~hen one of the completion criteria is met, the derivatives (D's) 

are computed from the B's and passed back to the calling subroutine 

SMOOTH. 

Discussion 

The foregoing procedure can be used to develop a monotonic quintic 

function that fits a set of data to a high degree of accuracy. From our 

observations it seems that the quintic function provides too close a fit 

to the data; we may desire a smoother, lower fidelity fit. Therefore we 

usually set ICTMAX to 5. With this control, the first fit is made with 

the cubic, and then a few cycles of improvement are allowed. After five 

passes through the loop, the quintic function is still fairly smooth; 

however, the user should examine the results and judge for himself 

whether different fitting controls should be used in each interval. In 

some past problems even the cubic seemed to give an inappropriate amount 

of curvature. 

The cubic fit may not always give optimum results because of the 

correction procedure which is used if the least squares fit gives a non

monotonic cubic. But the correction procedure only makes the curve 

monotonic, it does not necessarily minimize the variance nor provide a 

function with the appropriate curvature (as judged by eye). Hence, in 

some cases it may be necessary to use the quadratic to get what seems to 

be an appropriate fit. 

If problems arise in the fitting process, the parameter IBUG (in the 

main input file) can be set to 1 or 2. IBUG = 0 is used for normal 
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printout of the data and fitting information. With IBUG set to 1, 

additional information is printed about the fitting process so that the 

steps in the fitting and refitting can be followed. If still more 

information is desired, IBUG can be set to 2. With IBUG • 2, a very 

complete set of information is printed, including a listing of the curve 

shape at each stage of the fitting process. 

I 

A-24 



Appendix B 

PARTIAL AND TOTAL DERIVATIVES ON THE SURFACE 

This appendix continues the derivation of derivatives formulas begun 

in Section II.C. There the partial derivative of stress with respect to 

time was presented. Here the total derivatives along the path line and 

partial derivatives with respect to h are given. 

1. Total Derivatives du/dh and dt/dh 

The total derivatives along the path lines are computed directly 

from the defining expressions (Eqs. 11 and A.6) for velocity, stress, and 

time. The results for values on the jth path line are 

(B.1) 

These expressions are used repeatedly in the following derivations of the 

partial derivatives. 

When the total derivatives are required between path lines, they are 

obtained by a simple proportionality. The derivatives are evaluated at 

the nearby path lines for the given h, and ~is computed from Eq. (10). 

Then the required derivative is 

dt (dT) (dT) (dT) db = db j + ~ db j+ 1 - db j (B.2) 

where the subscripted derivatives were obtained from Eq. (B.1) on the 

indicated path lines. 
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2. Partial Derivatives with Respect to Position 

The partial derivatives with respect to position (h) are somewhat 

more complex than those with respect to time, because all terms, includ

ing ~, are functions of h. For the nonlogarithmic case, we simply 

differentiate the defining equation for the h-t function with respect to 

h, obtaining 

where 

and 

4 

oh u' + (u' - u') L (~) + 
j j+l j 0 L -= 

+ (u - u ) 
j+l j 

4 

L 
i=l 

i=l 

Li(~) D' ij 

4 

+ ( u - u ) L ' ( ~) + ~ 
j+l j o L L

1
' ( ~) D 

ij 

u'. = duj = 
J dh 

dDij 
= = 

dh 

L' = 
i 

' 

i=l 

(B.S) 

B-2 

(B.3) 

-oh 

(B.4) 

(B.6) 

I 

\ 



(B.7) 

The L' functions are given in Table A.l. 

When the fitting process is performed using logarithms of the 

values, we introduce the additional quantities of Y for stress or 

velocity and ~ for time. These two quantities have the general meaning: 

Y ~ log ( a + o:bi ) . as 
(B.8) 

and ~ = log (T + Tbias) 

Y and ~ are found from the fitting functions: 

(B.9) 

By inverting Eq. (B.8), we can obtain expressions for aj, Tj, daj/dh 

and dTj/dh. 

a j = exp (Y j) -

d aj 
= exp dh 

a 
bias 

3. Second Partial Derivative of Stress with Respect to Position 

(B.lO) 

(B.ll) 

For determining the specific volume when stress data are available, 

it is necessary to obtain the second partial derivative of stress with 

respect to position. This expression is readily obtained from Eq. B.3 

for the first derivative (replacing u by a): 
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2 
a a 

ah
2 

a" + (a'' -= 
j j+l 

+ 2 (a' - a') 
j+l j 

+ (a - a) 
j+l j 

+ L"(~) + 
0 

+ L' ( ~) + 
0 

4 

L 
i=l 

a")[L (~) 
j 0 

4 

L 
i=l 

.. 

L ( ~) 
i 

L' ( ~) 
i 

L ( ~) 
i 

4 

+ L Li (~) Dij] 
i=l 

D' 
ij 

+ L' ( ~) 

n• a~+ 
ij ah 

2 
0~ -oh 

0 
+ 

4 

L L ( ~) 
i 

i=l 
-

D" 
ij 

(B.12) 

The second derivatives of the L quantities are also shown in Table A.l. 

The second derivatives of aj and Dij are actually total derivatives along 

the path line direction because these quantities are not functions of 

time. Hence these derivatives are: 

a'j :II 2 u j2 (B.13) 

(B.14) 

The logarithmic case is a natural extension of the preceding results 

for the first derivative in the logarithmic case. 

4. Initialization of the Partial Derivative of Velocity 

For calculating specific volume with stress data, it is necessary to 

obtain the partial derivative of velocity with respect to position 

throughout the flow. This derivative is presumed to vary smoothly within 

each region of the stress surface, but may be discontinuous at the joints 

between surfaces, that is, along the path lines. Therefore, the 
' 

derivative values are computed within a region using the second partial 
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derivative of stress (from the preceding section), but they must be 

initialized along all path lines. 

To determine the partial derivative of velocity, we make the 

standard expansion using the chain rule of differentiation: 

&1/()h =- du/dh - Ou/Ot dt/dh (B.15) 

and use the momentum equation, Eq. (2). Combining Eqs. (B.lS) and (2), 

we have 

&1/()h = du/dh + 1 ()a/~ dt/dh 
Po 

(B.l6) 

The two derivatives in the last term can be computed from the stress and 

time functions by direct differentiation. However, no surface has been 

generated for the velocity values; these values are being generated now 

by integrating the stress data. Therefore, to determine du/dh we con

struct a fit through the velocity values along the path line, and dif

ferentiate the fit to obtain the needed derivative. 

The computation of the velocity derivatives is handled in two 

steps. First, a matrix E' is constructed such that 

(du/dh)k = E' U 
k .R. .R. 

(B.17) 

where u
1 

represents the computed velocities at the h.R. positions of 

interest, and (du/dh)k is the array of derivatives at these same 

positions. The E' matrix is computed by considering a parabolic 

expansion in h, computing the coefficients by a least squares fit, and 

then differentiating the series with respect to h. The computation is 

handled in subroutine LSTSQ2 and described in Appendix c. Following 

computation of the E' matrix, the derivatives are obtained by conducting 

the multiplication indicated in Eq. (B.17). This multiplication is 

handled in subroutine DERIV; that calculation is also indicated in 

Appendix C. 
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With the foregoing procedure, we compute du/dh in the following way: 

• Compute a matrix E' based on the h-lines being treated. 

• Compute the velocity values throughout the preceding 
region (for all h lines) up to the path line of interest. 

• Multiply E' times the current velocity values to obtain 
the derivatives. 

This calculation completes the determination of the partial derivative of 
velocity with respect to position on the path lines. 

B-6 



APPENDIX C 

LEAST SQUARES FITTING ROUTINES LSTSQ2 AND DERIV 

At several points in the Lagrangian analysis it is necessary to fit 

velocity or stress data on a path line to a series expression. Let Yj be 

the velocity or stress values defined at locations hj. These Y data are 

fitted to the series: 

K 
G(h) =L 

i=O 

i 
a h 

i 
(C.1) 

where ai represents the least squares fitting coefficients, G is the 

value of stress or particle velocity at h on the fitted path line, and K 

is the highest power in the series. Derivatives of the fitted function 

can be defined simply: 

dG(h) 
db 

2 
d G(h) 

2 
db 

K 

=L 
i=l 

i-1 
i a h 

i 

K 

-L i(i-1) a 
i 

i=2 

i-2 
h 

(C.2) 

(C.3) 

Hence we obtain the function and its derivatives from a single fitting 

operation. 

Two different fitting procedures are required in the analysis. In 

the first, we provide data at a fixed set of h values and require the 

fitted G values at the same h locations. Because the h values are a fixed 

set and only the Yj values vary, it is convenient to recast Eq. (C.1) in 

the following form: 
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(C.4) 

where the ~j matrix is determined by the least squares fit and J is the 

number of h values in the set (J is usually the number of gages). For 

this problem, ~j can be determined once and then used on every path line 

to compute the fitted values Gk at the specified h locations. 

To begin the derivation of the E matrix, we write the squared error 

function for the least squares fit: 

J 
2 L £ = (G - y ) 

j j 
j=l 

J K 
2 L L i - a hj -

i 
j=l i=O 

We differentiate £ with respect to each of the fitting coefficients ak 

and set the K + 1 equations to zero. 

= 0 (C.S) 

In the matrix form, this equation is 

(C.6) 

where 

J 

L i+k 
H - h 
ki j 

j=l 
I 

and 
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J 

zk • L 
j=1 

By inverting Eq. (C.6), we solve for the unknown ai values. 

or 

-1 
H 
ki 

J 

2: 
j=1 

J 

=2: 
j=1 

(C.7) 

Now we replace ai in Eq. (C.1) by this expression to obtain the value of 

G at some h1 in the set of h values. 

i 
a h = 

i .t 

K 

h~ 2: 
k=O 

-1 k 
Hki hj 

For clarity we define a new matrix E such that 

K 

=2: 
i=O 

K 
i 2: -1 k h H h 
.t k=O ki j 

(C.8) 

(C.9) 

With E defined in this way, we can use Eq. (C.4) to obtain G at any h 

value in the set. 

When the first derivative is required, we start with the expression 

in Eq. (C.2) and defin~ a matrix E'. 
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dGl K 
i-1 

~ - iai h 1 
-

db 

J K 

2>j L i-1 - ih .t 
j=l i=l 

and E' is defined as 

K 

E' 
.tj =L 

i=l 

K· 

L 
k=O 

-1 
H 
ki 

K 

~ 

k 
h 

j 

-1 
H 
ki 

h 
k 
• 
J 

J 

L E' - y -
lj j 

j=l 

From a comparison of Eqs. (C.9) and (C.ll) for Elj and E' , it is 

how to construct the appropriate E matrices for higher de;~vatives. 

(C.lO) 

(C.ll) 

clear 

The preceding computation for the E matrices was written into a 

small subroutine called LSTSQ2. To determine the G values using Eqs. 

(C.4), a second subroutine, DERIV, was developed. During a GUINSY 

computation, LSTSQ2 is called once to obtain the E matrix. Then DERIV is 

called to obtain a set of G's as each path line is reached. 

In the second type of least squares fitting operation, we require 

the function and its derivatives at arbitrary h values along the path 

lines. The derivation begins with Eq. (C.8), in which we presume that 

h = h
1 

is an arbitrary location within the range of gages, and restrict 

our attention to one path line. We define a new matrix W as the terms in 

the rightmost summation in Eq. (C.8): 

' 

w 
ji 

-1 k 
H h 
ki j 

(C.l2) 

Then the value of G at h is obtained by combining Eqs. (C.8) and (C.l2): 

(C.l3) 
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Here the computation of G is accomplished in three steps. First Wji is 

computed in LSTSQ2 from Eq. (C.l2). Then the product Yj Wji is formed in 
UTHFIT: 

y w 
j ji (C.l4) 

Finally G is evaluated at many places in GUINSY from 

(C.lS) 

This second fitting procedure is used for particle velocity or stress 

values on each path line, for time along the path line, and also for each 

derivative D in the regions between path lines. The coefficients in Eq. 

(C.lS) are called in this report U for velocity and stress, C for time, 

and Q for the D derivatives. 
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APPENDIX D 

LISTING OF GUINSY AND ITS SUBROUTINES 

The following listing contains all the subroutines used with GUINSY, 

listed in alphabetical order after the main program. ANALYT is called by 

GUINSY to construct analytical stress or velocity his.tories. BUBBLE is 

called by GUINSY to arrange the X values in numerical order. CUBIC is 

called by SMOOTH to fit the data to a cubic curve. DERIV is called by 

STRESS to obtain du/dh along a path line. FDTDH is a function used by 

VELOCITY and STRESS to compute dt/dh and FDUDT is called by VELOCITY to 

compute the partial derivative of velocity with respect to time. GETS is 

called by both VELOCITY and STRESS to compute the stress and its first 

and second partial derivatives with respect to Lagrangian distance. GETU 

is called by VELOCITY and UTLINE to compute the particle velocity. GRAF 

produces graphs on calls from GUINSY and PLOTCON. LSTSQ2 is used by 

UTHFIT and STRESS to perform least squares fitting; it calls MINV. 

PLOTCON arranges for some of the plots for GUINSY, and calls GRAF and the 

system routine GRAPH4. QUADR, QUARTIC, QUINFIT, and QUINTIC are called 

by SMOOTH to produce the quadratic, quartic, and quintic fits. REDR is 

used by SMOOTH to find data files containing the measured histories. 

SIMQ is used in SMOOTH to solve simultaneous equations. SMOOTH fits the 

stress or velocity records as functions of time and uses CUBIC, QUADR, 

QUARTIC, QUINFIT, QUINTIC, REDR, and SIMQ to perform the task. STRESS 

{called by GUINSY) integrates the equations of conservation of momentum, 

mass, and energy to obtain velocity, specific volume, and energy for 

stress records. UTHFIT fits the velocity, stress, time and derivative 

information to parabolas in distance (called by GUINSY, calls LSTSQ2). 

UTLINE constructs points along the path lines for plotting {called by 

GUINSY, calls GETU). VELOCITY (called by GUINSY) integrates the 

equations of conservation of momentum, mass, and energy to obtain 
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stress, specific volume, and energy for velocity records. XINT is called 

by VELOCITY to locate X positions along a path line for known times. 

In addition to the functions and subroutines provided, there are 

calls to the general system routines DATE and SECOND and to the plotting 

routines GRAPH4, GINITL and GPLOT. 

GUINSY uses File 5 as its standard input and File 6 for the standard 

output. In addition, File 2 is used for storing the stress or velocity 

records for input to the program. GUINSY writes the derivatives and fits 

to the surfaces to File 8 for use in other programs, and it writes the 

volume, time, and stress histories to File 14. 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

PROGRAM GUINSY3 

*** LAGRANGIAN ANALSIS OF STRESS OR VELOCITY GAGE DATA *** 

GUIN 
GUIN 
GUIN 
GUIN 
GUIN 

GUINSY TAKES STRESS OR PARTICLE VELOCITY RECORDS FROM MULTIPLE, GUIN 
EMBEDDED GAGES AND COMPUTES STRESS, VELOCITY AND SPECIFIC VOLUME GUIN 
HISTORIES. STRESS HISTORIES, VELOCITY HISTORIES, STRESS-VELOCITY GUIN 
CURVES AND STRESS-VOLUME PATHS ARE PLOTTED. COMBINATIONS OF VELOCITYGUIN 
GAGES AND A STRESS GAGE CAN ALSO BE TREATED. GUIN 

GUIN 
*** DEFINITIONS *** GUIN 

H PARTIAL DIFFERENTIATION WRT LAGRANGIAN LOCATION GUIN 
GTYPE IS THE INDICATOR FOR TYPE OF ANALYSIS TO PERFORM: GUIN 

" STRESS " MEANS A SERIES OF STRESS GAGES. GUIN 
C " VELOCITY " MEANS A SERIES OF VELOCITY GAGES, AND POSSIBLY GUIN 
C A STRESS GAGE OR FREE SURFACE. THE INTEGRATION METHOD USED GUIN 
C DEPENDS ON INTEG AND ON !STRESS. FOR INTEG = 1, THE GUIN 
C APPROX. INTEGRATION ALONG A GAGE PATH (ASSUMING THIRD GUIN 
C DERIVATIVES ARE ZERO) IS USED. FOR ISTRESS = -f AND INTEG GUIN 
C = 0 1 THE CONSTANT TIME INTEGRATION IS USED UNTIL THE WAVE GUIN 
C FRONT REACHES THE LAST GAGE, THEN THE APPROX. METHOD IS USED.GUIN 
C FOR ISTRESS = 0 OR 1 AND INTEG = 0 1 THE CONSTANT TIME GUIN 
C INTEGRATION IS USED. GUIN 
C INTEG INDICATOR FOR TYPE OF INTEGRATION FOR STRESS, GIVEN U GAGES GUIN 
C 0 MEANS CONSTANT TIME INTEGRATION GUIN 
C 1 MEANS INTEGRATION ALONG H, ASSUMING ZERO THIRD DER.S GUIN 
C !STRESS INDICATOR FOR STRESS BOUNDARY CONDITIONS FOR VELOCITY DATA GUIN 
C - 1 MEANS NO STRESS BOUNDARY GUIN 
C 0 MEANS FREE SURFACE AT LAST X POSITION GUIN 
C 1 MEANS A STRESS HISTORY AT THE LAST X POSITION GUIN 
C LINE(NL,NG) INDICATOR FOR PATH NL AT GAGE LINE NG. GUIN 
C -1 NO POINT ON THIS GAGE LINE GUIN 
C 0 ONE POINT ON GAGE LINE GUIN 
C N NO. OF THE OTHER PATH LINE FOR A DOUBLE POINT GUIN 
C IPLOT INDICATOR FOR PLOTTING GUIN 
C 0 PLOTS GUIN 
C 1 NOPLOTS GUIN 
C NGAGE NUMBER OF STRESS OR VELOCITY GAGES GUIN 
C NP HIGHEST POWER USED IN FITTING U AND S IN THE Z DIRECTION GUIN 
C NPLOG AND NTLOG = 8H LOG FOR SEMILOG FIT WITH NP AND NTH. GUIN 
C OTHERWISE AN ARITHMETIC FIT IS USED. GUIN 
C NPT DESIRED NO. OF POINTS IN EACH REGION OF EACH RECORD GUIN 
C THE NUMBER OF INTERVALS IS NPT-1 GUIN 
C NREGION NO. OF FLOW REGIONS INTO WHICH HISTORIES ARE DIVIDED. GUIN 
C NTH HIGHEST POWER USED IN FITTING T IN THE Z DIRECTION GUIN 
C RHO INITIAL DENSITY GUIN 
C S STRESS (SA IS RAW DATA) GUIN 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

T TIME, OR PARTIAL DIFFERENTIATION WRT TIME (TA IS RAW DATA) GUIN 
U PARTICLE VELOCITY (UA IS RAW DATA) GUIN 
V SPECIFIC VOLUME GUIN 
X LAGRANGIAN LOCATION GUIN 
z DIFFERENTIATION WRT LAGRANGIAN LOCATION ALONG PATH LINE GUIN 

*** SUBROUTINES REQUIRED *** 
ANALYT, BUBBLE, CUBIC, DERIV, 
GRAF, LSTSQ2, .MINV, PLOTCON, 
QUINTIC, REDR, SIMQ, SMOOTH, 
VELOCITY, XINT 

FDTDH, FDUDT, GETS, GETU 
QUADR, QUARTIC, QUINFIT, 
STRESS, UTHFIT, UTLINE, 

JULY 8, 1985 GUINSY ALSO WRITES THE DERIVATIVES AND 
FITS TO THE SURFACE TO FILE 8, FOR USE IN PROGRAMS 
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GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 



C KZERO AND PRVDEV, AND THE VOLUME, TIME, AND STRESS TO GUIN 63-
C FILE 14 FOR USE IN PRVDEV. GUIN 64 
C GUIN 65 

IMPLICIT REAL*8 (A-H,O-Z) GUIN ~6 
REAL*4 TPLOT(30),XPLOT(30) GUIN 67 
CHARACTER*9 Z1 GUIN 68 
CHARACTER*10 DISCPT,A1,A2,A3,A4,Z2,Z3,Z4,IDAT,GTYPE GUIN 69 
CHARACTER*80 LABEL(3) GUIN 70 

C GUIN 71 
INCLUDE '[B6391.GUIN]GUINCOM.FOR' GUIN 72 
COMMON /DER/ DERIVS(1000),ULINE(10,25),TLINE(10,25),LINE(10,25), COM 1 

1 NLINE,NPT(10),NPTA(25) COM 2 
REAL*8 NPLOG,NTLOG COM 3 
COMMON /LOG/ NPLOG,NTLOG,SBIAS,TBIAS,UBIAS COM 4 
COMMON /FIT/ DERFIT(120),CTH(3,10),UFIT(3,10) COM 5 

C COM 6 
COMMON /COM/ S(1000,25),U(1000,25),EM(1000,25),ENG(1000,25), COM 7 

1 C(1000,25),T(1000,25),V(1000,25),TYME(1000),EMV(1000,25) COM 8 
COMMON /RAW/ SA(1000,25),TA(1000,25) COM 9 
COMMON /X/ X(45),XREQ(20),XCOM(25),XUNIQ(25),NHORDR(25), COM 10 

1 LINECT(25),NREVRS(25) COM 11 
COMMON /T/ FIRST COM 12 
COMMON /TUU/ TIMEH(25,10),UDER(4),UDERH(4) COM 13 
COMMON /INT/ XINTER(25),TINTER(25),JSTART(25),JSTOP(25) COM 14 

C GUIN 73 
DIMENSION DISCPT(10) GUIN 74 
DIMENSION UH(25),UHL(25) GUIN 75 
DIMENSION AFIT(6,6),Y(10) GUIN 76 
DIMENSION IAR(7) GUIN 77 
DATA IAR/-1,0,0.0,0,0,5/ GUIN 78 

C GUIN 79 
CALL DATE(IDAT) GUIN 80 
CALL GINITL(O) GUIN 81 
WRITE (95,7216) GUIN 82 

7216 FORMAT ('SET VIEWPORT J (-.95 .95 -.95 .95)') GUIN 83 
DISCPT(1)=IDAT GUIN 84 
CALL SECOND(FIRST) GUIN 85 

C GUIN 86 
C ******** ********GUIN 87 
C READ GENERAL INPUT DATA GUIN 88 
C ******** ********GUIN 89 
C GUIN 90 
C *** READ DESCRIPTION CARD - FORMAT 8A10 GUIN 91 

10 READ (5, 9010, END=999) (DISCPT (I), I•2,5) GUIN 92 
13 WRITE(6,9015) IDAT GUIN 93 

DO 14 I=1,300 GUIN 94 
DO 15 J=1,25 GUIN 95 
S(I,J)-0. GUIN 96 
U(I,J)-0. GUIN 97 
EM (I, J) =0. GUIN 98 
ENG(I,J)=O. GUIN 99 
C(I,J)=O. GUIN 100 
T(I,J)-0. GUIN 101 
V(I,J)=O. GUIN 102 
EMV(I,J)=O. GUIN 103 
SA(I,J)=O. GUIN 104 

15 TA(I,J)=O. GUIN 105 
TYME(I)=O. GUIN 106 

14 CONTINUE GUIN 107 
DO 18 I=1,25 GUIN 108 
UH(I)=O. GUIN 109 

18 UHL (I) =0. GUIN 110 
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WRITE (6,9010) (DISCPT(I), !=2,5) 
WRITE (8,9010) (DISCPT(I), I= 2,5) 

C *** READ GENERAL RUNNING CONTROLS 

GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 

READ (5,9024) A1,NA,NB,NC,ND,NE,NF,NG,A2,NGAGE,A3,NPLOG, 
1 NP,A4,NTLOG,NTH 

GTYPE = , VELOCITY I 

NP = MIN (2,NP) 
IF (NA. EQ. , s I • OR. NB. EQ. , s I • OR. NC. EQ. , s I • OR. ND. EQ. I s I ) 

1 GTYPE = I STRESS 
WRITE (6,9025) A1 1GTYPE,A2,NGAGE1A3,NPLOG,NP1A4,NTLOG,NTH 
READ (5,9035)A1,RH01A2,NLINE,A3,IANAL,A4,INTEG 
WRITE (619036) A1,RHO,A2 1NLINE,A3 1IANAL,A4 1INTEG 
READ (519050) A1,NREQ,A2,ISTRESS 1A3,XSTR1A4,IBUG 
WRITE (6,9051) A1,NREQ,A2,ISTRESS,A3,XSTR,A4,IBUG 
READ (5,9052) A1,IPLOT 
WRITE (6,9052) A1,IPLOT 
NLINM1 = NLINE-1 
READ (5,9030) A1 1 (NPT(I),I=1,NLINM1) 
WRITE (6,9030) A1, (NPT(I),I=1 1NLINM1) 
NG7=MIN(7,NGAGE) 
READ (5, 9020) A1 1 (X(K) 1K=1 1NG7) 
IF (NGAGE.GT.7) READ (5 19019) (X(K) 1K=8 1NGAGE) 
WRITE (6,9021) A1 1 (X(K) 1K=1,NGAGE) 
IF (NREQ .EQ. 0) GO TO 25 
NREQ = MIN(NREQ15) 
READ (5 19020) A1 1 (XREQ(K) 1K=1 1NREQ) 
WRITE (619021) A1 1 (XREQ(K) 1K=1 1NREQ) 

25 NXVAL = NGAGE+NREQ+MAX(ISTRESS 10) 
VZER0=1. /RHO 
NSTRESS = NGAGE+1 
X(NSTRESS) = XSTR 

c ******** 
c ANALYTICAL 

********GUIN 
STRESS AND VELOCITY HISTORIES - TEST CASE GUIN 
DATA ON TAPE 2 ********GUIN 

GUIN 
c ******** WRITE 

IF (!ANAL .EQ. 1) 
1 CALL ANALYT(IANAL,ISTRESS,GTYPE1NGAGE1NSTRESS) 

c 
c ******** 
c U - T1 

GUIN 
GUIN 

c 
READ HISTORICAL DATA, FIT TO CURVES IN 

AND GRAPH RAW AND SMOOTHED DATA, ONE GAGE 
READ FROM TAPE 2 

AT A TIME. 

********GUIN 
GUIN 
GUIN 

c 
c 

c 

******** ********GUIN 
GUIN 
GUIN 
GUIN 
GUIN 

9305 

200 

205 

CALL SECOND(XNOW) 
OUR = XNOW-FIRST 
WRITE (6 19305) DUR 
FORMAT (1 T T T T T 
IREAD=O 

TIME AT BEG. OF SMOOTH ='1PE12.5,' 

KPLTYPE = 1 
IF (GTYPE .EQ. I STRESS 

' JFIN = 1 
I) KPLTYPE - 2 

DO 200 I = 1,NLINM1 
JFIN = JFIN+NPT(I)-1 
DO 210 K=1,NGAGE 

<<<< SMOOTH >>>> 
IF (GTYPE .EQ. 1 STRESS ') GO TO 205 
CALL SMOOTH(U(1,K),SA(1,K),T(1,K),TA(1,K) 1IBUG,Z1,Z2) 
IF (!PLOT .GT. 0) GO TO 208 

SECONDS')GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 

CALL GRAF(U(1,K),SA(1,K),T(1 1K) 1TA(1,K),NPTA(K),JFINIDISCPT, GUIN 
GUIN 
GUIN 
GUIN 
GUIN 

1 KPLTYPE,IREAD1NGAGE1K1Z1,Z2) 
GO TO 208 
CALL SMOOTH(S(1,K),SA(1,K),T(1,K),TA(1,K),IBUGIZ1,Z2) 
IF (!PLOT .GT. 0) GO TO 208 
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111 
112 
113 
114 
115 
116 
117 
118 
119 
120 
121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 



CALL GRAF(S(1,K),SA(1,K),T(1,K),TA(1,K),NPTA(K),JFIN,DISCPT, GUIN 
1 KPLTYPE,IREAD,NGAGE,K,Z1,Z2) GUIN 

208 CALL SECOND(XNOW) GUIN 
OUR = XNOW-FIRST GUIN 
WRITE (6,9314) K,DUR GUIN 

9314 FORMAT (' T T T T T TIME AT END OF SMOOTH FOR GAGE NO. '!2, GUIN 
1 ' DURATION- '1PE12.5) GUIN 

210 CONTINUE GUIN 
C <<<< SMOOTH >>>> GUIN 

IF (!STRESS .LE. 0) GO TO 215 GUIN 
CALL SMOOTH(S(1,NSTRESS),SA(1,NSTRESS),T(1,NSTRESS),TA(1,NSTRESS),GUIN 

1 IBUG,Z1,Z2) GUIN 
IF (!PLOT .GT. 0) GO TO 211 GUIN 
CALL GRAF(S(1,NSTRESS),SA(1,NSTRESS),T(1,NSTRESS),TA(1,NSTRESS), GUIN 

1 NPTA(NGAGE+1),JFIN,DISCPT,2,IREAD,NGAGE,NGAGE+1,Z1,Z2) GUIN 
CALL SECOND(XNOW) GUIN 

211 OUR = XNOW-FIRST GUIN 
WRITE (6,9314) K,DUR GUIN 

215 CONTINUE GUIN 
c ******** 
c PRINT CALIBRATED STRESS OR VELOCITY HISTORIES 

********GUIN 
GUIN 

c ******** ********GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 

218 

220 

225 

226 

228 

IF (GTYPE .EQ. ' STRESS 
N1 = 1 
N2 = MIN(N1+3,NGAGE) 

') GO TO 225 

WRITE (6, 9042) (I, I, I=N1,N2) 
DO 220 J=1,JFIN 
WRITE (6, 9045) J, (T(J,K) ,U(J,K) ,K=N1,N2) 
CONTINUE 
N1 = N2+1 
IF (N2 .LT. NGAGE) GO TO 218 
IF (GTYPE .EQ. ' VELOCITY ' .AND. !STRESS .LE. 0) GO TO 229 
NRANG = NGAGE 
IF (!STRESS .EQ. 1) NRANG = NSTRESS 
N1 = 1 
IF (!STRESS .EQ. 1) N1 = NSTRESS 
N2 = MIN(N1+3,NRANG) 
WRITE (6, 9043) (I, I, I=N1,N2) 
DO 228 J=1,JFIN 
WRITE (6,9045) J, (T(J,K) ,S(J,K) ,K=N1,N2) 
CONTINUE 
N1 = N2+1 
IF (N2 .LT. NRANG) GO TO 226 

c ******** 
c 

229 

230 

FIND RANGES OF TIME, STRESS, AND PARTICLE VELOCITY 
UMAX = ULINE(1,1) 
UMIN = ULINE(1,1) 
TIMMIN = TLINE(1,1) 
TIMMAX = TLINE(NLINE,1) 
DO 230 NG = 1,NGAGE 
TIMMIN = MIN(TIMMIN, TLINE(1,NG)) 
TIMMAX = MAX(TIMMAX, TLINE(NLINE,NG)) 
DO 230 NL = 1,NLINE 
UMAX = MAX(UMAX,ULINE(NL,NG)) 
UMIN = MIN(UMIN,ULINE(NL,NG)) 
CONTINUE 
IF (!STRESS .LE. 0) GO TO 240 
SMAX = ULINE(1,NSTRESS) 
SMIN = ULINE(1,NSTRESS) 
DO 235 NL = 1,NLINE 
SMAX = MAX(SMAX,ULINE(NL,NSTRESS)) 
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I 

GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 
GUIN 

1:!73 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
196 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 
209 
210 
211 
212 
213 
214 
215 
216 
217 
218 
219 
220 
221 
22?. 
223 
224 
225 
226 
227 
22R 
229 
230 
231 
232 
233 
234 



c 

SMIN = MIN(SMIN,ULINE(NL,NSTRESS)) 
235 CONTINUE 

TIMMIN = MIN(TIMMIN,TLINE(1,NSTRESS)) 
TIMMAX = MAX(TIMMAX,TLINE(NLINE,NSTRESS)) 

240 CONTINUE 
WRITE (6,1240) ((TLINE(NL,NG),NL=1,NLINE),NG=1,NSTRESS) 
WRITE (6,1241) ((ULINE(NL,NG),NL=1,NLINE),NG=1,NSTRESS) 

CONSTRUCT BIASES FOR LOG FITS 
UBIAS = MAX(-UMIN+0.1*(UMAX-UMIN),O.DO) 
TBIAS = MAX(-TIMMIN+0.1*(TIMMAX-TIMMIN),O.DO) 
SBIAS = MAX(-SMIN+0.1*(SMAX-SMIN),O.DO) 
WRITE (6,1242) UBIAS,TBIAS,SBIAS 

GUIN 235 
GUIN 236 
GUIN 237 
GUIN 238 
GUIN 239 
GUIN 240 
GUIN 241 
GUIN 242 
GUIN 243 
GUIN 244 
GUIN 245 
GUIN 246 

c ******** ********GUIN 247 
c FITTING THE U - T - H OR S - T - H SURFACE GUIN 248 
c ******** ********GUIN 249 

c 
c 

c 
c 

WRITE (6,1243) NP,NTH 
CALL UTHFIT(NGAGE,NP,NTH,LOCD) 

WRITE FILE 
WRITE (8,1033) 
WRITE (8,1045) 
WRITE (8,1035) 
WRITE (8,1036) 
WRITE (8,2037) 
WRITE (8,1037) 

TO USE IN PRVDEV AND KZERO 
Z1 
SBIAS,TBIAS,UBIAS 
((UFIT(I,J),I=1,3),J=1,NLINE) 
((CTH(I,J),I=1,3),J=1,NLINE) 
LOCO 
(DERFIT(I),I=1,LOCD) 

GUIN 250 
GUIN 251 
GUIN 252 
GUIN 253 
GUIN 254 
GUIN 255 
GUIN 256 
GUIN 257 
GUIN 258 
GUIN 259 
GUIN 260 

COMPUTE THE ESTIMATED MAXIMUM STRESS GUIN 261 
WRITE (6,1245) CTH(2,1),CTH(3,1),X(1),X(NGAGE) GUIN 262 
SMAXEST = RHO*UMAX/(CTH(2,1)+CTH(3,1)*(X(1)+X(NGAGE))) GUIN 263 

C ******** <<<< BUBBLE >>>> ********GUIN 264 
c FILL THE -XCOM- ARRAY AND PUT IN ORDER WITH A BUBBLE SORT GUIN 265 

CALL BUBBLE (NGAGE,ISTRESS,NREQ,NSTRESS,NXVAL,NUNIQ) GUIN 266 
C ******** <<<< UTLINE >>>> ********GUIN 267 
C FILL THE -TIMER- ARRAY WITH TIME INTERSECTIONS AT EACH -XCOM- GUIN 268 
C AND FILL THE -U-, -S-, AND -T- ARRAYS TO GIVE COMPOSITE PLOTS. GUIN 269 

CALL UTLINE(GTYPE,JPT,NUNIQ,NGAGE,NXVAL) GUIN 270 
C ******** ********GUIN 271 
C GUIN 272 
C ADJUST TLINE VALUES OF ANALYTICAL DATA TO MAKE SIGMA AND GUIN 273 
C VELOCITY HISTORIES COINCIDE GUIN 274 

c 
c 

414 

416 

IF (IANAL .LE. 0 .OR. !STRESS .LE. 0) GO TO 416 GUIN 275 
NSTR = NREVRS(NSTRESS) GUIN 276 
DO 414 I = 1,3 GUIN 277 
TLINE(I,NSTRESS) = TIMEH(NSTR,I) GUIN 278 

PLOT COMPOSITE OF ALL FITTED S OR V HISTORIES AND RAW DATA 
IF (GTYPE .EQ. ' STRESS ') GO TO 422 
KPLTYPE=3 
IREAD=O 
IF (IPLOT .GT. 0) GO TO 417 

GUIN 279 
GUIN 280 
GUIN 281 
GUIN 282 
GUIN 283 
GUIN 284 

C ****** <<<< GRAF >>>> ****** GUIN 285 
CALL GRAF(U,SA,T,TA,NPTA(1),JPT,DISCPT,KPLTYPE,IREAD, 

1 NGAGE,1,Z1,Z2) 
c ******** 

417 
418 

420 

N1 = 1 
N2 = MIN(N1+3,NGAGE) 
WRITE (6, 9410) (I, I, I=N1,N2) 
DO 420 J=1,JPT 
WRITE (6,9045) 
CONTINUE 

J, (T(J,K) ,U(J,K) ,K=N1,N2) 

N1 = N2+1 
IF (N2 .LT. NGAGE) GO TO 418 
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GUIN 287 
GUIN 288 
GUIN 289 
GUIN 290 
GUIN 291 
GUIN 292 
GUIN 293 
GUIN 294 
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9410 FORMAT (//' PARTICLE VELOCITY DATA FROM FITTED U- H - T ' 
1 'SURFACE'/3X,'J',5(5X,'T(',I2,')',7X,'U(',I2,')',3X)) 

GO TO 428 
422 KPLTYPE = 4 

!READ = 0 
IF (!PLOT .GT. 0) GO TO 421 

I 
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C ****** <<<< GRAF >>>> ****** GUIN 303 
GUIN 304 
GUIN 305 

CALL GRAF (S, SA, T, TA,NPTA, JPT,DISCPT,KPLTYPE, IREAD,.NGAGE, 1, Z1, Z2) 
c ******** 

421 N1 == 1 
423 N2 == MIN(N1+3,NGAGE) 

WRITE (6,9412) (I,I,I=N1,N2) 
DO 424 J=1,JPT 
WRITE (6,9045) J, (T(J,K),S(J,K),K=N1,N2) 

424 CONTINUE 
N1 = N2+1 
IF (N2 .LT. NGAGE) GO TO 423 

9412 FORMAT (//' STRESS DATA FROM FITTED S - H - T ' 
1 'SURFACE'/3X,'J',5(5X,'T(',I2,')',7X,'S(',I2,')',3X)) 

428 CONTINUE 
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c ******** ********GUIN 317 
GUIN 318 c 

c 

c 

PLOT X-T DIAGRAM OF PATH LINES 
******** ********GUIN 319 

GUIN 320 
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430 

435 

440 

462 

465 
466 

DELTAX == XCOM(NXVAL)-XCOM(1) 
OX = DELTAX/29. 
IF (!PLOT .GT.O) GO TO 466 

CONSTRUCT PLOT LINES 
XPLOT(1) - XCOM(1) 
DO 430 I = 2,30 
XPLOT(I) = XPLOT(I-1)+DX 
IAR(1) = 1 
LABEL (1) = I I 

LABEL (2) = I I 

LABEL(3) - I I 

DO 440 NL == 1,NLINE 
DO 435 I = 1,30 
TPLOT(I) = CTH(1,NL)+XPLOT(I)*(CTH(2,NL)+XPLOT(I)*CTH(3,NL)) 
IF (NTLOG .EQ. 8H LOG ) TPLOT(I) - EXP(TPLOT(I))-TBIAS 

CALL GRAPH4 (XPLOT,TPLOT,30,1,0.,0.,0.,0.,LABEL,IAR) 
CONTINUE 
DO 465 NG = 1,NGAGE 
IAR(3) == MOD(NG-1,8)+4 
DO 462 NL = 1,NLINE 

XPLOT(NL) = X(NG) 
TPLOT(NL) = TLINE(NL,NG) 

CONTINUE 
IF (NG .EQ. NGAGE) THEN 

IAR(1) = -1 
LABEL(1) - DISCPT(l)//DISCPT(2)//DISCPT(3)//DISCPT(4) 
LABEL(2) - 'DISTANCE -- *CM$ X - T FOR SELECTED PATH LINES' 
LABEL(3) - 'TIME -- *SEC$' 

END IF 
CALL GRAPH4 
CONTINUE 
CONTINUE 

(XPLOT(l),TPLOT(1),NLINE,1,0.,0.,0.,0.,LABEL,IAR) 
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c ******** 
GUIN 351 

********GUIN 352 
GUIN 353 
GUIN 354 

c CHECK FOR STOP BEFORE PERFORMING LAGRANGIAN ANALYSIS 
IF (INTEG .LT. 0) GO TO 999 

c ******** 
c CHECK FOR 

INTER = 0 
INTEND = 0 

INTERSECTIONS BETWEEN PATH LINES 

D-8 

********GUIN 355 
GUIN 356 
GUIN 357 
GUIN 358 



c 

TIMEND- TIMEH(NGAGE,1) 
IF (LINE(1,NGAGE) .EQ. 0) GO TO 480 
IMID - LINE(1,NGAGE)-2 
INTEND = LINE(IMID+1,NGAGE) 
INTER = INTEND-3 
TIMEND = TIMEH(NGAGE,INTEND) 
!LINE = LINE(1,NGAGE) 
DO 470 I = 1,IMID 
XINTER(I) = X(NGAGE-1)+(TIMEH(NGAGE-1,ILINE) 

1 -TIMEH(NGAGE-1,I+1))*(X(NGAGE)-X(NGAGE-1))/ 
2 (TIMEH(NGAGE-1,ILINE)-TIMEH(NGAGE-1,I+1) 
3 +TIMEH(NGAGE,I+1)-TIMEH(NGAGE,ILINE)) 

TINTER(!) = TIMEH(NGAGE-1,!+1)+ 
1 (TIMEH(NGAGE,I+1)-TIMEH(NGAGE-1,I+1))/ 
2 (X(NGAGE)-X(NGAGE-1))*(XINTER(I)-X(NGAGE-1)) 

470 CONTINUE 
IF (INTER .LE. 1) GO TO 480 
IMIDP = IMID+1 
DO 475 I = IMIDP,INTER 
XINTER(I) = X(NGAGE-1)+(TIMEH(NGAGE-1,ILINE+I) 

1 - TIMEH(NGAGE-1,ILINE-1))*(X(NGAGE)-X(NGAGE-1))/ 
2 (TIMEH(NGAGE-1,ILINE+I) - TIMEH(NGAGE-1,ILINE-1) 
3 + TIMEH(NGAGE,ILINE-1) - TIMEH(NGAGE,ILINE+I)) 

TINTER(!) = TIMEH(NGAGE-1,ILINE-1)+(TIMEH(NGAGE,ILINE-1) 
1 -TIMEH(NGAGE-1,ILINE-1))/(X(NGAGE)-X(NGAGE-1))* 
2 (XINTER(I)-X(NGAGE-1)) 

475 CONTINUE 
WRITE (6,9425) ILINE,INTER,IMID, (XINTER(I),I=1,NLINE) 

9425 FORMAT (' ILINE,INTER,IMID='3I3/' XINTER = '1P10E10.3) 
WRITE (6, 9426) (TINTER(!) 1 I=1,NLINE) 

9426 FORMAT (' TINTER= '1P10E10.3) 
480 CONTINUE 

ZERO THE ARRAYS USED FOR INITIALIZING DATA 
DO 485 IT = 1,300 
DO 485 LX = 1,NXVAL 
U(IT,LX) - 0. 
S(IT,LX) = 0. 

485 V(IT,LX) = 0. 
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C ******** <<<< VELOCITY >>>> *****GUIN 397 
c INTEGRATION LOOP FOR VELOCITY GUIN 398 
c ******** *****GUIN 

GUIN 
399 
400 
401 
402 
403 
404 
405 
406 

IF (GTYPE .EQ. ' STRESS ') GO TO 750 
CALL VELOCITY(INTER,IMID,ISTRESS,JFIN,NSTRESS,NXVAL,RHO,TIMEND, 

1 TIMMAX) 
GUIN 
GUIN 

c ******** *****GUIN 
GUIN 
GUIN 
GUIN 

c COMPUTE ENERGY, MODULUS, AND SOUND SPEED FOR VELOCITY GAGES 
DO 530 IT = 2,JFIN 
DO 530 LX = 1,NXVAL 
DV = V(IT,LX)-V(IT-1,LX) 
ENG(tT,LX) = ENG(IT-1,LX)-0.5*(S(IT,LX)+S(IT-1,LX))*DV 
IF (ABS(DV) .GT. 0.) EM(IT,LX) =-(S(IT,LX)-S(IT-1,LX))/(DV*RHO) 
IF (EM(IT,LX) .NE. 0.) EMV(IT,LX) = SQRT(ABS(EM(IT,LX)/RHO)) 

530 CONTINUE 

GUIN 407 
GUIN 408 
GUIN 409 
GUIN 410 
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C********* ********GUIN 412 
C *** PRINT STRESS, PARTICLE VELOCITY, VOLUME, MODULUS, 
C ENERGY HISTORIES FOR VELOCITY GAGES 

DO 535 LX = 1,NXVAL 
JSTART(LX) = 0 

535 JSTOP(LX) = JFIN 
DO 550 J = 2,JFIN 
DO 545 LX = 1,NXVAL 
IF (JSTART(LX) .NE. 0) GO TO 540 
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IF (TYME(J) .LT. TIMEH(LX,1)) GO TO 545 
JSTART(LX) = J-1 

540 IF (JSTOP(LX) .NE. JFIN) GO TO 545 
IF (TYME(J) .LT. TIMEH(LX,NLINE)) GO TO 545 
JSTOP(LX) = J 

545 CONTINUE 
550 CONTINUE 

DO 570 LX = 1,NXVAL 
IF (JSTART(LX) .EQ. 0) GO TO 570 
NPAG = (JSTOP(LX)-JSTART(LX))/55 +1 
J1 = JSTART(LX) 
DO 565 NP = 1,NPAG 
J2 = MIN(J1+54,JSTOP(LX)) 
WRITE (6,9915) DISCPT,LX,XCOM(LX) 
WRITE (6,9920) (J,TYME(J),S(J,LX),U(J,LX),V(J,LX),EM(J,LX), 

1 EMV(J,LX),C(J,LX),ENG(J,LX), J=J1,J2) 
565 J1 = J2+1 
570 CONTINUE 

DO 580 NG=1,NXVAL 
DO 580 J-1,JSTOP(NG) 

580 T(J,NG)=TYME(J) 
GO TO 800 

C ******* <<<< STRESS >>>> 
C INTEGRATION FOR STRESS GAGES AND PRINT RESULTS 
c ******* 

750 CALL STRESS(DISCPT,JFIN,NP,NXVAL,RHO) 
c *** 

800 CONTINUE 
c 

****** 

****** 

C WRITE FILE TO USE IN PRVDEV FOR PRESSURE AND DEVIATOR STRESS 
c 

c 

IF (DISCPT(4) .EQ. 'HORIZONTAL') GO TO 900 
WRITE (14,8810) NXVAL 
DO 810 I = 1,NXVAL 
WRITE (14,8811) JFIN,XCOM(I), (T(J,I),V(J,I),S(J,I),J=1,JFIN) 

810 CONTINUE 

C****** <<<< PLOTCON >>>> 
C PLOT FINAL RESULTS 
c ***** 

IF ( IPLOT .GT. 0) GO TO 999 
900 CALL PLOTCON(NXVAL,JFIN,GTYPE,DISCPT,Z1,Z2) 

C *** RETURN FOR NEXT PROBLEM 
c 

999 CONTINUE 
CALL GPLOT(0.,0.,999) 
STOP ' GUINSY: NORMAL END' 

c 
C FORMATS 

1033 FORMAT (' ',A9) 
1035 FORMAT (' UFIT= ',1P6E13.6,/, (10X,6E13.6)) 
1036 FORMAT(' CTH= ',1P6E13.6,/,(10X,6E13.6)) 
1037 FORMAT (' DERFIT= ',1P6E13.6,/, (10X,6E13.6)) 
2037 FORMAT (' LOCO= ',IS) 
1045 FORMAT (' SBIAS =',1PE13.6,' TBIAS =',E13.6, 

1 'UBIAS =',E13.6) 
1240 FORMAT (' TLINE='1P10E10.3) 
1241 FORMAT (' ULINE='1P10E10.3) 
1242 FORMAT (' ** BIASES ON U, T, S =' 1P3E10.3) 
1243 FORMAT (' GUIN LOC 245, NP,NTH='2I4) 
1245 FORMAT (' SMAX CTH='1P2E10.3,' X-S='2E10.3) 
8810 FORMAT (I3) 
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8811 FORMAT (I3,F10.2,1P3E10.3,/, (13X,3E10.3)) GUIN 483 
9010 FORMAT (8A10) GUIN 484 
9015 FORMAT ('1 DATE= ',A10) GUIN 485 
9019 FORMAT (10X,7E10.3) GUIN 486 
9020 FORMAT (A10,7E10.3) GUIN 487 
9021 FORMAT (A10,1P7E10.3/(10X,7E10.3)) GUIN 488 
9024 FORMAT (A10,6A1,A4,A10,I10,A10,A8,I2,A10,A8,I2) GUIN 489 
9025 FORMAT (3A10,I10,A10,A8,I2,A10,A8,I2) GUIN 490 
9030 FORMAT (A10,14I5) GUIN 491 
9035 FORMAT (A10,E10.4,3(A10,I10)) GUIN 492 
9036 FORMAT (A10,1PE10.3,3(A10,I10)) GUIN 493 
9042 FORMAT ('/ CALIBRATED PARTICLE VELOCITY DATA LISTED AS TIME (SEC)GUIN 494 

1 AND VELOCITY (CM/SEC)'/3X,'J',5(5X,'T(',I2,')',7X,'U(',I2,')',3X)GUIN 495 
2 ) GUIN 496 

9043 FORMAT ('/ CALIBRATED STRESS DATA LISTED AS TIME (SEC) AND STRESSGUIN 497 
1(DYN/CM2)'/3X,'J',5(5X,'T(',I2,')',7X,'S(',I2,')',3X)) GUIN 498 

9045 FORMAT (I4,5(1X,1P2E12.5)) GUIN 499 
9050 FORMAT (A10,I10,A10,I10,A10,E10.3,A10,I10) GUIN 500 
9051 FORMAT (A10,I10,A10,I10,A10,1PE10.3,A10,I10) GUIN 501 
9052 FORMAT (A10,I10) GUIN 502 
9915 FORMAT ('1 RESULTS FOR',10A10,/24X,'ALONG H LINE',I2,' AT X-' GUIN 503 

1 1PE10.3/3X,'J',8X,'TIME',6X,'STRESS',2X,'PART. VEL.',2X, GUIN 504 
2 'SPEC. VOL.',5X,'MODULUS',2X,'SQR(V*MOD)',7X,'DH/DT',6X, GUIN 505 
3 'ENERGY'/11X,'SECS.',5X,'DYN/CM2',6X,'CM/SEC',7X,'CM3/G',5X, GUIN 506 
4 'DYN/CM2',6X,'CM/SEC',6X,'CM/SEC',7X,'ERG/G') GUIN 507 

9920 FORMAT(I4,1P8El2.4) GUIN 508 
END GUIN 509 
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c 
c 

c 

c 

c 

SUBROUTINE ANALYT(IANAL,ISTRESS,GTYPE,NGAGE,NSTRESS) 
CALCULATE THE STRESS, VELOCITY, AND VOLUME HISTORIES FROM AN 
ANALYSIS BY COWPERTHWAITE FOR AN ATTENUATING WAVE. 

IMPLICIT REAL*8(A-H,O-Z) 
CHARACTER*lO GTYPE 

INCLUDE '[B6391.GUIN]GUINCOM.FOR' 
COMMON /DER/ DERIVS(1000),ULINE(10,25),TLINE(10,25),LINE(l0,25), 

1 NLINE,NPT(10),NPTA(25) 
REAL*8 NPLOG,NTLOG 
COMMON /LOG/ NPLOG,NTLOG,SBIAS,TBIAS,UBIAS 
COMMON /FIT/ DERFIT(120),CTH(3,10),UFIT(3,10) 

COMMON /COM/ S(1000,25),U(1000,25),EM(l000,25),ENG(l000,25), 
1 C(1000,25),T(1000,25),V(1000,25),TYME(l000),EMV(l000,25) 

COMMON /RAW/ SA(1000,25),TA(l000,25) 
COMMON /X/ X(45),XREQ(20),XCOM(25),XUNIQ(25),NHORDR(25), 

1 LINECT(25),NREVRS(25) 
COMMON /T/ FIRST 
COMMON /TUU/ TIMEH(25,10),UDER(4),UDERH(4) 
COMMON /INT/ XINTER(25),TINTER(25),JSTART(25),JSTOP(25) 

UMAX=SQRT (5. I 6.) 
DHDX = 1./(2.*UMAX) 
NLINE = 3 
DT = .20 
VMAX=l./6. 
TCAL = 1. 
CAL = 1. 
TADD = 0. 
NRANG = NGAGE 
IF (!STRESS .EQ. 1) NRANG = NSTRESS 
DO 150 NG = l,NRANG 
IF (NG .GT. NGAGE .AND. !STRESS .LE. 0) GO TO 150 
HPl = X(NG)/2./UMAX+l. 
TPEAK = HPl**(S./3.) 
UPEAK = UMAX/HP1**(2./3.) 
SPEAK= 1./HP1**(4./3.) 
WRITE (2,9105) NG,X(NG) 
IF (NG .LT. NSTRESS .AND. GTYPE .EQ. ' VELOCITY ') WRITE (2,9110) 
IF (NG .EQ. NSTRESS .OR. GTYPE .EQ. ' STRESS ') WRITE (2,9112) 
WRITE (2,9115) 
WRITE (2,9230) TCAL,CAL,TADD 
IND = 1 
DO 140 IT= 1,100 
IF (IT-51) 110,120,130 

110 T(IT,NG) - TPEAK-l.E-3*(51-IT) 
U(IT,NG) - (IT-l)*UPEAK/50. 
S(IT,NG) - (IT-l)*SPEAK/50. 
V(IT,NG) = 1.-(IT-1)*5./6./50. 
DSDT = SPEAK/0.05 
DSDX = -UPEAK/(3.*0.05*UMAX)*(l.+4.*T(IT,NG)/TPEAK)*DHDX 
D2SDX2 = 2./(9.*0.05*TPEAK)*(1.+14.*T(IT,NG)/TPEAK)*DHDX**2 
DUDX = -UMAX/ 0.05*(1.+2.*T(IT,NG)/(3.*TPEAK))*DHDX 
GO TO 138 

120 T(IT,NG) - TPEAK 
U(IT,NG) - UPEAK 
S(IT,NG) - SPEAK 
V(IT,NG) - VMAX 
DSDT = 0. 
DSDX = 0. 
D2SDX2 = 0. 
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DUDX = 0. 
IND = 2 
GO TO 138 

130 T(IT,NG) - T(IT-l,NG)+DT 
U(IT,NG) = UMAX*(l.5/T(IT,NG)**0.4-0.5/HP1**(2./3.)) 
S(IT,NG) = HP1/T(IT,NG)**1.4 
V(IT,NG) = VMAX*T(IT,NG)/HP1**(5./3.) 
DSDT = -1.4*S(IT,NG)/T(IT,NG) 
DSDX = S(IT,NG)/HPl*DHDX 
D2SDX2 = 0. 
DUDX = UMAX/(3.*TPEAK)*DHDX 
IF (IT .EQ. 100) IND = 3 

138 WRITE (2,9210) IT,T(IT,NG),U(IT,NG),S(IT,NG),IND,V(IT,NG), 
1 DUDX,DSDT,DSDX,D2SDX2 

140 
150 

IND = 0 
CONTINUE 
CONTINUE 
RETURN 

9105 FORMAT ('ANALYTICAL GAGE ',I2,' X='lPE10.3) 
9110 FORMAT (' IVAR = 5X,2E12.3,12X,2I3') 
9112 FORMAT (' IVAR = 5X,E12.3,12X,E12.3,2I3') 
9115 FORMAT (' NPOWER- 5 5') 
9210 FORMAT (I5,3F12.9,I3,3X,F12.9,1P4Ell.3) 
9230 FORMAT (7H TCAL =,3X,1PE10.3,7H CAL =,3X,E10.3,7H 

1 E10.3) 
END 
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SUBROUTINE BUBBLE(NGAGE,ISTRESS,NREQ,NSTRESS,NXVAL,NUNIQ) 
C FILL THE XCOM ARRAY AND PUT IN ORDER WITH A BUBBLE SORT 

IMPLICIT REAL*8(A-H,O-Z) 
COMMON /X/ X(45),XREQ(20),XCOM(20),XUNIQ(25),NHORDR(25), 

1 LINECT(25),NREVRS(25) 
NMAX = NGAGE+MAX(O,ISTRESS) 

C PUT ALL X-DATA IN THE X-ARRAY 
NCOM = 1 
DO 200 NG = l,NMAX 
IF (NG .EQ. 1) GO TO 190 
DO 180 I = l,NCOM 
IF (ABS(X(NG)-XCOM(I)) .LT. l.E-6) GO TO 200 

180 CONTINUE 
NCOM = NCOM+l 

190 XCOM(NCOM) = X(NG) 
NHORDR(NCOM) = NCOM 
XUNIQ(NCOM) = X(NG) 

200 CONTINUE 
NUMIQ = NCOM 

230 DO 260 NQ = l,NREQ 
DO 250 I = l,NCOM 
IF (ABS(XREQ(NQ) - XCOM(I)) .LT. l.E-6) GO TO 260 

250 CONTINUE 
NCOM = NCOM+l 
XCOM(NCOM) = XREQ(NQ) 
NHORDR(NCOM) = NCOM 

260 CONTINUE 
NXVAL = NCOM 

C PUT THE XCOM ARRAY IN ORDER 
NXVALl - NXVAL-1 

360 IERR = 0 
DO 370 I = l,NXVALl 
IF (XCOM(I+l) .GE. XCOM(I)) GO TO 370 
XTEMP = XCOM (I) 
NHTEMP = NHORDR(I) 
XCOM(I) = XCOM(I+l) 
NHORDR(I) = NHORDR(I+l) 
XCOM(I+l) = XTEMP 
NHORDR(I+l) = NHTEMP 
IERR = IERR+l 

370 CONTINUE 
IF (IERR .GT. 0) GO TO 360 

C CONSTRUCT THE REVERSE ORDER ARRAY, NREVRS() 
DO 380 LX = l,NSTRESS 
DO 375 JX = l,NXVAL 
IF (ABS(X(LX)-XCOM(JX)) .GT. l.E-6) GO TO 375 
NREVRS (LX) = JX 
GO TO 380 

375 CONTINUE 
380 CONTINUE 

WRITE (6,9371) NXVAL, (XCOM(I),I=l,NXVAL) 
9371 FORMAT (' NXVAL='I3,' XCOM='lP8E10.3/(lOX,8E10.3)) 

WRITE (6, 9370) (NHORDR(I), I=l,NXVAL) 
9370 FORMAT (' NHORDR=',I2,I3) 

WRITE (6, 9375) (NREVRS (I), I=l,NSTRESS) 
9375 FORMAT (' NREVRS =' ,I2,I3) 

RETURN 
END 
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c 
c 
c 
c 

c 
c 

SUBROUTINE CUBIC (IND,KBEG,KEND,NFIX,DER,TIME,YYY,IBUG) 
FIT A CUBIC TO THE DATA IN TIME,YYY FOR AN INTERVAL FROM KBEG 
KENO. THE FITTING COEFFICIENTS ARE DER(l) AND DER(2), THE 
SLOPES AT THE BEGINNING AND END. TEST THE CUBIC FOR 
MONOTONICITY, AND CORRECT DER(l) AND DER(2) AS NEEDED. 

IMPLICIT REAL*8 (A-H,O-Z) 
DIMENSION AMAT(4,4),BMAT(4),DER(l),NFIX(4),TIME(l),YYY(l) 
SUM12 = 0. 
SUM21 = 0. 
SUMF12 - 0. 
SUMF21 - 0. 
DELTAT - TIME(KEND)-TIME(KBEG) 
DELTAY - YYY(KEND) - YYY(KBEG) 

CUBE 
TO CUBE 

CUBE 
CUBE 
CUBE 
CUBE 
CUBE 
CUBE 
CUBE 
CUBE 
CUBE 
CUBE 
CUBE 
CUBE 

LEAST SQUARES FIT TO THE DATA IN (TIME, YYY) CUBE 
DO 50 Il = 1,2 CUBE 
BMAT(Il) = 0. CUBE 
DO 50 I2 = 1,2 CUBE 

50 AMAT(Il,I2) = 0. CUBE 
DO 60 I= 1,4 CUBE 

60 NFIX(I) = 0 CUBE 

100 

c 

150 

1000 

1150 

1155 
c 
c 

c 

KBEGl = KBEG+1 CUBE 
KENOl = KENO-l CUBE 
DO 100 I = KBEG1,KEND1 CUBE 
XI= (TIME(I)-TIME(KBEG))/DELTAT CUBE 
EO = XI**2*(3.-2.*XI) CUBE 
S12 = XI*(l.-XI)**2 CUBE 
S21 = XI**2*(1.-XI) CUBE 
SUMF12 = SUMF12+YYY(I)*S12 CUBE 
SUMF21 = SUMF21+YYY(I)*S21 CUBE 
SUM12 = SUM12+S12 CUBE 
SUM21 = SUM2l+S21 CUBE 
AMAT(l,l) = AMAT(l,l)+S12**2 CUBE 
AMAT(1,2) = AMAT(l,2)-S12*S21 CUBE 
AMAT(2,2) = AMAT(2,2)-S21**2 CUBE 
BMAT(l) = BMAT(1)+EO*S12 CUBE 
BMAT(2) = BMAT(2)+EO*S21 CUBE 
CONTINUE CUBE 
AMAT(1,1) = DELTAY*AMAT(l,l) CUBE 
AMAT(l,2) = DELTAY*AMAT(1,2) CUBE 
AMAT(2,1) = -AMAT(1,2) CUBE 
AMAT(2,2) = DELTAY*AMAT(2,2) CUBE 
BMAT(l) - SUMF12- DELTAY*BMAT(l) - YYY(KBEG)*SUM12 CUBE 
BMAT(2) = SUMF21- DELTAY*BMAT(2) - YYY(KBEG)*SUM21 CUBE 
DENOM = AMAT(1,1)*AMAT(2,2)-AMAT(1,2)*AMAT(2,1) CUBE 
IF (ABS(DENOM) .GT. 1.E-10) GO TO 150 CUBE 

IF DENOMINATOR IS ZERO, RETURN FOR QUADRATIC FIT CUBE 
IND = 2 CUBE 
RETURN CUBE 
DER(l) - (BMAT(1)*AMAT(2,2)-BMAT(2)*AMAT(1,2))/DENOM CUBE 
DER(2) - (BMAT(2)*AMAT(1,1)-BMAT(l)*AMAT(2,1))/DENOM CUBE 
IF (IBUG .GT. 0) WRITE (6,1000) DER(l),DER(2),KBEG,KEND CUBE 
FORMAT (' 1ST FIT IN CUBIC: DERs= ',1P2E10.3, CUBE 

1' KBEG=',I4,' KENO= ',I4) CUBE 
IF (IBUG .GT. 1) WRITE (6,1150) ((AMAT(I,J),I=l,4),J=l,4) CUBE 
FORMAT ('CUBIC: AMAT= ',1P4E15.4/3(15X,4E15.4)) CUBE 
IF (IBUG .GT. 1) WRITE (6,1155) (BMAT(I),I=1,4),DENOM,DELTAY,DELTATCUBE 
FORMAT(' CUBIC: BMAT=',1P4E10.3,' DENOM,DELTAY,DELTAT= ',3E10.3) CUBE 

TEST FOR MONOTONICITY 
IF (DER(1) .LE. 0 .. OR. DER(2) .LE. 0.) GO TO 300 

FIRST QUADRANT FOR PLANE OF DERl AND DER2: 5 REGIONS 
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IF (DER(1) + DER(2) .LT. 3.) GO TO 325 
FUNC = 9.-6.*(DER(1)+DER(2)) + DER(1)**2+DER(1)*DER(2)+DER(2)**2 
IF (FUNC .LE. 0.) GO TO 325 

C TEST FOR REGION ADJACENT TO DISCRIMINANT 
Q = DER(1) - DER(2) 
IF (ABS(Q) .LT. 3.464) GO TO 180 

C CORRECTION FOR REGION ABOVE AND BELOW THE DISCRIMINANT 
IF (DER(1) .LT. DER(2)) GO TO 170 
DER(1) = 3. 
DER(2) = 0. 
GO TO 325 

170 DER(1) = 0. 
DER(2) = 3. 
GO TO 325 

C CORRECTION FOR REGION ADJACENT TO THE DISCRIMINANT 
180 DER(2) = 0.5*(4-Q+SQRT(4-Q**2/3.)) 

DER(1) = DER(2)+Q 
GO TO 325 

C SECOND, THIRD AND FOURTH QUADRANT CASES 
300 DD = ABS(MIN(DER(1),DER(2))) 

DER(1) = MIN(3.DO,MAX(O.DO,DER(1)+DD)) 
DER(2) = MIN(3.DO,MAX(O.DO,DER(2)+DD)) 

C COMPLETION OF SELECTION OF DERIVATIVES DER1 AND DER2 
325 CONTINUE 

DER(3) = 6.-4.*DER(1)-2.*DER(2) 
DER(4) = -6.+2.*DER(1)+4.*DER(2) 
IF (IBUG .GT. 0) WRITE (6,1010) (DER(I),I=1,4),KBEG,KEND 

1010 FORMAT ('REFIT IN CUBIC: DERs= ',1P4E10.3,3X, 
1 'KBEG= ',I4,3X,'KEND= ',I4) 

RETURN 
END 
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SUBROUTINE DERIV(NDER,NDIV,NRESET,NGAGE,NLOG,J,V,Xl,VH,X2,VHH) 
c 
C NDER INDICATOR - l=FIRST DERIVATIVE, 2-FIRST AND 2ND 
C NLOG LINEAR OR LOG INDICATOR, NLOG=8H LOG FOR SEMILOG FIT 
C NRESET INDICATOR FOR BLANKING NLOG IF THERE ARE NEGATIVE DATA 
C O=NO RESETTING 
C J TIME INDEX, SAME AS IN GUINSY 
C NGAGE NO. OF GAGES 
C V VARIABLE BEING DIFFERENTIATED - S, U, OR T 
C Xl INTERPOLATION MATRIX FOR FIRST DERIVATIVES 
C X2 INTERPOLATION MATRIX FOR 2ND DERIVATIVES 
C VH FIRST DERIVATIVES 
C VHH 2ND DERIVATIVES 
C NDIV INDICATOR FOR DERIVATIVE FORM - 0= VH=DV/DH, VHH-D2V/DH2, 
C 1= VH=(DV/DH)/V, VHH=(D2V/DH2)/V 
C SUBROUTINE COMPUTES FIRST AND 2ND DERIVATIVES OF DATA 
c 
c 

IMPLICIT REAL*8(A-H,O-Z) 
REAL*8 NLOG 
DIMENSION V(l000,25),Xl(25,25),X2(25,25),VH(25),VHH(25) 

c 
IF (NDER .EQ. 2) GO TO 200 

C********* 
c COMPUTATION OF FIRST DERIVATIVE ONLY 
C********* 

IF (NLOG .NE. 8H LOG ) GO TO 65 
DO 30 K=1,NGAGE 
IF ( V ( J, K) . LE . 0 . ) GO TO 6 0 

30 CONTINUE 
c 
C SEMILOGARITHMIC FIT FOR DERIVATIVES 

DO 40 L=1,NGAGE 
VLOG=LOG(V(J,L)) 
DO 40 K=1,NGAGE 
IF (L .EQ. 1) VH(K)=O. 

40 VH(K)=VH(K)+X1(K,L)*VLOG 
IF (NDIV .EQ. 1) GO TO 80 
DO 45 K=1,NGAGE 

45 VH(K)=V(J,K)*VH(K) 
GO TO 80 

c 
C LINEAR FIT FOR DERIVATIVES 
60 IF (NRESET .EQ. 0) GO TO 65 

IF (J .GT. 1) NLOG = 8H LINEAR 
65 DO 70 K=1,NGAGE 

VH(K)=O. 
DO 70 L=1,NGAGE 

70 VH(K)=VH(K)+X1(K,L)*V(J,L) 
IF (NDIV .EQ. 0) GO TO 80 
DO 75 K=l,NGAGE 
IF (V(J,K) .NE. 0.) VH(K)=VH(K)/V(J,K) 

75 CONTINUE 
80 RETURN 
c 
C********* 
c COMPUTATION OF FIRST AND 2ND DERIVATIVES 
C********* 
200 IF (NLOG .NE. 8H LOG ) GO TO 265 

DO 230 K=1,NGAGE 
IF (V(J,K) .LE. 0.) GO TO 260 

230 CONTINUE 
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c 
C SEMILOGARITHMIC FIT FOR DERIVATIVES 

DO 240 L=1,NGAGE 
VLOG=LOG (V (J, L)) 
DO 240 K=1,NGAGE 
IF (L .EQ. 1) VH(K)=O. 
IF (L .EQ. 1) VHH(K)=O. 
VH(K)=VH(K)+X1(K,L)*VLOG 

240 VHH(K)-VHH(K)+X2(K,L)*VLOG 
IF (NDIV .EQ. 1) GO TO 250 
DO 245 K=1,NGAGE 
VHH(K)=V(J,K)*(VH(K)**2+VHH(K)) 

245 VH(K)=V(J,K)*VH(K) 
GO TO 280 

250 DO 255 K=1,NGAGE 
255 VHH(K)=VH(K)**2+VHH(K) 

GO TO 280 
c 
C LINEAR FIT FOR DERIVATIVES 
260 IF (NRESET .EQ. 0) GO TO 265 

IF (J .GT. 1) NLOG = 8H LINEAR 
265 DO 270 K=1,NGAGE 

VH(K) = 0. 
VHH(K) = 0. 
DO 270 L=1,NGAGE 
VH(K)=VH(K)+X1(K,L)*V(J,L) 

270 VHH(K)=VHH(K)+X2(K,L)*V(J,L) 
IF (NDIV .EQ. 0) GO TO 280 
DO 275 K=1,NGAGE 
IF (V(J,K) .EQ. 0.) GO TO 275 
VH(K)=VH(K)/V(J,K) 
VHH(K) =VHH(K)/V(J,K) 

275 CONTINUE 
280 RETURN 

END 
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FUNCTION FDTDH(X,T,ILINE) 
C COMPUTE THE TOTAL DERIVATIVE OF T WITH RESPECT TO LAGRANGIAN 
C DISTANCE AT SPECIFIED X AND T BETWEEN PATH LINES ILINE-1 AND 
C ILINE. 

c 

c 

IMPLICIT REAL*8 (A-H,O-Z) 
REAL*8 NTLOG,NPLOG 

COMMON /LOG/ NPLOG,NTLOG,SBIAS,TBIAS,UBIAS 
COMMON /FIT/ DERFIT(120),CTH(3,10),UFIT(3,10) 

DTDH2 = CTH(2,ILINE)+2.*X*CTH(3,ILINE) 
T2 = CTH(1,ILINE)+X*(CTH(2,ILINE)+X*CTH(3,ILINE)) 
IF (ILINE .GT. 1) GO TO 100 

C *** COMPUTE DERIVATIVE ON THE FIRST PATH LINE 
IF (NTLOG .EQ. 8H LOG ) DTDH2 = EXP(T2)*DTDH2 
FDTDH = DTDH2 
RETURN 

C *** COMPUTE DERIVATIVE IN REGION BETWEEN PATH LINES (NON-LOG) 
100 DTDH1 • CTH(2,ILINE-1)+2.*X*CTH(3,ILINE-1) 

T1 = CTH(1,ILINE-1)+X*(CTH(2,ILINE-1)+X*CTH(3,ILINE-1)) 
IF (NTLOG .EQ. 8H LOG ) GO TO 200 
XI= (T-T1)/(T2-T1) 
FDTDH- DTDH1+XI*(DTDH2-DTDH1) 
RETURN 

C *** COMPUTE DERIVATIVE FOR THE LOG CASE 
200 T1 = EXP(T1)-TBIAS 

T2 = EXP(T2)-TBIAS 
XI= (T-T1)/(T2-T1) 
DTDH1 = (T1+TBIAS)*DTDH1 
DTDH2 = (T2+TBIAS)*DTDH2 
FDTDH- DTDH1+XI*(DTDH2-DTDH1) 
RETURN 
END 
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FUNCTION FDUDT(X,T,ILINE) 
C COMPUTE THE PARTIAL DERIVATIVE OF U OR S WITH RESPECT 
C TO TIME FOR SPECIFIED X AND T BETWEEN PATH LINES ILINE-1 
C AND ILINEo 

c 

c 

IMPLICIT REAL*8 (A-H,O-Z) 
REAL*8 NTLOG,NPLOG 

COMMON /LOG/ NPLOG,NTLOG,SBIAS,TBIAS,UBIAS 
COMMON /FIT/ DERFIT(120),CTH(3,10),UFIT(3,10) 

DIMENSION DER(4) 
DO 10 IDER=1,4 
LOC = 3*(IDER-1+4*(ILINE-2)) 

10 DER(IDER) = DERFIT(LOC+1)+X*(DERFIT(LOC+2)+X*DERFIT(LOC+3)) 
T1 = CTH(1,ILINE-1)+X*(CTH(2,ILINE-1)+X*CTH(3,ILINE-1)) 
T2 = CTH(1,ILINE)+X*(CTH(2,ILINE)+X*CTH(3,ILINE)) 
IF (NTLOG oNE o 8H LOG ) GO TO 20 
T1 - EXP(T1)-TBIAS 
T2 = EXP(T2)-TBIAS 

20 U1 = UFIT(1,ILINE-1)+X*(UFIT(2,ILINE-1)+X*UFIT(3,ILINE-1)) 
U2 = UFIT(1,ILINE)+X*(UFIT(2,ILINE)+X*UFIT(3,ILINE)) 
IF (NPLOG oNE o 8H LOG ) GO TO 30 
U1- EXP(U1)-UBIAS 
U2 = EXP(U2)-UBIAS 

30 XI= (T-T1)/(T2-T1) 
DETAO- 30o*XI**2*(1o-XI)**2 
DETA1 - (1o-XI)**2*(1o+5o*XI)*(1o-3o*XI) 
DETA2- -15 o*XI**2*(0o66667-XI)*(1o2-XI) 
DETA3- XI*(1o-XI)**2*(1o-2o5*XI) 
DETA4- 2o5*XI**2*(1o-XI)*(Oo6-XI) 
FDUDT- (U2-U1)/(T2-T1)*(DETAO+DER(1)*DETA1+DER(2)*DETA2+ 

1 DER(3)*DETA3+DER(4)*DETA4) 
RETURN 
END 

I 
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c 
c 
c 
c 
c 
c 

c 

c 

c 
c 

c 
c 

100 

110 

200 

210 

SUBROUTINE GETS (LS,ILINE,TIME,X,STRESS,DSDH,D2SDH2) 
COMPUTE THE VALUE OF STRESS, AND THE FIRST AND SECOND PARTIAL 
DERIVATIVE WITH RESPECT TO LAGRANGIAN DISTANCE FOR SPECIFIED 
TIME AND X BETWEEN PATH LINES ILINE-1 AND ILINE. 
LS = 0 : COMPUTE STRESS ONLY 

1 : COMPUTE STRESS AND DSDH 
2 : COMPUTE STRESS AND BOTH DERIVATIVES 

IMPLICIT REAL*8 (A-H,O-Z) 
REAL*S NPLOG,NTLOG 

COMMON /LOG/ NPLOG,NTLOG,SBIAS,TBIAS,UBIAS 
COMMON /FIT/ DERFIT(120),CTH(3,10),UFIT(3,10) 

DIMENSION S(2),SH(2),SHH(2),SHSAV(2),EL(4),ELP(4),ELPP(4) 
DIMENSION DER(4),DERH(4),DERHH(4),T(2),TH(2),THH(2),THSAV(2) 
DO 100 J=1,2 
L = ILINE-2+J 
S(J) = UFIT(1,L)+X*(UFIT(2,L)+X*UFIT(3,L)) 
IF (NPLOG .EQ. 8H LOG ) S(J) = EXP(S(J))-UBIAS 
T(J) = CTH(1,L)+X*(CTH(2,L)+X*CTH(3,L)) 
IF (NTLOG .EQ. 8H LOG ) T(J) = EXP(T(J))-TBIAS 
CONTINUE 
DO 110 IDER=1,4 
LOC = 3*(IDER-1+4*(ILINE-2)) 
DER(IDER) = DERFIT(LOC+1)+X*(DERFIT(LOC+2)+X*DERFIT(LOC+3)) 
CONTINUE 

*********** 
COMPUTATION OF STRESS 

XI= (TIME-T(1))/(T(2)-T(1)) 
DELTAT = T(2)-T(1) 
ELO = XI**3*(10.-15.*XI+6.*XI**2) 
EL(1) - XI*(1.+2.*XI-3.*XI**2)*(1.-XI)**2 
EL(2) = -XI**3*(1.-XI)*(4.-3.*XI) 
EL(3) = 0.5*XI**2*(1.-XI)**3 
EL(4) = 0.5*XI**3*(1.-XI)**2 

******* 

SUMOO= ELO+EL(1)*DER(1)+EL(2)*DER(2)+EL(3)*DER(3)+EL(4)*DER(4) 
STRESS= S(1)+(S(2)-S(1))*SUMOO 
IF (LS .LE. 0) RETURN 

*********** 
COMPUTATION OF DS/DH 

DO 200 J = 1,2 
L = ILINE-2+J 
SH(J) = UFIT(2,L)+2.*UFIT(3,L)*X 
SHSAV(J) = SH(J) 

******* 

IF (NPLOG .EQ. 8H LOG ) SH(J) - (S(J)+UBIAS)*SH(J) 
TH(J) = CTH(2,L)+2.*X*CTH(3,L) 
THSAV(J) = TH(J) 
IF (NTLOG .EQ. 8H LOG ) TH(J) - (T(J)+TBIAS)*TH(J) 
CONTINUE 
DXIDK = -(TH(l)+XI*(TH(2)-TH(l)))/DELTAT 
DO 210 IDER=1,4 
LOC = 3*(IDER-1+4*(ILINE-2)) 
DERH(IDER) = DERFIT(LOC+2)+2.*X*DERFIT(LOC+3) 
CONTINUE 
ELPO = 30.*XI**2*(1.-XI)**2 
ELP(l) - (l.-XI)**2*(1.-3.*XI)*(1.+5.*XI) 
ELP(2) = -XI**2*(6.-5.*XI)*(2.-3.*XI) 
ELP(3) = XI*(l.-XI)**2*(1.-2.5*XI) 
ELP(4) = 0.5*XI**2*(1.-XI)*(3.-5.*XI) 
SUMOl = EL(1)*DERH(1)+EL(2)*DERH(2)+EL(3)*DERH(3)+EL(4)*DERH(4) 
SUM10 = ELPO+ELP(1)*DER(1)+ELP(2)*DER(2)+ELP(3)*DER(3)+ 

1 ELP ( 4) *DER ( 4) 
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c 
c 

DSDH = SH(1) + (SH(2)-SH(1))*SUMOO+ 
1 (S(2)-S(1))*(SUM01+SUM10*DXIDH) 

IF (LS .EQ. 1) RETURN 
*********** 

COMPUTATION OF D2S / DH2 
DO 300 J = 1,2 
L = ILINE-2+J 
SHH(J) = 2.*UFIT(3,L) 

******* 

IF (NPLOG .EQ. 8H LOG ) SHH(J) - (S(J)+SBIAS)* 
1 (SHH(J)+SHSAV(J)**2) 

THH(J) = 2.*CTH(3,L) 
IF (NTLOG .EQ. 8H LOG ) THH(J) = (T(J)+TBIAS)* 

1 (THH(J)+THSAV(J)**2) 
3 00 CONTINUE 

DO 310 IDER=1,4 
LOC = 3*(IDER-1+4*(ILINE-2)) 
DERHH(IDER) = 2.*DERFIT(LOC+3) 

310 CONTINUE 
ELPPO = 60.*XI*(1.-3.*XI+2.*XI**2) 
ELPP(1) - -12.*XI*(1.-XI)*(3.-5.*XI) 
ELPP(2) = -12.*XI*(2.-5.*XI)*(1.-XI) 
ELPP(3) - (1.-XI)*(1.-8.*XI+10.*XI**2) 
ELPP(4) = XI*(3.-12.*XI+10.*XI**2) 
D2XIDH = -(THH(1)+2.*DXIDH*(TH(2)-TH(1))+XI*(THH(2)-THH(1)))/ 

1 DELTAT 
SUM11 = ELP(1)*DERH(1)+ELP(2)*DERH(2)+ELP(3)*DERH(3)+ 

1 ELP(4)*DERH(4) 
SUM20 = ELPPO+ELPP(1)*DER(1)+ELPP(2)*DER(2)+ELPP(3)*DER(3)+ 

1 ELPP(4)*DER(4) 
SUM02 = EL(1)*DERHH(1)+EL(2)*DERHH(2)+EL(3)*DERHH(3)+ 

1 EL(4)*DERHH(4) 
D2SDH2 = SHH(1) + (SHH(2)-SHH(1))*SUMOO + 

1 2.*(SH(2)-SH(1))*(SUM01+SUM10*DXIDH) + 
2 (S(2)-S(1))*(2.*SUM11*DXIDH+SUM02+SUM20*DXIDH**2+SUM10*D2XIDH) 

RETURN 
END 
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c 

c 

FUNCTION GETU(ILINE,TIME,X,TIME1,TIME2) 
IMPLICIT REAL*8 (A-H,O-Z) 
REAL*8 NPLOG,NTLOG 

COMMON /LOG/ NPLOG,NTLOG,SBIAS,TBIAS,UBIAS 
COMMON /FIT/ DERFIT(120),CTH(3,10),UFIT(3,10) 

DIMENSION DER(4) 
GETU = 0. 
IF (TIME .LT. TIME1 .AND. ILINE .EQ. 1) RETURN 
LINE = MAX(ILINE,2) 
U1 = UFIT(1,LINE-1)+X*(UFIT(2,LINE-1)+X*UFIT(3,LINE-1)) 
IF (NPLOG .EQ. 8H LOG ) U1 = EXP(U1)-UBIAS 
U2 = UFIT(1,LINE)+X*(UFIT(2,LINE)+X*UFIT(3,LINE)) 
IF (NPLOG .EQ. 8H LOG ) U2 = EXP(U2)-UBIAS 
XI- (TIME-TIME1)/(TIME2-TIME1) 
DO 1480 IDER=1,4 
LOC = 3*(IDER-1+4*(LINE-2)) 
DER(IDER) = DERFIT(LOC+1)+X*(DERFIT(LOC+2)+X*DERFIT(LOC+3)) 

1480 CONTINUE 
ETAO- XI**3*(10.-15.*XI+6.*XI**2) 
ETA1 - XI*(1.+2.*XI-3.*XI**2)*(1.-XI)**2 
ETA2- -XI**3*(1.-XI)*(4.-3.*XI) 
ETA3- 0.5*XI**2*(1.-XI)**3 
ETA4- 0.5*XI**3*(1.-XI)**2 
ETA= ETAO+ETA1*DER(1)+ETA2*DER(2)+ETA3*DER(3)+ETA4*DER(4) 
GETU = U1+(U?-U1)*ETA 
RETURN 
END 
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c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

SUBROUTINE GRAF(Y,YA,X,XA,NPT,JFIN,DISCPT,KPLTYPE, 
1 IREAD,NGAGE,NG,Zl,Z2) 

IMPLICIT REAL*8 (A-H,O-Z) 
CHARACTER*lO DISCPT(10),Al,A2,A3,A4,Z2 
CHARACTER*9 Zl 
CHARACTER*80 LABEL(3) 
REAL*8 KK,KKK,Kl,KKl 
DIMENSION NPT(l) 
REAL*4 XPL(lOOO),YPL(lOOO),XMIN,XMAX,YMIN,YMAX 

GRAPHS 
1 
2 
3 
4 
5 
6 
7 
8 

DATA ACCORDING TO VALUE OF KRELTYPE --
PLOTS RAW VELOCITY AND SMOOTHED VELOCITY DATA 
RAW STRESS AND SMOOTHED STRESS DATA 
GROUPED VELOCITY PLOT 
CALIBRATED STRESS PLOT 
STRESS-PARTICLE VELOCITY PLOT 
STRESS-VOLUME PLOT 
DU/DT-T PLOT 
(DH/DT)U-T PLOT 

DIMENSION Y(1),YA(1),X(1),XA(1),IAR(7) 

C INITIALIZE 

c 

IAR(l)=-1 
IAR(2)=1 
IAR(3)=0 
IAR(4)=0 
IAR(5)=0 
IAR(6)=0 
IAR(7)=5 

LABEL(l) = DISCPT(1)//DISCPT(2)//DISCPT(3)//DISCPT(4) 

KKK=5H GAGE 
KK=5HGAGES 
K1=3H 1-
KK1=1H-

XMIN=O. 
XMAX-0. 
YMIN=O. 
YMAX=O. 
IF (!READ .EQ. 0) GO TO 50 
READ (5,1002, END=40)Al,XMAX,A2,XMIN,A3,YMAX,A4,YMIN 
WRITE (6,1004) Al,XMAX,A2,XMIN,A3,YMAX,A4,YMIN 
GO TO 50 

40 XMIN=O. 
XMAX=O. 
YMIN=O. 
YMAX=O. 
WRITE (6,1003) KPLTYPE 
BACKSPACE 5 

50 CONTINUE 

C******RAW AND SMOOTHED VELOCITY OR STRESS DATA 
c 
c 
C----------KPLTYPE - 1 OR KPLTYPE - 2 
c 
c 

IF (KPLTYPE .EQ. 1 .OR. KPLTYPE .EQ. 2) THEN 
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c 

LABEL(1) = DISCPT(1)//DISCPT(2)//Z1//Z2 
LABEL(2) = 'TIME -- *SEC$' 
LABEL(3) = 'PARTICLE VELOCITY -- *CM$/*SEC$' 
IF (KPLTYPE .EQ. 2) LABEL(3) = 'STRESS -- *DYN$/*CM$$2*' 
IAR(1)=1 
ENCODE(10,1000,LABEL(1) (40:48)) KKK,NG 
DO 74 I=1,JFIN 
XPL (I) =X (I) 

74 YPL(I)-Y(I) 
CALL GRAPH4 (XPL,YPL,JFIN,1,XMAX,XMIN,YMAX,YMIN,LABEL,IAR) 
IAR(1)=-1 
IAR(3)•4 
NPTA • NPT(1) 
DO 76 I•1,NPTA 
XPL (I) •XA (I) 

76 YPL(I)•YA(I) 
CALL GRAPH4 (XPL,YPL,NPTA,1,XMAX,XMIN,YMAX,YMIN,LABEL,IAR) 
RETURN 

C******GROUPED VELOCITY OR STRESS PLOT 
c 
c 
C----------KPLTYPE • 3 OR KPLTYPE • 4 
c 
c 

ELSEIF (KPLTYPE .EQ. 3 .OR. KPLTYPE .EQ. 4) THEN 
LABEL(2) - 'TIME -- *SEC$ ... GROUPED HISTORIES OF FITTED DATA' 

LABEL(3) = 'PARTICLE VELOCITY -- *CM$/*SF.C$ ' 
IF (KPLTYPE .EQ. 4) LABEL(3) = 'STRESS -- *DYN$/*CM$$2*' 
IAR(1)•1 
ENCODE(10,1001,LABEL(1) (41:45)) K1,NGAGE 
DO 110 I=1,NGAGE 
IAR(3)-MOD(I-1,4) 
IS=1000*(I-1)+1 
DO 105 J=1,JFIN 
XPL(J)=X(IS+J-1) 

105 YPL(J)=Y(IS+J-1) 
IF (I .EQ. NGAGE) IAR(1)=-1 
CALL GRAPH4 (XPL,YPL,JFIN,1,XMAX,XMIN,YMAX,YMIN,LABEL,IAR) 

110 CONTINUE 
c ********* 
C GROUPED VELOCITY OR STRESS PLOT WITH RAW DATA 

IAR(1)-1 
ENCODE (10,1000,LABEL(1) (41:48)) KKK,NGAGE 
IF (NGAGE .GT. 1) ENCODE(10,1001,LABEL(1) (41:45)) K1,NGAGE 
LABEL(2) = 'TIME -- *SEC$ FITTED AND RAW HISTORIES' 
NGRPH = NGAGE/3 
IF (MOD(NGAGE,3) .NE. 0) NGRPH = NGRPH+1 

• NL0=1 
NHI=3 
DO 121 K=1,NGRPH 

IAR(1)=1 
ENCODE(10,1005,LABEL(1) (41:45)) NLO,KK1,NHI 
DO 115 I=NLO,NHI 
IAR(3)=MOD(I-1,4) 
IS=1000*(I-1)+1 
DO 112 J=1,JFIN 
XPL (J) =X ( IS+J-1) 

112 YPL(J)=Y(IS+J-1) 
CALL GRAPH4 (XPL,YPL,JFIN,1,XMAX,XMIN,YMAX,YMIN,LABEL,IAR) 

115 CONTINUE 
DO 120 N = NLO,NHI 
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IAR(3)=MOD(N-1,8)+4 
IS= 1000*(N-1) 
NPTA = NPT(N) 
DO 118 I=1,NPTA 
XPL(I)=XA(I+IS) 

118 YPL(I)=YA(I+IS) 
IF (N .EQ. NHI) IAR(1)=-1 

CALL GRAPH4 (XPL,YPL,NPTA,1,XMAX,XMIN,YMAX,YMIN,LABEL,IAR) 
120 CONTINUE 

NLO = NHI+1 
NHI = MIN(NHI+3,NGAGE) 

121 CONTINUE 
RETURN 

c 
C******STRESS-PARTICLE 
c 

VELOCITY PLOT **** STRESS-SPECIFIC VOLUME PLOT 

c 
C----------KPLTYPE = 5 
c 

OR KPLTYPE = 6 

c 

ELSEIF (KPLTYPE .EQ. 5 .OR. KPLTYPE .EQ. 6) THEN 
IAR (1) =1 
LABEL(2) - 'PARTICLE VELOCITY -- *CM$/*SEC$' 
LABEL(3) = 'STRESS -- *DYN$/*CM$$2*' 
IF (KPLTYPE .EQ. 6) THEN 

LABEL(2) = 'SPECIFIC VOLUME -- *CM$/*SEC$' 
END IF 
DO 130 I=1,NGAGE 
IAR(3)=MOD(I-1,4) 
IF (I .EQ. NGAGE) IAR(1)=-1 
IS=1000*(I-1)+1 
DO 125 J=1,JFIN 
XPL(J)=X(IS+J-1) 

125 YPL(J)=Y(IS+J-1) 
CALL GRAPH4(XPL,YPL,JFIN,1,XMAX,XMIN,YMAX,YMIN,LABEL,IAR) 

130 CONTINUE 
RETURN 

C******GROUP£D VELOCITY OR STRESS PLOTS W/0 RAW DATA 
c 
c 
C----------KPLTYPE - 7 OR KPLTYPE - 8 
c 

ELSEIF (KPLTYPE .EQ. 7 .OR. KPLTYPE .EQ. 8) THEN 
LABEL(2) = 'TIME -- *SEC$ ... GROUPED HISTORIES' 
LABEL(3) = 'PARTICLE VELOCITY -- *CM$/*SEC$ ' 
IF (KPLTYPE .EQ. 8) LABEL(3) = 'STRESS -- *DYN$ / *CM$$2*' 
IAR(1)=1 
ENCODE(10,1 001,LABEL(1) (41:45)) K1,NGAGE 
DO 210 I =1,NGAGE 
IAR(3)-MOD(I-1,4) 
IS=1000*(I-1)+1 
DO 205 J=1,JFIN 
XPL (J) =X (IS+J-1) 

205 YPL(J)=Y(IS+J-1) 
IF (I .EQ. NGAGE) IAR(1) =-1 
CALL GRAPH4 (XPL,YPL,JFIN,1,XMAX,XMIN,YMAX,YMIN,LABEL,IAR) 

210 CONTINUE 
RETURN 

END IF 
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1000 FORMAT(A5,I3) 
1001 FORMAT(A3,I2) 
1002 FORMAT(4(A10,E10.3)) 
1003 FORMAT(' NO MIN OR MAX DATA FOR PLOT WITH KPLTYPE=',I3) 
1004 FORMAT (4(A10,1PE10.3)) 
1005 FORMAT(I2,A1,I2) 

END 
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SUBROUTINE LSTSQ2(X,II,NDIM,NP,N,EL,NPRINT) LSTS 1 \ 
IMPLICIT REAL*8(A-H,O-Z) LSTS 2 

C ***** LEAST SQUARES FIT ROUTINE ***** LSTS 3 
C THE ROUTINE HAS TWO BRANCHES: LSTS 4 
C 1. FOR N = 0 OR LARGER, LSTS 5 
C THE REQUIRED FIT HAS THE FINAL FORM LSTS 6 
C V(L) =SUM ( EL(L,I) * Y(I) ) LSTS 7 
C WHERE V IS THE LEAST SQUARES FIT TO -Y- , OR THE N-TH DERIVA- LSTS 8 
C TIVE OBTAINED FROM THAT FIT. THE -EL( , )- IS COMPUTED HERE. LSTS 9 
C V(L) ARE DETERMINED AT THE SAME X LOCATIONS AS THE Y(I), SO LSTS 10 
C -EL- IS SQUARE, WITH DIMENSIONS EL(NDIM,NDIM), BUT WRITTEN AS LSTS 11 
C A ONE-DIM. ARRAY. LSTS 12 
C 2. FOR N = -1, LSTS 13 
C THE REQUIRED FIT HAS THE FINAL FORM LSTS 14 
C V = U(1) + U(2)*X + U(3)*X~2 LSTS 15 
C WHERE U(L) =SUM ( EL(L,I) * Y(I) ) LSTS 16 
C HERE V CAN BE OBTAINED AT ARBITRARY VALUES OF X. L RANGES FROMLSTS 17 
C 1 TO 3, YET I RANGES OVER THE NUMBER OF X VALUES, SO -EL- IS LSTS 18 
C NOT SQUARE: EL(3,NDIM), BUT TREATED AS ONE-DIM. ARRAY. LSTS 19 
C THE FORMAL PARAMETERS ARE LSTS 20 
C X(I) A VECTOR OF ABSCISSAS FOR THE Y(I) VALUES LSTS 21 
C II NUMBER OF -X- VALUES LSTS 22 
C NDIM DIMENSION OF THE -EL(NDIM,NDIM)- MATRIX IN THE LSTS 23 
C CALLING ROUTINE LSTS 24 
C NP NUMBER OF HIGHEST POWER OF -X- IN THE FIT LSTS 25 
C N ORDER OF DERIVATIVE REQUIRED, 0 FOR VALUE ITSELFLSTS 26 
C EL MATRIX OF FIT LSTS 27 
C NPRINT INDICATOR, NPRINT=O FOR NO PRINT, NPRINT=5H MATLSTS 28 
C FOR PRINTING WITH THE MATRIX NAME -MAT- LSTS 29 
C THE ROUTINE STOPS IF -NP- EXCEEDS 9, OR -II~ EXCEEDS 25. LSTS 30 
C LSTS 31 

DIMENSION X(1),EL(1),CX(10,10),LV(10),MV(10),XX(25,10) LSTS 32 
IF (NP .GT. 9 .OR. II .GT. 25) GO TO 400 LSTS 33 
NP1=NP+1 LSTS 34 
IIII=NDIM*NDIM LSTS 35 

C ZERO THE -EL- AND -CX- AND -XX- MATRICES LSTS 36 
DO 20 J=1,IIII LSTS 37 

20 EL (J) =0. LSTS 38 
IF (N .GT. NP) GO TO 280 LSTS 39 
DO 22 J=1,100 LSTS 40 
CX(J,1) = 0. LSTS 41 

22 XX(J,1) = 0. LSTS 42 
C CONSTRUCT THE MATRIX OF POWERS OF X LSTS 43 

DO 50 J=1,NP1 LSTS 44 
IND=MOD(J-1,2) LSTS 45 
DO 50 I=1,II LSTS 46 
IF (J .EQ. 1) GO TO 45 LSTS 47 
IF (X(I) .EQ. 0.) GO TO 50 LSTS 48 
IF (IND .EQ. 0 .OR. X(I) .GT. 0.) GO TO 40 LSTS 49 
XX(I,J)=ABS(X(I))**(J-1) LSTS 50 
GO TO 50 LSTS 51 

40 XX(I,J)=ABS(X(I))**(J-1) LSTS 52 
GO TO 50 LSTS 53 

45 XX(I,J)=1. LSTS 54 
50 CONTINUE LSTS 55 
C FILL THE -CX- MATRIX LSTS 56 

DO 100 KK=1,NP1 LSTS 57 
Kl=(KK-l)*NPl LSTS 58 

DO 100 JJ=l,NP1 LSTS 59 
DO 100 I=l,II LSTS 60 

100 CX(JJ+K1,1)=XX(I,KK)*XX(I,JJ)+CX(JJ+K1,1) LSTS 61 
C INVERT THE -CX- MATRIX LSTS 62 
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c 
c 

c 
200 

210 

c 
220 
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c 
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245 
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c 
c 
c 
260 

270 

c 
280 
c 
c 
290 

400 

1150 

CALL MINV(CX,NP1,D,LV,MV) 
IF (D .NE. 0.) GO TO 150 
WRITE (6,1150) D 
STOP 1511 
CONTINUE 

JUMP TO APPROPRIATE SECTION TO COMPUTE -EL- MATRIX 
IF (N .EQ. -1) GO TO 260 
IF (N-1) 200,220,240 

ROUTE FOR -EL(O)- MATRIX FOR FITTING DATA 
DO 210 I=1,II 
ID=NDIM*(I-1) 
DO 210 L=1,II 
DO 210 K=1,NP1 
DO 210 J=1,NP1 
JJ==NP1 * (J-1) 
EL(L+ID)=CX(JJ+K,1)*XX(L,K)*XX(I,J) + EL(L+ID) 
GO TO 290 

ROUTE FOR -EL(1)- MATRIX FOR FITTING FIRST DERIVATIVES OF DATA 
DO 230 I=1,II 
ID=NDIM* (I-1) 
DO 230 L=1,II 
DO 230 K=2,NP1 
DO 230 J=1,NP1 
JJ=NP1 * (J-1) 
EL(L+ID)=(K-1)*CX(JJ+K,1)*XX(L,K-1)*XX(I,J) + EL(L+ID) 
GO TO 290 

ROUTE FOR -EL(N)- MATRIX FOR FITTING N-TH DERIVATIVE OF DATA 
NN=N+1 
DO 250 I=1,II 
ID=NDIM* (I-1) 
DO 250 L=1,II 
DO 250 K=NN,NP1 
MM=1 
DO 245 M=1,N 
MM=MM* (K-M) 
DO 250 J=1,NP1 
JJ=NP1 * (J-1) 
EL(L+ID)=MM*CX(JJ+K,1)*XX(L,K-N)*XX(I,J) + EL(L+ID) 
GO TO 290 

ROUTE FOR -EL(K,I)- MATRIX FOR FITTING THE FUNCTION OVER 
ARBITRARY -X- VALUES. 

CONTINUE 
DO 270 I=1,II 
ID = NDIM* (I-1) 
DO 270 K = 1,NP1 
DO 270 J = 1,NP1 
J J = NP 1 * ( J -1) 
EL(K+ID) = EL(K+ID) + CX(JJ+K,1)*XX(I,J) 
GO TO 290 

ROUTE FOR -N- .GT. -NP-, THE -EL(N)- MATRIX IS ZERO 
WRITE (6,1280) N,NP 

********* PRINT OUTPUT FROM LSTSQ2 ********** 
IF (NPRINT .EQ. 0) RETURN 
IF (N .GE. 0) WRITE (6,1250) NPRINT,NPRINT,NP,N 
IF (N .EQ. -1) WRITE (6,1260) NPRINT,NPRINT,NP 
RETURN 
WRITE(6,1400) NP,II 
STOP 1423 
FORMAT(' STOP IN LSTSQ2 WITH NONINVERTIBLE MATRIX, D=',1PE10.3) 
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1250 FORMAT ('0LSTSQ2 : [',AS,'] MATRIX, WHERE VFIT(L)-',A5,' (L,I)', LSTS 125 
1 1H*,'VDATA(I). POWER OF FIT IS NP=',I2,'. VFIT IS THE N=',I2, LSTS 126 
2 ' ORDER DERIVATIVE OF DATA') LSTS 127 

1260 FORMAT ('0LSTSQ2 : [',A5,'] MATRIX, WHERE V ~ UFIT(1) + UFIT(2)*X'LSTS 128 
1' + UFIT(3)*X~2 AND UFIT(L) =',A5,' (L,I) * VDATA(I) .'/'POWER' LSTS 129 
2 'OF FIT IS NP =',I2) LSTS 130 

1280 FORMAT ('0LSTSQ2 : DERIVATIVE IS GREATER THAN POWER OF THE FIT, N(LSTS 131 
1DERIV)=',I2,', AND NPOWER=',I2/) LSTS 132 

1300 FORMAT(1P10E12.3) LSTS 133 
1400 FORMAT (' LIMITS ARE EXCEEDED IN LSTSQ2'/10X,'NP=',I4,' MUST BE LSTS 134 

1LE. 9'/10X,'II=',I4,' MUST BE .LE. 25') LSTS 135 
END LSTS 136 

I 
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c 
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c 
45 
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50 

55 
c 

60 
62 

SUBROUTINE MINV(A,N,D,L,M) 
IMPLICIT REAL*8(A-H,O-Z) 
DIMENSION A(l),L(l),M(l) 

SEARCH FOR LARGEST ELEMENT 
D-1. 
NK==-N 
DO 80 K==l,N 
NK=NK+N 
L(K)=K 
M(K)==K 
KK=NK+K 
BIGA=A(KK) 
DO 20 J=K,N 
IZ==N* (J-1) 
DO 20 I=K,N 
IJ=IZ+I 
IF (ABS(BIGA)-ABS(A(IJ))) 15,20,20 
BIGA=A(IJ) 
L(K)=I 
M(K)=J 
CONTINUE 

INTERCHANGE ROWS 
J=L(K) 
IF (J-K) 35,35,25 
KI-K-N 
DO 30 I=l,N 
KI=KI+N 
HOLD=-A (KI) 
JI=KI-K+J 
A (KI) =A (JI) 
A(JI)=HOLD 

INTERCHANGE COLUMNS 
I=M(K) 
IF (I-K) 45, 45,38 
JP=N* (I-1) 
DO 40 J=l,N 
JK=NK+J 
JI=JP+J 
HOLD=-A(JK) 
A (JK) =A (JI) 
A(JI)=HOLD 

DIVIDE COLUMN BY MINUS PIVOT (VALUE OF PIVOT ELEMENT IS 
CONTAINED IN BIGA) 

IF (ABS(BIGA)-l.E-20) 46,46,48 
D=O. 
WRITE (6,446) BIGA 
RETURN 
DO 55 I=l,N 
IF (I-K) 50,55,50 
IK=NK+I 
A(IK)=A(IK)/(-BIGA) 
CONTINUE 

REDUCE MATRIX 
DO 65 I=l,N 
IK=NK+I 
HOLD=A (IK) 
IJ=I-N 
DO 65 J=l,N 
IJ=IJ+N 
IF (I-K) 60, 65,60 
IF (J-K) 62, 65,62 
KJ=IJ-I+K 
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A(IJ)-HOLD*A(KJ)+A(IJ) 
65 CONTINUE 
C DIVIDE ROW BY PIVOT 

KJ•K-N 
DO 75 J=1,N 
KJ-=KJ+N 
IF (J-K) 70,75,70 

70 A(KJ)-A(KJ)/BIGA 
75 CONTINUE 
C PRODUCT OF PIVOTS AND REPLACE PIVOT BY RECIPROCAL 

D=D*BIGA 
A(KK)=1./BIGA 

80 CONTINUE 
C FINAL ROW AND COLUMN INTERCHANGE 

K-=N 
100 K=K-1 

IF (K) 150,150,105 
105 I=L(K) 

IF (I-K) 120,120,108 
108 JQ=N* (K-1) 

JR-N* (I-1) 
DO 110 J=1,N 
JK=JQ+J 
HOLD=A(JK) 
JI=JR+J 
A(JK)=-A(JI) 

110 A(JI)-HOLD 
120 Ja::M(K) 

IF (J-K) 100,100,125 
125 KI=K-N 

DO 130 I=1,N 
KI=KI+N 
HOLD=A(KI) 
JI=KI-K+J 
A(KI)--A(JI) 

130 A(JI)-HOLD 
GO TO 100 

150 RETURN 
446 FORMAT(/' MINV- MATRIX IS SINGULAR, BIGA • ',1PE12.4/) 

END 
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c 

c 

c 

SUBROUTINE PLOTCON(NXVAL,JFIN,GTYPE,DISCPT,Z1,Z2) 
IMPLICIT REAL*8(A-H,O-Z) 

INCLUDE '[B6391.GUIN]GUINCOM.FOR' 
COMMON /DER/ DERIVS(1000),ULINE(10,25),TLINE(10,25),LINE(10,25), 

1 NLINE,NPT(10),NPTA(25) 
REAL*8 NPLOG,NTLOG 
COMMON /LOG/ NPLOG,NTLOG,SBIAS,TBIAS,UBIAS 
COMMON /FIT/ DERFIT(120),CTH(3,10),UFIT(3,10) 

COMMON /COM/ S(1000,25),U(1000,25),EM(1000,25),ENG(1000,25), 
1 C(1000,25),T(1000,25),V(1000,25),TYME(1000),EMV(1000,25) 

COMMON /RAW/ SA(1000,25),TA(1000,25) 
COMMON /X/ X(45),XREQ(20),XCOM(25),XUNIQ(25),NHORDR(25), 

1 LINECT(25),NREVRS(25) 
COMMON /T/ FIRST 
COMMON /TUU/ TIMEH(25,10),UDER(4),UDERH(4) 
COMMON /INT/ XINTER(25),TINTER(25),JSTART(25),JSTOP(25) 

REAL*4 XGRAPH(l000),YGRAPH(1000),ZGRAPH(1000) 
CHARACTER*80 LABEL(3) 
CHARACTER*10 DISCPT(10),GTYPE,Z2 
CHARACTER*9 Z1 
DIMENSION IAR(7) 
DATA IAR/-1,0,0,0,0,0,5/ 

c ******** 

PLOT 
PLOT 
PLOT 
PLOT 
COM 
COM 
COM 
COM 
COM 
COM 
COM 
COM 
COM 
COM 
COM 
COM 
COM 
COM 
PLOT 
PLOT 
PLOT 
PLOT 
PLOT 
PLOT 
PLOT 

********PLOT 
PLOT 
PLOT 
PLOT 
PLOT 
PLOT 
PLOT 
PLOT 
PLOT 
PLOT 
PLOT 
PLOT 
PLOT 
PLOT 
PLOT 
PLOT 
PLO.T 

c 
c 
c 

*** 

900 

c 
c 
c 
920 

PLOT (-S- VS -U-), (-S- VS -V-), AND STRESS HISTORIES 

IF (GTYPE .EQ. ' STRESS 
KPLTYPE=5 
IREAD•O 

') GO TO 900 

CALL GRAF(S,SA,U,TA,JSTOP,JFIN,DISCPT,KPLTYPE,IREAD, 
1 NXVAL,1,Z1,Z2) 

KPLTYPE-6 
IREAD-0 
CALL GRAF(S,SA,V,TA,JSTOP,JFIN,DISCPT,KPLTYPE,IREAD, 

1 NXVAL,1,Z1,Z2) 
KPLTYPE=8 
IREAD=O 
CALL GRAF(S,SA,T,TA,JSTOP,JFIN,DISCPT,KPLTYPE,IREAD, 

1 NXVAL,1,Z1,Z2) 
GO TO 920 
KPLTYPE=S 
IREAD=O 
CALL GRAF(S,SA,U,TA,NPTA(1),JFIN,DISCPT,KPLTYPE,IREAD, 

1 NXVAL,1,Z1,Z2) 
KPLTYPE=6 
IREAD=O 
CALL GRAF(S,SA,V,TA,NPTA(1),JFIN,DISCPT,KPLTYPE,IREAD, 

1 NXVAL,1,Z1,Z2) 
KPLTYPE=7 
IREAD=O 
CALL GRAF(U,SA,T,TA,NPTA(l),JFIN,DISCPT,KPLTYPE,IREAD, 

1 NXVAL,1,Z1,Z2) 

PLOT 

LABEL(2) 
LABEL(3) 
SMAX - 0. 
UMAX = 0. 

U - H - T SURFACE AND SIGMA - H - T SURFACE 

- '3- DIMENSIONAL VELOCITY- DISTANCE- TIME PLOT' 
- 'PARTICLE VELOCITY -- *CM$/*SEC$' 
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\ 
SMIN = 0. PLOT 49 
UMIN = 0. PLOT 50 
DO 935 Jl = l,NXVAL PLOT 51 
DO 930 Il = l,JSTOP(Jl) PLOT 52 
SMAX = MAX(S(Il,Jl),SMAX) PLOT 53 
UMAX = MAX(U(Il,Jl),UMAX) PLOT 54 
SMIN = MIN(S(Il,Jl),SMIN) PLOT 55 
UMIN = MIN(U(Il,Jl),UMIN) PLOT 56 

930 CONTINUE PLOT 57 
935 CONTINUE PLOT 58 

TMIN = T(l,l) PLOT 59 
TMAX = T(JFIN,NXVAL) PLOT 60 
XMIN = XCOM(l) PLOT 61 
XMAX - XCOM(NXVAL) PLOT 62 
USCALE = 1./(UMAX-UMIN) PLOT 63 
SSCALE = 1./(SMAX-SMIN) PLOT 64 
TSCALE = 1./(TMAX-TMIN) PLOT 65 
XSCALE- 1./(XMAX-XMIN) PLOT 66 

IAR(l) = 1 PLOT 67 
IAR(3) = 0 PLOT 68 
DO 985 Jl = l,NXVAL PLOT 69 

XCOS30 = XSCALE*XCOM(J1)*0.866 PLOT 70 
XSIN30 = XSCALE*XCOM(J1)*0.5 PLOT 71 
!COUNT = 0 PLOT 72 

WRITE (9,9940) Jl,XCOM(Jl),JSTOP(Jl),NXVAL PLOT 73 
9940 FORMAT(' Jl='I5,' XCOM ='1PE11.3,' JSTOP,NXVAL=',2I5) PLOT 74 

DO 980 Il = l,JSTOP(Jl) PLOT 75 
!COUNT = !COUNT + 1 PLOT 76 

XGRAPH(ICOUNT) = XSIN30 + TSCALE*T(Il,Jl)*0.866 PLOT 77 
YGRAPH(ICOUNT) = USCALE*U(Il,Jl) + TSCALE*T(Il,J1)*0.5- PLOT 78 

1 XCOS30 PLOT 79 
WRITE (9,9930) Jl,Il,XCOM(Jl),T(Il,Jl),U(Il,Jl), PLOT 80 

1 !COUNT, XGRAPH(ICOUNT),YGRAPH(ICOUNT) PLOT 81 
9930 FORMAT(' Jl,I1=',2I5,' XCOM,T,U='1P3E11.3,' ICOUNT,XGRAPH,YGRAPH='PLOT 82 

1 I5,1P2E11.3) PLOT 83 
980 CONTINUE PLOT 84 

!COUNT = ICOUNT+l PLOT 85 
XGRAPH(ICOUNT) = XGRAPH(ICOUNT-1) PLOT 86 
YGRAPH(ICOUNT) = TSCALE*T(ICOUNT-l,J1)*.5- XCOS30 PLOT 87 
!COUNT = ICOUNT+l PLOT 88 
XGRAPH(ICOUNT) = XSIN30 PLOT 89 
YGRAPH(ICOUNT) = -XCOS30 PLOT 90 
IF (Jl .EQ. NXVAL) IAR(l) = -1 PLOT 91 
CALL GRAPH4(XGRAPH,YGRAPH,ICOUNT,l,O.,O.,O.,O.,LABEL,IAR) PLOT 92 

985 CONTINUE PLOT 93 
LABEL(2) - '3- DIMENSIONAL STRESS- DISTANCE- TIME PLOT' PLOT 94 
LABEL(3) - 'STRESS -- *DYNE$/*CM$$2' PLOT 95 
IAR(l) = 1 PLOT 96 
IAR(3) = 0 PLOT 97 
DO 986 Jl = l,NXVAL PLOT 98 

XCOS30 = XSCALE*XCOM(J1)*0.866 PLOT 99 
XSIN30 = XSCALE*XCOM(J1)*0.5 PLOT 100 
!COUNT = 0 PLOT 101 
DO 987 Il = l,JSTOP(Jl) PLOT 102 
!COUNT = !COUNT + 1 PLOT 103 

XGRAPH(ICOUNT) = XSIN30 + TSCALE*T(Il,J1)*0.866 PLOT 104 
ZGRAPH(ICOUNT) = SSCALE*S(Il,Jl) + TSCALE*T(Il,Jl)*0.5- XCOPLOT 105 

987 CONTINUE PLOT 106 
!COUNT = ICOUNT+l PLOT 107 
XGRAPH(ICOUNT) = XGRAPH(ICOUNT-1) PLOT 108 
ZGRAPH(ICOUNT) = TSCALE*T(ICOUNT-1,J1)*.5- XCOS30 PLOT 109 
!COUNT = ICOUNT+1 PLOT 110 
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XGRAPH(ICOUNT) - XSIN30 
ZGRAPH(ICOUNT) - -XCOS30 
IF (J1 .EQ. NXVAL) IAR(1) = -1 
CALL GRAPH4(XGRAPH,ZGRAPH,ICOUNT,1,0.,0.,0.,0.,LABEL,IAR) 

986 CONTINUE 
990 CONTINUE 

9915 FORMAT ('1 RESULTS FOR',10A10,/24X,'ALONG H LINE',I2,' AT X-' 
1 1PE10.3/3X,'J',8X,'TIME',6X,'STRESS',2X,'PART. VEL.',2X, 
2 'SPEC. VOL.',5X,'MODULUS',2X,'SQR(V*MOD)',7X,'DH/DT',6X, 
3 'ENERGY'/11X,'SECS.',5X,'DYN/CM2',6X,'CM/SEC',7X,'CM3/G',5X, 
4 'DYN/CM2',6X,'CM/SEC',6X,'CM/SEC',7X,'ERG/G') 

9920 FORMAT(I4,1P8E12.4) 
RETURN 
END 
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SUBROUTINE QUADR(IND,KBEG,KEND,NFIX,AMAT,BMAT,DER,TIME,YYY,IBUG) QUAD 1 
C ********** QUAD 2 
C ROUTINE TO MAKE A LEAST SQUARES FIT TO A PARABOLIC FUNCTION.QUAD 3 
C AFTER FITTING TO DETERMINE THE ONE UNKNOWN PARAMETER, DER(1) QUAD 4 
C (SLOPE AT XI- 0), THE VALUE OF DER(1) IS ADJUSTED TO BE IN THE QUAD 5 
C RANGE OF 0 TO 2 SO THAT THE CURVE IS MONOTONIC. QUAD 6 
C ********** QUAD 7 

IMPLICIT REAL*8 (A-H,O-Z) QUAD 8 
DIMENSION AMAT(4,4),BMAT(4),DER(1),NFIX(1),TIME(1),YYY(1) QUAD 9 
DELTAT = TIME(KEND) - TIME(KBEG) QUAD 10 
DELTAY = YYY(KEND) - YYY(KBEG) QUAD 11 
DO 520 I=1,4 QUAD 12 

520 NFIX(I)=O QUAD 13 
SUM11 = 0. QUAD 14 
SUM31 - 0. QUAD 15 
SUM22 • 0. QUAD 16 
SUMF11 - 0. QUAD 17 
NORPTM2 = KEND-KBEG-1 QUAD 18 
DO 525 I - 1,NORPTM2 QUAD 19 
XI- (TIME(I+K)-TIME(K))/DELTAT QUAD 20 
SUMF11- SUMF11+YYY(I+K)*XI*(1.-XI) QUAD 21 
SUM11 - SUM11+XI*(1.-XI) QUAD 22 
SUM31- SUM31+XI**3*(1.-XI) QUAD 23 

525 SUM22 • SUM22+XI**2*(1.-XI)**2 QUAD 24 
AMAT(1,1) - DELTAY*SUM22 QUAD 25 
BMAT(1) - SUMF11-YYY(K)*SUM11-DELTAY*SUM31 QUAD 26 
IF (ABS(AMAT(1,1)) .GT. 1.E-10) GO TO 530 QUAD 27 
IND - 1 QUAD 28 
RETURN QUAD 2 9 

530 DER(1) = BMAT(1)/AMAT(1,1) QUAD 30 
D10LD - DER(1) QUAD 31 
IF (DER(1) .GE. 0 .. AND. DER(1) .LE. 2.) GO TO 540 QUAD 32 
NFIX(1) - 1 QUAD 33 
DER(1) - MIN(2.DO,MAX(O.DO,DER(1))) QUAD 34 

540 DER(2) = 2.-DER(1) QUAD 35 
DER(3) = 2.-2.*DER(1) QUAD 36 
DER(4) = DER(3) QUAD 37 
IF (IBUG .GT. 0) WRITE(6,1000) (DER(I),I=1,4),KBEG,KEND,D10LD QUAD 38 

1000 FORMAT(' ','QUADR: ','DERS= ',4E10.3,3X,'KBEG= ',I4,3X, QUAD 39 
1 'KENO= ',I4/' ','D10LD= ',E10.3) QUAD 40 

RETURN QUAD 41 
END QUAD 42 

QUAD 43 
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SUBROUTINE QUARTIC (IND1KBEG1KEND NFIX AMAT BMAT DER 
1 TIMEIYYYIIBUG) I I I I I 

c ********** 
QUAR 
QUAR 
QUAR c 

c ROUTINE TO MAKE A LEAST SQUARES FIT TO A QUARTIC 
********** 

IMPLICIT REAL*8 (A-H10-Z) 

EQUATION. QUAR 
QUAR 

DIMENSION AMAT(414)1BMAT(4) 1DER(l) 1NFIX(4) 1TIME(1) 1YYY(l) 1 1 SUME(3)1SUMF(3) 1SFACT(3) 
DELTAT = TIME(KEND)-TIME(KBEG) 
DELTAY - YYY(KEND)-YYY(KBEG) 
KBEGl = KBEG+l 
KENOl = KEND-1 

540 
DO 540 I=1 14 
NFIX(I) = 0 

QUAR 
QUAR 
QUAR 
QUAR 
QUAR 
QUAR 
QUAR 
QUAR 
QUAR 
QUAR 
QUAR 
QUAR 
QUAR 
QUAR 
QUAR 
QUAR 
QUAR 
QUAR 
QUAR 
QUAR 
QUAR 
QUAR 
QUAR 
QUAR 
QUAR 

IF(ABS(DENOM) .LT. 1.E-10) GO TO 560 
DO 542 JROW=1 13 
SUME(JROW) = 0. 
SUMF(JROW) = 0. 
BMAT(JROW) = 0. 
DO 542 JCOL =1 13 

542 AMAT(JROW1JCOL) = 0. 
DO 545 I = KBEG1 1KEND1 
XI= (TIME(I)-TIME(KBEG))/DELTAT 
EO = XI**3*(4.-3.*XI) 
SFACT(1) = XI*(1.+2.*XI)*(1.-XI)**2 
SFACT(2) = -XI**3*(1.-XI) 
SFACT(3) = 0.5*XI**2*(1.-XI)**2 
DO 545 JROW = 113 
SUME(JROW) = SUME(JROW)+SFACT(JROW) 
SUMF(JROW) = SUMF(JROW)+YYY(I)*SFACT(JROW) 
DO 544 JCOL = 113 

544 AMAT(JROW1JCOL) = AMAT(JROW,JCOL)+SFACT(JROW)*SFACT(JCOL) 
BMAT(JROW) = BMAT(JROW)+EO*SFACT(JROW) 

QUAR 
QUAR 
QUAR 
QUAR 
QUAR 

545 CONTINUE 
DO 547 JROW = 113 
BMAT(JROW) = SUMF(JROW) - DELTAY*BMAT(JROW) 
DO 547 JCOL = 113 
AMAT(JROW1JCOL) = DELTAY*AMAT(JROW1JCOL) 

547 CONTINUE 
DENOM = AMAT(1 11)*AMAT(212)*AMAT(3 13) 

1 + AMAT(2 11)*AMAT(3,2)*AMAT(113) 
2 + AMAT(3 11)*AMAT(112)*AMAT(2,3) 
3 - AMAT(3 11)*AMAT(212)*AMAT(1 13) 
4 - AMAT(2 11)*AMAT(112)*AMAT(3 13) 
5 - AMAT(1 11)*AMAT(312)*AMAT(2,3) 

IF (ABS(DENOM) .LT. l.E-10) GO TO 560 
DER(1) - (BMAT(1)*AMAT(2 12)*AMAT(3,3) 

- YYY(KBEG)*SUME(JROW)QUAR 
QUAR 
QUAR 
QUAR 
QUAR 
QUAR 
QUAR 
QUAR 
QUAR 
QUAR 
QUAR 

1 + BMAT(2)*AMAT(3 12)*AMAT(l 13) + BMAT(3)*AMAT(l 1 2)*AMAT(2 13) 
2 - BMAT(1)*AMAT(312)*AMAT(2 13) - BMAT(2)*AMAT(1 12)*AMAT(3 13) 
3- BMAT(3)*AMAT(212)*AMAT(113))/DENOM 

QUAR 
QUAR 
QUAR 
QUAR 
QUAR 
QUAR 
QUAR 
QUAR 
QUAR 
QUAR 
QUAR 
QUAR 

DER(2) - (BMAT(1)*AMAT(2 13)*AMAT(311) 
1 + BMAT(2)*AMAT(1 1l)*AMAT(3 13) + BMAT(3)*AMAT(2,1)*AMAT(1 13) 
2- BMAT(1)*AMAT(2,1)*AMAT(3 13) - BMAT(2)*AMAT(3,1)*AMAT(1 13) 
3- BMAT(3)*AMAT(2,3)*AMAT(1 11))/DENOM 

DER(3) - (BMAT(1)*AMAT(2,1)*AMAT(312) 
1 + BMAT(2)*AMAT(1,2)*AMAT(3 11) + BMAT( 3 )*AMAT(1 11)*AMAT(212) 
2 - BMAT(1)*AMAT(311)*AMAT(2,2) - BMAT(2)*AMAT(3,2)*AMAT(lll) 
3- BMAT(3)*AMAT(2 11)*AMAT(1,2)) / DENOM 

DER(4) = -12.+6.*(DER(1)+DER(2))+ QUAR 
1 DER(3) 

IF (IBUG 
1000 FORMAT(' 

.GT. 0) WRITE(6,1000) (DER(I) ,I=1,4) ,KBEG,KEND 
','QUATRIC: ','DERS= ',4E10.3,3X,'KBEG= ',I4,3X, 

QUAR 
QUAR 
QUAR 

D-37 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 



1 'KENO-', I4) QUAR 63 
RETURN QUAR 64 

560 IND :: 3 QUAR 65 
RETURN QUAR 66 
END QUAR 67 

QUAR 68 
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c 
c 
c 
c 
c 
c 
c 

c 
c 

c 

c 

100 

SUBROUTINE QUINFIT (KBEG,KEND,DER,TA,YA,LIST,ICTMAX) 
ROUTINE TO PRODUCE A MONOTONIC FIT OF A SERIES OF POINTS TO 
A QUINTIC EQUATION. START WITH A CUBIC FIT GIVEN BY THE 
DERIVATIVES DER(l) AND DER(2) AT EACH END OF THE INTERVAL. 
DEFINE THE QUINTIC IN TERMS OF MODIFIED LEGENDRE POLYNOMIALS 
TO MAKE THEM APPROXIMATELY ORTHOGONAL. 
GRADUALLY MODIFY THE COEFFICIENTS 
TO DECREASE THE VARIANCE BETWEEN THE FUNCTION AND THE DATA. 

IMPLICIT REAL*8(A-H,O-Z) 
DIMENSION BLEG(4),TA(1),YA(1),DER(4) 
DIMENSION BLEGNU(2,4),BLEGTEM(4),REVAR(2,4),SDIFF(2,4),VAR(2,4) 

QFIT 
QFIT 
QFIT 
QFIT 
QFIT 
QFIT 
QFIT 
QFIT 
QFIT 
QFIT 
QFIT 
QFIT 

DEFINE COEFFICIENTS FOR MODIFIED LEGENDRE POLYNOMIALS QFIT 
BLEG(l) - (- 9.*DER(1) + 9.*DER(2) - DER(3) - DER(4))/84. QFIT 
BLEG(2) - (-30. + 15.*DER(1) + 15.*DER(2) + DER(3) - DER(4))/180. QFIT 
BLEG(3) - (2.*DER(l) - 2.*DER(2) + DER(3) + DER(4))/280. QFIT 
BLEG(4) - (12. - 6.*DER(l) - 6.*DER(2) - DER(3) + DER(4))/504. QFIT 

GET VARIANCES FROM THE INITIAL VALUES OF -BLEG- QFIT 
CALL VARIAN (KBEG,KEND,BLEG,SDFSTD,REVSTD,VARSTD,TA,YA,LIST)QFIT 

IF (LIST .GT. 0) WRITE (6,1084) KBEG,KEND,BLEG,SDFSTD,REVSTD, 
1 VARSTD 

DELTAT = YA(KEND)-YA(KBEG) 
YBAR = MAX(ABS(DELTAT),ABS(YA(KEND)+YA(KBEG))/2.) 
DELTA= 0.032 
ICOUNT - 0 
IORBES - 0 
LEGBES - 0 
ICOUNT - ICOUNT+1 
IF (ICOUNT .GT. 50 .OR. ICOUNT .GT. ICTMAX) GO TO 300 

c ******* 

QFIT 
QFIT 
QFIT 
QFIT 
QFIT 
QFIT 
QFIT 
QFIT 
QFIT 
QFIT 
QFIT 
QFIT 
QFIT 
QFIT 
QFIT 
QFIT 
QFIT 
QFIT 
QFIT 
QFIT 
QFIT 
QFIT 
QFIT 
QFIT 
QFIT 
QFIT 
QFIT 
QFIT 
QFIT 
QFIT 
QFIT 
QFIT 
QFIT 
QFIT 
QFIT 
QFIT 
QFIT 
QFIT 
QFIT 
QFIT 
QFIT 
QFIT 
QFIT 

C LOOP TO COMPUTE VARIANCES AND FIND CHANGE IN -BLEG- WHICH 
c 

c 
c 

c 
c 

GIVES THE MOST IMPROVEMENT 
DO 110 IBLEG = 1,4 

110 BLEGTEM(IBLEG) = BLEG(IBLEG) 
DO 165 IBLEG = 1,4 
DO 160 IOR = 1,2 
DIR = 2.*(IOR-1.5) 
BLEGNU(IOR,IBLEG) = BLEG(IBLEG)+DIR*DELTA 
BLEGTEM(IBLEG) = BLEGNU(IOR,IBLEG) 
CALL VARIAN (KBEG,KEND,BLEGTEM,SDIFF(IOR,IBLEG), 

1 REVAR(IOR,IBLEG),VAR(IOR,IBLEG),TA,YA,IBUG) 
IF (REVAR(IOR,IBLEG) .GT. 0.) GO TO 160 
IF (VAR(IOR,IBLEG) .GT. VARSTD-0.0001*YBAR**2) GO TO 160 
IF (IORBES .EQ. 0) GO TO 140 
IF (VAR(IOR,IBLEG) .GT. VAR(IORBES,LEGBES)-0.0001*YBAR**2) 

1 GO TO 160 
140 IORBES = IOR 

LEGBES = IBLEG 
160 CONTINUE 
165 BLEGTEM(IBLEG) = BLEG(IBLEG) 

IF (LIST .GT. 1) WRITE (6,1163) IORBES,LEGBES,BLEG,VARSTD, 
1 ICOUNT,DELTA,BLEGNU,REVAR,SDIFF,VAR 

TEST FOR CUTTING INCREMENT SIZE 
IF (IORBES .GT. 0) GO TO 180 
IF (DELTA .LE. 0.001) GO TO 300 
DELTA= O.S*DELTA 
GO TO 100 

FOR CHANGES 

MODIFY THE FUNCTION USING THE SELECTED CHANGE 
180 VAROLD = VARSTD 
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IF (SDIFF(IORBES,LEGBES)*SDFSTD .GT. 0.) GO TO 200 QFIT 63 
C SUBDIVIDE THE CHANGE IF SDIFF CHANGES SIGN QFIT 64 

DEL • ABS(SDFSTD)/ABS(SDIFF(IORBES,LEGBES)-SDFSTD)*DELTA QFIT 65 
BLEG(LEGBES) • BLEG(LEGBES)+DEL*2.*(IORBES-1.5) QFIT 66 
CALL VARIAN (KBEG,KEND,BLEG,SDFSTD,REVSTD,VARSTD,TA,YA,IBUG) QFIT 67 
GO TO 220 QFIT 68 

C RESET THE STANDARD VARIANCES TO REFLECT THE NEW -BLEG- VALUES QFIT 69 
200 SDFSTD - SDIFF(IORBES,LEGBES) QFIT 70 

VARSTD = VAR(IORBES,LEGBES) QFIT 71 
REVSTD = REVAR(IORBES,LEGBES) QFIT 72 
BLEG(LEGBES) = BLEGNU(IORBES,LEGBES) QFIT 73 
IF (LIST .LE. 0) GO TO 220 QFIT 74 
WRITE(6,1220) (BLEG(I),I•1,4),VARSTD QFIT 75 
IF (LIST .LE. 1) GO TO 220 QFIT 76 
DER(1) = 1. - 6.*BLEG(1) + 10.*BLEG(2) - 20.*BLEG(3) + 28.*BLEG(4)QFIT 77 
DER(2) = 1. + 6.*BLEG(1) + 10.*BLEG(2) + 20.*BLEG(3) + 28.*BLEG(4)QFIT 78 
DER(3) = 12.*BLEG(1) - 60.*BLEG(2) + 180.*BLEG(3) - 420.*BLEG(4) QFIT 79 
DER(4) - 12.*BLEG(1) + 60.*BLEG(2) + 180.*BLEG(3) + 420.*BLEG(4) QFIT 80 
WRITE (6,1224) DER QFIT 81 

220 DVAR = VAROLD-VARSTD QFIT 82 
C TEST FOR COMPLETION QFIT 83 

IF (LIST .LE. 1) GO TO 230 QFIT 84 
CALL VARIAN (KBEG,KEND,BLEG,SDFSTD,REVSTD,VARSTD,TA,YA,LIST) QFIT 85 

230 IF (DVAR .LT. 0.1*VARSTD .AND. DELTA .LE. 0.001) GO TO 300 QFIT 86 
IF (VARSTD .LT. 0.001*YBAR**2*(KEND-KBEG)) GO TO 300 QFIT 87 
IF (LIST .GT. 1) WRITE (6,1302) DELTA,DVAR,VARSTD,SDFSTD,REVSTD, QFIT 88 

1 BLEG QFIT 89 
GO TO 100 QFIT 90 

300 IF (LIST .GE. 1) WRITE(6,1300) (BLEG(I) ,I=1,4) QFIT 91 
DER(1) = 1. - 6.*BLEG(1) + 10.*BLEG(2) - 20.*BLEG(3) + 28.*BLEG(4)QFIT 92 
DER(2) = 1 . + 6.*BLEG(1) + 10.*BLEG(2) + 20.*BLEG(3) + 28.*BLEG(4)QFIT 93 
DER(3) = 12.*BLEG(1) - 60.*BLEG(2) + 180.*BLEG(3) - 420.*BLEG(4) QFIT 94 
DER(4) = 12.*BLEG(1) + 60.*BLEG(2) + 180.*BLEG(3) + 420.*BLEG(4) QFIT 95 
IF (LIST .GE. 1) WRITE (6,1324) DER,ICOUNT,VARSTD QFIT 96 
IF (LIST .LE. 1) RETURN QFIT 97 
CALL VARIAN(KBEG,KEND,BLEG,SDFSTD,REVSTD,VARSTD,TA,YA,LIST) QFIT 98 
RETURN QFIT 99 

C FORMATS QFIT 100 
1084 FORMAT (' QUINFIT START KBEG,KEND=',2I3,' BLEG=',1P4E10.3, QFIT 101 

1 ' SDF,REV,VARSTD=',3E10.3) QFIT 102 
1163 FORMAT (' QF160 IORBES • ',I2,' LEGBES • ',I2, QFIT 103 

1 'BLEG=',1P4E11.4,' VARSTD=',E11.4,' ICOUNT-',I3,' DELTA-', QFIT 104 
1 1PE10.3/ QFIT 105 
1 ' BLEGNU =',1P8E11.4/' REVAR -',8E11.4/ QFIT 106 
1 ' SDIFF =', 8E11.4/' VAR =',8E11.4) QFIT 107 

1220 FORMAT(' ','QF 220 BLEG= ',1P4E10.3,' VARSTD-',1PE10.3) QFIT 108 
1224 FORMAT (' QF 224 DER-',1P4E10.3) QFIT 109 
1302 FORMAT (' QF 225 DELTA,DVAR=',1P2E10.3,' VAR,SDF,REVSTD•',3E10.3, QFIT 110 

1' BLEG=',4E10.3) QFIT 111 
1300 FORMAT(/' QF END BLEG= ',1P4E10.3) QFIT 112 
1324 FORMAT (' QUINFIT 324 DER=',1P4E10.3,' ICOUNT=',I3,' VARSTD=', QFIT 113 

1 1PE10.3) QFIT 114 
END QFIT 115 

QFIT 116 
SUBROUTINE VARIAN (KBEG,KEND,BLEG,SDF,REV,VAR,TA,YA,IBUG) QFIT 117 

C COMPUTE VARIANCES BETWEEN A QUINTIC DEFINED BY THE LEGENDRE QFIT 118 
C POLYNOMIAL AND A SERIES OF POINTS (YA,TA). QFIT 119 
C -BLEG- ARE THE COEFFICIENTS OF THE LEGENDRE SERIES. QFIT 120 
C -VAR- IS THE STANDARD VARIANCE= SUM (Y- FUNC)**2 QFIT 121 
C -SDF- IS A SIGNED DIFFERENCE = SUM (Y - FUNC) QFIT 122 
C -REV- IS THE REVERSE AREA- SUM (YMAX-Y), WITH YMAX = MAX(Y) QFIT 123 

IMPLICIT REAL*8(A-H,O-Z) QFIT 124 
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DIMENSION BLEG(4),TA(1),YA(1) 
DELTAT = TA(KENO)-TA(KBEG) 
DELTAY = YA(KENO)-YA(KBEG) 
SDF = 0. 
REV = 0. 
VAR = 0. 
G2 = -6.*BLEG(l) +10.*BLEG(2) - 20.*BLEG(3) + 28.*BLEG(4) 
G3 =- 20.*BLEG(2) - 56.*BLEG(4) 
G4 - 7 0 . *BLEG ( 3) ~ - 12 6 . *BLEG ( 4) 
G5 = 252.*BLEG(4) 
KBEGl - KBEG+l 
KENOl = KENO-l 
FMAX == 0. 
IF (IBUG .GT. 1) THEN 

WRITE (6,1000) BLEG,G2,G3,G4,G5 
WRITE (6,1010) DELTAT,DELTAY,TA(KBEG),TA(KENO) 

WRITE(6,1020) 
ENOIF 
DO 100 K = KBEG,KENO 
XI= (T~(K)-TA(KBEG))/DELTAT 
FUNC = XI*(l.+(l.-XI)*(G2+XI*(G3+(1.-XI)*(G4+XI*G5)))) 
YVAL = YA(KBEG)+FUNC*DELTAY 
DIFF = YA(K) - YVAL 
VAR = VAR+DIFF**2 
SDF = SDF+DIFF 
FMAX = MAX(FMAX,FUNC) 
REV = REV+ABS (FMAX-FUNC) 
IF (!BUG .GT. 1) WRITE(6,1100)K,XI,YVAL,DIFF,VAR,SDF,REV,FMAX 

100 CONTINUE 
RETURN 

1000 FORMAT(' VARIAN, BLEG =',1P4E10.3,' G2,G3,G4,G5= ',1P4E10.3) 
1010 FORMAT(' ','DELTAT,DELTAY= ',1P2El0.3, 

1 'TA(KBEG),TA(KENO)= ',2E10.3) 
1020 FORMAT(' ',' K ',11X,'XI',9X,'FUNC',9X,'DIFF',l0X,'VAR', 

1 10X,'SDF',l0X,'REV',9X,'FMAX') 
1100 FORMAT (' ',I3,1P7El3.3) 

END 
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SUBROUTINE QUINTIC (IND,KBEG,KEND,NFIX,~MAT,BMAT,DER, QUIN 1 
1 TIME,YYY,IBUG) QUIN 2 

C ********** QUIN 3 
C ROUTINE TO MAKE A LEAST SQUARES FIT TO A QUINTIC EQUATION QUIN 4 
C ********** QUIN 5 

IMPLICIT REAL*8 (A-H,O-Z) QUIN 6 
DIMENSION AMAT(4,4),BMAT(4),DER(4),TIME(l),YYY(l),SUME(4), QUIN 7 

1 SUMF(4),ASUB(4,4),SFACT(4),NFIX(4) QUIN 8 
DELTAT = TIME(KEND)-TIME(KBEG) QUIN 9 
DELTAY - YYY(KEND)-YYY(KBEG) QUIN 10 
KBEGl - KBEG+l QUIN 11 
KENOl = KEND-1 QUIN 12 
DO 550 I=1,4 QUIN 13 

550 NFIX(I)-0 QUIN 14 
DO 552 JROW=1,4 QUIN 15 
SUME(JROW) = 0. QUIN 16 
SUMF(JROW) = 0. QUIN 17 
BMAT(JROW) = 0. QUIN 18 
DO 552 JCOL=1,4 QUIN 19 

552 AMAT(JROW,JCOL) = 0. QUIN 20 
DO 555 I = KBEGl,KENDl QUIN 21 
XI= (TIME(I)-TIME(KBEG))/DELTAT QUIN 22 
EO= XI**3*(10.-15.*XI+6.*XI**2) QUIN 23 
SFACT(l) = XI*(l.+2.*XI-3.*XI**2)*(1.-XI)**2 QUIN 24 
SFACT(2) = -XI**3*(1.-XI)*(4.-3.*XI) QUIN 25 
SFACT(3) = 0.5*XI**2*(1.-XI)**3 QUIN 26 
SFACT(4) = 0.5*XI**3*(1.-XI)**2 QUIN 27 
DO 555 JROW- 1,4 QUIN 28 
SUME(JROW) = SUME(JROW)+SFACT(JROW) QUIN 29 
SUMF(JROW) = SUMF(JROW)+YYY(I)*SFACT(JROW) QUIN 30 
DO 554 JCOL = 1,4 QUIN 31 

554 AMAT(JROW,JCOL) - AMAT(JROW,JCOL)+SFACT(JROW)*SFACT(JCOL) QUIN 32 
BMAT(JROW) = BMAT(JROW)+EO*SFACT(JROW) QUIN 33 

555 CONTINUE QUIN 34 
DO 557 JROW = 1,4 QUIN 35 
BMAT(JROW) = SUMF(JROW) - DELTAY*BMAT(JROW) - YYY(KBEG)*SUME(JROW)QUIN 36 
DER(JROW) = BMAT(JROW) QUIN 37 
DO 557 JCOL = 1,4 QUIN 38 
AMAT(JROW,JCOL) = DELTAY*AMAT(JROW,JCOL) QUIN 39 
ASUB(JROW,JCOL) = AMAT(JROW,JCOL) QUIN 40 

557 CONTINUE QUIN 41 
IF (IBUG .GT. 1) WRITE (6,1030) ((AMAT(I,J),I=1,4),J=l,4), QUIN 42 

1 (BMAT(J),J=l,4) QUIN 43 
CALL SIMQ(ASUB,DER,4,KSTOP) QUIN 44 
IF (IBUG .NE. 0) WRITE(6,1000) KBEG,KEND,KSTOP,DER QUIN 45 
IF (KSTOP .EQ. 0) RETURN QUIN 46 
DER(4) = 0. QUIN 47 
NFIX(4) = 1 QUIN 48 
IND = 4 QUIN 49 
RETURN QUIN 50 

1000 FORMAT(' QUINTIC RESULTS FOR KBEG= ',I3,' KEND= ',I3,'KSTOP=',I2, QUIN 51 
1 'DERs=',lP4E11.3) QUIN 52 

1030 FORMAT(' QUINTIC 560: AMAT= ',1P4E13.3, QUIN 53 
1 3(/' ',4E13.3), QUIN 54 
2 /' BMAT= ',4E13.3) QUIN 55 

END QUIN 56 
QUIN 57 
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SUBROUTINE REDR(NA,NB,IN,NO) 
IMPLICIT REAL*8 (A-H,O-Z) 
CHARACTER*1 IDD,IND 
CHARACTER*9 NAA,NA 
CHARACTER*10 NBB,NB 

C TO PREPARE TAPE4 FOR READING 
C THE INPUT CARDS SHOULD BE IN NORMAL FORM FOR MATERIALS INPUT, 
C WITH BLANKS IN FIRST COLUMN. THE INPUT CARDS ARE BETWEEN END-
C OF-RECORD CARDS BUT THERE ARE NO SEPARATORS BETWEEN MATERIALS. 

REWIND IN 
NNaO 
IDD=' ' 

10 READ (IN,100,END=10000) IND,NAA,NBB 
NNaNN+ 1 

20 IF (NA.NE.NAA .OR. (NB.NE.NBB .AND. NO.EQ.2)) GO TO 10 
REWIND IN 
NN=NN-1 
IF (NN .EQ. 0) RETURN 
DO 40 N-1,NN 
READ (IN,100 ) IND 

40 CONTINUE 
RETURN 

10000 WRITE (6,110) IDD,NA,NB,IND,NAA,NBB 
STOP ' REDR STOP' 

100 FORMAT (A1,A9,A10) 
110 FORMAT (15H SEARCHING FOR ,A1,A9,Al0,8H, FOUND ,A1,A9,A10) 

END 
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SUBROUTINE SIMQ(A,B,N,KS) 
IMPLICIT REAL*B (A-H,O-Z) 
DIMENSION A(l),B(l) 

C FORWARD SOLUTION 
TOL,.O.O 
KS-0 
JJ=-N 
DO 65 J-l,N 
JY•J+l 
JJ•JJ+N+l 
BIGA•O. 
IT•JJ-J 
DO 30 I•J,N 

C SEARCH FOR MAXIMUM COEFFICIENT IN COLUMN 
IJ•IT+I 
IF (ABS(BIGA)-ABS(A(IJ))) 20,30,30 

20 BIGA•A ( IJ) 
IMAX•I 

30 CONTINUE 
C TEST FOR PIVOT LESS THAN TOLERANCE (SINGULAR MATRIX) 

IF (ABS(BIGA)-TOL) 35,35,40 
35 KS=l 

RETURN 
C INTERCHANGE ROWS IF NECESSARY 

40 Il•J+N*(J-2) 
IT .. IMAX-J 
DO 50 K-J,N 
Il=Il+N 
I2==Il+IT 
SAVE=A(Il) 
A(Il)•A(I2) 
A(I2)-SAVE 

C DIVIDE EQUATION BY LEADING COEFFICIENT 
50 A(Il)=A(Il)/BIGA 

SAVE=B (IMAX) 
B (IMAX) =B (J) 
B(J)=SAVE/BIGA 

C ELIMINATE NEXT VARIABLE 
IF (J-N) 55,70,55 

55 IQS-N*(J-1) 
DO 65 IX==JY,N 
IXJ=IQS+IX 
IT=J-IX 
DO 60 JX==JY,N 
IXJX•N*(JX-l)+IX 
JJX=IXJX+IT 

60 A(IXJX)=A(IXJX)-(A(IXJ)*A(JJX)) 
65 B(IX)=B(IX)-(B(J)*A(IXJ)) 

C BACK SOLUTION 
70 NY=N-1 

IT=N*N 
DO 80 J=l,NY 
IA-IT-J 
IB=N-J 
IC=N 
DO 80 K=l,J 
B(IB)=B(IB)-A(IA)*B(IC) 
!A== IA-N 

80 IC==IC-1 
RETURN 
END 
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SUBROUTINE SMOOTH(Y,YA,T,TA,IBUG,Z1,Z2) 
IMPLICIT REAL*8 (A-H,O-Z) 

C CONSTRUCTED DEC 82, PROVIDE QUINTIC FIT TO Y - T. 
REAL*8 JINT 

c 

c 

CHARACTER*9 Z1 
CHARACTER*10 Z2,Z3,Z4,A1,A4,A2,A3 
CHARACTER*10 IVAR 

COMMON /DER/ DERIVS(1000),ULINE(10,25),TLINE(10,25),LINE(10,25), 
1 NLINE,NPT(10),NPTA(25) 

DIMENSION Y(1),YA(l),T(l),TA(l),LINE1(1000),LINE2(1000) 
DIMENSION IVAR(6),NORPT(10),NPOWER(l0) 
DIMENSION SFACT(4),AMAT(4,4),BMAT(4),SUME(4),SUMF(4),NFIX(4) 
DIMENSION ASUB(4,4),BSUB(4),DSUB(4) 
DIMENSION TTEMP(l500),YTEMP(1500) 
DIMENSION AWORD(l6),ACHAR(l0) 
DATA LGAGE/0/ 

c ********** 
C READ TITLE, VARIABLE FORMAT, AND POWER OF FIT FOR DATA 
c ********** 

IN=5 
DO 20 I = 1,10 

20 NPOWER(I) = 0 
ICTMAX = 0 
LGAGE = LGAGE+l 
WRITE (6,1021) LGAGE 

30 READ (IN,l030) IND,Z1,Z2,Z3,Z4 
WRITE (6,1035) Z1,Z2,Z3,Z4,IND 
IF (IN .EQ. 2 .OR. IND .EQ. lH ) GO TO 40 
IN=2 
CALL REDR(Zl,Z2,IN,2) 
GO TO 30 

40 CONTINUE 
NLINEM = NLINE-1 
READ (IN,l002) A1, (IVAR(I),I=2,5) 
WRITE (6,1002) Al, (IVAR(I),I=2,5) 

41 REWIND 7 
READ (IN, 1005) (AWORD (I), I=l, 16) 
WRITE (7,1005) (AWORD(I),I=l,16) 
REWIND 7 
READ ( 7 , 1 0 0 6 ) ( ACHAR ( I ) I I= 1 I 1 0 ) 
REWIND 7 
DO 42 I= 1,10 
IF (ACHAR(I) .EQ. 1HN) GO TO 44 
IF (ACHAR(I) .EQ. lHI) GO TO 46 
IF (ACHAR(I) .EQ. lHT) GO TO 48 

42 CONTINUE 
WRIT~ (6,1042) 
GO TO 48 

44 READ (7,1004) Al, (NPOWER(I),I=l,NLINEM) 
WRITE (6,1004) Al, (NPOWER(I),I=1,NLINEM) 
GO TO 41 

46 READ (7,1004) Al,ICTMAX 
WRITE (6,1004) Al,ICTMAX 
GO TO 41 

48 READ (7,1011) Al,TCAL,A2,CAL,A3,TADD,A4,IPRINT 
WRITE (6,1012) Al,TCAL,A2,CAL,A3,TADD 
IF (ICTMAX .EQ. 0) ICTMAX = 5 
DO 50 I= 1,10 
IF (NPOWER(I) .LE. 0) NPOWER(I) = 5 

50 LINE(I,LGAGE) = -1 
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C ********** SMOO 63 
C READ THE GAGE DATA SMOO 64 
C ********** SMOO 65 

NPTA(LGAGE) = 1 SMOO 66 
IVAR(1)=' (' SMOO 67 
IVAR ( 6) =') ' SMOO 68 
YMAX = 0. SMOO 69 

C ********** SMOO 70 
C J NUMBERS TA,YA POINTS FOR PLOTTING, SMOO 71 
C NPTA(J) IS THE TOTAL NUMBER OF POINTS FOR PLOTTING. SMOO 72 
C K NUMBERS TTEMP,YTEMP POINTS FOR FITTING, SMOO 73 
C NORPT(K) IS THE NUMBER OF FITTING POINTS AT SMOO 74 
C THE END OF EACH REGION. SMOO 75 
C. ********** SMOO 76 

J = 0 SMOO 77 
K = 0 SMOO 78 
NR = 0 SMOO 79 

60 J=J+1 SMOO 80 
K=K+1 SMOO 81 
READ (IN,IVAR) TA(J),YA(J),LINE1(J),LINE2(J) SMOO 82 
IF (!PRINT .NE. 0) WRITE (6,IVAR) TA(J),YA(J),LINE1(J),LINE2(J) SMOO 83 
TA(J) = TA(J)*TCAL+TADD SMOO 84 
YA(J) = YA(J)*CAL SMOO 85 
TTEMP(K) = TA(J) SMOO 86 
YTEMP(K) = YA(J) SMOO 87 
YMAX = MAX(YMAX,ABS(YA(J))) SMOO 88 
IF (LINE1(J) .EQ. 0 .AND. J .GT. 1) GO TO 60 SMOO 89 

7 5 ILINE = LINE1 (J) SMOO 90 
IF (J .EQ. 1 .AND. ILINE .EQ. 0) !LINE = 1 SMOO 91 
TLINE(ILINE,LGAGE) = TA(J) SMOO 92 
ULINE(ILINE,LGAGE) = YA(J) SMOO 93 
IF (J .EQ. 1) GO TO 178 SMOO 94 
NUMPT=1 SMOO 95 
IF (NR .GT. 0) NUMPT=NORPT(NR) SMOO 96 
IF (K-NUMPT .GE. 50) GO TO 160 SMOO 97 
JEND = J SMOO 98 
JBEG = NPTA(LGAGE) SMOO 99 
DELTAT = TA(JEND) - TA(JBEG) SMOO 100 
DTINC = O.OS*DELTAT SMOO 101 
NINC = 0 SMOO 102 
JSTEP = JEND-JBEG SMOO 103 
IF (IBUG .GT. 1) WRITE (6,1084) JSTEP,TA(JBEG),YA(JBEG),DTINC, SMOO 104 

1 DELTAT SMOO 105 
INC = NUMPT SMOO 106 
DO 100 I = 1,JSTEP SMOO 107 
INC = INC+1 SMOO 108 
TTEMP(INC) = TA(JBEG+I) SMOO 109 
YTEMP(INC) = YA(JBEG+I) SMOO 110 
DTSTEP = TA(JBEG+I)-TA(JBEG+I-1) SMOO 111 
IF (IBUG .GT. 1) WRITE (6,1092) I,INC,TA(JBEG+I),YA(JBEG+I), SMOO 112 

1 DTSTEP SMOO 113 
IF (DTSTEP .LE. DTINC) GO TO 100 SMOO 114 
DYSTEP = YA(JBEG+I)-YA(JBEG+I-1) SMOO 115 
NINC = DTSTEP/DTINC+0.99 SMOO 116 
DO 90 IL = 1,NINC SMOO 117 
RATIO= FLOAT(IL)/FLOAT(NINC) SMOO 118 
TTEMP(INC) = TA(JBEG+I-1)+RATIO*DTSTEP SMOO 119 
YTEMP(INC) = YA(JBEG+I-1)+RATIO*DYSTEP SMOO 120 
IF (IBUG .GT. 1) WRITE (6,1094) IL,INC,NINC,TTEM~(INC),YTEMP(INC),SMOO 121 

I 

1 DYSTEP,TA(KSTART+I-1) SMOO 122 
IF (IL .LT. NINC) INC = INC+1 SMOO 123 

90 CONTINUE SMOO 124 
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100 CONTINUE 
IF (NINC .EQ. 0) GO TO 160 
K = INC 

160 NR = NR+1 
NORPT(NR)=K 
IF (IBUG .GT. 1) WRITE (6,1075) 

178 CONTINUE 
NPTA(LGAGE) = J 
LINE(ILINE,LGAGE) 
IF (LINE2(J) .EQ. 
LINE(ILINE,LGAGE) 

= 0 
0) GO TO 180 
= LINE2 (J) 

LINE2J = LINE2(J) 
LINE(LINE2J,LGAGE) = !LINE 

SMOO 
SMOO 
SMOO 
SMOO 
SMOO 

K,J,NR,NORPT(NR),NPTA(LGAGE),TA(J)SMOO 

180 IF (ILINE .LT. NLINE) GO TO 60 
c ********** 

SMOO 
SMOO 
SMOO 
SMOO 
SMOO 
SMOO 
SMOO 
SMOO 
SMOO 
SMOO 
SMOO 
SMOO 
SMOO 
SMOO 
SMOO 
SMOO 
SMOO 
SMOO 
SMOO 
SMOO 

c 
c 

PRINT THE GAGE DATA 
********** 

210 

240 

NL = (NPTA(LGAGE)-1)/4+1 
NPTAT = NPTA(LGAGE) 
TCRIT=(TA(NPTAT)-TA(1))*1.E-6 
YCRIT = 1.E-6*YMAX 
WRITE (6,1080) LGAGE 
DO 210 I=1,3 
TA(I+NPTAT)=O 
YA(I+NPTAT)=O 
LINE1(I+NPTAT) = 0 
LINE2(I+NPTAT) = 0 
WRITE (6,1100) (TA(I),YA(I),LINE1(I),LINE2(I), 

1 TA(I+NL),YA(I+NL),LINE1(I+NL),LINE2(I+NL), 
2 TA(I+2*NL),YA(I+2*NL),LINE1(I+2*NL),LINE2(I+2*NL), 
3 TA(I+3*NL),YA(I+3*NL),LINE1(I+3*NL),LINE2(I+3*NL),I=1,NL) 

J=1 
NREGION = NLINE-1 
DO 240 NR=1,NREGION 
J=J+NPT(NR)-1 
CONTINUE 
JFIN=J 
IF (IBUG .GT. 0) WRITE (6,1240) LGAGE,NLINE,NREGION,JFIN 

SMOO 
SMOO 
SMOO 
SMOO 
SMOO 
SMOO 
SMOO 
SMOO 
SMOO 
SMOO 

c ********** 

SMOO 
SMOO 
SMOO 

c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

********** 
LEAST SQUARES FIT OF YA - TA DATA IN EACH REGION BETWEEN PATHS 

SMOO 
SMOO 
SMOO ********** 

********** SMOO 
LEAST SQUARES FIT IS MADE TO A QUINTIC EQUATION OR LOWER, DEPENDING 
ON NPOWER(). SOME OF THE COEFFICIENTS MAY BE FIXED DURING THE 
CALCULATION BY SLOPE CONDITIONS AT THE ENDS OF THE FITTING REGION. 

SMOO 
SMOO 
SMOO 

AMAT IS THE MATRIX RELATING DERIVATIVES DERIVS() 
AMAT(I,J) * DERIVS(J) = BMAT(I) 

TEND - TA(1) 
YEND - YA(1) 
T(1) - TA(1) 
Y (1) - YA(1) 
KBEG - 1 
JLINE = 1 
DO 750 NR = 1,NREGION 
DO 502 !=1,4 

502 NFIX(I) = 0 
KEND = NORPT (NR) 
JLEND = NPT(NR)-l+JLINE 
LOC = 4*(NR-1+10*(LGAGE-1)) 
DELTAY = YTEMP(KEND)-YTEMP(KBEG) 
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TO CONSTANTS 
SMOO 

BMAT() .SMOO 
SMOO 
SMOO 
SMOO 
SMOO 
SMOO 
SMOO 
SMOO 
SMOO 
SMOO 
SMOO 
SMOO 
SMOO 
SMOO 
SMOO 

125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
156 
157 
158 
159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 



DELTAT • TTEMP(KEND)-TTEMP(KBEG) 
IF (IBUG .NE. 0) 

1WRITE (6,1503) NR,LGAGE,KBEG,KEND,TTEMP(KBEG),TTEMP(KEND), 
2 YTEMP(KBEG),YTEMP(KEND),DELTAY,DELTAT 

c ******* 
c FILL THE AMAT AND BMAT ARRAYS 
c ******* 
c LINEAR FIT 

c 

IF (KEND-KBEG .GE. 2 .AND. NPOWER(NR) .GT. 1 .AND. ABS(DELTAY) 
1 .GT. 0.01*ABS(YTEMP(KEND)+YTEMP(KBEG))) GO TO 520 

510 DERIVS(LOC+1) a 1. 
DERIVS(LOC+2) = 1. 
DERIVS(LOC+3) - 0. 
DERIVS(LOC+4) = 0. 
NPATH = 1 
G2 = 0. 
G3 - 0. 
G4 = 0. 
G5 - 0. 
GO TO 700 

QUADRATIC FIT 
520 IF (KEND-KBEG .GE. 3 .AND. NPOWER(NR) .GT. 2) GO TO 530 
522 IND = 0 

NPATH = 2 
CALL QUADR(IND,KBEG,KEND,NFIX,AMAT,BMAT,DERIVS(LOC+1),TTEMP, 

1 YTEMP, IBUG) 
IF (IND .NE. 0) GO TO 510 
G2 - DERIVS(LOC+1)-1. 
G3 - 0. 
G4 - 0. 
G5 = 0. 
GO TO 700 

C CUBIC FIT 
530 IF (KEND-KBEG .GE. 4 .AND. NPOWER(NR) .GT. 3) GO TO 540 
532 IND = 0 

NPATH = 3 
CALL CUBIC (IND,KBEG,KEND,NFIX,DERIVS(LOC+1),TTEMP,YTEMP,IBUG) 
IF (IND .NE. 0) GO TO 522 
GO TO 690 

C QUARTIC FIT 
540 IF (KEND-KBEG .GE. 5 .AND. NPOWER(NR) .GT. 4) GO TO 550 
541 IND = 0 

NPATH = 4 
CALL QUARTIC (IND,KBEG,KEND,NFIX,AMAT,BMAT,DERIVS(LOC+1), 

1 TTEMP,YTEMP,IBUG) 
IF (IBUG .GT. 0) WRITE(6,1541) (DERIVS(LOC+I) ,I=l,4) 
IF (IND .NE. 0) GO TO 532 
GO TO 570 

C QUINTIC FIT 
550 NPATH = 5 

IND = 0 
CALL QUINTIC (IND,KBEG,KEND,NFIX,AMAT,BMAT,DERIVS(LOC+1), 

1 TTEMP,YTEMP,IBUG) 
IF (IBUG .GT. 0 ) WRITE(6,1550) IND, (DERIVS(LOC+I),I=1,4) 
IF (IND .NE. 0 ) GO TO 541 

c ********** 
c TEST SLOPE CONDITIONS OF THE FITTED FUNCTION 
c ********** 

570 CONTINUE 
G2- DERIVS(LOC+l)-1. 
G3 - 2.-DERIVS (LOC+l)-DERIVS(LOC+2 ) 
G4- -3.+2.*DERIVS(LOC+l)+DERIVS (LOC+2) +0 . 5*DERIVS(LOC+3) 
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G5- 0.5*DERIVS(LOC+4)+G2+2.*G3-G4 
JCHEK - 0 
YVAL- 0. 
DO 583 I-1,21 
XI = .05*(I-1) 
YVAL1 = XI*(1.+(1.-XI)*(G2+XI*(G3+(1.-XI)*(G4+XI*G5)))) 
YPVAL = 1. + (1.-2.*XI)*G2 + XI*(2.-3.*XI)*G3 + 

1 2.*XI*(1.-XI)*(1.-2.*XI)*G4 + XI**2*(1.-XI)*(3.-5.*XI)*G5 
IF (YPVAL.LT.O .. AND. I.NE.1 .AND. I.NE.21) JCHEK = MAX(JCHEK,1) 
IF (YVAL1 .LT. YVAL) JCHEK = 2 
IF (IBUG .GT. 1) WRITE (6,1583) I,JCHEK,XI,YVAL1,YPVAL 
YVAL = YVAL1 

583 CONTINUE 
IF (IBUG .GT. 0 .AND. JCHEK .GT. 0) WRITE(6,1585)JCHEK 
IF (JCHEK .LT. 1) GO TO 700 
IF (NPATH .EQ. 4) GO TO 532 

c ********** 
C FOR QUINTIC, REFIT, ACCOUNTING FOR FIXITY CONDITIONS 
c ********** 

IND = 0 
CALL CUBIC (IND,KBEG,KEND,NFIX,DERIVS(LOC+1),TTEMP,YTEMP,IBUG) 
IF (IND .NE. 0) GO TO 522 
NPATH = 5 
CALL QUINFIT(KBEG,KEND,DERIVS(LOC+1),TTEMP,YTEMP,IBUG,ICTMAX) 

690 CONTINUE 
G2 = DERIVS(LOC+1)-1. 
G3 = 2.-DERIVS(LOC+1)-DERIVS(LOC+2) 
G4 = -3.+2.*DERIVS(LOC+1)+DERIVS(LOC+2)+0 .5*DERIVS(LOC+3) 
G5 = 0.5*DERIVS(LOC+4)+G2+2.*G3-G4 

c *** 
C COMPUTE Y-T POINTS ALONG THE FITTED FUNCTION FOR PLOTTING 

c 

700 CONTINUE 
IF (IBUG .GT. 0) WRITE (6,1701) NR,NPATH,NPOWER(NR),NFIX, 

1 (DERIVS(LOC+I),I=1,4) 
IF (IBUG .GT. 1) WRITE (6,1702) 
NPTM2 = NPT(NR)-2 
PTM1 = NPT(NR)-1 
DO 740 I = 1,NPTM2 
XI = I/PTM1 
YVAL = XI*(1.+(1.-XI)*(G2+XI*(G3+(1.-XI)*(G4+XI*G5)))) 
T(I+JLINE) = XI*DELTAT+T(JLINE) 
Y(I+JLINE) = Y(JLINE)+YVAL*DELTAY 
IF (IBUG .GT. 1) 

1WRITE (6,1730) I,XI,T(I+JLINE),Y(I+JLINE),DELTAT,DELTAY 
740 CONTINUE 

T(JLEND) = TTEMP(KEND) 
Y(JLEND) = YTEMP(KEND) 
KBEG = KENO 
JLINE = JLEND 

I 

750 CONTINUE 
IF (IBUG .EQ. 0) RETURN 
NL=(JFIN-1)/4+1 
WRITE (6,1753) LGAGE 
WRITE (6,1480) (J,T(J),Y(J), 

1 J+NL,T(J+NL),Y(J+NL), 
2 J+2*NL,T(J+2*NL),Y(J+2*NL), 
3 J+3*NL,T(J+3*NL),Y(J+3*NL),J=1,NL) 

WRITE (6,1758) LGAGE 
RETURN 

1002 FORMAT (5A10) 
1004 FORMAT (A10,10I5) 
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1005 FORMAT (16A5) SMOO 311 
1006 FORMAT (10A1) SMOO 312 
1010 FORMAT (4(A10,E10.3)) SMOO 313 
1011 FORMAT (3(A10,E10.3),A10,I10) SMOO 314 
1012 FORMAT (1P4(A10,E10.3)) SMOO 315 
1013 FORMAT (1P2E13.3,2I2) SMOO 316 
1021 FORMAT (/'BEGIN -SMOOTH- FOR READING AND PROCESSING RECORD FOR ',SMOO 317 

1 'GAGE',I3) SMOO 318 
1030 FORMAT (A1,A9,7A10) SMOO 319 
1035 FORMAT (1X,A9,3A10,'IND=',A2) SMOO 320 
1042 FORMAT (' INPUT DATA FOR NPOWER, ICTMAX, AND TCAL IS UNLABELLED') SMOO 321 
1075 FORMAT (' K,J,NR='3I4,' NORPT,NPTA='2I4,' TA='1PE10.3) SMOO 322 
1080 FORMAT (' CALIBRATED INPUT DATA FOR GAGE NO. 'I2/ SMOO 323 

1 4(6X,'TIME',3X,'S OR V DATA L1 L2')) SMOO 324 
1084 FORMAT (' 84 JSTEP=',I3,' TA,YA=',lP2E12.5,' DTINC,DELTAT=', SMOO 325 

1 2E10.3) SMOO 326 
1092 FORMAT (' I,INC=',2I3,' T,Y=',1P2E10.3,' DTSTEP=', SMOO 327 

1 E10.3) SMOO 328 
1094 FORMAT (' IL,INC,NINC=',3I3,' T,Y=',1P2E10.3,' DYSTEP=', SMOO 329 

1 E10.3,' TA=',E12.5) SMOO 330 
1100 FORMAT (1P4(E13.4,E11.4,2I3)) SMOO 331 
1240 FORMAT(' SMOOTH 240, SUMMARY OF INPUT FOR GAGE',I3,' NLINE= ', SMOO 332 

1 I3,'NREGION= ',I3,'JFIN= ',I3) SMOO 333 
1480 FORMAT (1P4(I5,2E13.5)) SMOO 334 
1503 FORMAT (/' SMOOTH 502 BEGIN FIT FOR REGION',I3,' OF GAGE',I3, SMOO 335 

1 'KBEG,KEND= '2I3,/10X,' T(KBEG),T(KEND)= ',1P2E10.3, SMOO 336 
2 'Y(KBEG),Y(KEND)=',2E10.3,' DY,DT= '2E10.3) SMOO 337 

1541 FORMAT(' SMOOTH 540, FROM QUARTIC: DERIVS= ',1P4E11.3) SMOO 338 
1550 FORMAT(' ','SMOOTH 550 ','IND= ',I3,' DER= ',1P4E11.3) SMOO 339 
1583 FORMAT (' 583 I,JCHEK='2I3,' XI,Y,YP='OPF6.2,1P2E10.3) SMOO 340 
1585 FORMAT(' SMOOTH 585, JCHEK= ',I3,' SLOPE CONDITIONS NOT MET,' SMOO 341 

1 ' CALL CUBIC AND QUINFIT') SMOO 342 
1701 FORMAT (' SMOOTH 700 REGION ',I2,', POWER USED, REQUESTED=',2I2, SMOO 343 

1 ' NFIX='4I2,' DERIVS='1P4E12.5) SMOO 344 
1702 FORMAT (3H I,' FRACT T',9X,'Y',' DELTAT DELTAY' SMOO 345 

1 ) SMOO 346 
1730 FORMAT (I3,F7.4,1P4E12.5) SMOO 347 
1753 FORMAT (4X,'J',12X,'T',12X,'Y FITTED CURVE FOR GAGE ',I2) SMOO 348 
1758 FORMAT ('END OF -SMOOTH- OPERATIONS FOR GAGE ',I2/) SMOO 349 

END SMOO 350 
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c 

c 

c 

c 

SUBROUTINE STRESS(DISCPT,JFIN,NP,NXVAL,RHO) 
LAGRANGIAN SOLUTION FOR STRESS RECORDS 

IMPLICIT REAL*8(A-H,O-Z) 

INCLUDE '[B6391.GUIN]GUINCOM.FOR' 
COMMON /DER/ DERIVS(1000),ULINE(10,25),TLINE(10,25),LINE(10,25), 

1 NLINE,NPT(10),NPTA(25) 
REAL*S NPLOG,NTLOG 
COMMON /LOG/ NPLOG,NTLOG,SBIAS,TBIAS,UBIAS 
COMMON /FIT/ DERFIT(120),CTH(3,10),UFIT(3,10) 

COMMON /COM/ S(1000,25),U(1000,25),EM(1000,25),ENG(1000,25), 
1 C(1000,25),T(1000,25),V(1000,25),TYME(1000),EMV(1000,25) 

COMMON /RAW/ SA(1000,25),TA(1000,25) 
COMMON /X/ X(45),XREQ(20),XCOM(25),XUNIQ(25),NHORDR(25), 

1 LINECT(25),NREVRS(25) 
COMMON /T/ FIRST 
COMMON /TUU/ TIMEH(25,10),UDER(4),UDERH(4) 
COMMON /INT/ XINTER(25),TINTER(25),JSTART(25),JSTOP(25) 

CHARACTER*10 DISCPT(10) 
DIMENSION DSDH(3),D2SDH2(3),SIGMA(3),XX(3),XSP(25,25),UH(25), 

1 XSPP(25,25),UHH(25) 
CALL SECOND(XNOW) 
OUR == XNOW-FIRST 
WRITE (6,9453) DUR 

9453 FORMAT (/' T T T T T TIME TO BEGIN MAIN LOOP IN -STRESS- =' 
1 1PE12.5,' SECONDS') 

C WRITE (6,1002) JFIN,NP,NXVAL,RHO,DISCPT 
C 1002 FORMAT (' STRESS JFIN,NP,NXVAL='3I5,' RH0='1PE10.3/' DISCPT =' 
C 1 10A10) 

NAM = 4H U-H 
C CALL LSTSQ2 TO PREPARE -XSP- FOR COMPUTATION OF UH=DUDH 

CALL LSTSQ2(XCOM,NXVAL,25,NP,1,XSP,NAM) 
DELTX = 0.001*(XCOM(NXVAL)-XCOM(1)) 
NLINM1 = NLINE-1 
JFIN = 1 
DO 75 IX = 1,NXVAL 
S(1,IX) - 0. 
U(1,IX) = 0. 
V(1,IX) = 1./RHO 
UH(IX) = 0. 

75 T(1,IX) = TIMEH(IX,1) 
ITIME = 1 

STRS 
STRS 
STRS 
STRS 
STRS 
COM 
COM 
COM 
COM 
COM 
COM 
COM 
COM 
COM 
COM 
COM 
COM 
COM 
COM 
STRS 
STRS 
STRS 
STRS 
STRS 
STRS 
STRS 
STRS 
STRS 
STRS 
STRS 
STRS 
STRS 
STRS 
STRS 
STRS 
STRS 
STRS 
STRS 
STRS 
STRS 
STRS 
STRS 
STRS 
STRS 
STRS c 

c LOOP OVER EACH REGION BETWEEN PATH LINES STRS 
DO 300 IL = 1,NLINM1 STRS 

C CALL DERIV TO OBTAIN THE TOTAL DERIVATIVE UH=DUDH ALONG THE PATH LINE.STRS 
IF (IL .GT. 1) CALL DERIV(1,0,0,NXVAL,NPLOG,JFIN,U,XSP,UH,XSPP, STRS 

1 UHH) STRS 
C WRITE (6,1080) IL,JFIN, (U(JFIN,I),I=1,NXVAL) STRS 
C 1080 FORMAT(' STRESS IL,JFIN='2I4,' U='1P9E10.3,(/25X, .' U= ',9E10.3))STRS 
C WRITE (6, 1085) (UH(I), I=1,NXVAL) STRS 
C 1085 FORMAT (' UH='1P9E10.3, (/' U= '9E10.3)) STRS 

c 
c 

NPTI = NPT(IL) STRS 
********** 

LOOP OVER EACH -X- VALUE 
DO 275 IX = 1,NXVAL 
XX(1) = XCOM(IX)-DELTX 
XX(2) = XCOM(IX) 
XX(3) = XCOM(IX)+DELTX 
DELT = (TIMEH(IX,IL+1)-TIMEH(IX,IL))/NPTI 
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STRS 
STRS 
STRS 
STRS 
STRS 
STRS 

1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 



DT • 0.5*DELT STRS 49 
!TIME = JFIN STRS 50 
TIME = TIMER (IX, IL) STRS 51 
IF (!TIME .EQ. 1) C(ITIME,IX) = 1./FDTDH(XCOM(IX),TIME,IL+l) STRS 52 

C *** LOOP OVER THE NUMBER OF TIME STEPS IN EACH REGION STRS 53 . 
DO 250 IT = l,NPTI STRS 54 
DELTAT = DELTX/C(ITIME,IX) STRS 55 

C *** LOOP TO COMPUTE VALUES AT MID STEP AND END OF STEP STRS 56 
DO 200 ITT = 1,3 STRS 57 
IF (IT .GT. 1 .AND. ITT .EQ. 1) GO TO 200 STRS 58 
TYM = TIME+(ITT-l)*DT STRS 59 
CALL GETS(2,IL+l,TYM,XCOM(IX),SIGMA(ITT),DSDH(ITT), STRS 60 

1 D2SDH2(ITT)) STRS 61 
200 CONTINUE STRS 62 

C WRITE (6,1203) IL,IX,IT, (SIGMA(I),I=l,3), (DSDH(IH),IH=1,3), STRS 63 
C 1 (D2SDH2(IH),IH=l,3) STRS 64 
C 1203 FORMAT (' IL,IX,IT='3I4,' SIGMA='1P3E10.3,' DSDH='3El0.3, STRS 65 
C 1 ' D2S=' 3E10. 3) STRS 66 

TIME = TIME+DELT STRS 67 
ITIME = ITIME+1 STRS 68 
T(ITIME,IX) = TIME STRS 69 
S(ITIME,IX) = SIGMA(3) STRS 70 
U(ITIME,IX) = U(ITIME-l,IX)-(DSDH(l)+4.*DSDH(2)+DSDH(3))*DELT/ STRS 71 

1 (6.*RHO) STRS 72 
IF (IT .EQ. 1) DUDH1 = UH(IX)+DSDH(1)/RHO*FDTDH(XCOM(IX),TIME,IL) STRS 73 
DUDH2 = DUDH1-(D2SDH2(1)+4.*D2SDH2(2)+D2SDH2(3))*DELT/(6.*RHO) STRS 74 
V(ITIME,IX) = V(ITIME-1,IX)+(DUDH2+DUDH1)*DELT/(2.*RHO) STRS 75 

1 -(D2SDH2(1)-D2SDH2(3))*(DELT/RH0)**2/12. STRS 76 
DV = V(ITIME,IX)-V(ITIME-1,IX) STRS 77 
ENG(ITIME,IX) = ENG(ITIME-1,IX)-0.5*(S(ITIME,IX)+S(ITIME-1,IX))*DVSTRS 78 
IF (ABS(DV) .GT. 0.) EM(ITIME,IX) =-(S(ITIME,IX)-S(ITIME-l,IX)) STRS 79 

1 /(DV*RHO) STRS 80 
IF (EM(ITIME,IX) .NE. 0.) EMV(ITIME,IX) = SQRT(ABS(EM(ITIME,IX)/ STRS 81 

1 RHO) ) STRS 82 
C(ITIME,IX) = 1./FDTDH(XCOM(IX),TIME,IL+1) STRS 83 

C WRITE (6,1254) IX,ITIME,TIME,S(ITIME,IX),U(ITIME,IX),V(ITIME,IX),STRS 84 
C 1 DV,DUDH1,DUDH2 STRS 85 
C 1254 FORMAT (' IX,ITIME='2I3,' T,S,U='1P3E10.3,' V,DV='2E10.3, STRS 86 
C 1 ' DUDH='2E10.3) STRS 87 

SIGMA(1) = SIGMA(3) STRS 88 
DSDH(1) = DSDH(3) STRS 89 
D2SDH2(1) = D2SDH2(3) STRS 90 
DUDH1 = DUDH2 STRS 91 

250 CONTINUE STRS 92 
275 CONTINUE STRS 93 

JFIN = !TIME STRS 94 
300 CONTINUE STRS 95 

DO 350 IX - 1,NXVAL STRS 96 
JSTOP(IX)=JFIN STRS 97 
NPAG = (JFIN-1)/55+1 STRS 98 
J1 = 1 STRS 99 
DO 330 NP = 1,NPAG STRS 100 
J2 = MIN(JFIN,J1+54) STRS 101 
WRITE (6,1302) DISCPT,IX,XCOM(IX) STRS 102 
WRITE (6,1305) (J,T(J,IX),S(J,IX),U(J,IX),V(J,IX),EM(J,IX), STRS 103 

1 EMV(J,IX),C(J,IX),ENG(J,IX), J=J1,J2) STRS 104 
330 J1 = J2+1 STRS 105 

1302 FORMAT ('1 RESULTS FOR',10A10,/24X,'ALONG H LINE',I2,' AT X=' STRS 106 
1 1PE10.3/3X,'J',8X,'TIME',6X,'STRESS',2X,'PART. VEL.',2X, STRS 107 
2 'SPEC. VOL.',5X,'MODULUS',2X,'SQR(V*MOD)',7X,'DH/DT',6X, STRS 108 
3 'ENERGY'/11X,'SECS.',5X,'DYN/CM2',6X,'CM/SEC',7X,'CM3/G',5X, STRS 109 
4 'DYN/CM2',6X,'CM/SEC',6X,'CM/SEC',7X,'ERG/G') STRS 110 
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1305 FORMAT(I4,1P8E12.4) 
350 CONTINUE 

RETURN 
END 
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SUBROUTINE UTHFIT(NGAGE,NP,NTH,LOCD) UTHF 
C FIT THE U, S, T AND DERIVATIVE DATA TO PARABOLAS UTHF 
C DIMENSIONS: UFIT(No. of powers + 1 1 No. of 1ines)•UFIT(NP1,NLINE)UTHF 
C AFIT(No. of powers + 1,No. of X values)=(AFIT(NP1,NGAGE) UTHF 

IMPLICIT REAL*8(A-H,O-Z) UTHF 
C UTHF 

c 

c 

c 

INCLUDE I [B6391.GUIN]GUINCOM.FOR' 
COMMON /DER/ DERIVS(1000),ULINE(10,25),TLINE(10,25),LINE(10,25), 

1 NLINE,NPT(10),NPTA(25) 
REAL*8 NPLOG,NTLOG 
COMMON /LOG/ NPLOG,NTLOG,SBIAS,TBIAS,UBIAS 
COMMON /FIT/ DERFIT(120),CTH(3,10),UFIT(3,10) 

COMMON /COM/ S(1000,25),U(1000,25),EM(1000,25),ENG(1000,25), 
1 C(1000,25),T(1000,25),V(1000,25),TYME(1000),EMV(1000,25) 

COMMON /RAW/ SA(1000,25),TA(1000,25) 
COMMON /X/ X(45),XREQ(20),XCOM(25),XUNIQ(25),NHORDR(25), 

1 LINECT(25),NREVRS(25) 
COMMON /T/ FIRST 
COMMON /TUU/ TIMEH(25,10),UDER(4),UDERH(4) 
COMMON /INT/ XINTER(25),TINTER(25),JSTART(25),JSTOP(25) 

DIMENSION AFIT(25,25),Y(25) 
COEFFICIENTS FOR FIT ON PATH LINES: AFIT, UFIT, CTH, DERFIT 

NP = MAX(1,MIN(NP,NGAGE-1,2)) 
NP1 = NP+1 
NTH= MAX(1,MIN(NTH,NGAGE-1)) 
NTH1= NTH+1 
DO 320 NL = 1,NLINE 

UTHF 
COM 
COM 
COM 
COM 
COM 
COM 
COM 
COM 
COM 
COM 
COM 
COM 
COM 
COM 
UTHF 
UTHF 
UTHF 
UTHF 
UTHF 
UTHF 
UTHF 
UTHF 

c ****** 
C FIT VELOCITY OR STRESS VALUES ALONG THE PATH LINES 
c ****** 

****** UTHF 
UTHF 

****** UTHF 
NAM = 4H U-H 
NGAGC = NGAGE 
IF (NL .EQ. 1 .OR. NL .EQ. NLINE) GO TO 245 
IF (LINE(NL,NGAGE) .GT. 0) NGAGC = NGAGE-1 

C OBTAIN AFIT(,) COEFFICIENTS FOR FITS TO U-DATA ALONG PATH LINES 
245 CALL LSTSQ2(X,NGAGC,25,NP,-1,AFIT,NAM) 

C CONSTRUCT COEFFICIENTS UFIT FOR U-DATA ON EACH PATH LINE 
C U = UFIT(1) + X * UFIT(2) + X**2 * UFIT(3) 

DO 260 NG = 1,NGAGC 
Y(NG) = ULINE(NL,NG) 
IF (NPLOG .EQ. 5H LOG ) Y(NG) - LOG(ULINE(NL,NG)+UBIAS) 

260 CONTINUE 
DO 280 N = 1,NP1 
UFIT(N,NL) = 0. 
DO 280 NG = 1,NGAGC 

280 UFIT(N,NL) = UFIT(N,NL)+AFIT(N,NG)*Y(NG) 
WRITE (6,9280) NL, (UFIT(III,NL),III=1,NP1) 

9280 FORMAT (' NL=',I3,' UFIT=',1P4E10.3) 
c ****** 
C FIT THE TIME VALUES ALONG THE PATH LINES 
c ****** 
C CONSTRUCT COEFFICIENTS CTH FOR T-DATA ON EACH PATH LINE 
C T = CTH(1) +X * CTH(2) + X**2 * CTH(3) 

NAM = 4H T-H 
NGAGC = NGAGE 
IF (LINE(NL,NGAGE) .GT. 10) NGAGC = NGAGE-1 
CALL LSTSQ2(X,NGAGC,25,NTH,-1,AFIT,NAM) 
DO 295 NG = 1,NGAGC 
Y(NG) = TLINE(NL,NG) 
IF (NTLOG .EQ. 5H LOG ) Y(NG) = LOG(TLINE(NL,NG)+TBIAS) 
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295 CONTINUE 
DO 300 N = l,NTHl 
CTH(N,NL) = 0. 
DO 300 NG = l,NGAGC 

300 CTH(N,NL) = CTH(N,NL)+AFIT(N,NG)*Y(NG) 
WRITE (6,9301) NL, (CTH(I,NL),I=l,NPl) 

9301 FORMAT (' NL=',I3,' CTH=',lP4El0.3) 
c ****** 
c FIT THE DERIVATIVES FOR EACH REGION BETWEEN PATH LINES 

****** 

****** c ****** 
c 
c 

CONSTRUCT COEFFICIENTS FOR DERFIT() TO DERIVATIVES DERIVS( ) 
FOR U-T-H OR S-T-H SURFACE BETWEEN EACH PATH LINE. 

c D(I) = DERFIT(l,I) +X* DERFIT(2,I) + X**2 * DERFIT(3,I) 
IF (NL .EQ. NLINE) GO TO 320 
NAM = 4H D-H 
NGAGC -= NGAGE 
IF (LINE(NL,NGAGE) .NE. 0) NGAGC = NGAGE-1 
CALL LSTSQ2(X,NGAGC,25,NP,-l,AFIT,NAM) 
DO 317 N = l,NPl 
DO 317 IDER- 1,4 
LOCO= N+3*(IDER-1+4*(NL-l)) 
DERFIT(LOCD) = 0. 
DO 315 NG = l,NGAGC 
LOC = 4*(NL-1+10*(NG-l)) 

315 DERFIT(LOCD) = DERFIT(LOCD)+AFIT(N,NG)*DERIVS(LOC+IDER) 
317 CONTINUE 
320 CONTINUE 

RETURN 
END 
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SUBROUTINE UTLINE(GTYPE,JPT,NUNIQ,NGAGE,NXVAL) 
C CONSTRUCT TIMEH ARRAY, U-T LINES FOR PLOTTING 

UTLN 
UTLN 
UTLN 
UTLN 
UTLN 
UTLN 
COM 
COM 
COM 
COM 
COM 
COM 
COM 
COM 
COM 
COM 
COM 
COM 
COM 
COM 
UTLN 
UTLN 
UTLN 
UTLN 
UTLN 
UTLN 
UTLN 
UTLN 
UTLN 
UTLN 
UTLN 
UTLN 
UTLN 
UTLN 
UTLN 
UTLN 

c 

c 

c 

IMPLICIT REAL*8(A-H,O-Z) 
CHARACTER*10 GTYPE 

INCLUDE I [B6391.GUIN]GUINCOM.FOR' 
COMMON /DER/ DERIVS(1000),ULINE(10,25),TLINE(10,25),LINE(10,25), 

1 NLINE,NPT(10),NPTA(25) 
REAL*8 NPLOG,NTLOG 
COMMON /LOG/ NPLOG,NTLOG,SBIAS,TBIAS,UBIAS 
COMMON /FIT/ DERFIT(120),CTH(3,10),UFIT(3,10) 

COMMON /COM/ S(1000,25),U(1000,25),EM(1000,25),ENG(1000,25), 
1 C(1000,25),T(1000,25),V(1000,25),TYME(1000),EMV(1000,25) 

COMMON /RAW/ SA(1000,25),TA(1000,25) 
COMMON /X/ X(45),XREQ(20),XCOM(25),XUNIQ(25),NHORDR(25), 

1 LINECT(25),NREVRS(25) 
COMMON /T/ FIRST 
COMMON /TUU/ TIMEH(25,10),UDER(4),UDERH(4) 
COMMON /INT/ XINTER(25),TINTER(25),JSTART(25),JSTOP(25) 

NLINM1 = NLINE-1 
DO 390 I = 1,NXVAL 
DO 385 NL = 1,NLINE 
TIMEH(I,NL) = CTH(1,NL)+XCOM(I)*(CTH(2,NL)+XCOM(r)*CTH(3,NL)) 
IF (NTLOG .EQ. 8H LOG ) TIMEH(I,NL) = EXP(TIMEH(I,NL))-TBIAS 

385 CONTINUE 
WRITE (6,9323) I,XCOM(I), (TIMEH(I,NL),NL=1,NLINE) 

9323 FORMAT (' IX,XCOM='I3,1PE10.3,' TIMEH='10E10.3) 
390 CONTINUE 

DO 400 NL=1,NLINE 
WRITE (6,9372) NL, (ULINE(NL,NG),NG=1,NUNIQ) 
WRITE (6,9373) NL, (TLINE(NL,NG) 1 NG=1,NUNIQ) 

9372 FORMAT (' NL='I3,' ULINE='1P8E10.3/(14X,8E10.3)) 
9373 FORMAT (' NL='I3,' TLINE='1P8E10.3/(14X,8E10.3)) 

400 CONTINUE 
c ******** ********UTLN 
c 
c 

CONSTRUCT U - T LINES AT GAGE LOCATIONS FROM U - H -
OR S - T LINES AT GAGE LOCATIONS FROM S - H -

T FIT UTLN 
T FIT UTLN 

c ******** ********UTLN 
UTLN 
UTLN 
UTLN 
UTLN 
UTLN 
UTLN 
UTLN 
UTLN 
UTLN 
UTLN 
UTLN 
UTLN 
UTLN 
UTLN 
UTLN 
UTLN 

410 

VARIANS - 0. 
VARIANU - 0. 
VARIANT - 0. 
DO 412 NG = 1,NGAGE 
LX = NREVRS (NG) 
IT = 1 
T(1,NG) - TIMEH(LX,1) 
U(1,NG) - 0. 
S(1,NG) - 0. 
DO 410 NL = 1,NLINM1 
NPTNL = NPT(NL) 
VARIANS - VARIANS + 
VARIANU - VARIANU + 
VARIANT - VARIANT + 
DO 410 NT = 1,NPTNL 
IT = IT+1 

(ULINE(NL,NG)-S(IT,NG))**2 
(ULINE(NL,NG)-U(IT,NG))**2 
(TLINE(NL,NG)-TIMEH(LX,NL))**2 

T(IT,NG) = TIMEH(LX,NL)+NT* (TIMEH(LX,NL+1)-TIMEH(LX,NL))/NPTNL 
SORU = GET.U(NL+1,T(IT,NG) ,X(NG) ,TIMEH(LX,NL) ,TIMEH(LX,NL+1)) 
IF (GTYPE .EQ. ' VELOCITY') U(IT,NG) = SORU 
IF (GTYPE .EQ. ' STRESS ') S(IT,NG) = SORU 
CONTINUE 
VARIANS = VARIANS + (ULINE(NLINE,NG)-S(IT,NG))**2 
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VARIANU- VARIANU + (ULINE(NLINE,NG)-U(IT,NG))**2 
VARIANT- VARIANT+ (TLINE(NLINE,NG)-TIMEH(LX,NLINE))**2 

412 CONTINUE 
VARIANS - VARIANS/NGAGE 
VARIANU - VARIANU/NGAGE 
VARIANT - VARIANT/NGAGE 
IF (GTYPE .EQ. ' STRESS ') WRITE (6,1412) VARIANS,VARIANT 
IF (GTYPE .EQ. ' VELOCITY') WRITE (6,1413) VARIANU,VARIANT 

1412 FORMAT (' ***VARIANCES OF S, T ='1P2El0.3) 
1413 FORMAT (' *** VARIANCES OF U, T -'1P2El0.3) 

JPT == IT 
RETURN 
END 
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SUBROUTINE VELOCITY(INTER,IMID,ISTRESS,JFIN,NSTRESS,NXVAL,RHO, VELO 
1 TIMEND,TIMMAX) VELO 

C LAGRANGIAN SOLUTION FOR VELOCITY RECORDS VELO 
IMPLICIT REAL*8(A-H,O-Z) VELO 

C VELO 
INCLUDE '[B6391.GUIN]GUINCOM.FOR' VELO 
COMMON /DER/ DERIVS(1000),ULINE(10,25),TLINE(10,25),LINE(10,25), COM 

1 NLINE,NPT(10),NPTA(25) COM 
REAL*8 NPLOG,NTLOG COM 
COMMON /LOG/ NPLOG,NTLOG,SBIAS,TBIAS,UBIAS COM 
COMMON /FIT/ DERFIT(120),CTH(3,10),UFIT(3,10) COM 

C COM 
COMMON /COM/ S(1000,25),U(1000,25),EM(1000,25),ENG(1000,25), COM 

1 C(1000,25),T(1000,25),V(1000,25),TYME(1000),EMV(1000,25) COM 
COMMON /RAW/ SA(1000,25),TA(1000,25) COM 
COMMON /X/ X(45),XREQ(20),XCOM(25),XUNIQ(25),NHORDR(25), COM 

1 LINECT(25),NREVRS(25) COM 
COMMON /T/ FIRST COM 
COMMON /TUU/ TIMEH(25,10),UDER(4),UDERH(4) COM 
COMMON /INT/ XINTER(25),TINTER(25),JSTART(25),JSTOP(25) COM 

C VEW 
DIMENSION UH(25),UHL(25) VELO 
IBUG = 0 VELO 
CALL SECOND(XNOW) VELO 
VZERO = 1 . /RHO VELO 
OUR = XNOW-FIRST VELO 
IF (IBUG .GT. 0) WRITE (6,9453) OUR VELO 

9453 FORMAT (' T T T T T TIME TO BEGIN MAIN LOOP ='1PE12.5,' SECONDS')VELO 
LINSTR = 1 VELO 
!FRONT = 1 VELO 
DELTX = .001*(XCOM(NXVAL)-XCOM(1)) VELO 
TIME = TIMEH ( 1 1 1) VELO 
DO 490 LX = 1,NXVAL VELO 
LINECT(LX) = 1 VELO 

490 TIME= MIN(TIMEH(LX,1),TIME) VELO 
TYME(1) = TIME VELO 
DO 900 IT = 2,300 VELO 
JFIN = IT VELO 
DELT = 1. VELO 

C SELECT THE NEXT TIME STEP, DELT VELO 
DO 500 LX = 1,NXVAL VELO 
LINEC = LINECT(LX) VELO 
IF (TIME+1.E-10 .GT. TIMEH(LX,LINEC)) LINEC = LINEC+1 VELO 
IF (LINEC .GT. NLINE) GO TO 500 VELO 
IF (TIMEH(LX,LINEC)-TIME .GT. 0.) DELT = MIN(DELT, VELO 

1 TIMEH(LX,LINEC)-TIME) VELO 
IF (LINEC .LE. 1) GO TO 500 VELO 
DELT = MIN(DELT,ABS(TIMEH(LX,LINEC)-TIMEH(LX,LINEC-1))/ VELO 

1 NPT(LINEC-1)) VELO 
500 CONTINUE VELO 

TIME = TIME+DELT VELO 
IF (IBUG .GT. 0) WRITE (6,9460) IT,TIME,DELT VELO 

9460 FORMAT (' IT=',I3,' TIME,DELT='1P2E12.5) VELO 
IF (TIME .GT. TIMMAX) GO TO 910 VELO 
TYME(IT) = TIME VELO 

C SELECT METHOD OF INTEGRATION VELO 
IF ~INTEG .EQ. 1) GO TO 800 VELO 
STRE$S = 0. VELO 
XSTART = XCOM(NXVAL) VELO 
IF (LINSTR .GT. 1) GO TO 550 VELO 

c ****** 
C INITIALIZATION OF 'STRESS' AT THE WAVE FRONT 
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c ****** ****** VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 

IF (TIME .GT. TIMEH(NXVAL,l)) GO TO 550 
510 IF (TIME .LE. TIMEH(IFRONT,l)) GO TO 520 

!FRONT = IFRONT+l 
IF (!FRONT .GT. NXVAL) GO TO 550 
GO TO 510 

520 CONTINUE 
XSTART- XCOM(IFRONT-l)+(XCOM(IFRONT)-XCOM(IFRONT-1))* 

1 (TIME-TIMEH(IFRONT-1,1))/(TIMEH(IFRONT,l)-TIMEH(IFRONT-1,1)) 
XSTART = XINT(LXCOM,1,TIME,XSTART,XCOM) 
IF (IBUG .GT. 0) WRITE (6,9520) IFRONT,XCOM(IFRONT-1), 

1 XCOM(IFRONT),TIMEH(IFRONT-1,1),TIMEH(IFRONT,l),XSTART 
9520 FORMAT (' IFRONT='I2,' XS='1P2E10.3,' TIMEH S='2E10.3,' XSTART=' 

1 E10.3~ 
LXCOM = !FRONT 
ILINE = 2 
GO TO 700 

c ******** ********VELO 
C INITIALIZATION OF 'STRESS' ALONG THE STRESS GAGE OR FREE SURFACEVELO 
c ******** ********VELO 

VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 

550 IF (!STRESS .EQ. -1) GO TO 800 
IF (!STRESS .EQ. 0) GO TO 580 

555 IF (TIME .LT. TLINE(LINSTR,NSTRESS)) GO TO 560 
LINSTR = LINSTR+1 
LINECT(NXVAL) = LINSTR 
GO TO 555 

560 LOC = 4*(LINSTR-2+10*NGAGE) 
XI= (TIME-TLINE(LINSTR-1,NSTRESS))/(TLINE(LINSTR,NSTRESS)-

1 TLINE(LINSTR-1,NSTRESS)) 
STRESS = ULINE(LINSTR-1,NSTRESS)+(ULINE(LINSTR,NSTRESS)-

1 ULINE(LINSTR-1,NSTRESS))*(XI**3*(10.-15.*XI+6.*XI**2) 
2 + DERIVS(LOC+1)*XI*(1.+2.*XI-3.*XI**2)*(1.-XI)**2 
3 - DERIVS(LOC+2)*XI**3*(1.-XI)*(4.-3.*XI) 
4 + DERIVS(LOC+3)*0.5*XI**2*(1.-XI)**3 
5 + DERIVS(LOC+4)*0.5*XI**3*(1.-XI)**2 ) 

S(IT,NXVAL) = STRESS 
580 U(IT,NXVAL) = GETU(LINSTR,TIME,XCOM(NXVAL), 

1 TIMEH(NXVAL,LINSTR-1),TIMEH(NXVAL,LINSTR)) 
C(IT,NXVAL) = 1./FDTDH(XCOM(NXVAL),TIME,LINSTR) 
XSTART = XCOM(NXVAL) 
LXCOM = NXVAL 
!LINE = INTEND+l 
IF (IBUG .GT. 0) WRITE (6,1582) TIME,TIMEND,ILINE,INTEND,LINSTR, 

1 STRESS 
1582 FORMAT (' 580 TIME,TIMEND='1P2El0.3,' ILINE,INTEND,LINSTR='3I3, 

1 ' STRESS='E10.3) 
IF (TIME .GT. TIMEND) GO TO 700 
IF (INTEND .EQ. 0) GO TO 700 

VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 

c ********* ********VELO 
VELO c INTEGRATION FOR STRESS IN THE INTERSECTION REGION 

c ********* ********VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 

DUDT1 = FDUDT(XCOM(NXVAL),TIME,LINSTR) 
DUDTS = DUDT1 
DO 600 IL = 1,INTER 
!LINE = IL 
IF (IL .GT. IMID) !LINE = IL+1 
IF (TIME .GT. TINTER(IL-1)) GO TO 610 

600 CONTINUE 
610 XEND = XINTER(ILINE-1) + (XINTER(ILINE)-XINTER(ILINE-1))* 

1 (TIME-TINTER(ILINE-1))/(TINTER(ILINE)-TINTER(ILINE-1)) 
T1 = CTH(1,ILINE-1)+XEND*(CTH(2,ILINE-1)+XEND*CTH(3,ILINE-1)) 
T2 = CTH(1,ILINE)+XEND*(CTH(2,ILINE)+XEND*CTH(3,ILINE)) 
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UEND - GETU(ILINE,TIME,XEND,T1,T2) 
DUDHA- (U(IT,NXVAL)-UEND)/(XCOM(NXVAL)-XEND) 
V(IT,NXVAL) - V(IT-1,NXVAL)+DUDHA/RHO*MIN(DELT,TIME-

1 TIMEH(NXVAL,1)) 
TPDT - TIME+0.1*DELT 
XPDX = XINTER(ILINE-1) + (XINTER(ILINE)-XINTER(ILINE-1))* 

1 (TPDT-TINTER(ILINE-1))/(TINTER(ILINE)-TINTER(ILINE-1)) 
T1PDT • CTH(1,ILINE-1)+XPDX*(CTH(2,ILINE-1)+XPDX*CTH(3,ILINE-1)) 
T2PDT = CTH(1,ILINE)+XPDX*(CTH(2,ILINE)+XPDX*CTH(3,ILINE)) 
UXPDX • GETU(ILINE,TPDT,XPDX,T1PDT,T2PDT) 
DUDT2 = (UXPDX-UEND)/(0.1*DELT) 
LXCOM • NXVAL 

620 LXCOM • LXCOM-1 
IF (XCOM(LXCOM) .LT. XEND) GO TO 640 
DT • DELT 
IF (LINECT(LXCOM) .GT. 1) GO TO 630 
DT • TIME-TIMEH(LXCOM,1) 
LINECT(LXCOM) = 2 

VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 

C INTEGRATION FOR STRESS AT XCOM(LXCOM) 

VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 

630 DUDTE = DUDT1+(DUDT2-DUDT1)*(XCOM(LXCOM)-XCOM(NXVAL))/ 
1 (XEND-XCOM(NXVAL)) 

STRESS= STRESS+0.5*RHO*(DUDTE+DUDTS)*(XSTART-XCOM(LXCOM)) 
DUDTS - DUDTE 
S(IT,LXCOM) = STRESS 

C INTEGRATION FOR S~ECIFIC VOLUME AT XCOM(NXVAL) 
V(IT,LXCOM) = V(IT-1,LXCOM)+DUDHA/RHO*DT 
U(IT,LXCOM) - UA+(UEND-UA)*(XCOM(LXCOM)-XCOM(NXVAL))/(XEND-

1 XCOM(NXVAL)) 
C(IT,LXCOM) = 0. 
XSTART = XCOM(LXCOM) 
LIN= LINECT(LXCOM) 
IF (TIME .GT. TIMEH(LXCOM,LIN)+1.E-6) LINECT(LXCOM) = 

1 LINECT(LXCOM)+1 
GO TO 620 

640 CONTINUE 
STRESS= STRESS+0.5*RHO*(DUDT2+DUDTS)*(XSTART-XEND) 
XSTART - XEND 
DUDTE ~ FDUDT (XEND, TIME, !LINE) 

VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 

c ******** ********VELO 
VELO c 

c 

c 

c 

INTEGRATION FOR STRESS AND VOLUME IN SINGLE WAVE REGION 
******** 
700 !TRIP = 0 
702 ITRIP = ITRIP+1 

TEST FOR CORRECT -ILINE-
TFOR = CTH(1,ILINE-1)+XSTART*(CTH(2,ILINE-1)+XSTART* 

1 CTH(3,ILINE-1)) 
IF (NTLOG .EQ. 8H LOG ) TFOR = EXP(TFOR)-TBIAS 

********VELO 
VELO 
VELO 
VELO 
VELO 
VELO 
VELO 

TAFT= CTH(1,ILINE)+XSTART*(CTH(2,ILINE)+XSTART*CTH(3,ILINE)) VELO 
VELO IF (NTLOG .EQ. 8H LOG ) TAFT = EXP(TAFT)-TBIAS 

IF (TIME .LE. TAFT+1.E-10 .AND. TIME .GE. TFOR-1.E-10) 
IF (TIME .LT. TFOR) ILINE = ILINE-1 

GO TO 705 VELO 

IF (TIME .GT. TAFT) !LINE = ILINE+1 
IF (!LINE .GT. 1 .AND. ILINE .LE. NLINE) GO TO 700 

WRITE MESSAGE FOR ERROR IN ILINE 
WRITE (6,9705) ILINE,IT,TIME,XSTART,TAFT,TFOR 

9705 FORMAT (' ERROR AT 705, ILINE='I3,' IT,TIME='I4,1PE10.3, 
1 ' XSTART='E10.3,' TAFT,TFOR='2E10.3) 

STOP 'VELOCITY 705' 
705 IF (TIME .GT. TIMEH(LXCOM-1,ILINE)) GO TO 710 

IF (TIME .LT. TIMEH(LXCOM-1,ILINE-1)) GO TO 720 
XEND = XCOM(LXCOM-1) 
ICASE = 0 
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GO TO 740 
INTERPOLATE VELO 173 

TO FIND INTERSECTION POINT WITH ILINE VELO 174 
710 ICASE • 1 

c 

VELO 175 
ILINEM = ILINE VELO 176 
GO TO 730 VELO 177 

INTERPOLATE TO FIND INTERSECTION POINT WITH ILINE-1 VELO 178 
720 ICASE = -1 VELO 179 

ILINEM = ILINE-1 VELO 180 
730 CONTINUE VELO 181 

IF (IBUG .GT. 0) WRITE (6,9730) LXCOM,ILINEM,ICASE,TIME, VELO 182 
1 TIMEH(LXCOM-1,ILINEM),TIMEH(LXCOM,ILINEM) VELO 183 

9730 FORMAT (' LX,IL,IC='3I3,' TIME,T1,T2='1P3E12.5) VELO 184 
XEND = XCOM(LXCOM-1)+(XCOM(LXCOM)-XCOM(LXCOM-1))*(TIME-TIMEH( VELO 185 

1 LXCOM-1,ILINEM))/(TIMEH(LXCOM,ILINEM)-TIMEH(LXCOM-1,ILINEM)) VELO 186 
XEST = XEND VELO 187 
XEND = XINT(LXCOM,ILINEM,TIME,XEND,XCOM) VELO 188 
IF (IBUG .GT. 0) WRITE (6,9732) ILINE,XEND,XEST,TFOR,TAFT VELO 189 

9732 FORMAT (' 732 ILINE='I3,' XEND,XEST='1P2E12.5,' TFOR,TAFT='2E10.3)VELO 190 
C STANDARD INTEGRATION LOOP FOR STRESS VELO 191 

740 CONTINUE VELO 192 
OX = XEND-XSTART VELO 193 
DUDTS = FDUDT(XSTART,TIME,ILINE) VELO 194 
DUDTM1 = FDUDT(XSTART+0.25*DX,TIME,ILINE) VELO 195 
DUDTM • FDUDT(XSTART+0.5*DX,TIME,ILINE) VELO 196 
DUDTM2 = FDUDT(XSTART+0.75*DX,TIME,ILINE) VELO 197 
DUDTE = FDUDT(XSTART+DX,TIME,ILINE) VELO 198 
STRESS= STRESS-RH0/90.*DX*(7.*(DUDTS+DUDTE)+32.*(DUDTM1+DUDTM2) VELO 199 

1 +12.*DUDTM) VELO 200 
IF (IBUG .GT. 0) WRITE (6,9760) LXCOM,DX,DUDTS,DUDTM1,DUDTM, VELO 201 

1 DUDTM2,DUDTE,STRESS,XSTART,XEND VELO 202 

c 

9760 FORMAT (' LX='I3,' DX='1PE10.3,' DU-S='5E10.3/' S='E10.3, VELO 203 
1 I XSTART,XEND='2E10.3) VELO 204 

ILINE = ILINE+ICASE VELO 205 
IF (ILINE .GT. NLINE) GO TO 900 VELO 206 
XSTART = XEND VELO 207 
IF (ICASE .NE. 0 .AND. ITRIP .LT. 25) GO TO 702 VELO 208 
IF (ITRIP .GE. 25) WRITE (6,9775) ILINE,ICASE,LXCOM,TIME,TFOR,TAFTVELO 209 

9775 FORMAT (' ******* ERROR AT 775, ILINE,ICASE,LXCOM='3I3,' TIME,' VELO 210 
1 'TFOR,TAFT='1P3E12.5) VELO 211 

LXCOM = LXCOM-1 VELO 212 
IF (TIMEH(LXCOM,1)-TIME .GT. 1.E-8) GO TO 790 VELO 213 
S(IT,LXCOM) = STRESS VELO 214 
IF (LINECT(LXCOM) .GT. NLINE) GO TO 790 VELO 215 
DT = DELT VELO 216 
IF (TIME-TIMEH(LXCOM,1) .GT. 0.) DT = MIN(TIME-TIMEH(LXCOM,1), VELO 217 

1 DELT) VELO 218 
LIN = LINECT(LXCOM) VELO 219 

c INITIALIZE DU/DH ALONG PATH LINE VELO 220 
IF ~TIME .LE. TIMEH(LXCOM,LIN)) GO TO 785 VELO 221 
LINECT(LXCOM) = LINECT(LXCOM)+1 VELO 222 
LIN = LINECT(LXCOM) VELO 223 
CALL GETS(1,LIN,TYME(IT-1),XCOM(LXCOM),UVAL,UHL(LXCOM),U2H) VELO 224 
IF (V(IT-1,LXCOM) .EQ. 0.) V(IT-1,LXCOM) = VZERO VELO 225 

785 CONTINUE VELO 226 
IF (IBUG .GT. 0) WRITE (6,9780) LXCOM,LINECT(LXCOM),TIME VELO 227 

9780 FORMAT (' 780 LXCOM,LINECT(LXCOM)='2I4,' TIME='1PE10.3) VELO 228 
CALL GETS(1,LIN,TIME-0.5*DT,XCOM(LXCOM),UVAL,UHM,U2H) VELO 229 
CALL GETS(1,LIN,TIME,XCOM(LXCOM),U(IT,LXCOM),UH(LXCOM),U2H) VELO 230 
V(IT,LXCOM) = V(IT-1,LXCOM)+(UH(LXCOM)+4.*UHM+UHL(LXCOM)) VELO 231 

1 /RHO*DT/6. VELO 232 
C(IT,LXCOM) = 1./FDTDH(XCOM(LXCOM),TIME,LIN) VELO 233 

790 UHL(LXCOM) = UH(LXCOM) VELO 234 
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IF (IBUG .GT. 0) WRITE (6,9790) IT,TIME,STRESS,UH(LXCOM),UHM, VELO 
1 UHL(LXCOM),V(IT,LXCOM),U(IT,LXCOM),C(IT,LXCOM) VELO 

9790 FORMAT (' *******IT='I3,' T,S,UH-'1P5E10.3,' V,U,C='3E10.3) VELO 
CALL SECOND (XNOW) VELO 
OUR = XNOW-FIRST VELO 
IF (IBUG .GT. 0) WRITE (6,9795) IT,DUR VELO 

9795 FORMAT (' T T T T T TIME TO END TIME LOOP NO.'I3,' DURATION=' VELO 
1 1PE12. 5, I SECONDS') VELO 

IF (LXCOM .GT. 1) GO TO 700 VELO 
GO TO 900 VELO 

c ******** ********VELO 
VELO c 

c 
INTEGRATION FOR STRESS BY OMISSION OF THIRD DERIVATIVES 

******** ********VELO 
800 CONTINUE VELO 

9800 
WRITE (6,9800) 
FORMAT (' BRANCHED 
GO TO 910 

TO INTEGRATION BY OMISSION OF 3RD DEP.IVS.') 
VELO 
VELO 
VELO 

900 
910 

CONTINUE 
IF (TYME(JFIN) .EQ. 0.) JFIN
RETURN 
END 

JFIN-1 
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c 

c 

FUNCTION XINT(LX,LINE,TIME,XEST,XCOM) 
IMPLICIT REAL*8 (A-H,O-Z) 
REAL*8 NTLOG,NPLOG 

COMMON /LOG/ NPLOG,NTLOG,SBIAS,TBIAS,UBIAS 
COMMON /FIT/ DERFIT\120),CTH(3 1 10) 1 UFIT(3,10) 

DIMENSION XCOM(12) 
T = TIME 
IF (NTLOG .EQ. 8H LOG ) T - LOG(TIME+TBIAS) 
XINT = XEST 
IF (ABS(CTH(3,LINE)*XEST) .LT. 1.E-6*ABS(CTH(2,LINE))) RETURN 
ARG = CTH(2,LINE)**2-4.*CTH(3,LINE)*(CTH(1,LINE)-T) 
IF (ARG .LT. 0.) RETURN 
SQR = SQRT(ARG) 
X1 = (-CTH(2,LINE)+SQR)/(2.*CTH(3,LINE)) 
X2 = (-CTH(2,LINE)-SQR)/(2.*CTH(3,LINE)) 
XINT = X1 
IF (ABS(X1-XEST) .LT. ABS(X2-XEST)) RETURN 
XINT = X2 
RETURN 
END 
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