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A COMPUTER PROGRAM FOR PLOTTING STRESS-STRAIN DATA FROM
COMPRESSION, TENSION, AND TORSION TESTS OF MATERIALS

By Anne Greenbaum and Donald J. Baker
Langley Directorate, U.S. Army Air Mobility R&D Laboratory

John G. Davis, Jr.
Langley Research Center

SUMMARY

A computer program for plotting stress-strain curves obtained frorh compression
and tension tests on i‘ectangular (flat) specimens and circular-cross-section specimens
(rods and tubes) and both stress-strain and torque-twist curves obtained from torsion-
tests on tubes is presented in detail. The program has the capability of plotting individ-
ual strain-gage outputs and/or the average output of several strain gages and the capabil-
ity of computing the slope of a straight line which provides a least-squares fit to a speci-
fied section of the plotted curve. In addition, the program can compute the slope of the
stress-strain curve at any point along the curve, The program, its subroutines, and their
variables are listed and defined. The computer input and output for three sample prob-
lems are presented in printed and plotted form to aid the user in setting up and utilizing
the program.

The program is written in FORTRAN IV language for the Caontrol Data 6000 series
digital computer with the SCOPE 3.0 operating system and requires approximately
110000 octal locations of core storage. A typical problem with seven curves to be plotted,
each curve containing approximately 200 data points, requires approximately 50 seconds
of central processing time, Output from the program is stored on tape and then used by
CalComp or Gerber plotters to construct curves., The input data may be stored on mag-
netic tape, a data cell, or punched cards.

INTRODUCTION

Reduction of test data to a presentable form, usually hand-drawn plots, can be a
time-consuming task. This is especially true if a large number of data points are to be
plotted or if the data must be combined in some manner or multiplied by scaling factors
prior to plotting. A specific example is construction of the shear-stress —strain curve
from strain-gage data obtained from a torsion test on a tubular specimen. Since there



has been a continuing requirement at the Langley Research Center to make such data
reductions, a computer program was developed to automate the task of constructing
stress-strain plots for compression and tension tests on rectangular (flat) specimens and
circular-cross-section specimens (rods and tubes) and stress-strain and torqgue -twist
plots for torsion tests on tubular specimens. The program plots individual strain-page
outputs and/or the average output of several strain gages.  The program also has the
capability of computing the slope of a straight line which provides a least-squares fit to a
specified section of the plotted curve and can compute the slope of the stress-strain curve
at any point along the curve. The program is written in FORTRAN IV language for the
Control Data 6000 series digital computer with the SCOPE 3.0 operating system. The
input data may be stored on magnetic tape, a data cell, or punched cards. The equa-
tions have been programed so that either the International System of Units or the U.S.
Customary Units may be used. Conversion factors relating the two systems are given in
reference 1, and those pertinent to the present paper are presented in appendix A. This
paper describes the program and presents sample problems to aid the user in setting up
and utilizing the program.

SYMBOLS
¢ length, meters (inches)
P load, newtons (pounds)
R radius, meters (inches)
T torque, newton-meters (inch-pounds)
t thickness, meters (inches)
w width, meters (inches)
o displacement, meters (inches)
€ strain
8 twist, radians (degrees)
o stress, pascals (pounds force per square inch)



T shear stress, pascals (pounds force per square inch)

Abbreviations:

K51 kilopounds force per square inch

LVDT linear variable differential transformer
MPA megapascals

MICRO IN/IN micro inches per inch (see description of XMULT in appendix C)

MICRO M/M micro meters per meter (see description of XMULT in appendix C)

O.D. outer diameter, meters (inches)
PA pascals (newtons per square meter)
PSI pounds force per square inch
SG strain gage
PROBLEM DESCRIPTION

The task described herein is the development of a computer program to construct
plots of stress-sirain data from compression and tension tests and to construct plots of
stress-strain and torque-twist data from torsion tests. At the beginning of the effort, the
{ollowing eriteria on program capability were selected: :

(1) The program must be capable of reading load, strain, and displacement input
data, which are arranged sequentially with respect to time and expressed in appropriate
engineering units, from magnetic tape, a data cell, or punched cards.

(2) The program must be capable of plotting data in either the International System
of Units or U.S. Customary Units. Data recorded in either system of units can only be
plotted in the respective units.

(3) The program must be capable of constructing compression or tension stress-
gtrain plots for either rectangular (flat) specimens or circular-cross-section specimens
(rods and tubes) and constructing shear -stress —strain and torque-twist plots for thin-
walled circular tubes.



(4) For compression or tension tests, the program must be capable of constructing
plots of stress as a function of the output of individual strain gages and/or the average
output of up to four specified strain gages (or other strain transducers),

(5) For torsion tests, the program must be capable of constructing plots of stress
as a function of the output of individual strain gages, as a function of the average absolute
output of the +45° strain gages in a strain rosette, or as a-function of the average absolute
output of all +45° strain gages in up to six strain rosettes. Also, the program must be
capable of constructing torque-twist plots by utilizing the output of LVDT's or other
transducers which measure displacements associated with the rotations at two locations
along the length of a tubular specimen,

(68) The program must be capable of computing the slope of a straight line which
provides a least-squares fit to a specified section of each averaged curve (stress-strain
or torque -twist) and computing the tangent modulus (slope) at all points along the average
stress-strain curve.

(7) The program must be capable of omitting from the calculations and plots any
gages which the user specifies, and it must be capable of making more than one type of
plot from one input of the same data set.

These criteria have been met and table I summarizes the plotting cases that have
been programed. Ten cases have been programed and the table indicates specimen and
test type, the quantities plotted on each axis, and whether moduli or slope calculations
can be made for the case. Figure 1 shows sketches of specimen geometry for compres-
sioh, tension, and torsion test specimens.

PROGRAM DESCRIPTION

The computer program is written in FORTRAN 1V language for the Control Data
6000 series digital computer with the SCOPE 3.0 operating system. With the present
dimensions, the program requires approximately 110000 octal locations of core storage.
A typical case with seven curves to be plotted, each curve containing approximately
200 data points, requires approximately 50 seconds of central processing time. During
job execution, input data read from a data cell or magnetic tape are temporarily stored
on a disk file {designated as tape 30 in the program listing). As currently written, the
program is limited to a maximum of 20 data channels (18 if stored on a data cell) and
414 data frames per run, with 398 frames per run plotted. Dimension statements can be
changed to allow for a larger number of channels and frames. A data channel is a listing
that contains all data values derived from one output device {(force transducer, strain gage,
LVDT, etc.).” A data frame is defined as all data values recorded at one value of time.



‘Thus, one data frame contains a data value for each output device. To use the program
as it is currently written, the data must be identified by frame number and stored sequen-
tially by frame number.

The main program, identified herein as BECKPLT, and its subprograms are iden-
tified and discussed, Except where noted, all subprograms were wriiten for the task
described herein. Appendixes B, C, and D give a source program listing, definitions of
the FORTRAN variables, and the Langley Library subroutine MATINV and listing, respec-
tively, A flow chart is shown on pages 6 to 8. The flow chart indicates that, first,
instructions that indicate the title of the test, the type of plotter to be used (Gerber or
CalComp), how the data are stored (magnetic tape, punched cards, or data cell), the spec-
imen geometry (flat or tube), and test type (tension, compression, or torsion) are read
from cards 1 and 2, For simplicity, the type of specimen is given in the program as
flat or tube (includes both rods and tubes). The Gerber plot is a smooth continuous
curve, whereas the CalComp plot is incremented in small steps. The CalComp plotter
requires less time to develop a curve than a Gerber plotter, but the curve is of lower
quality. Then the instructions that indicate the particular experiment being analyzed
(referred to hereinafter as run), the number of data channels and frames to be plotted,
and the curves to be plotted {refer to table I) are read from cards 3 and 4. The data are
read from the designated storage device (tape, cards, or data cell) and then the specimen
geometry is read from instruction card 5. Next, the load data are converted to stress
values by multiplying by the appropriate constants which are a function of test type and
specimen geometry. These stress values are stored in the Y-array. One subroutine is
next selected to compute and store the strains in the X-array. Selection is based on the
type of test and specimen. Possible choices of subroutines are: COMPIND (compression
or tension test, individual gage plots), COMPAVG (compression or tension test, average
plot), TORIND (torsion test, individual gage plots), and TORAVG (torsion test, average
plot). At this point, the coordinates for the stress-strain curve are computed and stored
on tape for subsequent use by the selected plotter. Several subroutines can now be
requested in the program. Subroutine SLP can be called to calculate the slope of a
straight line which provides a least-squares fit to a specified portion of the stress-strain
curve, If requested by user. instructions to compute the tangent modulus (slope) of the
stress -strain curve as a function of'stress, subroutine PROPLIM is called. Subroutine
PROPLIM computes the coefficients of a second-degree polynomial that provides a least—-
squares fit to the stress-strain curve. Next, the slope of the stress-strain curve is
approximated by the first derivative of the polynomial. The user is cautioned that mean-
ingful tangent-moduli results will be produced only when the second-degree polynomial
is a good approximation to the stress-strain curve. Preliminary attempts to compute
the tangent moduli by piecewise fitting the data (5 to 15 points) with a second-degree
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polynomial generated plots (tangent moduli as a function of stress) of no practical value,
Variation of the computed values of tangent moduli ranged up to 15 percent of the mean
value, and the curves subsequently plotted had a sawtooth appearance.

More than one plot (case) can be developed from a data set {(run) by utilizing
instruction card 6. This card indicates the frames to be used and the type of additional
plots to be generated. An example of how this feature of the program might be used is
the construction of the average shear-stress —strain and torque-twist curves {case 10 in
table I) after the program has constructed the individual stress-strain curves (case 7).

With one computer job submittal the stress-strain and/or torque-twist curves
for each specimen of a group of specimens can be developed by repeating instruction
cards 3 to 6 for each specimen.

The program just described was written primarily to develop data plots for the
cases listed in table I. However, this program can be modified so that it can be used to
construct data plots for other types of engineering tests. These modifications would
include the subprograms that label axes and transform data. The location of the changes
can be determined by following the flow chart just discussed. '

PROGRAM USAGE

A typical program deck setup, with punched card input, is shown in figure 2. Sys-
tem control cards are utilized to position magnetic-tape or data-cell inputs for use by
the source program, User instruction cards, described later in this section, are uti-
lized for control of plots and computation of the slope of the curves. A detailed descrip-
tion of the output is also given in this section. In order to keep user instructions at a
© minimum, a pattern for idéntifying the strain gages and rosettes was selected. (Refer to
‘appendix E.)

Input

Data format.- Input data for the program may be recorded on magnetic tape, a data
cell, or punched cards by frame. Each frame includes the load and all strain-gage data
recorded at a particular time. Frames are identified by integers which increase mono-
tonically with increasing time from the start of the test, Load or torque values must be
stored in the first data channel.

If a magnetic tape is used, test data for each frame must be stored on the tape in
the following format which is currently used at Langley Research Center:



Word Description Type
1 Mode Integer
2 2 Integer
3 3 Integer
4 Frame Integer
5 5.0 Float
6 6.0 Float
7 7 Integer
8 8 Integer
9 9 Integer
10 10 Integer
11 11.0 Float
12 12,0 Float
13 13.0 Float
14 14.0 Float
15 15.0 Float
16 Load or torque Float
17 Data channels Float
11l 4 J 1

Record length is 114 words. At the end of a run, a record is written with Mode = 8888.
At the end of all data on a tape, a record is written with Mode = 9999, There is an EQF
after this record. Mode = 2 for all other data frames.

When a data cell is used, input for each data frame must be in the following format:

Line FORTRAN variable name Description Format
1 | ITST, MRN, MD, IFRA Test, run, mode, frame | 3112, 24X, 112
2 DTA(IFRA,1) DTA(IFRA,2), Load or torque, first 6E12.4
DTA(IFRA,3),DTA(IFRA ,4), five data channels
DTA(IFRA,5) DTA(IFRA 6)
3 DTA(IFRA,7),DTA(IFRA 8), Next six data channels | 6E12.4

DTA(IFRA,9),DTA(IFRA,10),
DTA(IFRA,11),DTA(IFRA,12)

4 DTA(IFRA,13) DTA(IFRA,14), | Next six data channels | 6E12.4
DTA(IFRA,15) DTA(IFRA, 16),
DTA{IFRA,17), DTA(IFRA,18)

10



(For a test with more than 18 channels stored on a data cell, the READ statements in
subroutine RDCELL must be changed.)

Input data on punched cards must be in the following format for each data frame:

Card FORTRAN variable name Description Format

1 IFRA, DTA(IFRA 1), Frame, load or torque, 14, 6E12.4, 14
DTA(IFRA,2),DTA(IFRA,3), first five data
DTA(IFRA,4),DTA(IFRA,5), channels, last card
DTA(IFRA,8),MD

2 DTA(IFRA,7),DTA(IFRA,8), Next six data channels, | 6E12.4,14
DTA(IFRA,9) DTA(IFRA,10), last card
DTA(IFRA,11),DTA(IFRA,12),
MD

Repeat card 2 for all channels. For all data cards except the last card, MD = 2, On last
card, MD = 8888 (end of data).

User instruction cards.- The following cards are supplied by the program user to

control the graphic and printed output. Cards 1 to 3 have the same format for tension,

compression, or torsion tests. However, the format for cards 4 to 6 is a function of test
‘type as indicated herein.

User instruction cards 1 to 3 follow:

Card 1

Column

1 to 40

Card 2

Column

4

Test title (4A10)

Title of test. Any characters in columns 1 to 40. This title is printed
before all other output and is plotted in front of the graphs. (See
section entitled '"Sample Problems.")

Plotting control (914)
FORTRAN varjable Value
IPLT 1 Use Gerber plotter

0 Use CalComp plotter



Column

12

16

20

21 to 24

25 to 28

29 to 32

36

12

FORTRAN variable

IPEN

INPT

ISPEC

ITEST

IXSIZE

IYSIZE

IOMOVE

IUNITS

Value

1

—

= OO = QN

Use Leroy pen (for CalComp
plotter only)

Use ballpoint pen (for CalComp
plotter only)

For Gerber

Input data on magnetic tape
Input data on punched cards
Input data on data cell

Flat specimen

Tube specimen

Tension or compression test
Torsion test

Length of X-axis for each plot
{(in inches). For tension or
compression tests, IXSIZE
= (IOMOVE) x (number of curves
+1). For torsion tests, IXSIZE
= (IOMOVE) X {(number of curves
+ 1) + (number of rosettes}. The
last term accounts for the extra
space between plots for different
rosettes

Length of Y-axis in inches. If this
field is blank or = 0, length of
Y -axis defaults to 9 inches

Distance between plots, If this
field is blank or = 0, defaults to
2 inches

Input and output data expressed in
U.S. Customary Units

Input and output data expressed in
SI Units



Card 3

Column

1to 40

Run title (4A10)

Title of run. Any characters in colums 1 to 40, This title is printed
before other output for this run and is plotted in the lower left-hand

corner of the graph for this run.

Problems.')

(See section entitled "Sample

User instruction cards 4 to 6 for tension or compression tests follow:

Run information (413,412,313,1812,14X,11)

Card 4

Column

2to3

4toB
Tto9
12

13 to 20

23

24 to 26

FORTRAN variable
JAC

NRL
NRU
INDAVG

IGAGES(1)
IGAGES(2)
IGAGES(3)
IGAGES(4)
MOD

NRLSLP

Value

. Calculate slope

Number of channels (=1 + number
of strain channels)

First frame to be plotted
Last frame to be plotted
Type of plot (see table I)
Case 1 or 4
Case 2 or B
Case 3or 6

Channels to be averaged. See
sample problem 2 for example of
input data

Do not calculate slope

Calculate tangent moduli

First frame to be used in calculat-
ing slope. May be omitted if
MOD # 1. If MOD = 1 and this
field is blank or 0, defaults to
first frame plotted

13



Column

27 to 29

30 to 65

66 to 79
80

FORTRAN variable
NRUSLP

NOPLT(1)

NOPLT(2)

NOPLT(18)

MORE

Value

Last frame to be used in calculat-
ing slope. May be omitted if
MOD # 1. If MOD = 1 and this
field is blank or 0, defaults to
last frame plotted

Strain gages to be omitted from
plot

0 No additional plots (cases)
requested for this data set
(card 6 must be omitted)

1 Additional plots to be made for
this run

If data are on punched cards, place data for this run after card 4,

Card 5
Column
1to 12

13 to 24

25 to 36

14

Sectional data (4F12.0)

FORTRAN variable

THICK

WIDTH

SCFAC

Value

Thickness of flat specimen, wall
thickness of tube or radius of
rod (circular cross section)

Width of flat specimen; or outer
diameter of tube specimen or
rod

+1 Loads are positive
-1 Loads are negative

Loads are multiplied by this
variable before calculating
stresses



Column

37 to 48

FORTRAN variable
RMAXSN

Value

Maximum strain value to be
plotted

If additional plots were requested for this run, place the following card or cards after

card 5,

Card 6

Column
1to3
4to b

9

10 to 17

20

21 to 23

-24 to 26

New set of run information

FORTRAN variable
NRL
NRU
INDAVG

IGAGES(1)
IGAGES(2)
IGAGES(3)
IGAGES(4)
MOD

NRLSLP

NRUSLP

(313,412,313,1812,17X 11)

Value

First frame to be plotted
Last frame to be plotted
Case type (see table I}
Case 1 or 4

Case 2 or 5

Case 3or 6

Channels to be averaged .

Do not calculate slope
Calculate slope
Calculate tangent moduli

First frame to be used in calculat-
ing slope. May be omitted if
MOD # 1. If MOD = 1 and this
field is blank or 0, defaults to
first frame plotted

Last frame to be used in calculat-
ing slope. May be omitted if
MOD # 1. If MOD = 1 and this
field is blank or 0, defaults to
last frame plotted



Column FORTRAN variable Value

27 to 62 NOPLT(1) Strain gages to be omitted from
plot
NOPLT(2)
NOPLT(18)
63 to 79
80 MORE 0 No additional plots (cases)

requested for this data set
(card 6 must be omitted)

i Additional plots requested for this
run

User instruction cards 4 to 6 for a torsion test follow:

Card4  Run information (813,1812,19X,11)
Column FORTRAN variable Value
2to3 JAC Number of channels (= 1 + number
of strain channels + number of
deflection (§) channels (see
fig. 1))
4to06 NRL First frame to be plotted
Tto9 NRU Last frame to be plotted
12 NROS Number of rosettes
15 INDAVG Case type (see table I)
0 Case 7
Case 9
2 Case 10
3 Case 8
18 MOD 0 Do not calculate slope
1 Calculate slope
2 Calculate tangent moduli

16



Column

19 to 21

22 to 24

25 to 60

61 to 79
80

FORTRAN variable
NRLSLP

NRUSLP

NOPLT(1)
NOPLT(2)

NOPLT(18)

MORE

Value

First frame to be used in calculat-
ing slope. May be omitted if
MOD # 1. If MOD = 1 and this
field is blank or 0, defaults to
first frame plotted

Last frame to be used in calculat-
ing slope. May be omitted if
MOD # 1. If MOD = 1 and this
field is blank or 0, defaults to
last frame plotted

Strain gages to be omitted from
plotting and averaging

No additional plots (cases)
requested for this data set
(omit card 6)

Additional plots requested for this
run

If input data are on punched cards, place data for this run after card 4.

Card 5

Column

1 to 12
13 to 24
25 to 36

37 to 48

Sectional data (6F12.4)

FORTRAN variable
THICK
WIDTH
RLENGTH

ALENGTH

Value

Thickness of tube
Outer diameter of tube

Distance between arm stations
(see fig, 1)

Length of R (see fig. 1)
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Column

49 to 60

61 to 72

FORTRAN variable

SCFAC

RMAXSN

Value

+1

Loads are positive
Loads are negative

Loads are multiplied by this
variable before calculating
stresses

Maximum strain value to be
plotted

If additional plots were indiecated for this run, place the following card or cards after

card 5.

Card 6

Column
1to3
4to6

9
12

15

16 to 18

18

New set of run information

FORTRAN variable

NRL
NRU
NROS
INDAVG

MOD

NRLSLP

(713,1812,22X 1)

Value

M = O e N

First frame to be plotted
Last frame to be plotted
Number of rosettes
Case type (see table I)
Case 7

Case 9

Case 10

Case 8

Do not calculate slope
Calculate slope
Calculate tangent moduli

First frame to be used in calculat-
ing slope. May be omitted if
MOD # 1. If MOD = 1 and this
field is blank or 0, defaults to
first frame plotted



Column FORTRAN variable Value

19 to 21 NRUSLP Last frame to be used in calculat-
ing slope. May be omitted if
MOD # 1. If MOD = 1 and this
field is blank or 0, defaults to
last frame plotted.

22 to 57 NOPLT(1) Strain gages to be omitted from
' plot
NOPLT(2)
NOPLT(18)
58 to 79
80 MORE 0 No additional plots (cases)
requested for this data set
1 Additional plots requested for this
run

Repeat card 6 for each plot after the first plot to be made for this run (until
MORE = 0). Repeat cards 3 to 6 for each data set in a computer run,

Qutput

Printed.- Examples of printed and plotted output are presented in the discussion of
sample problems. The fest title supplied by the user is printed first, followed by the test
and specimen type and the plotter. Next, the first run title supplied by the user is printed,
followed by a list of data from the first three channels of every fifth or tenth frame (every
tenth frame if the total number of frames is greater than 300)." This data list is followed
by the specimen thickness and width (for flat specimen) or outer diameter (for tube speci-
men). Next the coordinates of each stress-strain or torque -twist curve to be plotted are
printed. These points are printed in pairs with the Y-value (stress or torque) first and
the X-value {strain or twist) second. If tangent moduli are computed, they are listed
next along with their associated stress-strain points. At the end of the printed output,
the number of graphs plotted and the size of the axes are listed.

Plotted.- The test title is printed vertically on the plotting paper before the first
plot is constructed. (See fig. 3.) The run title is printed in the lower left-hand corner
of the graph, below the X-axis. In graphs with more than one plot, the X-axis is labeled
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with a drafting dimension: —|scale factor|~. In graphs with only one plot, both the X-
and Y-axes are numbered at each tick mark. A grid of +'s is also drawn on the graph,

Above the graph, the gage number and the frames used for each plot are written.
For plots where the gages to be averaged are specified by the user, the program prints
AVG OF and lists these gages. For plots where the gages to be averaged are fixed
(cases 9 and 10 in table I), it prints AVG PLOT.

If the tangent moduli have been calculated, they will be plotted as a function of stress
on a 8- by 9-in. graph. On the X-axis will be STRESS in PSI or PA and on the Y-axis will
be TANGENT MODULI in PSI or PA.

Diagnostics
This program contains a series of error diagnostics as follows:
Fatal errors -

(1) INVALID TEST NUMBER, ITEST = (test number specified). Neither tension,
compression, or torsion test is indicated. (ITEST is not 0 or 1.)

(2) INVALID SPECIMEN NUMBER, ISPEC = (specimen number specified)., Neither
flat nor tube specimen is indicated. (ISPEC is not 0 or 1.}

(3) CANNOT HANDLE TORSION TEST ON FLAT SPECIMEN

(4) TOO MANY CHANNELS, JAC = (number of channels specified). The number of
channels specified is greater than 20.

Nenfatal errors —

(1) LAST FRAME TO BE PLOTTED LESS THAN FIRST FRAME
FIRST FRAME = (first frame) LAST FRAME = (last frame)
WILL GO TO NEXT PLOT

This can be used to suppress plotting for a particular run, if desired.

(2) FIRST FRAME FOR SLOPE GREATER THAN LAST FRAME FOR SLOPE.
FIRST FRAME = (first frame for slope) LAST FRAME - (last frame for slope)
WILL NOT FIND SLOPE. ‘

The program will print and plot the points for this run but will not calculate the slope of
the line of best {fit to any section of the curve,

(3) FIRST FRAME FOR SLOPE INVALID.,
FIRST FRAME = (first frame specified for slope)
WILL USE FIRST FRAME PLOTTED.,
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(4) LAST FRAME FOR SLOPE INVALID.
LAST FRAME = (last frame specified for slope)
WILL USE LAST FRAME PLOTTED.

SAMPLE PROBLEMS

Problem 1

This example illustrates the input, output, and typical stress-strain plots obtained
from a compression test on a tube. The tube was instrumented with nine strain gages.
The output of all nine gages as well as the average output of gages 2, 5, and 8 is plotted
in figure 3. Input and output data are expressed in SI Units. The CalComp plotter with
a Leroy pen was utilized to plot figure 3. A listing of the case instruction cards follows:

L AN s ' (Card 5)
i (Card 4)
© {Card 3)
(Card 2)
(Card 1)

F
s
[ia
-

|
D

FORTRAN STATEMENT [P
ﬁﬁol.ﬂﬁﬂﬂlﬂilhﬂ ﬁurdﬁﬁﬁ fﬁﬁh1h?iﬁhﬁbohﬁﬁﬁﬁﬁﬁfﬁﬁﬁnﬁﬁﬁ?hnd@dbuﬁi@iﬁﬁf
FE R B BT S S SRATTRTYTT A0 3V DIIOR JE DT B 39 A0 KT A2 4N 4445 Y 47 A LG B0 G152 LI 5 SR KR A SE A K06 R2 A1 B By B3 BT pha M I Neanwmnisna

i?l|12|]11l‘I11||11‘|11ti'11|"111]“11]]‘]]\||1‘]|||]‘]!|1‘1i|‘]1|' ‘IIIHII

2' 202H2222222222532227222322732222722222922227272272222225222220222332223222:2222222

3'3334}3'33334333]3333333#3313]3333333333333333!133333333313333333333333]3‘333333333

i |
ﬁ4d4ﬂ"44444544444444444?44444444444444444444444444¢444444444444444¢444¢44434444

| i
I 5'3‘55iE'WJ15555‘5 5‘"55555555555‘5555555555555‘5555555555555555555“%555555‘5555555
[ I‘lsﬁt CSBERTERSABELT GRAREBEERTG DEE“CJBEEEEBEEEEEEEEEEBESEnBBGEBBEGEEHEEEE: 5566668 ‘

Lt
! *l???]?\?]?TTT.‘ETTHTTJZ‘?n]J??TH?????r7777].'7??’?7'1'.JH?TI]??TJJ"TT'?TTT]J??TIJ?’;

]
ﬂSES‘ 338‘3858’.32533"1583'”ESEEBS«I'EFFE‘EE[IEBBEEEESSUSESSS"BEHBBBHSBBEBBE"lf‘adEBEa% l
I

I2 sagaao
RPERYIHE

‘3.:895.’75‘3!"..‘"‘19'19'“!33HBQ"‘JNQ‘]QQ‘WHHHB..-!IHRS']’!F‘ER']%HS.H?!] 9493489
x

i
FURTI TP I L I Qi (e b I LI B R TG Y X Y R 2L ANy VAR R B I sl
\

The data set was obtained from a test on a graphite-epoxy tube.
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The output listing for problem 1 follows:

PROJLEM 1 CAMPRESSIOM TST

COMPRPESSION Mu YoM My
USTNG CALCOIM2 PLNTTFRE

TEST M THRE CPECTAEN
WITIp ey

22

TURF NiMacp 2

Frawe LrAn 5n=1 §5-7
5 Ad1753#92 1. 53417-05  3,23520-05
1% 232070403 4,14370-05  1,1905F =04
LS 4.1533F+03  5,8367F-75 | ,6G)03F-n4
PT643799F 433 901712515 3,450 7F~04
25 PLLINDF+0E 1,200A0-04  1,6381F-04
® . . . ° ° °
155 1.56156404 2,217B5-04 6, 12008 -04
160 1.7483F+04  2,4679F-N4&  T.52064F=04
L65S  1.93016+34  2.73125-04  B,3)410-24
ITY  2.1099F+04  2,9265F-04 9,0545F-04%
175 2.2334F+04  3,0932F-04 92,53R1F-04
THICKNESS =  1,3081F-03 QUTFR NIAMETER = 7,660)E-92

PF Y

E
FEPRODUCIBILITY OF TH
%RIGINAL PAGE IS POOR



STRESS-STRAIN PRINTS FAR 56— 1 FHAYMES &4 THROMGH 118
FRAVC STIESS STMAIN  Fmavp [IRSSS STRALIYN  FRAMF STRESS STRATN FRAME STRFSS
Mo 4 MR MIPA M]CR0 A MIGR] MEA
g M M/
Bh T.IBLATHON  4.4189F D1 &5 T.5%46C¢00 4 6597F+01 54 3.3380E+00 5.0859F 0L 67 1.00LBFeIL
A8 L.1IT3E+N]  S.9R47F+0L 69 1. 242t Il AL6TRIF+0L 79 1.3PR&4E+3] ?.21TIEHDL F1 1.B34%FeD)
72 L. 623LE+DL  A.33757+D1 T3 1L IPATEEOL AJGTLIFED] T4 1,8303F431 9,0479601 75 1.9333F+0M
Th  2.07255401  1.0%20E640%  F7 2.22208+01 L OAZIE+ 37 TR 2.3AABE+DL 1.13%¥9F#02 TR 2.4BALE 4D
80 2.59&LEvd1 12013002 w1 2, 704517401 L.26137+0% 42 2.53435+01 1.2006F+0D2 43 2.91439%+31
R%  3.0715Fe)1 1.47677+02 A6 7 1759F«01  L,&9917 427 45 3,7513E¢71 1.52976+22 AT 3.37740+01
AR 3, 50RTFe0 LUHP41F+0 7 Ry 3. 0354501 load28F+02 Q) 1, 1598E+01 1.5373€¢32 91 3. 8840F+01
37 &4,0046FE+0] 1.7S00E#NT 01 4 13012401 1, FA42T+07 94 4.2536F ¢ L.88%3F+02 95 4, 3T4IE+DL
Qb 4 BUETERN L LS FAAT 07 0T GuGlelCeYL 2,13430+07 99 4, TI4UEFDE 2.0844F+02 9% 4.85828+¢31
100 4.9F7akefl 2.192aT+07 14l 5.090%54+ 5] 2.726237 407 102 S,702aF+01 2.7369F«02 133 5,3L77E+)1
194 S,4274F+01 2,315 204002 IG5 53,5100 +N01 2ol TNE+D? 136 5.6641F+0] Z,4595F+02 107 5. 7984E+01
128 S.57582E+M DLOTEATENY 10T 6L.O5T0°+01 TLETAATEDY 111 L. 1%h4E4DL 2.68675¢37 111 6.31H7E+D1
112 6. 4a26F 7L 2, 4064F+02 113 4,50 13F+D) 2, 8L8L1F+22 114 &.4373E¢01 2.384BF+072 LLS A.4228F+01
16 £.9994F+0] 276010437 LUF 7.95731S#01  3.00336+02 118 715557400 3.26328e02 115 T.2145E+31
STIFSS-STRAIN PAINTS FNu SG- 2 eyapes 4 THBOUNH 1L
FRAVE 13685 STEATN FLAMF STPESS ST=all  FrAwEe STRESH STRATNY  FRAYF STHESS
wpg PR ana HICRD ELEY NI’ voa
ufa YA LA
b4 FLA3E6T 40 L nhla 07 ok T SA4E ST 1L105F 02 £5  H, 2805+8D L.2673F¢07 67 1.D713E¢01
a8 1,11 7370 1 aT%eF+ ) & 1.2%2%rF+ )] 1. 7692F )7 T2 L. TBAaF+D} l.R426F+ 232 T 1.5Co%R+ 1
[ ] L] . . » ] [ L] [ L ] » » » - . . . L]
STRESS-STRATN DIINTS FAz Sh- 4 FLUAMES 44 THUNNH Y14
FeadF STIECS STIAT™ R RAMT [ LR STRATN  TRAME STRESS 5T2ATN  FRAMF STRESS
CET A "y vpnen MO wInAd YPA
R M LA
b4 T.IH1GFEFI] LLAATESEIL RS Tana4asi e22  L.BY42Fed 86 A.3380F0D 2. 1677F+0L 467 L.0GLAF+DL
GR LL117VF4001  ,2369(¢01 A% L.24245037  3.91965611 T 1 RIALE401 4,.5022E+01 Tl 1.5J84E+01
12 Loh2316+21 S.h]HaFe ] 72 1.72875421 5.7 6%+ )1 14 L. *303F+01L Kl 9OF+01 % 1.93583F+DL
74 2.07THFEe0L TLSRNIEE L 1T T.7Z20Fe0] A.D040FeNL TE 2.3688F¢G1 RLGTINE4OL 17 2,48810+01
90 2.596L7+1 duBTLIRF+T] A1 L TialFell LaIL?2Fed 2 82 2,20B3F+3L 1e27555¢02  BY  2.9143E+{
94 3,07 14F+N| (IR L e A 1. 134590+91 L2 73Een? 85 3,2513E+¢01 1.2990E+02 837 2.3T94E+01
38 3.52870+ 21 L2075k a2 2,ATHASHT] Loa24 30427 90 X,T98RF+]1 lLe4B3&lF+02 91  3.RB4DF¢J1
37 4.fYASEF01 TLEADM +02 A1 4, 13017431  LAAGTSERN2 T4 4 ?5066¢0L 1,7259E+02 95 4.3T49E+01
A 4,4051F+2] 1,0280e3? 9T H,014T54)] L8843 692 9n &, 73495401 1.9593F¢D2 95 4. B587F¢dL
13Y  4.97747 01 TLOATIO+GE LD B, 04T 4O 201 )F+? 192 5,2034F+01 2.1 T76LE+02 107 5.3177E+01
176  5.429&F+71  1.27280432 13%  S.53995e31 2.3429F+ 0 126 S.55%%1F#31  2.3845E+402 197 5,7984E+01
1AR  5.a3%70401  LRZEATET? 100 A AGTIEEN] 256 T3FE07 110 6. 1A68F+01 0 2.5430F 00 111 0.316GF+21
112 6.6%24F¢)L 2.76300402 117 6457176431 2,3514F+37 114 A 6GTAE+I]L 2.9)14F+02 LIS A.BZ2RECN
Ll  &.9495F +01 TLArwRFETZ LLT TG00 R0 3.5 99F+37 118 7. L15555+01 31015402 119 T.2149E+01
STOFSS-GTRAIN OFENTS EON A% IF SAGFS 24 R —f FAAMES  p4 THRIUGH L19
FAaAUuL 5T ESS TTUA|N  FRAMC STRAFRS STHALN  THAME STRESS STaA N FRAME STRFSS
P A R R MI3A MIcen Mo 4 q16R]) MPA
M/ W ErAY
6%  T,3A1%Fe3) A,H187F 70 £ T.3%%%5+) 1.711AFe0% &4  3,53H03e0DT 1. 1E6TE+32 6T  1.00LSE+IL
&8 L 11 TIF+] TLSREAFE02 w7 1,7678%+00 1L AU25%0T TG 1.77A45400 1,87595+32 /1 1. 30 64l +31
12 1. 62310 +21 LGN TR TL.P287T5+71 2,33 F3F+)2 f4  1,333F+0L Za4130FE+02 s 1.2353F¢D1L
76 2.9725F+01 2,367+ TP 2.7270%+01 2. 3959F w07 I8 2,75R8F«0G1  3,1505FE+02 719 7.4431F+7]
BO  2.55ALE#D21 FLERINEEIZ OBl PLT04LT4IL 0 B.620AFE0d 82 2.9083F+0L  3.776%9E¢22 03 2.914904+01
B4 3.071AT¢01 GL055TFHO2 K5 3, 1360%+ 01 4. 72415402 PA A,76170401 43021802 87 A, ATGAE+DL
a8 3.5)RTE+IL ALTP2IFHDY - BT 3.63540471 4£.00259F 37 90 3. TSORAF+OL 5.Q664T €02 GL 3,83437+]1
g7 4.0045E¢01  5,4077F 407 9% A, 1301F4)L 5.5T31F4N? 94 4,FRD6ERAL S.7362C402 95 4.37430+)01
96 4,494 FE+3L A AOTIEIZ ST GLAlalfEdl 6.73565F)7 99 AU TBE9F+O1 6, 406DE+32 99 4,9582640L
102 4897 T7s+0d LH.TFARTRROT 101 5.790%F+N1  ALA%SLE+)? 162 5,2024E+01 F.08890+07 137 5.3 TTE+OL
176  5.47740 431 TR+ 106 5. 53977 +0] TSl T4 422 108 S.46010+01 T.6900F#G2 LOT %, TO84F+ DL
1OR 5,07577¢01 ALO6R24F40% 109 A00579001 L2144 €02 117 6.1R64F¢3L  A,4098E+02 L1l 6.31A3E+D1)
L12  Ra6s20f+d0 S 7774F+32 117 £,H57190+0] A5 1LTre)2 Lla AL59T3E+01 9.12568E+02 115 6,32238F+0]
LLle  6.660AFFAT  9.48055602 11T T.95CIF D 95937007 178 7.15555+701 5.T5785+407 113 K. ?145EHRL
=
MNUMRER O 2 ITS = 1

LENGTH NE X AKTS
LANGTH HE Y AXIS
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STRATN
MICRD
MM
5.5027E+01
7.2206E401
P,47T15E+01L
1.2006E+02
1. 3590E+02
1.5528F 402
1.7342E+02
L. 91 T6E+02
2. L344F +02
2.3428E+02
2.5346F+02
2. 7597E+02
2.934BE+02
3.0932€¢22

STRATN
MICRD
M/H
L.4257E+02
2.1JL0E¥0Q2

STRAIN

MICROD

MM
2. 56B0E+D1k
5.0025E+01
6.8367F+0L
9, 25%448E+01
L.LL72F+02
1.3006E+0Q2
l-5591E+02
L. T6T5E+02
2.0093E+02
2.2344E+¢02
2,46 TIE+D2
2. T264E+02
F.¥5L5F+02
3.1432E402

STRAIN
MIZRC
M/ M
Li3334E4D22
2.0399E¢+02
2 +6096E +02
3.3461E+02
3.,9103E+02
4,.9550F¢07
S.23BTE+Q2
5,901 E+Q2
6.5644E+02
T.2092E+02
T.88L7F+02
B.5359E£+02
9,2951E+02
9.9131€+G2
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Problem 2

This example illustrates the input and output data from a compression test on a
graphite-epoxy tube. The data are expressed in U.S. Customary Units. This problem
illustrates the option where more than one type of plot is obtained from a data set (run).
First, the output of nine strain gages and the average of the output of gages 2, 5, and 8
are plotted in figure 4. The tangent modulus for the averaged curve (gages 2,5, and 8)
is plotted in figure 5 as a function of applied stress. The dashed curve in figure 5 is
hand drawn and represents the slope of the straight line which provides the least-squares
fit to the data. Figures 4 and 5 correspond to case 5 in table I. The additional output
requested for this computer run is a separate plot of the average output of gages 2, 5,
and 8 in figure 6. The slope of the stress-strain curve shown in figure 6 is 10.6 x 106,
as indicated in the printout and by the dashed line in figure 5. A listing of the input data
follows:

Lo | ~ M(card 6)

RITG il Lanints ) : i\\ (Card 3)
] = ! i

o i I\ (Card 4)

1 Card 3

; = T 5 — e e Jr\. (Car )
: ioEh e 1 yJ(Card 2)
CREC T TEET i (Card 1)

FORTRAM STATEMENT tar . caw

! Jq]CF[‘ECﬁDﬁUDul]l][lﬂﬂ[lf‘ﬂ.:ﬂﬁ.’lﬂ@iﬂW"G""r‘ﬂﬂulqu]ﬂﬂ"ﬂﬁnﬂﬂﬂﬁ 0o
TR N GRG0 WA A M A AR T G M S B B T 2 AT T e
111

15.|FII1T¥!1!T||l|11]||l|| II'I!III|t!|l1l|llllll;i!lll1liIH|111HlIl IHARERRRN:

b‘."??ﬂ3"%"-‘.?32?‘.’?22??3322222‘3322??2?2222?22222’?22222222222222222222222?2222‘1'2212222
| ‘4‘11311"17.’!"l11"«1113413.—,133333333333333133331"3313.13313"3333.;333'513333313333

54.ﬁsfl‘-‘“!‘ﬁ‘d:"1444444444444444484444444‘“4444444444444"4444444144444#4444444\

LTS ’b‘aﬁ!-;&ﬁs 163535565 555505558 555555n5ﬁ5=5ﬁ55555~5J5555555ﬂ55555551 55555%
(-'-ﬁ]f-“-“’iﬁﬁhu(‘\\l”f]?f"ﬁit’lEEEEESEEESEF-BGE sslanssrrasaaaasaassweana‘oansassar
|
|
|
|

|

i?jsf"i?kl‘"il;!?? t?B!i?‘]??I?TJH?!?H?TTJ”T”.’H'.'?TTT;H???TT?J?7?1]].’?77?7”]7?”?1
| L .

1

1

|
!‘LE’.‘ETE:‘TE.‘IMGH‘E&E3‘6??55895&83[“835&&?5&88853863533EHBBEEBE&HF-I’?EI‘.EBH_

ﬂl%m;'mfsn'!«. ﬂea?ﬂ.usn!‘-qi
I ROF LY R PR B I

This data set was obtained from a test on a graphite -epoxy tube.
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The output listing for problem 2 follows:

PROBLEM 2 COMPRESSION TEST

COMPRESSION OR TENSION TESY ON TUBE SPECIMEN
USING GERBER PLUTTER

TUBE MNUMBER 2

FRAME  LUAD S6-1 $G-2
5 1.38H5E4U2 1.5841E-05 3.8352E-05
10 9.2308E+U2 4.16B7E-05 1.1005E-04
15 9.43%d4E+02 6.8367E-05 1.9093E~0%
20 1.3579E¢03 9.1712E-05 2.6597E-04
L L ] » [ ] ® ® [ ]
75 1.34&E3E+d3 9,6T1SE~-05 2.6513E-04
80 1-3059E003 1.2172E-04 3.4B51E-04
g5 2el&l4E+03 1.4591FE-04 4.2021E-0%
G0 2.6154E+03 1.6925E-04 4.9942E-U4
95 3.0433E+u3 1.9176E-04 5.8029E-04
100 3.4624E#03 2.192BE~Q4 6.,0033E-04
105 3.8537E+u3  2.4179E-04 7.3453E-04
119 4.3034E+03  2,6B47E-04% B8.20461E-D4
115 4.T7461E+03 2Z2.9348F-0¢ 9.0378E-04
® L J L L J L J | ] L J ®
150 3-0695&*03 1.96THE-04 5.8853E—04
195 3.51U5E+03 2.217BE-D4 6.7200E-04
160 3.9305E+03 2. 46 T9E-04 T5204E—0%
165 4.3392E403 2.7012E-04 8.3041E-04
170 4274358403 2.9265E-04 9.0545E-04
175 5.0212E+03 3.0922E-04 9,5381E-D4
THICKNESS = 5.15QL0E-02 3.01l50E+00

UTER DIAMETER =
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STRES5~STRAIN POINTS FOR 56—

FRAME

b4
ad
12
76
a0
-13
48
92
EL]
100
104
108
112
e

STRESS
K$l

1.0TWIE Fal
1.0209E+00Q
2«3549E+00
3.0009E+00
3.T664E+00
4+3838E+00
5.0904E+U0
5.8LU0E+UQd
B«2201E+00
Ta22l3E+U0
T.4770E +UD
8, 5% 4E+Q0
9e3408E+00
L. 00B3E+0L

STRAIN F
MICRO
IN/IN

4«%189E+01
3.8362E+01
da3375E+01
1.U338E+02
L.2173E+D2
La425TE+02
1.5841E+402
l.7509€+02
L.9d4%E+02
2.192BE+02
2.31626+02
2.3T63E+02
2.TTH64E+D2
2.9681E+02

1

RAME

&5
69
73
TT
81
BS
89
93
9t
101
105
109
113
117

STRES5=S5TRAIN POINTS FOR SG~ 9

FRAME

o%
&8
2
16
80
34
88
92
Fa

STRESS
K&l

1.0T09E+u0
1.6209E¢00
223549E+00
3, JULIE#OU
1.74664E+D0
4.3834E+00
20904 E+00
5.8L00€+00
6.3201E+Q0Q

STRAIN FRAME

MTCRD
INFATN
l-6u75E+01
3.3350E+01%
2s%19%E+0Q1
T-3U37E+D1
Y.oT15E¢01
1.158%E+02
le3924E+02
1. 6a08E+02
l.8259E+02

65
69
T3
17
g1
a5
89
93
T

FRAMES 64 THRUUGH 119

STRESS
K5I

1.0946E+00
l.8021E+00
2.5080E+00
3.2238E+00
3.9231E+00
4.54S6E+00
5.2 T44E+DO
5.9920E+0Q
S.6951E+00
T.3852E+00
S.0374E+Q0
8.THTHE+QO
2-5345E+00
1.0228E+0)

STRAIn F
MICRQ
IN/LN

G.069JE+D]
b.670VE+D]
da6FL0E+D]
L.O#39E+02
loZ2buTdE+02
le4b91E+02
l.pe25E+02
L.6342E+u2
220343E 402
2a2428E+U2Z
24l T9E+JZ
2-.6346E+02
2.818lE+U2
3.0098E+D2

FRAMES 64 THRUUGH 119

STRESS
KS1

1.0946E+00
L.8031E+G0
2.5080E+00Q
3.2238E+00
3.9221E+00
4.54556E+00
3.2T44E+00
5.9920E+00
. 6951E+00

» -

STRESS~-STRAIN POINTS FUR AVG OF GAGES 2 5

FRAME

64
EY:]
¥2
Ta
40
g4
L]
92
96
Lo0
10%
los
112
116

26

STRESS
KST

1.0709E+0U
L.0Z0%E+0U
2.3549c+00
3.0009E 00
3. 7664400
4.3838E+U0
5.0904E+00
5. 8100E+00
6.520LE+0DQ
TaZ2213E+00
T.4770E*QU
Be5904E+30
F.346HE +U0
l.0083E+UL

STRAIN FRAME STRESS

MICRD

INZIN
4. 61596401
1.3063E+02
2.1900E+02
2.40TOE*Q2
3.4906E+02
4.0aB8TE+Q2
%.T301E+02
5.4027E+D2
G JOITESD2
5.T36TE+D2
T-36T6E+02
BaUGZLE*D2
B. TTI4EX) 2
Fu46BEE+O2

65
69
13
7
81
85
89
3
97
101
105
109
113
117

K51

1.0946E+00
1.8031€+00
2.5080E+00
3.2238E+00
3.9231E+00
4«5496E+00
5.2 T44E+QO
5.9920E+00
6.6951E+00
T.2B52E+00
H.03T74E¢00
B.TaTGE+OU
9.5345E+00
1.,0220E+01

STRAIN F
MICRO
INFIN

leg3edEsdl
3.FLlooE+ul
2.9190k 0l
dadusdE+OL
loul?2E+02
1.2173E+02
la%340E+u2
Labo7S5E+0D2
luaBba3E+0Z

L] »

B —-U FRANE

STRALN
MIChU
In/IN

leulloE+u2
la6925E¢02
2»3373Ev02
229959 +U2
3.b298E+02
4o 2E4IEX02
4aYUZHEHO2
3.9750E+Q2
Sa2305E+u2
e HY951E vu2
TaolToE+02
d.2346E402
da92l7E+0Z
G.B93TERQ2

RAME

a6
T4
T4
Ty
82
T
9
Y
94
lud
lue
11lu
114
118

RAME

bb
v
T
T8
-4
LT
D]
94
Y8

5 &% TrROUGH 119

FRAME

ob
iv
T4
T8
Bz
1
ETY
94
B
1oz
lus
Llov
114
1148

STRESS
K51

l.296TE+CGD
1.999BE+00
2.6554E+00
3. 4346TE+00D
4 «OT43E+00
4.7171E+00
244544E+00
belobBE+OD
b.8753E+00
T.5492E+00
Y421 7HE+00D
0.9753E+00
F.TLonE* DD
l.U3B1E+CL

STRESS
K51

1.290TE+U0
1.9998E +00
246524E+00
3.4367£¢00
4.0T33E+00
4eT171E+QD
beaab4bE+ 00
b.lb68E+0D
6.8753E+00

STHESS
K51

L.2987E+00
1.9998E+00
2.6954E+00
3.436TE+ U0
4.07a3E+00
4. T1TLE* QO
5.4544E+00
baluaBE+QO
6 4753E+00
T.5492C+400
ba2l76E+00
Ba%753E+00
FTiboE+QD
1.0381E+Q)

STRAIN F
MICRO
IN/IN

5.0859E+01
T-3370E+0}
F.0879E+01
Le1339€E+u2
1.3006E+02
L.500TE+Q2
L.&6925E+02
1.B843E+02
2.0844E+02
2-2845E402
2.4596E+02
2.6B4T7E+02
2.8H4BE+]2
I.0&32EH0Z

STRAIN F
MICRO
IN/IN

2.16T7TTE+UL
4.5022E+01
6.4199E+01
B.6710E+D]
L.OT55E+D2
1.2590E+u2
1-4841E+)2
lL.T7259E¢02
1.9593E+02

STRAIN
MICROD
IN/IN

1.166TE+02
1,8759E+02
2.4T7T90E+02
3.1905E+02
A.TT69EYD2
4.3B2TE+02
5.0664E402
S.T3b2ErUZ
6.40B0EHD2
T.04BOE» 2
7.690QUE+02
B.4098BE+L2
9.1L268E#22
9.T578E+0D2

AAME

67
Ti
5
19
a3
a7
91
95
99
103
107
111
115
119

RAME

a7
11
15
79
83
67
1
9%
99

FRAME

a?
7l
i5
79
83
a7
9i
25
99
i03
1u?
111
115
119

STRESS
K51

1. 4534E+00
2.1455€+00
2+85121E+00
3.509BE+00
4.2250E+00
4. 90U29E+0D
5. 4350E+00
b.34T2E+00
T.0484E+00
T.7T150E+00
B.%l24E+00
9.1 64%47E+00
9.8988E+00
l.0%46TE+O]

STRESS
KSL

l.4534E+00
2« 1 B5SE+Q0
2.8121E+00
3.0098E+00
. 2490E+Q0
4-9029E+00
5.63530E+00
G 34T2E* Q0
T.0484E+00

STRESS
kS

l. «534E+00
2.185%E+00
24B121E+ D0
3.8U98E+0Q0
4« 2290E+00
4. %029E+00
5. 6350E+00
0. 34T72E+00
T+ 0484E+0Q
T.1150E+0D
B.4124E+00
Fe LO4TE+DO
F.d986E+00
l.046TE+Q]

STRAIN
MICRO
IN/IN

5.5027E¢0]
T92006E+01
9.6TL5E40]
1.2006E¢02
1.3590E+«p2
L.5508E*02
1.7342E+02
1.91T6E+Q2
2+1244E%02
2.342H8E+02
2.53406E+02
24759TE+Q2
2.9348E402
3.0932E+02

STRAILN
MICKRO
TNsIN

2.6468UE+01
5.0025E+01
6,.8267E+D1
Ga2546E+0]1
1.1172E+02
1.3CUbE*D2
1.5591E+02
1.767T5E+02
2 .0093E+02

STRAIN
MiCROD
IN/IN

1.3534£+02
2.03%9E+02
2. 6096E+02
3.3461E+02
2,9103E+(2
42555UE+U2
5.23HTE+0Z
5.9030E+02
6.5644E402
7.2092E+02
T.8817E+02
§.5959E+402
9.2991E+02
9.8131E+02



STRESS
1.07T09E+03
1.0946E+03
1.2967TE+Q3
L. 4534E+Q3
1.6209E+03
1.B031E+03
1.9998E+03
2.1855E+3
2.3543E403

9. T166E+03
9.8%86E+03
L.G063E+ 04
1.0228E+04
L.0381E#0%
L.046TE+Q%

STRAIN
9.6159E-05
1.0116E—04
1.186TE-04
L.3534E-04
1.5063E-04
1.6925E-06
l.8759E=-04
220399E-04
2.1%00E-0%

F.1260E-04
F.299LE~04
9.4686E-04
F+2937E-0%
9.7578E-04
F.8131E-04

TA

NGENT MODULUS
1.0870E+QT
1. 086TE+O7
1.0858E+C7
1.084BE+07
1.0840E+07
1.0830E+07
1.0820E+07
1.0811 E+07
1.0803E+07

1.0427E+Q7
1.0418E+07
1.0403E+07
1.0402E+07
1.0393E+07
1.039QE+07

STRESS-STRAIN POINTS FOR AVG OF GAGES Z 5

FRAME

o4
3]
72
76
B0
B4
a8
22
Y94
160
104
108
112
L6

£

STRESS STRAIN

KSI MICRD

[NAIN
1.UTO9E+UD  J.4159E+01
1.6Z09E+00 1.5063E+02
2.3549E+00 2.1900E+02
3.0069E+U0 2.BUTOE+Q2
3.7664E4G0  3.4906E+02
%.383HE+U0  4.06BTE+02
5.0904E +U0 4. 7301E#Q2Z
5.8100E+UD  5.402TE+02
6.520LE+00 6.069TE#02
T.2213E+00 6.TI6TE+0QZ
T.8T70E#00  T.36T6E402
8.9904E+Q0 8.J024E+02
Q. 346BES00 B, TT94E+02
1.,00B3IE+0]l 9.4686E+02
= 1.060222E+07 FOR

NUMBER OF PLOTS = 3

LENGTH QOF X AXIS =
LENGTH OF ¥ AXIS =

FRAM

65
69
13
77
Bl
85
89
91
91
101
105
109
113
117

FRA

20 INCHES,
L4 ENCHES

E STRESS
KS|

1.0946E+00
1.8031E+00
2.5080E+00
3,223BE+O0
3.9231E+00
4,.5496E+00
5.2 T44E+Q0
5.9920E+G0
526951 E+00
T.3B852E+00
B.03T4E+OO
8,7876E+00
Fa5345E+00
1.0228BE+01

Y

-u  FRAMES &4 THROUGH 119

STRAIN FRAME
MICAU
INALN
L.ulleE¥u2 oo
L.o¥eBRE+02 70
2-3373E+22 T4
2.9959E+02 T8
3.6296E+02 B2
4.2243E%U2  db
4. 9025E+UZ  FU
h.3720E+02 94
oe2305E+02 Y8
6. 6991E+02 P02
T.917bE+u2 10Gs
Be23abE+02 110
HB.F5LTE+02 114

Ya293TE+OLZ

MES 70 THROUGH 115

REPROp

g]z;II;IIV}ll; IIilI*Iiﬁl? 8]
Pagg 1o F THE
PooR

ila

STRESS
KS I

1.29&6TE+QQ
1.99948E+00
2et354E+00
3.4367E+0Q
4.0743E+00
4.T1TLE®QQ
54%949E+00
4. le0HEFOO
pLHTS3E+00
TaskS2E+00
.21 T6E+00
Ba9753E+0Q
Yallook+0D
1.03BLlE+01

STRAIN
M1LRO
IN/IN

l.ldeTEr02
L.BTS9E+02
2+4190E+L2
3.1505E+d2
3.TTE9E+UZ
44382 TE+D2
5.0664E+02
5.T362E+a2
6.0060E#D2
T.0480E¢02
T+69Q0E+U2
H.4U9BECD2
9.1268E¥Q2
9.7THTBE+UZ

FRAME

a7
7l
75
79
63
B
91
b
99
143
107
111
118
119

STRESS
KS1

1. 4534E+00
2.1855E+00
2+8121E+00
3.609BE+0Q

4.2290E+00°

4,9029E+00
546 350E+00
b« 34T2E*QD
T+ Q4B84E+00
T.7150€4+00
B.4124E+00
9.1647£400
F.8986E+00
l.u46TE+0L

STRAIN
MICRO
In/ [

1.3534%E+02
Z2.0399E+02
2.0096E+02
3.3401E+02
3.9103E+42
4.5550E+Q2
5.2387E+02
5.9030E+02
6u.56%4E+02
T.2092E+02
To8817E+02
B.5959E+02
9.2991&+02
S9.8131E+02
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Problem 3

This example illustrates the input, output, and plots obtained from the torsion test

on two tubular specimens. The first tube was instrumented with three strain rosettes

(each rosette contained three strain gages) and four LVDT's. A stress-strain curve
based on the average absolute values from all +45° oriented strain gages and a torque-

twist curve based on the LVDT outputs are plotted in figures 7 and 8, respectively. The
- second tube (number 4AL) was instrumented with two strain rosettes, A curve based on

the sum of the absolute values from the +45% gages (case 9) is plotted in figure 9. The

data are expressed in U.S, Customary Units, A listing of the input data follows:

i, it PRI

L

|

L

DL oaimd .4 CHAGEE i

|

k! s =
I

T i

1 .

1|0 Loo2h 14 H i |

1! !

FROIYUEM = ToES100 TEaT ; :
A \ |
w15 i |

Pl 0g uid FORTRAN STATEMENT i e |
Lo ’ - S R B , o . I
PoGsuRL g0 01 a2 ﬂlU‘idLJDun'DUUULUQuuLL[LUquJ I“hJJLPUArﬁuln L[uLLMG:'uu

‘i]‘ﬂq TATMHRBAS SN AMae Al EUEE R IRFN VT R BUR TR (R P CF PR TRY B ST EUE ETRTRYLT R lidawnuanai

IIl11|iilllllllllIHIIIIiI!IIlIIlI|1HIIIHIIITE1|I|1H111!IH|‘H1HI1 l!lll1‘1l|
2‘?(23 -’JJE?!ZZ‘EJ?;?IZZJ?IIZ‘J 1272210 2222”22224‘23222?91‘2222?2:?{.:22222222? 2812122
333'i.!d‘ri331133433334334334]3333‘.31!333.1333 51331333233313313332 '511331333"33!”
44‘44"“44445 J444444441'4#44444444##444‘»-*144&4»4444444444 44044‘#4444445444544;
5F555515|EJ1'!.:55555J5h5'}b5151:';.1 EEE R 5555"55555""EUJJJ‘)JS.:ESGEHSJSSSEJ"55.3.}:':55
ﬁ:uﬁ?'&-c;ﬁﬁnﬁauhrh[n.-;?E:SSGEE!‘-BFE-'JCGﬁﬁEEEEE&EEBEEBBESGGGEEBHEBu‘ﬁﬁEE'SEEBEGE‘.QLL‘SEEESQEF

| bt
1!57??:”?7.’]7??7?iIITTTTIFf?TT?I??]????T]]]????f??T'iFJ’i!'.'I?'r'?'t’]‘.’i]FT’,T#T!17?TJ]’T‘I
i

S 188665360 u883305-9a0B085485ke0ggR2 thELE}ESSZEEcJEBSS&EGrlniJEL.asuq“uuuu’il*"b"ﬂanc\

] A E T BRI FEREEREERE R KRR B
[ AR LD T R T B

1
i

1

1

.. e D B

-

. {Card
(Card

(Card
(Card

{Card
(Card

(Card
(Card

5)
4}
3)
5}
4)
3)
2
1

The first data set was obtained from a test on a graphite-epoxy tube whereas the second

data set was obtained from a test on an aluminum tube,
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The output listing for problem 3 follows:

PRUBLEM 3 TUORSIUN T:35T

TOASIUN TEaT Ux Tude 3PICLIMEN
USING uwedBLR PLUTTER

THICKNESS = S.dTa0E-ud

FaM

E

Tusc NUMLEL %

FHRAMS Lund
3 L.Z9i%Ed0]
10 la9¥lgss+id
v s.7s8a0c+02
2 FeYsuderll
25  B.35d9sc%ud

10 l.oduderos

loJ Zalabirvosd
b Qa4 Tul+us
LTu . 759570+03
1Ty 3.08L3c¥00
140 3.23089c+03

(a3 3.udnTorud

5G-1 5G-2
Loal?al-05 —3.3350c-06
4.JuCé-un —~8.3375E-06
f.alubi-u5 —1.73U0G-05
{.2uds5i-u4 -3.00158-03
LebGdlhz-un —4,U8545-05

£ee0%4E-u4 -5.33600-U5

4.3 1 12e~04 —1.0585E-04
f.ul¥2E-u4 -l.15d5E-04
seellld-ua —1l.33400-04
6.2TdLlE=U4 —~1.4591E-04
£.9506E-ue +~Ll.584LE-0%
T.4Jd3TE-04 —L.TCOEE-U4

JUTER UIAMETER =

AVEG STRE3a-STrAlN PUINTS FoR FRAMZS 7T THRCUGH
3TRESS sinald FRAME STRESS
Kl MICRUJ kSl
[MAEN

Li
L3>
iy
43
27
3l
35
39
LE]
47
EXS

bRl
0l
alf
[
]

G

Lasuule-di  4eaUiver)l 8 L.?7TUTE=-DLl 5.
2.9 adE~Ul EN-Y LETIEVEY 1 3.4624E-Ul L.
S.JdsBIE-ULl l.usl4c+ds 16 S GPILE-OL k.
ToaR490t=d1  de3T3npvrds 20 T.5994E-01 2.
S debTh-D1 Seludlesds 24 L.Q6LIE+ID 3.
123 75E+0d  wal293cbdd  £d  L.326TE4+00 4.
1.0420E 00 Goulalcrdd 34 L.61L3E+CU 9.
logd2i+dU  H.d6d0:4ud  Jo  L.9HIZE+0D .
P lATIE+JY  LL.d2AHEX IS 40 2LELL9YERON TL.0R6S0+0Z
s aalTi+ud  Tobd9ar+yld 44 £.9185E¢0C B.03740+02
éoTdUbeuy B, THuderds ad ALJEITTEHCL Y.
3,JnuS5CHOY  YL.TBBAE+Is S£ F.laDIErCO L.
§.3i9dcbuy L.uTddcedd b6 d.40aB5E+00 L.
3,7028¢+00  ia.lollivud &0 .78 T4AE+00 k.
Geddtdc+0U L.ddhaztdd 64 4.iL41E00 g,
4a30GJE 00 L.u9Z1Lv03d 6d 4.a948ctC0 L.
foudhdEtdY La4dGoordd T2 4.7563E+00 L.
Laednd TE+UQ Lae33dditdd

= saelégudi+ds

Fu FRAMES T THRCUGH

3a0L94E €00

75

STRAIN
MICRL
INATN
TH2BE+0L
1200E+02
d065T+02
SI9LE+02
I961L¢02
25491 vud
laiTh+u2
L330E+ral

J4UbLE+0Z
UJIIE+I3
LOIEE #U3
2U67E+0 2
3L26E+L3
41 90E+03
SLIRE+D3

733

FRAML

L3
i
41
£5
249

EN)
41
44
43
53
ST
ol
(]
69
73

STRESS
kSl

2.1168E-01
3,.96245-ul
6.1923E-01
4.6530E-01
1.12a6TE+00
1.39%85+00
l.6BBlE+30Q
L.9880E+00
2. Z9LTEFDG
25949930 +J0
¢.910d4cv0Q
4.21835400
3.94E35+400
J.BTLIGT+IO
4.198BE+00Q
4.53TLEYDO
4 BUH3EC00

STRAIN
HICRO
INZIN

6.9755E +01
L.2R95E «02
1.9927E+04
2+ TH3QE+D2
SablulE+D2
4 48282402
S.36888c+02
La33465E402
te300hE+02
8.29020+02
F.249B0¢r02
1.0280E+03
L. i 289E+0%
La23378403
l.338TEw)
lLe9a54C¢03
L.52660+03

FRAME

L0
14
]
éd
24
30
4
38
42
46
S0
54
L]
62
Hb
10
T4

STRESS
KS1

2.5182E-¢01
4. SO06E-D1
£.807T5E-01L
H.3451E-01
L.1994E+00
L+4nBSE+Q0
L.76R8E+00
2.05T1E+30
Zodndac+00
2.6723E¥Q0
Z.9915E+00
3. 306BE+00
3.6220E400
3.9403E+30
4.2BT2E+D0
4,621 3E+00
4.33326+00

STRALIN
MICRO
INJIN

8. 309TE+0L
la4B07E+O2
4. 1899E+32
2.9653E+02
3,8074E+02
4. 56995E+02
5.633%E+02
G.5838E+02
T-5537E+02
B.530BE402
9.5381E+02
1.05L9E+03
1.1547E+Q3
L L=2598E+03
1. 3654E+03
L.47T13E+03
1.5358E+03
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QUGH T3

TLREUE
IN=L8S
«3LATELDZ
«63BE+02
«13ATTE+OZ
+S34BE+0Q2
«S0J0E+Q2
«842TE+G2
«1954E+03
« 41 TIE+G3
«5403E+03
“BOE5EQ3
+1053E+C2
33356403
~STOZE+Q3
«B0G9E+Q3
«USZ2IECYI

SSZETEFLS

FOR FRAMECS

TORQUE TwlST PUINTS, FRAMES I THR
FRAME TLRQUE TwlST  Fra®g
IN=-L4d5 UEu/IN
T lalaloE+de Luodd9c—vi 4 i

Ll 2.1695E+402 s.7222c-03 12 2
15 3.7344E+U2 6&.1870e~-03 1o &
19 5.98408+02 9.,024B-03 20 3
23 T.4lHlc+0Z L.2U0u4t-us 2% T
27 9.3293E+4J02 £.52T3c-02 28§
3L l.l44UE+03 l.dbedi~ud 32
35 Ll.3u082+403 <Z.22300L-02 36 1
3% la2dblE3¢dI 2.5 T8cE~02 40 |
43 l.dll5C#d3  2.95Udc-ued 46 L
47 £L.U%ZBE+03 3.32T2E=J4 48 2
Sl ZaeTaSE+U3  3.T095E-0¢ 52 2
55 W50 T5FE+03  A.0BY4u-02 S8 2
54 2.F4TLcdDI 9.0B54c-02 &J 4
83 ZL+W4H3E+03 4.d069z-d¢ b4 4
BT au23TTE+U G.2Y39E-U2 68U 3. 29THE+C3
TL  3.483LE+J3 5.70Tde~d2 12 3
75 3.9943E+Jd3 os.ofTLE-JZ
SLOPE JF CURVE = b5.l3d7dE+13

TURF WUMAFR 4 AL

FRAME

Lo

27

3)

4n

59

60

L]

THICKNg S, =

30

LA £h =1
A, 03 LF+02 =%, 0045 =-0%
Lo led?re™i -7, %2950 - )4

196 TE 40T 2 P IRGE =04
Z.GATAF4TE =5, RERE=04
TLRTSM+IY -7, FF315-%4
4L ASANF #A3 ~ .07 FAF 00

S.330 7 #133 —1.LGFAF=-NT

Le692ac+Us —3.3225c—03
Letitabzeds =2 061ee~03
ladaTuE+v0s ~Ll . l8slk-u3
Lal24uct0s ~3.56831E-u4

4.9 JidL=-02 uure

TwlST
UEG /1M
2.21330-03
4.2360E-03
b d3BTE-O 3
9. T439E-03
L.2d38E-04
1.6096E-02
L.4957BE-0DZ
2.3131lE-02
2.6TLEE-0Z
3.04531F-02
3.42i50-02
3.805L8-04
4. lBGSE-02
4.5d0UBE~U2
. 9RUBE—J2
a.40828-02
5.774usL-02

7 THRC

~La3305F-03

=1.75090 =%

=T R ) 2F 05

=3.3)aF-05
=LY IF-0n

—4HI5PE-D%

L. 7842E-Q
&€.3532E-0
J.l1266E-0
J.bEHSE-Y

F. LIAVMETER

4

%4

54
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FRAME

9
L3
L7
21
5
29
33
a7
1l
45
49
93
a7
&l
uh
&9
13

UGH

= 3.00U0E+00

Tar UL

1N=LoS
1.5T05F+02
Z2.9337EvL2
4.994LcrD2
babi GIEr0Z
Ba3554E+02
1.G385E+03
l.25£4FE+03
la47a%E+03
L.TO0ZErO3
L.92us4tr0d
2415%5E403
.34 TTERDS
2.62TIE¢G3
Z.8Te60¢0 35
JallbiZ+ns
Jedutlerold
3.5ubEL+O)

65

TwWlsT
DEGZIH
24 T20TE-03
490T6E-03
T.5224E-03
1.0504E-02
l.36385-02
l.o933(-a02
2+0439E-02
2.40326-02
2o THH4E=02Z
3.14310E-02
Ju.52095-02
Jgat2e-0z
4.28TaE-02
el HBAE-02
5.09U018-02
S.0lLTE-02
S.8355€=02

FraMmy

10
14
L3
22
26
30
34
3z
42
46
S0
54
L]
ué
LX)
[4¥]
T4

TIRQUE

It-L185
l.29128E+02
3.33908+02
5.05255+02
5.9332E402
4.9014E+02
1,0498E+03
1.3123E+323
L.5262C+03
1. I5T3E+03
l.9826E+03
2.219%0¢d3
2.45335¢03
ZebdT2I¢03
2.9442E+0 4
3.1807E+u3
3.42395+33
3 5H5Hc+A

TWIST
DEG/ N
3. 17965-03
G.9009E-03
d.28213E-u1
L.1232E=02
L.4%34E-q2
1.7TIHE-02
2.13138-02
2.4916E5-02
2.8571%-02
1,2213E8-02
I.61238-02
3. 49959E-02
4, FHTZE~D2
4. FdT2E-02
5.19505-02
G.61417-32
5.8B708%-02
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FRAME

138
Laé
196
FAON]
L]
-2
212
Zle
L29

aThisn
KRSl

FRVEL FARNP
dezutée-dl
b.80395-01
lelo9iZ+ 00
1auB3¥E+Ju
CeldB&UE+ U0
2atlEbuduid
3.32 532400
Jadueleud
Ga3d 3HE+0U
4,94 3455 +dQ
Se433L ¢ 0
aalalUet Oy
SPTEEEEEAY
feda9le+dl
Tala9bbevy
S.4253 00
Jedsoal vy
Gand3dcrdu
LadeTuk+Jl
LoudbbeErou

2.354d3cv0L
Za3dBaE+UL
ZoauSub+ L
dagddutrli
ZewdudE+Ul
detobnce Ul
Zatpulforul
candYTorul
2.5£5%9c 401

MJMECR OF PLuTS
LENGTH JF & AXLS
LENLTH uF ¢ AdlS

[TI]

STRALW  FRAMC

MI1CKO
INAIN
weubH3grul
Lalball+ud
2.2l l9rtdd
Jatluiorad
4 .53 lokvud
SL.d9HB 434
Tartlywedd
S.3dGdLrdd
GaofbGetde
Leldidnerud
leebsSl+us
Ladds5iedd
o554 fOz+U3
LoudFeotiad
Lag33lerad
LedT dric+ds
daldluctd}
CedUduTrdd
daadTietuds
PR LT N )
EPLE K

Qabi Bt eds
oL.HLOJE¢03
GaeYoldlordld
folBuoctydld
fasdllotds
TahdoIE+US
TeunLaredd
[P Lt v
s.i3dbcrds

+

<) LACHES
14 InCitcs

FRAMES

L3
17
21
29
29
23
EX
4l
4
49
R
i
6l
4]
LY
[£]
1
g1
3]

139
is4
Lui
£81
U5
2ut
21>
211

Langiey Research Center,

STRESS
K31

loe4l1CQE-01
4,95 39E-C1L
8. 6966E-01
iL.36ilE+00
1. T6STE+IU
2.2268E+C0
4. T9B2E+CU
3. 4d359L+0Q0
3. chu6E+0Y
4. 59 59E+0G
F.0267E+00
. TLZ4E+CQ
6. 226TE+00
L. TBIFEC0L
T.3410E+00
1.855JE+00
Ha4553E+CY
RO a
G, PRETL+CY
LeC3d4E+CL
l.u94lE+QL

2.3943E+C1
2. 33698 +01
Zatl4LE4CL
2ea3STEHCL
2.45a456+C1
2.4869S+01
2.4869L+0L
2.5l6uEsalL

4 THROQUGH 220

STRAlN
“ICRD
INALN

S+ T528E+¢01
1.3924F¢02
2.5119E+02
3.7560E¢02
4.96041E+02
baZ219nErdd
T.,4BTQE+G2
C.85d60+32
L. U222E+03
LaloJd2i+d3
1.2%90E40)
14390k +0a
1.56825F+0 1
L.7240E+03
l.8e72E*03
2.0LU2F+03
2.1536L%u3
PATLRETE DY
2ea6e58LeL S
2.59Z1E+03
2. 13%91Cv02

6.0B791+03
b.8563E+r03
T.0250L+023
T.159328403
Tedalot+l3
T.53290+03
T.70A0L +03
T.8935E+01

FRAME

Lo
la
13
22
26
30
34
58
42
6
50
b4
54
&2
66
70
4
Ta
a2
a6

199
194
148
242
2Ug
Z10
2la
Z18

STRESS
K51

l.4LLOE-VUL
S.2681E-01
9.98235-01
Le%4 2680400
1.8982c+00
2.541GE+0Q
2.9207E+¢00
A.4411E+00
4,08 3BE+ 00
4.T26TE+00
5.15%38400
5.75520 440
5.35981L+00
H.91245+00
T.51245+00
dall123C+00
g.TL24F el
Sa1L24C¢00
G.HaESC ¢ 00
1.047CE+OL
1.1lo27E+01L

£adb2BEtD]
Ze3926E+0l
Za4l84EFUL
da4b65Ee01
2446558401
2etBeTEv0L
2.6997L¢01
2eGUBAELOL

National Aeronautics and Space Administration,
Hampton, Va., September 18, 1974,

STRALN FRAME

MICRU
IM/IN
T.2203E+01
1.6633C4+02
2.8138E+02
4.0d95Z+02
5.2568L+02
6.95157c+02
T.8437E+02
G.2004E4+U2
1,056BE+03
113526403
1.33326+03
L.4T62:+03
l.6Ld30E+03
1.76CAE+03
1.3013i+03
2.044605+03
2.1931E+03
2.3353 03
2 hBEFERDI
2.6215E+013
2. IT2HE*03

6.T30EC+03
6.BIHSEHDD
T.0047L+03
1.2353C+J3
T.60033Cv03
f.5T3BE+03
T.751L8E+03
TeQ3B9E+03

11
15
19
23
27
3l
35
iy
44
47
4
a%
99
a3
i
]
15
7%
:E]
o7

191
195
199
203
237
£t
215
219

STRESS
K5I

l.4L10E-01
S.2681E-01
9.9423E=-01
L-6839E+00
2.1554£+00
2494 2E%0D
3. L839E5¢00
3.6125E400
4,2 1E4E¥OD

4. 1655E+00

5.2410E400
5. 9L PE+UN
6.4d39E+00
6. FIG2EC0
7.6838E+30
Ba.L93LE+OQ
Ba 793 2E+ 00
9,393 1E+D0Q
L.0d4lE¢0l
L. 06B4E+OL
l.128&4E+01

2.3841E+01
24396 9E+01
2.4356E+01
2.439TE+OL
2ot T41lE¥SL

2+GBG9E+O L

2.499TE¥UL
2.5212c+01

STRAIN
MICRD
INZIN

9.3797E+31
1.,9301E+02
3. 1245E+02
4, 3US5E402
5.5T36E+02
6.B451E402
H. LB32E¢02
9.5339E¢02
1.0914E+D3
1.23L4E+Q3

L. 3694E+03

1.51L6E+03
l.6%42E+03
1. T96TE+O3
1.938B1lE+J3
2.0831E+402
2. 229)E+I3
2.3TL6E+D3
2.5192E+J3
2.6621E¢0C3
2.9101E+O3

b.7TTO4E+CQ2
h,.94L3E+03
7. L0F0E+03
T.2756E+03
T.4461E+03
T.6192E+23
T.7968E¥03
T.9894ED3
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APPENDIX A
CONVERSION OF U.S. CUSTOMARY UNITS TO SI UNITS
The International System of Units (SI) was adopted by the Eleventh General

Conference on Weights and Measures in 1960 (ref. 1). Conversion factors for the units
used herein are given in the following table:

Physical U.8. Customary Conversion SI Unit
quantity Unit factor
(a) (b)
Length in. 0.0254 meters (m)
Load 1bf 4,448 newtons (N)
Modulus,
stress psi = lbf/in2 6895 newtons per meter?2 (N/mz)

aMultiply value given in U.S. Customary Units by conversion factor to obtain

equivalent value in SI Units,
bprefixes to indicate multiples of units are as follows:

Prefix Multiple
micro (u) 106
kilo (k) 103
mega (M) 106
giga (G) 109
tera (T) 1012

32



APPENDIX B
SOURCE PROGRAM LISTING

A listing of the Source Program BECKPLT is presented in this appendix. A
des c;‘iption of the significant FORTRAN variables is given in appendix C. The matrix
inversion subroutine MATINV used in this program is described in appendix D,

PRUGKAM BECKPLT{INPUT=201,0UTPUT=201,TAPES=INPUT, TAPE30=201)

C  FROGRAM TO A5SIST IN THE REDUCTION OF BECKMAN DATA
C
DIMENSION TITLEllleTITLEZ(4!:&62(991u[GAGES(QI.DTA(4lS,20),
LXLatddy Y(400), TEMPX(4). TEMPYL4)
COMMUN UMOVE, IPLOTS HUPLT (18} XLN e YMULT o XMULT o TUNITS
C
L READ ¢ PRINT TITLE.
REAUISsL) (TITLELLI ¢ Jd=114)
L FURMATI4AL0}
IF(EUF 45} 100042
2 PRINT 4, (TIILELUJDY =ls4)
3 FORMaTiLHL 4Alu 7/}
c

L REsD PLUTTER, PENy INPUT TYPE, SPECIMEN TYPE, TEST TYPEs PLOT INFO, UNITS
REab (b4 IPLT;IPiNy[NPT,[SPEC,[TtST:IXSIZE,lYSlZE'lOMDVE'IUN[TS
4 FURMATI(914)

IF(IYSIZEEQaD) LIYSIZE=9
[FUIOMOVELEQ.O) TOMOVE=Z
Ix=1X51Z¢
ALY = IXSIZE + 0.0
YLN = IV3I1LE + 0.0
OMdve = TUMOVE +0 <0
[FIITE3T.EQaU <AND. ISPECLEG.0) PRINT 4l

41 FUAMAT{LH ,%*COMPRESSION OR TENSIUN TEST ON FLAT SPECIMEN%)
[EQLTEST.TUe0 -AND. ISPECLEQ.l) PRINT 42

42 FORMATULH +*COMPRESSICN CR TENSION TEST ON TUBE SPECIMEN®)
[FUITEST vEdel oAaND. ISPECLEQal) PRINT 43

43 FURMATLLH »%TORSION TEST UM TUBE SPECIMEN®)
IFLITLST oNEwU +AND. [TESTLRELLY PRINT 44, 1TEST

44 FURMAT(ld +*INVALID TEST KNUMBER, ITEST = *,14]
IFLITES5T W C .0 <AND. LTEST.NELL) STOP
IF{I3PEC «NCaO «AND. ISPECCMELLY PRINT 45, ISPEC

45 FURMATLLH o*INVALEL SPECIMEN NUMBER, [SPEC = #,14)
[FIISP=CoNEad «AND. ISPEC.NE.L) STOP
IFLLTeSTaEwal <AND. ISPECLEQ.O) PRINT 451

45) FORMAT(LH »*CANNGT HANCLE TGRSION TEST ON FLAT SPECIMEN®}
IFLLTeaT afided «ANO. ISPEC.EQ.Q) STOP
IFLIPLTEQLD +AND. IPENLEQLO) PRINT 46

46 FORMuT(LH 4 %USING CALCCMP PLLTTER WITH BALLPUINT PEN®///)
IF{I1PLT.Eds0 ~ANC. IPENZEWLL) PRINT 47

47 FURMAT{LH +*USING CALLOMP PLCTTER WITH LERCY PEN®///)
IF(IPLTNELO) PRINT 48

48 FORMAT{LH ,%*USING GERBER PLCTTER®///)

C INITlabléic PLOTTIRNG ROUTINE.
[FLIPLT LEJ. O) CALL CALCCMP
[FUIPLTaNC.0) CALL GLERBER
JECIPLT .cW. O «aNU. IPEN oNE. 0) CALL LERQY
KOUNT =0
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APPENDIX B

C
c PRIWT TITLE ON URAPH.
ChALL CALPLTl4eplads—3)
CALL NUTATE(=344049.25,TITLELIL)90.,40)
C
C ReEAD ¢ PRKINT TITLE CF RUN.
55 READLES, 1) (TITLEZ(JJ)e JJd =144)
[FlEDF 23 L00U L10O
LIOD PRINT 37, ({TITLEZ2{JI)ydd=1,4)
AT ForMaT{Lly 4410 77
Carl WUTATEL O, y=Llaly 20 TITLE2(]) 1 ey a0)
.
[ kchAD RuM INFO.
IF(ITeST .eQ. U] READ(S:06) JACNRL ¢ NRUy INDAVG s IGAGES ¢ MO0y NRLSLP,
INRUSLP yNGPLT yMORE
o FORMAT(413,412+313,1312514X%X,11)
IF(IT=5T.EQel) READ{S5,61) JACsNRL s NRUyNROS, INDAVG,MOD,NKLSLP,
LNRUSLP NDPLT ,MOKRE
61 FURMATIBILS,l8L2,19%X,11)
NP = HNREU-N&L+L
1FIJALC.GTL200 PRINT 75,4JdAC
75 FURMATULHO % TOO MAMNY CHANNELS, JAC = %,14)
IFEJaC.GTL20) GU TO LuQo

C

C REKU IN DATA,
IF(INPT .CWw. O) CALL ROTAPE(JACyNRL yNRUM0O,0TA)
TFUINPT LEWQs 1} CALL KROCARCUJAC:NRL ¢NRUMD,CTAY
THELINPT LEQe 21 CALL RODCELL(JAC,NRL ¢NRUyMD,0TA)
KNTHUN=Q

C

C HREAD IN 5zLTIuNAL DATA.
IFLITEST +EQ. O} READ(558) THICKyWIDTH,SCFAC, RMAXSN
B FOKMAT(4F12.4)
IFCITEST WEQ. 1) READ(S,81) THICKsWIDTH,RLENGTH,ALENGTH, SCFAC,

IRMAXSN
81 FURMAT(6FLlZ.4)
[F{SCFAC .EQ.0} SCFAC=1.
B2 IF(NP.LT.L) PRINT 76, NRL,NRU
76 FURMATULHO,* LAST FRAME TC BE PLOTTED LESS THAN FIRST FRAME=®, /,

L# FLRST FRAME = #,13,6X,*LAST FRAME = #,[3, / , * WILL G0 TO NEXT

ZPLOT*})
IFINPLLT.1) GO TC 50

USt TY#c UF SPECIMcN + SECTIUNAL DATA TO CCMPUTE STRESSES
AND STURc IN ¥ ARRAY.
CabkL LJAUY(THICK,NIDTH:SCFAC:ISPECnITEST:NRL:NRU:Y;DTA.FAC:YMULT-
LIUNIT S KNTRUN)
IF{MOD.NELL) GO TO 751
[F{MUD.EQLL JANLD. NRLSLP .EQ. 0) NRLSLP=NRL
[FIMUD.EQ.]l JANU. NRUSLPLEL.Q) NRUSLP=NRU
IFINKLSLP.GT.NRUSLP) PRINT 613,NRLSLP,NRUSLP
613 FURMAT(1HO,* FIRST FRAME FCR SLOPE GREATER THAN LAST FRAME FOR S5LG
LPe.#y/y¥ FIRST FRAME = BoLas6Xy* LAST FRAME = #,144/,% WILL NOT FI
2ZND SLUPE .¥)
FFINRLSLP.GT.NRUSLP} MOC=0
[FIMOD.EQ.U) GO TO 751
[F{NRLSLPLLT.NRL «0R. MRLSLP.GT.NRU) PRINT GLLyNRLSLP
6ll FURMAT(1HOQ,* FIRST FRAME FCR SLOPE INVALID.*, / » * FIRST FRAME =
L¥4l4y /7 4 * WILL USE FIRST FRAME PLOTTED.*)
IFINRLSLP.LT.NRL «OR. NRLSLP.GT.NRU) NRLSLP=NRL

(RSN el



c
c

c

c

6l2

751

S5t

76l

APPENDIX B

.lF{NRUSLP.LT.NRL +ORa NRUSLP.GT-NRU} PRINT 6L24NRUSLP

FORMAT(LlHO,* LAST FRAME FOR SLOPE INVALID.®*y / , * LAST FRAME = *.
114, /% Wlil USE LAST FRAME PLOTTED . *1

IFINGUSLPLLT.NRL «CR. NRUSLP JGT«NRU) NRUSLP=NRU

CUNT INUE ‘ f.

T A + Y SCALES.

AMULT=La0

IFLRMAXSN «LTa o1) XMULT=1C.%%6

TEMPA{L)}=0.

TEMPX(2) =KMAXSN®XMULT ‘ .
[E(ISPel oEWal oiaNDa ITESTLEGSL «AND. INDAVG <NE-U) TEMPX{2)=2*TEMPX
L2

TcMPY(L1l)}=0.

TeMPY(2) =Y (NP}

ND 7ol f=1)NP

IFIY(I}06T.TEMPY(2}) TEMPY(2)=Y(I)

IPLOTS=1

IF(ITEST .£Q. O «AND. INDAVG +E@e 0O) TPLATS=JAC-L

IFLITEST «tQe O ANU. I[NCAVG JEQ. L1} IPLOTS=JAC

[FIISPIC «EQa. L. 4ANU. ITEST 4EQ. 1 +AND. INDAVG .EQ. 0) 1PLOTS
13#NRTS

IF(ISPEC ocile L «ANDe ITEST 4EQe 1 LAND. INDAVG .EQ. 3} T1PLOTS
13sRDSH]

[F(IX 0ol «AND. ITESTLEQ.U) XLN=OMOVE#JAC

TECIR oL al) «ANDS ITEST.EQel) XLN=UGMOVE®({3.*NRUS+L.)+NROS

[X$12e=XLiN

XXLH = XLN-DMUVE*([PLUTS-11}

LECXXLN «LTe OUMUVE) XXLh=CMCVE )

[FUITEST.EQal onaNUS (INDAVG.EQ.D.UR;INCAVG-EQJS]IXXLN=DMOVE
Call ASCALE(TEMPX, XXLN,2,1,10.0)

CALL WSCALE(TEMPY 2 ¥YLNs2ylylO0ed)

XINP#L)=0,

XINP+21=TEMPX 1 4)

ASC=TEMP X (4]

Y{NP+l)=0.

YINP+2)=TEMPY (&)

YSC=TEMPY [4)

il

DRAW THz X+Y AXES.

IFIIUNITSNELO) G0 TO 695

TECITEST «cQe O <ANDs YMULT #EQs 200L) CALL AXES(Oar0ar70asYENyTay
LYSCsLesUas LOHSTRESSsKS11225410)

IFLITEST otlla O «AND. YMULT EQe l.) CALL AXESIOerDear G0 YLNyQuy
LYSCylarUe s LOUHSTRESSPSTya225,10) -

TECITEST JEQe 1 «ANDe YMULT JEG. -00L) CALL AXES{Qws0asI0arYLN¢Ouy
1YSCyles0arLOHSHEAR STRESSyKSI ¢225:161

IFUITEST +EQe 1 oANDa YMULT EQ. Lo} CALL AXES(DasQas90.sYLNQuy
L1Y¥SCylasUe s LOHSHEAR STRESS+PSIa25,16}

IFILINDAVG «NEs2) oANDe {ITEST NE. L «0R. INDAVG LNE. 1))G0O TO 68
IFC{ITESTAEQa0 oORe INDAVGLEGLO .0R. INCAVG.EQ.3) .ANDs XMULT.EQ.1
1) CALL AXES{QesVerUapXtMy0asXSCyLla0+04y THSTRAIN re25y=-12)
IFL{ITEST<EQal «ANDe {INDAVG.EQ.]l .OR.INDAVG.EQ.2)) .AND. XMULT.EQ.
11) CALL AXES{OwsUasUasXLNsOupXSCy Lay0Das LIHSHEAR STRAIN 1225
2-18) .

IFIXMULT .EQe 1)GU TO 69 .

CALL AKES(O.-D-'O-'XLN'O.oxSC'-l-'O-ng '.25l-1’

35



36

68

895

L85

(]
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[F{ITESTWVEQeQ «0R. { INDAVGLEQeU.OR.INDAVG.EQ.3)ICALL NOTATE(XLN/2.
lp—e71 259 18HSTRAINYMICRO IN/IN,O., 18}

IF{ITESTeEWel «ANDa. (INDAVG.EQe.l +OR. INDAVG.EQ.Z2)) CALL NOTATEI(
IXIN/Zet=eTre25424HSHEAR STRAIN,MICRO IN/IN,Oaylé)

GO TU &9

CALL DASHLN(O. 0.y XLN2 Qe XLN)

PLACE=IXSIZE/ %

CALL DASHLN{PLACE y~e64PLACE 404y .61

LALL DﬂSHLN‘PLACt i-l-v'-b'PLACE "’10'0.!-6'

CALL PARRDOWI(PLACE=234=230,FLACEy==30,1)

CALL PARROW(PLALE+L+39y—230yPLACE+L.~.30,1)

CaLl NUMBERIPLACE* 29— <375 ol4yXSCAXMULT y0ar4)

[FCITEST EQe ) CALL NOTATEU{XLN/249=48+.25, THSTRAIN 10erld)
IFLITEST LEQ. 1) CALL NOTATELIXLN/ 2as=+8ya25y13HSHEAR STRAIN '
].0-!16]

Gu TO 6%

IF(ITeSTLENCD «ANU. YMULT.ECQele) CALL AXES(OQayDa94IDas ¥LNyDas¥YS5Cy1a
1yQay YHSTRESS»PALa2549)

IF(ITCST.EU.\J oANDo YHULT.EQ. -001) (-ALL AXES(O.'0.190.1YLN|0.'Y5C
LelasUas LOMSTRESSsKPA»W 254101

IF{ITEST.EQa) ~ANDa YMULT.EQ. 10.%%{-6})) CALL AXES(0.s0.+90.+YLNyO
Lao¥YSC11lasUar LOHSTRESSyMPAY225410)

IFCITLOT aEded wiaNDe YMULTLEG. 10.%%{-9}) CALL AXES{0Q.4+0,490.+¥YLN+O
le+1¥SCrlesQery lOHSTRESS+GPAY 25410}

FF{ITcST ec0a0 . amNDe YMULTLEU. 10a%#[—12)) CALL AXES(QasDesrF0arYLN,
104 ¥5C s LapUa g LOHSTRESS yTPA 44 25,101

IF(ITeSTabQal #AND, YMULTLEQaLl) CALL AXES(OQOas0asF0s e YLN+Ouw ¢ ¥YSCrlay
LOwr LONSHEAR STRESSPAy .25,15)

IFUITESTWEQel JANOe YMULTLGEQa. «O0L) CALL AXES(Qar 0ar90.,YLNyO.»Y¥YSC
Lylayday LOHSHEAR STRESS vkPA 4225416

IFUITeSTEGel «ANUSL YMULT.Eide 10.*¥%(—-6}) CALL AXES{QOes0er 90 YLN,O
les¥SCylapQayrloHSHEAR STRESS)MPAsa254161

IFUITESTaEWal oANGe YMULTLEQa. LO0o%%(=9}} CALL AXES{Oa+0.+90.4YLNyO
Lles¥SColasQap LEHSHEAR STRESSGPA,-254+186])

IFIITESTeEWN el aANUe YMULTLEQa LOs%%{=12)) CALL AXES{0Oa1TJ4+904sYLNy
LOsa Yol sl eyUayp LOHSHCAR STRESS,TPAy 225,161

IFCCINDAVGaNELSZ2) JANGs (ITESTWNELl «0OR. INDAVG.NELLY) GO TO 685

IFOIITESTLEQe0 «0Re INDAVGEQeD «OR. INDAVGLEQe3) <AND. XMULT.EGQal

1) Call AXES(Da1Uasda s XLNyOasXS5Cela0s034y THSTRAIN 125,101

IFCLITEST.EQal +AND. (INDAVGLEQ. 1 ORLINDAVGLEQL2Z21) AND. XMULT.EQ.
L) CALL AXES(Oa10apQ0uas XLNpCasXS50 rLlavQarlIHSHEAR STRAIN rel3y-10
21

IFLXMULTLLQL.1IGU TO a9

Cr':\LL I-“\X'ES(UOUU- rlJc .XLN,U.;XSC;-—I. 100'1H ] -25""1’

IF{ITE5T ol ed oURe (INDAVGWZEQaUoORJINDAVGLEQL3)ICALL NOTATE(XLN/Z2.
Ly=e 71254 IBHSTRAIN,MICRD ¥/ ,;0.,418)

[FOLITESTeQel «ANDe (INDAVG.EQ.l UR. INDAVG.EQ.2)) CALL NOTATE(
PALN/2ar=a T 1251 24HSHEAR STRAINWMICRO M/M 4 0.424)

GU TU 69

CALL DASHLN{O« UasXLMNyQaygXLN)

PLACE=IXSIZE/4

CullL LESHLNIPLACE ¢y=ab s PLACEsCerat)

CALL UASHLN(PLALE#Lla 1= ety PLACE#Les0aya6)

CALL PARROW(PLACE=.3+-4+34PLACEs—.3,11}

CALL PARRUWIPLACE+Le3y~o3y FLACE+L. y=.3,41)

CALL NUMBER(PLACE* .21 =237y aléd e KSCAXMULT 20444}

IF{TTchT.E0Wa0) CALL NOTATE(XLN/Zes=+Bre25,y THSTRAIN 10912}
TFOITLSTEQel) CALL NOTATE(XLN/2er—eBrel25,3HSHEAR STRAIN 10y
Llow)

CALL DGRID(U«yOarlarlaelXSIZEZIYSIZE,LOQ.1)
KOUNT=KOUNT +1
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C

L LOAD X ARRAY, PRINT, AND PLOT. )
IF{ITEST .Eida O «AND. INGAVG .NEe. 2)CALL COMPINDIIGAGES,MOD.NRLSLP

Ly NRUSLF s JACYNRLeNRUy NP ¢ X +Y s XMULT o INDAVG s I XSIZE,DTA, YLN, ISPECsYMULT
22 JUNITS)

IF{ITEST «EQe O JAND. INDAVG «EQ. 2JCALL CCMPAVG(IGAGES,MOD,NRLSLP
LyNRUSLP y JAC sy NKL s RRUy NP 3 X3 Y o XMULT 9 DTA ¢ YLNy ISPEC »YMULT,, IUNITS)

[FEI5PEC #LkQa 1 JAND. ITEST JEQe 1 <ANC. (INDAVG EQ. O .0R.
1INUAVG «FEQa 3)ICALL TORIND{IGAGES yMOU,NRLSLP,NRUSLP+JACNROSyNRL,
ENHU NP o X p Y o XMULT o INDAVG IXSIZE+DTAYLN 4 XSCo RMAXSNYMUL T, TUNITS)

IF{ISPeC LEQ. 1 «AND. ITEST .EQ. 1 «AND. (INDAVG JEQe 1 +OR.
LINDAVG «CWe Z2)JICALL TORAVGUIGAGES ¢MOD NRLSLPyNRUSLP,JAC,NROS»NRL,
ZNRUGNP o X p Y e XMULT s INDAVGp EXSIZEsDTAyYL Ny XSCoeYSCoyFAC, YMULT s ALENGTH,
3RLzNGTHy TUNITS)

[IFLITESTLEWQ.l +AND. INUAVGLEGQ.2} KOUNT=KOUNT+]

IF{MUL.cQ.2) KOUNT=KOUNT+1

C GO Tu NiEw GURAPH, NEW RUN.
50 IFIMURE«Edel oAND. MD.EQ.9999) GO TO 1000
Lall CALPLTUXLN+S+30ey~3)
PRINT L1200
1200 FURMAT(LHL)
[F{MUKL. 2000 GU TO S5
KNTRUN=KNTHRUN+ 1
[FIITESTWER W) READISs FOOINRL sNRU INDAVG Y IGAGES ) MUDyNRLSLP s NRUSLP
LNUPLT » MORE
700 FURMATL3i3,4124313,1812,17%x,11)
IFLITESTERel) READ{S5,701) MRLyNRU;NROS,INDAVG,MO0y NRLSLPyNRUSLP,
INUPLT yMORE
T0L FORMAT(TI344812,22X%s11)
NP=NRU-NRL+1
Go 1) 82
LOUG  CALL CALFLT{O. s0444999)
PRINT L0235, KUUNT
L1025 FORMaTI/// 1H * NUMBER UF FLCTS = * 13)
PRINT L026, IXSILE.1VSIZE
1026 FUKMALTILH *LENGTH OF X AXIS = % I4 # [NCHES%® /1H *LENGTH OF Y AX
LiS = # I4 % INCHES*)
END

SUBRUUTINE RUTAPE{ JACINRLyNRU4MD,DTA)

E .
L REAUS BICKMAN DATA FRIOM MAGNETIC TAPE IN FORMAT 2.
;
DIMENSIUN aC2099)4DTAL415,20)
PRINT Ll93d
198 FURMATILHO,= FRAME LCAD 56-1 56-2 *)
=2 '

NPz HW=NRL+L : .
100 REAU(3Q) MOy IFMy ISPy IFRA+TIM,TY, IFAC, ITST s MRN,yMS5NDCE4,LCT,0C8,40C9,
LuCio,s AL

37
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CHECK FJR END OF RuN.

IF{M) .£Q. BEBI +URs ML EG. 9999 GO TO 198
PRIT EVERY FIFTH CR TENTH FRAME.
[IF({NP aice 100 +ANUe N/S5%5 EQ. N) LR (N/lU*10Q
11OLly IFRAVLACZINK}yK=1,y3)

101 FORMATILHOyI Ll v3ELe 4]

STURE UaT~ IN AxRAY DTA.
B Lud J=1ydAC

103 UTAULFKAsJI=AC2LU)
N=N+|
G3 T 1049

199 RETURN
chO

SUBROUTINE ROCELL{JACsNRL NRUsMD,DTA)
READS UATA FRUM wATA FILE

DEIMENSLUN DTA(4LS,20)

PRINT 144
19 FURMAT(LHO,* FRAME LCAD 56-1
N=Z2

[iP=HNRU-NKL+1
400 ReALD{30y40L) ITSTMRNyNMDIFRELISQ
40l FURMAT(3LlLl2y424X%X,112,18)
CHeCK FUR END DF RUN.
[F{MU oEds 8883 J0Rs MO
FEAlL DATA INTU ARRAY DTA.
DG 4Ll J=1s1846
JJ=d+5
ReaD{30,402) (VTALIFRAGK) v K=dsJddd,I5Q
FURMAT(OE l2.4y [8)

»EQs 9999) GO TO 410

411
402

PRINT cVEKY FIFTH LR TENTH FRAME.
IF{{NP ,LE. LU0 AND. N/5%5 JEQ.
1403, IFRAy(DTALIFRAIK}sK=1,3)
403 FURMAT(LIHOyI12y3EL244)
H=N+1
GUJ TO 490
410 RETURN
eND

N} «OR. (N/LO%10

CN DATA CELL-—0DATA DN TAPE3Q

«EQ.

«CQe NI

5G6-2

PRINT

%)

N)3} PRINT
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SUBROUTI NE LOADY‘THICK;NLDTH;SCFAC;ISPECr[TEST:NRL!NRU,Y;DTA!FACl
EYMULT, TUNTITS»KNTRUNY
L CUMPUTES STRESSZS AWD LUALCS ¥ ARRAY FOR £ACH SPEC + TEST TYPE.
L
UIMENSION Y(400) DTAl4L5+2C)
ITF{KNTRUNLNELY) GU TO L9
Plz3.14159
[FLISPEC abda V) FACSTHICK*WIDTH
[F{ISPEC «tQe 1 <ANUS ITEST LEQe Q) FAC=PI*(WIDTH-THICK])*THICK
IF{ISPEC oEQe 1 +AND. ITEST oE8Q. 1) FAC=2%*PI#{{(({WIDTH-THICK)/2)%*2
LI*THICK -
IFLISPEC.EQeU) PRINT 191y THICKsWIDTH
LYl FURMATLLIHU,® THICANESS = #43ELda4,6Xe¥® WIDTH = *EL12.4%)
[F{I5PECEWaL) PRINT 162, THICK, WIDTH
192 ENRMAT(LHO»* THICKNESS = #,EL12.4,6%Xe% OUTER UIAMETER = #*,El2.4)
L IF STReSs>:=S TUO LARGEs DIVIOE 8Y 1000,
19 YMULT=1,9
FEMaXlL D=ARS{0OTAINRU,L))
DO 196 [=NRLsNRU
196 IF{AGSIOTACL L)) GTLRMAXLD)Y RMAXLD=ABS(OTA(I, L)}
RMAXSS=)RMAXLD/FAC
IF{RMAXSS5 .GT. LOOU) YMULT=.001
PFLIUNITSEQ.0F GU TU 193
IFIRMAXSS*,001 .GT. l0UCO) YMULT=1Q.*%(~6)
IF(HMAXSS5% ({10, %%{~-6)] .GT. LCDQ) YMULT=10.%*#%(-9)
TF(RMAXSS*(10.%%(=9) )} LGT. LQOQ) YMULT=1D.*2{-12)
L PUT STReSSES IN Y ARRAY.
193 DO 200 I=NRL,NRU
200 YOI=-rnRL+L)={uTA(L, L) /FAC)I*YMULT#*3LFAC
RETURN
=D

FUNLTION PALYEL {XeM,C)
UaTA BIGAN2TTITITTITTN/
DIMENSIUN . CIM)
IFiM—1)10¢11,12

12 nN=mM-1
FULYEL=CLY)
Gz LI=1,N

20 POLYEl=A»POLYEL+C(I+1)
RETURN

10 POLYEL=01G
RETURN

11 POLYEL=C(Y)
RETURN
EmU

REPRODUCIBILI
TY ¢ ’
OBIGINAL PAGE Ig §OOIEE ,
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SUBRUUTLINE ROCARCUJAC NRL s ARUMDyLTA)
FEALS OATA FRUM PUNCHED CARCS.

DLAENSIUN vTA{415,20)
PRINT 1949
193 FORMAT(LHO.* FRAME LDAD SG-1 5G-2 *)
N=Z2
NP=NRU-NRL+1L
500 DO 51i J=1lyJdAC,e
JJd=J+5
[IFlJaERQal) REAUISsS0L) IFRAWICTA(IFRAYR) s&K=dsJJd) MD
Sul FUAMATI{I 4,6El2.9414)
IF{Jantal) RiAD(S4502) (LCTALIFRALK) eK=UydJd) sMD
502 FURMATI&CLZaael4)
511 CUNTINUE
CHECK FOR END UF RUN.
IR0 «Euda 8888 JUR. MO «fde 9999} GO TC 510
PRINT cVERY FIFTH DR TeENTH FHAME,

IF(INP oLEs LUO 4ANUS N/5%5 JEQe. NJ) J0Rs IN/LO¥10 EQe M)} PRINT

1503, IFRAS(DTACEFRAYR] sK=143)
503 FURMATII L2,3512.4)

N=N+L

GO Tg 594
510 KCTuUniN

ENO

SUBRUUTLwic CUMPINDUIGAGES y FODyNRLSLP s NRUSLP s JAC NRLyNRUNP Xy ¥,
EXMULT « INDAVGy L XS 12y OTAy YLNy ISPEC s YMULT 2 1UNITS)

LOADS X ARKAY FUR COMP T:ZSTy INDIV GAGE PLOT, aNG CALLS PRTPLT,

DIMeNSTON IGAGES (41 X (400, Y4001 ,0TA(4L15,20)
CuMpmdid UMIVE s I PLUOTS NCPLTI 18} s XLN,yAY,8X,1UTS
Ui 124 [Gab=2,y JAC
DU L4 m=1y13
124 [FUIGAL=-L.EQ.NOPLTI(K))} GC TC 122
Dy 121 [=hRL,NRU
i2l XK{l-wrAL+1)=A3S(uTAL{lICAG)*XNULT)
CALL PRTPLTUISPECs Oy INOAVG s IGAGESy IGAGsNILy NKUy NP ¢ Xy Y3 YLNI
[IFllony LT« JACH CALL CALPLTI{CMOVEsQas-31
122 CUNTINUE
LE U INDAVLG JBEWs. Q) GO TE 1213
A0 125 K=1,14a
IFlJAC-L.ou«NIPLTIK}) GO TC 126
125 CUNTINUE
Cate CALPLT{IMOVE, Q.- 3)

Lt CALL CUMPAVG LIGAGES yMOC e NRLSLP Y NRUSLP ¢ JAC yNRLaNRUGSNP s XYy XMULT,DTA

LeYLty LSPEC, YMUL Ty IUuNITS)
123 RETURN -
END
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SUBROUTINE COMPAVG (1GAGES s FCO¢NRLSLP ¢ NRUSLP yJAC NRLyNRU+NP ¢ X1 Y,
LAMULT yOTA,YUN, ESPEC, YMULT, IUNITS)

ADS X ARRAY FDOR CCGMP TEST, £VG PLOT, AND CALLS PRTPLT.
MO0=1y CALLS S5LP.

LUIMENSION IGAGES (4} X(40C),Y(400},DTA(415,420)
CUMMON UMUVE + [PLCTSoNOPLT U181+ XLNyAY s BX, IUTS
ND NUMBER OF GAGES TO 8E AVERAGED.

N=0

DU 131 I=1,4

IF(IGAGES(L} oNEa U) N=N#1

CONT [ NUE

FIND AVERAGES + PLUT.

La2

134
135

IF

154t

138
139

DO L322 L=1.NP

X(1y=9

DO 135 J=1+4%

IFLIGAGEeS{J) Ede 01 GC TC 135

00 134 [=NKELsNRU

[GAGESI=T1GAGES ()
XOI-NRL+LF=X{E-NRL+1)+ABS(CTALI, IGAGESJ+L }*XMULT/N)
CuNTINUE

CALL PHTPLTULSPECIQ92y IGAGES Oy NRL yNRUy NP s Xs¥ 2 ¥YLN)
MUD=1ly FINDL + PRINT SLCPE.

IF{MOU «EQe 0) GO TO 139

IFIMUULEQaZ2) CALL PROPLINM{XsYsNRL ¢NRUSNPy XMULTy YMULT 5 TUNITS)
[FlrUu.EQec)5d TC 139

00 1531 I=NRLSLP,NRUSLP

XUL=#RLSLP+L=X([-NHL+1)

YOI=HRLSLP+1)=Y{I-NKkL+1]

NPSLP=NRUSLP-NRLSLP+1

CALL SLPUXAsY s XBRIYBRIEXsNPSLPs XPULT, YMULT

PRINT L38EX NRLSLPyNRUSLP

FURMATL// 5Xs% £ = #,E12,5,4X,% FOR FRAMES®, l4,* THROUGH%*, 14 //)
RETURN

END

SUBRUOUTINE TURINDIIGAGES ¢MCOyNRLSLP¢NRUSLP s JACyNRCSyNRLy NRU NP2 X+ Y
L e XMUL Ty INDAV e IXSTZE+DTA s YUNy XSCoRMAXSN,YMULT » IUNITS)

LOADS X RRAY FJOR Tusc $PZLy TOGRSION TEST, INDIV GAGE PLOT, AND CALLS
PRTPLT .

160
leo

1ol

DLMENSTON TGAGES(4) X {400} Y (400) ,0TA(415,201

CUMMON UMUVE y IPLCTSyNOPLT{18 s XULNyAY ¢ BX,IUTS

loaG=23

DU lea w=1y18

[FLIGAG=lEQ.NGPLTIK)) GO T 167

DU lol I=hxb NRU

XAl =L+ LI=ARSICTA(T  [GAGI#XNULT)

CALL PRTPLTI(Ly 1o INDAVGsIGAGE Sy LGAG o NRLyNRUSNP s Xs Y 2 ¥YLN)
1F(I6aG/3%3 .£Q. IGAG) GO TC lé&2

REPRODUCIBILITY o

ORIGINAL PAGE g > Oé‘;lE a
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[GaL= IGAG¥Z
IF{10AG.GT.3ENRGS+L) GC TO Lo4
vu Ta lod
162 1GAL=16AG-1
163 Labl LaLPLI¢UMDVE Q0.9 3)
IF{IGnseNCod «ANC. LGAGY 3%3.6Q.1GAG) CALL CALPLT(Llas0ay=3)
Gl Tu 160
167 IF{IGAG/3%3,EQ-10A6) GO TC 168
I1GAL=1LAGHZ
IF(IGAGGT«3:NROS+L) GC TC lé&4
G TL 164
168 [GAG=LIGAG-1
GO TO loed
164 IF{INDAVG JEQe U) Gu TC 165
DU Lo4l K=i,1l8
LFU 3%nROS+1.EQ.NCPLT(K)) GC TO 1642
Loal CONTINUE
CALL CaLPLTtUMOViEy0ay—3)
Leae U0 Leo I=hRLyNRU
165 XII—NRL+1I=IABSIDTAGIrZ))*ﬁBS(DTA(I.Q)))*XMULT
CALL PRTPLT!Lrlv[NCAVG,IGAGES:"I:NRL;NPU|NP;X’Y'YLNI
IF MOD=1l, FINU + PRINT SLCPEL.
[F{MUU L. JIGL TO 169
IF{MUL.EDed] CALL PRUPLINM{ Xy Yy NRL g NRU NPy XMUL T, YMULTIUNLTS)
IFiMUDL.EQ.2)GU TC 169
DO 1531 I=NRLSLP,NRUSLP
Xll=nNARLSLP¢L)=X{I-NRL*+1}
1531 YELI-NRLSLP+li=Y{I-NRL+1])
NPSLP=NRUSLP-NRLSLP+L
CALL SLP{X, Y XBR,YBR,EXyNPSLP,XMULT,YMULT)
PRINT L39sEXKsNRLSLPNRUSLP
139 ELAMATI/Z 5Xp% G = ¥1EL2.5¢4X % FOR FRAMES® ] 44% THROUGH*®s 14 / /)
169 RETURN
END

SUBRUUTINE TORAVGIIGAGES ¢+ MCDyNRLSLPyNRUSLP ¢ JACSNROS s NRLyNRUNP ¢ Xo Y
Ly XMULT , LNDAVG s IXSTZE+DTA»YLNy XSCyYSCoFAC, YMULT,ALENGTH RLENGTH,
ZIUNITS)

LOADS X AxRAY FOR TUBE SPEC, TORSION TEST, AVG PLOT, AND CALLS
PRTPLT. 1F MOD=1, LAaLLS SLP.

DIMENSION IGAGES (43 » X (4000 ,¥(400),DTA{415,20} 4HOLOX(4) HDLDY(4)
CUMMUN OMGVE ¢ IPLOTSyNOPLT{18) XLN,AY+BX,fUTS
- DU LTL I=1lsNP

171 x(1i=0
N=D
DU 172 J=1sNRUOS
00 161 K=1,14
IF{3% =2 cbQaNUPLTIK) «URI*FJLEQ.NUPLTIK)) N=N+i
IF{3%J=2.EQaNOPLTIK] .OR. 3% J,EQ.NOPLTIK)) GO TO 172

161 CONTINUE
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DO 163 L=NKLyNRU
XAT-NRL+L)=X{I-NRL4L)+(ABS (CTALL, 3% =11 )+ABS(OTA(L,3%de L} ) )*XMULT
CONTLNUE
DU Lol 1=NRLsNRU
A{I=NRL+L}=X{I=-NKL+L) 7/ (NRCS=N)
CALL PRTPLT(LylyINCAVGsIGAGES,OsNRL)NKUSNP XY YLN)
MiUs1l, FLNO ¢ PRINT SLCGPE.
1FIMOG . EGa 0IGL TG 175
[F(MUDLCdec) CALL PROPLIM{X,Y NRL yNRU NP, XMULT.VMULT,lquTSJ
[F(MJULER.2IGU TC 175
DU 153l I=URLSLP¢NRUSLP
XUI=HRLSLP#1)=X{ [-NRL+1)
Y(l-WRLSLF+1I=YCI-NRL+1)
NPSLP=NRUSLP=NRLSLP+1
Cull SLPEXsY XER4YORpEXyNPSLP XMILT,YMULT)
PRINT L33sEXsNRLSLPyNRUSLP .
FURMATL// 5Z¢% & = $4E12.594Xy% FOR FRAMES#,14,% THROUGH*,14 //)
InUAVG=1y PLUT TwlST CURVES.
[F{INDAVG WNE. £1GC TU 179
PI=4.14159
MIN=JAC— 3
MAX=M [N+ 3
KE hWtw GRAPH.
Kbtz XL
[F(XLMaLTe9s) XLM=G.

CALL CALPLTIXLM#G420.4-3)

HOLDY (1) =0.

HOLOY{2) sDTAINRU, 1}

CALL ASCALE(HOLLYYLN»2s1410.0}

Y302=HOL DY (4)

Y{NP+2i=Y5C2

HOLDA(LI=0.

HOLDX (2= {ABS{OTAINRUYMIN} J+ABS{DTAUNRUsMIN+L))-ABS(DTAINRU,
IMIN+2Z ) I—ABSLUTA(NRU, MIN+3) )}/ { 2*ALENGTH*RLENGTH)

TE(IUNLTS,EQL0)  HALDX(2) = HGLDX{2) *180./PI

CALL aSCALE{HOLUXsKLNs»2¢ 1, 10.0)

XSCZ=HULIX(4)

XUINP+2)=X5C2

FFUTUNITS.EG.0) CaLL AXES(O.|0.|90-pYLN,O.’YSLZ'-I.,O.,lZHTORQUE 1
LN-Lids 259 h2)

IFELUNITS.cab) CAaLL AX&SIO.'O.,QO.,YLN Jey¥YSC21—1e90ay LSHTORQUE SN

LecwTUl=My . 25+15)

CALL AXES(U-fD-,Oo 1XLN,D-’XSC2!1. tD-,lH 1001"1)

CALL NUMBER({—1+5/8e1=e29121875+0.40.9-1)

DO 1771l I=141X5IZE

PLACE=1+0. -

CaLL NUMBER (PLACE=15e/ 560722541875y XSC2%PLACE Q. v4)
IFLIUNITS.2Q.01 CALL NCTATE(XLN/Z.-1.3'--751-25112HTNIST10EG/IN,0-
14121} )

IFt IUNETS.EQ.L) CALL NCTATE(XLN/ 24— 1a34~27532259 L1HTWIST,sRAD/Hy0u
iil)

FYS1ZE=YLN

CALL LLGRIUVD(QasDeylorle yIXSIZE,ZIYSIZESO.1)

LOAD X AMRAY.

DO 176 I =NHLeNRU

Y{I-NRL#L) = [ABS{CTA(TI+MIN})+ASS{DTA{ I 4MIN+L))~ABS{DTALI +MIN+
12))=4dS(OTACEsMIkt3) )}/ {24 ¥ALENGTH*RLENGTH)

LFLIUNITS.EQ.0O) X{I-NRL+1)}= X{1-NRL+1) *180./PI

CONTINUE

REPRODU(,
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LOAD Y ARRAY.

177

DO L77 I=NRLyNRU
Y{l=-NRL+L1)=ABS{CTA{I,+1})

PRINT + PLOT

1532

154

172

PR

25

20

21

CALL PRTPLT{LsLsINCAVG,1GAGES,y=2¢ NRLyNRUsNP XYy YLN

(F{MUD.NE.L} GJ TO 179

DO 153¢ L=NRLSLPyNRUSLP

X{I-NRLSLP+1)=X{ I~NRL+1)
Y{I-NRLSLP+1)=Y{I-NRL+1}
NPSLP=NRUSLP~NRLSLP+1

CALL SLP(XsYsXBR,YBReEXy NPSLP,KMULT, YMULT)
PRINT L1543EXsNRLSLPyNRUSLP

FURMaT(//5X%3L0PE UF CURVE = ¥ EL2.554Xy*FOR FRAMES®

L I4 ® THRIUGH® 14 //)

ReTURN

END

SUBROUTINE PRTPLT(ISPECy ITESTINDAVG, IGAGES y IGAGs NRLyNRUSNPy X4 Yy
LYLM)
INTS + PLLTS POINTS FROM X,¥ ARRAYS.

DIMENSIUN 1GAGES(4), X1400),y Y[400)
OIMENS 1O NUPLTL (L8} IFRAM(400)

COMMON UMOVE o LPLUTSyNOPLT I8 ) e XLNy AY, BX, TUTS
IxM = 1

fym = 1

IFRAM(L] = NRL

DO 25 K = ZyNP

1FRAMIK)} = [FRAMIK—=1) + 1

IFleXecQal} 1IXM = 1
[F{BXecRalu¥*s]) [XM = 2
1F{IUTS.eQeb) GC T 20

UaSe CUSTUMARY UNITS

LF(AY JEQal) TYM = |
IF(AY Qe UL} T¥YM = 2
Gu Td £l

5 1 uUniITs

IFIAY QL) IYM = U

IFLAY aEQ e U01) [YM =
IF{AY.tQalaE=Jd6) [YM 3

IFlaYeiQalsal=39) [¥M 4

1F{RY s lac—12) IYyM = 5
CundTINUE

RL=NKL*0.

RU=NRU+O .

1IF(IGAG «LE. 0) GU TO 183

n N
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JGAG= IGAG—1
PRINT 181 ,JGAGNRLsNRU
18l FORMATULHL * STRESS~STRAIN PLINTS FOR SG-%412.% FRAMES #413,% TH
IROUGH *%,13)
CALL NUTATE(LasYLN++3594ly3HS5G-10.,3)
GAG=1GAG~1.
CALL NUMBER(Ls+Le8/T7as YLN+2353al:GAG+0ay=1)
GO TQ 189
183 IFLITEST .NEs Q) GO TO 18é
PRINT 184, IGAGES,NRLyNRU
184 FORMAT(LHL,#STRESS-STRAIN PGINTS FOR AVG OF GAGES *,413,* FRAMES
1#,]34% THRUUGH #*,13)
CaLL NUTATC‘l.;YLNfc35!¢lyéHAVG OF 04426
N=0
DO L3845 [(=1l+4
LF{IGAGES{L] «EQa Q) GC TO 1845
UM=1GAGES(1}
N=N+1
CaLl NUMSER(ln"3.6,’-+N*1-6/?.!YLN+035!41 rUM'Oo !-l)
1845 CUNTINUE
G T lEY
186 [F{lGAG .NCe -24GU TO 188
PRINT 187, NRLs+NRUJ .
167 FURMAT(iHL,* TURGKUE TWIST PCINTS, FRAMES #*,13,% THROUGH *,413)
Gu Tu 189
188 I+(1GAG.HEL0) GG TO L1882
PRINT 1881, NKL¢NRU
LEB8L FURMATILHL,* AVG STRESS~STRAIN POLNTS FOR FRAMES #,13,% THROUGH *,
L13s) .
K=1
Mi LlJd WN=1l.Ll8
IF{ WUPLT{NJL.EQau)} GuU TC 10
NUPLT2{K)=NUPLT (M)
K=K+1
10 CUNTINUJUE
K=K—1
1F(KabEWdedd GO TO LD
PRIMNT 11
1L FORMATILH % GAGES UMITTELC ARE *)
PRINT L2y (NUPLTZ(NIoN=LiK}
12 FURMAT(LH# 22X, 18131}
15 CONTINUE
CALL MNUTATullepYLiita354a0y8HAYG PLCTyDe¢8)
Gu TS 1489
1882 PrINI LﬂdanRLrNhU
1883 FURMATILHL.% STRCE55-STRAIN PCINTS FUR SUM UF GAGES 1 AND 3, FRAMCS
L *,03y% THROUGH #*,13)
Call WUTATElLa sYLN+4354Lls LLHSG~1 + 5G-340..11)

l89 CONTIMUE -
IF{ 16AG.tEW.-2) GO TO 216
PRINT 900

900 FORMATULIHO.LXe 4(2BHFRAME STRESS STRAIN )}

IF(IUTS.EQa.L) GO TO 22
GU TO (200,2010 » [YM
200 PRINT 901

901 FORMaT{lH ,1X, 4(24dH Psi 1)
GJ Tu £03

201 PRINT 902

902 FUORMATILH ,1Xy 4{(28H KS1I 1)

0% GU TO (204.205), IXM

REPRODUGIBILI
TY @
ORIGINAT, PAGE 18 POG)’II%?.IE 5
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204
903

205
Y4

%05
22

204
906

207
07

208
934

209
Q49
210
210
212
213
911l

214
912

913

26

915

9l

217
LT

215

191

APPENDIX B

PRINT 403

FURMAT(LH#,1X, 4&(28H INZIN
Gu TO 215

PEINT 904

FURMAT{Lld+¢lXy «(28H MICRO
PRINT 305

FURMAT(LH 41Xy &{28H IN/IN
GO TO 215

GJd Td (206423742034209,2100, 1YM

PEINT <06

FUrMATOLH 41Xy 4(28H PA

GJd T 214

PRINT 407

FORMAOT(LH »1Xy 4(23d KPA

GO TO 212

PRINT =208

FURMLUT(LH 41X, 4{28H MP A

GO Ta <212

PaRINT Sug9

FURMaT{IH siXy 4lZ23H GPA

GO T 212

PRENT 910

FURMaT(LA 41X, &(28H TPA

GU TO (2L3,214dyInM

PRINT 911

FURMAT( L+ 0X,y 4(28H M/M
G T 215

PRINF 912

FURMAT{LH*,1X, 4{Z8H MICRC
PRINT 913

FURMATILH 41Xy 4f{2dH MsM
GU Td 215

CONTINUE

TURQUE TWIST DATA

PRINT 915

FORMAT{LHO,LXy 4#(Z28BHFRAME TCRQUE TWIST
[F{IUTSEQ.1) GU Tu 217

PRKINT 916 .
FORMAT{LH ,1X 4(Z28H CIN-LBS DEG/IN
GU Tu 213

PRINT 917

FURMAT(LH 41X, 4128H N=M RAC/M
LONTINUE

PHKINT L9L y{CIFRAMINIsYIND o X{NID 4N =14NP}
FURMATILH +1Xy 411442EL2.4))

CALL NUTATE(La. YLN#.2y+Ll+]11HFR - 10 il)
CALL MUMBER(L.+148/7<rYLN+ 25 el9RLy0.—1)

CALL NUMBER{Le+4+8/Tar YLN#.2¢r41sRUyDay—1}

CALL LINPLT{X Y sNP L0 0y14+0)

RETURN

END

)}

)}

1

|

A

i

I

bi

1)
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20

Lo

il

12

10

i50

151
152
&l
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SUBRLUTINE SLPUX3sY sXBR+YBR sSPoNUy XFULTy YMULT)

KUUTENG T DeTzRMINe LIWNE CF BEST FIT
Y- Y3R = 5P%{X — XdR)

JIMENSLION X(au0) 4 Y(400)
DU 29 I=1,0U
X{L)=X(Li/XMULT

YOI =v{D)/YMULT

XKBR = X(1) /RHU

Yok = Y(1l) /au

Du 10 JK =24 NU

XBk = ABR & X{JKI)/Nu
YER = YBR + Y{ JK)/iNU
LUNTINUE

AN = X(1)=* Y(1}
DLl JK = Z4yNU

AN = AN + X(JK)I* ¥ (JdK)
CONTINUE

Au = x{Ll)* X{l)

DG 12 JK =2,KU

AD = AQ ¢ XUJKI* X({JK])
CUNTINUE

SP = {AN = NU* XdR*% YBR ) / {AC - NU¥* XBR % XBR)
RETURN

ciND

SUBROUTINE PROPLEMIX Y yNRL JNRU NP s XMULT Y MUL Ty [UNTITS)
UIMCHSIUN (4U0) ¥ {aJO ) ETAN{400)
OIMENSTUN YPS{4UU) s YPTS(40C, 1)y Wl 400) yRESIDI40OsL1) ¢SUMILY
L Aloy3)ybBl3,1)sCLa00,1) 1 XP {4001}
CUMMON UMCVE 2 IPLOTSyNGPLTU18) yXLNyAYsBXL4IUTS
DATAW/400%]1 .0/
00 v {=1,NP

XKCLY=XU0) 7XM00LT
YOLrsYUD)D/YMULT

OJ 150 J =1,yNP

YPTS(J,1) = Y(J)

XKP{s}t = XiJ)
CuNT INUE
CALLLSHPGL‘KP?YPTSt“lRES[EiNPISUH.1'Alﬁ'3ltlk00|3,

DO L5l J = 1+NP
ETan{J) = glep b)) ¢ 2.%BL3,10%%1))
DU 152 KT = LlyNP
YPSIKTE = S{Lly10 + BL{2,11¥X(KT) + BU{341) #X(KTI*X(KTI
PRINT 60 :
FURKMATOLHL, ® STRESS STRAIN TANGENT MODULUS®)
PRINT 7Q,0¢Y{1l}, XL M ETANCEY DI =LeNP)
FURMATLLH 43[ELldebs3X))
CALL CALPLTUIXALN®6.¢0ay=3)
CALL BSCALE(ETANI9«rNPyLly0a9s=1404)
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CALL BSCALE(Y;Q-.NP;er-.'lyO-l

[F{IUNITS.cQ.u) CALL AKES'O-.Q-;QO-19-'ETAN(NP+1)|ETAN{NP+Z|ul-gﬂ.
1y LORTANGENT MODULUS PSS «25,19)

[F{IUNITS«NE«J) CALL AXES[O.,O-!QO.|9-rETAN‘NP+lI‘ETAN(NP+lel-y0.
1y LIBHTANGENT MJDULUS e PA 2 250180

IFCIUNITS.EQ.UY CALL AXES(O.,O-,O-:Q.,Y(NP+[I:Y(NP+2|pl.;O.leHSTR
1255 4PS1ra25,y-131

IFLIUNITS.NELO) CALL AXES[O-!O.!Onrg-erprlI,Y(NP*Z);I.yO.{gHSTRE
LSSyPAya25¢—9)

CaLL QGR[D(U-IO-:l-ll- ,9,9'{).1)

CALL LINPLT(Y sETANJNP+130¢Cy140)

Rt TURN

END

SUbrUUT LNE LSQPUL{K;Y!R'RESIDtN|5UM|LsAfﬁ.H.CgNMAX.HMAX]
wenkxkrek DJLUMENT DATE 08-01-08 SUBRUUTINE REVISED uB~{l-pd *¥*EEk¥x
C

UlMeNSIUN XINMAX) oY [NMAXgL) sRESTDINMAK L) s ALMMAN s MMAR ) ¢

SulMMARs L)+ CINMAX M) SUMIL Y ¢ WINMAX]

10 2J 2w 1
20 Lilelid=
30 JU HU Jd=2.4M
49 DU 50 I=1,N
S0 CLlLed)=LiTad=12%%C1)
au dU lug i=1,M
70 VU 10U 4=14M
du All+J)=3.0
9y w0l 1ul K=14N

LU A(l.JJ=A(I;Jl*C(K,l!*C(K'JJ*N(Kl
105 90 lou J4=1,.L
11 OuU 150 [=1.M
lew dilydd=u.0
13u D0 15U K=1,4N
150 81 ) =80T 4V +C K TIEY LR J)*wiK)
Cabb MATINY (A, M,ByLy DETERMLRESLI, LeMMAX,lSCALE)D
lou Ou éub Jd=1l4L
182 SuUMiJI=vu.0
AK=M
192 Ou 195 K=1,.M
Cikell=t{KKsdi
159  wKk=r&—=1
198 Ug 2db 1=1yN
RESTLEI ¢ JI=POLYEY(XLL )M CI=V{Tyd)
2U5 SUMLJI=SUM{J)+RESIDIL yd ) 2%2%di 1}
210 =eTURN
END

48



APPENDIX C
DESCRIPTION OF FORTRAN VARIABLES

The following list contains a description of the significant FORTRAN variables
appearing in the program, The dimensions for each array are given by using the nota-
tion A{(m,n). The variables which are input are not presented here since they are
described in the section "Input."”

FORTRAN variable Description
AC2(99) temporary storage for input data
B(3,1) stores coefficients of the polynomial fitted to the data points
DTA(415,20) stores input data for all channels
ETAN(400) stores tangent moduli at each data point _
EX slope of the line of best fit to a specified section of the curve
FAC number by which load is divided to get stress (refer to table I}
IPLOTS number of curves to be plotted for this submission; determined

by the computer from information given by the user

KNTRUN number of plots that have been made for this submission

KOUNT number of graphs that have been made. This is printed at the
end of output.

NP number of ﬁoints to be plotted

NPSLP | number of points to be used in finding the slope of the line of
best fit

PI Pl =3.14159

RMAXSS maximum siress to be plotted

X(400) stores strain values to be plotted

XMULT strains, read in units of in./in. are multiplied by XMULT,; if

the maximum strain is less than 0.1 in./in., XMULT = 106
and strains are changed to micro in./in.; otherwise, ‘
XMULT = 1. (When data are expressed in SI Units, strain
is in m/m and micro m/m.)

XP(400) temporary storage area used in computing the second-order
polynomial which provides the least-squares fit to curve

49



FORTRAN variable

50

XsC
X8C2
XXLN

Y (400}
YMULT

YPTS(400,1)

YSC
YSC2

APPENDKX C

Description
units per inch on X-axis for stress-strain curves
units per inch on X-axis for torque-twist curves
distance over which strain values are scaled
stores stress values to be plotted

stresses in psi are multiplied by YMULT; if the maximum
stress is greater than 1000 psi, YMULT = 0.001 and stresses
are changed to ksi; otherwise, YMULT = 1. (When data are
expressed in SI Units, stress is in Pa and MPa.)

temporary storage area used in computing the second-order
polynomial which provides the least-squares fit to curve

units per inch on Y-axis for stress-strain curves

units per inch on Y-axis for torque-twist curves



APPENDIX D

LANGLEY LIBRARY SUEROUTINE MATINV

Language: FORTRAN

Purpose: MATINV solves the matrix equation AX = B, where A is a square coefficient matrix and Bis a .

matrix of constant vectors, The solution to a set of simultaneous equations, the matrix inverse, and the
determinant may be obtained. i

Use: CALL MATINV(A,N,B,M,DETERM,IPIVOT,INDEX,NMAX ISCALE)

A

DETERM

IPIVOT

INDEX

NMAX

ISCALE

A two-dimensional array of the coefficients. On return to the calling program, Alis
stored in A

The order of A, 1 =N = NMAX

A two-dimensional array of the constant vectors B. On return to the calling program, X
is stored in B

The number of column vectors in B, The expression M =0 signals that the subroutine
is used solely for inversion; however, in the CALL statement an entry corresponding to
B must still be present

Gives the value of the determinant by the formula DET(A} = (10100)SCALE(pETERM)
A one-dimensional array of temporary storage used by the routine
A two-dimensional array of temporary storage used by the routine
The maximum order of A as stated in the DIMENSION -statement of the calling program

A scale factor computed by the subroutine to keep the results of computation within the
floating-point word size of the computer

Restrictions: Arrays A, B, IPIVOT, and INDEX have variable dimensions in the subroutine. The maxi-
mum size of these arrays must be specified in a DIMENSION statement of the calling program as
A(NMAX,NMAX), B(NMAX,M), IPIVOT(NMAX), and INDEX(NMAX,2). The original matrices A and B ‘
are destroved. They -must be saved by the user if there is further need for them. The determinant is
set to zero for a singular matrix,

Method: Jordan's method is used to reduce a matrix A to the identity matrix I through a- succession of
elementary transformations Iy, In-1,. . ., ¢1. A =1L If these transformations are simultaneously
~  applied to I and to a matrix B of constant vectors, the results are A-1land X where AX =B. Each
transformation is selected so that the largest element is used in the pivotal position. (See ref. (a).)

Accuracy: Total pivotal strategy is used to minimize the rounding errors; however, the accuracy of the

final resulis depends upon how well-conditioned the original matrix is.

Reference: (a) Fox, L.: An Introduction to Numerical Linear Algebra. Oxford Univ. Press, 1965,

Storage: 542g locations.
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A listing of subroutine MATINYV is as follows:

SUBRNUT INE MATINVIAyNeByMyDETFHRM 4 TPIVIT, INDE X, NMAX,TSCALE)

waxp ks COCUMENT DATE 08-01-68 SUBRDUTINE REVISED 08-01-68 *x¥xt¥asnd

C
C
C

laNeaNel

e alal

&
C
.

I

W R e
-

4:)
45
54
60
Ta
835
AS
g0
93
100
109

106

113

130
149
154
150
170
200
239
2143
220
240
7200
26.)
270
$2 Al

1u0u
1005
Laly

MATRIX INVFRSTON «ITH ACCOMPANYING SOLUTION OF LTNEAR EQUATIONS

DIMENSTOM TPIVOTIND g ACNMAX ) ¢ BINMAX g M)y TNDEXTNMAX 4 2)
FQUIVALEHNCE (IR JROWEs (ICALUM,JCOL UMY, (AMAX, T4 SWAP)

[NIFLALTIZATION

[5CALE=N
RS Lyt L)
nr=1.0/71

B TFAM2] 0
P20 J=1.N
121607 10) =0
3 by T=1.N

SLauiil Fok wEV(OT GLEMENT

AAr=Ua0

1 105 J=1,N

TF (IR IVOTEJI=1) 43y LUS, a0

13 11Ul k=1 4N

[ (TPIVOTIKI=1) 20y Ldd,e 140
T LABS(AMAX I-ARSTACD K111 35, 100,190
[0 W=

ICULUYM =k

AMAR=ALd K]

CUNT T F

CoimTIngr

PEO{AMAX) 110,106,110

U TERM=0,1

I1SCALEF=

GIF TY Tad
PPIVATOIC UMy =P IVUT (TCOLUM) 1

TNTFROrAMSGE EOQwS T PUT PIVIST FLEMENT 0Oh OTAGONAL

TF (IR L=I00RUMY 140, 25U, 140
CETES M==DETERM

P 200 t=1,N
SAAP=A( TR YW, L)
ALTRIMw L =Al ICULYUM, L)
ACTCULYM, L =SwAPR

[Fg{ay 2oy, 200, 210

Y 255 Lsl, M
SANP =B [R Ty, )

SR Y, L =0 [2ULUM,1 )
FETCIL UM, L =S wAR
THBEXTT ) =Ry
MR T 2= [0 UL
PIVOT=ACTO UM, [0DLUM)
IF 42 IVaT) 160U, L26, 100D

SCLLE Fbp OETERAMIMNANT

PIVITLI=1 407
[FEASS(ILTERM) =01} 1630, 101 ), 1010
B ThwMEOE TRRR/

[SCALE= |SCALE+1

TEOARS (e Tekn =011 1u60,102.3, L1320



iaNaNel

s Ralel

laNaNel

Lo2a

1030
L Je0

L1062
1279

Lusg

1099
2000

2aln

330
340
350
353
350
370

aan,

EER
400
LY AY
434
&b
455
450
500
551)

600
6l
620
630
640
650
660
aTL
700
705
TL)
T40

APPENDIX D

OLTERM=ULTFRRM/ ]
FsCaLE=15CALE+]
GO T INeE)

TROAAS{NETERM)=R2 11043 1040,1060

DETLRM=DETEAMEA]
1SCALE=1SCALE-]

[F{AdSINETERMI-22)1050,1050, 1060

CETERF=NFTERMER]
[SCaLb=15CALE-]

TF(ASSIPTIVAITII-RLILOGG,107,1070

PIVITI=plyvaT I/R1
[SCALE=1SCALYF +1

FFIANSOPIVOT [I-RLII2U, LIR30, 108D

FIvRTE=2IVITT /R
FsCALE =TSCALE+]L
Gno T 320

TRLABSIPEVITII=R2212009, 2000320

PIVHTI=PIVOT =R
ISCALF=ISCALE-1

TECARSIPIviiT [1-2212010U,2013,320

PIVATI=PIVITI=K]
[5CALE=T5CALF~I

CFTERM=DETERMEP [VOT ]

OIVIOF PIVCT &0w Y PIVDT ELEMENT

AOYCOLUM, TEOLUMI=L .0
) 330 L=l N

A TCOLIMy L) =A{ECULUM, LY/PTVOT

[F(M) A5G0, 38, 360
T 3T L=1,M
NOTEDLU L) =R TCOLUMR,LI/PTV

HEFUCE sIN—PIVOT RGNS

11 el L1zl

TROLL=T00EUM] 4232, 35D, 400
T=AlL Ly TC UM
AlLLy[OFLUN) =0,

i 400 L=LyN

AlLLsl Y =a0L1yLI=ALICLLUM L)
[Fi™M) ©5u, 550, 400

1) 5389 L=i.™

SIL 1L =8Il yLI-BITCMILUM, L)
crp Tl

[STERCHAAGE COLUYLS

DT 3G T=leN

L=hel-T

7 CINDEXTL, Li=IN e (Lel)]
JRGW=TNICX AL 1)

JOOL M= ENQEX (L2}

M TY5 K=y N

SwAP=A(K yJi0iW)

ALKy JRUWI=A[Ky JCOLUM)
A{K, JCILUM)I=SHAP
CoamT[NUE

CUNT INUE

RETURN

END

nr

=T

£7

540,

710, 630
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APPENDIX E

STRAIN AND DISPLACEMENT TRANSDUCER LOCATIONS
ON TORSION SPECIMEN

Most torsion tests on tubular specimens are conducted with one or more strain
rosettes and four LVDT's or similar instruments for measuring rotation. In order to
keep user instructions at a minimum, a pattern for identifying the strain gages and
rosettes was selected. (See fig, 10} Starting with the first strain rosette and continuing
clockwise around the circumiference of the cylinder, the strain transducers are numbered
in monotonically increasing order. The first and last transducers in each rosette are
oriented at -45° and +459, respectively, to the longitudinal axis of the specimen, As
shown in figure 10, LVDT's number 1 and 2 measure displacements of radial arms at a
station near the rotated end of the tube (1 and &g) whereas LVDT's 3 and 4 measure
displacements 063 and &4, respectively, near the fixed end of the tube. Utilization of a
different pattern for identifying transducers will generally require changes in the program
in order to generate accurate and usable plots.
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1. Anon.:

Metric Practic Guide.

REFERENCE

E 380-72, Amer. Soc. Testing & Mater., June 1972.
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& TABLE [.- PROGRAM CAPABILITY
Case Specimen Test Plot on Y -axis Plot on X-axis Compute slope Compute tangent modulus
. P
1 Flat Compression o=3 €11 €95 + = €49 No No
or tension
2 Flat Compression o= % €11 €gs+ - = Eqg and Yes, for averaged | Yes, for averaged curve
or tension average of strains from up curve
to four gages
3 Flat Compression o= % Average of strains from up Yes Yes
or tension to four gages
; P
4 Tube Compression | ¢= oD, ~ht €1 €95+« -1 Eyg No No
or tension
5 Tube Compression | 0= 0 DP ot €1s€9y - - s fqg and Yes, for averaged | Yes, for averaged curve
or tension o average of strains from up curve
to four gages
6 Tube Compression o= mg_tﬁ Average of strains from up Yes Yes
or tension o to four gages
. 2T
T Tube Toersion T = €4, €0y = oy € No No
70D, - t)2t 1r "2 ' 18
8 Tube Torsion T = —-—-ZT—z— E1s €9y - + «» €18 and sum of Yes, for sum of Yes, for sum of absolute
TO.D. - <t absolute values from +45° absolute values values from 1459
gages in one rosette from +45° gages
gages
9 Tube Torsion T= 2T 5 Average of sum of absolute Yes Yes
m0.D. - )%t values from all £+45° gage
10 Tube Torsion T= __2T—2— Average of sum of absolute Yes, for averaged | Yes, for averaged
(0.D. - )=t values from all 459 gages strain curve stress -strain curve
and and and for torque-
- o 180(dq + g - O3 - B4) twist curve

2nRe




-

L _/

| |

Compression or Tension Compression or Tension
{F lat Specimen) (Tube Specimen)

~
-~
w3

i

Yorsion
(Tube Specimen}

Figure 1.- Specimen geometry for compression, tension, and torsion tests.
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//  INSTRUCTION CARD 3-6 (Second data set

TRUCTION CARD 1-4

SOURCE_PROGRAM —
CDC SYSTEM CONTROL CARDS

Figure 2.- Program BECKPLT deck setup.
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STRESS.MPA

PROBLEM 1 COMPRESSION TEST
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Figure 3.- Stress-strain plots developed from compression test on graphite-epoxy tube.
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PROBLEM 2 COMPRESSION TEST
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Figure 4.- Stress-strain plots developed from compression test on graphite-epoxy tube,
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1000 {— + + + :
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Figure 5.- Tangent-modulus—compressive-stress curve developed from
compression test on graphite-epoxy tube.
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STRESS . KSI
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STRAIN,MICRO IN/IN

Figure 6.- Average stress-strain curve developed from compression test on graphite-epoxy tube.
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Figure 7.- Shear-stress—shear-strain curve developed from torsion test on a graphite-epoxy tube.



F9

TORQUE . IN-LB

FR7 -

56800 T T T T T T T T T T T T T T T

5200 + + + + + + + + + + + + + + +
4g800— + + + + + + + + + + + + + + +
YyyQor— + + + + + + + + + + + + + + +

4000— + + + + + + + + + + + + + + +

3600

w
%)
]
=]
I

2800

na
=
o
(=]
I

2000

1600

f

1200

800

400—

| | i | | L | L | | { ! | i |
0 .0040 0080 L0120 0160 .0200 .0240 .02B0 .0320 .0360 -0400 .0##0 .0480 .DS20 .0560 0600
TWIST.DEG/IN

Figure 8.- Torque-twist curve for graphite-epoxy tube.
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Figure 9.- Shear-stress—shear-strain curve developed from torsion test on aluminum tube.
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Figure 10,- Overview of torsion specimen and identification of strain-gage
and LVDT numbering sequence.
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