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" "ABSTRACT

This report describes how a digital computer can be used for
the reduction of data obtained from residual stress measurements and
how residual stress and isostress diagrams can be plétted automatically

using a digital plotter.

The method for residual stress measurements used in this

report is the relaxation method of '"sectioning'.
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~'1. "INTRODUCTION

(1)

The method of "sectioning" as described elsewhere has
been used for years for residual stress measurements in structural
members. The 'sectioning method" is based on the principle that -
internal stresses in a material are relieved by sectioning a specimen
into many strips of small cross-section. The strain relieved is

measured with an extensometer and the stress is found by applying

Hooke's Law, assuming a completely elastic behavior.

The scope of the study described in this report was to
develop a set of computer programs which perform the reduction of
"data obtained by residual stress measurements and to furnish the user
with plotted residual stress and isostress diagrams of the residual

stress distribution.
The programs are written in FORTRAN IV.

Residual stress diagrams are plotted using a California -
Computing Company (CALCOMP) plotter available at the Lehigh University

Computing Center.

This is éccomplished by calling subroutines, which drive the
plotter. These subroutines are library subroutines of the Control

Data Corporation (CDC) 6400 computer system. The programs as listed
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in the appendix can be run only on computer systems which have these

plotter routines as library routines.
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" '2. 'DESCRIPTION OF PROGRAMS

2,1 GENERAL INFORMATION

Three programs have been developed:

PLOTRS.....reduces the data obtained from measurements before
and after sectioning or slicing and plots the
results using an electronic plotter. (Several
options of this program are described in detail
in Appendix 1 of this report.)

RSANA......computes the two-dimensional residual stress-
distribution from data reduced by PLOTRS, checks
for equilibrium and provides the input for PLOTIS.

PLOTIS.....plots an isostress diagram of the two-dimensional
residual stress-distribution.

The use of the program package is explained by the diagram in
Fig. 1. Thé specimen is first sectioned. The program PLOTRS reduces the
data obtained from measurements before and after sectioning and plots the
one-dimensional residual stress distribution (the distribution of residual

stress at the surfaces of the plate).

Next, a slicing procedure is performed. The program PLOTRS
is used again for reducing the extensometer readings before and after
slicing.  Program RSANA uses the computed residual stresses from the
sectioning and the slicing procedure to compute the twofdimensional
residual stress distribution (that is, the distribution of residual

stresses through the thickness and width of the plate).
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Program PLOTIS is then used to plot the isostress diagrams

of this distribution.

2.2 RESIDUAL STRESS DIAGRAMS

A sectioning procedure is performed in order to obtain a
residual stress diagram. In the method, a mechanical entensometer is

uéed:to measure the distance between two gauge points.

" The difference in readings before and after secticning gives
the relieved strain. To take into account the change in temperature
during the measurement, the readings are compared with a reference bar

after a set of readings has been taken.

To improve the accuracy of the measurements, three readings
are taken at every gauge point. Readings of the extensometer are

punched on cards and are the input for the program PLOTRS.

The analysis of these readings is performed by the computer
program., Residual stresses are calculated as follows:

1) Compute average of a set of 3 readings for a strip i :
(1)

where Atjare the initial readings of the extensometer (before sectioning).
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The average value of initial readings (§E?rii) on the reference
bar, which are taken after a certain number of readings; is computed
in the same manner.

In a similar way, average values of final readings (after

sectioning) will be computed as ﬁi and (REF Bi)'

2) Compute residual stresses:

o, - Err _FTY_(F _TFFR
ey = ¢ [(A; - REF A;) - (B, - REF B,) 1 (2)
where
.Qri = residual stress in strip i,
E = modulus of elasticity,
L = gauge length (10")

After performing this analysis the results are printed out,
togefher with the data. Subsequently, the result is checked if it
exceeds a limit which is specified in the input ( input variable MINY).
As soon as one value of residual stress exceeds MINY, an error message is
printed out and no plot is obtained. Otherwise the residual stress
distribution is plotted. Figure 2 shows a sample output. The program
PLOTRS has several options which also permit the application of this
program to shapes. In this case, plots of the component plates (flanges
and webs) are bbtained in one run and then placed around the shape.
Figure 2 shows part of a plot obtained for a box shape. In this case,

the plot consists of 4 diagrams for both flanges and both webs.
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The use of drumcard for ekact format can make the data card
preparation faster and more foolproof. The possibility of punching
data automatically by means of linear transducers is being studied(z).
In this case the extensometer will be connected with the keypunch by
an electronic device which transforms the readings and drives the

keypunch. At this stage, no manual recording, computation or plotting

will be needed.

2.3 TISOSTRESS DIAGRAMS

The specimen is cut further to obtain the variation of residual

stress through the thickness. This procedure as described elsewhere in

detail(s) is called "slicing",
From extensometer readings before and after slicing an additional
strain-velief (¢ ) is obtained by using the program PLOTRS. This

slicing
strain must be superimposed upon the strains from the sectioning to

obtain the total strain variation.

The residual stresses may be obtained from the relationship

Or =B ‘esectioning +,€slicing (8)

The computer program RSANA performs this operation for all

elements.® In addition an equilibrium check is made. A two-

* This program has been devéloped previously. The theory involved is

described in detail in Reference 3 pp. 12, 13.
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dimemsional residual stress distribution which is adjusted for

equilibrium is printed and punched out.

In order to show the two-dimensional residual stress
distribution in a plot, isostress diagrams have been used in some
reports(s’u). It is very tedious to prepare such a diagram by hand,
since the points of the isostress lines (lines of equal stress)

must be found graphically for every section along the width of the

plate.

The computer program PLOTIS performs this operation and uses

an electronic plotter to plot the isostress diagrams.

For the analysis the cross section of a plate is divided

into many small strips as shown in Fig. 3.

The residual stress distribution along a strip is found by
interpolating linearly. The residual stresses are assumed to be

constant across the thickness of one strip.

A subroutine is used to search along these strips for points
of equal stress interpolating linearly between two points of given

residual stress.
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The coordinates of these points are computed and plotted
to scale using a special plotter symbol. Since these points come very
close together, a line (of equal stress) can be seen. The beginning

and end of these lines are annotated with the value of residual stress.

A sample output of a plotted isostress diagram as it is
obtained by the electronic plotter is shown in Fig. 4. 1In this figure,
half of the cross section of a flame-cut and center-welded 24' x 2"

plate is shown.

Lines which lie close together on the flame-cut edge of the
plate show a steep stress gradient, whereas the lines at the middle
of the plate are far apart and indicate that the stress is nearly

uniform through the thickness. The lines are annotated in ksi.
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3. 'SUMMARY

The scope of the study presented here was to develop a set
of computer programs which reduce data obtained from residual stress
measurements. Three computer programs were developed which not only
perform all necessary computations for the reduction of data but also
furnish the user with automatic plots of the residual stress distribution.
It is very tedious and time-consuming to obtain such residual stress
distributions by hand. The isostress diagrams presented in some reports

took up to 48 working hours to prepare.

The use of a high speed and accurate digital computer saves
not only time but also money. To obtain an isostress diagram, such as
the one in Fig. 4, the user pays about $3.00. For the diagram in Fig.
2, the cost will be about $1.00. These prices are based on the current

rates at Lehigh University Computing Center, (1970).
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1) 'PROGRAM PLOTRS

The program PLOTRS has several options to make it suitable
for general use.

The options are:

1) Either a set of three readings or the average of these
readings can be punched on each data cardu'

2) The computed residual stress distribution can be punched
out,

3) The program can be run without obtaining a plot (the
values and location of stresses will be printed out only).

4) A residual stress distribution can be given as input

(no data reduction, only the plot).

In the data card setup the first ten cards contain information

about the required scale of plot, choice of options, and geometry of
the plate.

ThHen Y4 sets of data follow:

1) initial reading - upper surface

2) final reading

upper surface

3) initial reading - lower surface

4) final reading lower surface

Each set of data consists of the gauge readings in a format

specified below.
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At the end of each set, the readings on the reference bar

follow in consecutive order.

For each set of data described above, the readings on the

reference bar should be numbered starting with the number one.

For shapes, the residual stress diagrams of the component

plates are ontained in one run,

The data setup is the same as for plates except:
The data giving information about scale of plot and choice
of options are valid for all component plates. The data specifying the

geometry vary for each component plate and must be specified before each
Foernat  (F10.2)
four sets of data.

ONE MORE
CALD

SR f WML
ENA FLovo

N . R s I R
L Liwar e rany s 3 e8! {

FORMAT OF DATA-CARDS

CARD
NO.  FORMAT VARTABLE ~ REMARKS
1 (212) JSYM (I)  Numerical code of plotter

symbols to be used in the
plot for each surface of the
plate [see plotter manual,
otherwise use 3,1]

N

(3F10.0) SCALEX Scale factor of x-Axis (width -
‘ of the plate): 1 inch in plot =
SCALEX inches

SCALEY Scale factor of Y-Axis (stress
axis): 1 inch in plot = SCALEY ksi

MINY Minimum (= maximum negative value)
of residual stress (symmetrical
stress axis)
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CARD
NO FORMAT

VARTABLE

=19

REMARKS

3 (L.10)

4 (L10)

5 {L10)

6 (L10)

7 (12)

8 (A10)

9 (212)

AVARG

STRDAT

PNCH

NOPLT

NPLT

TEXTL.

Logical variable is TRUE if
the average of 3 readings is
punched on data cards [the
part of the program which
computes the average of a

set of readings will then be
deleted]

TRUE if the residual stress
distribution is given as
input ( no data reduction,
only plot)

TRUE if the computed residual
stress distribution is to be
punched out®

TRUE if plot is to be deleted

NUMBER of plots to be plotted
(for shapes: 1 plot for each
component plate)

Identification of plate Ffor
printed and plotted output.

Number of gauge points for
one surface of the plate
(also valid for the other
surface)

Number of readings on the
reference bar for one surface
of the plate (also valid for
the other surface)

% The residusl stress distribution will be punched out in Format F10.2
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-20
CARD
NO. FORMAT VARIABLE REMARKS
10 (80I1) L(I) String on integer numbers
indicating the layout of
gauge-holes (1=1/8", 2=2/8",
etc.,)*®
11 (A10) TEXT2 Identification to which surface

EXTENSOMETER READINGS

~ (A8,3I5,I2)

IPOSA(I)

IA (I,K)

LA(I)

of the plate the following data
belong.

Number of identification of
gauge point (if reference bar
reading: punch REF).

Set of 3 readings. Leave
columns for 2. and 3, reading
blank if average of these
readings is input.

Number of last reading on the
reference bar which was taken
before the gauge reading
punched on this data card.
(If reference bar reading:
number of reading on the
reference bar).

NOTE: IF A READING CAN NOT BE TAKEN, PUNCH IBDENTIFICATION OF GAUGE HOLE
' - AND LEAVE THE REST OF THE CARD BLANK. . .. . .. . . |

% The first integer number indicates the distance of the first gauge point

from the edge of the plate in 1/8".

distances between each gauge-point.

The following numbers indicate the

EXAMPLE: 123,..means the first gauge-hole is 1/8" from the edge. The
second gauge-hole is 2/8" from the first.

from the second, and so on.

The third gauge-hole is 3/8"
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FORMAT OF A GIVEN RESIDUAL STRESS DISTRIBUTION

TO BE PLOTTED (NO DATA REDUCTION)

(A3,F10.0,1I1) IPOSA (I) Identification of point.
STRESS (I) Residual stress at this point.

LA(I) Punch number one.

NOTE: 1IF POINT IS TO BE SKIPPED, PUNCH IDENTIFICATION AND LEAVE THE
REST OF THE CARD BLANK.
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2) PROGRAM RSANA

The input sequence and the format of the data cards are
summarized below. For input of RSU, RSL and RSSL the punched output

of program PLOTRS may be used

CARD o

NO FORMAT VARIABLE REMARKS

1 (I2,X,I2) K1 Number of gauge poinfs across
the width of the plate.

IE Number of gauge points across
© the thickness of the plate.

2 (A10) TEXTL )

f Text for identification
3 (A10) TEXT2  J
I (2F10.4) B Width of the plate in inches.
T Thickness of the plate

5 (12F5.2) DY (J) Dimension of finite area
elements across width of the plate
in inches (sectioning)

6 (6F8.8) DX (J) Dimension of finite area
elements across thickness of
the plate in inches (slicing)

7 (F10.2) RSU (J) Residual stress distribution

. after'sectioning' (upper surface)

8 (F10.2) RSL (J) Residual stress distribution
after'sectioning' (lower surface)

9 (F10.2) RSSL(I,J) Residual stress distribution

obtained from "slicing' the specimen.
First variation (I) across the
thickness of the plate. '
Input-sequence:

((RSSL(I,J), I=1,IE), J=1,K1)
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3)  PROGRAM PLOTIS

-23

The format for the input data is specified below. TFor choice

of the scale factors SCALEX and SCALEY the limitations of the plot area

must be considered.

The scale factors must be chosen so that the thickness

of the plate does not exceed 7" in the plot and the width of the plate

does not exceed 36" in the plot.

For input of the two-dimensional

residual stress distribution STR(I,K) the punched output obtained

from program RSANA can be used.

FORMAT OF DATA CARDS

CARD NO. FORMAT VARTABLE REMARKS
1 (A10) TEXTL Identification of plate (will
appear on plot)
2 (212,3r6.2) IEND Number of gauge points through
the thickness
NN Number of gauge points along
width of plate
B Thickness of plate in inches
SCALEX Scale factor in X-direction
(along plate-width)
SCALEY Scale factor in Y-~direction
(across thickness of plate)
3 (6F5.2) W (1) Lay-out of gauge points through
the thickness in inches.
u (212,F5.1) NMAX Minimum (=maximum negative value)

of stress-level.
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CARD NO.

..... FORMAT ..

~ VARIABLE

-2n

. REMARKS . .

(16A5)

(801I1)

(F8.2)

PMAX

INTE

TEXT(I)

JFORM(I)

STR(I,K)

Maximum value of stress-level
Interval in ksi

NOTE: isostress lines will be
drawn with an interval given by
INTE starting with NMAX and
terminating with PMAX.

Corresponding to the previous
values indicate Text or number
required to appear at both ends
of each isostress line. This
will allow to distinguish
between the different isostress
lines. Note that values must be
provided for all isostress lines
beginning with the one with
minimum stress level,

Array containing the distances
between the gauge-points in
longitudinal direction (1=1/8",
2=2/8", etc.; Limit=9) (Same as
for PLOTRS).

Two-dimensional residual stress
distribution. The first subscript
(I) varies along the length, the
second (K) through the thickness.
Input sequence:

((STR(I,K), I=1, NN), K=1, IEND)
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( sTART )

o
[ﬁead data of one

surface of plate

Compute RESIDUAL

STRESSES

Error
Message

Do same

surfaces

for both

Stress
within
range ?

Print out Input
and Result

Compute coordinates. of points
and Call plotter routlnes

to plot points -

Label Plot

End

Simplified Flowchart of Program "PLOTRS"
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( START )

\

READ:
DATA

v

COMPUTE RESIDUAL STRESS
DISTRIBUTION ACROSS THE
THICKNESS (LINEAR ASSUMPTION)

Y

COMPUTE SUM OF EXPERIMENTAL
RESIDUAL STRESS AFTER SECTIONING
AND SLICING (EQ. 3)

Y

CHECK EQUILIBRIUM OF RESIDUAL
STRESS AFTER SECTIONING & SLICING

y

ADJUST FOR EQUILIBRIUM RESIDUAL
STRESSES AFTER SECT. AND SLICING

Y

COMPUTE SUM OF EQUILIBRATED RESIDUAL STRESSES
AFTER SECTIONING AND SLICING (EQ. 3)

4

MAKE THE RATIO OF PART IN
TENSION AND PART IN COMPRESSION

Y

PRINT & PUNCH
RESULTS

v

END

Simplified Flowchart for Program "RSANA"
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<STARf)

b

READ DATA

PLOT CROSS SECTION OF PLAT

Y

DIVIDE PLATE INTO STRIPS OF
0.04 IN. THICKNESS AND
INTERPOLATE LINEARLY TO FIND
STRESS DISTRIBUTION ALONG IT.

=y

Do this for all
required stress
levels

SEARCH FOR POINTS WITH EQUAL
STRESS ALONG THESE STRIPS

Y

COMPUTE COORDINATES
OF POINTS

Y

PLOT POINTS OF EQUAL STRESS

Y

ANNOTATE END AND BEGINNING
OF LINES

-

LABEL PLOT

- Simplified Flowchart for Program "PLOTIS"

-28

{

Subroutine
CUT.
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PROGRAM PLATRS(IMPUT, TAPFS=INPUT,QUTPUT,TAPESG=0UTPUT,PLOT,TAPEQ]=F
1LOT s PUNCH)

P T T LI I R S Sy R Sy R I I TP R SR R TR T PRy g

PLOTRS RENUCES DATA 2RTATINED FROM RESIDUAL STRESS MEASSUREMENTS
AND FURNISHFS THE USSR WITH A PRINTED AND/OR PLOTTED AND/OR
PUNCHED 0QUT2UT OF THEZ RESIDUAL STRESS NISTRTIBUTION,

DEVELOPED AT LEHIGH UNIVERSITY, FRITZ LABDRATORY, JANUARY 1970
TESTED AT A CODC 6400 COMPUTER USING A CALCOMP PLOTTER,

NOTE,, THTIS PROGRAM CAN ONLY BE USED AT ABOVE MENTIONED SYSTEMS
SINGE FACH PLOTTZR HAS ITS OWN NRIVER ROUTINES,

P R LT R T Y I T T e T

DDV HDDHOIOOHOD

ODIMENSION I4(400,2), TRB(100,3), TAVA(180), TAVR(100), IREFA(10D), 1
1REFR(10), IPOSA(100), IPOSB(100), LA(100), LB(100), STRESS(100)
DIMENSTICN X (100), L(100), STR(100), JSYM(2)

INTEGER A

INTEGER TEXT1,TEXT2

REAL MINY

LOGITAL AVARG,STRDAT,PNCH,NOPLT

FIRST GENERAL INFORMATION AROUT GIVEN INPUT AND REQUIRED OUTPUT
IS RZAD IN

OO0

READ (5,34) JSYM

READ (5,38) SCALFX,SNALEY,MINY

READ (5,40) AVARG

READ (5,40) STRDAT

READ (5,40) PNCH

READ (5,40) NOPLT

READ (5,34) NPLT

NPLOT=0

START LOQP FOR EACH TOMPONENT PLATE
1 NPLOT=NPLOT+1

O

NEXT INFORMATION AROUT NUMBER OF HOLES,GAGE-HOLE DISTRIBUTION ETC.
FOLLOW

OOO0

READ (%,33%) TEXT1
READ (5,34) NyJ
A=N+1
READ (5,37) (L(I),T=1,A)
LOOP=0
C START LOOP FOR EACH SURFACE OF THE PLATE

2 READ (5,33) TEXT2
LOOP=L0O0OP+1
IF (STROAT)Y GO TO 8
M=N+J
IF (AVARG)Y GO 70O 3

INPUT OF GAGE-REODINGS - 3 READINGS

OO0

READ (5,;35) (IPOSAC(I) s (TA(I,K)4K=1,3),LACI),I=1,M)
READ (5,35) (TPOSB(I),; (IB{I,K),K=1,3),L8(I),TI=1,M)
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G0 TO &

INPUT OF GAGE READTNGS - AVERAGE OF 3 READINGS

DO

2 READ (5,39) (IPOSA(I),IAVA(I),LA(I),I=1,™)
REAN (5,393) (IPOSB(T),TAVS(I),LB(T),I=1,M)
GO TN 6

COMPUTE AVEIRAGE

OO0

4 DO 5 TI=1,M
TAVA(I) =(TA(T, 1) +IA(T,2)+TA(T,3))/3
5 TAVR(II=(TIR(T,1)+TR(T,2)+TR(I,3))/3

STNRE READINGS OF LAST GCARDS WHICH CONTAIN REFFERENCE PAR REANINGS
INTNH ARRAY IREFA AND IREFR RESPECTIVELY

3OO0

5 00 7 I=A,M

K=T=N

TREFA(K) =TAVA(I)
7. IREFA(K) =TAVE(T)

WRITE LABELS

OO0

8 WRITE (£,41)
WRITE (6,442)
WRITE (6€,43) TEXT1
WRITE (A4#h3) TEXT2
IF (STROAT) 6O TO 15
WRTTE (Hy41)
WRITE (6,44)

WRITE INPUT DATA (INTTIAL REAQINGS ) - TF POINT IS TN B8E SKIPPED
WRITE POSITION AND A MESSAGE = CAN NOT S8E MEASSURED

DGOO

DO 11 I=1,M
IF (LA(T).5G.0) GO TO 10
TF (AVARG) G2 TO 9
WRTTE (6,45) (IPNSACT)  (TA(I,K) ,K=1,3),LA(I) ,TAVA(T))
GO TO 11

9 WRITE (6,45) (IPOSACT),LACI),TAVA(T))

60 TO 11

10 WRITE (6,48) (IPOSA(T))

11 CONTINUE
WRITE (6,41)
WRITE (6,47)

WRITE TNRPUT DATA (FINAL READINGS)

OO

DO 14 I=1,M
IF (LD(T),5Q.0) GO 79 13
IF (AVARG) GO TO 12
WRTTE (&,45) (TPOSR(I)y(IB(I,K),;K=14,3),L8(I),IAVR(I))
GO TO 14
12 WRITE (6,45) (IPOSRB(TI,LLB(I),IAVB(I))
GO TO 14
13 WRTITE (6,48) (IPOSB(T))
14 CONTINUE
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GO TN 16

READ IN RESICUAL STRESS DISTRIBUTION IF NO DATA=-REDUCTTION SUT
ONLY PLOT IS REQUIRED

SO0

15 READ (5,35) (IPOSA(I),STRESS(I),LA(I),I=1,N)
16 WRITE (6,41)
WRTITE (6,449)

coMPyTeE RESICUAL STRESS

OO0

No 419 I=1,N

IF (STRDATY LB(I)=LAL(I)

IF (LA(T) eFEQa0s0R.LA(T)«FQALN) GO TO 18
IF (STRNDATY GO TO 17

LAR=LA(T)

LAR=LR(I)

TAVA(T) =TAVA(T)=-TREFA (LAR)
TAVR(T)=TAYR(I)-IREFR(LAR)
TAVA(I)=TAVA(T)-TIAVAR(T)
STRESS(I)=TAVA(I)*,03

WRITE RESIDUAL STRESS

OO0

WRITE (6,50) (IPOSA(I),TAVA(I),STRESS(I))
G0 T0 19

17 WRITE (6,51) (IPOSA(I),STRESS(I))
GO TO 19

18 WRITE (6443) (IPOSA(I))

19 CONTTNUE

COMPUTE Y=-VALUES OF PQINTS FOR PLOTTER AND STORE IN ARRAY
TF STRESS CAN NOT BE MEASURFED THE POINT IS NOT STORED IN THE ARRAY

[ e R Np)

I=10

20 T=I+1
IN=TN+1
TF (LA(T) EQ.0.0R.LB(I)EQL0) GO TO 21
STR{IN)=STRESS(I)
GO TQ 22
21 IN=IN=-1
22 IF (T.LT.N) GO TO 290

CHECK FCOR MAXIMUM

OO0

Do 23 I=1,1IN
IF (ABS(STR(I))GTW (~MINY)) GO TO 31
23 CONTINUE

COMPYTE THE X=-YALUES 0OF POINTS AND STORE IN ARRAY

TF PQINT SAN NOT BE MEASURED SKIP IT AND GO TO NEXT RPOINT

NOTE THAT IN THIS CASE THE VALUE TO BE STORED IN X IS THE
SUMMATION JF ALL DISTANCES BFTWEEZN POINTS UP TO THIS PARTICULAR
POINT

OO

I=0
IN=1N
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DO

QOO

[ ReNoRe]

OO0 9

(@]

O

O O

o Re]

09

24

25

26

28

-33

XM=0.,

XN=0 .

I=T+1

IN=TIN+1

IF (LAC(TI)W.EQe040R.LB(I)«FR.0) GO TO 25
XN=L (I)*¥0,125+XM+XN
X(IN)=XN

XM=10,

GO T0 286
XM=L(I)*D0.125+XM
IN=TN=-1

IF (T.LT4N) GO TO 24

WRITE COOROINATES OF POINTS

WRITS (6,41)
WRITE (5,52) (STR(I),X(I),I=1,IN)

PUNCHY RESINUAL STRFSS DISTRIBUTION IF REQUIRED

" IF (ONCH) PUNCH 53, (STR(I),I=1,IN)

IF (NOPLT) GO TO 30

STORE VALUES OF TIK1i AND DTICK INTO ARRAYS
(SEE PLOTTER MANUAL)

X(IN+1)=0.0

X({IN+2)=SCALEX

STROIN+1) =MINY

STROIN+2)=SCALFY

ISYM=JSYM(LCOP)

IF (LOOP.GT.1) GO TO 29

TF (NPLOT.GT.1) GO T2 28

A1=MINY/STALEY

A2 TS THE LENGTH OF THE STRESS=-AXIS

A2==2,%01

THF FOLLCWING STATFMENTS CALL SURBRQUTINES TO DRIVE THE PLOTTER
THESS SUBRAUTINES ART LTRRARY ROUTINES OF ABQVE MENTIONED SYSTEMS
REAUEST NUMRER OF PLATS

CALL PLTCONT (NPLT)

IORNTIFY PLOT

CALL NAMPLT

MOVE TO NTW QRIGTN WTTH PEN UP

CALL PLOT (000,5007‘?)

DRAW VERTISAL AXTS AND LABEL IT

CALL AXTS1 (0.0,A1,11HSTRESS(KSI),11,A2,90.0,MINY,SCALEY,20.,0)
PEN BACK TO NRIGIN .
CALL PLCT (DeN4,040,3)

DRAW HORTZONTAL AXTS WITHOUT LARELING IT

XA IS THFE LUNGTH OF THE AXIS

XA= (X (IN) +XM) /SCALFEX

CALL PLOT (XA,0.0,7)

PEN TO NEW JRIGIN

CALL PLOT (2.05A1,4-3)

LAREL 2LOT AND ASSIAGN MEANING TO PLOTTER SYMBOL 1

CALL SYMABL (Se03,0e5y0ek, TEXT1,0.,0,10)

SALL SYMBOL (1e051.0,041yTSYMy0,0,-1)

CALL SYMAOL (1.341.0,0,1,TEXT2,0,0,10)
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(] (9] 9 o0

OO

(]

29
30

31

9n
100

110
129

32

33
2L
35
36
37
33
39
49
41
42

43
by

45
L5
47

48
49
50
1
52
53
54

55

DRAW GCURVSE AND MAKE SYMBOL AT FEVERY POINT
CALL LINE (XySTRyINy1,1,ISYM)

IF (LOOP,LT42) GO TO 2

IF (NOPLT) GO TO 90

ASSTGN MEANING OF PLOTTER SYMBOL 2

CALL SYMBOL (14091e520413ISYMy0404-1)

CALL SYMBOL (143914590 e1,TEXT2,5040,10)

MOVE PEN JUT OF PLNT AREA AND ESTABLISH ORIGIN FOR NEXT PLOT
CALL PLOT (10.0,"&1"3)

GOTO NEXT COMPONFNT PLATE ( ONLY FOR SHAPES )
TF (NPLOTLLTWNPLT) GO TO 1

OTHERVISE TERMINATE 2LOT

CALL ENDPLT

GO TO 32

PRINT OUT FAROR MFSSAGES

NOTE.. JO3 WILL RF AJQORTED AFTER THIS MESSAGE IF PLOT IS REQUESTED
WRITE (6,54)

TF(.NCT.NOOLT) GOTO 100

IF(LOOP,LT.2) GOTO 2

IF (NPLCTLLTLNPLT) GO TO 1

6GOTO 32

IF (LOORLENL2) GOTO 110

IF(NPLOT.S5T.1) GOTO 120

CALL PLOT(104940,-3)

CALL ENDPLT

WRITE(H,55)

CALL EXTT

SORMAT (A19)

FORMAT (2I2)

FORMAT (A2,315,1I2)

FORMAT (A3,F10.0,1I1)

FORMAT (8911)

FORMAT (3F10.0)

FORMAT (A3,T5,10X,T12)

FORMAT (L10)

FORMAT (141)

FORMAT (8X, 43(1H*) /78X, 4RHRESIDUAL STRESS SVALUATION OF EXPERIMENTA
1L NATA*/8X,49(1H¥) /)

FORMAT (8X,12(1H¥*)/8X,1H¥*,A10,/8X%,12(1H*)/7/)

FORMAT (AX, 1SHINITIAL READING//3X,5H POS,5X,2HAL,5X,2HA2,5X,2HA3,
15X 3HREF 3 3X, 7HAVERAGS/ /)

FORMAT (10X,A3,27X,T1,6X,I4)

FORMAT (10X yA3,4X,2(TLy3X)yT4,5XyT1,6X,14)

FORMAT (/7/7/8%Xy16HAFTER SEOTIONING//8X,5H POS,5X,2HB145X424HR2,5X%,?
1HBZ,5X 3 3HREF , 33X, 7HAVERAGE//)

FORMAT (10X,03,54X,194CAN NOT BE MEASURED)

FORMAT (///8X,5H PNS,8X,6HSTRAIN,5X,6HSTRESS/)

FORMAT (19X,43,5%X,1I5,F13,2)

FORMAT (10X,A3,10X,F13,.2)

FORMAT (15X,2F10.2)

FORMAT (F10,2)

FORMAT(/1HD, 1aR¥¥*¥X¥EQROR TN DATA/1HN,356HSTRESSES PRINTED ANvVeE F
AXCEEN MAXTMUM SPENTFICD IN INPUT)

FORMAT(/1H0,20HJ0OR HAS RBFEN ABORTED)

ENN
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PROGRAM RSANACINPUT, TAPES=INPUT,0UTPUT,TAPES=0UTPUT ,PUNCH)
c

R R R R T Y Y

4
THIS PROGRAM IS USEN FOR ANLYSIS OF RESIODUAL STRESS MEASSUREMENTS
AFTER SECTTONING AMD SLICING .

THE RESULT IS A TWODTMENSIONAL RESIDUAL STRESS DISTRIBUTION

{ VARIATION OF RESINUAL STRESS THROUGH WIDTH AND THICKNESS OF A
BLATE ) WHICH IS CHETKED AND ADJUSTED FOR EQUILIBRIUM.

IN ADDITINN THIS PROGRAM COMPUTES THE RATIO OF AREA UNDER NEGATIVE
RESTRUAL STRESS.,

THIS PROGRAM IS VALIN ONLY FOR PLATES.
THE RESTDUAL STRFSS NISTRIBUTION OF ONLY HALF THE PLATE IS RERZIN
THFE OTHER HALF IS ASSUMED TO BE SYMMETRICAL.

P T L R T R Ry I T Ty

DOODHOITOOIIOHOHOOHIIID

DIMENSTICN DY(50), DX(10), Y(50), X(10), RSU(50), RSL(50), SRS(10,5
im

DIMENSION RSSL(10,425), SSL (10,500, RS1(10,50), A(10,50), SSRS(10,5
10)

COMMAN TO,N(50),K2,IE

IN=5

I10=6

READ NUMBSER OF POINTS TN LONGITUDINAL DIRECTION - Ki
READ NUMAER OF POINTS THROUGH THE THICKNESS - IE

(v o Re Ne]

READ (IN,15) Ki,TF
K2=2%K1

KK=K?2+1

WRITE (T0,18)

READ ANC PRINT TEXT FOR TDENTIFICATION

OO0

READ (IN,15) TEXT1
READ (IN,15) TEXT2
WRITE (IC,2M)

WRITE (T0,17) TEXT1
WRTTEZ (T0,17) TEXT?2

READ TN WINTH AND THICOKNFSS OF PLATE

OO0

READ (IN,37) 8,7
AREA=0%T

RTAD NIMENSION OF FLEMSNTS

IO O

READ (TN,40) (DY (J)yJ=1,K?2)
READ (IN,38) (NX(I),T=1,TF)
NOMPUTF AND PRINT X(T),Y(I) ( LAYOUT NF GAUGEHOLES )
u=n,
DN 1 J=1,K2
Y)Y =U+DY (Y /2.
1 U=su+nyY Jd)

[}
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(o Xe No Xw Ne)

OO0

DOHOO OO0

OO0

ODOO

-36

U=0.
no 2 TI=1,IE
X{I)=U+DX(I)/2,

2 U=U+0X (1)

WRITZ (I0,19)
WRITS (TQ,34) (Y(J)Y,J=1,K2)
WRITZ (IQy35) (X(I),I=1,IE)
WRITE (I0,19)

READ IN RESTDUAL STRESS DISTRIBUTION AFTER SECTIONING
RSU - UPPER SIDE
RSL - LOWER SIDE

READ (IN,39) (RSU(J),J=1,K2)
READ (IN,73) (RSL(J),J=1,K2)

COMPUTE AND PRINT RESTDUAL STRESS DISTRINRUTION ACROSS THE
THTINKNESS  ( LINFAR ASSUMPTION )

D0 3 J=1,K2

D0 3 T=1,1€
SRSA(T,J)I=(RSL{IJI=RSULINI ¥X(I) /T+RSU(J)
WRITE (10,21)

WRITFE (I0,22)

CALL QUT1 (SRS,K2)

READ TN RESTIDUAL STRESS AFTER SLICING
READ (IN,39) U((RSSL(T4J),I=1,1I5),J=1,K1)

INITTALTSATION OF RESTDUAL STRESSES AFTER SLICING IN THE RIGHT
PART OF THE PLATE

Do 4 J=1,«1
DO &4 I=1,IE

4 SSL(T,J)=RSSL(I,Jd)

DO 5 J=1,K1
L=KK=~J
Do 5 I=1,IE

5 SSL(T,L)=RSSL(I,,N

WRITE (IQ,18)
WRITE (10,23
CALL QUT (SSL,K2)

SUM OF ©XPIRIMENTAL RFESIDUAL STRESS AFTSR SECTIONING AND SLICING

DO 6 J=1,K2
DO 6 I=1,IF

6 RSA(TyJ)=SSLA(T,J)+SRS(I,J)

WRITE (I0,18)
WRITE (I0,24)
CALL OUT (RS1,K2)

COMPUTE AREA OF FINITE AREA ELEMENTS

00 7 J=1,K2
Do 7 I=1,1I%

7 A(T,, ) =DX(T)*DY (D)
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GOO0

OO0

QOO D

DDDHD

DOO

ip

11

13

=37

CHECK EAQUILIBRIUM OF RFESIDUAL STRESSES AND PRINT OUT THE
QUT=-0F=-EQUTILIARIUM STRESS DUE TO SECTIONING AND SLICING

RES1=0.

00 8 J=1,K2

DO 8 I=1,IE
RES1=RESLI+A(T,J)*SRS(T,N)
RES1=RES1/AREA

WRITE (10,18

WRITE (I0,25) RES1
RES2=0.

00 9 J=1,K1

D0 9 I=1,IF
RES2=RES2+A(T,J)¥*RSSLUII, D)
RES2=2,%RES2/AREA

WRITR (I0,26) RES2

ADJUST RESTRUAL STRESSES DUE TO SECTIONING AND SLICING FOR
FEOQUILIRRIUM

D0 11 J=1,K1

L=KK=J

00 10 I=1,If
SSRS(I,J)=(SRS(I,J) +SRS(I,L)) /2,
SSRS(T,4J)=SSRS(TI,J)~-RES1
RSSL(I,J)=RSSL(I,J)=RES?2
WRITE (I0,18)

WRITT (I0,27)

WRTTE (I0,2%9)

CALL GQUT (SSRS,K1})

WRITS (10,29

GALL 0OUT (RSSL,K1)

SUM OF ADJUSTED RESINDUAL STRESSES AFTER SECTIONING AND SLINING

DO 11 J=1,X1
no 11 1=1,TE
SSRE(I,J)=SSRS(T,J) +RSSL(TI,J)

PRINT AND PUNCH ADJUSTED RESTIDUAL STRESS DISTRIBUTION AFTER
SECTTONING AND SLICING

WRITE (T0,18)

WRITE (I0,3M

WRTTE (IC,31)

GALL CUT (SSRS, KD
no 12 I=1,IE

no 12 J=1,K1

PUNCH 36A, SSRS(I,J)

MAKE THE RATIO OF PART IN TENSION AND PART IN COMPRESSTON

SURF2=0,

DO 14 J=1,K1

no 14 I=1,1E

TF (SSRS(TyJ)=0e) 13,13,14
SURF2=SURF2+A(I,J)
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14 CONTTNUF
RATTN=SURF?/AREA
WRTTZ (T10,22)

WRITS (IC,33) RATIO
CALL FEXIT

()

16 FORMAT (I?,X,12)

16 FORMAT (A1Q)

17 FORMAT (1HN,4X,A10)

13 SORMAT (141)

13 FORMAT (140}

20 FORMAT (5X,32HRESIDUAL STRESS PATTERN ANALYSIS)

21 FORMAT (5X,574RESINUAL STRESSES AFTER COMPLETE SECTIONING(EXPERIME
INTALY)

22 FORMAT (5X,37HLINEAR VARIATION ACROSS THE THICKNESS/)

23 FORMAT (5X, 47HRESIDUAL STRESSES DUE TO SLICING (EXPERIMENTAL))

24 FORMAT (5X,67HSUM OF EXPERIMENTAL RESIDUAL STRESSES DUE TO SECTION
1ING AND SLICING/)

25 FORMAT (5X,57HOUT NF EQUILIBRIUM FOR RESTIDUAL STRESSES AFTER SECTI
LONING,F10.4392X3HKSI/)

26 FORMAT (5X,54HOUT OF EQUILIBRIUM FOR RESIDUAL STRESSES AFTER SLICI
INGyF40. 2y 2%,y 3HKST)

27 FORMAT (5X,40HEQUILTRRATE PATTERN OF RESIDUAL STRESSES)

28 FORMAT (5X,60HFOR SYMETRICAL PATTERN OF RESINUAL STRESSES AFTER SE
1CTIONING)

29 FOPMAT (1HD,5X,57HFOR SYMETRICAL PATTERN OF RESIDUAL STRESSES AFTE
1R SLICING)

30 FORMAT (/S5X,4HHSUM OF SYMETRICAL PATTERN OF RESIDUAL STRESSES)

31 FORMAT (5X,23HFOR EQUILIBRATE PATTERN)

32 FORMAT (//5X,44HRATIO OF AREA UNDER NEGATIVE RESIDUAL STRESS)

33 FORMAT (5X,1H=,F10.5)

34 FORMAT (1H ¥ Y{(JN)*,12F7.3)

35 FORMAT (LH % X(J)¥,12F7.3)

36 FORMAT (5F8,.2)

37 FORMAT (2F10.4)

38 FORMAT (6F3,3)

39 FORMAT (F10.2)

40 FORMAT (12F5,2)
END
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SUBROUTINE OQUT1 (RS,K)

N
c THIS SUBROUTINE TS USED 7O PRINT QUT A RESIDUAL STRESS
C DISTRIAUTION IN & PLATE
N
COMMNN TO4N(50),K2, 1%
NIMENSION RS(10,50)
D0 1 J=1,4K?2
1 N(J)Y=J
ENTRY OQUT
M=17
L=1
2 OTIF (KJLTeM) M=K
WRITZ (I0.4) (N{JY,J=L,M)
N0 R T=1,TE
3 WRTTE (I0y5) (RS(I,J),J=L,M)
TF (KJsLEM) RETURN
L=L+17
M=M+17
50 10 2
i
c

4 FORMAT (1H0,17177)
S FORMAT (1H ,17F7.2)
END
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ORAGRAM PLATIS(INPUT, TAPES=TNPUT,0UTRPUT,TAPES=0UTPUT,PLOT,
1TAPEAQ=FLOT)

Dy I Y RS P EPEE L R E R R PEER R PR PP PR ey

PURPNSE 0OF THIS PROGRAM IS T0O FIND POINTS OF EQUAL STRESS IN A TWD
DIMENSTONAL STRESS NTSTRTBUTION.

TYE GOORDINATES OF THESE POINTS WILL BT GOMPUTED AND PLOTTEN TO
SCALE USING A DIGITAL PLOTTER,

DEVELOPED AT LFHIGH UNIVFRSITY, FRITZ LABORATORY, JANUARY 1370
TESTED AT A CDC €400 COMPUTER,
PLOTS WERE MADE USING A CALCOMP PLOTTER.

NOTE.. THIS PROGRAM SAN ONLY BE USED AT ABOVE MENTIQONED SYSTEMS
SINCS EACH SYSTEM HAS ITS OWN PLOTTER ROUTINES.

P T Yy Y I ey P Py e TSI Y

QOO OIHIIDIHINHIOHAOIHIOD

COMMON Y,STRESS(100) 4,NN,XA(10),X(100) 4MI,JFORM(10D)
NIMENSION W (10), STR(100,10), A(10), X1(100), Y1(10M
INTEGER PMAX,TEXT1,TEXT(50)
REAL INTE
DELT=0.04
READ (5,13) TEXTHL _
READ (5,414) TENDyNN,B,SCALEX,SCALEY
JEND=TEND=-1
READ (5,15) (W(I),TI=1,IEMD)
READ (5,15) NMAX,PMAX,INTE
NMAX=NMAX+1
ME=NMAX+PMAX
READ (5,17) (TEXT{I),I=1,ME)
READ (5,18) (JFORM(TI) 4I=1,NN)
READ (5,19) ((STR(T4K) 3I=1,NN),K=1,ITND)
WRITE (6,20)
WRITE (£,21) ((STR(I,K),K=1,TEND),I=1,NN)
c COMPUTE X-VALUES OF GAUGE POINTS
AX=0
D0 1 K=1,NN
AX=AX+JFORM(K) ¥0.,125
1 X(X)=AX
G LAYOUT OF GAUGE POINTS THROUGH THE THICKNESS
AB=0
D0 2 K=1,IEND
AR=AR+W (K)
2 A(K)=AR
N=0

OO0

BEGIN WITH LOOP ( ALL STRESS LEVELS )

3 N=N+1
MM=N-NMAX
Y IS THE VALUE OF STRESSLEVEL
Y=MM*INTE
M=0
DIVINE PLATE THICKNESS INTO STRIPS OF .04 INCHES AND INTERPOLATE
LINTARLY TO FIND STRESSDISTRIBUTION ALONG IT

(9]

[o N e
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o]

o

OO QOO0

o

O

(o N o Rw]

~N Oy

10

i1

-41

N0 7 MA=1,JEND

MEND=W(MA+1) /DFLT+1.

No 6 MF=1,MEND

DO 4 I=1,NN
STRESS(T)=STR(IyMA) = (MF~-1) /W(MA+1) ¥*DELT*(STR(IyMA) =STR(I,MA+1))
GONTTNUE

CALL SUBROUTINE TO SZARCH FOR POINTS OF EQUAL STRESS ALONG STRIP
caLL Curt

IF (MALEQe1 ANDJMF,EN,1) MI1=MI

COORDINATES OF POIMTS ARF STORED INTO ARRAY X1(M) AND Y1 (M)
IF (MILEQ.0) GO TD 6

00 5 K=1,MI

M=M+1

X1 (M) =X4(K)

Y1(M)=A(MA) +(MF=-1) ¥*DELT

CONTINUE

CONTINUE

ITEXT=TEXT(N)

IF (N.GT.1) GO TO 8

SCALE VALUES OF B AND AX

R=B/SCALEY

AX=AX/SCALEX

THE FOLLOWING STATFMENTS CALL SUBROUTINES TO DRIVE THE PLOTTER
THESE SURRIDUTINES ARRK LIRRARY ROUTINES OF ARBQOVE MENTIONED SYSTEMS

IDTNTIFY PLOT

CALL NAMPLT

NRAW BOUNDARIES OF PLATE

ORIGIN IS ESTABLISHED ON THE LOWER LEFT CORNER
CALL PLOT (0.N5240,-3)

CALL PLOT (0.0498,2)

CALL PLOT (AX,8,2)

CALL PLOT (0.0,0.043)

CALL PLOT (AX,04042)

STORE SCALE-FACTORS INTQ ARRAY ( SEE PLOTTER MANUAL )
TF (M,EQ.0) GO 7O 12

X1(M+1)=04.0

X1 (M+2) =SCALEX

YL(M+1) =010

Y1(M+2) =SCALEY

PLOT POINTS USING SPECIAL PLOTTER SYMBOL 2
CALL LINE (X1,Y1,My1,-1,2)

LARFL FACH LINF WITH VALUE IN KSI

LARFL REGINNING OF LINES
IF (MI1,272.0) GO 7O 10
NC=1

Y11=Y1(NC) =03
X11=X1(ND

TALL SYMRAOL (X11,Y11,0.06,ITEXTy30.043)
NC=MT+1

IF (NCJL7eMIL) GO TO 9
LAREL END 7F LINES

TF (MI.EQ.7) GO TO 12
NG=1

YL1=Y1 (M=NCY+0,.2
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X11=X1 (M=NG)
CALL SYMROL (X11,Y11,0.06,ITEXT,9040,3)
NC=NT+1
TF (NC.LZ.MI-1) GO T0 11
12 TF (N.LT.MS) 6O TO 3

OO

(]

END OF LOOP ( ALL STRESS LEVELS )

CALL SYMAJL (0409-143,0e4,TEXT1,0.0,10)
MOVE PEN OUT OF PLQOT ARER

AX=AX+1.,

CALL ENT=LTY

CALL EXIT

13 FORMAT (A1)

14 FORMAT (2T12,3F6,2)

15 FORMAT (5F5,2)

16 FOPMAT (?212,75,1)

17 FoeMaT (1545)

18 FOSMAT (3111)

19 FORMAT (FR,2)

20 FORMAT (1H1)

21 FORMAT (1H0,20X,5F10,2)
ENN
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SUBRDUTINE SUT
C

okl R e e R P R Y]

CUT SEARCHES FOR POINTS OF EQUAL STRESS ALONG A SMALL STRIP,
INTERPOLATING LINEARLY BETWFEN TWO POINTS OF GIVEN STRESS,

THIS PRORBRLEM IS PRACTICALLY THE SAME AS T0O FIND THE INTERSECTION
POTNTS OF A LINE Y=CONST, WITH A POLYNOMIAL.

THE COORDINATES OF THE POINTS ARE STORED IN AN ARRAY CALLED XA

P P R R B R g R R R Y  t L LT RSy R Ty R S ]

QOO OOHOOO

COMMON Y,STRESS(L10N0) pNNyXA(10) 9X(100) ¢yMI,JFORM(100)
DIMENSICN TA{100)
K=0
1 K=K+1
M=
IF (Y) 253,53
2 M=-1
G0 T 4
3 M=1
4 IF (M*STRESS(K)=M¥Y) B5,45,7
5 TA(K)=XK
G0 TO 16
6 IF (KeLT,NN) GO TO 15
GO TN 17
7 IF (K EQe1) GO TO 12
TF (M*STRFSS{K)-M¥*STRFESS(K=1)) 10,8,8
8 IF (M¥STRESS(K-1)=-M*Y) 9,10,10
9 JTA(K)=K=1
TA(K=1)=K=1
Go TN 11
10 TA(K)Y=0
11 TF (XK.EQNN) GO TO 17
12 IF (M¥STRESS(K)=M*STRESS(K+1)) 15,13,13
13 IF {M®STRESS{K+1)-M*Y) 414,15,15
14 TA(K)=K
GO TO 1
15 TA(K) =1
16 0 7O 1
17 MI=D
NNF=NN=-1
NO 24 MK=14NNF
IT=TA(MK)
TF (1T7.FQ.0) GO TO 24
MT=MT+1
TF (STRFSS(TII)) 18,19,;19
19 M=-1
G0 TO 20
19 M=4
20 IF (M¥XSTRESS(TT+1)=-M¥STRESS(II)) 22,23,21
21 XA(MI)=X(IT)+JFORM(IT+1)¥0,125%(Y=STRESS(II) )/ (STRESS(II+1) -
1STRFSS(IIN
G0 TO 24
22 XA(MT)=X(II)+JFORM(IT+4)*¥N125%(STRESS(IT)=Y)/(STRESS(II)~-
1STRESS(II+1))
GO TO 24
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23 XA(MT)Y=X(ID)
24 CONTINUE
RETURN
END

by
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