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ABSTRACT 

This report describes a computer program which can be used to 
calculate the cross sectional residual stress distribution and 
the effective compressive stress-strain relationship of a cold 
formed structural member. The program is user oriented and 

requires input of only basic geometry and base metal stress-strain 
data. The program is general as to the shape of the cross 
section that may be analyzed. It accounts for inelastic material 
behavior during initial bending and daring springhack. Strain 
hardening and unequal compressive and tensile material stress- 
strain relationships are included in the analysis. Material 
properties are homogeneous and isotropic within the individual 
elements. However, they may vary from element to element. The 
Bauschinger Effect can be accounted for by utilizing non- 
dimensional experimental data or theoretical formulations. These 
different methods may be inserted in the program in modular 
fashion. The program can analyze the forming process as an 
operation consisting of up to ten individual bends. Graphs are 
presented that show close agreement between the program pre¬ 
dictions and limited experimental results. 

ADMINISTRATIVE INFORMATION 

Work on this program was initially funded under in-house Independent 

Research Program, Tas< Area FR 0230301. Work was completed under Task' 

Area SF 43.422.502 and Work Unit 1-1720-555. 

PROGRAM ASSOMPTIONS 

1. The behavior of a structural member may be described completely, 

on a macroscopic scale, by means of its stress to strain relationship. 

2. Each longitudinal fiber of the structural member is subjected to 

uniaxial strain during the cold rolling process. 

3. The structural member is initially straight, but may have 

initial residual stresses in the direction of its longitudinal axis. 

4. The material is homogeneous and isotropic within an element. 

Stress-strain properties may vary from element to element. 

1 
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5. Plane cross sections remain plane after deformation. 

6. The cross section Is symmetric about a plane through the center 

of curvature and the center of gravity of cross section of the member. 

7. The material may have different tensile and compressive 

engineering stress-strain curves. However, the portions of the curves 

about their respective proportional limits are about the same shape. 

Young's modulus is the same for both the tensile and compressive base 

metal curves. 

8. Stress increases monotonically with strain. 

9. The Bauschinger Effect may be represented for a given family 

of materials by one set of nondimensionalized experimental data. 

10. Material unloading is linear elastic until the zero stress, state 

is reached. If r^/erse loading occurs material behavior becomes nonlinear 

11. Shear deformation which occurs in the rolling process is not 

considered. 

PROGRAM FEATURES 

1. Analysis of many different cross sectional shapes is possible. 

2. Material behavior is characterized by its actual engineering 

stress-strain curve. 

3. Different compressive and tensile stress-strain relationships 

are allowed. Different base metal stress-strain curves may be input for 

each element. This allows for different base plates used in the cross 

section aid for weld material that may be present. 

A. Inelastic material behavior is taken in account on the initial 

bend and on subsequent springback. 

5. The section neutral axis shifts during bending and during 

springback. 





stress. A graphical representation of the stress components of this 

process is shown in Figure 1. A typical theoretical residual stress 

distribution for a cold rolled plate is given in Figure 2a; one for a 

typical cold formed tee section, in Figure 2b. As can be seen from 

Figure 2, the residual stress distributions of the cold rolled plate 

and the cold formed tee section are in equilibrium when the complete 

cross section is considered. However, local areas, such as the flange 

of a tee section, may exhibit unbalanced stresses. 

The determination of an effective stress-strain relationship depends 

on the calculation of residual stress distribution in the cross section 

of structural element. In the past this calculation could be performed 

only after simplifying assumptions had been made. One assumption has 

been that the material behaves in an elastic-perfectly plastic manner as 

shown in Figure 3. A related assumption is the absence of the Bauschinger 

Effect. This phenomena is an apparent loss in the proportional limit 

stress in one direction of loading after the material has been loaded 

plastically in the opposite direction. The assumption elastic-perfectly 

plastic material behavior ignores an apparent strengthening, known as 

strain hardening, which may occur at high strains in materials which can 

develop increased stress with increasing strain in the plastic region. 

This assumption also incorrectly places the proportional limit at the 

0.2 percent offset yield point. The exclusion of the Bauschinger Effect 

from an analysis of cold forming strength decreases the accuracy of the 

analysis for many important structural materials. Figure 4 shows the 

Bauschinger Effect on a uniaxial compression specimen of high strength 

steel with tensile prestrain. The reduction in the compressive pro¬ 

portional limit is obvious. 

DISCUSSION 

fhe need for a method to accurately predict the effect of stress-strain 

curve of a cold rolled structural component was discussed in the Intro¬ 

duction. Theoretical prediction for cold rolled plates is available, but 





restriction and does not affect results of a plateau type material. A 

sufficient number of points must be included to adequately describe the 

shape of the stress-strain curve. Points should be concentrated In the 

most curvilinear section of the curve. Up to fifty points are allowed 

for the base metal compressive curves. Young's modulus is calculated 

from these curves. The tensile base metal curves are calculated from the 

compressive as a means of facilitating data input. A percentage 

-eduction factor Is read and used to calculate stresses for the tensile 

curves. Strains for the tensile curves are computed by the following 

equation 

E C 
tens! le comp * comp 

where Rf is the Input reduction factor and E is the Young's modulus of 

the curve. 

The program accounts for Inelastic material behavior on the Initial 

bend and on sprlngback. The neutral axis Is shifted on the initial bend 

and on sprlngback. Any longitudinal residual stresses that are present 

when the member is straight may be Included in the analysis. Additionally, 

in multibend analysis, residual stress and inelastic effects from each 

bend are accounted for, and are cumulative. 

The Bauschinger Effect is considered both in sprlngback and in final 

compression phase which determines the material effective stress—strain 

curve. The user has the option of using hardening rules based on experi¬ 

mental tests or on theoretical considerations. Experimental hardening 

rules presently included in the program are based on nondimensional 

uniaxial tests results of high strength steel. Data for curvilinear 

stress-strain material was generated at DTNSRDC. Data for plateau 

material specimens was taken from the literature. In those tests 

O'Brien, C.M., "An Investigation to Show the Magnitude and Sig¬ 

nificance of the Bauschinger Effect in Submarine Hull Plating," Masters 

Thesis at the Massachusetts Institute of Technology, May 1963. 
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various specimens prestrained a certain amount in tension or com¬ 

pression. Then loading is reversed and the load-deflection curves 

recorded. The various prestrained stress-strain curves are ob¬ 

tained and are nondimentionalized by dividing the stress at a given 

strain by the base metal stress at the same strain. Figure 7 demon¬ 

strates the effect of different amounts of prestrain. To non- 

dimensionalize the data, the procedure described below is followed. 

Firstly, an arbitrary strain is selected and the corresponding 

stress on each curve is determined. Thet,e stresses are then divided 

by the corresponding stress from the base metal curve. These ratios and 

the selected strains constitute nondimensionalized stress-strain curves 

from which experimental hardening rules are derived. 

This process enables the use of one set of nondimensional data for 

many materials that obey the same hardening rules but that have different 

stress to strain relationships. The experimental data feature has the 

advantage of defining hardening rules for materials that may not follow 

theoretical rules. If the program is used to analyze a member made of 

material other than high strength steel, the user should determine if the 

rules defining the Bauschinger Effect are suitable to that material. 

Different rules, both theoretical and experimental, may be added by 

simply writing an appropriate subroutine. 

The theoretical hardening rule is a combination of the isotopic and 

kinematic rule and is set up as follows. The maximum difference be¬ 

tween the curve suffering the Bauschinger Effect and the base metal curve 

is calculated. According to the kinematic hardening rule, this difference 

always occurs at the proportional limit and acts to reduce the pro¬ 

portional limit. It is multiplied by a factor whose default value is 

1.0. According to the isotropic hardening rule, the Bauschinger Effect 

acts to increase the ultimate limit stress. This increase is defined 

as the maximum difference calculated at the proportional limit multiplied 

by a factor whose default value is zero. All points on the curve between 

the proportional limit and the ultimate limit are adjusted by an amount 

Mendelson, A., 
Company, 1968. 

"Plasticity: Theory and Application," MacMillan 
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calculated by linear interpolation. Thus the curve suffers the maximum 

loss of strength near the proportional limit and may actually increase in 

strength at the ultimate limit. The calculations are made according to 

the following equations. 

A c 
max PLI )/E 

Ä £ A Emax (eiA- CPLA^CuA “ CPLA^ * FUL 

A Emax ^EuA ” EiA^^EuA ~ EPLA^ * FpL 

A o - A e * E 

where 

A c 
max 

o 
I 

o 
PLI 

E 

A e 

e 
iA 

A 0 

is the maximum strain difference 

is the stress that occurred in the initial direction 
of loading 

is the proportional limit stress in the initial 
direction of loading 

is the Young's modulus 

is the strain difference between the base metal curve 
and the affected curve 

is the ultimate limit strain in the reversed direction 
of loading 

is the proportional limit strain in the reversed direction 
of loading 

is the applied strain on the base metal curve in the 
reversed direction of loading 

is the stress difference between the base metal curve 
in the reversed direction of loading and the affected 
curve 

is the proportional limiv reduction factor which is 
user supplied 

is the ultimate limit increase factor which is user 
supplied 
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Figure 8 shows the effect of the two curve fitting parameters on the 

shape of the predicted stress-strain curve of structural member made 

of high strength steel with a plateau type base metal stress-strain 

curve. These parameters are Input by the user and may vary with a 

change In geometry of the section or a change In material. 

Output Includes the residual stress pattern due to the cold form¬ 

ing process and an effective stress-strain curve that Incorporates the 

effects of residual and the Bauschlnger Effect with strain hardening. 

Also, a set of curves is available for a segmented tee cross section. 

Here the weu is divided Into three equal area segments and an effective 

stress-strain curve produced for each. A fourth curve Is produced 

that represents the effective flange strength. 

PROGRAM PROCEDURE 

DEFINITIONS (All "Y" distances and radii are measured to the Inner¬ 

most fiber of the structural member) 

A(I) element cross sectional area 

C change in curvature due to bending 

CSB change In curvature due to springback 

R fully bent radius 

E Young's modulus 

RF final radius after springback 

Y(I) distance to centroid of element "I" 

Yq neutral axis after bending prior to springback 

Ygg neutral axis after springback 

c(I) residual stress in element "I" 

0g(I) stress due to bending 

e(I) strain due to C 

esB(I) strain due to Csß 

For any given bend in a multibend analysis or for a single-bend 

analysis the procedure of the program is as follows. 

9 
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Define change in curvature due to current bend after selecting 

an arbitrary value for Y and R 
o 

c - 1.0/ÍR + Yo) - 1.0/(Rp + YSBp) 

where Rp and Ysßp are the radius and neutral axis location of the 

previous bend. On the first bend Rp is infinite for an initially 

straight member and thus the second term goes to zero. Next elementai 

strains due to the change in curvature are defined. 

e(I) - C * (Y(I) - Y ) + o (I)/E 
o i 

Stresses are now developed for each element by applying the strain 

to the appropriate element stress-strain curve. Each element has two 

stress-strain curves associated with it. One is compressive; the other, 

tensile. Once the stresses are obtained, forces are calculated and 

equilibrium checked. If the sum of forces in the cross section is not 

small compared to the average of the absolute values of the tensile and 

compressive forces then a new Yq is selected and the above procedure 

repeated. The applied moment necessary to bend to the chocen radius Is 

computed by summation of elemental moments. The strain in each element 

due to bending of the structural member is now known for the current 

value of the fully bent radius. This strain may be thought of as pre¬ 

strain. Modified stress-strain curves are generated for each element. 

If the strains are elastic no change is made in the element curves. 

Otherwise the curves are changed according to the hardening rule used. 

The next step is chose an arbitrary value for Y , the spring- 
ï) D 

back neutral axis. The change In curvature due to springback, C , 
SB 

is then defined, 

CSB * 1.0/(R + Yo) - 1.0/(RF + Ysb) 

Elastic springback strains are computed next 

'sb'1» - CSB * (YSB - Y(I» 

10 



Stresses are then obtained from stress-strain curves previously 

modified for the Bauschlnger Effect and strain hardening. These stresses 

are due to springback only. The total strain after sprlngback Is then 

calculated as follows. See Figure 9. 

•t ■ 'SB - VI)/E 
This strain Is then used to calculate the final residual stress distri¬ 

bution due to bending plus sprlngback. Forces and moments are then cal¬ 

culated and equilibrium conditions checked. If force equilibrium con¬ 

ditions are satisfied then the Y assumed is correct. If not, a new 
SB 

ysb 1s chosen and the springback computations repeated. Moment 

equilibrium Is checked once is correct. If moment equilibrium is 

satisfied the next bend Is analyzed using the residual stress distri¬ 

bution and modified element stress-strain curves and initial conditions. 

If the last bend has been analyzed, the effective stress-strain curve for 

the cross section Is developed. 

The effective stress-strain is developed from the final residual 

stress distribution and the modified element stress-strain curves. A 

strain is applied to each element and its stress response is calculated. 

This stress Is then weighed by the ratio of the area of the element to 

that of the total section. These weighted stresses are then integrated 

over the cross section to give an effective stress that corresponds to 

the applied strain. A flow chart of the program logic follows. 

EXPERIMENTAL WORK 

Experimental data needed to evaluate predictions of the program 

is extremely limited as far as the effect of the cold forming process 

on the effective stress-strain curve of a structural component is 

concerned. Such data presented in this report consists of effective 

stress-strain curves of tee sections made of high strength steel. 

11 
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One stiffener is made of material that has a plateau stress-strain curve 

while that of the other is curvilinear. Additionally, data is available 

on he residual stress distribution in a cold formed tee as shown in 

Figure 10. The tee was made of high strength steel with a curvilinear 

stress-strain curve. Experimental data was obtained by hole drilling 

and slicing techniques. This data provdes a check on the calculated 

residual stress distribution. Accuracy in this calculation is necessary 

for accuracy in the subsequent calculation of an effective stress-strain 

curve. The agreement is very good, especially in the web area which 

constitutes the upper eighty percent of the figure. Agreement in the 

flange area is also good. However, difficulties arise in obtaining ex¬ 

perimental measurements of stresses in the flange and flange-web inter¬ 

section.. High stress gradients hinder the hole drilling and slicing 

methods to a large extent. Slicing is also hampered by geometry of the 

of the cross section near the veb-Pange intersection. 

The experimental effective stress-strain curves were obtained 

from uniaxial specimens of tee cross section shown in Figure 11. These 

specimens were cut from straightened segments of external tee ring 

stiffeners. When a curved external tee section is straightened a 

strain distribution results which is similar to that of a cold formed 

internal tee stiffener. This also removes the possibility of local 

buckling of the web during straightening. The original external ring 

stiffener was machined from base metal plate. This produces a stress 

free ring without heat treatment which may affect material properties. 

It should be noted that on bending of structural members an elastic 

core is developed. This is the area of the cross section which remains 

elastic and in which the neutral axis of the member is located. For the 

particular geometries presented the elastic core is calculated to be 

totally in the flange. Other cross sections may develop the elastic 

core outside the flange and such cases should be investigated. 

Figure 12 shows the experimental effective stress-strain curve and 

the base metal compression plateau stress-strain curve of the tee 

13 
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section. The reduction in proportional limit is approximately 

fifty five percent. Also shown is a predicted curve usinR the 

kinematic-isotroptic hardening rule. The coefficient of ultimate 

limit increase and the coefficient of proportional limit reduction 

are equal to 2.0. These numbers were obtained by a trial and error 

process. To use this hardening rule effectively, one must be able to 

determine the coefficients more easily. Figure 13 is essentially the 

same plot as Figure 12 except the predicted effective stress-strain 

curve has been calculated using experimental hardening rules. Agree¬ 

ment is within five percent. The predicted curve is lower than the 

experimental one. This may be the result of the nondimensional data 

used for the plateau hardening rule. This data exhibits a severe 

reduction in strength at high strain rates. The comparison of theo¬ 

retical and experimental results for a high strength steel with a 

curvilinear stress-strain curve does not exhibit the five percent dis¬ 

crepancy of the plateau type material. 

Figure 14 shows the base metal stress-strain curve and the ex¬ 

perimental effective stress-strain curve of the second tee section. 

This work was conducted by Rond at DTNSRDC. Observe the base metal 

curve above the proportional limit is curvilinear rather than plateau 

in nature. The reduction in the proportional limit stress is approxi¬ 

mately sixty percent. Also shown is the predicted effective stress- 

strain curve using experimental hardening rules. Agreement is within 

two percent. The kinematic isotropic hardening rule is not shown be¬ 

cause it depends on trial and error determination of two necessary 

constants. 

FUTURE WORK 

The program documented herein gives the designer an inexpensive 

and easily used tool not available in the past. However, the program 

in its present state is limited in the scope of its validation and 

14 



experimental hardening data. The limitations are both on the number of 

data available to the program and in fact that the data available repre¬ 

sent only one loading cycle. Data should be collected to provide more 

detailed information on material response in the range of 0.1 percent to 

2.0 percent prestrain. This data should represent a loading history 

that is cyclic in nature. 

The experimental data used to asses the program's accuracy is limited 

to one residual stress distribution and two effective stress-strain curves. 

More data of this nature should be generated for different cross sections 

and materials. 

There is some experimental indication* that, due to the mechanics of 

the rolling process, the state of strain in a flanged structural member, 

does not follow the assumption of planes before deformation remaining plane 

after deformation. This is not unexpected but should be investigated. 

Also, the effect of shear deformation normally present in the rolling 

process should be investigated. 

! 
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Figure 2a - Typical Residual Stress Pattern for a Cold Rolled Plate 

Figure 2b - Typical Residua) Stress Pattern for a Cold Formed Tee Section 

Figure 2 - Typical Residual Stress Patterns 
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BASE METAL UNIAXIAL CURVE 

Figure 1 - Stress-Strain Curve of an Elastlc-Perfectly Plastic Material 

Figure 4 - Bauschinger Effect in a Uniaxial Specimen of High 
Strength Steel 



■I- C G. 

CENTER OF 
CURVATURE 

I 
CENTER 

OF 
CURVATURE 

CENTER OF 
+ CURVATURE 

ALLOWABLE NOT ALLOWABLE 

Figure 5 - Restrictions on Cross Sections that may be Analyzed 
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Figure 6 - Cross Section Geometry Options 
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Figure 7 - Representation of the Effect of Prestrain on the 
Effective Stress-Strain Curve 



S
T

R
E

S
S
 

B
A

S
E
 

M
E

T
A

L
 

P
R

O
P

O
R

T
IO

N
A

L
 

L
IM

IT
 
S

T
R

E
S

S
 

0 004 0.008 0 012 0 016 
STRAIN 

0 020 0 024 0 028 
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eT(ll - eSB(l) - o(l)/E 

WHERE: 

eT(l) IS TOTAL ELEMENT 
STRAIN 

6SB(0 IS THE STRAIN 
DUE TO SPRINGBACK 

o(U IS THE STRESS DUE 
TO BENDING 

E IS YOUNG'S MODULUS 

Figure 9 - Element Strain due to Bending and Springback 
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Figure 10 - Residual Stress Distribution in a Cold-Formed 
Tee Section 
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Figure 11 - Strain Gage Locations on Uniaxial Cold-Formed Tee 
Section Specimens 

25 

M 
......- ririKUtti 



S
T

R
E

S
S

/B
A

S
E
 
M

E
T

A
L
 P

R
O

P
O

R
T

IO
N

A
L
 
L
IM

IT
 S

T
R

E
S

S
 

STRAIN (CM/CM) 

Figure 12 - Effective Stress-Strain Curve of a Cold Rolled Tee 
Section of Material that has a Plateau Stress-Strain 
Curve using the Kinematic-Iostropic Hardening Rule 
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Figure 13 - Effective Stress-Strain Curve of a Cold Rolied Tee 
Section of Material that has a Plateau Stress-Strain 

Curve using Experimental Hardening Rule 
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Figure 14 - Effective Stress-Strain Curve of a Cold Formed Tee 
Section of Material that has a Curvilinear Stress-Strain 

Curve using Experimentai Hardening Rule 
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APPENDIX A 

INPUT DESCRIPTION, SAMPLE PROBLEM AND OUTPUT 

Input to the program consists of basic geometry, certain Indices and 

base metal compressive stress-strain curves. The following text gives a 

complete description of data formats and options. All variables are 

listed in the order in which they should appear, and the format or field 

in which they appear is given. If the parameter is an integer value and 

has to be right justified, the letter "R" will appear in the format or 

field specification. 

CARD SET PARAMETER (FIELD) AND DESCRIPTION 
(NUMBER OF CARDS) 

A 

(1) 

B 

(1) 

TITLE (8A10) Title of problem. 

IBENDS (1-5R) Number of bends used in 
the analysis. Up to ten bends are 
allowed . 

NE (b-lOR) Number of elements. A 
maximum of 50 is allowed. This 
number should be evenly devisable by 
four for "tee" sections. 

TCRV (11-15R) Number of base metal 
stress-strain curves to be read in. 
A maximum of "NE" curves are allowed. 

KBE (1B-20R) Equal to 11 - Use kine¬ 
matic - isotropic hardening rule; 
Equal to 21 - Use experimental 
hardening rule for high strength 
steel with a curvilinear base metal 
stress - strain curve; Equal to 22 - 
Use experimental hardening rule for 
high strength steel with a plateau 
base metal stress-strain curve. 

IGEOM (21-25R) Equal 
section; Equal to 1 
section; Equal to 2 
section; Equal to 3 
of arbitrary shape. 

to 0 for tee 
for a rectangular 
for a circular 
for a section 
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INEX (26-30R) Equal to or less than 

zero for an Internal tee stiffener; 

Greater than zero for an external 

stiffener. 

MODSQD (31-35R) Equal to 0 - Stress- 

strain curves for a segmented tee 

section are not printed; Not equal to 

0 - Curves will be printed. 

ITSTR (36-40R) Equal to 0 - No Initial 

stress Is to be read; Not equal to 0 - 

read initial stresses later in input. 

DEBUGR (41-45R) Equal to 0 - No print¬ 

out of intermediate stress-strain 

curves; Less than 0 - Print out all 

intermediate curves; Greater than 0 

but less than or equal to "NE" - 

Print out intermediate curves for the 

element whose index is equal to DEBUGR 

ITR (46-50R) Equal to 0 - No printout 

of iterative quantities; Not equal to 

zero - Print out iterative quantities. 

C 

(1 or 2) 

WD (1 —10) Web depth, shell to flange 

RADII (I), I - 1, IBENDS (1-80010) 

Radii of consecutive bends. The last 

radius given must be the design 

radius. All radii are measured to 

the innermost fiber. 

IGEOM - 0 

IGEOM = 1 

WT (11-20) Web thickness 

FW (21-30) Flange width 

FT (31-40) Flange thickness 

WD (1-10) Section dimension in radial 
direction 

WT (11-20) Section dimension perpen¬ 

dicular to radial direction 
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IGEOM - 2 

IGEOM - 3 

E 

(1) 

F 

(ICRV/20) 

G 

(NE/40) 

WD (1-10) Section diameter 

Skip this card 

SRED (1-10) Percentage reduction to 
be applied to compressive stress- 
strain curves to obtain tensile curves. 

STRNK (11-20) Strain increment to be 
used in the calculation of the 
effective stress-strain curve. The 
total strain range of this curve will 
be 49*STRNK. 

FABSTR (21-30) Fabrication stress to 
be applied to calculated effective 
stress-strain curves. 

SPLF (31-40) Factor to multiply the 
calculated kinematic reduction in the 
proportional limit of each element 
KBE - 11. Default value is 1.0. 
Both SPLF and SUF must be zero for 
default values to be supplied. 

SUF (41-50) Factor to multiply the 
calculated isotropic increase in the 
ultimate limit of each element if 
KBE « 11. Default value is 0.0. 

NPAT(I), 1=1, ICRV (1-8O05R) Number 
of Points in each of the base metal 
stress-strain curves to be read in 
later. 

NPA(I), 1=1, NE (1-80@2R) Index of 
stress-strain curve to be used for 
element "I." The first curve read in 
has an index of 1. The last curve 
read has an index of ICRV. Elements 
are numbered in ascending order from 
the innermost fiber. Thus NPA (1) 
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H 

(NPAT(I ) 

Cards for 

the "I" curve) 

I 

(NE/8 ) 

J 

(NE) 

specifies the stress-strain curve of 

the Innermost element. NPA(NE) 

specifies the stress-strain curve of 

the outtermost element. For tee 

sections one fourth of the total num¬ 

ber of elements are located in the 

flange while the remaining elements 

are placed in the web. 

STRESS(J), STRAIN(J), J - 1, NPAT (I) 

(1—10» 11-20) The stress and strain 

values associated with point "J." 

The first point must be (0.0, 0.0). 

The second point must be the pro¬ 

portional limit stress and strain. 

The last point is taken to be the 

ultimate limit. There is one card per 

point. All stress-strain curves are 
read consecutively. 

SIL(I), I ■ 1, NE (8F10.3) Values of 

initial stress. Read only if ITSTR 
is not equal to zero. 

ED(I), EW(I), I = 1, NE (1-10, 11-20) 

ED(I) is the depth of element "I." 

EW(I) is the width of element "I." 
Use only if IGEOM = 3. 

SAMPLE PROBLEM 

The problem that follows is included to give the user an idea of the 

output format and of those parameters printed with the standard output. 

More detailed output is available, but is usually obtained only for de¬ 

bugging purposes. This extra output consists of the stress-strain history 

of one or all ements and of intermediate values of certain iterative 

quantities. 

The listing of the example problem data is followed by the output 

produced when that data was analyzed. 
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EXAMPLE Of MULTIBENO ANuLTblS 

FRAME IS INTERNAL 

KINEMATIC-ISOTROPIC HARDEN I No USED 

DESIGN RADIUS IS.000 

WEB DEPTH 1.400 

WEB THICKNESS .300 

FLANGE MIOTH 1.S00 

FLANGE THICKNESS .S00 

number of elements 20 

TENSILE STRENGTH REOUCTION .030 

STRAIN INCREMENT .000500 

PROPORTIONAL LIMIT REDUCTION FACTOR 2.500 

ULTIMATE LIMIT INCREASE FACTOR 2.000 

FRAME AREA 1.170 

CENTROID .SRI 

RADII OF CONSECUTIVE HEnOS 20.000 
17.500 
16.000 
15.000 

MâTERIAL COMPRESSIVE INPUT STRESS-STRAIN CURVE 1 
PROPORTIONAL LIMIT STRESS B7100. 0.2 PERCENT YIELB STRESS 

STRESS STRAIN ES ET 

0. 0.000000 
87100• .002500 
87120. .003560 
87 j 72. .00*230 
87 IRO . .006880 
87500. .021*50 

0. 
.300345E*08 
.2** 71 RE‘08 
• 205R86E *08 
• 126730E *08 
• *07R25E *07 

• 300345E *08 
•2447IRE*08 
• 240602F *05 
.21084JE*0S 
.213705E »06 
•212766F»05 

M»TE"IAL TENSILE COMPUTED STRESS-STRAIN CURVE 1 
PROPORTIONAL LIMIT STRESS 84487. 0.2 PERCENT YIELD STRESS 

STRESS strain ES ET 

0. b.000000 
84487. .002813 
84506. .007473 
84518. .00*1*3 
8*57*. .0067R3 
8*875. .021363 

0. 
.300145E *08 
• 243325E *08 
• 204004E *08 
.124504E«08 
.JR7306E*07 

.300345E *08 
•243325E»0H 
.2J338RE»0S 
•204522E*05 
.20 72R8E *06 
.206387E*0S 

87147 

84532 
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NATE*IAL COMPRESS IVE INPUT STRESS-STRAIN CURVE 2 
PROPORTIONAL LINIT STRESS TTOOO. 0.2 PERCENT VIEL» STRESS T9*««. 

STRESS STRAIN ES CT 

0. 0.000000 
TTOOO. .002&TO 
TOOOO. .002700 
T9000. .002*00 
79500• .003100 
00000. .009600 
«1000. .020000 

0. 
.299611E*00 
.2S06O9C»«« 
.2T26I4C*«« 
.256652E*00 
.173«1X*00 
.«OSOOOE’OT 

.29*61 IE*«« 

.200009(*00 

.606061E «07 

.3TSOOOE*9> 

.50023SE*06 

.00TST6E*«« 

.6693S1E*«« 

material tensile computed stress-strain CURVE 2 
PROPORTIONAL LIMIT STRESS T66*0. 0.2 PERCENT YIELO STRESS TT591. 

STRESS STRAIN ES ET 

0. 0.09000« 
T6690. .002*93 
T5660. .002622 
76630. .002021 
7T115. .003020 
77600. .00»$20 
TOSTO. .01**19 

0. 
.299611E»00 
.20R5T0E»00 
.2716S1E*00 
.255319E*00 
.1716052*00 
.399950E»07 

.2996112*00 

.2005702*00 

.5919602*01 

.365I21E*«* 
• 570925E *06 
.86102X*0S 
.62991 IE*00 

ELEMENT GEOMETRY ANO initial stress 

MIDTM DEPTH Y STRESS 

1.5000 .1000 
1.5000 .1000 
1.5000 .1000 
1.5000 .1000 
1.5000 .1000 
.3000 .0933 
.3000 .0933 
.3000 .0933 
.3000 .0933 
.3000 .0933 
.3000 .0933 
.3000 .0933 
.3000 .0933 
.3000 .0*33 
.3000 .0933 
.3000 .0933 
.3000 .0933 
.3000 .0933 
.3000 .0933 
.3000 .0933 

• OSttO 0. 
.1500 0. 
.2500 0. 
.3500 0. 
.9500 0. 
.5967 0. 
.6900 0. 
.7333 0. 
.0267 0. 
.9200 0. 

1.0133 0. 
1.1047 «. 
1.2000 0. 
1.2933 0. 
1.3067 0. 
1.9000 0. 
1.5773 0. 
1.6667 0. 
1.7600 0. 
1.0533 0. 
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RADIUS AFTER SPRINGBAC* FOk HENO I 

FULLY BENT RADIUS 

NEUTRAL AXIS AFTER SPBING0XLH 

FULLY BENT NEUTRAL AXIS 

APPLIED MOMENT 

io.oor 

IB.721 

.62* 

• IT* 

•37I5S3E»05 

STRESS and strain mi study OF SECTION DUE TO COLO FORMING FOR BEND I OF 

i Yin «Ending 
•STRAIN STRESS 

SPRINGRACK 
STRAIN STRESS 

1 .0S00 
2 .ISOO 
3 .2500 
* .3500 
5 .*500 
6 .5*67 
7 .6*00 
ft .7333 
R .8267 

I» .9200 
11 1.0133 
12 1.1067 
13 1.2000 
1* 1.2933 
15 1.3867 
16 l.*800 
17 1.5733 
18 1.6667 
19 1.7600 
20 1.8533 

-.0172061 
-.011970* 
-.00673*6 
-.001*988 
.0037370 
.0067983 
.0136850 
.0185717 
.023*565 
.0263*52 
.0332319 
.0381167 
.0*3005* 
.0*78921 
.0527789 
.0576656 
.0625523 
.067*391 
.0723258 
.0772125 

-87*10. 
-87298. 
-871B7. 
-*5015. 
8*511. 
77869. 
78177. 
78*85. 
78*91. 
78*91. 
78*91. 
76*91. 
78*91. 
78*91. 
78*91. 
78*91. 
78*91. 
78*91. 
78*91. 
78*91. 

.0022229 

.001835ä 

.001**86 

.0010615 

.00067** 

.0003002 
-.0000611 
-.000*22* 
-.0007837 
-.0011*50 
-.0015063 
-.0018677 
-.0022290 
-.0025903 
-.0029516 
-.0033129 
-.00367*2 
-.00*0355 
-.00*3960 
-.00*7581 

66763. 
55136. 
*3509. 
31882. 
20255. 
899*. 

-1831. 
-12656. 
-23*81. 
-3*307. 
-*5132. 
-55957. 
-66782. 
-69801. 
-70709. 
-71169. 
-71629. 
-72089. 
-72537. 
-72903. 

EQUILIBRIUM CHECK OF RESIDUAL stress distribution 

UNBALANCED FORCE IN CROSS SECTION IS -156. 
UNBALANCED MOMENT IN CROSS SECTION IS -107. 

* RADIUS IS 20.000 

FINAL 
STRAIN STRESS 

-.00069*6 
-.0010780 
-.001*61* 
-.0006*09 
.003*9Sl 
.0020992 
.0029682 
.0021971 
.0010360 
.00167*7 
.001112* 
.0007521 
.0003900 
.0000205 

-.0003318 
-.0006931 
-.001096* 
-.001*197 
-.0017770 
-.0021303 

-208*1. 
-32376. 
-*3891. 
-132*3. 
78*13. 
77817. 
76366. 
65829. 
59010. 
*6189. 
333*0. 
22536. 
11709. 
886. 

-99*1. 
-20766. 
-31992. 
-62*17. 
-93262. 
-*6067. 

38 



RADIUS AFTER SPRIN68AC* FOR dENO 2 

FULLY BENT RADIUS 

Cutral axis after srrinmack 

FULLY BENT NEUTRAL AXIS 

APPLIED MOMENT 

17.300 

10.30» 

.010 

.02» 
.3T0O76E*0S 

stress AND STRAIN history OF section DUE TO COLD F ORMINO FOR BEND 2 OF 

Till 

STRAIN 
«endino 

STRESS STRAIN 
SPRINGBACK 

STRESS STRAIN 

RADIUS IS 

FINAL 

I .0500 
? .1500 
3 .2500 
A .3500 
5 .4300 
6 .5467 
7 .6400 
• .7333 
» .8267 

10 .9200 
11 1.0133 
12 1.1067 
13 1.2000 
14 1.2933 
15 1.3867 
16 1.4800 
17 1.5733 
18 1.6667 
19 1.7600 
20 1.8533 

-.0046955 
-.0040236 
-.0033518 
-.0012761 

.0037152 

.00413^3 

.0047732 

.0054070 

.0060308 

.0066544 

.0072760 

.0079016 

.0085251 

.0091467 

.0097723 

.010395« 

.0110195 

.0116430 

.0122666 

.0128902 

-87357. .0021840 
-87256. .0018002 
”•7118. .0014137 
-38328. .0010311 
78413. .0000403 
77923. .0002740 
78284. -.0000842 
78413. -.0004431 
78413. -.0008020 
78413. -.0011010 
78413. -.00131»» 
78413. -.0018788 
78413. -.0022377 
78413. -.0025967 
78413. -.0029556 
78413. -.0033145 
76413. -.0036735 
78413. -.0040324 
78413. -.0043913 
78413. -.0047303 

EQUILIBRIUM CHECK 07' RESIDUAL STRESS DISTRIBUTION 

UNBALANCED FORCE IN CROSS SECTION IS 
UNBALANCED MOMENT IN CROSS SECTION IS 

145. 
2». 

63020. -.000730» 
34009. -.0011121 
42319. -.0014920 
30*0«. -.8002401 
19418. .0032017 
8233. .0028730 

-2521. .0023207 
-13275. .0021741 
-24029. .0010ISS 
-34783. .0314802 
-45537. .0010473 
-56291. .0007383 
-67045. .00037*4 
-69831. .0000205 
-70714. -.0003383 
-71171. -.0006974 
-71628. -.0010563 
-72085. -.0014132 
-72531. -.0017742 
-72895. -.0021331 

17.880 

STRESS 

”21*81. 
-13080. 
-44812. 
-7433. 
78413. 
77872. 
73763. 
63130. 
34304. 
43030. 
32876. 
22122. 
11360. 

614. 
-10140. 
-20094. 
-31040. 
-42402. 
-33130. 
-03*10. 



RADIUS AFTER SPRINORACK FO>- MENU 3 16.000 

FÜLLT HfNT RADIUS IS.156 

rfCUTRAL AXIS AFTER SPRInDBaCa .61A 

FÜLLT BENT NEUTRAL AXIS .666 

APPLIED MONCNT •37061OE*05 

STRESS AND STRAIN MISTURT of SECTION due TO COLD FORMING FUR BEND 3 OF 6 RADIUS IS 

I T(It nENOING 
STRAIN STRESS 

springsack 

strain stress 
PINAL 

STRAIN 

1 .0500 

2 .1500 
3 .2500 
6 .3500 
5 .6500 

6 .5667 

7 .6600 
8 .7333 
9 .8267 

10 .9200 
11 1.0133 
12 1.1067 

13 1.2000 
16 1.2933 

15 1.3867 
16 1.6800 
17 1.5733 

18 1.6667 
19 1.7600 

20 1.8533 

-.00*3819 

-.00J880* 
-.003377¾ 
-.00125H9 
.0031*37 

.0036090 

.00*0860 

.00*5553 

.0050203 

.005*853 

.0059503 

.006*153 

. 0068RO 3 

.00 73* ">3 

.0078103 

.0082753 

.0087*03 

.0092053 

.0096703 

.0101353 

87330. .0021869 

87232. .0018003 

'87062. .0016157 
37569. .0010311 
78613. .0006666 

77966. .0002768 

78296. -.0000862 
78335. -.0006631 
78613. -.0008021 

78613. -.0011610 
78613. -.0015199 

78*13. -.0018789 
78613. -.0022378 

78613. -.0025968 

78613. -.0029557 
78613. -.0033167 

78613. -.0036736 

78613. -.0060326 
78*13. -.0063915 
78613. -.0067505 

65622. -.0007299 
56072. -.0011112 
62521. -.0016901 
30970. -.000222S 
19619. .0032*37 
8233. .002*7*3 

-2521. .0025290 
-13276. .0021716 
-26030. .001*151 
-36705. .0016562 
-65539. .0010972 
-56296. .00073*3 
-6706*. .0003793 
-69831. .0000206 
-70715. -.00033*6 
-71172. -.0016975 
-71629. -.0010565 
-72086. -.0016156 
-72532. -.0017766 
-72*95. -.0021333 

EQUILIBRIUM CHECK OF RESIDUAL STRESS DISTRIBUTION 

UNBALANCED FORCE IN CROSS SECTION IS 273. 

UNBALANCED MOMENT IN CROSS SECTION IS 69. 
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STRESS 

-21922. 
-33375. 
-66755. 
-«*92. 
7*613. 
77*9*. 
75772. 
*5059. 
563*3. 
63*2*. 
32*76. 
22119. 
113*5. 

*1*. 
-1*166. 
-20*99. 
-31*53. 
-62607. 
-531*2. 
-*391*. 
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RADIUS AFTER SPRINÄBAC« Foe bENO * 15.000 

FÜLLT BENT RADIUS 1A.?68 

4EUTRAL AXIS AFTER SRRINGBACk .608 

FUll Y BENT NEUTRAL AXIS 

APPLIED NONENT .3A9S64E *0S 

STRESS AND STRAIN history uF section DUE TO COLO FORMING FOR BEND A OF 

I Y(I> hENOING 
strain stress 

SPRINGBACK 
STRAIN STRESS 

1 .0500 
2 .1500 
3 .2500 
A .3500 
5 «AS00 
6 .5A6T 
7 .6A00 
8 .7333 
9 .8267 

10 .9200 
11 1.0133 
12 1.1067 
13 1.2000 
1A 1.2933 
15 1.3867 
16 1.A800 
17 1.5733 
18 1.6667 
19 1.7600 
20 1.8533 

-.0039178 
-.09J52HJ 
-.00J13OA 
-.00109*3 
.0031590 
.0035167 
.00388*8 
.00*2506 
.00*61J7 
.00*97-2 
.00533*7 
.0056951 
•0060556 
.006*160 
.0067765 
.0071370 
.007*97* 
.0078579 
.008218* 
.0085788 

-87293. 
-87191. 
--86995. 
-32988. 
78*13. 
77966. 
78256. 
78335. 
78*13. 
78*13. 
78*13. 
78*13. 
78*13. 
78*13. 
78*13. 
78*13. 
78*13. 
78*13. 
78*13. 
78*13. 

.0021300 

.0017*92 

.0013677 

.0009861 

.00060*6 

.0002350 
-.0001203 
-.000*765 
-.0008326 
-.0011887 
-.0015**6 
-.0019009 
-.0022570 
-.0026131 
-.0029692 
-.0033253 
-.003681* 
-.00*0376 
-.00*3937 
-.00*7*98 

63997. 
52537. 
*1078. 
29618. 
18159. 
706*. 

-3606. 
-1*275. 
-2*9**. 
-3561*. 
-*6283. 
-56953. 
-67532. 
-69886. 
-70732. 
-71185. 
-71639. 
-72092. 
-7253*. 
-7289*. 

EQUILIBRIUM CHECK OF RESIDUAL STRESS DISTRIBUTION 

UNBALANCED FORCE IN CRUSS SECTION IS -118. 
UNBALANCED MOMENT IN CROSS SECTION IS -68. 

* RADIUS IS 

FINAL 
STRAIN 

-.0007828 
-.0011609 
-.0015359 
-.00011*9 
.0032218 
.0028380 
.002*916 
.0021381 
.00178*6 
.001*285 
.001072* 
.0007463 
.0003602 
.00000*0 

-.0003521 
-.0007082 
-.00106*3 
-.001*20* 
-.0017765 
-.0021326 

Î 
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IS.000 

STRESS 

-23509. 
-3*867. 
-*6131. 
-3*50. 
78*13. 
77913. 
7*651. 
6*059. 
53*68. 
*2799. 
32130. 
21*60. 
10791. 

121. 
-105*8. 
-21218. 
-31887. 
-*2557. 
-53226. 
-63895. 



errrcnve stress-strain curve including 
RESIDUAL STRESS ANO BAUSCHINoER effect 
MITH 0. FABRICATION STRESS 

STRESS STRAIN ES 

0. 
1*774. 
29057. 
*2339. 
527*6. 
60299. 
66093. 
70279. 
7*005. 
77220. 
79891. 
82079. 
88209. 

0.080000 
.000500 
.001000 
.001500 
.002000 
.002500 
.003000 
.003500 
.00*000 
.00«500 
.005000 
.005300 
.02*500 

0. 
•295*7IE»08 
.290S66E *08 
.282257E*08 
.263729E*08 
.2*1196E*08 
.220311E*08 
•200796E*08 
•185012E*08 
•171599E«08 
.1S97B1E*0B 
.1*923*E*08 
•360037E*07 

ET 

•295*T1E»08 
.290566E *08 
•275650E-08 
.236891E»0S 
•17960*E*08 
•133*75E»08 
.99797SE*0I 
•7911*0E*0? 
.69*083E»0> 
.588587E*0? 
.*85917E »01 
•426595E *06 
.322650E*08 
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APPENDIX B 

PROGRAM LISTING 

A listing of the program is included to facilitate any modifications 

or additions that the user may make. An alphabetical listing of the pro¬ 

gram and subprograms with a description of their functions is included. 

A flow chart was previously provided to show the logic of the program. 



Program 

BE 

BEX 

BENDS 

FAB 

FORCRV 

FRMCRV 

Programs and their Functions 

Function 

Modifies element stress-strain curves to account for the 
Bauschinger Effect. Basis for modification is the com¬ 
bined kinematic-isotropic theoretical hardening rule. 

Modifies element stress-si.rain curves to account for the 
Bauschinger Effect. Basis for modification is experimentally 
derived hardening rules. 

This is the executive program which performs iterative pro¬ 
cedures, input and output. 

Modifies final effective stress-strain curves to account for 
fit up stress. 

Produces for effective stress-strain curves for the cross 
section analyzed for use in the revised modified Bryant 
program. 

Produces overall effective stress-strain curve. 

GETPL Finds the proportional limit stress of a stress-strain 
curve. 

GETSTN 

HSSCL 

HSSPT 

PNTOUT 

S 

STNHRD 

YPT 

Finds a strain that corresponds to a given stress according 
to a specified stress-strain curve. 

Provides experimental hardening rule for high strength steel 
with a curvilinear type stress strain curve. 

Provides experimental hardening rule for high strength 
steel with a plateau type stress-strain curve. 

Eliminates unnecessary points in a stress-strain curve 
before printing. 

Finds a stress that corresponds to a given strain according 
to a specified stress-strain curve. 

Modifies a given stress—strain curve to account for strain 
hardening. 

Finds the stress corresponding to a given percentage offset 
strain. Used to find the 0.2 percent offset yield stress. 

* 
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C 
C 
C 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

PROCRIE SENOSIINPUT.OUTPUT .I•PE 5*INPUT.TIPEI*OUTPUT! 

I PROCRIP TO COMPUTE THE RFSIOUIL STRESS DISTRIBUTION INO 
EFFECT!« STRESS-STRIIN CURVE OF I COLO F ORNEO FRIME OF 
CENFRIL CROSS SECTION INCORPORITING INEL1STIC INITHL RENO 
INO SPRINC8ICK INO THE B1USCHINGER EFFECT 

I9EN0S NUMBER OF BENDS IN FORMING PROCESS 
NE TOTH NUMBER OF ElFMENTS. IBOUT 1/4 MILL BE IN FLINGE 
NPTS NUMBER OF POINTS ON STRESS-STRIIN CURVE 
KBE MIROENING RULE SELECTOR 
IGEOM *0 TEE *1 RECTINGULIR *? CIRCULIR *3 IRBITRIRY 
INEX SLINK OR NEGITIVE-INTERNIL FRINE, POSITIVE-EXTERNIL 
MOOSOO NOT EQUIL ZERO PRODUCES CURVES FOR MOD-MOO BRYINT 
ITSTR NOT EQUIL ZERO INITIIL STRESSES IRE TO BE REIO 
0E5UGR 10 OF ELEMENT W<OSE STRESS-JTRIIN HISTORY IS O'-'SIREO 

í*oNESfII,E *LL ELFMFNT STRESS-STRIIN^ISTORIES IRE PRINTED 
ITR NUT EQUIL ZERO PRINTS OUT BISIC IT FRIT I ON V1LUES 
RIOII IRRIY OF RIOII USED IN FORMING PROCESS 
NO NES TOE TO FLINGE OISTINCE, SECTION DEPTH OR OIIMETER 
NT NES THICKNESS OR SECTION NIOTH 
FN FLINGF NIOTH 
FT FLINGE THICKNESS 
SREO PERCENT REDUCTION FOR PRODUCING TENSILE CURVE 
STRNK STRIIN INCREMENT USED FOR EFFECTIVE CURVES 
FISSTR FI8RICATI0N STRESS IPPlIEO TO HOD-MOO BRYINT 
SPLF FROPORT IONIL LIMIT REDUCTION FICTOR 
SUE ULTIMATE LIMIT INCREASE FICTOR 
STRESS(I) .STRIIN(I) STRESS-STRIIN CURVE 

CURVES 

COMMON /11/ ESRCRVC50,50,Z>,ESNCRV(50,50,ZI 
DIMENSION STRESS (SO). STR1INI5B t . EN(5BI, EO (SO),Y(50),S TRISO» 
OIMENSICN TITLE ( S> .STRTISO ),STNT(50),STRBE<50) , STNBE (5d> .ESTNISO) 
OIVNSION STRNI50) ,STNH«50),NPIT(50),TR(50,50,Z) ,TN(50,50,Z) 
DIMENSION TSTRISOI, TSI 50) ,535(50) 
OItCNSION SBN ( 51 ) ,NPA (50) , SIL (501 ,RIOII (10) 
INTEGER OEBUGR 
FORMAT(0F10.3) 
FORMAT(1615) 
FORMAT ( 2F10, 1) 
FORMIT(OIIO) 

FDRNAT (*OSTRESS-STRIIN CURVE FOR ELEMENT *,I1/* INCLUDING B.E. OUE 
1 TO INITIIL BEN0INGV/5X,»STRESS*,14X,*STrÍin*/I 

6/^üAI.<,X,*C0NPRESSI''E N0"ENT « *,F10.0, IX,»TENSILE MOMENT IS*, 

7 F0RMIT(5X,3(FZ.4,4X1,FB.O) 

SlH**sx|*Y*^6x"*STRESS*//*'r ^ INITI*L . WT 

11 FORMAT (1X,I3,4X,FZ.4,3(4X,F10. Z,4X,F10.0M 
11 FORMAT (»I»,//* *,8110//) 

1Z FORMA T(»OCURREN! VALUES OF ITERATIVE QUINT ITIES*/5X,»RADIUS = ».FT 
1.3,5X,»INCREMENT * ».FO.GI ’ 

13 FORMIT(5X,»INITIIL BEÑO N.I. * •,FZ.4,3X, »INCREMENT « »,Ft.S,3X,»C 

BENDS 
BENDS 
BENDS 
BEÑOS 
BEÑOS 
BEÑOS 
SENOS 
SENOS 
BEÑOS 
BEÑOS 
BEÑOS 
BEÑOS 
BEÑOS 
BEÑOS 
SENOS 
SENOS 
BEÑOS 
BEÑOS 
BEÑOS 
BEÑOS 
BEÑOS 
BEÑOS 
SENOS 
SENOS 
SENOS 
SENOS 
SENOS 
BEÑOS 
BEÑOS 
SENOS 
BEÑOS 
BENDS 
SENOS 
SENOS 
SENOS 
BEÑOS 
SENOS 
SENOS 
BENDS 
SENOS 
BEÑOS 
BENDS 
BEÑOS 
BEÑOS 
SENOS 
SENOS 
SENOS 
SENOS 
BEÑOS 
BEÑOS 
SENOS 
BEÑOS 
BEÑOS 
BENDS 
SENOS 
BEÑOS 
SENOS 

Z 
3 
4 
5 
6 
f 
B 
9 

10 
11 
1Z 
13 
14 
15 
16 
1Z 
IB 
19 
ZO 
Zl 
zz 
23 
24 
25 
26 
2Z 
26 
29 
30 
31 
12 
33 
34 
15 
36 
3Z 
36 
39 
40 
41 
42 
41 
44 
45 
46 
4Z 
46 
49 
50 
51 
52 
53 
54 
55 
56 
5Z 
56 
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GO 

ss 

TO 

7A 

90 

«S 

90 

95 

100 

105 

110 

10». FORCE IS •,F10.0, n,«TENSILE FORCE IS «.FIO.OI SENDS 
1A FORMAT(«OOESICN RADIUS«,TA5,F7.3/«0SECTION DEPTH«,TA5,F7. J/«I SECT I BENDS 

ION MI0TH«,T%5,F7.3/«BNUMBER OF ELEMENTS«, TA»,13/«OTEMSILE STRENGTH BENDS 
? REDUCTION«,TAS,F7.3/«0STR»IN INCREMENT*, T AS , Ft . 6) BENDS 

15 FORMAT («uOESIGN RADIUS«, TA5.F7. »/«»NEB DEPTH* ,TA5,F7. 37« ONES THICK BENDS 
1 NESS*,TA5,F7.3/« OFLANGE NIOTh*,TA5,F7.3/«OFLANGE THICKNESS*,Ta5, 8EN0S 
?F 7, 3/ • ONUMBER OF ELEMENT S* ,TA» , 13/« OTENSILE STRENGTH REDUCTION*, BENDS 
3 TA5,F7.3/«0STRAIN INCREMENT* ,TAB,FB.6) BENDS 

16 FORMAT (»OMAIERIAL COMP*SSI*E INPUT STRESS-STRAIN CURVE*,I3F* PROP BENDS 
10RTIONAL LIMIT STRESS*,EK.FIO.9,5*,* 0.7 PERCENT TIELD STRESS*,7», BENDS 
?F10.0//5K,»STRESS*,1AK,»STRAIN*,16*,«ES*,1«K,*ET*/) BENDS 

17 FORMAT (3X,Fia.O, 10A,F».»I BENDS 
1« FORMAT(*OOESIGN RADIUS»,TA5,F7.3/*0SECTION DIAMETER*,TA5,F7.J/ BENDS 

1 • OWINBEA OF ELEMENTS*,TAI,I37«0TENSILE STRENGTH REDUCTION* ,TA5, BENDS 
? F 7, 3/* »STRAIN INCREMENT»,TA5,FI.6) BENDS 

19 FORMkT l*0DESI GN RADIUS*, TA5fF7.3/«BNUNBER OF ELEMENTS* ,TAI, I3F*0TE BEÑOS 
1 NS ILE STRENGTH REOUCTI ON* , T AS , F7.1/* OSTRA IN INCREMENT* , TA5 , F» . 6T BENDS 

70 FORMA T(*0FRAME ARE A*, TAS,F 7. 3/*OCENTROIO* , TAB ,F7.31 BENDS 
71 FORMA T(5*,*SPRINGB»CK N, A. * *,F7. A,1*, »INCREMENT * * , rB . 5 , IX , *COM BFNOS 

IP. FORCE IS *,F10.0,3X,»TENSILE FORCE IS «,FIO.OI BENDS 
77 FORMATI*OEXCESSIVE ITE RA TI DNS*//5 X ,*NO. RADIAL ITERATIONS *,I3/5X, BENDS 

1 * NO. INITIAL BEND ITERATIONS *,I3/5X,*NO. SPRINGBACK ITERATIONS *, BENDS 
7II/5X ,«COMP. FORCE IS «, FI 0.0 / 5X , »TENSILE FORCE IS *,FIO.OI SENDS 

71 FORMA T(*OFRAME IS INTERNAL*) BENDS 
?A FORMAT l*0FRAME IS EXTERNAL«! BENDS 
75 FORMAT(»OELEMENT «,13,* SUFFERS BAUSCHINGER EFFECT ON FINAL COMPRE BENDS 

1SSION«) BENDS 
76 FORMA: («1COMPRESSION PHASE ELEMENT STRESS-STRAIN CURVES LACKING «E BENDS 

1SIDU/L STRESS EFFECTS •//! BENDS 
77 FO»M*T««1ÄAOIUS AFTER SPRINGBACK FOR BENO«, I7,TA5,F7.!/•OFULLV BEN BENDS 

IT RADIUS«,TA5,F7.3/«0NEUTRAL AXIS AFTER SPRINGBACK«,TA5,F7.3/•OFUL BFNOS 
7LT BENT NEUTRAL AXIS« ,TA5 , F7. 3/«0 APPL IE 0 MOMENT« .Tl.5 , E1 3.6//1 BENDS 

?» FORMAT(«OMATERIAL TENSILE COMPUTED STRESS-STRAIN CURVE«,13/ • PROP BENDS 
10RTIONAL LIMIT STRESS*,7X,F1».0,BX,* 0.7 PERCENT TIELD STRESS«,?X, BENDS 
7F1J.0//5X,«STRESS«,1%X,«STRAIN«,16X,«ES*,1IX,*ET«/I BENDS 

79 FORMAT1*0EQUILIBRIUM CHECK OF RESIDUAL STRFSS DISTRIBUTION« BENDS 
1/«0UNBALANCED force in CROSS section is *,F10.C, /• UNBALA BENDS 
7NCED MOMENT IN CROSS SECTION IS «.FIO.OI BENDS 

95 FORMAT (601?! BENDS 
91 FORMAT(«OPROPORTIONAL LIMIT REDUCTION FAC TOR«,T65,F6.3/«0ULTI MATE BENDS 

1LINIT INCREASE F ACT OR« ,T65,F6. 3) BENDS 
97 FOPMAU*OEXPERIMENTAL DATA USED FOR FORMING EFFECTS CHSSCL)«) BENDS 
93 FORMAT(5C5X,F10.0,?X,F».6!) BENDS 
96 FORMAT («0KINEMAT IC-ISOTROPIC HARDENING USED«) BENDS 
95 FORMA T(«OFXPER1MFNTAL DATA USED FOR FORMING EFFECTS <HSSPT)«I BENDS 
96 FORMAT («1ELEMENT STRESS-STRAIN CURVES AFTER THE *,I7,« BEND«//) BENDS 
97 FORMA T ( • 0 RADI I OF CONSECUTIVE BENDS «,(165^7.3)1 BENDS 
99 FORMAT(:,X,FH.O,10X,F».6,10X,E13.6,6X,F13.6) BENDS 
99 FORMAT EM TEMPORARY ELEMENT STRESS-STRAIN ARRAYS WHEN EXCESSIVE ITE BFNOS 

1 RATIONS OCCURRED •//! BENDS 

c BENDS 
C READ AND ECHO INPUT BENDS 

READ(5,6MTITLEf I) ,1*1,1) BENDS 
READ! 5,7) I BE NOS ,NE , ICRV ,KBE , IGEOM, I NEX.MOOS QO, IT STR, OE BUGR, ITR BENDS 
READ ( 5 , t > <RADII(II,I*1,IBENDS) BENDS 
IF (IGFOM.NE. 5) READI5,1! MO,NT,FN,FT BENDS 
READ (5,t) SREO,STRNK,FABSTR,SPLF,SUF BENDS 

59 
60 
61 
67 
63 
66 

65 
66 
67 
61 
69 
70 
71 
7? 
73 
76 
75 
76 
77 
7» 
79 
10 
«1 
»? 
13 
»6 
»5 
»6 
«7 
II 
19 
90 
91 
97 
91 
96 
95 
96 
97 
9» 
99 

100 
101 
107 
103 
106 
105 
106 
107 
1 0« 
109 
110 
111 
11? 
113 
116 
115 
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115 

120 

125 

130 

H5 

160 

165 

150 

155 

160 

165 

170 

REAOIS.E) (NPATI II ,I.1,ICRVI 
READ ( 5 » 901 (NPAtll ,I«1,NEI 
SREO*1.B-SREO 
DO 67 I.l.ICRV 
K.NPATIII 

67 READ (5.3) (TR 11, J, II , TNI I. Jtl I , J» 1 .Kl 
DO 6« 1*1,NF 
L»NPAIII 
K.NPATIII 
NPAIII.« 
DO 69 J.1,K 
ESRCRTI ItJ,ll.TRIL,J, II 

69 ESNCRVII.J.II.TNIL,J,ll 
E*ESRCRVII,2,11 /ESNCR VII , , II 

C 

C PROOUCF TENSILE BASE NETAL ELENfNT CURVES 
ESPSR VI I, 1,21.ES NCR VI 1,1,21.0.0 
DO 39 J.2.K 
E SRCR VII,J,21 .ESRCRVII,J,ll»SREO 

39 ESNCRVII, J,2|.ESNCRVII,J,1>-IESRCRVII,J,1I-ESRCRVII,J,2I )/E 
6 8 CONTINUE 

IFISPLF.EQ.O. 0. AND. SUF.EO.0.01 SPlF.1.0 
RF.RAQIKIBENOSI 
SREO*1.0-SFED 
00 30 1.1,NE 

30 S IL III.1.0 
IFIIT STR.NE.O) READ(5, Il ISIL 11),I»1,NF) 
WRITE 16,111 ITITLEIII , 1.1,81 
IFIINFX.LE.OI WRITE 16,231 
IFIINfcX.GT.OI WR IT E 16,26) 
IFIKBE.EQ.il) WR ITE 16,961 
IFIKBE.E0.21) WRITE 16,92) 
IFIKBE.EO.22l WRITEI6,95I 
IF IIGE CN. fc 0. 0 ) WRITEI6,15I RF, NO, NT, FW.FT ,NE , SRED,STRNK 
IFIIGEOR.LQ.I) WR I TF I 6,16) RF , WD, WT, NE, SREO, STRNK 
IF (IGECN.FQ.2) WRITFI6.18) RF , NO , NE , SREO, STRNK 
IF IIGEON.EO. 3) WRITEI6,19) RF , NE , SREO, STRNK 
IFIKBE.EQ.il) WRITE 16,91 ) SPLF.SUF 

C 
C SET BASIC PARAMETERS 

cf.tf.am.t.afrane.vcg.q. 0 
N*0 
NFE.NE/6 
NWE.NE-NFE 

C 
C GET ELfcNENT GEONETRT 

I GEO M> ICE ON» 1 
GO TO 171,72,73,761, IGF ON 

C 
C TEE SECTION 

71 IFIINEX.GT.O) GO TO 32 
00 II I>1,NC 
IFII.GT.NFE) GO TO S3 
EOIII.FT/FLOAT INFE) 
FNIII .FN 
GO TO 31 

33 EOIII.WO/FIOATINNE) 

BEÑOS 116 
BEÑOS 117 
BEÑOS 118 
SENOS 119 
BEÑOS 120 
BEÑOS 121 
BEÑOS 122 
BEÑOS 123 
BEÑOS 126 
BEÑOS 125 
BEÑOS 126 
BEÑOS 127 
BEÑOS 128 
BEÑOS 129 
BEÑOS 130 
SENOS 131 
BEÑOS 132 
BEÑOS 133 
BEÑOS 136 
BEÑOS 135 
BEÑOS 136 
SENOS 137 
BEÑOS 138 
BEÑOS 139 
SENOS 160 
BEÑOS 161 
BEÑOS 162 
SENOS 163 
SENOS 166 
BFNOS 165 
BEÑOS 166 
BEÑOS 167 
BEÑOS 168 
BEÑOS 169 
BE flO S 150 
SENOS 151 
BEÑOS 152 
BEÑOS 153 
BEÑOS 156 
SENOS 155 
BEÑOS 156 
BEÑOS 157 
BEÑOS 158 
BFNOS 159 
BEÑOS 160 
BEÑOS 161 
BEÑOS 162 
BEÑOS 163 
SENOS 166 
SENOS 165 
SENOS 166 
SENOS 167 
BEÑOS 168 
BEÑOS 169 
BENDS 170 
BEÑOS 171 
BEÑOS 172 
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1/5 

190 

185 

190 

195 

/00 

?05 

210 

215 

220 

225 

E NII)»NT 
11 CONTINUE 

GO TO 39 
32 00 36 I»1,NE 

IF(I.GT.NNE) GO TO 35 
EOTII »N0/F108TINWE) 
ENIII »HT 
GO TO 36 

35 EO(I)»FT/FLOtTINFEI 
ENIII »FN 

16 CONTINUE 
16 00 3/ 1*1,NF 

T(II*T»E0III/2.t 
3/ T»T»10(II 

GO TO /5 
C 
C RECTâNGULâR SECTION 

/2 00 »6 1*1,NE 
F 0(11 * NC/FlOâ T IN El 
FHIII »HT 
T(II*T»EO(II/2.9 

/6 T*T*E0(II 
GO TO /5 

C 
C CIRCULAR SECTION 

/3 00 // I* 1 ,NE 
F0(Il »HC/FLOAT (NFI 
VI II »T *C0111/t.l 
T»T*E01 II 

n C»(I)»SORT(hO*NO/6.0-(H0/2.0-T(Il I*»2I*2.0 
GO T0 /5 

C 
C AR9ITRARV SECTION 

/6 00 /6 I»1,NE 
RE AO I 5,3) EOdl.EHIII 
T(TI*T»EO(II/2.0 

78 T*T*F0(Il 
/5 00 66 1*1,NE 

AFRANE * AFRANF *F0(II*EH(II 
66 TC&»TC&AEO(II*FHIII»T(I» 

SO»T 
TCG*T CG/A FRANC 
T8*»CG 
HRHE (6,201 AFRANE,YCG 
WRITE (6,9/1 (RAOIII II ,I»1,19ENOSI 
SRtO*1.9-SREO 
00 53 1*1,ICRV 
H*NPAT(Il 
E*TR( 1,2,1I/TN(I ,2,11 
00 5/ J* 1 ,K 
STRFSS(JI*TR(I,J,1I 
STRAIN(JI»TN(I,J,1I 
STRT(JI*TR(I,J,1I*SRE0 

5/ STNT( JI*TN(I, J,1I>(TR(I,J,1I>STRT(JII/E 
SPL9HC*GFTPl(STRESS,STRAIN,K,Il 
SPL3NT*9FTPL(STRT,STNT,R,1I 
STCxTPT(STRESS,S TRAIN,K, 0.9021 

BEÑOS 1/3 
BEÑOS 1/6 
BENDS 1/5 
BENDS 1/8 
BENDS 1// 
BENDS 1/9 
BENDS 1/9 
BEÑOS 180 
BENDS 191 
BENDS 182 
OENOS 193 
BENDS 186 
BENDS 185 
BENDS 186 
BF NOS 19/ 
BENDS 188 
BENDS 189 
BENDS 190 
BEN 'S 191 
BENIS 192 
BENDS 193 
BENDS 196 
BENDS 195 
Bf 90S 196 
BENDS 19/ 
BENDS 199 
BENDS 199 
8FNDS 290 
BENDS 201 
BENDS 202 
BENDS 203 
BENDS 206 
BENDS 205 
BENDS 206 
BENDS 207 
BENDS 208 
BENDS 209 
BENDS 210 
BENDS 211 
BENDS 212 
BENDS 213 
BENDS 216 
BENDS 215 
BENDS 216 
BENDS 21/ 
BENDS 218 
BENDS 219 
BENDS 220 
BENDS 221 
BENDS 222 
BENDS 223 
BENDS 226 
BENDS 225 
BENDS 226 
BENDS 22/ 
BENDS 228 
BENDS 229 



BENDS OP T* 0 POUND* •/ ERÍCE ETN 09729/76 11.86.63 

230 

239 

260 

265 

250 

255 

260 

265 

270 

2 75 

2S0 

285 

S»T»TPTISTRT, SINT,5,0.002» 
DO 58 J>2tK 

TN(1,3,2) «STRESS U>/STfUIN(J) 
TN(2,J,7t«STRT(J>/STNT(J) 
IFU.Er..K| GO TO 58 

TR(1, J, 2) «(STRESS Util-STRESS tj-ll»/(ST RÍ INI JM I-STRÍ INI J-l»» 
TR(2,J,2»«(STRT(J«1)-STRT(J-1> >/(STNTIJ«1)-SENT(J-l)| 

58 CONTINUE 
TNI1. I.?)«TNI2flf2»«0.0 
TP(1,1,2>.STRESS(2)/STRiIN(2l 
TP(?,1,2>»STRT(2)/STNT(2> 
TP(1,5,2)«(STRESS!KI-STRESS(K-li)/(STRtIN(K»-STRÍIN(K-l)I 
TR(?,8,?)«(STRT(K)-STRT(5-1I)/ISTnTI5» -STNT(K-1I> 
WRITE(6,16) I.SPLBNC.SVC 
OO 38 J«1,5 

38 WRITE (6,98) S TRE SS ( J> , STRI INI J t , TNI 1, J, 2) ,TR ( 1, J, 2) 
WRITE(6,28) I.SPLBHT.STT 
00 60 J«1,5 

60 WRITE (6,981 STRT (J) ,STNT(JI,TN(?,J,2t , TR ( 2 • J , 2) 
53 CONTINUE 

WRITE (6,81 
00 66 T»1 ,NF 

46 WRITE (6,7) EW(I) ,EO(II ,V(II,SIL(I) 
IEIIT5TR.E0.0) 50 TO 80 
00 79 I »1, NE 
5 «NPA ( II 
00 59 J*1,5 
STPcSS(J)«£SRCR8(I,J,ll 
STRAIN(J)»ESNCR¥(I,J,1) 
STRT(J)*FSRCRVII,3,21 

59 STNT ( 3) *FSNCR V ( I , 3,2) 

IF (S ltd).IT. 0.0» SIL (II «GLTSTNISTRESS,STRAIN,NPTS,SIL(I)t 
IFISIMII.GT.O.O» SIL(II=GETSTN(STRT , STMT ,NPTS,SIL(III 

TO CONTINUE 
80 CONTINUE 

begin curvature itfration 
00 100 NF XT»1,IBFNOS 
PF=R*RAOII (NEXT) 
NEXT* NEAT 
N * 0 
E *0. 5 *R 

62 R«P-E 
N«N»1 
NV«NS * 0 
IE1ITR.RE.0.AN0.N.LE.15) WRITE(6,12) R,F 
IE(N.GT.15) GO TO 62 
EVO* 0•5*VCG 
V0*TCG 
AN»CE *TF*0.0 

CALCULATE STRAIN,STRESS ANO HONENT 
52 VO*VO-FVO 

Nr*NT*1 

lEINEXT.EQ.ll C*1.0/(R»TO) 
IE(NE XT.NE.ll C* 1.0/(R»V0l -1. 0/(RAOIII NEXT-1 ) ♦VCG) 
00 51 I * 1 , NF 

BENDS 
BENDS 
BENDS 
PEÑOS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 

230 
231 
232 
233 
236 
235 
236 
237 
238 
239 
240 
241 
242 
24S 
244 
245 
246 
247 
268 
249 
258 
251 
2 52 
253 
254 
2 55 
256 
257 
258 
259 
260 
261 
262 
263 
264 
265 
266 
267 
268 
269 
270 
271 
272 
273 
2 74 
275 
276 
277 
278 
279 
280 
281 
282 
283 
2 84 
285 
286 

49 

T 



PROGRAM BEÑOS Tï/TS OPT » 0 ROUND«»/ TUCE FTN 09/24//6 11.06.63 

290 

299 

300 

309 

310 

319 

320 

329 

330 

339 

360 

C 
C 

c 
c 

c 
c 
c 

IPTS» NPO(1) 
Q*»UI-T0 
ESTNf X1«C»0 
ESTNIII«tSTN<II»SIl(I> 
•HI 
IMESTNltl.GT.O.OI M» 2 
00 63 Jal.XPTS 
STRNl JI-ESRCRVIt.J.H) 

63 STWM J|«FSNCPV(I .J,NI 
STRUlaSISTRN.STNN.IPTS.ESTNUII 
T«STR(I1»EM1I)»E0II) 
XPir.LE.O.O) CF«CF»T 
IFiT.GT.O.OI TF«TF»T 
AN**N»T«0 

91 CONTINUE 

CHECK FOUUIBRIUM OF FORCES 
CF=»BS(CFI 
TF»»SS(TF) 
U«ISS (CF-TF1 
*«»BS CCFHF1//.0 
T99*Y 9 

IFdTN.BE.O.OND.NT.LE. 10) NRirE(6,13) Tfl.FYO.CF.TF 
IFINT.GT.10I GO TO 62 
IF((U/VI .IT.0.021 GO TO 69 
IF1CF.LT.TF1 Y0*T9«FT0 
FY3»F TO/ 2, 0 
AN«CF »TF «0.0 
GO TO 52 

CALCULATE NEUTRAL AXIS AFTER SPRINGBACK 
69 CF*TF«TEST*0. 0 

NS»0 
FSR»YCG-Y0 

61 YSB*YS9*FSB 
NS»NS♦1 
CSB«1.0/(R»Y0>-1.0 / (RF»YSB ) 
DO 6« I» 1 «NE 
IF1XBE.GT.19I GO TO 65 

CALL BE ISTR1II .MPA III , I, S T R8E . STNBE , ST»M, STNM, SPLF, SUFI 
GO TO 63 

65 CALL BEXII.STRBE.STNBE.STRP,STNH.NPAIII .IPTS.STRIII.XBEI 
83 00 92 J«1.IPTS 

TRII, J.IXSTRBEI Jl 
TN1I .J.1XSTNBFIJI 
TRII,JtII«STRNIJI 

82 TNIT. J*2>«STNNIJI 
NPATIIXIPTS 
Q*YS8-Y(II 
SBNItl«CS8*0 

IFISBNIII .GT.O.t) SBS I II >S ISrRN,STNN, IPTS.SBNII) I 
IF IS BN II I.LE. 0.0 I SBS III*SISTRBE, STNBE.XPTS.S BN lili 
STN*STRII1/E 

AOO ELASTIC STRAIN NEEDED TO RECOVER FRON INITIAL 
OUE TO SPRINGBACK ANO USE SUN TO GET FINAL STRESS 
TSII)=STN»SBN111 

BEND TO STRAIN 

BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
8EN0S 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
SENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
bends 
bends 

20/ 
200 
209 
290 
241 
292 
293 
296 
295 
296 
29/ 
290 
299 
300 
301 
302 
303 
306 
305 
306 
30/ 
300 
309 
310 
311 
312 
313 
116 
315 
316 
31/ 
310 
319 
320 
321 
322 
323 
326 
325 
326 
32/ 
320 
3 29 
330 
331 
332 
333 
336 
335 
336 
3 3/ 
330 
339 
360 
361 
362 
363 

50 
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PROG«»* BFNOS TH/71, OPT«0 ROUND«*/ IR»Cc FIN R.ÇFlilfc 

3 4S 

JBO 

JS5 

360 

365 

3/0 

375 

380 

355 

390 

395 

C 
C 

C 
c 

c 
c 

IF (T SU). GI.0.0) TSTR(I) «S (ST RN, SINH, IPTStTS ( l>> 
IF (TSH).LE.0.11 TSTRU) «S (ST R BF f STN8E > IPTS, TS (I) ) 
IFITSTRII).LT.0.01 CF «CF»TSTRII)*eM(II«ED(I) 
IF(TSTRCI».GT.0.0) TF»TF*TSTR(I)*Et(<I)«EO(’> 

68 CONTINUE 

CMFC« SUN OF FORCES 
CF = A 9S(CF I 
TF.ÎBS(TF) 
U*»BS(CE-TFI 
»«*BS(CF*TF)/?.0 

IF(ITR.NE.0.»ND.NS.LE.10I MRI TE (6t21) TS9, FS B,C F, TF 
IF(NS.GT.IO) GO TO 67 
IF((U/VI«LT.O.0?) GO TO 56 
IF(CF.LT.TF) TSB«TSB-FSB 
IF (CF .LT.TF.RNO.YSB.GT.rCG) TEST« 1.0 
IF(TEST.EQ.O.O.ANO.VSB.GT.YCG) FS9*FS8* 2. 0 
FS9»FS9/?.0 
CF*TF *0.0 
GO TO 61 

CMFC F SUN OF NONFNTS 
56 CN«TM*0,0 

00 56 J«1,NF 

ÂN=TSTR(J)«EM(JI*ED(J)«(V(J)-VSBï 
IF(XN.LT. 0.0) CN*CN*XH 
IF(XN.GT.0.0) TN«Th*XN 

56 CONTINUE 
CNsABS(Ch) 
TN*ABS(TN) 
U=ABS(CH-TN) 
V*ABS (CHATM)/ 2.0 
IF(ITR.NF.O.ANO.NS.LE.IO) WRITE (6.6) CH,TH 
IF((u/V),LT.0.02) GO TO 61 
IF(CH.GT.TH) R»R*F 
F*F/?.0 
GO TO 67 

ENO OF CURRENT RADIUS ITtRATION 
61 OO 86 Irl,NF 

JrNPA(I)rNPAT(I> 
Slid ) «TS(1> 
OO 86 X«1,J 
FSRCRV(I,K,1)*TR(I,X,1) 
ESNCRF(I,K,1)«TN(I,K,1) 
E SRCR V ( I. K .7) «TR (I ,X,7) 

86 ESNCRV(I,F,7)«TN(I,K,?) 
TCGrfSB 
IF(OEBUCR.GC. 0) GO TO 65 
WRITE(6,96) NF XT 
OO SO M*1,7 
DO 50 I«1,NF 
IPTS» NF8 111 

50 WRITE ( 6,93) (£SRCRV(I,J,H) ,ESNCRV(I,J,H),J«l,ir'S) 
65 WRITE(6,77) HE XT,RAOII(HFXT),R,YSa,Y0,AH 

WRITE(6,0) NEXT,IBFNOS.RF 
00 102 l«l,NE 

ww. 

09/29/76 11. 06.63 

BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BE 60S 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BFNOS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BENDS 
BEUOS 
BENDS 
BENDS 
BENDS 

366 
365 
366 
367 
368 
369 
350 
351 
352 
353 
356 
355 
356 
357 
358 
3 59 
360 
361 
3 62 
363 
366 
3 65 
366 
3 67 
368 
369 
370 
371 
372 
373 
376 
375 
376 
377 
3 78 
379 
380 
381 
382 
383 
386 
385 
386 
387 
388 
389 
390 
3 91 
392 
393 
396 
395 
396 
397 
398 
399 
600 

51 
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PROGRft« SENOS 7R/7N ORT*0 ROUND**/ TRÍCE ETN 09/?9/ Tb ll.Ob.bl 

bta 

409 

410 

415 

420 

425 

102 MRITElb.lO) L f RIL> tESTNIL I |STR (LI .SSNILI tStS(L)|TS(LltTSTR<L) OENDS 
C BENDS 
C CHECK FOUILISRIUH OE EIN 4L RESIOUOL STRESS DISTRIBUTION BFNOS 

M*«*0.0 SENOS 
00 55 1*1,NE BENDS 
N*N»TSTSII)*EN(II*EOIII BEÑOS 

55 X*X»T$TS(I)*EH(II*EOIII*T(II BEÑOS 
MRITFI6.29I N,X SENOS 

100 CONTINUE BEÑOS 
C SENOS 
C CO**UTE EFFECTIVE STRESS-SIR* IN CURVES FOR ENTIRE FR*NE BEÑOS 

CREE ERRORVI1ST R,NP*,E «EN,ED,BERâNE,OEBUG R,NE,STRNK,ERBST Rt BEÑOS 
tEINOOSaO.NE.O» CREE FQRCRV IFRBSTR,STRNX ,INCX,NEE ,NHE> SENOS 
STOP BEÑOS 

62 NRITE16,221 N,NV,NS,CF,TF SENOS 
NRITE (6,91 NEXT,ISFNOS,RF SENOS 
DO TO 1*1,NE BEÑOS 

TO NRITE 16,101 I,VIII, EST NI II ,STR III ,SSN( Il , SBS ID.TSII) .TSTRIIt BEÑOS 
tFIOEBUCR.EQ. OI STOP BEÑOS 
NRITE 16,991 BEÑOS 
00 09 N«l,2 BEÑOS 
00 09 1*1,NC BEÑOS 
IRIS*NFRT III BEÑOS 

B9 NRITE (6,931 I TRI I, J,NI ,TNI I,J ,N) ,3*1, IPTSI BEÑOS 
STOP SENOS 
ENO BEÑOS 

01 
02 
S3 
04 
05 
06 
OT 
00 
09 
10 
11 
12 
13 
14 
15 
16 
12 
1« 
19 
20 
21 
22 
21 
24 
29 
26 

52 



SUBROUTINE BE TB/7B OBT.o ROUND*»/ TRÍCE FTN <•• 5»BH 19/79/76 11.06.43 

1 

5 

10 

15 

?0 

25 

30 

35 

40 

45 

50 

55 

SUBROUTINE BE U , NPTS , L, ST RC, STNC ,STRT , STNT , SPLF . SUFI 
C 

C RROGRÍR TO CONRJTE BÍUSCHINCER EFFECT í S 4 C0NBIN4TI0N OF 
C 4INEN47IC 4N0 ISOTROPIC HÍRCENING RULES. OEFíUlT VÍLUFS 
C OF FÍCTORS PRODUCE FULL KINFN4TIC RFOUCTION IN THE PROPORT IONÍL 
C LI*IT NITH NO CHÍNGE IN TME ULTIH4TE UNIT 
C 

COMMON /44/ ESRCRIM50,50 ,?>,ESNCRV<50,50.71 
O IRENS I ON STRC ( 5 01 , STNCI50 >, ST RT ( 501 ,STNT (50 ) .STRESS I 501 
OINFNSICN STR4INI50) 
M* 1 
IFI4.GT.0.0) M*7 
00 1 1*1,NPTS 
STRESS ( I) aESRCRV (L . I, Ml 

1 STR4IN(l)*ESNCRV(L,t,M) 
STN=GETSTN(STRESS,STR4INtNPTS,4> 
B*&ETPL(STRESS,STR1IN,NPTS,L» 
PLSN*GEISTN(STRESC,STR4INt NPTS.B) 
PSTN* 4(S(STNI 

STRCC IXSTNCdl*STRT(1)*STNT( 11*0.0 
DO 11 ¡■F.NPTS 
STRC(II*ESRCRV(L ,1,11 
stnc(I)*esncrv(l,:,ii 
STRT ( I ) «ESRCR V (L , 1,71 

11 STNTI II*ESNCRV(L ,1,71 
IFCPSTN.LE.PLSN> return 
E*VPLSN 

SNRN4X*(4BS(4>-BI/E 
IFC4.GT .0.01 GO TO 30 

C 
C PRESTRUN IS COHPRESSI« 

F *GETPL CSTRT.S TNT, NPTS ,L> 
G*GETSTN(STRT ,STNT,NPTS,F> 
E*F/G 
0*STNTCNFTS>-G 
00 70 I*?,NPTS 
SNU*SNPN4X»CSTNT<I>-G)/0»SUF 
SRU*SNU»E 
SNP*SNRN4X*ISTNT (NPTS > -STNT (ID /O’SPlF 
SRP*SNP*E 
STRTI II*STRT(II-SRP»SRU 

70 STNTII>«STNTCI>-SNP»SNU 
C4LL STNHR0I4 ,ST RC , STNC, NPTS, PSTN) 
RETURN 

C 
C PRESTR4IN IS TENSILE 

30 F*GETPL(STRC,STNC,NPTS,LI 
G*GF TSTN (SIRS, STNC, NPTS, F) 
E*F/G 
0*STNC (NPTS) -G 
00 31 1*7,NPTS 
SNU*SNRN4X*1STNC III-GI FO»SUF 
SRU* SNU»F 
SNP»SNRN4X»CSTNC CNPTSI-STNCIII I /0»SPLF 
SRR*SNP»E 
STRC( I)*STRC(II-SRPpSRU 

31 STNC(I)*STNC(I)-SNP»SNU 

BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BE 
BF 
BE 
BF 
BE 
BE 
BE 
BE 
BE 
BF 
BE 
BE 
BE 
BE 
BE 
BE 

7 
3 
4 
B 
6 
7 
« 
9 

10 
11 
17 
13 
14 
15 
16 
17 
IS 
19 
70 
71 
77 
73 
74 
75 
76 
77 
70 
79 
30 
31 
37 
33 
36 
35 
36 
37 
36 
39 
60 
41 
47 
43 
46 
45 
46 
47 
68 
49 
50 
51 
57 
53 
54 
55 
56 
57 
50 



SUBROUTINE BE OBT-O ROUNO«»/ TRÍCE FTN 09/79/76 11.06.93 

CALL ST«HR0«I,STRT,STNT,NBTS,BSTN) 
RETURN 

60 EH'’ 

BE 59 
BE 60 
BE 61 

54 
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SURROUT I NF Bf* ORT*0 ROUND«*/ TRICE FTN 4. S*41i> 09/Í9/76 11.04.43 

1 

S 

10 

IS 

30 

25 

35 

35 

40 

45 

50 

55 

C 
C 
C 
c 

c 
c 

c 
c 

c 
c 

c 
c 

SUBROUTINE BE * (l .STRBE ,ST NBE ,ST«N,STnN, NPTS, IBT S , »,KSE* 

NROGRIR TO PRODUCE 1 BIUSCHINGER EFFECT ELEnENTAi 
CURRE FRON NONOIHENSIONALITED EXPERINENTAl DATA 

STRESS-STRAIN 

C0W10N /AA/ ESRCR»(50,50,2»,ESNCRVT50,5 0,?I 

n?IT2?tiü*î?ÎIÎ «‘.tc.ccx.tci.nptac.nptat.cna.tna.nc.nt 
OINFNSION STR BE(SO).STNBE(SOI.STRN<50) , STNM( 501 «STRESS(SOI 

ní^IÜÍSIÍ SI?*IM<,!0,•CC*,Î0•,, .tC»(50,5I,CNA(50,5I,TNA(50,5I 
OINENSION CCK5I ,TCII5I,NPTACI5I,NPTIT(5I 
OINFNSION SRC(SOI« SNC(SOI»SRI(501,SNT(S0I 

GET PRESTRAIN 
N«1 
IF(A.GT.o.O) N»? 
DO 30 I » 1«NPT S 
STRESS(II«ESRCRVa,I,NI 

10 STRAIN(I)«ESNCRV (L,I,NI 

DEFINE ELEMENTAL BAUSCHINGER effect curres 
DO 1? I«1«NPTS 
SRC ( 11«ESRCRR(L«1,1) 
S NC111 * E SNCR R(L « 1,11 
SRT( 11«ESRCRR(L « 1,21 

12 SNT ( 11 «ESNCRV (L, T, 21 

IF(KBE.E0.211 CALL HSSCL ( SRC, SNC, SRT «SNT, NPTS, 01 
IF(K8E.E0.221 CALL HSSPT (SRC, SNC , SRT,SNT, NPTS, 01 
STN=GETSTN(STRESS,STRAIN,NPTS, A1 
R*GETPL (STRESS,STRAIN,l#TS<LI 
PLSN«GETSTN(STRFSS,ST RAIN,NPTS,Bl 
PSTN«APS (STNI 

RATIO«STRRE(ll«STNBF(1I«STRN(1I«STNN(1I«0.0 
IFIPSTN.GT.PLSNI GO TO 10 

PRESTRAIN is LESS THAN THE PROPORTIONAL LIMIT 
TPTS» NPTS 
00 11 I* 2,IPTS 
STORE (11«ESRCRV(L,1,11 
STNBE ( 11 sESNCRR(L , I , 11 
STRN( I1»ESRCRR(L,I,2I 

11 STNN( Il «ESNCRRIL ,1,2) 
RETURN 

10 IF(STN.6T.0.0) GO TO 30 

PRESTRAIN IS CONPRESSIRE 
DO 21 1*2,NT 
IF(PSTN.GE.TCI(I)I GO TO 21 
RATIO* (PSTN-TCK 1-1))/(TCI (II -TCI (1-1)) 
K*I 
GO TO 22 

21 CONTINUE 
IF(RATIO.EO.O.O) GO TO 24 

22 IPTS*NPTAT(K) 

OS= IS TRAIN (NPTS) -STRAIN! 2) )/( FLOAT (IPTS) - 2.0 ) 
STRBE (2)*STRFSSI2) 
STNBE(2)*STRAIN(2) 
00 26 1*3,IPTS 

BE* 
BE* 
BE* 
BE* 
BEX 
BE* 
BEX 
BE* 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
Bc X 
B X 
BEX 
BEX 
BEX 
BEX 
BEX 
BE* 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BE* 
BEX 
BEX 
BE* 
BEX 
BE* 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 

2 
I 
4 
5 
6 
r 
« 
9 

10 
11 
12 
13 
14 
15 
16 
IF 
10 
19 
20 
21 
22 
23 
24 
25 
26 
22 
20 
29 
30 
31 
32 
33 
34 
35 
36 
37 
30 
39 
40 
41 
42 
43 
44 
45 
46 
47 
40 
49 
50 
51 
52 
53 
54 
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SUBROUTINE BEX TS/Tk OPT»0 ROUND»»/ TRÍCE FTN S»lit <• 0 9/ ? 9/ 76 tt.«6.63 

60 

6S 

70 

75 

SO 

• 5 

90 

95 

100 

105 

111 

STN8E (IMSTNBE CI»1I »OS 
76 STRBE( II»S(STRESS« STRÍIN«NPTS| STNBEIIII 

00 7J I»?,IPTS 
STRNIIl»TCí(I,K-ll»RâTIO»CTCÍ CI,K»-TCi(I,R.lH 

7T STMB(II«TNÍ(t lK-ll»RÍTIO»ITNia,KI>TNÍ(I,K-l)l 
CÍU STrhROIÍ » ST ROE iSTNBE i IPÊS »PSTN1 
RETURN 

C 
C PREST RAIN IS GREÍTER TMÍN HIGHEST AVÍIIA9LE EXPERIHENTAL OATA 

76 IPTS* NFTAT INT I 
OS*CSTRAININPTSI-STRAINTZn/CFLOATCIPTST-7.0» 
STRBE (7I*STRESS(7I 
STNBEI7I»STRAIN(?> 
00 77 I « S, IP T S 
STNBE I IlaSTNBE 11-11 »OS 

77 STRBE(II<S(STRESS,STRAIN,NFTSiSTNBEIII) 
00 75 I»?,IPTS 
STRN(II»TCA(I , NT I 

75 STNH(II»TNA(I,NT> 
CALL STNHROIA,STRBE,STNBE,IPTS,PSTN) 
RETURN 

C 
C PRESTRAIN is tensile 

10 00 31 1*7,NC 
IFCPSTN.GE.CCKIII GO TO 31 
RATIO»(PSTN-CCI(I-lll/ICCIIII-CCia>l>> 
K*I 
GO TO 37 

31 CONTINUE 
IF(RATIOiEQi0.II GO TO 36 

3? IPTS*NPTACCKI 
OS»(STRAIN(NPTSI-STRAIN« 711/(FLOAT (IPTS 1-7.01 
STRH(7)»STRESS(71 
STNH(7)»STRAIN(71 
DO 36 1*3,IPTS 
STNN«I1»STNN(I-ll»0S 

36 STRNI I)»S(STRESS,STRAIN,NPT$,STNH(I) I 
00 33 I»? ,IPTS 
STRBE (II»CCA( I, X-ll »RATIO» (CCA ( I, Kl-CCA (I ,K-1II 

33 STNBE (I1*CNA( I ,K-1) »RATIO» (CNA (I, Kl-CNA (I ,K-111 
CALL STNHRO(A,STRH,STNH, IPTS,PSTNI 
RETURN 

C 
C PRESTRAIN IS GREATER THAN HIGHEST AVAILABLE EXPERIHENTAL DATA 

36 IPTS*NPTAC(NCI 
0SX(STRAIN!NPTSI-SYRAIN(7II/(FLOAT(I^TSI-7.01 
STRN(71-STRESS(71 
STNN!71»STRAIN«71 
DO 37 I»3,IPTS 
STUR« II »STMII-I l«OS 

37 STRH(II»S(STRESS,STRAIN,NPTS,STNN(III 
00 35 1*7,IPTS 
STRSEIII»CCA(I,NCI 

35 STNBE(II*CNA(I,NCI 
CALL STAHRD(A ,STRH,STNH, IPTS.PSTNI 
RETURN 
END 

BEX 
BEX 
BEX 
BEX 
BEX 
BE X 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BCX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 
BEX 

59 
60 
61 
67 
63 
66 
65 
66 
67 
60 
69 
70 
71 
7? 
73 
76 
75 
76 
77 
70 
79 
00 
01 
07 
03 
06 
05 
06 
07 
00 
09 
90 
91 
9? 
93 
96 
95 
96 
97 
90 
99 

100 
101 
107 
103 
106 
105 
106 
107 
100 
109 
110 
111 
117 
113 
116 
115 
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subroutine erncrv T*/7l> OBT* 0 ROUND»»/ TRICE FTN 0 9/2 9/T6 11.09.91 

1 

S 

10 

IS 

20 

25 

JO 

35 

90 

95 

50 

55 

C 
c 
c 
c 

SUBROUTINE FftttCRVIRES.NRft.CtEN.EO.aFRlNEtOCBUGRiNC.SfRNK.MBSTBI 

PROGRAF TO ABO EFFECTS OF RESIDUAL STRESS TO ElCNCNT CURtES 
ANO PRODUCE AVERAGE FRANE STRESS-STRAIN CURVE 

GORRON /AA/ ESRCRV<50,50 , 2»tESNCRV»50,50, 2) 

s¡;:!!X ..... 
integer oebugr 

21 FORNA T lJT»F10.ltl0K»FA.S»10XfE13.6t6AtElJ.6) 
22 F0»NATC»1EFFECTIVE STRESS-STRAIN CURVE INCLUDING*/* RESIDUAL STRES 

IS AND 9AUSCHINGER EFFECT*/* VITH ».FT.O,* FABRICATION STRESS*//5*. 
2*STRESS*,19*.»STRAIN*,16*.•ES*,li*’*FT.i| * ’ 

21 FORNAT (MSTRESS-STRAIN CURVE BEFORE RESIDUAL STRESS EFFECT FOR ElE 
1NENT*, IJ//6I, *STRESS*,19X,»STRAIN*/! ° tLE 

29ifF0RN.t,*.RESIDUAL STRESS IS*,FH. 0,9*,»CORRESPONDING STRAIN IS *, 

25 FORNATI»0STRESS-STRAIN CURVE ACCOUNTING FOR R.S. AND B.E. FOR ELEN 
1ENT *,I3//6X,*STRESS*,19X,»STRAIN»/) 

25 FORNATl*0STRESS-STRAIN CURVE USED TO CONFUTE EFFECTIVE FRANE CURVE 
1 FOR ELENENT • , I 3//5X , *STRFSS* , 19X,'STRAIN*/) 

2T FORNAT (5C5X,F 10, 0,2X,F0.6) ) 

2.i/Fr.T,.lELENENT STRESS-STRAIN CURVES INCORPORATING B.E. ANO R.S.* 

STRSm*STRN(l)*STRm*5TN(l)»0.0 
DO 1 1*1,NE 
A*RFS 11 ) 
C*0.0 
NPTS»NPA(I) 
OO 2 J*2,NPTS 
STR1J)»ESRCRV(I, J,11 

2 STNCJ)»ESNCRV11,J,1) 
IFII.NE.OEBUGRI r.O TO 12 
NRrrE(6,23l I 
00 19 X*1,NPT S 

19 WRITE 15.21) STRIK) ,STN(K) 
12 IF(A.GT.O.O) GO TO 3 

COWRFSSIVE RESIDUAL STRESS 
R-GETST9CSTR,STN,NPTS,A) 
00 11 J*2,50 
STRNI J) *C*C*STRNF 
D=»HS1B)*C 

11 STRSI J)*SCSTR,STN,NPTS,0)»A 
GO TO 9 

TENSILE RESIDUAL STRESS UNLOADS ELASTICALLT UNTIL ELENENT GOES 
INTO COPPRESSION 

J 8*1/F 
00 5 3=2,50 
S TRN <J)=C=C*STRN* 
IFIC.LE.a) STRF|J)=E*C 
O*C-0 

IFIC. GT.P) STRSf J>>S(STR,STN,NPTS,0)»A 
5 CONTINUE 
9 00 6 3*1,50 

ESRORVC 1,3,1) »STRSf 3) 

FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
ERNCRV 
erncrv 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 
FRNCRV 

2 
3 
9 
5 
6 
F 
( 
9 

10 
11 
12 
13 
19 
15 
16 
IF 
10 
19 
20 
21 
22 
23 
29 
25 
26 
2F 
20 
29 
30 
31 
32 
13 
39 
35 
36 
3F 
30 
39 
90 
91 
92 
93 
99 
95 
96 
92 
90 
99 
50 
51 
52 
53 
59 
55 
56 
52 
50 

57 
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SUBROUTINE FRMCRV Tlt/ri, ORT*0 ROUND«*/ TRICE ETN t. *»M* 19/29//6 11.06.61 

60 

65 

TO 

/5 

00 

05 

90 

95 

100 

105 

110 

6 ESNCRVT I.J.ll *STRN(J) 
IEII. NE.OEBUGRI GO TO 1 
WRITE 16.261 A y B 
WRITE (6,251 I 
00 16 J«l,50 

16 WRITE(6,211 STRS(Jl,STRN(Jl 
1 CONTINUE 

C 
C INOIVICUAL ELENFNT CURVES NON INCORPORATE B.E. ANO R.S. 

IE(OEBUGR.GE.II GO TO 19 
WRITE(6,201 
00 20 T*19NE 

20 WRITÇ(6,271 (ESRCRV(I,J9l>,ESNCPV(I,J,ll,J>l,50l 
19 CONTINUE 

STRS(1I«STRN(1I«0.0 
C*0.0 
1*1 

7 1*1*1 
9*0.0 
$TRN(tl*C*C»STRNK 
J*0 

0 J*J*1 
DO 9 K*1950 
STR(5I*ESRCRV( J9K9II 

9 STN(KI*ESNCRV(J,W,1I 
IE (OE BUCK .LE. 01 GO TO 17 
IEU.NF.OEBUGR.OR.I.NE.2I GO TO 17 
WRITE(6,261 J 
00 10 K«l,50 

10 WRIT £ ( 69 211 STR( Kl , ST N (K) 
17 CONTINUE 

C 
C SUN AREA WEIGHTED STRESSES TO GET AVERAGE STRESS 

A*S(STR,STN,5 0,C>*EW(J)*EOIJI/AFRANE 
9*B*A 
IFU.LT.NF» GO TO 0 
S T RS ( I » * 0 
IEd.LT.501 GO TO 7 
WRITE(6,221 EABSTR 
L*50 

I£(EABSTR.NE.O.I> CALL FAB(STRS9STRN,EABSTR,L) 
CALL PNTOUT(STRS.STRN,LI 
00 15 1*2,L 
STN( I )=STRS(I »/STRNdl 
lE(I.EO.L) GO TO 15 

STRI11 * (STRS (I*l)~STRS(I»t)>/(STRN(I*l)*STRN(IM>l 
15 CONTINUE 

STN(1)*0.0 
STR(1I*STRS(2I/STRN(2I 
STR(LI*ISTRS(L»-STRS(l-l>l/(STPN(LI-STRN(L-lll 
DO 10 I* 19 L 

10 Nfl]TE(6,21) STRS (II ,STRN(II,STN(II,STR(II 
RETURN 
ENO 

ERHCRV 59 
FRNCRV 60 
ERHCRV 61 
FRNCRV 62 
ERHCRV 63 
FRNCRV 66 
ERHCRV 65 
FRNCRV 66 
ERHCRV 67 
ERHCRV 60 
ERHCRV 69 
FRHCRV 70 
ERHCRV 71 
ERHCRV 72 
FRNCRV 73 
FRHCRV 76 
FRHCRV 75 
FRHCRV 76 
FRHCRV 77 
FRHCRV 70 
FRHCRV 79 
ERHCRV 00 
ERHCRV 61 
ERHCRV 02 
ERHCRV 03 
ERHCRV 06 
FRHCRV 05 
ERHCRV 06 
ERHCRV 07 
FRNCRV 00 
FRHCRV 09 
FRHCRV 90 
ERHCRV 91 
ERHCRV 92 
ERHCRV 93 
ERHCRV 96 
ERHCRV 95 
ERHCRV 96 
ERHCRV 97 
ERHCRV 90 
ERHCRV 99 
ERHCRV 100 
ERHCRV 101 
ERHCRV 102 
FRNCRV 103 
FRHCRV 106 
FRNCRV 105 
ERHCRV 106 
ERHCRV 107 
ERHCRV 100 
FRHCRV 109 
ERHCRV 110 
ERHCRV 111 
ERHCRV 112 

58 
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SUBROUTINE FORCRV Tk/T* OPT.® ROUND»/ TRACE FTN *.5*<*14 0B/Z9/T6 11.09.93 

1 

S 

10 

IS 

20 

25 

30 

35 

90 

95 

50 

55 

SUBROUTINE FORCRV IFARSTR, STRNK , INEX .NFC, NHC > FORCRV 
C FORCRV 
C PROGRAF TO PRODUCE STRESS-STRAIN CURVES FOR HOD-NOO BRVANT FORCRV 
C FORCRV 

CONNON /AA/ ESRCRV«50,5I,2),FSNCRV150,50, 2) FORCRV 
OINENSICN STRN(50.91. AVGISO.9) .NPI9I FORCRV 
OINENSION STR(50)> STN(501 FQRCRV 

11 FORNA T(•1STRE SS-STRAIN CURVES FOR NOO-NOO BRVANT»/» N ITM A FABRICA FORCRV 
1T ION STRESS OF • tF10.t///10Xt»SEG. 1», FORCRV 
216X ,* SEC• 2» • 16X ,»SEG. 3» , 16X , »FLANGE»//9X.»STRESS», 5 X,• STRAIN», FOR*,RV 
36X.»STRESS»,9X.»STRAIN».6X.»STRESS»«9X.*STRAIN»i6X>*STRESS».9X> FORCRV 
9»STRAIN»/I FORCR/ 

12 FORNAT(IN 1 FORCRV 
13 FORNAT (»0NUHBER OF ELEMENTS MUST BE A MULTIPLE OF FOUR TO •/• OBTA FORCRV 

UN CURVES FOR THE REVISED MODIFIED BRTANT PROGRAM »I FORCRV 
19 FORMAT (1H»,3K,F(.|t2X«FS.6I FORCRV 
15 FORMAT(lH«t25XlFB.0t2X,FB.6l FORCRV 
16 FORNAT(IH»t9FXtFB.0f2X,F6.6l FORCRV 
IF FORMAT' .M»,69X,F8.0,2X,FS.6» FORCRV 

NUM*NFc*NNE FORCRV 
K*NUM/9*9 FORCRV 
IF(K.EO.NUHI GO TO 21 FORCRV 
WRITE (6« 13) FORCRV 
RETURN FORCRV 

21 OO 22 1*1,50 FORCRV 
IFIN-0 FORCRV 
00 23 J*1,9 FORCRV 
TOTAL*0.0 FORCRV 
ISTAR T = IFIN*1 FORCRV 
L*NME/3 FORCRV 
IF(INE X.LE.0. AND. J. ED. II L*NFE FORCRV 
IF(lNEX.GT.a.ANO.J.ta.9l L*NFE FORCRV 
IFIN*IFIN»L FORCRV 
00 29 K*ISTART,IFIN FORCRV 

29 TOTAL *TOT AL»ESRCRV(K, I ill FORCRV 
23 AVGI1,JI*TOTAL/FLOAT(LI FORCRV 
22 CONTINLE FORCRV 

XKONT*-STRNK FORCRV 
00 25 1*1,50 FORCRV 
XKONT*X«ONT»STRNK FORCRV 
00 25 J*1 ,9 FORCRV 

25 ST°N(I ,J)*XKONT FORCRV 
00 2 1*1,9 FORCRV 
DO 3 J*t,5C FORCRV 
$TR( Jl *AVG(J, II FORCRV 

3 STN(JI*STRN(J,II FORCRV 
IF(FABSTR.NE. 0.11 CALL FAS (STR .STN.F ARSTR ,501 FORCRV 
M*50 FORCRV 
CALL PNTOUT (STR.STN, M) FORCRV 
NP(I) *N FORCRV 
00 9 J*1,N FORCRV 
AVG(J,I)*STR(J> FORCRV 

9 STRN(J,II*STN(JI FORCRV 
2 CONTINUE FORCRV 
1 WRITE(6,111 FABSTR FORCRV 

N*HAXI(NP(1I,NP(2> ,NP( 3) ,NP(9I I FORCRV 
00 5 1*1,M FORCRV 

2 
3 
9 
5 
6 

f 
8 
9 

10 
11 
12 
13 
19 
15 
16 
IF 
18 
'9 
2.1 

21 
22 
23 
29 
25 
26 
22 
28 
29 
• 
1 
2 
3 
9 
5 
6 
2 
S 
9 
0 
1 
2 
3 
9 
5 
6 
2 
8 
9 
0 
1 
2 
3 
9 
5 
6 
2 
8 
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SUBROUTINE FORCR* TR/7R ORT»0 ROUND**/ TRACE ETN %. 04/29/76 11.04.63 

60 

65 

70 

MRITEI6.12> 
IF(INEX.LE.O) 50 TO 6 
IFd.lE.NRIin MRITEf 6.161 AVG(Xtl). STRN( 1.11 
IF(I.LE.NP<2) I MRITE ( 6.151 AVG ( 1,2», STRN( 1,21 
IFII.LE.NR(3II NRITEI6.16) AVG11.3),STRN(1,3) 
IFU.LE.NPU)! NR1TFI6.17I A VG (1.61. STRNI1,61 
GO TO 5 

6 IFtI.LE.NP(6) I MRITEI6.16I AVG(I,61.STRNt1.6) 
IFd.LE.NP (3) ) MRITE(6.15I AVGII. II.STRNU.3> 
IFII.LE.NPIEII NRITEI6,161 AVG11,2).STRNI1,21 
IFII.LL.NP(Il 1 NRITE(6,17I AVG11 , Il.STRNI1.11 

5 CONTI NUL 
RETURN 
FNfl 

FORCRV 59 
FORCRV 60 
FORCRV 61 
FORCRV 62 
FORCRV 63 
FORCRV 64 
FORCRV 65 
FORCRV 66 
FORCRV 67 
FORCRV 60 
FORCRV 69 
FORCRV 70 
FORCRV 71 
FORCRV 72 

60 
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SUBROUTINE EâB T*/T* ORT-O ROUND*»/ TRACE FTN %. 5«hl<. 09/29/76 11.16.61 

1 

5 

10 

IS 

20 

SUBROUTINE FAR (STR,STN.F1 BSTRiL) 
c 
C RROCRA7 TO ACCOUNT FOR FIT-UR STRESS 
C 

OINENSICN STRISO).STNI5II 
Q*SICN(1.0.FABSTR> 
ST*(1I«STN(1)«0.0 
N*L 
00 101 J*2,N 
ifiabsifabstri.gt.struii co rn 101 
R*IABS(FABSTRI-STR<J-1II/(STRIJ>-STRU-1II 
FA9STN*R»(STNIJl -STNIJ-llI*STN(J-l) 
t*L-J*2 
N*J-1 
00 102 «*2.L 
N«N*1 
STRIt)*STR(NI »FABSTR 

102 STNIKI<STN<NIRO<FABSTN 
CO TO 110 

101 CONTINUE 
100 RETURN 

ENO 

FAB 
FAB 
FAB 
FAB 
FAB 
FAB 
FAB 
FAB 
FAB 
FAB 
FAB 
FAB 
FAB 
FAB 
FAB 
FAB 
FAB 
FAB 
FAB 
FAB 
FAB 
FAB 

61 



* 

FUNCTION CETSTN 7h/T>> OPT»0 POUND»»/ TP»CE 
FTN I9/E9/F6 11. ON.NJ 

1 FUNCTION CETSTNISTPCSS,STRAIN,NPTS.STP) 
c 
C PROCRAP TO CALCULATE STRAIN GIVEN A STRESS 

* DIMENSION STRESS (S 01,STRAINIC01 
00 ? I»;,NPTS 

IFIIBStSTRl.GT .STRESS ( Il I GO TO 2 
RATIO»1.0-(SrRESSII)-ABS<STR>l/(STRESS(II-STRESS(I>l>l 
F*SIGNf l.OtSTR) 

111 GETS™"F*<ST*»INII-11»RATI0»«ST*AIN(I»-STRAIN*I-1IM 
RE TUR N 

2 CONTINUE 
GETSTN»STRAIN(NPTSI 
RETURN 

15 ENO 

GETSTN 2 
GETSTN S 
GETSTN A 
GETSTN ; 
GETSTN 6 
GETSTN T 
GETSTN 0 
GETSTN 9 
GETSTN 10 
GETSTN U 
GETSTN 12 
GETSTN 13 
GETSTN 1* 
GETSTN IS 
GETSTN 16 



' !!| “ IP:. 'Wn-VIHT ' ...1:-:111::-:-11 warn 

FUNCTION S fk/Vt OFT«» FOUND«*/ T«»CE FTN 09/29/T6 U.M.Nl 

C 
c 
c 

FUNCTION StSTNESS,STRAIN,NPTS,ESI s 

PNOGRAN TO GET STRESS FRON STRESS-STRAIN CURVE GIVEN ELASTIC STRAI S 

OINENSION STRESS(9(1 »STRAINIStl r 

SIGU«STRESSINRTSI*0.9M c 
F*SIGN< t.0,ESI I 
STN-ABSIES) c 
IFISTN.LT.STRAININRTSn GO TO 1 c 
S«SIGU*P ; 
RETURN I 

1 00 2 I«2,NRTS s 
IFISTRA1NIII.GT.STN> GO TO 3 $ 

2 CONTINUE I 
3 RATIO«1.0-(STRAIN(I l-STNI/ (STRAIN(I) -STRAINI I-ll > s 

S*F* C ST RESSII- II »RATIO*! STRESS Ul-STRESST 1-1 HI S 
IFIMSISI.GE.SIGUI S»F*SIGU « 
RETURN , 
END Í 



U
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 o
 

FUNCTION GETPl 7N/T«, OPT* 0 ROUND**/ TRACE 

FUNCTION GETPL <S TR , STN ,NPTS t ID I 

PROGRAP TO FINO PROPORTIONAL LINIT STRfSS 

OINENSION STRISOI,STN(S0) 
11 /ORNATIPOPROPOPTIONAL LINIT NOT FOUND 

1* tINK » *strain*/i 
12 FORNATMX.FIO.O, 10X,F8.6) 

E*STR12I/STNI2I 
00 1 I*JfNPTS 
A*STRIII/STNIII 
B*ABS(E-AI/E 
J*I 
IFO.GT.0.0051 GO TO 2 

1 CONTINUE 
GO TO 3 

2 GETPL*STRCJ-11 
RETURN 

1 WRITE i6f 11 ) 10 
00 <• IMtNPTS 

<• WRITE < 6» 121 S TRI II fSTNIIl 
STOP 
ENO 

FTN It. 5*<tlli 09/29/ Ffe 

GETPL 2 
GETPL 3 
GETPl I. 
GETPL 5 
GETPL b 

ELFHINT *,12//5^,»STRESS GETPL T 
GETPL A 
GETPL 9 
GrTPL 10 
GETPL 11 
GETPL 12 
GETPL 13 
GETPL IN 
GETPL 15 
GETPL 16 
GETPL IT 
GETPL 18 
GETPL 19 
GETPL 20 
GETPL 21 
GETPL 22 
GETPL 23 
GETPL 21. 
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f UNOT TON y PT Tk/7t> OPT* P aOUNO*»/ T«»CE FTN %. 5*414 

1 

5 

10 

FUNCTION TPTTSTtESS.STMIN.NPTS.XSTN» 
C 

C CALCULATION OF A GIYEN PERCENT OFFSET STRESS 
C 

DI 1ENSION STRESS (501 .STRAIMSO» 
STR*OEtPL(STRESS.STRAIN,NPTS.1I 
STN*GETSTN(SrRESSiSTRAlN»NFTSiSTRI*OaOO? 
TPT*S(STPESS,STRAIN,NPTS,STN1 
RETURN 
ci^n 

09/79/76 11.04.43 

TPT 
YPT 
TPT 
YPT 
YPT 
YPT 
YPT 
TPT 
YPT 
YPT 
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subroutine stnmrd T%/Tk OBT»6 ROUND«»/ TRÍCE FIN <>. «»IiIR 09/79/T6 ti. 09.93 

1 

5 

10 

1« 

Î0 

SUBROUTINE STNHRO (STR.STRBE.STNBE.IPTS.RSTN) 

PROGRAM TO PRODUCE STRAIN HARDENED CURVE 

DIMENSION STRBET SOI «STNBE ($0I|SR(90I|SNIS0) 
STRBE(1I«STNBE(1I*SR(l)«SN(ll«B.O 
E«STRBE(EI/STNBE CE> 
00 1 J«1tIPTS 
SRIJI«STRBEIJl 

1 SNIJI«STNBEIJI 
STRBE(2l«ABS(STRI»0.999 
STNBE(2>«STRBE(2t/E 
STNINC»(SN(IPTSI -SN(2) l/IELOAT (IPTS)-2.01 
HaPSTN 
00 2 J«ItIPTS 
STNBE(J>«STNBE(J-1> »STNINC 
h«h»stninc 

2 STRBE ( J) *S(SR t SNtIPTS • (0 
RETURN 
ENO 

STNMRO 2 
STNHRO 3 
STNHRO 9 
STNHRO 5 
STNHRO 6 
STNHRO T 
STNHRO A 
STNHRO 9 
STNHRO 10 
STNHRO 11 
STNHRO 12 
STNHRO 13 
STNHRO 19 
STNHRO 19 
STNHRO 16 
STNHRO 12 
STNHRO 10 
STNHRO 19 
STNHRO 20 
STNHRO 21 



SUBROl/TINE 

1 
I 
I 
I 

5 

10 

15 

20 

25 

30 

BNT OUT 2%/2V OPTM »OUNO»»/ TRACE FTN A.5«A1N 09/29/26 11.06.63 

SUBROUTINE PNTOUT (STRStSTRN,NPTSI PNTOUT 
PNTOUT 

PROGRAF TO RENOVE UNNECESSARY POINTS FRON STRESS-STRAIN CURVES PNTOUT 
PNTOUT 

OIICNSION STRStSOI •STRNISOI PNTOUT 
C-STRSm/STRNIE) PNTOUT 
N-NPTS PNTOUT 
1*0 PNTOUT 

1 I*!♦1 PNTOUT 
2 IF(t.EO.INPTS-II ) RETURN PNTOUT 

ETI» 1STRS (IMI-STRS Illl/ISTRNI ITU -STRNd 11 PNTOUT 
IFIET1.ST. (E* I .«SI I GO TO 6 PNTOUT 
STRS(It1)»STRS(N) PNTOUT 
STRNIItOMSTRNINI PNTOUT 
NPTS«lTl PNTOUT 
RETURN PNTOUT 

6 P*0.20 PNTOUT 
IF (ET 1.6T . (E* 1.111 P*0.10 PNTOUT 
IFtETl.CT.IETO.SII P» 0.0 2 PNTOUT 
ET2*ISTRS(I«2I-STVSII»1II/(STRN(I»2I-STRNd *1)1 PNTOUT 
Q“CET1-ET2I/ET1 PNTOUT 
IFIO.GT.PI GO TO 1 PNTOUT 
L-NPTS-1 PNTOUT 
K*I*1 PNTOUT 
00 3 J»«tL PNTOUT 
STRSIJ1*STRS(J*1I PNTOUT 

3 STRN(J)>STRN(Jt1I PNTOUT 
NPTS«NPTS-1 PNTOUT 
GO TO 2 PNTOUT 
fNO PNTOUT 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 

67 



SUBROUTINE HSSCL Tk/7k OPT*0 ROUND«*/ TRICE FTN Oq/ZR/Tb H.Ob.RJ 

1 

S 

19 

IS 

?8 

7S 

30 

35 

<•0 

bS 

SO 

55 

SUBROUTINE HSSCL ( STRESS«STRâlNiSTRT,SINT»NPTS>OCBUCft) HSSCL 2 
C HSSCL 3 
C DEFINITION OF M TERIRL PROPERTIES OF MICH STRENGTH HSSCL b 
C STEEL MITH â CURVILINEAR TYPE OF STRESS-STRAIN CURVE HSSCL 5 
C HSSCL 6 

CONNON /M ATOA T / CCA.TCA.CCI.TC I,NPTAC,NPTAT,CNA,TNA,NC,NT HSSCL T 
ODCNSION CCA «51,5) ,TCA«5I,5) ,CCH5> ,TCIC5I ,NPTAC<51 ,NPTAT IS* HSSCL 8 
OINENSICN STRESS (501 »STRAINISO) t STRT (SOI »STNTI501 HSSCL 9 
ODTNSION CNA ISO ,51 ,TNA«50,5* HSSCL 10 
INTEGER OEBUGR HSSCL 11 

11 FORNATI»OCONPRFSSIVE STRESS-STRAIN CURVES affected »T PRESTRAIN • HSSCL 12 
1 //4X,b(*PRESTRAIN«*tFr.b,6AI/lXlb<«STRESS*tSVi*STRAIN*,6X)/> HSSCL 13 

1? FOPNAT ( IX.HF 10. 0, ?X,F F.b.bXI » HSSCL lb 
13 FORNAT ««OTENSKE STRESS-STRAIN CURVES AFFECTED ÍV PRESTRAIN • HSSCL 15 

l//bX,b (•PRCSrRAIN««,F7.b,6XI/3Xlb(*STRESS*i5X(*STRAIN* ,6X1 /1 HSSCL 16 
NC»NT«b HSSCL 17 
NPTAC41I«NPTAC12)»NPT AC(3)«NPTAC(b)*26 HSSCL 18 
CCI(1>*I.0000SCCI(2>*0.0100SSCI(3)*0.0200 ICC Ilb)«0.0350 HSSCL 19 
CNAIO11*0.OOSCNA1021«1.00 SCNA 4 031«2.DOSCNA(0bl«3.10SCNA1051 «b.00 HSSCL 20 
CNA(0 6)*b.b0tCNA 4071<b.60(CNA1001«b.OOSCNAI 091«5.OOfCNA410)>5.20 HSSCL 21 
CNA(ll)«5.b0tCNA 412)*S.60SCNA413l«5.00SCNAIlb|B6.00<CNA415>«7.00 HSSCL 22 
CNAIl6)«6.OOSCNA 417)«9.0OSCNA4161«10. OSCNA 1191 «12.0SCNA4?0)>lb.0 HSSCL 23 
CNA421)*16.0SCNA 422I«10.0SCNA 423)«20»0SCNA42bl«b0.0 HSSCL 2b 
CCAI01,2)*1.000SCCA402,2ts0.900tCCA10I,2> «0.015SCCA4Ob,2) «0.7b9 HSSCL 25 
CCA(05,2)«0.693tCCA406 ,2)«0.66 3SCCA 407,2)*0•662 ICCA108,21*0.661 HSSCL 26 
CCA(09,2l«0.666SCCAI10,2)«0.670SCCA411,2)«0.677fCCA112,2)*0.6 86 HSSCL 27 
CCAIl3,2)*0.7020CCA(lb,2)«0.709ICCA(15,2)«0.756SCCAI16,?)*0.001 HSSCL 28 
CCA4 17,2)*0.837SCCA41A,2)*0.07SfCCA(19,2l>0. 9290CCA4 20,2)«0.956 HSSCL 29 
CCA(21,2>*0.970tCCA<22,2>*0.9790CCA423,2)«0.993 ICCA 12b,2)*1.02b HSSCL 30 
CCA4 Cl ,3) «1.0000CCA 402,3)*0.667$CCA4 03,3)*0. FbOOCCAC Ob,3) «0.677 HSSCL 31 
CCAI05,3> «0.612SCCA (06,3)*0.50?ICCA4]7,I)«0,5020CCA4 08,3>*0.580 HSSCL 32 
CCA<09,3>*0.579tCCA(10,3)*O.S8 5tCCA(ll,3l«0. 588ICCA4 1 2,3) ■ 0.591 HSSCL 33 
CCA (13,31 *0.6 00SCCAllb,3)«0.60 8fCCA415,3)«0.63eiCCA116,3>*0.675 HSSCL 3b 
CCAl 17,3)*0.706tCCA41l,3)«0.7360CCA(19,31 «0. 70SICCA4 20,31«0.82b HSSCL 35 
CCA4 21 ,3)*0.860CCCA122,3>*0.090 SCCA123,3)«0.9106CCAI2b,3)*0.992 HSSCL 36 
CCA(01,b)«l.0O0OCCAI02,b>*0.l67|CCA(0T,b)«0. 7330CCA40b,b>«0.671 HSSCL 37 
CCA (0 5,b)*0»60 3ICCA40 6,b)>0.573ICCAt07,b) *0.571ICCA100,b)*0.573 HSSCL 36 
CCAl09,b>«0.5721CCAI10,b)>0.572ICCA111,b)«0. 579SCCA112,bl >0.581 HSSCL 39 
CCAl13,9)*0.5900CCAIlb,b)*0.596fCCAI15,b>>0.629tCCAI16,b)*0.656 HSSCL bO 
CCAI17,b)*0.661SCCA(18,b)*0. 70 6CCCA119, b) «0.7510 CCA I70,b)«0.78b HSSCL bl 
CCA4 21 ,b>*O.SllCCCA(22,bl*0.6360CCAI23,b)*0.SbSOCCAl2b,b> *0.917 HSSCL b2 
00 1 I«1,b HSSCL 93 
NPTATII>*NPTACII> HSSCL bb 

1 TCI i I )«CCI II) HSSCL b5 
00 3 1*1,2b HSSCL b6 
CHAI I ,1)«TNAI1,1>*CNAII,1)*0.801 HSSCL b7 
CCAII,1|*SISTRESS,STRAIN,NPTS,CNAII,1)> HSSCL b8 

3 TCAII,1)*SISTRT, ST NT,NPTS,TNA11,1)) HSSCL b9 
00 2 1*1,2b HSSCL 50 
00 2 J*2,b HSSCL 1 
TNA<I,J)*TNAII,1) HSSCL 52 
CNAII,J)*CNAIt,l) HSSCL 53 
TCAII,J)*CCA(I,J)*TCA4I,1) HSSCL 5b 

2 CCAIl,J)*CCAII,J)*CCA4I,II HSSCL 55 
IFIOEBUCR.GE. 0) RETURN HSSCL 56 
NRITE 16,11) ICCIII),I*l,b) HSSCL 57 
WRITE 16,121 I ICCAII,J) ,CNAII,J) ,J*l,b> ,I«l,2bl HSSCL 58 

68 
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SUBROiniNE HSSCL Tk/71, OÍT-D ROUND»»/ TRACE FTN 09/29/Tt 11.06.6S 

NRITCie.lS) ( TCI (I I il»lt 61 
NRtTE «6,121 C ITCACltJ) .TNA 11, J) ,J»1,4I ,I»lf26l 

60 RETURN 
END 

HSSCL 99 
HSSCL 60 
HSSCL 61 
HSSCL 62 

69 
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SUBROUT I MSSPT ThtTk OPT«0 ROUUO«»/ T«»CE TTN 09/79/76 11.04.61 

1 

5 

10 

IS 

2( 

25 

10 

IS 

60 

65 

50 

55 

C 
C 
c 
c 

SUBROUTINE HSSPT <STRESS ,STM IN, STRT,STNT ,N*»TS,0F8UG«> 

OEEINITION OE RATERIAL PROPERTIES OE NIGH STRENGTH 
STEEL RITH A PLATEAU TTPE STRESS-STRAIN CURVE 

CONNOR /NATOAT/ CCA,TCA,CCI,TCI,RPTAC,HPT AT, CNA,TMA,RC,NT 
OINENSION CCA (SI,S),TCA(5(t5),CCI(5),TCII5),NPTAC<5) , NPTAT ( 51 
ODCRSIOR STRESS (5BI, STRAINISS >, STRT 150 > , STRT (501 
OKCNSICN CRB (50,51,TNA150,51 
INTEGER OEBUGR 

11 FORNAT ( * OC OPPRESSIVE STRESS-STRAIN CURVES AEEECTEO 8T «RESTRAIN • 
1 //4 X,5 («PRE STR AIR» ,E7.6,6X1/3«,5 («STRESS*, SX, «STRAIN*, 6X1/1 

12 «ORNAT ( 1 X,5(F 10. 0,2X,/7.4,6X11 
13 EORNAT<*OTENSILE STRESS-STRAIN CURVES AEEECTEO BT PRESTRAIN • 

1//6X, 5 (^RESTRAIN** ,7 7.6,6X1/JX, 5 (»STRESS *,5X,*STRAIN«,6X> /> 
NC»NT *5 
NPTACOl »NPT «C(?)*NPTAC(3! »NPT AC(41 »NPT AC (51 *22 
CCK 11*0. OICCI (21*0.0 0 34ECCKll*0.00521 CC 1(61*0. 00S6ICCI (51 <0.016 
CNA(01)*0•OOSCNA(021*0.50BCNA(031*1.00ICNA(06)*1.50ICNA(051*2.00 
CNA(06>*2.50ICNA(07l*3.0(tCNA(OOI*3.50SCNl(09>*6.00ICNA(10><4.50 
CNA(11I*5.00SCNA(121*5.50 SCNI (131 *6.00 (CNA( 141 *7. OOSCNA (151*0.00 

CNA(161 *9.00ICNA (171* 10. OICNA ( 101 *11. 0ICNA( 1 91 * 12. OICNA ( 201 *15.0 
CNA(21I*20.OICNA(271*40.0 
CCA (01,21*1. 00 01 CCA (0 2,21«0.902ICCA(03,2I*(I. 902|CCA(06,2) *0.90 2 
CCA(05,2)*0.90 2ICCA(0 6,2I *0.096ICCA (07,21*0.0 97ICCA (00,21*0.9 49 
CCA( 09,2) *1.OOOICCA(10,21 * 1.017ICCA( 11,2) «1. 026SCCA( 12,2) *1.0 79 
CCA (13,2)*1.(29ICCA(14,21* 1. 030 ICCA (15,21 *1.0 30 !CCA( 16,21-1.030 
CCA(17,21*1.0301 CCAdO,21*1.030ICCA(19,2) *1. 0 31 |CCA( 20,2) • 1.0 31 
CCA(21,2)*1.0 31ICCA(22,2)*1.031 
CCA(01,3)*1.000ICCA(02,31 *0.914ICCA( 01,31*0. OOSICCA (06,3) *0.745 
CCA((5,3)*0.699ICCA(06,3I*0.594ICCA(07,31 *0.637ICCA (00,31*0.670 
CCA(09,3I*0.733ICCA (10,31 *0. 703ICCA (11,31*0. 031 ICCA (12,31*0.060 
CCA(13,31*0.O9(1CC((16,31*0.93(ICCA(15,31*0.530ICCA(16,31*0.930 
CCA(17,31*(.930ICCA(1B,3I*0.93(ICCA(19,31 *0. 930ICCA(20,31*0.930 
CCA(21,3)*(.9301 CCA(22,3 >*0.936 
CCA((1,4>*1.0001 CCA(0 7,61*0.719ICCA(03,61 *0.600ICCA(04,4)*0.626 

CCA(05,4) *0.507ICCA (06,61-0.550ICCA(07,41-0.516ICCA(00,61 *0.534 
CCA(09,4)*0.575BCCA(10,61*0.61 OICCA ( 11,61 *0. E44|CCA( 1 2,4) « 0.6 76 
CCA(13,4>*0.70 5tCCA(14,6) *0. 7C 9ICCA (15,61 *0.00 6ICCA (16,41*0.064 
CCA(17,6I*0.(79ICCA(1(,6I*0.OOOICCA( 19,61 *0. 0(1ICCA( 70,61 *0.(03 
CCA(21,4) *0. (06ICCA(22,61 *0.0(5 
CCA((1,5>*1.0001 CCA(02,51*0.653|CCA(03, 51 *0. 632ICCA(04,51 «0.502 

CC A(05,5>*0.545ICCA(06,51*0.510 |CCA(07,51 -0.670tCCA(00,51*0.690 
CC(( 09,9) - 0.532ICCA (10 ,51 * 0.559ICCA (11,51*0. 5 (6 ICCA ( 12,5)-0.616 
CCAI13,5>*6.639!CCA(16,5)*0.603tCCA(15,5) *0.719ICCA( 16, 51 «0.747 
CCA (17,91-0. 7691 CCAdO,51* 0. 797ICCA (19,61*0.035ICCA (20,5>*0.O3B 
CCA(21,9) *0.B41BCCA(22,5> *0.(66 
00 1 1*1,5 
NPTAT (I>*NPTAC(I1 

1 TC K 11 *CC I (Il 
00 3 1*1,22 
CNA(1,1)*CNA( 1,11*0.001 
T NA(1,1)*CNI(1,11 
CCA( 1,1I*S (STRESS, STRAIN,NPTS,CNA (1,1)1 

3 TCA(1,1 )-S(STRT,STNT,NPTS,TNK 1,11) 
00 2 1*1,22 
00 2 J*2,5 

MSSPT 
hsspt 
MSSPT 
MSSPT 
MSSPT 
MSSPT 
MSSPT 
MSSPT 
MSSPT 
MSSPT 
MSSPT 
MSSPT 
MSSPT 
MSSPT 
MSSPT 
MSSPT 
MSSPT 
MSSPT 
MSSPT 
MSSPT 
MSSPT 
MSSPT 
MSSPT 
MSSPT 
MSSPT 
MSSPT 
MSSPT 
MSSPT 
HSSPT 
MSSPT 
MSSPT 
MSSPT 
MSSPT 
MSSPT 
MSSPT 
MSSPT 
HSSPT 
MSSPT 
MSSPT 
MSSPT 
MSSPT 
MSSPT 
HSSPT 
MSSPT 
MSSPT 
MSSPT 
MSSPT 
MSSPT 
MSSPT 
MSSPT 
MSSPT 
MSSPT 
MSSPT 
MSSPT 
MSSPT 
MSSPT 
HSSPT 

2 
3 
6 
5 
6 
7 
0 
9 

10 
11 
12 
11 
14 
15 
16 
17 
10 
19 
20 
21 
22 
23 
24 
25 
76 
27 
20 
29 
30 
31 
32 
33 
36 
35 
36 
37 
30 
39 
40 
41 
42 
43 

44 
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46 

47 

40 

49 
50 
51 
52 
53 
54 
55 
56 
57 
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Tk/Th SU8R0UTINF MSSPT OPT»0 ROUND-»/ TRACE FTN 4.8(41¼ 09/29//6 11.04.41 

TNAU.JI-TNMI.l I 
CNttI•Jl>CN*(1111 

61 TCRIl.JI-CCAlIiJI»TCAII(1> 
? CCM 11 Jl (¢06( I • J ) »CCI 11.1) 

IMOEBUCR.CC.OI RETURN 
MRITE(6.111 (CCI (II ,1-1,9) 
NR HE (6.12» ( (CCtd.JI iCNl(I,J),J-l,91,1-1,221 

68 NRnE(6,ll» (TCKtl ,1-1,91 
HRHE (6,12» ((TCMI,J>,TNA(I,JI,J-1,91,1-1,22) 
RETURN 
ENO 

MSSPT 99 
MSSPT 60 
MSSPT 61 
MSSPT 62 
MSSPT 63 
MSSPT 64 
MSSPT 69 
MSSPT 66 
MSSPT 6/ 
MSSPT 60 
MSSPT 69 

f ^ 
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