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ABSTRACT

This guide documents the use of the Fatigue Life
Analysis Program, which is intended for use in the im-
plementation of the Interim AAR Guidelines For Fatigue
Analysis of Freight Cars. This computer program is a
tool, through which the freight car design engineer can
readily incorporate fatigue life calculations within the

design process.



BACKGROUND INFORMATION

ON THE

TRACK-TRAIN DYNAMICS PROGRAM

The Track-Train Dynamics Program encompasses studies of the
dynamic interaction of a train consist with track as affected
by operating practices, terrain, and climatic conditions.

Trains cannot move without these dynamic interactions. Such
interactions, however, frequently manifest themselves in ways
climaxing in undesirable and costly results. While often differ-
ing and sometimes necessarily so, previous efforts to reasonably
control these dynamic interactions have been reflected in the
operating practices of each railroad and in the design and
maintenance specifications for track and equipment.

Although the matter of track-train dynamics is by no means
a new phenomenon, the increase in train lengths, car sizes, and
loadings has emphasized the need to reduce wherever possible
excessive dynamic train action. This, in turn, requires a greater
effort to achieve more control over the stability of the train
as speeds have increased and railroad operations become more
systematized.

The Track-Train Dynamics Program is representative of many
new programs in which the railroad industry is pooling its
resources for joint study and action.

A major planning effort on track-train dynamics was initiated
in July 1971 by the Southern Pacific Transportation Company under
contract to the AAR and carried out with AAR staff support.
Completed in early 1972, this plan clearly indicated that no
individual railroad had both the resources and the incentive to
undertake the entire program. Therefore, AAR was authorized by
its Board to proceed with the Track-Train Dynamics Program.

In the same general period, the FRA signaled its interest
in vehicle dynamics by development of plans for a major test
facility. The design of a track loop for train dynamic testing
and the support of related research programs were also pursued
by FRA.

In organizing the effort, it was recognized that a sub-
stantial body of information and competence on this program
resided in the railroad supply industry and that significant
technical and financial resources were available in government.

Through the Railroad Progress Institute, the supply industry
coordinated its support for this program and has made available
men, equipment, data from earlier proprietary studies, and
monetary contributions.
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Through the FRA, contractor personnel and direct financial
resources have been made available.

Through the Transport Canada Research and Development
Centre (TDC), the Canadian Government has made a major commitment to
work on this problem and to coordinate that work with the United
States' effort.

Through the Office de Recherces et D'Essais, the research
arm of the Union Internationale des Chemins de Fer, the basis
for a full exchange of information with European groups active
in this field has been arranged.

The Track-Train Dynamics Program is managed by the Research
and Test Department of the Association of American Railroads
under the direction of an industry-government steering committee.
Railroad members are designated by elected members of the AAR's
Operation-Transportation General Committee, supply industry
members by the Federal Railroad Administration, and Canadian
Government members by the Transport Development Centre. Appro-
priate task forces and advisory groups are established by the
Steering Committee on an ad hoc basis as necessary to pursue
and resolve elements of the program.

The staff of the program comprises AAR employees, personnel
contributed on a full- or part-time basis by railroads or members
of the supply industry, and personnel under contract to the
Federal Railroad Administration or the Transportation Development
Agency.

The program plan as presented in 1972 comprises:
1) Phase I -- 1972-1974

Analysis of an interim action regarding the present
dynamic aspects of track, equipment, and operations
to reduce excessive train action.

2 Phase II -- 1974-1977

Development of improved track and equipment specifi-
cations and operating practices to increase
dynamic stability.

37) Phase III -= 1977=1982
Application of more advanced scientific principles

to railroad track, equipment, and operations to
improve dynamic stability.

iv



Phase I officially ended in December of 1974. The major
technical elements of Phase I included:

a) The establishment of the dynamic characteristics
of track and equipment.

b) The development and validation of mathematical
models to permit the rapid analysis of the effects
on dynamic stability of modifications in design,
maintenance, and use of equipment and track
structures.

c) The development of interim guidelines for train
handling, makeup, track structures, and engineer
training to reduce excessive train action.

Reports on all elements of Phase I activities have been
completed and are available through the AAR. A list of the
Track Train Dynamics publications is available upon request.

The major technical elements of Phase II include:

a) The adaptation of Phase I analytical models to
allow for conducting parameter investigations in the
area of track, trucks, draft gear and cushion units,
and vehicle behavior.

b) The development of fatigue analysis guidelines.

=) The development of a comprehensive program for
identifying the loads to which track, vehicles,
and vehicle components are subjected.

As research on this program proceeds, reports on other
elements of Phase II will be issued, and existing reports
updated at appropriate intervals.
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1. INTRODUCTION

The use of fatigue analysis for the calculation
of freight car and/or component life is a necessary add-
ition to the overall freight car design procedure. To
meet this need, the Interim AAR Guidelines for Fatigue
Analysis of Freight Cars was introduced. In order to fac-
ilitate the implementation of these guidelines, a user
oriented computer program was developed.

Al Purpose and Scope

This volume is intended to serve as a user's
manual for the application of the freight car Fatigue Life
Analysis Program. The program is based on the Interim
AAR Guidelines for Fatigue Analysis of Freight Cars. It is
not intended to supercede or make obsolete any existing AAR
design requirements. Rather, it is to be used as a tool,
by means of which the freight car designer can readily in-
corporate fatigue life calculations within the design pro-
cess.

12 Related Publications

- Interim AAR Guidelines for Fatigue Analysis
of Freight Cars

- User's Guide to Rainflow Counting Program
e Specification for the Design, Fabrication,

and Construction of Freight Cars. AAR.
Adopted September 1964.



2. ANALYTICAL BACKGROUND

The basic fatigue analysis method used in this
program corresponds to that described in the Interim AAR
Guidelines.  As stated in that Guideline, this method is
not considered to be the only reliable method of fatigue
analysis. However, users of other methods must be able
to verify the method's general acceptance in the field
. of fatigue analysis and provide reference to sufficient
comparisons between predictions and test results.

2.1 General

The fatigue analysis portion of this program
is based on Miner's linear cumulative damage rule. This
rule is used to calculate fatigue damage due to over-the-
road and/or yard impact ‘loading. By use of either applic-
able modified Goodman Diagrams or appropriate stress con-
centration factors, the effect of geometric details is
included. : :

The basic input data is generally in the form
of environmental load spectra, as included in the Interim
AAR Guidelines. These spectra can then be converted to
stress spectra for critical car locations by means of
structural analysis techniques. Alternately, raw data
such as that obtained from field measurement on instru-
mented test cars (strains, accelerations, etc.) can be
converted from time history form to suitable load spectra
by means of the AAR Rainflow Counting Program. This
- counting program gives the user the capability of taking
raw field test data and converting it into a form suit-
able for input into the Fatigue Analysis Program.

A summary of the program is shown as a basic

. fatigue 1life calculation sequence in Figure 1. Using the
input data needed to fill the requirements of Table 1,
the fatigue damage is calculated and the total number of
cycles to failure is determined. The loaded and unloaded
fatigue lives are then determined by using the ratios of
occurrences (or cycles) per mile and empty to loaded car-
miles (Appendix B). Additional options (Figure 2) allow
. for the combination of yard-impact life to obtain a total
anticipated fatigue life.

It should be noted that conversion of load
spectra to stress spectra, as done in this program, is
based on a separate vehicle stress analysis which is be-
ryond the scope of this program. Finally, the decision
as to which location in the freight car should be inves-
tigated for the fatigue life analysis is beyond the
capability of this program. This decision, which in-
volves considerable engineering judgement, must be made
by the car designer.




2.2 Miner's Rule

Miner's linear cumulative damage rule is a
widely accepted rule of fatigue damage accumulation in
a structure subject to repeated loads. Consequently, it
was chosen as the basis for the standard AAR fatigue
analysis guideline. According to this rule, whenever a
component is stressed to some value below the yield stress
of the material and above the fatigue limit for that de-
tail component (at that applied stress level), damage
occurs (Figure 1l). For components subject to repeated
loadings, this damage is linearly cumulative, and fail-
ure will result when the sum of the damage equals unity.

' ai
i

This method of analysis, which is described in
detail in the Interim AAR Guidelines, assumes no damage
for negative-negative stress cycles, and no dependenace
on order of load. For the case where the absolute value
of the compressive stress is greater than or equal to the
tensile stress for a given cycle, the cycle is assumed
to be a complete reversal cycle with a value equal to one-
half the sum of the absolute value of the compressive
stress and tensile stress. The compressive stress then
becomes the negative of the new tensile stress.

2.3 Material Properties

The Modified Goodman Diagrams (MGD's) such as
those given in the Interim AAR Guidelines are convenient
means of giving basic material property data and have the
additional capability of being able to incorporate detail-
ed features.

The MGD's are assumed to have constant slope
which are cut off at the yield point of the material. The
curves given in the Interim AAR Guidelines and the corre-
sponding analysis assume a fatigue limit for steels of
2,000,000 cycles.

Two basic types of MGD's are included in the
AAR Guidelines. One type gives the basic fatigue proper-
ties of plates in the as-rolled condition. When using
this type of diagram, an appropriate stress concentration
factor must be included in the stress analysis to take
into consideration the effect of structural details.
The second type of diagram already includes the effect
of a structural detail and thus, no additional stress
concentration factor is needed for the corresponding
analysis.



The material properties needed for the Fatigue
Life Analysis Program are:

b Fatigue limit for the stress ratio R=0,
(y intercept of the MGD curve)

m Slope of the MGD curve
k Absolute value of the slope of the S-N curve
for the material under consideration. (The S-N

curve is assumed to be a straight line on log-
log paper which for steel goes from 100,000
cycles to 2,000,000 cycles. The slope is in-
dependent of the stress ratio R).

2.4 Load Spectra

a. Environmental (Over-the-Road) Load Spectra

Several environmental load spectra for var-
ious categories of freight cars are given in the Interim
AAR Guidelines. These spectra are based on range-mean
counting of field test data. Supplementary spectra can
be generated through the use of the AAR Rainflow Counting
Program to reduce field test data.

The spectra takes the form of three-dimen-
sional folded spectra which give, for each maximum-minimum
load combination, the percent occurrence that the cycles
are encountered in the environment. It is recommended as
a conservative approach that the stress values for each
increment be chosen so as to provide the greatest range
between maximum and minimum stress.

Conversion of load spectra to stress spectra
involves application of stress analysis techniques beyond
the scope of this manual. However, after a conversion of
load to stress spectra has been effected, it can be incorp-
orated into the Fatigue Life Analysis Program in a manner
corresponding to that shown in the Interim AAR Guidelines.

The user should note that conversion of load
spectra to stresses may involve more than one load spectra
(combined loadings). Furthermore, stress spectra may
differ for a freight car subject to a given environmental
load condition when it is in a loaded vs. an unloaded
state.



b. Impact (Yard) Load Spectra

At present there is little data available
on impact loading in the form of load spectra. This area,
which is not covered in the Interim AAR Guidelines, is
included in the Fatigue Life Analysis Program so that im-
pact effects, when data becomes available, can be readily
incorporated into the design procedure. It has been
observed that impact loading will generally be in the form
of zero to maximum loads, and consequently will be repre-
sented by only one column of the three dimensional folded
spectra.

The conversion of yard damage to equivalent
car life involves the development of a Bj, the equivalent
ratio of impact cycles per mile. One suggested procedure
is to establish a ratio of service miles per impact, By.
(1 impact every 200 road miles is a number that has been
suggested, but not validated). Then Bij = B/Bm, where B
is the total number of spectrum cycles per mile for the
road environment under consideration. This method, which
appears to be acceptable, has not been validated at this
time, and consequently, the choice of a value for Bj is
left to the individual car designer.

2545 Data Acquisition and Reduction

As an alternative to the use of the given car
environmental load spectra, new load or stress spectra can
be generated directly from test measurement data. This
can be done through instrumentation of a "test" vehicle
for over-the-road measurements of either acceleration or
stress time histories. These time histories can be re-
duced to the form of three dimensional folded spectra by
means of the AAR Rainflow Counting Program which is des-
cribed in the User's Guide to the AAR Rainflow Counting
Program.

It should be noted that development of an over-
the-road stress spectra, at a point already determined as
being fatigue critical, eliminates the need for a stress
analysis to convert the load spectra to stress spectra,
since the stress spectra is obtained directly. However,
care should be used to insure that the instrumented point
is, in fact, the area where fatigue failures will arise
and be of a form so as to put the car out of service.
Furthermore, the load distribution on the test car should
be representative of the actual service environment. A
list of freight car components and attachments which re-
quire fatigue analysis is given in the Interim AAR Guide-
lines.



TABLE I

INPUT DATA

Option Control Data

Material and Detail Part Properties
a. Material Properties
b. Detail Part Properties

1. Modified Goodman Diagram

2.5 — N'curve
Ratio of Empty Car to Loaded Car - Miles
Ratio of Impact Occurrences to Road Miles
Conversion of Load Spectra to Stress Spectra
Load Environment Spectra
a. Road

1. Loaded

2. Unloaded
b.Tmpact. "(Yard)



Figure 1
Damage Calculation Flow Chart
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Figure 2

FATIGUE ANALYSIS PROGRAM FLOW CHART
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3. PROGRAM DESCRIPTION

e Introduction

FLAP consists of three subroutines which perform
all fatigue life calculations. These routines are used
by the main program and have no dependence upon each other.
Three service subroutines are used to augment the main pro-
gram and its routines in data assembly.

The three core subroutines are:

1. LOADED, which calculates fatigue life based
on loaded road use of the car, is employed
in every run.

2. EMPTY, which calculates fatigue life based
on unloaded road use of the car, is called
only when the user feels damage may have
resulted from unloaded road use.

3. IMPACT, which calculates the fatigue life
associated with damage caused in yard
operations, is implemented only when know-
ledge of damage on this component is avail-
able.

The three service subroutines are:

1. GMULTY, which assembles the necessary matrices
from input information, is only called when
a direct input of the stress matrices is not
available or convenient.

2. ADDNT combines multiple load spectra in any
or all of the routines and is called only
when more than one type of input loading is
considered.

3. CONVRT* implements a conversion of a load
spectra to form that is appropriate for in-
put into the program.

The main program serves as a driver through

which the desired subroutines are called, and through which
the input and output functions are handled.

* DEC System-20 version only



R 2 Main

The main routine of the FLAP program can be
broken up into four specialized functions:

1) Input and printout of data (Types 1-5, Table 1)
2) Accessing of needed subroutines
3 Conversion of fatigue damage cycles to

expected life values in miles

4) Combining of the various contributing fatigue
damages to obtain a value for the total
fatiqgue life.

These functions are related to each other in
the program as shown on the flow chart (Figure 3).

Main has been written with the intention of
direct user-program communication and this dialogue
should be system dependent. If direct user-program commun-
ication is not desired or cannot be implemented, this
block must be structured toward a different format*.

The first function, the input of data, utilizes
a block of read and write statements at the beginning of
the program. A call to the service routine CONVRT*, can
be used or bypassed upon decision of the user. A detailed
explanation of the required input formats and the output
format is given in Chapter 4.

The second function, providing access to the
other five subroutines available, utilizes the option con-
trol data, which the user must input. To simplify the
discussion at this point, the ADDNT subroutine will not
be included in this explanation. The accessing function
is accomplished by a series of tests acting on the option
control variables which the user inputs in order to spec-
ify which subroutines are desired. The options available
to the user are shown in Table 2.

After the fatigue damage cycles have been de-
termined for loaded and unloaded road usage and yard opera-
tions in the respective subroutines, the main program then
performs its third function, utilizing the variable Beta
(B) to convert the fatigue damage cycles into expected
life in miles . This value of Beta (cycles/mile) must be
supplied by the user and cannot be generated in the program.
The value is determined from the data acquisition proced-
ure and accompanies the load spectra that is input to the
program. Beta is number of load cycles per mile of vehicle
travel. Thus, life (in miles) equals Np/g-

* DEC System-20 version only
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Each type of usage, i.e., loaded road service,
unloaded road service, and yard operations (impacts),
causes its own fatigue damage and thus requires its own
Beta value. The Beta value for loaded and unloaded usage
are generated from the basic value obtained in the data
acquisition and are related to the empty car/loaded car
usage ratios. Values for this ratio are provided in
Appendix B. The user is required to input the basic
Beta value and the empty car/loaded car miles ratio value,
and from these values the program will solve for the re-
sultant Beta Loaded and Beta Unloaded values. These are
then used to divide the loaded fatigue damage cycles to
failure and the unloaded fatigue damage cycles to failure,
respectively, to obtain the number of miles of service
which can be expected in each case. A Beta value for im-
pact must also be determined and directly input by the
user. This is discussed together with a suggested method
in Section 2.4.b.

The final function of the main routine adds
the separate fatigue lives in parallel to obtain the ex--
pected total fatigue life as follows:

1
Life =
 § £ 1 % 1
N_ (loaded) N, (unloaded) N, (impact)
il K L
B loaded 8 unloaded R 1mpact

This total fatigue life is the final value printed out
for the run.

13



Figure 3

MAIN ROUTINE FLOW CHART

ICONVRT >—% | CONVRT
# 1
READ AND
PRINT DATA
(TYPES 1-5
TABLE 1)
#0
JG GMULTY
=0
LOADED
# 1
JNT ADDNT
=1
#0
JCALL EMPTY
=0
| ADDNT l
# 0
U I IMPACT

| ADDNT

LIFE;=NT,/
BETA

TOTAL
FATIGUE LIFE

*OPTION VARIABLE DEFINITION ARE

OUTPUT GIVEN IN TABLE 2.

FATIGUE
LIFE VALUE

i REFERS TO LOADED, EMPTY, OR
IMPACT

12



ICNVRT*

JG

JCALL

JHIT

TABLE 2

OPTIONS AVAILABLE IN THE MAIN ROUTINE

Option Control for Entering Load Spectra:

ICNVRT = 1, reformat load spectra in a
form suitable to FLAP
ICNVRT = 0, load spectra is already in

form suitable for input to FLAP

Option Control for Entering GMULTY Subroutine:
JG = 1, control is transferred to GMULTY
JG = 0, GMULTY not utilized

Option Control for Entering EMPTY Subroutine:

JCALL = 1, fatigue damage due to unloaded
road usage is calculated
JCALL = 0, EMPTY not utilized

Option Control for Entering IMPACT Subroutine:

JHIT = 1, fatigue due to impact/yard con-
ditions is calculated
JHIT -= 0, impact not utilized

Option Control for Entering ADDNT Subroutine:
JNT > 1, multiple load data combined
JNT = 1 ADDNT not utilized

* DEC SYSTEM-20 version only
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3.3 Subroutines

In addition to the MAIN routine, six subroutin-
es combine to provideaiversatlle means of fatigue life
calculation. The user is given a variety of options,
which he may or may not choose to employ.

Three of the subroutines, LOADED, EMPTY, and
IMPACT form the core of the program.  These subroutlnes
determine the fatigue damage cycles to failure due to each
stress spectra.

The other three subroutines, CONVRT, GMULTY,
and ADDNT are service subroutines, which are available
if needed to organize the matrices required in the core
subroutines. Within GMULTY and ADDNT several options are
available for generation of the stress matrices other than
direct input. CONVRT is used for reformatting the load
spectra to be input to the program.

A great deal of input preparation is saved
when one of these options can be utilized.

3.3.1 Loaded

The LOADED subroutine is the only one of the
six subroutines which is called no matter what options
are chosen by the user. Upon entry into LOADED, a test
to determine if data is being transferred from the GMULTY
subroutine is made; otherwise the necessary arrays are
read in directly (Figure 4).

. The three arrays which are used to calculate
the number of fatigue damage cycles to failure are a max-
imum stress array (STRSMX), a minimum stress array
(STRSMN) , and a percent occurrence array (ALPHA). These
three arrays are printed out by LOADED before the calcula-
tion sequence is begun. These arrays are basic to the
program and represent the stress spectra as defined in
the user's guide. 1In all three arrays the values must be
compatible. Thus STRSMX requires a positive stress value,
STRSMN requires a stress value less than STRSMX, and ALPHA
must have a value less than one, representing the percent
occurrence of this particular stress combination in the

- total stress spectra. The format for these arrays is
given in Section 4.1.

These arrays are used to determine a value for
the number of fatigue damage cycles to failure due to
loaded road service (NTLOAD). The procedure used in this.
calculation is discussed in Section 2.2 and a graphic rep-
resentation is provided in Figure 1.

14




Figure 4

LOADED SUBROUTINE FLOW CHART *

ENTER FROM MAIN

READ INPUT DATA

WRITE DATA SETS

A 4

CALCULATE Np

NT

(No Fatigue Damage ) = 0

NTLOAD **= 1/Np

RETURN TO MAIN

*Option control variables defined in Table 3.

**Number of fatigue damage cycles due to loaded
15

condition use.




The NTLOAD value and all three arrays are then
returned to the main routine. The NTLOAD values are used

in the main routine in the determination of the loaded and
overall fatigue lives.

The arrays read in this subroutine can also be
used in the EMPTY and/or IMPACT subroutines.

3532 Empty

The EMPTY Subroutine is called by the main
routine only when this option is specified by the user
(see Section 3.2). This option is used to calculate
the fatigue damage cycles to failure due to unloaded
road service (NTEMP).

Upon entry into the EMPTY subroutine a test
is made to determine whether a separate set of arrays is
to be input for the unloaded condition (Figure 5). If
this option is selected, this additional data must be
provided in the format specified in Section 4.1. 1In the
case when this option is by-passed, the subroutine uses
the same three arrays as were employed in the loaded
subroutine, but alters the two stress matrices by
multiplying them by the ratio of the car body weight (CBW)
over the car gross weight (GW).

In either case, the same procedure as in the
loaded case is then implemented for the calculation of the
number of fatigue damage cycles to failure due to unloaded
road service (NTEMPTY). The NEMPTY value is then returned
to the main routine to be used in the total fatigue life
calculations (Section 3.2).

BlsaBie S Impact

The IMPACT subroutine is called by the main routine
only when this option is specified by the user (see Section
3.2). This option calculates the fatigue damage cycles to
failure due to yard operations/impact (NTIMP).

Upon entry into the IMPACT subroutine a test is
made to determine whether or not separate arrays are to be

input for yard operations (Figure 6). If this option is
selected, this additional data must be provided in the format
specified in Section 4.1. 1In the case when this option is

by-passed, the subroutine uses the same three arrays as were
employed in the loaded subroutine, but alters the two stress
arrays by multiplying them by a factor which it is left to
the user to determine. This factor (PUNCH) is input by the
user at his discretion.

16



Figure 5

EMPTY SUBROUTINE FLOW CHART *

ENTER FROM MAIN

READ INPUT DATA

ALTER LOADED DATA

Ve

WRITE OUT VALUES

v

CALCULATE Np

il NTEMP = 1/NT

(No fatigue damage) = 0

RETURN TO MAIN

* Option control variables defined in Table 3.

17




In either case, the same procedure as in the
loaded case is then implemented for the calculation of
the number of fatigue damage cycles to failure due to
impact. ' The NTIMP value is then returned to the main
routine to be used in the total fatique life calculatlons
(Section 3.2).

18



Figure 6

IMPACT SUBROUTINE FLOW CHART *

ENTER FROM MAIN

READ INPUT DATA

ALTER LOADED DATA

Ye

WRITE OUT VALUES

h 4

CALCULATE Nrp

NTIMP = 1/Ng

(No fatigue damage)

RETURN TO MAIN

* Option control variables defined in Table 3.
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3.3.4 CONVRT

The CONVRT subroutine* is a service subroutine
which can be employed to convert a load spectra to a
form suitable for input to FLAP. FORMAT ('l1', 2I2,
"0:00.0Y, PLO.8).

This routine is totally system dependent. In
this implementation, load spectra in the form of three
dimensional folded spectra from the AAR Rainflow Counting
Program, are reformatted for input to FLAP.

This routine is used for convenience and should
be changed in any way to aid the user in his transformat-
ion of any type of data to a form suitable for input to

FLAP.

* CONVRT only available on DEC-20 version

20




R B GMULTY

The GMULTY subroutine is a service subroutine
which can be employed to produce the two stress arrays
STRSMX and STRSMN required in the core subroutine (Figure 7).
The user must input all three arrays, STRSMX, STRSMN, and
ALPHA if the GMULTY subroutine is by-passed. When used
GMULTY requires the input of several stress/load factors
in addition to the ALPHA array. A complete ALPHA array is
required irrespective of the selected options.

Within the GMULTY subroutine, there are three
options available (Figure 8):

1) use of an incrementing factor (G) together with
a static stress (STATIC) to generate the stress
arrays that correspond to the input ALPHA arrays,

2) use of a stress concentration factor (SCF) and
a stress/force ratio (STRE/FOE) with a static
stress (STATIC) to convert input load arrays in-
to usable stress arrays,

3) use of a stress/force ratio (STRE/FOE) to con-
vert input load arrays into usable stress
arrays.

Note 1: Only one option can be employed in each run of
the program. They cannot be used together.

Note 2: Option 3 is a special case of Option 2, where
SCF = 1.0 and STATIC = 0.0.

The subroutine begins by determining which of
the three options has been chosen. The alpha matrix must
be input by the user in all three options.

Selection of the first option requires the user
to input a static stress (STRESS) and an incrementing
acceleration value (G). These values are used to generate
the STRSMX and STRSMN arrays. Note the dynamic stresses
are obtained by multiplying G and the static stress and
are then added to the static stress to generate the final
stress arrays (Figure 8). These data sets are now in a
form acceptable for use in the core subroutines without the
need for a direct input of the stress values.
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The second option requires the user to input
two load arrays in addition to the ALPHA array and to in-
put a stress concentration factor (SCF) which must be
selected by the user along with an appropriate stress/
force ratio (STRE/FOE) and a static stress (STATIC). (This
static stress will often be zero and is assigned a default
value of zero unless some other value is input), In this
option, the two load arrays corresponding to STRSMX and
STRSMN are multiplied by the stress/force ratio to convert
the loads into stresses. 1In the same step, this value is
modified by multiplication with the stress concentration
factor. The result of this operation is added to the static
stress value, if one is input, to obtain the necessary
STRSMX and STRSMN arrays.

The third option provided in GMULTY converts
load arrays directly into stress arrays. The user must
input the load and ALPHA arrays and an appropriate stress
(STRE) and force (FOE). The subroutine then multiplies
each value in the load sets by the stress/force ratio to
obtain STRSMN and STRSMN directly.

The three arrays are returned to the main rout-
ine to be used when the LOADED subroutine is called.
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Figure 7
GMULTY MATRIX
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Figure 8

GMULTY SUBROUTINE FLOW CHART

[ENTER FROM MAIN l

INP =1 INPUT ONE
OPTION . DATA BY LINE
HAND DATA

INPUT
NAME OF
DATA

MODUL

STRESS

|

| GENERATE
|

| MATRICES
|

OPTION

ASSIGN A GENERATE STRESS
VALUE IN MATRICES BY
THE ALPHA MULTIPLICATION
.MATRIX OF STATIC STRESS
BY ACCEL.CONST.
AND ADD TO
STATIC STRESS
VALUE
INPUT =]
DATA E§>>
\\HAND CONVERSION
OF FORCES
TO
STRESSES
CONVERSION
OF FORCES

TO STRESSES

APPLICATION
BY STRESS
CONC, FACTOR
RETURN ADDHTO. *%
< ) STATIC
STRESS
VALUE

SRS 0

24



3.3.6 ADDNT

The ADDNT subroutine is employed to combine
up to three simultaneous fatigue producing spectra. The
fatigue damage cycles to failure for each spectra are
added in parallel, i.e., Figure 9.

Np = 1/ (1T1 = 1/NT2 = 1/NT3)

The user must indicate how many simultaneous
spectra are to be considered with the JINT option control
variable (Table 3). A complete new data set must be pro-
vided with each new spectra when this subroutine is used.
No options are available to the user within the sub-
routine itself and it proceeds automatically once called.

NOTE: This subroutine combines spectra in a
non-conservative manner. It is designed for qualitative
use and it is not recommended for quantitative use, since
it is based on a non-conservative simplifying assumption.
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JDIM

JG

JCALL

JHIT

JNT

JOR

JEMPTY

TABLE 3
OPTION CONTROL VARIABLES

User specified dimensions of spectra arrays,
thus generated arrays are JDIM by JDIM;
JDIM < 20

Option control for entering GMULTY subroutine:
JG l, control is transferred to GMULTY
JG 0, GMULTY not utilized

Option control for entering EMPTY subroutine:
JCALL = 1, fatigue damage due to unloaded
road usage is calculated,

JCALL = 0, EMPTY not utilized

Option control for entering IMPACT subroutine:
JHIT = 1, fatigue damage due to impact yard
conditions is calculated

JHIT = 0, IMPACT not utilized

Option control for entering ADDNT subroutine:
JNT = 1, ADDNT not utilized,

IJNT = 2, two simultaneous sets of input data
are used and the ADDNT routine is employed to
combine them,

JNT = 3, three simultaneous sets of input data
are used and the ADDNT routine is employed to
combine them

Option control in GMULTY subroutine:

JOR = 1, GMULTY utilizes the matrix constant,

G (input data), and a static stress value,
STATIC, to directly generate the dynamic stress
matrices

JOR = 2, GMULTY utilizes a stress concentration
factor, SCF (input data), and a stress/load
conversion ratio to generate the needed stress
matrices from the load matrices

JOR = 3, GMULTY utilizes a stress/load
conversion ratio to generate the needed stress
matrices from the load matrices

Option control within the EMPTY subroutine:
JEMPTY = 1, the unloaded stress matrices are
obtained by multiplying the loaded stress
matrices by the car body weight (CBW) gross

.



JQ

weight (GW) ratio
JEMPTY = 0, the unloaded stress matrices are
input directly by the user

NOTE : If JCALL = 0, the value of JEMPTY is
never used

Option control within the IMPACT subroutine:

JQ = 1, the impact stress matrices are obtained
by multiplying the loaded stress matrices by
the conversion factor, PUNCH

JQ = 0, the impact stress matrices are input
directly by the user

NOTE: If JHIT = 0, the value of JQ is never used
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4 PROGRAM USE
4.k Versions

Two versions of FLAP are currently available;
an IBM System 370 configuration and a DECSYSTEM-20 config-
uration. The two versions differ in input/output and
user program handling.

The IBM version employs the use of cards for
input. Card format is explained in Sections 4.4 and 4.5.

The DEC version employs direct user-program
interaction through an on-line system. The routine CONVRT
is an additional part of this version.

4.2 Input - DECSYSTEM-20

FLAP interacts directly with the user through
the use of prompts. Data may reside on a storage medium
that is accessible by FLAP, or may be input by hand by the
user at a terminal on-line to the system.

When FLAP is called by the user, the following

series of prompts appear. The program will not proceed
to the next prompt until a suitable response is received:

CONVERT REPOS TO FLAP FORM (1l=YES)? *
(Option to reformat a storage medium resident
load spectra to FLAP's input standards - see
Section 3.3.4, CONVRT).
Q.-or 1. %%

GIVE THE OUTPUT DEVICE NUMBER: *
(Pick device that output will be directed to)

X (Integer) **

ENTER JDIM, JG, JCALL, JHIT, JOR, JEMPTY,JQ,JNT *
(Option variables - see Section 3., Table 3)

X, XX, X, XX, X, X, (X 1s an integer) '**
ENTER BETA,B,M,K,NE,BETAIM,EOVERL,CBW,GW,G,SCF,
STATIC ;STRE ; FOE , PUNCH

(Engineering values - see Table 4)

XX, Kooy X R Koy X X XK g Xy p K g R 2 TN
(X conforms to definition of wvariable)
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ARE YOU INPUTTING DATA BY HAND (1l=YES)? *
Q or 1L **%
If the answer to the above was 0:

GIVE FILE WHERE DATA IS LOCATED: *
(File is storage medium resident)

Filename **
If the answer to the above was 1l:

ENTER J,JA,JB,SMAX,SMIN *

(This prompt will appear until the user has
furnished enough data. J should remain 1

as long as the user continues inputting data.
When a 0 is input for J, the prompt will not
reappear, and processing will begin. JA and
JB are the matrix indices. SMAX and SMIN are
stress values).

* Denotes FLAP prompt

** Denotes user response.
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4.3 Control Cards - IBM

The input deck must consist of a minimum of
six cards providing option control values and needed
property values, followed by a card group which provides
the loaded use ALPHA matrix (and its corresponding stress
sets), and terminated by a blank card (Figure 10). Depend-
ing on which options are being utilized, a maximum of
eight more ALPHA arrays and their corresponding stress
sets, can be input. The program will attempt to read
nine arrays when all three core subroutines are directed
to read in their own arrays, and JNT=3. Depending on the
user's option choices, any number of data sets from 1 to
9 may be required as input. Each data set must be termin-
ated by a blank card, therefore the last card input must
always be blank, and there must be the same number of
blank cards as there are ALPHA sets being input.

This input stream is altered slightly when
JNT > 1, (Figure 1l1). When two or three simultaneous en-
vironmental spectra are being used in the calculation of
fatigue damage, each new set of option control and property
values (6 cards) must be input before each additional
spectra can be read in. Thus, for JNT=3, i.e., three
simultaneous spectra, the order of input is:

Option control card (1)
Property value cards (5)
Loaded stress/ALPHA array (400 max**)
*Unloaded stress/ALPHA array (400 max**)
*Impact stress/ALPHA array (400 max**)

Second option control card (1)
Second property value cards (5)

Loaded stress/ALPHA array (400 max**)
*Unloaded stress/ALPHA array (400 max*¥*)
*Impact stress/ALPHA array (400 max**)

Third option control card (1)

Third property value cards (5)

Loaded stress/ALPHA array (400 max**)
*Unloaded stress/ALPHA array (400 max**)
*Impact stress/ALPHA array (400 max**)

NOTE: With the first option in GMULTY (Sect-
ion 3.3.4), no stress sets need be input with the ALPHA
array and this portion of the card would be left blank.

* Optional data sets

** Last card must be blank
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4.4 Input - IBM

The first card required as input, the option
control card, must be input using an I5 format for each
of the eight variables (Figure 12 A). Only one value
may be input in each of the five column blocks and it
must be an integer. Only columns 1 thru 40 are read on
this card. Only the prescribed values (Table 4) are mean-
ingful in the program.

The next five cards required in the input
stream (Figure 10) each contain three values input in
F20.8 format; the card format then is 3F20.8 (Figure 12 B).

The remainder of the input involves the ALPHA
arrays their corresponding stress sets. These values are
input on cards with a 315, 3F20.8 format. The first inte-
ger must be 1 unless it is a blank card to signal the end
of a block of data. The next two integers are the row
number, followed by the column number, which locate the
remaining values on the card in the load spectra array. The
first floating point number is read as the STRSMX value,
the second number as the STRSMN value and the final number
is loaded into the ALPHA array at the location specified
by the row and column numbers read on the card. The ALPHA
value (ALPHA must be < 1.0) at this location represents
the percent occurrence of the stress cycle specified by
the STRSMX and STRSMN values read from the same card (un-
less these values are generated in GMULTY). A blank card
then signals the end of a data set.

In Appendix A a sample problem is presented to
illustrate the proper input forms and procedure.
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Figure 10
CARD GROUP LAYOUT

Impact Alpha Array * (optional) . .
(and corresponding stress sets) :' 4
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// Unloaded Alpha Array * (optional) ||

(and corresponding stress sets)
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i

Loaded Alpha Array*
(and corresponding stress sets)

~——.
% -
— Material and Detail Properties

* Maximum of 400 cards

Option Control Values
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FPigure 11

DATA INPUT WHEN JNT ~ 3

//

e

74

-
/’L

VA

Third Card Group*

ey »

f—
=F

/f
//

Second Card Group* /

N\
b~
N\

/
/ Ty
//’////1 First Card Group*

* See Figure 10 for input stream of each card group.
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#1

#2
#3
#4
#5
#6

O

#7
¥

Figure 12

CARD FORMAT

CARD 1 IN INPUT STREAM:*

1 sb 10li1  ashe 20p1  2she  30h1  3she 40
JDIM [ 3G |JcarL FHIT JOR | JEMPTY| JQ ! INT

*See Table 3 for values and meanings

CARD 2 THRU 6 IN INPUT STREAM:*

1 2021 4041 60
BETA B M
K : NE BETAIM
EOVERL CBW GW
G , SCF STATIC
STRE FOE PUNCH

*See Table 4 for abbreviation meanings

CARD 7 AND BEYOND IN INPUT STREAM:

'L 96 10h1  1sQ6 3536 5556 75

Column !

i

T " ! i
¥ PBtrD1NBtrlX | Maximum Stress Minimum Stress Alpha
Row
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TABLE 4
PROGRAM DESIGNATORS FOR ENGINEERING VALUES

BETA - Total number of spectrum cycles/mile. (R)

B - The fatigue limit for the stress ratio R=0,
Y intercept on modified Goodman diagram
curve, (b)
M - The slope of the modified Goodman Diagram
curve. (m)
K - The absolute value of the slope of the S-N
curve. (k)
NE - The number of cycles at the fatigue limit.
(R )"
e
BETAIM - The total number of spectrum cycles/mile
due to impact. (B;)
EOVERL - The ratio of Empty mile usage to Loaded
mile usage.
CBW - The car body weight
G - Acceleration increment needed in GMULTY

SCF - The value of the stress concentration
factor. (Kt or Kf)

STATIC - The stresses due to 1G acceleration
STRE - Stress value corresponding to the load FOE
FOE - Load input for use with STRE for conversion
of loads to stresses.

PUNCH - Impact load factor employed to modify the
LOADED stresses for use in the IMPACT
subroutine.

GW - The car's gross weight (loaded)

o For steel Ne = 2,000,000 cycles
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4.5 Output - IBM and DEC

A sample output is provided in Appendix A for
both IBM and DEC versions. The first page of output is
a listing of the option control variable values which were
input. The second page is a listing of all the variables
listed in Table 4. These two pages are designed to elim-
inate any input errors of the user by providing a conven-
ient check of the input data.

The alpha matrices and their corresponding
stress sets are printed out by the respective subroutine
using them. Each subroutine identifies the values being
used in that particular subroutine and prints out a complete
listing of all the values. Each subroutine prints its
values on a separate page.

Finally, each type of fatigue damage is listed,
i.e., the number of fatigue damage cycles due to loaded,
unloaded, and impact situations and their respective fatigue
lives in miles. Following these contributory results, the
total expected fatigue life in miles is the final listing
bracketed by asterisks.

37



5. SYMBOLS

Og - = Fraction of the total number of cycles
applied at given stress levels Spax i
and Spinp i-
- Total number of spectrum cycles per mile.
- Equivalent impact cycles per mile,

i
b = Fatigue limit for stress ratio R = 0;
Y - intercept on modified Goodman diagram

curve,
k - Absolute value of the slope of the S-N
curve.
m - Slope of the modified Goodman diagram curve.
Np - Fatigue life (total number of cycles to
failure) under a given spectrum loading.
Ni = Number of cycles applied at each level of
Sma and 8., T
x i min i
Ni - Number of cycles to produce failure at
each level of Smax 3 and Smin ie
R = Stress ratio, Smin/smax'
By > Fatigue limit or stress which pgoduces failure
in Ny cycles (Ne assumed 2 x 10~ cycles for steel).
B - Equivalent ratio service miles per impact.
5~ Fatigue limit computed for failure at Nj
cycles.
Smax - Maximum or highest algebraic applied stress.
Smin - Minimum or lowest algebraic applied stress.
- Theoretical stress concentration factor.
Kf = Fatigue notch factor.
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APPENDIX A

SAMPLE PROBLEM

A.l PROBLEM DESCRIPTION

As an example* the fatigue life of a 100 ton
cushioned underframe auto parts box car was calculated.
The member analyzed is assumed to be part of a body
bolster and is represented by beam reinforced with a
partial length cover plate (Figure A.l). The road environ-
ment spectra was taken from Table 3.3.4 of the Interim AAR
Guidelines for Fatigue Analysis of Freight Cars (Table A.l).
Impact loading is not considered.

Utilizing the above input, the data deck
needed for FLAP can be developed.

* This example is used in Section 2.4.1 of the Interim
AAR Guidelines for Fatigue Analysis of Freight Cars.
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A.2 IBM VERSION

A.2.1 FLAP Input Description

Utilizing the input described in Section A.l.,
the data deck needed for FLAP can be developed. For the
option control card, which is the first card input into
the program, the following values are assigned:

JDIM=20; Input spectrum is 20x20 matrix

JG=1; GMULTY subroutine will be utilized
to convert input acceleration
values into stresses

JCALI=1; EMPTY subroutine is called to cal-
culate fatigue damage due to un-
loaded road service

JHIT=0; Impact damage is not considered.
IMPACT subroutine is not to be called.

JOR=1; The first option in GMULTY is
selected
JEMPTY=1; Stresses for unloaded road service

are obtained by multiplying stresses
in loaded service by the ratio
CBW/GW

JQ=0; Default value. This value is not
required since IMPACT subroutine is
not called

JNT=1; ADDNT is not utilized since only one
set of spectra is input



Once the options have been selected, the nec-

essary material and detail property values are input.
Note: Table 4 contains an explanation of terms.

Foxr

For

For

kFor

POT

of these

the second car of the input deck:

BETA = 354.661%*
B = 8000.0%
M= 1.00%*

the third card:

K 0.32%
NE 2000000.0%*
BETAIM Blank; no value needed to input since
JHIT was set at zero.

the fourth card:

EOVERL = 0.98* (See Appendix B for appropriate
values)
CBW = 90000.0 These values must be input
GW = 240000.0 since JCALL=1

the fifth card:

0.1 This value must be input since
JOR=1
SCF No value need be input since JOR=1
STATIC 10000.0 This value must be input since
JOR=1

G

the sixth card:

This card may be input as a blank since none
values are required. The STRE and FOE values

are needed only for options 2 and 3 of GMULTY and the
PUNCH value is only needed in the IMPACT subroutine.

The proper format for cards 1-6 is shown in

Figure A.2.

The remainder of the cards required for the

input into FLAP will contain the occurrence (ALPHA)
values of the input spectrum.

* This value must always be input



No values will be input for the stresses
since all values will be generated by the GMULTY sub-
routine. The ALPHA values input are the values in
Table A.1l divided by 100, since the values in Table A.l
are expressed as percentages and FLAP requires ALPHA
values < 1.0. The proper format for these cards are
shown in Figure A.3.

A listing of the FLAP program and the
resulting output follow. It is noted on pages A.23
and A.24 that all option values and input parameters
are printed out. Additionally, the STRSMX, STRSMN,
and ALPHA arrays (loaded road service) are printed out
on page A.25. Note: if ADDNT is selected, i.e., more
than one set of input loads, all input values and
arrays are printed out. Finally, the number of cycles
to failure and the fatigue life, in miles, are printed
out for loaded car service (page A.25), unloaded car
service (page A.26) and total service (page A.27).
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#1
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FIGURE A.2
SAMPLE PROBLEM CARD FORMAT

CARD 1 IN INPUT STREAM

b sle 10h1 1she 2021 25be 3031  353s 40|

! 20] 1 ' 1 0 l ] 1 0 1

CARD 2 THRU 6 IN INPUT STREAM

1 2021 40441 60

354.661 8000.0 1.00

0.32 2000000.0

1
0.98 90000.0 240000.0
0.1 10000.0
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FIGURE A.3

SAMPLE PROBLEM CARD FORMAT
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