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ABSTRACT

A Tibrary system has been developed for the acquisition, compila-
tion and storage of information relating to the fatigue behavior of metal
members and structures. Test data obtained from the various information
sources are stored on both data sheets (for individual examination), and
on standard computer punch cafds. A computer program has been developed
to sort the data into sets satisfying certain stipulated specimen types
and Toading conditions. A "best-fit" S-N curve for each specified data
set is then established using a least squares regression analysis. The
output information includes the equation, the standard error of estimate
and correlation coefficient of the regression line, and the Tower tolerance
1imits for 99 percent survival at 50 percent and 95 percent confidence
levels. The data and S-N curve are visually displayed using a CALCOMP
plotter printout.

Information obtained from an analysis of the data in the Fatigue
Data Bank for several selected details indicates that the current AASHO
bridge design specification provisions, for these details, do not provide
consistent correlations nor properly model the fatigue behavior of the

details as established by Taboratory tests.
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FATIGUE DATA BANK AND DATA ANALYSIS INVESTIGATION

I. INTRODUCTION
1.1 Object and Scope

Extensive research on metal fatigue has been carried out and is
continuing both in the United States and throughout the world. In a single
investigation, the number of variables included for study is usually
limited by the high cost of fabrication and testing of laboratory specimens.
However, in order to establish and adequately quantify the relative
influence of the various parameters that affect the fatigue behavior of
structural materials, members and assemblages, it s necessary to have
available the data from a large sampling of laboratory tests. One method
of accumulating the buik information necessary to obtain statistically
significant fatigue evaluations is to compile and combine the data reported
in the literature from numerous individual investigations. Once these data
have been accumulated, computer-aided analytical techniques can effectively
be used to empirically interrelate the variables found to be most important
to the fatigue process.

The overall objectives of a system such as that outlined above
are to make available to those persons responsible for design specifications,
to structural designers, and to persons associated with research in this

field, both the means for efficiently evaluating currently available fatigue



information, and the capability of quickly processing new data for inclusion
in the information bank. It is toward these ends that the program described

herein has been directed.
1.2 Description of Program

As indicated above, the task of handling the large volume of
data required to analyze the relative effects of the variables that affect
the fatigue process must by necessity be re'egated to an extensive information
retrieval system. The generation of useful information rests on the ability
of the system to rapidly retrieve, organize and process the data in a form
suitable for efficient computer analysis. In terms of operational require-
ments, this requires both an expeditious procedure for the collection of
fatigue references, and a thorough and reliable data reduction process to
minimize bias in the recording and analysis of the data. Furthermore, the
retrieval process of the system must provide the necessary channels for
evaluating data by organizing such data in a form which facilitates the
application of the analytical techniques developed to meet the program objec-
tives. This feature requires a coherence between the form of the summarized
data and the facilities (computer-oriented) available for data analysis.
In schematic form an information-retrieval system of this type i1s illustrated
in Fig. 1.1.

The information-retrieval system designed to assist in achieving
the objectives of this program is the Fatigue Library System described in

Section II. It has three modes of indexing bibliographic data (see

Fig. 1.2a): author, information source, and bibliography number. Each of



these provides a file which is cross-linked to at least one other file, as
shown in Fig. 1.2c. In addition, duplicate information appears in several
files, so that it is possible to retrieve desired information in a number
of ways. Figure 1.2b indicates the type of information stored in each of
the three indexing files and in the data file. From Fig. 1.2a, it can

‘be seen that individual data sheets can be located in four ways: by author,
source, bibliography number, and, through the data file itself by the

type of test specimen. Although other retrieval operations are possible
through the linkage of indexes, the system is primarily designed to

retrieve fatigue test data.

Besides indexing bibliographic information, the system also in-
cludes an extensive classification procedure which contains thirty-three
{33) categories for indexing test data for subsequent computer analysis. The
computer program, described in detail in Section III, provides the means of
obtaining statistical evaluations of the relative effects of individual
parameters on fatigue; the parametric reiatiohships thus obtained, taken

collectively, should provide the information necessary for the generation

of new or revised fatigue design re
the computer program is in the form of standard S-N curves, complete with
test points, and the standard error of estimate and Tower tolerance
limits for various survival percentages. In addition, the printed results
inzlude a listing of the input requirements, the data satisfying these
requirements, and duplication of the output information displayed on the S-N

diagrams-
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IT. ACQUISITION, COMPILATION
AND RETRIEVAL OF FATIGUE INFGRMATION

2.1 General Description

The fatigue source filing system, described in detail in Section
2.2, provides the means by which Titerature concerning fatigue can be
expeditiously compiled, catalogued, and filed for future reference. A
diagrammatic representation of the interrelationships among the various
componerits of the filing system is presented in Fig. 2.1.

Fatigue data from the literature included in the source library
are extracted, classified, and recorded on appropriate data sheets using
the protedures outlined in Section 2.3. In addition to direct storage of
these sheets for future access, the data are coded and recorded on standard
punch cards for computerized sorting and subsequent analysis; the coding

system is discussed in Section 2.4.*
2.2 Compilation and Cataloguing of Fatigue Literature

It is intended that all accessible Titerature concerning fatigue
be inciuded in the fatigue Tibrary, irrespective of the inclusion or
absence of actual "raw" fatigue data in a particular reference. Each such
report is identified both by author (Author Index File) and by source (Source

Reference List). In addition, if the report is found to contain usable

* User's Manuals have been prepared as guidelines for the operation of the
Tibrary system, including instructions on the preparation of fatigue data
sheets, and the coding of these data for storage on computer punch cards.



data,* 1t is subsequently assigned a reference number (bibliography number)
by which it is further identified in the filing system. Thus, the Tibrary
consists basically of a source file, an author index file, and é chrono-
Togically ordered fatigue bibliography 1list (see Fig. 2.1) which are
appropriately cross-referenced, Fig. 1.2, to facilitate retrieval of a
particular document. A brief. description of the contents of each of these

files is presented below.
2.2.1 Source File

The Source File contains information on the literature related to
fatique; this information includes Tistings of documents which contain usab]e
data, those searched but which contain no data, and those for which a data |
search has not been conducted. The latter group includes reports referenced
in searched articles but which have not as yet been examined by the reviewers.

The Source File is comprised of Source Reference Lists, of which
there are two general types--those for recording information from periodicals
and those to be used for nonperiodical Titerature. There are five standard

forms used for these Tists, depending upon the type of source from which a

* "Usable" fatigue data: data is compatible to the system if the fatigue
tests conducted were of constant stress amplitude and if sufficient infor-
mation has been reported so that stress vs. cycles to failure (S-N) diagrams
can be generated. In addition, for the data to be properly recorded in the
data file the test specimen must be clearly described for purposes of classi-
fication, and the base metal identified (base metal identification may,
however, be quite general; e.g., "mild steel").

The system at the present time cannot accomodate fatigue data obtained
from variable stress amplitude cycling such as programmed load-histogram
cycling or random loading, nor can it accomodate data from strain controllied
cycling unless the stress and strain were proportional throughout the test.



particular article or report has been taken (see Fig. 2.1 and descriptions
below). For each Source Reference List or series of lists, there is a corres-
ponding Source Information Sheet which provides instructions describing the
procedure to be followed in completing the Source Reference List, together
with other appropriate information concerning the particular periodical or
report type.

The Source Reference List and companion Source Information Sheets
are organized in the Source File in accordance with the index shown in
Fig. 2.2. Within each category the lists are filed alphabetically by the
name of the sponsoring agency (professional society, university, etc.).

For sections in which a sponsoring agency designation does not apply (e.q.,
books, unpublished individual papers), the lists are filed alphabetically
by the Tast name of the senior author. If a sponsoring agency for a publi-
cation is not known, the Tists are temporarily placed in an unclassified
source section until the sponsor is determined.

Details concerning the contents of the Source Information Sheets
(Fig. 2.3) and Source Reference Lists (Fig. 2.4) are presented below.

As noted above, five standard forms (Figs. 2.4a-2.4e) are avail-
able to record bibliographic information, depending upon the type of source
from which the information was obtained. Information for a periodical (a
publication that has a volume number and an issue number and may or may not
be published at regular intervals) is recorded on Form 1, 2, or 3, depending
upon the publication interval of the source (Figs. 2.4a, 2.4b, or 2.4c). In-
structions deécribing‘the format to be used in completing the Source
Reference Lists for periodicals are given on the Source Information Sheet-

Periodicals (Fig. 2.3a). An illustrative example of the method for com-



completing the Source Information Sheet-Periodicals and the Source Reference
Lists is shown in Figs. 2.5a and 2.5b, respectively.

Bibliographic information on fatigue Titerature contained in a non-
periodical such as a special report, thesis, book, bulletin, etc., is Tisted
on either Form 4 or 5 (Figs. 2.4d and 2.4e). Form 4 is used when the non-
periodical is sponsored by a specific group, such as a government agency, a
university, etc., and is part of a series of reports issued at varying inter-
vals, each with its own report number or other identifying designation. This
form is used in conjunction with a Source Information Sheet-Nonperiodicals
(Fig. 2.3b), which is to be completed in a manner similar to that used for
periodicals. The report type, as required on Form 4, would include such
entries as bulletins, technical reports, memoranda, etc.

Form 5 is used primarily for reports or papers given at conferences,
and for books. These sources are issued only once and are not part of a
series. They may be published by a sponsoring agency, however. The infor-
mation given may include the author or authors, the title of the report,
the date published, the publisher (if applicable), and the bibliography

number if data is included.
2.2.2 Author Index File

An Author Index File (see Fig. 2.1) is maintained for all docu-
ments concerned with fatigue, regardliess of whether the report contains
usable data for subsequent analysis. This file thus serves as the major
index to the entire fatigue library; as such, it is cross-referenced with
the Source File and, where applicable, with the Fatigue Bibliography Num-

ber List and the fatigue data files (see Section 2.3).
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A sample of a completed Author Index Card is shown in Fig. 2.6.
The front of the card is completed as soon as it has been ascertained that

a document is concerned with fatigue. Under "source," all information
necessary for Tocating and identifying the source is recorded, including
as appropriate, the source title, date, issue or report number, sponsoring
agency, page numbers, etc. The source title should be identical to that
used to identify and file the source in the Source File discussed previously.
The Tocal Tibrary call number or other location information should also be
the same as that listed on the Source Information Sheet. If the report con-
tains usable fatigue data, a bibliography number is assigned from the
Fatigue Bibliography Number List (see Section 2.2.3) and recorded on the
front of the index card.

The back of the Author Index Card is completed when the report
is summarized. The information includes, in coded form, the specimen types
tested (see Section 2.4 for specimen type classification and coding), the
types of steel, and any additional information deemed important, such as
cross referencing of bibliography numbers when data have been reported
in more than one source. If a material other than steel has been tested,
it should be jdentified on the card, using appropriate material specifi-
cations when available.

The index card is filed in the Author Index File alphabetically
by the author's last name, and by the date of publication when several
reports are listed for one author. In the event the report is presented
by an agency, with no author(s) Tlisted, the report is filed alphabetically

by the name of the sponsoring agency.
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Until a document is summarized (i.e., data extracted and placed
on Fatigue Data Summary Sheets) the Author Index Card is filed in a "Non-
Summarized" section of the Author Index File (see Fig. 2.1). When a report
containing fatique data has been summarized, its author card is then trans-
ferred to a "Summarized-Data" section of the file. If a report does not
contain usable data, the card is filed in a "Summarized-No Data" section

of the Author Index File.
2.2.3 Fatigue Bibliography Number List

A Fatigue Bibliography Number List is maintained which includes
entries for all documents that have been found to contain usuable fatigue
data. The bibliography number assigned to a report consists of the year
in which the report was printed and the sequence in which it was reviewed
among other reports printed in the same year. (A report will have more than
one bibliography number if it was published in more than one source.) The
sequence number is assigned when the report is entered in the Fatigue
BibTiography Number List, an example of which is shown in Fig. 2.7. The list
includes, for each report, the year of publication, the sequence number
assigned, the author's name, and, after the information has been summarized
(i.e., fatigue data extracted and recorded), a notation to that effect.

Once a bibliography number has been assigned to a document, this
number is recorded both on the Author Index Card and in the appropriate
space on the Source Reference List, as indicated previously. The document
itself is then placed in a permanent Master File of Fatigue References for
Steel Structures (see Fig. 2.1). Documents in this collection are filed

by bibliography number.
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2.2.4 Bibliography of Fatigue Data References for Steel Structures

As the fatigue library expands and additional fatigue data are
added to the data bank, a Bibliography of Fatigue Data References for Steel
Structures is to be maintained and updated periodically to include all new
entries into the system. Part I of this Tist contains, in chronological
arrangement, all the reviewed documents concerning fatigue of steel struc-
tures for which a bibliography number has been assigned. Each entry is
listed, by bibliography number, using the standard reference format followed
for published articles, books, etc., as illustrated in the sample shown in
Fig. 2.8. Part Il (see sample, Fig. 2.9) consists of an author index to all

documents referenced in Part I.
2.3 Summarizing and Filing of Fatigue Data

A11 usable fatigue data (see definition, Section 2.2) are being
summarized and maintained in a permanent Master Fatigue Data File. The
process of summarizing data is accomplished by completing appropriate
Fatigue Data Summary Sheets, two types of which are used, one for welded
joints and assemblages, and the other for riveted and bolted joints and
assemblages, Figs. 2.10a and 2.10b, respectively. The test results for
plain specimens (e.g., plain plates and bars, rolled beam sections, etc.)
are summarized on the form for welded specimens. A User's Manual has been
prepared with complete instructions regarding the completion of the Fatigue
Data Summary Sheets. Samples of completed sheets for several different

types of test specimens are shown in Figs. 2.11a-2.11F..
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After the data from a particular test or series of tests have been
recorded on the appropriate data sheets, the sheets are filed in the Master
Fatigue Data File. The filing is alphabetical by test specimen classifica-
tion (see specimen category 10 in Section 2.4). The data sheets in each

classification are then arranged in sequence by bibliography number.
2.4 Coding of Fatigue Data for Computer Analysis

In order to assemble and analyze, by computer, the fatigue data
from various sources, it is necessary to record on computer punch cards the
information summarized on the Fatigue Data Summary Sheets. The parameters
selected for inclusion on the cards are:

1. Those necessary to describe the test specimen and

testing environment, and

2. Those others considered to affect most markedly

the fatigue behavior of the test members.

A total of thirty-three (33) parameters, coded to facilitate
recording on the cards, have been established to characterize each fatigue
test; the categories are listed in Fig. 2.12. The six-character code used to
describe the type of test specimen (category 10, Fig. 2.12) on the computer
cards is the same as that used to identify the specimen types on the Author
Index Cards (see Fig. 2.6), and serves also as the descriptor by which the
individual Fatigue Data Summary Sheets are filed.

The 33 fatigue data parameters listed in Fig. 2.12 are broadly

classified under four divisions:
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1. General Information

2. Material and Specimen Description

3. Specimen Fabrication Description

4, Test Conditions and Failure Description
0f the four divisions, (1), (2), and (4) are common to all specimen types,
while division (3) has been further subdivided into two groups, one for
welded specimens and one for riveted or bolted specimens. For the eight
entries included in the first division, the actual numerical values (except
category 3) are recorded in the appropriate FORTRAN format; the remaining
parameters (categories 9 through 33) appear in coded form. The detailed
description of the various parameters and their identifying codes are
included in the User's Manual, which also contains the computer program
developed to sort and analyze the data.

Since each of the 33 categories listed in Fig. 2.12 is essentially
self-explanatory, it is necessary herein to expand only upon category 10,
viz., "Description of Test Specimen." Each test specimen is identified
by a six-digit descriptor, the coding of which is presented in Figs. 2.13a
to 2.13f. The first letter or number (Fig. 2.13a) corresponds to a
general description of the type of test specimen (plain material, welded
joint, riveted or bolted joint, etc) and the type of loading applied to
the specimen (whether axial, flexural, torsional, or some combination
thereof). The second Tetter or number describes the overall configuration
of the specimen, while the remaining digits describe the details of the
connection, fasteners, etc. (see Figs. 2.13b to 2.13f for the detailed

descriptions applicable to each of the general specimen types listed in
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Fig. 2.13a). Examples of several types of typical fatigue test specimens
and their corresponding coded descriptions are presented in Fig. 2.14 (see
also data sheets for these specimen types, Figs. 2.11a through 2.11f).

The many specimen types included in Fig. 2.13 cover the vast
majority of structural details tested to date under fatigue loading. How-
ever, if necessary, it would -be a relatively simple matter to include other
specimens not presently covered in the system by expanding as necessary
one or more of the columns used as the specimen descriptors.

As noted above, the same six-digit code established to describe
the test specimens for computer identification is used also to identify
the specimen types on the Author Index Cards and on the individual Fatigue
Data Summary Sheets. This facilitates the cross-referencing of the Author
Index File with the Master Fatigue Data File and permits easy manual access

to desired specimen data stored in the data file.
2.5 Information Retrieval

For the fatigue Tibrary system to fulfill its purpose, the inform-
mation contained within the system must be readily accessible. As described
below, the system is organized to permit the retrieval of fatigue data

either manually or by means of a computer printout.
2.5.1 Manual Data Retrieval

The manual method of data retrieval is most efficient when the
information desired is from a single report or a few reports. It is not

suited to overall analysis or large withdrawals of information.
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[f the fatigue test specimen types reported in a particular
reference are known, the data sheets may be obtained directly from the
Master Fatigue Data File since, as described in Section 2.3, this file is
indexed by test specimen classification. In addition, the data sheets for
a particular report may be located if any one of the following items of
information about the report is known: author's name, report source, or the
bibliography number of the feportu The data retrieval process using each
of these items is outlined beiow. z

If the author is known, the Author Index Card is located in the
Author Index File; this card contains a 1ist of the type(s) of specimens
tested and the report bibliography number. With this information the data
can be found in the Master Fatigue Da‘ta‘F’i’ie°

If only the source of a particular reportiis known, the Source
Reference Lists must be searched. When there is more than one report
listed for the source, the search becomes a trial and error process. The
author and bibliography number are given on the appropriate Source Reference
List. Having the name of the author, the Author Index Card can be obtained
to determine the test specimen types. It may be necessary to examine the
data sheets from several reports before the correct one is found if more
than one report is listed for a particular source.

If the bibliography number is known, the Master Bibliography
Number List is entered directly to find the name of the author. Then, the
Author Index Card can be obtained and the specimen types found as described

above.
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2.5.2 Computer-Aided Data Retrieval

It is 1n this function that the system is most useful and efficient.
Rather than obtaining the data from specific reports, the system retrieves
the data stored for each specified specimen type and test parameters, analyzes
the data {i.e., estabiishes S-N curves, etc.), and prints both the original
data and the anaiytical results in a directly usable format.

In most cases ﬁhe user will be interested primarily in the in-
fluence of certain material or geometric parameters on the fatigue behavior
of a specific type of specimen under one or various loading conditions.
Section IIl contains a complete discussion of the computer program and the

procedure for obtaining the desired information from the computerized system.
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II1. COMPUTER-AIDED ANALYSIS OF FATIGUE DATA
3.1 Introduction

As a result of the basically probabilistic nature of fatigue,
and in recognition of the large number of diverse material, geometrical
and environmental factors which affect the behavior of a structure when
considered in its entirety. empirica1 fatigue analyses are commonly
developed using data from tests of those specimens and models which,it
is assumed, closely simulate the behavior of various components of the
structure 4n &4tu. It must be recognized that the extrapolation of infor-
mation, and the conclusions drawn from such analyses, are at best approxi-
mate. The justification for use of this approach, however, is threefold:

1. There 1s currently available a considerable amount of

laboratory data for scaled structural members and
details designed and tested for just this purpose;

2. Certain empirical relationships relating cyclic stress
(or strain) to fatigue 1ife have attained widespread
acceptance in the engineering community as being
relevant for a variety of materia1s; specimen details,
loadings, and environmental conditions resulting in
fatigue failiures over several orders of magnitude of
life; and

3. Design recommendations derived from such relationships
are generally of sufficient simplicity as to be easily

interpreted and applied by the design engineer.
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Since design formulas based on empirical fatigue relationships
obtained for complex structural details do not necessarily provide a
fundamental understanding of the basic mechanisms involved in fatigue crack
nucleation and propagation, the present level of technological advance-
ment 1n this field still does not permit the extrapolation of data from a
single type of small laboratbry specimen to explain or predict (except
in a qualitative way) the response of a complex system in which is embodied
simuitaneously several of the parameters considered critical to fatigue.
Until such time as analytical tools are developed which can be applied to
this problem with greater confidence, and recognizing the immediate need .
of the design engineer to have at his disposal recommendations for con-
sidering fatigue in design, the empirical approach pursued herein will
continue to merit use.

As a result of many investigations with a variety of materials,
it has been found that a curve of the type illustrated in Fig. 3.1
satisfactorily depicts the interrelationship between maximum applied
stress,* for constant amplitude, stress controlled fatigue tests, and
the resultant number of cycles to failure, where the two variables are
plotted to iogarithmic scales. The upper end of the "S-N" curve, re-
presenting lives normally from one-half cycle (static tensile test) to
about 103 cycles to failure, is ill-defined since the nominal applied
stresses are usually well above yield and plastic deformations (strains)
predominate and control behavior. The S-N curve in this region has been

found to be nearly horizontal for many materials, as might be expected;

Definitions of the terms used are presented in Appendix A.
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small changes in controlled stress range reflect large increments in strain
range and, therefore, result in large variations in fatique 1ife expectancy.
The central portion of the S-N curve iilustrated in Fig. 3.1,
representing the application of elastic cyclic stresses, may be reasonably
approximated by a straight iine on the logarithmic plot; it is this constant
slope portion of the curve that has been used in the development of the
fatigue formulas presented herein. For structural steels, the S-N curve
then approaches a horizonta! asymptote, usually somewhere between 106 and
107 cycles to failure; the corresponding cyclic stress is referred tb as
the fatigue Timit, the cyciic stress below which the material would not be
expected to fail n fatigue. For purposes of the present analysis, it is
assumed that the long-'ife end of the fatigue spectrum may be approximated
by the two linear curves i!iustrated by the dashed lines in Fig. 3.1. The
point of intersection of the finite life S-N curve with the horizontal line

is taken at 2 x 100 cycles to failure (except as noted in Appendix B).
3.2 Derivation of Fatigue Life Reiationship

In order to develop the fatigue relationships used in the com-
puterized analysis of available test Aata, it is first necessary to
delineate the assumptions upon which the formulas are based. These
assumptions, reflecting in part presently accepted postulates relating
the response of a member or detail to the influence of constant amp1itude
stress cycling, are as follows:

1. A linear relationship exists, on a log-log basis, between

the applied maximum cyclic stress (and, consequently, the
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cyclic stress range) and the total number of cycles to
faiiure. This linear regression line, Fig. 3.2, is taken
to be valid for stresses below a state of "nominal" yielding
over the member cross-section, Sy {or Sp), at the Tow life
end of the fatigue spectrum, and to fatigue lives to a
maximum of approximately 2 x 706 cycles at the Tong life end.
2, For a specific material, specimen type, and testing environ-
ment, the linear lTog maximum stress-log }i1fe regression
curves are appiicable to tests conducted at all individual
/Sma
vs. log Nf

values of constant cyclic stress ratio, R = S y° as

min
shown in Fig. 3.2. (This linearity of log Sinax
may be assumed valid, independently, for all values of
cyclic mean stress or minimum stress instead of stress
ratio. However, such assumptions are not mutually com-
patible, 1.e., if it is determined that Tog Smax is
Tinearly reiated to log Nf for all values of constant

)

stress ratio, the correspohding log Smax (or log Srange
vs. log Ne regression Tines for various values of
constant mean stress or minimum stress will not, in
general, be iinear.)
From the above assumptions, it follows that the fatigue 1ife
expectancy of an individual specimen type may be described by the following

exponential relationship:

For flexural tests, this state has been taken to correspond to an
idealized condition of full yielding over the member cross section. See
Appendix B for derivation of expressions for "nominal" flexural stress
under this condition.
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B
Ne T Mabieo  Sman
or
109 Ne = Agbre.. " Bab,e... ~ 199 Spay (1)
where
A = Tog M

The constants A and B (B is the inverse of the slope of the S-N
curve*) are determined empirically from the experimental data for specimens
tested at various constant stress ratios, Ra, Rb’ RC, etc., Smax is the maxi-

mum stress per cycle under constant amplitude loading, and Nf is the total

number of cycles to failure.
3.3 Description of Computer Program for Analysis of Data

A computer program has been developed to perform the calculations
necessary to generate the constants for the fatique Tife relationship
expressed by Equation 1. The program is written in FORTRAN IV Tanguage
for use on the University of I1linois' IBM 360 computer system, with the
S-N curves and specified tolerance 1imits being depicted graphically by a
CALCOMP plotter. Details concerning the input data with which the computer
operates, the expressions used to generate "best-fit" S-N curves, and the

nature of the ouput information are presented in the following paragraphs.

* For some specimen types, this slope has been found to be nearly constant
for tests conducted at several stress ratios. The more general case is used
here, however.
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A flow diagram iliustrating the various operations of the program is pre-
sented in Fig. 3q30*

Initially, the computer program selects, from the complete bank
of available test resuits, the data for specimens which satisfy desired
combinations of specific member type(é), fabrication procedures and test
conditidns, referred to herein as prescribed parameters or data "sets".
(As described in Section 2.4 and shown in Fig. 2.12, a total of thirty-
three parameter categories are available to describe an individual fatigue
specimen and test.) The program then generates and plots an S-N curve
for the data whose test conditions match each set of prescribed parameters.
By varying the composition of the specified data sets and comparing the
resulting S-N curves, and fatigue relationships. the user can evaluate the
relative effects on fatigue of various parameters, either individually or
in combination with others.

After a desired parameter set has been prescribed, a "best fit"
regression 1ine‘is>generated by applying the method of least squares! to

the Tinear logarithmic fatigue 1ife relationship expressed by Equation 1:

log Nf = A+ B log Smax

For purposes of computation, Equation 1 has been expressed in

the following manner:
X = A+ By ' (2)

where X = log Nf and vy = log Sma represent the transformed fatigue 1ife

X

The complete computer program and operating instructions are contained
in a separate User's Manual.
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and cyclic maximum stress, respectively. Assuming this stress, Smax’

to represent the independent variable and the fatigue life, N., to be the

f!
dependent variable, the constants A and B are established by the least

squares regression analysis for a set of (n) fatigue data points as

follows:

, 2
.. L Xy Z(yi) -yl (Xi yi) (3)
n Z(y_i)z - (z Y1)2

n Z (Xi yi) - Z Xi Z yi

o
1]
—
Y
~

nt 0’1*)2 - (= y,i)z

where all summations are from 1 to n.

It should be noted at this point that only data for tests con-
ducted at maximum stresses below the "nominal" yield strength of the test
member (see Appendix B) are included in the (n) data points. Similarly,
a procedure has been developed to insure that data from "run-out" tests*
are not indiscriminately included in the S-N curve computations. This

procedure is presented also in Appendix B.

Run-out tests are those conducted with the intention of determining the
fatigue Timit for the test material or specimen. Basically, the cyclic
stresses in successive tests are altered in a step-wise fashion until Tives
greater than 2 x 106 cycles are achieved without failure. Such tests are
often not carried to comg1ete failure, i.e., the tests are usually stopped
somewhere beyond 2 x 10° cycles.
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After the regression coeftients A and B have been determined by the
method of least squares as outlined above, the standard error of estimate
correlation coefficient, ana the 50 percent and 95 percent confidence lower
tolerance limits for 99 percent survival are computed. The determination
of these quantities as used herein 1s based upon the following assumptions:

1. Fatigue life, N%, is a random variable at each stress

level examined.

2. The transformed fatigue lives, log Nf, follow a normal
(Gaussian) distribution at each stress level (i.e.,
the fatigue lives follow a "log-normal" distribution).

3. The standard error of estimate of the transformed
fatigue lives 1s the same for al! stress Tevels.

The correlation coefficient, r, represents an expression of the
adequacy of the fit of the regression iine to the observed fatigue data.

If r == 1, all pairs of Xis ¥ data points lie on the straight line
expressed by Equation 2. As r deviates from the two Timits, a decreasing
adequacy of fit is indicated for the regression iine. Basically, then,
the correlation coefficient may be considered an indicator of how well a
set of observed fatigue data can be described by the assumed exponential

relationship, Equation 1.

*
Provision for use of other distribution functions, as for example, the

widely accepted Weibull distribution,?s 3 can be accomplished with only
minor changes to the present program if considered advisable at a later
date.
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The correlation coefficient, r, 1s computed as follows:

1/2

v = B! ,‘5. —— (5)
nEoaxglt - Xy
where B 1s defined by Equation 4 and all summations again extend from 1
to n. |
The standard error of estimate, s, expressive of the distribution
of the data about the mean (best-fit) 1ine for the assumed log-normal fatigue

life distribution function, is determined by:

where X5 1s the observed transformed fatigue Tife, log Nf , and x1 is
the value of the transformed fatigue 11fe estimated by the regression line,

Equation 2, i.e.,

Xy = A + Byi

Substituting the above expression into Equation 6, one obtains,

S2 - “ [x1 — ; Y3 (7)

By expanding the numerater and substituting Equation 3 for A
in the above, the following expression is obtained, after appropriate re-

arrangement of terms:

, Dz o) expf1-8Inr (v)f - (2ypE ,

S = - nn = 2)
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or, the standard error of estimate, s, is equal to:
1/2

S x?1 -8 s )P - (2 y)A (9)
n{n-2)

[nz (x.)2

1

w
1]

Equation 9 1s the form of the expression for the standard error
of estimate as calculated by the computer.

The regression line established by Equation 1 represents the best
estimate of the Tives which 50 percent of the test specimens will survive
and, consequently, the other 50 percent of the specimens will not attain.
For purposes of design, it is usually required that curves for survivals
well above 50 percent be determined as well. In the present program, the
Tower tolerance limits for 99 percent survival (at confidence 1eveiskof 50
percent and 95 percent) are computedg* The Tower tolerance 1imit for a

particular percent survival is of the form?:

xi = Xy - kin, pyvy) s | (10)

where, as above, ii is the predicted transformed fatigue life and s is

the standard error of estimate obtained from the regression analysis for a
set of data containing n data points. The factor k(n, p, v) is a

function of the number of points‘(n), the specified percent survival (p), and
the confidence level (yv). The transformed fatigue 1ife at the lower

tolerance limit, x. , corresponding to p percent survival for vy

§
p

confidence, is then determined from Equation 10, where the function

k(n, p, yv) is obtained from the appropriate statistical tables for a

normal distribution.“s® These tables have been included in the computer

Other survival Timits can be computed if desired, by a straightforward
modification of the computer program.
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program, and the lower tolerance limits for 99 percent survival at 50 percent

and 95 percent confidence are reported in the computer printout for each S-N

curve, together with the correlation coefficient and the standard error of esti-

mate (see Appendix C). The two lower tolerance lines are also displayed on

the CALCOMP plot containing the S-N regression line and the data points.

The complete printed output, for each computed S-N curve, consists

of the following:

1,

A notation of the variable held constant in the generation

of the Tog S .. (or log S ) vs. log Ne regression line

range
(i.e., whether the curve represents tests conducted at constant
stress ratio, constant mean stress, or constant minimum stress).
A coded listing of the stipulated data parameter set for which
the S-N curve was established.

A listing, including specimen number, cyclic maximum stress

and fatigue life, of all specimens satisfying the specified

test parameters.

A 1isting of the specimens- rejected by the computer as

having cyclic stress levels or fatigue lives beyond the

1imits permitted by the program for inclusion in the S-N

curve computations (see Appendix Bj.

The constants A and B which define the equation of the best-

fit S-N curve as established by the least squares regression
analysis. Also, the correlation coefficient and standard

error of estimate (see Appendix C).
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A tabulation of the computed fatique strengths at several
selected fatiqgue lifetimes estimated by the best-fit
regression line, together with the stresses corresponding
to the standard error of estimate to either side of the re-
gression line, and the stresses corresponding to the lower
tolerance limit for 99 percent survival at 50 percent and
95 percent confidence, also computed at the same selected

lifetimes (see Appendix C).

3.4 Program Flexibility

There is considerable flexibility incorporated in the program for

the generation and display of the S-N regression lines. Specific examples

include:

From one to five S-N curves, representing different specified
parameter sets, can be plotted on one set of axes, permitting
direct visual comparision of several curves.

Data satisfying one set of desired parameters can be combined
in a single regression analysis with data satisfying up to
four other specified parameter sets.

If a Targe scatter in certain fatigue data is anticicpated and
no S-N curve is desired, points satisfying a desired parameter
set may be plotted on the CALCOMP graph without computing and
drawing an S-N curve through the points.

The program can generate and plot S-N curves relating either
maxihum stress or stress range to cycles to failure. These

curves can be obtained for tests conducted at a constant
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specified stress ratio, mean stress, minimum stress, or
maximum stress (when the ordinate is stress range).
5. When a constant stress parameter (ratio, mean, minimum,
or maximum) is specified for a desired parameter set,
provision can be made for accepting only those data whose
corresponding values of that stress parameter vary from the
stipulated value by no more than a prescribed amount (e.g.,
tests conducted at a stress cycle of 1.0 ksi to 60.0 ksi
could, if desired, be included in the analysis of specimens
tested at a stress ratio of zero).
These are some of the variations that can be introduced into the program.
However, because of the general manner in which the program has been developed,

many other variations are possible also.
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IV. ANALYSIS OF SAMPLE FATIGUE TEST DATA
4.1 Introduction

As stated in Section I, the major function of the system described
herein is to provide for the rapid and efficient accumulation and statisti-
cal evaluation of fatigue test data. Such an evaluation will be of great value
to researchers, structural designers, and to specification-writing agencies.
The evaluative process provides for both the direct assessment of the fatigue
behavior of structural materials and components, and of the relative effects
of those design-oriented (member geometry, joining methods, etc.) and
environmental parameters that influence the fatigue process. In addition,
such evaluations can reveal those areas where data are currently inadequate
or where the results indicate that some revision of current fatigue design
philosophy or specifications is in order. This, in turn, will Tead to spe-
cific recommendations for further fatigue research, thereby completing the
full test-evaluate-modify-retest cycle.

In the following paragraphs, the operation of the fatigue analy-
sis system is demonstrated by examination of the behavior of three types of
fatigue test members: (a) plain plates, (b) full penetration butt weldments
with reinforcement intact, and (c) full penetration butt weldments with
reinforcement removed prior to testing. Comparisons are made among the members
for specimens fabricated from each of three general classifications of steel:
structural carbon steel; high-strength, low-alloy steel; and high yield
strength quenched and tempered alloy steel. In those instances where

large scatter in the fatigue test data for a specific member type precluded
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meaningful statistical analysis, an examination of the parameters contri-
buting to the wide dispersion of fatique Tives is presented.

The results for each of the member types and steel categories are
compared to the corresponding fatigue design requirements included in the
current and tentative AASHO specifications.” It must be emphasized, however,
that these comparisons are intended to be preliminary at this time, for the
data upon which the computerized analyses are based represent only those
tests currently in the fatigue Tlibrary system. These data, although relatively
complete, do not represent all of the appropriate data presently available
in the literature, nor, of course, do they include information just becoming
avai1ab]e at the time of preparation of this report. It should be noted,
further, that the specimen categories of the AASHO specifications (A, D),”
with which the results are compared, are used alsc for types of members other
than the three considered herein. Nevertheless, certain observations from
such comparisons are appropriate, insofar as they may be used to indicate
when a gross disparity exists between test data and specification limitations
which could be quite significant if the specifications are shown to be

unconservative.
4.2 Results of Fatigue Data Analysis
4.2.1 Plain Plate Material

The plain plates considered in this study consist only of those
tested in the "as-received" condition; i.e., full thickness plates con-
taining the original plate surface with mill-scale intact. No specimens that

were surface treated (e.g., descaled, polished, painted, galvanized, etc.)
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have been included. For purposes of S-N curve formulation, the plates

were grouped into three general classifications as follows:

Classification Steel Grades
1. Structural Carbon Steel A7, A36, A373, "mild steel"
2. High-Strength, A242, A44T, A572

Low-Alloy Steel.
3. High Yield Strength,
Quenched and Tempered A514, A517
Alloy Steel
The results of the regression analysis for plain plates of each of
the three steel classifications are presented in Tables 4.1, 4.2, and 4.3,
and represented graphically in Figs. 4.1 through 4.3, and Figs. 4.9 through
4.17. The computed S-N curves and regression Tine constants from which the
fatigue strengths reported in the tables were obtained are given in Appendix
C, Plots 1 through 7.
Tables 4.1, 4.2, and 4.3 include the computed fatiqgue strengths
at selected 1ifetimes of 105, 5 x 105, and 2 x 106 cycles corresponding to
the regression lines for "best fit," and the lower tolerance Timit for 99
percent survival at 50 percent confidence.* The results are reported for data
from tests conducted at stress cycles of complete reversal, zero-to-tension,
and, where available, for half-tension-to-tension. By means of simple linear
interpolation, the fatigue strengths corresponding to other stress ratios
can be approximated for fatigue lives of 105 and 2 x 106 cycles from the

fatigue diagrams (modified Goodman) of Figs. 4.1, 4.2, and 4.3. (Only the

computed fatigue strengths chresponding to the Tower tolerance limit for

* See discussion of regression analysis, Section 3.3.
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99 percent survival at 50 percent confidence are included in the modified
Goodman diagrams.)

An examination of the three grades of steel covered in Tables 4.1
through 4.3 reveals that, at short lives (105 cycles) there is a direct
relationship between the fatique strength ("best-fit curve") and the static
tensile strenath for stress cycles of both complete reversal and zero-to-
tension. Further, as shown in the table below, the ratio of fatigue
strength to tensile strength is approximately the sahe for all three grades
and a given stress cycle (except for the quenched and tempered steel at
zero-to-tension reflecting, perhaps, the lower tolerance of the material
for the localized plastic deformations that are present in specimens for

tests conducted near the material yield point).

Complete Reversal Zero-to-Tension
. Fatigue Fatigue
Static '
Tensile Etrength Fatigue Strength ?trength Fatigue Strength
Strength 100,000 100,000
Steel Grade (ksi) (ksi) Tensile Strength  (ksi) Tensile Strength
Structural
Carbon Steel 60 27 0.45 54 0.90
High-Strength 70% 37 0.53 64 0.91

Low-ATToy Steel

High Yield Strength
Quenched & Tempered 115 62 0.54 90 0.78
Alloy Steel

* Median value wused; range is from 60 ksi to 80 ksi.

At the Tong Tife end of the fatigue spectrum, there appears to
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be no consistent relationship between fatigue strength and static tensile
strength. For example, at a fatique Tife of 2 x 106 cycles, the fatique
strengths of the three grades of steel are within approximately 9 ksi of one
another for a stress cycle of compiete reversal, while at zero-to-tension
the variation in fatigue strength is only about 6 ksi. Thus, at long fatigue
Tives cdrresponding to cyclic stresses well below the tensile strengths of
the respective steel grades, the evidence indicates that a common fatigue
strength (and, consequently, a common allowable stress for fatigue design)
may be suitable to represent the entire range of steels examined herein, at
least for stress cycles varying from complete reversal to zero-to-tension.

In Figs. 4.1 through 4.3. the fatigue test results from the p]aih
plate material may be compared to AASHO design specifications” for Tives
of 105 cycles and 2 x 106 cycles. The comparisons can be made between the
design curves and the computed fatique strengths corresponding to the Tower
tolerance Timit for 99 percent survival at 50 percent confidence. The
design curves contain a cut off at a maximum stress corresponding to the static
a11pwab1e stress values* but are shown also extrapolated linearly beyond
the cut off point to provide a more meaningful comparison with test
results. _

The design relationships’ for base metals (AASHO Category A) are:

a. For 100,000 cycles,

F = —= but not more than O.55Fy e e e e e (11)

b. For 500,000 cycles,

* The maximum allowable static stress corresponds to 0.55 x yield strength.
For the high-strength Tow-alloy steels, a representative allowable static

stress of 27 ksi, corresponding to a yield strength of 50 ksi, has been used.
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Foo- 73%2’ but not more than 0.55F, . . . . . .. (12)

c. For 2,000,000 cycles,

r TR but not more than O.55Fy e e e e (13)

where

Fr = allowable fatique stress, ksi (maximum stress)
R = Algebraic ratio of the minimum to the maximum stress
Fy = Minimum yield strength of the material

These correspond to constant ranges of stress of 60, 36, and 24 ksi for the
three conditions shown.

If it is assumed that the fatigue resistance corresponding to the lower
tolerance Timit (LTL) for 99 percent survival at 50 percent confidence pro-
vides a suitable factor of safety for design (an assumption consistent with
many fatigue specification requirements), a number of observations may be
made concerning the present fatigue provision of the AASHO specifications’
in fe1ationship to the fatique behavior of axially loaded plain plates.
These are as follows:

a. Structural Carbon Steel (Figs. 4.7, 4.9. and Table 4.1)

For Nf = 100,000 cycles there is no fatigue design
problem and only the basic maximum allowable stress
(O.55Fy) need be considered. In fact, the LTL (Tower
tolerance level) in complete reversal is 20 percent above the

allowable stress and for a zero-to-tension loading is
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- 115 percent above the allowable stress. For Nf = 2,000,000
cycles the LTL in complete reversal is 48 percent above the
allowable stress and for zero-to-tension is 27 percent above
the allowable stress. However, if the fatigue relationship of
Equation 13 is extended above the basic design stress limit
(cut-off), the zero-to-tension ratio is 6 percent rather than
27 percent. Thus, it is evident that the current design rela-
tionships’ do not provide a consistent correlation with the
behavior of axially loaded plain plates.
High Strength Low Alloy Steel (Figs. 4.2, 4.10 and Table 4.2)
The Tlow alloy steels, just as the structural carbon steé]s,
are governed by the basic maximum allowable stress (0.55F ).

N
The ratios of LTL to the specified allowable stresses are:

ﬁ$ = 100,000 ﬁf = 2,000,000
Complete Reversal 1.26 2.00
Zero-to-Tension 1.82 1.30

It is evident that the design relationships do not model
properly the fatigue behavior of the axially loaded plain
plates under the loading conditions represented by the data
in Fig. 4.2.
High Strength Quenched and Tempered Alloy Steel
(Figs. 4.3, 4.11 and Table 4.3)

The safety provided by the current fatigue design

requirements’ for the quenched and tempered steels is not as
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great as that noted above for the other structural steels.
The ratios of the LTL to the specified allowable stresses

are:

Ef = 100,000 ﬂf = 2,000,000
Complete Reversal 1.22 1.03
Zero-to-Tension 1.10 0.98

Furthermore, the value of 1.03 would be 0.95 if the allowable

were not limited by the basic maximum allowable stress

(O.55Fy). In addition, it can be seen that the design relation-

ships again do not model properly the fatigue behavior of the

axially Toaded plain plates under the loading conditions re-

presented by the data in Fig. 4.3. (The slopes of the solid

and dashed lines differ considerably.)

From the above discussion it is evident that the current AASHO

fatiqgue design requirements’ for base metal (Category A) do not provide good
correlations with the behavior observed on the Taboratory plain plates sub-

jected to axial Tloads.
4.2.2 Transverse Butt Welds with Reinforcement Intact

Transverse butt welds with the reinforcement intact and fabricated
in the three classifications of steel considered above (Section 4.2.1)
have been included in this phase of the investigation. The results of the
regression analyses, where possible, are presented in Tables 4.1, 4.2, and

4.3 and represented graphically in Figs. 4.4 through 4.6 and Figs. 4.9
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through 4.11. The computed S-N curves and regression 1ine constants from
which the fatigue strengths reported in the tables were obtained, are given
in Appendix C, Plots 8 through 14. The results are reported for data from
tests conducted at stress cycles of complete reversal, zero-to-tension,

and where available, for half-tension-to-tension. In the tables best fit,
Tower tolerance limit (99 percent survival and 50 percent confidence),

and AASHO allowable” stress values are reported. (Only the computed fatique
strengths corresponding to the LTL and the AASHO allowables are included

in the modified Goodman diagrams.)

An examination of fatigue resistance of the welded joints in terms
of the static tensile strength of the base metal in the joints reveals a |
significant variation in magnitude. The ratios for the lower strength steels
(structura1 and Tow-alloy) were 50 percent greater than those for the quenched
and tempered steels, again reflecting the Tower fatigue tolerance of the
quenched and tempered steels; however, in this case, the relationships
existed both at shorter lives (700,000 cycles) and at longer lives
(2,000,000 cycles).

0f major importance in this analysis is the comparison of the
fatigue resistance of the butt-welded joints with the AASHO allowable
fatique design stresses.’” As in the case of plain plate hateria] the
comparisons are made between the design curves and the computed fatigue
strengths corresponding to the lower tolerance 1imit (LTL) for 99 percent
survival at 50 percent confidence, and for lives of 105 and 2 x 106

cycles. The AASHO design relationships’ for weld metal or base metal adjacent

to butt welds (Category D) are:
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a. For 100,000 cycles (Structural Carbon Steel--A36)

- 20.5
Fr = 05 but not more than 0.55F . . . .  (14)

b. For 500,000 cycles (Structural Carbon Steel--A36)

17.2
Fr = T &R but not more than 0755Fy C e (15)

c. For 2,000,000 cycles (Structural Carbon Steel--A36)

_ 15
Fr = T50.67R but not more than 0.55F . . . (16)

The allowable stresses obtained from these relationships are increased by
as much as 63 percent for the quenched and tempered steel at 100,000
cycles, 22 percent at 500,000 cycles, and no increase at 2,000,000 cycles.
The increases for the high-strength low-alloy steels are about 8 percent
at 100,000 cycles, 3 percent at 500,000 cycles and no increase at 2,000,000
cycles. Comparisons of these fatigue design relationships’ for butt welds
with reinforcement intact, with the LTL for 99 percent survival at 50 per-
cent confidence obtained from axially loaded transverse butt welds provide
the following:

a. Structural Carbon Steel (Fig. 4.4, 4.9 and Table 4.1)

A Targe scatter, believed to be a result of variability
in weld quaTity, was obtained under a complete reversal of
stress (see Plot 8, Appendix C). Because of the degree of
this scatter, S-N curves were not computed for the data and

comparisons with the design relationships are difficult to
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make. Nevertheless, an examination of the data reveals that
at a stress cycle of £16.0 ksi lives ranging from 28,000
cycles to 1,634,300 cycles were obtained and these lives
can be compared with an extrapolation from the design relation-
ships of Equations 14, 15, and 16 of about 22,000 cycles.
‘Thus, even with.this tremendous variability in the data, the
design relationships appear to provide adequate safety for
complete reversal of stress.

For a zero-to-tension Toading there also was a large
amount of scatter but not of such magnitude as to preclude
the calculation of an S-N curve. In this case it is found

that for N, = 100,000 cycles the LTL is well above the

f

maximum allowable stress (0.55Fy). However, for 2,000,000

cycles the LTL is only 72 percent of the allowable stress

and the average fatigue strength only 12 percent above

the allowable stress. Thus, for long-1ife conditions the

current design relationship appears to be unconservative and

in need of adjustment.

High-Strength Low-Alloy Steel (Figs. 4.5, 4.10 and Table 4.2)
Because of a lack of data for axially loaded transverse

butt welds in high-strength Tow-alloy steel subjected to a

complete reversal of stress, S-N curves are not available and

data cannot be plotted on the fatigue diagram of Fig. 4.5.

Thus, a great need exists for information on the fatigue be-

havior of such members under reversal.
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For the zero-to-tension loading, just as in the case of
the structural carbon steel, there was a considerable scatter
in the fatigue behavior. MNevertheless, an S-N curve has been
computed and selected values are presented in Table 4.2 and
Fig. 4.5. Again it can be seen that for Nf = 100,000 cycles
the LTL is well above (40 percent) the maximum allowable
stress. However, at 2,000,000 cycles the LTL is only 90
percent of the allowable stress, whereas the average
fatigue strength is 38 percent above the allowable design
stress. The long-1ife relationship would thus appear to be
in need of revision.

A Timited amount of data is available also for a loading
of half-tension-to-tension. These data indicate that, for the
half-tension-to-tension loading, a significant factor of safety
exists even for Nf = 2,000,000. When combined with the zero-
to-tension information, as shown in Fig. 4.5, it appears that
the form of the basic design relationships may be in need of
change also. However, such a change should be made with care.
High-Strength Quenched and Tempered Alloy Steel (Figs. 4.6,
4.11 and Table 4.3)

Extensive data are available for axially loaded trans-
verse butt welds in the high-strength quenched and tempered
alloy steels, thereby providing for an excellent comparison
with the current design specifications.

The smallest amount of data is available -for members
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subjected to a stress cycle of complete reversal. Never-
theless, the ratio of the fatigue resistance to the allowable
stress appears to be satisfactory at both 100,000 and
2,000,000 cycles.

| Ne = 100,000 N = 2,000,000
Ratio of Average
to Allowable’ 1.59 1.51
Ratio of LTL to 1.08 ..

Allowable’

For a zero-to-tension loading, extensive data exists
for the steels considered and S-N curves have been established.
Again there is considerable scatter in the data, but this can
be expected from the higher strength materials because of their
fatigue sensitivity. In this instance the correlation with

the specifications is not as good as for the case of reversal.

Ne = 100,000 N = 2,000,000
Ratio of Average
to Allowable’ 1.62 1.43
Ratio of LTL 0.99 0.87

to Allowable”

The allowable stress at 2,000,000 cycles appears to be
somewhat high in this case.

Because of the high strength of the quenched and tempered
steejs, testing undef half-tension-to-tension is possible,

even to the shorter Tives. Consequently, considerable data
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have been obtained under this type of loading cycle, and S-N
curves established. When presented on the fatigue diagram

of Fig. 4.6, it is readily evident that for this Toading cycle
the allowable stresses are overly conservative. Much more con-
sistent design could be obtained from design relationships of
the following type:

1. For 100,000 cycles (quenched and tempered steels)

Fr = TR (for tensile Toads only) . (17)
+ 33 (for cycles with
(Fr) "~ T1-0.5R reversal of stress) ° - (18)

but not more than O.55Fy.

2. For 500,000 cycles (quenched and tempered steels)

Fr = %9§ (for tensile Tloads only) . (19)
+ 20 (for cycles with
(Fr) "~ T1-0.5R reversal of stress) ° - (20)

but not more than 0.55Fy.

3. For 2,000,000 cycles (quenched and tempered steels)

F. = %%E- (for tensile loads only) . (21)
+ = 13 (for cycles with
(Fr) ~ 71-0.5R reversal of stress) *° ° (22)

but not more than O.55Fy.

The following tabulation provides a comparison of the
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results of the Taboratory tests with the above relationships

and shows a very consistent pattern of reliability or safety

with the suggested design relationships.

Provided by Equations 17 to 22 Inclusive

Ratio of Average

Ratio at Lives of,

= 2,000,000

Stress Cycle or LTL to Allowable £ = 100,000 N, = 500,000

Complete ave/all. 1.56 1.57 1.56
Reversal LTL/all. 1.01 1.06 1.06
Zero-to- ave/all. 1.65 1.65 1.65
Tension LTL/alt. 1.00 1.00 1.00
Half-Tension- ave/all. 1.51 1.49 1.47
to-Tension LTL/all, 1.01 1.00 0.98

4,2.3 Transverse Butt Welds with Reinforcement Removed

Just as in the case of plain plates, it

is evident from the

above discussion that the current AASHO fatigue design require-

ments for transverse butt welds’ could be improved to provide

a more consistent relationship to the fatigue behavior ob-

served in the laboratory.

The third type of member considered in this study is a full-

penetration transverse butt weld for which the weld reinforcement has been

removed and the surface ground in a direction parallel to the direction of

Toading to remove local transverse notches.

available for this type of member.

A Timited amount of data is

Nevertheless, where sufficient data exist,
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a regression analysis has been made and the resulting information is presented
in Tables 4.1, 4.2, and 4.3 and in Figs. 4.7 through 4.11. The computed S-N
curves and regression line constants from which the fatigue strengths reported
in the tables were obtained are given in Appendix C, Plots 15 through 19.

Because of the Timited data available the computed fatigue strengths
are available only for a zero-to-tension loading cycle. However, an examina-
tion of Tables 4.1 and 4.2 indicates that in general the fatigue resistances
of the members with the weld reinforcement removed is not greatly different
than that of the members with the reinforcement intact. Thus, the benefits
often reported for members with the reinforcement removed may not be a bene-
fit that can be depended upon. Because of this the design specification for
welds with the reinforcement removed may be less conservative than expected
or possibly unconservative, particularily for welds with internal defects.

The AASHO design relationships’ for butt welded splices for which
the weld reinforcement has been removed are the same as for the base metal
(see Equations 10, 11, and 12). Thus, higher allowable stresses are permitted
when the weld reinforcement is removed. Comparisons of the allowable
design stresses for butt welds with the reinforcement removed, with the
LTL for 99 percent survival at 50 percent confidence obtained from axially
loaded transverse butt welds provides the following:

a. Structural Carbon Steel (Figs. 4.7, 4.9 and Table 4.1)

Sufficient data are available only for an examination of
a zero-to-tension loading, and even then the data are com-
promised by a large amount of scatter. Nevertheless, at

100,000 cycles, the LTL is well above the maximum allowable
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stress (O.55Fy), However, at 2,000,000 cycles, the maximum
allowable stress is 58 percent above the LTL and only 8
percent below the average fatique resistance. Thus, for long-
1ife conditions the cﬁrrent design relationship appears to be
unconservative and in need of adjustment.

The ratios-of the fatigUe resistance to the allowable

stress are as follows:

Ne_= 100,000 N = 2,000,000
Ratio of Averagé
to Allowable” 2.08 - 1.08
Ratio of LTL to 1.91 0.63

Allowable”

High-Strength Low-Alloy Steel (Figs 4.8, 4.10 and Table 4.2)

As in the case of the structural carbon steel, a regression
analysis was made only for a zero-to-tension loading, and then,
only a Timited amount of data was available. The relationship
to the allowable design stress is also much lower than desired,
indicating that for this type of steel the design relationships
are also in need of adjustment.

The ratios of the fatigue resistance to the allowable

stresses are as follows:

N = 100,000 N = 2,000,000
Ratio of average
to allowable’ 1.31 1.21
Ratio of LTL 0.79 0,72

to allowable?
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High-Strength Quenched and Tempered Alloy Steel (Fig. 4.11
and Table 4.3)

Extensive data are available for the axially Toaded
transverse butt welds in the high-strength quenched and tem-
pered alloy steels (see Plots 17, 18, and 19 of Appendix C).
However, because of the large amount of scatter it was not
possible to establish reasonable regression relationships from
these data. In order to establish some measure of the validity
of the AASHO design relationships the allowable stresses
have been compared with the bottom of the scatter bands in
1

Piots 17, 18, and 19 and provide the following:

Relation of Allowable to Bottom of Scatter Band*

Stress Cycle Nf = 100,000 Nf = 500,000 Nf = 2,000,000
Complete Reversal Below BeTow Below
Zero-to-Tension Above Above Above
Half Tension-to-Tension Below Below Below

* '"Below" indicates that the design relationship is conservative and
"above" indicates that it is unconservative, assuming that the
allowable stress should not be above the bottom of the scatter band.

The above tabulation suggests that the current design pro-
visions may be in need of adjustment for a zero-to-tension
loading. However, if the several unusually Tow data points
in Plot 18 are neglected (they appear to be extremely Tow),

then all of the zero-to-tension values could be categorized
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"below" also and the specification would then appear to be
very consistent. This matter, and the effect of weld defects
on the behavior of these quenched and tempered members needs
to be studied in more detail. Through the introduction of
weld quality control it should be possible to obtain for
these materials-the same excellent correlations shown above
for welds with the reinforcement intact and the design rela-

tionships of Equations 17 to 22 inclusive.
4.3 Discussion

It is readily evident from the discussions of the preceding sectfons
that a data analysis system has been developed that can be used to provide
an effective and important evaluation of the current AASHO design specifica-
tions.” It is also important to note that the system has been designed in
such a manner that, as additional data become available, a re-analysis of
all existing data or, if necessary, selected data can readily be made to update
and improve design requirements.

Specifically, an analysis has been made of the fatigue behavior
of (a) three types of members: plain plates, butt welds with the rein-
forcement intact, and butt welds with the reinforcement removed; (b) in
three types of steel: structural carbon steel, low-alloy steel, and high-
strength quenched and tempered steel; and (c) for various types of loading
cycles: vreversal, zero-to-tension, and half-tension-to-tension. In the
analysis this behavior is compared in detail with the fatigue provisions of

the current AASHO bridge design specifications.’
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Based on the fatigue analyses it can be concluded that:

1.

The current design relationships’ for the three types of
members studied do not provide consistent correlations nor
properly model the fatigue behavior of the members established
by Taboratory tests.

In some instances the current design relationships are un-
conservative when related to the Tower tolerance 1limit for 99
percent survival at a 50 percent confidence level of the
available fatique data.

The correlations with Equations 17 to 22 inclusive demonstrate
the excellent reliability that can be established in design
relationships when adequate laboratory data are available and
a suitable number of design relationships are provided to

cover both tensile loadings and loadings in reversal.
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V. RECOMMENDATIONS

A fatigue analysis system has been developed and reported herein
whereby Targe volumes of fatique data can rapidly be retrieved, and statis-
tically analyzed in terms of numerous interrelated parameters. In addition,
the effectiveness of the system has been demonstrated by using the system
to evaluate, for several types of members, the manner in which the current
AASHO bridge design specifications’ related to the existing data in the
k”Fatigue Data Bank." In view of the relatively poor correlations obtained in
several instances between the design specifications and the laboratory data for
the Timited number of structural details studied, extensive additional evalua-
tions are clearly needed. To make these evaluations and to make more effective
use of the system described herein, the following steps are recommended.

1. To assemble and place in the Fatigue Data Bank all existing
suitable fatigue data. Numerous new references are now avail-
able and provide data that should be added to the Fatigue
Data Bank.

2. To analyze the available fatigue data for all types of struc-
tural members and details covered by the current bridge design
specifications.

3. To evaluate the existing bridge design specifications in terms
of the best available data, and to recommend modifications in
these design requirements where necessary.

4, To define in detail those areas in which added fatigue data are
required to better define the appropriate fatigue design rela-

tionships.



5. To initiate parametric studies of the many variables that
affect the fatigue behavior of various types of members and
connections in order that improvements in fatigue resistance
might be realized through design and fabrication recommenda-
tions.

6. To expand the bibliographical data to include member descrip-
tions in order that existing references for the many different
types of members and details might be readily located by those
possessing the Fatigue Data Bank bibTiography.

The completion of these tasks wiil require a tremendous amount of

time and effort. Nevertheless, the benefits that can be realized in terms
of structural safety and reliability in structures that are subjected to re-

7 peated Toads will be invaluable.
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TABLE 4.1

COMPARISON OF FATIGUE TEST DATA WITH AASHO DESIGN SPECIFICATIONS
FOR STRUCTURAL CARBON STEEL

Stress Ratio

COMPLETE REVERSAL

ZERG TO TENSION

HALF TENSION TG TENSION

Best L.T.L.* AASHO Best L.T.L.* AASHO Best L.T.L." AASHO
Fit 99% Survival Allowable Fit 99% Survival A11owa§le Fit 99% Survival Al]owaEle
Specimen Type 50% Confidence Stress** 50% Confidence Stress 50% Confidence  Stress
FATIGUE STRENGTH AT 100,000 CYCLES (KSI)
Plain Plate 26.5 24 .1 (20.0) 54.0 42.9 (20.0) (20.0)
Transverse Butt Weld with
Reinforcement Intact 13.2 40.3 25.7 (20.0) (20.0)
Transverse Butt Weld with
Reinforcement Removed (20.0) 41.7 24.3 (20.0) (20.0)
FATIGUE STRENGTH AT 500,000 CYCLES (KSI) .
Plain Plate 22.4 20.4 18.0 40.9 32.5 (20.0) (20.0)
Transverse Butt Weld with
Reinforcement Intact 10.6 25.3 16.1 17.2 (20.0)
Transverse Butt Weld with
Reinforcement Removed 13.8 27.8 16.2 (20.0) (20.0)
FATIGUE STRENGTH AT 2,000,000 CYCLES (KSI)
Plain Plate 19.4 17.7 12.0 32.1 25.5 (20.0) (20.0)
Transverse Butt Weld with
Reinforcement Intact 9.0 16.9 10.8 15.0 (20.0)
Transverse Butt Weld with
Reinforcement Removed 9.0 19.6 11.4 18.0 (20.0)

Lower Tolerance Limit

i
Numbers in parentheses indicate maximum allowable stress based on static design considerations (0.55 x Yield Strength)

2



TABLE 4.2

COMPARISON OF FATIGUE TEST DATA WITH AASHO DESIGN SPECIFICATIONS
FOR HIGH STRENGTH, LOW ALLOY STEEL

Stress Ratio -COMPLETE REVERSAL ZERO TO TENSION HALF TENSION TO TENSION

Best L.T.L.* AASHO Best L.T.L." AASHO Best L.T.L." AASHO
Fit 99% Survival Allowable Fit 99% Survival Allowable Fit 99% Survivel A110wagle
Specimen Type 50% Confidence  Stress™* 50% Confidence  Stress** 50% Confidence  Stress

FATIGUE STRENGTH AT 100,000 CYCLES (KSI)

Plain Plate 37.1 33.9 (27.0) 63.5 49.0 (27.0) (27.0)

Transverse Butt Weld with : |
Reinforcement Intact 15.0 49.8 32.5 23.2 (27.0)

Transverse Butt Weld with
Reinforcement Removed 22.5 35.5 21.2 (27.0) (27.0)

FATIGUE STRENGTH AT 500,000 CYCLES (KSI)

Plain Plate 30.8 28.2 - 18.0 50.0 38.5 (27.0) (27.0)

Transverse Butt Weld with .
Reinforcement Intact o 11.1 31.1 20.3 18.0 69.3 52.0 26.1

" Transverse Butt Weld with
Reinforcement Removed 13.8 27.3 16.3 . (27.0) (27.0)

FATIGUE STRENGTH AT 2,000,000 CYCLES (KSI)

Plain Plate 26.3 24.0 12.0 40.7 31.3 24.0 (27.0)

Transverse Butt Weld with
Reinforcement Intact 9.0 20.7 13.5 15.0 42.0 31.6 22.4

Transverse Butt Weld with
Reinforcement Removed 9.0 21.8 13.0 18.0 (27.0)

Lower Tolerance Limit

*k
Numbers in parentheses indicate maximum allowable stress based on static design considerations (0.55 x Yield Strength)

GS



TABLE 4.3

COMPARISON OF FATIGUE TEST DATA WITH AASHO DESIGHN SPECIFICATIONS

FOR HIGH YIELD STRENGTH, QUENCHED AND TEMPERED AL

=
LOY STEEL

Stress Ratio

COMPLETE REVERSAL

ZERO TO TENSION

HALF TENSION TO TENSION

Best L.T.L.” AASHO Best L.T.L.* AASHO Best L.T.L.* AASHO
Fit 99% Survival Allowable Fit 99% Survival Allowable Fit 99% Survival A]Towagle
Specimen Type 50% Confidence  Stress** 50% Confidence  Stress** 50% Confidence  Stress
FATIGUE STRENGTH AT 100,000 CYCLES (KSI)
Plain Plate 62.0 36.7 30.0 90.2 56.8 (55.0) (55.0)
Transverse Butt Weld with
Reinforcement Intact 34.4 . 23.3 21.6 54.6 33.2 33.6 99.6 66.8 46.3
Transverse Butt Weld with
Reinforcement Removed 22.5 45.0 (55.0)
FATIGUE STRENGTH AT 500,000 CYCLES (KSI)
Plain Plate 36.0 21.3 18.0 56.2 35.4 36.0 (55.0)
Transverse Butt Weld with
Reinforcement Intact 20.9 14.1 13.0 33.0 20.1 21.1 59.4 39.9 30.¢6
Transverse Butt Weld with
Reinforcement Removed 13.8 27.5 55.0
FATIGUE STRENGTH AT 2,000,000 CYCLES (KSI)
Plain Plate 22.5 13.3 12.0 37.4 23.5 24.0 48.0
Transverse Butt Weld with
Reinforcement Intact 13.6 9.2 9.0 21.4 13.0 15.0 38.1 25.5 22.4
Transverse Butt Weld with
Reinforcement Removed 9.0 18.0 36.0

Lower Tolerance Limit

*k .
Numbers in parentheses indicate maximum allowable stress based on static design considerations (0.55 x Yield Strength)

99
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FILE SECTION SOURCE CATEGQRY

I Government Agency Publications
United States
Foreign

II Professional Society Publications
National
United States
Foreign
International

I11 Private Research Organization Publications
United States
Foreign

IV Educational Institution Publications
United States
Foreign

v Corporation Publications
United States
Foreign

VI Trade Publications
United States
Foreign

VII Conferences
International
National

VIII Books (Private Publishing Houses)
United States
Foreign
IX . Individual Papers
United States
Foreign

X Unclassified Sources

FIG. 2,2 INDEX FOR SOURCE FILE
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SOURCE INFORMATION SHEET

PERIODICALS
Source: '
1. Instructions for filling out Source Reference List:
a. Select appropriate Source Reference List Form (based on issye interval):
weekly (Form 1) monthly (Form 2) quarterly (Form 3)
other (specify and use Form 1.2, or 3)
b. Record progress of search
1. ‘
2.
mpletion of 8 §
c. Record bBibliographic informatio

1 On Form 1: FECOPO AUTDROr-Wee pontn. {188

2 _Aumoer )

2. On Form 2: record author-month (issue number), page, (bibl, no,)

3. On Form 3: record author- ({issue number), page (bibl. no.)

Library call no.:

Facilities for location of source:

Frequency of fatigue information:

periodic frequent occasional seldom

Remarks:

FIG. 2,30 SOURCE INFORMATION SHEET FOR PERIODICALS
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SOURCE INFORMATION SHEET
NON-PERIODICALS

Source:
1. Reports on Source Reference List (Form 4) are arranged by: (select one)
Chronological order Series Number Other (specify)

2. Library call no.:

3. Facilities for location of source:

4, Freauency of fatique information:
periodic frequent occasdonal seldom

5. Remarks:

FIG. 2.3b SOURCE INFORMATION SHEET FOR NON-PERIODICALS



SOURCE REFERENCE LIST (FORM 1)
(Weekly Periodical)

Yr Weeks AUTHOR
11213 i

Ja My Se
F4 Ju Oc
HJ Jy No
Ap Ay Dc
Yr
Ja Hy Se
Fe Ju Oc
Ha Jy No
Ap Au Dc
Yr
Ja My Se
Fel Ju Oc
Mal Jy Mo
Ap[ | Au Dc
Yr
J;[ My Se
Fe Ju Oc
HMa Jy No
Ap Au Dc
Yr
Ja Hy Se
Fe J Oc
Ha Jy No|
AWJ Au Dc
Source:
FIG. 2,40 SOURCE REFERENCE LIST, FORM I

€9



SOURCE REFERENCE LIST (FORM 2)
(Monthly Periodical)

Yr

Ja

Fe

Ma

Hy

Ju

Jy

Au

Se

Oc

No

AUTHOR

Source:

FIG. 2.4b SOURCE REFERENCE LIST, FORM 2
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SOURCE REFERENCE LIST (FBRM 3)
(Quarterly Periodical)

Yrj 1} 213 AUTHOR
Source:
FIG. 2.4c SOURCE REFERENCE LIST, FORM 3
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SOURCE REFERENCE LIST (FORM 4)
(Non-Periodical)

Yr

Mo

Day

AUTHOR

REPORT TYPE

REPORT NO.

BIBL MO |

Yr

Mo

Day

AUTHOR

REPORT TYPE

REPORT NO.

BIBLNO

Source:

FIG. 2.4d SOURCE REFERENCE LIST, FORM 4

99
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SOURCE REFERENCE LIST (FORM 5)
(Non-Periodical)

BIBLIOGRAPHIC INFORMATION BIBL. NO.

FIG. 2,4e SOURCE REFERENCE LIST, FORM 5
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SOURCE INFORMATION SHEET
PERIODICALS

Source: WELDING JOURNAL - RESEARCH SUPPLEMENT

1. Instructions for filling out Source Reference List:

a. Select appropriate Source Reference List Form (based on issue interval):

weekly (Form 1) Lmonthly (Form 2)|
other (specify and yse Form 1) or 3)

b. Record progress of search

the completion of a search

c. Record biblioaraphic information in author column

1. 0On Form 1:  record author-week month (is

2. On Form 2: record author-month (issue number), paae, (bibi, no,)
3. On Form 3: record author- (issue number), page (bibl1, no.)

2. Library call no.: 669.17306 AM

3. Facilities for location of source: Engineering Library

Praofessor W, H. Munse

4, Frequency of fatigue information:

ﬂperiodicﬁ ffeguent occasional seldom

5. Remarks: Journal of the American Welding Society

FIG. 2,50 SAMPLE OF COMPLETED SOURCE INFORMATION SHEET
FOR PERIODICALS



SOURCE REFERENCE LIST (FORM 2)
(Monthly Periodical)

69

YriJa|Fe |Ma |Ap My {Ju

19 |Jy |Au|Se {oc |No |De AUTHOR

o XX X IX IX 1X | Munse - Ap (4) 1725 (N/D):
X Ix Ix Ix Ix Ix

611X X |X [X IX |X | Sanders - De (12) 529s(61-1):
X Px O Ex Ix Ix Ix

ol X X [X X |X IX | Fall = Ap (4) 1455(62-9): Kalbfleisch - Ja (1) 235(62-13): Welter = Au (8) 368s(62-17):
X [X X |X [X |X | Yac ~ Ap (&) 1825 (N/D): Kooistra = Jy (7) 297s (N/D):

6 X [X X [X {X X | Rolfe - Ju (6) 2525 (W/D): Welter - De (12) 565s (63-20): Yen - Ju (6) 261s(N/D):
X X IX |X |X IX | Mindlin - Ju (6) 276s (63-32)

" X [ X [x [x |x [x | Berman - Jan (1) 24s (6L=28): Manson - Au (8) 34hs (N/D):
X X DX Ix X gx

g5l X LX IX X [X IX | De Paul - Se (9) 409s (N/D): Reemsnyder - Oc (10) 4585 (B5-11): Freytag - Ap (k) 145s (W/D):
x Ix Ix Ix Ix 1x | Rolfe - Ja (1) 40s (B5-2): Sanders - Fe (2) 495 (653D : Wu - Au (8) 365s (B5-33):

el XX X |X }X |[X | Payvar - Ap (4) 161s (86-29) : Mood - Fe (2) 90s (N/D): VYeniscavich - Ma (3) 111s (N/D):
X P x Ix Ix [x |x

g X | X | X [x |X |X | Crooker - Jy (7) 3226 (N/D): Kaltenhauser - Se (9) 391s (67-20): Welter - Ja (1) 39 (B7=5):
XEX X [ x [x 1X | Nippes - Ag (8) 3715 (N/D):

ealX I X X [X |X |X | Hickerson - Fe (2) 63s (N/D):
XX px | x {x {x

ggl Xl X LX X [X |X Hersh - Se (9) 389s (N/D): Howes - De(12) 543s (N/D): Reemsnyder - Ma (5) 213s (69-12):
x| x|xIx |[x x| Toprac - Ma (5) 195s (69-11): Lindh - Fe (2) 45s (69-31):

Source: - Welding Journal - Research Supplement

FIG. 2,5b SAMPLE OF COMPLETED SOURCE REFERENCE LIST FOR MONTHLY PERIODICAL
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AUTHOR Sanders, W. W.; Derecho, A. T.; Munse, W, H.

TITLE Effects of External Geometry on Fatigue Behavior
of Welded Joints

SOURCE Welding Journal--Research Supplement
Vol. 30, No. 2, February 1965 p. 49s
American Welding Society

LIB. CALL NO. 669,17306 AM
Prof. Munse BiBL. NO. 5.7

Front (side 1)

SPEC. _AAFKBI AADXBI
TYPES

STEEL ASTM A36-61T

ADDITIONAL INFORMATION
See also Bibliography Numbers 65-37 & 65-38

. References to be checked-=Done

Back (side 2)

FIG. 2.6 SAMPLE AUTHOR INDEX CARD



71

FATIGUE BIBLIOGRAPHY NUMBER LIST

Year _1965
ﬁef. Author *Summarized
0.
1.7 Harrison, J. D. Yes
2.7 | Rolfe, S. T.; Haak, R. P.; Gross, J. H. Yes
3.+ Kampschaefer, G. E., Jr.; Havens, F. E.; Bruner Yes
4." Macfarlane, D. S.; Harrison, J. D. Yes
5.7 | Payvar, K.; Vasarhelyi, D. D. Yes
6. Munse, W. H.; Stallmeyer, J. E., & Rone, J. W. Yes
7.7 Sanders, W. W.; Dorecho, A. T. & Munse, W. H. Yes
8.+ Toprac, A. A. Yes
9.+ Selby, K. A.; Stallmeyer, J. E. & Munse, W. H. Yes
10." | King, D. C.; Slutter, R. G.; Driscoll, G. C., Jr. Yes
11.+ Reemsnyder, H. S. Yes
12.7 | Braithwaite, A.B.M. Yes
13.7 | Harrison, dJ. D. Yes
14, Marsh, K. J. Yes
15.° Newman, R, P.; Dawes, M. G. Yes
16." Harrison, F. D. Yes
17.7 | U. S. Navy, NASL, T. M. #31 Yes
18.7 | U. S. Navy, NASL, T. M. #34 Yes
19.7 | U. S. Navy, NASL, T. M. #39 Yes
20." | Gyorgyi, F. Yes
21.7 | Walls, J. C.; Sanders, W. W.; Munse W. H.

Code: Yes--report has been summarized
References available in File

FIG. 2.7 SAMPLE FATIGUE BIBLIOGRAPHY NUMBER LIST-ENTRY
FORM |



69-11+%

0Y-12%

69-13%

69~14%

69-15%

69~16%

69-17%

69-18%

69-19+

69-20%

-72-~

1969 (continued)

Toprac, A. A. '"Fatigue Strength of Hybrid Plate Girders,'" Welding
Journal Research Supplement, Vol. 48, No. 5, May 1969, pp. 195s-202s.

Reemsnyder, H. S. '"Some Significant Parameters in the Fatigue Proper-
ties of Weld Joints," Welding Journal Research Supplement, Vol. 48,
No. 5, May 1969, pp. 213s-20s.

Gurney, T. R. "A Re-Analysis of Some Fatigue Test Results Obtained
for Specimens with Longitudinal Non-Load-Carrying Fillet Welds,'" The
Welding Institute, Report E19/1/69, January 1969.

Nord, E. (Larsson, B., Editor). '"Effect of Hot Dip Galwvanizing on
Fatigue Strengths of Steel," Swedish State Power Board, International
Lead-Zinc Research Organization, Inc., Private Communication to Pro-
fessors Birkemoe and Munse, Laboratory Report 12/19/63, June 25, 1969,

Fromm, K. '"Dynamic Strength of Welded High Tensile Steels,'" Inter-
national Institute of Welding 1969 Annual Assembly Public Session,
July 14, 1969.

Nakamura, H., Kuriyama, Y. and Yamazaki, Y. ‘"Application of 80 kg/mm2
Grade High Strength Steel to High Pressure Vessels,'" International
Institute of Welding Annual Assembly 1969 Kyoto, Japan, Public Session,
July 14, 1969.

International Institute of Welding, Commission XIII. '"The Effect of
Slag Inclusions on the Fatigue Strength of Machined Butt Welds,"
Commission XIII Working Group, ''Welding in the World," Vol. 7, No. 4,
1969, pp. 212-38.

Kloppel, K., Seeger, T. and Nowak, B. 'Experimentelle und Theoretische
Untersuchungen Zum Schodigungsverhalten Danerbeanspnichter Geschweipter
Krenzstope aus St 37," Veroffentlichung des Instituts fur Statik und
Stahlbau der Technischen Hochschule Darmstadt, Heft 5, 1969.

Colson, G. and Massonnet, C. H. "Essais de Fatigue Plastique sur des
Eprouveltes lisses et Entailles,'" Centre de Reserches Scientifiques

et Techniques de 1'industrie des Fabrications Metalliques (CRIF),
MT 46, Belgium, March 1969.

Sperle, J. 0. '"Influence of Static Mean-Stress on the Fatigue Strength
of Welded Joints,'" Unpublished work--Summary of results taken from
Monograph on Fatigue Strength of Welds, Section II, issued by
Svetskommissionen Ingeniorsvetenskapsakademien (Royal Swedish Academy
of Engineering Sciences), Stockholm, 1969, pp. 041A~041-17.

FIG, 2.8 SAMPLE PAGE OF “"FATIGUE DATA REFERENCES FOR
STEEL STRUCTURES-PART [ "



Sagalevich, V. M. 65-40
Sagawa, M. 70-15

Sahgal, R. K.

60-1, 63-1, 63-2

-73-

Saiga, Y. 71-11, 71-12, 71-42

Sakabe, K. 67-17

Salive, M., L. 64-32

Salkin, R. V. 70-33

Sanders, W. W., Jr. 57-6, 60-2, 61-1,

62-20, 65-7, 65-21,

65-22, 65-37,
65-38, 71-30
Sanderson, R. A. 69-3
Saruki, K. 68-7
Satoh, K. 69-29
Savel'ev, V. N. 60-19, 61-11, 65-34
Schick, W. 31-1, 33-1, 34-4
Schlegel, H. 59-9
Schmidt, W. 64-10
Schoenmaker, P, 36-1, 36-3

Schonrock, K. 37-4

Schulz, E. H. 32-6, 33-5, 52-2
Schutz, F. W. 50-3

Schwab, R. C. 65-44

Schwarz, H. 59-9

Schwenninger, D. 66-30
Scott, G. R.
Seeger, T.
69-26,
Seferian, D. 46-4
Seki, M. 67-40,
Selby, K. A,
Serensen, S. V.
Sherman, D. R.

70-6

71-18,

64-31
67-39
71-35
70-70
56-1

Shibata, T.
Shinozuka, M.
Shore, R, J.
Shoukry, Z.
Shuck, R. R.
Signes, E. G.
Sijs, A. 69-33
Sines, G. 49-5, 51-7
Slutter, R. G.

Smidth, ¥F. L. and Co. 59-14

Smith, B. 66-24, 70-44

Smith, G. C. 64~4, 67-19, 67-48,
67-53

Smith, J. 0. 39-8

Snyder, E. S. 50-1

63-8, 64~37
67-10, 67-54, 68-26

61-20, 61-21, 63-3
64-22, 65-24, 69-18,

63-16, 63-31, 65-9
71-19
62-6, 63-5, 63-6,

65-10, 66-17

Soete, W.
66-20, 6
Sonda, T. 70-59
Sperle, J. 0. 69-2
Spiers, R. 68-17
Srinivasan, R. 71-
Stallmeyer, J. E.

Steffens, H. D. 59
Steinhardt, 0. 59-
Steneroth, E. R. 6
Stephens, P. J. 71
Stern, I. 61-6, 62
Stockman, G. 69-33
Stout, R. D. 65-31
Strating, J. 71-34
Sturm, D.

Stussi, F.
Suhr, R. W.
Sumita, M.
Sunamoto, D.
Swindlehurst, J.
Switek, W. 68-4

49-4
70-42
70-11,
67-42

-16,

50-2, 52-1, 66-18,

7-25, 68-9
0, 71-16

21, 71-22
55-1, 55-10, 56-1,
56-4, 57-2, 57-13,
58-1, 58-2, 58-6,
59-1, 59-12, 60-5,
61-3, 61-4, 61-20,
61-21, 62-6, 62-8,
62-22, 63-1, 63-2,
63-3, 63-4, 63-5,
63-6, 63-16, 63-31,
63-37, 64-31, 65-6,
65-9, 66-4, 66-22,
67-13

71-15

4, 65-25, 69-34

8-5

~-36
-16

68-19, 70-18

70-61

59-2

FIG. 2.9 SAMPLE PAGE OF "FATIGUE DATA REFERENCES
FOR STEEL STRUCTURES -PART O"



FATIGUE DATA SUMMARY— DEPARTMENT OF CIVIL ENGINEERING— UNIVERSITY OF ILLINOIS - URBANA, ILLINOIS

WELDED SPECIMENS

Dota Recorded on Faotigue Coding Form No

BASE METAL PROPERTIES

( 8)Specification Designation.

Manufacturing Process.

SPECIMEN PROPERTIES | Reviewar: Ck'd: (10) SPECIMEN TYPE
Yiald Point Ultimate Str { Date: ( 1 YBIBLIOGRAPHY NO.! Sheet of
Library Ref No.. Author(s) !

Shape or Plote Description.

AVE. FATIGUE STRENGTH

TEST CONDITIONS Title !

Stress Cycle:

(28)Environment .

Percent Elong. in. Goge Length!

K

(28) Type of Loading:!———

MECHANICAL PROPERTIES (COUPON) Cyglgs Stress (26) Tomperature. Source .
(4)Yield Point: 160,000 (27)Loading Freguency | —
(s)Ultimate Strength: 2,000,000 Volume' _______ Number.
Percent Red. of Area! Date . Pages.

These Data from Pages.

CHEMICAL COMPOSITION , Percent

INDIVIDUAL FATIGUE TEST RESULTS

(3) Unite Yor Tes! Data.

C Mn P S

Si

( 2)Spec] Stress Cycie |18)Cycles to
No. lte)Min. J(7) Max. Failure

(32) Location of Fracture gg;,EE.L_-. (29)Method of Load Measurement,

TFL

SPECIMEN AND FRACTURE DETAILS

(1) Thickness. (12Rep. Dimensions

(16) Theoretical Stress Conc. Factor; Ky
(r)Critical Stress Intensity Factor; Ke

(30) Basis for Stress Calculation!

& Ratio,

Crach Propagaiion Life

(31)Failure

Total Fatigue Life

Criterion:

WELDING DESCRIPTION

usYWelding Process:

(19) Welding Gos Used!

(19) Weiding Position:

ts)Electrode Type and Handling Description |

(20) Wedd Defect Description.

Pass | (19) Electrode [(19)Amps Speed of
Mo. |Size ond Spec.] AC-DC| Yo' | walding

Fabrication, Spec., Notes, Remarks i

Back Chip. or] (19) Polarity, (21) N.D.T. Observations.
Grinding (22) Weld Inspection:
Yas or bo |

(24) Preheat
Temparature:

(28) Weld Repair History .

interpass
Temperature.

(13) & (14) Surface Treatment, Finish, Coating !

After Welding.

(18) Mechanical and/or Thermal Stress Alteration Treaiment Befcre or

FIG. 2.106 FATIGUE DATA SUMMARY SHEET FOR WELDED SPECIMENS

VL



FATIGUE DATA SUMMARY - DEPARTMENT OF CIVIL ENGINEERING— UNIVERSITY OF ILLINO!S - URBANA, ILLINOIS

RIVETED AND BOLTED SPECIMENS

Dote Recorded on Fatgue Coding Form No

BASE METAL PROPERTIES SPECIMEN PROPERTIES Revewer! __ Ckg. (10) SPECIMEN TYPE R
(21Specification Designaticn: Yield Point ultwmate S¥r | Date () BIBLIOGRAPHY NO . Sheet. ___of
Manufacturing Process. Library Ref No.: | Authorl(s):
Shope or Plate Description : AVE. FATIGUE STRENGTH TEST CONDITIONS JTitle: o —

. Stress Cycler (23)Environment . _ ——

MECHANICAL PROPERTIES (COUPON) Cyclas Stress (26) Temperature. | Source . P .
(41 Yisld Point: _ 100,000 (27)Loading Freguency ' __ — - ——
(s1Ultimate Strength. 2,000,000 Volume ! __ Number ___
Percent Red. of Arec: - (281 Type of Loading: Dete . . . Pages __ .. . .
Percent Elong in Gege Leongth: K. These Data from Poges. T

(3)Unifs for Tesi Dato:
CHEMICAL COMPOSITION . Percent INDIVIDUAL FATIGUE TEST RESULTS l

C ——— Mn P S— t2)Specy Stress Cycle |(8)Cycles 1o (321 Location of Fracture 1531 2P} (201 Method of Lood Measurement:
Si PR No lie)Min.|(7) Maon. Foilure TFL

SPECIMEN AND FRACTURE DETAILS

G Thickness.

(o) Ratio, S Are..

121 Rep. Dimensions | ___

t18) Theoreticel Stress Conc. Factor; X!
tmiCritical Stress intensity Factor, Kl

(20) Basis for Strese Celculotion!

Creck Propegation Life
® Rotio, =5 Vol Fatigue Life

(3t) Failure Criterion:

FASTENERS

te)Type. (19} Specification & Counmtry .

(19) Diameter !

Yield Strength: (19} Ultimate Sirength:

Elongation,To ' Hordneoss

Fabrication, Spec., Notes, Remarks

Chemical Comp.: C__ ™Mn__ P 8 Si_ ~ _~_ qo)iHole Clegrance:
(20) Clamping Force. (10) Hole Preparation:
RIVETS BOLTS

19y Heod Type | (9 Type! -
{20) Manufacture | Hot Formed__ Cold Formed (21) Type of Thread . (eg) Type of Nut.
(20) Driving | Hot Cold (z2)No. and Type of Washers:

Manual Machine (23)No. of Threads in Grip .

Other . tzolinstallation Procedure’

(13) & (18) Foying Surtace Treatment, Cleaning, Finish and/or Coating;

(18) Mechanical and/or Therma! Treatment Before or After Fabrication.

FIG. 2.10b FATIGUE DATA SUMMARY SHEET FOR RIVETED AND BOLTED SPECIMENS

A




FATIGUE DATA SUMMARY DEPARTMENT OF CIVIL ENGINEERING
WELDED SPECIMENS

— UNIVERSITY OF

Data Recorded

iLLINOIS -

URBANA, [LLINOIS

or Fatigue Coding Form No OO/ 7

BASE METAL PROPERTIES

SPECIMEN PROPERTIES

Reviewer 4. <, Ckd G6m| 10} SPECIMEN

(91Specification Designation. (/SS 7=/ é?sfﬁf

Yiald Point Ultimote Str

Date: ANouemass {44 {1y BiBL

TYPE AAXXXL

IOGRAPHY NG 6 5- 6 Shear_ ) ot 9_

Total Fatigue L ife

(31 Failure Criterion.
S FTCH To

WELDING DESCRIPTION

Manufacturing Process. A-58E) Library Ref No.'_________ tAuthorls)" MLA_NLSE,,‘M/,J%,, Sravemerer T E
G No IS E7E _ _Roms, J k. e
Shape or Plate Descr.pnon.,_“, L AVE FATIGUE STRENGTH TEST CONDITIONS Tx'!ef FariGus Bendiiok. oF. Flmia SRS
o “rwa, X 2oeoc x #8 7covs Stress Cycle: _O-7__  ____ JtzsrEnvironment Aex |24 L Burr- Weinsa Tore 75 e 7oL SrEssc
MECHANICAL PROPERTIES (COUPON) Cycles Stress (26) Temperature. Loom SourcE'Z(;}};}!_a.E;”“”f&i}}f;&_’A/"i_.,& _Srese
(a) Yield Point: 07, 5 100,000 67 .3 (271Loading Frequency | ______ | CeRroR4rroal . ..
(s1Ultimate Strength,__ /6. /.5 2,000,000 38, 7/ /00 or /BO com Volume ' o Number.
Percent Red. of Arao' 227 _gluen - (28) Type of Loading: Zxss Dote ! ﬁwgy_,ﬁéf Pages .. /—f,.f e e
Percent Elong. in_2 '  Gage Length_ 28 0 |’ 0. 200 pncentrle These Data from Pages' g, L2 AY b La
T3] T
T RESULT ) —
CHEMICAL _COMPOSI(TION , Percent INDIVIDUAL FATIGUE TEST RESULTS NP = ek - se, - OF
C 247 MnQ2/ PQo/Z S Q022 (2)Spsc| Stress Cycle |i8)Cycies to (32) Location of Fracture k33) CPEi29) Method of Load Measurement.
§10:23 Ne 0.29Co 047 V O.05 _No__fte ) Min. J(r) Wax. Failure . TEU £ 0no on Specimaw Mewsureo
M OHT_ Cu .23 & Loos USFP- | 0.0 |[#55. O /73, 600 T Yoated ;o Trans;?ion Aadias| nel By nreavs o~ A Dy,u;ym.:m:;!‘t
AAC A
SPECIMEN AND FRACTURE DETAILS lusr-z] 0.0 |#57.# | 3/8 600 Tn) Frated /n 757 secion given O THE LRI Gl rTE
G Thickness: 24 (12)Rep. Dimensions: ¢~ (U531 O©.0 1+60.0 203/5005 a? edye nea- JransiFon
usp-4| 0.0 P H#0.01/ 234 o0 radius =< {30) Basis for Stress Calculation:
M $P-5] 0.0 \+#0.0 oo, 000 Ve Fx =
° 73 i 3,500, e } Aol RE f= jg—- based om
o sP-6| 0.0 [F50. 0| 558, /70 70 Foated 0 Transidea Radius|b Grominal it
4 @@
Z wsP-71 0.0 Ir¥0. 01/, /30,000 Tn 7es? sec?ien near Kodiws | + Semensions
- & Ratio, Crack Propagation Life e Essive Defopmearion cansee A NV,
[ 702 plBCu I E, CRIK A5t B0l Vo Tilouik SPKC/MIA/

- 5,
o i o 4

(18) Theoretical Stress Conc. Factor; K,.ﬂo?"g(u es

(17)Critical Stress Intensity Factor; Keina? giyen

ue)Welding Process |

NOT ArpPicpace

(18) Welding Gas Used.

(19)Electrode Type and Handling Description

(19) Welding Posltion:

(20)Weid Defect Description:

Fabrication, Spec., Notes, Remarks |

LEOGES SIBCH i/ ED zzmm St £ BANP  Pol)suED

(15) Mechanicot and/or Thermal Stress Alterotlon Treatment Bafcre or
Atter Welding.__ Nloal & —

EEC 15 B SERT TRESTED Sracd

Pass (19) Electrode |(i2)Amps Speed of{Back Chip.orj (12) Poiarity. (zi) N.D.T. Observat.ons.
No. Size and Spec.] AC.-DC. Volts Welding Grinding (22! Weld Inspection:
Yes or No
(24) Prehsat
Temperoture:
(23) Weld Repair History .
Interpass
Temperature.
(13) 8 (i8) Surface Treatment, Finish, Coating | _#s Rocesp Swugrwcrcs .

9.

FIG. 2,1la SAMPLE OF COMPLETED FATIGUE DATA SUMMARY SHEET-AS—ROLLED PLAIN—PLATE



FATIGUE DATA SUMMARY - DEPARTMENT OF CIVIL ENGINEERING— UNIVERSITY OF {LLINOIS - URBANA, [LLINOIS
WELDED SPECIMENS ‘

Dotc Recorded on Fatigue Coding Form No

BASE METAL PROPERTIES SPECIMEN PROPERTIES | Reviawer!Z<ve Ck'd .68 | (101 SPECIMEN TYPE: ADAAEL
(9)Spacification Designation. A Y- 80 Yield Point Ultimate Str. { Date: Seer 5, /P& > (1 )BIBLIOGRAPHY NO ' 64 -/C shest__ /[ ot 3
Manufacturing Process. »e” g uen Library Ref No.. | Author(s) | Prekerr; 4. G SeHMIDT. W R.
(i 2 Th G 2
Shape or Plate Description: 2 /2 rutres AVE. FATIGUE_STRENGTH TEST CONDITIONS Title ! & _Sruny or dow-Cyecs FRrrvsus
Stress Cyclei O -~ C [ (2s/Environment. /e Srecncra. oe CompPRESSIvE SPECIAIENS
o Mo e of Susrmmpinse Auie ATRATERL 748
MECHANICAL PROPERTIES (COUPON ) Cycles Stress (26) Temperature. £ozms Source | Sermvvesr Keseoos Tnsrsrores
(4)Yield Point: 7.2 100,000 (27)Loading Frequency | N Fwe Koz fRes. Ao 03-4375  LDePr es ARy
(s)Ultimate Strengthi_/2%. 8 2,000,000 JO-12 Cpm fvowme: _ Number._
Percent Red. of Area! 2o grven ‘ (28)Type of Loading: Date: Cer, 28 _ /765 Pages /0 4
Percent Elong. in. < " _Gage Length..LZ, / Ki ALrese - Comcenlric These Data from Pages: F & , & _
(31 Units Yor Test Dota:
CHEMICAL _COMPOSITION , Percent INDIVIDUAL FATIGUE TEST RESULTS Koo Tocw-Sec - K
c Mn P S (2)Spec Stress Cycle (e)Cycles to (32) Location of Fracture ;55,?_:_3_1-_ (29)Method of Load Measurement:
Si No ite)Min. [(7) Max ] Failure TELY rrmsueeme N7 o s
/ “F5.5 0.0 /3,000 RBr GRsE oF Norcs Nor | RESSurs GooEs mAELTuOE
SPECIMEN AND FRACTURE DETAILS 2 O FRpriEd LOFT
- -52.61 0.0 37279 HER T I Erven
() Thickness: 2.5~ (12)Rep. Dimensions: /.5~ S 4 PROPAEAT NS RAD mccy
3 ~56.9{ ©. O 2,200 IO w AR D (30) Basis for Stress Calculation:
NEr Bremg Ar AMores
4+ 1-4648310.0 /, #34
’ Aeer f G
S |-M.0 0.0 5/0
& Ratio, Crack Propagation Life ~ \5i\Failure Criterion: JU/ff7ion o= fuariewne (asox As
' _Total Fatigue Life ErEcTeg By HirRISonre T ESITIYE
WELDING DESCRIPTION
- (i9)Welding Process. Nor ABPPr/cdBeE
v 19) Wolding Gas Used: (19) Welding Position -
2258 o us)Electrode Type and Handling Description !
r———/.s’—e]'
~ J ,u n4”ie |lz0)Weld Defect Description
(14 > <8 R ’ Pass | (19) Electrode |(19)Amps Speed of|Back Chip. or (19) Polarity. (21} N.D.T. Observations:
No. Size and Spec.] A.C-DC| Volts Walding Grinding {22} Weld Inspection.
Yas or Mo |
(24) Preheat
% Temperature:
(16) Theorstical Stress Conc. Factor;Ky_2. 4 (23) Weld Repair History .
(17)Critical Stress Intensity Factor; Keaer Givea) Tniorpass
Fabrication, Spec., Notes, Remarks | Tempsrature!
S PECI/mE APICHINED FRO”
(13) & (14) Surface Treatment, Finish, Coating .

/
R ruren sreec PesrEs. THE

N orch A4S AIICHIVED.

(18) Mechanical and/or Thermal Strass Alteration Treatment Befcre or

S PECr it fnd cORT IOT TRt A TED Afler Welding: PREcosnED #ign/ /02 A5/ Lomp. [3 s DucE
_ ENSI £ ES/DuRe SrRESS S5 suE dorca Loor SR ox e BrEC)
T DETER A SrRSI] RaosE FL50 ERUPL g Tt YoEeD SrRess = PR o s mn]

FIG. 2.11b SAMPLE OF COMPLETED FATIGUE DATA SUMMARY SHEET- NOTCHED CYLINDRICAL
BAR
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FATIGUE DATA SUMMARY — DEPARTMENT OF CIVIL ENGINEERING— UNIVERSITY OF ILLINOIS - URBANA, ILLINOIS

WELDED SPECIMENS Datc Recorded on Fatigue Coding Form Nc QDBJ_
BASE METAL PROPERTIES SPECIMEN PROPERTIES | Reviewer: 4. 2, Ck'd: 0| 110) SPECIMEN TYPE. DA A A BB
(9)Specification Designation. &/, 5.S. 7~/ Yield Point Ultimate Str | Date: _Npv. //, /966 (1 )1BIBLIOGRAPHY NG ' 65-6 snest 5 ot
Manutacturing Process: (Asrer 4514 F) /2556 Library Ref Noi__ | Authorls): Munse, I M., _,‘SfiéLMELE_,_J_é
07 speci fied [25. F2 Kok, Huwss .J@Q_ALC, T
Shape or Plate Description: S/% 74k x F%wspd AVE FATIGUE STRENGTH TEST CONDITIONS Title: Ldricue Bemayior o Pk Fsre
X HE Lewis Stress Cycle: O =7 __ (281 Environment . Zig | Ao Berr leinsn Jowmrs an 7=/ Srese
Lepr e 7ZS 578 _ . .
MECHANICAL PROPERTIES (COUPON) Cygles Stress (26) Temporature. Koo | 50urCe | Ly ox LZeiwess  HEPoRr _&ok. 78
(¢)Yield Point; _____ 702, #5 100,000 ¥ 2 (271Loading Frequency | -27ace  Coger. S
(s)Ultimate Strength; . LS5 2,000,000 22.2 L0002 /B0 ¢ 2or Votume ! __ . Number.
Percent Red. of Area’! 22/ g/Ven : (281 Type of Loading:_Auxscge | D012 Jaudry,, [ Z&5 Poges’ /53 .
Percant Elong. in._2  Gage Length,_28.0 [Ki 2. 252 CONCEITRIC. These Data from Pages. Zzé/res 42,7 & /y .
INDIVIDUAL FATIGUE TEST RESULTS R —
CHEMICAL COMPOSITION , Percent Ko~ tCk — SEconn - 5
C O./7 Mn@.2{ p Q072 5 _0.020 |(21Spec] Stress Cycle [(s)Cycles to (32) Location of Fracture k3s CPLY (291 Meinod of Load Measursment:
1 0.23 M 0.27C 047 VY _0.05 No. fie1Min. J(7) Max] Failure TPl foad on specsmen was
Mo O. 43 Cu_0.23 8_0.004 uss-s/| 0.0 | »55.0] 57, s00 | Toe of wg/g//c;«a_ck not | measured 4, means of
uss-/7| 0.0 (»55 0\ 5§79, oo /Ofa/aafafa 7‘4»-9«; given | a o rhe
. /Ma.momefe»’ on
SPECIMEN ANB FRACTURE DETAILS Uss-290 ©.0|*55. 0| é¢, s00 A e kyess of Soec ey rachine,
(1) Thickness:_2% _ (12)Rep. Dimensions._4” luss-23] ©.o |»¥0. 0 2s/3,300 )‘i{rp“jA 7he Heast-a ffur-/
0.0 |+«30.0, 358,000 Pome 107 The base (30) Basis for Stress Calculation:
o .0 |+30,0| 594 #oo e P S Soad on arca of base
0.0 |#30.0 ) 50, ©OO l melal P
O.0 |»25.0 | foPo, 000 £ Z
0. 0250 |50/7 200 PremaTure faifure in Z //éem/ “
& Rotio, CLAck Propagation Lite (s1)Failure Criterion: C a A
! Total Fotigue L ife 7"/1;«;;14 2eclez
WELDING DESCRIPTION
E,, co° us)Welding Process: S4.e/ded mera/ arc
1e) Welding Gas Used. s7cone (18) Welding Position._ £Augr—
s te)Electrode Type and Handling Description CLrocedure PrOO -//0/8 4
,aa.s
e ne
3 f;e © 120 Weid Defect Description: or Grved
c;""’/""’*‘ Pass | U19) Electrode |i9)fmps Speed of Back Chip. o (19) Polarity, (1) N.D.T. Observations.
No. |Size and Spec.| AC-DC| YOS | weiding | Grinding (22) Weld Inspection;
7 y; 7 3 Yes ordled oo resen Weeos X-Rwrés , a0 DEFECrs
/7078 2C 2o £s
--J L‘L//Koafo . g /25 YEs, (24) Prehaot Gaiads
8 #Enry 2,7 \eioms »5— gWe /70| 22 (6.9 o Jempecaturei
(:) o F-s2.0 —— -
(18) Theoretical Stress Conc. Factor;Ky: Mer 6rvew | /7, 72 i’isfg /50° — popo  |128) Weld Repair History |
(7)Critical Stress Intensity Factor;Ke dor e |3, 7 Z"y o j%"ﬁ c 25| 22 les 2o . #n?srpass ’ /\/o,u,:’
Fabrication, Spec., Notes, Remarks ; f emperature.
- S oz E'gloc 0| 22 6.2 /50° e
£ #97 Kined 7 8 l . ~ Zoo
/76 s achone e 544/’2 (13) 8 (14) Surface Treatment, Finish, Coating : :
Fhen draw filed and Weep Rewrorcemadr o)
,Do//'sée/ w74 Eemery clo?h (13} Mechanical and/or Thermal Stress Alteration Treatment Befcre or —
Afier Welding._ _Womwe FrrrcR LIfePus . Tars Srest
XS] LMERT T REBTFTED STEELEL [,

FIG. 2.1lc SAMPLE OF COMPLETED FATIGUE DATA SUMMARY SHEET—BUTT-WELDED PLATE
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FATIGUE DATA SUMMARY — DEPARTMENT OF CIVIL ENGINEERING— UNIVERSITY OF ILLINOIS ~ URBANA, ILLINOIS
WELDED SPECIMENS

Data Recorded on Fatigue Coding Form No.

BASE METAL PROPERTIES SPECIMEN PROPERTIES | Reviewer! 2pa7 Ckid. _ |UIO)SPECIMEN TYPE: NAAQEN_
(9)Specitication Designation. JS7 47 & -Fa Yieid Point Uitimate Str. | pate: v 2 (1 )YBIBLIOGRAPHY NO.. 70 -9  Sheet__/ of___ _
Monutfacturing Process: Library Ref No.!__ P authorls)! Liswer, T/ Ferdx KM, MHeer IMA,
FRop, Huwset Zoogaer | Me NarmEe, B.47
Shape or Plate Description. /% k.70 AVE. FATIGUE STRENGTH TEST CONDITIONS Title ! Efrscr oF  \WEP/IENTS On THE
Wiza ceovER Pigres pr ZV6” r4#%. | Stress Cycle: . (28)Environment 4,2 LRGeS S RERETA . 0F Srefc SHESerS .
X _#5% 'weps x 0" tove . B
3 __MECHANICAL PROPERTIES (COUPON) Cycles - Stress (26) Temperature: Koo Source | Luemmmr KEseAR ZomRp — NBzresme
(41 Yield Point: 7 7. & 100,000 (27)Loading Frequency | Covprmprve Slos. Lescarcn Roe Ker oz
(s)Ultimate Strengthi_ &/ 57 2,000,000 260 - B0 g Volume:_ . Number._ .
Percent Red. of Area :” 5B E£2 ’ (28) Type of Loading: LE&au® e Data. /2270 . _Pages.._. éZé‘/ S
Percent Elong. in._& " Gage Length: Z2. 272 [K: : These Data from Pages Z_Z{‘_{j@’tzxf-/
- (3)Units for Tes] Dota.
CHEMICAL COMPOSITION , Percent INDIVIDUAL FATIGUE TEST RESULTS Avo —Zues - o
c Mn P S i 2)Spec] Stress Cycle te)1Cycles to (32) Location of Fracture u;,%’:'— (291 Method of Load Measurement,
St No  le)Min. J(7) Max. Failure = - - — My omsire Fesssurs s THeRs
CRA —¢o .o 392 soo EHCK LnbyreAr&o /4 TE o GRAVE THE PIRER I FHDE OF THE
13/ - -0 2 TELSIon FLPNEE NERR THE OT | opisao como. LoAD ROTusTE®
SPECIMEN AND FRACTURE DETAILS |czs ‘ Y . CEVNTER o0F FAE \nWwIDrn Ar rie o sk TwE Sy DESIRED
. e -/
(1 Thickness: . 375" (12)Rep. Dimensions: /2.88 e O yrsro | /72,200 TOE OF IHE FRENSVELSE GryED
K on TEDS 108 FLADEE CRA Frer 7 wWECD CommwEcrale THE ‘ —_
N pei 7e# V=GO \rsF O I76, /00 COvER pisre 7o rwe fopvic, (30) Basis for Stress Calculation:
v yYEn 7y v v cCEA 7 2, D sai o NomisAe FLEXu@Rs STRESS tn ~
_ /1% so0 wE CRIcK 0% RTE 7 ph g oy =
R - (O 1S T — 15/ 6.0 *+/80 Y FHE BEAM ANO Miows THE XTREMS f1G6e OF rwvs BO5
Ji - ToE o rE WELD ALROSS THE MIETH AT ':f £A0 ok W:A_
7 1Al S
FLANGE W07, c,‘»’;‘éfv’i..i‘éirjw 5’:‘&‘/40;:‘:”[ feE
Crack Propagotion Life

& Ratio,

(u) Fullure Crnonon &AM&&M&M@
_CRACkED AR -

WELDING DESCRIPTION
(19)Welding Process’ Sy roprgric SuBA7£R6£0 /tc Y SHIECOEG IETHL _FRL,

Yotal Fatigue Lifs

Sl e T T T {10} Welding Gos Used: 119) Welding Position <z g7
g MI . H (s)Electrode Type and Hondling Description: _4-60 24y -/a/ piamereq mire B0 Fany gom
L ' Jote” t o) Z i E7 ——  END Friier LEios  FPesceo prgmesmesy whiiv L 7OLB £ederoRES
o ' (20)Weid Defect Description. Aoy e
JFE W IO Roctsl GEFA wiry Pass (ls)‘EIoc'rode (19) Amps Speed ofiBack Chip. orf (19)Polarity . (21) N.O.T. Observations:
Cover PomrEs No. |Size and Spec.| AC-DCy YOS | weiding | Grinding (22) Weld Inspection:
— Yes oMol Aoy 5, omy | Hec WEiDs SuSrEcrer 7o JOSPECTIOL
N o3 |40 Y%v S350 30 /6" flaw ~o Starre R T Srare Alselsidy
“ 780 s (24) Prehoaat PP cEOuR E
“ Temperature: © ¢ £0u
(18) Theoretical Strass Conc. Factor;Kyi Mor 6rvew | 7455, | £330 /8 % "4 Aow e, i“’"f (2s) Weld Repair History !
(7 Critical Stress Intensity Factor;Kodbr Grvegw | Wewos z Intorpgs:" Ate Leggerrps lWEeos GonseD
Fabrication, Spec., Notes, Remarks | Temperature, (0w g0 Kewscof0
H pvElREE  prEcaga)icar PROPERTIES Wor Aocsc,
= 13) & (18) Surface Treat t, Fi ting . - -
o5 SPEcrovER S Cur FHoR FAE FLAIEE ( d,d;?‘ ) ;:;;‘c;[éeo ment, Finish, Coating | _ A/oa)s s Foie£0
Cover Prard&s, ANL WEES .
TESTwe mgesoidss wERE HmsesR (13) Mechanical and/or Therma! Stress Alteration Treatment Befcre or
Pussmrons After Welding:__Aou/ &

FIG. 2.1ld SAMPLE OF COMPLETED FATIGUE DATA SUMMARY SHEET —BEAM WITH FILLET-WELDED
PARTIAL LENGTH COVER PLATES



FATIGUE DATA .SUMMARY — DEPARTMENT OF CIVIL ENGINEERING — UNIVERSITY OF ILLINDIS — URBANA, ILLINOIS
RIVETED AND BOLTED SPECIMENS

Dotz Recorded or Fotigue Coding Form Mo

BASE METAL PROPERTIES SPECIMEN PROPERTIES | Revewer: K. 5. Ckd pD#|(10) SPECIMEN TYPE JHACAA —
" 9)Specification Designation. AS7A7_ 4-S/¢ F 1 Yield Point Uthmote Str} pate. Fpksc 27 2972 | (1) BIBLIOGRAPHY NC .. 6 7- 2 sneet /. _ot /¥
Manufacturing Procass.g’;ﬁ-,]{f&?{f_ (%" 2er) Librory Ref No.: éZD 6 Authoris}: ﬂlﬂxédaé;_ﬁg_? Mﬁzl\/ﬁ[/f 0F,
R Mo 6076 (2 Pemre) LT MudSE, b A _
Shape or Plate Description: . .. . AVE. FATIGUE STRENGTH TEST CONDIT’QNS Titie . FA;-/&(/; o; / f/ﬁ/ Sresc P
Ve rex. cedreg Pe#rE . [Stress Cycle: .C~ 7. . ____|(2s)Environment. Ase _ Eof.zi.fa ConwveEc7r0m0S . . —
e 5106 pemrES e e e
J& MECHANICAL PROPERTIES (COUPON) Cycies Stress (26) Tomperature. Aoom | Source | A5CE ~ JouRBi oF IHE. S7rPucTuffl
(4)Yield Point: __//.8./ (.2% o FFfrer) J100,000 | SO.F | (27)L00ding Frequency . . __ _LsviSiond oo L e
(s1Ultimate Strength. _ /Z26./ . _2 _5,1( S EO _crrt _ Volume .. 25 . Numbar 57/0 R,
Percent Red of Area:. S8 . % _ __ ‘ - (28) Type of Loading: .Ax2A4 Date. Oer.  /7& 5. _. Pages. Za//——zo_,z_g_ o
Percant Elong in &7 Gage Length: J# O B — These Data from Pages' 20/2 ~20/7 .
(3) Units Yor Test Dcfa
CHEMICAL COMPOSITION . Percent INDIVIDUAL FATIGUE TEST RESULTS o ps - Lo HES -
C O /7 mn Q.80 PCO.O/¥ L2022 |2)Spec| Stress Cycle |(8)Cycles fo (321 Location of Fracture L35, EPLY 29 Metnod of Load Measurement:
s O z“fg cr 250 22OV 205 No_JerMinJer) Morl Foiure TFL Dy i rmtomereR on> FEr7eul
§ ocod i @0l RIB- -50.0 \ss50.0) 423 000 PRl s (LSED TV EDSIRE
: ° - = A)
SPECIMEN AND FRACTURE DETAILS g CRACK LsrsBreD Ow raps |Wo7 | <072 oA SR, E
(nThickness! A-.{O (12)Rep. Dimensions | .25 F98° | o | .op o 111, 000 || TR SuRAReE 0 THE Grven
(24) Rdﬂo,mt ’. 62 3 CEVFaeg PeRre L7 ol | (30) Basis for Stress Calculation:
5.8 :=/20:230:067 .35 o o WESR rafes CRI ;e AES WeEr Secriou STRESS
q o -35. »35. /8 009 S&crron, Po55 /8y Duf ro £- &4 ABaper secrion
033— FREFr7/W6 BETWESD PLHTES, arsa (homnas)
Z_,' e Iy N -28.0 [+28.0 | 1,56/ 000
r 4--1 T z 1 7
2 T
757 1 % Ratio, £rack Propogation Life (31 Failure Criterion. 220cseds Suurofs [Puf ro EXeEITiwd
ﬁ $ ’ Total Fatigue Life PEropepriod cAUSED By LA GuE CALCK,
°, o
13 2% FASTENERS
6 '¢~ '$- o) Type: Bocrs (19)Specification & Country . JSrm &.325 VoW, 4 (19) Diameter! g o
21&" Yield Strength: ¥ Gy Ultimate Strength! #x  Elongation,% ! %  Hordness: @4 e
$ $_{ 150 Chemical Comp.. C Mn__ P S Si o) Hole Clearance: Yo (wore 0im. = ‘L")
L Y] .
I H" (20) Clamping Force. %3, 4 )k, 05 (10) Hole Preparation: pe,eceso 5
RIVETS BOLTS
Ve /%‘ ~ G191 Head Type: URYTYPe! 4fer Srmevcrd - MeEx ~Emo
7 b O (20) Monufacture | Hot Formed Cold Formed (21) Type of Thread | /0o «qa/C (22) Typs of Nut . /_/(4 y - HEx
(1) Thaoretical Stress Conc Factor; K, Absr &vean| (€01 Driving | Hot Cold (2z)No. and Type of Washers: /! HarRpevEp
triCritical Stress Intensity Factor, Ko oy &vven Manual ______ Moachine ] (z3)No. of Threads in Grip:__ & S
Fobricotion, Spec., Notes, Remarks . Other . (2o)installation Procedure. 7ug@n) of Aar - Suxée # ‘/'z Jwral
B rpccwddrcme FRopsmriEs ANC
o A7 (13) & (14) Faying Surface Treatment, Clecning, Finish and/or Coating:i __ 0TS EXCEEOED Aeic
CHErI R co/svpa:/t/oal = - C L EBVED  pirw AcEFoNE _Jo REMHIVE 'M_ CATSiadé @ra . oz f;“m o ECp A A
TwK. CENFER FPLATE owtly FRE RERGidrne BEres pIRcnial i < QRIcii)E il -
Grven) SIDEE  Foatrs sIFS THE HEQuUIREMEAN TS FOR ASrAr /325
ve (18) Mechanical and/or Thermal Treaiment Before or After Fabrication,__ EASTEJERS
CR/7rcTL frFre.
PLRr&s orPca/sdED JO Frosc Ao E
THAPE Br7eR floc&S WERE PRICLED —

FIG. 2.1le SAMPLE OF COMPLETED FATIGUE DATA SUMMARY SHEET —BOLTED DOUBLE
LAP JOINT
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FATIGUE DATA SUMMARY DEPARTMENT OF CIVIL ENGINEERING— UNIVERSITY OF ILUINOIS - URBANA, ILLINOIS

! RIVETED AND BOLTED SPECIMENS Dat: Recorded or Fangue Coding Form Mo
BASE METAL PROPERTIES SPECIMEN PROPERTIES | Reviewsr J A #__ Ckd.09m|1i0: SPECIMEN TYPL GEACAA
9 Specitication Designation. ﬂ§fM A-2-557 | Yield Point uitimate Str | Date Mgy so, /765 {1 . )BIBLIDGRAPHY NG 6 <4-7  Sheet [/ _at/2_
Manufacturing Process. R — lz Library Ret No: 620,/ 4G | Autnor(s) FARowH, T £ Ltssod £ Joj . .
7 PRI, Plunsé APUAISE. WM
Shupe or Plo'g Dgsc”phon 3/3 )"1/;.; ﬂﬂrl AVE. FATIGUE STRENGTH TEST CONDITIONS Totle fﬁ'.ﬁ‘c‘cr os 554'?/4-)& /74[55“,25 o,d‘_
FoR CEIES_PLpre ... ____LStress Cyclei  ©-7 | zs)Environment. Mg | AR GuE SrREwers or Kivereo Commscrreds
MECHANICAL PROPERTIES (COUPON) Cycles Siress (261 Tomperature  Room | S0urce  Lw/vewssry s Licmpcs — Beacesrod
{41 Yield Point; . HS s e e J100000 | 25.5 (27)Loading Frequency . ____ #5{8/ S AT —
(s Uitimate Strength: 66. 5 B 2,000,000 - /4/7;‘@___* _200cpm _ fVolume._ . _ Number . JE
Percent Red. of Area!_ 7. %  _ _ . _ — —— (281 Type of Loading: /x,,,,, Date . /75* ... Pages. &5 .
Percent Elong. n _ ~6__Guqa Length, R 9.0 Koo e oo b o .____.______|These Datc from Pages 52 o
. v3) Un'is Tor “Tesi Dato
3 ULTS —
CHEMICAL _COMPOSITION , Percant INDiVIDUAL FATIGUE TEST RESULTS L0Ps - Tocwes
C ©0-27 _Mn 0.0 Pooré SO.036  [2)Speci Stress Cycle (8)Cycles to {s2) Location of Fracture L33, &P )29 Method cf Lood Measurement.
S, e e No  lie)Min. Jt7) Mox Failure TP Dywamomerse on) mamcwds
e e et USEC 7o o87RA LOFO oM
: /FE /| Oo § #3500 5¢, goo C RACI  sos s sl 7 Fors oy
SPECIMEN AND FRACTURE DETAILS ezl oo |r280 > soo RS R0 (1worcard0 o) FIERE)
(1) Thickness. - 325 (12)Rep. Dimensions [/ 48" ’ OF RIvES KoelS [M THE
(24) Ratio, JtAwe., o, p37 /FR 3| 0.0 |+28.0| B0 yo0 \lewree PLRArE BuD PROPA- (301 Basis for Stress Calcuiation!
. ) ., CATED FowWARD IHNE EPGE Secriow ox
7. 8:8 - o0 0.75.2.7¢ 1FR#V o, 0 rs8. 0 479 200 _ ANeEr Sec
ﬁ 7 AND CEDNTEQ 0 FWE PLArE. P
8'R . /FR5Vo. 0 »~2o0. 0 Jrs, 700 A= (5P6<. wi0rm~2 moca o7 ) rwx.
- T,
% /e 0.0 |r18.0 | ¢85 éoof
B z}{ I # Ratio crack Propagation Life (31) Faiture Criterion:_la/ssfa) CRRBcK GEcam & 15s BLE
% ¢ ! Total Fatigue Life
A Iz FASTENERS
’72: # $ $ —F T (19 Type . Riycr 19) Specification & Country . 457/  F-/ /- 55 (o) Diameter. 75" Jomy.vae
L 5; i Yield Strength, 2% ¢ (19) Ultimate Strength: s& i__hElongction,WQ',z“: /a 87 Hardness. o
Chemical Comp.. C__ Mn___ Ppo¥ Spps Si ___tioyHole Cleorancei__ %o ™
Falt (20) Clamping Force: (10) Hole Preparction: pe,.cco - ‘7" o9,
P RIVETS BOLTS
A 7 (1o Head Type: B, .y weso tie) Type! o ) o .
SPEC e TYEE [ FR (20) Monufacture | Hot Formed_ 4~ Cold Formed (e1) Type af Thraud ___t22) Type of Nut, -
(161 Thaoratical Stress Conc. Factor; K Aer 6rvew | (20) Driving ! Hot ¢ Cold (22)Ne ond Type of Washers!
tiriCritical Stress Intensity Foctor, Ko for & ved) Manual Machine & 50 Fon -Homse-Supe 7yl (231No. of Threads in Grip: -
Fabrication, Spec., Notes, Remarks Other : UNUSUge CARE TANED (8} OR7vsnis Rovers] (20)Instaliction Procedure: _ . .
FRERICATED 1A Sple ofF 9 SFeEEC

(13) 8 (14) Faying Surface Treatment, Cleaning, Finish and/or Coating. __
FRBRIcpror Ao &

E0G6ES LIERE s/ &0 —

(s} Mechanical and/or Thermal Treotment Before or After Fabrication.__
Ao &

FIG. 2.11f SAMPLE OF COMPLETED FATIGUE DATA SUMMARY SHEET — RIVETED DOUBLE
LAP JOINT
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Category Column

CONOYOT = WRN -

19
20
21

23
24

1-6
7-12

13
14-16
17-19
20-24
25-29
30-34

35-40
41-46
47

49-50
51

52-53

55-57
58

70
71
72
73

75-76
77

78-79
80

82

DETAILED SPECIMEN DATA

Bibliography Number

Specimen Number

Units for Test Data (kip - inch, kg - mm, MN - m)
Base Metal Yield Strength

Base Metal Tensile Strength

Cyclic Minimum Stress

Cyclic Maximum Stress

Cycles to Failure

MATERIAL & SPECIMEN DESCRIPTION

Base Metal Specification

Description of Test Specimen

Material Thickness (at critical location in specimen)
Representative Specimen Dimension (plate width; beam depth; etc.)
Surface Treatment

Surface Finish or Coating

Thermal and/or Mechanical Residual Stress Alteration Treatment
Theoretical Stress Concentration Factor, Kt

Critical Stress Intensity Factor, K
(Not Assigned) ¢

SPECIMEN FABRICATION DESCRIPTION

WELDED , RIVETED OR BOLTED
Welding Process Description Fastener Description
Weld Defect Description Installation Procedure, Clamping Force
Nondestructive Test Observation Type of Thread
Weld Inspection Rating Nut, Washer Details
Weld Repair History No. of Threads in Grip
Preheat Temperature Ratio of Net to Gross Area

TEST CONDITIONS & FAILURE DESCRIPTION

Test Environment

Test Temperature

Frequency of Loading

Type of Loading

Method of Measurement (direct load record; strain gage record; etc.)

Basis for Stress Calculation (nominal shear on fasteners; direct
stress on net or gross area, etc.)

Failure Criterion (crack initiation; complete fracture; etc.)

Failure Location

Ratio, Crack Propagation Life to Total Fatigue Life

FIG. 2,12 CLASSIFICATION OF FATIGUE SPECIMEN DATA

RECORDED ON COMPUTER PUNCH CARDS
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CATEGORY 10
GENERAL DESCRIPTION OF TEST SPECIMEN
Column 41 SPECIMEN TYPE AND LOADING

PLAIN MATERIAL

Axially Loaded
Loaded in Flexure
Loaded in Torsion
Combined

= 0w P

WELDED JOINTS AND CONNECTIONS

Axially Loaded
Loaded in Flexure
Loaded in Torsion
Combined

[Nl M o B W)

RIVETED (OR PINNED) JOINTS AND CONNECTIONS

Axially Loaded
Loaded in Flexure
Loaded in Torsion
Combined

wH o ®

BOLTED JOINTS AND CONNECTIONS

Axially Loaded
Loaded in Flexure
Loaded in Torsion
Combined

SR G

WELDED ASSEMBLAGES

Axially Loaded
Loaded in Flexure
Loaded in Torsion
Combined

no=Z R

RIVETED (OR PINNED) ASSEMBLAGES

Axially Loaded
Loaded in Flexure
Loaded in Torsion
Combined

S WO R

BOLTED ASSEMBLAGES

Axially Loaded

- Loaded in Flexure
Loaded in Torsion
Combined

~NaHAawm

FIG. 2.13a SYSTEM FOR CLASSIFICATION AND CODING
OF TEST SPECIMENS —GENERAL DESCRIPTION
OF SPECIMEN TYPE AND LOADING
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Column 42

OVERALL CONFIGURATION

PLATE

BAR
Rectangular
Square
Circular
Eye
Deformed

TUBE (Seamless)
Rectangular
Square
Circular (pipe)

WIRE
Single
Strand
Rope

FASTENER
Bolt
Rivet

SHAPES

1
Cruciform
Tee

Angle (equal legs)
Angle (unequal legs)

Channel
Zee

Corrugated Sheet
Ribbed Sheet (rectangular)
Ribbed Sheet (trapezoidal)

Cellular Sheet

ODTMMOO®@ >

DETAILED DESCRIPTION OF TEST SPECIMEN

Column 43

SURFACE OR_CROSS SECTION DETAIL

NONE, NOT APPLICABLE OR SPECIFIED

NOTCH

External

Internal

Platelet .
Simulated Undercut
Simulated Butt Joint
Simulated Attachment
Simulated Lap Joint

THREADS
Straight
Tapered

DEFORMED BAR PATTERN

o= I <o

attern
Pattern 2
Pattern 3
Pattern 4
Pattern 5
Pattern 6

WIRE CORE

P
Q

Rope
Strand

X

NIOHTMMOOm>

xR e

PLAIN MATERIAL

Column 44

GEQMETRY OF DETAIL
NONE, NGT APPLICABLE OR SPECIFIED

NOTCH SHAPE
v (trianguTar) -
U
Y
Circular
Elliptical
Rectangular with Saw-Cut
Circular with Saw-Cut
Irregular (flame-cut)
Rectangular

FILLET
o

90°
Concave
Convex

THREAD TYPE

SR
American National

o=zx

P

Q
R

Unspecified

Fine

Coarse
Whitworth {British)
Square
Acme

Column 45

LOCATION OF DETAIL

X NONE, NOT APPLICABLE OR SPECIFIED

LOCATION OF EXTERNAL NOTCH
A One Face

Both Faces

One Edge

Both ELdges

AY1 Around

Partially Around

Elul=Xa¥--]

LOCATION OF INTERNAL NOTCH
Face CenterTine

Offset From Face Centerline
Multiple Locations on Face
Edge Centerline

Offset from Edge Centerline

X G e XD

LOCATION ALONG LENGTH
ong
M Along Portion

LOCATION IN SHAPES
N Flange {element supported on one edge)
0 Web (element supported on two edges
P Both Flange and Web

Column 46

FABRICATION OF DETAIL OR MEMBER

X NONE, NOT APPLICABLE OR SPECIFIED

FABRICATION OF DETAIL
rille

Drilled and Reamed
Drilled and Tapped
Flame-Cut

Saw-Cut

Punched

Pressed

Sheared

Machined

Upset

LT N mMMmMoOoOom

FABRICATION OF MEMBER

Cold Rolled

Hot Rolled

Forged

Extruded

Machined

Machined From Deposited Weld Metal
Cast

ol -T2 Eal

FIG. 2.13b SYSTEM FOR CLASSIFICATION AND CODING OF TEST SPECIMENS -
DETAILED DESCRIPTION OF PLAIN MATERIAL

78



Column 42

OVERALL CONFIGURATION

BUTT JOINT
Equal Thickness and Width
Equal Diameter
Transition in Width
Transition in Thickness
Transition in Thickness and Width
Unequal Width
Unequal Thickness
Unequal Thickness and Width
Unequal Diameter

MIOTMOO @

REDUCED SECTION BUTT JOINT
HourgTass

Hourglass Notched

Cylindrical

Rectangular (reduced thickness)
Cylindrical Notched

ERMMRG

LAP JOINT
ingTe

0 Double

P Multiple

SPLICE
Q Angle
R Sleeve

TEE JOINT
ee
T Cruciform

BUTT JOINT WITH NOTCH
U Saw-cut STot in arallel to
Weld Axis (with or without hole)

V. Hole Through Weld Perpendicular to

Plate Surface

Y HANGER CONNECTION

FIG. 2.13¢

DETAILED DESCRIPTION OF TEST SPECIMEN

WELDED JOINTS AND CONNECTIONS

Column 43

TYPES OF MEMBERS JOINED

X NONE, NOT APPLICABLE OR SPECIFIED

BUTTED OR LAPPED MEMBERS
A Plates and/or Bars

B Circular Bars

C Deformed Bars

D Rectangular Tubes

E Circular Tubes {pipes)

MEMBERS_LAPPED WITH PLATES OR SHAPES

AngTe to Plate

Channel to Plate

I Section to Plate

Zee Section to Plate
Tee Section to Plate
Rectangular Tube to Plate
Circular Tube to Plate
Angle to Angle

Channel to Channel
ITtol

Zee to Zee

Tee to Tee

DUVOZErxL—I MO

HANGER CONNECTION
ee to Tee

S Tee to I

T Angle to Angle

X

Ow>

= — m

oz=

Column 44

TYPE OF WELD

NONE, NOT APPLICABLE OR SPECIFIED

GROOVE
Full Penetration
With Reinforcement
Without Reinforcement
With Contoured Reinforcement

Partial Penetration

With Reinforcement

Without Reinforcement

With Contoured Reinforcement

FILLET
Single Pass
Multiple Pass

PLUG
Fillet
Filled

SLOT
FiTTet
Filled

Edge
Spot
Seam

X

G- TmOMmMOOm>

=

Columr 45

CONFIGURATION OF WELD

NONE, NOT APPLICABLE OR SPECIFIED

GROOVE
SingTe vV
Double Vv
Single Bevel
Double Bevel
Single U
Double U
Single J
Double J

Square Butt
One Side
Both Sides

FILLET
Continuous
Intermittent
Chain
Staggered

Column 46

ORIENTATION OF WELD WITH

RESPECT T0 DIRECTION OF LOAD

OR_REPORTED DIRECT STRESS

X

NONE, MOT APPLICABLE OR SPECIFIED

Longitudinal

Transverse

0Oblique

Longitudinal and Transverse

Longitudinal and Oblique

Transverse and Oblique

Longitudinal, Transverse and
Oblique

Multiple Directions

A11 Around

SYSTEM FOR CLASSIFICATION AND CODING OF TEST SPECIMENS —
DETAILED DESCRIPTION OF WELDED JOINTS AND CONNECTIONS

68



CHZXCXROG—IT DTMOO®>

oo

(%]

Column 42
OVERALL CONFIGURATION

PLAIN SHAPES

Cruciform
Tee
Angle
Angle
Channel
Zee

equal legs)
unequal legs)

WELDED SHAPES
I
Cruciform

Tee

Angle (equal legs)
Angle (unequal legs)
Channel

Lee

Box or Rectangular Tube
Circular Tube

PLATE

BAR
Rectangular
Circular

TUBE (seamless)
Rectangular
Circular

FI1G. 2.13d

DETAILED DESCRIPTION OF TEST SPECIMEN

Column 43

TYPE OF ATTACHMENT OR DETAIL

X NONE, NOT APPLICABLE OR SPECIFIED

COVER PLATE
Partial tengt
Square End
Tapered End
Feathered End
Circular End
Concave
Convex
Full Length

O® >

mmo .

STIFFENER
Transverse
Longitudinal
Longitudinal and Transverse

—T o

SPLICE
Without Cope Hole
With Cope Hole
With Cope Holes Offset

—x

ATTACHMENT TO PLATE OR SHAPE
Plate or Bar

Studs

Angle

Channel

1

Tee

lee

Spiral Wire

—\ oo Vo= &

MEMBER ATTACHED TO MEMBER
U Tubes at 90° Angle
V Tubes at Oblique Angle

WELDED ASSEMBLAGES

Column 44
CONFIGURATION OR LOCATION OF
ATTACHFENT OR DETAIL

X NONE, NOT APPLICABLE OR SPECIFIED

ATTACHMENT TO PLATE
ne Face

Both Faces

One Edge

Both Edges

A1l Around

mo oo >

ATTACHMENT TO SHAPES
Web

F One Side
G Both Sides
One Flange

H One Side

I Both Sides
Both Flanges

Q One Side

R Both Sides

One Flange and One Side of Web
One Flange and Both Sides of Web

o

FLANGE_SPLICE DETAIL
N Thickness Transition
0 Width Transition

P Both Thickness and Width Transition

WEB SPLICE DETAIL
S Thickness Transition

Both Flanges and Both Sides of Web

X MONE, NOT APPLICABLE OR

A

B.

oo

D

[

K

M

Column 45

TYPE OF WELD

GROOVE
Full Penetration

Without Reinforcement

With Reinforcement
Partial Penetration

Without Reinforcement

With Reinforcement

FILLET
Continuous
Intermittent

Chain

Stagqered

PLUR
Fillet
Filled

SLOT
Fillet
Filled

Weld Bead

STUD
Stud

5p

-
26

~
C

i

FIED

LT OTWOZ X =

Column 46

CONFIGURATION OR ORIENTATION
OF WELD

X NONE, NOT APPLICABLE OR SPECIFIED

CONFIGURATION
ingle V
Double V¥
Single Bevel
Double Bevel
Single U
DoubTe U
Single J
Double J
Square Butt
One Side
Both Sides

T TIME O D

[

ORIENTATION

LongTtudinal

Transverse

Oblique

Longitudinal and Transverse

Lonagitudinal and Oblique

Transverse and Oblique

Lonaitudinal, Transverse
and Oblique

Multiple Directions

A1l Around

SYSTEM FOR CLASSIFICATION AND CODING OF TEST SPECIMENS —
DETAILED DESCRIPTION OF WELDED ASSEMBLAGES

98



Column 42

OVERALL CONFIGURATION

LAP_JOINTS

Short Joints (< 4 rows)

One Row of Fasteners
Fastener in single shear
Fastener in double shear
Fastener in multiple shear

Two Rows of Fasteners
Fastener in single shear
Fastener in double shear
Fastener in multiple shear

Three Rows of Fasteners
Fastener in single shear
Fastener in double shear
Fastener in multiple shear

—_-mo O W

— I3

Long Joints (> 4 rows)

J Fastener in single shear
K Fastener in double shear
L Fastener in multiple shear

M HANGER COMNECTION

N END PLATE CONNECTION

FIG. 2.13e

DETAILED DESCRIPTION OF TEST SPECIMEN

RIVETED OR BOLTED JOINTS AND CONNECTIONS

Column 43
TYPE OF MEMBERS JOINED

Column 44
CONFIGURATION OF FASTENERS

X NOT SPECIFIED
A Plates

MEMBERS CONNECTED TO
PLATES OR SHAPES

B 1 to Plate

C Tee to Plate

D Angle to Plate

E Channel to Plate
F lee to Plate

G Tube to Plate

H Itol

I Tee to Tee

J Angle to Angle

K Channel to Channel
L. Zee to Zee

M Tube to Tube

HANGER CONNECTION
W Tee to Tee

0 Tee to I

P Angle to Angle

(No. of Lines of Fasteners)

X NOT SPECIFIED

RECTANGULAR PATTERN

A No. of Lines Not Specified
B 1

c 2

D 3

E 4

F >4

STAGGERED PATTERN

G No. of Lines Not Specified
H 2

I 3

J 4

K >4

Column 45
HOLE CLEARANCE

NOT APPLICABLE, NOT SPECIFIED
Standard (1/16 in.)

Less Than Standard {< 1/16 in.)
Above Standard (> 1/16 in.)

Slotted Holes

X

Column 46
HOLE FABRICATION

NOT APPLICABLE, NOT SPECIFIED
Drilled

Punched

Subpunched and Reamed

Drilled and Reamed

Flame-Cut

SYSTEM FOR CLASSIFICATION AND CODING OF TEST SPECIMENS-—

'DETAILED DESCRIPTION OF RIVETED, BOLTED JOINTS AND
CONNECTIONS

L8



Column 42
OVERALL CONFIGURATION

PLAIN SHAPES .
R
Cruciform

Tee

Angle gequa1 legs)
Angle (unequal legs)
Channel

Zee

OHMMoOO W I

BUILT UP SECTIONS
v

J Box
K Double Angle
L Tee

CRUCIFORM
t AngTes and Plates

N Tees
0 PLATE
PoBAR
Q TuBE

R OTHERS

FIG. 2.13f

Column 43
TYPE OF ATTACHMENT OR DETAIL

X NONE, NOT SPECIFIED

COVER PLATE
A Partial Length
B Full Length

STIFFENER

Transverse

Longitudinal

Transverse and Longitudinal

mmo

1 SPLICE

ATTACHMENT TO PLATE OR SHAPE
Plate or Bar

Angle

Channel

1

Tee
Zee

oOZXErr RO

SYSTEM FOR CLASSIFICATION AND CODING OF TEST SPECIMENS—

DETAILED DESCRIPTION OF TEST SPECIMEN

RIVETED OR BOLTED ASSEMBLAGES

Column 44 : Column 45
CONFIGURATION OR LOCATION HOLE CLEARANCE
OF DETAIL
X NONE, NOT SPECIFIED X NOT APPLICABLE, NOT SPECIFIED
ATTACHMENT TO PLATE A Standard (1/16 in.)
A Dne Face

B Both Faces
B Less Than Standard (< 1/16 in.)

ATTACHMENT TO SHAPES
Web C Above Standard (> 1/16 in.)
C One Side
D Both Sides
One Flange 0 Slotted Holes
One Side

mm

Both Sides
Both Flanges
One Side
Both Sides
Flange and One Side of Web
Flange and Both Sides of Web
Both Flanges and One Side of Web
Both Flanges and Both Sides of Web

Ll NS S o)

SPLICE

Web

Flange

Web and Flange

o=

Column 46
HOLE FABRICATION

X NOT APPLICABLE, NOT SPECIFIED

A Drilled

Punched

Subpunched and Reamed

Drilled and Reamed

Flame-Cut

DETAILED DESCRIPTION OF RIVETED, BOLTED ASSEMBLAGES

88
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SPECIMEN TYPE--AAXXXL

--Plain plate in as rolled condition, no stress raisers
--Tested under axial load

CODE DESCRIPTION

Plain material, axially Tloaded

Specimen configuration, plate

Stress raising detail studied: none
Geometry of detail: not applicable
Location of detail: not applicable
Specimen fabrication method: hot rolled

> >X >X = >

SPECIMEN TYPE--ADAAEI

--Circular bar machined from plain plate with a machined V-shaped
circumferential notch
-=-Tested under axial load

CODE DESCRIPTION

A Plain material, axially loaded
D Circular bar

A Detail studied: external notch
A Notch geometry: triangular-V

E Notch location: all around

I

Notch fabrication: machined

SPECIMEN TYPE--DAAABB

--Full penetration transverse double-V butt-welded plate with
reinforcement in place '
--Tested under axial load

CODE DESCRIPTION

Welded connection, axially loaded

Butt joint, equal thickness and width

Members joined: plates

Full penetration groove weld with reinforcement
Double V groove

Load transverse to weld axis

w0

FIG. 2,14 EXAMPLES OF CODING FOR VARIOUS TYPES OF FATIGUE
TEST SPECIMENS
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SPECIMEN TYPE--NAAQEN

--Rolled WF section with partial length cover plates attached
with continuous fillet welds
--Tested in flexure

CODE - DESCRIPTION

Welded assemblage, loaded in flexure

Plain (not welded) I shape

Partial length cover plates with square ends

Cover plates on one side of both flanges

Attached with continuous fillet weld

Weld oriented both transverse and longi-
tudinal with respect to axis of beam

Z2mMmo===

SPECIMEN TYPE--JHACAA

-—Lapped plates with three rows and two lines of 3/4 inch bolts
in double shear
--Tested under axial Toad

CODE DESCRIPTION

J Bolted connection, axially loaded

H Lap joint, three rows of bolts in double shear
A Members joined: plates

C Bolts in rectangular pattern, two lines

A Standard (1/16 inch) hole clearance

A Hole fabrication: drilled

SPECIMEN TYPE--GEACAA

--Double Tlapped plates with two rows and two lines of 7/8 inch rivets
in double shear
--Tested under axial load

CODE DESCRIPTION

G Riveted connection, axially loaded

E Lap joint, two rows of rivets in double shear
A Members joined: plates

C Rivets in rectangular pattern, two lines

A Standard (1/16 inch) hole clearance

A Hole fabrication: drilled

FIG. 2.14 EXAMPLES OF CODING FOR VARIOUS TYPES OF FATIGUE
TEST SPECIMENS



Log (Maximun Stress,Smpgy)

TS ~Yield Stress, S,
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ILLUSTRATION OF REPRESENTATIVE S—N CURVE FOR STEEL
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Log (Maximum Stress,Smay )

Log N¢ = Ag +Bg Log Spax

(Ba=1/mq)

Stress Ratio
Rg

Log (Cycles to Failure, N¢)

FIG. 3.2 REPRESENTATIVE FINITE LIFE S—N CURVES FOR TESTS CONDUCTED

VARIOUS CONSTANT STRESS RATIOS
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Read in
properties of
all data points

i

Draw and label
a set of axes

i

Read a set of
desired parameters

t

Select data points
meeting above set of
desired parameters;
list them on
printout

i

Plot data points
on axes :
g if multiple parameter

sets are to be analyzed
simultaneously

Compute S-N curve
using least squares
regression analysis

l

Draw S-N curve;
write out: fatigue strengths,
standard error of estimate
correlation coeff.,
Tower tolerance limits

| 41 if more than one regression
End e e
analysis is to be performed

FIG. 3.3 GENERAL FLOW DIAGRAM FOR COMPUTER PROGRAM
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APPENDIX A
Glossary of Terms

Symbol Definition

A An empirical constant related to the fatigue behavior

of a test specimen.

B An empirical constiant, the inverse of the slope of the
linear log Smax vs. log Nf regression line.

E Modulus of elasticity.

My Applied bending moment corresponding to condition of

first yielding at extreme fibers of cross-section of

member loaded in flexure.

Mp Applied bending moment corresponding to condition of
full yielding over cross-section of member loaded in
flexure.

Ne The total number of applied cycles to fatigue failure.

Py Applied load corresponding to condition of yielding
over cross-section of member loaded in ax1a1 tension.

R Stress ratio; i.e., ratio of cyclic minimum stress to
cyclic maximum stress.

Smax The stress having the highest algebraic value in the
stress cycle (tensile stress considered positive,
compressive stress considered negative).

Smin The stress having the Towest algebraic value in the

stress cycle,



Smean

S
range

A-2

The algebraic average of the maximum and minimum stress

)/2

The algebraic difference between the maximum and

in s 1.e. + S .
in one cycle; i.e., (Smax Siin

minimum stress in one cycle; i.e., Smax - Sminﬂ

The yield strength of a material in uniaxial tension.
A "nominal" stress corresponding to a condition of full
yielding over the cross-section of member subjected to
pure bending; i.e., Sy . Zp/Zeb

Elastic section modulus of a member cross-section.
Plastic section modulus of a member cross-section.
Number of specimens satisfying the required conditions
for which an S-N curve is to be determined.

Percent survival for the lower tolerance limit at a
specified confidence level.

Confidence level specified for a particular Tower
tolerance Timit.

Correlation coefficient.

Standard error of estimate.

Transformed fatigue 1ife; i.e., log Nf.

Transformed cyclic maximum stress (or stress range);

(or log S ).

i.e., log S range

max
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APPENDIX B

Formulation of Upper and Lower Limits to S-N Curve
Upper Limit to S-N Curve

For a member loaded axially the nominal yield strength is simply:
P

Sy = %é; » (B])

where P.y is the applied Toad necessary to produce yielding of the entire
cross-section. This yield strength Sy is used as the upper limit for the
cyclic maximum stress in determining the linear portion of the log Smax vs. log
Nf regression line for members subjected to axial fatigue loadings.

For a similar member subjected to pure bending, the stress cor-
responding to the point of {iwst yielding at the outermost fibers of the

member cross-section is related to the externally applied moment, Fig. Bla,

by:

M
s = L (B2)
y g

where Z (elastic section modulus) is a geometrical property of the cross-
section. Equation BZ reflects the assumption of a lTinear variation in stress
from the neutral axis of the cross-section to its extreme fibers.

As the externally applied moment is increased beyond My, the
stress at the extreme fibers of the cross-section remains essentially con-
stant (if, as in the case of most structural grade steels, the material
exhibits a reasonabiy flat stress-strain relationship beyond yield), while
the stresses on the remaining section increase progressively until such

time as yielding is approached across the entire section, Fig. Blb. At this
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stage, the yield strength of the material is related to the fully "nlastic"

moment capacity of the member, MD’ by:

where Zp, the plastic section modulus, is a geometrical property of the
member cross-section which relates Mp to Sy through the assumption of a
rectangular stress block, Fig. Blb, acting on the member section. The ratios

of plastic modulus to elastic modulus for three common cross-sections are:

rectangular cross-section ZP/Ze - 1.5

riverinlan crnnce_enrdian -

Ciflusdil Civoa—dTULLIVUI Lp/ze = ]U7

[ or wide-flange section 1.1 < Zp/z < 1.2 approx.
e

By equating relationships (B2) and (B3) above, the moment required
to produce full yielding over the member section is related to the moment

at first yielding by:
Z -
M =Mw-z-B (B4)
e

A maximum "nominal" stress, S_ {a computed value used to represent a
numerical, though non-existent, stress by using an elastic section modulus
for conditions of loading beyond the elastic range) corresponding to the

external moment Mp, may now be defined as follows:

M M z
s = L = Y. B
b - I 7 "7
e e e

or
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For example, for a member of rectangular cross-section, the
maximum "nominal" stress corresponding to full nominal yielding of the

section under flexure would be:

Sp = 1.5 Sy (rectangular section)

This "nominal" or "pseudo" stress, Sp, Equation B5, is the
value taken by the computer as the upper 1imit of the linear logarithmic
S-N regression line for data obtained from flexural tests of structural
members and details. The justification for using Sp as the upper Timit
rather than the actual material yield strength, Sy, as in axial fatigue
tests, is simply that there is evidence that such a straight Tine extra-

polation of the S-N curve to this 1imit appears to describe flexural test

data quite well in the Tow cycle fatigue region.
Lower Limit to S-N Curve

It has been observed, from numerous fatigue tests of structural
steel members and components, that the S-N curve representative of the
fatique data changes slope and often becomes essentially horizontal at ap-
proximately 2 x 106 cycles.® In a first, or trial, analysis of an individual
set of fatigue data, the computer program developed for this study also as-
sumes a lower limit of 2 x 106 cycles for the calculated Tinear Tlogarithmic
S-N regression Tine described in Section III. The procedure used in con-
sidering specimens having Tives beyond two million cycles is outlined in
the following paragraphs.

As the first-step in the analytical process, a trial S-N curve

is obtained as follows. The specimen fatigue Tives from all "run-out"



tests and tests in which failure occurred after 2 x 106 cycles are projected
horizontally to two million cycles. An S-N regression line is then generated
using these adjusted 1lives together with the actual data for specimens ex-
hibiting failure at Tlives less than 2 x 106 cycles. For this 1ife, the fatigue
strength and standard error of estimate at 2 x 106 cycles are computed. Next

a "1imit of acceptance" for the run-out test data is established (as a spe-
cified multiple of -1 x standard error of estimate), which is then projected

as a horizontal Tine parallel to the line corresponding to the computed fa-

6 cycles (see Fig. B2). Then, for a second trial, -

tigue strength at 2 x 10
any run-out test data residing below the lower acceptance line jis rejected
while all other data points are again included in the second analysis. A
new S-N curve is constructed and the above process repeated until no addi-
tional test points are rejected. It may be noted that, in establishing the
fatigue strength at 2,000,000 cycles, this process is essentially a conser-
vative one, in that the long life fatigue strengths so computed will gen-
erally be Tower than the strengths computed using data only for specimens
exhibiting failure at less than 2 x 106 cycles.

As noted above, the breaking point of the log S vs. Tog Nf curve
was chosen arbitrarily at two million cycies on the basis of past obser-
vations. However, this assumed behavior may nof be particularly repre-
sentative for all data. Therefore, if, upon subsequent examination of the
plotted data and S-N curve for a particular series of tests, it appears
that the breaking point occurs at some other Tife, say 3 x 106 cycles, the
computer program can be run again using the new lifetime as the Tower Timit
for the S-N regression line. The process of run-out data acceptance or
rejection can then be repeated as explained in the preceding paragraph until

a final S-N curve is established.
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The program has a third option in this regard which assumes no
flattening out of the S-N curve at long fatigue lives. If this option is
specified, a single best-fit linear regression line is generated using all
data for specimens actually exhibiting failures (i.e., tests not carried
to failure are rejected) regardless of whether or not the lives were beyond
two million cycles. This alternative has been made available for those tests
in which it appears that no tendency toward a horizontal asymptote of the
S-N curve can be distinguished from examination of the plotted data points.

It is anticipated that the flexibility of the computational pro-
cess indicated by the three options out1ined’above will be sufficient to
enable adequate analytical description of the fatigue behavior of the
vast majority of structural members and details. In cases where it may be
difficult to decide which of the alternatives offers the best representation
of a particular data set, examination of the correlation coefficient cor-
responding to each of the alternatives should be helpful in a final assess-

ment.
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FIG. Bl PROGRESSIVE STATES OF STRESS FOR MEMBER SUBJECTED TO
FLEXURAL LOADING
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FIG. B2 ILLUSTRATION OF PROCEDURE FOR CONSIDERHNG "RUN-OUT" TEST DATA
IN REGRESSION ANALYSIS
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APPENDIX C

COMPUTER PRINTOUT OF FATIGUE ANALYSIS RESULTS

Plot Nos.

Plain Plate Material

Structural Carbon Steel . . . . . .. . . .. . . 1,2

High Strength, Low Alloy Steel. . . . . . . . . 3,4

High Yield Strength, Quenched and Tempered Steel. . . 5,6,7
Transverse Butt Welds with Reinforcement Intact

Structural Carbon Steel . . . . . . . . .+ . . 8,9

High Strength, Low Alloy Steel. . . . . . . . . 10.11

High Yield Strength, Quenched and Tempered Steel. . . 12.13.14
Transverse Butt Welds with Reinforcement Removed

Structural Carbon Steel . . . . . . . .. . . . 15

High Strength, Low Alloy Steel. . . . . . . . . 16

High Yield Strength, Quenched and Tempered Steel. . . 17,18,19



SPECIMEN TYPE = PLAIN PLATE PLOT NUMBER 1
STEEL TYPE e« A7,A365A373,MILD STEFL

STRESS CyCLE = COMPLETE REyERSAL

SeN CURVE = MAXIMUM STRESS VS, CYCLFS TN FATLURF

NO, DF DATA pOINTS USED TD GFNFRATF S$=N CURyE = 13

CONSTANTS COMPUTED FROM REGRESSION ANALYSIS

A= 26,34106 8 ==9,68221
STANDARD FERRQR DF ESTIMATE = n,67642
CORRELATION COEFFICIENT = 0,90731
ABSOLUTE VALUE OF S_OPE

OF SN CURVE = 0,10328

COMPUTED VALUES OfF FATIGUE STRFNGTHS AT SELECTED LIVES

LOWER TOLERANCE LTMITS

: =ONF TIMFS FOR ovy SURVIVAL

FATIGUE STRENGTH STANDARD ERROR NF ESTTMATF 50y CANFINENCE 95¢ CONFIDENCE
Ft 500003 = 28.5 KSI 2703 KST 25,8 KSI 20,6 KST
Fei00000y = 26,5 - 25,4 24,1 22,9
FC200000) = 24,7 2367 22,4 21,3
FE500000) = 22,4 v 2165 20,4 19,4
Fel MILLY = 20.9 20,1 19,0 i8,0
Fc2 MILLY = 1904 18,7 17.7 16,8
F¢ 50000y = 196,92 MN/SQ.M 188,48 MMySQ M 178,272 MN/7€O M 1603 MN/SQOM
Fci00000) = 1B2,6 175.4 16549 157 .6
F¢200000) = 170,00 163,3 158,¢ 1a6q7
Fe500000y = 154,7 148,64 140,5 133e5
Fel MILL)Y = 148,90 138,3 13neAR 124.3
Fe2 MILLY = 134,0 128.7 1217 11567



PLOT NUMBER |

KSI

MAX STRESS,

] { | | N N NN NN B A | | i i | R SR SR NN N { | | | N N N | { | l !
i 1 | T I T 1 liil!il! 1 I 1 ] R | | 1 i
LOWER TOLERANCE LIMIT - 987 SURVIVAL
S07 CONFIDENCE LEVEL — — — 4 24 1000
957 CONFIDENCE LEVEL - = ~ 300
ANALYSIS ~ METHOD A -t BOD
— 700
T - 600
- - SQ0
T = 400
—+ 300
4
—L— = 200
o m ——
PLAIN PLATE . .
A7.A36,A373,MILD STEEL T - 100
COMPLETE REVERSAL _
. N 4 PO T N W N | | 1 [ TS T SR N N | [ S IO [N NN S NN N N I | . | i -
T | EEEEEREER I l 1 T T 171 7 1 I T T T T T |— i 1 70
2 Y 6 B8 10 2 y 6 8 100 2 y 6 ] 1000 2 4 5000

CYCLES TO FAILURE, IN THOUSANDS K

STRESS IN MN/SG.M
€-3



SPECIMEN TYPE = PLATN PLAIF PLOT NUMBER 2
STEEL TyrPE = A7,A36sA373,MT1LD STEF|
STRESS CYCLE = ZERU T3 TeNSIAN
SeN CURYE = MAxIMU4M STRESS yS, CYrLFS TN FAT|URF
ND. OF DATA POINTS USED TD GENFRATE 3eN CURVE = 51

CONSTANTS COMPUTED FRUM REGRFSSION ANALYSIS

A = 24,85370 R =e5,76218
STANDARD ERROR OF ESTIMATE = n,98427
CORRELATION COEFFICLENT = n,7B&2?
ABSOLUTE VALUE OF SLOPF

OF S=N CURVE = n,17355

COMPUTED VALUES Jr FATIGUE STRFNGTHS AT SELFCTFD LTVES

LOWER TOLERANGE LTMITS

‘ =ONE TIMES FNR 9¥y SURVIVAL

FATIGUE STRENGTH STANNARD ERROR Ny ESTIMATF  S0g CNNFINENCE 95y CONFIDFNEF
F( 20000) = 71s4 XSI 6407 KST 5607 KSI 53,9 KST
F¢ 50000) = 6009 5542 4B, 4 46,0
FCI000D0) = 54,0 4960 42,9 40,8
FC200000) = 47,9 b2,4 38,1 36,2
Fe500000y) = 40,9 37,0 32.5 30,9
Feil MILL)Y = 36,2 328 28,8 27, 4
Fe2 MILL)Y = 32,1 29,1 25,5 24,3
Fe 20000y = 492,6 MN/Sgen BA6E I MM/SQ, M 399,72 MN/&D, 37169 MN/Sp. M
F¢ 50000) = 420,.1 380,.8 333,7 37,2
Fc100000y = 37245 337 .6 295,9 281.3
FC200000) = 330,3 299,3 P67, 3 249,48
FC500000) = 281,7 255,3 2723,8 212,7
Fel MILLY = 249,8 2726.4 , 1984 188,46
Fe2 MILL)Y = 221,5 200,7 17569 16762
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MAX STRESS,

PLOT NUMBER 2

| | ] I O S T I | i | i | N S A O IS | | | | I T | | | 1
2 % [ T T T T 1 ! T ! T 117 H T I I T T ! I I
LOWER TOLERANCE LIMIT - 897 SURVIVAL
. 507 CONFIDENCE LEVEL — — = 4
957 CONFIDENCE LEVEL - - - - = =
ANALYSIS - METH@D A
100 :]t ‘ —
80 4 _ —t
80 | .
w 1
%«
o o
-1 -t
20 .
PLAIN PLATE
T A7,A36,A373,MILD STEEL = -+
7ERQ TG TENSIOGN
o n " 4 4 4 PR R NI § 1 1 TR I I Y | 1 ] L | ] ] 1 11 1 L | ]
I | R ERE [ A A A AN A 1 | I B H e B | T
1 2 y 6 8 10 2 y 6 8 100 2 y 6 8 _ 1000 2 y 5000

CYCLES TO FAILURE, IN THOUSANDS

A |

1

1000
900
800

700
600

500

400

100

70

STRESS IN MN/SQ.M
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SPECIMEN TYPE = PLAIN PLATE PLOT NUMBER 3
STEE| TYPE =A242,A861,41GH STRENGTH LOW ALLDY STEEL
BTRESS CyCLE = COMPLETE REyFRSAL
SeN CURVE = MAXIMUM STRESS VS, CYGLFS TN FATLURE

NO. OF DATA pOINTS YSEp TO GENFRATE SeN CURYE = 10

CONSTANTS COMPUTED FROM REGRESSION ANALYSIS

A= 27,77150 R 2=8,70795
STANDARD ERROR OF ESTIMATE = 0.55721
CORRELATION COEFFICIENT < 0,96362

ABSDEUTE VALUE OF S_LOPE
CURVE = N,11484

COMPUTED VALUES OF FATIGUE STRENGTHS AT SELEeTED LTVES

LDWER TOLERANCE LIMITS

. =ONE TIMES FNR 9vy SURVIVAL

FATIGUE STRENGTH STANNDARD ERROR OF FSTIMATF 50g CONpFIDENCE 95y CONpIDENCE
Ft 10000) = 4Be3 KSI 4645 KSY 844.2 KSI 41,7 xs1
Fe 20000y = 44,6 63,0 80,8 38,5
FC 50000) = 8061 38,7 36,7 34,6
FC100000) = 37,1 35,7 33,9 32,0
F¢200000y = 34,2 33,0 31.3 29,5
FC500000) = 30.8 29,7 28,2 26,6
Feq MILLY = 28,4 27,48 2600 24,6
Fe2 MILLY = 2643 . P5,.3 24,0 22,7
Fe¢ 10000y = 332.8 MN/SQ.M 3208 MN/SQ,M 30465 /g
F¢ 200007 = 337,a 50 296,72 Hhsse 28y.p N/80Y §2§:2 MN/SQ oM
Fe 50000y = PT6,7 266,6 25301 238,9
FC100000) = 255,5 246,42 233,8 22066
F¢200000) = 235,9 227 .4 21569 ' 203.7
FC500000) = 212,48 204.7 198,43 183:4
Fe1 MILL)Y = 196,14 , . 189,0 ' 17965 1694
Fe2 MILLy = 1B81.,1 174,6 16507 156,48
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KSI

MRX STRESS,

PLOT NUMBER 3

200 | | | I N S B I i | | [ O O T B | | [ | ] | [
l 1 T T T T T T T T ] /RN N B B B ! ] | I T T T
. LOWER TOLERANCE LIMIT - 997 SURVIVAL
- 507 CONFIDENCE LEVEL — — — 1
957 CONFIDENCE LEVEL - - - - - -
ANALYSIS - METHGD A
100 .
€ —_—
80 _|. 4
4 .
60 —
- 4
w | .
. i
a0 €L
PLAIN PLATE
T~ A2Y2,A441,HICH STRENGTH LOGW ALLAY STEEL —L—
COMPLETE REVERSAL
1o — 4 N ——y 44 I : 4 1 I R 1 | I | | ] {
T 1 11T T N N O B B I B 1 T 1 | —
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70
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SPECIMEN TYPE = PLAIN PLATE PLOT NUMBER 4

STEEL TYPE =A242,A041,HTIGH STRENGTH L DOwW ALLOY STEEL

STRESS CyCLE = yERND TD T«NSION

SeN CURVE = MAXIMUM STRESS VS5, CYCLFS Th FATLURE

NO, Of DATA pJINTS USED TO GENFRATF S=N CURyF = 27

CONSTANTS COMPUTED FROM REGRESSION ANALYSIS

Az 29,52837 B ==6,71386
STANDARD ERROR 0OF ESTIMATE = 1,28038
CORRELATION COEFFICIENT = 0,68197

ABSD%UTE VALUF OF SLUPF
N CURV

0

0,14895
cOMPUTED VALUES Op FATIGUE STRFNGTHS AT SELECTED LIVES
LOWER TDLERANCE [ IMITS

i =ONF TIMES FOR 99y SURVIVAL

FATIGUE STRENGTH STANDARD FRROR 0OF ESTIMATF 50% CONpInNENCE 95¢ CONpIDENCE
FC 40000) = B9,5 KSI BOs? KSY 89,0 KSI 63,8 K§7Y
Fe 200003 = 80,8 - 7243 62,2 57.2
F¢ S0000) = 705 5301 , 56463 49,9
Fec100000) = 63,5 56,9 49,0 85,0
F¢200000yy = 57,3 5163 44,2 40,6
F(500000) = 5000 4,8 38,5 35.4
Feq MILL) = 65,1 40e4d 34,8 31.9
Fe2 MILLY) = 80.7 © 3644 31,3 28,8
F¢ 10000 = 61763 MN/SQeM 55207 MN/SQoM 4758 MN’7cQ oM 43763 MN/Gp oM
Ft 20000) = 556.8 0198,5 429, 1 394,4
F¢ 50000) = 485,8 134,9 374,3 34441
Fe100000) = 438,19 392,2 33746 : 31p.4
F¢200000y = 39541 3153,.8 304e5B 279, 9
FeS500000) = 3448,7 A3pB.5 P65, 7 244,2
Feg MILLY = 31049 278,.4 239,.6 2203
Fe2 MILLY = 280,48 251,0 216,19 198,7
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KSI

MAX STRESS,

PLOT NUMBER 4

| | 1 | I N IO I I A | ! | | { N N N Y | | I [ | 1 |
200 I I i I T 111 I I 1 I 1171717 I 1 L T ! | T
LOWER TOLERANCE LIMIT - 987 SURVIVAL
| 507 CONFIDENCE LEVEL ~— - - -4
9SZ CONFIDENCE LEVEL -~ - - - - -
ANALYSIS - METHOGD A
100 - -
a0 | 1
.-
o |
- e
40 - P Y
- —
20 - —+
PLAIN PLATE
B A2U42, AYY ] HIGH STRENGTH LOX RLLOY STEEL T
ZERD TO TENSIGN
0 N s 4 ' " P S T ¢ ] 1 4 G IR TR N N I | 1 { | I | { | | |
T R N AR T N B D B B T IRERE 1 N
1 2 4 6 8 10 2 4 6 8 100 2 6 8 1000 2 y 5000

CYCLES TO FAILURE, IN THOUSANDS

1000
800
800
700

400

70

STRESS IN MN/SQ.M

6-3



SPECIMEN TYPE = PLAIN PLATE

STEEL TvypE

=A514,A517,HIGH STRENGTH Q ¢

STRESS CYCLE <COMPLETE REVERSAL

T STEEL

SeN CURYE = MAxIMUM STRESS yS, cyCLFS TN pATLURE

FATIGUE STRENGTH

FC 20000)
Fe¢ 50000)
FC100000)
F(200000)
Fe500000)
FCL vILL)
Fez2 vILL)

F¢ 20000y
FC 50000)
Fe100000)
Fe200000)
Fc500000)
Fel MILL)
Fe2 MILL)Y

NO, DF DATA PDINTS USED TO GENFRATF SeN CURVE = 32

CONSTANTS cOMPUTED pRUM REGRFSSION ANAL SIS

A= 17,34129 R ==2,95280
STANDARD ERRDR OfF ESTIMATE = 1,14353
CORRELATION COEFFICIENT = n,72639
AgSOLUTE VvALUE Df SLOPE

OF S=N CURVE = 0,33866

COMPUTED vALUES OF FATTIGUE STRFNGTHS AT SELECTFD LTVES

210760 KSI

0oow ®H oM W

it &0 60 20 g 60

7864
620
49,0
360
2804
2245

737a6 MN/SQeM
54908
827.6
338,92
247,9
15500

sONEF TTYMES

BS5.6 K§7
6248
0946
39,2
2B,8
2248
18e0

590.1 MN/SQ.M
432,7
342,14

270,46
i98,4
156,9
124,0

LOWFR TOLEtRANCE

PLOT NUMBER 5

IMITS

FOR 9¥y SURVIVAL

STANNDARD ERROR DF ESTTMATF 50g CONFIDNENCE

63+3 KSI
4694
36,7
29,0
21,3
16.8
13.3

436,86 MN/8QM
3%091 '
253,72
20062
{86K,R
1161
94,8

95y CONFIDENCE
54,4 KST
39,9
31.5
24,9
18.3
14,5
1,4

374.8 MN/SQoM
274,8
2173
171,9
1260
99,6
78,8

0L-3
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MAX STRESS,

200

100

BO

4o

PLOT NUMBER 5

g !

1 |

|

-t

PLAIN PLATE
AS1Y,AS17,HIGH STRENGTH @ & T STEEL
CONPLETE REVEASAL

4 " "

R !

LOWER TOLERANCE LIMIT - 3887 SURVIVAL

567 CONFIOENCE LEVEL
957 CONFIOENCE LEVEL

ANALYS1S - METHOC R

T

1
|
N

T T 11ttt
y B8 1

2
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IN THOUSANDS
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200
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SPECIMEN TYPE =
STEEL TYPE

STRESS CyCLE

PLAIN PLATE

“AS10,AS517,4TGH YIELD STRENGTH 0T STEEL

e ZERD T0O TeNSTON

SeN CURVE = MAXIMUM STRESS VS, CYCLFS TR FATLURE

FATIGUE STRENGTH

Fe¢ 5000
F¢ 10000y
F¢ 20000)
F¢ 500009
Fel00000)H
Fc200000)
FE500000)
Fei MILL)
Fc2 MILL)Y

Fe 5000)
Fe 10000)
FC 200009
Fe¢ 50000y
FC¢i00000)
F¢200000)
Fe500000)
Fel MILL)
Fec2 MILL)

NO» OF DATA POINTS USED TO GENFRATE SN CURVE =

CONSTANTS COMPUTEN FRUM RFGRFSSION ANAL YSIS

A = 20,95959 R ==3,39769
STANDARD ERROR OF FSTIMATE = 1,160980
CORRELATION CDEFFICIENT = N,80628
ABSOLUTE VALUE OF SLUPF

OF SeN CURVE = 0,29432

PLOT NUMBER 6

115

COMPUTED VALUES OF FATIGUE STRFNGTHS AT SELECTED LTVES

LOWER TOLERANCE

IMITS

=ONF TIMES FOR o9¥vy SURVIvaL

STANDARD FRROR NF ESTIMATFE 50 CONFINENCE 95¢ CONFIDENEE
=297e9 KST 9787 KST 137.2 KSI 128,6 xsY
21777 145,7 111.9 104,9
=144,9 118, R 9172 85,5
=110 6 90,7 £9,7 65,3
= 90,2 78.0 56,8 53,3
= 7306 £0,3 46,3 43,4
= 5662 46,9 35,4 33,2
= 4548 3746 28,8 27,0
= 370@ 3095 7305 ?2.1
=1502,2 MN/SQ.M 1231,9 MM /SQ M 507 MN/&Q M : N/SB,
=1225.0 ’ 1%00,6 /58 3?1.? +° ;gg:g MH/S0 M
= 99899 8199? 6?839 55998
= 76208 6?556 ﬂBOo? 050.3
2 622.0 510,14 39946 3672
= 507,2 416,0 319¢3 290,5
= 387.3 3177 243,9 228,7
= 31509 ?59.0 19869 1865
= 257,46 211,2 16D, 2 152, 1

¢L-3
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MAX STRESS,

PLOT NUMBER 6

| { | | S W W S T { | | AN SN AN OO N S { |
% % } i 1+ ! 1 ] | B B B B B 7 I T T , IS T T 4 ”+
20 | LOWER TOLERANCE L1M7 - 89% SURVIVAL -
i SO% CONFIDENCE LEVEL — — —
957 CONFIDENCE LEVEL - - - - - =~ —+
T — l ANALYSIS - METHAD A
—~ T~
T~
100 \\\\\\ -1
80 41
B
o &
!m -
!n%lﬂ B~
40 o~ n B OmE -
T —
T —
i~
-~ — -T-
T —
o~
20 ) 4
PLAIN PLATE
AS14,AS17.HIGH YIELD STRENGTH Q4T STEEL -
ZERG TO TENSION
e 4 . " PR W WU S T S O 1 | (NN W WA N A | L 1 B S TR W S I | 1 | | Il
I 1T T 1111 I I EEREER T T T T 1 1
2 y 6 8 10 2 y 3 8 100 2 4 6 8 1000 2 4

CYCLES TO FARILURE,

IN THOUSANDS

100

700
600

S00

ugo

200

70

STRESS IN MN/SQ.M

€L-9



SPECTYEN TYPF = PLAIN PLATE

STEEL TYPF = ASf4, A517, HYrw YTFLD STRFEMGTH 0O , ¥ STFF|
sTRESS cyplLE = HALFE TENSTAN THA TEMgTON |

SN EURVE = WMAXTMUM STRESS Y€, CyrLFS TO FATLURE

#DATA TNADEQUATE FOR GENERATTON NF SeN CURVE®

PLOT NUMBER 7

vL-2



KSI

MAX STRESS,

PLOT NUMBER 7

200 ! | ; | j{ g bt % | ; b g} i% | frerm T 1MTJ,J‘}4.+ U SR —_ i ’
H i t ! i ' ' P : . ' H
¢ LPWER TOLERANCE LIMIT -~ 28Y SURVIVAL ! 1
so7 ¢ - £ - e - ; i
1 SO7 LONF10F - + 2 o0
i - goo
Jul 0 Vet M - . 800
o ful oo ! ANAL B METHOR R~ -1
100 4 B m u] jul r_*& wem—p - 700
—+ s n
80 ® o an ™ R 600
4 ’ L 4 soo
s0 o . T 4 uoo
-1 300
wo L 4
4 T 4 =200
20 | 4
PLAIN PLATE
T~ ASl4,AS17.HIGH YIELO STRENGTH 04T STEEL T 4 100
HALF TENSIGN TO TENSION
1o— . N s s | PR S R | i | | [ N T N B | | 1 | 1 ! D S W | 1 1 } | -
o T T T 11T ] [ N E N B A T N B R B I B 1 B n
1 2 4 6 8 10 2 y 6 8 100 2 y 6 8 1000 2 y 5000

CYCLES TO FAILURE, IN THOUSANDS

STRESS IN MN/SG.M
GL-3



SPECTUEN TYPE
RTEEL TYPE =
STRESS CYCLE
SeN CURVE = MA

wDATA TN

=  TRANSYERSE ByTT WFLN WITH REINFARCEMFNT INTApT
A75A36,A373, 1LY STEFL

COMPLETE IFYERSAL
XIMyv STRE&S Vs  CYCLFS TO FAT|YRE

ADEQUATE FNR SEYERATTION OF S=N CURyEw

PLOT NUMBER 8

9L-3



KS1

MAX STRESS,

200

40

PLOT NUMBER 8

1 | | { | | | | | | !

TAANSVERSE BUTT WELD WITH REINFORCEMENT INTACT
A7,R36.A373,MILD STEEL
COMPLETE REVERSAL

11 I I l | T : T T i | 1
: LOWEA TOLERANCE LIMIT - 98% SURVIVAL

SO% COWFIDENCE LEVEL  — - — —

957 CONFIDENCE LEVEL - - - - ~ -

=

ANALYS]S ~ METHOD A

b R R

2 4 6 8 10

B o
m o o
o o, .
0 e O 0CME M OEOco o o —+-
i [u] ul Jul

EO N OO0 0O o mﬂulgmmumumgm mo o ul
[ T ] ] il i | I N B { | | |
T | [ | | 1T I [ I !

8 100 2 4 6 8 1000 2 Y 5000

CYCLES TO FRILURE, IN THOUSANDS

1000
S00
800

700
600

500

400

300

200

70

STRESS IN MN/SQ.M

L1-3



SPECTMEN TYPE =
STEFR,

STRFSS CYCLFE =

S=N

FATIGUE STRENGTH

FC 100009
Fe¢ 200C0)H
FC 500000
Feio0000)
Fe200000)
Fe500000)
Feg MILL)Y
Fe2 1Ll

Fe 100009
Fe¢ 20000y
FC 50000)
FE100000)
Fe200000)
FE500000)
Fe1 MILL)
Fe2 vILLy

CIYRYE =

TRANSVERSE QUTT WEID WTITH RETNFORCFMFNT INIACT

TypE = A7,A373,ulL) STFF|

7ERN 1O TENSTON

MAxTuMigM STRESS yS, cyCLFS TN pAT|URF

N3, OF DATA POINTS USED TD GENFRATF S=N CURVE = 123

CINSTANTS ¢cDMPUTEN FRUM REARFSSINN ANA| ySTS

A = 16,33355 R OF=3,45225
STANDARD FRRNR JfF ESTIMATE = 1,15418
CORRELATINON COEFFTNLENT = N B6405HR
AgSOLUTE yALUE OF S_OpPF

3F Se=N CURVE = n,28047

COMPUTED VALYUES OF FATTARUE STRFNGTHS AT SELFCTFD LTVUFS

PLOT NUMBER 9

LNWFR TOL2RANCE LTMITS

=0NF TTIMES

STANNDARD FRROR DF FSTITMATF 50y CANFINFNCE

= 78,5 K§] Al e7 KK&T 50.9 KST
- 6’-‘92' 5709 /‘150

= a992 0006 3?.0

= 4063 33,2 25,7

= 32.9 272 21,0

= 79,3 20.R 16,1

= 20,7 17,0 13.7

= 16,9 1369 10,8

= 540,99 MN/SQe.M BOE,D MM/SQ M INR D UN/CD LM
= 442,5% 365,0 2RD, 4

= 339,4 279.9 21646

= P77 .64 2290 17762

= 227t {187,3 14500

= (74,2 13,7 1112

= 147.5 1175 9N, 9

= 116.6 96,2 Tlhen

FAR 9ovy SURVIVAL

95y CONFIDENCE
47,1 XST
38,6
29,6
24,7
19,8
15,2
12,4
10,2

3790 MN/SQ.M
P65.9

20369
16468
136,5
104,.7
Qqa6
70,0

8L-9



KSI

MAX STRESS,

PLOT NUMBER

200 | | | | | N O O | | | I ! N N VO O B | | | I | ! I I | 1
I T 1 N B TR T B B T 1 T i T ] LI B B R N } 1
! LOWER TALERANCE LIMIT - 98% SURVIVAL
- 507 CONFIDENCE LEVEL —
; 957 CONFIDENCE LEVEL - - - - - -
i ANALYSIS - METHED A
wo L
s |
60 |-
40 _1
4 mg nomg o
o e On O On s o
-
~ e~
a0 1 [l Y fuiaful
B~
TRANSVERSE BUTT WELO WITH REINFORCEMENT INTACT -l —
. T —
T A7.A373,MI1L0 STEEL S~ -
ZERO TG TENSION . ST~ -
: ~
1o ) N ) ' PR N B ) | I 4 | [ R B ! | | 1 | [ O | |
o | 11T 1 N H H B B B O T R R B B O B O T !
1 2 4 6 8 10 2 : y 6 8 100 2 y 6 8 1000 2

'CYCLES TO FAILURE, IN THOUSANDS

1000
300
80c

600
500

400

300

200

70

STRESS IN MN/SQ.M

61-3



SPECIMEN TYFE = TRANSYFRSE 2UTY WELD WVTH REINFDREFMFNT TNIACT PLOT NUMBER 10
STEFL TYPF =A202,A572,H1GH QTRFNRTH LOW ALLOY STEEL
STRESS CyCLF = 7ERD T3 TeNSTAN
S=N CURVE = MAXIMUM STRESS VS, CYCLFS TN FATLURF
NO, NOF DATA pOINTS USED TO GENFRATF SeN CURYE = 34

CONSTANTS COMPUTED FRUM REARFSSION ANALYSIS

A= 17,51518 R ==3,41863
STANDARD FRROR OF tSTIMATE = 1,08035
CORRELATION COEFFYCIENT = 0,75739

ABSOLUTE VALYE OF S_UPF
OF S=N CURVE

]

0,29259

COMPUTED VAL UYES OF FATIgUE STRFNGTWS AY SE|LFeTFp LTVES

LOWFR TOLERANCE LTMITS
=0ONF TIMES FAR 9¥¥ SURVIVAL
FATIGUE STRENGTH STANDARD FRROR 0OF FSTTMATF S0g¢ ENNFINFNCE 95¢ CONFIDFNCE
F¢ 20000) = 79,8 «S1 6Ee5 KST 52,0 KST Uho{ XST
Fe 50000y = 61,0 50,9 39,8 35,3
FC100000) = 49,8 4.5 32.5 28,8
FC(200000) = 407 33,9 2645 23,5
Fe500000y = 31.1 25,9 20,3 i8,0
Fel MILLY = 25.4 212 16.6 14,7
Fc2 MILL)Y = 20,7 1743 , 13,5 12,0
Fe¢ 200009 = 550,0 MN/SQew 458,85 MM/SQ.M 358,66 MN/ SR,y 318,1 MN/SN.M
F¢ 50000) = 420,.7 350,.7 27443 243.3
Fei0ond00y = 343,5 2B6,3 204 ,0 198,7
F€200000) = 280.4 233,8 182,9 16262
FC500000) = 214,55 178,8 139,9 {12041
Fed vILLY = 175,14 146,0 REE Y 101,.3
F¢2 MILL)Y = 143.0 119.2 93,2 82,7

0¢-3



KS1

MAX STRESS,

PLOT NUMBER 10

200 | | | | ) N T N | | ! H S WO S | N} i | i N N S | | | |
I 1 I i 1Tt 1 I t } T T I ™ T { T ! I
' LOWEH TOLERANCE LIMIT - 3997 SURVIVAL
S0% CONFIDENCE LEVEL  — - - —4
957 CONFIDENCE LLVEL - - - - -
ANALYSIS - METHOD A
g0
- T
80 -
B
0 T
4o 4
——
u]
20 —4
TRANSVERSE BUTT WELD WITH REJNFORCEMENT INTACT
A242,AS72,.HIGH STRENGTH LOW ALLOY STEEL T
ZERD TG TENSION
10 I 3 + 'l } 1 } } | +. l 1
I R I B
2 Yy 6 8 10 4 5000

CYCLES TO FAILURE, IN THOUSANDS

1000
300
800
700

600

400

300

200

100

70

STRESS IN MN/SQ.M

L¢-2



SPECTIMVEN TYPE =

STFFL Typf

TRANSYFRSE 3UTT WFLD WYIH RETNFORCFMENT TNIACT

=A242,A572,aln4 STRENRTH (0w ALLDy STEFL

STRESS CYCLF = HALF TENSION 7O TFNMSTQON

S=N

CURVE = wmAyxIMpy» STRESS yS&, ryCLFS 1IN0 pAT| lIRF

N3, OF DATA PJINTS (bdEn T GEMFRATF SeN CURVF = 9

CONSTANTS DMPUTED FROM RERRFSSTON ANALYSIS

A= 20,10590 3 ==p,77527
STANDARD ERROR OF ESTIWATE = n,57n93
CORRELATION COEFFICTENT = n,B83451
ABSOLUTE VALUE 0F SLOPF

DF SeN CURVE = n,36033

COMPUTED VALUES OF FATTRUEF STRENGTHS AT SFLECTYED LTVES

PLOT NUMBER 11

FATIGUE STRENGTH

=ONF TTMES
STANNDARD FRROR Nf FSTTMATF

LNWER TOLERANCE LTMITS
FNR g9y SURVIVAL
50g CNNEINFNCE 95¢ CONFIDFNCF

F€ 50000% =158.8 K§1T 1619 K&7 119,72 KSJ 97,2 X571
Fei00000y =123,7 109,09 92,9 75,7
Fe200000) = 94,4 BB, 4 72,3 59,0
FeS500000) = 69.3 £1.5% 5260 47,4

Fei MILLY = 54,0 ufe9 40,5 33,0

Fe2 MILLY = 42,0 27,43 1.6 25,7

F¢ 50000) =1095.0 MN/SQ.M 972,6 MN/SQ, M B21,9 MN/SQ, M 670,2 MN/SQM
FC100000Y = B53,0 757,7 X T 529, 1
Fe200000) = /64,5 K90, 2 198 ,7 G067
F¢500000y = 477,6 426,72 3I5R,5 2923
Fel vlILLY = 37261 330,5 279,43 P27 7
Fe2 vILLY = 289,8 P57 .4 177.4

21745

¢¢-)



KSI

MAX STRESS,

4Q

PLOT NUMBER 11

[ N T | | | |

TRANSVERSE BUTT WELD WITH REINFORCEMENT INTACT
A242,A572,HICH STRENGTH LOW ALLOY STEEL
HALF TENSIGN T6 TENSIGN

R 1 1 I I
LOWER TOLERANCE LIMIT - 997 SURVIVAL

SC% CONFIDENCE LEVEL — — = —

957 CONFIDENCE LEVEL

ANRLYSIS - METHOD A

2

f

T

10

CYCLES

T0 FAILURE, 1IN THOUSANDS

1000
300
800
700

600
500

400

300

70

STRESS IN MN/SQ.M

€¢-J



SPECTMEN TYPE = TRANSYFRSE RUTIT wELD WTITH RFINFORCFMFNT TNIACT PLOT NUMBER 12
STEF. TypE =A510,8517,ulnr yTELD STRENATH agl STEEL
STRESS CYCLE e CNMPLETE REVFRSAL
SeN CURYE = wAyTumyu STRESS yS, fyfLFS TN pAT[URF
NO, OF DATA POINTS YUSED T0 GENFRATF SeN CURVE = 33
CANSTANTS cOMPUTED FRUM REAQRFSEIDN ANALYySIS
A = 14,90553 R ==3,272337

STANDARD FRRNOR 0OF ESTLIMATE = N0,93354

CORRELATION COEFFYCTENT = N,91146
AgSOLUTF VALUE DF SLUPF
0F S=N CURVE = 0,31023

COMPUTED "VALUES 0OF FATIGUE STRFNGTHS AT SELECTYED LIyFS

LAWFR TNLERANCE LIMITS

=ONF TTMFS FAR 9¥y SURVIVAL

FATTGUE STRENGTH STANDARD FRROR NfF FSTTVATF 50y CNNFINDFNCE 95¢ CONpIDENCE
Fe 5000 = B7.2 KS1 73«F KSTY 58,9 Ks71 50,7 K§T
F( 10000) = 704 80,5 47,5 42,5
FC 20000) = 5¢é.7 tBon 38.3 34,3
F¢ 50000) = 42,7 36,19 28,9 25,8
Fel00000y = 38,4 29,1 23,3 20,8
FE200000) = 27,8 23,8 18,8 16,8
Fe5000009 = 20.9 17,7 14,19 {?2.6
Fetl MILLY = 1669 14,3 11.8 10,2
Fe2 MILLY = 1366 115 9,2 B,?
F¢ S000y = 601,48 MN/SQ,M 509, 0 MN/SQ M 406l MN/SN,M 3634 MN/SAO M
F¢ 10000y = 4G4RS, 410,5 3278 293,.1
FC 20000) = 391,?2 331,14 264,10 236,4
F¢ 50000) = 298,4 09,2 199,n 1779
FCi00000) = 237,¢ °01,0 16065 1435
F¢2000009 = 191,5 1.6201 12%9.4 11517
Fe5000009 = 144,19 122.,0 97 o 4 R7,1
FCL MILLY = 116,72 98,4 TR.K Tne?
Fe¢p MILLY = 03,7 76.3 63,4 Sfeb

¥Z-3



KSI

MAX STRESS,

PLOT NUMBER 12

! ! ! ; ! [ L ! ; i [N S SO OO L OO S [ [

20 — e B BN B e o — 4 . BRSNS S R S S 1 i 1

LOWER TOLERANSE LIMIT - 937 SURVIVAL ;
SO0% CONCIDEACE LEVEL  —  —  — A

957 CONFINENCE LEVEL - - -~ -

ANALYS!S - METHOD 7P ;
100 ~ L 4»
= ‘\\\ —P-
60 ™ 1

—
- ~
~ ~ ——
~ ~
~ —~
4o S~ .
20 = 4
TRANSVERSE BUTT WELD WITH REINFORCEMENT INTACT
ASI4,AS17.HIGH YIELD STRENGTH 04T STEEL -+
COMPLETE REVERSAL \\ — - B
- -
10 R \ " P T SR | | 1 PR S B N ST | | | ! {0 T 1 i | i
R R T T N R T S B O I N B T A R 1 —
2 y 6 8 10 2 y 6 8 100 2 4 B 8 1000 2 y 5000

CYCLES TO FRILURE, IN THOUSANDS

1000
900
800
700

600
500

400

100

70

STRESS IN MN/SQ.M

G¢-9



SPECIMEN TYPF = TRANSYERSE RUTT WFLD WYIH REINFORCFMFNT TNIACT

STEFL TypE =AS514,A517,ulG4 yTELD STRENARTH neT STEEL

STRESS CYCLF = ZERD 71D TENSTAN

SeN CURYE = mAxTuywm STRESS yS, pyCLFS TN pATLIRF

NJ, OF DATA POTNTS USED TO GFNFRATF SeM CURVE = 151

CONSTANTS ¢DupUTED pRIM REQGRFSSTON ANEL ySIS

A= 17,39691 3 £23,10270
STANDARD ERROR DF ESTIMATE = 1,18310
CORRELATION COEFFIGTENT = n,78137
ABSOLUTE VALUFE DF SiLO°F

OF 8=\ CURVE = n,31321

COMPUTED VALUES JF FATTAUE STRFNGTHS AT SELECTFD LTVFS

PLOT NUMBER 13

LNWER TALERANCE LTMITS

eNNE TIMES FOR 9vy SURVIVAL

FATIGUFE STRENGTH STANDERD FRROR Np FSTTMATF 50y CNNFTNFNCE 95y CONFIDFNCF
Ft 5000) =139¢6 ¥SI 1128 W&Y Rte® KST Bn.0 «ST
F¢ 10000y =112.4 90, R 68,3 6a,h
FC 20000) = 9p.t 7361 55,0 59,8
FC 50000) = 6749 54,8 61,3 38,9
F¢200000) = 84.0 35,5 26,7 05,9
F(500000) = 33.0 26,7 20,1 18,9
Fel MILLY = 2646 2165 16,1 15,2
Fe2 MILLY = 21.4 17,3 13,0 127
F¢ 50003 = 962.6 MN/SQ, M 7T77.6 MN/SQ,M S85,3 MN/Q0,Y 5514 MN/SQM
Fe¢ 10000y = 774.7 £25,8 479,0 443,8
FC 20000) = 6235 SN3.7 379,19 357.2
F¢ 50000y = 488,.0 378, 0 R4 5 248, 1
FCi00000Y = 37646 ING, 2 220,40 215,8
Fe200000) = 3p3,1% oU4,9 184,13 173.7
Fe¢S500000y = 227.5 1R3I,. B 138,73 130,23
Feig vILL)Y = FR3.1 14749 11103 1n0,9
Fe2 MILLY = t147,4 119,0 8O, A B, 4

9¢-9



KSI

MAX STRESS,

CYCLES TO FAILURE, IN THOUSANDS

PLOT NUMBER I3
200 L | | | | F I I I | | ! 1 1 i A N | I ! ! H | I A | | i N
l I I ! ¥ 1T T } B i i T 1R R H | I i T 1 T T i
' -~ LOWER TOLERANCE LIMIT - 997 SURV{VAL
—_ S07. CONFIDENCE LEVEL - - — —+
957 CONFIDENCE LEVEL - - - - - -
- ANALYSIS - METHOD R
100 4
80 | =~ B
. I -~ \\\ — T
LN e
60 | T~ |
w L N
i L
m!
20 | 4
TRANSVERSE BUTT WELD WITH REINFORCEMENT INTACT
T ASIY,.AS17,HICGH YIELD STRENGTH Q&T STEEL -
ZERG 1O TENSIBN
lT i i i 1 - 4 i 1 i i
1 I EERE ]
1 2 '} 6 8 10 Y

5000

1000
900
800
700

500

400

300

200

100

70

STRESS IN MN/SQ.M

L2-)



SPECTIMEN TYPE = TRANSYFRSE AaUTT WELD WTTH RFINFORCFMENT TNIACT

STEFL TYPE =AS14,A517,ulGH YTELD STRENGTH negT STFFL

STRFESS CYCLF = HALF TENCTION T TENSTAON

SeN

FATIGUE STRENGTH

FC 10000)
F¢ 20000)
FC 50000)
Fei00000)
Fe200000)
F(500000)
Fag MILL)
Fe2 MILL)Y

Fe 10000)
Fe 20000
F¢ 50000)
Fei00000)
F¢200000)
Fe500000)
Fer MILL)
Fe2 MILL)

CURVE = MAXTIMUM STIRESS vs, CYCLFS TN FATLURF

NO, T DATA o0INTS USEN T0 GFNFRATE SeN qURyF 71

CONSTANTS COMPUTED FRIV REGRFSSIDON ANALYSIS

A= 20,8151p 2 ==3,11441
STANDARD FRRAR 0F FSTIMATE = N,92399
CORRELATION COEFFTCTENT = N,RB1UG
ABSOLUTE VALUE 0OF SLUPF

OF S=N CURVE = n,32100

COMPUTED VALUES DOF FAYTAUE STRFNGTHS AT SELFeTFD LTVES

PLOT NUMBER 14

LNWFR TNL=rANCE L TMITS

95y CONfFIDRENCE

130,72 KS1I
10a,2
77,6
67,1
49,7
37,1
29,7
23.7

B97 .4 MN/SN M

71R,3
53567
4oR, 4
343.0
?55.5

20,6

=ONE TTMES FAR ov¥ SURVIVAL
STANNARY) FRROR Np FESTTMATF  50g CNANpINFNCE

=p08e7 KSI 1759 %57 140.0 KSY
=167QO 10,8 11?00

={24,5 1ple9 83,5

= 00,6 Rb g0 AK,. B

= 7947 672 53,5

= 59,4 5061 30,9

= U766 00,1 31,9

= 3R,1 37,1 25,5

=21 038,7 MN/SQoM 1212,7 MM/SQ M 965«0 MN/SQeM
=1151,7 970,7 7728

= A58, 7273,3 5794

= ABHL0 576,0 L0, 7

= S549,8 H63,5 IAR R

= 409,7 345,3 2T74,8

= 327,9 276, 4 2P0, 0

= P2A7:5 221.3 176:1

163,7

8¢-3



KSI

MAX STRESS,

PLOT NUMBER 14

| i [ S B O | | | | PR W N W N O | i i ! FAN T W i ,
f ! f { A S T B I T ' N BN N B T I 1 t ! A i f f 1
200 LOWER TOLERANCE LIMIT - 987 SURVIVAL n
~ . 507 CONFIDENCE LEVEL — — —
4 957 CONFIDENCE LEVEL - - - - - - -
T~ ANALYSIS - METHOO R
10 |- 4
—d e
80 . —_—
60 _1- —f
o ]
L
20 4+ 4
TRANSVERSE BUTT WELD WITH REINFGRACEMENT INTACT
T~ ASIY,AS17.HIGH YIELD STRENGTH Q&T STEEL -T-
HALF TENSIGN TG TENSIGN
0 N ‘ N 4 BTN Y S W T | i | i { 1 I N T I { | ] ! { I T B _{ | ! |
1T T 11T 1 R L /D S B R AR B B 1 1
1 2 n 6 8 10 2 4 6 8 100 2 y 6 8 1000 2 y

CYCLES TO FAILURE, IN THOUSANDS

1000

80O
70C

400

0

STRESS IN MN/SQ.M

62-9



SPECTMEN TYPE = TRANSVFRSE UTT WELDS WwlTH REINFAORCEMENT
STEFL TYPE = A7, A36, VILD STEFL

STRESS CyCLF = 7ERD T3 TENSTHN

S=N CURVE = MAXIMUM STRESS V&, CYCLFS TN FAT[URF

FATIGUE STRENGTH

Fe 200009
F¢ 50000
Feioooe0)
F(200000)
Fe500000)
Fe1 wlpL)
Fe2 MILL)

Fe 20000,
FC 500009
Fel00000)
Fe200000)
FC500000)
Feg MILL)
Fe2 vILL)

ND ﬂF DATA pOINTS JSEN TO GFNFRATFE S=M CUQVF - 15

CONSTANTS COMPUTED FRUM REAGRESSTON AMALYSIS

A= 17,R2037 R ==3,94627
STANDARD ERROR 0OF FSTLIMATE = 1,56R98
CORRELATION COEFFICTENT = N,6100%
ABSDLUTE VALUE QOF S_LuUPF

OF SeN CURVF = N,25213

COMPUTFD VALUES Df

LIWFR TN trANCE
FAR 9vy SURVIVAL
50 CONFINENCE

=JNE TIMES
STANDARD FRROR NE ESTTWATF

= 62.6 KSI 49,9 KS7Y 36,4 KSI
= A9.7 39,4 PR, 9
= U4.7 33.7 24,3
= 35.0 27,0 20,4
=z ?27.8 27,1 16,2
= ?23.4 186 13:6
z 19,6 15.6 11,4
= 431.7 MN/Sp.M 343,7 MNySQ.M

= 3427.6 pl72,8 199,33
= PR7.7 229,19 1673
s 24166 1924 14065
= 191,.7 152,7 {115
= 1671.0 jPB.2 93,4
= 7359? 7395

107 .6

REMNVED

FAYTAUE STRFNGTHS AT SELFRTFD LIVES

259,0 MN/Sp,

PLOT MUMBER 15

TmMiTs

95y CONFIDENCF
28,1 «ST

22,3

18,7

15,7

12,5

10.5

A, 8

193.,6 MN/SpoM
15346
129.0
108,3
R6,0
72¢2
60eb

0€-3



KSI

MAX STRESS,

| 1

|4

PLOT NUMBER

|

| |

15

l%ll

|
I

TRANSVERSE BUTT RELDS KITH REINFGRCEMENT REMGVED
A7, A36, MILD STEEL
ZERG TO TENSION

il

T
LBWER TOLERANCE LIMIT - 997 SURVIVAL

SO7. CONFIDENCE LEVEL
957 CONFIDENCE LEVEL

!

ANALYSIS - METHOD R

I I

I

(I 1ttt
6 8

2 Y

CYCLES TO FARILURE,

'y

IN THOUSANDS

e

70

STRESS IN MN/SG.M

LE-D



SPECIMEN TYPE = TRANSYERSE aUTT WEIDS WITH REINFDRCFMENT RiumOyED PLOT NUMBER 16
STEEL TypE =A242, HIGH STRENGTH LOw ALLOy STEEL
STRESS CYCLF = ZERD TO TENSION
S=N pURYE = mAyTuiyu STRESS yS. rcycLFS TN rATLURf
NO, OF DATA POINTS USED 7D GENFRATF SeN CURVE = 10

CONSTANTS ¢cDupUTED fFROM REGRFESSION ANALYSIS

A = 21,54790 R T=f,1A982
STANDARD ERROR DF ESTIMATE = 2,29427
CORRELATION COEFFICLENT = N, 52281
ABSOLyYTE vALyE OF e 0pF

9F S=N CURVE = N,16208

COMPUTED VALUES OF FATIGUE STRFNGTHS AT SELFCTED LTVYES

LNwFER TOLEpANEE [ TuiITs
=0ONF TIMFS FAR 9¥¥ SURVIVAL

FATIGUE STRENGTH STANDARD FRROR OfF ESTIMATF 50y CNNFINRFENCE 95y CONFIDFNCE
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FC 50000) = 39,7 3241 23,7 16,9
Fei00000y) = 35,5 28,7 21,2 15,1
FC200000) = 317 2546k 18,9 13,5
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Fe2 VILLy = 150.6 121,6 B9, 0 64,2
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