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Abstract

There is a power of methods aimed at calculatioequiivalent fatigue limit for arbitrary multiaxidading.
Although there are so many ways of computationiy therough mutual comparison in a larger scalmiissing.
The database project presented in this paper ceenpfiseveral databases crowned with the FatlLimbdat,
which comprise of a huge number of experimentalltesind of 18 computational method working in tia¢e-
gory mentioned before. The great block of data agpuired using in-house fatigue software PragThiclvis
offered as a freeware application. The FatLim datekfollows its philosophy of a simple and non-pasdessi-
bility. Its query tool written in MySQL and PhP @lis to users to evaluate a practical usabilityesfed methods
on load cases, which the users define. All theeisstovered within this paper are available on tlebsite
www.pragtic.com, structure of which is describedehe
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1. Introduction

The last active presentation of the author at tben@utational Mechanics conference se-
ries dates back to the year 2002. The paper coadeam important implementation step of an
intern database into the PragTic fatigue solvee méxt five years brought substantial devel-
opment of this software.

In addition to this development, the use of Pragiliowed production of a large amount
of research data. Growth of their volume broughtoua question how to save them and work
with them efficiently and how to publish them witlidoo great simplifications. The devel-
opment in this category was aimed above all atrthdtiaxial high-cycle fatigue and is
crowned with the FatLim database presented inghjger. FatLim currently sums up results
of computations by 18 different calculation methoglsr 428 experimental points.

Both PragTic as well as FatLim are freely availablen the website
http://www.pragtic.comThe primary language used on the website is tigdigh. The users
can switch to the Czech language on pages, wherefthupper corner hosts a button with the
signCZ A complete translation to the Czech is not predidince it would took too much of
my time. The program PragTic is moreover also emitivithin English environment so some
knowledge of the English language is expected. Bszaf the FatLim database project ne-
cessitates interaction of several databases placdtie same website and the website itself
starts to growth in complexity, a description o gtructure is provided in this paper so that
fresh users would not get lost.

There are three domains built on the webpdyagTic Freeware ProjectDatabase of
Fatigue LimitsandFatigue LoungeThey will be subsequently introduced here.

" Corresponding author. Tel.: +420 737 977 741, d:mpapuga@pragtic.com.
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2. PragTic Freeware Project

2.1. PragTic Programme

PragTic fatigue solver is currently released intlitsd public version PragTic v.0.2 (see
[1] for more details). The solver is built in suahway that it enables a fatigue calculation at
nodes of elements, elements, nodes to which areethéts averaged and at isolated points.
Isolated points are defined as an entity in ordaaliow a start of the calculation without any
relation to some particular FE-model. As regards itiput of the FE-data, PragTic offers a
unique upload of a table-formatted ASCII data vathly a slight dependency on their source.
This method is available only for solid elementseTnore convenient way of a direct import
of a firmly set FE-files is currently built only falSC.Nastran data through the import of
*.nas, *.dat and *.pch files.

The implemented methods are still oriented abolvahultiaxial methods of fatigue cal-
culation. The multiaxial calculation is conditionbgl an ability of PragTic to efficiently de-
fine the multiaxial load state, i.e. to relate theividual load channels. The multiaxial fatigue
methods available can be sorted into two groups. firkt one is concerned on a comparison
towards fatigue limit. Results from these methogisthe ones published in the FatLim data-
base (sec. 4). The second group works in the regidmite lifetimes. These methods are
based on Basquin and Manson-Coffin curves. Thechasiblem with these methods is the
fact that they work with elastic-plastic strainsdastresses. Such a condition leads to a re-
quirement to process either elastic-plastic FE{tgsn several time instants (so-called tran-
sient analysis) or to use some approximate metbambnvert the elastic FE-results into the
real elastic-plastic ones (as does e.g. the Nemleénod in the uniaxial calculation). To avoid
the necessity of a work with elastic-plastic daRGF method based on the damage parameter
of the Papuga PCr method [2] is being developeds Trtethod is based on a description of
several S-N curves. It is currently under developins® any conclusions about its efficiency
are very preliminary.

There are also several uniaxial strain-based methogdlemented. At last, PragTic allows
a start of the computation also for the LESA metf(alobreviation: Local Elastic Stress Ap-
proach) in the v.0.2 release. The method is simdathat used within the FemEdatigue
solver in the basic analysis. It uses the S-N casvéhe basic curve but it offers coverage also
of effects of stress gradient, technology or sw@fgaality in contrast to other S-N based
methods gathered in PragTic.

In the last release, PragTic got a menu item Tatlere some useful utilities for a work
with the FE-data can be found. These features dxtbe capability of a general post-
processing of the FE-data within PragTic. Note fh&gTic is currently built in such a way
that all dependencies within the FE-model are isheth An implementation of any further
special method processing the FE-results or FEkgyacan profit from this basis.

2.2. PragTic on Web

The program can be found under the secReegTic SWTo download it the user has to
fill in a simple form, where he has to decide ifvaants to use it anonymously (only his login
name is published, nothing else) or as a privilegest. Privileged users are shown in the sec-
tion Usersin theFatigue Loungevith some basic data on them published thereqdsee3).

Except for the program itself, tieragTic SWsection allows also download of PragTic’s
Help. This can be done without any registratiom;awse it should guarantee some under-

" FemFat is a commercial code developed by ECS Matmar. For more information see www.femfat.com.
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standing of the results gathered in the FatLimlaega. The PragTic’s Help can be also found
in the same section available in a common HTML farneadable by any HTML browser.

The other sections of interest &AQs where the users’ questions are replied Bagds
where warnings concerning bugs found in the curvension are published. This part of the
website should be read before any important cdicuma

3. Fatigue Lounge

As written in the previous section, the users afgHic fill in a form concerning some of
their data. The same account has to be prepargerspns who would like to actively work
with the data in the FatLim database. The form c®waly very basic information about the
users concerning their photo, age, employer arehreb or work activities (see an example in
fig. 1). The user can hide to other users by clagriis account to be anonymous. The users
who do not think that the openness could harm thech publish that data are marked as
privileged users. The sectidwsersin the Fatigue Loungesums the information provided by
the privileged users in order they would know eather. The next item in th&atigue
Loungeis theUser Profilesection, where the users can change the informatgad within
their accounts.

|Username: papuga Jan P‘ﬂl]lllg‘ﬂ
| B o [1o73
: |Livres it . (Kunovice, Czech Republic
:WDrk:ing at: [Evektor & Czech Technical Universi.iy i1 Prague
Cusrent faﬁgue tu:upiu.:s: mattiaial f'aﬁgue
[Futther focus: . |ereep & fatigue interaction, random loading

If o have any original papers referring to fatigue limdts under moltiadal high-cyele load
[conditions, please, could wou tell me and potentially send me a scan or copy? I would like to

Mezzage: |create an accessible database of results of different computational methods. Currently [ am
|more specifically interested in notched specimens ot loading in different frequencies. But
[every original iz welcomed - there are so many reproduction errors everywhere,

Fig. 1. If you want to become a privileged userndbworry about necessity to publish any very peas data.
The items published can be seen in this cutout.

The sectiorForumenables to users to write on ideas and problemsedheounter during
their work or research. The forum is accessiblgiileged users only.

The itemBulletin provides actual news concerning PragTic developniatigue calcula-
tions, important changes evww.pragtic.comconferences, which | plan to attend, or publica-
tions, which | prepare. | hope in some close futusdl be able to built a next database of ac-
tualities, which would be able to print them outtibe Bulletin and to e-mail them to users
who subscribe to an e-mail list.

The itemConferencess an interface to a database containing dataoafecences with fa-
tigue, FE-analysis or structural mechanics topite database enables to write a conference
record to any logged user (no matter if anonymaugriwileged one). The concept of a data
manager described later in the sec. 4.1 is valid e well. The logged users can mark con-
ferences, which they expect to attend so that thers would know they could meet there.

The sectiorReportscurrently consists only of my PhD thesis, whicim ¢e& downloaded
there as well as one paper from the Fatigue anctlfeMechanics ‘2006 conference. The
sectionLinks gathers some interesting links to fatigue-orierttguics. The sectioSponsors
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publishes the organizations and companies, whiokiged finances for the development of
either PragTic or the database set around the fradbtabase.

4. Database of Fatigue Limits

The FatLim database today relates to experimestgtieg in either uniaxial or multiaxial
fatigue limits obtained under harmonic or statiadmg on individual load channels. There is
an expectation that the experiments were donessitboth unnotched specimens.

The FatLim database is in fact a set of databasated together, where the database of
Faigue Limits is the top end, built over the data gatheredatabases of references, materi-
als, groups of experiments, parameters of indidiedperiments and results of different com-
putational methods.

The first idea to built such a database cross mdmwhen | decided to test my new crite-
rion Papuga PCr [2] for a multiaxial fatigue lingdétection. | built a set of experiments from
data, which | found in scientific papers of othatters. When | continued and my private MS
Excel aggregate of data started to grow in volumeet two problems. First, the Excel file
started to collapse nearby 5MB size. Second, testao doubt over the data. Many of them
were contradictory or in some way confused. | degitb go back to the primary sources of
the data and if possible to abandon the secondangss. Now | estimate that an indispensa-
ble part of data referenced in the scientific papsrin some way wrong. The subsection 4.1
will explain how | hope the data saved to the dasebcan be secured from erroneous inputs. |
believe the chosen way of the data publicatiorésdnly possibility how to get back to the
correct primary data and to guarantee to othemarekers that they are right and can be used.

The most of the databases here are accessiblenblgged users In order to ensure that
only relevant data with the lowest possible ocauresof errors will be given to the database a
system of Manager, Sign, Edit and Revision was logeel and is subsequently introduced to
the databases.

4.1. Manager, Sign, Edit and Revisions

When a registered user decides to add some ddhe tdatabases, he has to understand
that he accepts a manager post as concerns thed adda. His username used within the
www.pragtic.coms appended to the added item and the rest of ukas know who is re-
sponsible for its appearance in the database. Tdreager is the only person (except for the
administrator of the database) who can directlyngeaanything in the created item.

If any other user wishes to add any new informatmisome existing data controlled by
another manager, he has to accept another wayitafredHe edits the item, but the old item
is not rewritten after the last confirmation. A n#am described as a revision is created in the
database. The manager of the data is notified atheutevision and has a time limit of 30
days within which he has to either accept or rajedhen the revision is accepted it replaces
the original item. If it is rejected, the originatof the revision still can publish his case in the
Forum and call for a justice. In the case the managesdwmt do anything within the time
limit, it is expected that he is not active or meged any more. The managerial authority to
the item is assigned to the originator of the reviend the revision replaces the original.

The users can back up a validity of any data sedidpying it. Their username then appears
if the item is printed out. The users can sign eirenrevisions in order to notify their person-
ally performed comparison to the primary sourcengjthe same result as being actually pre-
sented to all other users.

The system of revisions is not fully implementegwahere within the site. | hope | will be
able to finish it before the end of the year 2007.
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4.2. References

The description of any fatigue experiments or nmakesmriables depends on provision of
the appropriate reference to the report, wherel#te can be found. If it is possible, the report
should be a primary reference, not related to amyipus publication of the data. As | found
during my research, the use of secondary soureesften leads to an inclusion of many er-
rors cumulating during any previous transcription.

The section References offers an interface allowanfind the appropriate reference you
are looking for, to add a new reference or to #dA&n important point for you if you wish to
add a new reference to a paper in some proceedingt the record for the proceedings
themselves has to be prepared. The concepigriingis not planned to be active for the ref-
erences since their form is not so important.

4.3. Material DB

The database of the materials was the first onghnhdesigned — thus the interface to it
is slightly other than in the case of other ondee Tser is invited to choose one material from
the list on the title page. If more items are cimpsenly the last one is printed. If there are
more records for the material chosen then buttoitts mvarks "<” and “>" can be used for
their listing. The use (and appearance) of buttedis andAdd Newis reserved to logged us-
ers.

Each record of a material contains its mark, aeradtte mark, a number of material vari-
ables, its chemical composition, references to prapEad from th&eferenceslatabase and a
commentary for the data which could not get inte dither edit fields. The number of refer-
ences related to one material record is thres. dkpected that they all relate to the same ma-
terial batch.

The basic idea of the material database consistg/inpinion that there are many material
variables relatively completely recorded in reskand scientific papers. They are neverthe-
less crumbled up to many papers. The farsighteshrebers have already built their own da-
tabases, but the younger ones as e.g. PhD stumlenitsst in such a situation and do not know
where to look. An accurate citation within the detse with a full reference to all papers used
should enable such users to at least start. Theergfe to the original paper should secure the
citation from any breach of the law.

The signing concept is very necessary here. The signs of nmeges should ensure to the
user that he could rely on the variables as wetirathe reference. The database is very young
and | appeal to all readers of this paper to jaimiy effort and sign or discuss the topics in
the database.

4.4. FatLim Database System

As stated before, the FatLim database is the topoéthe database system data of which
can be found in the sectid®atabase of Fatigue LimitandFatigue Loungelt uses access to
the databases built on references, materials aes.u§he data covered within FatLim are
separated to groups of experiments, for each ohtiseprovided description of load condi-
tions and of fatigue results provided by those dl8dation methods.

This database still has not fully equipped integféar adding of new items. The concept
of signing (or sign removing) has been already anmnted and also the editing is enabled to
managers of the data.

The data record is based on the definition of & group with a unique mark, which all
the tests within the group will start with. Thettgsoup is related to one reference and one
material from appropriate databases. It also pamenother database where the experimental
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conditions are saved. The set of test group andoidu® conditions is expected to have one
common manager and can be as well as signed asla.wh

Each computational method has a reserved spaceedaits obtained from calculation
with the method on the test group data. Each caticul method in each test group has one
manager and can be signed as one unit. There &eabeptions to add to the numerical re-
sult of prediction provided on a test item:

* not computed

« analytical solution

e PragTic

* no solution

As regards an edition of any existing item, ther iiges to be a manager of it and has to be
logged in. To start the edition when you are loggedplease, choose the appropriate test
group in the FatLim Selector on the FatLim DB tipigge. Then push the button Show Group.
In comparison to a non-logged user the card oteésegroup provided on the new page will
host small green buttons with “E” and “S” or “RSgss. The first group of them appears on
the top near the name of the test group to whichrglated. The rest of them can be found in
the line of individual calculation methods. The “&§n is for ‘edit’, “S” for “ sign” and “RS”
for “remove sigh You can see on this card if the load data orrémilts are already signed
by anybody or not.

4.5. Comparison Methods Used in FatLim

Nearly any common calculation method oriented aalweation of the loading towards the
fatigue limit can be rewritten to a general formula

D, = functiorC,,Cp, Nay Ny ) < T4, (1)

where the damage paramelyis a function of sheaf and normaN stresses on some par-
ticular plane or more planes. The indieesndm are there for amplitude and mean value. The
variablef.; stands for fully reversed axial fatigue limit +hair the bending or tension one in
dependency to the axial loading of the examinecexgents. The inequality in (1) says that
the cases where the damage parameter is less hbafatigue limit, mark loading which
should fall into the region of infinite fatiguediflying behind the fatigue limit.

In FatLim, we are thoroughly testing validity ofethmultiaxial criteria on experiments
prepared for definition of fatigue limits under rakial load conditions. The inequality in (1)
should become the equality for such data. Unfotelpasomething like this happens only
rarely. We have to define the deviation from theaddy much more often. Since the right
hand side of the (1) has a meaning of the fatigui, Ithe fatigue index error defined as:

D, - f
AFI=( "f _lJELOC% 2)

-1

could be understood as a relative deviation froenideally set fatigue limit. The positive sign
of the fatigue index error means that the specimeuld be already broken in such a case —
the result is conservative. Negat&El values correspond to a non-conservative prediction.

The FatLim database joins together large numbexxperiments and even much higher
number of computational results. The only way homat get deadlocked in comparisons of
so many individual results, the statistical applohas to be used. The statistics provided by
the FatLim covers the maximums, minimums, meanegluanges (max-min) and standard
deviations (see tab. 1). The quality of any caltalamethods is evaluated by a synergic as-
sessment of the mean value, range and standaratidevi
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The computational methods themselves are so matytthas not much sense to publish
them here. Their description can be easily founthePragTic’s Help (sec. 2, see the same
reference in fig. 2 on the bottom).

Select test group...

Select maternial...

Bai 0% steel
e Ber 0.35%C steel
Dl 0.4%C steel [normalised)
Sroup: Db .o | DA% steel [spheroidized)
EMM Helect materlal: | ) gor ge o) (pearliic)
Fi§ 2ACkad
Fi7 28 o0d
Fig FEMi steel [30435 ton)
FL& | 35%MiCr steel |
15t axial channel (Ax1) 2nd axial channel (Ax2) torsion channel (To)
0tz load ;l 0-tiz load ;l 0-tiz load ;l
Ten-tension-compression Ten-tension-compression To-torzsion
Apply loads: | PB-plane bending PB-plane bending
RB-rotating bending REB-rotating bending
TP-tangential stress due ta pres;l TP-tangential stress due ta pres;l ;I
Mean stress: |« | MPa = =l | MPa = = | MPa =1
Amplitude: | ;” | bFa ;I | ;” | bFa ;I | ;” | MFa ;I
Axl v, Ax2 Ax2v. To Tov. Ax]
Fhase shift: I v" degtees I v" degrees I v" degrees

I Select asynchronous loading only

Select methods af computation i
| SRR L Sl:lﬂ.].r, I do not ha?re t:i.me.enu:uugh to .pmvide once
Dang Yan again the explanation, which caleulation method iz
Findley defined in which way. If you are interested in the
Fesults of EDQUEI description of individual methods, download the
Methods: Lian&cﬁd\;ﬁ;devan FragTic Help (available free without any
Liu & Zenner registration), where a description of methods and
M atake _I evenn of theit implementation into PragTic can be
b cDiarmid - kD fud found.

Fig. 2. FatLim Selector enabling to print out odysired type of data.

4.6. FatLim Selector

The FatLim selector started by tRatLim DB button is there to enable to filter the data
that the user wishes to compare (see the cut oot fhe website in fig. 2). It allows to print-
out only some test groups, tests on particular nadge tests with some predefined range of
stress amplitude or mean stress, tests with aatefimad combinations and so on. The user
can also choose, results of which calculation naghe wants to see.

If any calculation method is selected for the mirf the printout is accompanied by a
prepared statistics over the chosen tests. Thestgtatariables are the same as shown in
tab. 1.
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e ¥ | T | o|B[BlElon|ae | =g |8 |2 o|.|E
sla|le|2|8|E|E|T g8 |EB|% = |5 2l=|2
Sl |8 |=|E|8 |8 |B || |§|lr|6|l5|2
S o 2B |&|2 & |5 |0 |a|® |«
[m)] L= = Q. | e 2 =]
§ = x| =n 5
o
w
Number of real results [421|421|428|428|428|428|428|428|428|428|407|231|428|418|428|428|428|308
Number of N_Cresults|7 |7 |0 |[0 |0 |0 |0 |0 [0 |0 |0 |197/0 |10 |0 |0 |0 |120
Number of N_Aresultis|fO |0 (0 [0 (0 (0O (0O |0 |0 |0 |21 0 |0 |0 |0 |0 |0 |O
Mean value -7| -8 8| -1| 6| -8 -6/ 4| -1| 4| 1| -1| 4] 1| 1| 1] 1] 1
Maximum 48| 17| 83| 45| 84| 21| 22| 28| 35| 39| 55| 27| 62| 50| 38| 18| 47| 58
Minimum -82|-77|-18| -77|-50| -52| -45| -77| -64| -32| -39| -40| -40| -39| -27| -20| -51| -22
Range 130| 94|101|122|134| 73| 68|105|100| 71| 93| 67|102| 89| 66| 38| 98| 80
Standard deviation 17 12| 15| 13| 16| 12| 12| 11| 9| 9| 10| 9| 11| 11| 9| 6] 12| 9

Tab. 1. Statistical evaluation of all currently edwdata gathered in FatLim. The N_C sign relatdedts for
which the results for the particular method wereammnputed, N_A cases, where the results werevailadble
(the material properties were out of a definitionit).

5. Conclusion

Both FatLim and PragTic are created as researds,tadich can found their use even
among engineers in common technical practice. Ag®r gan verify results saved in FatLim
by a computation in PragTic, but the database systethe most efficient tool, how to help
the users from infinite repetition of such tests.

The advantage of FatLim lies in the fast avail&pitif required data. When some engineer
or researcher has to solve the problem, whichdatigyiterion would be the best to be used, if
the load conditions at the critical place have sategnite form, than FatLim can respond
very quickly. Unfortunately, the most of the commial fatigue postprocessors implement
only methods by Findley or Dang Van, scoring of ethis not very fine (tab. 1).
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