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D. V. BRESLAVSKY, O. O. BRESLAVSKA, A. V. KOZLYUK
WEB TOOLS FOR LONG TERM STRENGTH DATA PROCESSING

B crarTi po3rmisiHyTO MUTAHHSA pO3pOoOKY CHEIiai30BaHOr0 IIPOTPaMHOr0 3a0e3reueHHs It 0OpOOKH JaHUX 3 JOBrOTPUBAJIO] MiI[HO-
cti. OnucaHo MiAXiJ, 3aCTOCOBaHMU Uil 30€piraHHs JaHWX, Ta MPEICTABICHO OIHC iHTep(eHCy, IO 3aCTOCOBYETHCS MPHU IIOMY.
OOroBopeHo /1Ba aJrOPUTMU 3 OTPUMAHHSI KOHCTAHT JUIsl KIHETHYHOTO PIBHSHHS JUIS apaMeTpy MOLIKOMKYBaHOCTI, IEPLIHNI 3 STKUX
Po3pobIIeHO ISl YMOB MOCTIHHOT TeMIlepaTypH, a ApyrHii - 1Jisl BU3HAYEHOr o iHTepBally TeMiepaTyp. HaBeneHo npukiaz onucy mpo-
LieCy OTPMMaHHS 3Ha4€Hb KOHCTAHT JUISl JKapOMILIHOTO HiKeseBoro ciuiaBy. IIporpamue 3abesnedeHHs, 0 00roBOPIOEThCS, TPU3HA-
YEHO ISl {H)KeHEepiB Ta HayKOBHX CIIBPOOITHHKIB, SIKi MPALIOIOTh y HAMPSMKY MOZICTIOBAHHS BUCOKOTEMIIEPATypHUX BIACTHBOCTEH
MaTepiajiB Ta eJIeMEHTIB KOHCTPYKIIiH.

Ku1r040Bi cj10Ba: moB3y4icTh, TOBTOTPUBAJIA MIIIHICTh, EKCTIEPUMEHTANIBHI AaHi, 30epiraHHs JaHUX PO MaTepiaid, KiHeTHIHE
PIBHSIHHS JUIS TAPaMETPY MOILIKODKYBAHOCTI, CKAISPHUH ITapaMeTp IOLIKOKYBaHOCTI.

B crarbe paccMoTpeHB! BOIPOCH! pa3pabOTKH CHENHANIN3NPOBAHHOTO MIPOTPaMMHOTO O0ecIedeHH s Uil 00pabOTKH TAaHHEIX O JUTH-
TeNIBHOW mpouHocTH. OmycaH MOAX0/, MCHONIB30BaHHBIN ISl XpaHEHUs! JaHHBIX, NPEACTaBICHO ONMCcaHue MHTep(elica, HCIob3ye-
Moro 1pu 3ToM. OOCYXAaI0TCs ABa AITOPUTMA MOTYyUCHUS] KOHCTAHT JUISl KHHETHYECKOTO YPaBHEHHS [UIs IIapaMeTpa HOBPEKIaeMO-
CTH, TEPBBI pa3paboTaH AJs yCIOBUI MOCTOSHHOM TeMIlepaTypbl, a BTOPOH - Ui ONpeeIeHHOT0 HHTepBaita TeMneparyp. [Ipuse-
JIEH TpHUMEp ONMHUCAHMs TpoIlecca MOMy4eHMs! 3HAaUeHMH KOHCTAHT I >KapOIpPOYHOrO HUKEIEBOro cIulaBa. PaccMoTpeHHoe mpo-
TpaMMHOE OOecIrieueHne IpeJHa3HaueHO IS HHXKEHEPOB M HAYYHBIX COTPYIHUKOB, pabOTaromuX B 00JIACTH MOJAEIHPOBAHUS BBICO-
KOTEMIIepaTypHBIX CBOMCTB MaTepHAIOB U JIEMEHTOB KOHCTPYKIIHH.

KniodeBble c/10Ba: MMOI3y4ecTs, JUIUTENbHAS IPOYHOCTD, SKCIICPIMEHTAIbHBIE JaHHbIE, XpaHEHHUE JAHHBIX O MaTepHaiax, Ku-
HETUYECKOE ypaBHEHHE AJI TapaMeTpa MOBPEkKAaEMOCTH, CKAJISIPHBIN IIapaMeTp IOBPEKJAEMOCTH.

The paper concerns the questions of development the specialized web-based software for processing of the long term strength data.
The goal is to develop the web tools which could fill up the gap between high theoretical background in Continuum Damage Mechan-
ics and insufficient knowledge about the experimental data by way of storage them and processing the values of constants. The ap-
proach for storing of the experimental physical and mechanical properties for different temperatures is described. The structure of
database as well as the interface section for selection of different data sets, which include the fracture stress values with appropriate
values of time, are presented. Selected fields of database are used for deriving the constants for damage kinetic equations. Two algo-
rithms of deriving are discussed, the first was designed for constant temperature conditions as well as the second assigns for definite
interval of temperatures. The numbers of experimental data sets for each algorithm are determined. The example of the deriving proc-
ess for nickel based alloy is presented and plots of time dependencies for damage parameter are built. The discussed software is de-
signed for engineers and research associates who are working in area of modeling of high temperature properties in materials and
structural elements.

Keywords: creep, long term strength, experimental results, web-application, material data storing, kinetic damage equation,
scalar damage parameter.

Introduction. The growing demands for data proc-
essing speed bring the necessity of their allocation in
world wide web Internet. The data bases with free access
which solve the problem of organization of storage and
browsing the information about physical and mechanical
properties of modern structural materials won the compe-
tition with different similar desktop applications.

The strategy, which is realized in wide spread web-
application, like matweb.com [1], splav-kharkov.com [2],
contains in giving to user the possibility of obtaining the
information about the properties of material in search.

The next step of service has to be connected with the
possibility of processing the selected data from the defi-
nite database. This processing can brings the different
forms, like obtaining the values of constants for physical
laws from another data, the mathematical expressions of
experimental distributions, different graphical representa-
tions etc.

The presented paper concerns the second stage of the
method presented in previous publication [3], where the
web-based facilities for the archiving of creep and long-
term strength data were discussed. The web-application,

which is located at worldmech.net, with the interface for
input of experimental creep curves up to fracture as well
as pure long term strength curves,was discussed here. By
use of developed graphical tools users have the possibility
of viewing the graphical representation of their data.

This publication contains the description of
developed new methods and algorithms for processing the
data of long term strength curves, which are storaged in
database at worldmech.net. The procedure consists the use
of the above data for obtaining the values of constants for
kinetic damage equation with scalar damage parameter.

This approach was suggested in well known works
by Yu. N. Rabotnov [4] and L. M. Kachanov [5], and
during last five decades it have been developed by
J. Lemaitre, J.-L. Chaboche [6], S.Murakami [7],
M. Chrzanowski [8], R. Viswanathan [9] and many others.

Now the approach of hidden damage simulation by
use of scalar damage parameter became the standard
prodedure which includes in different calculational
methods directed to the analysis of the hidden fracture
processes in materials and structures [6]. The main
problem here is absence of necessary information about
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the long term strength data for definite material as well as
temperature and stress varying ranges.

The aim of presented paper is an attempt to develop
the web tools which could fill up the gap between high
theoretical background in Continuum Damage Mechanics
(CDM, [6]) and insufficient knowledge about the
experimental data by way of storage them and processing
the values of constants.

Description of the approach for data storing. As it
is well known, the long term stregth data for definite
material and fixed temperature range can be storaged by
two means, which are connected one with another. The
first way is publishing or storage in database the values of
stresses which cause the fracture in uniaxial specimen
after the definite time moment. Such representations can
be found in different handbooks, for example in [10]. The
second type of the above data presentation is graphical,
which contains in building the plot of dependence
between fracture values of stress and corresponding time
values. Usually this plots are built in logarithmic co-
ordinates. This possibility of experimental data
presentation was realized in first stage of the work and is
described in [3].

Let us discuss the first mean. The large amount of
the data were obtained by experimental way during last
seven decades. The uniquiness of this information consists
in the fact that obtaining of each value demand many

months and, in many cases, the years of experimental
observations. These data were published in scientific
journals and handbooks like [10].

In this work we realize the approach which consists
in transferring the published data into database. It was
built by use of PHP and SQL language [11] as well as
MySQL database control system.

The user interface contains from the sequential input
operations for the type of material (steel, nickel, titanium
alloy etc.), its grade, temperature of experiments and the
values of stresses which caused to fracture after the
standard number of hours (100, 1000, 10000 etc.). The
possibility of input the data for another specified time
value and corresponding stress is realized additionally.

It is provided in current version of the web-site, that
only administrators can fill the blanks of above mentioned
data. The possibility for input data for any user will be
added in future versions, but the managing of the
information, its checking will be kept by administrator
like the procedure had been done for experimental curves
storing and described in [3].

Fig. 1 contains the general view of the database.

In this figure the general menu of the web-site
worldmech.net can be seen as well as the form for adding
the above described information. The bottom part of the
screenshot contains the ready strings for nickel based al-
loy (here, for example the grade 224375 is presented for
three temperature values).

Non-linear solid
mechanics

Non-linear dynamics

Entering data - admin panel

«— Back to main admin-page

NICKEL

The grade of metal *

SMBET

T* 0100, Mpa * 01000, Mpa *

Insert row in DB

1 e T e e e P
0 alloy 630 560 450 0 0

niclkel MHPITIOP(SH437E) 600
1 alloy nickel HPITIOP(DHA37E) 650 £00
2 alloy nickel KHWITIOP(3HA437E) 7000 410

Iheoretical and
analytical mechanics

Fluid mechanics Mechanical engineering Bio mechanics

©10000, Mpa * T_add, h * o_add *

delete
470 350 0 0 delete

300 180 0 0 delete

Figure 1 — The view of database for high temperature long term strength data

Algorithm for processing of long term strength
data. The filled strings of database are presented on Fig. 1
can be used for finding the unknown constants for the
kinetic damage equations.

Let us regard two options of this equation. The first
is formulated for constant temperature [6]:

a‘):D(li-:))l w(0)=0. (1)

Here o is acting stress, ® is the damage parameter,

D, m and [ are the constants which have to be determined
for fixed temperature by use the data are presented on
Fig. 1. Due to the presence of three constant values, the
user have to switch to next panel for selected material and
select three values of stresses with corresponding values
of times to fracture. The equation (1) is integrated on time
and system of three linear algebraic equations for three
unknowns D, m and / has to be solved.

The second option is obtaining of the constants for
the case when the temperature dependence has to be con-
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sidered in kinetic damage equation. The modified law can
be presented as follows [6]:

exp(-0/T) w(0)=0, ()

Gm

(1-of

where O presents the product of creep damage energy

o=d

activation on the value of the universal gas constant. In
using phenomenological approach this value can be de-
termined from experimental data sets. Two values of tem-
perature 7 and 7, have to be considered as well as the
additional values of total creep strain at the fracture mo-
ment ¢« , Norton law [4] creep constants B, n and the
product of energy of activation on the universal gas con-
stant Q. The system of four linear algebraic equations
about constants D, m, [ and O can be written in the fol-

lowing form:

- . ;
1+l ) expl-0/T;)

T 1 .

I = . —
(1+1)D(oL) exp(-0/T;)

13 = ! 3)

1+ )DL ) expl-0/T,)

B n—m -+
i = (o) exp(QTle.

Here the digit in subindexes denotes the number of
experimental data set.

For the second mode the sequence of user’s actions
has to be the following. After the selecting two tempera-
ture values it is necessary to select in new window the
four long term strength data sets. By special function these
data will be processed and the four constants D, m, [ and
O will be determined.

After actions due to first and second options the ob-
tained constant’s values have to be written in another da-
tabase. In this stage it is realized at web-portal ‘Handbook
of Steels and Alloys’ at splav-kharkov.com.

Let us consider an example in which the constants
for equation (1) are found. We regard the nickel based
alloy DU1867 at T=950 °C . The processed data were
written into database which is presented on Fig. 2, where
the web-site window is presented.

1
‘ o [0 s’ EATEE S Jiiwm?

2. BAGAMIE KOHCTAHTLI MOI3YMECTH HaTepHana

Tpadwic nonayuecTn

OCHOTP MOXHD SaKPEITE)

[ 3 cnmcKa,

(Tpadwicn CTRORTC A B HOBOM KHE, KOTOROE MIOCNE N
HOHCTAHTL NoNayecTH
Wapia o, ke
warepuana B D
i) | um)

n [3 m 1

Banol
® - |eeeer |lpeess ez Jpa 238 |34 | sommavmona we socnpmimacr
KoY

¥Hb2MBKIO
(@HaT)

XHB2ZMBKIO
(@HaT)

XHB2ZMBKIO
(auasT)

20 4.21E-11

[see27  J[nee1s r3eo |r2e J[o6s |[r2e ] W T=B50 g,

L = 67z ]7os a2 ros ] o =800 man,

[eaeer  |5aEs o3 e Jlezs e | o =850 man,

23511 612 |||6.12 |12 [|[1L513 npu T=500 rpag,

20 5.36E-12 4. 12E-9 579 |68 579 |88

npn T=427 mag,

Figure 2 — Database containing creep and long term strength data

User has the possibility of building the plots of de-
pendencies between damage parameter and time obtained

by use of damage kinetic equation (1) with determined
values of constants. They are: D =5.36-10° (MPa™)™/h,
m =236, [=3.4. Now software provides building three
curves in one plot, so, it is necessary to input three stress
values. For this example they are o; = 100 MPa, 5, =110
MPa and o3 =200 MPa. This plot is situated in another
window and is presented on Fig. 3. Here the numbers of
curves correspond to the numbers of input stress values.

Creep danage paraneter

06 /a 2
4 /
02 /

Einechour)

B8 147.26 1844

Figure 3 — Dependencies ‘damage parameter versus time’ are
built in web-application

By analyzing the damage curves and their compari-
son with long term strength data sets the user can make
the conclusion about validity of obtained values of con-
stants. He can return to the procedure and select another
data set in negative case as well as use these constants in
his numerical simulation in positive.

Conclusions. The paper contains the description of
the developed web tools for processing of long term
strength data. The description of procedures for storing
into database the experimental information which contains
in a scientific literature is described. These data are used
for obtaining the values of constants for damage kinetic
equation with scalar damage parameter. The examples of
work stages of described algorithm as well as example of
graphical representation of damage curves are presented.

The above described web-tool will be useful for en-
gineers and research associates who are working in area of
modeling of high temperature properties in materials and
structural elements.
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