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EXPERIMENTAL VERIFICATION OF FAILURE CRITERION BASED
ON-SPECIFIC STRAIN WORK

R: ZUCHOWSKI and L. KORUSIEWICZ (WROCLAW)

The difference between values of specific strain" work needed for rupturlng {at room
temperature) the virgin specimen and that previously subjected to a loading process until ~
"the specified cycle number is reached had been ‘proposed earlier by one of the authors’ as
a material dzmage measure and failiute criterion. These assumptions were verified during
the investigation reported in this paper. The analysis of results obtained shows that the
maximum of that difference is constant and independent of stress and temperatore (for
»examined- steels. and process parameters applied); it can thus be accepted as a failure
criterion. _ >

1. ‘INTIIIODUCTION
”

Prognostxcatmg of the durability of structural components Wthh operate
in conditions of eyclic temperature and. load variations Lalls for the accep-
tance of a failure criterion. As the basis of failure criteria one can assume
the specific energy accumulated in a material during the loading process
as a constant value for a given material, in other words, as a matenal
constant,

FeLtNer and Morzow [17] assumed that the spec1fic energy accumulated
in a material during any loading process is equal to the speczfic energy
needed for rupturing the specimen during the tensile test. MARTIN [2] and
Romanov [3] found that only a part of energy accumulated in a unit volume
of a material results in damclge Many failure criteria based on that concept
were proposed but the main obstacle for a durability evaluation is that the
loop-hysteresis shape and the appropriate part of energy stored in a unit
material volume resulting in damage must be determined.- ‘

In the papers {4, 5] a new failure critetion was proposed, wh:ch allows
us to avoid the difficulty mentioned above. The main ideas of that criterion
are given below. Taking into consideration the results obtained by FELTNER
and Morrow [1], MarTiN [2] and Romanov [3], we can assume that the
part of emergy stored in a unit material volume ~during one cycle and
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resulting in damage depends on both the material and the parameters of
the loading process but the total cnergy accumulated in a unit material
volume during any loading process can be accepted as a material constant.
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.FEG 1. Plots of forée F against deformation Al-obtained during tensile test; a — for virgin

spemmcn b—for specimen which underwent thermal cycling umtil spec:lficd cycle number
: {without fracture)

"1t can be observed that Strajn work Wmeasured during the tensile test
at room temperature and needed for rupturing the specimen previously
subjected to -any loading process until a specified time or cycle number
(without fracture) is smaller than strain work W, obtained for a virgin
specimen, because of material damage accumulated during that previuos
process (Fig. 1.). ‘

~The longer the loading time during the previous loading process, the
greater the difference (W,— W) between the strain work values obtained
for ‘the virgin and previously loaded specimen. To make the strain work
values independent of the specimen volume, the specxflc stram work values

‘W, and W,, must be introduced.

Assuming that proportionality exists between the energy aocumulated _
in'a unit volume of the specimen material resulting in damage and the

“difference (W,,— W.) of the specific strain work obtained for the virgin and

previously loaded specimen, that difference
M R Wos— W, = Was

can be accepted as a measurc of material damage. The maximum Wys

- value obtained for a specimen loaded until a cycle number close to fracture

is reached should be a constant value and independent of the loading
process parameters (stress -and temperature). The maximum Wys value
(designated as WNSmx} should be equal to specific strain work WOS obtained
for the virgin spcc1men In consequence. '

@ - Wissmae = cONSt = Wy,
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can be regarded as a failure criterion.
The aim of.this research work was to verify that failure criterion

2. EXPERIMENTAL RESULTS

The investigation program included the checking of both the initial stress
change effect at a: constant shape of the thermal ¢ycle and the effect of
maximum temperature changes at a constant initial stress. The minimum
~ temperature of the cycle was constant and equal to 573 K for all examined

specimens. '

Solid specimens made of two types of heat-resistant stecls (H23N18,
50H17617) were used in the investigation. The designation of steels are in
accordance with Polish Standards. The specimens were fixed at the upper
ends using an articulated joint and loaded with static loads at the lower
ends, They were heated by an electric current (resistance method) up’ to the
maximum temperature and then cooled with air to the minimum temperature
Different saw-shaped cycles of constant heating speed (10 K/s) were used.
Parameters of the loading process are presented in Table 1. Tempcrature

Tai)le 1. Dependence of coefficients g and b cycle number to fracture and maximmem values
' of material damage degree (minimum temperature of cycle 573 K).

. Maximum values of
‘ ‘ Coeflicient values with | material damage degree"
| Maximum Initial { 95% confidence range : =
Steel tcmperature " stress [Jjem®] - - " Caleulated from
type | of cycle | [MPa] 1 equation (3}
[K] | 1 | 7WNfsm.a)i E
a b W, .
913 | 1765 | 24430 | 0294008] - o086.
o 1023 ] 1765 | 33415 | 19 +02 | 0.85
i1 1073 176.5 204+16 | 113 +14 [ 095
HBNIE 4 g | os0 | 14436 | 0ssrol6]| - 079
1173 {980 .| 36+34 Y 83 431 | 0.80
1713 63.5 1 17426 .| 17 404 <. 088
oo e | smas ] was+31 | 40417 | os7
e |7 923 . 3335 121428 1254055 . 082
| SOHITG17 923 2940 | 114+15 | 0444000 . 081
923 | 2550 - | 121436 | 0184009 092 -

variations were measured using the PtRh-Pt thermocouple. Length variations
were mieasured using an inductive dlsplacement gauge and recorded as
a functlon of time and cycle number,
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2.1. Specific strain work evaluation

One series of specimens was subjected to- the loading process until
. fracture was reached while for the second series the loading process was
stopped after a specified cycle number; the volumes of these specimens were

4
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FI1G. - 2. Specific strain work Wys dependence on cycle number N for H23NIB stee&;
1--1765 MPa, 573-1073 K; 2 — 98 MPa, 573-1173 K; 3 —176.5 MPa; 573-1023 K;
4— 635 MPa, 573-1173 K; 5 — 98 MPa, 573-1073 K; 6 — 176.5 MPa, 573-973 K

then evaluated. The specimens subjected to a specified cycle number were
broken in tension at room temperature using the Instron machine supplied
with an integrator, and strain work W was measured for each specimen.
Virgin specimens were also broken in tension for strain work W, evaluation.
The specific strain work values W, and W, were then calculated. The mean
values of W,, were found for the examined steels, and Wys values were
then obtained from Eq. (1). The Wys values obtained for each specimen
_ previously. subjected to the loading process until a specified cycle number

was reached are shown in Figs. 2 and 3. The 95% confidence intervals
of mean values of W, are also shown in Figs. 2 and 3.

2.2, Analysis of stress and temperature mﬂuence

Analysas of the results glven in Flgs 2 and 3 shows that the WNS value
depends on the cycle number and on the parameters of the loadmg process
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FIG 3 Spemhc strain work WNS dependence on cycle number N for 50H17G17 stcel
1-—3725MP& 2—3335MPa 3 — 294 MPa; 4—255MPa o

1

The linear correlation between Wys and thé cyclé number N daﬁ be used
with the probability equal to 0.999 for all applied loading process parameters
for both steels examined. The dependence of Wys on N is of the form

(3) R --:'Wn_igma-kbN,

where theé a and b—= coefficients are ‘dependent on both the material type
and cycle number to fracture.: The values of ‘the coefficients-a and b (with
95% confidence intervals) are presented in- Table 1: Analysis. of the-results
presented in Table 1 shown that the value of 'a dépends on' the steel type
only but the value of b depends for a given materlal on the cycle number
to fracture, in other words, on stress and temperature Analys;s of the ¢hanges
of ‘the coeﬁ'lcwnt b value as ‘a function of initial ‘stréss’ at a  constant
temperature range performed for 50H17G17 steel shows that b'is an ‘exponen-
tial function of initial stress. A similar analysis performed for specimens
made of H23N18 steel examined at constant force resuiting in tensile stress
of 176.5 MPa shows that b is-;--alsQ: an exponential function of maximum
temperature, o :

As can be seen in Figs. 2 and 3 the Wy value depends for a given
material. on the cycle number “to fracture N ¢ Maximum® vaiues of WNS,
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however, are independent of the N, value, in other words, on initial stress
and maximum temperature. The W, values are close to the specific strain
work _Wo, obtained for virgin specimens.

To make a comparison of the results obtained for drfferent matenals
possible, the relative value of material damage Wys/W,, was introduced [4].
Then the maximum values of the material damage degree Wy 1.,/ Wo, were
calculated and presented in Table 1. The Wy, values were calculated:
from Eq. (3) using the coefficient values from Table 1. The analysis of the
results présented in Fig. 2 and 3 and those given in Table 1 shows that
the maximum value of- damage (Wysn) can be considered as a constant
value for a given material, and that it is close to the specific strain work
W, obtained for virgin specimens. Thus Eq. (2) is shown to be approximately
fulfilled, and the validity of the proposed failure criterion is confirmed for

uniaxial stress and examined steels, as well as for the loadmg process -

parameters applied.

The Wy, values obtained for specimens made of H23N18 steel are
slightly lower than those obtained for specimens made of 50H17G17 steel.
That difference will be clear when fracture type will be taken into considera-
tion. For specimens made of 50H17G17 stéel the necking during thermal
cycling could be neglected (because of brittle fracture) while for those made
of H2INI18 steel ductile fracture occurred. That is why the Wygm, value
. slightly depends on fracture type. '

3. CONCLUSIONS - -

The analysis of the results obtained leads to the conclusions that the
maximum value of Wyg, defined as material damage, is for a given material
independent of stress and temperature (for .the loading process parameters
applied). It slightly depends, however, on_fracture type.

The Wysi, value can be accepted as a constant for a given materlal and
it is close to the specific strain work Wp, obtained for virgin specimens;, the
_ maximum of the Wy value can thus be accepted as a failure criterion. | -
' The validity of that failure criterion was verified for specimens examined
in uniaxial stress state That cr1ter10n can be applied only when monotonic
reduction of specific strain work durmg the loadmg process occurs
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STRESZCZENIE

DOSWIADCZALNA WERYFIKACIA KRYTERIUM ZNISZCZENIA OPARTEGO
NA PRACY WLASCIWEJ ODKSZTALCENIA

Roznica migdzy wartodciami pracy wlasciwej odkszialcenia, potrzebnej do zniszczenia
(w temperaturze pokojowej) probki dziewiczej i poddanej uprzedmio dziataniu obcigzenia
(w zmiennej temperaturze) do okreslonej Hezby cykli, zostala wczesniej przyjeta przez jednego
z autoréw za miarg uszkodzenia materiatu i za kryterium zniszczenia. Te propozycje poddano
werylikacji doswiadczalnej. Analiza uzyskanych wynikéw wykazala, 7e maksymalna warto$d
wspomnianej roznicy prac w1a§c1wych odksztalcenia jest stala i niezaleZna od napreZenia
i temperatury (dla badanych materialéw i stosowanych parametréw. procesu obcigzenia),
moZe byé wige uznana za kryterium zniszczenia. .

PeE3wME

SKCIIEPMMEHTAJIBHAS TIPOBEPKA KPUTEPH S PA3PYIIEHIS
OITUPAIOMIETOCS HA VJEALHOM PABOTE JIEGOPMAILTHH

Pastuna MexAy 3HAYCHHAMHE YAcbHOR paboTs! AedopmMaimg HeoOXOLEMOH O PaspyIueHns
(B xoMHATHOHA TEMIIEPATYPE) TIEPBRYHOTO 00pasHa B 06pasna noJBeprHY TOTO paHbIIe AeHcTaHIC
Harpyxenus (B TiepeMeHHOM TeMIepaType) K ONpEASNEHHOMY KOJIMHECTBY I[HKHOB paHbile
TPHEHATA OIHMM M3 ABTOPOB MEPOHl NOBPEX/ICHHS MATEDHANA ¥ KPHTEPHEM Da3pyILCHHA
OTH OpemoeNOoXKEHHS NOABEPTHYTH 9KCICPEMEHTANBHON NpOBEpEKe. AHQIE3  [ONY4CHHHIR
Pe3yNLTATOR TOKA3AN, YTO MAKCAMANDHOE 3HAYCHWE YIOMSHYTOH DAIHHILI YHEIBHHIX paGoT
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HeHOPMALAH SBISCTCS NOCTOAHHEIM H HEZABHCSINAM OT HATPOKCHHS H TEMOCPATYphI (s
HCCTEAYEMBIX MATEPRANOB W NPEMEHACMBIX NapaMeTpon nponecca HATPYXEHHR); 3HAUMT
MOXeT GHTH DPUIHARO KPHTCPHCM paspyImeHEA. e 1
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