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FATIGUE LIFE OF S355JR STEEL UNDER UNIAXIAL CONSTANT
AMPLITUDE AND RANDOM LOADING CONDITIONS

A. NIESLONY, M. BOHM

Opole University of Technology, Poland

The results of fatigue tests of samples made ofSB®5JR steel under random tension-
compression with nonzero mean stress are preseftedprocedure of experimental re-

search is described. The obtained experimentalltseswe presented with the use of
Wohler fatigue graphs. The algorithm for the deigeation of the fatigue life uses among

other things a rain flow cycle counting procedurenadl as the Palmgren—Miner linear

damage accumulation hypothesis and six selectectistitht take into account the effect

of the mean stress on the tested durability. Tipeppresents the charts for comparison of
the experimental and computed lives. It is indidatehich of the considered models

describes the impact of the mean stress on thgufatife of the tested material within the

scatter error 3.

Keywords: fatigue, mean stress, S355JR steel.

Introduction. The initial force affecting a structural elemendaven its inherent
weight has a significant influence on the fatiglemomenon. These types of stresses
are called the initial or mean stresses and aem aterlooked by designers in the de-
sign process of connections or components dudiguéa In many branches of industry
the adequate consideration of the mean stress alsigmificant role due to the prevalen-
ce of time-varying external forces, as well asrim forces in structures and machine
components [9]. We can also mention a particulaniyortant and difficult case which
involves the correct consideration of mean stresch is the case of multi-axial load
with nonzero value of the mean stress [3, 4, 6In7ihis case no one has been able to
propose an efficient and reliable computation madefar. Steels belong to the most
common groups of structural materials used in taelmmes construction mainly due to
their availability, price and good mechanical pmbies [10] or corrosion resistance [2].
The literature review points out that fatigue tesftthe S355JR steel, analyzed in this
study, are rare. Therefore, the main objectivehia work is to verify the developed
algorithm [12] determining the fatigue life based ariginal experimental results. The
case of tension-compression of unnotched roundrapes with different values of the
mean stress is analyzed. The computational algonitlas constructed taking into ac-
count the state of knowledge in determining thiyteg life in a random uniaxial stress
state. The Rainflow cycle counting procedure, usgéther with the linear cumulative
damage hypothesis by Palmgren—Miner [16] and dexcssd models which took into
account the effect of the mean stress on the fatigave been used in the algorithm.
The mean stress effect on the fatigue life wasnakt account by transforming the
stress amplitude designated for each cycle witlRidaflow method. The coefficieit
[4, 14] was derived for six models to perform ttaisk.

Description of fatigue tests. The results of original research on the S355JR stee
performed on the fatigue testing bench SHM250 dasibn-compression are presented.
The research was performed under constant as svedih@lom loads. The experiments
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were carried out with two stress ratiBs= -1 andR = 0 for constant amplitude and

R =0 for random load. The basic strength propeftieshe S355JR steel are summa-
rized in Table 1. Its chemical composition is diev¥es: 0.18 C; 1.3 Mn; 0.45 Si; 0.04 P; 0.03
S; 0.3 Cr; 0.2 Cu; 0.2 Ni; Fe —rest. Test sampesl in the research are shown in Fig. 1.

Table 1. Strength properties of the S355JR steel
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Fig. 1. Shape and dimensions of the fatigue tespkss.
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Eﬁ i Fig. 2. Record of the sample random stresses
© used in the experiment before scaling
100 | | to the appropriat® ratio.
o il |
A | The test samples were prepared ac-
100l | cording to the ASTM E466-07 [1] stan-
dard. The tests for random loading condi-
=200 tions were performed with the use of a
[ special stochastic loading module that had

61 62 63 64 65 fs  peen added to the existing driving software.
A cross-section of the used signal is

shown in Fig. 2. The used signal has a narrowb&adacteristic with the dominating
frequency of 20Hz. The characteristic of the sigr@rresponds to the stress observed
in the selected structural elements, although #dreygenerated by noise band filtering
with a normal distribution. The random tests ardgeened for random loading with
the stress rati® = 0, which means that they were preloaded wittsthess equal to the
maximum global stress amplitude of the course. Wemtioned stress ratio can be
calculated using the formula:

R - omln , (1)
Gmax

Whereomin, Omax are the minimum and maximum stresses. The refsulthe constant
as well as random amplitude tests are shown in3rg.the form of Wohler fatigue life
curves.

The crack shape obtained from the experiments Wwagacteristic for the high-
cycle fatigue, though it did not demonstrate tharation of a significant narrowing in
the diameter of the sample thus indicating a sicgnit strain influence.
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Fig. 3. Experimental results presented in the foft6hler curves for S355JR steel:
a — constant amplitude tension-compressiorRer—1 (O) andR =0 (J);
b — random amplitude tension f&r= 0 (O).

Mean stress correction equations. In literature there is a large variety of equa-
tions taking into account the mean stress. Theytteeso called correction equations,
which define the material with the use of certdiersgth parameters and subsequently
are applied for the scaling of a non-zero mearssts@nal (transform) to an equivalent
zero mean signal.

In this work the following equations are used:

Gerber equation:

2
9% -1- [%J , 2)
Oat Rm
Kwofie:
% - exp{—a ’ G‘FZ—m] . €)
aT m
Morrow:
Ca og-Sm, (4)
Cat O¢
Goodman:
Ja-p-2m, (5)
O-aT Rm
Oding:
0-aT:O-ga"'cmljjazoam-maxv (6)
Niestony—Bohm:
o
oaT=0a+(0aR=—1_0al%0)GG—m1 (7)
a,R=0

whereag, is stress amplitude,r is transformed stress amplitudg; is mean stress va-
lue; Ry is ultimate strength of materiad;; is fatigue strength coefficient; is material
mean stress sensitivity coefficient [5, is fatigue limit for tension-compression;
O,r = —1 ando,r = 0 are amplitudes designated from the Wohleridensurves for
ratiosR=-1 andR = 0.

A diagram explaining the above models is preseiriellig. 4. In this paper an
attempt is undertaken to verify these classical igogh formulae with the one pre-
sented by the authors [12] on the example of erparial results of the S355JR steel.
An explanation of the generation of the test sigmat presented in the previous section
[8]. Nevertheless, the algorithm of the fatigue lfalculation can be divided into seve-
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ral main parts e.g.: cycle and half cycle counfirmgn the random course according to
the Rainflow method [11]. At present this is thestnreliable cycle counting method
recommended among other things by the ASTM society

G,/C,ur

Fig. 4. Diagram explaining
the characteristics of some mean stress

1217 - .
| compensation models according
to Kluger and tagoda [3]:
08 1 - Goodman2 — Gerber;
3 - Kwofe @ = 0.2);
04 4 — NB; 5 - Morrow; 6 — Oding.
0 W Y
-0.5 0 0.5  ow/Ry

As mentioned above, this research deals with eatifin of the compensation
models of equivalent transformed amplitudes dutghéomean stress. Five literature
proposals and one model developed by the authees leen chosen for the verifica-
tion. It was assumed that the stress course sebjeécttransformation was stationary
with a constant mean stress vatmg In paper [7] it was proven that for this types of
stress courses the mean stress can be calculatedlobal way. These assumptions
allow us to use the following transformation forauul

Ot =04 K, )
where oyt is the transformed stress amplitudg; is the stress amplitude designated
from the equivalent course with the use of the eymunting algorithmK is coeffi-
cient dependent on the transformation method biiegunction of the strength para-
meters and the mean stress vaige

For theK coefficients the appropriate functions are usethécalculation proce-
dure obtained from the models by Oding, Goodmaniriwe, Gerber and Kwofie [4,
11, 13] and presented in Table 2.

Table 2. The K coefficient formulas used in the calculation process

Oding (6) Goodman (5) Morrow (4) Gerber (2) Kwof&)
1 1 K :; — 1
_ Om Kgo = Km = Ge 5 |[Kk =—F—=
K _\/1+0_a ° 1-%m 1-9m 1-| Om exp[—a B%j
Rm o't Rm Rm

A model developed by the authors is also used [t&mploys fatigue material
parameters obtained from two limit states: tensiompression with the ratiR = -1
and one way tensioR = 0. These parameters have been read out of fremjate
Wohler curves. It is assumed that the intermeditdée between the states of material
effort can be described with a linear function. Tésults for the randoR = —1 have been
taken out from previous experiments for this matefiheKyg coefficient is as follows:

o
Kng =1+ (0 -1 0 g r0o)B—— .

(Ga, F\’=0)2

(9)

In the cumulative damage process the Palmgren—Nli&¢hypothesis is used:

D(N) =<i=1 No(Oas /0 gi7)™
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whereD(N) is degree of damage for a number of cy®Nespy is coefficient allowing
to take into account amplitudes beneath m is Wohler curve slope for tension-com-
pressionpy; is a number of stress cycles with the amplitage N, is number of cycles
corresponding to the fatigue lingty.

The algorithm last step is the calculation of fadidife. It is possible after assessing
the degree of damade(N) for a number of cycles existing in a loading ufiibe
durability in a number of cycles is calculated frtre following formula:

N

Neg =———»
cal D(N)
where N, is calculated fatigue lifelN is a number of cycles in a uni(N) is the
whole degree of damage for the observation time.

CONCLUSIONS

Mean stress compensation models have been veliifiettie random loading
conditions. For this purpose a computation algaorithas been used which consists of
the rain flow cycle counting procedure as well las inear Palmgren—Miner cumu-
lative damage hypothesis. The computation restdt€@mpared with the experimental
ones for six mean stress compensation models asriesl in Fig. 5. It can be noticed
that the computation results using the Goodman indiffler to the greatest degree
from the experimental results. Two models — the pmogosed by Morrow and the one
established by the authors of the paper propossdaszory results in most cases.
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Fig. 5. Comparison of the experimental and 1
calculated fatigue life of the S355JR steel 28 : @ AE 2
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Some detailed observations are also formulatedestihg the S355JR steel to a
random loading with a nonzero mean stress resultse lower fatigue life in compa-
rison with the zero mean value case; results floauniaxial stress state under tension-
compression are obtained from transformation moogl&erber, Kwofie, Morrow and
the one presented by the authors of this paperwdrie within the value of scatter of 3.
Most of the comparison results using the Oding rhade situated in the not accepted
scattering area. However it is important to notitat this model is very conservative
and doesn’'t overestimate the fatigue life after @omge correction. Results obtained by
the Goodman model are not found in the acceptdteseaiea. Due to this fact the model
is not suitable for fatigue life prediction for shéteel type.

PE3IOME. TlonaHi pe3ynbTaTd BUIPOOYBaHb Ha BTOMY 3pa3KiB, BUTOTOBIEHHX 31 cTall
S355JR3a BUIIaIKOBOTO CTHCKY—PO3TATY 3 HEHYJIbOBUM CEPEHIM HalpyKeHHAM. EkcriepumeH-
TallbHI Pe3yNbTaTH MOJaHI KpUBHUMH Benepa, a anroput™ nependadac BU3HAYCHHSI TPAHHUII BTO-
MU [UITXOM allpOKCUMAIlii BCTAHOBIICHOT JIIHIITHOT 3aJI€)KHOCTI, TNOTEe3y HAKOMHUYEHHS JTIHIHHUX
nonkopkeHbp Palmgren—Minerra Bubip 3 mectn Mojeneid, siki BpaxoBYIOTh BIUIHB CEPEIHbOTO
HABaHTA)XXCHHsI Ha JIOCIIKYyBaHy OBroBiuHicTh. [lojjaHo Aiarpamu, Ha SKMX MOPIBHSHO €KCIIe-
pPHMEHTANIbHY Ta OOYHCIICHY JOBrOBIYHOCTI. Bka3aHO, siki 3 pO3IISHYTHX MOJENICH OMHCYIOTh
BIUIMB CEpPEJIHbOI0 HABAHTAXKCHHS HA BTOMHY JIOBTOBIYHICTH JOCIIIXKYBaHOTO Marepiaily B
MeXax MOXHOKH 3.

55



Kiouosi ciioBa: smoma, cepeoniii cmpec, S355IRmanw.

PE3IOME. TlpencraBieHbl pe3yabTaTbl HCIBITAHUNA HA yCTaIOCTh 0Opa3LOB, U3rOTOBICH-
HbIX U3 ctanin S355JRmpu cryyaitHOM CoKaTHH—PACTSHKCHUU C HEHYJICBBIM CPEJHUM HamNpsiKe-
HHUEM. DKCIIepUMEHTAIbHbIE PE3YNIBTAThl NIPECTABICHBI KpUBBIMU Benepa, a anmropurm npeay-
CMaTpHBAET ONpE/EIEHNE IPaHUIbl YCTAJIOCTH MYTEM allpOKCUMAlUK YCTaHOBJICHHOW JIMHEH-
HO# 3aBHCHMOCTH, 'MIIOTE3y HAKOIUICHHMs JIMHEHHBIX moBpexaeHuit Palmgren—Minem BeiGop
U3 LIECTH MOJIEJIeH, YUUTBIBAIOIIUX BIMSHUE CPEHEH Harpy3KH Ha UCCIIEAYEMYIO J0JITOBEYHOCTD.
IIpeacTaBneHbl AuarpaMMbl CpaBHEHHS SKCIEPUMEHTAIbHON U PACCUUTAHHOU JOJTOBEYHOCTH.
Vka3zaHo, Kakue U3 pacCMaTpPUBAEMbIX MOJENIEH OMHUCHIBAIOT BIUSHUE CPEIHEH Harpy3Ku Ha yc-
TaJIOCTHYIO JOJITOBEYHOCTH HCCIEAYEMOro MaTepHaa B IpeeNax MorpelHoCTH 3.

KiroueBble cioBa: ycmanocms, cpeonee nanpsicenue, S355IRmanw.
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