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CORRELATION OF UNIAXIAL CYCLIC TORSION
AND TENSION-COMPRESSION FOR LOW-CYCLE FATIGUE

T. LAGODAA. KULESA, A. KUREK, J. KOZIARSKA
Opole University of Technology, Poland

Comparison of fatigue characteristics, in particthe coefficients of tension-compression
and cyclic torsion based on available tests unol@rdycle fatigue in various materials,
were analyzed. The correlation of torsion and mmsompression fatigue strength coeffi-
cient does not depend on the relative slope ofdatidiagrams describing plastic strain.
On the basis of performed analyses it was concldldgdthe ratio of the fatigue strength
coefficients under tension-compression in most rigtevaries within the range from 0.5

to % . Whereas, the correlation of the strain-baseddaticoefficients in torsion and in
+v

tension-compression is strongly dependent on tagive slope of the plastic strain-based
fatigue life curves.
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A majority of modern stress, strain or the so-chleultiaxial fatigue life energy-
based criteria are based on the process of defegriine equivalent values of stress,
strain or energy parameter, respectively. In ongeevaluate fatigue strength, the
knowledge on the basic characteristics of fatigieequired. In literature simplified
methods for determining fatigue characteristics dniaxial tension-compression are
used. More and more often it is also required tadzpiainted with the characteristic of
pure shear condition, which is usually obtainedyalic torsion testing of thin-walled

specimens. The searched magnitudes afe; 1; — tension-compression or shear

fatigue ductility coefficientp, by — fatigue strength exponent amsfl, y; — fatigue

ductility coefficient in tension-compression or diam, ¢, ¢, — fatigue ductility expo-
nent, respectively. These coefficients are usadany fatigue life assessment models.
The characteristics of torsion are required in ezde, when the multiaxial fatigue cri-
teria are applied by which the shear strain angiitiy, 11, 17] or the energy criterion
[7] is derived as the equivalent value. At the sdime, the correlations of fatigue
strength coefficients in tension-compression ositor, and in tension-compression or
shear fatigue ductility coefficients are applied[42, 51]. In literature the proposals
can be seen for simple conversion from tension-cesgon to torsion loading.
However, a cursory review of reference works shthas these models often fail. The
objective of this research study is a comparisofatiue characteristics, in particular
of the coefficients of these characteristics untéasion-compression and cyclic tor-
sion, based on available tests on low-cycle fatiguerious materials.

Strain-based model. Fundamental low-cycle fatigue properties are basethe
Manson—Coffine—Basquin strain characteristic, wHioks the total strain amplitude
with the number of cycles to failure. This chardste is the most popular and
commonly applied. This original Manson—Coffine—Baisqcharacteristic for fatigue
life was designed in tension-compression, registetiie strain amplitudg, the stress
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amplitudeo, and the number of cycles to failudeand has the following form
o' ,
SazE(ZNf)b"'sf(ZNf)ca (1)

whereE is the longitudinal modulus of elasticity (Youngisodulus); o’ is fatigue

strength coefficient in tension-compressidn;is fatigue strength exponent’ is

fatigue ductility coefficientg is fatigue ductility exponent.
The Manson-Coffine relationship for fatigue in tors(shear) is similar to Eq. (1)

Va = N 47 (2N )%, o)

whereG is the shear modulus (Kirchhoff's modulus); is shear fatigue strength coef-

ficient; by is shear fatigue strength exponewt; is shear fatigue ductility coefficient;

Co is shear fatigue ductility exponent.

All fatigue characteristics in Egs. (1) and (2) dexived on the basis of ASTM
standard [2].

A deep review of fatigue characteristics can benébamong others in [36]. The
formula proposed in [23] requires determinatioffionfr material constants just as in the
commonly used MCB characteristic.

In the fatigue characteristics of Egs. (1) and {2, correlation between parame-
ters appearing in these formulas is worth to not@enstants are employed in numerous
computational models applied for determining fagiggirength of construction mate-
rials and components. The correlation of strain laoges under biaxial torsion and
tension-compression can be designated. This ratiesaccording to the type of mate-
rial. This correlation is presented variously bffedent authors. There is no single, uni-
versally accepted model. Commonly, authors asswaraiglism of fatigue characteris-
tic of Egs. (1) and (2), which means that exponangsequivalent, both in the elastic
portionb = by and in the plastic portion= co. This assumption is crucial for determi-
ning other dependences. In previous works [24]dswlemonstrated that for a high
number of cycles, where the reference is made dcetasticity of the material, most
materials have characteristics of the parallel .tyfmwvever, it was demonstrated that if
this assumption is not true, there are obstacl@sdper designation of fatigue strength.
Whereas, any analysis concerning the correctnessnifar assumption that characte-
ristics related to the plastic strain are also lfglravas previously not distinguished.

The correlations of the strain-based fatigue coeffits € and y; are most fre-

guently analyzed. Less frequently analyzed arecibeelations of fatigue strength
coefficients 'y and 1% . In the second case, Li et al. [28] suggest thbdrtMises—

Hencky hypothesis and Galileo’s respectively
T 1 T 1

L = 3), (4
o o Tev (3). (4)
or the contents
T'f 1
— == (5)
Of 2
Therefore, most of the results should be in thgeaof
TI
C< L ©®)

2 0 1+v’
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For strain fatigue coefficients; and y; more analyses can be found in the

research literature. There are proposals formulayed
— Kim et al. [21] depending on the adopted criterio
Huber—Mises—Hencky

Y

— =3, (7)
€5

Tresca
y'Tf =1.5; (8)
€5

— Shamsaei and Fatemi [41] propose formulas (7) (@)dand for maximum
normal strain

—=2; 9
€t

— Kim and Park [20] suggest general formula inftren

L -15+05, (10)

whereS depends on the material type;
— Liu and Mahadevan [31] suggest that the cor@iat within the range of

2
5 (1+Veff) <y'_f

—<2, (11)
4-(1-ver ¥ €

which means that by adopting perfect plasticitgtih v i = 0,5, it finally gives

1.5492<Y—,f < 2 (12)
€

Comparison of material constants subjected to tension-compression and
torsion. On the basis of the available research literatmagerial constants present in
the Manson—Coffine—Basquin fatigue characteristivgder torsion (shear) and tension-
compression are listed in the Table. In some caBer is a lack of material constants
for tension-compression tests. For this purpossettemnstants were derived for the
same materials from the collective work [4]. Dudhe fact, as it was already noted in
other works [32—34], that possible nonparallelisivfatigue characteristics is signifi-
cant in fatigue strength calculations for high-eydhtigue loading, it should be
assumed, that the same is true for the low numbeyabes. Based those assumptions,
Figs. 1 and 2 summarize respectively the correfatib torsion fatigue strength and
tension-compression fatigue strength coefficieapahding on the relative slope

by, = % [100% (13)

and the ratio of torsion and tension-compressitigda ductility coefficient according
to the relative slope

c=2"% m00%. (14)
C
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By analyzing Fig. 1 it can be seen that the cotigalaof torsion fatigue strength
and tension-compression fatigue strength is noemldgnt on the relative slope of
fatigue life curves describing elastic deformatidhis relationship for most materials

varies within the range of 0.5 tfj— Whereas, by analyzing Fig. 2 it can be noticed
v

that the ratio of torsion and tension-compressatigtie ductility coefficient depends
primarily on the relative slope of fatigue curvesscribing ductility. This ratio ranges
from almost 0 to about 15 and can be describetidylependence
fo =1.78822 """,
€5

(15)

This in the case of perfect parallelism Ieadsyge =1.788 which is consistent
€5
with formula (12).
It should be noted that the type of materials dussaffect the relative slopes of
(13) and (14) as well as the dependences searched.

A ligt of low-cycle fatigue behaviour of material constants
under tension-compression and biaxial torsion

as | T
Material b by € Y c G
MPa
1 2 3 4 5 6 7 8 9
1045 [47] 948 | 505/ -0.092 -0.097 0.26 0.413 -0.44n445
1045 [11] 1027, 424 -0.107/ -0.074 0.339.325 | —0.494 -0.42
SAE 1045 [50] 948| 505 -0.09 -0.1 0.26 0.413 -0(440.44-
SNCM630 [20] 1270, 858 -0.073 —-0.061 1.h4 1.51 -3.820.706
SNCM439 [20] 1380 969 -0.072 -0.085 1.89 3.68 6D.8-0.765
SCM440 [20] 1400, 754 -0.088 —-0.081 0.679.315 -0.65| -0.54
SCM435 [20] 1100; 512 -0.06/7 -0.045 0.9968).36 -0.708 -0.519
SFNCMB85S [20] 1040 533 -0.092 -0.0f1 0.316.251 | —0.522 —-0.406
SF60 [20] 978| 504, -0.082 -0.067 0.18D.286 | —0.439 -0.41Y
45 [20] 843 | 559| -0.10% -0.108 0.3P7M.496 | —0.546 —-0.469
S45C [20] 1400, 630, —-0.107 -0.08 0.4491.22 —-0.564| -0.564
S25C [20] 821 | 426| -0.096 -0.074 0.21®.249 | -0.458 -0.376
S45C [21] 932 | 451 -0.098 -0.0%8 0.359.704 | -0.519 -0.514
S45C [22] 923| 685 -0.099 -0.12 0.359.198 | —0.519 -0.12
S460N [3] 1005| 476/ -0.097 -0.075 0.142.316 | —-0.483 -0.469
S460N [44] 834 | 529 -0.079 -0.096 0.15D.213 | —0.493 -0.096
SNCM630 [15] 1272 858 -0.073 —-0.061 1.h4 1.51 -3.820.706
42CrMo [6] 860 | 817| -0.10% -0.102 0.3173.212 | —0.546 —-0.852
316 [51] 722 | 506 -0.13 -0.183 0.3YD.6381 | —-0.63| —-0.563
304 [48] 1227, 333 0.14 0.266
304 [47] 930 | 505/ -0.106 -0.097 0.298.413 —-0.49| -0.44%
304 [43] 1000, 709| -0.114 -0.121 0.17D.413 | —0.4020 —-0.353
304 [37] 691 | 1137 -0.169 -0.215 0.101.055 | —0.377, —0.566
304 (650K) [38] 529 275 -0.112-0.097|0.092| 0.132 | -0.428 —0.356
Mild steel [9] 1009 431 0.152 0.322
Mild steel [16] 1735 407 | -0.2| -0.108 0.04 0.176 | -0.338-0.403
Inconel 718 [3] 1640 2164 —0.06 | —0.148 2.67 18 -0.82] -0.922
Inconel 718 [50] 16401030 2.67 3.62
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Continuation of the Tahl
1 2 3 4 5 6 7 8 9

Haynes 188 (760K) [50] 823 635 0.4891.78
IN-718 [45] 2146 -0.148 18 —0.927
Eji’”ess 188 (538K) 1045/ 548 | —0.071-0.0530.358 0.805 | —0.541 -0.523
Waspaloy [50] 26101640 0.381 0.516
1Cr-18Ni-9Ti [7] 1124 644 | —0.091 -0.088) 0.807| 0.812 | —0.665 —0.088
1Cr—Mo-V [32] 1616 740 | -0.12| -0.16 1.568 2.389 -0.9 -0.9
30CrNiMo8HH [3] 951| 608 —-0.04{1-0.057|1.064| 0.277 | —0.733 -0.47
?13410 (34CrNiMot) 1206| 1975| —0.095| —0.08 | 0.536 0.364 | —0.568 —0.724
A533B [35] 847 | 586 —0.083-0.115/1.201] 1.554 —-0.64| -0.61p
AZ31B [1] 616 | 144| -0.149-0.12| 0.419 0.131 | -0.791 -0.429
EN8 [39] 728| 466 —0.05{1-0.058 0.095 0.303 | —0.328 —0.322
EN24 [49] 1650 1150 1.14 1.69
Ni—Cr—Mo-V [50] 680| 444 1.14 1.69
Titanium TC4 [3] 1117716.9 -0.049] -0.06 | 0.579 2.44 | -0.679 -0.8
Titanium [40] 647| 485 -0.033-0.069 0.548 0.417 | —0.646 —0.523
Titanium BT9 [40] 1180 881 | —0.025 -0.082 0.278[ 0.18 -0.665 -0.47
Titanium BT1-0 [12] 693| 484 -0.041-0.0640.477 9.995 | —0.617 —0.906
Mar-M247LC 4
(1173K) [42] 1425| 802 | —0.1371 —-0.087| 0.004, 0.019 | —-0.311 -0.387
6061-T6 [29] 369| 285 -0.311-0.05| 0.09 0.388| —-0.452-0.642
6061-T6 [30] 373| 245 -0.033-0.048 0.104| 1.475 | —0.473 -0.675
2007 [52] 271 158 -0.069-0.099 0.645| 0.3779| —-0.721 —-0.555
7075-T6 [52] 0.078 0.269 | —0.256 -0.32
7075-T6 [14] 776 21Q -0.095-0.037| 2.565| 0.919 | -0.9871 —0.173
1100-0 [14] 159 62| -0.092-0.126| 0.467| 7.049 | —-0.613 —0.599
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o 1 e | .
1,6 . .

l 12 -
12 - 1 o

1

11+v o 8
0,8 1 1 o hd i

1V3 * '_: oe® o .

00 000 *

0,4 - 0,5 K -:.' * 47 ... R

i ] o ° 2 o 3

1,549 . § .
0 T T T T 0 R
80 -40 0 40 b=boyp00, 80 -40 0 £=<0100%
Fig. 1. Fig. 2.

Fig. 1. Torsion and tension-compression strengéffictent vs. relative slope.

Fig. 2. Correlation of torsion and tension-compi@s$atigue ductility coefficient
vs. relative slope.
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CONCLUSIONS

The correlation of torsion fatigue strength coédiit and tension-compression
fatigue strength coefficient is not dependent anridative slope of fatigue resistance
curves describing elastic strain; the correlatidntassion and tension-compression
fatigue strength coefficient for most of the maikrivaries within the range from 0.5 to

Ty ; the correlation of torsion and tension-compress$atigue ductility coefficient is
+v
strongly dependent on the relative slope of fatiifaecurves describing plastic strain.

The ratio of tension-compression and shear fatilyuility coefficients is ranging

. _oc-c0)/ .
from O to[115 and can be described by the dependeﬁes 1.788& 2 ' ; the ratio
€5

of tension-compression and torsion (shear) fatduetility coefficients explicitly for
characteristics of parallel type is within the rargiven in the research literature and is
on average 1.788.

PE3FOME. TIopiBHSIHO XapaKTEPHUCTHKH BTOMH, 30KpeMa KOe(illi€eHTH PO3TATy—CTHCKY Ta
IUKJTIYHOTO KPYYEHHS Ha OCHOBI JOCHIIXEHb 332 MATOUKIOBOI BTOMH JUIS Pi3HIX MaTepialis.
CriBBigHOIICHHS KOe(IiEHTIB BTOMHOI MIIHOCTI 32 yMOB KpPYYeHHS Ta PO3TATY—CTHCKY HE
3aJIeKUTH BiJl BITHOCHOIO HaXMITy KPUBHX IUTACTHYHOI gedopManii. Ha ocHOBI BUKOHAaHHX aHa-
Ti3iB 3p00IEHO BIUCHOBOK, IO BiTHOMIEHHS KOE(DIIliEHTIB BTOMHOI MIITHOCTI 32 YMOB KpY4eHHS

Ta PO3TATY—CTUCKY Y OLIBIIOCTI MaTepla;B € B MECXKax Bl 0,5 a0 1_ . BOI[HO‘IaC CIIIBB1JIHO-
+V

IIEHHS KOe(illieHTiB BTOMHOI MIITHOCTI 32 YMOB KPY4YEHHS Ta PO3TATY—CTHCKY CYTTEBO 3ae-
KHTb BiJl yMOBHOT'O HAXHITy KPUBHX BTOMHOI JOBTOBIYHOCTI.

PE3FOME. CpaBHEHBI XapaKTePHCTUKH YCTaJOCTH, B 9aCTHOCTH KO3()(HIMEHTHI pacTs-
KEHUA—CXKATUSL U HUKIMYECKOrO KPYUEHUsI Ha OCHOBE MCCIIEA0BaHUI IIPY MAJIOLMKIOBOH yCTa-
JIOCTH JIS pa3JIMYHBIX MaTepranoB. CooTHOImIeHHE K03()(HUIIIEHTOB yCTAIOCTHOH MPOYHOCTH B
YCIOBUAX KPY4EHHsI U PACTSHKEHUS—CXKATUSL HE 3aBUCUT OT OTHOCHTEIBHOIO HAKIOHA KPHMBBIX
mracTraeckoi nedopmanun. Ha ocHOBe mpoBemeHHBIX aHAIM30B CHAETAH BEIBOJ, YTO OTHOIIE-
HHEe K03()(QUIHEHTOB yCTAJOCTHOH NMPOYHOCTH B YCIOBHAX KPYUYEHUS M PACTSDKCHHA—CKATHS B

1
OOJIBIIIMHCTBE MAaTCpHUaJIOB HAXOAUTCA B MpeAciax OT 0,5 a0 1_ . B 10 xe BpEMsI COOTHOLIC-
+V

HHEC KO3(1)CI)I/IHI/I€HTOB ycTaJIOCTHOﬁ NPOYHOCTH B YCIIOBHUAX KPYUYCHHS U PACTKCHUA—CIKATHUA
CYHIECTBCHHO 3aBUCUT OT YCJIOBHOI'O HAKIIOHCHUS KPUBBLIX ycTaJIOCTHOﬁ JOJITOBCYHOCTH.

The work has been written as a result of the research project no 2015/19/B/ST8/01115
financed by National Science Centre (Poland).
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