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EXPERIMENTAL RESEARCH ON INFLUENCE ON SINGLE
OVERLOAD ON FATIGUE LIFE OF CONSTRUCTIONAL STEELS
UNDER COMPLEX LOAD

G.Cempd, G.Gasak

Opole University of Technology, Opole, Poland

Abstract. The paper presents the results of fatigue lifestaader complex load conditions
(proportional bending with torsion) with single ol@ad for the different overload ratios
(ki=1.5; k = 2). Specimens of square sections made of cdismad steels: 10HNAP and
18G2A with unilateral sharp notches were testea fBsts were performed at the fatigue test
stand MZGS-100; amplitude of resultant moment wags1d Nm (proportion of bending and
torsion moments was MM,s=1.73). Fatigue crack growth was measured withaascope
magnifying 25x. It was found that a single overlaadises an essential change of fatigue life.
It has been shown that the overload factor strongfluences those changes.

1. Introduction

Fatigue cracking and its influence on life haverbtested for many years. There are
many models describing fatigue life and fatigueckrgrowth for various materials [1]; they
are usually based on analysis of crack propagatrater simple loading states, i.e. tension-
compression or bending [2]. However, there aremahy papers about crack propagation
under complex loading, for example combined bending torsion. In practice, most real
structures and machine elements are subjectecetqular types of loading including single or
multiple instantaneous overloads

In [3] it has been shown that cyclic loading camse significant reduction of the
element life time, and under some combination®aéling and overload the mean value does
not influence the life. Negative influence of owadl on fatigue life has been reported in [4]
where the authors presented the test results fdb Kieel subjected to torsion with an
occurring bending overload. From the test reguiesented in [5] it appears that one-cycle
overload can cause the life increase, even 58 Bits faict is usually understood as a result of
formation of a big plastic zone in the slot tiphig plastic zone comes from overload and is
much greater than the plastic zone coming frombihgic overload. The life increase can
also be an effect of occurrence of local residia@sses [6-11]. Thus, including the loading
interactions causing acceleration or delay of thigfie crack seems to be an important
problem during estimation of element life.

The aim of the paper is experimental analysisfefdif specimens with fatigue cracks.
The tested specimens were made of two steels: 1GHaIA 18G2A. The specimens were
tested under the complex loading state, i.e. bgndith torsion with one-cycle overload.

2. Experimental research

The fatigue test were carried out under proportiacanstant-amplitude loading for
combined bending with torsion; a ratio of the begdmoment amplitude to the torsional
moment amplitude was M/ Maswas 1.73. The fatigue test stand MZGS-100 (Fjgvds
applied
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Fig. 1. a) fatigue test stand MZGS-100, b) loacsué
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Chemical composition and mechanical properties led investigated materials:
10HNAP and 18G2A steels, have been placed in Tdbéesl 2.

Table 1. Chemical composition of the tested steels
Chemical composition i
C Mn | Si P S Cr Ni Cu Fe
10HNAP | 0.11| 0.52 0.26 0.098 0.016 0.5 0|35 Q.26st re
18G2A | 0.21| 1.4 0.42 0.019 0.046 0.09 0j04 Q.17 t res

Material

Table 2. Mechanical properties of the tested steels

Re Rm A]_o Z E \Y}
STEEL | ivpa | (MPa] | (] | (%] | [GPa]

10HNAP | 418 566 | 30.736.5| 215 | 0.29
18G2A 357 535 21| 30 210 0.30

Specimens of square sections with unilateral natclescribed in the Polish Standards
PN-84/H-04308 were tested. Shape and dimensioggeaimens are shown in Fig. 2.
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Fig. 2. Shape and dimensions of the tested spesimen

Specimens were tested under the resultant momegiitade M, = 16Nm as basic load.
Proportion of bending and torsion moment amplitudas M dMas = 1.73 (torsion angle of
test stand lever was = 3(). Each specimen was subjected to single overladamplitude
of the resultant moment = 24Nm (18G2A and 10HNAP steels) and,™ 32Nm (18G2A
steel). The overload factor was=%k1.5 and 2. Overload was given once for eachisyecfor
a determined fatigue crack length Blext, the fatigue load of the specimen was coeiihin
the basic cycle up to the moment when the critticatk length (corresponding to the critical
number of cycles N, i.e. the specimen lifg)Nwas obtained.
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The results of fatigue life tests for of 18G2A at@tHNAP steels versus fatigue crack
length g are shown in Fig. 3 and 4.
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Fig. 3. Course of fatigue life {Nof specimens made of 18G2A steel subjected to
overload: a) overload factoy % 2, b) overload factorjk 1.5

300

250

200

N; [cycles x107]
=
a1
o

© overload at Omm

100 ~ g Ooverload at 1mm
A overload at 2mm

ﬁ Xwithout overload

50 @
0 n T T T T 1
0 1 2 3 4 5
a[mm]

Fig. 4. Course of fatigue life {Nof specimens made of 10HNAP steel subjected to
overload with overload factos k 1.5

3. Theresult analysis

The analysis was based on the graphs of life ceuMs@epending on the crack length
a, corresponding to the overload momen{,MThe experimental data from Table 3 was also
used. The fatigue life under bending with torsidnspecimens without an overload is
N; = 24910’ cycles (steel 18G2A) andi N 18810° cycles (steel 10HNAP).
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Table 3. Results of tests for 18G2A and 10HNAP

| 18G2A | 10HNAP
Overload factor k= 1,5
Crack length unde
overload , [mm] 0 1 2 0 1 2
Fatigue life
Nps [cycles x16] 276 335 253 225 240 192
Overload factor; = 2
Crack length unde
overload , [mm] 0 1 2 0 1 2
Fatigue life
Nyt [cycles x1¢] 295 238 221 - - -
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Fig. 5. Course of fatigue life Nversus fatigue crack lengthy during bending with

torsion with bending and torsion moment amplitualgorM,¢dMas = 1.73 for specimens made
of 18G2A steel
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Fig. 6. Course of fatigue life jNversus fatigue crack length during bending with
torsion with bending and torsion moment amplituaigorM.dMas = 1.73 for specimens made
of 10HNAP steel
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Fig. 7. Course of fatigue life JNfor 18G2A and 10HNAP steels versus fatigue crack
length g during bending with torsion for overload factgekl.5

The analysis of fatigue life courses alloweddefine single overload influence on
testedelements made of constructional steels 10HNAP &@PA. Table 4 shows the values
of fatigue life changes (in %) of specimens sulgedb overload. The presented data were
calculated with reference to fatigue life of speens without overload for the corresponding
steels.

Table 4. Changes of fatigue life of specimens subgeto overload

Material C;)r\cjlecrlfolgggat[lmurg? er Fatigue life changeaN; [%])
Overload factor k= 1.5
0 increase 10.84%
18G2A 1 increase 34.73%
2 increase 1.8%
0 increase 19.68%
10HNAP 1 increase 27.65%
2 increase 2.39%
Overload factor k= 2
0 increase 18.6%
18G2A 1 drop 4.41%
2 drop 11.24%

From Figs. 5-7 and Table 4 it appears that overlogith the factor k strongly
influences the fatigue life N in both tested steels. A value of the overloatdiak is very
important, too. Underjk= 1.5 the overload caused the life increase focrack lengths gin
both steels. The greatest increase was reachedh thikespecimen was overloaded in the
moment when the crack length=al mm.

For k = 2, the life increase was observed for the glogth 3 = 0 mm. When overload
occurred at the length, greater than about 0.7 mm, it caused a drop gf N

Fig. 7 shows lives of the considered materialsthar overload factorjk= 1.5. The
courses of M for both materials are similar, and a differeneeaused by different strength
properties.
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4. Conclusions

From analysis of fatigue life courses,;Mf specimens subjected to bending with
torsion with occurence of single overloads for elifint factors jkwe can draw the following
conclusions:

1. Single overload of specimens with sharp uniidteotch made of constructional
steels: 10HNAP i 18G2A subjected to bending withsittn causes an essential change of
fatigue life. It has been shown that the overlaaztdr strongly influences those changes.

2. The fatigue crack length, or which the overload occurs is very importantheT
greatest sensitivity to overload with the factgr=k1.5 is observed for the fatigue crack
a = 1 mm (life increase by 34.73 % for 18G2A stewl 27.65 % for L0HNAP steel)

3. Fatigue life Ny course versus the fatigue cragkf@r the overload factor jk 1.5 is
similar for both investigated materials (Fig.7).
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