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Answer THREE questions

Only silent, self contained calculators with a Single-Line Display or Dual Line D/splay
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may use a standard translat/on dlct/onary to translate between that language and English
provided that neither language is the subject of this examination. Subject specific translation
dlctlonar/es are not permitted.

No electronic devices capable of storing and retrieving text, including electronic dictionaries,
' may be used.

DO NOT turn examination paper over until instructed to do so
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Solution

Elastic-perfectly-plastic (EPP)

In this case there is no hardening, i.e. the
yield stress, o, remains constant at oy,
regardless of any previous plastic
deformation. Therefore, the yield surface
doesn't change in either shape or position in

the principal stress-space.

Uniaxial cyclic o-e behaviour
for an EPP material model
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Representation of uniaxial

stress-strain behaviour in
principal stress space
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)
Iuv S-N Total life approach

The total life approach is based on the results of stress- and strain-controlled cyclic testing of
laboratory test specimens of lmate_rial,, in order to obtain the numbers of cycles to failure as a
function of the applied alternating stress. Most fatigue testing was based on fully-reversed (i.e.
zero mean stress, Sy, = 0), stress-controlled cpnc‘ljﬁons and the fatigue design data was presented
in the form of S-N curves, which are either semi-log or log-log plots of alternating stress, S,

against the measured number of cycles to failure, N, where failure is defined as fracture.
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Schematic representations of two typical S-N curves obtained under load or stress-controlled tests
on smooth specimens: a continuously sloping curve and a discontinuity or “knee” in the curve. A
“knee” is only found in a few materials (notably low strength steels) between 10° and 10" cycles
under non-corrosive conditions. The curves are normally drawn through the median life value (of
the scatter in N) and thus represents 50 percent e’xp'ec,téd failure. The fatigue life, N, is the number
of cycles of stress or strain range of a specified character that a given specimen sustains before
failure of a specified nature occurs. Fatigue strength is a hypothetical value of stress range at
failure for exactly N cycles as obtained from an S-N curve. The fatigue limit (sometimes called the
endurance limit) is the limiting value of the median fatigue strength as N becomes very large, g

- log§
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>10° cycles. ()
Typical S-N diagrams,
Effect of mean stress the mean stress has a significant effect on fatigue behaviour. It can be

seen that tensile mean stresses are detrimental while compressive mean stresses are beneficial.
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The effect of mean stress on fatigue life.

2
Gerber parabola: §, =sz2(”1 - (%"l) J

u,

modified Goodman: §, = Se(l -%’-”—J

‘ '

Soderbergline: S, = S{l —i)

Y

The effect of mean stress on fatigue life.

The effect of mean stress is commonly represented as a plot of S, versus S, for a given fatigue
life. Attempts have been made to develop this relationship into general relations. Three of these
common relations between allowable alternating stress for a gi\}en life as a function of mean
stress, are shown in Figure 3.11.7. The modified Goodman line assumes a 'I,ine,af relationship
between the allowable Sa and the corrésponding mean stress Sy, where the slope and intercepts
are defined by the fatigue life, S., and the material UTS, S, respecfiveiy. The Gerber parabola
employs the same end-points but, in this case, the relation is defined by a parabola. Finally, the
Soderberg line again assumes a linear relation, but this time the mean stress axis end-point is
taken as the yield stress, S,. The modified Goodman line, for example, can be extended into the
compressive r"neén stress “.‘r"égio,n to give increasing allowable alternating stress with increasing
compressive mean stress, but this is normally taken to be horizontal for design purposes and for

conservatism.

Effect of stress concentrations are expressed in terms of an elastic stress concentration factor
(SCF), K;, which is simply the relationship between the maximum local stress and an appropriate

nominatl stress, as follows:
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It was once thought that the fatigue strength of a notched comporient could be predicted as the
strength of a smooth component divided by the SCF. The reduction is, in fact, often less than K
and is defined by the fatigue notch factor, K;, which is defined as the ratio of the smooth fatigue
strength to the notched fatigue strength as follows:
Ky :S a,smooth
- Sa,notclz
However, this fatigue notch factor is also found to vary with both alternating and mean stress level

and thus with number of cycles to failure.

S=N Design Procedure for Fatigue
Constant life diagrams plotted as S; versus Sy, also called Goodman diagrams, can be used in
design to give safe estimates of fatigue life and loads.

OB ; :
=—— = factor of safet
Ay y

similar triangles — ﬂ\S?‘, = fSa = Sq
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Linear elastic fracture mechanics (LEFM)
i) The critical stress, which causes a crack to propagate in an unstable fashion, giving fracture, is

governed by the following relationships

oJma =[EG, (plane stress)

o = \/—EQG—C; (plane strain)
B %

Since the term on the right-hand side of these equations is a material constant and sirice the term on

the left hand side is so common, it is usually abbreviated to the symbol, K, which is referred to as the
stress intensity factor and the equations can be re-expressed as:

K=K,
where K. is called the critical stress intensity factor or the fracture toughness, Thus K, =/ EG .

ii) There are three different laédihg modes considered in fracture meCh.anigs.

Mode | — opening mode
Mode Il —shearing mode
Mode Il — tearing mode

iii) Fatigue crack growth: It has been shown by Paris and co-workers (1961) that, for a wide range
of conditions, there is a logarithmic linear relationship between crack growth rate and the stress

intensity factor range during cyclic loading of cracked components
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Variation of P(load) with t(time)

Considering a load cycle as shown above which gives rise to a load range
AP = Pax — R min :
acting on a cracked body. The load range and crack geometry gives ‘ris‘e‘s to a cyclic variation in
stress intensity factor, which is given by |
AK = Kmax — Kmin

crack growth, stable crack growth may occur if the stress intensity range, AK, is greater than an
empirically-determinéd material property called the threshold stress intensity factor range, designated
AKiy. In addition, Paris showed that the subsequent crack growth can be represented by an-empirical

relationship as follows:

_q’a_: C( A:K)m

dN
where C and m are empirically-determined material constants. This relationship is known as the Paris
equation. Fatigue crack growth data is often plotted as the logarithm of crack growth per load cycle,
da/dN, and the logarithm of stress intensity factor range. There are three stages. Belo\n}AKm., no
observable crack growth oceurs; region Il shows an essentially linear relationship between log(da/dN)
énd log(AK), where m is the slope of the curve and C is the vertical axis interéept; in region I, rapid

crack growth occurs and little life is involved. Region Ill is primarily controlled by Kc or Kic.
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Typical (schematic) variation of log (da/dN) with log (AK)

The linear regime (Region ll) is the region in which engineering components which fail by fatigue

propagation occupy most of their life.
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