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7. Fracture _~sl

Simple fracture Ll oSl s the separation J<é s» of a body ~~=ll into ! two or
more pieces a=8 in response “\>3uS to an imposed stress Llus 3 that is static
(i.e., constant or slowly changing with time) and at temperatures that are low
relative to the melting temperature oLl 5,0 ) 4 )2 of the material. Fracture can
also occur <2~ from fatigue 242 ) Ul (when cyclic stresses ) s2 2= are
imposed L) and creep —= 3! (time dependent deformation o« e adina 4 4.5)

7.1Ductile Fracture ¢l sl

Ductile fracture surfaces will have their own distinctive features on both
macroscopic and microscopic levels.
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Figure 7.1 shows schematic representations =33 (= e for two characteristic
macroscopic fracture profiles 3 el 4uball Sl =3 | The configuration a3
shown o2« in Figure 7.1a, is found for extremely soft metals 4.lll (ol=sll) such as
pure gold & <=3 and lead =b=_ at room temperature.
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Figure 7.1 (a) Highly ductile fracture in which the specimen necks down to a
point. (b) Moderately Jixi=l: ductile fracture after some necking. (c) Brittle
fracture _i» ,~S without any plastic deformation o o 5,

7.2 Brittle fracture Jigd) sl

Brittle fracture takes place <= without ¢ s~ any appreciable deformation e s
L sl and by rapid &~ crack e propagation Uil The direction «.s3 of crack
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motion 4<_~ is very nearly perpendicular 4.2 s« to the direction =3 of the applied
tensile 22 stress and a relatively flat fracture surface, as indicated in Figure 7.1c.

7.3 Hardness of materials 3.s4l 4dua

The hardness test— JLisl measures (& the resistance 4« s to penetration G 33
of the surface === of a material by a hard object 2Ll= ~»s, Hardness can
represent Jis resistance 4« s\&s to scratching _i2all or indentation = 2533l and a
qualitative measure = s _+L8 of the strength 52 of the material. In general, in
macro-hardness measurements, the load applied is ~2 N. A variety of hardness
tests have been devised W ISl &5 but the most commonly e 523 SV used are the
Rockwell test J:ss9, Jia) and the Brinell test Jus JWwisl, Different indenters
used in these tests are shown in Figure 7.2.

Indenter a small hard object used for producing an indentation in a solid in an
indentation test. 25Vl jlisl Sdlasile (A paaa 2 gaal) Z0Y a0t e Gl aia

Xp>

Ball Brale
Brinell test Rockwell test
Figure 7.2 Indenters for the Brinell and Rockwell hardness tests.
7.4 Impact test dasall Lid

Impact energy absorbed _<i<i by the specimen 42! during failure J=é, For the
Charpy test, the energy is usually expressed in foot-pounds (ft 1b) or joules (J),
where 1 ft Ib = 1.356 J. The results of the 1zod test are expressed in units of ft Ib/
in. or J/ m. The ability 4.1 of a material to withstand 2 s~<ll an impact blow is
often referred to as the impact toughness “:c 5 4.3 of the material.
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Figure 7.3 The impact test: (a) dimensions 2= of typical specimens 4.1l 4ue, (b)
the Charpy and lIzod tests,

7.5 Fatigue s 5 sl

Fatigue is a form ¢ & s» of failure Jdll that occurs <ass 3l in structures —SI 5 8
subjected sl ©3 to dynamic Sl and fluctuating stresses «—uie 2 (e.g.,
bridges L s, aircraft 53!, and machine components ¢S4l <1 5a1). Under these
circumstances <5 5l it is possible (S«<ll (1« for failure J4dll to occur <2~ at a
stress level 2=l (s sius 2ie considerably =S 2>~ I lower <=5 than the tensile or
yield strength ¢ s=3ll 56 for a static load oSke J«sliThe term fatigue is used
because this type of failure normally occurs after a lengthy period 44 sk 352 of
repeated s2l=) stress or strain cycling 3,52 Fatigue is important as it is the
single s« largest cause —« »SI of failure Jisll in metals oaleell 8
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7.6 Creep <3l

Materials are often Lile placed ~= st in service 4«21l at elevated temperatures )~
443 5 and exposed =25 to static mechanical stresses 44l 4SuilSus Glalgay (e.g.,
turbine rotors (bl SIS se in jet engines <&l &S se and  steam
generators sl il g that experience centrifugal stresses 2kl L grca 4y a3

<S4l and high-pressure steam lines basll 4le jlay b gas ), Deformation o i
under <23 such circumstances < s b is termed <= creep <~ 3\, Defined s = as
the time-dependent (-l ~«i=« and permanent deformation 2 » +335 of materials
when subjected x~=33 Laie to a constant load <wU Jes or stress, creep is
normally e an undesirable —s » ¢ phenomenon 32 and is often the
limiting 22s= factor J<\= in the lifetime of a part. It is observed «iss>% o5 in all
materials types 2 sl ¢l5l xas 8 for metals it becomes important only for
temperatures greater <! than about 0.4Tm (Tm = absolute melting temperature).
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