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Module 5: Mechanical Properties of Materials

1. Define fracture. Explain types of fracture
Aug./Sept.ZOZO, 18AE34

[TUTROTE R S

Fracture is the separation or fragmentation of a solid body into two or more parts

ander the action of load. Dunng fracturc atomic bonds are broken and new surfaces are
£ formed.

\’PES OF FRACTURE

Fractures arc broadly classified into
‘ (i) Ductilc or Type I fracture

(ii) Brittle or Type Il fracturc

(iii) Shear or Type II fracturc
i) Ductile fracture or Type L fracture

in materials. (10 Marks)

Itis characterised by an appreciable amount of plastic deformation. The fracture proceeds

relatively slowly and the fracture surface is dull in appearance, Ductile fracture is of two types:
(a) Highly ductile fracture.

(b) Moderately ductile fracturc or Cup and Cone Fracture.

(a) Highly ductile fracture : In this the material nccl\s down to a point fracture and yields to
100% reduction in cross scctional arca.

Eg : soft metals like pure gold, lead ctc.,

\

Fig. 1.41: Highly ductile fracture
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(B) CUP AND CONE FRACTURE - STAGES
/
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Fig. 1.42 : Stages of Cup and cone - fracture
Stage (a) - [Initial necking or reduction in cross - sectional arca takes place.
(b) - Small cavities or voids form in the interior of the cross section.

(c) - Asloadis increased these minute cavities join together (co-alesce) to
form an elliptical crack which hasits long axis perpendicular to the direction

of load.

(d) - Thecrack continues to grow ina dircction parallel to its major axis.

(c) - Finally, fracturc results due to rapid propagation of the crack.

The fracture surface has two portions. One is the outer perimeter of the neck where
fracture takes place by shear deformation at an angle of 45° approximately to the tensile load

because this is the angle at which the shear stress is maximum. The other portion is the interiot
vc a shiny surface.

which has an irregular or fibrous appearance while the sheared portion wilt ha

ii) Brittle fractureor Type Il fracture
Like in ductile fracture, herealso small cavitics join together
propagates. But all these stages happen instantly and the material

to form a crack and this crach
failure takes place suddenly

~ . -

Mr. Saviraj A S, Assistant Professor, Department of Aeronautical Engineering, GCEM

Fr
fer
the

e
st

roe



the atomic level, along specific crystallographic planes called cleavage
planes (for example (0001) basal planc in HCP zinc). -

Tendency for brittle fracture is increased with (@) dccr?asu.\g
emperature (b) increasing strain rate or rate of loading (c) tri-axial
stress conditions usually produced by a notch.

R

r . . oA
Fracture surface is granular and almost normal to tl.1c direction of the . v
ensile load. There is successive and repeated breaking of the bondsat
i \ A
L F

Intergranular fracture : In this the crack propagates along

the grain boundaries and fracture occurs.

Fig. 1.43 (a) :
Britile fracture

Intragranular Fracture : In this the fracture crack passes through _
the grains and the fractures surface looks granular. This is also known :
s Transgranular fracture. '
i) Shear Fracture or Type ITI fracture
This type of fracture is found in ductile single crystals. Thisis
p‘mmotcd by shear stresses and occurs as a result of extensive slip on ﬁ

the active slip plane. Fracture surfaces are normally at 45 to the direction

oftensile load and appear shiny owing to extensive slip between surfaces
before fracture.

Note to students : To understand the different types of fracture,
take chalk pieces and try to break it by (i) pulling it apart
(ii) crushing (iii) twisting holding both ends.

Fig. 1.43 (b} : Shear - fracture

2. What is creep? Explain the stages of creep deformation. (10 Marks)
Aug./Sept.2020, 18AE34

CREEP

Description of the Phenomenon

When materials under several service conditions are required to sustain steady loads f
long periods of time, they undergo a time dependent deformation, This is known as creep
canalso be defined as *fhe slow and progressive deformation of a material with time Gt constas
stress . In other words, creep deformation refers to that permanent deformation which oceurs

materials that are exposcd to lower values of stress (< clastic limit) but fora prolonged length g
time.

- THREE STAGES OF CREEP - THROUGH CREEP CURVE

The creep curve is obtained by applying a constant tensile load below the yicld pointto
specimen maintained at constant temperature. The strain or the elongation of the specimen i
then determined as a function of time.

e sle Sl i
Primary Secandary creep Tetiary B
creep I creep ey
‘I 1 ur aat -
€ £ s
Strain at Minimum creep rate
€,

Time,{ ———————>

Fig. 1.53 : Three stages of Crecp Deformation
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_ l;;l'rimary Creep :

B 1 This is the first stage of the creep which represents a region of decr
2 .i:s“n-,gion the rate at which the material deforms decreases with time until
4% Jilue. The crecp rate goes on reducing because as the metal deforms it und
i and offcrs more and more resistance to further elongation. Primary cr
e=period of transient creep. Primary Creep is important for those materix
e r_fbom temperature,

"'(il) Secondary Creep :

: This stage is a period of nearly constant creep rate. The creep
=" 'stiain-hardening ' and ‘recovery’ effects balance each other. The average value of the cree
& rate during socondgry creep is called the minimum creep rate. This is an important part of thp
curve because most of the working components will be in this stat L :

g oun e. Secon  crecp i -
: known as steady state creep. Crecp in this region takes place by the viscous ﬂof:g the ,m::n-a:so

(iii) Tertiary Creep :

This stage is a period of increasing strain rate. Tertiary creep occurs when there i
effective reduction in cross-sectional area due to necking or internal 8
stress at that cross-section increases and consequently
faster rate before the occurrence of fracture.

If the stress is kept constant instead of the load or if true
then the rezulting fracture due to creep would be at ‘B,

€asing creep rate. In
I reaches a constant
CTgOes strain hardening
€€p is predominantly a
Is which undergo creep

r2te is constant because

void formation. So the
the value of strain also increases at a

strain is taken into considcration

3. Define fatigue. Explain the stages of fatigue failure. (10 Marks) Aug./Sept.2020,
18AE34
Fatigue is the phenomenon of structural failure due to repeated cyclic loading, causing

cracks and material damage over time.

Stages of fatigue failure

Let us consider a ductile material which is subjected to simple altemating tensile and
compressive stresses. Failure by fatigue is found to take place in three stages :

(i) Crack nucleation (ii) Crack growth (iii) Fracture

fo b . s

- ey I

e I e

Fig. 1.49 (0) : Crack Nucleation Fig. 1.49 (b) : Crack growth Fig. 149 (c) : Fraciure

i) Crack nucleation : ' :
During the first few cycles of loading, localized changes take p.lacc in the s_tructure i e
various places within the material. These changes lead to the formzftlon of SubmlCTOSC(’Jp - 8
cracks. These cracks are usually formed at the surface of thc. specimen. There are sev £
theories like Orowans theory, Cottrell & Hull theory etc., which explain the mechanism of

crack nucleation.
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ii) Crack growth:
The submicroscopic cracks formed grow as the cycles of loading continuc and beco
microscopic cracks.

iii) Fracture:
When critical size is reached, the crack propagates. The area of cross-secti
supporting the load gets reduced thus increasing the stress value and fracture finally occul

Non-propagating cracks

Cracks which do not propagate and result in fracture are known as, non-propagatin
cracks. In any solid, there will always be a number of cracks. Only such cracks whi
attain the critical size will grow (propagate). According to Griffith’s theory a crack wi
propagate and result in brittle fracture only when there is no net encrgy change in
system with any increase in crack length .

2Ey

We know that o, =
; nC

(2Ey, /x)’
Oy
Where C = half of crack length which results in fracture

or C=

4. Write a note on the following: (i) S-N diagram (ii) Factors affecting fatigue (10
Marks) Aug./Sept.2020, 18AE34

- S-N DIAGRAMS

The S-N curve which gives information on the fatigue behaviour of a material is a plot of

g Cr Of Clcs to fallulc I he \alllc 01 that 15 lotled can be
. stress
0". OM’ o_- I he 5alucs Of lq are usua“y laken along a lOg Scale.

S~ M
v \ Fatigus limit
Stress, § ™ \ alloy

Al
\\

10° 10* 10 10' 10"

No. of cycles to failures, N =,

Fig. 1.52 : 8-N curves of Mild steel and Alioy

MIZIerial Sciep &
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% FACTORS AFFECTING FATIGUE LIFE
Y Effect of stress concentration on fatigue : '
i Stress concentrations are actually responsible for the majority of fatigue failures occuring
ractice. All machine elements contain stress raisers like fillets, key ways, screw threads,
ity etc., Fatigue cracks are nucleated in the region of such geometrical irregularities,

‘The actual effectiveness of stress concentration is measured by the fatigue strength

“It is defined as the ratio of the fatigue strength of a member without any stress
ncentration (G,) to the fatigue strength of the same member with the specified stress
< concentration (c"). o .

:i Tr:‘ KI’ C ;:v

3 ’E}V Fatigue failure by stress concentration can be minimized by reducing the avoidable
S ﬁ‘%ss -raisers through careful design and the prevention of stress raisers by careful machining
© and fabrication.

" 2) Size Effect :

.. Experiments have shown that fati gue strength of large members is lower than that of
| Small specimens. This may be due to two reasons :

i) The larger member will have a larger distribution of weak points than the smaller
one and on an average, fails at a lower stress.

ii) Larger members have larger surface areas. This is important because the imperfections
. that causc fatigue failure are usually at the surface,
3) Surface Roughness

Practically almost al] fatigue cracks nucleate at the surface of the members. Therefore

the conditions of the surface such as surface roughness and surface oxidation or corrosion
are very important,

Experiments have shown that different surface finishes of the same material can

appreciably affect fatigue performance. Smoothly polished specimens have higher fatigue
strengths.,

i

4) Surface Residual Stress —
ich are presen
i d up stresses which ar¢ P! . o
Res; es are nothing but locke . : i calag o Dk
when ji it:s:‘il:c‘:’zr:cs'scd to an external force. Residual stresscs arisc d:; utl:h ok bk .'r :
cold working when the plastic deformation wo::ld not be um;is)?:; ‘(l;:;‘;ﬁding o whetheritwdil
' : ither tensile or compre

Part. Residual stresscs canbe €1 i .

Plastically deformed carlier by tensile or compressive loads respectiv Y

to the externafi®
rs add themselves : z
sses at the surface of the membe  coacks aiid helr fio 3 ;

l‘.'

Those residual stre : .
cyelic stress that is being applied and help in the nuclcation o

Propagation,

5) Effcct of Temperature : e

i femperaturgi g

M Low temperature : Fatigue tests on metals camc.d out at bcI?;croom p L 3

shows that fatigue strength increases with decreasing temperature. ——

o

(i) Hign temperature : In general, fatigue strength of metals decreascs w o ¢
temperaturc above room temperature. :

6) Effect of Environment : o~ . 3
Environment also plays an important role in the fatigue .bch""m“'l:f:;‘:?:};'i: f
fatiguc takes place in a metal which is present in a corrosive cnylronmcl;:.’nc combinatiof/E
the fatigue crack propagates is greatly increased due to the chemical atlac .fal;cue
of corrosion attack and cyclic stresses on a metal is known as corrosion fatiguc.

-
f
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5. With neat sketch, explain R.R Moore rotating beam test with S.N. diagram for
ferrous metals. (10 Marks) July/August 2021, 18AE34

FATIGUE TESTING -BY RR MOORE REVERSED-BENDING MACHINE
Fatigue failures in engincering materials are observed by conducting the fatigue test whlich 3
involves the plotting of an S-N diagram. One such test is the R R Moore reversed-bending
fatigue testing machine. .
Specimens subjected to fatigue testare made to undergo fluctuating or opposite Stresses.

¢ . : i of|
One such test arrangement is shown in the fig. where the speclm.cn is bent wnth.thc hclg -
weights as well as rotated. By this, alternate tensile and compressive stresses are Impose

the various layers of the specimen.

Flexible
coupling

Hi
=] B !

Weight

Fig. 1.51 : RR Moore Fatigue Test

Y
ég counter coupled to the motor counts the number of cycles to failure. The experiment could be

} Feonducted for different loads, and different number of cycles to fractures are noted to draw the
{ :S-Ndiagram.

6. Define fatigue loading with examples. (05 Marks) July/August 2021, 18AE34

Fatigue is the phenomenon of structural failure due to repeated cyclic loading, causing
cracks and material damage over time

L B

TYPES OF FATIGUE LOADING WITH EXAMPLES
i) Completely reversed cycle of stress :

A T Cue

' Tesion| /7 N f ) /‘[\
P di N
Stress

0 ! !
Compression ) 1'

Y ‘ Oua

Fig. 1.46 : Alzernate tensile and compre.tshv stresses

- Cycles —»

g, = Stressamplitude ' ©, = range of stress
Qo ™ maximum stress Om.m = minimumni stress
cﬂiﬁm = 0
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y : A . ite
" ° " Fig 146 illustrates the type of fatigue loading where a member is subjected to OppOSTL

£ y : . : ly in cither
cac matcly with a mean of zero, F mple bending of steel wire continuousiy If
Jcads alte Yy an of zero, For examp & face layers and failure by

dircctions leads to alternate tensile and compressive stresses on its sur

Fig. 1.47 : Various degrees of tension

Fig 1.47 shows the type of fatigue loading where a member is subjected to only tension

bul to various degrees. A spring subjected to repcated tension as in a toy would lead to fatigue
failure. ' ' :

!

lii) Irregular or Random stress cycle :

\
A
+H /\/\/\ /\rf\

Cycles ——

Y Fig.1.48 : Irregular loads

Fig | .4§ shows a type of fatigue loading where a member could be subjected to irregular
loads just as in the case of an aircraft wing subjected to wind loads.
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