CHAPTER 8&:
MECHANICAL FAILURE
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DUCTILE VS BRITTLE FAILURE

IS the separation of a body into two or more piece:
IN response to an imposed static stress at temperatures that are |
than material melting point.

Two limiting fracturemodesare possible for engineering materials:
and

Absolute brittle fracture:
without any plastic deformation

Highly ductile fracturl?r
neck down to a point




EX: FAILURE OF A PIPE

ADuctile failure:
--0ne piece
--large deformation

A Brittle

--many pieces
--small deformation




MODERATELY DUCTILE FAILURE

A Ev ol wpandaonefatture to failure:
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necking and linkage  at surface
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BRITTLE FAILURE

A

5 4mm" ‘ ’\I
Brittle fracture in a mild steel Inter granular fracture petweergrains)

V-shaped Achevrono mafkingé‘
Characteristic of brittle fracture 160mm __,
Intra granular fracture (vithin grains)
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IDEAL VS REAL MATERIALS

A DaVinci (500 yrs a obser

thelonger the wire, thesmaller the

load to fail it.
. e AReasons:
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FLAWS ARE STRESS CONCENTRATORS!

A Schematic of surface and internal crackd Stress distribution in front of a crack
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A Stress conckmt®mat/Pg n - dtress amplification!

Large K promotes failure:

NOT‘I‘ A A A Plastic deformatlorls_(n>sy)
SO O K¢=3 BAD! <> K{>>3 leads to more uniform
stress distribution!!
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STRESS CONCENTRATORS:
Macroscopic Level

Altis important to remember that stress amplification n
only occurs on a microscopic level (e.g. small flaws or
cracks,) but can also occur on the macroscopic level ir
case of sharp corners, holes, fillets, and notches.

.1 AThe figure depicts the theoretical stress concentration
factor curves for several simple and common material
T T T T T ) geometries.
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1: FRACTURE TOUGHNESS

A Thus it is possible to show that critical stress for crack propagation is:

Stress intensityfayr. S /pa: E N Material properties

~  only!l

A |l S a property that 1 s a
resistance for brittle fracture when cracks are present. This property can be

defined by parameter Khat relates the critical stress for crack propagation

and geometry of the crack: _ _ _
where Yi a dimensionless parameter th:

depends on both crack and specimen si
= Y < ./ pa and geometries (is tabulated for differen

£ s crackspecimen geometries), as well as
type of load application

K. = [Pa -nd/Z!




GEOMETRY, LOAD, & MATERIAL

A Condition for crack propa
Fracture Toughness:

Stress Intensity Factor=" KO ¢ K\ --Depends on the material,
--Depends on load & temperature, environment, &
geometry. rate of loading.

A Values ofK for some standard AWhen sample thickness>>crack dimensi
loads & geometries plane-Strain conditions OCcCur; that
S independent of thickness
Aopr 4 Sy

— ch :YSC\/E’

Plane strain fracture toughness

B
K =s+/pa K=1.1sVpa



Mechanisms of Crack Propagation:
ductile tearing

o Flow stress for
i work-hardened | “tocal S =S +S ( a )l/ 2
material at — m
% \V crack tip o, - C2r
I N T
R — | I
e g —y | |
. I f‘;’) | |
| » | |
| — ' | |
| | : : \
| I'| Voids link | | \\\,
| |- Plastic zone } 'Uﬁ_'” " O [— | |
| /1 | /| plastic zone | |
. . -~ . | |
8 el v
. - p ¢+ ¢ | |
— i ¥ |
! |

The plastic flow at the crack tip naturally
turns the initially sharp crack intoldunt crack
Crack blunting decreasss, so that crack tip
itself can keep on plastically deforming.
Thus ductile tearing consume$oaof energy
by plastic flow This is why ductile materials
are saough.




Mechanisms of Crack Propagation:
cleavage

Blunting of the sharp crack does not occur/
o (Ideal strength The local stress at the crack tip is large eno
see Chapter 9) . :
to break apart the interatomic bond4
The crack spreads between a pair of atomic
[ ’ planes leading to the formation of flat surfac
S s by cleavage
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| Atoms peel apart
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RACTUR
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MPERATUR
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FRACTURE TOUGHNESS

PVC

Metals/ Graph}te/ Composites/
Ceramics/  Polymers
Alloys g fibers
Semicond
100 —
—aa iC-C (|| fibers) |
TJO — [Steels
28 : Ti alloys
40 —
Al alloys
— 30 — Mgalloys
‘1 20—
o AV/Al oxide(sf) 2
E Y203/Z10 5(p)*
10 —1 . C/C (Lfibers) !
. = ALoxid/SiC(w) 3
< 7 ] Diamond ® Sinitr/SiC(w) ™ 2 |
i | . . Al oxid/ZrO 7(p)
Q—i g i | L\Sll ca;r(ll)lde iI PET Glass/SiC(w) ©
oxide
2 4 — Si nitride
) IPP
3 \

[\
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V- N

<100>

Lfystel
Glass -soda

Concrete

*PC

Jrs

* Polyester

*Glass ©

Based on data in Table B5,
Callister 6e.

Composite reinforcement geometry is: f
= fibers; sf = short fibers; w = whiskers;
p = particles. Addition data as noted

(vol. fraction of reinforcement):

1. (55vol%) ASM Handbook, Vol. 21, ASM Int.,
Materials Park, OH (2001) p. 606.

2. (55 vol%) Courtesy J. Cornie, MMC, Inc.,
Waltham, MA.

3. (30 vol%) P.F. Becher et al., Fracture
Mechanics of Ceramics, Vol. 7, Plenum Press
(1986). pp. 61-73.

4. Courtesy CoorsTek, Golden, CO.

5. (30 vol%) S.T. Buljan et al., "Development of
Ceramic Matrix Composites for Application in
Technology for Advanced Engines Program®,
ORNL/Sub/85-22011/2, ORNL, 1992.

6. (20vol%) F.D. Gace et al., Ceram. Eng. Sci.
Proc., Vol. 7 (1986) pp. 978-82.



2 :Fatigue Failure

K=K, Is a critical condition under which crack propagates catastrophically by fast fractu

BUT in somespecial casesracks can form and slowly grow at even lower loads
This cases are: (a) cycled stréswocess of slow cracks greWatigue
(o) chemically active environment surrounding the structwarosion

If structure is subjected t@peated stress cyctkan owing to fatigue
it may fail at stresses well belay and even below,

T

Fatigue of uncracked components Fatigue of cracked structures

No cracks pre-exist; initiation-controlled Cracks pre-exist; propagation controlled
fracture. Examples: almost any smaill fracture. Examples: almost any large structure,
components like gudgeon pins, ball races, particularly those containing welds: bridges,
gear teeth, axles, crank shafts, drive shafts. ships, pressure vessels.

| —/—/—

Low cycle fatigue

Fatigue

High cycle fatigue

Fatigue at stresses below general yield; =104
cycles to fracture. Examples: all rotating or
vibrating systems like wheels, axles, engine
components.

Fatigue at stresses above general yield; =10*
cycles to fracture. Examples: core components
of nuclear reactors, air-frames, turbine
components, any component subject to
occasional overloads.




FATIGUE

AFatigue: failure under cyclic stress (bridges, aircraft etc).

A Stress varies wi

Omax '\ - key parameters are Syean D S
Gm - ‘Q- = 1a S + S .

S — max min
sa A tlme mean 2
_ Smax~ S
AKey points: DS mean™ 2

- Fatigue can cause part failure, even '[hOEB]rg{i< S, I.e. at lower strength than

for a static conditions; .
- Fatigue causes ~ 90% of mechanical englneerlng fallures

Bearing housing

Load Load

min

Flexible coupling Fatlguetegting apparatus
1 on rotatingbending test:
main parameterS and
number of cycles (N)

Counter

Specimen

High-speed —




Fatigue of UnCracked Component:
high cycle fatigue

Neithers ., nor s . /are above yield stress.

Empirical formula:
D Na=C,

Basqui no




