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Figure G3a Schemaltic
representations of the
microstructures for an
iron—carbon alloy of eutectoid
compaosition (0.76 wt%. C)
above and below the eutectoid
temperature.



Figure & .2 b Photomicrograph of a
cutectoid steel showing the pearlite
microstructure consisting of alternating
lavers of w-ferrite (the light phase) and
Fe:C {thin lavers most of which appear
dark ).
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Figure 1 Schematic representations of
tensile stress—strain behawvior for brittle
and ductile metals loaded to fracture.

STl G Ldarms e dalelally dgiadll olaall Jlais¥l- sbaY ol (V) JSEdI
- 116 -



tlge Jalge Bue (e dotad Ll D> ,uSl 28Lad of ailydas

Temperature of material 35U 5,|,> 45,3 ®

Stain rate .Jlass¥! Juaa @

Stress state .ol > dl> ©

oilonya a5 S Hlee gl Balall 3

Crack formation . piw 34 (555 A

Propagation in response to an .Lalull sUaW lxiwl ,usdl o905 B

imposed stress

Al S8 5301 505 BT e 1S okt oty el (R,h) sl
oy i Aeleally 340 Banl Spslall ULl pls 0l 55 et
polay 4¥ stable yaius 34l (sSs RN Y G -34dl Jobo 8oL e Lowd
055 Ui LG Lalull sl Slade @ 8ol axms o b ddsb @ 3005 (4
B0 IS & S glaw 3 apiss oS casiS 09l e s clllia
oleleidly

O 09dd Leobiay LB Loy pads olasadl pwsll pusdh A>3
T Ladie 341 gadg 8ratue e Lpe Ly O oSy Boaddl pang i s
Llidl sl Hlade (3 8abs éij_\,i oo el Jolgny

ol adll e fady Lls Gl Sl

Ay Iy s @i;}i oo 45K dalag Bled Siuxy sl yusdl ol
Jory Ol s sl a9y ol usTl § 4l (> @ @A) ged Acyug Aslald)
LBl 0ty Uil e Lew iy Al ol judns

Skl sda ¥ AS1 (65 bl ;S Elusy Lgllall Jlaasy! 48l (sl
Ao Loges

Mokl o cn> G dias 9SS oalall cliliw @lane idl ale! il s
bl (o auly o gutd oilalll Lol dpaind clusl

Ductile Fracture : Ldol| —uSJ)

o 5l oaally Sl spiee § Bes Slise L) ALl Sl gl
die STl dede oo W Bzmpsgd Slagey (e Blee (V) S (gmll (g5
B3yl cpally sl

-117 -



caddl Jie LU bl slell A>3 urgy (@Y JSdN) srusgdll @yl
sl zlslly ilallly (659 (ialally 38,501 8yl Az wie ladl olio)lls
Ol dl s 4l A8l olgdl sdag Aaas tl 3y)=dl cileys wie Soas
-100% sy plasll Bolus 3 it plas Sopomy asi JS4 § sl moas

(16.2b) cue)lly Jiall 52 aylall golaell widl ;ST Legid ASY gl
asill e Jiae 5lade diud yuSI) O o

Figure 2 (a) Highly ductile fracture in
which the specimen necks down to a point.
(b) Moderately ductile fracture after some

necking. (c) Brittle fracture without any

/\ m plastic deformation.
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Figure 3 Stages in the cup-and-cone
l I l fracture. (@) Initial necking. (b) Small
| d cavity formation. (¢) Coalescence of
() (®) (e cavities to form a crack. (d) Crack

propagation. (¢) Final shear fracture at a

| | 45° angle relative to the tensile direction.
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Figure 4 (a) Cup-and-cone fracture inaluminum.
(b) Brittle fracture in a mild steel.
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Figure 5  (a) Scanning electron fractograph showing spherical dimples characteristic of
ductile fracture resulting from uniaxial tensile loads. 3300. (b) Scanning electron

fractograph showing parabolic-shaped dimples characteristic of ductile fracture resulting
from shear loading. 5000
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Figure & (a) Photograph showing V-shaped “chevron™ markings characteristic of brittle
fracture. Arrows indicate origin of crack. Approximately actual size. () Photograph of a
brittle fracture surface showing radial fan-shaped ridges. Arrow indicates origin of crack.
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AT | Figure 7  (a) Schematic cross-
’ Ay ( section profile showing crack

) ST propagation through the interior
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N fracture. (b) Scanning electron
e fractograph of ductile cast iron
M s showing a transgranular fracture
TN surface.
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SEM Micrograph
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Grain boundaries Path of crack propagation
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Figure 8 (@) Schematic cross-
section profile showing crack
propagation along grain

f " boundaries for intergranular
/ ': ' fracture. (f) Scanning electron

: A / fractograph showing an

' intergranular fracture surface.
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Figure1  (a) The geometry of surface and internal cracks. (b) Schematic stress profile
along the line X—X" in (a), demonstrating stress amplification at crack tip positions.
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EXAMPLE PROBLEM

Maximum Flaw Length Computation

A relatively large plate of a glass is subjected to a tensile stress of 40 MPa. If
the specific surface energy and modulus of elasticity for this glass are 0.3 J/m?
and 69 GPa, respectively, determine the maximum length of a surface flaw
that is possible without fracture.

Solution

To solve this problem it is necessary to employ Equation 8.3. Rearrangement
of this expression such that a is the dependent variable, and realizing that
o = 40 MPa, y, = 0.3 J/m*, and E = 69 GPa. leads to

2Ey,
’?TGI‘2
(2)(69 x 10° N/m?)(0.3 N/m)
(40 X 10° N/m?)?
=82 X 107%m = 0.0082 mm = 8.2 um

a=

Fracture toughness : S| (4lio) 39lud
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dimensionless parameter or function juo LS _wd (Jolas) dls Y
ezl ladud dasylat A8LaYL Gadly dall (e S Kby p> e detad
Y A1) s Bl e o 0S5 81 Lok 33 e (635 gt Hival
e 5 ¥ e L ol (2 DSAN § il e iy ol Loyl
b oo L Amsyadl (b2) ISl § il v (@ Y=1.0 plaall s 330 54
YR ded Wbl 3 32 e gormis SleY

- 127 -



Figure 2  Schematic
representations of (a) an
interior crack in a plate of
infinite width and

(b) an edge crack in a plate
of semi-infinite width.
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Figure 3 The

three modes of crack I
surface displacement.
(@) Mode I, opening
or tensile mode; (b)
mode II, sliding

mode; and (¢) mode ,
III, tearing mode.
(a) (b) fc)
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Table 17.1 Room-Temperature Yield Strength and Plane Strain Fracture
Toughness Data for Selected Engineering Materials

Yield Strength Ky,
Material MPa Fesi MPa~'m Ksi i,
Metals

Aluminum alloy® 495 72 24 22
(7075-T651)

Aluminum alloy® 345 50 44 40
(2024-T3)

Titanium alloy® 910 132 55 50
(Ti-6Al1-4V)

Alloy steel” 1640 238 50.0 45.8
(4340 tempered @ 260°C)

Alloy steel” 1420 206 87.4 80.0

(4340 tempered @ 425°C)
Ceramics

Concrete — — 0.2-1.4 0.18-1.27

Soda-lime glass — — 0.7-0.8 0.64—0.73

Aluminum oxide — — 2.7-5.0 2.5-4.6

Polvmers

Polystyrene 25.0—69.0 3.63-10.0 0.7-1.1 0.64—1.0
(PS)

Poly({methyl methacrylate) 53.8-73.1 7.8-10.6 0.7-1.6 0.64-1.5
(PMMA)

Polycarbonate 62.1 9.0 22 2.0
(PC)
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Ultrasonic 4ggall 349 olxsll

Optical microscopy igall <98 9,y

Visual inspection gyadl jazall

Acoustic emission sl &lasY]

Radiography (x-ray/gamma ray) 4ai¥ls ygsaill

Table 17.2 A List of Several Common Nondestructive Testing (NDT) Techniques

Defect Size
Technigue Defect Location  Sensitivity (mm)  Testing Location
Scanning electron Surface >0,001 Laboratory
microscopy (SEM)
Dye penefrant Surface 0025025 Laboratory/in-field
Ultrasonics Subsurface >0.030 Laboratory/in-field
Optical microscopy ~ Surface 0.1-0.5 Laboratory
Visual inspection Surface >(.1 Laboratory/in-field
Acoustic emission Surface/subsurface (.1 Laboratory/in-field
Radiography Subsurface >2% of specimen  Laboratory/in-field
(x-ray/gamma ray) thickness
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Figure 2 Schematic diagram of fatigue-testing apparatus for making rotating-bending tests.
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Figure 5  Fracture
surface of a rotating steel
shaft that experienced
fatigue failure. Beachmark
ridges are visible in the
photograph.
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Figure 6 Transmission
electron fractograph
showing fatigue striations in
aluminum.
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Region of slow
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Figure 7 Fatigue
failure surface. A crack
formed at the top edge.
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the crack propagated
slowly. Rapid failure
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texture (the largest area).

Region of rapid failure

rapid failure ayyudl Jiall ylaa (V) S
- 140 -



Factors that affecting fatigue life : J)MSJ| yoe (Jo 55 (A1 Jalgall
oo ddat Tus elus ewaidl sl IUSTE ol o6 Laslw S5 LS
mean stress lLwgill ol goiun (e Jalgall sda (aey il
surface zlaudl ylasy geometrical design JSCil) guaidl muasaill g level

o=l 2dly metallurgical variables 35U olgs lnaiag effects

.environment

a3l (Say 1 ulol] A8LaYL Jolgall sdn A83LL LuySe o5l 1
Awdidl 4ddl oLoSL fatigue resistance IS daglio (et

mean stress :lawgil| sl >

sda S-N IISI) a3 Jied ale2¥ (Aa) Blas (Je IIS) o slael
Y B0 WUlxd 98 b W 6, coll lawgie sl wdsl oLl
Ao g W 1 OIS ee e yi5s Lay] gl alaY1 (6= 0) 2ugSall
sl e Lo 8 SN I il o0 ks Jiay U1 (18.8) JSal!
Oladid 5ga5 Lol ol 2 goius 8oLy Lasdl LS . aliks O lawsis
I e

Oy > Oy > Tmy

Figure § - Demonstration of the
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Figure 1  Typical creep curve
of strain versus time at constant
load and constant elevated
temperature. The minimum creep
rate Ae/At is the slope of the
linear segment in the secondary
region. Rupture lifetime 7, is the
total time to rupture.
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‘ DESIGN EXAMPLE

Rupture Lifetime Prediction

Using the Larson-Miller data for the S-590 alloy shown in Figure 19.5 predict
the time to rupture for a component that is subjected to a stress of 140 MPa
(20,000 psi) at 800°C (1073 K).

Solution

From Figure 19.5 at ~I4l) MPa (20.000 psi) the value of the Larson-Miller
parameter is 24.0 X 107, for T in K and ¢, in h: therefore,

240X 10°=T(20 + log 1)
= 1073(20 + log 1,)

and, solving for the time,

2237=20 + log 1,
t, =233 h (9.7 days)
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