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Figure 1 Schematic representations of
tensile stress—strain behawvior for brittle
and ductile metals loaded to fracture.
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Figure 2 (a) Highly ductile fracture in
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(b) Moderately ductile fracture after some
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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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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=
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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)

Gl mlaw dx13¥ A ol (F) Jsad!
Ayai el Sliall gorudl Jaay Wl @ usdl sglud Aoyl
plane strain fracture (Kio) goud!l JLad ,usdl (k) Bgluds
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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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Design using fracture mechanics : ,uSJ| Kol alasinl ol
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Nondestructive test (NDT) :adMuM &l yLasy g gl
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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

cracks Ggaddl BLAIS| 3 g0 NDT alusin W eal e asly

L saleg Sagadl gbldl 3 Jo Al cwlil Lglhs hus J leaks o, udly

robotic =g 9,0l 4ua5 ae Jlasly Ultrasonic dbgs 358 Silagll ausiug
Y s sl dlgh sl Hiluy of (Say gl
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o Figure .1 Wariation
of stress with time that
accounts for fatigue
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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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Figure 7 Fatigue
failure surface. A crack
formed at the top edge.
The smooth region also
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the crack propagated
slowly. Rapid failure
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texture (the largest area).
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Figure § - Demonstration of the
influence of mean stress o, on S-N
fatigue behavior.
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Figure 10 Schematic S-N fatigue curves
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Rupture

X

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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