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Failure 1 
Stress Concentration & Crack Propagation 
Introductory Fracture Mechanics



Study Guide
Understand the three descriptions we presented in class for describing brittle fracture.

Understand the convention for describing the length of an internal vs external flaw.

What material properties are needed for each approach?
Hint: this is the trick for determining which approach is needed for a given problem.

What is meant by a critical value?

Be able to solve for various critical values (e.g. length, stress, flaw sharpness, etc.).

What is the difference between fracture toughness and toughness?

Understand the general trend for values of fracture toughness across material type.
Examples: Ductile metals vs brittle ceramics vs brittle polymers.



Important Factors that Influence Mechanical Behavior
Material Properties

Crystallinity (Single-Crystal, Textured Polycrystal, Random Polycrystal, Amorphous)
Grain Size
Phase Identity(ies) & Morphology (Arrangement / Geometry of Phases)
Defect Type(s) And Concentration(s)

These contribute to inherent material strength (e.g. strength measured as a stress).

Object Properties
Comprising Material(s) And Their Assembly Details (e.g. bolted, welded, adhered, etc.).
Overall Part Dimensions & Geometry 
Surface Quality & Finish, Fill Density, (e.g. Stress Concentrators)

These contribute to the strength of a specific part (e.g. strength measured in force).

Service Conditions (These affect inherent material behavior as well).
Loading Conditions

Tensile, Compressive, Shear, Torsion, Bending, Mixed
Time Dependence

Static Load
Varying Load
Cyclic Load (Fatigue)
Creep (A high-temperature strain phenomenon).

  Temperature
Radiation
EM Fields
Chemical Contact (Acidity, Alkalinity)
…



Stress Concentration (Magnified Stress)



Stress Concentration (Magnified Stress)

σo = F/A



Stress Concentration (Magnified Stress)
To be conserved, force must concentrate near the flaw interface. 
Increased force per area means increased stress near the flaw.



σo = F/A

σm = F’/A
F’ > F

Note: the overall applied force has
not changed, but rather force is 
more concentrated per unit area 
near flaw surfaces. 

Therefore the stress is higher
near flaw surfaces.

Stress Concentration (Magnified Stress)
To be conserved, force must concentrate near the flaw interface. 
Increased force per area means increased stress near the flaw.



σo = F/A

σm = F’/A
F’ > F

Note: the overall applied force has
not changed, but rather force is 
more concentrated per unit area 
near flaw surfaces. 

Therefore the stress is higher
near flaw surfaces.

Stress Concentration (Magnified Stress)
To be conserved, force must concentrate near the flaw interface. 
Increased force per area means increased stress near the flaw.



Stress Concentration (Magnified Stress)
Force lines must reroute around voids, thus concentrating them. 
We call this effect stress concentration / stress magnification.

Low Stress = Blue

High Stress = Red

The stress / strain surrounding 
the crack tip is relieved as the 
crack propagates. 

A critical amount of stress 
must build before the cost 
associated with generating 
new surfaces is exceeded.



Stress Concentration (Magnified Stress)
Small and sharp flaws amplify / concentrate stress, and are often modeled as an  
ellipse that has a tip-to-tip length (2a) and a tip radius of curvature ( ρ ).
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Thus, by convention, surface flaws 
are assumed to be half an ellipse, 
and thus have a length of a.

Thus a is always half the length 
of a full ellipse (half of 2a).

In this model, 2a is always the 
length of a full ellipse



Stress Concentration (Magnified Stress)
Small and sharp flaws amplify / concentrate stress, and are often modeled as an  
ellipse that has a tip-to-tip length (2a) and a tip radius of curvature ( ρ ).
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are assumed to be half an ellipse, 
and thus have a length of a.

Thus a is always half the length 
of a full ellipse (half of 2a).

In this model, 2a is always the 
length of a full ellipse



Stress Concentration (Magnified Stress)
Small and sharp flaws amplify / concentrate stress, and are often modeled as an  
ellipse that has a tip-to-tip length (2a) and a tip radius of curvature ( ρ ).
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Thus, by convention, surface flaws 
are assumed to be half an ellipse, 
and thus have a length of a.

Thus a is always half the length 
of a full ellipse (half of 2a).

In this model, 2a is always the 
length of a full ellipse



Stress Concentration
Example 

A part, made of a brittle material, features an external crack with a length 
of 1 mm and crack tip radius of 1 μm.  

What is the stress at the crack tip if a tensile stress of 1 MPa is applied 
to the part ? 

a = 1 mm



Stress Concentration
Example 

A part, made of a brittle material, features an external crack with a length 
of 1 mm and crack tip radius of 1 μm.  
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Stress Concentration
Example 

A part, made of a brittle material, features an external crack with a length 
of 1 mm and crack tip radius of 1 μm.  

What is the stress at the crack tip if a tensile stress of 1 MPa is applied 
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What is the stress concentration factor for this crack under these 
loading conditions ?
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Stress Concentration
Example 

A part, made of a brittle material, features an external crack with a length 
of 1 mm and crack tip radius of 1 μm.  

What is the stress at the crack tip if a tensile stress of 1 MPa is applied 
to the part ? 

What is the stress concentration factor for this crack under these 
loading conditions ?
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Stress Concentration
Example 

A part, made of a brittle material, features an internal crack with a length 
of 1 mm and crack tip radius of 1 μm.  

What is the stress at the crack tip if a tensile stress of 1 MPa is applied 
to the part ? 

What is the stress concentration factor for this crack under these 
loading conditions ?

σ m = 2σ o
a
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Griffith Flaw Theory
If a material has no way of blunting (flattening / broadening) a crack tip via  
plastic deformation of nearby material as it propagates: 

ρt    remains constant (crack remains sharp).



Griffith Flaw Theory
If a material has no way of blunting (flattening / broadening) a crack tip via  
plastic deformation of nearby material as it propagates: 

ρt    remains constant (crack remains sharp).

The applied stress remains magnified at the crack tip: σ m = 2σ o
a
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Griffith Flaw Theory
If a material has no way of blunting (flattening / broadening) a crack tip via  
plastic deformation of nearby material as it propagates: 

ρt    remains constant (crack remains sharp).

The applied stress remains magnified at the crack tip:

The crack propagates (lengthens) and therefore  a  increases.
The magnified stress continues to increase (a runaway process).

Eventually, the material fails catastrophically.
In practice, there will be little (if any) time to reduce the applied stress before fracture.
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Brittle Failure Is Statistical In Nature
A brittle specimen will feature a distribution of flaw geometries and flaw orientations, and 
each will experience its own stress magnification based on local conditions.  
Here are a few possibilities:

Flawless  
(Idealization)

Large Flaws 
Random Orientations

Small Flaws 
Aligned Orientations



Brittle Failure Is Statistical In Nature
The flaw that experiences a critical magnified stress will induce failure. 

Long and sharp flaws are candidates, but there is a dependence on flaw orientation 
and the type of stress.

A flaw whose major axis is aligned with an applied
tensile stress will tend to be inactive and possibly
“healed” while the stress is applied. 

Consider these same-sized flaws under tension:

A flaw whose major axis is normal to an applied
tensile stress is likely to grow (propagate).



Brittle Failure Is Statistical In Nature
The flaw that experiences a critical magnified stress will induce failure. 

Long and sharp flaws are candidates, but there is a dependence on flaw orientation 
and the type of stress.

A flaw whose major axis is normal to an applied
compressive stress will tend to be inactive and 
possibly “healed” while the stress is applied. 

A flaw whose major axis is parallel to an applied
compressive stress is likely to grow (propagate).

Consider these same-sized flaws under tension:



Griffith Flaw Theory
Small and sharp flaws amplify / concentrate stress, 
and are often modeled as an ellipse: 

 ρ - Crack tip radius 

a - Half of the major axis of the elliptical flaw 
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Key Point:
Although the macroscopic / applied stress, σo ,may be low, stress is magnified at 
the tip of small / sharp cracks, and this magnified stress, σm , can be very high.



Two Extreme Cases (intermediate cases exist):

(1) Pre-existing flaw, 
increasing stress

a a

σ2<σcσ1<σc σ3>σc
Beyond a critical stress for the specific flaw 
size, crack growth is spontaneous if the 
stress does not decrease.



Two Extreme Cases (intermediate cases exist):

(1) Pre-existing flaw, 
increasing stress

a a

a>aca<aca<ac

Someone / something is 
increasing the flaw size

Beyond a critical flaw size for the specific 
applied stress, crack growth is spontaneous 
if the stress does not decrease.

σ2<σc σ3>σcσ1<σc

σ σ σ

Beyond a critical stress for the specific flaw 
size, crack growth is spontaneous if the 
stress does not decrease.

(2) Constant stress,
      increasing flaw size



Griffith Flaw Theory
If a material has no way of blunting (flattening / broadening) a crack tip via  
plastic deformation of nearby material as it propagates: 

ρt    remains constant (crack remains sharp).

The applied stress remains magnified at the crack tip:

The crack propagates (lengthens) and therefore  a  increases.
The magnified stress continues to increase (a runaway process).

Eventually, the material fails catastrophically.
In practice, there will be little (if any) time to reduce the applied stress before fracture.
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Circular 

 TITLE 14 OF THE CODE OF FEDERAL REGULATIONS (14 CFR) GUIDANCE MATERIAL 
Subject: ACCEPTABLE METHODS, Date: 9/8/98 AC No: 43.13-1B 
TECHNIQUES, AND PRACTICES⎯⎯⎯⎯AIRCRAFT Initiated by: AFS-640 Change: 1 
INSPECTION AND REPAIR 

1.  PURPOSE.  This advisory circular (AC) contains methods, techniques, and practices acceptable to the 
Administrator for the inspection and repair of nonpressurized areas of civil aircraft, only when there are no 
manufacturer repair or maintenance instructions. This data generally pertains to minor repairs. The repairs 
identified in this AC may only be used as a basis for FAA approval for major repairs. The repair data may 
also be used as approved data, and the AC chapter, page, and paragraph listed in block 8 of FAA form 337 
when: 

a.  the user has determined that it is appropriate to the product being repaired; 

b.  it is directly applicable to the repair being made; and 

c.  it is not contrary to manufacturer’s data. 

2. CANCELLATION.  The AC 43.13-1A dated 1988 is canceled. 

3. REFERENCE:  Title 14 of the Code of Federal Regulations part 43, section 43.13(a) states that each 
person performing maintenance, alteration, or preventive maintenance on an aircraft, engine, propeller, or 
appliance shall use the methods, techniques, and practices prescribed in the current manufacturer’s maintenance 
manual or Instructions for Continued Airworthiness prepared by its manufacturer, or other methods, techniques, 
or practices acceptable to the Administrator, except as noted in section 43.16. FAA inspectors are prepared to 
answer questions that may arise in this regard. Persons engaged in the inspection and repair of civil aircraft 
should be familiar with 14 CFR part 43, Maintenance, Preventive Maintenance, Rebuilding, and Alteration, and 
part 65, Subparts A, D, and E of Certification:  Airmen Other Than Flight Crewmembers, and the applicable 
airworthiness requirements under which the aircraft was type certificated. 

4. ACKNOWLEDGMENTS.  The FAA would like to thank the following persons and organization for their 
assistance in producing AC 43.13-1B: Richard Finch, Richard Fischer, Michael Grimes, Ray Stits, William A. 
Watkins, and the SAE, Aerospace Electronics and Electrical Systems Division. Acknowledgment is also 
extended to all in the aviation community who commented on the document. 

5. COMMENTS INVITED.  Comments regarding this AC should be directed to DOT/FAA; 
ATTN: Airworthiness Programs Branch, AFS-610; PO Box 25082; Oklahoma City, OK 73125 

Acting Deputy Director, Flight Standards Service 

FAA Repair Guidelines
Varies by material / component on an aircraft, type of aircraft, etc. 

Sometimes a “drill-stop” (stress-relief hole) is allowed (often temporarily).
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4-59. REPAIRING CRACKED MEM-
BERS. Acceptable methods of repairing vari-
ous types of cracks in structural elements are 
shown in figures 4-21 through 4-24.  The fol-
lowing general procedures apply in repairing 
such defects. 

a. Drill small holes 3/32 inch (or 
1/8 inch) at the extreme ends of the cracks to 
minimize the possibility of their spreading 
further. 

b. Add reinforcement to carry the 
stresses across the damaged portion and to 
stiffen the joints. (See figures 4-14 through 
4-17.) The condition causing cracks to de-
velop at a particular point is stress concentra-
tion at that point in conjunction with repetition 
of stress, such as produced by vibration of the 
structure. The stress concentration may be due 
to the design or to defects such as nicks, 
scratches, tool marks, and initial stresses or 
cracks from forming or heat-treating opera-
tions. It should be noted, that an increase in 
sheet thickness alone is usually beneficial but 
does not necessarily remedy the conditions 
leading to cracking. 

4-60. STEEL AND ALUMINUM FIT-
TINGS. 

a. Steel Fittings.  Inspect for the follow-
ing defects. 

(1) Fittings are to be free from 
scratches, vise and nibbler marks, and sharp 
bends or edges.  A careful examination of the 
fitting with a medium power (at least 
10 power) magnifying glass is acceptable as an 
inspection. 

(2) When repairing aircraft after an ac-
cident or in the course of a major overhaul, in-
spect all highly-stressed main fittings, as set 
forth in the manufacturer’s instruction manual. 

(3) Replace torn, kinked, or cracked fit-
tings. 

(4) Elongated or worn bolt holes in fit-
tings, which were designed without bushings, 
are not to be reamed oversize.  Replace such 
fittings, unless the method of repair is ap-
proved by the FAA.  Do not fill holes with 
welding rod.  Acceptable methods of repairing 
elongated or worn bolt holes in landing gear, 
stabilizer, interplane, or cabane-strut ends are 
shown in figure 4-25. 

b. Aluminum and Aluminum Alloy Fit-
tings. 

(1) Replace damaged fittings with new 
parts that have the same material specifica-
tions. 

(2) Repairs may be made in accordance 
with data furnished by the aircraft manufac-
turer, or data substantiating the method of re-
pair may be submitted to the FAA for ap-
proval. 

4-61. CASTINGS. Damaged castings are to 
be replaced and not repaired unless the method 
of repair is specifically approved by the air-
craft manufacturer or substantiating data for 
the repair has been reviewed by the FAA for 
approval. 

4-62. SELECTIVE PLATING IN AIR-
CRAFT MAINTENANCE. Selective plating 
is a method of depositing metal from an elec-
trolyte to the selected area.  The electrolyte is 
held in an absorbent material attached to an in-
ert anode.  Plating contact is made by brushing 
or swabbing the part (cathode) with the elec-
trolyte-bearing anode. 

a. Selective Plating Uses. This process 
can be utilized for any of the following rea-
sons. 
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FAA Repair Guidelines
Varies by material / component on an aircraft, type of aircraft, etc. 

Sometimes a “drill-stop” (stress-relief hole) is allowed (often temporarily).
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FIGURE 4-22. Typical methods of replacing cracked members at fittings. 
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Fracture Mechanics
3 Similar Mathematical Descriptions: 

(1) An equation that relates the theoretical strength
     of a material to the magnified stress at a flaw. 

When the magnified stress exceeds the theoretical 
strength, the flaw will grow and catastrophic failure 
will occur. 

Generally, we are interested in calculating either the applied stress to cause failure, 
or calculating one of the flaw geometry parameters. 

The quantity we are considering as variable is termed critical  when it reaches 
a value that causes failure. So we are generally are interested in critical stresses σc  

and critical flaw sizes, ac   … where the other non-critical value stays constant.
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Fracture Mechanics
3 Similar Mathematical Descriptions: 

(1) An equation that relates the theoretical strength
     of a material to the magnified stress at a flaw. 

Example:  
Calculate the length of an internal flaw, featuring a 5 nm  
tip radius, that fails within a glass plate when a tensile stress of 
400 MPa is applied to the plate. Assume major axis of the 
flaw is normal to the tensile stress. The glass has a theoretical 
strength of 4 GPa. 

 ρ  

400 MPa

5 nm 
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Fracture Mechanics
3 Similar Mathematical Descriptions: 

(1) An equation that relates the theoretical strength
     of a material to the magnified stress at a flaw. 

Example:  
Calculate the length of an internal flaw, featuring a 5 nm  
tip radius, that fails within a glass plate when a tensile stress of 
400 MPa is applied to the plate. Assume major axis of the 
flaw is normal to the tensile stress. The glass has a theoretical 
strength of 4 GPa. 

 ρ  

400 MPa

5 nm 

2ac

σ∘
σm = σth = 2σ∘ ( a

ρ )
1/2

Failure is expected when the magnified
stress equals the theoretical strength.
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3 Similar Mathematical Descriptions: 

(1) An equation that relates the theoretical strength
     of a material to the magnified stress at a flaw. 

Example:  
Calculate the length of an internal flaw, featuring a 5 nm  
tip radius, that fails within a glass plate when a tensile stress of 
400 MPa is applied to the plate. Assume major axis of the 
flaw is normal to the tensile stress. The glass has a theoretical 
strength of 4 GPa. 

The critical internal crack length for this
 applied stress is therefore 2a = 0.250 μm

 ρ  

400 MPa

5 nm 

2ac

σ∘

0.250 μm

σm = σth = 2σ∘ ( a
ρ )

1/2

σth

2σ∘
= ( a

ρ )
1/2

ac = ρ ( σth

2σo )
2

= 5 nm ( 4 × 109 Pa
2(400 × 106 Pa) )

2

= 125 nm = 0.125 μm

Failure is expected when the magnified
stress equals the theoretical strength.

2ac = 0.250 μm



Fracture Mechanics
3 Similar Mathematical Descriptions: 

(2) An equation that relates the critical stress
     for crack propagation to the “energy cost” 
     associated with creating exposed surfaces
     during crack growth: 

E - Elastic Modulus (Young’s modulus) 

γs - Surface Energy = energy required to form free (unbonded) surfaces 

a - Half of the major axis of the elliptical flaw

σ∘

σ∘

2a
a

σc = ( 2Eγs

πa )
1/2
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(2) An equation that relates the critical stress
     for crack propagation to the “energy cost” 
     associated with creating exposed surfaces
     during crack growth: 

E - Elastic Modulus (Young’s modulus) 

γs - Surface Energy = energy required to form free (unbonded) surfaces 

a - Half of the major axis of the elliptical flaw

σ∘

σ∘

2a
a

ac = ( 2Eγs

π )
σ2

Note: the critical value is 
the “unknown” quantity that 
we are solving for, based on 
the other known constraints.
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3 Similar Mathematical Descriptions: 

(2) An equation that relates the stress required
     for crack propagation to the “energy cost” 
     associated with creating exposed surfaces
     during crack growth: 

Example:  
Calculate the critical stress for a soda-lime glass 
plate featuring a surface flaw with a length of 8.2 micron. 
For this glass, the specific surface energy is 0.3 J/m2 (N/m) 
and the elastic modulus is 69 GPa.

8.2 μm

E = 69 GPa

γS = 0.3 J/m2

a

? MPa

σc
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     during crack growth: 
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and the elastic modulus is 69 GPa.
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(2) An equation that relates the stress required
     for crack propagation to the “energy cost” 
     associated with creating exposed surfaces
     during crack growth: 

Example:  
Calculate the critical stress for a soda-lime glass 
plate featuring a surface flaw with a length of 8.2 micron. 
For this glass, the specific surface energy is 0.3 J/m2 (N/m) 
and the elastic modulus is 69 GPa.

σ c =
2Eγ S

πa
⎛
⎝⎜

⎞
⎠⎟

1
2

σ c =
2Eγ S

πa
⎛
⎝⎜

⎞
⎠⎟

1
2
= 2(69 ×109N/m2 )(0.3N/m)

π (8.2 ×10−6 m)
⎛
⎝⎜

⎞
⎠⎟

1
2
= 40 ×106 N/m2 = 40 MPa

Remember, a surface (external) flaw is considered to be half 
an ellipse. Therefore its length is just a .

8.2 μm

E = 69 GPa

γS = 0.3 J/m2

a

σc



z

KIC - Plane Strain (Mode I) Fracture Toughness 
        Constant for a given material at a certain temperature 

a - Half of the major axis of the elliptical flaw 

Y - A parameter describing the specimen geometry (given or solvable)

2a
a

σ

Fracture Mechanics
3 Similar Mathematical Descriptions: 

(3) An equation that relates the critical stress
     for crack propagation and the size of a flaw 
     to a material property that describes resistance
     to brittle failure:

σc = KIC

Y πa



Plane Strain Fracture Toughness, KIC

Several different testing techniques are used to measure KIc.3 Virtually any spec-
imen size and shape consistent with mode I crack displacement may be utilized,
and accurate values will be realized provided that the Y scale parameter in Equa-
tion 8.5 has been properly determined.

Design Using Fracture Mechanics
According to Equations 8.4 and 8.5, three variables must be considered relative to
the possibility for fracture of some structural component—namely, the fracture
toughness (Kc) or plane strain fracture toughness (KIc), the imposed stress (!), and
the flaw size (a)—assuming, of course, that Y has been determined. When design-
ing a component, it is first important to decide which of these variables are con-
strained by the application and which are subject to design control. For example,
material selection (and hence Kc or KIc) is often dictated by factors such as density
(for lightweight applications) or the corrosion characteristics of the environment.
Or, the allowable flaw size is either measured or specified by the limitations of avail-
able flaw detection techniques. It is important to realize, however, that once any
combination of two of the preceding parameters is prescribed, the third becomes
fixed (Equations 8.4 and 8.5). For example, assume that KIc and the magnitude of
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Table 8.1 Room-Temperature Yield Strength and Plane Strain Fracture 
Toughness Data for Selected Engineering Materials

Yield Strength KIc

Material MPa ksi MPa ksi .

Metals
Aluminum alloya 495 72 24 22

(7075-T651)
Aluminum alloya 345 50 44 40

(2024-T3)
Titanium alloya 910 132 55 50

(Ti-6Al-4V)
Alloy steela 1640 238 50.0 45.8

(4340 tempered @ 260!C)
Alloy steela 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

Polymers
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 2.2 2.0

(PC)
a Source: Reprinted with permission, Advanced Materials and Processes, ASM Interna-
tional, © 1990.

1in1m

3 See, for example, ASTM Standard E 399, “Standard Test Method for Linear-Elastic
Plane-Strain Fracture Toughness KIc of Metallic Materials.”
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Fracture Toughness vs Toughness
Fracture toughness is a numerical value. 
Toughness is a feature of the stress strain curve (area under the curve up to failure). 
They are correlated quantities, but not equivalent quantities.

Strong and Ductile = Tough
Notice that significant toughness requires 
strength AND ductility (height AND width). 

Most metals & alloys

Very Strong but Brittle  = Not very tough
Ceramics, some composites  
Ionic and covalent Systems 
Some intermetallic compounds 
Thermosetting polymers

Very Ductile but Weak = Not very tough
Thermoplastic Polymers

High toughness / fracture toughness  
requires having moderate strength 
and moderate ductility. 

Strength and ductility are competing 
traits of mechanical response, so we 
don’t observe extremely strong and  
tough materials nor do we observe 
extremely ductile and tough materials.



Plane Strain Fracture Toughness, KIC 

For thick samples where a << w and the load is purely tensile (mode I). 

Under these conditions, the general 
fracture toughness, KC,  becomes the 
plane strain fracture toughness: KIC 

Values of KIC,  are tabulated for 
various materials.

w

2a

Displacement of 
crack surfaces

Displacement of 
crack surfaces

Mode I Mode IIIMode II

Goofy duck’s analog

Courtney, F9.8

I II III



Fracture Mechanics
3 Similar Mathematical Descriptions: 

(3) An equation that relates the stress required
     for crack propagation and the size of a flaw 
     to a material property that describes resistance
     to brittle failure:

Example: Determine the critical stress for a concrete 
slab with a known internal crack of length of 2.0 inch.  
The plane-strain fracture toughness of concrete is  
1.0 ksi-in0.5.  Assume a geometric factor, Y,  of 1.0

2a 
2 in

KIC = 1.0 ksi-in0.5

Y = 1.0

σc
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(3) An equation that relates the stress required
     for crack propagation and the size of a flaw 
     to a material property that describes resistance
     to brittle failure:

Example: Determine the critical stress for a concrete 
slab with a known internal crack of length of 2.0 inch.  
The plane-strain fracture toughness of concrete is  
1.0 ksi-in0.5.  Assume a geometric factor, Y,  of 1.0 

σ c =
KIC

Y πa

Remember, the fracture toughness is a material property 
that we are given, can look up in a table, or we are perhaps 
calculating it from a well-controlled experiment.
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(3) An equation that relates the stress required
     for crack propagation and the size of a flaw 
     to a material property that describes resistance
     to brittle failure:

Example: Determine the critical stress for a concrete 
slab with a known internal crack of length of 2.0 inch.  
The plane-strain fracture toughness of concrete is  
1.0 ksi-in0.5.  Assume a geometric factor, Y,  of 1.0 

σ c =
KIC

Y πa

σ c =
1 ksi-in1/2

(1) π (1 in)
= 0.564 ksi = 564 psi

σc

2a 
2 in

KIC = 1.0 ksi-in0.5

Y = 1.0

Remember, the fracture toughness is a material property 
that we are given, can look up in a table, or we are perhaps 
calculating it from a well-controlled experiment.


