
Lecture 3

Fracture Toughness Testing 
Requirements



Fracture toughness

1.  Resistance to crack extension under monotonic 
loading

2.  Measured for LEFM by KIc

3. KIc test is ASTM E 399

4.  Usual measurement is KIc versus temperature





Summary of an ASTM Standard 
Test Method

1. ASTM Standards have a set outline that 
the standard writers follow

2. It is difficult for a person to read and 
follow this outline when conducting a test

3. All standards for fracture testing have 
identical features that are as follows:



Test Method Summary; features

a. Specimen, preparation and precracking

b. Test fixtures and instrumentation

c. Test procedure

d. Test result evaluation

e. Validity checks

f. Reporting



ASTM Background

1. ASTM founded in 1898

2. By 2007 there were 80 volumes with 12,000 + 
standards

3. Standard writing – task group (or working group)

4. Consensus balloting – Subcommittee, Main committee 
and society review: one negative stops the standard

5. Website:  www.astm.org



Fracture testing

• Goal – Test a laboratory specimen and 
relate its behavior to a structural 
component

• Result of a fracture test is called fracture 
toughness

• For linear-elastic behavior the result is 
characterized in terms of K



Fracture Testing: 
components of a test

1. Choose a specimen

2. Introduce a crack into the specimen

3. Get test machine and instrumentation

4. Test to failure; get failure data

5. Relate failure data to a critical K

6. Repeat test for a range of temperatures





Latest KIc Standard

•
ASTM E399 - 09 Standard Test Method 
for Linear-Elastic Plane-Strain Fracture 
Toughness K Ic of Metallic Materials





ASTM Test Specimen

1. Standard
• Compact – C(T)

• Single Edge Bend – SE(B)

2. Special
• Disk-shaped Compact DC(T)

• Arc-shaped tensile – A(T)

• Arc-shaped bend – A(B)











Precracking Requirements

1. E 399 – KIc

• Kmax ≤ 0.6 KQ

• Kmax ≤ (0.00032 m0.5)E

1. E 1820

)2(

)(4.0 2

o

ys
f aW

aWB
P









Fixtures

1. Bend fixture for bend testing

2. Pin and clevis for tension testing

3. Some machines have clamps for tension 
testing

4. Fixtures must be designed for good 
mechanical performance







Test Machines

1. Servo-hydraulic – good for fatigue, rapid 
load, special control; can use for fracture 
testing but not necessary

2.  Screw driven – good for fracture and 
tensile but lacks control for fatigue

3. Machine load cell must meet 
requirements in the standard

4. Use care for using servo-hydraulic



Instrumentation

1. Load cell – calibration and A/D conversion

2. Displacement gages
• Mechanical

• Clip gage

• LVDT

• Other – e.g. laser, capacitance

• Gages have calibration and A/D conversion 
requirements





Misc. details for testing

1. Precracking, cyclic loading in a servo-hydraulic 
machine should be done in load control

2. The test, monotonic loading, should be done in 
displacement or crosshead control

3. Side grooving should be done after 
precracking

4. Heating or cooling is done in a furnace or cold 
box.  Soak times are a function of thickness 
(30 min/in)

5. Temperatures should be controlled to ± 3 °C 



Test Procedure

1. Load in displacement control with a controlled 
rate while measuring load and displacement

• Measurement is usually analog

• Originally measured on a recorder

• Now measured digitally with a computer

2. Loading rate must be between 30 and 150 
ksi*in0.5/min

• Slow enough to avoid dynamic effects

• Fast enough to avoid time dependent effects



Test procedure (cont.)

3. Continue loading specimen until 
specimen fractures or a maximum load is 
passed

4. Identify PQ and Pmax

• PQ is the highest load up to a 5 % secant 
crossing

• Pmax is the highest load

5. Measure the fatigue crack length, ao

6. Calculate KQ from PQ









Validity Checks

1. 0.45 ≤  a/W ≤  0.55

1. Pmax ≤ 1.10 PQ

3. a,B ≥ 2.5(KQ/ys)2

If validity checks are satisfied, KQ = KIc





Stress ratios for E 399

1. When the KIc test is invalid, a stress ratio 
can be calculated to see how much the 
invalidity was

2. Stress ratio, Rs, is the mechanics of 
materials nominal stress at the crack tip 
divided by the yield strength

3. An example  is the Rs for the compact 
specimen



Stress ratios for E 399 (cont.)
3. An example  is the Rs for the compact specimen

4.  For 
– Rsc < 1.0 linear-elasticity  holds

• Rsc > 2.0 the result is nearly fully plastic

• 1.0 < Rsc <2.0 the result ranges from nearly elastic to 
nearly fully plastic
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Lecture 4

• Fracture Toughness Properties













Sources of Fracture Toughness 
Data - N

• Fracture toughness data is needed to 
conduct a FM analysis for safety and 
reliability

• There are many sources of toughness 
data, but may not be easy to find.

• Also, there can be variability that makes 
the use uncertain 











Data from Hertzberg



KIc Correlations - N

• A frequently used correlation is from 
Charpy Impact energy (CVN)

• The test is ASTM E 23

• Correlations between CVN energy and KIc 
is usually very material specific



Picture of Charpy Impact Tester - N



CVN Test Result



Begley - Logsdon Correlation - N 

• This was for steel alloys with a ductile to 
brittle transition

• Four points are determined on a KIc 
versus temperature plot 

• All data are ksi-in1/2 and º F





Points - N

• Point 1: KIc = 25 ksi-in1/2 at - 320º F

• Point 2: KIc = 0.45 ys at 0 % Ductile

• Point 3: Use the following correlation at 100 % 
ductile

• Point 4: At 50 % FATT average Points 2 and 3
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Begley Logsdon Prediction



Other types of fracture behavior

1. K-R curve – used for thin sheet fracture 
toughness, mainly, aerospace

2. Dynamic fracture toughness, KIc(t) – 
used for impact, seismic and other rapid 
loading

3.  Crack Arrest, KIa – used for the arrest of a 
running crack



K-R curve testing - N 

• ASTM E 561- 10 Standard Test Method for 
K-R Curve Determination

•  Linear elastic based fracture toughness, 
K versus crack extension, a

• This work best for high strength sheet 
material, aircraft structures, etc.

• The K-R curve was one of the original 
methods, and influenced the non-linear 
FM methodology



Latest K-R Curve Standard

• ASTM E561 - 10 Standard Test Method 
for K-R Curve Determination



Dynamic fracture toughness, KIc(t) - 
N

• KIc(t) is used for rapidly loaded testing

• (t) is the loading time to KQ in ms

• Test time is usually 1 to 10 ms

• A rapid load or impact machine is needed

• Most analysis like the E 399 KIc but 
dynamic yield strength, yD, is used in the 
analysis (yD  equation in E399)



Rapid Loading Fracture Toughness 
- N

• KIc(t) could be used for seismic, impact, 
explosive or attack loading

• In the lower shelf dynamic loading usually 
reduces fracture toughness

• See example



Rapid load test result - N



Effect of loading rate



Crack arrest KIa Testing - N

• KIa Testing is done by ASTM E 1221

• A crack is started in a weld bead and 
forced into the test material, where it 
arrests

• KIa is determined by the load and crack 
length at the arrest point

• This is one of the two fracture tests 
without a fatigue precrack



Crack Arrest Standard

•
ASTM E1221 - 10 Standard Test Method 
for Determining Plane-Strain Crack-
Arrest Fracture Toughness, KIa, of 
Ferritic Steels



Crack Arrest Specimen



Crack Arrest Test





Effect of thickness 

• Thick specimens or structures are in plane 
strain and have lower fracture toughness

• Thin specimens or structures are in plane 
stress and have higher fracture toughness

• Between plane stress and plane strain is a 
transition in toughness





Terminology Standard

• E 1823 – 11, Standard Terminology 
relating to Fatigue and Fracture testing

• Updated regularly
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