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• Standards for testing

• Configuration of test specimens

• Procedures for testing

CEE 770 Meeting10
Objectives of This Meeting

Experimental Fracture Mechanics:
How to Measure Toughness and Fatigue Crack 

Growth Parameters
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Experimental Fracture Mechanics:
How to Measure Toughness and Fatigue 

Crack Growth Parameters?

There are standards for physical measurement of the most 
commonly used fracture mechanics parameters, like KIc, JIc, 
and FCGR factors in the Paris and other models.

In the U.S., the standards of the American Society for 
Testing and Materials (ASTM) are most often used.

Each such standard contains recommended:
• Specimen configurations
• Testing procedures
• Data reduction procedures
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Some Useful Standards, 1 of 4
For standard terminology:

ASTM E 1823-05 “Standard Terminology Relating to Fatigue and Fracture 
Testing”

For toughness testing:

ASTM E 399- 05 “Standard Test Method for Plane-Strain Fracture Toughness of 
Metallic Materials”. This is the oldest standard, and contains a number of 
specimen configurations for toughness testing.

ASTM E 1820- 01 “Standard Test Method for Measurement of Fracture 
Toughness”. This new, comprehensive standard covers K, J and CTOD testing 
for both point-values (like KIc) or R-curves.

ASTM E 1304-97, “Standard Test Method for Plane-Strain (Chevron-Notch)
Fracture Toughness of Metallic Materials”. Two chevron-notch configurations.
See Note 1, Scope, to relate results from E 1304 to those from E 399. 
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ASTM B 771-87, “Standard Test Method for Short Rod Fracture Toughness of 
Cemented Carbides”. Single chevron-notch configuration.

ASTM B 646-87, “Standard Practice for Fracture Toughness Testing of Aluminum 
Alloys”. Two chevron-notch configurations.

ASTM E 813 “Test Method for JIc, a Measure of Fracture Toughness”.

ASTM E 1737 “Test Method for J-Integral Characterization of Fracture Toughness”.

ASTM E 1152 “Test Method for Determining J-R Curves”.

ASTM E 1290 “Test Method for Crack-Tip Opening Displacement  (CTOD) Fracture 
Toughness Measurement”.

Some Useful Standards, 2 of 4
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For fatigue testing:

ASTM  E 647- 00 “Standard Test Method for  Measurement of Fatigue Crack

Growth Rates”.

ASTM E 1049-85 “Standard Practices for Cycle Counting in Fatigue Analysis”

ASTM E 647-05 “Standard Test Method for Measurement of Fatigue Crack Growth 
Rates”

ASTM E 606-04 “Standard Practice for Strain-Controlled Fatigue Testing”

Some Useful Standards, 3 of 4
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There is also an International Society for Rock Mechanics (ISRM) suggested 
practice: 1988, “Suggested Methods for Determining the Fracture Toughness of Rock,”
International Journal of Rock Mechanics and Mining Sciences & Geomechanics Abstracts, 
Vol. 25, No. 2, Apr., pp. 71-96. 

There are RILEM (European) standards for toughness testing of concrete: eg.

RILEM, 1990a, “Determination of Fracture Parameters (KS
Ic and CTODc) of Plain Concrete

Using Three-Point Bend Tests,” Materials and Structures, Vol. 23, pp. 457-460.

There is ongoing effort to develop an ASTM/ACI standard for toughness

testing of concrete.

Some Useful Standards, 4 of 4
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We Will Make Toughness and FCGR Measurements on 
Double Cantilever Beam (DCB) Specimens of 

PMMA and Aluminum Alloys 2024-T351 and 7075-T6

P

P

Starter Notch

Initial Fatigue Crack

We will use a modified version of
ASTM E 399- 90 “Standard Test 

Method for Plane-Strain
Fracture Toughness of Metallic 

Materials”, for tests on DCB 
specimens.
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We Will Make Toughness Measurements on 
Round Double Beam (RDB) Specimens of 

PMMA and Aluminum Alloys 2024-T351 and 7075-T6

The Round Double Beam (RDB)
Specimen Configuration, W/B=2.00
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Standard Testing Procedures
Load
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All involve measurement of applied force, maximum force, and some
require load-line displacement, and, perhaps, unload/reload cycles

and corresponding compliances.
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We Will Use a Modified Version of ASTM E 1304-97, 
“Standard Test Method for Plane-Strain (Chevron-Notch)

Fracture Toughness of Metallic Materials”,
with W/B=1.45, RDB Specimens
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Loading techniques applicable to the round double 
beam (RDB) specimen

(a) tension, (b) wedging, (c) eccentric compression

(a) (b) (c)

P P
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Level I (LEFM Presumed) Data Reduction for 
the RDB Specimen: Annex A1, Produces KIvM
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Measure Pmax = PM (only!), then substitute into computed stress intensity 
factor relationship (obtained how?):

Y*
m is the specimen geometry factor (29.21 for W/B=1.45), and KQv is 

the questionable fracture toughness. Subject to the check for plane 
strain condition,

B >1.25 (KQvM/sYS)2

and other conditions outlined in the standard, 

KQvM = KIvM
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Level II, Non-LEFM Data Reduction for 
the RDB Specimen: Produces KIv
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Measure the plasticity factor, p

Correct the Level I toughness, KQvm

to obtain a plasticity-corrected
toughness from a sub-size specimen


