FATIGUE AND FRACTURE TESTING

FOR THE RAIL INDUSTRY



Introduction






CRACK INITIATION

Stress or strain-controlled fatigue tests allow an investigation into
how long a material may remain undamaged when subjected to a
certain amount of cyclic deformation. That is to say, the repeated
application and removal of said deformation. Typically, this is either
defined as fixed stress (load) or strain (extension). The deformation
level for each cycle is the same, and the test is continued until either
the specimen fractures or a specified number of cycles have been
completed (runout). The majority of the cycles performed during the
fatigue test are spent forming a crack or cracks, and only the very final
stages of the test are spent in propagating the crack. This is why many
fatigue failures of in-service parts can appear to happen so quickly and
why it is so essential to understand the behavior.

Under test conditions, the material can be very closely monitored for
changes in response signals. For example, during a stress-controlled
test, the change in the test piece’s extension can be monitored. As
a crack forms, the sample’s total extension will increase even though
the same force is applied. These changes in the material are not easily



CRACK PROPAGATION






FRACTURE

Once the combination of crack length and load reaches a critical
point, a material will fracture. The purpose of the fracture toughness
measurement is to estimate the relationship between failure stress
and crack size and characterize the material’s resistance to fracture
under a specific set of circumstances. There are various methods for
measuring this value, and the technique employed often depends on
how the material behaves. For example, where the failure is expected
to be brittle, a plane-strain fracture toughness measurement, KIC,
may be made; where the failure mode is expected to be more ductile,
the JIC or CTOD values may be more representative.

Plane-strain fracture toughness testing is unusual in that there can
be no advanced assurance that a valid KIC will be determined in a
particular test. Therefore compliance with the specified validity
criteria of the specific method is essential. In particular, limits on the
stress employed during fatigue pre-cracking or the ideal specimen size
can only be calculated once the test result is known; consequently,
estimates on the material performance must be made which can prove
to be inaccurate.

Similar to a fatigue crack growth rate test, fracture toughness
measurements are made on specimens with a pre-existing fatigue
crack. They are prepared for a testin a similar way as crack propagation
samples and for the same reasons.

The procedures for measuring toughness can vary in complexity.
One of the simplest methods is plane-strain fracture toughness
measurement conducted to ASTM E399. The measurement is made
by deforming the test piece at a constant displacement rate. The crack
opening displacement (COD) is recorded along with the load response.
The test is continued until the sample has completely fractured. Once
the sample has been broken open, the crack length is measured and
the crack geometry assessed for compliance with the requirements.

The load vs. COD data is plotted, and a line of best-fit is drawn through
the linear loading portion. A secant with a gradient of 95% of the best-
fit (or other convenient reduction) is drawn. The point at which the
secant intersects the test data gives the PQ value. The KQ is calculated
from PQ and the initial crack length to give a preliminary fracture
toughness result. This value is then qualified as the material property
KIC if all of the validation criteria are met. If they cannot be met, the
result is reported as a KQ value.

There are four main categories or validation criteria for ASTM E399:

Specimen Geometry - For the crack to be in a state of plane-
strain, the geometry must conform to the requirements of the test
standard.

Crack Geometry - The fatigue crack must be between 45 and 55%
of the sample width. The crack front must not exhibit excessive
bowing.The fatigue crack must stay within the plane of the starter
notch.

Fatigue Pre-cracking Conditions - The choice of initial and final
loads for the fatigue pre-crack is generally at the discretion of the
test house, however, they must meet the validation criteria given by
the standard. The crack length must lie in the envelope given by the
test standard.

K-Calculation - The ratio of K, /KQ must be less than 1.10 to ensure
the fracture is classified as brittle. The value of 2.5(KQ/o,)* must
be greater than the ligament length to ensure the fracture is linear-
elastic. If one or more of these conditions is not met, a larger sample
is recommended.

Other requirements may be stipulated within specific test standards
or specifications; these are broadly highlighted as the most common
points.






