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Effect of Thickness Variations upon the Plane Stress
Fracture Resistance Parameter K

A. M. Sullivan. C. N. Freed and J. Stoop

Fracture resistance can be defined as the resistance
of a material to rapid or catastrophic failure at nomi-
nally elastic stress levels when flaws or cracks are present.
Since all materials and structures will contain cracks or
crack-like defects, a key step toward fail-safe design is
the incorporation of some measurement of fracture resist-
ance in material specifications, Particularly suitable in
this regard are the parameters of linear-elastic fracture
mechanics (LEFM) which specify the magnitude of stress and
length of crack required to cause catastrophic failure,

For thin sheet materials this LEFM parameter, desig-
nated as Kc’ has been found sensitive to geometric variables
caused by the physical restrictions of laboratory specimens.
Specimen width and crack length-to-width ratio dependencies
have been extensively studied. The schematic three-dimen-
sional diagram of Fig. 1 illustrates this dependency, the
surface representing a K, value of 110 MN/M3/2 (100 ksiJin.).
Assuming a yield stress value of 414 MN/M2 (60 ksi) for
this hypothetical alloy, the hatched plane area parallel
to the base plane separates the region in which yielding
has occurred (above) from that in which yield has not
occurred so that valid KC data may be obtained. The assess-
ment of these recognized geometric dependencies is required
to provide correction factors and guideline information for

developing standard test procedures. Up to the present,
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however, no standards have been adopted, though ail

The influence of sheet thickness upon the measured X
value has veceived less attention than other gspecimen
dimensions although it is recognized as an important vari-
able, This study examines the eifect of sheet thickness
upon the X value for sheet steels of differing yield

strengih and compares resulis with amalagous studies on

“

sheet specimens of aluminum and titanium alloys.

The fracturse vesistance of three sieels vepresenting
four vield stress levels has been investigated: REM 250
maraging, 4130, and DBA, These are compared with four

titanium alloys: GAL-4V, 4A1-3Mo-1V, 186V-2 B5AY, 13V-11llr-

341; and five aluminums: 7178-76, 7075-T76, 707576, 2014-7T85,

and 2024-T3. A1l alloys were tested so that {ha path of
fracture was parallel to the rolling divection (WR) since,
if anisotropy is present, this will be the dirsction less
rasistant to fraciure.

The specimen emploved is the center-cracked tensile
{CCT)Y sheet, HNot only is a natural struectural prototype
pracursoer but the stress analyses of this specimen is well
documented. The width of all specimens was 30 cm {12 in.j.
Central slits were produced by an electric discharge method
(Elox) to give a .18 om wide slit with the slit tip extended

by a finer slectrode to give tip radii of ,0025 om,
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The postulated dependency of Kc upon specimen thick-
ness is illustrated in Fig. 2, How closely this behavior
is achieved in real materials is seen in Fig. 3a,b, and ¢.
The data indicates that few of the alloys manifest the type
of dependency anticipated by Fig. 2.

Models have been proposed wherein flat fracture is
considered as a surface phenomenon apd slant fracture a
volume sensitive one, It is further postulated that once
the slant fracture (shear 1ip) is fully developed, the total
1ip width no longer increases. However, for all alloys
studied, although the percent of slant fracture decreased
with thickness, total lip width increased, Further, when
the upper portions of Fig. 3a,b, and ¢ are examined, it is
readily seén that in many instances percent slant fracture
decreases although Kc appsars constant,

Since the relationships here discussed have been
ostablished for shelf stock only, it becomes important to
consider other variables such as chemistry, rolling prac-
tice, etc. Investigation of thickness variables on iden-
tical materials is required to help clarify the inconsist~
encies noted and develop a more precise noedel for the
effect of thickness upon Kc.

Finally, to illustrate the importance of the KC
parameter, the crack length causing failure is calculated

at various levels of operating to yield stress ratio and
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