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Abstract

The critical stress intensity factors for propagating cracks, KiD»
was experimentally found to decrease with increasing crack velocity. Kip
was measured using rapidly wedged double cantilevered beam specimens. The

. crack length versus time was continuously recorded using electro-potential

techn1qués The specimens were fractured at temperatures well below the
brittle to ductile transition temperature. The crack velocity in these

¢ specimens varies continuously but is typically in the range of 100 to 200

meters/sec.  The analysis of fully dynamic crack propagation in double
torsional beam specimens was solved in closed analytic form. The solutions
for rotational rate loading and for constant applied.torque, predict
constant crack velocity. The crack velocity is given by the applied rate

- of rotation, the magnitude of the app]ied torque and specifics about the

beam. The maximum crack velocity is the torsional wave speed. The use

of the analysis is to deduce Kip during crack propagation without

measur1ng the crack velocity directly. The measurements of static,

dynamic load1ng and propagating crack, stress intensity factors establishes

‘that rate is an 1mportant var1ab1e in spec1fy1ng the stress.intensity.
-factor for fracture.
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summary of Vork in Progress

The period covered by this progress report-saw conpletion of three
phases of work: 1) the experimental measurements of dynamic fracture
toughness va1ues,,KID, for propagating cracks; ii) the analysis of dynamic

'crack propagation in double torsion beam specimens at constant rotational

rate loading and constant applied torque; iii) the comparison of static,
dynamic loading and propagating crack stress intensity factors.

The experimental measurements of crack length versus time using

‘ rapidly wedged double cantilevered beam specimens gives a continuous record

of Kip versus crack velocity. The data is reproducible from test to test -
although the experimental difficulties are non-trivial.  However, this

test does provide a reasonable method for measuring KID(Q) in reactor

grade steels. A single test gives a range of crack velocities i.e. the
crack velocity is not constant during the test but is d1spers1ve continually
decreaSing with time. Measured KID(E) decrease with 1ncreas1ng crack
velocity in the brittle range of fracture

The analysis of crack propaqat1on in double torsion beam specimens was -

extended from static to fully dynamic relations in the limit of torsional
beam theory. The crack propagation problem in torsional beam theory is
considerably easier analytically and the solution explicitly contains
inertia terms not only in the solution of beam rotation but also in the

dynamic fracture criteria. The analysis indicates that the dynamic fracture

criteria for all propagating cracks must be given more careful scrutiny.

The completion of Z. J. Bilek's thesis with comparisons of measured
Kics Kid and Kip is timely and important. The experimental measurements of
K versus strain rate and temperature were compared to theories that relate
Kic to the stress/strain characteristics of the solid; no single theory

' exp1a1ns the experimental measurements over the ranqe of variables tested.

“Qutline of Work in Progcess during Period October 74 —AOctober 75

1. Modification of the electronics used to record- the crack length versus
time in rapidly wedged double cantilevered beam specimens The crack

- recording system is now applicable to 1arge spec1mens and fast crack
'_veloc1t1es ' .

2. The analysis of arm breaking duringAfast fracture.

3.  Measurements of Kip for. specimens with different crack widths to establish

plane strain conditions for fast crack propagation. Dynamic plane strain

_conditions are less stringent than static relations.

~ 4. The testing of fracture spec1mens from Battelle Co]umbus (George Hahn) and
‘an exchange of exper1menta1 data. ' ‘
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"5, © Construction of a double tor510n attachment for crack propagatlon in
. polymers. .

" Details of Current Reéearch

i)  The critical stress intensity factor durﬁng crack propagation, ¥ip(%)
was measured in 1018-CR steel. The rapid wedge loading technique used in
this laboratory for recording Kip versus crack velocity is unique in that

- the crack velocity continuously changes during crack propagation. A

substantial effort was expended in checking the reproducibility of the data -
recorded.. This work has been completed. The time for the fracture to :
completely break. the specimen is reproducible from -test to test -- provided
the specimen completely fractures. The measurement of crack ‘length versus
time has been improved by using radio frequency (RF) electro-potential
techniques. RF technique specifies the skin depth during crack propagation-
e11m1nat1ng an arbitrariness present in the D.C. current technique. The RF
voltage signal is also .easier to process to reduce spurious -noise in the
voltage (crack length) versus time records. In simple beam analysis of
fracture. it is assumed that the beam is built-in at the crack tip, thus.

the strain energy beyond the tip of the crack is neg]ected In more
complicated beam analysis the assumption that the beam is built-in at

the crack tip is eliminated. A simple geometr1ca1 relation. depend1ng on

- the ratio of the crack length to the beam he1ght is used to give the proper

stress intensity factor when the crack length is comparable to the ‘beam
height. Thus, Kip can be-measured for early crack propagat1on where the
cracP velocity is the largest. .

About 1/3 of our test specimens failed by breaking off one of the
double cantilevered beam-arms before the crack comp]ete]y fractured the

- specimen. The source of this experimental difficulty is a compression wave
‘generated at the load end of the specimen and reflected from the bottom of

the specimen as a tensile wave. -The interaction of the tensile wave with

- the crack causes one or both arms of the DCB specimen to break.

The measured Kip for specimens. fractured at temperatures well below the
brittle to ductile transition temperature shows that Kip is decreasing with
1ncreas1ng crack velocity. .

(Staff: C. Chow and S. J. Bur'ns)

ii) - Crack propagation in doub]e torsion beam specimens was ana]yzed for constant

: def]ect1on rate lToading. Slow crack propagation has been extensively studied

in double torsion beam specimens. The mechanics analysis necessary to

dinterpret the rapid crack propagation region was not available. The analysis

of the double torsional beam specimen proves that constant deflection rate

- loasing is identical to constant torque loading. Experimentally it was known

that constant rate leading gave constant slow crack velocifies and constant
applied torque in double torsion beam specimens. The analysis predicts all
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" of these features. Its main'va1ue, however, 'is chat‘it establishes that

by applying one boundary condition, i.e. the deflection rate, and measuring
the other boundary condition, i.e. the. applied torque, that Kip can be

. calculated without measuring the length of the crack as a function of time.

The beam analysis for double torsion specimens is analytically tractable,

in a simple form, since the motion of a torsional beam is a second order
. differential equation. The fraction criteria in this paper will be
~controversial since the kinetic energy less the strain energy appears in

the fracture criteria. The solutions for fast crack propagation reduce to
the static relations for slow propagating cracks in.the limit when the

- . crack velocity is much less than the velocity of torsional waves.
(Staff: s. J; Burns)

-~ 1ii) Strain-rate effects in fracture can be studied for crack initiation or

crack propagation. The two effects are probably vell correlated but differ
since the plastic zone for initiating crack is dissimilar from the plastic

.zone for a propagating crack. A comparison of measured critical stress
“intensity factors for crack initiation and crack propagation permits the

more complicated crack propagat1on data to be placed in better perspective
Z. J. Bilek's thesis which is now being typed compares the propagation. data'
to. the initiation data over a wide range of brittie temperatures.

(Staff: S. J. Burns)
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