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Fg. I - Load {L) and temperature {1,2,3) vs. time recordings at locations 1,2and3
úrring Test 1. Specimen dimensions. Thermistor locations and initial and final crack
extensions. Crosshead velocity: 0.2 cm/min.

Fg. 2 - Load (L) and temperature {1, 2, 3} vs. time recordings at locations 1, 2 and 3
ùring Test 2. Thermistor locations and initial and final crack extensions. Crosshead
wlocity: 0.1 cm/min.

of a few millimetres. They were loaded by an lnstron
test machine, with constant crosshead velocity (0.1 or
0.2 cm/min). The temperature was sensed by three
negative-temperatu re-coeff icient therm istors, the
dimensions of which did not exceed 0.2 mm. ln the
configuration used, these sensors, togetherwith the
dedicated circuitry, reach a resolution of the order of 2
mK, with a time constant of a few tenths of a second.
Sensor positions are indicated in Figs. 1 and2.
Temperature and load signals were recorded by a PDP
1 1/03 microcomputer, equipped with analogue-to-
digital conversion inputs.

Experimental results

Temperature and load recordings are presented in Fig.
'l (first part of test 1) and in Fig. 2 (full duration of test 2).
The initial cooling at the three sensor locations indicates
that the deformation is completely elastic; Thermistors
2 and3 cool down at a higher rate than Thermistor 1,
which is located farther away from the crack tip,
indicating, as expected, a higher deformation rate near
the crack tip.
Thereafter three events happen simultaneously, as is
more evident in Fig. 1 : the temperature at Thermistors
2 and 3 begins to rise, the temperature at Thermistor 1

keeps falling, but at a faster rate, and the load increases
at a slower rate. All these facts indicate the beginning
of plastic flow near the crack tip: heat generated in the
plastically flowing zone is detected by the neighbouring
Thermistors 2 and 3; as a result of stress redistribution
due to the beginning of plastic flow, the region around
Thermistor 1 must bear a higher stress. Consequently,
it is deformed at a higher rate, yet in the elastic regime,
as indicated by the increase in its cooling rate; the
lower overall specimen stiffness due to plastic flow is
reflected by the lower rate of load increase. ln Figs. 3
and 4 time has been eliminated, and temperature vs.
increasing load is plotted. The temperature behaviour
outlined before is even more evident in this
representation.
The temperature vs. stress behaviour is however
different in the two tests. More pronounced slope
changes from the three thermistors occur in Sample 1

than in Sample 2. This different behaviour could be
ascribed to differences in e.g. initial fatigue crack
morphology and/or local microstructu re.
The generalized heating which is eventually reached
indicates a spread of plastic flow over large portions of

Fìg. 3 - Temperature (1, 2, 3) vs. load recordings at locations 1, 2 and 3 during Test l .
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the sample; the temperature behaviour in the phase
following yield reflects both the growth of the
plastically flowing zones, and the diffusion of heat from
these zones to the surrounding ones.

Fig. 4-Temperature (1. 2. 3) vs. load recordings at locations 1, 2 and 3 during Test 2.

Gonclusions

The tests performed indicate that the temperature
variations which can be detected in a fracture test can
provide significant additional information with respect
to data obtained by other methods. ln particular:
a) the temperature variations during fracture tests are
in the order of tenths of a degree; these variations,
though apparently small, can be detected and resolved
using thermistor transducers and adequate laboratory
equipment;
b) the detected temperature variations are strictly
related to the local deformation rates and deformation
mechanisms; i.e. temperature variations are related to
the elastic volume deformation rate, as well as to the
irreversible nature of the plastic deformation
mechanisms; furthermore, to a difference with respect
to strain gauges, the temperature transducers are not
affected by an upper saturation level; point-like
temperature sensors can be applied in a simple way,
and allow a fine mesh measurement of local values.
Nevertheless, temperature variations are related to
deformation rates and only indirectly to deformation
levels;
c) temperature variations in the sample are affected by
heat diffusion, which plays a significant role; as a result,
at each point they are also affected by temperature
variations and deformation phenomena in the

surrounding zones, being slower and retarded far f rom
crack tip. A satisfactory deconvolution of diffusion
effects necessarily requires a high number of
measurement sites.
The results reported above are preliminary. Yet they
clearly indicate the onset and development of the
plastic regime at the crack tip and around it. Further
work should be done in order to ascertain the actual
possibility of pinpointing the initiation of crack
propagation.
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