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Specimen by Means of Thermoelastic Effect
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Abstract : The local stresses and strains near notches or cracks are very important for fracture analyses of
cyclically loaded structure components. Thus, a number of experimental methods such as a photo-elasticity
method and numerical methods such as a finite element analysis have been developed to evaluate stresses and
strains near notches or cracks. Among those methods, an infrared stress analysis technique is relatively a new
stress analysis technique based on the measurement of infrared radiation emitted from the surface of a body.
However, when this technique was used to evaluate the stress concentration factors for several kinds of
notches in sheet specimens and to estimate stress intensity factors for compact tension and center cracked
tension specimens, the determined values tended to be somewhat lower than those of other comparable
numerical or theoretical values, and the error increased in proportion to those values. Thus, in this study, the
effect of heat conduction in a body of sheet specimens under cyclic loading was investigated by a finite
differential analysis to examine the source of the error, and the results were compared with experimental
results.

The material of the specimens used in this study is JIS S45C steel. Three types of center hole sheet
specimens and CCT specimens were prepared. Those are 3 mm thickness machined from a 3.3 mm thick sheet
material. The proportion of diameter to width is constant for center hole sheet specimens in order to have the
same stress concentration factors. The unsteady heat conduction analysis under cyclic loading was carried
out by a finite differential method (FDM). Prior to the unsteady heat conduction analysis, the stresses of
specimens were analyzed by the finite element method (FEM) under the plane stress condition using a two
-dimensional mesh. Considering the symmetrical configuration, one fourth of the hole specimen was analyzed
in order to determine the temperature range of each node.

The stress measurements by thermoelastic technique were carried out using an infrared stress analysis
System developed by JEOL. Each specimen was cyclically loaded at different levels of frequency of 1, 5, 10
and 15 Hz using a servo-hydraulic fatigue machine of 196 kN capacity.

The comparison between numerical calculations and experiments showed that there were three sources
of error @ (1) inability to achieve the adiabatic condition due to heat conduction around the notch root and
the crack tip, (2) the edge effect of an infrared camera and (3) the resolution limit of an infrared camera.
Keywords ; Thermoelastic effect, Stress concentration factor, Stress intensity factor range, Finite Element
Method, Unsteady heat conduction analysis

"B 2 7 A2 H%E  Mechanical and System Safety Research Division
"MEELEHIE  Chemical Safety Research Division



— 40 —

1. #&

7 v— BRI OBEY S, EEHRSSEEEL
TWwb, IHOEERIIBRBEBICELT 201
JIEIBER LT, BREBED—DOTHIEHEH
DEBERDZEDBLV, 2O, BERCBT 3
IEEFOBREZTMT 27012, OFaYF —Y0Hk
Wit R W EBRFEB L OEREERE (FEM),
BERERYE (BEM) S0FMNFESAVWSNTE
725, INoDFHERHIECREEE LD, @ift
FVOERICKBEZ2E LD T 2R EDREND -
770

—%, BRI O ES P E SR AT D
ESIZ LY, DERSERIICEEER T 2 BICEERE
bR EUC 2R EEERIER) 2FHAL T, FEEMc
JCHERET S I EBNAREE R D, EEEVMOISI5S
e B CHIES 5 Z L BAEJRE L 22 o T2,

ZITEES W, FMRGHHEEBE TR OISR
FEEOEBE LT 57012, FHALEOEARN Y]
RERFTHBL, BERFEELLEBRA OY
REFEOIETEZHEL, FEM IZ X 2S8R
COHBEfT->CERD, YIREDEBRIZ I-TiX
FEMIZ X 2R RS ELZERBEON

[l

0
o B
L t=3
L W
Type A 250 30 [
Type B 250 50 10
Type C 400 100 20

Fig. 1 Configuration of center hole specimens. Dimen-
sions are mm.
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Fig. 2 Configuration of CCT specimen. Dimensions are
mm.
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Fig. 3 Stress distributions near the notch root in the
minimum cross sections of specimens.
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Fig. 4 The change of the maximum value of K¢ with
the increment of the cyclic loading frequency.
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Fig. 5 Distribution of the temperature range under cyclic loading in the minimum cross section. Applied stress range=

100 MPa. (a) Type A, (b) Type B, (c) Type

C
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Fig. 6 Comparison of K¢ between experimental values
and FDM results.
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