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Application of Thermoelastic Effect to Determination of Stress

Concentration Factors and Stress Intensity Factors
by Yoshio KIiTsSUNAT*, Takashi HONDA™ and Tetsuya SASAKI*

Abstract: The local stresses and strains near notches and cracks are very important for fracture

analysis of cyclically loaded structural components. A number of experimental techniques such

as photoelasticity and numerical methods such as finite element analysis have been developed to
evaluate stresses or strains near notches. A thermoelastic method is a relatively new stress analysis
technique based on the measurement of infrared radiation emitted from the surface of a body as

a result of change in temperature arising from a change of stress. In this study, to confirm the

validity of the thermoelastic method, stress concentration for several notches in sheet specimens and

stress intensity factors of CT and CCT specimens were analyzed by the thermoelastic stress analysis
technique. The results were compared with theoretical and analytical results.

The materials used in this study are SUS316NG steel with 12 mm thick, HT60 and JIS SM490A
steels with 16 mm thick. The sheet specimens with several kinds of basic notches were made of
these materials. Moreover, cross-shaped sheet specimens made of SM490A steel were also used to
examine the stress concentrations near weld toe in a gusset plate. The shapes of fillet of the cross-
shaped specimens were machined on referring to the weld toe shape in the gusset welded plate. CT
specimens with 100 mm wide, 14 mm thick and CCT specimens with 100 mm wide, 6 mm thick and
300 mm long were machined of SM490A steel plate to measure stress intensity factors.

Prior to stress measurement, all specimens were cleaned with acetone and then coated with
matt black spray paint to maximize their emissivity. To achieve adiabatic thermal condition, each
specimen was cyclically loaded at a frequency of 5 Hz, using a servo-hydraulic fatigue machine of
196kN capacity. The stress measurement by thermoelastic effect was carried out using an infrared
stress analysis system developed by JEOL. Finite element study was carried out under plane stress
conditions with two-dimensional mesh.

The main results obtained in this study are as follows:

(1) The stress concentration factors measured by the infrared technique were slightly lower than
finite element or theoretical result, and the error tended to increase with increasing stress con-
centration. However, the stress gradient agreed with both the results.

(2) The stress intensity factors for mode I, AK;. derived from the infrared technique agreed with
other comparable independent values in the range of error within 9%.

Keywords; Thermoelastic effect, Infrared, Notch, Crack, Stress concentration, Stress intensity

factor, Finite element method, Experimental stress analysis, Fracture mechanics
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Table 1  Mechanical properties of materials used.
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Materials Yield strength | Tensile strength | Elongation
(MPa) (MPa) (%)
SUS316NG 300 592 59
HT60 512 618 29
SM490A 402 520 27
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Fig. 1  Notch configurations of sheet specimens.
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Fig. 2 Configurations of cross shaped specimens with
imitation weld toe shape.
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Fig. 3  Stress sum contour near notch of type C
specimen.
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Fig. 4  Relationship between stress concentration fac-
tors and ratio of distance from notch to half
specimen width for sheet specimens.
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Fig. 5 Comparison of stress concentration factors ob-
tained by infrared technique and FEM for sheet
specimens,
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Fig. 6 Thermal emission contour display near notch of
type 1B specimen.
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Fig. 7 Relationship between stress concentration fac-
tors and distance from notch for cross shaped
specimens.
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Fig. 8 Comparison of stress concentration factors ob-
tained by infrared technique and FEM for cross
shaped specimens.

BNty P HBRR DI HERREORINRE
FEM oEE#:

T 5I60 (FhAD) TRLAMETH 5, 4B, 1)
REDHEERZ T WEFTOhIZ, VTFAF—T
RO & L3%DHEP T—F L Tz, Fig. 7TI2BW
T, ey VEBIEWEERE LS A7 2A DYIRE
DKtIZ21BELZ->TEBY, TNFETFEM THEH
NTWBERELIZT—H LTS, LT v 7 —
By b eiEEEL2 247 1B, 1C B LU 2B DYIRE I
XY LN EFEERT 5 &, SR DILEEFED LRI
ROYIRE 2T 47T 1BOLFF IR DYIRE %
BTE9471C L) bENMEL L -T Wb, £2T



IS EPRESE L OIS H ?Iﬁﬁt%%t@ﬂ%ﬁiﬂ) 72 DBGEMEZIR D

5 T
® Type A. (SUS316)

— B Type B (SUS3t6)
T 4 'Y Typecz (HT&0)
9’_ A Type D: (SUS316)
g W Type 1:A (SM480A)
£ 3.8 Type 1B (SM490A) o
-~ O Type 1C (SM480A) ‘. o
- °
! | ]

2 &

1

1 2 3 4 5
Kt ( FEM )

Fig. 9 Comparison of stress concentration factors be-
tween infrared technique and FEM for speci-
mens with several notches.
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Fig. 10 Thermal emission contour display at crack tip

of CT specimen. AK = 14.3MPa/m. R =0.1.
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Fig. 11 Relationship between height from crack face, v,
and 1/(Ac max)?.
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Fig. 12 Comparison of AK between infrared and theo-
retical values for CT and CCT specimens.

CT & CCTHEBRFEDAK IS B HRSMRE LB

BOLEE
30 '
CCT specimen o Theoritical |
25 o O Infrared
S 20
B
& g
S 15 0| Lot
i
< 1@ ] 2
: ga © g |
5 o]
o
0
0.0 0.2 0.4 0.6 0.8

Stress ratio

Fig. 13 Effect of stress ratio on AK measured by
infrared technique for CCT specimens.
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