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Experimental Stress Analysis of Gusset Welded
Joints by Differential Infrared Thermography*
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Abstract; A change of the state of elastic stress within a solid body produces small changes in

‘ température' leading to the emission of infrared radiation (thermoelastic effect) and the emission
can be monitored by the highly sensitive detector used in differential infrared thermography
system. Stresses on the surface of the body are in two-dimensional state, and the method of
stress measurement based on this technique gives the stress sums for the points on the surface.
This method is useful in detecting highly stressed areas in the object body and in analyzing
the positional change of the stress state. Some stress-concentrated areas generally exist in any
actural structural component. Strength of the components, especially fatigue strength, is ruled by
strength of the stress-concentrated areas. Stress concentration factor is an index for the strength
of such area and stress intensity factor is that for the strength of the component containing
fatigue cracks which frequently initiate in the stress-concentrated area.

A weld toe is considered as a typical stress-concentrated area in the component. In this
study, stress pattern analyses by differential infrared thermography were conducted on specimens
modeled after actual gusset welded joints, in order to estimate stress concentration factors and
stress intensity factors. Measured values on the lines across the weld toes were curve-fitted by
least squares method, and stress concentration factors were calculated from the value on the
weld toes, given by the fitted curve. The results were 20% lower at the maximum, compared
to the results estimated by using both strain gauge method and Heywood’s equation derived
from the results by photo-elastic experiments. It was considered that separating the stress sums
into two principal stresses was necessary to improve the accuracy of stress concentration factor
estimated by the thermoelastic method. The thermoelastic signal in the vicinity of a crack-tip is
related to stress intensity factor K; when the crack is under pure mode I loading. The results of
K for the cracks initiated from the toes of gusset welded joints, obtained by using this relation,
were compared to the value calculated by the equation developed by Maddox et al. The results
by these two methods showed good agreement for in-plane gusset joints. The equation is not -
necessarily applicable to K values for surface positions of the semi-elliptical surface cracks.
Finite element analysis shall be required to evaluate the K value.
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Fig. 1 Shapes and dimensions of specimens.
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Aspect of stress sum for U-shaped notch.
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Fig. 3 Line plot throught U-shaped notch.
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Table 2 = K for notches, estimated by SPATE 8000.
TRDEYIXR & (24T B IENEPEE
Specimen K Error(%)
Measured with ~ Ref.(2)
‘ SPATE 8000 or (3)
U-shaped 2.80 2.73 2.5
Notch 2.64 4.3
Semicircu- 1.95 2.43 19.7
lar Notch 2.19 ’ 10.0
Circular 2.16 2.39 9.8
Hole 2.01 15.9
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Stress sum for in-plane gusset weld.
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Fig. 5 Stress sum for out-of-plane gusset weld.
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Fig. 6 Line plot for in-plane gusset weld.
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Reinforcement of welded joint.
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Table 3 K for cracks from toe of gusset weld.
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SPATE 8000 Method in Ref.(4)
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1.9~2.0 2.2

Gusset Specimen
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Stress sum for toe with fatigue crack (In-
plane gusset weld).
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Fig. 10  Relation between y and 1/(ZA0) .2 (In-

plane gusset weld).
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Stress sum for toe with fatigue crack (Out-
of-plane gusset weld).
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Table 4 K1 for cracks from toe of gusset weld.
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