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Damage evaluation of steel plate specimen
by using Digital Image Correlation Method

The purpose of this study is to evaluate transition of damage leading of steel plate to fatigue fracture by
damage variables. Fatigue test was performed using the Electro-hydraulic fatigue testing machine. Specimen
materials used in the experiment are quenched and tempered carbon steel JIS S25C (S25CHQT), S55C
(S55CHQT) and normalizing carbon steel JIS S25C (S25CHNR). The each maximum test loads were set up
as 3.92kN, 3.2kN, and 4.17kN. S25CHQT was fractured at 39,200 times of cyclic load. SS5CHQT was
fractured at 82200 times of cyclic load. S25CHNR was fractured at 130500 times of cyclic load. All of the
damage variables contained errors. If we are able to stabilize the changes in the damage variables, it is
considered useful to simulation of fracture. Therefore, damage variables was replaced smooth curve by into
the function. We were able to evaluate the degree of damage accumulation of steel plate.

Key Words: Digital Image Correlation Method, Damage variables, Fatigue,
Continuum damage mechanics
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Damage evaluation of steel plate specimen
by using Digital Image Correlation Method
2ME No.110101

Key Words: Digital Image Correlation Method, Damage variables, Fatigue, Continuum damage mechanics

In the most important roles of the strength of materials are to design with necessary strength and to prevent
fracture of machine element. We need to know that stress to determine whether structure will be fractured. However,
direct measurement of stress is difficult. Therefore, the strain is measured. The famous strain measurement method
is strain gauge. We can be reliable evaluation. However, measurement range is narrow, of restricted in gauge part.
Therefore, full field optical strain measurement method is being studied. One of the methods is Digital Image
Correlation Method well known. Image Correlation Method is image processing technology of calculate the
displacement by comparing two images: one of the image of before deformation the other is after deformation. It is
able to measure a wide range of strain both the area and the value easily. If we can know the degree of damage at
each position of the object by a physical quantity, the state of damage and the danger of destruction will be
estimated. It is called damage variables. It is indicated by value from O to 1. The value O indicates an initial state of
material. Also, the value 1 indicates a finally fracture state of material. The purpose of this study is to evaluate
transition of damage leading of steel plate to fatigue fracture by damage variables.

Fatigue test was performed using system of described follows. Control PC outputs the command signal, and sends
to the Electro-hydraulic fatigue testing machine. In addition, the computer outputs a trigger signal for digital
cameras. It is working together the load control and image shooting. Dimensions of the specimen are parallel to
10mm wide and 30mm long with a thickness of 1mm. In order to make it easier to verify the origin of the damage,
specimen was drilled 2 mm in diameter in the center. Also, for comparison with the Image Correlation Method,
strain gauge was pasted to the position of 1.8mm from the edge of the hole. Specimen materials used in the
experiment are quenched and tempered carbon steel JIS S25C (S25CHQT), S55C (S55CHQT) and normalizing
carbon steel JIS S25C (S25CHNR). The each maximum test loads were set up as 3.92kN, 3.2kN, and 4.17kN.

The results are organized in the order as following. At first, Young's modulus was calculated from the strain
obtained from image correlation method. The position for calculation is near by the strain gauge and the hole edge.
Next, damage variables were calculated from Young's modulus. S25CHQT was fractured at 39,200 times of cyclic
load. Young's modulus has gradually decreased with the progression of fatigue. Then sharp decrease of Young's
modulus was seen just before the fracture. Damage variables has increase with the progression of fatigue. However,
the trend is difficult to read for error is large. SSSCHQT was fractured at 82200 times of cyclic load. Both Young's
modulus and damage variables did not transition almost. S55CHQT did not cause a large deformation until just
before the fracture due to the high brittleness.

S25CHNR was fractured at 130500 times of cyclic load. Results of S2SCHNR were showed the same trend of
S25CHQT. All of the damage variables contained errors. If we are able to stabilize the changes in the damage
variables, it is considered useful to simulation of fracture. Therefore, damage variables was replaced smooth curve

by into the function. We were able to evaluate the degree of damage accumulation of steel plate.
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