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Fig. 14. Calculated principal residual stresses in term of the
annular groove depth.
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Fig. 15. Angle between the gage “a” and the maximum principal
residual stress in term of the annular groove depth.
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Fig. 16. Released strain in strain rosette directions, in term of
the simulation steps (in each step the depth of annular groove
increase by 0.25mm) of the biaxial case.
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Fig. 17. Calculated residual stresses in strain rosette directions,
in term of the annular groove depth- The biaxial case.
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Fig. 18. Calculated principal residual stresses in term of the
annular groove depth- The biaxial case.
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Fig. 19. Angle between the gage “a” and the maximum principal
residual stress in term of the annular groove depth- The biaxial
case.
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Fig. 23. Setup of the experimental test

Fig. 24. Recorded strains in rosette in term of the annular
groove depth

in the biaxial case have been introduced. It is indicated that
the calibration constants in uniaxial and biaxial conditions
are the same. The calibration constants of both uniaxial and
biaxial conditions have been indicated in the Table 3. This
point shows that the calibration coefficients are independent
of loading directions.

Fig. 25. Calculated principal residual stresses by the ring-core
method and real applied stresses in the experimental test

Fig. 26. Calibration constants by FE analysis and experimental
test

The calibration constants have been verified by simulation
the uniform and non-uniform cases of the residual stresses.
In the case of the uniform residual stresses, it is indicated
that the introduced formula and calibration coefficient could
calculate the residual stress field. The conformity between the
applied stress in finite element analysis and calculated stress
was about 100%. Also the direction between the maximum
principal residual stresses and gage “a” have been calculated
by a clearance about +0.7° that is excellent. The non-uniform
case of residual stresses also have been considered and
indicated that the maximum difference between the applied
and calculated residual stresses was about 1% that is very
good.

An experimental test has been devised to show the
effectiveness the calculated calibration constant. In this test a
uniform case of stresses is formed by creating uniaxial tensile
strains in a plate. Comparing the calculated and applied
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Table 3. the calibration constants in uniaxial and biaxal conditions

depth (mm) K, uniaxial K, uniaxial K, biaxial K, biaxial
0 0 0 0 0

0.25 0.069904 -0.016816 0.069930256 -0.016478632
0.5 0.130288 -0.042037333 0.130373333 -0.041688889
0.75 0.18128 -0.0504 0.18137641 -0.049832479
1 0.224944 -0.042864 0.225071795 -0.042070427
1.25 0.259248 -0.021232 0.259364103 -0.02045812
1.5 0.283872 0.011573333 0.283944615 0.012131282
1.75 0.2988 0.051616 0.298838974 0.052047863
2 0.304704 0.094896 0.304710769 0.095150769
2.25 0.302688 0.137781333 0.30266441 0.137890188
2.5 0.294016 0.177344 0.293952513 0.177240068
2.75 0.2801392 0.211488 0.280059385 0.211255385
3 0.2624704 0.239018667 0.262373744 0.238665299
3.25 0.2423088 0.259466667 0.242205949 0.25902906
3.5 0.2207728 0.272933333 0.220673641 0.272456752
3.75 0.1987808 0.279936 0.198686687 0.279450598
4 0.177032 0.281237333 0.176946133 0.280751111
4.25 0.15604512 0.277701333 0.155972103 0.277248547
4.5 0.13617104 0.270218667 0.13611159 0.269805812
4.75 0.11763104 0.259626667 0.117582769 0.259257436
5 0.1005448 0.246698667 0.100506872 0.24637265

stresses shows that the results of the ring-core method are
acceptable.

The calculated calibration constant by experimental test
shows a similar trend by the results of the FE analysis.
This note confirms the FE analysis, but small variation in
calibration constant cause to big mistakes in calculating
stresses. Moreover, in experimental test several uncertainty
effects on the results which are not controllable. Therefore
the authors just present the FE analysis values. By attention
to the results it is concluded that the presented calibration
coefficients have enough accuracy to use as the pre-required
constant in the incremental ring-core method
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