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Determination of Non-uniform Residual Stress by the Hole Drilling Method

Jin W. Joo and Chan K. Park
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Abstract

The numerical procedure for calculating non-uniform residual stress fields by using relieved
strain data from incremental hole drilling method is presented. Finite element calculations are
described to evaluate the relieved coefficients required for the determination of residual stresses.
From the results of simulations it is found that this numerical method is well adopted to
measuring non-uniform residual stress in the hole depth range of (.8 times of the hole diameter
from the surface. In order to examine the practicability of this method, the hole drilling procedure
for the four point bending test is performed. This method is applied to the measurement of
residual stresses in the cold-rolled steel pipe. It is shown that the magnitude of residual stress in
the pipe is not negligible when compared with yield stress and the residual stress should be duly
condidered in designing structures with this pipes.
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Fig. 3 Superposition of loadings to find the strain relaxation due to hole drilling.
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Table 1 Comparisons of residual stresses calculated by theory and by simulations.
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(mm) Theory Simul. Theory Simul. Theory FEM Simul.
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0.254 10 10 —3.79 —3.76
10.07 10.03 —3.69 —3.67 —3.65
0.508 10 10 —3.59 —3.65
10.10 10.03 —3.49 —3.46 —3.45
0.762 10 10 —-3.39 —3.36
10.11 10.09 —-3.29 —3.25 —3.26
1.016 10 10 —3.18 —3.15
9.95 9.92 —3.08 —3.05 —3.05
1.270 10 10 —~2.98 —2.95
19.81 10.08 —2.88 —2.84 —1.31
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1.778 10 10 —2.58 —2.53
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Fig. 12 Schematics of four point bending test.
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Fig. 15 Experimental equipment for measuring resid-
ual stress for the cold-rolled steel pipe.

18
16 —e— Circumferential Stress
14 —a— Axial Stress

—~ &~ Shear Stress

[ 12

S

E 10 '

)

x 8

= [

2 o

B a4

7]

s 2

2

g or [

@ -2 '__r———-t—
4+  —
sL —au

1 I I | 1 ! I

-8
0.000 254 .508 .762 1.016 1.270 1.524 1.778

Hole Depth ( mm)
Fig. 16 Residual stress distributions for the cold
-rolled steel pipe at position A.
18
16 - --e— Circumferential Stress
14 |- —8— Axial Stress
—a— Shear Stress
«E 12
E 10
? sl
& 4 -
7
® 2r
3 ol
8
@ 20~ |
-44 <
_6 —
1 | i | | t 1

8
0.000 254 .508 .762 1.016 1.270 1.524 1.778
Hole Depth ( mm)

Fig. 17 Residual stress distributions for the cold rolled
steel pipe at position B.

o, e wHe R FojrliA 2 selA ol

N
S

=gl Fig. 158 Agol A&
A% weiFa geh

7614 m wlsh zre] AAH e
o EalelA & Aoz e

2 ndu

=S

e {1 o

(S <2
|
R

fru
rir
r_;\g
¥
o
ofk
fo
olo

o

oo
m
e
do
9,
R
fo

EY =
g
oo i
&
s
-HN ol
o% 32
ook L ]
—n
oo Hr
o
O
o
-2

2
Y
Ao
¥
ol
oo e

f
__?‘4:
o}
o
32
arl
po

o
e
N
o
hul
32
£

-
ol
A

, of
zx
2
o to
ok
2
|y
o
%
o
fo

fu
23
ol
ob

is

)
ox
2
25
o

B 2o
>
oX, o

oo S
& oo oo
of
_?L
s
o

S
R
ot
L o Tir
2 o
ofs
N 24
— 22
do ogr o T
~Ol
o,
2

l-;l
o
- &
2
&

S )
o e g 32 o e 2 o
oo B o— Y i £
IR -
R A i T
2ofe T T e
o =
. Eiﬁ de T o o
~ SR
= tlo ob
¢ 5
wo o
o Of
- of
o,
a
>
o
2
o
2
['2{—"
v
B

o oX,
N
‘ gjo

o L xodp e H o
=
)
2
2
i
o
2%
o

v
i
i
oX
ol
rl r
=
3
ol
ol

kgf/mmé7t =) 5. &) 3o

e Fus aelsolol g o

B oodTE 19959 s as
28 ME95-C-19)ol ol o 75glen,
At o)A gHALEai e,

staadr2A e (714
ofell &

ot
ra

Sl

(1) Mathar, J., 1934, “Determination of Initial
Stresses by Measuring the Deformation Around
Drilled Holes,” Trans. ASME, Iron & Steel, Vol.



56, Dp. 249~254.

(2) Rendler, N. J. and Vigness, 1., 1966, “Hole
-drilling Strain-gage Method of Measuring
Residual Stresses,” Experimental Mechanics, Vol.
6, No. 12, pp. 577~586.

(3) Jayarama Rao, G., Ravi Sankar, K. and Nar-
ayanan, R., 1986, “Determination of Calibration
Constants for Hole Drilling Technique Using
Special Strain Gage Rosette,” JTEVA, Vol. 14,
No. 4, pp. 207~212.

(4) Kelsey, R. H., 1956, “Measuring Non-uniform
Residual Stresses by the Hole Drilling Method,”
Proceedings of SESA, Vol 14, No.1, pp.
181~194.

(5) Schajer, G. S, 1981, “Application of Finite
Element Calculations to Residual Stress Mea-
surement,” Trans. ASME, H. Eng. Mat. and
Tech., Vol. 103, No. 2, pp. 157~163.

(6) Niku-Lary, A., Lu, J. and Flavenot, J. F., 1985,
“Measurement of Residual Stress Distribution by
the Incremental Hole-drilling Method,” Experi-
mental Mechanics, Vol. 25, No. 9, pp. 175~ 185.

(7) Flaman, M. T. and Manning, B. H., 1985,
“Determination of Residual Stress Variation
with Depth by the Hole-Drilling Method,” Exper-
imental Mechanics, Vol. 25, No. 9, pp. 205~ 207.

o
{o
hu
23

o

e

HH59 FRPY 277

Bt

(8) Bathgate, R. G., 1968, “Measurement of Non
-Uniform Biaxial Residual Stresses by the Hole
Drilling Method,” Strain, Vol.4, No.2, pp.
20~29.

(9) Nichola, W. E,, 1986, “Practical Subsurface
Residual Stress Evaluation by the Hole-Drilling
Method,” Proceedings of the Spring Conference
on Experimental Mechanics, pp. 47~58.

(10) Schajer, G. S, 1988, “Measurement of Non
-uniform Residual Stresses Using the Hole-dril-
ling Method,” Trans. ASME, ]. Eng. Mat. and
Tech., Vol. 110, pp. 338~349.

(11) Wern, H., 1995, “Measurement of Non-uni-
form Residual Stresses Using the Hole Drilling
Method, a New Integral Formalism,” Strain,
Vol. 32, No. 2, pp. 63~67.

(12) Measurement Group, 1985, “Measurement of
Residual Stresses by the Hole-Drilling Strain
-Gage Method,” Measurement Group Tech.
Note, TN-503-1, pp. 1~14.

(13) Young, W. C. 1989, ROARK'S Formulas for
Stress and Strain, 6th ed., McGraw-Hill, Singa-
pore, pp. 391 ~442.

(14) ASTM, 1981, “Determining Residual Stresses
by the Hole-Drilling Strain-Gage Method, ”
Annual Book of ASTM, E837-81, pp. 1 ~6.



