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Accurate Measurement of Residual Stresses of Glass Rods by Photoelasticity
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Abstract

Residual stresses of cylindrical glass rods are measured by photoelasticity to study the varia-

tion of stresses with respect to heat treatment temperatures. In order to measure the stresses
accurately, fringe sharpening and multiplication techniques are applied to the determination of
photoelastic fringe orders. Filon’s separation method is used to resolve circumferential and radial

stress components from isochromatic fringes which are the same as in-plane maximum shearing

stresses. According to the photoelastic measurements, residual stress is increased as the heat
treatment temperature of the rods is raised from 360°C to 650°C. All the circumferential stress
components are changed from tensile stresses to compressive ones at approximate Rn/Ro=0.86,
where Ry is outer radius and R» any measured radius. This analysis shows that residual stresses

of the glass rods approach zero if the rods are heat-treated near the strain point.
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Fig. 3 Original isochromatic fringe patterniupper
half? and two times fringe- multiplied pattern
ilower half} of the glass rod of Fig. 2

Fig. 4 Fringe-sharpened lines extracted from the
fringe-multiplied pattern of lower half of Fig.
3
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Fig. 5 Experimental data and polynomial curve fit-
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Table 1 Residual stress components of the glass rod of Fig. 2 determined by photoelastic meassurement
Radius Fringe order Radial stress Hoop stress Maximum shear stress
(Rm/Ro) <N> <dr) MPa (Ud) MPa (Tmax) MPa
0. 0. 10.412 10.412 0.
0.313 -0.25 9.404 7.388 —1.008
0.439 —0.50 8.424 4,391 -2.017
0.528 —0.75 7.504 1.455 —3.025
0.613 —1.00 6.462 —1.604 —4.033
0.683 —1.25 5.481 —4.601 —5.041
0.752 —1.50 4.414 —7.685 —6.050
0.812 —1.75 3.419 —10.696 —7.058
0.890 —2.00 2.021 ~14.111 —8.066
0.977 —2.25 0.425 —17.723 —9.074
1.000 -2.35 0. —18.939 —9.470
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Table 2 Physical properties of a commercial borosilicate glass rod used in the experiment.

Property Value
Strain point 520°C
Annealing point 560°C
Softening point 750°C
Density 2.37g/cm?
Elastic modulus 70GPa
Poisson’s ratio 0.25
Thermal expansion coefficient 58x1077C !

Heat capacitry (100°C)

0.211cal/(g—C)

Thermal conductivity —100°C

2.7%x1073cal/{(cm - sec C)

- 0T

2.4%x 10 *al/(cm - sec C)

Stress Optic Coefficient

3.5x10"*m?*/N (Brewster)
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Fig. 8 Comparison of experimental residual stresses
and calculated ones for a glass rod heat -treat-
ed at 650°C

(density), & & 2k(heat capacity) & o A =
(heat conductivity) 5 “elwie, 7,() e h(T,
+ 77t F 2] 25 (ambient temperature) &} =
4 (film coefficient) 2 41 7 =72} 4)7ke] g
FAd 4 gleh =3 mg9 frelve ool
3k od = =k (convective heat transfer) o] 9ol .

Abel] o)l od A LL(radlant heat transfer) o] %93
he kel AL e EdfelAe 45

fru

Iz

vo:aiz«ng:m

5 fol €Y BHY LEAF h(T, Do %
Aol olg jg%ﬂIT AT, 18 Foz
vhERW 9 2l (4a, b, c) 2B HAZAIN R 7}+A

o] whE A2 EE T(r)S A &, A
(1007 (11a, b, clofl wHej3te] SwALL A4k
4- Qb ohgel Table 28 #ol79 Ado] A&
#H ofelde 4AF epdch

Fig. 82 A&
9} ko] Barteneve] 4z w

S-344te] 413} Table 18] 2ubq ol o o}
ol ZAsl AeAg ebdeh Fig 8ol4 wal

o
of #hol g mdell A e AbE 7 °éJ§*J

27k 650C Y w4 (11a, b, ¢)
Dml uLmoﬂ o] O],O;‘ 74]/],

Lo =
1ex v



1530 W 2 &

Table 3 Specimen used in residual stress measurement by photoelasticity

No. Heat treated temperature (C) Dmmetewmm\ Leﬁgth (mm)
1 560 V | 7g :l ) 40.(7)5
2 600 7 9.50 21.91
3 650 ] 9.45 B 2() 17
4 665 7 o ) 137”7””‘ o 21796 -
57 As-Re B ‘ 9.;19 2().867””

% Note: Specimen No. 5 was cut as it was purchased without taking any heat-treated procedure, and

measured residual stresses by photoelasticity
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Fig. 10 Isochromatic fringe patterns of glass rods
cooled to an ambient temperature in natural
convective condition. The initial heat treated
temperature of each sample is as follows
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Fig. 11 Distributions of hoop stress components ver-

sus dimensionless radius measured from the
fringe patterns of Fig. 10
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Fig. 12 Distributions of radial stress components ver-
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