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Hikaru Sasaki* and Takamaro Maku* : Stress Analysis of Wood

—A New Trial using Photoelastic Method—
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Irregular stress part,
which causes error in photoelastic measuement.

L+ Requlor Potoelastic coating
Sstress part )
Relatie Relative contraction Retlecting layer
extension =
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Lood agpplied is normal to this fiqure,
ond Poisson’s ratio of the coating is larger
than that of speccmer,

Fig. 1. One of the causes of error in photoelastic coating method.
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Fig. 2. Coordinates in a laminated material.
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Fig. 3 (a). Increase of fringe order near free
boundary of the resin lamina caused by the
difference of Poisson’s ratios of resin and
wood. (u£=0.5)
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Fig. 3 (b). Increase of fringe order near free
boundary of the resin lamina caused by

the difference of Poisson’s ratios of resin

and wood. (p*=0.4)
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Table 1. Elastic constants of birch (Betula maximowicziana ReEGEL) used in the present
experiment.
Younc’s modulus | Youne’s modulus | Poisson’s ratio Porsson’s ratio Modulus of
in longitudinal in tangential rigidity
direction direction
E; Eq ¢rr? p2r? Grr®
16.5x104¢kg/cm? 0.75x104kg/cm? 0.50 0.023 0.94x10tkg/cm?

1) The ratio of the contraction along the T (tangential) direction to the extension
along the L (longitudinal) direction due to tensile stress acting L direction.

2) The ratio of the contraction along the L direction to the extension along the T direc-
tion due to tensile stress along T direction.

3) Modulus of rigidity associated with shear deformation in the LT plane resulting
from shear stresses in the LT and LR plane.
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Fig. 4. Temperature rise in an Araldite H
resin lamina cast in a wood block due to
heat of curing reaction.
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Summary

This is a proposal on a new photcelastic technique which originated in combining
the photoelastic coating method with the technique of the stress-freezing, and by
means of which the plane stress in the symmetrical plane of anisotropic body can be
analysed. The error contained in this technique was also discussed and then an
example of the stress analysis of wood by this technique was shown.

The principle of this technique is summarized as follows : If the photoelastic
resin sheets are sandwiched in a specimen, and the double refraction which occurs
in the resin sheets by loading, is forced to remain still after unloading with a special
technique, the strain distribution in the specimen will be determined simply from the
photoelastic observation of the resin sheets which cut out from the- specimen just
after the unloading. The stress distribution in the specimen is derived from this
strain distribution with the elastic constants of the specimen. Thus, one can analyse
the stress states in anisotropic bodies. Now, let us call provisionally the new techni-

e ““the Stress Freezing Sandwich Method™ .

The largest defect in this method is one due to the ‘“‘escape’ of stresses in the
resin lamina near the free boundary, as same as in the photoelastic coating method
(Fig. 1). The irregularity of the fringe order near the free boundary, can be approx-
imately calcurated from eq. (25) (Fig. 3 (a) (b) (c)).

As shown in the equation and the figures, the thinner the resin lamina used is,
the narrower the area influenced by the stress éscape near the free boundary becomes.

Though the photoelastic sensitivity is proportional to the thickness of the resin
lamina, one can, in the present method, use the resin lamina as thin as possible
preventing the decrease in the sensitivity, because the laminae cut out from the
specimen can be piled up to a thickness sufficient for the photoelastic observation.
This is one of the advantages claimed for this new method.

As an example of its application, the stress distribution in the standard wood
cleavage test specimen was analysed with the -aid of a special technique to fix the
stress patterns in the resin lamina at room temperature. The :procedure and the
result were summarized as follows : »

First, Araldite H resin (epoxy resin) was poured into a wood block shown in
Fig. 8 (b), and at the early stage of the curing the block was cut and shaped into a
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cleavage test specimen shown in Fig. 9, and then three quarter of the breaking load
was applied. The double refraction in the resin laminae was fixed with development
of the network structure of the resin. The resin laminae were cut out from the
specimen immediately after unloading, and they piled up and photoelastic observation

was carried out.

The isochromatic-fringe pattern is shown in Photo. 1 and the isoclinics and the
stress trajectories are sketched in Fig. 12. To compare them with the case of isotro-
pic body, isotropic specimen made of araldite H resin was tested and the results are
shown in Photo. 2 and Fig. 13. Comparing these photographs and also figures res-
pectively, the characteristic of orthotropy in wood specimen is shown obviously by
fringe rattern and stress trajectories whose shapes are strongly extended in the grain
direction,

The cleavage stress in the symmetrical plane of the wood specimen was calcula-
ted from isochromatics and isoclinics of the resin lamina by shear difference method
and with elastic constants of wood. The values are plotted in Fig. 16 and are in
good agreement with _the KeyLwerTH’s result®. But, on the other hand, the normal
stress in the grain direction was absurd value, and the reason of this absurdness
was not full explained and it remained to be discussed in the future.
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