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Measurement of Stress and Displacement Fields in Particle
Assembly subjected to Shallow Foundation Loading via
Photoelasticity Technique

ABSTRACT

The purpose of this paper is to present an photoelasticity technique for measuring the displacement and stress distribution in particle
assembly subjected to shallow foundation loading. Photoelastic measurement technique was employed to visualize the force
transmission of a particle assembly. A model assembly bounded by a steel frame was built by stacking bi-dimensional circular particles
made of polycarbonate elastomer. Each particle was coated by a thin photoelastic sheet so that the force transmission represented by
bright light stripes can be visualized. In a contacted particle, both magnitude and orientation of principal stress difference can also be
measured via the photoelasticity technique. The different distributions of the contact stresses at the initial loading and near the failure
were quantitatively compared. The photoelastic patterns and displacement fields observed in the pre-failure state disappears
immediately after the buckling of confined force chains.
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Fig. 1. Polarization of Light Passing Through Photoelastic Material
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Fig. 2. Schematic Representation of Reflection Polariscope
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Table 1. Physical Properties of Photoelastic Material
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Fig. 5. Change in Stress Pattern During Uniaxial Loading
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Fig. 6. Model Test of Particle Assembly Subjected to Shallow
Foundation Loading
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Fig. 7. Particle Stress Distribution During Loading
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Obtain first image at loading step (i) <

l

Digitize the image to obtain a particle
locations at loading step (i), D(i)
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Obtain second image at loading step (i)

l

Digitize the image to obtain a particle
locations at loading step (i), D(ii)

l

Construct a increment displacement field by
subtracting coordinates of two sequential
particle locations, AU(ii) = D(ii) — D(i)

l

Repeat the procedure for obtaining AU until
the end of the loading

Accumulate AU to construct the
displacement at a loading step (i), U=X AU

Fig. 10. Flowchart for Image Analysis Procedure
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Fig. 11. Vertical Displacement Field Obtained DIA During Loading
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