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ABSTRACT
		 The induced stress relations of  PMMA (Poly methyl methacrylate) were investigated by two-

point loading of  hydraulic press system at top and bottom 535.4, 688.6, 841.6 and 994.6 N of  various 
shapes in square, octagon, dodecagon and circular disk. All of  samples had the same diagonal length 
and thickness of  2.5 and 0.6 cm respectively. We observed the number of  fringe order of  isochromatic 
fringe pattern at first quadrant of  sample by using Babinet compensator in reflection polariscope. The 
net number of  fringe order was used to calculate the relative maximum number of  fringe order in 
horizontal direction of  sample by equation of  Nmax - Ni. And this parameter was used to analyze the 
stress distribution in samples. It was found that the dark band could be observed at the edge of  first 
straight edge of  square, octagon and dodecagon shape but dark band did not appear on the edge of  
disk. The maximum fringe orders of  octagon, dodecagon and circular disk at X/R = 0.0, Y/R = 0.9 
were 15 fringe orders and the maximum fringe order of  square at X/R = 0.0, Y/R = 0.8 was 8.81 fringe 
orders. Fringe order at contact area decreased along vertical direction and minimum fringe orders at 
X/R = 0.5, Y/R = 0.0 of  square, octagon, dodecagon and circular disk were 3.53, 3.35, 2.62 and 3.72 
fringe orders respectively. The relative number of  fringe order of  square was more than octagon and 
dodecagon. It means that the transmission of  stress in horizontal direction of  square was more than 
octagon and dodecagon. 
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1. INTRODUCTION
Photoelasticity is an experimental method 

to observe full-field of  stress model [1-3] and it 
utilizes the relationship between the polarization of  
light and birefringent behavior to determine stress-

strain distribution of  materials. The arrangements 
set-up in photoelasticity consist of  light source 
and polariscope system, hydraulic press system 
and camera system as shown in Figure 1. The 
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polariscope system is used to convert unpolarized 
light from light source to plane or circular polarized 
light to observe the isoclinic and isochromatic 
fringes patterns in every point of  sample [4]. In 
the experiment of  photoelasticity, the unpolarized 
light travels through the first polarizer and a 
first quarter-wave plate to produce the polarized 
light. The polarized light travels through sample 
and reflects from surface of  sample travels back 
through second quarter wave-plate and analyzer 
and observed the fringe patterns are observed by 
camera system [5-6]. Furthermore, we use these 
patterns to calculate and analyze the stress and 
strain in materials using numerical methods or 
stress-strain optic laws [7-9].

The elasticity of  material depends on 
temperature, structure, size or shape of  material. 
There are many variables related to deformation 
and elasticity of  materials. Stress is one of  the 
parameters and we can analyze the deformation in 
the material by using the photoelasticity because 
this experiment method can analyze the stress at 
local area in the model. This research will focus 

on the investigation of  the stress distribution 
with various shaped Poly(methyl methacrylate), 
PMMA [10] compressed by two-point loading 
of  hydraulic press system and the observation 
of  the isochromatic fringe pattern of  PMMA 
using reflection polariscope. Sample shapes for 
the stress distribution investigation consist of  
square, octagon, dodecagon and circular disk. 
The diagonal length and thickness were 2.5 and 
0.6 cm respectively and the compressive force 
was varied as 535.4, 688.6, 841.6 and 994.6 N. In 
this experiment we added the compensator into 
the basic reflection polariscope to observe the 
integer and fractional number of  isochromatic 
fringe order at first quadrant in each sample and 
then the results were used to calculate the relative 
maximum number of  fringe order in horizontal 
direction to compare the effect of  shapes on stress 
distribution in PMMA samples.

2. MATERIALS AND METHOD
In this research, we observed the isochromatic 

fringe pattern of  various shapes of  PMMA consisting 

Figure 1. Arrangement of  the reflection photoelastic setup.
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of  circular disk, square, octagon and dodecagon. 
In this experiment we compressed the sample 
by hydraulic press system, and we measured the 
magnitude of  force by adding the load cell into 
the hydraulic press system. The change of  load cell 
voltage depended on magnitude of  compressive 
force and the linear relation between force and 
voltage is 7.65 N/mV.

We adjusted the axis of  first and second of  
polarizer and quarter-wave plate that was circular 
polariscope in this experiment to observe the 
isochromatic fringe pattern [11]. The number 
of  isochromatic fringe order was observed on 
any co-ordinate (x,y) point of  circular disk where 
x = X/R = 0, 0.1, 0.2,…in horizontal direction 
and y = Y/R = 0, 0.1, 0.2, … in vertical direction 
(R is radius of  disk, X,Y are co-ordination in x-y 
plane) at first quadrant of  sample where the grids 
were drawn by computer program. We added 
the Babinet compensator to the basic circular 
reflection polariscope to observe the integer and 
fractional number fringe order of  isochromatic 
fringe pattern [12].

Isochromatic fringe pattern on model was 
related with the change of  knob scale compensator. 
In experiment, we found the value of  knob scale 
compensator in one cycle of  isochromatic fringe 
patter on model (x). Next, we found the value of  
knob scale (y) which was adjusted until the dark 
band isochromatic fringe pattern cross at interest 
point. These values were used to calculate the 
fractional number of  isochromatic fringe order 
in equation r = y/x. Finally, we calculated the net 
number of  isochromatic fringe order (N) with 
equation (1) that is the combination of  integer 
(n) and fractional isochromatic fringe order [13]:

		 N = n ± r			   (1)

The total number of  isochromatic fringe order 
used to calculate the relative maximum number 
of  isochromatic fringe order in each grid point 
of  sample is shown in equation (2):

Relative maximum number of  fringe order
= Nmax - Ni				    (2)

where Ni is number of  fringe order at every 
position in horizontal direction of  sample

Nmax is maximum number of  fringe order in 
each along horizontal direction

In this research, we calculated the relative 
maximum number of  isochromatic fringe order 
in horizontal direction of  samples, which was the 
parameter related to the transmission of  force or 
stress distribution in horizontal direction of  samples. 
In case of  high value of  relative maximum number 
of  fringe order, the transmission of  force or stress 
distribution in horizontal direction was low from 
position of  maximum number of  fringe order to 
each point in horizontal of  sample. Nevertheless, 
in case of  low value of  relative maximum number 
of  fringe order, the transmission of  force or stress 
distribution in horizontal direction was high from 
position of  maximum number of  fringe order to 
each point in horizontal of  sample.

3. RESULTS AND DISCUSSION
3.1 Effect of  Various Shaped Sample with 
Stress Distribution in Horizontal Direction

The results in this part are the isochromatic 
fringe pattern of  four shapes of  samples, namely 
square, octagon, dodecagon and circular disk. In 
each shape of  sample, two-point loading at top 
and bottom was applied and the magnitude of  
force was 535.4, 688.6, 841.6 and 994.6 N. The 
isochromatic fringe patterns were dark band 
of  isochromatic fringe patterns cross on any 
co-ordinate (x,y) point of  disk. We rotated the knob 
of  compensator until dark band cross co-ordinate 
(x,y) point and this value of  rotating compensator 
scale was used to calculate total fringe order. It 
was found that fringe order depended on shape 
edge of  sample. The fringe order of  curve edge 
of  circular disk was more than straight edge of  
square, octagon and dodecagon shape because of  
greater edge length. The transmission of  force 
from contact area to center in vertical direction 
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of  curve edge of  circular disk was more than 
straight edge of  square, octagon and dodecagon 
shape because of  the distribution of  force to the 
nearest edge of  sample. Fringe order of  square 
was more than octagon and dodecagon because 
of  less interior angle and hence more distribution 
of  force in vertical direction to the edge and every 
point of  sample.

Figures. 2-5. show the relative maximum 
number of  fringe order of  PMMA in square, 
octagon, dodecagon and circular disk shape [14]. 
The relative maximum number of  fringe order 
in each position at X/R was calculated from the 
difference between the value of  maximum number 

of  fringe order at X/R = 0 and the number of  
fringe order in each position at X/R. We compared 
the relative maximum number of  fringe order of  
different of  magnitude of  force consisting of  535.4, 
688.6, 841.6 and 994.6 N. It was found that the 
transmission of  force from contact area to vertical 
direction X/R=0 of  sample was more than another 
region. Fringe order at vertical direction of  disk 
increased, which was related to the force increase 
more than increasing of  fringe order at another 
region of  disk. Therefore, the relative maximum 
number of  fringe order increased as magnitude 
of  force increased in every shape of  PMMA. The 
transmission of  force from position of  X/R = 0 

Figure 2. Relative maximum number of  fringe order with X/R and Y/R of  square shape and magnitude 
of  load (a) 535.4 N (b) 688.6 N (c) 841.6 N (d) 994.6 N.
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Figure 3. Relative maximum number of  fringe order with X/R and Y/R of  octagon shape and 
magnitude of  load (a) 535.4 N (b) 688.6 N (c) 841.6 N (d) 994.6 N.

to along the horizontal direction decreased as 
magnitude of  force pressed at the top and 
bottom of  PMMA increases. The transmission 
of  force along horizontal direction depended on 
edge length from contact area. Transmission of  
force increased as straight edge length increased 
because the tension surface of  high edge length 
can distribute of  force in vertical direction more 
than low edge length of  sample. 

It was found that relative maximum number 
of  fringe order depended on shape of  sample. 
The relative maximum number of  fringe order 
of  square was less than octagon and dodecagon 
shape. Therefore, the transmission of  force 

from position of  X/R = 0 along the horizontal 
direction of  square was more than dodecagon 
and octagon shape because of  the difference of  
edge length of  sample.

3.2 Effect of  Length Edge of  Sample with 
Stress Distribution 

When the shape of  dark band from center 
to the edge of  sample in horizontal direction is 
considered, it was found that vertex of  dark band 
curved into center of  sample and dark band is 
straight line in the middle region between center 
to edge of  sample and the shape of  dark band is 
convex towards the edge of  the sample. Figure 6. 
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Figure 4. Relative maximum number of  fringe order with X/R and Y/R of  dodecagon shape and 
magnitude of  load (a) 535.4 N (b) 688.6 N (c) 841.6 N (d) 994.6 N.

shows the isochromatic fringe order of  square, 
octagon, dodecagon and circular disk [13,15-16]. 
It was found that the maximum fringe order of  
square, octagon, dodecagon and circular disk 
shape of  PMMA was at the top of  sample and 
decreased from the top to center and edge of  
sample in vertical and horizontal direction. The 
distribution of  dark band produced at the first 
straight edge from contact area of  sample of  
square, octagon and dodecagon shape as shown 
in Figures. 6 (a) - (d). 

After calculating, the high number of  fringe order 
(green, yellow and red area) is at y/R = 0.50-0.90 
in vertical direction and x/R = 0.00-0.30 in 

horizontal direction of  square shape. For octagon 
shape, the high number of  fringe order is 0.55-0.90 
in vertical direction and 0.00-0.25 in horizontal 
direction, the high number of  fringe order is 
0.65-0.90 in vertical direction and 0.00-0.20 in 
horizontal direction of  dodecagon, the number 
of  fringe order is at 0.45-0.90 in vertical direction 
and 0.00-0.20 in horizontal direction of  circular 
disk as shown in Figures. 7 (a)-(d). The number of  
fringe order of  square is more than octagon and 
dodecagon shape because the length of  the first 
edge from contact area of  loading square is more 
than octagon and dodecagon in Figures. 6 (a)-(b). 
So, the length of  dark band of  fringe of  octagon 
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Figure 6. The dark band of  isochromatic pattern at the first edge of  (a) square (b) octagon 
(c) dodecagon shape and (d) circular disk.

Figure 5. Relative maximum number of  fringe order with X/R and Y/R of  circular disk shape and 
magnitude of  load (a) 535.4 N (b) 688.6 N (c) 841.6 N (d) 994.6 N.
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Figure 7. Isochromatic of  fringe order (a) square (b) octagon (c) dodecagon (d) circular disk.

is more than dodecagon shape of  PMMA and the 
transmission of  force from contact area at top of  
sample of  circular disk was more than octagon 
and dodecagon shape. 

The length of  edge decreased from octagon 
to dodecagon and then the curve edge of  circular 
disk. It was found that the number of  fringe 
order depended on length of  edge of  sample. 
The distribution of  fringe order was related 
to the transmission of  force from contact area 
at top of  sample into every point of  sample. 
Figures 7 (a)-(c) show the fringe order in each 

case. The high value of  fringe order in vertical 
direction X/R = 0 and Y/R = 0.9 of  circular disk 
was more than octagon and dodecagon shape. 
Therefore, the transmission of  force in vertical 
direction at X/R=0 of  circular disk was more than 
octagon and dodecagon shape because of  the 
difference of  edge length of  sample. Moreover, 
high fringe order distributed from center to 
horizontal direction of  octagon was more than 
dodecagon and disk because of  the longer edge 
length of  octagon shape.
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4. CONCLUSIONS
In this experiment, PMMA was pressed by 

two-point load. The isochromatic patterns could 
be observed in every area of  PMMA. The dark 
band could be observed at the edge of  first straight 
edge of  square, octagon and dodecagon shape. 
The relative maximum number of  fringe order 
indicated the stress distribution in the sample. 
It was found that the transmission of  stress in 
horizontal direction of  square was more than 
octagon and then dodecagon. When the magnitude 
of  force was increased from 535.37 to 994.63 N, 
the increasing of  stress was at slower rate from 
center to the edge of  PMMA. 

The net fringe order depended on shape of  
PMMA where the dark band could be observed 
at the edge of  square, octagon and dodecagon 
shape. The height of  isochromatic fringe order 
in vertical direction of  disk was more than square 
more than octagon and dodecagon. It depended 
on edge length from contact area of  sample.
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