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Abstract. Dynamic and static stress concentration factors ao, and as generated at a fillet part are observed 
by photoelastic method, and the comparison between two different factors is carried out. Next, the reflection 
coefficient A is calculated using the height of incident and reflected waves measured by the strain gauge. As the 
result, following relationship a- = ( I+ A )as is derived experimentally. The equation shows that the 
maximum dynamic stress concentration factor a h  is easily calculated using the static stress concentration factor 
as and the reflection coefficient A .  

RQum6 : Les facteurs de concentration de conuainte dynamique CXDmay et statique as dans un epaulement sont 
observes photoClastiquement. Ensuite. le coefficient de ritlexion A est calculk en utilisant les hauteurs de vagues incidentes et 
rktlechies mesurees par jauge fil resistanl. La relation CiDmax = (1 + A )  as est obtenue exp6rimmtalernent. Cette equation 
montre que Ie facteur dynamique de cdncenlrarion de con~rainte est facilernenr calculk en utilisanr le facteur statique er le 
coefficient de reflexion A .  

1. INTRODUCTION 

Studies on the stress concentration at the discontinuities such as holes and notches have been done so far ['"I. 
These studies have provided information under static loading. However, few cases of dynamic 
loading have been discussed [J1[51. 

The purpose of this study is then to investigate the behavior of discontinuity under dynamic loading. 
For the purpose, the dynamic stress concentration factor and the reflection coefficient at the fillet are 
obtained using a square wave. In a previous work, the rising part of the square wave was considered as 
the dynamic loading, and the plateau of the wave as the static loading on condition that the plateau lasted 
for long time ['I. 

The strip with the fillet is one of the basic models of actual structures. When the stress wave travels 
into another strip plate with bigger cross sectional area, the reflection and the transmission take place due to 
the difference of acoustic impedance at the fillet part, even if the material of two strips is same. 

Static and dynamic photoelastic methods are employed to measure the stress concentration factor. 
And strain gauge method is used to obtain the reflection coefficient. 

2. EXPERIMENTAL PROCEDUER 

2.1 Static and dynamic stress concentration factors 

Figure 1 shows the shape of the strip plate with a fillet. The fillet is shown as the shadowed part in the 
figure. The strip plate is composed of D M  (diallylphtalate), an isotropic phtoelastic resin. In the figure, 

and cz represent the density and propagation velocities of stress wave in the strip plate I and 
respectively, and E is the Young's modulus. The D M  had the Young's modulus of 3.09GPa, poisson's 
ratio of 0.39, and density of 1 .21 x 10' kg!mm7. The thickness of the plate was 6rnrn The radius 
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of the fillet was changed i.e. the value of r/B was changed from 0.5 to 2.0, while the width of plare 
was kept constant IOmm. 

In the case of the dynamic experiment, the width and the longitudinal length of the plate U were lonc 
to be considered as semi-infinite to eliminate the effect of reflection from the plate U . 

A compressed air gun was used to generate square stress waves. A striker made of acrylic resin had an 
outer diameter of 10 mrn and an inner diameter of 8mm, an length of 300mm, and a hemispherical shell is 
attached at an tend. The square stress wave with the rising time Tr = 45 y s, and a duration T = 330 ii 5 

was generated. 

C 1 ,C2 : Propagation velocity t = 6 Material : DAP resin 
E : Young's modulus (unit : mm) 

p : Density r/B = 0.5-2.0 

Figure 1: The shape of the strip plate with a fillet 
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Figure 2: The waveform of the square wave obtained by strain gauge in the strip plate I 

Figure 2 shows the waveform of the square stress wave obtained by strain gauge in the strip plate I 
Cranz-shardin optical system used to record the dynamic fringe patterns was composed of 9 microflash 
lamps with a flashing time of 1 [L s, and 9 cameras. Examples of dynamic fiinge patterns are shown in 
Figure 3. For the static photoelastic, the conventional method was employed. 

In the static experiment, the stress concentration factor is defined by the ratio of the maximum stress 
a smax at the fillet to the nominal stress a so generated in the plate I 
Static and dynamic stress concentration factors are related to the fringe number as follows: 

~ ~ = ~ s m ~ x / ~ s o = N s ~ ~ ~ l N s o  (1)  
a D = o(t) a DO = N(t)hax Nm (2) 

In equation (2), the ~ ( t )  D,,,,, and the I J ~ , , ,  arc the maximum stress of the fillet and the dynamic noirli-1:' 

stress observed rvithout fillet 



(a) T = O  /L s (b) T = 2 5  u s (c) T = j O  .u s 

- - 

t+f 
%St. r. < - '  

, * ! I -- Figure 3: The photog@ of 

(d) ~ = 7 5  u s (e) T =  100 u s d q m c  finnge patlerns at 
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2.2 Reflection coefficient 

The reflection coefficient A was calculated to investigate the influence of the reflected wave fiom fillet on 
the.dynamic stress concentration. The gas gun and the specimen were also used in this experiment. The 
reflection coefficient A was calculated using the equation 

A =  a ~ m ~ ~ /  0 t m x  (3) 
As can be seen fiom the Figure 4, the a ha, is the height of the plateau of reflected wave, and the o h  is 
the height of the incident square stress wave. 

Figure 4: The 
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waveform of the reflected wave from the fillet obtained by strain gauge (rlB = 0.5 ) 
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3. RESULTS AND DISCUSSION 

Figure 5 shows the dynamic and static stress concentration at the fillet with r/B = 0.5 , 1.0 and 2.0 as a 
function of time. 

In the case of r/B = 0.5, the static stress concentration factor was 1.52, and the maximum dynamic 
stress concentration factor ahaxwas 2.75 at the time T= 80 p s after the incident wave arrive at the fillet, 
while the Tr was 45 p s. The maximum dynamic stress concentration factor is 85% higher than as. 

0.5 1 ' I I I I I 
0 0.5 1 .O 1.5 2.0 

rn3 
Figure 5: the dynamic and static stress concentration at the 

fillet as a function of time. 

O ! l ' l l l l l l ' l l l l l l  5 0 100 150  

Time after the incident wave arrive at time ( p s )  

Figure 6: TIE relation behvcen the SITS comntrahon faaon 
and the r/B 

The relation between the stress concentration factors and the r/B are shown in Figure 6. the stress 
concentration factors a s and cx ha, decrease with the increase in rlB. The a ha, is 70-90 % higher than 
the a s ,  which could be attributed to the duplication of the reflected wave. In general, the dynamic stress 
concentration factor is nearly equal 1 lower than static one. However, the opposite result was also reported 
for the strip plate with discontinuity of a circular hole[51. In such case, the dynamic stress concentration 
factor was 12% higher than the static stress concentration factor. 

Figure 7 shows the relationship between the reflection coefficient A and r/B. As can be seen in the 
figure, the reflection coefficient falls from about 0.7 to 0.9 with the increase in r/B. The reflection 
coefficient A is nearly equal to the difference between the ahax and the a s  for the fixed value of r/B. 

I 
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Figure 7: The relationship between the reflection 
coefficient A and r/B 
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Figure 8: the dynamic and static stress distributloris 
along the free boundary of the fillet 

Figure 8 shows the distribution of a h , ,  along the free boundary of the fillet obtained fronl 
Fig.3(e) together with the static stress distribution. The dynamic stress distributions is similar to the static 
one All stresses used in this f ig re  are normalized by nominal stresses Tn dynamic photoelastic method. the 
plateau height of the incident wave tr L,,,,,, is the same as nominal stress u ,,,,. 



In the plate I , the a ha, and the a P.,,,,~ are superimposed. If the summation of a and ah, are 
considered as the nominal stress, the dynamic stress concentration factor is given by ohax / ( a,,-+ ah), 

and is equal to the a s  ( = I  .5 ) The following equation is obtained. 
a ~ m ~ ~ l ( o ~ ~ ~ +  0 ~ m a . t ) ~  a s  (4) 

substituting the eqs.(2) and (3) into the (4), we obtain 
a ~ m , , = ( l  + A ) X  as .  (5) 

This equation implies that the dynamic stress concentration factor at the fillet could be determined using the 
reflection coefficient and the static stress concentration factor. 

To confirm the validity of the equation above, the comparison between the a- obtained directly by 
dynamic photoelastic method and the a calculated by eq.(5) was done. The result is shown in Figure 
9. The factor a,-,, agrees with the factor ah, within the error of 3%. 

; , . o C  1 1 I I , , , 1 
m O  0.5 1 .O 1.5 2.0 

r/B 

Figure 9: The comparison between the am and the a- 
as a function of r/B 

4. CONCLUSION 

The static and the dynamic stress concentration factors at the fillet was determined by photoelastic 
methods. And the comparison between them was carried out. Furthermore, the reflection coefficient A 
was calculated to investigate the influence of reflected wave on the dynamic stress concentration . As a 
result, the following conclusions are obtained. 

1) The dynamic stress concentration factor a~ is 70-90% higher than static stress concentration 
factor a s ,  and decreases with the increase in r/B. 

2) The reflection coefficient A decreases from 0.9-0.7 with the increase in r/B. 

3) The maximum dynamic stress concentration factor ahax in the fillet is determined by the equation, 

a h a x = (  l f A  )X as .  
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