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Acoustic Band Gap Materials 

 

Purpose: 

 The purpose of this research project is to improve the design and capabilities of 

materials which exhibit a potentially useful acoustic band gap.  Of primary interest are 

those materials with a band gap in the range of human hearing, although gaps in other 

sound ranges may still have practical uses. 

 

Significance: 

 If successful, this project will revolutionize sound damping technology, allowing 

for a drastic reduction in noise pollution.  With an increasing number of noise sources 

(planes, trains, automobiles, etc), it has become more and more difficult for people to 

find quiet places to work and relax.  Productivity in the workplace and happiness at 

home depend on comfort.  Noise pollution has a directly measurable impact on real 

estate, as most people do not wish to live close to major roads and are willing to pay 

more for homes in quiet areas. 



The current popular approach to sound damping is simply to make walls thicker.  

This works, but is extremely expensive.  In order to effectively block noise pollution from 

a major highway, the cost in materials and labor is simply unreasonable.  However, if 

we are able to design a material which has an acoustic band gap in the range of human 

hearing, much thinner walls would be possible, while still blocking most of the noise.  

Not only would this increase human comfort, but the proper application of acoustic band 

gap materials could protect delicate scientific equipment which is susceptible to noise 

interference (electron microscopes, for example), improving the reliability and resolution 

of the data they collect. 

 

Background: 

When sound travels through a composite material, certain wavelengths are 

transmitted better than others due to the internal arrangement of the materials.  Wave 

reflections, deflections, and resonances may amplify some sounds passing through the 

material while dampening others.  In extreme cases, it is possible for a material to 

completely dampen a range of wavelengths.  This is known as an acoustic band gap.  

When this gap falls in the range of human-audible sounds, it may have practical 

applications. 

 

 

 



 

 

 

 

 

 

 As with many materials processing problems, a computer simulation has the 

potential to economically decrease the amount of time and work required to find the 

optimal design for our purposes.  In order to model the composite as accurately as 

possible, it is necessary to have the most accurate materials property data possible.  

Due to variability in materials production, it is necessary to have data for the specific 

materials we are using, not just the general properties of that type of material.  One of 

the most important properties with respect to modeling acoustic band gaps is the 

material’s sheer modulus, in order to calculate the transverse speed of sound.  Thus, it 

has become necessary to find the sheer modulus of the silicone or other materials we 

plan to use in our composite. 

 

 

 

 



Plan of Work: 

 The first goal is to properly characterize the materials to used in the project.  

Published data is of course available, but is not always precise (companies will give an 

average of their material’s properties, and will sometimes add in safety factors).  Thus, 

in order to properly benefit from the aid of computer models, it will be necessary to 

derive the exact physical properties of our materials.  The plan is to create a test, or 

series of tests if it becomes necessary, which will allow us to measure the properties of 

the materials we are using. 

 

Speed of Sound 

The speed of sound in a material can be represented by: 

 Ec
ρ

=  

Where c is the speed of sound, E is an elastic modulus, and ρ is the density of 

the material.  For longitudinal waves, E is the Young’s Modulus.  For Transverse waves, 

E is the Shear Modulus (G).  Using published data which will need to be verified, the 

Shear Modulus of silicone is 0.31MPa, and the density is 0.465 g/cm3.  This yields a 

speed of sound around 25.8 m/s. 

In order to get a more accurate number, we must measure the shear modulus for 

ourselves.  The density is easily calculated from taking volume and mass 

measurements of a piece of silicone.  The Shear Modulus of a material can be derived 



from subjecting a cylinder of the material to torsion.  Then, using the shear stress and 

strain on the loading plain, the shear modulus can be calculated (and then related to the 

Young’s Modulus) 
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Procedure for measuring the shear modulus:  

The ASM manual’s section on Shear, Torsion, and Multiaxial Testing 

recommends the use of very expensive load trains with torque sensors and stress 

gauges [1].  Instron unfortunately, no longer produces parts for the University’s Instron 

Model 1101 which are suitable for torsion tests, meaning that an entire test machine 

would need to be purchased.  However, this early in the design phase it is difficult to 

justify the tens of thousands of dollars of expense to acquire the necessary data without 

first exploring more frugal methodologies.  If a less expensive option can yield 

reasonably accurate results for our purposes, then that seems the obvious direction to 

move in. 

A static vertical torsion test [2] is probably desirable to measure the shear 

modulus of our silicone.  A horizontal test could conceivably work if there were a way to 

support the vertical disk applying the torque; otherwise there would be sagging in the 

silicone.  The materials needed to construct the “frictionless” horizontal setup could just 

as easily be applied to a vertical setup, and so both techniques could be tested once the 



equipment is procured.  An oscillation-based test would be less likely to yield accurate 

results for our purposes, and would be better suited to tests on a less deformable 

material.  A long, thin rod of silicone might not properly represent the material’s bulk 

properties, as it would be likely to deform or tear when placed under torsion.  In order to 

prevent deformation, the long material might have to be put under tensile stress, 

introducing an error factor in measurements of the shear modulus.  Thus, the plan is to 

use a relatively short rod.  We may find that these assumptions are incorrect, however, 

and so a procedure will be designed that will allow for both tests to be performed with 

very little change in the setup. 

 

Materials: 

 Silicone Cylinder 

 Large fixed/massive object to fix top of cylinder 

Plate to fix bottom of cylinder (should have a relatively high moment of inertia for 

a dynamic torsion test) 

Turntable 

String 

Pulley 

Weight of known mass 

 



Set up the materials as per the diagram. 

 

 

 

 

 

Actual Setup: 

 

 

 

Top view, with bumblebee for scale 

 

 

 

 

Side view 



 

 

 

 

 

 

Perspective view 

 

 

 

 

 

 

Detail of gripping mechanism 

 

 



 

 

 

 

 

Detail of pulley 

 

A) Static Test: 

a. The weight pulls on the string, exerting a tangential force F on the outside 

of the supporting disc (the string is wrapped all the way around the disc).  

A torque τ is exerted on the cylinder.  From the schematic, R is the radius 

of the disk. 

 

τ = F*R 

 

b. The disc rotates on the turntable, moving the notch over some angle θ.  

Using Hooke’s Law, this angle can be related to the shear modulus of the 

material.  With G as the shear modulus, J as the polar moment of inertia, 

and r as the radius of the cylinder: 



 * *
*

F R L
G J

θ =  

 
4

3

0
2

2
r rJ r dr ππ= =∫  

  So, all other variables being known 
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And since 

 Gc
ρ
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We can then solve for the speed of sound 
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Expected results:  

Because silicone is an elastomer, I expect that the stress-strain curve should 

look something as follows [3]: 

 

 

 

 

 

 

 

 expect the sheer calculations to exhibit a similar functionality.  Based off of published 

data for silicone, the sheer modulus should be around 250 kPa, and the young’s 

modulus should be around 2.05 MPa.  With a density of 1.15 g/cm^3 : 

Gc
ρ

=
 

This equation gives a transverse speed of sound equal to about 14.8 m/s, compared to 

a longitudinal speed of sound of about 42.2 m/s.  Using this knowledge, I have tabulated 

the values I expect to see in this experiment.  The approximately linear region of low 



strain (<50%) will be used to calculate the transverse speed of sound for our 

applications, as I do not expect the sound waves to significantly deform the silicone. 

 

Expected Data:  
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mass (kg) F (N) from mas torque (N*m) theta (radiansstrain G (Pa) stress (Pa) transverse speed of sound (m/s)
0.1 0.981 0.04905 0.62 0.12 2.50E+05 3.12E+04 14.75038495
0.2 1.962 0.0981 1.24 0.25 2.52E+05 6.25E+04 14.79789034
0.3 2.943 0.14715 1.86 0.37 2.52E+05 9.37E+04 14.79789034
0.4 3.924 0.1962 2.48 0.50 2.52E+05 1.25E+05 14.79789034
0.5 4.905 0.24525 3.10 0.62 2.52E+05 1.56E+05 14.79789034
0.6 5.886 0.2943 4.07 0.81 2.30E+05 1.87E+05 14.14731651
0.7 6.867 0.34335 5.04 1.01 2.17E+05 2.19E+05 13.73186108
0.8 7.848 0.3924 6.01 1.20 2.08E+05 2.50E+05 13.44322312
0.9 8.829 0.44145 6.98 1.40 2.01E+05 2.81E+05 13.23089408

1 9.81 0.4905 7.95 1.59 1.96E+05 3.12E+05 13.06808904
1.1 10.791 0.53955 8.92 1.78 1.93E+05 3.43E+05 12.93926373
1.2 11.772 0.5886 9.89 1.98 1.89E+05 3.75E+05 12.83477107
1.3 12.753 0.63765 10.86 2.17 1.87E+05 4.06E+05 12.74830405
1.4 13.734 0.6867 11.83 2.37 1.85E+05 4.37E+05 12.67556407
1.5 14.715 0.73575 12.80 2.56 1.83E+05 4.68E+05 12.61351982
1.6 15.696 0.7848 13.77 2.75 1.81E+05 5.00E+05 12.55997198
1.7 16.677 0.83385 14.41 2.88 1.84E+05 5.31E+05 12.65575677
1.8 17.658 0.8829 15.05 3.01 1.87E+05 5.62E+05 12.74276435
1.9 18.639 0.93195 15.69 3.14 1.89E+05 5.93E+05 12.82215369

2 19.62 0.981 16.33 3.27 1.91E+05 6.25E+05 12.89488742
2.1 20.601 1.03005 16.97 3.39 1.93E+05 6.56E+05 12.96177193
2.2 21.582 1.0791 17.61 3.52 1.95E+05 6.87E+05 13.02348793
2.3 22.563 1.12815 18.03 3.61 1.99E+05 7.18E+05 13.1601762
2.4 23.544 1.1772 18.45 3.69 2.03E+05 7.49E+05 13.28932997
2.5 24.525 1.22625 18.87 3.77 2.07E+05 7.81E+05 13.41157256
2.6 25.506 1.2753 19.29 3.86 2.10E+05 8.12E+05 13.52745848
2.7 26.487 1.32435 19.71 3.94 2.14E+05 8.43E+05 13.63748291
2.8 27.468 1.3734 20.13 4.03 2.17E+05 8.74E+05 13.74208965
2.9 28.449 1.42245 20.55 4.11 2.20E+05 9.06E+05 13.84167778

3 29.43 1.4715 20.97 4.19 2.23E+05 9.37E+05 13.93660726
3.1 30.411 1.52055 21.39 4.28 2.26E+05 9.68E+05 14.02720371
3.2 31.392 1.5696 21.81 4.36 2.29E+05 9.99E+05 14.11376252
3.3 32.373 1.61865 22.23 4.45 2.32E+05 1.03E+06 14.19655234
3.4 33.354 1.6677 22.65 4.53 2.34E+05 1.06E+06 14.27581807
3.5 34.335 1.71675 23.07 4.61 2.37E+05 1.09E+06 14.3517835
3.6 35.316 1.7658 23.49 4.70 2.39E+05 1.12E+06 14.42465356
3.7 36.297 1.81485 23.91 4.78 2.42E+05 1.16E+06 14.4946163
3.8 37.278 1.8639 24.33 4.87 2.44E+05 1.19E+06 14.56184464
3.9 38.259 1.91295 24.75 4.95 2.46E+05 1.22E+06 14.62649784

4 39.24 1.962 25.17 5.03 2.48E+05 1.25E+06 14.68872287
4.1 40.221 2.01105 25.59 5.12 2.50E+05 1.28E+06 14.74865561
4.2 41.202 2.0601 26.01 5.20 2.52E+05 1.31E+06 14.80642184
4.3 42.183 2.10915 26.43 5.29 2.54E+05 1.34E+06 14.86213821
4.4 43.164 2.1582 26.85 5.37 2.56E+05 1.37E+06 14.91591303
4.5 44.145 2.20725 27.27 5.45 2.58E+05 1.41E+06 14.96784707
4.6 45.126 2.2563 27.69 5.54 2.59E+05 1.44E+06 15.01803414
4.7 46.107 2.30535 28.11 5.62 2.61E+05 1.47E+06 15.06656174
4.8 47.088 2.3544 28.53 5.71 2.63E+05 1.50E+06 15.11351155
4.9 48.069 2.40345 28.95 5.79 2.64E+05 1.53E+06 15.15895994

5 49.05 2.4525 29.37 5.87 2.66E+05 1.56E+06 15.20297839
5.1 50.031 2.50155 29.79 5.96 2.67E+05 1.59E+06 15.24563387
5.2 51.012 2.5506 30.21 6.04 2.69E+05 1.62E+06 15.28698919



Experimental Results: 

A transverse speed of sound of 22.25 m/s was calculated.  This is roughly the expected 

value, based off of the published data. 

Pi  R (m)  L (m)  r (m) 
gravity 
(m/s^2)  density of silicone (g/cm^3) 

3.141593  0.149225  0.04 0.005 9.81 1.15

 

length of rope (m)  degrees turned  radians  mass of rope  mass of weight (kg) 
0.45  172.7800354 3.015580499 0.0015  0.013254

0.008144
0.004703

mass 
(kg) 

F (N) from 
mass 

torque 
(N*m) 

theta 
(radians)  strain  G (Pa) 

0.013929  0.13664349  0.020390625 1.17 0.15 7.08E+05
0.014259  0.13988079  0.020873711 1.91 0.24 4.46E+05

 

4
* *

* *
2

F R Lc
rπρ θ

=
 

stress (Pa)  transverse speed of sound (m/s) 
1.04E+05  24.8168919
1.06E+05  19.68239739 ave:  22.24964464

 

Foam Production: 

A foamed rubber can significantly reduce the longitudinal speed of sound.  However, the 

effect on transverse speed of sound warrants investigation.  In an effort to avoid having 

to purchase a new batch of silastic with an integrated blowing agent, effort was placed 



towards finding a way to foam the rubber to about 10% air, without the aid of a chemical 

blowing agent.  The addition of surfactants to the silastic and moderate mechanical 

mixing before cure allowed for a good quantity of air to become trapped in the final 

rubber product (~15%)  There is still a serious issue with regard to sample uniformity, 

however.  Using a mechanical means of stirring will not always yield the same pore 

sizes or distribution.  On a positive note, however, there was a noticeable effect on the 

longitudinal speed of sound. 

Ec
ρ

=
 

 
stress (Pa)  strain 

young's 
modulus 

459233.3122  0.161145  2849821.676
 
longitudinal 
speed of sound 
(m/s): 

49.78057659 

 

Also, the transverse speed of sound was effected somewhat, but very little compared to 

the longitudinal speed of sound. 

mass 
(kg) 

F (N) from 
mass 

torque 
(N*m) 

theta 
(radians)  strain  G (Pa) 

0.009494  0.09313614  0.01389824  0.703 0.09  8.05E+05
0.010709  0.10505529  0.015676876  3.016 0.38  2.12E+05

 

stress (Pa)  transverse speed of sound (m/s) 
7.08E+04  27.06050858
7.98E+04  13.87662321 ave:  20.4685659



Conclusion: 

The frictional forces in the turntable were much higher than anticipated, relative 

to the sheer forces applied to the samples.  However, due to the tangential nature of the 

force applied by the hanging weight, this friction force should remain constant through 

all degrees of turning and though varying weights.  It is also important that, with 

reasonably small strains, the stress-strain curve is linear.  In this linear region, a simple 

average will allow for the calculation of true strain in the material as if friction in the 

turntable was not a factor.  First, the turntable was held at its ground configuration (zero 

degrees of turning), and slowly allowed to turn until the force of the weight was 

cancelled out by the friction in the turntable and the torque applied by the deformed 

cylinder.  Once this measurement was recorded, the turntable was turned until the 

torque applied by the deformed cylinder pulled it back.  These two measurements are 

averaged to eliminate the friction factor.  I believe that most of the error introduced into 

the data is a result of friction.  There was also some concern about the proper 

positioning of the sample, with regard to vertical alignment.  However, the silicone 

proved to be very forgiving in this, as small changes in alignment produced no 

noticeable difference in results.  Also, the very large turntable allowed for precise 

measurement of the turntable’s angle.  Overall, I believe that the experiment was a 

success, because I was able to successfully calculate transverse speeds of sound, and 

to make a foam out of readily available materials.  
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