
Proceedings of Meetings on Acoustics

  Volume 5, 2008 http://asa.aip.org 

 
 
 
 
 
 

156th Meeting
Acoustical Society of America 

Miami, Florida 
10 - 14 November 2008 

Session 2aAO: Acoustical Oceanography

2aAO5.   The physical mechanism (viscosity related) of low frequency acoustic wave attenuation
in sandy/silty sediments

Allan D. Pierce* and William M. Carey

*Corresponding author’s address: Mechanical Engineering, Boston University, Boston, MA 02215, adp@bu.edu

  Considered saturated sediments contain diverse rock pebbles (characteristic size of 0.1 mm). The weight of higher
pebbles holds lower pebbles in contact sufficiently that acoustically induced solid displacements vary slowly over several 
adjacent pebbles. Apart from contact areas, each is nearly surrounded by water at a nearly uniform pressure. An appropri-
ate first approximation predicts that the elastic stress tensor in the pebbles is diagonal, with components equal to the nega-
tive of the acoustic pressure in the neighboring fluid. The assumptions of Mallock and Wood apply: the mass weighted
local average velocity is proportional to the negative gradient of the pressure in the water. The no-slip condition at the 
interfaces tends to force the water to move with the pebbles, but the finite viscosity allows the fluid at small distances
from the interfaces to move at a different velocity than the pebbles. The apparent driving force for the oscillations of the 
interstitial water relative to the pebbles is associated with the inertia of the water and is proportional to the difference in 
densities. The derived approximate wave equation predicts attenuation proportional to frequency squared, proportional to
the square of the difference of the densities, and inversely proportional to viscosity.
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Portions of the present paper are similar to what appears in the paper: A. D. Pierce and W. M.
Carey, Low-frequency attenuation of acoustic waves in sandy/silty marine sediments, J. Acoust.
Soc. Amer. 124, pp. EL-308–El-312 (November 2008). Some of the mathematical development
here corrects and improves that of the JASA-EL paper.

Detailed references can be found in the JASA-EL version.
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In large portions of the world and especially off the northeast coast of the US, the sediments
are of the sandy/silty type —- the present paper deals with this type of sediment.

In the mathematical expressions that appear here, the Einstein summation convention is use.
The derivation begins with an integral version of Newton’s second law.
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The data shown in the graph below was assembled by Ji-Xun Zhou (Georgia Institute of
Technology), who was the first speaker in the session in which the present paper was given. It is
being used with Zhou’s permission. The fact that the theory tends to predict where the break in
the power law occurs allows a partial substantiation of the theory.
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