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Viscoelastic material acoustic coating plays an important role in noise and vibration control of underwater equipment. *e
dynamic mechanical properties of the viscoelastic material have a direct effect on the sound absorption performance of the
acoustic coating. *e influence of Poisson’s ratio on sound absorption performance is studied. A finite element model was
established to calculate the sound absorption performance of three typical acoustic coatings: homogeneous acoustic coatings,
Alberich acoustic coatings, and trumpet cavity acoustic coatings, and the influence of Poisson’s ratio on the sound absorption
performance of the three kinds of acoustic coatings was analyzed. *e results show that when Poisson’s ratio varies from 0.49 to
0.4999, the larger Poisson’s ratio is, the larger the frequency of the first absorption peak is, the smaller the absorption coefficient
below the frequency of the first absorption peak is, and the smaller the average absorption coefficient in the whole analysis
frequency range is.*e dynamic Poisson’s ratio with the change of frequency is obtained by interpolating the test results and static
Poisson’s ratio finite element calculation results. *e calculation results show that the dynamic Poisson’s ratio can get more
accurate calculation results.*is work can provide a reference for researchers to set Poisson’s ratio in theoretical analysis and finite
element analysis of acoustic coating.

1. Introduction

Acoustic coatings of viscoelastic materials play an important
role in noise and vibration control of underwater equipment.
*e typical acoustic coating structure used in underwater
equipment is homogeneous acoustic coating [1, 2], Alberich
acoustic coating [3, 4], and trumpet cavity-type coating [5].
Homogeneous acoustic coating has the characteristics of
simple structure, convenient installation and maintenance,
and low cost, but its low-frequency sound absorption per-
formance is poor. Alberich coating originated in Germany
duringWorldWar II and has excellent low-frequency sound
absorption performance. *e structure of trumpet cavity-
type coating is more complex, and the low-frequency sound
absorption performance is also excellent. Alberich acoustic
coating and trumpet cavity-type coating belong to resonant
cavity acoustic coating. According to these two acoustic
coating, various forms of resonant cavity acoustic coating

are derived. Sound absorption performance is one of the
most important properties of acoustic coatings [6]. In ad-
dition to structure, dynamic mechanical property parame-
ters of materials used in acoustic coatings have a direct
impact on sound absorption performance [7, 8]. *ere are
six parameters to describe the dynamic mechanical prop-
erties of viscoelastic materials: Young’s modulus, shear
model, Poisson’s ratio, Lamy constant, bulk compression
modulus, and bulk longitudinal wave modulus. Among the
six parameters, only two parameters are independent;
among which Young’s modulus and Poisson’s ratio are the
two commonly used parameters [9, 10]. Either through
frequency expansion or through inversely solving acoustic
measurement such as sound velocity, the Young modulus of
viscoelastic materials can be obtained. Defined as the neg-
ative value of the ratio of the transverse positive strain to the
axial positive strain when a material is under unidirectional
tension or compression, Poisson’s ratio can be obtained
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either through measurement or calculation with the Young
modulus, shear modulus, or bulk modulus. Regardless, the
order of magnitude for the accuracy of Poisson’s ratio ob-
tained can reach only 0.01 [11, 12].

*e influence of Poisson’s ratio on the acoustic per-
formance of coatings is seldom studied. Since viscoelastic
materials are approximately incompressible materials,
Poisson’s ratio is difficult to be measured with high precision
(the measurement accuracy is generally 0.01). According to
this actual situation, researchers usually assume Poisson’s
ratio to be a value close to but less than 0.5 such as 0.49
[9, 13–20], 0.493 [21], 0.495 [15, 19], 0.4997 [19], 0.49976
[15], and 0.499981 [22]. It can be seen that Poisson’s ratio of
viscoelastic materials is set differently in the above literatures
(although the difference in value is very small). *is paper is
to study whether and what effects such slight difference has
on sound absorption performance. In addition, in these
literatures, Poisson’s ratio is set as a static value that does not
change with the frequency. In literature [13], when studying
the influence of Poisson’s loss factor on acoustic covering
layer, the real part of Poisson’s ratio is still regarded as a fixed
value. In fact, Poisson’s ratio of viscoelastic materials varies
with frequency. In this paper, the finite element calculation
of sound absorption performance of acoustic coating is
carried out, and Poisson’s ratio varying with frequency is
used in order to obtain more accurate calculation results.

2. Poisson’s Ratio and the Attenuation
Constant of Acoustic Waves

*e Young modulus and Poisson’s ratio, two parameters
required to describe the properties of viscoelastic materials,
are denoted as E and ] . *en, the shear modulus is indicated
by G, the Lamy constant is denoted as λ, and the bulk
longitudinal wave modulus is represented by S.

G �
E

2(1 + ])
, (1)

λ �
E]

(1 + ])(1 − 2])
, (2)

S � λ + 2G. (3)

For the viscoelastic material, both Young’s modulus and
Poisson’s ratio are complex numbers, as a result of which
they are the related parameters. In an isotropic infinite
medium, the wave velocity of longitudinal waves cl and the
wave velocity of shear waves ct are written as follows:

cl �

�
S

ρ



, (4)

ct �

��
G

ρ



, (5)

where ρ is the density of the sound wave propagation
material. According to ρ and sound velocity c, the charac-
teristic impedance of the material is expressed as follows:

Z � ρc. (6)

*e attenuation constant of longitudinal and shear waves
in the viscoelastic material αl and αt is expressed as follows:

αl �
ω
2cl

η, (7)

αt �
ω
2ct

η, (8)

where ω represents the angular frequency of the sound wave
and η represents the loss factor of the material. For such
viscoelastic materials as rubber, Poisson’s ratio approaches
0.5, and 1 − 2] is close to 0. According to Equations (2–8),
even a slight change in Poisson’s ratio will have a significant
impact on the sound velocity of the longitudinal wave, thus
affecting the characteristic impedance and attenuation
constant of the material and then on the characteristics of
the acoustic coating in respect of sound absorption. To some
extent, the attenuation constant can characterize only the
characteristics of the material in terms of sound absorption.
In response to the acoustic coating with a limited size but
complex structure, it is necessary to conduct quantitative
analysis of the impact caused by Poisson’s ratio on the
characteristics of sound absorption.

3. Acoustic Coating

*e acoustic coatings analyzed in this paper are three types
of commonly used underwater equipment, including ho-
mogeneous coating, Alberich acoustic coating, and trumpet
cavity-type coating. Homogeneous coating is an equal
thickness coating that does not contain any cavity structure.
When in use, it is made into a rectangular block structure
and pasted on the outer surface of underwater equipment.
Figure 1 shows the underwater structure of the Alberich
coating applied. In aquatic environment, acoustic waves are
incident perpendicularly along the –z axis to the coating laid
on a steel plate with air behind. Made of viscoelastic ma-
terial, the acoustic coating has cylindrical cavities uniformly
and periodically distributed inside. Statistically, the periodic
spacing L1 in the X and Y directions is 30mm, the diameter
of the cavities denoted as d is 10mm, the height of the
cylindrical cavities represented by t2 is 46mm, the thickness
of the hole sealing layers on both sides of the cavities in-
dicated by t1 and t3, respectively, is 2mm, and the total
thickness of the coating is 50mm.

Figure 2 shows the underwater structure of the trumpet
cavity-type coating. In aquatic environment, acoustic waves
are incident perpendicularly along the –z axis to the coating
laid on a steel plate with air behind. Made of a viscoelastic
material, the acoustic coating with a shape of trumpet cavity
is periodically distributed in the X and Y directions. *e
cavities are distributed in the form of an equilateral triangle.
*e side length L2 of the equilateral triangle is 14.74mm.
Denoted as d2, the diameter of the trumpet with a shape of
cavity tube is 1.3mm. Referred to as d3, the diameter of the
trumpet mouth is 11mm. Indicated by t5, the height of the
cavities is 46mm. Denoted as t4 and t6, respectively, the
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thickness of the hole sealing layers on both sides of the
cavities is 2mm.*e total thickness of the coating is 50mm.

4. Finite Element Model

*e finite element method is a very effective method to
analyze the sound absorption performance of acoustic
coating. Since the 1990s, Hennion and Easwaran [23] began
to study acoustic coatings by the finite element method
(FEM). Nowadays, commercial numerical simulation soft-
ware (for example, ANSYS [24], Virtual. Lab [25], and
COMSOL [26, 27]) can analyze the acoustic performance of
acoustic coatings on complex structures. *e finite element
modules of the acoustic simulation software LMS Virtual.
Lab 11 were applied to construct the finite element model for
the sound absorption performance of acoustic coatings, as
shown in Figure 3. *is problem belongs to acoustic fluid
structure coupling problem. *e following assumptions are
made; that is, water is a homogeneous fluid without flow and
viscosity, and different adjacent solids are completely

connected. Under the Blouch periodic boundary conditions
[26], the periodic unit shown in Figures 1 and 2 was selected
for calculation. *e finite element model is comprised of
water, acoustic coating, and steel plate backing. *ere is no
need to model the air behind the steel plate. *e default
setting of the software is a total reflection boundary. *e
grids of the three materials were divided into tetrahedral
mesh, with the size of themesh varying from one structure of
the coatings to another. *e maximal side lengths of tet-
rahedral meshes of water, acoustic coating, and steel plate
are 2.3mm, 1mm, and 1mm, respectively. *erefore, the
number of tetrahedral elements of Alberich acoustic coating
and trumpet cavity-type coating is 351464 and 74965, re-
spectively. Conode processing was conducted on the surface
of contact between the coating and steel plate. Denoted as S1,
S2, S3, and S4, respectively, the four sides of the coating and
the steel plate were constrained by two degrees of freedom in
the X and Y directions. Plane acoustic wave excitation was
applied to one end of the water grid. Field point 1 and field
point 2 were added in the water meshers, the distance
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between the two field points is denoted as s and the distance
between field point 1 and interface between water and
acoustic coating is denoted as zl.

*e sound pressure of incident and reflected waves in
water can be expressed as follows:

pi � PIe
jkz

,

pr � PRe
− jkz

,
(9)

where k represents the wave number; PI and PR refer to the
amplitudes of the incident wave pi and reflected wave pr on
the XOY plane of the datum plane, respectively; PR � rPI;
and r stands for the reflection coefficient.

*erefore, the sound pressure at the two field points is
the superposition of the incident and the reflected waves.
*en,

p1 � PIe
jkzl + PRe

− jkzl ,

p2 � PIe
jk zl− s( ) + PRe

− jk zl− s( ).
(10)

*e transfer function from field point 1 to field point 2 of
the total sound field is written as follows:

H12 �
p2

p1
�

PIe
jk zl− s( ) + rPIe

− jk zl− s( )

PIe
jkzl + rPIe

−jkzl
. (11)

*e reflection coefficient r can be obtained using

r �
p2/p1 − e

− jks

e
jks

− p2/p1
e

j2kxl . (12)

During the process of simulation calculation, the sound
pressure p1 and p2 of field point 1 and 2 could be obtained.
With s and zl used to obtain the reflection coefficient r, the
sound absorption coefficient is expressed as

α � 1 − r
2
. (13)

In order to verify the accuracy of the calculation results
of the finite element model, a 50mm thick homogeneous
coating was selected from Ref. [13] for calculation. *e
geometric parameters and material parameters of the
coating are consistent with the literature. *at is to say, the
Young modulus of rubber is E� 140MPa, the loss factor is
0.23, the density is 1100 kg/m3, Poisson’s ratio is 0.49, and 0

is taken as Poisson’s loss factor. *e Young modulus of the
steel plate is 2.16×105MPa, Poisson’s ratio is 0.3, and the
density is 7800 kg/m3. *e density of water is 1000 kg/m3,
and the velocity of sound is 1489m/s. *e above values are
used for the material properties of water and steel plate later.

We performed a mesh sensitivity analysis to represent
the mesh dependency of the current problem. *e side
length of tetrahedral meshers of water acoustic coating and
steel plate is set to 1mm, 2mm, 4mm, and 6mm, and the
calculation results of sound absorption coefficient are ob-
served. *e results show that the water mesh size has no
effect on the results (the graphical results are not given in the
paper). Figure 4 shows the comparison drawn between the
sound absorption coefficient calculated using the finite el-
ement model under different mesh size settings and the
calculation results shown in Ref. [13]. *e percentage errors
between the current results and Ref. [13] are 2.3%, 2.9%,
9.5%, and 11.6%. According to the results, when the mesh
size is set to 1mm and 2mm, the sound absorption coef-
ficient calculation results are basically consistent with those
in Ref. [13], indicating the feasibility of applying the finite
element model to conduct research on the setting of Pois-
son’s ratio.

5. The Impact of Poisson’s Ratios on the
Performance of Acoustic Coatings in
Sound Absorption

In Section 3, the abovementioned finite element model is
adopted to calculate the performance of the three acoustic
coatings in sound absorption. In the model, Poisson’s ratio is
set to 0.490, 0.493, 0.496, 0.499, and 0.4999 according to the
approximate incompressible characteristics of viscoelastic
materials and the values commonly used for research.
Similar to the modulus, Poisson’s ratio is a complex number.
In the case of lower analytical frequency than 5000Hz,
however, the imaginary part of Poisson’s ratio would be
significantly smaller than the real part, indicating that
Poisson’s loss factor is as insignificant as its impact on the
characteristics of sound absorption exhibited by various
types of acoustic coatings that can be ignored. Moreover, for
most acoustic coatings, the sound absorption coefficients are
close to 1 if the analysis frequency exceeds 5000Hz.*us, the
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Figure 3: Finite element model.
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analytical frequency used in this paper ranges from 100 to
5000Hz, and Poisson’s ratio could be set as a real number.

For simplicity purpose, the modulus of materials was set
in some research studies to a constant regardless of fre-
quency for the analysis and calculation of the performance of
acoustic coatings in sound absorption. In fact, however, it
varies with frequency.

As shown in Figure 5, the static modulus is assigned with
the value shown in Ref. [13] so that E� 1.4×108 Pa and the
loss factor is 0.23. Figure 5 shows the results of finite element
calculation for the sound absorption coefficients of the three
coatings.

Figure 6 shows the sound absorption coefficients of the
three coatings as obtained when the modulus of the material
is assigned with the modulus parameter of the carbon black
filled nitrile rubber shown in Figure 7.

According to Figures 5 and 6, with the increase in
Poisson’s ratio, the first peak of the sound absorption co-
efficient curve shifts to high frequency. As for the homo-
geneous acoustic coating, the same conclusion can be drawn
despite no appearance of the sound absorption peak in the
figure. *e first peak of sound absorption shifts to low
frequency, which causes the sound absorption coefficient to
decline with the rise of Poisson’s ratio when the frequency
falls below the peak. *is is because the velocity of longi-
tudinal sound increases and the attenuation constant de-
creases with the rise of Poisson’s ratio, as a result of which
the sound absorption coefficient of the acoustic coating
drops, as shown in Equations (1)–(8) in Section 2.

In figures 5(b), 5(c), 6(b), and 6(c), when Poisson’s ratio
is 0.499 and 0.4999, the characteristics of sound absorption
coefficient curve are quite different from those when
Poisson’s ratio is 0.490, 0.493, and 0.496, which may be due
to the high sensitivity of sound absorption coefficient to
Poisson’s ratio. As shown in Equations (3), Poisson’s ratio is
close to 0.5, and the denominator in the calculation formula
of the Lamy constant tends to 0. A small change in Poisson’s

ratio can cause a great change in the Lamy constant,
resulting in a large change in sound absorption coefficient.
Table 1 shows the percentage of change rate of Poisson’s
ratio and the percentage of change rate of the Lamy constant
when Young’s modulus is 140MPa. It can be seen that when
Poisson’s ratio is 0.493 and 0.496, the change rate of the
Lamy constant is relatively small, while when Poisson’s ratio
is 0.499 and 0.4999, the change rate of the Lamy constant is
very large. *erefore, when Poisson’s ratio is 0.499 and
0.4999, the sound absorption coefficient curve is quite
different.

In order to further analyze the influence of Poisson’s
ratios on the sound absorption coefficient, the modulus was
assigned with the static value and dynamic value. Figure 8
shows the average sound absorption coefficient of the three
coatings ranging from 100 to 5000Hz. As shown in the
figure, the average value of sound absorption decreases with
the increase in Poisson’s ratio regardless of whether the
modulus value is static or dynamic and what type of acoustic
coating it is. Besides, it can be seen from Figure 8 that the
homogeneous one has different characteristics to the other
two acoustic coatings as manifested mainly in its smaller
average sound absorption coefficient, and the pattern of
coefficient variations is different from that of the other two as
reflected in the frequency curves of the coefficient in Fig-
ures 5 and 6. *is is because the two coatings follow more
complicated mechanisms of acoustic energy loss, which is
similar to the conversion from longitudinal waves to shear
waves. Although the Alberich acoustic coating and the
trumpet cavity-type coating have good sound absorption
effect when Poisson’s ratio is less than 0.499, the sound
absorption performance decreases suddenly when Poisson’s
ratio increases from 0.499 to 0.4999. *e reason is shown in
Table 2.When Poisson’s ratio increases from 0.499 to 0.4999,
Poisson’s ratio only increases by 0.0001, but the Lamy
constant does increase by an order of magnitude. *en, the
sound absorption coefficient decreases suddenly.

According to Figures 5, 6, and 8, the sound absorption
coefficient calculated by FEM using the static modulus is
significantly lower than using the dynamic one, which is
because the dynamic modulus is lower than the static one
and the velocity of sound is lower accordingly. Additionally,
coupled with the higher loss factor, the attenuation constant
is reduced, which can be calculated using (7) and (8).
Consequently, the average sound absorption coefficient
increases.

6. Poisson’s Ratio Varying with Frequency

As shown in Figure 2, a standing wave tube method was
applied to measure the vertical incidence sound absorption
coefficient of the trumpet cavity-type acoustic coating. In
addition, the modulus of the nitrile rubber used for acoustic
coating was measured (Figure 7) and inputted into the finite
element model. Poisson’s ratio was set to 0.496, 0.497, 0.498,
0.499, 0.4992, 0.4994, 0.4995, 0.4996, 0.4997, and 0.4998,
respectively. In the frequency range of 1000–5000Hz, the
sound absorption coefficients of one-third octave range of
the acoustic coating were obtained by means of test and
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calculation, as shown in Table 2 and Figure 9. According to
the figure, when Poisson’s ratio was set to the above values,
the finite element calculation results of the sound absorption
coefficient were starkly different from the measured results.

As indicated by the results of Ref. [12, 28], Poisson’s ratio
drops with the rise of frequency. According to this pattern
and Table 1, a linear interpolation method was adopted to
obtain Poisson’s ratio which varies with frequency. Taking
1000Hz as an example, the sound absorption coefficient
measured is 0.420, which is between the last two values of
0.442 and 0.336 in the first column of the coefficients shown
in the table. *e corresponding Poisson’s ratio is 0.4997 and

0.4998, respectively. *e linear interpolation was conducted
to obtain Poisson’s ratio of 0.49972. *e shaded numbers
listed in the table represent the interval values of the in-
terpolation. Varying within the frequency of 1000–5000Hz,
the interpolated dynamic Poisson’s ratios are presented in
Figure 10. After linear fitting, they were found consistent
with the characteristic as described in Ref. [12, 29]. More
specifically, Poisson’s ratio at low frequencies and the log-
arithmic frequency bears linear relationship.

With the interpolated dynamic Poisson’s ratio inputted
into the finite element model, the calculation results were
obtained to indicate that the sound absorption coefficients
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Figure 6: When the modulus varies with frequency, the sound absorption coefficient of the acoustic coating varies with Poisson’s ratio:
(a) homogeneous coating; (b) Alberich coating; (c) trumpet cavity-type coating.
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were well consistent with the test results, as shown in
Figure 9. *e aforementioned dynamic Poisson’s ratios were
used to calculate the sound absorption characteristics of the
Alberich coating made of the same nitrile rubber as the
trumpet cavity-type coating. Figure 11 shows the calculation
and measured results, suggesting that the sound absorption

coefficients calculated using the static Poisson’s ratios are
significantly deviant from the test results, and that the ones
calculated using the dynamic ratios are more consistent with
the test results. In addition, it can be seen from the figure that
dynamic Poisson’s ratio should be used to obtain more
accurate results for the finite element calculation of the

Table 1: Poisson’s ratio, Lamy constant, and their rate of change.

Poisson’s ratio Lamy constant Change rate of Poisson’s ratio Change rate of Lamy constant
0.490 2.3E+ 09 0 0
0.493 3.3E+ 09 0.61% 43%
0.496 5.8E+ 09 1.22% 152%
0.499 2.33E+ 10 1.84% 912%
0.4999 2.33E+ 11 2.02% 10034%

0.49 0.493 0.496 0.499 0.4999

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

A
ve

ra
ge

 ab
so

rp
tio

n 
co

ef
fic

ie
nt

Poisson's Ratio

Static modulus, Homogenous
Static modulus, Alberich
Static modulus, Horn

Dynamic modulus, Homogenous
Dynamic modulus, Alberich
Dynamic modulus, Horn

Figure 8: Variation of the average sound absorption coefficient with Poisson’s ratio.

Table 2: Calculated and measured sound absorption coefficient.

Frequency
Poisson’s ratio 1000 1250 1600 2000 2500 3150 4000 5000

Calculated

0.496 0.922 0.935 0.942 0.935 0.911 0.866 0.796 0.718
0.497 0.917 0.939 0.957 0.960 0.946 0.909 0.841 0.756
0.498 0.889 0.922 0.956 0.978 0.982 0.963 0.908 0.826
0.499 0.772 0.821 0.879 0.930 0.969 0.996 0.994 0.953
0.4992 0.720 0.769 0.831 0.888 0.937 0.978 0.997 0.979
0.4994 0.642 0.692 0.756 0.817 0.874 0.929 0.973 0.985
0.4995 0.589 0.638 0.701 0.764 0.823 0.884 0.940 0.970
0.4996 0.524 0.570 0.631 0.692 0.752 0.816 0.883 0.930
0.4997 0.442 0.483 0.538 0.595 0.651 0.715 0.787 0.847
0.4998 0.336 0.369 0.414 0.461 0.509 0.564 0.630 0.692

Measured 0.420 0.615 0.815 0.900 0.985 0.955 0.830 0.755
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Figure 9: Calculation and measurement results of the sound absorption coefficient of the trumpet cavity-type acoustic coating.
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Figure 10: Interpolated Poisson’s ratio varying with frequency.
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Figure 11: Calculation and measurement results of the sound absorption coefficients of the Alberich coating.
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sound absorption characteristics of acoustic coatings. Un-
fortunately, there is still no accurate and reliable method
available to get the dynamic Poisson’s ratios of viscoelastic
materials [11].

7. Conclusion

(1) When Poisson’s ratio of homogeneous acoustic
coating, Alberich acoustic coating, and trumpet
cavity-type coating varies from 0.49 to 0.4999, the
larger Poisson’s ratio is, the larger the frequency of
the first absorption peak is, the smaller the ab-
sorption coefficient is in the frequency range below
the first absorption peak, and the smaller the average
absorption coefficient is in the analysis frequency
range.

(2) More accurate calculation results of sound absorp-
tion coefficient can be obtained by using Poisson’s
ratio varying with frequency. In the analysis of the
sound absorption performance of acoustic coatings,
the accurate dynamic Poisson’s ratio with the change
of frequency should be used.

(3) Poisson’s ratio of viscoelastic materials varies in a
very small numerical range; such a small change has
a great influence on the sound absorption perfor-
mance of acoustic coatings. *erefore, it is urgent to
study the accurate method to obtain the dynamic
Poisson’s ratio.
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