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ABSTRACT

A study on the sound reduction of
slits with an acoustic sealant

Heon Ju Ha
School of Mechanical Engineering
The Graduate School

Seoul National University

Lightweight walls can be easily installed for the purpose of

separating spaces and blocking noise indoors. These walls are non—
bearing walls, —since these structures are installed in addition to the

existing structures. Joint sections between old and new structures

form apertures. These apertures, which include floors, ceilings,
windows, and doors, —hinder soundproofing and fireproofing

performance. These defects are reduced by filling these apertures
with sealants. Among the sealants, an acoustic sealant serves to
block generated noise in this manner.

This study conducts a theoretical analysis of acoustic transmission
according to the presence or absence of an acoustic sealant for
apertures in lightweight walls. Also, it verifies the validity of the
theory by measuring transmission loss using the sound intensity

technique. The theory uses a Mechel prediction model rather than



Gomperts and Kiliman, which have been primarily employed in earlier
studies.

The proposed model has very good agreement with the
measurement value, with a difference of less than 2dB. The theory
is restricted when the transmission coefficients of partition and
sealant are not significantly different. However, the slit with an

acoustic sealant represents an equivalent sound reduction effect,

—which is a wall without a slit.

Keywords : Indoor noise, Flanking transmission, Slit, Acoustic seal

Student Number : 2021—-27018
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CHAPTER 1

INTRODUCTION

The desire to improve noise problems in residential environments
has increased to meet the needs of improving quality of life and
personal privacy. The goals have led to improvements in construction
materials and methods, such as absorbent materials with excellent
sound insulation performance. One of the methods is installing
lightweight walls, which are characterized by easy construction and
high transmission loss.

The sound transmission paths of the walls are classified as direct
and indirect. The direct way is through the transmission of the walls

toward the receiver. The other way is through flanking transmissions,
which are located in ceilings, floors, doors, windows, —and other

apertures. The flanking noise affects the sound reduction capacity of
walls. Acoustic sealants and absorbent materials in apertures are
used to reduce the noise problems.

Aperture terms are used comprehensively, but they can be
classified according to their size, —shape. It is defined as a “leak”

with an aperture smaller than the wavelength of sound. The opposite
case is defined as “opening” . Both are commonly referred to as
“aperture” [1]. Also, the rectangular shape of an aperture is called
a “slit”

Numerous methods have been used to study the sound

transmission through an aperture so far. The theoretical studies

included Gomperts [2], Gomperts and Kihlman [3], Wilson and
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Soroka [4], Sauter and Soroka [5], Mechel [6], Chen [7], Yang et al

[8], and numerical studies included Park and Eom [9], Sgard et al
[1], Poblet—Puig, —and Rodriguez—Ferran [10]. The experimental

studies included Oldham and Jhao [11], Hongisto [12], Uris et al.
[13], and Kim [14].

Few analytical and experimental research have been counducted
on apertures with particular sealing materials. In addition, most of the
previous studies used a prediction model by Gomperts and Kihlman
[3], whereas this study utilizes a prediction model by Mechel [6].

The present paper proposes a prediction model for transmission
loss for gypsum boards with slits, —and confirms the effect obtained

by filling the slits with acoustic sealant. This prediction model is
verified by comparing it with the experiment.

This thesis is organized as follows: In Section 2, the prediction
model that calculates the sound transmission through a slit is

presented, including Fahy’ s model [15] and Mechel’ s model [6].

In Section 3, the experimental arrangement and results are described.

In Section 4, the prediction model is compared with the experimental
result. Finally, conclusions and future work are drawn in Section 5 to

conclude the thesis.



CHAPTER 2

THEORY

2.1. Theoretical model for sound transmission

Consider a slit located at the center of the wall, which is infinitely
baffled and of finite thickness for theoretical ease. Assume that
surface motion is like a piston. An oblique plane wave penetrates the
partition and slit. Figure 2.1 represents the transmission paths of the
wall. The transmission coefficient of total sound is calculated as the
sum of the products of the transmission coefficient and the area ratio,

respectively.

Sslit S iti

_ partition

Ttotal = Tslit (S ) + 7'-partition ( S ) (2-1)
total total

The sound transmission coefficient through a slit, 74, is calculated
by a modified model, which is Mechel’ s model [6] for a slit. Also,
the sound transmission coefficient through a partition, Tpartition, 1S

predicted by Fahy’ s model [15].

_ (2poc/wm)? sec? 6;
Tpartition = Ty sec 8, Jwm) + (ko sin 0 /Ky Y11? + [1 — (ko sin 0 /ky )2

(2.2)



where k, = (w?m/D)Y* is the flexural wavenumber in a partition, D
is the bending rigidity, and n is damping factor.
The total transmission coefficient of the wall can be obtained by

substituting Eq.(2.1) with the respective transmission coefficients

and area ratios.



Source Receiver

tpartition

Tpartition
\L_ P

Figure 2.1 —The transmission paths of the wall



2.2. Theoretical model for a slit

A slit that consists of a single medium is transmitted by an obliquely
incident plane wave in Figure 2.2. The incident wave, P;;, may reach
the slit at an angle ¢, in orthogonal coordinates to the x—axis, which

1s parallel to the slit surface. The angle to the z—axis, which is normal
to the slit surface, —is 6.

The equation representing the sound pressure field for each
compartment excluding the time harmonic factor e/®t is as follows.
The pressure field in 1 is determined by the superposition of the
blocked pressure and radiated pressure, which are caused by the

virtual baffled piston,

P = Pi,l + Pr,l + Prad,l = Ppiock + Prad,lr (2-3)
Pi 1(x’ y, Z) — p‘le—jko(x sin 64 cos ¢, +y sin B4 cos ¢p1+z cos 91)’ and (2_4)
Pr 1 (x’ y, Z) — ple—jko(x sin 84 cos ¢4 +y sin B, cos ¢p;—z cos 91)’ (2_5)

where P;;, P, are the incident pressure and the reflected pressure
on the surface between mediums 1 and 2, respectively. Prgq1 1S

obtained by the Rayleigh integral [6].

. . —17 2_42
jopoVi2a . xjm sinaaq e JWYtZV ATy
—_— X

P yqi=
rad.1 2m _e Qa [aZ —y2

(2.6)



where V;, is the amplitude of the surface velocity between mediums
1 and 2, 2a is the width of a slit. k, denotes a wave number

propagating along the strip

v =ko® + k% (2.7)

The pressure field in medium 2 comprises an in—coming wave and
an out—going wave, —respectively. Assume that waves propagate

constantly in the y—direction.

Pi,Z(xr z) = ﬁilze—jka(xsin92+zcosez) and (2.8)

Pr Z(x» Z) — P‘rze—jka(x sin8,—z cos 6;) , (2.9)

where k, represents the wave number of a slit with or without an
acoustic seal. The transmitted field in medium 3 can be calculated by

the Rayleigh integral as follows:

_JwpoViz2a . J‘°° sin aa e Jay+z/a?-y? 2.10)

Praaz = )
2m e aa [a? — 2

Egs.(2.6) and (2.10)can be changed by the acoustic impedance

formula



Prad,l = _Zrad,lvlze_jkxx: (2-11)
Prad,3 = Zrad,3V23e_jkxx ,and (2-12)

T
Zraan = Zraas = Zo | H3(2y@) + 35 (H2 2ya)So(2ya)

. (2.13)
HE(2ya) + L]

~ H}(2ya)$y(2ya) - el

1
2koa

where HZ,S; is 2nd order Hankel and Struve function.

The problem of obtaining the unknown pressure and surface
velocity can be solved by boundary conditions between adjacent
media. The conditions are force equilibrium and velocity continuity
relations. First, force equilibrium is applied to the surface of adjoining

media.

(2131 — Zrag1Viz — Ai,z - pr,z)s = m125V12 and (2.14)

(pi,ze—jkad cos0, _ p‘r'zejkad cosb, _ Zrad,BVZB)S — m235V23, (2.15)

where V,,,V,3 represents the surface acceleration between adjacent
media and d denotes the thickness of a slit. Next, velocity continuity

relations apply in the same way.

= d 2.16

Z1io cos 6, an ( )

ﬁi_ze_jkad cosf, __ p‘r’zejkadcosez B V23 (2_17)
Zys3 " cosB,



Matrix form could be obtained by substituting Eqgs. (2.14) ~ (2.17)
into Egs.(2.4) ~ (2.13)

11 a3 07 (byy ( ‘
1 -1 a3 0])o0 P,
~ P\ 2.18
az1 a3z 0 az|) O ( )
A1 Qg2 0 ayus]\ 0

where
a3 =72 +jom a3 = Z12
13 = 1 12 ==
3 rad, ’ 23 CoS 92'
az; = e—]kad cos 92, Az, = e]kad cos¢92,
— i — p,—Jjkgdcos 6,
A34 = —Zrqq3 — JWMy3, a4 =e e 2
_jkgydcosé, RS Qb = 2P; sin(kga sin 8 sin @)
A4y =€ , Qg5 = ,and by = : - :
0s 6, koasin @ sin g

The sound transmission coefficient in a slit is defined as follows:

(6, 9:)

1;(6:, ¢1)’ (2.19)

Toit (0, @1) =

where TI1;(6;, ¢;),11:(0;,¢;) are incident power on the slit and

transmitted power through the slit at angles (8;, ¢;), —respectively.

9 -":lx_! _'a.l.'\-'_]';: = |



2a
7;(0;, 9;) = —————cos 8, and
2] (2.20)
2 ) /%0
1 2
7:(0;, i) = Eza X Re(Zrad,3)|V34| . (2.21)

The diffuse field sound transmission coefficient could be

represented numerically as follows:

(2.22)

)

_ on felim (6, ;) sin B; cos ¢p; dO;d¢p;
Ta = A 7 sin? Oy,

where 6y, is the limit angle that is different from the environment
of an acoustical laboratory. The limit angle 6;;,, = 70° was obtained
to match the predicted STL with the measured one for the single
partition in Figure 2.3. Eq.(2.22) can be changed by a simple
relationship between the normal incident coefficient 7, and the
diffuse field transmission coefficient 74 [1]. Thus, transmission loss

1s calculated as follows:

2(1 — cos O;i;m)
=T

= d 2.23
Tq snZe,,, 09" (2.23)
1
TL(6;) = 101log;, <5) (2.24)

10 -":lx_i "";::.' ]
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Figure 2.2 —The transmission paths in cross section of a slit
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Figure 2.3 —Mass law and measurement curve
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CHAPTER 3

EXPERIMENT

3.1. Experimental arrangement

The sound intensity technique was utilized to measure the
transmission loss of the wall with acoustic sealing. The
measurements were implemented in the reverberant room and the

2 and its

semi—anechoic enclosure. The reverberant room was 241m
cut—off frequency was 100Hz. This location was outfitted with three
diffuse microphones and two active loudspeakers that were
separated from the wall to avoid a strong overlapping effect (see
Figure 3.1). The semi—anechoic enclosure was employed with a
sound intensity probe to gauge the sound intensity radiated from the
slit in Figure 3.2.

The interconnected location of two rooms was tested with test
samples of gypsum board with acoustic sealing. The samples size was
0.84 x 0.84m? and the slit width of samples was 5 or 10mm. The
thickness of the slits was determined by the number of installed
partitions, which were single or double partitions. The double
partitioned cases were filled with mineral wool between the partitions,

as shown in Figure 3.3. Table 3.1 represents the properties of

samples.

13 A=
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Figure 3.2 —Semi—anechoic enclosure with installed sample
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Table 3.1 —The material properties of test samples

Materials Properties Values
Surface density 19.9kg/m?
sealant Young’s modulus 7.84 X 10°Pa
Thickness Ip : 9.5mm
Surface density 5.20kg/m?
Gypsum Young’s modulus 2 X 10°Pa
board Poisson ratio 0.3
Thickness Ip:9.5mm
Surface density 1.50kg/m?
Mineral Young’s modulus 1 x 10°Pa
wool Thickness 25mm
Flow resistivity 16900 rayls/m
16 1



3.2. Experimental results

Figures 3.4 and 3.5 show the transmission losses for single and

double partitions with and without acoustic sealing, respectively.
The transmission loss of single partition with a slit tended to be

unity as the frequency was higher, and to vanish the resonance effect

in critical frequency which existed in single partition without a slit

and with a seal.

1 mal/2
=_—c?2(= 1
for ¢ (D) and (3.1)
Ed3
= 3.2
D=na=vey 3.2)

where D,v,E denote the flexural rigidity, Possion’ s ratio, —and

Young' s modulus of the partition, —respectively. The wall with a

slit had lower transmission loss than other cases, and the wider the
width of the slit on the wall, the less transmission loss it had. On the
other hand, the result of the transmission loss of the wall with a
sealant was opposite to the prior results because the surface density
of the sealant (19.95kg/m?) was larger than that of the gypsum board
(5.2kg/m?).

Double partitions had the same consequences as single partitions
in that the transmission loss of these tended to be higher as the
frequency increased. All cases of double partitions have the same
resonance frequencies, regardless of sealing. Mass—air—mass

17 A 2T
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resonance frequencies fnqm are identified near 200 Hz, and cavity
resonance frequencies feqpity Occur near 4,000 Hz because of the
same thickness of the cavity d. Eqgs.(3.3) and (3.4) are defined as

follows:

1/2
1 [poc? ymy +m,
fmam = %[ d (W) secC 91 and (33)
cn .
for = ﬁsec 0, (n:integer), (3.4)

where my,m, denotes the surface density of gypsum board

respectively, and n is a positive integer.

18 A L) ¢
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CHAPTER 4

RESULTS AND DISCUSSION

Figure 4.1 represents a comparison of transmission loss predicted
by Gomperts and Kihlman [3] and Mechel [6] prediction models with
observed transmission loss by adjusting the width of a slit for a single
partition. Mechel’ s model outperforms Gomperts’ and Kihlman' s
model The differences in transmission loss between the measured
and the proposed models are within 2dB for the single partition with
the slit.

The single partition with an acoustic sealant is represented in the
same manner as Figure 4.2. The predicted transmission loss does not
change compared to that in no a slit, but the measured one changes
with a slight increase. Eq.(2.1) shows why the predicted model did
not change when the transmission coefficients of the partition and the
slit have no significant difference. The contribution of the slit is
neglected because the area of the slit in Eq.(2.1) is very small
compared to the area of the partition. As a result, the partition’ s
transmission coefficient can approximately represent the wall' s
overall transmission coefficient as only it is significant. On the
contrary, if the area of the slit increases significantly, the total
transmission coefficient of the wall is affected, as shown in Figure

4.3.

20 A “._, ‘_]l
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CHAPTER 5

CONCLUSION

This study presents a theoretical model that can predict the total
transmission loss of a single partition with a slit. The theory uses a
Mechel prediction model rather than Gomperts and Kiliman, which
have been primarily employed in earlier studies. The proposed model
has very good agreement with the measurement values, with a
difference of less than 2dB.

When the transmission coefficients of the partition and sealant do
not differ significantly, the theory is limited. However, the slit with
an acoustic sealant represents an equivalent sound reduction effect,
which is a wall without a slit.

The predicted model will be wvalidated using other wvarious
conditions, —such as the variety of partitions, sealing materials, and

position of a slit. In addition, it will be necessary to develop a model
for double partitions, which is not predicted in the above study.
Finally, the contribution of the partition and the slit to sound reduction

must be evaluated.
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