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The numerical analysis of heavy-weight impact noise for an apartment houses
considering acoustic mode

J=] et
1 O

Fost - P

Tk -

S AT xkx © AFE s

Dae-Ho, Mun, Jae-Seung, Hwang, Hong-Gun, Park, Geon-Ho, Hong, and Ju-Hyeuk, Im

Key Words :

58 (apartment house), & %52 S(heavy weight floor impact noise), %2534 (sound

radiation analysis), =3 % =(room mode, acoustic mode, Standing wave)

ABSTRACT

To investigate the heavy-weight impact noise of apartment houses, numerical analysis was performed. The analysis acoustic
pressure consider acoustic mode by finite element method. The variables considered effecting on the acoustic pressure are the
Acoustic mode, acoustic damping, and the impulse load. The heavy-weight impact noise is a changeable value in the room. Since
the most part of the frequency component of heavy-weight impact noise has low frequency. The noise in low frequency is related
to the vibration of structure, the reflection of acoustic wave caused by wall and the standing wave called by acoustic mode. The
prediction by the numerical analysis was verified with test result of the heavy weight-impact noise at apartment houses.
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Table 1 Material Properties for Structure Model

Elastic modulus ; ;L
(MPa) 4700,/ f/, f/=24 MPa
HA-2 vig-&gH 210
Thickness(mm =
(mm) g @k 1 180

Mass density(kg/m®) 2400

Poisson’s ratio 0.167
Structural damping 5%
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Table 2 Material Properties for Acoustic Model(air)
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. Real : 340
Sound velocity(m/s) Imaginary : 1
. Real : 1.225
Mass density(kg/m3) Imaginary : 0
HAY A8 mht ol Wi S5S aLgeh]
el E Fo5= Hol EHE 3371 (Absorbent
Panel Property)E 50 Y¥dL FAE ¥ojFo
of gt} HA= olelg dydx FX|= Fa
A2 g B3etar olo] tigk ek ks 3o}
Hgst7lol= A dAdA ofelwel An. &%
(Sound velocity)2] 3] <=4-(Imaginary part)= & 7]<]
9 A9EE & dorng Fio dig age
w59 aRgks ]%?&E} ARbA o7 AR
= 25 TN #im AbEste]l el
St S skl




3. S R 36y
3.1 7Sl 4
A FAHo] FxA g vs| A
ggol g afAl W eldlA A Thssttt 7Y Sk
o}, =% % ¥ (Modal Superposition method)S A&
st EsA kgl 2E S HYE 4aedl
A w9le] 2 wi7bA] SAlste] 800Hz ©do= &)
Atk s Ede] 1-5 2 R ”(Mode shape) ¥}
E%L &J~(natural frequency)= TS Fol AFdst
AT,
Table 3 Mode shape and Natural Frequency
Mode Shape Natural
Frequency
1 mode
51.87 Hz
"’ mode
114.74 Hz
"“ mode
183.67 Hz
4™ mode
216.55 Hz
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Table 4 Surface Normal Velocity

Normal

Normal Velocity Amplitude Shape Velocity

Center Point
51 Hz

Max Velocity :
1.86e-5 (m/s)

Corner Point
52 Hz

Max Velocity :
5.64e-6 (m/s)

o
o
UEtE S & 5 Yk ol stsadEd ] 100Hz
ojgtol]l JT o] o £ 1 2 B
Aeg Wegol7] mitoltt. sefHe] 1 A} BEs
TG skl sl e 7 A
TN EHBEe] HY S LIS Hol:
51Hz 7} £#He] 1 ARE A{FAFFAS B
g2 s Aotk

U YA & (Particle velocity)ol wi-¢-
A wAE Zta ok S B 2ofde ¥
UAb= sdBel Zo] Asshy] wiel EHE I
TEE7E mEYgE AL 7] GATE mEA
A& YERIY. mEb SE AsSErE Tt
€ 5l1Hz A ¢ &3 Hdi7b 2 Aol Fud
AL olHd WES o ol&shd vy F45 4
a4 45 T R Aol dhEl A Fol
wAESHE FukvE vk SejEe] 1A RE Al
Asrd 7Fesdol A
3.2 &3l
(1) weteafs o8 Sy

(Finite Element Method for Acoustics)

FEM 31412 S¢te] A8l E 2t BRe= A
1wl ¥-7d 2] (Governing Equation)> 35 W7d A& 3
T Zvdle=m whr off 241-(1)¢] second-order
Helmholtz equation ©] t}.

VZp(x,y,2) +K2p(X,y,2) == jppma(X,y,2) (1)

A71A4, p(xy,z2) & S%(Acoustic pressure),
k=wl/c=2zxf/c = Wave number, ¢ & 2%
(Sound velocity), p, © "&9 "X(mass
density)©] t}.

HellA Fod Auptg A A-(1)S &7 9

FAHAAYH R nAFE T THEETR %
sl W (equivalent weighted residual formulation)
S A&t o= mAO] 59 ps Tl 98l
<=(trial function or weighting function)S %= ¢

2SS WHo ok 7H3EE(Weighing
function) p & &Wel kil Oﬂoi(fIU|d domain)

Vel del Aua e 4-2)F ¢

[B(Vp+K*p+ i pya) =0 @
\%

V(PVp)=VpVp+ pVZp olmz o] 2-(2)d
AshH e A-(3)e e

[(V(pVP)-VPVP)+K*p+ ppeq)dV =0 (3)

SEa b BAREE olgaA ANARS

HAROE WHPI(A-(4) 2dHyFTAS ol &
o] 99t AAEE VR HASUA-(6)
FH o7 Vg2 EdH Helmholz equation 91
21-(6)= 4=t

[v(pvp)av = [ (pVp)-fids @

\Y S

Vp=—jp,0V-ii (5)

[7BVPNV — 02 [ % (pp)av =
\% \Y c

j P(ipewa)dV - j (ip@PV M)dS  (6)

o3t pE M

i p &= ZAFSIAI 7] AL &3
“~(shape function, N;)& AF-&-3llA Matrix = 3%
Aot thg 2

ﬁ:p:ZNiﬁi:[N]{ﬁ} (7)
o= =oNLB}=[BliB) @



A A-(7), (8)% A-(6) o HYste] AeshA
-(6)2] za A HA & ol 2-(9)eF o]
P73 M E 2] 2 (Acoustic stiffness matrix, [K]) =
SRaR=

(VOVP)V = J ((B1{B})" - ((B]{p}Dav =
{p} {j([B [B])dv}

B mo 1>

el oSLA

<o

4-@)e] F WA Fe

(Acoustic mass matrix, [M]) &= %39

=9 Al7](Acoustic source strength, q )7} 3%
21-(6)9] ¥ A WA FE& YUY
(Acoustic excitation vector, {Q}) & o} A-(11D)=
R R

f p(ipy@q)dV = } (I(jpow[N]Tq-é)dV}:

\

={p} {Q) (11)

A-(1De] w5 A e 73
Z71(Boundaryconditon)S  oJw| st A=
Al %71 (velocity boundary condition, S,), & %7
271 (Acoustic pressure boundary condition, Sp),
g el Jud A7 A Z 7 (normal impedance
boundary condition, S, )& wHEafoF gkt 42

oz sk Bew Lol e & 9
~[ (ipp0pV -)ds =
S
~[ (ipsop? - A)ds, -
S
[ (oo -myds, -

Sp

[ (ipywPA- pds, =
SZ

g8 [ [ Cip[NT vn)dsv}
Sv
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{ﬁ}T[I <—Jpow[N]Tv-ﬁ>dspj—

Sp

{j(ﬂo [N]'-[N]ds, J{ﬁ}
(B} v+ (B} (Ph-ie{B) [C){B} @2

2-(12)& geshd

9 2-15%
A

28] g (pl 2 T F 9

XL = (Acoustic mode or Room mode)

= & (Acoustic medium)e] 7
(Boundary) 4] 3% <4 5= (Surface normal velocity)”}
TAHAH e Ao =27

Table 5 Acoustic Mode

Acoustic Mode
(Eigen Frequency)

47.35 Hz

40.56 Hz




62.35 Hz

Table 6 Surface normal velocity, Acoustic
modes and acoustic Pressure field

51 Hz 56.9 Hz

69.87 Hz 74.029 Hz
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