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ABSTRACT

In this a method for determining a floating floor that can optimally represent
heavy-weight-impact sound insulation performance in an apartment was proposed using the finite ele-
ment analysis method. The differences between the analytical and measured results for the floating
floor structure were compared, and the results are as follows. After evaluating the A-weighted floor
impact sound level using a rubber ball, PU foam showed a sound insulation of 45.4 dB by analysis
and 46.5dB by measurement, representing a deviation of 1.1 dB. On the other hand, EVA+EPS
showed a sound insulation of 40.6 dB by analysis and 40.1 dB by measurement, representing a differ-
ence of 0.5dB. The floor impact sound was predicted using the EVA+EPS model, and the optimal
cross-sectional structure of the floating floor was determined through the prediction of the floor im-

This research method can provide an optimal

study,

pact sound according to the dynamic stiffness.

cross-section design process for floating floors in apartments with a completed plan design.
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(a) 59 A type

(b) 59 B type

Fig. 1 Unit floor plan and floor impact sound receiv-
ing points
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(a) 59 A type

y §

(b) 59B type

Fig.2 Measurement and analysis equipments set up
in the experimental unit

Table 1 Specification of measurement equipment

Model & Specification

H/W : B&K Type 3053-B-120
(12ch. Input module, LAN-XI)
S/W : B&K BK Connect

B&K Microphone Unit, Type 4189-A-021
(1/2" free-field microphone & preamp.)

Equipment

FFT Analyzer

Microphone

95 YehlH Table 20 9% 24
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(a) 59 A type

(b) 59 B type

Fig.3 3 Dimensional bare slab model for struc-
ture-acoustic coupled FEA

Table 2 Input value of FEA model

Material Property Input value
Density 2400 kg/m®
Concrete Young’s Modulus 25 Gpa
Poisson’s ratio 0.167
Density 1.225 kg/m®
Air
Sound speed 345 m/s

92 3D Solid® free tetrahedral mesh

f=a . D
S AL 59 A BFYL F 231 7667Y, 59 B EFY
Z 242 082719 element® T-A1 5}
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Fig. 4 Impact force of rubber ball dropped 1 m high
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Fig. 5 Floor impact sound measurement and prediction
results of bare slab
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Table 3 Measured and predicted A-weighted energy-everage maximum impact sound pressure level of bare slab

Specimen Lirmex [dB] Lip Fmax
50 Hz | 63 Hz | 80 Hz | 100 Hz|125 Hz|160 Hz|200 Hz|250 Hz|315 Hz|400 Hz|500 Hz|630 Hz| [dB]
Prediction 73.1 | 524 | 54.6 | 58.0 | 52.1 | 559 | 57.0 | 50.7 | 522 | 494 | 434 | 374 | 52.7
Measurement (4F) | 73.2 | 58.2 | 51.6 | 553 | 58.7 | 60.5 | 53.0 | 54.6 | 50.5 | 454 | 41.1 | 384 | 53.0
A Measurement (5F) | 71.5 | 58.0 | 55.0 | 58.3 57.1 574 | 572 | 543 519 | 479 | 449 | 392 | 534
Measurement (6F) | 69.5 | 63.4 | 579 | 55.7 | 56.6 | 559 | 57.1 545 | 50.1 | 49.1 | 456 | 40.5 | 53.1
Prediction 70.1 | 529 | 62.4 | 552 | 569 | 499 | 579 | 519 | 513 | 493 | 457 | 37.8 | 52.8
Measurement (4F) | 709 | 62.0 | 51.4 | 56.0 | 589 | 59.7 | 523 51.0 | 509 | 45.0 | 40.7 | 38.9 | 52.1
B Measurement (5F) | 71.7 | 62.6 | 51.8 | 56.6 | 57.5 | 57.7 | 52.1 525 | 509 | 48.6 | 443 | 40.0 | 524
Measurement (6F) | 712 | 64.2 | 55.1 | 58.8 | 57.3 | 58.0 | 54.6 | 51.8 | 52.1 | 49.4 | 44.7 | 395 | 53.0
Bl el T solw, Table 3+ AUl oA Table 4 Layers of floating floor
it Aol vy S5 A gdeA] B aE
) walo] LR Aol Type Composition of layers
AZFE A et WA S AR L) 2 37} Tlishine mortar T
& 7‘-—3]34', 59 A E}Slo] Ao 3H@|ﬁei‘f‘ 527 dB, %Zﬁ) 59 A Lightweight mortar 40 mm
A3} 53.0 dB ~ 53.4 dBE A M=} 0.6 dB, 59 B E} Poly-Urethane (PU) foam 30 mm
Qle] A HAAE 528 dB, ZAA7= 521 dB ~ Heavyweight mortar 50 mm
53.0dBZ Hd #A} 0.7 dBE YEltl Fad vl 59B |Expanded Poly-Styrene (EPS) 30 mm
9=AS glo) A 2lo]7} dhEl= o]g= oy 71X Ethylene Vinyl Acetate (EVA) 30 mm
7h QAo HEHQ] U wAHRA Tt Lk,
o] 4 FAAE gEE= ZIaE] Wrol 3. EHE oM FEd 4E
A AR @l SA gkl obd AARE
A7) wEel BF7F e ve] FAgkel A I 3.1 814 7L
Aolh MAsh: Aow FAHEY EE Edue £ (D) WM WP
A AAH 210mmz RIFsg o AA 9% A AR HE S5F 59A, 59B B WE
oM WA 2 Qe Zeln o] tia wae u  AE Al 9FAS ke Eeet 722 A9
Y2 5ol % v £4 5 Qo] wdEx @ o F4AA} ANAnE vasan sl
ob7] wjie] xpolzh wrAlEl o wohET) o] Table 4= 7} U’ Aldell A8 Enle 29
atelE F4 oF RS P AdME B dA S dERi
A ZAYE U B4 43 B &Y g S
A oo st Akl o % 21s FE9 (2) a4 W
Hkgsor & Ao ddhech T T2 S ARAEE HES] 98 WEy
ok AR =40 AARE g o A7) & B &4 o] A Raves SHn Al
A e @4 208 v e vigEs A A ZRaYste] s daet SAAIE Hwskit
G5 S dSeted AR ET= Al o9 A A A= S FATA RdEsigl on
A7E A etk AA sl Eupggrx Al AR A ek dduS 1o 9He)
A FLE a2 20 Enfg g tigk Atk §i14 2@ 3D SolidZ free tetrahedral mesh
5 ol YA 59 A B2 F 32591070, 59 B EFYY
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(b) EVA 30 mm + EPS 30 mm

Fig. 6 3 Dimensional FEA model for predicting dy-
namic stiffness
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Fig. 7 Comparison of predicted and measured dynamic
stiffness

Table 5 Input value of resilient materials and mortar

Type Material Property Input value
Density 100 kg/m®
PU
Dynamic stiffness 13.9 MN/m?
- 3
oA Lightweight Density 600 kg/m
mortar Young’s modulus 2.5 Gpa
- 3
Finishing Density 2100 kg/m
mortar Young’s modulus 20 Gpa
EVA+ Density 20 kg/m®
EPS Dynamic stiffness 9.7 MN/m’
59B
. 3
Heavyweight Density 2400 kg/m
mortar Young’s modulus 20 Gpa

Trans. Korean Soc. Noise Vib. Eng., 33(4) : 402~411, 2023 | 407
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100
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Fig.8 3 Dimensional floating floor model for Fig.9 Floor impact sound measurement and pre-
structure-acoustic coupled FEA diction results of floating floor

Table 6 Measured and predicted A-weighted energy-everage maximum impact sound pressure level of floating floor

Li,Fmax [dB] .
Specimen Li Fmax

50 Hz | 63 Hz | 80 Hz |100 Hz|125 Hz| 160 Hz|200 Hz|250 Hz|315 Hz|400 Hz|500 Hz| 630 Hz| [4B]

59A Prediction 734 | 58.6 | 60.4 | 53.7 | 45.1 | 43.6 | 40.8 | 29.1 | 26.8 | 24.2 | 18.1 | 155 | 454

(PU foam) |\feasurement (6F)| 71.4 | 69.5 | 55.5 | 49.7 | 47.2 | 46.7 | 444 | 363 | 31.2 | 22.7 | 20.8 | 19.1 | 46.5

59B Prediction 66.2 | 61.4 | 542 | 51.2 | 43.7 | 345 | 36.1 | 26.7 | 23.5 | 20.2 | 19.5 | 17.6 | 40.6
(EVA+

EPS) Measurement (6F)| 67.2 | 58.8 | 46.5 | 454 | 39.6 | 42.6 | 38.6 | 35.1 | 31.1 | 27.7 | 22.1 | 20.3 | 40.1

Tablo SO % Aol 288 954 % mege  Eug pxe g@ weEEAS Auds 4
o 99 B4 UERIQer, Fig 8ol Fule Fx GRS AQ v FHd 2PES Hee] 18
of o a4 U Uehinh 95As meee Al s AR Ad g9 A4 dud Biw
Fe AT Be W e AR BEE B 13 SEwe A U s A e 328
Ag RAYHG O SUL R uwnion 715% A AL ? ATKE AW v whFAS @
golo] 98 A xrow v Linsm) & AVESFC] S5 AT A0S v ws
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Fig. 10 Predicted impact sound pressure level of
floating floor model 59 B according to dy-
namic stiffness of resilient material

Table 7 Predicted A-weighted energy-everage max-
imum impact sound pressure level of float-

ing floor model 59 B

Dynamic stiffness [MN/m®] 5 9.7 20 30

454 | 40.6 | 43.6 | 46.1

LiA,Fmax [dB]
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