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Abstract

The COVID-19 pandemic increased people's time at home and caused an 80% increase in noise disputes be-
tween floors. The purpose of this study is to propose suitable materials for making indoor shoes (insoles) to mini-
mize noise between floors. Subjects without back pain and leg-related disease (e.g. arthritis, etc.) from three dif-
ferent age groups (childhood, adolescence, and adulthood) were recruited for the study. Five polymer insole ma-
terials were considered: Chloroprene Rubber (CR foam), Ethylene Propylene Diene Monomer (EPDM foam),
Natural Latex foam, Ethylene Vinyl Acetate (EVA foam), and Polyurethane (PU foam). From these materials, 20
combinations were prepared and randomly tested for noise and vibration. The results revealed a significant differ-
ence in noise and vibration levels based on the type of material used and the age of the subject. Nevertheless, all
materials under consideration successfully reduced noise and vibration; in particular, type A-C greatly decreased.
The CR foam material was especially effective at noise and vibration reduction (p<.01). This study suggests that
adding insoles into socks that children wear at home could reduce noise vibration and disputes between floors.
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Wohe] = Ao theh ke g 5ol A& H AL QAT o] I FEAA Aol A kA WEo] gl
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Table 1. Subject and insole information
Childhood Adolescence Adulthood
Number of subject 10 10 10
Age 74+0.5 13.6+0.5 23.3+0.6
Weight (kg) 28.0+ 1.0 523+1.5 72.0+ 1.0
Foot length (mm) 1985+ 0.5 240.9+1.0 253.2+0.8
Right footed Yes Yes Yes
Insole size 200 240 255
Socks size For children For women For men

(190-210 mm)

Socks materials

CM40's (cotton 100%)

Ethylene), PU(PolyUrethane), CR(Chloroprene Rubber,
Neoprene), EVA(Ethylene Vinyl Acetate), EPDM(EthyI-
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International, 2010), 2177} &= (Tensile strength, MPa)
o} A14-E(Elongation, %) ASTM D412-16(ASTM In-
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Table 2. Materials selected for noise neighbors test

A B C D E
Ethylene -
' Chloroprene Propylene Diene Natural Ethylene Vinyl PolyUrethane
Material Rubber Latex Acetate
(CR foam) Monomer foam (EVA foam) (PU foam)
(EPDM foam)
Density (kg/m?)

(ASTM International, 173 149.5 143 102 126
2010)

Tensile strength (MPa)

(ASTM International, 1.03 0.7 1.75 1.86 3.01
2021)

Elongation (%)

(ASTM International, 216 294 245 214 650

2021)
Rebound resiliences (%)

(ASTM International, 30 36 25 41 33

2019)
Impact absorption
efficiency (%) 40.2 37.5 552 21.6 44.5

Insole shape
(ex: 255 size)

>
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Explain to the subject

m + The noise measuring device was installed

on the same floor and the lower floor
The vibration measuring device was
installed on the same floor

Device installation [ .

%

Material mounting to + Made in a sock type and installed
subject

Repeated 20 times

Jump in place only five times and
conducted subjective satisfaction

Testing

Fig. 1. Procedure for prevention noise neighbors.
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Fig. 2. Combination design test on each materials for prevention noise

neighbors.

Shibe $1(Up), B Shubs ofel(Down)o] o] =%

=
ohaL ofd et Hiof g H & A S W2 T A
& Aty AP 23 205 749«
A& v o] Yol zH20W s 9ot

A3 2] =SV 106 A5-=4] 7] 7] (Svantek A}, Poland)
2 Ahgstglon, w3 ZAHH 2l 1SO 2631-1:1997

(International Organization for Standardization [ISO],
1997)& &5k At A= EE 1.0 m 7 2] oA
=439t 42224 7] 7] = Sorina 2 sound level me-
(ers(H1F(F), Korea) & AHE3HAT A2
B 1.3 m A5 AT e ol A 543 A th(Fig. 3).

A)
Fig. 3. Equipment used in the experiment and experimental scene (A: vibration device; B: noise measur-
ing device; C: experimental scene).
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wajshich 38 28} A% o] AR AT A7
KA A% ol whet o] 7} GI=] & SFoti 7] e &
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ok E3F 1 5 A& (Interaction effect)of| A = & x
AR (p<.0Do A 5= AY g5t 1 o Soll A
F2Ju] gt x}o] 7} LhERSETH(Table 3).

frolu] a7 xfo] 7} 1 w5 2k-g-of ol 3| 4] Bonferroni
5 Bl AR A AAlEklch T A3, <Fig. 4>0
A Bizntel Zro] A (p<.01)e] taiA = BF o
u]aHA| Zpo| 7t YEbytTh Ao Au ey Ay
129] AL £50]79.9-105.8 dBE 7} =LA Lhe
I, TS A 182 64.8~85.6dBE HWE 18N
Th=15.0~20.0dB A= &50] B2 A& & 4= ek
oHg 159 7ol = 52.2~69.6 dBE A
Efths A S IS = ool & 5 Y

A o w2t Agrof] 2hol 7t AA Y=

<.01). &, th2 =g vl Lule Fojl= CR FH(A
type)©] BIEH Zofl = EPDM (B type) o] Lt X ¢12}€]
2 F(Ctype)©o] S0 7He S /4 Sk Al o] &xFro] ¥
Sz Fol A 9] &Z Faol =8o] HE & 4 STk

T3, o] WA E ol Fol A S &3 Fhol
A B3 A = of w2t 2Fo] 7} 9+=4] = Bonferroni S &
off AF A2 AAISHTE 11 A3, <Fig. 5>of| A B
=k o] A (p<.01)ofl A B F-2fn| st
o) 7F et e ol 5 FA] &2 ST ol A
| 189 A9 £8(55.5~73.5dB)o| 7H& = A Lrebyt
a1, 1 TS AW 18(51.2~68.0 dB), OFE T1E(41.5~
55.8dB) =22 5o A A LrebyiTh S
S H = 2F10.0~30.0 dBO] 2250 Hopxl otk A A|
A BF S LA vebdS & = Uk =3,

=2z A0
= -

o} 35, 23E A = of wheh A 2 A1), A-B typed} 23E A 2o mpEkA = AR QA Ago] s LS
A-C typeo] ARt T type5 3t -] m| gt 2fo] 7} et o, 3 g5t 5 U5t A-B typet A-C type ] Q&S
Ytk 53] A-Ctyped] 79 ®& A ellAl 79.9 dB(3 AR o 2 Q7 H ot {on|etA ago] Haxs)
| 18), 648 dB(F A~ 115), 52.2 dB(oHs 1H)E = A& Y5
71 g0l WA UERE e m(p<.01), L TS 2 A-B
type] A HE 5ol 4] 87.7 dB(F Y 1), 70.6 2. S0 et B2AHEAM 3t
dB(F a2l 71F), 57.8 dB(olE L&) = ThE type= 2t
Mlmate] Ago] vl et 31 & 4 Utk A, A A Aol ohgh AR A A} Fa T}
Table 3. ANOVA for noise neighbors on independent variable
Tg?i;i{;’:sm df Mean square F p-value
Age 120894.32 2 60447.16 53136.04 .001
Test site Material 15373.29 19 809.12 621.26 .001
Age x Material 533.48 38 14.04 11.72 .001
Age 32908.33 2 16454.17 11658.90 .001
Loofvtv:srtflﬁgr Material 9203.10 19 48437 34821 001
Age x Material 158.07 38 4.16 3.59 .001
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100.00 ® 0o ® oo © 0 o 0 o 0 ° o o o
= 90.00
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Z 6000 g
50.00 "
40.00
A-B A-C A-D A-E B-C B-D B-E C-D C-E D-E B-A C-A D-A E-A C-B D-B E-D D-C E-C E-D
Type
(Test site)
® Childhood A Adolescence @ Adulthood
Fig. 4. Bonferroni post-Hoc test for interaction effect on noise (type and age (test site)).
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A-B A-C A-D A-E B-C B-D B-E C-D C-E D-E B-A C-A D-A E-A C-B D-B E-D D-C E-C E-D

Type

(Lower floor of test site)

m Childhood A Adolescence @ Adulthood

Fig. 5. Bonferroni post-Hoc test for interaction effect on noise (type and age (lower

floor of test site)).

A A FE(p<.05)ol| A AE fFE 1ot ZolA
5 o u|atA 2po| 7t rebg o AR ol A= B A1 A
o) 7F L e 2] QF Sk TG W S &S0l A = A7 x
AR (p<.05)o| A B A 3|33t 1 off Foll A
ol m] gt 2}o] 7} LhER S Th(Table 4).

frou|slA| z}o] 7} i 1.5 2Hg-of tfj3j| 4] Bonferroni
E BN AT RS AN 1 A3 ARz
25 A-Btype, A-C type, A-E typeo A7t THE type =
I} 5-2Ju) gk 2po| 7F LrERE THFig. 6). A 2 0. &2 4AFH
i A-Ctype A 22 235 type] 3¢ & AH 9

A 732dB(H Y 18), 732 dB(Y 4 T18), 66.0 dB
(ot I8 E 7HF Z5o] RA UEbs o H(p<.05), 11
t}S A-E type2] S0 = 74.8 dB(H W 1), 74.4 dB
(F49 1), 67.2 dB(OHs L) = thE type S TH A
O] YA Vet A S & 4= AU tH(p<.05). £3FA-B
typed] -0l = 76.0 dB(F QA 18), 75.5 dB(F 4
15),67.9dB(oHE &)= thE 27l v s 5 A A
© 2 JFo] ZA vetsth &, Ity £el=CR &
(Atype)o] HIEH Zof = EPDM & (B type), A zte)]
2> #(C type), PU E(E type)o] 017t 5 A 5k=

Table 4. ANOVA for vibration neighbors on independent variable

ol Gt df Mean square F p-value
squares
Age 1653.34 2 826.67 1.61 307
Test site Material 193.51 19 10.19 288.45 .01
Age x Material 19.68 38 52 343 .01
Age 2121.38 2 1060.69 79 Sl
Lower floor of Material 147.53 19 777 219.89 01
test site
Age x Material 26.05 38 .69 8.29 .01
80.00 e
7500 R g T o2 a2 ® g e g4q 4,02 S 6 2 o
70.00 n
1; 5500 . . g, =8 _ " g g w . w g =@ LI | [ ]
T 60.00
2 5500
~ 5000
45,00

A-B A-C A-D A-E B-C B-D B-E C-D C-E D-E B-A C-A D-A E-A C-B D-B E-D D-C E-C E-D

Type

(Test site)

® Childhood A Adolescence @ Adulthood

F

g. 6. Bonferroni post-Hoc test for interaction effect on vibration(type and age (test site)).
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6000 A
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O SRS S A A 4
3 888 88 43,

oo WH AR LEhA] gk on, Famel Afw
(p<.01)o)| A5t BA & ¢ x}o]7} YE}FTH Table 5).
o u|5HA xFo| 7} A & ofl ) 3l A Bonferroni &
Bl AR EA S AAISH T T AT, <Fig. 8>of| A K
Lulol Zro] B BIE(p<.05)0] AL 220
S}A ZFo] 7} UrER T AL A & 0. 2 AFH B H C type A
2ol Adgtg s o] Y& et Hfol= s
E7b R WA Yergth 220l 2P0 2= A-E
type, B-A type, E-A type”} =7 UEbth 304 2
Sht Aol A= A A bel 2 E(C type) o] 't o}
of F2to] g A9 Zpgto] Yol = A& & ¢ e
o] 23] s ST Aert 2 &5 TS
7} =olx| = AL A7} ) thKim & Cheng, 2018).
ol dAEtE A v E R Ao thet FobET| 8 X E
2 @7t Ao dAdete A Qo] Aertw
ot FohE7] T4 Al SEETETF mokA L TS E
7} @A L2 ths A4 3H(Cheng & Kim., 2018) 9} 2
o] = W gHdo] JobA WhE LT EA L= A o7
e
=4

4. HatE 2F7|F B

I

0f

I

B Ao A Alokal Q1 A E 0] £g 2ol
& Zhubebe e )] 91a) Aol A A A

oo
N

[¢]

]_

a >
on >
- >
e >
on >
[ I 4

A A
L] )

on >

A-B A-C A-D A-E B-C B-D B-E C-D C-E D-E B-A C-A D-A E-A C-B D-B E-D D-C E-C E-D

Type

(Lower floor of test site)

® Childhood A Adolescence

® Adulthood

Fig. 7. Bonferroni post-Hoc test for interaction effect on vibration(type and age

(lower floor of test site)).

Table 5. ANOVA for Subjective evaluation on independent variable

Type III sum of

df Mean square F p-value
squares
Age 4013 2 2.007 1.694 212
Subjective Material 213.858 19 11.256 6.285 000
evaluation
Age x Material 53.987 38 1421 888 662
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5.00
4.00
S
2 300
]
2
B 2.00
2
a
1.00 I
0.00
A-BA-CA-DA-EB-CB-DB-EC-DC-E D-EB-AC-AD-AE-AC-BD-BE-DD-CE-CE-D
Material
Fig. 8. Bonferroni post-Hoc test for main effect on subjective evaluation.
W9l #2752 &2 71 E(Park, 2014) <Ta- B Zol] A ehEl F(Ctype) 0.2 H 2em o &S
ble 6(a)>0f| A = Bt} 7‘01 skt 2 =7 A0 w ol Fot Aol 41.5 dBE tghel =9 5f
1SS SR QRS AR ISNF B G A USTE YL olAck 2 Yo Aol
712850 dB o] /Fo] )l o, ofof th gk A A= A 159 4F-51.2dBI55.5 dBR Bl E &5 7| &
=& 23St 197H=? L5 YA (Recommended) Hop 25 7] ol E o] 255 ¥Ask] $18)
O &2 5har Qlek WhE iRkl e 2T g 752 43 Me2emBrh= 25 o R &S AAsh= A
dBE W3glon o] W st Qo mR e o F& 0.2 YA T2l B 25 ol 4ol 3
o= #as)she go] me- Fa 5t P AuollA He B97F A9 gleBz &2 Aol A

A7 2G| o2 2 A A} %?H}E*%Cﬂl CR 3

(Atype)2 vleh Zoj = d Azt A E(C type) 2.2
H2emo] 31&S HE AL dS OHH%OM-OJ

483 2F0) 7 A ek & 4 919tk 53

ERl=ol A 235 S48k YA okl F 9] &5
2 A-Ctyped] Q1&S 23t A9 Hd 152555
dB, 4d 7152 512dB, o} 1H-2>41.58 dBR 1}
E4—"*1’/]'(Table 6(b)).
H Ao A e 01&S 2esla A Ae B4
Pe 7 WA= = 25 gk e 45 7
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Table 6. Base score for noise between floors by counties

Base Results of this study . .
Country ) control (A-C type) (b) Satisfaction
0: Under age nine
Korea 43 By law X: Teenage
X: Twenty
0: Under age nine
Japan 48 Recommended X: Teenage
X: Twenty
0: Under age nine
Austria 50 Recommended 0: Teenage
X: Twenty
Estonia, Finland, 0: Under age nine
France, Germany, 53 Recommended 0: Teenage
Italy, Norway X: Twenty
Under age nine : 41.50 dB 0: Under age nine
Netherlands 54 Recommended Teenage : 51.20 dB 0: Teenage
Twenty : 55.50 dB X: Twenty
0: Under age nine
Spain 56 Recommended 0: Teenage
0: Twenty
0: Under age nine
UK 57 Recommended 0: Teenage
0: Twenty
Denmark, Ireland, 0: Under age nine
Litvia, Poland 58 Recommended 0: Teenage
Slovakia, Sweden 0: Twenty
0: Under age nine
Portugal, Russia 60 Recommended 0: Teenage
0: Twenty
0: (a)-(by>0
X: (a)-(b)<0
Adapted from Park (2014). https:/library.kei.re.kr; Park et al. (2013). https://library.kei.re.kr
HPEPE Zoj - EPDM E(B type)o| Ut Hodebel s Hasid e o d%o] b We e o 4 glglth
(Ctype)o] 017k % 744 A-B type} A-Ctype©] olef gt AREAE AWt TN EHEY e
48 gao] ROl HE A5 YA EACREA AR & FHERE S-S AT AP AT Parket
type) 2k A 2] 2 F(C type) 2 2 Z23He A-Ctype] al.,2016) A3}t A sh=1, o] Ao A= CR &
A&o] 7HF 2 &% HaE HATh (Atype), EVA (D type), EPDM (B type) 52| 52
B, Q52 ZHT ARS AEE AGFY b FAYES APSE, R EAype)o] MY 95
A5 i Aol weba = Abo] & HolA] ko S} 3L 71 th5 EPDM (B type) & = LB T BHA
oFE 1EE A9 AFO G LA UES L4 A EVABDype)el FAFR 0l Y 24 ¢A 1
otk A2 Aol S AP un Wube ZolECR - Ehyith BE 2 AT o4 AlnE 2este] 4do|
Z(Atype)o] BFEH Zof = EPDM (B type), 1 &2} Y= 7] wfZofl A2f Aot e sk A A A 5kA] =
g2 E(C type), PU E(E type)©] So17H=5 -4 € RANE A F/d 50l - -3 CR (A type)©]
A-Btypeat A-C type, A-Etypeo] 215 Zde] £0]  whulef £o7 olu T ofgho] FHF4A Bl
& 0 4 9Tk 551 25 AN ACyped] Q&S 7 AR AZEE = EPDM (B type), Ml ehe 2
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F(C type), PU 3(E type)°] HIHH O 2 5o 2o Wiol dert S48 Aul FAZL FASTE F
B s S Fao ES e AT+ U AE7/d5 ol S-FsithaL shyleh 5, &7 28.00 kg
t}. Bk vh) 2 EPDM (B type), A AEl A &(C O] o]l AHEALE A= FAIE 2 emE T H &
type), PU 3H(E type)©] Hhole 2.0 = vl %] € B-Atype, AA AU R B=rt 52 A 7S ARESH] Q)
C-Atype, E-Atype 9] -9 X5 223 gz 2 & &2 A Ask= Aol & A2 B Eny Ay A
£ 2] 23519} o]t o] f= Shimazaki et al.(2016) g 12 o)Ak A Aol A EH AS L Ao glo
of A-Ao A 2 4= el Aol AHE 7hs et o2 2 Aol M ARt A-Ctyped] (1&= | A3}
F2F45&0] 953 EVA E(D type) & 43 f Mo RE FHE| AL u) BEE 258 YA
d FHEU= ZujyolE Fol, FulylolE 4 A ol =gl 2 Ao ALREh 50 dBE He =2
Bottom 't} Upo]] &4 F4&0] F2 245 AR5t 25 5, A, Y 2719 E, ExEd 5
£ A0l AFSl ¥ Aot dyditele & RAUY SRR i, 5F, Wl 5L 5 o
dAste A om Btk &, $AFAd 50l S5t U P& B 4 2 rh(Suh & Kim, 2016). 12| EL 2
ChaL 42 %1 CR F(Atype) o] 71 Aol $121H 789 2 Aol A Aljtehs A d e o] &5t AAFo] K2t
(A-B type, A-C type, A-E type) 2253} 315 7 a3} oy B4l A3} 52 vhEof ofo] Sl Al 2
7hubebd A o2 AR HTLEPDM EB ype) B PUE  SAXTHE S1ha 02 WA R 2EH A7) o}
(Etype)2] %2 &R a}2] F0] - Kang etal.(2009) A7 A e|stH Q] @Y Fol & o HHT A £}
o] Aol A e = A EWsol A e Aoz AZEH Ty & A

Aol g agolAs obs IFEY 4 11 o= Aad 7|24 224 540 U, 1%
F7 A 250 B B ago| AT £ U= AL e, g, ey 3 A F5 e 249
2 yehg e, Agolde fough 2ol 7 vep: ohasue sl Eed, A= S =
A] ¢F2ktt. Jeong & Jeon(2005)1} Kim et al.(2005)0] & AL =712 24T Mool gl 23E ¢l& thokst
R AE B ofo] & Holu A S0 7 WA st =94 545 54t Azl e =24 ¥
£ AL oS go] 78 polo], ueEA S S shiAjo] W st Ao|ch B o] ATE 25}
WY A7) W v 4]l(Bang machine) = oFo] & Holut asto] Q2 Y72 23 FE St E L
A ST v 4SS ARk AL skl e g5 Mdste A7t 2ad Ao AEn
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of wpet HE} £ 7} F716l= A FCF A 0.25, AR R
p<.05)°] QIeHz A AT (Kim etal., 2021) 2715 4 S
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