’m Check for updates

Trans. Korean Soc. Noise Vib. Eng., 31(3): 308~318, 2021

https://doi.org/10.5050/KSNVE.2021.31.3.308

o
T_

8-2785(Print),

& M 313 M35, pp.308~318, 2021

ISSN 2287-5476(Online)

3739 A2049A

Just Noticeable Difference of Rubber Ball Impact Sound

(Received February 23, 2021

Key Words : Floor Impact Sound(W+<%4 &

433
Jeong-Ho Jeong'

; Revised March 25, 2021

Difference(# 421 %] gk7]), Subjective Responses(F#7] §H-g)

ABSTRACT

), Rubber Ball Impact Sound(3L%-

; Accepted March 25, 2021)

3L

& Z4+), Just Noticeable

Rubber balls are used to measure the low-frequency impact sound on reinforced concrete and
wooden structured apartment buildings. Previous studies on rubber ball impact sound showed that the
physical properties of a rubber ball cause its impact sound to be similar to real impacts such as
jumping and running of children. The rubber ball was standardized in ISO 10140-5 and ISO
16283-2, and studies on the SNQ of rubber ball were conducted. In addition, a classification on rub-

ber ball impact sound is needed for the evaluation and labelling of low-frequency impact sounds. In
this study, a subjective evaluation on the just noticeable difference (JND) of rubber ball impact
sound was conducted. The presented rubber ball impact sound was recorded from wooden and re-
inforced concrete structures in apartment buildings. The JND of rubber ball impact sound, in which
75 % of the subjects can distinguish the loudness difference of two kinds of presented sound, was
4.65 dB for the wooden structure and 4.67 dB for the reinforced structure. On average, the JND of
the rubber ball impact sound was 4.66 dB. For considering the harmonization with the classification
scheme of other noise sources such as service equipment and airborne sound insulation in ISO/PRF
TS 19488, a difference of 4 dB between classes is reasonable.
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Table 1 Frequency characteristics of presented rubber ball impact sound from wooden structure apartment
buildings and subjective responses on JND experiments

Type Presented level — low Presented level — high
Frequency [Hz] Frequency [Hz]
100 315 63 125 250 500 4o 100 315 12 250 50 g0
£ 108 £ {08
=75 = = 5 1 3
o o
H & 3 8
& Heo 8 & 60
5 7 kot 2
1 g 50 3 g 50 3
5 5
3 3
5 450 2 5 450 2
o 3 o 3
g 3 g 2 3
T 2 T 2
8 H40 § 8 H40 §
& —e— % of corrrect answer =i & /" —e—%of corect answer =
- O - Averaged % of correct answer -0 - Averaged % of correct answer
—— Frequency characteristics —— Frequency characteristics
ol L L i L 3 ol L L L | 30
6 4 2 0 2 4 6 6 4 2 0 2 4 6
Level difference [dB] Level difference [dB]
Frequency [Hz] Frequency [Hz]
100 315 1258 250 500 g 100 315 1258 250 500 g
£ {n 8 £ {08
el -1 - % = 05 - 5
o o
S S
§ K] é K]
& o0 3 & 460 8
5 7 kot 2
12 g 50 3 g 50 3
5 5
3 3
5 450 2 5 450 2
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g 3 g 3
T 2 T 2
1 1
8 40 g 8 qe0 &
2 —e—%of corectanswer  Ox---- ¢ =i & —e— % of corrrect answer =
-0 - Averaged % of correct answer -0 - Averaged % of correct answer
—— Frequency characteristics —— Frequency characteristics
ol L L L . 3 ol L L L . . 3
K -4 2 0 2 4 6 K -4 2 0 2 4 6
Level difference [dB] Level difference [dB]
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Table 1 Frequency characteristics of presented rubber ball impact sound from wooden structure apartment
buildings and subjective responses on JND experiments (continue)

Type Presented level — low Presented level — high
Frequency [Hz] Frequency [Hz]
100 315 63 1258 250 500 g 100 315 63 1258 250 500 g
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Table 2 Rubber ball impact sound pressure level on the 75 % of subjects distinguished the level difference of

rubber ball impact sounds (unit: dB)

Presented level — low Presented level — high Averaged level of both areas
Type Comparison Comparison Comparison Comparison Presented level | Presented level
el doceased. | lovel increased | lovel deoresmed | Iovel nersased | 1 —
J1 4.95 6.05 4.95 3.79 5.50 4.56
12 5.08 6.04 5.39 4.50 5.75 5.07
13 436 5.21 6.25 3.58 4.89 3.96
J4 5.31 4.56 5.50 2.95 4.94 3.73
J5 5.08 4.72 4.81 3.32 4.87 3.88
J6 4.94 3.68 532 2.94 4.27 4.38
Average 4.95 5.04 5.37 3.51 5.04 4.26
Difference -0.09 1.86%* 0.78%*

*  significance probability 0.05, ** significance probability 0.01
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Table 3 Frequency characteristics of presented rubber ball impact sound from reinforced concrete structure
apartment buildings and subjective responses on JND experiments

Type Presented level — low Presented level — high
Frequency [Hz] Frequency [Hz]
100 315 63 125 250 500 gy 100 315 63 125 250 500
- 80
g 170 8 S 8
= 75l - 5 = 15 Bl 5
o o
S q70 2
§ K] é K]
© 60 8 & ]
5 7 kot 2
Kl g 50 3 g s0 {60 &
5 5
5 ds0 @ 3 =
[ S [ S
o 3 o 2
> ? > 150 @
S - S e
T 25 ] T 25 ]
8 q40 2 8 e
& —e— % of corrrect answer =i & —e— % of corrrect answer s =i
- O - Averaged % of correct answer - O - Averaged % of correct 3nswer q40
—— Frequency characteristics —— Frequency characteristics
0 L L L L . . . 20 0 L L L L . . .
K -4 2 0 2 4 6 K -4 2 0 2 4 6
Level difference [dB] Level difference [dB]
Frequency [Hz] Frequency [Hz]
100 315 125 250 500 g 100 315 125 250 500
. - 80
g 170 8 S 8
= 75k - 5 = 15 Bl 5
8 8 o
H H z w3
& Heo 8 5 Fl
5 7 kot 2
K2 g 50 3 g s0 {60 &
5 5
3 3
s - 50 ‘SJ s g
T 25| E] T 25| E]
1 1
{0 g g
& —e— % of corrrect answer =i & —e— % of corrrect answer =i
- O - Averaged % of correct answe) - O - Averaged % of correct ’ 40
—— Frequency characteristics —— Frequency characteristics
0 L L L . . . 20 0 L L L . . .
K -4 2 0 2 4 6 K -4 2 0 2 4 6
Level difference [dB] Level difference [dB]
Frequency [Hz] Frequency [Hz]
100 315 [ 125 250 500 g 100 315 [ 125 250 500
- 80
g 170 8 S 8
= 750 -3 = 5l 15
o o
3 H 3 18
& Heo 8 5 Fl
5 7 kot 2
K3 g 50 3 g s0 {60 &
5 5
3 3
5 1w 2 5 2
3 8 3 8
gy 3 gy 1”3
S [ © S [ ©
{0 g g
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K -4 2 0 2 4 6 K -4 2 0 2 4 6
Level difference [dB] Level difference [dB]
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Table 3 Frequency characteristics of presented rubber ball impact sound from reinforced concrete structure
apartment buildings and subjective responses on JND experiments (continue)

Type Presented level — low Presented level — high
Frequency [Hz] Frequency [Hz]
100 315 63 125 250 500 gy 100 315 63 125 250 500
- 80
g 170 8 S 8
= 750 N 5 = 15 Bl 5
8 8 o
H H z w3
& Heo 8 5 3
5 7 kot 2
K4 2 s 3 2 s} {60 &
o a o a
3 3
5 1w 2 5 2
5 o 5
g s g {50 &
T 25| E] T 25| E]
& —e— % of corrrect answer =i & —e— % of corrrect answer / =i
- O - Averaged % of correct answer - O - Averaged % of correct answer q40
—— Frequency characteristics —— Frequency characteristics .|
0 L L L L . . . 20 0 L L L L . . .
K -4 2 0 2 4 6 K -4 2 0 2 4 6
Level difference [dB] Level difference [dB]
Frequency [Hz] Frequency [Hz]
100 315 63 125 250 500 gy 100 315 63 1258 250 500
o 80
g 170 8 S 8
= 750 N 5 = 15 Bl 5
8 8 o
H H z w3
& Heo 8 5 3
5 7 kot 2
K5 2 s 3 2 s} {60 &
o a o a
3 3
5 1w 2 5 2
5 o 5
g s g {50 &
T 25| E] T 25| E]
& —e— % of corrrect answer =i & —e— % of corrrect answer =i
- O - Averaged % of correct answer - O - Averaged % of correct answer q40
—— Frequency characteristics —— Frequency characteristics ¢
0 L L L 20 0 L L L i . . .
K -4 2 0 2 4 6 K -4 2 0 2 4 6
Level difference [dB] Level difference [dB]
Frequency [Hz] Frequency [Hz]
100 315 [ 125 250 500 g 100 315 63 125 250 500
- 80
g 170 8 S 8
= 750 N 5 = 15 Bl 5
8 8 o
H H z w3
& Heo 8 5 3
5 7 kot 2
K6 2 s 3 2 s} {60 &
o a o a
3 3
5 1w 2 5 2
5 o 5
g s g {50 2
T 25| E] T 25| E]
& —e— % of corrrect answer =i & —e— % of corrrect answer =i
- O - Averaged % of correct answer - O - Averaged % of correct answer q40
—— Frequency characteristics —— Frequency characteristics
0 L L L 20 0 L L L . . .
K -4 2 0 2 4 6 K -4 2 0 2 4 6
Level difference [dB] Level difference [dB]
Frequency [Hz] Frequency [Hz]
100 315 125 250 500 gy 100 315 125 250 500
- 80
g 170 8 S 8
= 750 N 5 = 15 Bl 5
8 8 o
H H z w3
& Heo 8 5 Fl
5 7 kot 2
K7 2 s 3 2 s} {60 &
o a o a
3 3
5 1w 2 5 2
5 5
g o g o
£ 2 3 £ 2 1° 3
S [ © S [ ©
{0 g g
& —e— % of corrrect answer =i & —e— % of corrrect answer =i
- O - Averaged % of correct answer - O - Averaged % of correct answer q40
—— Frequency characteristics —— Frequency characteristics
0 L L L . 20 0 L L L L . . h
K -4 2 0 2 4 6 K -4 2 0 2 4 6
Level difference [dB] Level difference [dB]
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Table 3 Frequency characteristics of presented rubber ball impact sound from reinforced concrete

structure

apartment buildings and subjective responses on JND experiments (continue)

Type Presented level — low Presented level — high
Frequency [Hz] Frequency [Hz]
100 315 125 250 500 gy 100 315 125 250 500
- 80
g 170 8 S 8
ol ] = = 13
8 8 d
3 H 3 "s
& Heo 8 5 Fl
5 7 kot 2
K8 £ o 8 £ {60 8
o a o a
5 ds0 @ = =
o s o s
o 3 o 3
2 b 8 q%0 2
T 25f T
& —e— % of corrrect answer =i & =i
-0 - Averaged % of correct answer ~40
—— Frequency characteristics
0 L L L 30
Iy 4 2 0 2 4 6
Level difference [dB] Level difference [dB]
Frequency [Hz] Frequency [Hz]
100 315 63 125 250 500 gy 100 315 [ 125 250 500 g
I / 470 @ I 470 8
= 75 5 = 75 5
[ > [ >
§ K] é K]
& o0 3 & 460 8
5 7 kot 2
K9 g s0 3 g s0 3
5 5
3 3
5 450 2 5 450 2
o 3 o 3
g 3 g 3
T 25f T 25f
1 1
8 40 g 8 qe0 &
& —e— % of corrrect answer =i & —e— % of corrrect answer =i
- O - Averaged % of correct answer - - Averaged % of correct
—— Frequency characteristics —— Frequency characteristics -
0 L L L y . 20 0 L L L i . . h 20
K -4 2 0 2 4 6 K -4 2 0 2 4 6
Level difference [dB] Level difference [dB]

Table 4 Rubber ball impact sound pressure level on the 75 % of subjects distinguished the level difference of
rubber ball impact sounds (unit: dB)

Presented level — low Presented level — high Averaged level of both areas
Type Comparison Comparison Comparison Comparison Prosented level | Presented level
tovel deoreased | lovel ncreased | level docreased | level ineremsed |~ L - High
K1 5.10 3.54 5.65 3.37 4.50 4.70
K2 4.17 5.32 5.08 4.13 5.07 4.70
K3 3.90 5.14 4.81 3.56 4.85 3.97
K4 3.50 4.42 5.39 3.38 3.79 4.50
K5 5.13 6.04 3.89 - 5.82 4.93
K6 3.88 5.38 4.13 3.61 4.94 3.82
K7 3.86 5.38 6.17 3.69 4.94 4.25
K8 5.06 4.42 5.21 3.31 4.79 433
K9 4.10 3.91 (7.70) 5.39 3.97 6.21
Average 4.30 4.84 5.04 3.81 4.74 4.60
Difference 0.54 1.33%* 0.14

*  significance probability 0.05, **

significance probability 0.01
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