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ABSTRACT: Although hearing loss in the elderly is one of the common symptoms of aging, as the aging
population continues to grow, policies such as home care and welfare housing for the elderly are implemented with
a focus on mobility, often overlooking the issue of hearing loss in the elderly. In this study, our aim is to enhance
the quality of life for the elderly by improving the auditory environment within residential spaces, which plays a
pivotal role in determining their overall well-being. We have proposed a technique that focuses on reducing
reverberation, minimizing noise levels, and enhancing sound quality to improve the listening environment for the
elderly, and we have verified its effectiveness. Building upon this, we have developed an acoustic design model
for residential facilities catering to elderly home care.
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Table 1, Proposed acoustic design guideline

Contents Guideline

Unit to unit sound insulation | D, ;=48

Plumbing noise L,,=40
Noise from I <40
outdoor “a
Noise Indoor B

Noise from ther

Environment | background . L,=40
. units
noise
sources Indoor service 1,540
noise :

Total bac'kground L <43
noise 1

Sound

. Reverberation Time
Environment
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(a) Open plan, (b) Open plan,
ceiling height 2,300 mm ceiling height 2,200 mm

(c) Divided living room, (d) Divided living room,
ceiling height 2,300 mm ceiling height 2,200 mm

Fig. 1. (Color available online) Space plan for shorter
reverberation times.
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(g) Absorptive ceiling tex

Fig. 2. (Color available online) Absorptive wall and
ceiling plan for shorter reverberation times,
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L1

(k) Sound proof box + absorptive material

Fig. 3. (Color available online) Design of sound proof
box.

(m) Absorptive patch
installed around fume
hood

() Current layout

Fig. 4. Fume hood and noisy cooking devices,
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aster board 9mm Cavity Width 140mm —
—— Plaster board 12.5mm
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(n) Single layer of (o) Multi layer composite
9 mm gypsum board drywall

Fig. 5. (Color available online) Multi layer fire escape
wall,

(p) Existing entrance  (qg) Double layer entrance

(r) Double layer entrance+absrption

Fig. 6. (Color available online) Sound insulation of
entrance area.
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Table 2, Software setup (Odeon v15,12),

Temperature 20°C
Humidity 50 %
Number of Rays 16000

Table 3. Absorption coefficient of finishing materials.*

Finishing Frequency band (Hz)

materials 125 | 250 | 500 |1,000 2,000 | 4,000

Laminate floor | 0.15 | 0.11 | 0.1 | 0.07 | 0.06 | 0.07

Carpet 0.09 | 0.08 | 021 | 026 | 0.27 | 037
Wallpaperon 1 > 1 003 | 0,04 | 0.05 | 0.07 | 0.08
concret
Wall fabric | 0.01 | 0.02 | 0.12 | 036 | 0.63 | 0.73
Gypsum board
@ply)onStud | 0.15 | 0.1 | 0.06 | 0.04 | 0.04 | 0.05
(9 mm)

Sound absorption

tex (ceilling) 02 | 05 |055]062|074| 08

Gypsum board
(2ply) sound
proof
compartment

0.15 | 0.1 | 0.06 | 0.04 | 0.04 | 0.05

Non-combustible
sound absorbing | 0.01 | 0.02 | 0.12 | 0.36 | 0.63 | 0.73
board (25 T)

Glass 0.1 | 0.07 | 0.05 | 0.03 | 0.02 | 0.02

Interior door 03 | 025 0.15 | 0.1 0.1 | 0.07

Entrance door | 0.14 | 0.1 | 0.06 | 0.08 | 0.1 0.1

* https://www.acoustic.ua/st/web_absorption_data_eng.pdf

Table 4. Software setup (INSUL v9.0.24),

Layerl ‘ Layer2 ‘ Layer3 ‘ Layer4
S Single gypsum borad 9mm
Gypsum Glasswool | Cavity width Gyps
T borad borad
10 mm 140 mm
9 mm 12.5 mm
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Table 5. Reduced RT (volume change, space devision).

Frequency band (Hz)
1251250 | 500 | 1K [2K | 4K |Avg.
Normal(A) 1.3211.23[1.36|1.53|1.35|1.06 | 1.31
Reduced volume(B) | 1.29(1.17| 1.3 | 1.5 |1.32]1.04|1.27

Unit type

Separated space (C) [0.78 | 1.13 | 1.38 | 1.54 | 1.41 | 1.11 | 1.23
Reduced volume +
Separated space (D) 0.781.09| 1.3 |1.49]1.35|1.08|1.18
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Table 6. Noise propagation level before and after the
installation of sound proof box,

Frequency bands (Hz)
1251250 1500 | 1k | 2k | 4k

Rw

PWL 33.6|39.641.4|38.5(41.5[45.2|49.2

Normal (I) 23.9|31.8(34.9| 33 |353(37.5]| 42

Sound proof box (J) [23.2 | 30.5|33.9 [32.2|34.4|36.5| 41

Absorptive box (K) [23.4 | 31 |33.1{289|29.2|30.9| 38
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Table 7. Noise propagation level before and after
the installation of absorption patch.

Frequency bands (Hz)
SPL Sum
1251250 1500 | 1k |2k | 4k
PWL 449(50.5|58.6 | 60.2 |59.8|57.3 (654

Normal (L) 34.5(422|51.7|54.4|532|49.1 |58.7

Absorbption (M) |32.9 |40.4 | 48.5|50.2|48.7 | 44.6 | 54.6

Table 8. Sound insulation performance difference.

Frequency bands (Hz) R

1251250 | 500 | 1k | 2k | 4k
Single layer (N) | 11 | 15 | 20 | 25 | 29 | 24 | 25
Multi layers (O) | 18 | 34 | 46 | 56 | 61 | 54 | 44
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Table 9. Sound insulation of entrance area.

Frequency bands (Hz)
SPL Sum
1251250 | 500 | 1k | 2k | 4k
Door only (P) [40.3|42.7|44.7|45.6439|419| 51.3
Double layer (Q) | 36.5|40.7 [ 43.1 |43.6 |41.4| 39 | 49.1

Absorptive finish
®R)

37.1 [41.1 [42.139.6|34.4|30.7 | 46.7
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Table 10. Acoustic design model of residential facilities
for home care seniors.

Design solution | Acoustic effect | Additional effect

@ Floor carpet | Low reverberation Safety

Living
@ |room-dining room
separation

Low reverberation| Less kitchen
Low noise appliances noise

Mitigation of
floor impact
noise

. ... |Low reverberation
@ |Absorptive ceiling :
Low noise

Absorptive
@ | finishing around
fume hood

Cleanness

Low noise Safety

Seperaton of
® | noisy kitchen
appliances

Low noise High usability

Multiple layer dry
® wall for fire
escape

High sound
insulation
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