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ABSTRACT

In this study, the normality and variability of heavy-weight floor impact sound insulation are
examined statistically using field data from 106 dwelling units across eight complexes and 19 floor
plans, all with identical floor-assembly designs. Measurements in one-third-octave bands followed KS
F ISO 16283-2, and single-number quantities were derived per KS F ISO 717-2. The overall standard
deviation was 1.75 dB, with normality tests indicating a Gaussian distribution. When grouped by site
and floor plan, the variability decreased and normality improved. Nested analysis of variance identified
significant site and floor-plan effects, accounting for 45 % and 13 % of the total variance, respectively.
After removing these systematic effects, the residual standard deviation was 1.14 dB, attributed to
random construction deviations and measurement uncertainty. Since random deviations occur even when
site and floor-plan factors are controlled, securing an adequate design margin that accommodates
statistical deviations is crucial for in-situ performance verification. These findings highlight the need

for sample surveys based on statistical confidence intervals during performance inspections.
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— Floor Finish (laminate flooring)
— Finishing Mortar 40 mm
I Light-weight Foamed Concrete 40 mm
I~ Expanded Polystyrene 30 mm
Side Resilient Material 10 mm
/ = Reinforced Concrete Slab 210 mm

= Ceiling Structure

Fig. 1 Cross-sectional configuration of the floor structure applied in this study

Table 1 Overview of field measurement sites

Type Units Floor area Length Width Height Living (Sl
room area area
Al 6 84.9 m* 42 m 48m 23m 20.3 m? 40.3 m*
A2 5 74.4 m* 45m 49m 23m 222 m? 46.7 m?
A3 4 74.9 m? 42 m 48m 23m 20.3 m’ 433 m?
Bl 9 55.8 m® 3.6m 4.4m 23m 15.8 m’ 29.6 m®
B2 2 55.8 m* 3.6m 44m 23m 16.0 m® 26.8 m®
B3 3 85.0 m* 45m 49m 23m 22.0 m? 492 m?
Cl 15 84.9 m’ 45m 49m 23m 222 m? 44.5 m?
DI 4 85.0 m? 43 m 49m 23m 212 m’ 49.5 m?
D2 4 85.0 m* 45m 49m 23m 22.0 m’ 47.0 m*
El 5 85.0 m* 45m 49m 23m 223 m’ 50.2 m?
E2 3 85.0 m* 45m 49m 23m 223 m’ 463 m*
Fl 5 85.0 m’ 45m 49m 23m 222 m’ 49.1 m?
F2 5 84.8 m? 45m 49m 23m 222 m’ 49.9 m?
F3 2 84.8 m* 45m 49m 23m 222 m’ 46.1 m*
Gl 10 60.2 m? 33m 43m 23m 142 m? 24.8 m?
G2 10 60.3 m* 33m 45m 23m 14.9 m? 24.6 m*
H1 10 84.9 m? 45m 49m 23m 22.1m? 49.5 m?
H2 2 59.9 m? 3.8m 44m 23m 17.0 m® 35.1m’
H3 2 59.9 m* 3.8m 44m 23m 17.0 m® 33.9 m?

Length refers to the length of the exterior wall with windows
Connected area = living room + kitchen + corridor
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Table 3 Site-wise summary statistics for AL, g .
Statistics Value
) Site N Mean SD IQR MAD
N (number of cases) 106 Units

Standard deviation, SD 1.75 dB (rel.) A 15 051 1.96 295 1.40
Minimum 3.9dB (rel.) B 14 -0.66 1.56 2.18 1.40
25% (Q) -1.38dB (rel.) C 15 1.11 1.22 2.05 0.90
Median (@) 0.05 dB (rel) D 8 018 | L12 | 135 | 070
75 % (@) 130 dB (rel.) E 8 -0.73 0.67 1.10 0.30
Maximum 3.6 dB (rel.) F 12 -0.90 0.97 1.15 0.60
Interquartile range, IQR 2.68 dB (rel.) G 20 1.87 1.05 1.55 0.80
Median absolute deviation, MAD 1.35dB (rel.) 14 -1.54 1.44 2.38 1.10

[ Observed Data
= Fitted Normal Dist.

N =106
0401 | 0=1.75dB
IQR =2.67 dB
035 | MAD=1.35dB J

0.00!

6 -4 =2 0 2 4 6
Relative Level, ALy gpax [dB]

Fig.2 Histogram of normalized SNQs (A L'z pmay)
for all 106 dwellings
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=

Fig.3 Boxplots of site-wise AL’ ppac across 8
apartment complexes
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Table 4 Floor-plan-wise summary statistics for

ALliA. Fmax
Type N Mean SD IQR MAD
Al 6 -0.83 1.42 1.28 0.80
A2 5 -0.96 2.35 2.90 1.00
A3 4 0.53 2.28 1.83 1.25
Bl 9 -0.07 1.63 2.10 1.00
B2 2 -2.20 0.71 0.50 0.50
B3 3 -1.40 0.35 0.30 0.00
Cl1 15 1.11 1.22 2.05 0.90
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D2 4 -0.35 1.22 1.25 0.80
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F2 5 -0.74 0.79 0.90 0.60
F3 2 -2.15 0.78 0.55 0.55
Gl 10 1.58 0.96 0.97 0.40
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Table 5 Nested ANOVA results for AL’y gy

Source of variation| Site |Plan (site) | Residual | Total
Sum of squares 145.7 40.6 135.6 322.0
% of total SS 453 12.6 42.1 100.0

Degree of freedom| 7.0 11.0 87.0 105.0
Mean square 20.8 3.7 1.6 -

F-value 5.6 24 - -
p-value 0.006 0.013 - -
06
N =106 B Residuals
05 ‘loc)?{];llé.lZdGBdB — Fitted Normal Dist.
| MAD = 0.61dB | I
04
g N
£03
a

0.2
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Fig. 5 Histogram of nested-ANOVA residuals with an
overlaid normal density curve
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