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NBRC 216 4.91 

NBRC 224 6.22 

NBRC 342 2.34 

NBRC 343 2.22 

NBRC 344 2.27 

NBRC 345 6.15 

NBRC 347 1.45 
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NBRC 349 1.28 

NBRC 365 2.20 

NBRC 1955 2.28 
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12.80 11.80 9.36 6.80 4.80 2.64 1.00 0.56 

 7.8 26.9 46.9 62.5 79.4 92.2 95.6 

 0.50 1.72 3.11 4.20 5.08 5.90 6.12 
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 L.O.I. SiO2 Al2O3 Fe2O3 TiO2 CaO MgO K2O Na2O Total

2.86 73.58 17.32 0.55 - 0.04 0.15 3.60 1.84 99.94

2.89 72.72 17.78 0.41 - 0.00 0.08 4.67 1.37 99.91

3.50 74.96 17.13 0.47 - 0.06 0.11 3.46 0.25 99.93

 

 L.O.I. SiO2 Al2O3 Fe2O3 TiO2 CaO MgO K2O Na2O Total

3.12 74.56 15.06 0.90 - 1.33 - 3.19 1.77 99.93

3.18 74.11 15.39 0.93 - 1.43 0.07 3.16 1.70 99.98

3.16 74.24 15.56 1.17 - 1.11 0.07 3.21 1.44 99.95

2.38 76.39 15.60 0.51 - - 0.07 3.30 1.76 100.00

2.41 76.52 15.60 0.47 - 0.05 - 3.25 1.70 100.00

2.36 76.53 15.71 0.49 - - - 3.16 1.72 99.97

2.37 76.39 15.64 0.48 - 0.05 0.05 3.24 1.79 100.00

2.27 76.95 15.43 0.51 - 0.04 - 3.15 1.59 99.94

2.33 76.57 15.76 0.53 - 0.04 - 3.21 1.51 99.96

2.56 75.47 15.26 1.02 - 0.09 0.08 4.31 1.19 99.98

2.40 75.17 15.37 0.99 - 0.05 - 4.66 1.32 99.96

2.80 74.94 15.41 0.83 - 0.57 - 3.87 1.55 99.98

2.35 75.62 15.60 0.37 - - 0.04 4.49 1.47 99.93

2.25 76.14 15.29 0.35 - - - 4.61 1.31 99.95

2.45 76.21 15.27 0.34 - - 0.05 4.51 1.13 99.95

2.43 75.96 15.62 0.35 - - - 4.45 1.16 99.96
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ABSTRACT 

In order to create a sustainable and comfortable residential environment, eco-materials are 
required to be used for constructing buildings. Wood is one such environment-friendly 
material. In the present study, the sound insulation performance of three-layered walls and 
floors composed of cedar plywood was measured and evaluated following ISO140-1, 
ISO717-1 and ISO717-2 standards and was compared with that of a conventionally 
constructed floor and wall. The results are summarized as follows: (1) The newly 
developed three-layered walls demonstrated a higher sound insulation performance over a 
wide frequency range than the conventionally constructed wall. Clear reduction in sound 
insulation performance by the coincidence effect were not found (2) When glass wool was 
inserted in one of the two air layers, the sound insulation performance was clearly greater 
than that without the glass wool. (3) Outlet holes did not decrease the sound insulation 
performance of the three-layered walls. (4) When joists were inserted at an interval of 
433.5 mm in the lower air layer of the floors developed in this study, the lightweight floor 
impact sound insulation of the floors with rubber supporting the upper air layer was better 
than that with timber supporting, which in turn, was better than that of the conventionally 
constructed floor. (5) Even when a CFRP plate was bonded to the lower surface of the 
floor, the lightweight floor impact sound insulation did not improve because of insufficient 
bonding. (6) When the joist interval of the lower air layer was reduced from 433.5 mm to 
289 mm, the lightweight floor impact sound insulation decreased, except in case of the 
floor with the CFRP plate bonding and with timber supporting the upper air layer. 

1 INTRODUCTION 

Recently, the public demands for comfortable living environments have increased. Some 

of the factors that degrade the quality of the environment are noise from aircrafts, road traffic, 

railways, industries, and neighbors [1–7]. On the other hand, materials available for building 

a resource-recycling society are required to be developed in order to decrease the greenhouse 

gases emitted as a result of the construction of buildings [8–12]. Wood is one of the most 

eco-friendly materials. 

Since the composition of wooden buildings is usually very complex and their physical 

characteristics are not uniform, it is very difficult to theoretically estimate the transmission 

loss and the impact sound insulation of the composite wooden materials. Thus, in order to 
know the practical transmission loss and impact sound insulationvalues, the measurement of 

sound insulation performance of real size materials is useful [13].  

                                                 
a
 Email address: nakamra@kmt-iri.go.jp 
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In the present study, the sound insulation performance of various three-layered walls and 

floors was measured in reverberation rooms, and the effects of various components on the 

sound insulation performance are discussed. 

2 METHOD 

2.1   Measurement of sound insulation performance of test walls  

The test materials included a conventionally constructed wall and three-layered walls, as 

shown in Table 1. The conventionally constructed wall consisted of a 12.5-mm plasterboard, 

105-mm air layer in which a polystyrene form was incorporated, and 9-mm lauan plywood. 

Twelve types of three-layered walls—with three types of structures, structure I (12-mm cedar 

plywood + 105-mm air layer + 24-mm cedar plywood + 66-mm air layer + 12-mm cedar 

plywood), structure II (12-mm cedar plywood + 66-mm air layer + 24-mm cedar plywood + 

66-mm air layer + 12-mm cedar plywood), and structure III (12-mm cedar plywood + 66-mm 

air layer + 12-mm cedar plywood + 66-mm air layer + 12-mm cedar plywood), with and 

without glass wool and with and without an outlet hole—were used. 
 

Table.1  Conditions of wall materials

No.
Surface material

(mm)

Upper air-layer

thickness

(mm)

Center material

Lower air-layer

thickness

(mm)

Back material

(mm)

Outlet

hole

Specific

density

kg/

1 12.5 Plaster-board 105mm Air-layer
50  Polystyrene-form

inserted
9 Plywood No 20.7

2 12.5 Plaster-board 105mm Air-layer
50  Polystyrene-form

inserted
9 Plywood Yes 20.7

3 12 Cedar-plywood 105G ( No insertion ) 24 Cedar-plywood 66 12 Cedar-plywood No 31.7

4 12 Cedar-plywood 105G ( No insertion ) 24 Cedar-plywood 66 12 Cedar-plywood Yes 31.7

5 12 Cedar-plywood  105G ( insertion ) 24 Cedar-plywood 66 12 Cedar-plywood No 33.5

6 12 Cedar-plywood  105G ( insertion ) 24 Cedar-plywood 66 12 Cedar-plywood Yes 33.5

7 12 Cedar-plywood 66G ( No insertion ) 24 Cedar-plywood 66 12 Cedar-plywood No 30.0

8 12 Cedar-plywood 66G ( No insertion ) 24 Cedar-plywood 66 12 Cedar-plywood Yes 30.0

9 12 Cedar-plywood 66G ( insertion ) 24 Cedar-plywood 66 12 Cedar-plywood No 31.7

10 12 Cedar-plywood 66G ( insertion ) 24 Cedar-plywood 66 12 Cedar-plywood Yes 31.7

11 12 Cedar-plywood 66G ( No insertion ) 12 Cedar-plywood 66 12 Cedar-plywood No 22.2

12 12 Cedar-plywood 66G ( No insertion ) 12 Cedar-plywood 66 12 Cedar-plywood Yes 22.2

13 12 Cedar-plywood 66G ( insertion ) 12 Cedar-plywood 66 12 Cedar-plywood No 23.7

14 12 Cedar-plywood 66G ( insertion ) 12 Cedar-plywood 66 12 Cedar-plywood Yes 23.7

 
 

The reverberation rooms at the Kumamoto University were used for performing the 

measurements. As shown in Fig.1, these included an upper reverberation room 179
3

  

and a lower reverberation room 98
3

 divided by a floor slab with a thickness of 24 cm 

and an open area of 2 m × 3 m. The measurement of the airborne sound insulation 

performance of the test material was conducted following ISO 140-1 standard by setting three 
panels of size 910 mm × 1820 mm in the open area. 

 

����

����������	
��������	�����
�����	�����	���	��������������������	�������



 
 

The test materials included three-layered walls constructed as shown in Fig. 2 under the 

conditions listed in Table 1. The gaps between the panes were sealed with oil clay. The sound 

pressure levels over one-third octave bands were simultaneously measured with five 

microphones in the upper and lower reverberation rooms by generating white noise in the 

lower room. The setup of the microphones and a loud speaker is illustrated in Fig. 3. 

The airborne sound insulation performance was evaluated according to ISO 717-1 

standard. Sound transmission loss was calculated from the average sound pressure levels in 

both the rooms and the amount of sound absorption in the upper room 

 

30 410 30 410 30
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910
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Fig.2  Cross-section of  three-layered wall
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2.2   Measurement of impact sound pressure levels of test floors 

The test floors included a conventionally constructed floor and three-layered floors, as 

shown in Table 2. Twelve types of three-layered floors were used for the measurement: three 

materials supporting the surface (40 mm × 40 mm timber and porous rubber with filling rates 

of 63% and 67%), two joist intervals of 43 mm × 240 mm (Structure I: 433.5 mm and 

Structure II: 289 mm), and with and without a carbon fiber reinforced plastic (CFRP) plate. 

Porous rubber was produced by crushing tires into particles, bolting them and forming 

trapezoids at the filling rates of 63% and 67%. The CFRP plate was 2 mm in thickness and 

100 mm × 1400 mm in size was bonded to the bottom of the floor in order to increase the 

stiffness of the floor. The tensile strength was 1200 N/mm
2
, and the tensile elastic modulus 

was 450 kN/mm
2
. 
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Table.2 Condition of floor materials

No
Surface

material

Upper air-layer

thickness

mm

Center

material

mm

Lower air-layer

thickness

(mm

Back

material
Reinforcement

Absorbing

sound

Material

Material

interval

Specific

density

kg/

1 15 24 12 28 Usual style 15.9

2 15 24 60 No rubber 12 43×240 28 GW32K50t 433.5 52.2

3 15 24 60 No rubber 12 43×240 28 CFRP Plate GW32K50t 433.5 54.3

4 15 24 60 Rubber 12 43×240 28 GW32K50t 433.5 52.9

5 15 24 60 Rubber 12 43×240 28 CFRP Plate GW32K50t 433.5 54.5

6 15 24 60 Rubber 12 43×240 28 GW32K50t 433.5 53.8

7 15 24 60 Rubber 12 43×240 28 CFRP Plate GW32K50t 433.5 55.4

8 15 24 60 No rubber 12 43×240 28 GW32K50t 289 58.2

9 15 24 60 No rubber 12 43×240 28 CFRP Plate GW32K50t 289 59.8

10 15 24 60 Rubber 12 43×240 28 GW32K50t 289 58.9

11 15 24 60 Rubber 12 43×240 28 CFRP Plate GW32K50t 289 60.5

12 15 24 60 Rubber 12 43×240 28 GW32K50t 289 59.8

13 15 24 60 Rubber 12 43×240 28 CFRP Plate GW32K50t 289 61.4

 

Fig.4 Cross-section of  three-layered floor
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The tested floor materials were three-layered floorboards that were constructed as 

illustrated in Fig. 4 under the conditions listed in Table 2. The clearances between adjacent 

test boards and that between the test board and the open area were sealed with oil clay to 

eliminate any open clearances. An impact was provided by a tapping machine (lightweight 

floor impact sound source: RION FI-01 type) at the center point, as shown in Fig. 3. The 

impact sound was measured by the five microphones that were set in the second reverberation 

room, and then, a one-third octave band analysis was performed using a multi-channel 

analytical processor (RION Signal Analyzer SA-01). Fig. 3 indicates the location of the 

tested floorboards, sound receiving microphones, and impact sound generator used in these 

tests. The floors impact sound insulation performance was evaluated on the basis of ISO 717-
2 standard. 
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3 SOUND INSULATION PERFORMANCE OF TEST WALLS 
 
3.1   Effects of glass wool and outlet holes on sound insulation performance of Structure I 

With regard to the investigation of the effects of glass wool insertion and presence of an 

outlet hole in Structure I (the walls having the 105-mm air layer on one side of the three-

layered wall), Table 3 presents the weighted sound transmission loss (hereinafter referred to 

as Rw), grade of sound insulation (hereinafter referred to as Rr), and average sound 

transmission loss on the basis of an arithmetic mean calculated in the frequency range of 100 

Hz to 2.5 kHz (hereinafter referred to as Rm(1/3)), and Fig. 5 indicates the frequency and the 

grade (grade curve) of the air sound insulation performance. The Rw, Rr, and Rm(1/3) values of 

the wall material that was fabricated using the conventional construction method are also 

indicated; this material was used as a control material for the purpose of comparison with the 

wall materials developed in this research. 
 

Sample No R w R r Rm(1/3)

No.1 38 30 35

No.2 39 30 34

No.3 38 30 35

No.4 39 30 35

No.5 41 35 38

No.6 41 35 38

ALC150 40 30 39

Table.3  Sound insulation indices of walls with

conventional structure, Structure I and ALC150
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Fig.5  Effect of glass wool and outlet hole on sound

insulation for Structure I (12mm plywood+105mm air-
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The insertion of a porous material such as glass wool into an air layer generally tends to 

improve the sound insulation performance. It can be observed from Table 2 that Rw, Rr, and 

Rm(1/3) values of wall No. 3 with no outlet hole and no glass wool are 38, 30, and 35 dB, 

respectively, while those of wall No. 5 with glass wool are 41, 35, and 38 dB, respectively, 

where the Rr value is one grade higher and both the Rw and Rm(1/3) values are 3 dB higher. In 
the same manner, the Rw, Rr, and Rm(1/3) values of wall No. 4 with the outlet hole and no glass 

wool are 39, 30, and 35 dB, respectively, while those of wall No. 6 with glass wool are 41, 30, 

and 38 dB, respectively, where the Rr value is the same as that of wall No. 4. However, the 

Rw and Rm(1/3) values are 2 dB and 3 dB higher, respectively. In both the cases, the effect of 

glass wool insertion is established. 

Regarding the effect of the outlet hole on the sound insulation performance, the Rw, Rr, 

and Rm(1/3) values of wall No. 1, a conventional wall without an outlet hole, are 38, 30 and 35 

dB, respectively, while those of wall No. 2, a conventional wall with an outlet hole, are 39, 

30 and 34 dB, respectively. There is almost no difference between the two sets of results. 

Because a polystyrene form was precisely incorporated in the panel and the gap was small, 
the outlet hole did not degrade the sound insulation performance. 

The coincidence critical frequency fc was 2323 Hz for the 9-mm lauan plywood, 1956 Hz 

for the12-mm cedar plywood, 978 Hz for the 24-mm cedar plywood and 3493 Hz for the 

plasterboard. In Fig. 5, walls No. 1 and No. 2 exhibit a dip in the sound insulation 

performance in the frequency range of 2000 Hz to 4000 Hz. This is consistent with the 

calculated value. On the other hand, clear reductions in sound insulation performance by the 

coincidence effect were not found in the 2000-Hz frequency range for the three-layered wall 

with plywoods of different thicknesses. 

While the calculated resonance frequency of the conventionally constructed wall in the 

low frequency range was 115 Hz, the measured one was 125 Hz that was close to the 
calculated value.  

The sound insulation performances of walls No. 3 and No. 4, both with no glass wool, 

were compared. 

It can be observed from Table 2 that the Rw, Rr, and Rm(1/3) values of wall No. 3 with no 

outlet hole are 38, 30, and 35 dB, respectively, while those of wall No. 4 are 39, 30, and 35 

dB, respectively, where only 1 dB difference in the Rw value is observed. It is evident from 

Fig. 5 that such a decrease in the sound insulation performance, as that observed in the case 

of the conventional wall with the outlet hole, was not observed in the high frequency range, 

except for a 2 dB difference at 200 Hz, and the performances overlapped over almost the 

entire frequency range. Though the 2 dB decrease was observed in the 200-Hz band, a 
decrease in the sound insulation performance in the high frequency range was not observed. 

This might have occurred because the incident sound through the outlet hole was insulated by 

the middle panel of the three-layered wall. 

The sound insulation performances of walls No. 5 and No. 6, both with glass wool, were 

compared. It can be observed from Table 2 that the Rw, Rr, and Rm(1/3) values of wall No. 5 

with no outlet hole are 41, 35, and 38 dB, respectively, while those of wall No. 6 with the 

outlet hole are 41, 35, and 38 dB, respectively. The decrease in the sound insulation 

performance in the high frequency range due to the outlet hole, as that observed in the case of 

the conventional wall, was not observed, and the performance was consistent over almost the 

entire frequency range.  Rm(1/3) value of 38 dB was the highest among the Rm(1/3) values of the 

wall materials developed in this research. 

 

 
3.2 Effects of wall structure on sound insulation performance 
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Fig. 6 compares the frequency characteristics, grades (grade curves), air sound insulation 

performances, and the mass law for the following materials under the conditions of glass 

wool insertion and fabrication of the outlet hole: conventionally constructed wall No. 2 with 

the outlet hole, wall No. 6 (Structure I) composed of 12-mm cedar plywood + 105-mm air 

layer + 24-mm cedar plywood + 66-mm air layer + 12-mm cedar plywood with glass wool 

and the outlet hole, wall No. 10 (Structure II) composed of 12-mm cedar plywood + 66-mm 
air layer + 24-mm cedar plywood + 66-mm air layer + 12-mm cedar plywood with glass wool 

and the outlet hole, wall No. 14 (Structure III) composed of 12-mm cedar plywood + 66-mm 

air layer + 12-mm cedar plywood + 66-mm air layer + 12-mm cedar plywood with glass wool 

and the outlet hole, and 150-mm thick ALC wall14) that is widely used as a partition wall in 

apartments. 
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Fig.6  Comparison of sound transmission losses among

conventional structure, Structures I, II, and III
 

 

As per the mass law, the sound insulation performances of Structure I (No. 6), Structure II 

(No. 10), Structure III (No. 14), and 150-mm ALC wall were 4, 4, 1, and 12 dB higher than 

that of the conventionally constructed wall (No. 2). 

As shown in Fig. 6, it is evident that the three-layered walls developed in the present 
study demonstrated a higher performance over the entire frequency range than the 

conventionally constructed wall (No. 2) whose Rw, Rr, and Rm(1/3) values were 39, 30, and 34 

dB, respectively. 

A low Rr value of 30 was a result of the measured values being less than those obtained 

from the grade curve of Rr-35 at 160, 200, and 2,000 Hz. In addition, the sound insulation 

performance of the conventionally constructed wall decreased in the frequency range of 

2,000 to 4,000 Hz because of the coincidence effect, although this frequency range was not 

included in the grade curve. 
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On the contrary, the Rw, Rr, and Rm(1/3) values of Structure I (No. 6) were 41, 35, and 38 

dB, respectively, and they were 2 dB, 1 grade, and 4 dB higher than those of wall No. 2. The 

Rw, Rr, and Rm(1/3) values of Structure II (No. 10) were 42 dB, 35, and 38 dB; this structure 

demonstrated the best performance among the test materials. 

However, the sound insulation performance of Structure II (No. 10) was lesser than that 

of Structure I (No. 6) over the frequency range higher than 1,000 Hz. The Rw, Rr, and Rm(1/3) 
values of Structure III (No. 14) were 41 dB, 35, and 37 dB, respectively. Though the Rw value 

was 1 dB less than that of Structure II (No. 10), the Rr and Rm(1/3) values were the same as 

those of Structure II (No. 10). 

The surface mass m of the 150-mm ALC wall was 75 kg/m2, i.e. more than double the 

surface mass of the wall composed of the test materials. Thus, the sound insulation 

performance as per the mass law was 12 dB higher than that of the conventionally 

constructed wall, and the Rm(1/3) value was 39 dB. 

However, the sound insulation performance of the 150-mm ALC wall decreased due to 

the coincidence effect around the 400-Hz band. As a result, the Rr value was 30, although the 

150-mm ALC wall was heavier. 
 

 
4 FLOOR IMPACT SOUND PRESSURE LEVEL  

 
4.1   Structure I 

Table 4 presents the weighted impact sound pressure level (hereinafter referred to as Ln,W, 

the grade of the impact sound pressure level (hereinafter referred to as Lr), and the A-

weighted impact sound pressure level (hereinafter referred to as Li,AW for the following floor 
materials impacted by a tapping machine: a conventionally constructed floor (No. 1); a floor 

with 60 mm × 60 mm joists to support the surface floor board (No. 2); floors with porous 

rubber (No. 4 and No. 6); and floors with CFRP plates bonded to the lower surface of floor 

No. 2, No. 4, and No. 6 (No. 3, No. 5, and No. 7, respectively). Figure 7 illustrates the 

relation between the frequency characteristics of Ln,W and Lr. 

 

Sample No. L n,W L r L i,AW

No.1 93 85 90

No.2 79 80 76

No.3 81 80 77

No.4 69 70 66

No.5 72 70 68

No.6 71 70 67

No.7 72 70 68

Table.4 Weighted normalized impact sound

pressure level by lightweight floor impact source
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Fig.7 Lightweight floor impact sound pressure level for

floors with joist interval of 433.5mm  
 

4.1.1 Effects of supporting materials in the upper air layer 

It can be observed from Table 4 and Fig. 7 that the floor impact sound pressure level for 

the conventionally constructed floor (No. 1) is higher over the entire frequency range, 

particularly in the frequency range higher than 250 Hz, than the floor impact sound pressure 

level of the other floors. The Ln,W, Lr, and Li,AW values of floor No. 1 are 93 dB, 85, and 90 dB, 

respectively. On the other hand, a remarkable decrease in the Ln,W value over a frequency of 
125 Hz or more is observed for floor No. 2 whose Ln,W, Lr, and Li,AW values are 79 dB, 80, 

and 76 dB, respectively, and these are 14 dB, 1 grade, and 14 dB lower than those of floor No. 

1 

The impact sound level of three-layered floors No. 4 and No. 6 with the porous rubber 

material is discussed. Floor No. 4 had the porous rubber with the filling rate of 63%, while 

floor No. 6 had the porous rubber with the filling rate of 67%. 

It is evident from Fig. 7 that the tested floors with the porous rubber exhibited lower 

impact sound levels over the entire frequency range than floor No. 2 with joists as well as the 

conventionally constructed floor No. 1. For instance, the Ln,W, Lr and Li,AW values of floor No. 

4 are 69 dB, 70, and 66 dB, respectively, i.e., 10 dB, 2 grades, and 10 dB lower than those of 
floor No. 2 and 14 dB, 3 grades, and 24 dB lower than those of floor No. 1, respectively. 

Comparing the effects of the filling rate on the sound insulation performances of floors 

No. 4 and No. 6, it was found that floor No. 4 having the porous rubber with the lower filling 

rate demonstrated a better sound insulation performance. The result supports the fact that the 

frequency at which the maximum floor impact sound level caused by hard and light impact 

sounds such as tapping machine is generated moves to a lower frequency range as the floor 

finish becomes softer9). However, a combination of the filling rate, spring constant, etc. is 

required to be discussed for a further comprehensive understanding. 
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4.1.2 Effects of CFRP plate 

The Ln,w, Lr and Li,AW values of three-layered floor No. 2 with 60 mm × 60 mm joists were 

79 dB, 80, and 76 dB, respectively, while those of floor No. 3 bonded to floor No. 2 with the 

CFRP plates were 81 dB, 80, and 77 dB, respectively. The results indicate that attaching the 

CFRP plates did not improve the sound insulation performance. 
The sound insulation performance of three-layered floors No. 4 and No. 6 with the porous 

rubbers and three-layered floors No. 5 and No. 7 bonded to floors No. 4 and No. 6 with the 

CFRP plates are discussed. The Ln,W, Lr, and Li,AW values of floor No. 4 were 69 dB, 70, and 

66 dB, respectively, while those of floor No. 5 were 72 dB, 70, and 68 dB, respectively. This 

indicated that even when the CFRP plates were used, the sound insulation performance of the 

floors did not improve. In addition, the Ln,W, Lr, and Li,AW values of floor No. 6 were 71 dB, 

70, and 67 dB, respectively, while those of floor No. 7 were 72 dB, 70, and 68 dB, 

respectively. This also indicated no effect of CFRP plates on the sound insulation 

performance. 

 
4.2 Structure II 

In order to investigate the effects of the rigidity of floor material on the impact sound 

pressure level, the Ln,W, Lr, and Li,AW values of floors with the joist interval of 289 mm (floor 

Nos. 8–13) are compared in Table5. The frequency characteristics of these impact sound 

pressure levels and Lr are illustrated in Fig. 8. 

 

Sample No. L n,W L r L i,AW

No.1 93 85 90

No.8 82 85 79

No.9 79 80 76

No.10 76 75 70

No.11 75 70 69

No.12 74 75 71

No.13 75 70 70

Table.5 Weighted normalized impact sound

pressure level by lightweight floor impact source
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Fig.8 Lightweight floor impact sound pressure level for

floors with joist interval of 289mm
 

 
4.2.1 Effects of supporting materials in the upper air layer 

From Table 5 and Fig. 8, it can be observed that the lightweight floor impact sound 

pressure level of the conventionally constructed floor No. 1 is high over the entire frequency 

range. On the other hand, though the impact sound pressure level of three-layered floor No. 8 

with joists is higher at 250 Hz band than the other three-layered floors, the sound insulation 

performance over the remaining frequency range is almost the same as that of the other three-
layered floors. For example, the Ln,W, Lr, and Li,AW values of the conventionally constructed 

floor No. 1 are 93 dB, 85 or higher, and 90 dB, respectively, while those of floor No. 8 are 82 

dB, 85, and 79 dB, respectively, and the Ln,W and Li,AW values are both 11 dB higher than 

those of No. 1. 

The sound insulation performance of three-layered floors No. 10 and No. 12 with the 

porous rubbers is discussed. Floor No. 10 had the porous rubber with the filling rate of 63%, 

and floor No. 12 had the porous rubber with the filling rate of 67%. 

It is evident from Fig. 8 that the lightweight floor impact sound pressure levels of the 

tested floors with the rubbers improved over frequencies higher than 250 Hz than those of the 

conventionally constructed floor No. 1 and floor No. 8 with joists. As a result, the Ln,W, Lr, 
and Li,AW values of three-layered floor No. 8 were 82 dB, 85, and 79 dB, those of floor No. 10 

were 76 dB, 75, and 70 dB, and those of floor No. 12 were 75 dB, 70, and 70 dB, respectively. 

The Ln,W, Lr, and Li,AW values of floor No. 10 were 76 dB, 75, and 70 dB, and 17 dB, 3 grades 

or more, and 20 dB higher than those of floor No.1, respectively. 

This implies that the three-layered floors with the rubbers are more advantageous in 

improving the lightweight floor impact sound pressure levels than the conventionally 

constructed floor. 
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4.2.2 Effects of CFRP plate 

From Table 5 and Fig. 8, the Ln,W, Lr, and Li,AW values of three-layered floor No. 8 are 82 

dB, 85, and 79 dB, respectively, and those of floor No. 9 bonded to floor No. 8 with the 

CFRP plates are 79 dB, 80 and 76 dB, respectively. In this case, the sound insulation 
performance is improved, in contrast to that of Structure I. 

The sound insulation performances of three-layered floors No. 11 and No. 13 bonded to 

floors No. 10 and No. 12 with the CFRP plates are discussed. 

The Ln,W, Lr, and Li,AW values of floor No. 10 were 76 dB, 75, and 70 dB, respectively. 

Floor No. 11 bonded to floor No. 10 with CFRP plates exhibited a reduction in the floor 

impact sound pressure level in the frequency range over 500 Hz, and the Ln,W, Lr, and Li,AW 

values were 75 dB, 70, and 69 dB, respectively, which was further improved than that of 

floor No. 10. In the same manner, the Ln,W, Lr and Li,AW values of floor No. 12 were 74 dB, 75, 

and 71 dB, respectively, while those of floor No. 13 bonded to floor No. 12 with CFRP plates 

were 75 dB, 70, and 70 dB, respectively. The Ln,W values was 1dB less than that of floor 
No.12. However, a reduction in the floor impact sound level was observed in the frequency 

range over 500 Hz in the same manner as that observed in the case of floor No. 10. The Lr, 

Li,AW, and floor impact sound pressure level over a 63-Hz band were 1 grade, 1dB, and 12 dB 

lower than those of floor 12. 

 

 
4.3 Effects of joist interval 

From Tables 4 and 5 and Figs. 7 and 8, on comparing the floor impact sound pressure 

levels of the floors with joists between Structure I (joist interval: 433.5 mm) and Structure II 
(289 mm), the Ln,W, Lr, and Li,AW values of floor No. 2 (Structure I) are 79 dB, 80, and 76 dB, 

respectively, while those of floor No. 8 (Structure II) are 82 dB, 85, and 79 dB, respectively. 

This indicates the degradation in the performance of floor No. 8. On the other hand, the Ln,W, 

Lr, and Li,AW values of floor No. 3 (Structure I) with the CFRP plates are 81 dB, 80, and 77 

dB, respectively, while those of floor No. 9 (Structure II) are 79 dB, 80, and 76 dB, 

respectively, indicating an improvement in the Ln,W and Li,AW values. 

The sound insulation performance of the floors having the porous rubber with the filling 

rate of 63% was compared between the joist intervals in the lower layer. The Ln,W, Lr, and 

Li,AW values of floor No. 4 (Structure I) were 69 dB, 70, and 66 dB, respectively, while those 

of floor No. 10 (Structure II) were 76 dB, 75, and 70 dB, respectively. Reducing the joist 

interval degraded the sound insulation performance. In the case of the CFRP plates bonding 

under the above-mentioned conditions, the Ln,W, Lr, and Li,AW values of floor No. 5 (Structure 

I) were 72 dB, 70, and 68 dB, respectively, while those of floor No. 11 (Structure II) were 75 

dB, 70, and 69 dB, respectively, revealing the degradation in the sound insulation 

performance. 

In the case of the floors having the porous rubber with the filling rate of 67%, the Ln,W, Lr, 

and Li,AW values of floor No. 6 (Structure I) were 71 dB, 70, and 67 dB, respectively, while 

those of floor No. 12 (Structure II) were 74 dB, 75, and 71 dB, respectively, indicating the 

degradation in the sound insulation performance. In the case of floors with the CFRP plates 

bonding under the above-mentioned conditions, the Ln,W, Lr, and Li,AW values of floor No. 7 
(Structure I) were 72 dB, 70, and 68 dB, respectively, while those of floor No. 13 (Structure 

II) were 75 dB, 70, and 70 dB, respectively, again indicating a degradation. The results imply 

that the lightweight impact sound pressure level was higher when the girder space was 

narrow than when the porous rubber was used 

 
5 CONCLUSIONS 

The present study is summarized as follows: 
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(1)The newly developed three-layered walls demonstrated a better sound insulation 

performance over a wide frequency range than the conventionally constructed wall. The 

coincidence effect was not found. 

(2)When glass wool was inserted in one of the two air layers in the three-layered walls, the 

Rw, Rr, and Rm(1/3) values obtained were clearly greater than those obtained without the 

glass wool. 
(3)The outlet holes did not decrease the sound insulation performance of the three-layered 

walls. 

(4)In the case of the joist interval of 433.5 mm in the lower air layer of the developed floors, 

the lightweight impact sound insulation of the three-layered floors with rubber 

supporting the upper air layer was better than that with timber supporting the upper air 

layer; this, in turn, was better than the performance of the conventionally constructed 

floor. 

(5)In the case of the joist interval of 433.5 mm in the lower air layer of the developed floors, 

the lightweight impact sound insulation decreased when a CFRP plate was bonded to the 

lower surface of the floor. 
(6)In the case of the joist interval of 289 mm in the lower air layer of the developed floors, 

the lightweight impact sound insulation of the three-layered floors with rubber 

supporting the upper air layer was systematically better than that with timber supporting 

the upper air layer, although the trend was not so clear as that observed in the case of the 

joist interval of 433.5 mm. 

(7)In the case of the joist interval of 289 mm in the lower air layer of the developed floors, 

when a CFRP plate was bonded to the lower surface of the floor, the impact sound 

insulation was improved only in the case of timber supporting the upper air layer. 

(8)When the joist interval of the lower air layer was changed from 433.5 mm to 289 mm, 

the impact sound insulation decreased, except in the case of the floor with the CFRP 
plate bonding and with timber supporting the upper air layer. 
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