
 

PEER-REVIEWED ARTICLE  bioresources.com 

 

 

Kim et al. (2015). “Sound transmission in WPC,” BioResources 10(1), 510-526.  510 

     

Sound Transmission Properties of Mineral-filled High-
Density Polyethylene (HDPE) and Wood-HDPE 
Composites 
 

Birm-June Kim,a,b Runzhou Huang,c  Xinwu Xu,c Sun-Young Lee,d, * Jason Kunio,e and 

Qinglin Wu b, c*  

 
Wood plastic composites (WPCs) offer various advantages and potential 
as a competitive alternative to conventional noise barriers. For this 
purpose, the influence of composite formulation on the sound transmission 
loss (TL) of WPCs needs to be fully understood. In TL testing, stiffness 
and surface density are major factors influencing the sound insulation 
property of filled plastics and WPCs. Experimental TL values decreased 
as sound frequency increased; and the TL values increased after passing 
a certain frequency level. The comparison of experimental TL curves 
among filled composites showed that the addition of fillers led to an 
increase in resonance frequency and TL values. However, at high filling 
levels, the stiffness decrease led to TL reductions. The experimental TL 
curves of filled composites, composed of mass law and stiffness law 
predictions, were well approximated with their combined TL predictions. 
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INTRODUCTION 
 

Industrial machinery and high speed transportation produces unwanted noise 

(Jayaraman 2005; Yilmaz 2009). For example, highway noise levels amount to 70 dB, and 

noise levels from highly-trafficked urban road intersections amount up to 80 dB (Kotzen 

and English 1999). Excessive noises frequently affect people and can cause fatigue, health 

system disorders, and can reduce working efficiency. So far, various barrier materials 

including concrete, brick, metal, plastic, wood, and composites have been used to reduce 

noise levels. Among these materials, viscoelastic polymer materials show great potential 

for damping sound and vibration. However, most polymer materials have a relatively low 

elastic modulus and surface density, leading to poor sound insulating performances when 

used alone as noise barriers (Wang et al. 2011). 

Significant work has recently investigated the acoustic properties of filled plastic 

composites. Among the studies, Lee et al. (2010) investigated tensile and sound 

transmission loss (TL) properties of composites made of acrylonitrile butadiene styrene 

(ABS) and carbon-black. In their experiments, it was shown that composites filled with 5% 

carbon-black had a more than 10% TL increase compared with the unfilled control. The 

composites with a high elastic modulus showed a higher TL than the composites with a low 

elastic modulus. As a result, it was suggested that an increase in modulus through 
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reinforcing the composite structure could be an effective technique for blocking sound 

energies. Lee et al. (2008) studied the sound insulation effect of carbon-nanotube (CNT) 

filled ABS composites. As CNT content in the ABS composites increased, TL values were 

accordingly improved. For example, at 3400 Hz, the average TL value of CNT filled 

composites with 15% volume content was 21.7% higher than that of ABS-only composite. 

Also, it was shown that increased stiffness due to higher CNT content had a more 

significant effect on the TL value of CNT-filled composites than an increase in mass. 

Cotana et al. (2007) evaluated TL properties of concrete composites filled with different 

densities of pumice, lapillus, and rubber. Various combinations of composite compositions 

made a noticeable influence on the TL properties. The TL values of lapillus/pumice mixture 

filled composites were higher than those of lapillus-only and pumice-only filled 

composites. Among the mixtures, the lapillus/pumice filled composite showed a higher TL 

value compared with the pumice/rubber filled composite. This was due to the overall 

change in density of the composites made with fillers of varying densities. Wang et al. 

(2011) studied the TL of laminated mica-filled poly (vinyl chloride) composites which 

showed increased TL and resonance frequency with the increase of mica content. In the 

current study, stiffness and surface density were found to be important factors influencing 

the TL properties of mica filled composites. The sound insulation properties of the 

composites were well described by stiffness and mass laws. 

Wood plastic composites (WPCs) as new generation green composites offer the 

advantages of having relatively light weight, excellent recyclability, low toxicity, and high 

thermal stability (Klyosov 2007; Wu et al. 2007; Kim et al. 2012). WPCs are currently 

used as deck, fence, outdoor furniture, and interior molding materials. Thus, their 

application as a noise barrier can offer competitive alternatives to conventional noise 

barriers. For this purpose, the influence of composite formulations on the acoustic 

properties of WPCs needs to be fully understood.  

The objectives of this study were 1) to develop an experimental procedure for 

studying the TL properties of filled plastic composites using an impedance tube method, 

and 2) to investigate the effect of mineral type and loading levels on the observed TL 

properties of the composites in comparison with various TL predictions. 

  

Impedance Tube 
The impedance tube system, based on the ASTM E2611-09 standard (ASTM 

E2611, 2009) for measuring the normal incidence transmission loss (TL) is schematically 

illustrated in Fig 1a.  The TL results is calculated with two microphones positioned at the 

upstream and two more microphones positioned downstream of the test sample as shown 

in Fig. 1b. In this system, sound pressures at the four measurement locations x1 to x4 can 

be expressed as super-positions of positive and negative directed plane waves (±jkx) (Song 

and Bolton 2000; Olivieri et al. 2007), 
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where, k  is the wave number in ambient air, and parameters A to D are complex plane 

wave coefficients representing the noise amplitudes. This equation can be rearranged to 

solve for the respective coefficients in terms of the four sound pressures (P1 to P4) as: 
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Therefore, by measuring the sound pressures at locations x1 to x4, the coefficients 

A to D are determined, and these coefficients provide the input data for subsequent transfer 

matrix calculations (Song and Bolton 2000; Olivieri et al. 2007; Yousefzadeh et al. 2008). 

The transfer matrix, relating with sound pressures (P) and particle velocities (V) at the two 

surfaces (front and rear) of the test sample extending from x=0 (front) to x=d (rear) has the 

following form (Olivieri et al. 2006, 2007), 
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where, Tij are frequency-dependent quantities related to the acoustical properties of the test 

sample. Thus, the P and V at the two surfaces of the test sample can be effectively expressed 

by the positive and negative plane wave components ± jkx and complex coefficients,  
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where ρ0 is ambient air density and c is the sound speed in air. When the plane wave 

components are known, based on the measurements of complex pressures at the four 

locations, the P and V values at the two surfaces of the test sample can be determined.  

The 2x2 transfer matrix described in Eq. 3 cannot be solved without some 

additional information, as there are four unknowns but a single measurement only results 

in two equations.  If the test sample is geometrically symmetric (presenting the same 

physical properties to the sound field on either side), then some basic constraint equations 
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can be applied due to reciprocity, namely T11 = T22 and T11T22 – T12T21 = 1.  In practice it 

is more common to use the two load method to generate two additional equations needed 

to solve the 2x2 transfer matrix.  This is done by changing the end condition of the 

measurement tube. This effectively changes the impedance at the termination, hence 

making it possible to rewrite Eq. 3 as follows: 
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Generally, the two loads can be represented by two different length tubes or a single tube 

with and without absorbing material. In this research, two loads were achieved by a tube 

with and without absorbing material. 

In addition to the normal incidence transmission loss (TLnormal) term, there are many 

other acoustic properties of the material that can be calculated from the elements in the 

transfer matrix, as described in the ASTM E2611-09 standard.  These other characteristics 

can be used to generate macroscopic models of the material for further material 

development to optimize a materials performance based on the Biot model (Raveendra et 

al. 2005).  Work has also been done to use these measured normal incidence results to 

predict materials performance in a random incidence environment (Yoo et al. 2005). 

Consequently, when a two-load method with a perfectly anechoic termination (i.e., 

D=0) is used, TL is calculated as: 
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Equation (6) is incorporated in the Brüel & Kjær acoustic testing program to 

compute the TL values of test samples (Song and Bolton 2000; Olivieri et al. 2007). 

 

Stiffness Law 
A typical TL graph is composed of a stiffness-controlled region (S-region) in low 

frequency ranges and a mass law-controlled region (M-region) in high frequency ranges 

with increasing sound frequency (Irwin and Graf 1979). Hence, the stiffer a sound-

absorbing sample is, the higher TL value it shows in the low frequency ranges. According 

to the definition (Ng and Hui 2008), the stiffness of materials can be expressed as, 
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where S, E, h, and ν are the bending stiffness, modulus of elasticity (MOE), sample 

thickness, and Poisson’s ratio of the sample, respectively.  

From Eq. 7, it can be seen that MOE and sample thickness significantly affect the 

stiffness of materials. The MOE and sample thickness can also lead to changes in the speed 

of longitudinal sound waves (Cp) in materials, and the subsequent sound resonance 

frequency (Rf). Cp and Rf are expressed as Eqs. (8) and (9), respectively (Wang et al. 2011), 
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where m in Eq. 8 is the surface area density of the test sample and r, a, and b in Eq. 9 are 

the radius of the sample surface and integers (1, 2, …) from the order of sound wave 

resonance, respectively (Song and Bolton 2003). Berry and Nicolas (1994) represented the 

TL with a stiffness-controlled region using Eqs. 7 and 9 as, 
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where Rf  represents sound resonance frequency (f>>Rf). It should be pointed out that the 

sample mounting has a significant impact of the severity of the impact of the resonance on 

the TL results (Satoh et al. 2014). 

 

Mass Law 
When incident sound waves hit a sample, the test sample vibrates due to the changes 

of ambient sound pressures. This vibration energy dissipates in and out of the sample 

during the sound transmission process, and the dissipation increases with the increase of 

the sample mass, i.e., mass law (Lee et al. 2008). In the mass law, the TL value of a sound 

barrier sample is calculated as (Jones 1979), 
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where, ω, m, θ, and ρc are sound angular frequency, surface density of sample per unit 

area, angle of incident sound wave, and characteristic impedance of medium, respectively. 

A small-scale experiment using an impedance tube adopts normal sound waves where the 

angle of incident sound waves is perpendicular to test samples, i.e., θ=0 and f 2 with 

f as incident sound frequency (Folds and Loggins 1977; Lee and Xu 2009). The 

experimental setup for the impedance tube is based on plane wave theory, where the angle 

of incidence is perpendicular to the surface of the sample.  The tube diameter and 

microphone spacing govern the useable frequency range of the setup to ensure that 

measurements are made within a valid frequency range.   

 

 
EXPERIMENTAL 
 

Materials 
Composite sample preparation 

Materials and formulations of each composite sample for acoustic testing are listed 

in Table 1.  
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Table 1. Materials and Formulations of Each Composite Sample Used for 
Acoustic Testing 

Explanation Formulation and Content Supplier 

Material HDPE (HGB 0760) ExxonMobil Co. 

 Pine wood flour (100 mesh) American Wood Fibers 

 Precipitated calcium carbonate (PCC) Domino Sugar Company 
 Nanoclay (nanoMax®) Nanocor Incorporation 

PE Composite 1) PCC: 0, 20, 40% + HDPE Lab blend 

 2) Nanoclay: 0, 4, 8% + HDPE Lab blend 

WPC 1) PCC: 0, 20, 40% + wood: 10% + HDPE Lab WPC blend 

 2) Nanoclay: 0, 4, 8% + wood: 10%+ HDPE Lab WPC blend 

 

Wood flour (WF), precipitated calcium carbonate (PCC), and clay were dried at 85 

°C for 24 h to remove most moisture in the materials prior to compounding. The PCC used 

in this experiment had an average size of 1.2 µm, and clay particles exhibited exfoliated 

forms as reported by the company. In the first step, a CW Brabender Intelli-torque twin-

screw extrusion machine (CW Brabender Instruments, South Hackensack, NJ) was used to 

make HDPE and PCC or clay base blends  (HDPE : PCC = 60 : 40; HDPE : clay = 92 : 8). 

In the second step, the pellets were further diluted with HDPE or blended with wood flour 

to meet the pre-determined mixing ratios and then extruded with a Leistritz Micro-27 co-

rotating parallel twin-screw extruder (Leistritz Corp., Allendale, NJ). Materials and 

formulations for sample manufacturing are listed in Table 1. The blending temperature 

profiles were 155, 165, 175, 180, 180, 180, 180, 175, 170, 160, and 175 °C for PCC-filled 

composites and 155, 165, 170, 175, 175, 175, 175, 170, 160, 155, and 170 °C for clay-

filled composites from feeding zone to die (11 heating sections), respectively. The extruder 

rotation speed was 60 rpm. The extruded blends were pelletized again and then dried in an 

oven at 85 °C for 24 h. The prepared pellets were compression molded by using a Wabash 

V200 hot press (Wabash, ID, USA). A 30-ton compression force was applied to the 

composite plates at 180 °C for 10 min; then the plates, which had a target thickness of 9 

mm, were cooled to room temperature under the same pressure. The manufactured plates 

were water-jetted to produce acoustic samples with target diameters of 29 mm. The 

precisely machined samples allowed a good fit of test samples in the test tube without 

lateral pressure being applied to the sample edge.  

 

Methods 
Mechanical property measurement 

Three-point flexural testing was performed using a model 5582 Instron testing 

machine (Instron Inc., Norwood, MA) at a crosshead speed of 3 mm/min. Each sample 

with a size of 125 mm (length) × 15 mm (width) × 9 mm (thickness) was prepared from 

the same composite plates as the acoustic samples.  

A Tinius Olsen Mode 1892 impact tester (Tinius Olsen Inc., Horsham, PA) was 

used to test un-notched Izod impact strength according to the ASTM D256 (2007). Samples 

of size 63.5 mm (length) × 3 mm (width) × 9 mm (thickness) were prepared for the impact 

strength test. These samples were also acquired from the same composite panels as the 

acoustic samples by cross-cutting. 
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Acoustic property measurement 

To measure the TL values of prepared acoustic samples, an impedance tube 

instrument from Brüel & Kjær (Nærum, Denmark) composed of power amplifier (Type 

2706), transmission loss tube kit (Type 4206T), signal amplifier (Type 3560C-S29), and 

pulse FFT analysis program (Labshop ver. 16.01) was used, as shown in Fig. 1a.  

 

 
 
Fig. 1. Schematic diagram of (a) hardware setup and (b) the TL measurement in an impedance  
tube 

 

A small tube (500 to 6400 Hz) set-up was chosen for the analysis. Prior to acoustic 

testing, petroleum jelly (i.e., Vaseline®) was added to sample edges such that they fit into 

the test tube without much lateral force from the tube wall and so sound leakages would be 

minimized. Sample dimensions and weights were measured and then used to calculate the 

surface area density of each sample. To get a better TL curve without noise fluctuations, 

respective FFT curves were smoothed by 1/3 octave band width using the computer 

software from Brüel & Kjær. 
 

 
RESULTS AND DISCUSSION 
 

Basic Properties of Mineral-filled HDPE and WPCs 
The densities of clay, PCC, and HDPE were 1.60, 2.60, and 0.96 g/cm3, respectively 

(Klyosov 2007; Wypych 2010; Kim et al. 2012). Thus, the addition of clay and PCC in the 

HDPE matrix increased the surface area density of the filled HDPE (Table 2). Pure HDPE 

had a surface area density of 8.59 kg/m2. The surface area density increased to 8.95 kg/m2 

at 8% clay loading level and to 10.83 kg/m2 at 40% PCC level. The WPCs with 10% WF 

filled with clay or PCC had similar surface area densities compared with corresponding 

clay or PCC filled HDPE, respectively. Thus, the use of 10% WF did not significantly alter 

the composite area density. 

 

a 

b 
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Table 2. Mechanical Properties (MOE, MOR, and Impact Strength), Stiffness, 
and Area Density of Mineral-filled HDPE Composites and WPCs as a Function of 
Filler Content 

System Filler (%) 
MOEa 
(GPa) 

MORa 
(MPa) 

Impact 
Strengtha 

(kJ/m2) 

Stiffness 
of Unit 

Area (×105 

N/m2) 

Area 
Density of 
Unit Area 
(kg/m2) 

Clay Only 

0 

4 

8 

1.20 (0.02) 

1.31 (0.01) 

1.34 (0.05) 

41.57 (1.21) 

33.17 (0.05) 

30.42 (0.98) 

No Break 

5.90 (0.11) 

5.18 (0.19) 

119.05 

129.47 

131.94 

8.59 

8.79 

8.95 

PCC Only 
20 

40 

1.47 (0.05) 

1.51 (0.04) 

46.20 (0.56) 

32.49 (0.47) 

11.03 (2.35) 

7.00 (0.65) 

144.47 

148.41 

9.75 

10.83 

Clay + 

WF 

0 + 10 

4 + 10 

8 + 10 

1.39 (0.03) 

1.45 (0.06) 

1.47 (0.06) 

37.47 (0.82) 

37.67 (1.04) 

33.22 (0.39) 

17.98 (0.89) 

10.19 (2.21) 

6.58 (1.50) 

136.61 

141.99 

143.43 

8.26 

8.47 

8.68 

PCC + 

WF 

20 + 10 

40 + 10 

1.64 (0.05) 

1.49 (0.04) 

37.14 (1.50) 

34.33 (0.17) 

13.50 (2.74) 

4.37 (0.36) 

159.73 

145.12 

9.57 

10.66 
a Numbers in parenthesis are standard deviations based on five samples. MOE – Modulus of 
Elasticity, MOR- Modulus of Rupture.  
 

The neat HDPE sample had an MOE value of 1.2 GPa. At 4% and 8% clay loading 

levels, the modulus increased to 1.31 GPa and 1.34 GPa, respectively. Early work in this 

field (Wu et al. 2007) attributed the modulus increase to exfoliation of clay nanoplatelets 

in the plastic matrix. The degree of exfoliation depends on mixing and the use of coupling 

agents. The PCC filled HDPE also showed a higher modulus than neat-HDPE, probably 

due to higher filler content (Kim et al. 2012). The corresponding stiffness for both types of 

composites also increased with increased clay or PCC content. On the other hand, bending 

MOR and impact strength decreased with increased clay or PCC content. Possible particle 

aggregation in the HDPE matrix, which creates stress concentration at the particle-matrix 

interface, led to decreased overall composite strength. 

For clay-filled WPCs with 10% WF, increased clay loadings led to some 

improvements in MOE values (e.g., 1.39 GPa at 0% clay level and 1.47 GPa at 8% clay 

level). This indicates that there was an overall modulus enhancement in clay-filled WPCs 

compared with corresponding clay-filled HDPE, showing synergetic effects of clay 

platelets and wood fibers. For PCC-filled WPCs with 10% WF, MOE values were 

obviously increased at the 20% PCC level, but somewhat reduced at the 40% PCC level in 

comparison with corresponding PCC-filled HDPE. In impact strength testing, decreased 

trends were shown with increased clay or PCC content. The reduced strength properties of 

filled composites are attributed to the aggregation of filler particles in the HDPE matrix 

(Kim et al. 2012). 

 

General TL Curves of Filled HDPE and WPCs 
Figure 2 shows measured TL curves for clay- (Fig. 2a) and PCC- (Fig. 2b) filled 

HDPE and WPC materials. The TL curves shifted upwards as clay or PCC level increased, 

indicating improved TL properties at higher filler loading levels. The surface area density 

of clay-filled HDPE was only slightly higher than that of neat HDPE (Table 2). Hence, the 

observed TL improvements, especially in a low frequency range, probably indicate the 

effect of nano-clay in filled HDPE.  
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The clay particles after intercalation and exfoliation had platelet shapes with 

thicknesses in the nanometer range and were distributed in the plastic matrix (Gopakumar 

et al. 2002; Ton-That et al. 2004; Ataeefard and Moradian 2011).  

 

Fig. 2. Comparisons of TL curves between (a) clay-filled HDPE and WPCs and (b) PCC-filled 
HDPE and WPCs 
 

The platelets can help deflect sound waves and increase their energy dissipation 

pathway as heat, leading to increased TL values (Bharadwaj 2001; Picard et al. 2007; Lee 

et al. 2008). The addition of PCC in HDPE led to a distinctively increased surface area 

density. The increased surface area density helped improve TL values of PCC-filled HDPE 

in comparison with neat HDPE. However, the 40% PCC-filled HDPE showed both a lower 

TL curve in the low frequency range and a higher TL curve in the high frequency range, 

which was different from the 20% PCC-filled HDPE, as shown in Fig. 2b. 

The incorporation of 10% WF in the clay- or PCC-filled HDPE led to overall TL 

improvements in comparison with corresponding clay- or PCC-only-filled HDPE. The 

above results show a synergistic effect of clay or PCC and wood particles in the composites 

through blocking/reflecting the incident sound waves and enhancing composite stiffness. 

The relatively large TL differences in the low-frequency range indicate stiffness controls 

and the relatively small TL differences in the high-frequency range indicate mass controls 

in the TL property of the filled composites, respectively. 

 

Comparison of TL with Mass and Stiffness Law Predictions 
Typical experimental TL curves of clay- or PCC-filled HDPE and WPCs are shown 

in Figs. 3 and 4, respectively, in comparison with their corresponding mass law and 

stiffness law TL prediction lines. The mass law TL equation used here is a modified form 

of Eq. 6 (Lee and Xu 2009): 

 

  5.42log20 10  mfTLnormal       (12) 

The stiffness law TL equation was adapted from Eq. 10, and the first (a = 1, and b 

= 1) and second (a = 1 and b = 2) orders of sound resonance frequencies were used to get 

two stiffness TL prediction lines (i.e., stiffness-1 and stiffness-2). 

 



 

PEER-REVIEWED ARTICLE  bioresources.com 

 

 

Kim et al. (2015). “Sound transmission in WPC,” BioResources 10(1), 510-526.  519 

 

 
Fig. 3. Comparisons of experimental TL curves of filled HDPE in comparison with mass and  
stiffness law TL predictions. (a) HDPE, (b) HDPE/Clay4, (c) HDPE/Clay8, (d) HDPE/PCC20, and  
(e) HDPE/PCC40 

 

Experimental TL curves decreased as sound frequency increased and then increased 

after passing a certain frequency level (designated as experimental resonance frequency – 

RFE). Predicted stiffness-1 and stiffness-2 TL curves showed two resonance frequencies 

(RFS1 and RFS2, respectively) and mass law TL curves formed linear lines after an initial 

rapid TL increase at the low frequency range.  

The effect of filler loading and filler type on the shape of the filled TL curves seems 

to be small. A comparison among the experimental and predicted stiffness and mass law 

TL curves indicates a well-defined stiffness-controlled region (S-region: left) and mass 

controlled region (M-region: right). 
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Fig. 4. Comparisons of experimental TL curves of filled WPCs in comparison with mass and  
stiffness law TL predictions. (a) WPC, (b) WPC/Clay4, (c) WPC/Clay8, (d) WPC/PCC20, and  
(e) WPC/PCC40 

 

The experimental TL curves of filled HDPE and WPCs (Fig. 3a and 4a) show 

similar trends to their corresponding mass law TL predictions for the M-region. This result 

is similar to the previous experimental TL data using mica-filled PVC with a thickness of 

1 mm (Wang et al. 2011). However, for the S-region, there are some differences between 

the results from the two studies.  

While the published experimental TL curves had similar features to their 

corresponding stiffness-1 TL predictions, the experimental TL curves from the current work 

are positioned in between the stiffness-1 and stiffness-2 TL predictions. The different 

experimental TL features between the two studies for the S-region may be related with 

stiffness differences.  

When the stiffness equation described in Eq. 8 is considered, the stiffness value is 

significantly affected by the thickness of test samples (i.e., 729 times difference between 1 

mm and 9 mm) and increased sample thickness led to remarkable stiffness value 

differences. Thus, the increased stiffness values from the test samples with 9-mm 

thicknesses resulted in the remarkable TL improvements in the S-region.  
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Fig. 5. Comparisons of experimental TL curves of filled HDPE in comparison with combined TL  
predictions. (a) HDPE, (b) HDPE/Clay4, (c) HDPE/Clay8, (d) HDPE/PCC20, and  
(e) HDPE/PCC40 

 

The stiffness-1 and stiffness-2 TL curves form two intersection points (RS1-M-IP and 

RS2-M-IP, respectively) with the mass law TL curve as shown in Fig. 5 (filled HDPE) and 

Fig. 6 (filled WPCs).  

The experimental TL curves of filled HDPE and WPCs are better approximated by 

the combined TL predictions from their corresponding stiffness-1 and stiffness-2 TL curves 

for the S-region and from mass law TL curves for the M-region. Table 3 shows a 

comparison of the RFE, RFS1, RFS2, RS1-M-IP, and RS2-M-IP values for various composites. 

While the RFE values of filled HDPE composites are located between the corresponding 

RS1-M-IP and RS2-M-IP values, those of filled WPCs are closer to the corresponding RS2-M-IP 

values or are located to the right side of them. From the above result, it can be noticed that 

the MOE and stiffness increases of the test samples led to the experimental TL 

improvements in the S-region and these consequently shifted their RFE values to the higher 

frequency range. 
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Fig. 6. Comparisons of experimental TL curves of filled WPCs in comparison with combined TL  
Predictions. (a) WPC, (b) WPC/Clay4, (c) WPC/Clay8, (d) WPC/PCC20, and (e) WPC/PCC40 

 

Table 3. Summary of Sound Transmission Property of Filled HDPE and WPCs 

Sample 
Name 

Experimental 
Resonance 
Frequency  

RFE (Hz) 

Predicted Resonance 
Frequency 

Stiffness-Mass Law Curves 
Intersection Points 

RFS1 

(Hz) 
RFS2  
(Hz) 

RS1-M-IP  
(Hz) 

RS2-M-IP 
(Hz) 

HDPE 
HDPE/Clay4 
HDPE/Clay8 

HDPE/PCC20 
HDPE/PCC40 

3216 
3592 
3792 
3564 
3416 

2040 
2168 
2169 
2179 
2016 

5099 
5421 
5422 
5448 
5041 

1448 
1540 
1540 
1548 
1432 

3624 
3852 
3852 
3872 
3580 

WPC 
WPC/Clay4 
WPC/Clay8 

WPC/PCC20 
WPC/PCC40 

4080 
4572 
4980 
4588 
3524 

2435 
2467 
2432 
2455 
2002 

6087 
6169 
6079 
6138 
5006 

1728 
1752 
1728 
1744 
1424 

4324 
4380 
4320 
4360 
3556 
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Effect of Filler Type and Loading Level on Mean TL 
Averaged TL (A-TL) values of clay or PCC filled HDPE and WPCs were plotted 

for S-region and M-region as a function of filler content, as shown in Fig. 7. Clay-filled 

HDPE and WPCs showed improved A-TL values for both S-region and M-region with the 

increase of clay content (Fig. 7a). While the clay-filled HDPE had more obviously 

improved A-TL values at only 8% clay level, the clay-filled WPCs showed enhanced A-TL 

values even at 4% clay level, indicating the synergistic effect of WF. PCC filled HDPE and 

WPCs had their highest A-TL values at 20% PCC level. At this level, A-TL values were 

much improved with the use of 10% WF for S-region. However, further increase of PCC 

content (e.g., 40% PCC level) resulted in stiffness decreases, leading to decreased A-TL 

values. 

 

 

Fig. 7. Comparisons of experimental TL curves of filled WPCs in comparison with combined TL  
predictions; (a) WPC, (b) WPC/Clay4, (c) WPC/Clay8, (d) WPC/PCC20, and (e) WPC/PCC40 
 
 
 

CONCLUSIONS 
 
1. The experimental sound transmission loss (TL) curves of filled high-density 

polyethylene (HDPE) and wood plastic composites (WPCs) were better approximated 

with the combined TL predictions from their corresponding stiffness-1 and stiffness-2 

TL for stiffness-controlled region and mass law TL for mass law-controlled region. 

Analyses of the combined TL predictions and A-TL values in clay-filled WPCs 

suggested the synergistic effect of clay and WF in the composites. 

2. The stiffness law, mass law, and their combined predictions were used to further 

analyze the TL data of the materials. Experimental TL results showed that the addition 

of clay or PCC and/or WF fillers led to general resonance frequency and TL increases 

of filled composites. However, at high filler loading level (e.g., 40% PCC filled WPC), 

decreased composite stiffness from filler aggregations led to reduced TL values. 

3. The TL analysis showed that stiffness and surface area density were major factors 

influencing the sound insulation property of the filled composites. 
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4. As filler loading level was increased, the modulus and stiffness of filled composites 

increased accordingly. However, the surface area density of filled composites varied 

depending on the density of fillers. 
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