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Abstract 

 

People’s experience of space is quite different because we experience our environment 

with all senses available to us. Environmental pollutions can affect everybody’s 

experiences of space. Noise is one of the environmental pollutions that long-term 

exposure to high noise levels can cause sleep disruption, reduction of performance, 

permanent hearing loss, and the inability to enjoy the space.  

This research presents an assessment of noise levels on the main campus of the 

University of Arizona, based on noise measurements and noise maps, and defines 

problems associated with the high noise levels in specific areas. Then, strategically 

develops an acoustic panel, by using an environmentally friendly material which is called 

Polylactic Acid. PLA is a kind of biopolymers and it is biodegradable material made from 

renewable raw materials like corn starch. In addition, the University of Arizona’s campus 

is surrounded by four streets with intense vehicle traffic, which contribute to causing the 

noise level to exceed the legal limits established for some of the educational areas.  

There are many methods for mitigating noise in urban areas, including the formation of 

the city, the geometry of buildings, vegetation, and sidewalk design, building façade 

design and using acoustic materials. All these responses for noise mitigation should be 

considered as environmentally friendly design concepts. The manufacturing of many 

materials can cause severe environmental pollutions, but by using Polylactic acid material 

we will save our planet. 
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Introduction  

 

Nowadays, it is widely accepted that human activities are contributing to environmental 

pollutions, and buildings are one of the primary sources for causing environmental 

pollutions. However, as our environment changes, we become increasingly aware of the 

problems that surround it.  

Major current environmental pollutions that require urgent attention are land pollution, 

water pollution, air pollution, noise pollution and light pollution. Environmental noise has 

become one of the greatest nuisances in developed countries. Environmental noise is 

known as the unwanted sound and can fill everything and affect everybody. Different 

studies carried out by many authors over the last few decades have shown that noise 

pollution apparently affects people’s health producing an extensive series of adverse 

effects, including noise-induced hearing loss, a reduced ability to communicate, and 

effects on sleep, work related performance and social behavior.  The control of 

environmental noise pollution is required in many developed countries. The use of the 

non-environmentally friendly material as noise mitigation material might be very useful 

for noise reduction, but what about mitigating soil pollution or air pollution? 

This research aims to find problems associated with noise in urban built environments 

and suggests methods of mitigating noise levels within University of Arizona’s campus. 

Noise mitigation strategies are developed based on an environmentally friendly acoustic 

material. The first step in this research is determining noise problems and measuring 

noise levels in the case study scale. The second step is defining noise mitigation 

strategies, including material selection for acoustic panels and validating investigations 

by testing this material in different ways. Specifically, this study proposes that the 

incorporation of Polylactic acid panels into building façade materials as this acoustic 

system will improve building’s acoustic performance. 
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1. Problem Identification 

Deterioration of the environment is one of the most serious problems that humanity must 

confront nowadays. The uncontrolled development of human activities has resulted in 

environmental pollution. Along with air pollution and water pollution, noise pollution 

also affects peoples’ lives and the joy of experiencing many spaces.  

1.1. Environmental pollutions 

1.1.1. Land Pollution 

Land pollution is often the result of human activities and is the destruction of the earth’s 

land surface. When waste is not disposed properly, and when chemicals enter into the soil 

the land pollution occurs. 

1.1.2. Water pollution 

Water pollution consists of changes in the physical, chemical and biological properties of 

water that caused by environmental will have a detrimental consequence of living things, 

is water pollution. 

1.1.3. Air pollution 

Any pollutant gas and particles that are introduced into the air (either by nature or human 

activity) to disturb the balance of nature and cause harm to people, animals and 

vegetables are the cause of air pollution.  

1.1.4. Noise pollution 

Noise is commonly introduced as an unwanted sound that can negatively disrupt human 

or animal life (Goldsmith, 2012). Environmental noise, on the other hand, has been 

defined as unwanted sound created by human activities that are considered harmful or 

detrimental to people's health and quality of life (Murphy et al., 2009). Environmental 

noise affects people and refers to the noise caused by transportation, industry and 

recreational activities. Moreover, environmental noise is one of the environmental 

pollutions. 

Urban noise exposure may produce some direct adverse effects other than hearing 

damage (Langdon, 1975). Serious and long-term harm to health, noise annoyance can be 

defined as a feeling of displeasure or a negative attitude and can be the cause of high level 

of noise in many cities. 
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1.1.5. Light pollution 

Light pollution is an unwanted consequence of outdoor lighting and includes such effects 

as sky glow, light trespass, and glare. Light trespass is light being cast where it is not 

wanted or needed, such as light from a streetlight or a floodlight that illuminates a 

neighbor’s bedroom at night making it difficult to sleep. (Lighting Research Center) 

Glare can be thought of as objectionable brightness. It can be disabling or discomforting. 
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2. Introduction to the Noise pollution 

 Humans make a significant amount of the noise pollution in the world. Traffic, 

machinery, electronics, nature can be noisy—from bird calls to wild winds, thunder and 

animal migrations. Most animals, however, have adapted to the natural noises in their 

environment but not to the noise pollution caused by humans. 

 It is up to us to find ways to reduce and mitigate noise. Managing our built environment 

by following proper rules for noise reduction in built environment and building users is 

one of the main steps that we have to do in order to provide a healthy environment for 

humans and animals. 

 

Figure 1: Map of Nature caused sound levels across the U.S. Source: US National Park Service 

 

Figure 2: Map of the human-caused noise levels across the U.S. Source: US National Park Service 
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Noise levels found in our everyday lives show a broad range of values. The sound level of 

130 dBA is an unacceptable noise level; this level of noise can be produced by the taking-

off a jet aircraft or by some fireworks. Continued exposure to sound levels of 100 dBA 

can represent a serious risk to human health; these levels usually occurred in some 

industrial areas. Sound levels of 70-80 dBA can be found on main roads with very intense 

traffic and very busy urban spaces.  

The main adverse effects of environmental noise pollution on people are disturbances of 

communication, rest and sleep, and general annoyance. Over extended periods of time 

these effects have a detrimental influence on wellbeing and perceived quality of life 

(Lercher, 1996). Noise is a prominent source of dissatisfaction for people.  

With active populations, road traffic, industry, and construction, cities are expectedly 

noisy places. Significant relationships exist between urban design and public health 

(Handy et al., 2002). Residents in many cities throughout the world consider now that  

environmental noise abatement should be treated as a priority subject. The control of 

environmental noise is based on a wide variety of strategies. The most efficient actions 

against excessive noises are the reduction of noise at sources, increasing the distance 

between people (receivers) and the sound source, and the use of partitions and acoustic 

panels and variety of acoustical barriers.  

Understanding the noise problems in a particular area requires a lot of studies and doing 

many experiments to be able to make the best decision for applying noise mitigation 

strategies to this field. This long-term study can be consisting of noise mapping, finding 

strategies for noise reduction, and then finding the best acoustic material for the 

buildings. This research aims to find a proper methodology for noise mitigation on the 

University of Arizona’s campus. 
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3. Research Structure 

 

3.1. Introduction to Sound and Noise 

3.1.1. Sound 

The sound is a physical wave, or simply a series of pressure variations in an elastic 

medium, which takes the form of periodic compressions and rarefactions. (Chalfoun, 

2010) 

3.1.2. Cycle 

It is a complete vibration, starting with a rise from zero energy to a maximum amplitude, 

it returns to zero, then increase to a maximum in the opposite direction, and then its return 

to zero. 

 

Figure 3: A complete cycle of sound 

3.1.3. Period 

The time it takes to complete one cycle. period (t) = 1/ frequency (f) 

 

Figure 4: A period of a full cycle 
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3.1.4. Wavelength: 

Wavelength is the distance that sounds travel during one period, regardless of frequency. 

 

Wavelength (g) = velocity (v)/ frequency (f) 

 

Figure 5: Wavelength of a sound 

3.1.5. Amplitude 

The size of a full vibration is called amplitude, and this determines how loud the sound is. 

Amplitude is critical when balancing and controlling the loudness of sounds, such as with 

the volume control. 

 

Figure 6: High Amplitude 

 

 

Figure 7: Low Amplitude 
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3.1.6. Frequency 

Frequency is the number of cycles in a given unit of time. The number of cycles in a 

second is one Hertz (Hz).  

Therefore, 1Hz equals one cycle per second. 

Frequency is the speed of sound vibration, and this determines the pitch of the sound.  It 

is only useful or meaningful for musical sounds, where there is a strongly regular 

waveform. 

3.1.7. Frequency range of hearing and speaking for humans 

The range of sounds that human ear can hear them are human ear in the range of 20 Hz 

(0.02 kHz) to 20,000 Hz (20 kHz). The upper level typically decreases with age; as a 

consequence, most adults are unable to hear above 16 kHz. 

 

 

 

3.1.8. Decibel 

The decibel is the unit that we can use it to measure the intensity of a sound. It is hard to 

calculate sound intensity directly. However, sound intensity is proportional to the square 

of sound pressure; Decibel can be measured by the sound level meter. 
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Figure 8: Common Sounds in Decibel 

If we change only the frequency of a source (constant amplitude), this causes positively 

modify the intensity of the wave so that the sound level will change. Plus, you are 

confusing loudness (a psychoacoustic perception) with level (a logarithmic ratio of 

intensities). Changing frequency, the with constant amplitude does modify the loudness. 

Below is what we may see in the physics relationships: 

 

Where β is the intensity level in units called bels (decibels would be 10×this), I is the 

intensity of a wave, and I0 is some reference intensity to define a level of 0 bels. 

While you do not explicitly see the frequency in this formula, it is there. It is true that if 

you have two sources of equal intensity and different frequency, they will have the same 

level, β. Loudness. The amplitude and frequency can affect the loudness, and it is also 

impacted by the ear mechanism and the brain. As a result, the equal level sounds of 

differing frequencies have differing loudness. 
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3.1.9. Reflection of Sound 

When a sound wave experiences a sharp brokenness in the density of a medium, some of 

its energy is reflected, reflected sound energy follows the laws of optics, when the 

simplest visualization analogy being a mirror. Just as light bounces a mirror at the same 

angle at its angle of incidents, sound waves have equal angles of incidence and reflection. 

Reflective surfaces are typically smooth and hard. (Cowan, 2000) 

Echoes are normally perceived as discrete reflections that can be clearly heard and 

identified, but many reflections off all surfaces within a room can combine to produce the 

phenomenon known as reverberation. Reverberation can raise the level of sound in a 

room and can also detract from speech intelligibility, but it is desirable certain types of 

music. (Cowan, 2000) 

 

Figure 9: Reflection of sound wave 

3.1.10. Refraction 

Just as light bends as it travels through a prism, the direction of sound is altered when 

sound waves encounter changes in standard conditions that are not extreme enough to 

cause reflection but are sufficient to change the speed of the sound. In addition to the 

speed of sound changing for different materials or media, the speed of sound changes 

with changes in temperature within the same medium. This variation in the sound travel 
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direction, caused by variation in the speed of sound is known as refraction. Sound refracts 

through outdoor areas where temperature changes. Because the speed of sound is faster in 

warmer air, sound waves bend toward cooler temperature. (Cowan, 2000) 

 

Figure 10: Refraction of sound as temperature decrease with altitude 

 

Figure 11: Refraction of sound as temperature increase with altitude 
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3.1.11. Diffraction 

The principles of the diffraction limit the sound reduction effectiveness of any open-plan 

office partition of the outdoor noise barrier. Sound waves bend around or over these types 

of walls, independent of their material, to impose this limit (Cowan, 2000). 

 

Figure 12: Diffraction of Sound Over a Barrier 

 

3.1.12. Diffusion 

When a sound wave reflects of a convex or uneven surface, its energy spreads evenly 

rather than being limited to a discrete reflection. This phenomenon known as diffusion is 

the acoustic equivalent to the distribution of light from a frosted bulb rather than a clear 

bulb. Although separate reflections in the form of echoes are usually unwanted, it may 

not be desirable to eliminate that sound energy in a room. For example, diffusion can be 

useful in an auditorium or concrete facility to spread sound evenly throughout an 

audience and ensure that all audience members hear the same sound quality (Cowan, 

2000). 

3.1.13. Noise 

Sound is what we hear. Noise is a sound that we do not want or do not need to hear. The 

difference between sound and noise depends on the listener and the situations. (Canadian 

Center for Occupational health and society, 2014).   

All sounds are just vibrations. There is no physical difference between a noise and a 

pleasant sound. The difference is that we want or do not want to hear some sounds. Noise 

is any sound we do not want to hear. 
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As an example: when we love and enjoy listening to bird’s sound, but at the same time 

we are trying to listen to another person’s speech, we will consider this bird’s sound like 

noise. But when we are walking in nature and do not need to listen to anybody, we will 

enjoy the sound of birds. What makes them different is that we want to hear one of those 

bird’s sounds and not the other, this means that a single sound can be both “noise or “not-

noise” depending on how we want to hear it. 

Our brains can comprehend noise and not-noise and can automatically focus on the 

sounds that we need to hear; this is because of listener purpose. If a person is attentive to 

someone's voice in a noisy situation, his or her brain reduces their voice and can diminish 

the background noises (blog.medel, Accessed: May 2017). 

For example, when we are sitting and watching TV, and suddenly someone comes up to 

us and starts talking.  It depends on which one we want to hear the sound of a TV or the 

person's voice? If we would prefer to have a conversation with this person, the TV will be 

considered as a noisy device. If we are focused on the TV, the person's voice will be 

considered as noise. Both of them are creating sound vibrations, but our brains can 

determine which vibrations we want to hear and which ones we do not. 

3.1.14. Inverse Square Law 

Inverse Square Law means that the square SOUND PRESSURE LEVEL varies inversely 

as the square of the distance from the source. A point source has physical dimensions of 

the size that are far less than the distance of a receiver is away from the source. The 

intensity from a point source outdoors at a distance d away is the sound power of the 

source which is divided by the total spherical area 4πd^2  of the sound wave at the 

distance of interest. This relationship can be expressed as: (Egan, 1989). 

𝐼 =
𝑊

4𝜋𝑑2
 

I = Sound intensity (W/𝑚2) 

W = Sound power (W) 

d = Distance from sound source (m) 

If the distance is measured in feet, multiply the result by 10.76, because 1 𝑚2 equals 

10.76 ft. 
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𝐼1

𝐼2
=  (

𝑑2

𝑑1
)

2

 

I = Sound intensity (W/𝑚2) 

d = Distance from sound source (ft. or m) 

 

Figure 13: Inverse Square law 

 

3.1.15. Environmental Acoustic Consideration 

Sound attenuation outdoors (free-field) Exhibits the inverse square law of distance. It 

means that the intensity of sound is inversely proportional to square the distance from 

source. Outdoor is also different from indoor room acoustic since the large reflective 

components of the indoor is absent (Chalfoun, 2010).  

 

Figure 14 The Decibel Scale 
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3.2. Effects of Environmental Noise Pollution: 

Urban noise exposure may produce some direct adverse effects other than hearing 

damage (Langdon, 1975). If we consider several sources of noise can reach the same 

person (Noise at work, noise during leisure, internal noise of transport) the percentage of 

the individuals exposed to more than 65 dBA has increased from 15% in 1980 to 26% in 

1990. 

3.2.1. Hearing Damage: 

The immediate and acute effect of noise pollution on a person, over a period, is 

impairment of hearing. Long-term exposure to impulsive noise to a person will damage 

their eardrum, which may result in a permanent hearing impairment. 

3.2.2. Interference on communication: 

The interruption of noise with speech communication is a masking process in which 

environmental noise prevents the speech perception (M. M. Kabir, 1985). 

3.2.3. Sleep Disturbance Effect: 

Exposure to noise can produce disturbance of sleep regarding difficulty to fall asleep, 

alternation of sleep pattern and depth, and awakening (initial disturbance effort). 

Exposure to nighttime noise can also induce to some secondary effects, that can be 

measured in the day after the noise exposure, such as increased fatigue, decreased 

comfort and reduced comfort. 

3.2.4. Psychology-Sociological effects: 

A general stress and as such may activate several psychological systems leading to 

changes such as increasing blood pressure and heart rate and vasoconstriction (Berglund 

B. & Vallet, 1995). Some studies have pointed to the existence of a tendency for blood 

pressure to be higher among people living in proximity to large airports and on urban 

locations exposed to high levels of road traffic noise than among non-exposed subjects. 

3.2.5. Effects on Performance: 

It is natural to expect that mental tasks and any works that demand a degree of attention 

and concentration are susceptible to the adverse effects of noise. 
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3.2.6.  General Annoyance: 

Noise annoyance can be defined as a “feeling of displeasure or a negative attitude 

associated with the exposure to an unwanted sound (Fields, J.M., 1998). In the major 

cities, annoyance or disturbance from noise exposure may be present in a huge majority 

of the urban citizens. 

 

 

 

Figure 15: Pyramid of health effects of noise. Source: Redrawn from Babisch (2002) 

 

3.3. Noise pollution and its effects on educational buildings 

The reduction of speech intelligibility is the major effect of noise pollution in a 

classroom. It is accepted that noise has a detrimental effect on the learning and 

attainments of primary school children (Berglund, 1995). 

Chronic noise exposure effects on students can be: 

1) Disturbing their attention 

2) Poorer authority discrimination  

3) Speech perception 

4) Poorer memory for tasks that require higher processing demand of material 

5) Poorer reading ability 



26 
 

3.4. Introduction to Acoustic Materials 

Acoustic material’s structure is based on porous synthetic materials. They have expensive 

production processes, high levels of energy consumption, and adverse impacts on 

environmental pollution. 

Natural materials are becoming interesting alternative materials, due to their excellent 

acoustic behavior; they also allow low environmental impact, because they are 

biodegradable and recyclable materials.  

This research focuses on the evaluation of the acoustic absorption properties of new 

panels made of plants.  

This material is Polylactic Acid, which is a biodegradable material.                                                                               

PLA is a kind of biopolymer. This material is derived from renewable resources, such as 

cornstarch. Also, natural fiber will be used as an additive material, because additive 

materials allow the properties of the polymer to match to the requirement profile. To 

present the environmental benefits, Life Cycle Assessment was carried out regarding 

recyclable and biodegradable features of this material. 

 

3.5. Hypothesis 

Recently, numerous studies have investigated many strategies for reducing noise levels 

by using different acoustic materials. However, a few numbers of these studies have been 

accomplished on using biodegradable materials as acoustic components. From noise 

reduction aspects, acoustic materials represent a strong link between indoor and outdoor 

noise levels. Therefore, integrating PLA into a building façade as acoustic panels will 

result in significant noise mitigation. This material can be used as a thermal insulation 

and provides natural daylighting because it is transparent and translucent. The hypothesis 

raised here is that: Polylactic Acid can be used while adding additional benefits such as 

shading, water harvesting, natural daylighting. 

 

3.6. Research Questions 

What are the noisiest places at main UA campus? 

What is the reason for high noise levels in these areas? 

What are the effects of high noise levels on educational buildings? 

How can we mitigate noise at these areas? 

How can we use PLA material as an acoustic material for building’s facade? 
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3.7. Research Objectives 

The purpose of this section is to establish a benchmark to perform as a guide and later 

evaluation of the development of the specific procedures in the research methodology, 

which consists of creating and testing PLA acoustic panels in the outdoor and indoor 

spaces of an existing building at the main campus of the University of Arizona in Tucson, 

Arizona, the list of objectives was generated: 

1. Measure and diagnose the current indoor and outdoor noise level conditions of 

buildings located at the University of Arizona by using sound level meter device. 

2. Developing the biodegradable PLA as an acoustic panel and testing this material on 

both the interior and exterior of buildings. 

 

3. Demonstrate the results and establish a set of guidelines for designing of outdoor 

spaces implementing PLA acoustic panels to buildings by following noise mitigation 

strategies that are developed by this research. 

 

4. Reporting the results and outcomes. 

 

4. Introduction to the Case Study (University of Arizona’s Campus) 

4.1. Identifying the boundaries of the study area 

The University of Arizona is located in the city of Tucson, Arizona. The city has a hot 

and arid climate and has a suburban form of the built environment. Four main roads 

surround the university. Two of these roads have heavy terrific at most of the times in a 

day and they can be the cause of high noise levels for campus buildings. Boundaries of 

the University of Arizona campus are studied and identified and they are shown on the 

map below. 
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Figure 16: Location of Tucson in the USA 

 

Figure 17: Location of the University of Arizona in Tucson 

 

 Figure 18: University of Arizona Campus – Site Boundaries 
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4.2. Identify and plot major sources of potential noise 

As described before, four major access roads to the university could be the main cause of 

high noise levels. Also, some areas of the campus have high noise levels at a particular 

time of the day. In this step, major areas with high noise levels were identified as noise 

zones. 

 

Figure 19: Selected noise zones on campus map of the University of Arizona 

 

4.3. Strategically identify points for sound measurements capability 

In this step, all buildings that are exposed to the noise sources were identified and plotted 

on the map for doing noise level measurements. At the same time, the shape and location 

and material of buildings were studied. 
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Figure 20: Selected points on Campus map for noise measurements 

 

4.4. Materials and Methods of Noise Level Measurement 

This step includes searching for a proper sound level meter device with a data logger. 

Finally, I found a sound level meter with a data logger, which has specific software for 

recording all the sound level data in linear graphs and in an excel file. The excel file 

shows all the sound levels per second, and the linear graph demonstrates the average of 

the sound level at a particular time and location. In addition, the unit of sound level in this 

device and software is decibel. 

The next step is identifying three hours of each day for measurements, which are at peak 

hours, a quiet hour and a reasonable hour of noise pollution in a day. 



31 
 

 

Figure 21: Identifying three hours of each day for measurements 

 

4.5. Developing Noise Map by using Geographical Information Systems (GIS) 

for the case study 

Based on the noise map information that was collected previously, I started to work on 

developing a noise map by using GIS software. All the longitude and altitudes of each 

location were entered into GIS software to identify areas. Then all the noise level 

information was imported from all locations. 
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Figure 22: NOISE MAP OF THE UNIVERSITY OF ARIZONA- Created in GIS software 
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4.6. Conclusion of the Noise Level Measurements  

It is evident that the northwest area of the University of Arizona campus is the noisiest 

area because of the high noise level, 76- 80 dB. The main reason for this high noise level 

is the connection to Speedway and Park Avenue, which during school time are the most 

crowded roads around campus. 

As a result of these sound level measurements, some buildings of this campus were 

chosen based on the way they are exposed to the high noise level. 

The reason for doing this investigation is to achieve a better understanding of the effects 

of geometry and material for noise reduction, and to be able to find the best strategies for 

implementing the acoustic material for building façades to reduce noise from the noisy 

areas of the UA campus. 

 

4.6.1. University of Arizona, Museum of Arts 

This building is located on the northeast of the University of Arizona’s campus. The 

average noise level outside of the building and from sidewalks was 79 decibels, which is 

a high noise level and can cause serious health problems for people, but the average noise 

level inside of this building was 35 decibels, which equals the standard noise level for 

educational buildings. The reason for this huge difference between inside and outside of 

the building could be one of the following factors: 

1. Material of building façade 

2. Geometry of building 

3. Number of openings on building façade which is expose to the high noise level.  

 

Figure 23: The Geometry of Building and its effect on noise reduction 
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Figure 24: Street view-The Geometry of Building and its impact on noise reduction 

 

 

Figure 25: The condition of Museum of Arts building facade and openings on its façade 

 

 

Figure 26: Details of building facade walls and the reflection of sound waves and the energy of sound that is 

absorbed by the brick wall 
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4.6.2.    College of Architecture, Planning and Landscape Architecture     

The College of Architecture is located in the north area of the campus; its north façade is 

exposed to the high noise level of Speedway. The material of the building’s façade is 

mostly glass, and it caused noise reflection in the outdoor environment. The level of the 

noise outside, in front of these two sections, was 78 decibels which is a high level of 

sound for humans, and the material of the building’s façade is the main reason for this 

high noise level. Inside of this building, however, it has nearly as high of a noise level, 

the noise level is 55 decibels, which is more than the standard noise level for educational 

buildings which is 35 decibels. 

 

Figure 27: Location of the college of architecture, and its geometry from the plan view 

 

Figure 28: College of architecture-East building- Material of building's façade and the noise waves reflection on 

building’s façade 
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4.6.3.    National Weather Service 

The national weather building is located in the southeast area of the campus, this building 

is exposed to high noise levels in the outdoor environment because it is located at the 

intersection of 6th Street and Park Avenue, which has a heavy terrific most of the time. 

The average noise level outside of the building and in front of these two streets was 80 

decibels, but interestingly the sound level of indoor spaces was 32-25 decibel, which is 

even under the standard noise level for an educational building. 

 

Figure 29: Geometry of national weather service building- Central courtyard and its effect on noise reduction 

 

Figure 30: Perforated Building facade which absorbs more noise waves and reduces the noise level before entering 
the building 
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Figure 31: Transition from outdoor to indoor, reflection of sound waves and reduction in noise level by passing 
from the perforated brick facade and central courtyard 

 

4.6.4.    UA Campus Health Service 

The Campus Health building is exposed to high noise levels from the traffic flow on the 

6th Street. The approximate outdoor sound level was 78 decibels, and the average sound 

level in indoor spaces was 52 decibels, which are a high noise level and the reason might 

be the simple flat façade without any curved geometries or the insulation of walls and 

openings. 

 

 

Figure 32: Location and geometry of campus health building 
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Figure 33: Sound transmission through wall of the campus health building 

 

 

5. Introduction to Poly Lactic Acid (PLA)  

 

5.1. PLA Classification, Major and Minor Material Group 

 

5.1.1. Polymers: 

Polymers are large molecules. They are made of many repeating units. The name of these 

repeating units is monomers. In addition, polymers are made of natural gas, coal, or 

petroleum. These kinds of polymers are the starting points for the production of many 

synthetic compounds like polymers. Cracking of petroleum is the process whereby 

complex organic molecules such as heavy hydrocarbons will be broken down into simpler 

molecules.  

Polymers are lightweight materials with the significant degree of strength. In compare to 

the density of stone, concrete, steel, copper, or aluminum, all plastics that are made from 

polymers are lightweight materials. 

Where do polymers come from?  

• Natural Gas (Linked together by polymerization) 

• Start with C2H4 
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Polymerization is created through a process which its name is polymerization. During 

polymerization, monomers which are smaller molecules were combined chemically to 

create a larger network of connected molecules called polymers. The chain can be 

composed of one single type of material or several different substances. 

Where does the material to make polymer come from? 

Material produced from the cracking of petroleum which is the starting points for the 

production of many synthetic compounds like polymers. Cracking is a chemical process 

that causes the complex organic molecules such as heavy hydrocarbons to break down 

into simpler molecules. 

5.1.2. 2. Biopolymers: 

Biopolymers are synthetic materials that are essentially produced from renewable raw 

materials (RRM) such as starch or cellulose. Such materials are also known as bio-based 

or organic plastics. A biodegradable chemical compound is regarded as the most organic 

compound in the ecosphere. Biopolymers can be separated into two broad groups which 

are biodegradable and nonbiodegradable biopolymers. Moreover, biopolymers can be 

classified on their origin as being either bio-based or fossil fuel based. Biopolymers can 

be classified based on the way in which they respond to heat as thermoplastics, 

thermosets, or elastomers.  

Nowadays, the volume of bio-based thermoset biopolymers exceeds the volume of bio-

based thermoplastic biopolymers. Biopolymers are also classified on their composition as 

blends, composites, or laminates. Biopolymer blends are mixtures of polymers from 

different origins.  Another group is bio-composites which are biopolymers or synthetic 

polymers reinforced with natural fibers, such as sisal, flax hemp, jute, banana, wood, 

wood chips and various gasses, and /or fillers and additives. Novel bio-composites are 

based on a biodegradable matrix polymer reinforced with natural fibers. 
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Biopolymers can be classified into a synthetic chemical type, a microorganism production 

type, and a natural type, which are derived from the biomass, that is material derived 

from plants. We study biopolymers' genetics and biosynthesis as well as the enormous 

variability in their chemical structures. 
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5.1.3. Renewable raw materials (RRM) 

Renewable raw materials are the vegetable and animal raw materials obtained from 

agriculture and forestry operations which renew themselves annually or at short intervals, 

are used for their material or energy content and not for human nutrition or animal feed 

purposes.  

 

 

Figure 34: Biopolymers classification 
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5.1.4. Poly Lactic Acid (PLA) 

Polylactic Acid (PLA) is the first thermoplastic that can be produced from a plant-based 

raw material such as corn or sugar starch. Polylactic Acid (PLA) is different from most 

thermoplastic polymers because it can be derived from renewable vegetable or animal 

raw material resources. PLA is produced in a biotechnical process with the help of 

bacteria from starch or sugar. In compare to the modification of natural biopolymers, this 

method of production offers the chance to connect the chemical structure and properties 

of the PLA.  

Polylactides are starch-resistant, waterproof and transparent. PLA has good mechanical 

properties which can be improved by increasing the degree of crystallization. Poly Lactic 

Acid materials are gas-permeable, and they are proper for 3D printing, which makes them 

ideal for functional textiles as well as packaging too. The service temperature of standard 

PLA is approximately 55 degrees centigrade. Through selecting the zymosis bacteria it is 

possible to mix the lactic acid polymers with different degrees of the crystallization in a 

controlled way, this results in a material with many improved properties which are 

already being used microwave-safe containers, injection molded products for the 

automotive and electronic industries, ironable fabrics and bottles for hot filling. 

(Knippers, 2011) 

PLA production represents the fulfillment of the dream of cost-efficient, this makes it a 

popular non-petroleum plastic production. Versatility and the fact that PLA degrades 

when exposed to the environment is the huge benefit of PLA as a bioplastic.  

Two methods exist for manufacturing polylactic acid(PLA) from lactic acid: In the first 

method the cyclic lactic acid dimer called lactide will be used as an intermediate stage; in 

the second mode, direct polymerization of lactic acid will be utilized. The method using 

the lactide intermediary yields polylactic acid(PLA) with greater molecular weight. 

 In the manufacturing process drying temperature and duration influences the 

interpolation between starch and PLA. Many works have been carried out on a mix of this 

type; however, the same processing method has not been brought up. The required drying 

times (using hot air dryers) and temperatures for native cornstarch and PLA were 8 hours 

at 130°C and 4h at 120°C, respectively. 
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Figure 35: Diagram of types of biopolymers, PLA is shown in the degradable biopolymers 

 

Figure 36: Biodegradable CORNSTARCH Poly lactic acid 

 

5.1.5.  Natural Fibers  

The properties of polymers are influenced by the fillers and additive mixed with the 

primary material. 

Without proper additive, many polymers will be useless, because it is the additive like 

natural fibers that allows the properties of the polymer to be matched to the requirement 

profile. Natural fibers are plants, animals or mineral sources. Cotton and linen are kinds 

of plant fibers, while silk and wool come from animal sources. Treatment is a major 

factor that has to be considered when processing natural fibers. (Kabir, 2012). 

5.1.6. Natural Fiber Reinforced Biopolymers 

Natural fiber biopolymer composites (NFPC) are a composite material which contains 

polymer matrix embedded with high-strength natural fibers, like jute, oil palm, sisal, 

kenaf, and flax (Wang, 2011). 
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There are considerable enhancement and suggestions for the natural fibers that can be 

incorporated to their mechanical properties resulting in maximum strength and structure. 

Once the base structures are made strong, the polymers can be quickly strengthened and 

improved. There are some aspects that effects of composite and performance level or 

activities, of which to name a few are the following; 

1. orientation of fiber  

2. strength of fibers  

3. physical properties of fibers  

4. interfacial adhesion property of fibers and much more. 

 

5.2. High Heat-Resistant Poly Lactic Acid: 

PLA can undergo severe degradation when the temperature reaches >200°C; this involves 

the generation of lactide and oxide gasses. Information about heat capacity, thermal 

conductivity, and PVT (Pressure–Volume–Temperature) are crucial in helping to design 

process of PLA, for high-quality marketable products. 

Incorporating Polycarbonate (PC) into PLA is a very effective approach to improve its 

impact strength and heat distortion temperature simultaneously. The crystallization of the 

PLA phase is the essential factor to prepare a super tough and high heat-resistant PLA/PC 

bio-based material (Lin, 2015). 

5.3. PLA degradation: 

More than 100,000 MT of PLA is producing in one year, and understanding of 

environmental degradation of this material is vital due to a significant amount of PLA 

production. The degradation of polylactic acid is influenced by different ways of its 

chemical cohesion. PLA belongs to the group of polyesters and requires a longer time to 

reach its half-life of hydrolysis; this is due to steric effects: the large alkyl group hinders 

the attack of water (Göpferich, 1996).  

There are some important factors like Molecular weight and crystallization that can affect 

the degradation of the poly lactic acid material. PLA’s biodegradation is the slowest one 

among other biopolymers, and it suffered from a lack of microorganism colonization. 



45 
 

Some experiments by researchers proved that PLA is durable material and can resist 

degradation for a longer time compared to other biopolymers, while still maintaining its 

biodegradability characteristics. 

It is vital to be durable for a range of applications that involve the long-term use, such as 

building membrane materials and PLA panels for building façade. 

 

Figure 37: Evolution of different biopolymers after 28 days of incubation,  

(adapted from Massardier-Nageotte et al., 2006). 
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How long does it take for PLA products to degrade fully? Kale et al. (2007) worked on an 

experiment of using PLA 500 ml bottles. These bottles were sold by Biota of America. 

He buried these bottles in a compost pile made of cow manure, wood shavings, and the 

waste of cows left for 30 days. 

Kale et al. (2007) reported that the higher temperature produced in the compost pile 

(65°C), as a result of the microbiological action and environmental heat caused a 

distortion of the PLA bottles in days 1 and 2. This temperature is higher than the glass 

transition temperature (Tg) of PLA (60.6°C). The structure of the bottles remained tough 

until days 6 to 9 when a gritty texture appeared on the surface and fragmentation 

occurred. The bottles lost their structure, and by day 15, a significant portion of the bottle 

had composted. No visible residue was found on day 30 (Sin, 2012). The result of PLA 

bottles biodegradation experiment in the compost pile is shown in Figure below. 

 

Figure 38: Biodegradation of PLA bottle in compost pile, (adapted from Kale et al., 2007). 
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5.4. Thermal insulation Characteristic 

5.4.1. Sandwich Panel 

One critical area for the use of various biopolymer insulation materials is sandwich 

elements; this makes the panel very rigid in relation to its weight. The only disadvantage 

with standard polymer materials is that this process produces a composite component of 

polymers that is tough to separate from its raw materials when it comes to being recycled 

at the end of its life. Fortunately, polylactic acid material which is a biodegradable 

material will not have a serious problem in the recycling process. Also, the use of foams 

and vacuum insulation systems besides the biopolymers are other ways of using this 

material to limit the heat transfer in building components. 

 

Figure 39: Thermal insulation of biopolymers made from several plies of cellulose diacetate 

 

5.4.2. Transparent or Translucent Thermal Insulation 

Transparent or Translucent Thermal Insulation (TTI) is a material that can be work as a 

thermal insulation and at the same time allows sunlight for natural illumination and solar 

radiation for assisting the heating system to infiltrate through to the interior. 

In most cases, transparent thermal insulation of biopolymers consists of a vertical 

absorbent honeycomb structure that on the outside with a transparent protective layer all 

made from biopolymers. 

The typical application of transparent thermal insulation of biopolymers is “Solar Wall 

Heating System,” “Solar –Heated thermal insulation” or “Daylighting” system. 
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Figure 40: Polymer honeycomb structure for transparent thermal insulation 

5.5. Economic properties of PLA 

In the early 1800s PLA was first synthesized, but reaching to the manufacturing process 

took a long time, in early stages, PLA was so expensive, and it was limited to only 

biomedical devices. In 1992 the commercialization of PLA began to increase. 

In 1997, the Cargill and Dow Chemical joint venture founded the company NatureWorks 

with their preliminary commercial products coming to market under the name Ingeo™. A 

plant was built at Blair, in the United States, costing US$300 million in 2002. Later, in 

2007, Dow Chemical sold its 50% stake in NatureWorks to Japan’s Teijin. Teijin has 

been very committed to developing green plastic technologies to expand their existing 

polymer resins range. During the recent economic downturn, Teijin underwent 

restructuring and transferred its 50% ownership to Cargill (Teijin 2009; NatureWorks, 

2009a) 

Figure 12 shows the average prices of biodegradable plastics and conventional 

commodity plastics in 2009. The cost of PLA is the lowest of the biodegradable 

polymers. The nearest competing biodegradable polymer is PVOH, which is produced by 

hydrolysis of polyvinyl acetate from petroleum sources. PLA and PVOH are very unlike 

to compete directly in the biodegradable polymer industry due to their respective 

characteristics (Sin, 2012). 
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Figure 41: World production of renewable, biodegradable polymers in 2003 to 2020, (adapted from Sin, 2012) 

 

5.6. PLA phenomena 

5.6.1. Acoustic Function 

Polylactic acid was tested for the acoustic function by many researchers, and they 

achieved to the result that PLA material has good acoustic characteristics, but for a better 

quality, more durable and more cost efficient material we need to use PLA additives. 

5.6.2. Moldable Material 

This type of biopolymers is moldable, and we can make many creative geometries by 

using this material. 
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Figure 42: Benefits of using PLA as building components 

 

5.7. Precedents Analysis 

Many scientists are focusing on developing transparent building materials from 

renewable biopolymer products. 

Researchers envisage that the lightweight building boards will be used in open-plan 

offices to separate individual workstations. The researchers have high requirements 

regarding design.  

5.7.1.  The University of Stuttgart, biopolymers as the construction material of 

the future  

As part of her doctoral thesis, the architect Carmen Köhler is investigating the 

applicability of natural fiber-reinforced biopolymers in the construction industry. In 

contrast to fiberglass-reinforced polymers, natural fiber-reinforced polymers are 

considerably lighter, emission stable and breathable. The acoustic function of the boards 

also has a significant role to play. Micro perforation decelerates the sound waves at the 

plates, which leads to damping room acoustics." Renewable materials are thus used to 

create an acoustic room separation in which the optic permeability of the room is 

maintained (Kohler 2010). 
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The different kinds of natural fibers reinforced polymer composite have achieved a 

significant importance in variable automotive applications by many automotive 

companies such as German auto companies (BMW, Audi Group, Ford, Opel, 

Volkswagen, Daimler-Chrysler, and Mercedes), Proton company (Malaysian national 

carmaker), and Cambridge industry (an auto industry in USA). Besides the auto industry, 

the applications of natural fiber composites have also been worked on in building 

components and construction industry, sports, aerospace, and others, for example, panels, 

window frame, and building’s façade panels (Shinoj, 2011). 

For environmental reasons, there is an increased interest in replacing reinforcement 

materials (inorganic fillers and fibers) with renewable organic materials. Natural fibers 

represent environmentally friendly alternatives to conventional reinforcing fibers. The 

outlook for development in the field of biopolymers materials is promising because of its 

environment-friendly behavior. 

 

 

Figure 43: Translucent poly lactide natural fiber sandwich plate © ITKE 
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5.7.2. ArboSkin pavilion made from bioplastic by ITKE: 

ArboSkin pavilion made from bioplastic by ITKE: 

Students and professors from Stuttgart University’s ITKE (Institute of Building 

Structures and Structural Design) have designed the freeform biopolymer panels for 

building facades to demonstrate the acoustical and structural properties of a new 

bioplastic developed specially for integrating into the building construction industry. 

The name of the bioplastic used in the ArboSkin project is Arboblend and is 

manufactured by the German firm, Tecnaro, by combining different biopolymers such as 

lignin – a by-product of the wood pulping process – with natural reinforcing fibers. 

 

 

Figure 44: ArboSkin pavilion made from bioplastic by ITKE 
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6. Acoustic Application of PLA in Buildings 

6.1. Introduction 

Polymers and biopolymers play a significant role in sound insulation and room acoustics. 

In buildings, sound is important as both an external condition and an internal condition, 

because the source of the sound can be on either side of the building. 

 This research strategically develops methods for designing building façades with the 

purpose of mitigating noise for both building users and people who are outside of 

buildings. So there are two areas to consider: noise immissions (noise from outside), 

noise emissions (noise from inside). 

The common use of acoustic material for building façades is by adding reflective 

materials to prevent noise from entering into the building. This kind of material causes 

noise pollution in outdoor environments. The purpose of this research is to mitigate noise 

for both outside and inside of the buildings. 

 

Figure 45: CAPLA East Façade 
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6.2. Sound Propagation in air and material 

In the air, sound waves propagate approximately spherically from their sources (airborne 

sound). Sound waves propagate through the mass of the building components, which in 

turn can excite a layer of air on the other side of the component, and the vibrations are 

thus re-propagated in the form of airborne sound (Knippers, 2011). 

6.3. Interscalar Diagram of PLA Material 

 

 

7. PLA validation of noise reduction experiment   

7.1. PLA Material 

The selected PLA pellets material for this test is purchased from FILABOT. The new 

3D850 PLA has been engineered by Natureworks. This formula crystallizes faster that 

their other PLA compounds, which for 3D printing allows for accelerated printing speeds 

with less distortion. This formula also features increased heat resistance of PLA (Filabot - 

3D Printer Products). 

Specifications: 

Plastic Type: PLA 

Extrude Temperature: 180°C - 200 °C 

Color: Clear 

Pellet Grade: 3D850 
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7.2. Fabrication process of PLA Acoustic Panel 

PLA fabrication process consists of seven main stages,  

1. Melting PLA 

2. Creating molds for several panels 

3. pouring the PLA in the mold 

4. Creating a box to use it as an impedance tube for sound transmission loss test 

5. Testing PLA panel for sound transmission loss by putting it in the box and using a 

sound source and sound level meter device with data logger 

6. Importing the information of sound transmission test with PLA and without PLA 

7. Comparing both information for different frequency range of 500Hz – 6.4 kHz 

8. Results and Conclusion 

 

7.2.1. Sound transmission loss measurements: 

 

TL = 10𝑙𝑜𝑔10 (
1

𝜏
)  dB 

In this experiment, I have analyzed the acoustic properties of poly lactic acid panel. A 

simple geometry enabled the acoustic properties to be determined using small sample 

volume. 

The first experiment was held by combining PLA with a natural fiber (wood chips). 

The next step was measuring the sound reduction level by fixing this panel to one side 

of the box and putting a sound source on the other side of this box.  

As shown in figures, the sound level meter is located outside of the box. I measured 

the noise level with different frequencies of the sound source before and after adding 

this panel to the box. In the next step, I calculated the difference between before and 

after adding this panel to the box. The result was 18-decibel noise reduction. This 

amount is a good level for an acoustic panel. 
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In the next step, I have created another 4 x 4 inches PLA board without combining it with 

any additives. And the result of the noise reduction test was almost the same with only 3 

decibels less than the previous experiment.  

I repeated this experiment with two more panels, and with different additives of natural 

fibers. The results do not vary in a wide range in compared to pure PLA board. So I 

concluded that the PLA panel will be enough for using as an acoustic panel, but for 

having a light weight, less expensive and more effective acoustic panels, we can use 

natural fibers as PLA additives. 

 

Figure 46: Preparing PLA pellet raw material, mold and natural fiber- melting material in a pot- adding wood chips 
to the melted PLA 

 

Figure 47: Noise reduction test of PLA panel with wood chips as additives 
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Figure 48: Noise reduction test of pure PLA panel 
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8. Proposed Project (University of Arizona-College of Architecture, Planning and 

Landscape Architecture) 

 

8.1. Introduction 

The College of Architecture, Planning and Landscape Architecture is considered as the 

proposed project because this building is located in one of the noisiest places at 

University of Arizona.  

The College of Architecture has two sections known as CAPLA West and CAPLA East. 

They are located beside Speedway, which is one of the main streets of Tucson, and is 

crowded most of the time. The main reason for the high noise level at this location is the 

traffic at Speedway. Other factors like the geometry and material of buildings affect the 

level of noise. 

 

Figure 49: Location of College of Architecture, Planning and Landscape Architecture in the Noise Map 
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Figure 50: University of Arizona-College of Architecture, Planning and Landscape Architecture 

The CAPLA East façade is made of glass; it is a four-story building and most of the 

design studios are located in this building. The glass façade is a reflective material for 

noise and increases the noise level. 

 

Figure 51: CAPLA East facade 
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The CAPLA West façade also has a glass façade, but shading devices and brick sound 

barriers in front of this building prevent noise from being very high in this building. 

Hence, this section is older than CAPLA East it needs more consideration in redesigning 

the acoustic features of section because in some of the conference rooms noises from 

Speedway can be heard easily.  

 

Figure 52: CAPLA West facade 

8.2. Existing Noise propagation 

The existing noise propagation in two sections of the College of Architecture are shown 

in the following diagrams. There are so many noise reflections on buildings’ facades due 

to the use of sound reflective material which is glass, while this sound reflection can be 

helpful for reducing noise level before entering the building, it can be annoying for the 

users of outdoor spaces. For example, people who use the sidewalks beside these 

buildings, these people will suffer from both the traffic noise and the reflective noise from 

buildings’ facades. 
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Figure 53: Section of CAPLA WEST, Existing Noise propagation 

 

Figure 54: Section of CAPLA EAST, Existing Noise propagation 
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8.3. Acoustical Design- Form Finding Process 

The form-finding process was a long process of researching and finding ideas and then 

deciding on the best way of designing acoustical geometry. 

At the first steps of studying the case study, by observing the cholla cactus skeleton 

around the campus, the idea of using this geometry in future design projects came to my 

mind. After doing vast research on finding a proper environmentally friendly material and 

at the same time acoustical analysis of different shapes and geometries., I found that PLA 

material can be a suitable material for this purpose. Also, I found that the perforated 

geometries can cause more noise reflection and therefore reduce noise levels. The next 

step was doing research on finding different ways of designing perforated or curved 

geometries for sound absorbing material. Below is a diagram of this form finding process, 

and each of the sound barriers and sound isolation will be discussed in the next sections. 

 

Figure 55: Acoustical Design- Form Finding Process 
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8.4. First Idea 

Using transparent or translucent biopolymer as a panel for noise mitigation for building 

facades is my initial idea for the architectural integration of PLA material. 

The initial idea of creating acoustic panels is shown in figures below. Since the best 

geometry for acoustic panels is geometry with perforated surface, convex surfaces, and 

concave surfaces, the cactus geometry can be a proper geometry for acoustic panels. 

Below are pictures of cholla cactus skeleton and the form finding process which started 

from drawing on the picture of this cactus and the developing the geometry. 

 

Figure 56: Cholla cactus skeleton 

 

 

Figure 57: First Sketch and Idea of Designing a PLA Acoustic Panel 
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Figure 58: Firs geometry inspired from cholla cactus skeleton 

8.5. Screen as Absorber 

A perforated panel can act as a sound absorber geometry. When spaced away from a 

substrate, a perforated panel behaves like a large ensemble of cavity resonators. In this 

ensemble, each hole acts as the neck and the space behind the panel functions as a set of 

connected air volumes. 

A perforated panel is seldom used alone. It is more commonly used as a protective cover 

over a porous absorber. When utilized in this way, the perforated panel improves the low-

frequency absorption of a porous absorber because of the board’s effectiveness as an 

absorber at low frequencies. However, in high frequencies, the perforated panel decreases 

the porous absorber’s effectiveness due to a lower acoustical transparency of the panel at 

high frequencies (Mehta, 1999). 
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Figure 59: Acoustically transparent perforated PLA screen 

 

 

Figure 60: Acoustic function of PLA  acoustic sandwich panel application in building as double skin façade 
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8.6. Volume Absorber 

8.6.1. Cavity Absorber 

This type of absorber consists of volume of air connected to the general atmosphere 

through the small volume of air called the neck. 

When a sound wave falls on an open bottle, the mass of air in the neck oscillates back and 

forth. The air in the neck of this cavity absorber geometry acts as the mass and the air in 

the body of the bottle as the spring. As the air in the neck fluctuates, it loses energy by 

friction against the walls of the neck. An open bottle has a resonant frequency that can be 

verified by blowing on its neck (Mehta, 1999). 

 

Figure 61: A single section of a material with a cavity absorber geometry that can be used as an acoustic panel 

The bottle always produces the same pitch of sound. Different types of sounds and 

different ways of blowing do not affect the pitch of sound in the bottle.  

Usually, the resonant frequency of a bottle lies in the low frequency region and is given 

by the following expressions: (Mehta, 1999). 

fres = 
55,000 𝑆

√𝑣 𝑉
 

S = Cross sectional area of the neck 

v = volume of the neck 

V = volume of the body of the bottle 

Since the resonant frequency of an acoustic panel depends on the volume (v) and the 

surface area of slots (S), it can be varied by changing the width of the slot, its height and 

its profile (Mehta, 1999). 
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Figure 62: Section of a PLA panel with cavity absorber geometry (Designed by author) 

 

Figure 633D view of a PLA panel with cavity absorber geometry 

 

8.6.2. Deep- Niche Effect 

 

This phenomenon is due to the inter-reflections of sound energy in the niche and can 

reduce the transmission loss of the acoustic panel. 

If we want to use the deep niche effect for the geometry of a panel and use the board as a 

sound absorbent panel, it is better to use the sound absorbing material for it. Otherwise, 

this geometry transforms the panel to a sound diffuser panel. 
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Figure 64: An example of the deep niche effect 

Below is an example of incorporating cavity absorber panel to shading device as a 

shading material. The shading device of a building can be used as a sound absorber while 

providing shade for a building façade.  

 

Figure 65: PLA incorporated in  building components as shading material 
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8.7. PLA Acoustic Sandwich Panel 

Simple acoustic sandwich panels made of plastics can be used as thermal insulation 

panels while blocking sound before entering the building. The typical geometry for 

making these panels is a honeycomb geometry for inside the sandwich panel. The only 

problem with these boards is that they have a flat surface that is a sound reflective surface 

and increases the noise level for the noisy space on either side of the panel. 

Based on the two previous developed geometries, I combined two different geometries 

and created a sandwich panel with a perforated surface for absorbing sound reflections 

and a cavity absorber geometry inside the sandwich panel to capture noise waves better 

and preventing them from going back to the space.  

 

Figure 66:Common Acoustic Sandwich Panel made from polymers 

 

 

Figure 67: PLA Acoustic Sandwich Panel 
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Figure 68: A section of PLA sandwich panel and reflection of noise waves 

 

8.8. PLA Acoustic Double Sandwich Panel 

The first layer is perforated board, which allows sound to enter and be partially absorbed 

and reflected by the PLA acoustic panels inside. In addition, PLA acoustic panels can 

control the levels of sound and natural lighting that would enter the space. 

The same strategies of the sandwich panel are used for this double sandwich panel, but 

for both sides of the panel. This board can be utilized for either indoor and outdoor space 

and can be work as a good thermal insulation because of the air gap between two layers 

on both sides of this panel. In addition, as a part of glazing material we can use 

translucent PLA double sandwich panel for both thermal insulation and acoustic panel of 

the building façade. 
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Figure 69: PLA  acoustic sandwich panel application in building as windows material 

 

 

Figure 70: PLA Acoustic Double Sandwich Panel 

 

Figure 71: A section of PLA Acoustic Double sandwich panel and reflection of noise waves 
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9. Conclusion 

This research developed a new environmentally friendly acoustic material and a process 

of incorporating this material into a building’s façade. PLA noise reduction experiments 

show that this material has good acoustical function, and it is proper to be used as 

acoustic material in the construction of a building's façade.  

The results from the integration of PLA into building components demonstrates the idea 

of the building as an environmental envelope to keep the balance between external and 

internal conditions of noise levels. By incorporating designated geometries for PLA 

acoustic panels, we will have more noise reduction for either indoor and outdoor space. A 

comfortable environment will be provided for building users and outdoor users at the 

same time while avoiding future environmental pollutions. In conclusion, integrating 

biodegradable Polylactic Acid in building’s façade by using sandwich panels developed 

in this research, can mitigate noise levels while improving the energy storage capacity of 

building and providing natural daylight for a building. 

Further research is required to develop the method to use more additives with the PLA 

material to see the effects on noise reduction. 

 

Figure 72: 3D view of CAPLA east facade- perforated PLA panel is added to building facade 
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Figure 73: 3D view of CAPLA east facade- perforated PLA panel is added to building facade 

 

10. Future Research Areas 

Simulating acoustic performance for different types of PLA combination with natural 

fibers. 

To determine scale of sound propagation and its relationship in designing a sound 

absorbing geometry for acoustic panels. 

Using a software capable of detecting sound propagation and sound waves in different 

geometries can be highly useful. 

To explore how the thermal performance of PLA is in hot climatic conditions. 

Comparing the results from a dynamic energy model with a current static model. 

 

 

 

 

 

 

 



74 
 

Bibliography 

 

1. Babisch, Wolfgang. "The noise/stress concept, risk assessment and research 

needs." Noise and health 4, no. 16 (2002): 1. 

2. Berglund B. & Vallet, T ., Community Noise, Document prepared for the world 

health organization, Stockholm University, Stockholm, 1995. 

3. Berglund, Birgitta, and Thomas Lindvall, eds. Community noise. Stockholm: 

Center for Sensory Research, Stockholm University and Karolinska Institute, 

1995. 

4. Canadian Center for Occupational health and society, 2014, 

https://www.ccohs.ca/oshanswers/phys_agents/noise_basic.html  

5. Cowan, James P., ed. Architectural acoustics design guide. McGraw-Hill 

Professional Publishing, 2000. 

6. Egan, M. David, J. D. Quirt, and M. Z. Rousseau. "Architectural Acoustics." The 

Journal of the Acoustical Society of America 86, no. 2 (1989): 852-852. 

7. Fields, J.M. & Hall, F.L., Community Effects of Noise, Transportation Noise. The 

reference book, Butterworths, London, pp. 3/1-3/27, 1998. 

8. Filabot - 3D Printer Products, 

shttps://www.filabot.com/collections/pellets/products/pla-pellets-

3d850?variant=14870874116 

9. Goldsmith, Mike. Discord: The Story of noise. Oxford University Press, 2012. 

10. Göpferich, Achim. "Mechanisms of polymer degradation and erosion." 

Biomaterials 17, no. 2 (1996): 103-114. 

11. H. Ku, H. Wang, N. Pattarachaiyakoop, and M. Terada, “A review on the tensile 

properties of natural fiber reinforced polymer composites,” Composites Part B: 

Engineering, vol. 42, no. 4, pp. 856–873, 2011. 

12. Handy, Susan L., Marlon G. Boarnet, Reid Ewing, and Richard E. Killingsworth. 

"How the built environment affects physical activity: views from urban planning." 

American journal of preventive medicine 23, no. 2 (2002): 64-73. 

13. Kale, Gaurav, Rafael Auras, and Sher Paul Singh. "Comparison of the 

degradability of poly (lactide) packages in composting and ambient exposure 

conditions." Packaging Technology and Science 20, no. 1 (2007): 49-70. 

14. Knippers, Jan, Jan Cremers, Markus Gabler, and Julian Lienhard. Construction 

manual for polymers+ membranes: materials, semi-finished products, form 

finding, design. Walter de Gruyter, 2011. 

15. Knippers, Jan, Jan Cremers, Markus Gabler, and Julian Lienhard. Construction 

manual for polymers+ membranes: materials, semi-finished products, form 

finding, design. Walter de Gruyter, 2011. 

16. Kryter, K.D.,  The Effects of Noise on Man, Academic Press, Orlando, 1985. 

17. Langdon, F.J., Noise and Man, Road Traffic Noise, Applied Science Publishers, 

London, pp. 1-26, 1975. 

18. Langdon, F.J., Noise and Man, Road Traffic Noise, Applied Science Publishers, 

London, pp. 1-26, 1975. 

https://www.filabot.com/collections/pellets/products/pla-pellets-3d850?variant=14870874116
https://www.filabot.com/collections/pellets/products/pla-pellets-3d850?variant=14870874116


75 
 

19. Lighting Research Center, 

http://www.lrc.rpi.edu/programs/nlpip/lightinganswers/lightpollution/lightpollutio

n.asp, Accessed February 2017. 

20. Lin, Ling, Cong Deng, Gong-Peng Lin, and Yu-Zhong Wang. "Super Toughened 

and High Heat-Resistant Poly (Lactic Acid)(PLA)-Based Blends by Enhancing 

Interfacial Bonding and PLA Phase Crystallization." Industrial & Engineering 

Chemistry Research 54, no. 21 (2015): 5643-5655. 

21. M. M. Kabir, H. Wang, K. T. Lau, and F. Cardona, “Chemical treatments on 

plant-based natural fiber reinforced polymer composites: an overview,” 

Composites Part B: Engineering, vol. 43, no. 7, pp. 2883–2892, 2012. 

22. Mehta, Madan, James Johnson, and Jorge Rocafort. Architectural acoustics: 

principles and design. 1999. 

23. Murphy, Enda, Eoin A. King, and Henry J. Rice. "Estimating human exposure to 

transport noise in central Dublin, Ireland." Environment International 35, no. 2 

(2009): 298-302. 

24. NatureWorks LLC, 2009a. Cargill Acquires Full NatureWorks Ownership From 

Teijin. http://www.natureworksllc.com/news-and-events/press-releases/2009/07-

01-09-ownership-change.aspx, Accessed March 2017. 

25. Sin, Lee Tin, Abdul Razak Rahmat, and Wan AWA Rahman. Polylactic acid: 

PLA biopolymer technology and applications. William Andrew, 2012. 

26. WHO (World Health Organization) European Centre for Environment and Health. 

Concern for Europe's tomorrow: health and the environment in the WHO 

European region. Stuttgart, Germany: Wissenschaftliche Verlag-Gesellschaft; 

1995. 

27. http://www.european-bioplastics.org/bioplastics/Accessed April 2017. 

28. https://blog.medel.com/what-is-sound-what-is-noise/ Accessed April 2017. 

 

 

http://www.lrc.rpi.edu/programs/nlpip/lightinganswers/lightpollution/lightpollution.asp
http://www.lrc.rpi.edu/programs/nlpip/lightinganswers/lightpollution/lightpollution.asp
http://www.natureworksllc.com/news-and-events/press-releases/2009/07-01-09-ownership-change.aspx
http://www.natureworksllc.com/news-and-events/press-releases/2009/07-01-09-ownership-change.aspx
http://www.european-bioplastics.org/bioplastics/
https://blog.medel.com/what-is-sound-what-is-noise/

