
 

1 

VARIATION IN NOISE MEASUREMENTS OF 
POWER TOOLS USED IN CONSTRUCTION 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

By 
 

JOHN A. NICKELS 
 
 
 
 
 
 
 
 
 
 
 

A THESIS PRESENTED TO THE GRADUATE SCHOOL 
OF THE UNIVERSITY OF FLORIDA IN PARTIAL FULFILLMENT 

OF THE REQUIREMENTS FOR THE DEGREE OF 
MASTER OF SCIENCE  

 
UNIVERSITY OF FLORIDA 

 
2007 

 



 

2 

 

 

 

© 2007 John A. Nickels 
 
 

 



 

3 

TABLE OF CONTENTS 
 
 page 

LIST OF TABLES...........................................................................................................................5 

LIST OF FIGURES .........................................................................................................................6 

LIST OF TERMS.............................................................................................................................7 

ABSTRACT.....................................................................................................................................9 

CHAPTER 

1 INTRODUCTION ..................................................................................................................11 

The Problem............................................................................................................................11 
Measuring Noise.....................................................................................................................12 
Motivation for This Research .................................................................................................13 

2 LITERATURE REVIEW .......................................................................................................15 

Hearing Loss...........................................................................................................................15 
Hearing Protection ..................................................................................................................17 
OSHA Standards.....................................................................................................................19 
Regulatory Challenges............................................................................................................21 
Previous Studies of Power Tools............................................................................................22 
Shortcomings of Laboratory Testing ......................................................................................24 

3 RESEARCH METHODS .......................................................................................................25 

Overview.................................................................................................................................25 
Power Tools Selected for Measurement .................................................................................26 
Sound Instrumentation............................................................................................................28 
Noise Measurement Approach ...............................................................................................28 
Scenarios.................................................................................................................................29 

Center-of-Room Placement of Tool ................................................................................29 
Tool Placement Near a Wall............................................................................................31 
Corner-of-Room Placement of Tool................................................................................32 
Tool Placement Around the Corner.................................................................................33 
Noise Levels at a Distance (indoors)...............................................................................34 
Two Tools in Combination..............................................................................................35 
Noise Levels at a Distance (outdoors).............................................................................35 

Limitations of Research..........................................................................................................35 

4 RESULTS...............................................................................................................................37 

Wide Range of Noise Levels ..................................................................................................39 



 

4 

Comparing Positions...............................................................................................................40 
Loaded vs. Unloaded Conditions............................................................................................44 
Effect of Different Work Scenarios on Measurements...........................................................44 

Corner-of-Room ..............................................................................................................44 
Near-a-Wall .....................................................................................................................45 
Around-the-Corner ..........................................................................................................45 
Two Tools in Combination..............................................................................................45 

Effect of Distance on Noise Level..........................................................................................48 

5 DISCUSSION.........................................................................................................................50 

Determinants of Power Tool Noise Levels.............................................................................50 
Distance ...........................................................................................................................50 
Environment ....................................................................................................................51 
Location of Tool ..............................................................................................................51 
Position of Operator ........................................................................................................51 
Loaded vs. Unloaded .......................................................................................................52 

Comparing This Study’s Results with NIOSH Ratings..........................................................53 

6 CONCLUSION AND RECOMMENDATIONS ...................................................................54 

APPENDIX 

A NIOSH: SOUND LEVELS FOR POWER TOOLS...............................................................57 

B NOISE MEASUREMENT DATA.........................................................................................66 

LIST OF REFERENCES...............................................................................................................78 

BIOGRAPHICAL SKETCH .........................................................................................................80 

 
 



 

5 

LIST OF TABLES 

Table  page 
 
2.1 Examples of Decibel Levels of Various Sources...............................................................18 

2.2 OSHA Noise Exposure Limits for Construction Industry .................................................20 

3.1. Power Tools Measured in This Study................................................................................26 

4.1 Average Noise Measurements on Lateral Plane – Positions 1 to 4 ...................................42 

4.2 Differences Between Each Position Reading and the Average for the Tool .....................42 

4.3 Positions 5 and 6 Measurements........................................................................................43 

4.4 Theoretical Increase in Sound Levels When Combining Two Sound Sources .................46 

4.5 Noise Measurements for Two Tools in Combination........................................................47 

5.1 Comparison of Noise Levels Within First Three Feet of Tool ..........................................52 

 
 



 

6 

LIST OF FIGURES 

Figure  page 
 
1-1. Average Decibels for Construction Trades........................................................................11 

3.1 Sper Scientific Sound Meter ..............................................................................................27 

3.2. Center-of-Room Placement ...............................................................................................30 

3.3 Tool Placement Near Wall.................................................................................................31 

3.4 Tool Placement at Corner of Room ...................................................................................32 

3.5. Tool Placed Around the Corner from Microphone............................................................33 

3.6. Noise Levels at a Distance.................................................................................................34 

4.1 Noise Level Measurements for Selected Power Tools in their Unloaded Condition 
(except as noted). ...............................................................................................................37 

4.2  Noise Measurements for Black and Decker Circular Saw................................................39 

4.3  Noise Measurements for Sears 3” Belt Sander .................................................................40 

4.4 Illustration of Various Positions for All Noise Measurements..........................................41 

4.5 Change in Noise Reduction (Indoors)................................................................................49 

4.6 Change in Noise Reduction (Outdoors).............................................................................49 

 
 



 

7 

LIST OF TERMS 

 
Acoustics  The physical qualities of a room, such as size, shape, amount of  

    noise, that determine the audibility and perception of speech and  
    music within the room (NPC, 2004).  

Decibels (dB) / 
A-weighted (dBA) A commonly used unit of sound measurement that uses one of 

three scales on a sound level meter to measure intensity of sound 
pressure. 
Sound meters are graduated in decibels, using A, B, or C scales as 
specified by ANSI S1.4-1994 for sound level meters.  The A-
weighted scale is better at mimicking the sensitivity of the human 
ear, which is less efficient at low and high frequencies than at 
medium or speech-range frequencies.    The decibel scale is not 
linear; it is logarithmic.  Every increase of 3-dB doubles the sound 
level received by the ear (NPC, 2004). 

 
Exchange Rate The amount of decibels that requires a worker’s exposure time to 

be cut in half.   Because every 3-dB increase results in a doubling 
of noise exposure, OSHA has designated limits on the amount of 
time a worker can be exposed to that increase.  For example, a 3-
dB exchange rate requires that exposure time be halved if noise 
increases by 3-dB (NIOSH, 1998). 

 
Hearing Loss The amount of hearing impairment, in decibels, from a given 

benchmark at a particular frequency.  There are three types of 
hearing loss: 1) Conductive, meaning from damage to the 
mechanical conductors in the ear; 2) Sensor-neural, meaning 
damage within the cochlea that contains the nerve hairs that break 
when sound vibrations are too great; and        3) Noise-induced 
hearing loss, which is 100% preventable and is caused by 
excessive noise levels.  Noise-induced hearing loss is the most 
common work-related condition (Center, 2001). 

 
 NIOSH defined hearing impairment in 1972 as a hearing loss of in 

excess of 25 dBA from a given threshold level.  With this, NIOSH 
assessed the risk of hearing impairment as a function of levels and 
exposure time.  They determined that at average daily noise levels 
of 80 dBA, 85 dBA, and 90 dBA over a 40-year exposure period, 
there was a 3%, 16%, and 29%, respectively, added risk of hearing 
impairment over what would normally occur from other causes in 
the unexposed population (NIOSH, 1996). 

 
Noise Any unnatural or unwanted sound measured in the A-weighted 

scale (NPC, 2004). 
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Noise Dosimeter A sound level meter with memory and computational functions.  
Since OSHA regulates the amount of noise exposure in a 24-hour 
time period, the dosimeter stores sound levels that can later be used 
to compute the “dose” of noise exposure a worker receives during 
a workshift or other time period (the time-weighted average or 
TWA) (NIOSH, 1998).    According to OSHA, exceeding a TWA 
of exposure to 85 dBA for 8 hours is hazardous. TWA is calculated 
as follows:  

TWA = 10 x Log(Noise Dose / 100) + 85 
    
Noise Reduction Rating  

The Noise Reduction Rating (NRR) is an indicator, required by 
law on all hearing protectors, of the device’s ability to reduce the 
decibel level (dB) of incoming sound (NIOSH, 1998).       

 
Sound An auditory sensation evoked by the variation in pressure waves in 

a medium such as air.  Sound pressure is measured in decibels 
(NPC, 2004). 

 
Threshold Shift A decibel change in a worker’s ability to hear a specified 

frequency, as measured by comparing current audibility to a prior 
threshold. A reduction in hearing by more than 5dB warrants 
follow-up action.  NIOSH defines a significant threshold shift as 
one that is at least 15 dB worse at any hearing frequency (NIOSH, 
1998). 
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Construction workers and their supervisors need accurate noise level information about 

their power tools and equipment, so they can make appropriate decisions regarding the use of 

hearing protection.  If they rely on unrealistic measurements of decibel levels, they are in danger 

of contributing to permanent hearing loss.  As the public becomes increasingly concerned about 

noise levels from construction worksites and medical costs are increasing from hearing related 

claims, governments and industry leaders are incorporating noise limitations in their contracts.    

In addition, government agencies such as National Institute for Occupational Safety and Health 

(NIOSH) are attempting to address the need for standardized noise measurements of power tools 

and equipment, the most significant contributors to noise on a jobsite.  However, the methods for 

measuring noise levels are sometimes unrealistic, resulting in inadequately protected workers 

regardless of the appearance of adequate hearing protection in compliance with Occupational 

Safety and Health Administration (OSHA) standards.   

What is needed and addressed in this research is a more accurate understanding of the 

actual noise level reaching the worker’s ear when, for example, the worker is using a 

hammerdrill in a small enclosed environment while another worker is working alongside with a 
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circular saw.  In cases such as this, the commonly used method of measuring the decibel level of 

a single tool in a sound laboratory is unhelpful.  The result is unfortunate for the worker and any 

bystanders, who may be basing the noise reduction ratings of their hearing protection devices on 

this unrealistic decibel rating.   
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CHAPTER 1 
INTRODUCTION 

The Problem 

Occupationally induced hearing loss continues to be one of the leading occupational 

illnesses in the United States.  The National Institute for Occupational Safety and Health 

(NIOSH) estimates that 15% of the workers exposed to noise levels of 85 dBA or higher will 

develop material hearing impairment.  Research demonstrates that construction workers are 

regularly exposed to noise (Figure 1), and the source is primarily from tools and equipment.   

Studies have found widespread overexposure to noise and a lack of hearing protection use on 

jobsites.  Serious and deadly falls on construction sites may be related to noise induced balance 

dysfunction and impaired equilibrium.   

 

 

Figure 1-1.  Average Decibels for Construction Trades 

Elevated noise levels pose an additional threat of injury or death to workers by 

compromising communication among them and their supervisors.  Chronic exposure leads to the 

Source: Construction Safety Association of Ontario 
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onset of permanent hearing loss that may not be noticed for many years, as the hearing loss is so 

gradual that the worker does not notice until understanding speech becomes difficult - like the 

old frog-in-boiling-water analogy.  Noise-induced hearing loss is 100 % preventable, but there is 

no proven way to reverse it.  Therefore, the Occupational Safety and Health Administration 

(OSHA) imposed rules on hearing conservation for general industry.   

Measuring Noise 

Until recently, there were little data on noise levels for the most common tools used on 

construction sites.  Tool manufacturers have been reluctant to provide this information, and there 

have been few research papers on the subject.  Nevertheless, industry and regulators alike 

understand the need for reducing noise at the construction worksite, and noise limit provisions 

are beginning to show up in construction contracts, which is forcing the need for more noise 

measurement and research in this area.  Recognizing the early but rising demand for quieter 

equipment, NIOSH is promoting “Buy Quiet” programs and responding to the need for a means 

to compare noise levels between products.  NIOSH recently developed a database of noise level 

data for a wide variety of power tools, and in September, 2006, published its results.  The data 

serves as a good start in the process of bringing awareness to the minds of workers and 

contractors of noise levels generated by their equipment, but the focus is on one decibel value 

that represents that noise level.  The problem with using one value to measure the noise level 

centers around the complex nature of sound measurement and the host of variables that 

determine the decibel level emanating from the tool. As a result, there is disagreement regarding 

the most appropriate method for determining a single noise level for a particular tool.  Ideally, 

workers would want to accurately determine the noise level at the point the sound enters their ear 

canal, since audiologists have determined that sustained exposure to noise above 85 decibels 

will, over time, cause permanent damage.  The louder the sound, the less time before hearing 
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damage will occur.  If workers know what the incoming noise level is, they can take action to 

shield their ears from damaging sound levels.  However, there can be a major difference between 

the decibel reading at a particular tool (where the measurements are commonly taken) and the 

decibel reading at the ear, which is of considerable importance in understanding the potential for 

hearing loss. 

Motivation for This Research 

With the data that exist today, workers are utilizing a single decibel value that was 

measured in a sound laboratory from one tool and in isolation from other tools and sound 

reflecting objects. With this information of questionable accuracy, they are making decisions 

about wearing hearing protection and what noise reduction rating (NRR) is necessary.  As a 

result, the true decibel level reaching their ears may be higher than they anticipate, and their 

hearing is not being adequately protected.    

The following factors can cause a sizable difference in the sound level, from the point of 

emanation to the point of entry into the ear, where it really matters: 

• Position of operator’s head relative to the tool  
• Distance and direction of operator and bystanders from the tool 
• The environment in which the tool is operating  
• The type of material being affected by the tool 
• The motor of the tool and any attached shielding or insulation 
• Whether other noise sources are nearby 

 
Prior research has identified the range of possibilities and some of the effects of the above 

factors on sound levels of certain power tools, but a more comprehensive testing protocol is 

needed to determine the decibel range a construction worker can expect to encounter in the 

operation of a wide variety of commonly used power tools. This investigation will address the 

issue by measuring the sound levels produced by saws, drills, sanders, and other commonly used 

power tools in different environments and conditions.  The purpose is to provide a more accurate 



 

14 

range of noise levels generated by each tool.  Even a few decibels of difference from what 

workers are relying on today for their particular task, versus what is identified in this 

investigation as the actual noise level, could have a major impact on protecting workers’ hearing.  

The reason is that changes in decibel levels are not linear; in fact, an increase of only three 

decibels represents a doubling of the noise picked up by the human ear.  If workers know that the 

conditions in which they are working require additional hearing protection, hearing damage will 

be avoided. 
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CHAPTER 2 
LITERATURE REVIEW 

Hearing Loss 

The perception of sound begins when vibration or turbulence causes pressure changes in 

the air (or some other medium).  These pressure changes produce vibrating waves that propagate 

away from the source in varying directions.  Some of those pressure waves enter the ear canal 

and impact the cochlea, which contains tiny nerve hairs within a type of hydraulic fluid that 

helps cushion the impact from noise shocks.  When the sound vibrations are too great, the hair 

cells initially swell, then break off causing reduced hearing perception.  The time it takes for the 

cochlea hairs to break is a function of several factors (Elgun, 1999): 

• Intensity or loudness of the sound pressure 
• Duration of exposure during a day and over a lifetime 
• Type of noise: long wave, short wave, impulse 
• Distance from noise source 
• Existing hearing disease, if any 
• Age of individual 
 

The human ear is sensitive to specific sound frequencies between 500 and 8000 cycles per 

second (Hz) of sound pressure.  Hearing degradation occurs particularly at frequencies of 3000 

to 6000 Hz. (Hough, 2005).  A mild loss of hearing would reduce hearing by about 10 decibels, 

while a significant loss is considered to be in excess of 20 decibels (Center, 2001).  One of the 

first signs of noise-induced hearing loss is difficulty understanding certain mid-range 

frequencies.  Typically, the person can still hear lower frequency vowels but certain higher 

frequency consonants (such as ‘t’, ‘d’, and ‘s’) sound like mumbling.  The person might say, “I 

hear you but I can’t understand you.”   The insidious nature of hearing loss is the slow boil 

analogy in which hearing is reduced gradually (over years of time) from repeated overexposure.  

It must be understood that one can also get noise-induced hearing loss from a single exposure to 
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a short burst of loud noise (Smoorenburg, 1992).  Individuals have varying degrees of sensitivity 

to noise, so the effects of overexposure are not the same for everyone.  Nevertheless, noise is a 

significant health threat according to the World Health Organization.  The director of the Noise 

Center at the League for the Hard of Hearing, Nancy Nadler, stated, “In general, sustained 

exposure to noise above 85 decibels, over time, will cause permanent hearing loss and the louder 

the sound, the less time before hearing damage can occur.  Studies have indicated that noise 

causes physiological changes in sleep, blood pressure, and digestion.”  OSHA states that 

exposure to some solvents, gases such as carbon monoxide, and even whole-body vibration may 

worsen noise-induced hearing loss.  

A 1999 study on noise exposure in four basic trades of construction (carpenters, laborers, 

ironworkers, and operating engineers) revealed a consistent pattern of sound levels above legal 

limits, especially in building erection and concrete construction.  Between 30-40% of all noise 

measurements in the study exceeded 85 dBA (Neitzel, 1999).  

The 1992 National Occupational Exposure Survey (NOES) collected data that determined 

that 81 to 88% of construction-related workers were exposed to noise levels of at least 85 dBA, 

representing nearly 3.5 million workers. 

There is a growing consensus that hearing loss occurs with chronical exposure to 8-hour 

days of as low as 82 decibels, which is 3 decibels less and half the noise level allowed by current 

OSHA standards for general industry (Center, 2001).  “Even safe sound levels can become 

potentially damaging when they occur simultaneously”, said Peter Rabinowitz, M.D., Ph.D. and 

director of clinical services at Yale University’s School of Medicine.  If you must raise your 

voice to talk to someone an arm’s length away, the noise level is probably over 85 dBA (Neitzel, 

2006). 
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Although noise-induced hearing loss is entirely preventable, there is no way to reverse it.  

Hearing aids are the only treatment, but they simply amplify sound.  Many workers mistakenly 

perceive as temporary the effects from short periods of very loud sounds, called a temporary 

threshold shift.  Hearing is noticeably diminished but seems to fully return after a period of time.  

The medical community is unclear whether the hair cells in the cochlea merely swelled 

temporarily or died then regenerated.  In some animals, regeneration of the hair cells has been 

observed, but there have never been tests on human hair cells (Center, 2001). 

Hearing Protection 

The most important thing workers can do is prevent noise from reaching unsafe levels and 

for extended periods of time.  Wearing ear protection is critical.  The following table puts noise 

levels into perspective and highlights the need for the increased use of hearing protection. 

Unfortunately, studies cited by OSHA on the use of hearing protection among U.S. 

construction workers showed that, at best, hearing protectors were used by workers routinely 

exposed to excessive noise levels by about 33% of the workers, with a range of 1% to 50% for 

workers in various trades (OSHA, 2002). 

University of Washington researchers measured the noise exposures of tile-setters and 

found that 20% of the work shifts were above the 8-hour limit of 85 dBA and nearly one-third of 

the work shifts had short periods of extremely high levels, above 115 dBA. Every tool used by 

the tile-setters exceeded 85 dBA.  Nevertheless, they found that hearing protection was used less 

than 15% of the time it was needed. Based on their measurements, most tile-setters would get 

sufficient hearing protection if they wore a device providing an Noise Reduction Rating (NRR) 

of between 12 and 33 decibels (Neitzel, 2006).   
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Table 2.1  Examples of Decibel Levels of Various Sources. 

DEVICE DECIBELS
(DBA) 

Grand Canyon at Night  10 
Computer 37-45 
Clothes Washer 65-70 
Phone 66-75 
Inside Car, Windows Closed, 30 MPH 68-73 
Hairdryer 80-95 
Lawn Mower 88-94 
Power Tools 90-115 
Motorcycle Wind Noise at 65 MPH 100 
Rock Concert 95-110 

 
When figuring out what NRR is needed, it is recommended that workers not simply 

subtract the NRR on the hearing protection from the anticipated exposure level.  OSHA 

determined there are large differences between the reduction in noise levels measured in the 

laboratory compared with that found in actual use (OSHA, 2002).  At the February, 2003 Annual 

Construction Safety Conference in Rosemont, Illinois, the Construction Safety Council 

recommended that the NRR should be de-rated in the field by 7 dB to account for poor fit and 

improper use.  NIOSH calculates a NRR on earmuffs by subtracting 25% from the 

manufacturer’s NRR, and 50% for formable earplugs.  They want the worker to shoot for a 

maximum 80 dBA based on the NRR, because it is clear that reduction is not near what one 

would expect.  Earplugs and earmuffs can be used simultaneously to boost the reduction rating.  

NIOSH recommends taking the device with the higher NRR and adding 5 to the field-adjusted 

NRR.  The use of active headphones may help, but OSHA does not, as yet, recognize active 

protection devices which use destructive interference waves to cancel out low-frequency noise 

while allowing the wearer to hear conversation and warning signs.   

The primary problems with hearing protection include incorrect fitting and inconsistent use 

which compromises the protective effect.   However, placing undue reliance on protection 
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without attempting to reduce noise at the source, through engineering controls, is at the heart of 

the problem.   

As the construction industry recognizes the increasing medical costs of hearing related 

injuries, and as governments write more noise limiting provisions into their contracts and 

contractors demand quieter tools from manufacturers, reducing noise at the source will be 

realized.  Technology will assist in this effort. New devices are being developed, for example, to 

inform workers, on a real-time basis, of their present exposure to noise by way of a display card 

that turns colors depending on the noise level.  Scott P. Schneider, safety and health director for 

the Laborers’ Health and Safety Fund of North America, wants contractors and manufacturers to 

collaborate on producing quieter equipment and not wait for government to enact new rules for 

reducing noise levels.  The difference between buying a 350mm circular saw blade with 84 teeth 

of 3.5mm width instead of one with 108 teeth of a narrower 3.2mm width can be a 6 dBA 

reduction.   Some newer heavy-duty diesel generators are up to 15 dBA quieter than older diesel 

and many gasoline generators (Laborer’s, 2006). 

OSHA Standards 

NIOSH reaffirmed in 1998 the recommended exposure limit (REL) for occupational noise 

exposure at 85 dBA as an eight-hour time-weighted average.  Exposures at this level or above  

are considered hazardous in general industry.  For the construction industry, the OSHA standards 

halve the exposure time for every 5 dBA increase in noise level, as indicated in Table 2.2. 

Based on their measurements, most tile-setters would get sufficient hearing protection if 

they wore a device providing an Noise Reduction Rating (NRR) of between 12 and 33 decibels 

(Neitzel, 2006).   
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Table 2.2  OSHA Noise Exposure Limits for Construction Industry. 
Duration Per Day 

(in Hours) 
Sound Level 

(in dBA, SLOW) 
8 90 
6 92 
4 95 
3 97 
2 100 

1.5 102 
1 105 

0.5 110 
0.25 or Less 115 

 
It has already been pointed out, however, that chronic exposure to levels of 82 dBA, or 

one-half that of the current REL, can cause hearing loss.  In 1996, NIOSH prepared a draft 

revision to its criteria that recommended hearing loss prevention programs for 82 dBA or above 

(NIOSH, 1996).    This provision was never adopted, and the construction industry is actually 

covered by an even more lenient standard (CFR 1926.52), which allows an 8-hour TWA 

exposure limit of up to 90 dBA. These exposure levels pertain to continuous noise.  Impulse 

noise, or noise characterized by a sharp rise and rapid decay of sound level in a one-second 

period of time, is limited to 140 dBA at peak, but only by convention; there is no enforcement by 

OSHA for peak levels in the construction industry (NIOSH, 1996).  NIOSH actually 

recommends that workers should never be exposed to more than 115 dBA without protection, 

based on research it cited in its draft revision document (Price, 1991).  By comparing U.S. 

standards with Europeans, the U.K. issued its updated Noise at Work Regulations in 2005 with 

lower and upper daily exposure values of 80 dBA and 85 dBA with a personal daily or weekly 

limit of 87 dBA. 

The regulations for maximum exposure in the workplace are mere guidelines in the 

absence of any other knowledge on the subject.  The data suggest that a worker is well advised to 

seek hearing protection at far lesser levels than is required.    
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Regulatory Challenges 

In 2002, OSHA presented a request for comment from the construction industry regarding 

suggested changes to the hearing conservation limits and programs specifically pertaining to 

construction. Currently being discussed are dropping noise level standards (perhaps to the 85 

dBA found in general industry), methods of compliance, portable monitoring and recording 

strategies, testing and training programs, worker notification, and hearing protector devices, 

including suggestions for dealing with noisy tools.  

The problem in changing noise level standards is the transient nature of construction 

activities on a jobsite, where tasks change and noise is intermittent throughout the day.  Unsafe 

noise levels can occur suddenly and without warning, since the source can be from other workers 

in the vicinity.  In an analysis of construction electricians with one to four workers in their 

vicinity, noise levels were 7 dBA greater than when they were working alone (Neitzel, 1998).   It 

was suggested by Neitzel that noise monitoring be task-based, since there is evidence of 

consistently higher noise levels for certain common construction tasks.  However, the usefulness 

for monitoring short-term tasks has been questioned, since it is impossible to predict a worker’s 

TWA exposure based on these short-term measurements.  Better monitoring is needed, however, 

and as the cost of sound dosimeters comes down, recording the noise of various short-term tasks 

a worker performs over a day or week would be helpful.  Presently, the Building Construction 

Trades Department of the AFL-CIO balks at the suggestion of using dosimeters to monitor every 

employee’s noise exposure, on the basis of practicality and cost.   

  It is recognized that better sound level labeling of equipment is needed.  Neitzel also 

recommended that the level be determined at the worker’s ear to more accurately reflect noise 

exposure and the labeling be based upon the established European Noise Directives.    
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Providing a single noise level value is simplistic.  It does not account for the many factors 

and working situations that affect the actual decibel level received by the ear.  Idealistically, a 

noise dosimeter probe would be inserted in the ear canal to most accurately determine the noise 

exposure level to the worker.  More practically, a label that provides a range of decibels for 

varying work conditions would be helpful to the worker and is the impetus for conducting this 

research.   

Previous Studies of Power Tools 

With the intent to promote “buy-quiet” for purchasers of power tools, NIOSH has been 

working on an informational database of decibel levels measured from commonly used power 

tools in construction.  In September, 2006, it presented its findings for 122 tools including 

various brands of circular saws, drills, grinders, hammer drills, jig saws, miter saws, orbital 

sanders, reciprocating saws, and screw drivers.  The intent is to eventually develop the noise 

level profile of every power tool or small machine found on a construction site.  Using the 

UC/NIOSH Acoustic Test Facility at the University of Cincinnati, a single decibel level was 

determined from measurements using the hemispherical 10-microphone array specified in ISO 

3744 (NIOSH, 2006).  ISO standards specify “precision-grade” sound measurements as being 

reproducible with a standard deviation of 1 dBA or less.  “Survey-grade” measurements have a 

standard deviation of within 5 dBA.  NIOSH disclosed its standard deviation of measurements at 

1.5 dBA.  What is not stated is that the decibel rating is not intended to reflect the actual noise 

level received by the operator’s ear, due to the various factors mentioned in this chapter that 

produce a range of possible noise levels in the “real-world” environment.  However, having this 

new database represents a milestone, because for the first time purchasers have a means of 

comparing one brand of tool to another.  By selecting the brand with the lowest decibel rating, 

they are probably choosing the quietest available tool and are creating an incentive for 
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manufacturers to produce quieter products.  See Appendix A for the data plots of decibel levels 

measured for each power tool.  It is interesting to note from the data that no one particular 

manufacturer was consistently quieter than its competitors across its product line.  In fact, some 

manufacturers produced the noisiest tools in one category (e.g. Makita’s orbital sander), and the 

least noise in another (Makita’s circular saw). 

A separate study sponsored by NIOSH measured sound levels of two tools, a Hitachi 

impact wrench and a DeWalt jigsaw, to determine the precise source of the noise and what 

methods would be helpful in reducing the decibel level (Cai, 2003).  The researchers discovered 

that the moving parts (e.g. motor, fan) produced the most noise, but there was no particular 

technique that could be generally applied to power tools to muffle their sound.  Attenuation 

varied by tool, the method of sound muffling, and the sound frequency signature. 

A master’s student at the University of Cincinnati investigated the possible noise control 

methods for muffling a circular saw and table saw (Fouts, 2002).  Using a sound laboratory, the 

loaded and unloaded levels were measured, then the source of the noise was identified from the 

various internal parts of each tool.  An unloaded power tool operates without acting upon any 

material, while a loaded power tool is measured under the condition of cutting into a material.  

The noise from the cooling fan of the circular saw was found to be the largest contributor of 

overall noise emanating from the tool, and the blade cutting action was found to be the lesser 

contributor.  It was concluded that whether the tool was loaded or unloaded was less important 

than engineering a quieter motor and fan.  Therefore, using the unloaded condition for measuring 

the decibel level of a tool was valid, and measuring noise in a loaded condition was unnecessary, 

in most cases.   With regards to the table saw, the table structure was found to be insignificant as 

a noise source.  Again, the motor was the largest contributor.  Different ways of muffling the 
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sound from the motors was tried, from applying rubber mounts to isolate the motor from the rest 

of the tool, to adding absorptive material to the inner walls of the housing.  Rubber isolation 

mounts had very little effect on the overall sound level, but adding absorptive material lowered 

sound levels by 3 to 5 dBA.   The researcher also noted the shortcomings of measuring sound 

levels in a laboratory environment under the ANSI standard semi-anechoic condition. 

Shortcomings of Laboratory Testing 

ANSI S12.15 Test Code provides testing procedures for measuring airborne sound from 

portable electric power tools, and it is used in conjunction with ISO 3744/3745.  The provisions 

of the test code call for testing in a semi-anechoic environment or outside setting, while the ISO 

3745 standard provides guidelines for semi-anechoic and anechoic conditions.  The anechoic 

condition is considered the most accurate simulation of the real environment. This condition is 

defined as the tool being held in the air, allowing it to freely emanate sound in all directions.  In 

this state, errors caused by room characteristics are eliminated.  However, suspending heavy 

tools and equipment makes the anechoic process difficult.  Also, some tools are better suited for 

measurement in a semi-anechoic condition, where the tool is placed on a hard reflecting surface.  

Measurements taken in a semi-anechoic environment versus an anechoic environment can yield 

widely varying results, depending on the frequency and distances from the source.  The semi-

anechoic condition was shown to produce up to twice the sound level at low frequencies and at 

short distances above the source as compared with the same measurement taken in an anechoic 

chamber (Fouts, 2002).  The Draft ISO Standard 3745 indicated a difference of as much as 17 dB 

between the methods it outlined for measuring sound in a semi-anechoic condition.  Fouts 

concluded that current test methods for measuring power tools do not adequately take into 

account the environmental factors in which the measurement is taken. 
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CHAPTER 3 
RESEARCH METHODS 

Overview 

Prior research has identified widespread overexposure to noise levels exceeding federal 

standards.  In an effort to help managers and workers identify the tools and situations in which 

workers encounter excessive noise levels on the jobsite, individual researchers and government 

agencies, such as NIOSH, have measured decibel levels of many construction power tools.  The 

problem with some of the research is that measurements were conducted in laboratory settings 

with a single decibel level, expressed in dBA, being assigned to each tool.  These results fall 

short of the primary objective, which is to provide noise levels that best simulate actual noise 

received by the worker’s ear so that the worker can determine the most appropriate noise 

reduction required to prevent hearing damage.  The reason is that prior research indicated a wide 

disparity in sound measurements depending on the direction and distance of the sound meter 

relative to the location of the tool.   

What is needed is to determine the range of noise levels for common power tools in an 

environment that most simulates everyday construction settings.  One situation may lend itself to 

more or less hearing protection than another.  In the ideal world (where cost or effort is not an 

factor), preventing hearing damage on the jobsite would best be accomplished by measuring 

noise levels right at the entrance to the ear canal for every type of work condition.  Armed with 

the most accurate noise measurements, workers could make the best possible decisions about 

what level of noise reduction is required to prevent hearing damage.  In the real world, if workers 

are aware of the range of possible decibel levels for each power tool they use, given a set of 

typical situations often encountered on the jobsite, then proper noise reduction can still be 

achieved and hearing damage prevented.      
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The goal of this study was to measure the range of possible sound pressure levels, 

measured in dBA, that the construction operator encounters in commonly occurring indoor and 

outdoor conditions and for commonly used power tools.  

Power Tools Selected for Measurement 

The electric power tools studied are commonly found on construction sites.  In some cases, 

different brands for the same type of tool were compared in order to gauge the relevance of the 

tool’s design to the expected noise level. 

Table 3.1.  Power Tools Measured in This Study. 

Type Manufacturer Model Type Technical 
Specs. 

Rated speed 
(rpm) 

 
Sears Craftsman 

315.10042 
3/8” Chuck 
Corded 
 

2.5 Amp Variable 
Speed 
0-1200 RPM 

Drill/Driver 
 

Ryobi  P206 ½” Chuck 
Cordless 
 

18 Volt Variable 
Speed 
0-1300 RPM 

 
DeWalt DC900 ½” Chuck 

Cordless 
 

36 Volt Variable 
Speed 
0-1600 RPM 

Hammer Drill 

Bosch  1199VSR ½” / ¾” 
Chuck 
Corded 
 

8.5 Amp Variable 
Speed  
0-3000 RPM 

Jig Saw 
Skil 4395 n/a Variable Orbit 

3.2 Amp 
Variable 
Speed 
0-3200 SPM 

 
DeWalt DC330 Cordless 18 Volt Variable 

Speed 
0-3000 SPM 

Reciprocating 
Saw 

DeWalt DW938 Cordless 18 Volt Variable 
Speed 
0-2800 SPM 

 
Milwaukee 6509 Corded 4 Amp Variable 

Speed 
0-2400 SPM 

 
Black and Decker SC500 

Type 1 
Corded 3.4 Amp Variable 

Speed  
0-6500 SPM 
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Table 3.1  (Continued) 

Circular Saw Black & Decker 7390 Type 
3 

7-1/4”  9 Amp Wood Blade 
150 Teeth 

Wet Tile Saw Husky THD950L 7” Blade 8 Amp 7000 RPM 

Sander 
Sears 
Grinder / Sander 

Craftsman 
315.11505
1 

9” 2 HP 
13 Amp 

4600 RPM 

 Sears  
Belt Sander 

Craftsman 
315.11721 

3” 7 Amp Belt Size  
3” x 21” 

 Makita 
Finishing Sander 

B04550 n/a 1.6 Amp 14000 OPM 

Grinder Sears Craftsman 
315.27440 

n/a 2.5 Amp 26,500 RPM 

Router Black and Decker 7616 Type 
1 

n/a 5 Amp 23000 RPM 

Planer Hitachi 370W Electric 3.4 Amp 15000 RPM 

Detail Carver 
Ryobi DC500  n/a 40 Watt 2-Speed 

10,400 / 
12500 SPM 

  

 

Figure 3.1. Sper Scientific Sound Meter  
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Sound Instrumentation 

All sound measurements were taken with a Type 2 digital sound meter with detachable 

probe - model 840012 manufactured by Sper Scientific Ltd..  Features include computer 

interface, fast and slow time weighting, A and C decibel frequency weighting scales covering 30 

– 130 dB, and the hold function.  The manual and auto range scales have 0.1 dB resolution and 

an accuracy of ±1.5dB.  The meter was manufactured and calibrated in September, 2006 to meet 

IEC651 and ANSI S1.4 specifications for a Type 2 sound meter.   Response rates for fast and 

slow are 200 milliseconds and 500 milliseconds, respectively.   

Noise Measurement Approach 

In order to simulate the range of sound levels received by operators of power tools in 

commonly found construction environments, measurements were taken in indoor and outdoor 

situations.  Four common situations were considered and up to six measurements were taken 

around the power tools as follows:  

 
• Center of Room – Power tools were placed in the center of an enclosed room ( Figure 3.2) 

constructed of concrete masonry walls and a stucco ceiling further described in the 
following paragraph; 

• Near a wall – Power tools were positioned in the same enclosed room at a distance of three 
feet from a concrete masonry wall ( Figure 3.3); 

• In the Corner of Room – Power tools were positioned in the room at a distance three feet 
from two intersecting concrete masonry walls (approximately four feet from the corner) in 
an enclosed room ( Figure 3.4); 

• Around the Corner from Tool – Power tools were placed on one side of a concrete masonry 
wall at a height of five feet, while noise measurements were taken on the opposite side of 
the wall ( Figure 3.5).  Again, these measurements were taken in the same enclosed room 
further described below. 

• Two Tools in Combination - Indoor Center-of-Room measurements were repeated, this 
time using a combination of two tools side-by-side in order to simulate the conditions 
when two workers operate their power tools in close proximity to each other.     
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• At a Distance – Maximum sound readings were recorded at set distances (3ft., 4ft., 6ft. and 
8ft.) from the power tools, in both indoor and outdoor environments.  This scenario was 
intended to determine if there is a pattern of noise level decline as a worker moves further 
away from a power tool ( Figure 3.6).   

Figure 3.2 shows the typical arrangement of the tool vis-à-vis the operator and the 

microphone of the sound meter.  Two persons conducted the measurements: one holding and 

taking readings from the sound meter, while the other person stabilized the tools and checked 

measurements using a Swanson® aluminum yardstick.  In most scenarios, multiple 

measurements were taken in a consistent manner on the same lateral plane as the power tool and 

typically three feet from the tool’s outer casing. The tools were placed 30 inches above the 

ground surface to simulate typical working conditions on a jobsite.  Measurements were taken on 

the slow setting (response rate 500 ms) of the sound meter, recording the decibel level indicated 

after five seconds to allow the tool’s noise to peak and stabilize.  The room utilized for the 

measurements was enclosed on all four sides by concrete masonry walls with a smooth, stucco 

finish and a smooth stucco-finished ceiling.  The room dimensions were 14 feet by 18 feet with a 

ceiling height of 7 feet, 10 inches and no windows.  Above the ceiling were rafters and a barrel-

tile roof.  The ambient decibel level in the room, before starting the power tool measurements, 

was 36.6 dBA.  There were no other objects in the room besides the two persons doing the 

measurements, and the stool on which the tools were placed.   

Scenarios 

Center-of-Room Placement of Tool 

Four measurements were taken (front, back, and sides) on the same plane as the tool and at 

a distance of three feet from the tool’s outer casing.  A fifth measurement was taken at 18 inches 

above the tool and at an angle approximately 15 degrees offset to the left of the tool to simulate 

the typical position of the operator’s ear during operation.  Finally, a sixth measurement was 
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taken at the noisiest location around the power tool casing to measure the maximum possible 

decibel level.  

Four tools (Ryobi Detail Carver, Husky 7” Wet Tile Saw, Black and Decker 7-1/4” 

Circular Saw, and Sears 3” Belt Sander) were measured more than once, once in unloaded 

condition then loaded with cutting material.  For example, the Black and Decker circular saw 

was measured with just a spinning blade, then it was measured while cutting a 2x4 stud using a 

150-tooth wood blade.  A third set of measurements was taken using an old, worn 20-tooth fast-

cut wood blade.  These measurements were intended to determine the noise level differences 

among different blades that might be found on a jobsite. 

 

 

Figure 3.2.  Center-of-Room Placement   

 

 3 feet (Typical: Lateral Plane) 

SYMBOLS REPRESENT 
SOUND MEASUREMENT  
LOCATIONS (Typical) 

TOOL PLACEMENT 
Height: 30 inches 

BEHIND TOOL 

24 inches 

OPERATOR 
Offset 15 º from azimuth 
Height: 48 inches 

ABOVE 

FRONT OF TOOL 

GROUND SURFACE 
(Reflective Plane) 
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Tool Placement Near a Wall 

The noise levels of all 18 power tools were measured when placed at a distance of three 

feet from the wall in the same 14ft. by 18ft. enclosed room used for the other indoor scenarios.  

As shown in Figure 3.4, five measurements were taken, including one at the approximate 

location of where a typical right-handed operator’s ear might be positioned - slightly to the left 

and above the tool at a height 30 inches off the ground ( Figure 3.3).   

 

Figure 3.3. Tool Placement Near Wall  

 

   

MICROPHONE 
LOCATIONS  
3 feet from tool on same 
lateral plane (Typical) 

TOOL 
Height: 30 inches 
 

BEHIND TOOL 

24 inches 

OPERATOR 
Offset 15 º from azimuth 
Height: 48 inches 

FRONT OF TOOL 

GROUND SURFACE 
(Reflective Plane) 

ABOVE 

3 Feet 
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Corner-of-Room Placement of Tool 

Measurements were taken in the corner of the same enclosed room, with each power tool 

positioned at three feet from the intersecting wall surfaces, as shown in Figure 3.4.  The tool was 

positioned facing towards the corner, with its back facing outward and the operator facing the 

corner while holding the tool.    

 

 

 

Figure 3.4. Tool Placement at Corner of Room 

 

OPERATOR 
Offset 15 º from azimuth 
Height: 48 inches MICROPHONE 

LOCATIONS (Typical) 

BEHIND  
TOOL 

24 inches 

ABOVE 
TOOL 

FRONT OF  
TOOL 

GROUND SURFACE 
(Reflective Plane) 

 3 feet from Tool on  
Same Lateral Plane 

TOOL 
Height: 30 inches 
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Tool Placement Around the Corner 

The tools were positioned on one side of a concrete masonry wall in the same enclosed 

room as described in the other scenarios.  The microphone of the sound meter was placed on the 

opposite side of the wall in order to determine the sound level for a worker standing just around 

the corner from the tool operator ( Figure 3.5). A single decibel reading was taken at a height of 

five feet from the ground and set back two feet from the end of the wall.   

 

Figure 3.5.  Tool Placed Around the Corner from Microphone 

BEHIND TOOL 

OPERATOR / MICROPHONE 
LOCATION 
Height: 60 inches 

 3 feet (Typical: Lateral Plane) 

TOOL 
Height: 30 inches 
 

GROUND SURFACE 
(Reflective Plane) 

FRONT OF TOOL 

44 inches 

12 in. 

24 inches 

36 inches 

Wall  
Width: 8 in. 
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Noise Levels at a Distance (indoors) 

For the indoor environment, the tool being tested was placed as in the Center-of-Room scenario.  

While readings were taken at four radial points for each distance, only the highest noise reading 

was recorded for each distance from the tool, beginning at three feet, then four feet, six feet, and 

ending at eight feet ( Figure 3.6).  Moving around the tool at each of the four lateral locations, as 

in the other scenarios, the highest noise level was recorded.  A total of four readings per tool 

were recorded.   

  

 

Figure 3.6.  Noise Levels at a Distance  

BEHIND 
TOOL 

SYMBOLS REPRESENT 
MEASUREMENT LOCATIONS 
(Typical) 

ABOVE 
TOOL 

GROUND SURFACE 
(Reflective Plane) 

Distance: 8 feet 

Distance: 3 feet 

Distance: 4 feet 

Distance: 6 feet 

TOOL 
Height: 30 inches 
 

FRONT OF 
TOOL 
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Two Tools in Combination  

From the sample of 18 tools, the following combinations of tools were positioned as in the 

Center-of-Room scenario and placed side-by-side, one-inch from each other: 

• Black and Decker Circular Saw  combined with  Sears Craftsman Belt Sander 

• Husky Wet Tile Saw   combined with  Black & Decker Circular Saw 

• Husky Wet Tile Saw  combined with  Sears Craftsman Belt Sander 

• Ryobi Detail Carver   combined with  Sears Craftsman Die Grinder 

 

As in the Center-of-Room scenario, five measurements were taken - first around each tool 

individually, then around the tool combination.  A sixth measurement was taken at the midpoint 

between the two tools to measure the highest combined noise level. 

Noise Levels at a Distance (outdoors) 

Similar to the indoor situation, only the maximum noise levels were recorded at each 

distance, starting with 10 feet from the tool and moving away in 10- foot increments to the last 

measurements taken at 60 feet.  Because of the proximity of city traffic, the outdoor ambient 

noise levels ranged from 48 to 55 dBA before turning on the tools. There were no objects 

(structures, barriers, etc.) within the 60-foot measurement area; however, there were buildings at 

a distance of 78 feet.  The ground surface was a concrete slab of unequal dimensions at least 10 

feet wide.   

Limitations of Research  

The measurements were taken under the above conditions and at certain distances from 

objects to indicate the possible ranges of decibel levels for commonly-found jobsite conditions.  

There are many more conditions in which workers are exposed, however, and operators can be 

found at distances closer or further from their tools as they are using them.  Room characteristics 
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can vary widely, as well.  If there are objects in the room close by, or the room dimensions are 

different than what was used in this study, the decibel level would be affected.  Also, having a 

roof or no roof overhead would make a difference in the readings.  In this study, two persons 

were used to ensure the accuracy and safety of the process.  These persons represent objects in 

the room, and while they were positioned in such a way as to minimize obstructing or reflecting 

sound, their presence near the tools probably affected the readings. 
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CHAPTER 4 
RESULTS  

In all, 496 noise readings were taken to conduct the research contained herein (between 17 

and 42 readings per tool), and all of the data are presented in Appendix B.     

NOISE LEVELMEASUREMENTS
 HIGHEST AND LOWEST READINGS
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. Figure 4.1   Noise Level Measurements for Selected Power Tools in their Unloaded Condition 
(except as noted). 

  

 

 

85

115

Loaded Condition 
Maximum readings taken at the tool’s outer casing.  Minimum readings taken at a distance of three to six feet from outer casing 
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As noted in Chapter 3, prolonged exposure to 8-hour days of as low as 82 decibels can lead 

to permanent hearing loss, and brief exposure to levels exceeding 115 decibels can cause 

immediate and permanent damage.  OSHA standards allow U.S. workers up to 85 dBA of 

exposure per day and construction workers up to 90 dBA, while European standards are set at 85 

dBA for all types of workers.  The point of reiterating these limits is that all of the 18 power 

tools measured in this study gave at least two noise readings in excess of 90 dBA, depending on 

the conditions under which they were operating.  Some of the tools registered above 90 dBA in 

the majority of their readings.  With a minimum of 17 indoor readings per tool, the following 

tools indicated no noise readings of less than 90 dBA, except on the opposite side of a concrete 

wall in the Around-the-Corner scenario: 

(1) Hammerdrill  (2) Circular Saw  (3) Cordless Reciprocating Saw 

(4) Router   (5) Wet Tile Saw  (6) Planer 

(7) Corded Handsaw (8) Corded Drill  (9) Sander/Grinder 

(10)Belt Sander  (11) Finishing Sander   (12)Corded Jigsaw 

(13)Cordless Jigsaw   

The belt sander, circular saw, and wet tile saw were measured a total of 35 times, and none 

of their indoor readings were under 93 dBA, except for the readings on the opposite side of the 

wall (which were still high at over 88 dBA).    By far, the noisiest power tool measured was the 

belt sander, with a range of indoor measurements of 91-116 dBA.  Even locating the sound meter 

pickup on the opposite side of a concrete wall, under the Around-the-Corner scenario, the noise 

level was over 90 dBA.   

The cordless power tools (reciprocating saw, drill, jigsaw) were less noisy than their 

corded counterparts, by between 1 and 10 dBA, but this difference could be the result of 

differences in power strength and/or brand of tool.  For example, the corded Sears drill was 
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noisier than the DeWalt 36 Volt cordless Drill by 2-9 dBA, and the DeWalt 36V was noisier than 

the 18 Volt Ryobi cordless drill by 2-7dBA.  Each is less powerful than the other, which is a 

possibility that explains the noise differences.   

Wide Range of Noise Levels 

The data indicate a wide range of noise levels for each tool.  Figures 4.2 and 4.3 provide 

examples of these ranges, using the data from the circular saw and belt sander at each of the 

seven measurement positions, four of the scenarios (Center-of-Room, Near-a-Wall, In-the-

Corner, Around-the-Corner), and under loaded and unloaded conditions. 

CIRCULAR SAW

85

90

95

100

105

110

115

dB
A

Center of Room 96.1 95 97.1 95.7 96.7 110.6

Near a Wall 95.9 95.6 95.6 94.8 95.7

In the Corner 96.8 98.2 96.3 95.5 99.4

Around the Corner 88.2

Loaded: Normal B lade 101.4 112.1

Loaded: Worn Blade 107.2 114.5

1 2 3 4 5 6 7

 

Figure 4.2   Noise Measurements for Black and Decker Circular Saw 
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BELT  SANDER

85.0

90.0

95.0

100.0

105.0

110.0

115.0
dB

A

Center of Room 98.4 99.1 98.0 98.0 99.9 113.6

Near a Wall 98.3 98.0 98.8 97.7 99.4

Corner of Room 99.6 100.2 98.5 98.5 100.4

Around the Corner 90.8

Loaded: Sanding a 2x4 Wood
Stud

101.4 116.1

1 2 3 4 5 6 7

 
Figure 4.3   Noise Measurements for Sears 3” Belt Sander 

The data indicate that for every power tool studied, there is no one decibel level reading 

that could provide an accurate measure of the noise emanating from the tool.  It is important to 

remember, when reading and comparing decibel levels given in this chapter, that every 3 dBA 

difference represents a doubling/halving of noise, since the rate of increase/decrease in sound is 

exponential as it rises or falls.     

Comparing Positions 

Figures 4.2 and 4.3 also provide examples for comparing noise levels of each of the seven 

positions measured.  To assist the reader in referring to the various positions, Figure 4.5 is 

provided below.  When standing behind the tool, while holding it in front and looking forward:         

• Position 1 was located directly right of the tool three feet away; 
• Position 2 was located directly in front of the tool three feet away; 
• Position 3 was located directly left of the tool three feet away; 
• Position 4 was located directly behind the tool three feet away; 
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• Position 5 was located above and about 15 degrees from azimuth behind the tool,  at a 
distance of two feet from the tool; 

• Position 6 was located at a distance of within one-half inch of the tool’s outer casing at the 
point around the tool that registered the maximum noise level; and  

• Position 7 was used exclusively for the Around-the-Corner measurement scenario, located 
on the opposite side of a concrete wall as per figure 2.5. 

 
 

 

Figure 4.4  Illustration of Various Positions for All Noise Measurements 

There is a clear difference in noise levels depending on the position of the worker vis-à-vis the 

tool.   The following tables were taken from the noise measurement data and confirm this 

finding.   

Using only the noise measurements on the same lateral plane (Positions 1 through 4) around each 

tool, an average noise level was computed ( Table 4.1).  Then, the difference between the tool’s 

position measurement was compared with this average value.  Finally, the collective differences 

were averaged for each position. 

TOOL 

ABOVE 

GROUND SURFACE 
(Reflective Plane) 

POSITION 2 

POSITION 1 

POSITION 4 

POSITION 5 

POSITION 6 

BEHIND TOOL 

FRONT OF TOOL 

Distance: 3 feet (typ.) 

(Simulating the Operator’s 
Ear above tool at a distance 
of 2 feet) 

POSITION 3 
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Table 4.1  Average Noise Measurements on Lateral Plane – Positions 1 to 4 
(taken from Center-of-Room data) 

  Carver Planer Grinder Sander 
Belt 

Sand. 
Finish 
Sand 

Cord 
Jigsaw 

18V 
Jigsaw 18V Sawzal 

Position 1 69.9 95.9 82.4 103.8 98.4 92.1 96.3 95.6 92.8 
Position 2 70.0 95.7 82.9 102.5 99.1 93.1 95.8 94.1 92.4 
Position 3 69.9 96.2 84.2 102.9 98.0 93.6 96.1 94.9 93.0 
Position 4 67.5 96.2 83.5 103.2 98.0 93.2 95.8 94.4 91.6 
AVERAGES 69.3 96.0 83.3 103.1 98.4 93.0 96.0 94.8 92.5 

 

  
Cord 

Sawzal 
Tile 
Saw 

Circ. 
Saw Handsaw Router 

18V 
Drill 

36V 
Drill 

Cord 
Drill Hammerdrill 

AVERAGE 
FOR ALL 
TOOLS 

Position 1 91.0 96.7 96.1 97.2 94.5 75.6 83.0 92.1 95.4 91.6 
Position 2 88.9 95.8 95.0 96.3 94.3 75.7 82.8 91.3 95.7 91.2 
Position 3 90.5 96.6 97.1 98.2 95.0 75.8 82.5 92.2 95.8 91.8 
Position 4 90.4 96.8 95.7 97.6 94.7 75.2 82.6 92.0 96.0 91.4 
AVERAGES 90.2 96.5 96.0 97.3 94.6 75.6 82.7 91.9 95.7  

 
Table 4.2  Differences Between Each Position Reading and the Average for the Tool 

  Carver Planer Grinder Sander 
Belt 

Sand. 
Finish 
Sand 

Cord 
Jigsaw 

18V 
Jigsaw 

18V 
Sawzal 

Position 1 0.575 -0.1 -0.85 0.7 0.025 -0.9 0.3 0.85 0.35 
Position 2 0.675 -0.3 -0.35 -0.6 0.725 0.1 -0.2 -0.65 -0.05 
Position 3 0.575 0.2 0.95 -0.2 -0.375 0.6 0.1 0.15 0.55 
Position 4 -1.825 0.2 0.25 0.1 -0.375 0.2 -0.2 -0.35 -0.85 

 

  
Cord 

Sawzal 
Tile 
Saw 

Circ. 
Saw Handsaw Router 

18V 
Drill 

36V 
Drill 

Cord 
Drill Hammerdrill 

AVERAGE 
DIFFERENCE 

FOR ALL TOOLS 
Position 1 0.8 0.225 0.125 -0.125 -0.125 0.025 0.275 0.2 -0.325 0.11 
Position 2 -1.3 -0.675 -0.975 -1.025 -0.325 0.125 0.075 -0.6 -0.025 -0.30 
Position 3 0.3 0.125 1.125 0.875 0.375 0.225 -0.225 0.3 0.075 0.32 
Position 4 0.2 0.325 -0.275 0.275 0.075 -0.375 -0.125 0.1 0.275 -0.13 
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Comparing each position, the last column of Table 4.2 indicates that noise levels for Positions 2 

(in front of the tool) and 4 (directly behind the tool) were lower than the other positions.  

Position 3 (to the left of the tool) was clearly the noisiest of the lateral positions.  In fact, there 

was a variance of 0.62 dBA (or 21% noise difference) between these lowest and highest 

positions.  The noise level readings of four of the tools were not consistent with these findings: 

sander/grinder, belt sander, finishing sander, and the hammerdrill.  

Besides Position 6, taken at the noisiest part of the tool’s outer casing, Position 5 data 

indicate that it was noisier than Positions 1-4.  Position 5 approximates the typical location of the 

worker’s head when operating a power tool, behind and about two feet above the tool.  Had 

Position 5 been three feet away like the other positions, instead of two feet, Position 5 may not 

have been noisier than Positions 1-4.  Therefore, no conclusions can be drawn from Position 5’s 

apparently noisier readings, other than to say that the positioning of the worker’s head is very 

important in determining the range of possible noise levels while operating power tools.    

Table 4.3  Positions 5 and 6 Measurements (taken from Center-of-Room data) 

  Carver Planer Grinder Sander 
Belt 

Sand. 
Finish 
Sand 

Cord 
Jigsaw 

18V 
Jigsaw 

18V 
Sawzal 

Position 5 69.7 94.8 83.8 103.6 99.9 93.9 96.4 95.8 93.2 

Position 6 88.7 111.3 100.7 110.8 113.6 104.2 108.8 106.7 102.9 
 

  
Cord 

Sawzal 
Tile 
Saw 

Circ. 
Saw Handsaw Router 

18V 
Drill 

36V 
Drill 

Cord 
Drill Hammerdrill 

AVERAGE 
FOR ALL 
TOOLS 

Position 5 90.1 98.2 96.7 97.4 96.7 78.2 82.2 91.5 95.2 92.1 

Position 6 103.6 111.2 110.6 112.5 105.7 94.1 96.4 103.9 113.6 105.5 
 
Position 6 (at the casing) was by far the noisiest position, as one would expect.  For all but 

three of the tools, the Position 6 readings were at extremely dangerous levels in excess of 105 
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dBA.  Oftentimes, workers operate in tight places or desire a closer view of their work, thus they 

place their head very close to the tool.  Consequently, Position 6 data are important in 

considering the “worst-case scenario” of placing one’s ear too close to the tool.   

Loaded vs. Unloaded Conditions 

In the Center-of-Room scenario, a select number of the tools were measured in loaded 

conditions, operating in cutting mode on wood or tile material with new and worn blades to 

compare noise level differences.  The detail carver, belt sander, wet tile saw, and circular saw 

were all tested under loaded conditions.  Consistently, noise level measurements were 

significantly higher under load due to the cutting of material and/or the type or condition of the 

blade.  Referring to Figures 4.2 and 4.3 for the circular saw and belt sander, respectively, 

operating under load resulted in at least a 50% increase in noise.  In addition, a worn blade, 

instead of a normal condition blade, on the circular saw had the dramatic effect of increasing the 

decibel level by 5.8 dBA.  Both the circular saw and belt sander were operating on a Southern 

Pine 2x4 wood stud.  Operating the belt sander in loaded condition increased the Position 5 noise 

reading by 1.5 dBA, and using the circular saw (with a normal condition blade) to cut the wood 

stud increased the measurement by 4.7 dBA.  Using the wet tile saw to cut an 18” porcelain floor 

tile caused the Position 5 noise reading to greatly increase by 8 dBA, from 98.2 dBA (unloaded) 

to 106.2 dBA (loaded).  The Position 6 reading (loaded) was 117.5 dBA, the highest noise level 

of any of the tools measured.   

Effect of Different Work Scenarios on Measurements 

Corner-of-Room 

 Only in this scenario did Position 2 (which along with Position 4 was the least noisy 

position in the other scenarios) show the highest noise levels of any of the lateral positions.  This 

was due to the positioning of the tool, with its front pointing directly into the corner of the two 
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intersecting walls.  As a result of bouncing sound waves off these walls, Position 2 recorded 

levels far higher than Positions 1-4 of other scenarios, ranging between 1.6 and 3.7 dBA higher 

when comparing average noise levels for each position ( Appendix B).  The greatest difference 

was between Position 2 of this scenario and the same Position 2 recorded in the Center-of-Room.    

Comparing Position 5 (Corner-of-Room) to Position 5 (Center-of-Room) resulted in a 0.9 dBA 

(i.e. 30% higher noise level) from the Corner-of-Room scenario.   

Near-a-Wall 

Surprisingly, noise levels from this scenario were not higher, on average, than those 

recorded in the Center-of-Room.  ( Appendix B for measurement data for this scenario). 

Around-the-Corner 

Comparing the noise measurement data for this scenario with the measurements from 

Position 5 (a comparable location) of the Center-of-Room scenario, there was a loss of 11.3 dBA 

(i.e. 93% drop in noise) because of the tool being placed on the opposite side of a wall at a 

relative distance of five feet away.  The distance probably explains about 2-3 dBA of the drop, if 

one considers the decrease in decibels found in the At-a-Distance measurements.  That would 

leave about 8-9 dBA of the drop to be explained by the wall’s presence and its material 

composition, which in this case was concrete. 

Two Tools in Combination 

It was surprising to discover that two tools operating in combination produced a sound 

level that exceeded the noisiest of the two tools, by as much as 3 dBA ( Table 4.5).   

Theoretically, when two noise sources are combined, the sound energy is additive and can 

be expressed by the formula:  L = 10 x log10 (L1 / 1010  +  L2 / 1010  +  L3 / 1010   +  ….).      

For example, if a sound source of 80 dB was combined with a sound source of 85dB, the 
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resulting sound pressure level would be: 10 x log10 (108  +  108.5) = 86.2dB.  The difference of 

5dB, when combined in this case, would theoretically add 1.2dB to the highest sound source.   

Table 4.4 was produced from data provided by the 1980 Geneva World Health Organization’s 

Environmental Health Criteria Report, giving the calculated decibel level combinations for 

various sound differences between two sources. 

Table 4.4   Theoretical Increase in Sound Levels When Combining Two Sound Sources 
Difference Between Higher and 

Lower Intensity Sound Source 

(dB) 

dB to Add to Higher Intensity Sound 

Source To Arrive at Combined 

Intensity Level 

0.0 3.0 

1.0 2.5 

2.0 2.0 

5.0 1.2 

10.0 0.5 
 

 Not all of the position readings for the power tools run in combination produced a net 

increase in noise that precisely matched the formula calculations; however, most observed 

increases were close to the calculated value.  For example, the wet tile saw and circular saw 

combination produced an observed reading of 98.5 dBA in Position 1, a difference of 2.1 dBA 

when compared to the wet tile saw (the loudest of the pair) operating alone.  This observation is 

consistent with the calculated theoretical difference (from the formula above) of 2.2 dB.  

Combining the circular saw and belt sander produced (as an average of all six position readings), 

a 0.90 dBA increase in noise level over the belt sander, the noisiest of the two.  This increase is 

also close to the theoretical increase of 1.1 dB, using the formula calculation.  It is interesting to 

note that both the formula and the observed readings confirm that the greater the difference 

between the two tools’ noise levels, the smaller the increase in the combined noise level.  
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Table 4.5  Noise Measurements for Two Tools in Combination 
 

TOOL 
COMBINATION 

POSITION 
1 POSITION 2 POSITION 

3 POSITION 4 POSITION 
5 

 
POSITION 

6 1 

Circular Saw 
Black & Decker 
7390 -separately 

94.7 96.1 95.3 95.3 95.5 106.4 

Belt Sander 
Sears 315.11721 

-separately 
100.2 98.1 100.5 100.4 100.5 112.6 1 

COMBINATION 100.6 100.9 100.7 102.0 102.2 111.3 
(at midpoint) 

Circular Saw 
Black & Decker 
7390 
-separately 

94.7 96.1 95.3 95.3 95.5 106.4 

Wet Tile Saw 
Husky THD950L  
-separately 

96.4 97.3 96.1 95.2 97.9 112.1 
2 

COMBINATION 98.5 98.2 98.2 99.4 101.6 102.6 
(at midpoint) 

Belt Sander 
Sears 315.11721 

-separately 
100.2 98.1 100.5 100.4 100.5 112.6 

Wet Tile Saw 
Husky THD950L 

-separately 
96.4 97.3 96.1 95.2 97.9 

 112.1 3 

COMBINATION 100.7 101.4 100.7 100.3 102.1 
 

105.4 
(at midpoint) 

Detail Carver 
Ryobi DC500 
-separately 

71.7 70.6 71.3 70.0 73.6 
 93.6 

Die Grinder 
Sears 315.27440 

-separately 
82.2 82.3 83.2 83.2 84.6 

 96.6 4 

COMBINATION 82.7 83.1 83.9 83.4 84.0 
 97.5 
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Effect of Distance on Noise Level 

Figures 4.4 and 4.6 point to a reducing rate of reduction in noise levels as the readings are 

taken further from the source.  For example, the difference in readings between Position 6, at the 

source, and Position 5 two feet away from the source is larger than the difference between 

Position 5 (two feet away) and Positions 1-4 (three feet away).  These observations confirm the 

inverse-square law of physics which indicates a more rapid dispersion of sound waves in the first 

few feet than in each incremental foot thereafter.  According to the law, outdoor sound pressure 

wave levels drop by half  as the distance from the source doubles (this law is not applicable 

indoors because of reverberations of walls and from objects). The acoustical inverse-square is  

dBdistance 2 = dBdistance 1  x  distance1   x   1/distance2.    This linear formula only applies over 

moderate distances, however.   As the distance away from the source is increased further, the rate 

of noise reduction diminishes, as demonstrated by the observed measurements shown in Figure 

4.5.  Over long distances the noise level reduction is logarithmic and is expressed by the formula:   

dBdistance 2 =  20 x log10 (distance1 /  distance2). 

The measurements in Figure 4.6 generally conform to the theoretical line drawn from the 

formula calculations up to about 30 feet.  For example, the tools dropped, on average, 3.2 dBA as 

the distance increased from 20 to 30 feet.  According to the formula, the drop in sound intensity 

should have been 20 x log10 (20feet/30feet) = 3.52 dB.  As the distance got beyond 30 feet, most 

of the observed noise levels deviated from the theoretical line, probably because of interference 

from the varying levels of outdoor ambient noise and because the measurements were taken in 

dBA instead of dB.  However, nearly all of the measurements for each tool illustrated the 

formula’s logarithmic relationship between noise level and distance. 
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Figure 4.5  Change in Noise Reduction (Indoors) 

 

 

Figure 4.6  Change in Noise Reduction (Outdoors) 



 

50 

CHAPTER 5 
DISCUSSION  

The results of this study are consistent, in most aspects, and go beyond prior research in 

this area of power tool noise.  Like past studies, this study found indications that the Corner-of-

Room scenario produced higher noise levels when compared to Center-of-Room readings.  This 

study also found evidence to confirm that noise levels behind the tool were lower than some 

other locations, although it disagreed that noise is lowest behind the tool (the least noisy location 

was found to be in front of the tool, except in the Corner-of-Room scenario).  It also confirmed 

that the position of the operator is crucial in affecting the received decibel level, and that tools 

emanate dramatic fluctuations in noise rather than a narrow range.  Finally, this study confirmed 

that power tool noise drops off quicker outdoors than it does indoors. 

The tendency in prior efforts to measure power tool noise levels was to focus on the 

science and accuracy of measuring sound in the environment that is most conducive to sound 

measurement – an anechoic sound chamber.  However, this misses the point of measuring power 

tool noise.  The objective is to ensure the preservation of the construction worker’s hearing; 

therefore, noise measurements need to be both practical and scientific.  This study has attempted 

to determine the most appropriate answer to the question a construction worker might ask, “For 

the most common situations I encounter in daily work, what is the noise level my ears will 

receive from my power tools?”  When this answer is known, the workers can best determine the 

needed noise reduction rating for their hearing protection. 

Determinants of Power Tool Noise Levels 

Distance 

Sound disburses rapidly and noise drops precipitously in the first two feet away from the 

outer casing of tools, so workers must keep their heads outside this distance range while 
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operating their power tools.  In this study, Position 5 (simulating the position of the construction 

worker’s head at two feet above the tool) was on average 0.6 dBA higher (20% noisier) than the 

average of Positions 1-4, at three feet away.   Outdoors, noise reverberates off other objects 

much less, and this study found that, for all tools tested, noise drops to below the harmful 85 

dBA level within the first 10 feet. 

Environment 

This study’s Two-Tools-in-Combination scenario showed that two tools operating close to 

each other act in combination to produce a noise level that is, on average, 1.3 dBA higher (44% 

noisier) than the noisiest tool’s decibel level.  Operating indoors produces more sound pressure 

from sound waves bouncing off walls and objects, thereby resulting in less loss of sound as one 

moves away from the tool.   

Location of Tool 

If the tool is placed in a corner of two intersecting solid walls, it is likely to produce higher 

noise levels than if it were in the middle of a room or near just one wall.  If a person is working 

on the opposite side of a wall from a power tool but within about five feet, they are not likely to 

need hearing protection since the results of this study indicated that the wall and distance 

reduced the noise to an average 81 dBA.  However, if there were multiple tools operating on the 

opposite side of the wall, especially if the tools consisted of any combination of belt sander, wet 

tile saw, circular saw, handsaw, or router, the noise level would probably be high enough to 

necessitate hearing protection.   

Position of Operator 

 It is not surprising that the closer one is to the noise source, the louder the sound is going 

to be.  What is important to note, however, is the severity level of the noise as an operator gets 

within close range of the tool. Table 5.1 indicates that as the operator moves in from three feet 
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away to approximately two feet away from the tool at Position 5, the noise increases by 25% on 

average.  However, if the operator moves closer to the tool, the intensity of the noise increases 

exponentially, as indicated by a nearly five-fold increase in noise hitting the ear if the worker’s 

head gets next to the tool’s casing.  This is what the operator has to avoid at all times, because 

the noise levels next to the casing in this study ranged from 112-118 dBA for the loaded tests.   

Table 5.1  Comparison of Noise Levels Within First Three Feet of Tool 

(dBA) 

Position 6 
(at tool’s 

outer 
casing) 

Position 5 
(approximately 
2 feet from tool)

Difference 
in Noise 

Level 

At-a- 
Distance (3 
feet from 

tool) 

Difference 
in Noise 
Level* 

Detail Carver 88.7 69.7 -19.0 69.9 0.2 
Planer 111.3 94.8 -16.5 96.2 1.4 

Die Grinder 100.7 83.8 -16.9 84.2 0.4 
Belt Sander 113.6 99.9 -13.7 98.0 -1.9 

Finishing Sander 104.2 93.9 -10.3 93.6 -0.3 
Reciprocating Saw 103.6 90.1 -13.5 90.5 0.4 

Wet Tile Saw 111.2 98.2 -13.0 96.8 -1.4 
Circular Saw 110.6 96.7 -13.9 97.1 0.4 

Handsaw 112.5 97.4 -15.1 98.2 0.8 
Router 105.7 96.7 -9.0 95.0 -1.7 

Cordless Drill 96.4 82.2 -14.2 75.8 -6.4 
AVERAGE DROP 
IN NOISE LEVEL   -14.1  -0.7 

CHANGE IN 
NOISE   -470%  -25% 

* Some tools actually increased instead of decreasing (as expected) in noise level from Position 5 (at 2 feet) to the 
other positions 3 feet away.  The reason is that some tools transmit more sound intensity above their casings 
(towards the operator’s ear at Position 5) than they do horizontally.  As a result, comparing Position 5, which is 2 
feet away but above the tool and not on the same lateral plane, with the other positions three feet away but to the 
side of the tool, gives a false impression that noise is increasing as the distance increases.   

 
Loaded vs. Unloaded 

 The limited testing under loaded conditions in this study revealed a dramatic increase in 

noise from a tool operating under load versus one that is free-spinning (not loaded).  More 

testing should be done in this area because loaded conditions provide a more practical condition 

under which workers operate.     
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Comparing This Study’s Results with NIOSH Ratings 

.The wide range of noise levels found for each tool under consideration confirms that 

OSHA standards can easily be violated even when a power tool’s NIOSH rating indicates a noise 

level below 90 dBA.  Appendix A summarizes the recent noise level ratings provided by 

NIOSH, which measured over 130 power tools in a sound chamber and provided a single decibel 

level for each tool in an attempt to give the construction industry a way to compare brands and 

make it possible to “Buy Quiet” to reduce hearing loss.  

The September, 2006 NIOSH tables recommend that hearing protection be worn by 

workers whenever operating tools that produce a sound pressure level above 85 dBA.  Many of 

their tools, including drills, grinders, circular saws, jigsaws, and orbital sanders, were assigned a 

single decibel rating of less than 85 dBA, thus being identified as being safe to use without 

hearing protection.  For example, their Makita 5277NB circular saw shows the lowest reading of 

any of the 28 circular saws, at 83 dBA.  The Porter Cable circular saw shows the highest sound 

level of 103 dBA’s.  Is the Makita, therefore, safe to use without hearing protection?        

Comparing the NIOSH information to the results of this thesis leads to the conclusion 

that the government ratings may be misleading to those who think they are “buying quiet” based 

on the tool’s below 85 dBA rating.  To arrive at their single value, NIOSH used multiple sound 

level readings measured in an ANSI S12.15 approved sound chamber.  While their sound 

chamber measurements are probably more accurate than the measurements taken for this 

research , the NIOSH measurements may be misleading.  Their numbers may be precise, but 

NIOSH merely used an averaging process to assign a single noise level for each tool, without 

accounting for working conditions, loading conditions, and distance from the worker’s ear to the 

tool casing.  
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CHAPTER 6 
CONCLUSION AND RECOMMENDATIONS 

This thesis found that there is a wide range of possible noise levels for each power tool.  

For instance, the Black and Decker circular saw had an enormous range of 20 dBA’s, with the 

highest reading of 115 dBA’s felt if the worker was close to the saw’s outer casing and used a 

worn wood blade to cut a Southern Pine 2x4 stud.  The lowest reading (95 dBA) was felt if the 

worker merely ran the saw without cutting anything and was located behind the tool. Therefore, 

it is possible that the Makita circular saw measured at below 85 dBA by NIOSH would emanate 

in excess of 90 or even 95 dBA’s under common conditions found on a construction worksite.  It 

is possible and even likely that all power tools violate OSHA noise limits under certain situations 

and loading conditions.  

NIOSH rated two of the identical model tools (identical manufacturer and model number) 

measured in this thesis: the Bosch 1199VSR hammerdrill and the Milwaukee 6509 corded 

reciprocating saw.  It assigned a single decibel rating of 103 dBA’s to the hammerdrill, placing it 

fourth highest among the ten hammerdrills tested.  This falls within the range of 92-114 dBA’s 

found in this thesis, with a range of 92-97 in Positions1-5, depending on the scenario, and 114 

dBA found at the tool’s outer casing.  

NIOSH rated the Milwaukee reciprocating saw at a sound pressure level of 90 dBA, 

making it the “quietest” of the seven reciprocating saws they tested.  This thesis found the same 

saw to have a range of 15 dBA, from 89-104 dBA.  The Position 1-5 readings ranged from 89-97 

dBA, depending on the scenario, and 104 dBA at the tool’s outer casing. This tool may be less 

noisy than other reciprocating saws, but the single rating of 90 dBA severely underestimates the 

projected noise under Position 1 of the Center-of-Room and Near-a-Wall scenarios as well as all 

positions except directly behind the tool in the Corner-of-Room scenario.  These specific study 



 

55 

comparisons clearly demonstrate how misleading a single noise level rating can be and why it is 

important for workers to know the ways in which they can minimize the decibel level or 

understand the conditions under which they need greater hearing protection.  

It is recommended that more sound level testing be conducted on power tools to widen the 

array of tools measured, as well as expand the discoveries of this study in the areas of: 

• Loaded versus unloaded conditions 

• Effects of different cutting blade designs on noise and how new designs might lower noise 
levels; 

• Effects of the wear conditions of cutting blades on noise levels; 

• Further combinations of tools and the effects of combining multiple scenarios, such as a 
Corner-of-Room situation with multiple tools being operated in close proximity;  

• Effects of different materials used in constructing nearby walls, floors, and ceilings on the 
noise levels measured under the different scenarios; 

• Comparing decibel levels received at the tool operator’s right versus left ear. 

• Comparing decibel levels surrounding a power tool at various locations within a building, 
where there are objects and walls potentially causing peaks in sound interference patterns 
that increase the noise received by the operator. 

It is also recommended that workers be made aware of the range of potential noise levels 

they can be exposed to while operating their power tools in various construction situations.  

Perhaps an awareness campaign including a simple one-page flyer, showing the range of decibels 

for various common power tools with illustrations of the most common situations encountered 

on the jobsite (e.g. Center-of-Room, Corner-of-Room, and Around-the-Corner) could be 

distributed to workers. 

Armed with data from this study and government agency studies,  pressure needs to be 

applied to power tool manufacturers (including their engineers and marketing executives) to 

insert sound deadening insulation in tool casings.  It is clear from this study that each tool has 
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unique features, in terms of the need for customized sound deadening depending on the side of 

the tool from which noise emanates.  Automobile engines and various fan motors have all 

become much quieter in recent years due to customer demands.  Likewise, purchasers need to 

insist on tools with absolute decibel ranges less than 90 dBA, not just the “relatively quiet” 

reciprocating saw whose decibel range is still dangerously high at 89-104 dBA.   Position 5, or 

behind and above the tool about two feet away, needs particular insulation focus, since this study 

found high readings particularly at that location  

There also needs to be developed an analytical tool, perhaps a computer simulation 

program, for evaluating the different conditions and scenarios in which construction workers 

operate power tools on the jobsite.  Ideally, decibel values would be measured for every 

incremental distance above, below and at angles to the tool, thereby encompassing all possible 

locations where the operator’s ear and the ears of nearby co-workers might be when the tool is 

being operated.  This three-dimensional “sphere” of noise values could be made available, as a 

standard specifications sheet for each power tool, thereby giving workers and their supervisors a 

comprehensive understanding of expected decibel levels given various conditions.  
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APPENDIX A 
NIOSH: SOUND LEVELS FOR POWER TOOLS  

The plots on the following charts indicate the A-weighted sound power level for tools 

measured by NIOSH in its laboratory, with the model number given for each manufacturer 

tested. NIOSH stated the purpose for providing the plots as follows: “Tools with a lower sound 

power level pose less of a noise hazard than tools with a higher sound power level.”  These data 

plot charts are provided as a courtesy of NIOSH. 
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APPENDIX B 
NOISE MEASUREMENT DATA 

The following tables provide all the noise measurements taken for each scenario described 

in chapter 2 of this thesis.   

. 

TYPE MANUFACTURER MODEL TYPE 
TECHNICAL  

SPECS. 

RATED SPEED 

(RPM) 

 
Sears Craftsman 

315.10042 
3/8” Chuck 

Corded 
 

2.5 Amp Variable Speed 
0-1200 RPM 

Drill/Driver 
 

Ryobi  P206 ½” Chuck 
Cordless 

 

18 Volt Variable Speed 
0-1300 RPM 

 
DeWalt DC900 ½” Chuck 

Cordless 
 

36 Volt Variable Speed 
0-1600 RPM 

Hammer Drill 
Bosch  1199VSR ½” / ¾” 

Chuck 
Corded 

 

8.5 Amp Variable Speed  
0-3000 RPM 

Circular Saw Black & Decker 7390 Type 
3 

7-1/4”  9 Amp Wood Blade 
150 Teeth 

Jig Saw Skil 4395 n/a Variable Orbit 
3.2 Amp 

Variable Speed 
0-3200 SPM 

 DeWalt DC330 Cordless 18 Volt Variable Speed 
0-3000 SPM 

Reciprocating 
Saw 

DeWalt DW938 Cordless 18 Volt Variable Speed 
0-2800 SPM 

 Milwaukee 6509 Corded 4 Amp Variable Speed 
0-2400 SPM 

 Black and Decker SC500 
Type 1 

Corded 3.4 Amp Variable Speed  
0-6500 SPM 

Sander Sears 
Grinder / Sander 

Craftsman 
315.115051

9” 2 HP 
13 Amp 

4600 RPM 

 Sears  
Belt Sander 

Craftsman 
315.11721 

3” 7 Amp Belt Size  
3” x 21” 

 Makita 
Finishing Sander 

B04550 n/a 1.6 Amp 14000 OPM 

Grinder Sears Craftsman 
315.27440 

n/a 2.5 Amp 26,500 RPM 

Wet Tile Saw Husky THD950L 7” Blade 8 Amp 7000 RPM 

Router Black and Decker 7616 Type 
1 

n/a 5 Amp 23000 RPM 

Planer Hitachi 370W Electric 3.4 Amp 15000 RPM 

Detail Carver 
Ryobi DC500  n/a 40 Watt 2-Speed 

10,400 / 12500 
SPM 
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TYPE MANUFACTURER MODEL PHOTO 

 

Sears Craftsman 
315.10042 

Drill/Driver 
 

Ryobi  P206 

 

DeWalt DC900 

Hammer Drill 

Bosch  1199VSR 

Circular Saw 

Black & Decker 7390 
 Type 3 

Jig Saw 

Skil 4395 
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Jig Saw 

DeWalt DC330 

 
 
 
 
 
 

Reciprocating 
Saw 

DeWalt DW938 

 

 

Milwaukee 6509 

 

 Black and Decker SC500 
Type 1 

 

 
 
 
 
 
 

      Sander 

Sears 
Grinder / Sander 

Craftsman 
315.115051

 

 

Sears  
Belt Sander 

Craftsman 
315.11721 

 

 

Makita 
Finishing Sander

B04550 
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Grinder 

Sears Craftsman 
315.27440 

 

Wet Tile Saw 

Husky THD950L 

 

Router 

Black and Decker 7616  
Type 1 

 

Planer 

Hitachi 370W 

 

Detail Carver 

Ryobi DC500  

 
 

All the tables that follow include noise measurement data for specific locations 

surrounding the power tools and are referred to as “positions”.  Use the diagram below as a key 

for where each position reading was taken.  When standing behind the tool, looking forward: 

• Position 1 was located directly right of the tool three feet; 
• Position 2 was located directly in front of the tool three feet; 
• Position 3 was located directly left of the tool three feet; 
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• Position 4 was located directly behind the tool three feet; 
• Position 5 was located above and approximately 15 degrees from azimuth behind the 

tool, at a distance of two feet from the tool; 
• Position 6 was located next to the tool’s outer casing at a point around the tool that 

indicated the maximum noise reading on the sound meter; and  
• Position 7 was used exclusively for the Around-the-Corner measurement scenario, 

located on the other side of a concrete wall as per figure 2.5. 
 

 

 

 

 

 

 

 

 

 

TOOL 

OPERATOR 

ABOVE 

GROUND SURFACE 
(Reflective Plane) 

POSITION 2 

POSITION 1 

POSITION 4 

POSITION 5 

POSITION 6 

BEHIND TOOL 

FRONT OF TOOL 

POSITION 3 

POSITION 7  
(around the corner) 
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TOOL POSITION 

1 
POSITION 

2 
POSITION 

3 
POSITION 

4 
POSITION 

5 
RANGE OF  

MEASUREMENTS 

1 Detail Carver 
Ryobi DC500 73.0 69.7 68.4 69.6 73.1 70-73  

2 Planer 
Hitachi F-20A 98.8 97.5 96.7 93.9 97.1 94-99  

3 Die Grinder 
Sears 315.27440 86.4 86.1 89.7 83.2 85.5 83-90  

4 Sander/Grinder 
Sears 315.115051 103.0 104.0 104.3 103.9 104.7 103-105  

5 Belt Sander 
Sears 315.11721 99.6 100.2 98.5 98.5 100.4 99-100  

6 Finishing Sander 
Makita B04550 93.7 94.1 93.7 92.4 95.7 92-96  

7 
Jigsaw 
Skil 4395 96.6 97.1 96.7 96.7 97.5 97-98  

8 Cordless Jigsaw  
DeWalt DC330 18V * 96.0 96.7 95.4 96.3 96.4 95-97  

9 Cordless Reciprocating Saw 
DeWalt DW938 18V * 94.9 93.6 93.4 93.2 95.4 93-95 

10 Reciprocating Saw 
Milwaukee 6509 91.3 91.1 90.4 89.4 91.5 89-92 

11 Wet Tile Saw 
Husky THD950L  98.6 97.5 96.3 96.8 97.7 96-99 

12 Circular Saw 
Black & Decker 7390  96.8 98.2 96.3 95.5 99.4 96-99 

13 Handsaw 
Black & Decker SC500  98.3 98.4 97.3 96.5 98.4 97-98 

14 Router 
Black & Decker 7616  95.6 95.7 95.6 94.1 96.9 94-97 

15 Cordless Drill 
Ryobi P206 18V * 76.2 76.7 75.5 75.8 76.6 76-77 

16 Cordless Drill 
DeWalt DC900 36V * 82.5 91.8 94.3 81.3 82.4 81-94 

17 Corded Drill 
Sears 315.10042  91.7 91.8 92.7 91.1 93.1 91-93 

18 Hammerdrill 
Bosch 1199VSR  96.6 96.8 96.3 96.6 96.4 96-97 

* Cordless tools batteries were approximately 75% charged.  

 

Corner of Room Noise Measurements (in decibels)  
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Near a Wall Noise Measurements (in decibels)   

 
TOOL POSITION 

1 
POSITION 

2 
POSITION 

3 
POSITION 

4 
POSITION 

5 
RANGE OF  

MEASUREMENTS 

1 Detail Carver 
Ryobi DC500 70.1 67.3 67.2 69.8 70.6 67-71 

2 Planer 
Hitachi F-20A 94.8 94.2 94.9 96.3 96.5 94-97 

3 Die Grinder 
Sears 315.27440 82.9 81.7 82.2 82.9 84.1 82-86 

4 Sander/Grinder 
Sears 315.115051 100.6 98.7 101.0 98.9 100.4 99-101 

5 Belt Sander 
Sears 315.11721 98.3 98.0 98.8 97.7 99.4 98-99 

6 Finishing Sander 
Makita B04550 92.5 90.6 91.1 89.7 95.4 90-95 

7 
Jigsaw 
Skil 4395 92.9 92.4 93.3 93.3 92.5 92-93 

8 Cordless Jigsaw  
DeWalt DC330 18V * 92.6 91.9 92.8 92.0 92.0 92-93 

9 Cordless Reciprocating Saw 
DeWalt DW938 18V * 92.6 92.2 92.1 92.3 92.6 92-93 

10 Reciprocating Saw 
Milwaukee 6509 90.7 89.8 89.4 89.6 90.2 89-91 

11 Wet Tile Saw 
Husky THD950L  97.6 95.9 97.3 97.1 98.2 96-98 

12 Circular Saw 
Black & Decker 7390  95.9 95.6 95.6 94.8 95.7 95-96 

13 Handsaw 
Black & Decker SC500  97.8 96.7 96.5 96.3 97.5 96-98 

14 Router 
Black & Decker 7616  96.3 93.9 93.9 94.6 97.1 94-97 

15 Cordless Drill 
Ryobi P206 18V * 75.3 72.4 73.0 73.5 76.3 72-76 

16 Cordless Drill 
DeWalt DC900 36V * 77.8 77.0 77.8 77.3 78.5 77-79 

17 Corded Drill 
Sears 315.10042  87.3 88.5 88.1 88.0 88.1 87-89 

18 Hammerdrill 
Bosch 1199VSR  93.8 92.5 93.5 92.4 93.1 92-94 
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Center of the Room Measurements (in decibels)  

 

TOOL POSITION 
1 

POSITION 
2 

POSITION 
3 

POSITION 
4 

POSITION 
5 

POSITION 
6 5 

(Max.) 

RANGE OF  
MEASURE
MENTS 

1 Detail Carver 
Ryobi DC500 

 
L:  85.7 
U: 69.9 

 
L:  86.8 
U: 70.0 

 
L: 88.9 
U:69.9 

 
L: 87.3 
U: 67.5 

 
L: 93.4 
U: 69.7 

 
 
U: 88.7 

 
L: 86-93 
U: 68-89

2 Planer 
Hitachi F-20A 95.9 95.7 96.2 96.2 94.8 111.3 95-111 

3 Die Grinder 
Sears 315.27440 82.4 82.9 84.2 83.5 83.8 100.7 82-101 

4 Sander/Grinder 
Sears 315.115051 103.8 102.5 102.9 103.2 103.6 110.8 103-111 

5 

Belt Sander 
Sears 315.11721 
 
Loaded: 4 

Sanding wood stud 

 
98.4 
 
 

 
99.1 

 
98.0 

 
98.0 

 
U: 99.9 
 
L: 101.4 

 
U: 113.6 
 
L: 116.1 

 
U:98-114 
 
 

6 Finishing Sander 
Makita B04550 92.1 93.1 93.6 93.2 93.9 104.2 92-104 

7 Jigsaw 
Skil 4395 96.3 95.8 96.1 95.8 96.4 108.8 96-109 

8 Cordless Jigsaw  
DeWalt DC330 18V 1 95.6 94.1 94.9 94.4 95.8 106.7 94-107 

9 Cordless 
Reciprocating Saw 92.8 92.4 93.0 91.6 93.2 102.9 92-103 

10 Reciprocating Saw 
Milwaukee 6509 91.0 88.9 90.5 90.4 90.1 103.6 89-104 

11 

Wet Tile Saw 
Husky THD950L  
 
Loaded: 3 

Porcelain Tile 

 
96.7 

 
95.8 

 
96.6 

 
96.8 

 
U: 98.2 

 
L: 106.2 

 
U:111.2 
 
L: 117.5 

 
U:96-111 
 
 

12 

Circular Saw 
Black & Decker 7390 
 
Loaded: 2 

Normal Blade 
Worn Blade 

 
96.1 
 
 

 
95.0 

 
97.1 

 
95.7 

 
U: 96.7 
 
L: 101.4 

L: 107.2 

 
U: 110.6 
 
L: 112.1 
L: 114.5 

 
U:95-111
 
 

13 Handsaw 
Black & Decker SC500  97.2 96.3 98.2 97.6 97.4 112.5 96-113 

14 Router 
Black & Decker 7616  94.5 94.3 95.0 94.7 96.7 105.7 94-106 

15 Cordless Drill 
Ryobi P206 18V  1 75.6 75.7 75.8 75.2 78.2 94.1 75-94 

16 Cordless Drill 
DeWalt DC900 36V 1 83.0 82.8 82.5 82.6 82.2 96.4 82-96 

17 Corded Drill 
Sears 315.10042  92.1 91.3 92.2 92.0 91.5 103.9 91-104 

18 Hammerdrill 
Bosch 1199VSR  95.4 95.7 95.8 96.0 95.2 113.6 95-114 
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Around-the-Corner from Tool Measurements (in decibels) 

 
TOOL POSITION 

7 

1 Detail Carver 
Ryobi DC500 63.5 

2 Planer 
Hitachi F-20A 88.3 

3 Die Grinder 
Sears 315.27440 74.3 

4 Sander/Grinder 
Sears 315.115051 88.9 

5 Belt Sander 
Sears 315.11721 90.8 

6 Finishing Sander 
Makita B04550 84.2 

7 Jigsaw 
Skil 4395 80.7 

8 Cordless Jigsaw  
DeWalt DC330 18V * 79.4 

9 Cordless Reciprocating Saw 
DeWalt DW938 18V * 80.5 

10 Reciprocating Saw 
Milwaukee 6509 81.2 

11 Wet Tile Saw 
Husky THD950L 88.5 

12 Circular Saw 
Black & Decker 7390 88.2 

13 Handsaw 
Black & Decker SC500 88.6 

14 Router 
Black & Decker 7616 87.2 

15 Cordless Drill 
Ryobi P206 18V * 67.6 

16 Cordless Drill 
DeWalt DC900 36V * 65.1 

17 Corded Drill 
Sears 315.10042 76.0 

18 Hammerdrill 
Bosch 1199VSR 81.3 

 

Footnotes to Center-of-Room Measurements: 

1 Cordless tools were at approximately 75% charged.  DeWalt DC900 36V set at low speed. 
2 Black & Decker 7390 circular saw was loaded with the following: 

Normal Blade: a 150-tooth plywood blade in normal condition, cutting a Southern Pine premium-grade 2x4 stud. 
Worn Blade: a 20-tooth fast-cut wood blade in worn condition, cutting the same Southern Pine premium grade 2x4 
stud. 

3 Husky THD 950L wet tile saw under loaded condition, cutting an 18” square porcelain tile using a 7” wet tile saw 
blade in new condition. 

4 Sears 3” Belt Sander under loaded condition, using #80 sandpaper on a Southern Pine 2x4 wood stud. 
5 Position 6 is just outside the outer casing of the tool at a point where the maximum decibel level was recorded.
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Two Tools in Combination (in decibels)  
 

TOOL 
COMBINATION 

POSITION 
1 

POSITION 
2 

POSITION 
3 

POSITION 
4 

POSITION 
5 

 
POSITION 

6 1 

 

1 

Circular Saw 
Black & Decker 7390 
-separately 
           
Belt Sander 
Sears 315.11721 
-separately 
 
COMBINATION 1 

 
94.7 

 
 
 

100.2 
 

100.6 
 

 

96.1 

 

98.1 
100.9 

 
95.3 

 
 
 

100.5 
 

100.7 

 
95.3 

 
 
 

100.4 
 

102.0 

 
95.5 

 
 
 

100.5 
 

102.2 
 

 
106.4 

 
 
 

112.6 
 

111.3 
(at midpoint)

2 

Circular Saw 
Black & Decker 7390 
-separately 
 
Wet Tile Saw 
Husky THD950L  
-separately 
 
COMBINATION 1 

 
94.7 

 
 
 

96.4 
 

98.5 
 

 

96.1 

 

97.3 

98.2 

 
95.3 

 
 
 

96.1 
 

98.2 

 
95.3 

 
 
 

95.2 
 

99.4 

 
95.5 

 
 
 

97.9 
 

101.6 

 
106.4 

 
 
 

112.1 
 

102.6 
(at midpoint)

3 

Belt Sander 
Sears 315.11721 
-separately 
 
Wet Tile Saw 
Husky THD950L 
-separately 
 
COMBINATION 1 

 
100.2 

 
 
 

96.4 
 

100.7 
 

 

98.1 

 

97.3 

101.4 

 
100.5 

 
 
 

96.1 
 

100.7 

 
100.4 

 
 
 

95.2 
 

100.3 

 
100.5 

 
 
 

97.9 
 

102.1 

 
112.6 

 
 
 

112.1 
 

105.4 
(at midpoint)

4 

Detail Carver 
Ryobi DC500 
-separately 
 
 
Die Grinder 
Sears 315.27440 
-separately 
 
COMBINATION 1 

 
71.7 

 
 
 

82.2 
 

82.7 
 

 

70.6 

 

82.3 

83.1 

 
71.3 

 
 
 

83.2 
 

83.9 

 
70.0 

 
 
 

83.2 
 

83.4 

 
73.6 

 
 
 

84.6 
 

84.0 

 
93.6 

 
 
 

96.6 
 

97.5 

Position 6 measured the maximum decibel level observed at the outer casing of the power tool, except in the 
combination case.  The reading for the Combination at Position 6 is the reading taken at the midpoint between the 
two tools.   For Combination 1, the midpoint was 1 inch from each tool.  For Combination 2, the midpoint was 6 
inches between the tools.  For Combination 3. the midpoint was 12 inches between the tools, and for  Combination 
4, the midpoint was 1 inch between the tools.  
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Measurements at a Distance from Tools -  Indoors  (in decibels)  

 
TOOL Distance 

of 3 feet 
Distance 
of 4 feet 

Decrease 
in 

Decibels 
Distance 
of 6 feet 

Decrease 
in 

Decibels 
Distance 
 of 8 feet 

Decrease 
in 

Decibels 

1 Detail Carver 
Ryobi DC500 69.9 68.4 1.0 67.5 0.9 64.3 3.2 

2 Planer 
Hitachi F-20A 96.2 95.2 1.0 94.1 1.1 93.8 0.3 

3 Die Grinder 
Sears 315.27440 84.2 82.8 1.4 81.2 1.6 80.3 0.9 

5 Belt Sander 
Sears 315.11721 98.0 97.2 0.8 96.2 1.0 95.0 1.2 

6 Finishing Sander 
Makita B04550 93.6 92.7 0.9 91.9 0.8 91.5 0.4 

10 Reciprocating Saw 
Milwaukee 6509 90.5 88.8 1.7 87.3 1.5 86.6 0.7 

11 Wet Tile Saw 
Husky THD950L  96.8 95.4 1.4 94.2 1.2 93.1 0.9 

12 Circular Saw 
Black & Decker 7390  97.1 96.1 1.0 95.2 0.9 93.1 2.1 

13 Handsaw 
Black & Decker SC500  98.2 95.9 2.3 94.6 1.3 93.8 0.8 

14 Router 
Black & Decker 7616  95.0 93.1 1.9 92.4 0.7 91.7 0.7 

15 Cordless Drill 
Ryobi P206 18V * 75.8 73.6 2.2 72.6 1.0 71.9 0.7 

 AVERAGE DECREASE IN 
NOISE (in decibels)   1.42  1.09  1.08 

 

 

 

 

Readings were the highest measured around the tool at the indicated distance.  All tools were unloaded and located in 
the center of the enclosed room.  
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Measurements at a Distance from Tools  – Outdoors  (in decibels)  

 
TOOL 

Reading at 
Outer 

Casing 
10’ 20’ Decrease 

10 to 20ft. 30’ Decrease 
20 to 30ft. 40’ Decrease 

30 to 40ft. 50’ 
Decrease 

40 to 
50ft. 

60’ 
Decrease 

50 to 
60ft. 

1 Detail Carver 
Ryobi DC500 92.9 58.8 51.3 7.5 50.2 1.1 49.6 0.6 48.0 1.6 48.0 0.0 1 

2 Planer 
Hitachi F-20A 113.9 83.0 75.8 7.2 72.0 3.8 71.8 0.2 69.7 2.1 67.5 2.2 

3 Die Grinder 
Sears 315.27440 95.1 70.2 64.4 5.8 60.8 3.6 58.8 2.0 57.1 1.7 56.3 0.8 

5 Belt Sander 
Sears 315.11721 111.0 83.3 77.5 5.8 74.4 3.1 71.5 2.9 70.3 1.2 69.4 0.9 

6 Finishing Sander 
Makita B04550 106.1 82.5 75.3 7.2 72.1 3.2 70.3 1.8 69.7 0.6 69.1 0.6 

12 
Circular Saw 
Black & Decker 
7390  

104.3 77.7 71.5 6.2 68.3 3.2 66.2 2.1 65.0 1.2 63.7 1.3 
 

13 
Handsaw 
Black & Decker 
SC500  

110.3 83.5 77.3 6.2 73.6 3.7 72.0 1.6 69.6 2.4 68.6 1.0 

14 
Router 
Black & Decker 
7616  

107.4 77.2 71.9 5.3 68.4 3.5 66.7 1.7 65.1 1.6 63.5 1.6 

 
AVERAGE 
DECREASE IN 
NOISE (in 

   6.4  3.2  1.6  1.5  1.1 

 
The ambient noise (power tool turned off) at the time this tool’s noise reading was taken, was 48.1, which accounts for the no further decreases in sound after 40 
ft.  This skewed (underestimated) the average calculation for all the change readings from 50 to 60ft. by 0.1 dBA.   

. 
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