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Abstract
This study performed a forensic evaluation of construction noise and ground vibration propagation to sur-

rounding residential and commercial structures as a result of an urban drainage improvement construction 
project. Noise and vibration data collected during the course of the drainage project was first evaluated for 
conformance with the project specifications and data collection protocols. Construction equipment utilization 
logs were used to create a “time history” of daily maximum noise levels, which were contrasted with the maxi-
mum allowable per the project specifications. Attenuation relationships were used to delineate ground vibra-
tion extents and magnitudes propagating from the source to adjacent receptors (i.e., structures). The forensic 
engineer (FE) found significant deviations from the required data collection protocols and a high degree of 
“under-reporting.” Construction-induced noise and ground vibrations were determined to be “substantial 
factors of harm” to the adjacent structures.
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Overview
A lawsuit was filed by residents situated adjacent to a 

major urban drainage improvement construction project in 
a historic district against the utility owner (utility) for dam-
ages including physical distress and loss of use as a result 
of the construction activities. The intent of the drainage 
improvement project was to minimize inundation associ-
ated with a 10-year recurrence interval precipitation event. 
The project entailed the construction of new, below-grade, 
drainage culverts to temporarily store and more rapidly 
convey stormwater to discharge points within the larger 
drainage network. The new culverts were installed primar-
ily beneath a center median of a four-lane residential road-
way, which resulted in partial closure and construction 
activities abutting residential properties.

The FE approach applied to this engagement consisted 
of the following steps:

• Perform a literature review of the standard of
practice for noise and vibration damage;

• Review the project-specific construction bid
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package (plans and specifications);

• Review the project-specific construction submit-
tals and requests for information (RFIs);

• Review available construction documentation
(daily field reports, photographs, etc.) during the
course of the work; and

• Analyze impacts relative to the litigation claims.

For this engagement, the determination of specific 
structural damage was the responsibility of another expert 
team. The role of the author, for this case, was to evaluate 
if the construction-induced construction noise and ground 
vibrations were “a substantial contributing factor” to the 
realized damages.

Summary of the State of the Practice — Noise
A number of sources provide insights as to impacts 

of noise1,2,3,4,5,6,7,8,9,10,11,12. Construction activities, much 
like highways, generate noise or “unwanted sound”12. The 
Federal Transit Administration (FTA) notes that12:

Copyright © National Academy of Forensic Engineers (NAFE). Redistribution or resale is illegal. 
Originally published in the Journal of the NAFE volume indicated on the cover page.



PAGE 110 DECEMBER 2020

Noise is generally considered to be unwanted sound. 
Sound is what we hear when our ears are exposed to small 
pressure fluctuations in the air. There are many ways in which 
pressure fluctuations are generated, but typically they are 
caused by vibrating movement of a solid object. This manual 
uses the terms “noise” and “sound” interchangeably, since 
there is no physical difference between them. Noise can be 
described in terms of three variables: amplitude (loud or 
soft); frequency (pitch); and time pattern (variability).

The FTA12 notes that the Sound Exposure Level (SEL) 
is a quantitative measure of the noise exposure for single 
noise events. The SEL is a cumulative measure (Figure 
1), which means that louder events have a greater SEL 
than quieter ones, and vents that last longer in time have a 
greater SEL than shorter ones. FTA notes that “people re-
act to the duration of noise events, judging longer events to 
be more annoying than shorter ones.” When two or more 
combinations of sound pressure sources exist, the sound 
energies are added for an increase in overall sound level. 
For example, doubling identical sound sources (such as 

two jackhammers operating at once) result in a 3dB in-
crease. Sound levels decay with distance. Typical attenua-
tion relationships are shown in Figure 2.

Increased noise level has been documented to gener-
ate response from exposed communities (Figure 3). Typi-
cal background noise levels for urban residential areas is 
on the order of 60dB (Figure 4). Figure 5 shows typical 
background noise levels for various conditions. Typical 
noise ranges for various construction equipment are pre-
sented in Figure 6 and Figure 7.

Summary of the State of the Practice — Vibrations
Guidance exists on impacts to structures from con-

struction vibrations13,14,15,16,17,18,19,20,21,22. These reports 
identify the challenges associated with correlating vibra-
tion damage to structural damage. Structure response to 
ground vibrations depend on many factors, such as the soil 

Figure 1
Sound energy is a cumulative phenomenon where short-duration loud 
noises can have similar sound energy as longer duration low noise12.

Figure 2
 Example attenuation due to distance between source and receiver12.

Figure 3
Community reaction to elevated noise levels12.

Figure 4
Typical background noise levels12.
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significantly reduces support provided by the soil, causing 
damage to the structure(s)13,23,24,25,26.

For continuous vibrations such as vibratory compaction 
and vibratory pile driving, NCHRP 25-25 Task 72 suggests13 
the following thresholds for “Peak Particle Velocity” or PPV:

• PPV that exceeds 0.035 in./second is generally 
considered to be distinctly perceptible;

• PPV of 0.10 in./second would be strongly percep-
tible and begins to annoy;

• PPV of 0.2 in./second is definitely annoying;

• PPV between 0.4 and 0.6 in./second would be un-
pleasant.

Figure 8 shows typical peak particle velocity (PPV) 
ranges/responses and typical vibration sources. Impact 
pile driving and vibratory pile driving typically have 
PPVs on the order of 0.8 to 1.0 in./second at a distance 
of 25 ft from the source. Figure 9 shows typical vibration 
source levels for construction equipment13. The Federal 
Transit Agency13 offers a formula to estimate vibration 
attenuation based on distances greater than 25 ft from 
the source (Figure 10). This simplistic formula is based 
on distance, the reference PPV, and an adjustment factor 
based on “competent” soil and “hard” soil. A minimum 

conditions, structure foundation type, structure mass, and 
structure stiffness13. For example, wood and steel are more 
elastic materials than brick and stone. As a result, wood 
and steel may be more resistant to ground vibrations13. 
NCHRP 25-25 (Task 72) notes that “[t]he condition of a 
building and its maintenance are important factors when 
assessing susceptibility to vibration damage and must be 
taken into account when setting vibration limits”13. In ad-
dition, shaking effects of construction-generated ground 
vibrations can cause ground settlement or shifting that 

Figure 5
Background noise levels for various conditions10.

Figure 6
Typical sound levels13.

Figure 7
Noise ranges for various construction equipment10.
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building floors.”

There is a wide range of opinion on appropriate vibra-
tion limits for structures. At one end of the spectrum is a 
limit of 0.10 in./second (except for ancient ruins/monu-
ments where 0.08 in./second is thought to be appropri-
ate) and at the other end of the spectrum, 0.5 in./second to  
2.0 in./second are suggested. 

Project Documentation — Noise
Documentation for the project generated during dis-

covery was reviewed and included: the project plans and 
specifications; contractor submittals and RFIs; contractor 
daily field reports; and contractor photos. A review of the 
project specifications identified requirements for noise. 
The project specifications required the utility to contract 
with an independent company to monitor noise levels at 
the construction easement and notify the contractor of any 
exceedance instances. “Noise levels shall be limited to 85 
decibels measured at the construction easement.” Upon 
a review of the construction contracts, it became evident 
that no such independent company had been retained, and 
no monitoring occurred over the course of the project.

The contractor for the project maintained daily field 
logs noting the hour of operation of each type of equip-
ment used on the project site each day as well as the num-
ber of hours the piece of equipment was in use (Figure 11).  
Figure 12 presents a summary of the portfolio of equip-
ment used during the course of the construction project.

Figure 8
Vibration guidance from NCHRP 25-25 (Task 72)13.

Figure 10
Adjustment equation for estimated vibrations  

at distances greater than 25 ft13.

Figure 11
Example contractor daily field report showing equipment  

used and number of hours. Source: Discovery Docs.

Figure 9
Table of vibration source levels for typical construction equipment13.

Vibration Source Levels for Construction Equipment

screening distance of 500 ft is recommended13. NCHRP 
25-25 notes that “vibration measured at ground level can 
sometimes be lower than vibrations inside the building 
due to amplification of vibration caused by resonances in 
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Figure 12
Summary of construction equipment used during the course of the construction project. Source: Author.

Copyright © National Academy of Forensic Engineers (NAFE). Redistribution or resale is illegal. 
Originally published in the Journal of the NAFE volume indicated on the cover page.



PAGE 114 DECEMBER 2020

Figure 15
Representative ambient background sound  

levels along the construction route limits. Source: Sound consultant.

Project Documentation — Vibrations
Documentation for the project generated during discov-

ery was reviewed and included: the project plans and speci-
fications; contractor submittals and RFIs; contractor daily 
field reports; and contractor photos. A review of the project 
specifications identified requirements for construction-in-
duced vibrations as well as the vibration monitoring require-
ments. The project specifications (Figure 13) required the 
utility to contract with an independent company to monitor 
vibrations “at all structures, including buildings and pools.”

A consulting engineering firm (vibration consultant) 
was retained by the utility. The vibration consultant used 
two alpha-seismite digital seismographs. These instru-
ments were manually monitored in lieu of more rapid and 
reliable automated reporting arrays.

The author notes that for a project as extensive as this, 
automated arrays provide far superior data collection and 
alert systems as they can be installed at the beginning of 
the project and used as a basis for interpolating across 
the project site. Empirically based 2D propagation maps 
can be generated to better manage construction-induced 
ground vibrations and overcome manually placed moni-
tors too far from the construction work in order to charac-
terize vibrations at the “structure nearest the work being 
performed,” as required by the project specifications.

Reports were prepared daily by the on-site vibration 
consultant personnel that listed the maximum PPV values 
recorded, a general description of the monitoring location 
(including a sketch by the vibration monitoring techni-
cian), and notations of general construction activities in 
the vicinity of the vibration monitoring.

Noise Baseline Conditions
While the noise literature provides some guidance on 

noise levels, data was collected during the time forensic 
engineering analyses and reporting were underway by a 

specialty sound consultant. This work occurred after com-
pletion of the project, so results were inferred to be rep-
resentative of pre-project conditions. Sound measurement 
devices were placed at select locations along the historic 
construction right of way (Figure 14). (Note: The construc-
tion right of way per the project drawings essentially termi-
nated at the residential property lines along the sidewalk).

Continuous sound recordings were made over the 
course of one week across the former project site. An 
overlay, based on time period, is presented in Figure 15. 
Each color plot represents a different location along the 
construction route. Spikes in the time histories are typical-
ly the result of emergency response vehicles (police, fire, 
ambulance). The low bound ambient noise level during the 
course of the “work day” (8 a.m. to 5 p.m.) is approxi-
mately 55 dB and a high of approximately 67 dB. This 
range is consistent with the published literature of antici-
pated noise levels for an “urban residential area.”

The measured ambient background noise closely 
matched the ranges reported in the published literature  

Figure 13
Excerpt from the project specifications  

addressing vibration monitoring. Source: Discovery Docs.

Figure 14
Example configuration of a sound monitoring location set up  

at the historic construction right of way. Source: Sound consultant.
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(Figure 16). The construction noise levels in excess of 85 
dB result in a noise difference of 20 to 30 dB from baseline 
level at 60 dB, which, according to the published literature 
of community reaction (Figure 3), predicts strong reaction 
from the community. Community complaints were  one of 
the plaintiff’s claims against the utility. A-weighting was 
used, which is a standardized filter used to alter the sensitiv-
ity of a sound level meter with respect to frequency so that 
the instrument is less sensitive at low and high frequencies 
where the human ear is less sensitive — also written as dBA.  

Construction Noise Analysis
The forensic noise analysis consisted of reviewing the 

inventory of equipment listed on each of the contractor’s 
daily field report (Figure 11). Each piece of equipment 
was classified into one of three noise categories, based 
on the published literature identifying typical noise levels 
based on general equipment type:

• Red – more than likely in excess of 85 dB.

• Yellow – likely in the range of 85 dB.

• Green – likely less than 85 dB.

The maximum noise producing equipment on the project 
for each day was summarized and plotted on a calendar (Fig-
ure 17) to show the court the chronic and routine exceedance 
of the noise threshold (85 dB) at the construction easement.

A major challenge was documenting the specific  

locations of the equipment for each day to more precisely 
map the “noise zone” associated with the utilized equip-
ment, but the documentation made available was insuf-
ficient to accomplish this in a reasonable manner. The 
contractor did provide a phased construction schedule for 
the project as a whole. This over-arching schedule was 
used to infer the general regions impacted by the equip-
ment noise.

The work varied spatially across the work area 
throughout the day and throughout the project duration. 
The width of the work limits was generally on the order of 
85 ft. The typical distance of the residential structures and 

Figure 17
Summary of daily maximum noise level based on utilized contractor 

equipment over the course of the project. Source: Author.

Figure 16
Comparison of construction noise levels  
relative to ambient background levels17.

Figure 18
Typical configuration showing construction easement zone and  

proximity of adjacent residential structures. Source: Author.
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the construction easement (Figure 18) was on the order 
of 25 ft.

Counter claims were made that the majority of the 
residents were away during the work day, and, as a result, 
were not inconvenienced by these exceedances. While an 
intriguing argument, it has no merit due to the fact that: (1) 
the project specifications clearly limit the maximum noise 
level to 85 dB at the construction easement irrespective of 
the time of day; (2) no effort was made by either the utility 
or the contractor to survey the adjacent residents if they 
were bothered by the noise; and (3) repeated complaints 
were made by the residents to a project complaint line re-
garding the construction noise and disruption of their use 
and enjoyment during the construction project.

It was also argued that the noise level inside the res-
idential structures was likely less than 85 dB due to at-
tenuation through the structure’s framing. However, this 
argument also had no merit due to the fact that the project 
specifications restricted the noise to a maximum of 85 dB 
at the construction easement, not at the residential struc-
ture or inside the residential structure.

Courtroom Demonstrative — Noise
A courtroom demonstrative was developed to convey 

to the court the concepts of amplitude, frequency, and time 
pattern associated with noise, where17:

Amplitude — Loudness of a sound as a result of differ-
ences between the extremes of an oscillating sound.

Decibel — The standard unit of measurement for 
sound pressure level and vibration level. Technically, a 
decibel is the unit of level that denotes the ratio between 
two quantities that are proportional to power; the num-
ber of decibels is 10 times the logarithm of this ratio, also 
written as dB.

Frequency — The number of times that a periodically 
occurring quantity repeats itself in a specified period. With 
reference to noise and vibration signals, the number of cy-
cles per second.

Time Pattern — Variation of noise over time.

The most important element of the demonstrative was 
communicating the relationship between amplitude and 
reported dB level. Because an increase of 1 dB is a tenfold 
increase in sound pressure levels, illustrating the sound 
levels was important to ensure there was an appreciation 

between a sound at 85 dB and 95 dB.

The demonstrative was configured so that speakers 
were oriented toward the judge, and sound levels were 
calibrated to reach the intended sound level (dB) at an off-
set distance of 20 ft (distance between the speakers and the 
judge). Sound meters were positioned at the judge’s loca-
tion to verify the intended dB level was achieved.

A portfolio of sounds was recorded from construction 
activities. Some recordings were based on current work 
in remaining areas of work for the drainage improvement 
project. Other recordings were based on video captured by 
residents during the course of the work. The recordings 
included (Figure 19):

• Ambient traffic noise (55 dBA & 65 dBA)

• Concrete breaker (85 dBA)

• Concrete saw (90 dBA)

• Roller compactor (95 dBA)

• Pile driver (100 dBA to 115 dBA)

While earplugs were made available to safely  
experience the full portfolio of recorded sounds, the court 
requested the demonstrative terminate upon reaching the 
90 dBA example as the noise levels became very disagree-
able.

Construction Vibration Analysis
Over the course of the construction project, 763 vibra-

tion reports were reviewed and tabulated. Of those reports, 
approximately 44% had daily maximum PPV values equal 
to or greater than 0.25 in./second (Figure 20 and Figure 
21) throughout the project area.

Figure 21 presents a spatial plot of setup locations of 
the vibration monitoring equipment and scaled circles are 
associated with each monitor location with a max PPV 
greater or equal to 0.25 in. per second. The recordings are 
representative of the ground vibrations observed at the 
unique vibration monitor location from all surrounding 
vibration sources.

Vibrations attenuate over distance. While the project 
specifications require monitoring “at the closest struc-
ture,” the vibration monitors were frequently situated at 
more distant structures, with no monitoring at the “closest 
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vibration monitor, as shown in Figure 23.

These factors lead to “under-reporting,” where the 
reported values do not satisfy the project specifications, 
which require reporting values at the “nearest structure,” 
rather than “at the monitoring device.”

The PPVref value was back-calculated to establish the 
ground vibration magnitude at a distance of 25 ft. Thus, if 
the vibration monitor was located more than 25 ft from the 

Figure 19
Overview of sounds included in the courtroom demonstrative. Source: Sound consultant.

Figure 20
Vibration monitoring days where the maximum  

PPV exceeded the allowable threshold. Source: Author.

Figure 21
Plot of recorded maximum  

daily PPV values (in./second). Source: Author.

structure” as required by the project specification.

The reported ground vibrations do not represent the 
maximum construction-induced vibration “the nearest 
structure” would experience. Figure 22 shows a photo 
taken by the contractor during the course of the work 
where the vibration monitor was not situated in a posi-
tion to represent construction-induced ground vibrations 
‘at the nearest structure. Additionally, numerous field re-
ports note work occurring at significant distances from the 
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source, the equivalent PPV at 25 had to be back-calculated. 
Following establishment of the PPVref, vibration magnitudes 
based on distance were calculated and reported as PPVequiv. 
Results are illustrated in Figure 27 through Figure 30.

The dashed blue line in Figure 27 through Figure 30 

Figure 26
Location of construction-induced ground vibration  

attenuation example with three monitor setup locations  
and three exceedance events. Source: Author.

Figure 22
Example where vibration monitor was not situated  

at a location representative of vibrations experienced  
“at the nearest structure.” Source: Discovery Docs.

Figure 23
Example daily vibration monitoring report.  
Source: Discovery Docs; notes by author.

Figure 24
Construction-induced ground vibration  
attenuation calculation. Source: Author.

Figure 25
Calculation of vibration attenuation from  

January 31, 2014. Source: Discovery Docs.

delineate the construction easement. As can be seen in the 
attenuation results, construction-induced ground vibrations 
exceeding the project threshold of 0.25 in. per second extend 
well beyond the project construction easement. As a result, 
the construction-induced ground vibrations were determined 
to be “substantial factors of harm” to the adjacent structures.

Conclusion
A lawsuit was filed by residents situated adjacent to 

a major urban drainage improvement construction project 
in a historic district against the utility owner (utility) for 
damages, including physical distress and loss of use as a 
result of the construction activities. This study performed 
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an FE of construction-induced noise and ground vibrations 
impacting residents near the construction activities.

Noise data collected during the course of the drain-
age project were used to create a “time history” of daily 
maximum noise levels. These maximum noise levels were 
contrasted with the maximum allowable per the project 
specifications. The FE found significant deviations from 
the required data collection protocols and routine viola-
tion of the maximum allowable thresholds specified for 
the project. 

Attenuation relationships were used to delineate 
ground vibration extents and magnitudes propagating from 
the source to adjacent receptors (i.e., structures). The FE 
found significant deviations from the required data collec-
tion protocols and a high degree of “under-reporting.” Con-
struction-induced ground vibrations were determined to be 
“substantial factors of harm” to the adjacent structures.

The case was tried in state court via bench trial. The 
court’s decision mirrored the findings of the forensic anal-
yses.
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