
Universitas Semarang

revisi ok.docx

 

Document Details

Submission ID

trn:oid:::3618:126744289

Submission Date

Jan 23, 2026, 9:54 AM GMT+7

Download Date

Jan 23, 2026, 9:56 AM GMT+7

File Name

revisi ok.docx

File Size

2.1 MB

6 Pages

3,691 Words

22,402 Characters

Page 1 of 11 - Cover Page Submission ID trn:oid:::3618:126744289

Page 1 of 11 - Cover Page Submission ID trn:oid:::3618:126744289



13% Overall Similarity
The combined total of all matches, including overlapping sources, for each database.

Filtered from the Report

Bibliography

Quoted Text

Cited Text

Small Matches (less than 8 words)

Abstract

Exclusions
1 Excluded Website

Match Groups

43 Not Cited or Quoted  13%
Matches with neither in-text citation nor quotation marks

0 Missing Quotations  0%
Matches that are still very similar to source material

0 Missing Citation  0%
Matches that have quotation marks, but no in-text citation

0 Cited and Quoted  0%
Matches with in-text citation present, but no quotation marks

Top Sources

7% Internet sources

8% Publications

6% Submitted works (Student Papers)

Integrity Flags
0 Integrity Flags for Review

No suspicious text manipulations found.
Our system's algorithms look deeply at a document for any inconsistencies that 
would set it apart from a normal submission. If we notice something strange, we flag 
it for you to review.

A Flag is not necessarily an indicator of a problem. However, we'd recommend you 
focus your attention there for further review.

Page 2 of 11 - Integrity Overview Submission ID trn:oid:::3618:126744289

Page 2 of 11 - Integrity Overview Submission ID trn:oid:::3618:126744289



Match Groups

43 Not Cited or Quoted  13%
Matches with neither in-text citation nor quotation marks

0 Missing Quotations  0%
Matches that are still very similar to source material

0 Missing Citation  0%
Matches that have quotation marks, but no in-text citation

0 Cited and Quoted  0%
Matches with in-text citation present, but no quotation marks

Top Sources

7% Internet sources

8% Publications

6% Submitted works (Student Papers)

Top Sources
The sources with the highest number of matches within the submission. Overlapping sources will not be displayed.

1 Internet

ejournal2.undip.ac.id 1%

2 Publication

Krzysztof Polak, Jarosław Korzeb. "Acoustic Signature and Impact of High-Speed R… 1%

3 Submitted works

University of Calabar on 2018-11-20 <1%

4 Internet

www.mdpi.com <1%

5 Submitted works

Anna University on 2025-03-13 <1%

6 Publication

"Noise", Elsevier BV, 2005 <1%

7 Publication

Harvey, Brendan, and Siu O'Young. "Detection of Continuous Ground-Based Acou… <1%

8 Publication

Xinyu Huang, Hanbin Luo, Jian Kang, Jiajing Liu. "Worker-Centric Construction Noi… <1%

9 Submitted works

Massey University on 2014-05-08 <1%

10 Submitted works

Brigham Young University on 2025-06-03 <1%

Page 3 of 11 - Integrity Overview Submission ID trn:oid:::3618:126744289

Page 3 of 11 - Integrity Overview Submission ID trn:oid:::3618:126744289

https://ejournal2.undip.ac.id/index.php/jpa/article/downloadSuppFile/29411/7229
https://doi.org/10.3390/en15093244
https://www.mdpi.com/2076-3417/15/15/8413
https://doi.org/10.1016/B978-075067555-0.50135-3
https://doi.org/10.1139/juvs-2015-0029
https://doi.org/10.1016/j.buildenv.2025.113131


11 Internet

brightideas.houstontx.gov <1%

12 Publication

Abo-Qudais, S.. "Statistical models for traffic noise at signalized intersections", Bu… <1%

13 Internet

cris.unibo.it <1%

14 Publication

Chaimae El Yamlahi Chahdi, Bouazza El Wahbi, Youssef El Madhi, Abdelmajid Soul… <1%

15 Publication

Sair Kahraman, Mahmut S. Delibalta, Ramazan Comakli, Mustafa Fener. "Predicti… <1%

16 Internet

epawebapp.epa.ie <1%

17 Internet

www.bruitparif.fr <1%

18 Submitted works

Curtin University of Technology on 2013-10-31 <1%

19 Publication

Robyn R. M. Gershon, Richard Neitzel, Marissa A. Barrera, Muhammad Akram. "Pi… <1%

20 Publication

Stuart Batterman, Sydni C. Warner, Tian Xia, Simone Sagovac, Benjamin Roberts, … <1%

21 Internet

bosshorn.com <1%

22 Internet

ebin.pub <1%

23 Publication

Marsh, K.J.. "The concawe model for calculating the propagation of noise from     … <1%

24 Publication

Mutasem El-Fadel, Shady Shazbak, M.Hadi Baaj, Elie Saliby. "Parametric sensitivit… <1%

Page 4 of 11 - Integrity Overview Submission ID trn:oid:::3618:126744289

Page 4 of 11 - Integrity Overview Submission ID trn:oid:::3618:126744289

https://brightideas.houstontx.gov/ideas/what-does-the-green-dot-indicate-on-the-megapress-fittings-i0dj
https://doi.org/10.1016/j.buildenv.2005.05.040
https://cris.unibo.it/retrieve/df575e0d-0c3d-49ad-a955-4d34ac6de94a/Fusaro%202024%20Noise%20Barrier%20applsci-14-01837.pdf
https://doi.org/10.1016/j.ssaho.2024.100877
https://doi.org/10.1016/j.apacoust.2016.08.004
https://epawebapp.epa.ie/licences/lic_eDMS/090151b2808707e0.pdf
https://www.bruitparif.fr/pages/A-la-une/500%20Publication%20des%20r%C3%A9sultats%20de%20l%27%C3%A9tude%20SOMNIBRUIT/Article%20Somnibruit%20ijerph.pdf
https://doi.org/10.1007/s11524-006-9080-3
https://doi.org/10.1016/j.envres.2021.111064
https://bosshorn.com/blogs/blog/58-db-geluid
https://ebin.pub/springer-handbook-of-acoustics-2nbsped-9781493907540-9781493907557.html
https://doi.org/10.1016/0003-682X(82)90003-2
https://doi.org/10.1016/S0195-9255(01)00101-9


25 Publication

Nurhasnita Hamzah, Turan Mutallimov, Ciprian-Teodor Panaitescu, Michael Gran… <1%

26 Publication

Thomas Efferth. "Adenosine triphosphate-binding cassette transporter genes in a… <1%

27 Internet

ca-emeryville2.civicplus.com <1%

28 Internet

digitalcommons.lesley.edu <1%

29 Internet

peaktech-rce.com <1%

30 Internet

www.accord.edu.so <1%

Page 5 of 11 - Integrity Overview Submission ID trn:oid:::3618:126744289

Page 5 of 11 - Integrity Overview Submission ID trn:oid:::3618:126744289

https://doi.org/10.1016/j.oceaneng.2025.123629
https://doi.org/10.1016/S1568-1637(02)00046-6
https://ca-emeryville2.civicplus.com/DocumentCenter/View/8567/7-Noise_Combined?bidId=
https://digitalcommons.lesley.edu/context/expressive_theses/article/1744/viewcontent/McGorrill_Thesis_2023.pdf
https://peaktech-rce.com/en/phonometers/260-peaktech-8005-professional-sound-level-meter-with-datalogger.html
https://www.accord.edu.so/course/material/engineering-material-21/pdf_content


 
Journal of Physics and Its Applications, x(x) xxxx, Pages: xx‐xx  

    
 
 
 
 
 
Environmental Noise Analysis during Pile Driving Using a Single Acting Diesel Hammer  
 
Agus Margiantono1, Evi setiawati2 

 
1Department of Electrical Engineering, Semarang University, Indonesia 
2Department of Physics, Diponegoro University, Semarang, Indonesia  
corresponding author: agus_margiantono@usm.ac.id  
 
A R T I C L E  I N F O   
Article history:  
Received 
Accepted 
Available online   
Keywords:  
Environmental noise, 
diesel hammer,  
pile driving, 
acoustic propagation,  
noise measurement  

 
 
A B S T R A C T   
 
Pile driving activities using diesel hammers are commonly employed in large-
scale infrastructure projects and are known to generate high-intensity 
impulsive noise that may disturb surrounding environments, particularly 
residential areas. This study investigates environmental noise generated by 
pile driving using a single-acting diesel hammer during the construction of an 
elevated railway line in Kalidengen Village, Kulon Progo Regency, Indonesia. 
Noise measurements were conducted at distances of 11 m, 110 m, and 160 m 
from the noise source using a calibrated sound level meter. Ambient noise 
levels were also measured at the same locations during periods without pile 
driving activity to ensure accurate assessment of construction noise. The 
equivalent continuous sound level (L஺௘௤) was calculated and compared with 
theoretical predictions based on spherical sound propagation, as well as with 
the Indonesian environmental noise standard for residential areas. The results 
show that noise levels near the source exceeded 100 dB(A), while the 
measured 𝐿஺௘௤  values at distances of 110 m and 160 m were 85.77 dB(A) and 
77.96 dB(A), respectively, both significantly exceeding the residential noise 
limit of 55 dB(A). Compared to theoretical predictions, additional sound 
attenuation of approximately 7.29 dB at 110 m and 11.85 dB at 160 m was 
observed, indicating the influence of site-specific environmental factors such 
as vegetation, ground surface characteristics, and partial structural 
obstructions. These findings highlight the importance of field-based noise 
measurements for accurate noise impact assessment and support the 
development of effective mitigation strategies for pile driving activities in 
residential environments. 
  

 
1. Introduction  
Pile driving of foundation elements is an essential 
activity in large-scale construction projects such as 
bridges, high-rise buildings, and elevated railway 
structures. One of the most commonly used machines 
for this purpose is the single-acting diesel hammer, 
which operates by combining gravitational force with 
diesel combustion to deliver repeated impacts to the 
pile head [1]. While this method is effective for deep 
foundation installation, it generates high-intensity 
impulsive noise that can propagate over considerable 
distances, particularly when pile driving activities are 
conducted in close proximity to residential areas. 

Impulsive noise produced by heavy construction 
equipment, including diesel hammers, has been 
widely reported to adversely affect human health and 
well-being. Documented impacts include sleep 
disturbance, increased stress levels, reduced 
concentration, and potential hearing impairment due 
to prolonged exposure [3,4]. In addition, the World 
Health Organization (WHO) has reported that long-
term exposure to environmental noise exceeding 
recommended limits is associated with an increased 
risk of cardiovascular diseases [5,6].  

 
 
 
 
 
 

 
 
These findings highlight the importance of 

systematically measuring and evaluating 
construction-related noise, especially in residential 
environments. 

Previous studies have investigated various 
aspects of construction and pile driving noise. Zhou et 
al. reported that pile driving using diesel hammers 
can produce sound pressure levels exceeding 110–
120 dBA at distances of 10–20 m from the source [7]. 
Huang et al. developed statistical models to predict 
noise propagation in urban construction areas and 
emphasized the need for mitigation measures, such as 
sound barriers, in densely populated regions [8]. 
Similarly, the Washington State Department of 
Transportation (WSDOT) reported that impact pile 
driving can generate equivalent continuous noise 
levels (L஺௘௤) ranging from 95 to 102 dBA at a distance 
of 15 m, while general construction activities typically 
produce noise levels between 75 and 100 dBA 
depending on equipment type and operating 
conditions [9,10]. 

In Indonesia, environmental noise limits are 
regulated through national standards, including SNI 
8427:2017, which specifies a maximum allowable 
daytime noise level of 55 dBA for residential areas 
[11].  
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At the international level, WHO guidelines also 
recommend limiting average environmental noise 
exposure from rail-related activities to approximately 
54 dBA to minimize adverse health effects [12].  

Despite the availability of these regulatory 
frameworks, the practical implementation of effective 
noise mitigation strategies is often constrained by the 
limited availability of localized field-based 
measurement data. In particular, empirical studies 
describing the spatial characteristics of noise 
propagation from single-acting diesel hammer pile 
driving under site-specific environmental 
conditions—such as residential proximity, vegetation 
cover, and open agricultural land—remain limited. 
Many existing studies emphasize numerical modeling, 
simulation-based prediction, or algorithmic noise 
control, while fewer investigations provide field-
based measurements that directly compare observed 
noise levels with theoretical propagation models and 
regulatory thresholds. This limitation can introduce 
uncertainty in assessing actual noise exposure and 
evaluating the applicability of commonly used 
attenuation models in real construction settings. 

Therefore, this study investigates environmental 
noise generated by pile driving using a single-acting 
diesel hammer during the construction of an elevated 
railway line in Kulon Progo, Indonesia. Noise 
measurements were conducted at distances of 11 m, 
110 m, and 160 m from the noise source, representing 
near-field conditions and typical distances of nearby 
residential buildings. The measured equivalent 
continuous sound levels (L஺௘௤ ) are compared with 
theoretical sound propagation predictions and 
evaluated against Indonesian environmental noise 
standards. To clarify the position and novelty of this 
work relative to recent studies, a summary of related 
research published within the last five years is 
presented in Table 1, highlighting the contribution of 
this field-based investigation under local residential 
conditions. 

 
Table 1. Related Studies on Construction and Pile 
Driving Noise 

Author 
(s) & Year 

Research 
Focus 

Method & 
Parameters Main Findings Position / Novelty 

Li et al. 
(2021) [10] 

Impulsive 
noise control 
using active 
noise control 
(ANC) 
algorithms 

Numerical 
simulation of 
ANC with post-
adaptive filter 
and variable 
step size 

The proposed 
algorithm 
effectively 
reduces 
impulsive noise 
and improves 
convergence 
performance 

Focuses on 
algorithmic noise 
mitigation, not on 
field-based 
environmental noise 
measurements 

Babazadeh et 
al. (2025) [7] 

Predictive 
simulation of 
construction 
site noise from 
heavy 
equipment 

Integration of 
BIM, noise 
mapping, and 
sensor-based 
validation 

 
Construction 
noise emissions 
can be accurately 
predicted during 
the planning 
phase 

Emphasizes digital 
simulation and 
prediction, rather 
than detailed diesel 
hammer noise 
measurements 

Illingworth & 
Rodkin, Inc. 
(2020) [6] 

Field 
measurement 
of pile driving 
noise in 
marine 
construction 

 
Field 
measurement 
of sound 
pressure levels 
during pile 
driving 
operations 

High noise levels 
observed near 
pile driving 
activities 

Provides practical 
field measurement 
reference, without 
detailed spatial 
attenuation analysis 

Washington 
State 
Department 
of 
Transportati
on (2020) [8] 

Assessment of 
construction 
and pile 
driving noise 
impacts 

Noise impact 
assessment 
based on 
distance and 
equipment 
type 

Impact pile 
driving generates 
high equivalent 
noise levels in 
surrounding 
areas 

 
Focuses on 
regulatory and 
assessment 
guidance, rather 
than site-specific 
residential 
measurements 

OSHA (2021) 
[1] 

Occupational 
noise exposure 

Technical 
guidelines for 

Prolonged 
exposure to high 
noise levels poses 

Addresses 
occupational 
exposure, not 

Author 
(s) & Year 

Research 
Focus 

Method & 
Parameters Main Findings Position / Novelty 

and health 
risks 

noise exposure 
assessment 

significant health 
risks 

residential 
environmental noise 
propagation 

This study 
(2026) 

Environmental 
noise analysis 
of single-acting 
diesel hammer 
pile driving in 
residential 
areas 

Field 
measurement 
of (𝐿஺௘௤)  at 
distances of 11 
m, 110 m, and 
160 m; 
comparison 
with 
theoretical 
propagation 
models and 
SNI 8427:2017 
limits 

Noise levels at 
residential 
distances 
significantly 
exceed regulatory 
limits; theoretical 
models tend to 
overestimate 
measured values 

Field-based 
empirical study 
under local 
Indonesian 
residential 
conditions, 
evaluating model 
deviation and 
regulatory 
compliance 

 
2. Research Method 
2.1. Study Area and Measurement Locations 
This study was conducted in Kalidengen Village, 
Temon Subdistrict, Kulon Progo Regency, Special 
Region of Yogyakarta, Indonesia. The study area is 
located in close proximity to the construction site of 
the elevated railway line connecting Kedundang 
Station to Yogyakarta International Airport (YIA). 
Kalidengen represents a residential environment 
directly exposed to pile driving activities during the 
construction phase. The surrounding area consists of 
residential houses, open rice fields, and vegetation, 
which may influence sound propagation and 
attenuation characteristics. 

Environmental noise measurements were 
conducted at three observation points selected based 
on their horizontal distance from the primary noise 
source, namely the diesel hammer used for pile 
driving, representing near-field conditions and 
typical distances of nearby residential buildings from 
the construction site, located at coordinates 
−7.897081, 110.082373 at a distance of 11 m 
(Location 1), −7.897878, 110.081373 at a distance of 
110 m (Location 2), and −7.895816, 110.082373 at a 
distance of 160 m (Location 3).The relative positions 
of the measurement locations with respect to the pile 
driving site are illustrated in Figure 1. 

 

 
Figure 1. Measurement locations around the pile 
driving site 

 
2.2. Pile Driving Equipment 
Pile driving activities in this study employed a single-
acting diesel hammer, specifically the DELMAG D19-
42 model. This type of hammer operates by allowing 
a heavy ram to fall under gravity, followed by the 
ignition of diesel fuel that generates an additional 
combustion-driven impact on the pile head. Due to its 
high impact energy and repetitive operation, this 
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equipment is known to produce high-intensity 
impulsive noise. 

The main mechanical specifications of the diesel 
hammer are summarized in Table 2. The DELMAG 
D19-42 has a ram weight of approximately 1,900 kg 
and a stroke length of 4,200 mm, producing a 
maximum impact energy of about 78 kNm. The 
impact frequency ranges between 40 and 60 blows 
per minute (bpm), resulting in repetitive impulsive 
acoustic events during pile driving operations. The 
total weight of the hammer is approximately 3,400 kg 
and it is operated using a vertical leader guide system 
to ensure alignment during installation. 

 
  Table 2. Mechanical specifications of the   
  DELMAG D19-42 diesel hammer 

Parameter Value 

Ram weight 1,900 kg 
Stroke length 4,200 mm 

Maximum impact energy ±78 kNm 

Impact frequency 40–60 bpm 
Total hammer weight ±3,400 kg 
Guide type Vertical leader  

 
The measurement points and their immediate 

surroundings during the pile driving operations are 
illustrated in Figure 2. 

 

  
           a                                   b 

Figure 2. Measurement locations during pile driving 
operations: (a) Location 1 and (b) Location 2. 

 
2.3. Acoustic Characteristics of the Diesel 
Hammer 
Operation of the DELMAG D19-42 diesel hammer 
generates high-intensity impulsive noise. Technical 
documentation and previous measurements indicate 
that sound pressure levels near the source 
(approximately 1 m) can reach 115–125 dB(A). At 
distances of around 10 m, noise levels typically range 
between 100 and 110 dB(A), decreasing to 
approximately 85–95 dB(A) at 50 m and 75–85 dB(A) 
at 100 m. These noise levels frequently exceed 
recommended environmental noise limits for 
residential areas. 

The dominant frequency components of diesel 
hammer noise are generally concentrated in the low-
frequency range between 31.5 and 250 Hz. Low-
frequency noise is more difficult to attenuate through 
distance or conventional noise barriers. Each hammer 
impact lasts approximately 0.5–1 s, with repetitive 
impulses occurring at rates of 35–60 bpm, producing 
highly impulsive acoustic events that are perceived as 
particularly disturbing in residential environments. 

 

2.4. Noise Measurement Instrumentation 
Environmental noise measurements were conducted 
using a Lutron SL-4023SD sound level meter, which is 
a Type 2 instrument compliant with IEC 61672-1 
standards. This instrument is widely used for field 
measurements of environmental and occupational 
noise. 

The sound level meter is equipped with a ½-inch 
electret condenser microphone and supports A-
weighted frequency measurements, which are 
suitable for evaluating human noise exposure. It 
provides Fast (125 ms) and Slow (1 s) time-weighted 
responses, enabling accurate capture of impulsive 
noise characteristics. The instrument has a 
measurement range of 30–130 dB(A) and a frequency 
range of 31.5 Hz to 8 kHz. Calibration was performed 
before each measurement session using a standard 1 
kHz, 94 dB acoustic calibrator to ensure data 
reliability and traceability. The technical 
specifications of the sound level meter are 
summarized in Table 3. 

 
Table 3. Technical specifications of the SL-4023SD 
sound level meter 

Parameter Specification 
Measurement 
range 30 – 130 dB(A) 

Frequency range 31.5 Hz – 8 kHz 

Microphone type ½-inch electret condenser 
Frequency 
weighting A and C 

Time weighting Fast (125 ms), Slow (1 s) 
Display Digital LCD 

Calibration 1 kHz, 94 dB sound 
calibrator 

Data storage SD card (up to 16 GB) 
Compliance 
standard IEC 61672-1 (Type 2) 

 
2.5. Measurement Setup and Procedure 
During measurements, the microphone was 
positioned at a height of approximately 1.0–1.5 m 
above ground level, corresponding to the average ear 
height of a standing adult. To minimize sound 
reflection effects, the microphone was placed at least 
1 m away from reflective surfaces such as walls, poles, 
or trees. 

Noise measurements were conducted during 
active pile driving operations between 09:00 and 
11:00. At each observation point, sound pressure 
levels were recorded for a duration of 10 min using 
Fast response mode with a sampling interval of 5 s. 
Ambient (background) noise measurements were 
also conducted at the same locations in the early 
morning before pile driving activities began. The 
measured ambient noise levels ranged between 50 
and 60 dBA, which were significantly lower than the 
noise levels recorded during pile driving operations. 
The general noise measurement setup is illustrated in 
Figure 3. 
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Figure 3. Environmental noise measurement using 
the SL-4023SD sound level meter 

 
2.6. Data Analysis 
Sound pressure level data recorded at each 
observation point were processed to obtain the 
equivalent continuous sound level (𝐿஺௘௤ ) using Eq. 
(1): 

𝐿஺௘௤ = 10log ଵ଴ ቀ
ଵ

்
෌ 10௅೔/ଵ଴்

௜ୀଵ
ቁ                         (1) 

 
where 𝐿௜ is the sound pressure level (dBA) 

recorded at the 𝑖 -th second and 𝑇 is the total 
measurement duration in seconds. 

The calculated L஺௘௤  values were compared with 
the Indonesian environmental noise limit for 
residential areas, which is 55 dBA. In addition, noise 
levels at the three measurement locations were 
compared to examine attenuation trends with 
increasing distance from the noise source. 

To evaluate the agreement between measured 
and theoretical noise attenuation, sound pressure 
levels at Locations 2 and 3 were predicted based on 
measurements at Location 1 using the spherical 
spreading model expressed in Eq. (2): 

 

𝐿ଶ = 𝐿ଵ − 20log ଵ଴ ቀ
௥మ

௥భ
ቁ                                             (2) 

 
where 𝐿ଵ is the measured sound level at 

reference distance 𝑟ଵ , and 𝐿ଶ is the predicted sound 
level at distance 𝑟ଶ . This theoretical model assumes 
ideal free-field conditions without significant 
reflections or absorption and serves as a simplified 
reference for evaluating field measurement results. 
 
3. Results and Discussion 

Pile driving activities using heavy construction 
equipment, particularly a single-acting diesel 
hammer, generated substantial environmental noise 
in the study area. Field measurements were 
conducted in Kalidengen Village at three distances—
11 m, 110 m, and 160 m—from the noise source to 
evaluate the spatial characteristics of noise 
propagation during pile driving operations. The 
measured sound pressure levels at the three locations 
are illustrated in Figure 4. 

 

 
Figure 4. Measured sound pressure levels at distances 
of 11 m, 110 m, and 160 m from the pile driving 
source 

 
As shown in Figure 4, noise levels measured at 

the nearest location (11 m) exhibit repeated high-
intensity impulsive peaks exceeding 100 dB(A), 
which is characteristic of diesel hammer pile driving. 
These impulses correspond to individual hammer 
blows delivering high impact energy to the pile head. 
At greater distances, the noise levels show a clear 
reduction, reflecting attenuation with increasing 
distance from the source. 

The measured noise levels at 110 m and 160 m 
demonstrate an overall logarithmic decay trend, 
consistent with fundamental sound propagation 
theory, which predicts an approximate 6 dB reduction 
for each doubling of distance under ideal free-field 
conditions. However, the attenuation observed in the 
field deviates from theoretical predictions, indicating 
the influence of site-specific environmental factors. 

 
3.1. Equivalent Continuous Noise Levels 
The equivalent continuous sound level ( 𝐿஺௘௤ ) was 
calculated using Eq. (1) to represent average noise 
exposure at each measurement location. The 
predicted 𝐿஺௘௤  values at Locations 2 and 3 were 
estimated based on the measured L஺௘௤  at Location 1 
using the spherical spreading model expressed in Eq. 
(2). The measured and predicted 𝐿஺௘௤  values are 
summarized in Table 4. 

 
Table 4. Measured and predicted equivalent noise 
levels (𝐿஺௘௤) 

Distance 
from 

Source 
(meters) 

Measured 
(LAeq) (dB 

A) 

Predicted 
(LAeq) 
(dB A 

Difference 
(Predicted 
– Actual) 

(dB A) 

110 85.77 93.06 +7.29 

160 77.96 89.81 +11.85 

 
At a distance of 110 m, the predicted noise level 

exceeds the measured value by 7.29 dB. This 
difference becomes more pronounced at 160 m, 
where the predicted value is 11.85 dB higher than the 
measured noise level. These discrepancies indicate 
that the simplified theoretical model tends to 
overestimate noise levels at larger distances. The 
comparison between measured and predicted 𝐿஺௘௤  
values at 110 m is illustrated in Figure 5. 
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Figure 5. Comparison between measured and 
predicted 𝐿஺௘௤  at 110 m 

 
3.2. Deviation Between Measured and Predicted 
Noise Levels 

The increasing discrepancy between measured 
and predicted noise levels with distance suggests that 
real-world sound propagation differs significantly 
from ideal free-field assumptions. The theoretical 
spherical spreading model assumes uniform 
propagation without accounting for environmental 
attenuation mechanisms such as ground absorption, 
vegetation density, atmospheric scattering, and 
partial obstruction by residential structures. The 
comparison between measured and predicted noise 
levels at 160 m is presented in Figure 6. 

 

 
Figure 6. Comparison between measured and 
predicted 𝐿஺௘௤  at 160 m 

 
At longer distances, these attenuation 

mechanisms become more significant, leading to 
greater reductions in measured noise levels than 
predicted by theory. In addition, diesel hammer noise 
is dominated by low-frequency components, which 
tend to propagate efficiently over long distances but 
also experience complex interactions with the ground 
surface and surrounding vegetation, particularly 
when direct line-of-sight propagation is partially 
obstructed. 

 
3.3. Empirical Attenuation Model 
To further examine noise attenuation characteristics, 
an empirical relationship between sound level and 
distance was evaluated using a logarithmic model 
expressed in Eq. (3): 

 
𝐿௥ = 𝑎 − 𝑏log ଵ଴(𝑟)                                                   (3) 

 
where 𝐿௥ is the sound level at distance 𝑟 , and 

𝑎and 𝑏are regression constants. 

 
A linear regression analysis was performed 

using log ଵ଴(𝑟) as the independent variable and the 
measured sound level as the dependent variable. 
Based on the measured data, the following empirical 
relationship was obtained in Eq. (4):  

 
𝐿measured = 136.51 − 17.13log ଵ଴(𝑟)                   (4) 

 
For comparison, regression analysis based on 

theoretical predictions yielded the following 
relationship in Eq. (5) : 

 
𝐿predicted = 127.65 − 13.81log ଵ଴(𝑟)                   (5) 

 
The comparison of the regression models for 

measured and predicted noise levels is shown in 
Figure 7. 

 

 
Figure 7. Comparison of linear regression models for 
measured and predicted noise levels as a function of 
log ଵ଴(𝑟) 

 
The measured data exhibit a steeper attenuation 

slope (−17.13 dB per decade) compared to the 
theoretical model (−13.81 dB per decade). This result 
indicates that actual sound attenuation in the study 
area is stronger than predicted by simplified 
theoretical assumptions, primarily due to 
environmental and site-specific factors. 

 
4. Conclusion 
This study demonstrates that pile driving activities 
using a single-acting diesel hammer in Kalidengen 
Village generate significant environmental noise that 
extends well into surrounding residential areas. The 
equivalent continuous noise levels (L஺௘௤) measured at 
distances of 110 m and 160 m were 85.77 dBA and 
77.96 dBA, respectively, both substantially exceeding 
the Indonesian residential noise limit of 55 dBA as 
specified in SNI 8427:2017. 

Comparison between measured and theoretical 
noise levels shows that simplified acoustic 
propagation models consistently overestimate actual 
field measurements, with maximum deviations 
reaching 11.85 dB at a distance of 160 m. This 
discrepancy highlights the importance of accounting 
for environmental attenuation mechanisms, including 
vegetation, ground surface characteristics, and non-
ideal propagation paths, when assessing construction 
noise impacts. 
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The findings of this study emphasize the 
necessity of field-based noise measurements to 
support more accurate noise impact assessments and 
mitigation planning. The results also underline the 
relevance of applied physics approaches in 
understanding real-world noise propagation from 
impulsive construction sources. Implementation of 
appropriate mitigation measures, such as improved 
construction scheduling, physical noise barriers, or 
alternative piling methods with lower noise 
emissions, is recommended to reduce the impact of 
pile driving activities on nearby residential 
communities. 
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List of Symbols 
Symbol Description 

𝐿 Sound pressure level (dB) 

𝐿ଵ 
Sound pressure level at reference distance 
𝑟ଵ(dB) 

𝐿ଶ 
Predicted sound pressure level at distance 
𝑟ଶ(dB) 

𝐿஺௘௤  Equivalent continuous A-weighted sound level 
(dB(A)) 

𝐿௜  
Instantaneous sound pressure level at the 𝑖-th 
sampling time (dB(A)) 

𝐿௥ Sound pressure level at distance 𝑟(dB) 

𝑇 Total measurement duration (s) 

𝑟 Horizontal distance from the noise source (m) 

𝑟ଵ Reference distance from the noise source (m) 

𝑟ଶ 
Distance from the noise source where sound 
level is predicted (m) 

𝑎 Regression constant representing intercept 

𝑏 
Regression constant representing attenuation 
slope 
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