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ABSTRACT. Industrial noise is one of the most pervasive physical hazards in working environments and poses significant
risks to occupational health, safety, and worker performance. Beyond sound pressure levels, the continuity, variability, and
duration of noise exposure play a decisive role in shaping sector-specific risk profiles. In this study, field noise
measurements were conducted in construction sites, ready-mixed concrete plants, and food production facilities to
determine spatial and temporal noise characteristics. The measurement results revealed that construction sites are
dominated by highly fluctuating noise with sudden high-intensity peaks, while ready-mixed concrete plants exhibit
persistently high and continuous noise levels driven by fixed production equipment. Food production facilities generally
showed lower noise levels; however, enclosed spaces and reverberation effects resulted in sustained background noise
exposure. The Analytic Hierarchy Process (AHP) results demonstrated that construction sites ranked highest in overall
noise risk, followed by ready-mixed concrete plants and food production facilities. Average noise level, daily exposure
duration, and the number of machines operating simultancously emerged as the most influential criteria, whereas
awareness-based measures and personal protective equipment had comparatively lower weights. These findings indicate
that physical and organizational factors dominate noise-related risk over behavioral controls. From a safety culture
perspective, the frequent occurrence of high maximum noise levels suggests a predominantly reactive approach to noise
management, with reliance on personal protective equipment rather than preventive engineering and organizational
controls. Strengthening safety culture requires integrating noise risk into proactive planning, worker participation, and
management commitment across all sectors. Overall, this study highlights the value of combining noise mapping with
multi-criteria decision-making methods to support sector-specific and evidence-based industrial noise management within
the framework of occupational health and safety.
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1. INTRODUCTION noise within a workplace, enabling the identification of
high-exposure zones and critical working areas [6]. This
approach allows for a comprehensive evaluation of noise
sources, spatial characteristics, reverberation effects, and
worker exposure patterns [7]. Considering the diverse
physical and operational characteristics of industrial
facilities, noise mapping provides valuable insight into
sector-specific noise profiles and supports targeted risk
assessment and control strategies [6].

Industrial noise is one of the most prevalent physical risk
factors in working environments and poses significant
threats to occupational health, safety, and worker
performance [1]. Prolonged or high-level exposure to
noise may lead to temporary or permanent hearing loss,
reduced concentration, increased stress and fatigue, and a
higher risk of occupational accidents [2]. For this reason,
industrial noise is not merely a comfort-related issue but a

critical occupational health and safety (OHS) concern [3]. However, evaluating noise risk solely based on measured
In addition to sound pressure levels, the continuity, sound pressure levels may be insufficient to capture the
temporal variability, and duration of exposure are key complexity of industrial working conditions [8]. In this
determinants of noise-related risk in industrial settings [4]. context, multi-criteria  decision-making (MCDM)

approaches offer a robust analytical framework to
complement noise mapping studies [9]. Methods such as
the Analytic Hierarchy Process (AHP) enable the

Noise mapping has become an essential tool for assessing
and managing noise risks in industrial environments [5].
Noise maps visually represent the spatial distribution of
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simultaneous consideration of multiple factors, including
noise intensity, exposure duration, number of exposed
workers, spatial characteristics, machine density, and
existing control measures [10]. By integrating these
criteria, noise risk can be assessed as a multi-dimensional
decision problem rather than a purely technical
measurement outcome [11].

The aim of this study is to determine industrial noise
levels in different types of workplaces through field
measurements, to analyze the spatial and temporal
characteristics of noise using noise maps, and to evaluate
the findings using a multi-criteria approach based on the
Analytic Hierarchy Process. Construction sites, ready-
mixed concrete plants, and food production facilities were
comparatively examined to identify sector-specific noise
risk profiles. The results are expected to contribute to the
development of more effective and sector-oriented noise
management strategies within the framework of
occupational health and safety.

2. METHODS
2.1. Noise Mapping Studies

Within the scope of the study, field measurements were
conducted in indoor industrial environments representing
different sectors to determine industrial noise levels. The
measurements were carried out by three different
researchers across distinct regions and various industrial
activity areas. Noise measurements were performed using
a decibel meter application installed on a mobile phone,
with each measurement lasting thirty seconds and repeated
five times. At each measurement point, minimum,
average, and maximum noise levels (dB) were recorded.

The measurement groups conducted noise assessments at a
construction site, a ready-mixed concrete plant, and a food
production facility located in Antalya (Muratpasa),
Antalya (Manavgat), and Mugla (Bodrum), respectively.
All measurements were conducted between April and May
2025, and measurement locations were limited to indoor
and semi-indoor environments. To adequately represent
the spatial distribution of noise within each enclosed area,
measurements were taken from both the central point and
corner points of the measurement sites. Wherever
possible, facilities with similar production processes were
selected to enable comparisons of comparable industrial
activities across different locations. Through this
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approach, the study aimed to indirectly evaluate safety
culture and noise management practices in industrial
facilities operating in different regions.

2.2 Analytical Hierarchical Process Application

Within the AHP framework, information required for the
pairwise comparison of criteria was obtained through on-
site visits and structured consultations with authorized
personnel working in the respective study areas. During
each site visit, interviews were conducted with 25
authorized representatives who were familiar with
operational conditions and noise-related risks in their
workplaces. The qualitative judgments collected from
these respondents were converted into quantitative values
based on Saaty’s 1-9 scale [12]. To obtain a representative
and unbiased comparison value, the individual judgments
were aggregated using the geometric mean, resulting in a
single consolidated value for each pairwise comparison
[13]. These aggregated values were then used to construct
the pairwise comparison matrices applied in the AHP
analysis. The AHP consists of the stages of constructing a
pairwise comparison matrix, calculating criterion weights,
and evaluating alternatives. During the formation of the
pairwise comparison matrix, the decision maker performs
comparisons between criteria or alternatives to determine
their relative importance. These comparisons are made
using a numerical scale ranging from 1 to 9. The
comparison matrix has a dimension of n x n, in which
each element is compared with every other element. The
general structure of the pairwise comparison matrix is
presented in Table 1. The criteria used in the study are
shown in Table 2. The alternatives evaluated within the
scope of the study were defined as Al — Construction
Sector, A2 — Ready-Mixed Concrete Plant, and A3 — Food
Production Facility.

Table 1 Pairwise Comparison Matrix

Criteria Cl C2 o Cn
Cl 1 aqy o Ain
C2 1/ay, 1 ce Qon

1 a3n
Cn 1/a, 1/az, 1/as, 1

Table 2 Criteria Used in The Study

Main Criterion Sub Criteria
Criterion 1 | Noise Level Cl1.1 | Average noise level (dBA)
C1.2 | Maximum noise level (sudden peaks)
C1.3 | Noise level fluctuation (min—max difference)
Criterion 2 | Noise Continuity C2.1 | Continuous or intermittent nature of noise
C2.2 | Exposure duration over the daily working period
Criterion 3 | Worker Exposure C3.1 | Number of workers simultaneously exposed
C3.2 | Average distance to the noise source
Criterion 4 | Spatial and Structural C4.1 | Enclosed and reverberant characteristics of the area
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Characteristics
C4.2 | Presence of acoustic treatment (none/partial)
Criterion 5 | Noise Source Intensity C5.1 | Number of machines operating simultaneously
C5.2 | Presence of different types of noise sources
Criterion 6 | Protective Measures and Safety C6.1 | Use of personal protective equipment (earmuffs, earplugs)
Culture
C6.2 | Awareness and practices regarding noise exposure

The weights can be calculated from the pairwise
comparison matrix using the eigenvalue method. In this
method, the eigenvalues and eigenvectors of the matrix are
computed. The first step in calculating the weights is the
normalization of the comparison matrix. During the
normalization process, the elements of each column are
summed, and then each element in a column is divided by
the total of that column. The normalization procedure is
performed according to Equation (1).

Ai:
ro_ ij
Aij =

j=1,2..,n

1
i1 4ij o
Here, A;; denotes the element located in the i-th row and j-
th column. The row averages of the normalized matrix are
calculated by taking the mean of the normalized elements
in each row, thereby obtaining the weight of each
criterion. The criterion weights are calculated according to
Equation (2).

_ Zjeariy

Wi -,
n

i=12,...,n 2)
Here, w; represents the weight of the i-th criterion. The
consistency of the pairwise comparison matrix is
evaluated using the Consistency Ratio (CR). Consistency
plays a critical role in AHP, as the pairwise comparison
judgments must be logically coherent. In calculating the
consistency ratio, the Consistency Index (CI) is first
determined according to Equation (3).
Ccl = Amax—n
n-1

)

Here, A,,4, denotes the maximum eigenvalue of the
pairwise comparison matrix, and n represents the number
of criteria. The CR is then calculated according to
Equation (4).

cR=<
RI

“4)

Here, the Random Index (RI) is obtained from a table
containing critical values and depends on the size of the
matrix. In this study, since the matrix dimension is 13 X
13, the corresponding RI value is 1.56. If the CR is less
than 0.10, the matrix is consistent.

3. RESULTS AND DISCUSSIONS

3.1. Noise Measurement Findings of Construction Sites

Noise measurements at construction sites were conducted
in residential building projects located in Antalya
(Muratpasa and Manavgat) and Mugla (Bodrum), where
multiple construction activities were carried out
simultaneously at different stages. Field observations
showed that interior works such as electrical and plumbing
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installations and furniture assembly were generally
performed on lower floors, while structural activities
including formwork operations, reinforcement cutting and
bending, and concrete pouring continued on upper floors
[14]. The coexistence of these activities resulted in a
heterogeneous and multi-layered noise environment across
all construction sites [15].

When the minimum noise levels measured simultaneously
in Muratpaga, Manavgat, and Bodrum construction sites
were evaluated together, values ranged between
approximately 36 and 66 dB(A). Lower minimum values
were generally associated with periods of reduced activity
intensity, whereas higher minimum values indicate the
presence of elevated background noise even during
relatively less active periods [16]. This finding suggests
that construction sites in all three regions rarely provide
acoustically quiet conditions and that baseline noise levels
remain noticeable throughout the working day.

The average noise levels recorded across the construction
sites in the three regions varied between approximately 49
and 69 dB(A). These values indicate a persistent and
continuous noise environment regardless of location.
Average levels tended to increase in areas where
construction activities were more concentrated, reflecting
sustained exposure during routine operations. The
observed variation in average noise levels highlights the
combined influence of spatial characteristics and
concurrent activities on daily worker exposure in all
regions.

The maximum noise levels constituted the most critical
aspect of construction-related noise exposure in
Muratpasa, Manavgat, and Bodrum. Across all sites,
maximum values frequently exceeded 80 dB(A) and
reached up to approximately 89 dB(A). These short-
duration but high-intensity noise peaks were primarily
associated with formwork removal, reinforcement cutting,
concrete vibration, and material handling activities [17].
The wide difference between minimum and maximum
values demonstrates that construction workers are exposed
to sudden and irregular fluctuations in noise intensity over
short time intervals.

Overall, the combined evaluation of minimum, average,
and maximum noise levels across all three regions
indicates that construction sites are characterized by both
continuous background noise and intermittent high-level
noise peaks [8]. This dual exposure pattern increases the
potential risk of hearing impairment, reduced attention,
and occupational accidents [18]. Consequently,
construction sites were identified as high-priority
environments within the AHP framework, particularly
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with respect to criteria related to maximum noise levels
and noise level variability. Detailed measurement results
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are presented in Table 3.

Table 3 Noise Measurement Results of The Construction Sites

Noise Measurement Results of | Noise Measurement Results of | Noise Measurement Results of
the Antalya (Muratpasa) the Antalya (Manavgat) the Mugla (Bodrum)
Construction Site Construction Site Construction Site
Record Location | Min. dB | Ave. dB | Max. Min. dB | Ave. dB | Max. Min. dB | Ave. dB | Max.
No (A) (A) dB(A) | (A) (A) dB(A) | (A) (A) dB (A)
CS-1 Center 39.9 54.4 83.9 61.1 63.6 67.4 50.1 54.9 71.6
CS-1 Corner 37.6 55.9 78.0 56.1 66.4 86.1 42.0 52.0 76.2
(ave.)
CS-1 Worker 38.7 57.9 81.2 62.3 67.6 78.6 51.3 54.0 78.2
Position
CS-2 Center 40.9 58.2 83.4 59.8 61.0 63.4 53.5 54.2 74.8
CS-2 Corner 40.9 58.6 80.9 57.1 63.5 80.3 433 56.0 82.8
(ave.)
CS-2 Worker 39.7 55.4 84.0 62.8 69.1 81.2 54.1 56.7 81.9
Position
CS-3 Center 41.6 59.5 83.4 60.1 62.3 65.0 51.6 60.0 78.5
CS-3 Corner 47.7 62.0 79.2 59.6 63.0 67.3 41.5 68.3 88.3
(ave.)
CS-3 Worker 37.5 52.7 88.6 54.7 63.2 73.2 53.7 59.0 79.6
Position
CS-4 Center 39.5 53.3 85.1 57.7 60.1 66.2 53.2 58.6 73.7
CS-4 Corner 40.3 58.9 81.5 60.9 68.8 80.2 41.6 53.5 89.1
(ave.)
CS-4 Worker 36.3 54.4 88.5 52.5 60.6 73.0 52.8 51.3 78.4
Position
CS-5 Center 40.5 56.7 84.1 66.0 67.4 68.9 52.6 61.8 79.4
CS-5 Corner 37.6 55.6 81.4 53.2 60.9 86.4 441 57.1 89.4
(ave.)
CS-5 Worker 39.1 53.7 81.3 62.1 67.0 70.7 50.2 48.6 69.9
Position

3.2. Noise Measurement Findings of Ready-Mixed
Concrete Plants

Noise measurements at ready-mixed concrete plants were
conducted at facilities located in Antalya (Muratpasa and
Manavgat) and Mugla (Bodrum), where production
activities are carried out continuously in enclosed
environments. Field observations indicated that aggregate
feeding, mixing, conveying, loading operations, and
intensive vehicle movements occurred simultaneously,
resulting in a predominantly continuous and high-intensity
noise environment across all facilities [19].

When minimum noise levels measured at the ready-mixed
concrete plants in all three regions were evaluated
together, values were found to range between
approximately 50 and 80 dB(A). Minimum levels
recorded at center and worker positions generally
remained within the 50-60 dB(A) range, whereas

substantially higher minimum values were observed at
certain corner points and worker locations. These elevated
minimum levels indicate that, in specific sections of the
plants, background noise remains persistently high, with
limited low-noise periods throughout the working day [8].

The average noise levels measured across the facilities
ranged between approximately 53 and 85 dB(A). While
average values at central locations were generally
moderate to high, significantly higher averages were
recorded at corner points and worker positions close to
production processes. Average noise levels exceeding 80
dB(A) indicate zones of sustained and intense exposure
[18]. These findings demonstrate that ready-mixed
concrete plants are characterized by prolonged exposure to
high noise levels rather than short-term variability [20].

The most critical findings were related to maximum noise
levels, which frequently approached or exceeded 85
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dB(A) and reached up to approximately 92 dB(A) across
the three regions. These high-intensity noise events were
primarily associated with aggregate discharge, mixer
operation, conveyor belt systems, compressors, and mixer
truck loading and unloading processes [21]. The
difference between minimum and maximum values was
generally smaller than that observed at construction sites,
indicating lower fluctuation but consistently high exposure

8].

Overall, the combined evaluation of minimum, average,
and maximum noise levels across Muratpaga, Manavgat,

and Bodrum reveals that ready-mixed concrete plants
exhibit a noise profile dominated by continuous high
background noise, accompanied by localized extreme
exposure zones. Compared to construction sites, noise risk
in ready-mixed concrete plants is less associated with
abrupt fluctuations and more strongly related to sustained
exposure duration and average noise levels. Accordingly,
within the AHP framework, ready-mixed concrete plants
were prioritized mainly with respect to average noise level
and daily exposure duration criteria.  Detailed
measurement results are presented in Table 4.

Table 4 Noise Measurement Results of The Ready-Mixed Concrete Plant

Noise measurement results of Noise measurement results of Noise measurement results of
the Antalya (Muratpasa) ready- | the Antalya (Manavgat) ready- | the Mugla (Bodrum) ready-
mixed concrete plant mixed concrete plant mixed concrete plant
Record Location | Min. dB | Ave.dB | Max. dB | Min. dB | Ave.dB | Max. dB | Min. dB | Ave. dB | Max. dB
No (A) (A) (A) (A) (A) (A) (A) (A) (A)
RMCR- | Center 54.8 61.5 76.3 54.7 60.3 75.1 58.9 62.6 67.0
1
RMCR- | Corner 71.5 77.5 89.0 71.4 77.5 89.1 51.2 59.4 77.6
1 (ave.)
RMCR- | Worker | 56.8 66.8 80.1 56.8 66.8 81.4 57.1 60.3 69.0
1 Position
RMCR- | Center 55.3 59.9 83.6 55.3 59.9 83.6 594 61.7 68.4
2
RMCR- | Corner 77.1 81.3 90.0 70.0 83.1 92.1 51.2 53.2 56.8
2 (ave.)
RMCR- | Worker | 55.9 59.3 75.0 56.7 60.0 66.0 65.5 67.0 68.6
2 Position
RMCR- | Center 55.0 58.5 78.3 55.1 58.7 78.5 60.7 62.9 66.4
3
RMCR- | Corner 76.2 78.4 82.9 72.6 78.4 82.9 70.9 73.9 78.4
3 (ave.)
RMCR- | Worker | 55.5 59.2 66.0 554 60.1 67.1 65.3 67.9 73.8
3 Position
RMCR- | Center 53.2 61.8 72.9 50.2 59.8 70.1 54.4 59.1 79.0
4
RMCR- | Corner 77.2 79.7 82.0 77.2 80.1 82.0 56.4 59.0 61.6
4 (ave.)
RMCR- | Worker | 56.5 66.4 79.9 55.9 61.9 70.1 71.1 74.4 78.7
4 Position
RMCR- | Center 59.9 67.9 81.9 58.9 67.8 81.9 56.6 60.1 80.0
5
RMCR- | Corner 77.8 81.3 90.1 78.1 81.3 91.0 54.2 56.6 60.2
5 (ave.)
RMCR- | Worker | 58.3 65.5 81.6 58.3 65.2 80.1 79.8 84.8 87.5
5 Position
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3.3. Noise Measurement Findings of Food Production
Facilities

Noise measurements at food production facilities were
conducted at workplaces located in Antalya (Muratpasa
and Manavgat) and Mugla (Bodrum), where production
activities are predominantly carried out in enclosed
environments. Field observations indicated that cooking
units, preparation equipment, ventilation systems,
dishwashers, packaging lines, and auxiliary machinery
operated continuously throughout the working day,
creating a relatively stable but persistent noise
environment [22].

When minimum noise levels measured at food production
facilities across all three regions were evaluated
collectively, values were found to range approximately
between 39 and 68 dB(A). Lower minimum levels were
generally observed in some center and worker positions,
indicating the presence of short low-activity periods [23].
However, higher minimum values recorded at specific
locations suggest that in certain sections of the facilities,
background noise remains continuously elevated,
particularly due to ventilation systems and continuously
operating auxiliary equipment [8].

The average noise levels measured across the facilities
ranged between approximately 48 and 80 dB(A). Most
average values were concentrated in the 50-65 dB(A)
range, indicating moderate but persistent noise exposure
during routine production activities. Notably, higher
average levels exceeding 70 dB(A) were observed in
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specific localized areas, reflecting the influence of
concentrated production activities and enclosed acoustic
conditions [24].

Analysis of maximum noise levels revealed the occurrence
of intermittent high-intensity noise events, with values
ranging from approximately 58 to 88 dB(A). These peak
levels were primarily associated with simultaneous
operation of multiple kitchen appliances, equipment start-
up and shutdown phases, and localized production
processes [25]. Although maximum levels occasionally
approached occupational exposure thresholds, such peaks
were generally less frequent and less widespread
compared to those observed in construction sites and
ready-mixed concrete plants.

Overall, the combined evaluation of minimum, average,
and maximum noise levels indicates that food production
facilities are characterized by low-to-moderate continuous
noise exposure, accompanied by localized high-level
peaks in certain operational zones. Compared to other
industrial environments, noise risk in food production
facilities is primarily associated with long-term moderate
exposure and enclosed-space acoustic effects, rather than
extreme noise intensity [26]. Accordingly, within the AHP
framework, food production facilities were assigned lower
priority in terms of overall noise risk, while remaining
relevant with respect to spatial characteristics and
sustained exposure duration. Detailed noise measurement
results are presented in Table 5.

Table 5 Noise Measurement Results of The Food Production Facility

Noise measurement results of Noise measurement results of Noise measurement results of
the Antalya (Muratpasa) ready- | the Antalya (Manavgat) ready- | the Mugla (Bodrum) ready-
mixed concrete plant mixed concrete plant mixed concrete plant
Record Location | Min. dB | Ave.dB | Max.dB | Min. dB | Ave.dB | Max. dB | Min. dB | Ave. dB | Max. dB
No (A) (A) (A) (A) (A) (A) (A) (A) (A)
FPF-1 Center 62.4 69.3 88.3 50.1 55.3 63.7 46.8 53.3 62.7
FPF-1 Corner 60.1 66.0 88.8 59.7 53.9 64.7 49.7 53.9 65.7
(ave.)
FPF-1 Worker | 59.7 64.6 86.7 39.9 47.4 57.9 50.7 57.9 74.0
Position
FPF-2 Center 60.1 65.2 85.4 52.6 57.8 66.9 55.0 59.0 66.9
FPF-2 Corner 59.0 63.3 86.8 49.9 54.0 63.2 67.5 80.4 88.0
(ave.)
FPF-2 Worker | 60.4 66.0 87.4 39.7 54.4 80.3 53.5 56.6 76.2
Position
FPF-3 Center 61.2 68.6 87.3 52.2 58.0 68.1 54.6 58.2 63.9
FPF-3 Corner 60.2 64.2 86.2 39.3 51.0 65.3 48.8 53.0 62.1
(ave.)
FPF-3 Worker | 60.6 66.1 86.8 49.7 56.8 74.9 41.8 56.4 87.3
Position
FPF-4 Center 57.9 69.2 85.3 47.6 54.5 60.0 53.8 59.6 68.7
FPF-4 Corner 59.5 64.5 81.0 41.4 53.0 67.1 39.3 50.0 67.2
(ave.)
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FPF-4 Worker | 58.1 62.3 87.0 50.5 52.0 80.4 40.1 48.5 58.7
Position

FPF-5 Center 58.3 65.6 79.7 45.1 52.3 59.1 46.1 70.8 85.3

FPF-5 Corner 58.4 64.0 84.5 432 55.7 67.0 40.6 48.0 59.5
(ave.)

FPF-5 Worker | 57.2 63.5 83.5 45.6 514 71.2 40.2 48.8 57.8
Position

3.4. Evaluation of AHP Criterion Weights

Table 6 presents the pairwise comparison matrix
developed to determine the relative importance of the
main criteria (C1-C6) and their associated sub-criteria
(C1.1-C6.2) considered in the industrial noise assessment.
The comparisons were conducted to evaluate the relative
influence of each criterion on noise-related risk, based on
Saaty’s 1-9 fundamental scale [27]. The values in the
matrix represent the relative importance of the criterion in
the row compared to the criterion in the column, while
reciprocal values are assigned symmetrically [28]. This
structure enables a comprehensive and systematic
evaluation of multidimensional factors such as noise
magnitude, continuity, exposure duration, number of
exposed workers, spatial characteristics, and control
measures within a unified decision-making framework.

An examination of the pairwise comparison matrix
presented in Table 6 indicates that average noise level

(C1.1), daily exposure duration (C2.2), and criteria related
to maximum noise levels (C1.2) have higher relative
importance values compared to the other sub-criteria. In
contrast, distance to the noise source (C3.2) and criteria
associated with awareness and personal protective
equipment usage (C6.1-C6.2) received comparatively
lower importance ratings. This pattern suggests that, in the
assessment of industrial noise risk, physical noise
characteristics and exposure duration are perceived as
more decisive factors than individual or administrative
control measures [29]. Accordingly, the pairwise
comparison matrix provides a robust analytical basis for
the subsequent calculation of criterion weights and the
systematic evaluation of noise-related risks.

Within the AHP framework, the consistency of the
pairwise comparisons were evaluated using the CI, RI, and
CR. These indicators assess the internal coherence of the
decision makers’ judgments and verify the reliability of
the derived criterion weights.

Table 6 AHP Pairwise Comparison Matrix of The Sub-Criteria Used in The Industrial Noise Assessment

Cl.l [c12 [c13 Jc2a1 [c22 [c31 [c32 [cal [c4a2 [cs1 [cs2 [cel [cez2
Cl.1 | 1,00 [3,00 [400 [400 [200 [300 [7,00 [500 |[600 |500 |600 |800 |900
ct2 033 [1,00 [200 [200 |05 [1,00 [500 [3,00 |400 [3,00 |400 |600 |7,00
ct3 025 050 [1,00 [1,00 [033 [050 [400 [200 [300 [200 |300 |500 |6,00
c21 025 050 [1,00 [1,00 [033 [033 [400 [200 [300 [200 [300 |500 |6,00
c22 [050 [200 [300 [300 [1,00 [200 [600 |400 |[500 |400 |500 |700 |8,00
3.1 |033 [1,00 [200 [3,00 |05 [1,00 [500 [3,00 |400 [3,00 |400 |600 |7,00
c32 o014 020 [025 [025 [0,17 [020 [1,00 [033 [050 [033 |05 [200 |3,00
ca1 020 [033 [050 [050 [025 [033 [3,00 |1,00 [200 |1,00 |200 |400 | 5,00
ca2 017 [o025 [033 [033 [020 [025 [200 |05 [1,00 [050 |1,00 |3,00 | 4,00
cs51 020 [033 [050 [050 [025 [033 [3,00 |1,00 [200 |1,00 |200 |400 | 5,00
cs52 017 o025 [033 [033 [020 [025 [200 |05 [1,00 [050 |1,00 |3,00 | 4,00
c61 013 [017 [020 [020 [o0,14 [017 [050 [025 [033 [025 |033 |1,00 |200
c62 |o11 [o14 [017 [017 [o0,13 [014 [033 [020 [025 [020 |025 [050 | 1,00
Total | 3,78 | 9,68 | 1528 | 1628 | 6,00 |9,51 |42.83 | 22,78 | 32,08 | 22,78 | 32,08 | 54,50 | 67,00

Table 7 presents the CI, RI, and CR values calculated to
assess the consistency of the pairwise comparison matrices
developed within the AHP framework. These indicators
evaluate the internal coherence of the decision makers’
judgments and verify the reliability of the derived weights.
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Table 7 CI, RI, and CR Values of The Initial Decision
Matrix

CI RI CR

0,044 1,56 0,028
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As shown in Table 7, the calculated CR = 0.028 is well
below the commonly accepted threshold value of 0.10
reported in the literature [30]. This result indicates a high
level of consistency in the pairwise comparisons and
confirms that the relative importance judgments among
the criteria were established reliably. Therefore, the
criterion weights obtained at this stage are considered
valid and scientifically acceptable for use in the
subsequent phases of the analysis.

3.5. AHP Alternate Ranking Results

The pairwise comparison matrix, the resulting priority
(weight) vectors, and the consistency analysis results
developed to determine the relative importance of the
Construction Sector (Al), Ready-Mixed Concrete Plant
(A2), and Food Production Facility (A3) alternatives are
presented together. The structure of the pairwise
comparisons presented in Table 8 indicates that Cl.1
(Average noise level) is perceived as the most influential
sub-criterion within Criterion 1, compared to both C1.2
(Maximum noise level / sudden peaks) and C1.3 (Noise
level fluctuation). This finding suggests that decision
makers primarily associate noise-related risk with
continuous and cumulative exposure rather than with
isolated or short-term events [31].
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C1.2 (Maximum noise level — sudden peaks) occupies an
intermediate position in the priority structure. Although it
is considered less dominant than average noise level, it is
still regarded as more important than noise fluctuation.
This reflects the recognition that short-duration, high-
intensity noise events pose significant risks to hearing
health and occupational safety, yet their overall
contribution to risk is perceived as secondary to long-term
exposure [32].

In contrast, C1.3 (Fluctuation in noise level, expressed as
the min—-max difference) receives the lowest relative
importance among the three sub-criteria. While noise
variability may affect concentration, startle response, and
task performance, the AHP results suggest that such
effects are viewed as less critical than the absolute
magnitude of exposure and the occurrence of extreme
peaks [33].

Overall, the priority structure implied by Table 8 follows
the order C1.1 > C1.2 > C1.3, indicating that in industrial
noise risk assessment, average exposure is considered the
primary determinant, maximum noise events serve as an
important but supporting factor, and noise fluctuation is
treated as a secondary risk dimension.

Table 8 AHP Pairwise Comparison and Consistency Analysis for Criterion 1 and Its Sub-Criteria

Creating Pairwise Comparison Matrices
C1.1- Average noise level (dBA) C1.2- Maximum noise level (sudden | C1.3- Fluctuation in noise level
peaks) (min—max difference)
Al1-CS A2- A3-FPF Al1-CS A2- A3-FPF Al1-CS A2- A3-FPF
RMCP RMCP RMCP
Al1-CS 1,00 5,00 7,00 1,00 5,00 7,00 1,00 5,00 7,00
A2- 0,20 1,00 3,00 0,20 1,00 3,00 0,20 1,00 3,00
RMCP
A3-FPF 0,14 0,33 1,00 0,14 0,33 1,00 0,14 0,33 1,00
Total 1,34 6,33 11,00 1,34 6,33 11,00 1,34 6,33 11,00
Calculation of Priority (Weight) Vectors
Al1-CS A2- A3-FPF A1-CS A2- A3-FPF Al1-CS A2- A3-FPF
RMCP RMCP RMCP
Al1-CS 0,74 0,79 0,64 0,74 0,79 0,64 0,74 0,79 0,64
A2- 0,15 0,16 0,27 0,15 0,16 0,27 0,15 0,16 0,27
RMCP
A3-FPF 0,11 0,05 0,09 0,11 0,05 0,09 0,11 0,05 0,09
Total 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
Consistency Analysis
Ave. 3,07 3,07 3,07
CIL 0,033 RI: 0,52 0,033 RI: 0,52 0,033 RI: 0,52
CR: 0,063 <0,1 0,063 <0,1 0,063 <0,1

As shown in Table 9, the pairwise comparison results
indicate that, with respect to C2.1 (whether noise is
continuous or intermittent), the Ready-Mixed Concrete

Plant (A2) and the Food Production Facility (A3) receive
equal and the highest priority weights (0.45), while the
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Construction Sector (Al) is assigned a substantially lower
weight (0.09). This distribution reflects the perception that
noise in ready-mixed concrete and food production
facilities is predominantly continuous and sustained,
whereas construction-site noise is more frequently
intermittent and task-dependent.

The CR = 0.000 confirms perfect consistency in the
pairwise judgments, indicating that the priority structure
derived for C2.1 is fully reliable and analytically robust.

In contrast, for C2.2 (exposure during daily working
hours), the results show a markedly different ranking
pattern. The Construction Sector (A1) attains the highest
weight (0.74), followed by the Ready-Mixed Concrete
Plant (A2) (0.15) and the Food Production Facility (A3)
(0.11). This outcome suggests that, despite the intermittent
nature of construction noise, total daily exposure duration

is perceived as more critical in construction activities due
to extended working hours, spatial proximity to noise
sources, and limited opportunities for effective exposure
control [8].

The calculated CR = 0.063 for C2.2 remains below the
accepted threshold of 0.10, confirming that the
comparisons are consistent and that the resulting priority
rankings are scientifically acceptable.

Overall, the results for Criterion 2 demonstrate that noise
continuity (C2.1) and exposure duration (C2.2)
differentiate sectors in distinct ways: continuous
production environments are characterized by persistent
noise patterns, while construction sites are primarily
associated with longer cumulative exposure, reinforcing
the need to address both dimensions jointly in
occupational noise risk assessment [2].

Table 9 AHP Pairwise Comparison and Consistency Analysis for Criterion 2 and Its Sub-Criteria

Creating Pairwise Comparison Matrices

C2.1- Whether the noise is continuous or C2.2- Exposure during daily working hours

intermittent

Al1-CS A2-RMCP A3-FPF Al1-CS A2-RMCP A3-FPF
A1-CS 1,00 0,20 0,20 1,00 5,00 7,00
A2-RMCP 5,00 1,00 1,00 0,20 1,00 3,00
A3-FPF 5,00 1,00 1,00 0,14 0,33 1,00
Total 11,00 2,20 2,20 1,34 6,33 11,00

Calculation of Priority (Weight) Vectors

Al1-CS A2-RMCP A3-FPF A1-CS A2-RMCP A3-FPF
Al1-CS 0,09 0,09 0,09 0,74 0,79 0,64
A2-RMCP 0,45 0,45 0,45 0,15 0,16 0,27
A3-FPF 0,45 0,45 0,45 0,11 0,05 0,09
Total 1,00 1,00 1,00 1,00 1,00 1,00

Consistency Analysis
Ave. 3,00 3,07
CIL: 0,000 RI: 0,52 0,033 RI 0,52
CR: 0,000 <0,1 0,063 <0,1

As shown in Table 10, the results of the pairwise
comparison matrix indicate that, with respect to C3.1
(number of employees simultaneously exposed), the
Ready-Mixed Concrete Plant (A2) attains the highest
priority weight (0.71), followed by the Construction
Sector (A1) (0.24), while the Food Production Facility
(A3) exhibits a considerably lower weight (0.05). This
ranking suggests that collective noise exposure involving a
larger number of workers is most pronounced in ready-
mixed concrete plants, where production processes are
spatially concentrated and multiple workers are
simultaneously present near noise-generating equipment
[18]. Consequently, the number of concurrently exposed
employees emerges as a key factor intensifying noise-
related risk in these facilities.
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The calculated CR = 0.063 is below the accepted threshold
of 0.10, confirming that the pairwise comparisons for C3.1
are internally consistent and that the resulting priority
weights are reliable for further analysis.

In contrast, the results for C3.2 (average distance to the
noise source) reveal a different sectoral pattern. The Food

Production Facility (A3) receives the highest priority
weight (0.69), indicating that workers in these facilities
typically operate in closer proximity to noise sources [34].
This finding can be attributed to enclosed production
layouts and compact workstations commonly observed in
food production environments [35]. The Construction
Sector (A1) exhibits a moderate weight (0.23), while the
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Ready-Mixed Concrete Plant (A2) has the lowest weight
(0.08), reflecting comparatively greater spatial separation
between workers and dominant noise sources in these
facilities.

The CR = 0.037 obtained for C3.2 further confirms the
reliability and analytical validity of the comparisons.
Overall, the findings under Criterion 3 demonstrate that
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workforce concentration (C3.1) and spatial proximity to
noise sources (C3.2) create distinct and sector-specific
noise risk profiles. While ready-mixed concrete plants are
characterized by high collective exposure, food production
facilities are more strongly affected by proximity-driven
exposure, underscoring the importance of incorporating
spatial and organizational factors into comprehensive
noise risk assessments [36].

Table 10 AHP Pairwise Comparison and Consistency Analysis for Criterion 3 and Its Sub-Criteria

Creating Pairwise Comparison Matrices

C3.1- Number of employees simultaneously C3.2- Average distance to the noise source

exposed

A1-CS A2-RMCP A3-FPF A1-CS A2-RMCP A3-FPF
A1-CS 1,00 0,33 5,00 1,00 3,00 0,33
A2-RMCP 3,00 1,00 7,00 0,33 1,00 0,20
A3-FPF 0,20 0,14 1,00 3,00 5,00 1,00
Total 4,20 1,48 13,00 4,33 9,00 1,53

Calculation of Priority (Weight) Vectors

A1-CS A2-RMCP A3-FPF A1-CS A2-RMCP A3-FPF
A1-CS 0,24 0,23 0,38 0,23 0,33 0,22
A2-RMCP 0,71 0,68 0,54 0,08 0,11 0,13
A3-FPF 0,05 0,10 0,08 0,69 0,56 0,65
Total 1,00 1,00 1,00 1,00 1,00 1,00

Consistency Analysis
Ave. 3,07 3,04
CIL 0,033 RI 0,52 0,019 RI: 0,52
CR: 0,063 <0,1 0,037 <0,1

As presented in Table 11, the results of the pairwise
comparison analysis indicate that the Food Production
Facility (A3) has the highest priority weight with respect
to C4.1 (enclosed and reverberant working environment).
This outcome reflects the predominantly enclosed nature
of food production facilities, where hard, reflective
surfaces such as stainless steel equipment, tiled walls, and
ceilings contribute to increased sound reverberation and
amplification [34]. The Ready-Mixed Concrete Plant (A2)
exhibits a moderate weight, while the Construction Sector
(Al)—characterized largely by open or semi-open
working environments—shows the lowest importance
under this sub-criterion. These findings highlight that
enclosed spatial configurations significantly intensify
noise perception and exposure, even when absolute sound
levels may be comparatively lower [37].

The calculated CR = 0.037 for C4.1 is well below the
accepted threshold of 0.10, confirming that the pairwise
comparisons are internally consistent and that the resulting
weights are reliable.

In contrast, the results for C4.2 (availability of acoustic
treatment) demonstrate a different sectoral pattern. The
Construction Sector (A1) attains the highest priority

weight, indicating that acoustic treatments are generally
absent or extremely limited at construction sites. This
reflects the temporary and dynamic nature of construction
activities, where permanent acoustic control measures are
rarely implemented [8]. The Ready-Mixed Concrete Plant
(A2) shows a moderate weight, suggesting partial or
localized acoustic measures, while the Food Production
Facility (A3) has the lowest weight, despite operating in
enclosed spaces. This result implies that food production
facilities are relatively more likely to incorporate basic
acoustic controls or design features that mitigate noise
propagation.

The CR = 0.053 calculated for C4.2 further confirms the
robustness and reliability of the comparison results.
Overall, the findings under Criterion 4 demonstrate that
spatial enclosure and the availability of acoustic
treatments contribute differently to noise-related risk
across sectors. While food production facilities are
primarily affected by reverberant enclosed environments,
construction sites are distinguished by the absence of
acoustic mitigation measures, underscoring the need for
sector-specific noise control strategies that account for
both structural and organizational constraints [38].
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Table 11 AHP Pairwise Comparison and Consistency Analysis for Criterion 4 and Its Sub-Criteria

Creating Pairwise Comparison Matrices

C4.1- The area is enclosed and echoey. C4.2- Acoustic treatment available (none/partial)

Al1-CS A2-RMCP A3-FPF Al1-CS A2-RMCP A3-FPF
A1-CS 1,00 0,33 0,20 1,00 3,00 5,00
A2-RMCP 3,00 1,00 0,33 0,33 1,00 3,00
A3-FPF 5,00 3,00 1,00 0,20 0,33 1,00
Total 9,00 4,33 1,53 1,53 4,33 9,00

Calculation of Priority (Weight) Vectors

Al1-CS A2-RMCP A3-FPF Al1-CS A2-RMCP A3-FPF
A1-CS 0,11 0,08 0,13 0,65 0,69 0,56
A2-RMCP 0,33 0,23 0,22 0,22 0,23 0,33
A3-FPF 0,56 0,69 0,65 0,13 0,08 0,11
Total 1,00 1,00 1,00 1,00 1,00 1,00

Consistency Analysis
Ave. 3,04 3,06
CIL: 0,019 RI: 0,52 0,028 RI: 0,52
CR: 0,037 <0,1 0,053 <0,1

According to the results presented in Table 12, the
Construction Sector (Al) has the highest priority weight
with respect to C5.1 (number of machines operating
simultaneously). This outcome reflects the inherently
dynamic nature of construction activities, where multiple
heavy machines, power tools, and auxiliary equipment are
frequently operated concurrently [39]. Such simultaneous
machine use significantly increases both overall noise
levels and the complexity of noise exposure patterns [1].
The Ready-Mixed Concrete Plant (A2) exhibits a
moderate weight under this criterion, indicating a
production process characterized by a more limited and
relatively fixed set of machines operating in a
standardized sequence. In contrast, the Food Production
Facility (A3) receives the lowest weight, as its operations
typically involve fewer machines with comparatively
lower noise emissions.

The calculated CR = 0.063 is below the accepted threshold
of 0.10, confirming that the pairwise comparisons for C5.1
are internally consistent and that the resulting weights are
reliable.

As shown in Table 12, the Construction Sector (A1) again
attains the highest weight, which can be attributed to the
coexistence of diverse noise sources such as heavy
machinery, hand-held tools, transport vehicles, and
supporting equipment [8]. This diversity leads to a
complex acoustic environment with varying frequency
characteristics and temporal patterns. The Ready-Mixed
Concrete Plant (A2) displays a moderate weight, reflecting
a more homogeneous and process-driven noise profile
dominated by mixers, conveyors, and loading operations
[40]. The Food Production Facility (A3) ranks lowest, as
noise generation is largely associated with standardized
and less variable equipment [41].

The CR = 0.063 obtained for C5.2 further confirms the
robustness of the comparisons. Overall, the findings under
Criterion 5 demonstrate that both machine density and
noise source diversity vary substantially across sectors,
with construction sites representing the most complex and
noise-intensive environments in terms of simultaneous
equipment use and source heterogeneity.

Table 12 AHP Pairwise Comparison and Consistency Analysis for Criterion 5 and Its Sub-Criteria

Creating Pairwise Comparison Matrices

C5.1- Number of machines working simultaneously C5.2- The presence of different types of noise
sources.
A1-CS A2-RMCP A3-FPF A1-CS A2-RMCP A3-FPF
A1-CS 1,00 5,00 7,00 1,00 5,00 7,00
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A2-RMCP 0,20 1,00 3,00 0,20 1,00 3,00
A3-FPF 0,14 0,33 1,00 0,14 0,33 1,00
Total 1,34 6,33 11,00 1,34 6,33 11,00
Calculation of Priority (Weight) Vectors
Al1-CS A2-RMCP A3-FPF Al1-CS A2-RMCP A3-FPF
A1-CS 0,74 0,79 0,64 0,74 0,79 0,64
A2-RMCP 0,15 0,16 0,27 0,15 0,16 0,27
A3-FPF 0,11 0,05 0,09 0,11 0,05 0,09
Total 1,00 1,00 1,00 1,00 1,00 1,00
Consistency Analysis
Ave. 3,07 3,07
CL: 0,033 RI: 0,52 0,033 RI: 0,52
CR: 0,063 <0,1 0,063 <0,1

Analysis of the results presented in Table 13 indicates that
the Construction Sector (Al) has the highest priority
weight with respect to C6.1 (use of personal protective
equipment). This finding reflects the widespread presence
of high, variable, and often unpredictable noise levels in
construction activities, which necessitates the frequent
and, in many cases, mandatory use of hearing protection
such as earmuffs and earplugs [8]. The Ready-Mixed
Concrete Plant (A2) exhibits a moderate weight,
suggesting that personal protective equipment is used
primarily during specific high-noise operational stages
rather than continuously [42]. In contrast, the Food
Production Facility (A3) receives the lowest weight,
consistent with its comparatively lower and more
homogeneous noise conditions, which reduce the
perceived necessity for routine hearing protection [43].

A similar pattern is observed for C6.2 (noise awareness
and related practices). As shown in Table 13, the
Construction Sector (A1) again ranks highest, indicating a

greater level of institutional and individual awareness
regarding noise-related risks. This heightened awareness
can be attributed to the explicit and visible nature of noise
hazards in construction environments. The Ready-Mixed
Concrete Plant (A2) demonstrates a moderate level of
awareness-related practices, typically limited to defined
operational phases. The Food Production Facility (A3)
ranks lowest, reflecting more stable production conditions
and lower perceived noise risk, which may limit the
emphasis placed on awareness and preventive practices.

For both sub-criteria, the calculated CR = 0.037 is well
below the accepted threshold of 0.10, confirming that the
pairwise comparisons are internally consistent and that the
derived weights are analytically reliable. Overall, the
findings under Criterion 6 highlight significant sectoral
differences in behavioral and organizational approaches to
noise management, with construction sites exhibiting the
most developed protective and awareness-oriented
practices.

Table 13 AHP Pairwise Comparison and Consistency Analysis for Criterion 6 and Its Sub-Criteria

Creating Pairwise Comparison Matrices

C6.1- Use of personal protective equipment C6.2- Noise awareness and practices
(earphones, earplugs)
A1-CS A2-RMCP A3-FPF

Al1-CS A2-RMCP A3-FPF 1,00 3,00 5,00
A1-CS 1,00 3,00 5,00 0,33 1,00 3,00
A2-RMCP 0,33 1,00 3,00 0,20 0,33 1,00
A3-FPF 0,20 0,33 1,00 1,53 4,33 9,00

Calculation of Priority (Weight) Vectors

Al1-CS A2-RMCP A3-FPF A1-CS A2-RMCP A3-FPF
A1-CS 0,65 0,69 0,56 0,65 0,69 0,56
A2-RMCP 0,22 0,23 0,33 0,22 0,23 0,33
A3-FPF 0,13 0,08 0,11 0,13 0,08 0,11
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Total 1,00 1,00 1,00 1,00 1,00 1,00
Consistency Analysis

Ave. 3,04 3,04

CL 0,019 RI: 0,52 0,019 RI: 0,52

CR: 0,037 <0,1 0,037 <0,1

3.7. Holistic Discussion of Measurement Findings and
AHP Results

Table 14 presents the weighted performance values of
the alternatives—Construction Sector (A1), Ready-Mixed
Concrete Plant (A2), and Food Production Facility (A3)—
across the defined sub-criteria. The results reveal distinct
sectoral differences in terms of noise-related risk.

At the sub-criteria level, Al (Construction Sector)
attains the highest values particularly for average noise
level (C1.1), daily exposure duration (C2.2), and number
of machines operating simultaneously (C5.1). This
outcome reflects the dynamic nature of construction
activities, extensive use of heavy machinery, and the
production of intense and irregular noise, despite the
frequent presence of open or semi-open environments [8].

A2 (Ready-Mixed Concrete Plant) shows relatively
high values for number of workers simultaneously
exposed (C3.1) and noise continuity (C2.1), indicating that
production processes are more continuous and spatially
concentrated, leading to collective and sustained exposure.
However, its performance remains lower than A1 for most
technical noise indicators.

A3 (Food Production Facility) exhibits lower weighted
values across most  sub-criteria.  Nevertheless,
comparatively higher values for average distance to the
noise source (C3.2) and enclosed and reverberant
conditions (C4.1) suggest that indoor acoustic
characteristics may amplify perceived noise, even though
overall noise levels are lower than those generated by
industrial machinery [44].

When the average weighted scores are considered, the
Construction Sector ranks first (0.044), followed by the
Ready-Mixed Concrete Plant (0.021), and the Food
Production Facility (0.012). This ranking clearly indicates
that construction sites pose the highest noise risk, followed
by ready-mixed concrete plants, while food production
facilities represent the lowest relative risk.

Overall, Table 14 demonstrates that noise risk is not
determined solely by sound levels but is shaped by the
combined effects of exposure duration, workforce density,
spatial ~ characteristics, and organizational factors,
providing a comprehensive comparative risk profile across
sectors [1].
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Table 14 AHP Weights and Priority Ranking of
Alternatives According to Industrial Noise Sub-Criteria

A1-CS A2-RMCP A3-FPF

Cl.1 0,166 0,044 0,019
Cl.2 0,082 0,022 0,009
Cl3 0,055 0,015 0,006
C2.1 0,007 0,034 0,034
C2.2 0,120 0,032 0,014
C3.1 0,033 0,076 0,009
C3.2 0,006 0,002 0,015
C4.1 0,005 0,013 0,032
C4.2 0,021 0,007 0,003
Cs.1 0,037 0,010 0,004
C5.2 0,024 0,007 0,003
Cé6.1 0,011 0,004 0,002
C6.2 0,008 0,003 0,001
Average 0,044 0,021 0,012
Ranking 1 2 3

3.8. Evaluation of the Findings in
Occupational Health and Safety

Terms of

The maximum noise levels recorded in this study provide
important insights into the prevailing safety culture across
the investigated sectors. The frequent occurrence of short-
duration noise peaks exceeding 85 dB(A), and in some
cases approaching or surpassing 90 dB(A), indicates that
noise hazards are not limited to continuous exposure but
also involve sudden and potentially harmful events [2].
From a safety culture perspective, such exposure patterns
suggest that noise is often perceived as an inevitable by-
product of production rather than a controllable
occupational risk, particularly in construction and ready-
mixed concrete operations [45].

The presence of high maximum noise values implies gaps
in preventive planning, engineering controls, and
proactive risk anticipation [46]. In sectors where peak
noise events are common, an advanced safety culture
would require systematic identification of high-noise
tasks, real-time risk communication, and the integration of
noise control into work planning processes. The findings
indicate that, despite awareness of noise hazards,
preventive measures are largely reactive and
predominantly reliant on personal protective equipment
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rather than upstream technical or organizational controls
[47]. In contrast, food production facilities, although
exhibiting lower maximum values overall, still
demonstrate the need for safety culture reinforcement due
to enclosed environments and reverberation effects that
amplify perceived noise. Overall, the maximum noise
measurements highlight that strengthening safety culture
requires moving beyond compliance-based approaches
toward a preventive mindset that prioritizes hazard
elimination, continuous monitoring, worker participation,
and management commitment to noise control as a core
component of occupational health and safety [48].

Considering the maximum noise measurement values
obtained in this study, a meaningful comparison can be
made within the framework of noise regulations in
Tiirkiye, the European Union, and the United States. The
current Turkish regulation is fully harmonized with the
European Union Directive 2003/10/EC and defines an 8-
hour daily noise exposure lower action value of 80 dB(A),
an upper action value of 85 dB(A), and an exposure limit
value of 87 dB(A) [49]. The maximum noise levels
measured in this study—particularly in the construction
sector and ready-mixed concrete plants—reaching 88-92
dB(A), although not directly representing the 8-hour
equivalent continuous exposure level (LEX,8h), clearly
indicate exceedance of the upper action value and
exposure to sudden, high-intensity noise peaks. In the
United States, the Occupational Safety and Health
Administration (OSHA) sets a legal exposure limit of 90
dB(A) for an 8-hour time-weighted average (TWA), with
85 dB(A) defined as the action level, while the National
Institute for Occupational Safety and Health (NIOSH)
adopts a more precautionary approach by recommending
an exposure limit of 85 dB(A) [8]. Within this context, the
maximum noise levels recorded in this study also point to
a potentially hazardous exposure under U.S. standards and
clearly demonstrate, particularly in terms of EU and
Turkish legislation, the necessity for immediate
implementation of preventive technical, organizational,
and personal protective measures.

4. CONCLUSIONS

In this study, field noise measurements were conducted in
construction sites, ready-mixed concrete plants, and food
production facilities, and the resulting data were evaluated
from spatial and temporal perspectives. The findings
demonstrate that each sector exhibits a distinct noise
profile shaped by its production characteristics and
working environment.

Construction sites are dominated by highly fluctuating
noise levels with sudden and high-intensity peaks,
primarily arising from impact-based and mechanical
activities. In contrast, ready-mixed concrete plants are
characterized by persistently high and continuous noise
exposure due to the uninterrupted operation of fixed and
powerful equipment, making long-term exposure the
dominant risk factor. Food production facilities generally
exhibit lower noise levels; however, enclosed spaces,
reverberation effects, and continuously operating auxiliary
systems create a stable background noise environment that
may lead to prolonged exposure.
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These results indicate that industrial noise cannot be
adequately assessed based solely on sound pressure levels.
Instead, a multidimensional approach that considers noise
continuity, variability, spatial distribution, and worker
exposure is required. In this context, the integration of
quantitative noise measurements with multi-criteria
decision-making methods such as the AHP enables a more
systematic and robust comparison of sectoral noise risks.

Overall, the findings confirm that uniform noise control
strategies are insufficient for effective industrial noise
management. Sector-specific prevention and control
measures, tailored to the characteristic noise profiles of
different working environments, are essential. By
combining noise mapping with multi-criteria evaluation,
this study contributes to the development of more targeted
and effective occupational noise control policies.
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