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Railway-adjacent urban kampung settlements constitute densely
populated residential environments that are continuously subjected
to intermittent train noise. This recurring acoustic exposure creates
a form of domestic privacy intrusion, as external sound penetrates
interior living spaces and interferes with residents’ everyday
activities, thereby prompting an investigation into how domestic
privacy is spatially negotiated in Kampung Gubeng, Surabaya. This
study aims to examine both the distribution of railway noise within
domestic environments and the ways residents mediate such
exposure through spatial configurations and architectural elements.
Employing a concurrent embedded mixed-methods design, the
research combines qualitative-spatial data obtained through home
tours and in-depth interviews with quantitative acoustic data derived
from Sound Analyzer measurements and I-SIMPA simulations. The
analytical framework explores the relationship between patterns of
acoustic exposure and domestic spatial organization, interpreting
residents’ adaptive responses through the architectural categories
of fixed, semi-fixed, and non-fixed elements. The findings
demonstrate that domestic sonic boundaries emerge through an
ongoing negotiation between environmental noise conditions and
everyday household practices. In mixed-use dwellings, the front
portion of the house remains intentionally open to accommodate
socio-economic activities, whereas in purely residential dwellings,
greater acoustic protection is achieved through increased spatial
depth and more controlled management of openings. Consequently,
domestic sonic boundaries can be conceptualized as an adaptive
spatial zoning strategy that gradually transitions from acoustically
exposed areas to progressively more protected interior spaces.

Introduction

psychological well-being and comfort of
residents. When external sound penetrates the

In contemporary high-density urban settings, the
distinction between private and public domains is
becoming increasingly obscured by various forms
of environmental pressure, including intermittent
noise intrusion characterized by fluctuating
intensities and abrupt acoustic peaks (Murphy and
King 2022). Such exposure influences not only
the physical environment but also the

interior of the home, it may be conceptualized as
sonic privacy invasion, referring to the
unauthorized intrusion of outside information into
personal domestic space (Kang and Schulte-
Fortkamp 2018; Lang and Moleski 2010).
Consequently, sound within dense urban
environments should be interpreted not merely as
an acoustic phenomenon but also as a
fundamentally spatial issue (Fleming et al. 2023;

Copyright ©2026 Nurma Fathia Alisyah, Dewi Septanti, FX Teddy Badai Samodra. This is an open access article
distributed the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License

801



ARTEKS : Jurnal Teknik Arsitektur, Volume 11 Issue 3, September 2026

PISSN 2541-0598; eISSN 2541-1217

Blesser and Salter 2007). The vulnerability of
Indonesian urban kampungs is particularly
pronounced because these settlements are
typically organic in form, highly compact,
spatially porous, and frequently located adjacent
to critical infrastructure without adequate acoustic
mitigation (Husin 2026; Sunjoto 2023). This
condition is clearly observable in Surabaya,
particularly in Kampung Gubeng, where the
recurrent passage of trains has become embedded
within the rhythm of everyday domestic life and

has encouraged residents to modify and negotiate
their spatial arrangements (Tan and Nguyen 2024;
Suhartini and Jones 2023; Kerr, Klocker, and
Gibson 2021; Ramadhani, Fatimah, and
Wartaman 2021). Accordingly, this study
advances the proposition that the intrusion of
railway noise is determined not solely by
proximity to the tracks but is also mediated
through  spatial  configuration, = domestic

architectural elements, and the adaptive responses
of residents.

Figure 1. Intermittent railway noise exposure in Kampung Gubeng

Existing scholarship on domestic acoustic
environments generally follows two principal
directions. The first investigates sound
propagation through variables such as sound
pressure level, frequency, distance, and the
performance of building components as acoustic
barriers, whereas the second examines residents’
adaptation to domestic soundscapes and sonic
territoriality through spatial reorganization and
the displacement of everyday activities (Sompie,
Sulistiani, and Sompie 2022; Badai Samodra,
Irvansyah, and Erwindi 2018). Nevertheless,
studies that explicitly integrate railway-generated
sound pressure  with  dwelling spatial
configuration and residents lived experiences
remain relatively scarce. Addressing this gap, the
present research explores how railway noise
contributes to the formation of domestic privacy
through the mediation of dwelling spatial
elements by combining outdoor and indoor
acoustic measurements, spatial observation, and
interviews with residents. Specifically, the study
investigates how intermittent train noise is
distributed throughout domestic spaces in

railway-edge urban kampung dwellings and how
occupants negotiate such exposure through fixed,
semi-fixed, and non-fixed elements to organize
domestic activities and establish distinct sonic
privacy zones. The principal contribution of this
research lies in its integration of measured railway
noise exposure, domestic spatial organization,
and residents’ adaptive practices to explain the
formation of sonic privacy zones within railway-
edge urban kampung housing.

Literature review

Research on sound environments
demonstrates that acoustic conditions within
dense settlements are inherently heterogeneous
because sound distribution is shaped by the
relationship between source and receiver as well
as by the surrounding spatial configuration (Kang
and Schulte-Fortkamp 2018). Likewise, the
concept of soundscape cannot be interpreted
exclusively through the magnitude of sound, since
human perception is strongly conditioned by
spatial context and environmental experience
(Kang 2023; LaBelle 2020). Within residential
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settings, the experience of sound emerges through
the interaction among acoustic exposure, spatial
organization, and everyday domestic activities.
Consequently, sound in railway-edge urban
kampung housing should be understood
simultaneously as a condition of acoustic
exposure and as a dimension of spatial
experience.

The mediation of sound within domestic
interiors can be interpreted through environment-
behavior theory, which classifies environmental

CORRUGATED METAL
caNOoPY
\

METAL RAILWAY

/ WARUNG ACTIVITIES SPILL OVER
ALLEY INTO THE OUTSIDE SPACE

Figure 2. Boundary and transitional spaces

When physical boundaries alone are
insufficient to resist acoustic intrusion, residents
employ  non-physical  strategies  through
behavioral, cognitive, and territorial adaptations
(Altman and Wohlwill 2012; Rapoport 2005).
Under conditions of intermittent noise, these
responses frequently follow the temporal rhythm
of disturbance, such as suspending conversation
during peak train passages and resuming
interaction once sound levels decline
(Chernysheva 2024; LaBelle 2020). The interplay
among physical, behavioral, and cognitive
strategies is closely associated with the
hierarchical organization of privacy extending
from public to private space (Altman and Werner
2013; Lang 1987). Accordingly, domestic sonic
boundaries should be understood as spatial
boundaries produced through the interaction of
sound exposure, architectural elements, and
mechanisms of privacy regulation rather than as
an isolated concept detached from theories of
soundscape, environment-behavior relationships,
and territoriality.

components into fixed-feature, semi-fixed-
feature, and  non-fixed-feature  elements
(Rapoport 2005). Fixed elements consist of
permanent architectural structures, including
walls, floors, and roofs, whereas semi-fixed
elements encompass movable furnishings,
partitions, and other interior components that may
be rearranged. Within urban kampung dwellings,
these architectural elements possess the capacity
to amplify, attenuate, or redirect sound
transmission into different parts of the house.

MASSIVE RAILWAY
FENCE
/

TERRACE CANOPY

CLOTHES DRYING ACTIVITIES
IN THE OUTSIDE SPACE ALLEY

Methods

Research method

This study adopts a concurrent embedded
mixed-method design, in which qualitative-
spatial data constitute the primary dataset while
quantitative acoustic data are embedded within a
single phase of investigation (Creswell 2009).
This methodological approach was selected
because acoustic measurement does not represent
the principal objective of the study but instead
serves to support the spatial interpretation of
railway noise distribution within domestic
environments. Consequently, the research is
neither a purely quantitative acoustic
investigation nor a grounded theory study; rather,
it seeks to examine the interrelationship among
sound exposure, spatial configuration, residents’
perceptions, and the regulation of domestic
privacy.
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Figure 3. Concurrent embedded mixed method

As illustrated in figure 3, qualitative
information was collected through touring the
home, visual documentation, and in-depth
interviews concerning perceived disturbances,
affected activities, and residents’ responses
during train pass-by events. Quantitative
information was obtained through outdoor and
indoor Sound Analyzer measurements of sound
pressure levels and frequency characteristics.
These acoustic data were subsequently mapped

using I-SIMPA software to examine the
relationship between spatial configuration and
exposure patterns. Both qualitative and
quantitative datasets were integrated through
narrative interpretation, dwelling plans, exposure
mapping, and analysis of spatial elements. The
interpretive framework employed the categories
of fixed, semi-fixed, and non-fixed elements to
identify public-facing, transitional buffer, and
private sonic zones.

Table 1. Acoustic measurement and spatial mapping procedure

Tools Measured parameters Noise source Condition

* Sound Analyzer App * Sound Pressure Level, * Outdoor facing the railway =« Measured during train

* I-SIMPA Software dBA * Indoor 0.6 m to 1.5 m as pass-by

* Frequency bands, 125— reference height of « Sound data overlaid with
4000 Hz occupant’s sitting/ spatial configuration
standing
Selection of research objects generalization (Groat and Wang 2013;
The research objects were selected through ~ Niezabitowska 2018). Kampung Gubeng,

purposive sampling, as the objective was to
understand  variations in dwelling spatial
characteristics rather than to achieve statistical

Surabaya, was chosen because it represents a
railway-edge urban kampung where repeated
intermittent train noise forms an integral
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component of everyday domestic life. Four
dwellings were selected as observation units
based on their distance from the railway, fagade
orientation, dwelling function, and the nature of
their physical boundaries. These variables were
considered essential because the distribution of

Table 2. Characteristics of selected dwelling samples

domestic sound is influenced by proximity to the
railway, building orientation, facade
characteristics, openings, dwelling function, and
intermediary spatial elements (Kang and Schulte-
Fortkamp 2018; Almusawi et al. 2025).

Housing sample Distance to railway

Facade orientation

Dwelling function Boundary

R-1 7 meters

Facing Railway (West)

Massive Concrete
Railway Fence and
Permanent Dwelling Wall

Domestic

R-2 5 meters

Facing Railway (West)

Domestic + Warung ~ Metal Railway Fence and
Corrugated Metal Canopy

Extending over Alley

R-3 13 meters

Side-facing (South)

Domestic + Warung ~ Open Terrace

(No Massive Fence)

R-4 15 meters

Facing Railway (West)

Permanent Wall
(Shielded, Second-row
Position)

Domestic

Results and discussion

Distribution of intermittent train noise across
domestic spaces

The distribution of sound was investigated by
analyzing both sound pressure levels and
frequency-band characteristics to explain the
mechanisms through which railway noise
penetrates, attenuates, or persists across domestic
spatial configurations. As illustrated in figure 4,
the relationship between railway proximity and
the outdoor-indoor sound pressure level
demonstrates an overall tendency for acoustic
exposure to decline within the immediate railway-
edge environment. This gradient can be observed
from R-2, the dwelling located closest to the
railway corridor, toward R-1, R-3, and R-4, which
are positioned at progressively greater setbacks
from the tracks. Nevertheless, the observed
pattern also indicates that proximity alone does
not determine the degree of acoustic exposure.

Although R-2 is the nearest dwelling, its open
front boundary and mixed residential-commercial
function allow it to remain highly vulnerable to
railway noise. In contrast, R-1 exhibits a more
substantial reduction between outdoor and indoor
sound levels due to the presence of a concrete
railway barrier, permanent enclosing walls, and a
deeper sequence of interior spaces. Similarly, R-3
continues to experience considerable exposure
because its open warung terrace permits greater
sound transmission, whereas R-4 benefits from
enhanced acoustic protection provided by the
surrounding building mass and more controlled
openings. The comparatively lower indoor sound
pressure levels therefore suggest that domestic
interiors are capable of mitigating a portion of
incoming railway noise; however, the
effectiveness of this reduction is simultaneously
influenced by fagade orientation, dwelling
function, boundary configuration, openings,
spatial depth, and the shielding effect of adjacent
building masses.
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Figure 4. Graph of outdoor and indoor sound pressure levels by railway distance

The frequency-band analysis presented in
figure 5 redirects the discussion from overall
exposure magnitude to the spectral characteristics
of railway noise. Several measured indoor
frequency bands remain above the World Health
Organization’s recommended daytime limits and,

findings demonstrate that acoustic disturbance
persists within particular frequency ranges,
indicating that evaluations of domestic sonic
comfort should not rely solely on aggregate sound
pressure levels. Instead, they must also consider
which frequency components continue to be

in certain instances, approach or even exceed the  perceptible within interior residential
Indonesian residential noise standard. These environments.
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Figure 5. Graph of outdoor and indoor frequency distribution
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The frequency-band analysis presented in
Figure 5 redirects the discussion from overall
exposure magnitude to the spectral characteristics
of railway noise. Several measured indoor
frequency bands remain above the World Health
Organization’s recommended daytime limits and,
in certain instances, approach or even exceed the
Indonesian residential noise standard. These
findings demonstrate that acoustic disturbance
persists within particular frequency ranges,
indicating that evaluations of domestic sonic
comfort should not rely solely on aggregate sound
pressure levels. Instead, they must also consider
which frequency components continue to be
perceptible within interior residential
environments.

Spatial distribution and residents’ perception in
each dwelling

The analysis integrates spatial exposure
mapping with residents’ narratives to explain how
occupants negotiate railway noise through fixed,
semi-fixed, and non-fixed elements in organizing
domestic activities and privacy into distinct sonic

zones. In R-1, figure 6 indicates sound levels
ranging approximately from 60 to 68 decibels.
The front portion of the dwelling facing the
railway is represented by yellow-to-red zones,
measuring  approximately 6668 decibels,
whereas deeper interior spaces transition into
green and blue zones with levels of approximately
60—64 decibels. This spatial gradient illustrates a
progressive reduction in acoustic exposure from
the front room toward the bedroom. Such a
pattern corresponds to the sequence of the
concrete railway fence, intermediary exterior
space, alley, terrace, and interior rooms. Interview
findings indicate that although the resident
continues to hear passing trains, the bedroom is
perceived as a safer and quieter environment.
Consistent with the findings of Mustafa and
Mubhealdeen (2023), spaces located farther from
the principal noise source, combined with barriers
and layered spatial arrangements, contribute
significantly to reducing acoustic exposure.
Accordingly, sonic protection in R-1 is generated
through the interaction of spatial layering,
boundary elements, and interior depth.

Figure 6. Spatial gradient of R1 train-noise exposure and layered protection

Semi-fixed elements likewise contribute to the
formation of domestic boundaries through their
influence on openings, circulation patterns, and
outdoor exposure. As illustrated in figure 7, the
front room in R-1 functions as a semi-public area,
whereas the bedroom serves as a protected private
zone. An unused refrigerator, table, speaker,
children’s toys, sofa, television, and corridor
cabinet collectively establish additional material
layers within the interior. Some pieces of furniture

also obstruct unused fagade openings, thereby

influencing the reflection, absorption, and
retention of sound within the dwelling
(Cucharero, Hainninen, and Lokki 2019).

Residents’ adaptive responses, including pausing
conversations and closing doors or windows
during train passages, further demonstrate that the
sonic boundary in R-1 emerges through the
combined effects of permanent walls, interior
furnishings, and everyday behavioral adaptations.
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Figure 7. Spatial activity arrangement and interior condition of R1

The combination of immediate proximity to
the railway corridor and the openness of the front
boundary substantially intensifies acoustic
exposure within the most actively occupied
portion of the dwelling. As illustrated in figure 8,
the measured sound levels in R-2 range from
approximately 68 to 76 decibels, with yellow,
orange, and red zones dominating nearly the
entire spatial configuration. The highest intensity,
approaching 76 decibels, occurs in the area
directly exposed to both the railway and the
adjacent alley, whereas spaces located deeper
within the house experience only a modest
reduction, remaining within approximately 7074
decibels and therefore still  exhibiting

considerable acoustic exposure. Because the front
portion of the dwelling simultaneously functions
as a warung, the area subjected to the greatest
noise intrusion also serves as the principal space
for economic activities and social interaction.
Interview findings reveal that the resident
experienced considerable difficulty sleeping
during the first two months of occupancy but
gradually adapted to the recurring train noise over

time. Consequently, the adaptive strategy
observed in R-2 is characterized less by
substantial physical modification than by

habituation and behavioral adjustment to the
persistent acoustic environment.

808



Nurma Fathia Alisyah, Dewi Septanti, FX Teddy Badai Samodra:

Domestic sonic boundaries under intermittent railway noise invasion in an Urban Kampung

Figure 8. Spatial gradient of R2 train-noise exposure in mixed-use space

The domestic threshold in R-2 functions as an
intermediary zone that negotiates private,
commercial, and social activities simultaneously.
As depicted in figure 9, a corrugated metal canopy
extends across the alley and the warung frontage,
effectively expanding the perceived boundary of
the dwelling into the surrounding public realm.
While this canopy supports commercial
operations, it also maintains an open spatial
relationship among the house, the alley, and the
railway corridor. Interview data further indicate

that food prepared for commercial purposes is
cooked within the front warung area, whereas
household cooking activities are relocated to the
rear kitchen. Such an arrangement illustrates the
expansive nature of the sonic boundary in R-2,
where the front space continues to function
productively despite continuous exposure to
sounds generated by passing trains, customers,
children, motorcycles, and neighborhood
activities.

P

PRIVATE

e
|

Figure 9. Spatial activity arrangement and front warung condition of R2
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A greater physical distance from the railway
does not necessarily correspond to a higher level
of acoustic protection. In R-3, figure 10 presents
a markedly different sound gradient, ranging from
approximately 40 to 70 decibels. The open
warung and cooking area are represented by
yellow-to-red zones with sound levels of
approximately 60-70 decibels, whereas the
deeper interior spaces transition into green and
blue zones measuring approximately 40-50
decibels. This pronounced contrast demonstrates
that the openness of the front boundary continues
to facilitate substantial sound transmission despite

the dwelling being located farther from the
railway than R-1 and R-2. Interview responses
indicate that residents perceive the rear family
room as the safest and quietest part of the house,
while the open warung and upper floor are
regarded as locations where train noise is most
pronounced. These observations reinforce the
findings of Mustafa and Muhealdeen (2023) who
argue that room orientation, the placement of
quiet spaces, and the presence of intermediary
spatial layers play significant roles in enhancing
acoustic comfort by functioning as residential
buffer zones against external noise sources.

Figure 10. Spatial gradient of R3 train-noise exposure and rear protection

The maintenance of an open domestic
configuration is closely associated with the social
and economic functions of the space. As shown in
figure 11, the warung terrace in R-3 is entirely
open, lacking a front fence and maintaining a
direct connection with the neighborhood street.
Interview findings indicate that food preparation
for commercial purposes and household
consumption occurs within the same terrace area,
allowing the resident to cook while

simultaneously

interacting  with
Although this openness increases vulnerability to
sounds generated by passing trains, customers,
neighboring residents, children, and motorcycles,
the adaptive response is not to enclose the space
physically. Instead, residents rely primarily on

neighbors.

behavioral strategies, including temporarily
stopping conversations and increasing the
television volume whenever trains pass through
the area.
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Figure 11. Spatial activity arrangement and open warung terrace condition of R3

In R-4, sonic protection is influenced not only
by horizontal distance from the railway but also
by vertical spatial organization, floor level,
building openings, and the direction of sound
propagation. As illustrated in figure 12, measured
sound levels range from approximately 48 to 56
decibels, with red and orange zones occurring in
more exposed locations and blue zones
representing more protected areas. Spaces
adjacent to openings and the balcony record
sound levels of approximately 54-56 decibels,
whereas areas shielded by the internal spatial
arrangement and the surrounding building mass
measure approximately 48—50 decibels. Although
these values are lower than those observed in R-2
and R-3, the spatial distribution nevertheless
demonstrates that openings and upper-floor
spaces remain comparatively susceptible to

railway noise intrusion. Interview evidence
indicates that train sounds are clearly audible
within the upper-floor bedroom whenever the
balcony is open, while the ground-floor living
room is perceived as considerably quieter and
safer. This finding corresponds with Samra et al.
(2024), who argue that acoustic privacy is shaped
through the interaction of physical barriers,
openings, partitions, and residents’ behavioral
practices in maintaining distinctions among
public, semi-public, and private spaces.
Consequently, the sonic boundary in R-4 is
established through the combined effects of
surrounding building mass, controlled openings,
and the strategic use of the ground-floor living
room as a more acoustically manageable
environment.
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Figure 12. Spatial gradient of R4 train-noise exposure and opening control

The enhanced acoustic protection provided by
the ground-floor living room affords residents
greater control over both sound exposure and
interaction with the surrounding neighborhood.
As illustrated in figure 13, this space
accommodates guest reception and everyday
relaxation because occupants perceive it as
offering superior acoustic comfort. Such
protection results from the dwelling’s location
within a narrow alley, the shielding effect of
adjacent building masses, enclosing walls and
doors, and an internal spatial organization that is

not directly oriented toward the railway corridor.
Nevertheless, interview findings indicate that
sounds originating from neighboring houses and
activities within the alley remain clearly audible
because of the close physical proximity among
dwellings. Accordingly, the sonic boundary in R-
4 responds not only to railway noise but also to
the broader soundscape of the kampung, with
residents adopting adaptive behaviors such as
closing doors and temporarily pausing activities
during periods of increased acoustic disturbance.
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Figure 13. Spatial activity arrangement and ground-floor living room condition of R4

Conclusions

The establishment of domestic sonic boundaries
within urban kampung housing emerges through a
continuous negotiation among environmental
sound exposure, spatial organization, residential
functions, and occupants’ everyday behavioral
practices. The propagation of railway noise is
determined not merely by the physical distance
between a dwelling and the railway corridor but
also by architectural characteristics such as spatial
depth, the degree of openness at the front
boundary, floor level, the configuration of
openings, and the shielding effect of surrounding
building masses. Consequently, acoustic
conditions inside the dwelling are produced
through the interaction between environmental
factors and spatial design rather than by proximity
to the railway alone. The four investigated
housing samples demonstrate distinct strategies of
sonic mediation. In R-1, acoustic protection is
achieved through the sequential arrangement of

intermediary spaces and increased room depth
leading to the bedroom, creating a layered buffer
against external noise. By contrast, R-2 exhibits a
more permeable sonic boundary because its front
room functions as a warung while being situated
immediately adjacent to the railway, thereby
maintaining a high level of exposure. In R-3, the
front portion of the dwelling continues to
accommodate  commercial  activities  and
neighborhood interaction, whereas the rear family
room serves as a comparatively protected acoustic
refuge. Meanwhile, R-4 illustrates that sonic
protection is influenced not only by horizontal
distance but also by vertical spatial organization
and opening control, as the ground-floor living
room provides greater acoustic comfort than the
upper-floor  bedroom.  Collectively, these
observations demonstrate that domestic sonic
boundaries are established through the interaction
of fixed elements, semi-fixed elements, and
residents’ adaptive behaviors, as summarized in
table 3.
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Table 3. Domestic sonic boundary elements

Housing Fixed elements Semi-Fixed elements Non-Fixed elements
sample
R-1 * Permanent wall * Front-room furniture (unused * Closing doors/ windows
* Layered spatial sequence (concrete refrigerator, table, sofa, TV) « Pausing activity
railway fence, terrace, corridor, « Corridor storage (cabinets, stored * Using bedroom as
bedroom depth) objects) protected space
R-2 * Permanent wall » Warung threshold (corrugated « Habituation
* Direct front boundary (iron railway canopy) * Pausing conversation
fence, narrow alley) * Open middle-room arrangement * Separating business and
private activity
R-3 * Permanent wall * Warung terrace setting » Maintaining front
* Open front boundary (terrace, no front Inner storage layer (storage area, openness
fence) cabinets) * Pausing conversation
* Deeper domestic layer (rear family * Increasing TV volume
room) « Using rear family room
as quieter retreat
R-4 * Permanent wall « Interior thickening near openings * Closing doors/ windows

* Spatial shielding (small alley position,
surrounding building mass)

(wardrobe, movable domestic
objects) living room as safer

« Using ground-floor

zone

P eUDLG FAGING SONIC ZONE

BUFFER SCRHIG Z0ME

FRIVATE SOMIC Z0ME

R-1 R-2 R-3

Figure 14. Adaptive zoning of domestic sonic boundaries

The synthesis presented in table 3 is
conceptually illustrated in figure 14 as a model of
adaptive domestic sonic zoning. The findings
indicate that the front portion of the dwelling does
not necessarily function as an acoustically
protected area because both R-2 and R-3
intentionally preserve this space as a warung,
cooking area, and setting for social interaction
despite its exposure to railway noise. Instead of
eliminating sound at the exterior boundary,
acoustic protection is progressively transferred
toward deeper interior layers through corridors,
intermediary rooms, furniture arrangements,
canopies, doors, and the shielding effects of

R-4

surrounding building masses, all of which act as
filters before sound reaches more protected
spaces. Furthermore, the location of the
acoustically safest space varies among the
investigated dwellings and is not invariably the
bedroom. In R-1, the deepest bedroom provides
the highest level of protection; in R-3, the rear
family room functions as the principal quiet zone;
and in R-4, the ground-floor living room offers
greater acoustic security than the upper-floor
bedroom. These findings demonstrate that
domestic sonic boundaries operate as adaptive
spatial zoning mechanisms that mediate railway
noise through the combined influence of
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architectural elements and residents’ everyday
practices, thereby enabling domestic life to
coexist with persistent environmental sound
within dense urban settlements.
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