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Abstract: The increasing demand for transporting people and goods, rail system is needed for enhancement. An
architectural design of train station can significantly impact investment from any government. However, a
proper guideline for designing the train station in tropical climate is not publicized. This review examine railway
station design through an analysis of student design theses in Thailand, from 1983 to 2022. Furthermore, the
building analyses on architectural design theory were done in terms of service area, form, entrance structure,
roof structure, style, and design development. The analysis reveals curved and gable roofs are most frequent,
followed by 3D curved roofs. HSR stations' main entrances are designed to represent local culture and save
walking distance. Curved and gabled porticos provide the most extravagant main entryway, a feeling of
grandeur and beauty. A public building's overlapping portico or curving gabled portico lends majesty and
refinement to its facade. Architects and designers strive to make buildings more attractive and practical. Besides,
university-designed stations prioritize conceptual design and functional space over cost. Finally, railway station
design should prioritize transparency, connectivity, movement, and cost- and time-efficiency. Research gaps are
identified, such as designing user-friendly for thermal comfort and design-for-all the railway station in tropical
climate, are critical for future evaluation.

Keywords: railway station; architecture; design; tropical climate; structure

1. Introduction

In the present, a good infrastructure system is increasingly necessary. In most countries,
especially developing countries, their railway system, which is currently low in efficiency, needs
improvement to meet the growing demand for transportation of goods and people. Most of
Thailand's railway system still consists of single tracks, which slow down the movement of trains
due to the need to wait for other trains to pass. In addition, long-distance (LD) train tickets are
expensive, and the speed of the trains is not worth the cost when compared to airplanes or tour buses.
Governments in any nation invest a large budget in public transportation infrastructure. For example,
the federal infrastructure bill in the United States plans to budget $44 billion for rail transportation
(approximately $140 per person in the United States) (Hampton 2021). The International Energy
Agency (IEA), published in 2021, global investment in electric railways was estimated to be around
$450 billion (about $1,400 per person in the US) per year (International Energy Agency 2021).
Moreover, it is reported that over 1600 buildings have been used for over 200 years (RHT). The
maintenance and renovation are tremendously invested in this area. Third, many countries such as
those in Europe have focused on developing universal design or “design-for-all” guidelines for safe
and sustainable mobility since 1997 (Goldsmith 2007). The Italian Railway, for example, planned to
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build additional conveniences for accessibility at 2150 medium- and small-sized Italian railway
stations, with a budget of 15 million euros per year (RFI 2002).

1.1. Literature review

Currently, developing countries are now focusing on improving and investing in both new and
existing rail infrastructures including in Thailand. Several studies on the architectural design of
modern railway stations can offer several benefits (Cozens and Van der Linde 2015). The studied
benefits include sustainable design (Yoo et al. 2016; Kaewunruen and Xu 2018), smarter system
design (Alawad and Kaewunruen 2018; Patel et al. 2020; Fan et al. 2022; Kazanskiy and Popov 2015),
acoustic design (Hellstrom 2005; Wu et al. 2018), reduced crime and accident design (Kaakai et al.
2007; Cozens et al. 2003; N. Wang et al. 2020; Jones 2011; Hassannayebi et al. 2020), reduced mobility
design (Hermant 2011; Kandee 2004; Swift et al. 2021; Yeung and Marinov 2019), reduced waiting-
time design (Hoogendoorn et al. 2004), universal design or design for all design (Sekiguchi 2006),
aesthetic design (Kido 2005) and reduced PM2.5 pollution (Thaithatkul et al. 2023). Several design
aspects can deliver important integrated facets through eventually bringing down the overall
investment and life cycle cost.

While the construction of railway stations is underway, The transportation network emerged as
a representation of authority (Ali and Qi 2020). The railway station serve as political and diplomatic
instruments for China, Europe, and Japan to demonstrate their technology and maintain a balance of
power with other nations. Pavlicevi¢ and Kratz (2018) discovered that overseas diplomatic endeavors
have frequently been portrayed within the framework of the China Threat narrative. This narrative
suggests that Beijing aims to change the power dynamics in Thailand, Indonesia, Myanmar, Vietnam,
Laos, Thailand, Malaysia, and Singapore, thereby negatively impacting the economic, political, and
security interests of the countries in the region. This study disputes these interpretations and
indicates that these programs lack both the aim and capability to promote such a hostile and extensive
agenda towards the area. Hong (2014) also stated that there is a connection between China's
ambitious foreign policy towards the ASEAN, its national pride, and its financial interests in building
modern rail in the area. This analysis examined the underlying reasons behind China's intentions to
expand modern rail in the ASEAN region, taking into account China's growing influence and the
competition between China and Japan. However, China was likely encountering significant
obstacles in achieving its goals. Furthermore, Kitkuakul (2022) advocated that the establishment of a
railway station might be facilitated by the implementation of a sister city relationship strategy,
whereby the funding, which can be limited, was likely to be sourced from economically stronger
nations. Akin to Shrivastva (2021), the provision of financial grants and technology transfer can
achieve success by means of collaborations between public and private entities. Nevertheless, various
studies have also argued that implementing such policies across adjacent borders, such as India-
China, Pakistan-China, China-Vietnam, might generate geo-psychological pressures on both nations,
therefore impacting their diverse geopolitical relationship (Shrivastva et al. 2023; Lal 2006). Besides,
Lim et al. (2021) pointed out that the progress made in this regard was diminished by the sluggish
implementation of modern railway project, which was further hindered by the fragmented
institutional structure in Indonesia and Malaysia.

Because the building performance can be greatly impacted by climate, the guideline for
designing the railway station architecture in tropical climate condition is needed (Mirrahimi et al.
2016). About 25% of the world's energy is consumed in buildings. To reduce society's dependence on
fossil fuels, we need to design a building environment with energy balance. Every year, millions of
new buildings need to accommodate the world's growing population, which will require a lot of raw
materials and energy. Climate adaptation is a way for the sustainable development of buildings (Guo
2021). For example, Khan (2021) conducted a comprehensive analysis of the energy efficiency of
Pakistan's railway station from 1980-2018. The data indicated that rail transit achieved a mere 36%
efficiency in 1980, in contrast to its optimal efficiency of 100% in 2018. However, little literature for
designing it in a tropical climate is revealed. Whereas, Theerathitichaipa et al. (2024) studied on
railway service accessibility unveiled a disparity, indicating that regions with higher population
density had better access to railway stations in comparison to districts with lower population density.
Designing a railway station’s architecture in a tropical climate condition requires careful
consideration of several factors to ensure the station provides comfortable and functional spaces for
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passengers and staff. The tropical climate is characterized by elevated temperatures, humidity, and
rainfall throughout the year, making it challenging to maintain thermal comfort and protect the
station from moisture and fungal growth. Several factors are taken into consideration in tropical
contexts such as climate-responsive design (Manandhar et al. 2019), material selection (Latha et al.
2015), indoor air quality (Sekhar and Willem 2004), and landscape design (Yang et al. 2018).
Incorporating passive design strategies, selecting appropriate materials, improving indoor air quality,
and incorporating landscape design can help create a comfortable and sustainable railway station for
passengers and staffs. Riza et al. (2021) reported that the small railway station architecture in
Indonesia has distinguished architectural design such as simple rectangular layout, a pyramid roof
structure, and a closed frame building structure. Sulistyani (2022) also advocated for rail station
architecture in Java, Indonesia, that incorporated local architectural knowledge and colonial context,
striking a balance between neoclassical and eclectic architectural styles to address the island's unique
conditions. However, no work has been evaluated on large-scale public buildings.
This work determined four diverse types of railway stations including:

e -High-speed railway (HSR) stations are places where high-speed trains can travel long distances,
often with a long distance between stations, and they transport passengers between provinces
or regions.

e -LDrailway stations where trains can travel long distances often have a shorter distance between
stations than high-speed trains, and they transport passengers between provinces or regions.

e -Commuter rail transit (CRT) station where the station may connect with a light rail transit
station and link further regional areas to local transit (Chen and Hsu 2020).

e -Light Rail Transit (LRT) station where the station is generally located in urban and suburban

areas. The LRT train typically entails 2 or 3 coaches that typically operate at an average speed of

55 to 60 km/h on lines with extensive stops/stations and around 65 to 70 km/h on lines with fewer

stops/stations (Nag et al. 2019; Teodorovi¢ and Jani¢ 2017).

Our literature survey has not found any earlier studies on the categorization and analysis of
architectural design for railway stations in tropical regions. This work aims to review 48 railway
station design literature from 1983-2022, based on public drafts and student theses, with a focus on
LD and HSR stations. The classification and analysis of the reviewed railway station architecture
entails area, form, entrance structure, roof structure, architectural style and design development. This
review provides a systematic guideline for designers, architects, and students to comprehend the
basic architectural design concepts of railway stations in tropical climates, enabling them to provide
proper designs that minimize costs and enable effective usage.

1.2. Significance of the review

As previously indicated, each nation has allocated a substantial budget for the construction of
infrastructure such as railway stations. Gaining a more comprehensive comprehension of its design
at the first phase might yield significant advantages in terms of aesthetics, symbolism, cost,
construction duration, mobility, and sustainability. The study offers a helpful synopsis of the
architectural factors involved in railway station design. The goal is to review design visions for
railway stations in Thailand, as reflected in student theses and government proposals. Our findings
indicate a range of factors that need to be taken into consideration, such as structural complexity, cost,
aesthetic, and local contexts. However, it would be advantageous to look more into specifically the
issues and solutions that are unique to tropical climates. The evaluation establishes a basis for further
investigation and advancement in the realm of tropical railway station architecture.

2. Review methodology

The research was conducted by collecting research papers and theses in the Faculty of
Architecture from five university databases and train station proposal blueprints from library
databases and electronic media, "Basic Structure of Thailand." The search was conducted from
January to November 2022. The first architecturally designed and constructed railroad station
buildings in Thailand was found in 1983. 60 designs were found, but four of them focused mainly on
transit-oriented development or landscape study, rather than the building part, and were excluded
from this work. After excluding the irrelevant designs, there were 48 items left relating to railway
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structure design. It should be noted that the limitation of some information from the universities
outside Bangkok was excluded.

The 48 items left relating to railway structure design were analyzed and summarized according
to several criteria: the type of station by year, the number of stations by service line, the relationship
between area usage, number of floors, and number of platforms, the form, type of roof, entrance
characteristics, architectural style, and design development, respectively. The PICO (population,
intervention, comparison, and outcome) process was adapted and depicted in Table 1. Some
qualitative analyses were performed to determine the forms and architectural styles of the structures
and designs, based on group discussions of five academic and practitioner experts. This may be the
limitation of the qualitative research in this work since the analysis is based on the background and
experience of each individual. It should be noted that some literature did not provide exact length or
area values, so the researchers used AutoCAD software to measure them. Hence, there may be a risk
of bias from the five experts, which should be acknowledged as a limitation of this analysis work.
The research flow diagram is illustrated in Figure 1. The direct in this study and indirect factors
influencing the architectural design for railway station in tropical climate are given in this figure.

Table 1. PICO method of study.

PICO component Explanation

Problem -P The architectural design of railway stations in tropical
design is lacking.

Intervention - I Examine railway station designs of theses in Thai
universities and draft proposal to Thai government

Comparison - C Compare railway station design in tropical climate (Thai
context) with the general design

Architects and designers make structures more
appealing and functional. thesis-designed stations
Outcome- O emphasis concept and function over cost.

Railway station design should prioritize transparency, ¢
onnectivity, movement, cost- and time-efficiency




Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 February 2024 i:10. reprints202402.1589.v1

Literature review
( ect 48 researc apers | e nive es
electronic media "Basic Structure of i

|

4 Investigate factors regarding the following I
Direct factor

el
>
-2

‘ \ D I“l

¥ =

Year Number of floors, Symmetry Ratio of height to size of

platforms and area ground floor
?

= B T amh

Ratio of ground floor area  Type of roof Entrance characteristics ~ Architectural style
to total building area

Indirect factor

A &

A !

Political intervention Number of stations by Relationship between

service line area usage

® & 8

Budget Technology Local context
Data analysis

Figure 1. Research flow diagram.

The guidelines of the designing modern railways stations exist in the developed countries such
as UK, USA, Europe, and China, leaving behind the railway station in the developing countries
globally. However, many design guideline suggestions cannot be adopted in many nations such as
the designing for tropical climate. With the growing construction of railway station around the
world, especially in the developing countries, the novelty of this work presents, for the first time,
reviewed design principles of railway stations in tropical climate. The benefits of this review work
can offer the designers, educators, and students to in-dept comprehend the general design concept
for designing the rail stations. This review is the part for establishing the design guideline of railway
station in tropical climate.

The main focus of the summary can provide guideline for designing the important components
of the station and the differentiation between the thesis works and the practical building designs.

3. Results and discussion

3.1. Size of station and service area

From data analysis, it is clear from the bar chart that there has been a significant increase in the
number of railway station blueprints and theses since 2014-2016, as shown in Figure 2. A substantial
portion of the literature focuses on HSR and LD stations (greater than 90%). This is because the
primary factors that determine the economic viability of HSR stations are construction costs, the value
of time savings per commuter, traffic volume, and the level of congestion in global current transport
networks (Nash 2015).
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Figure 2. Classification of railway station categories by year range.

In Thailand, four main routes connect Bangkok with the northern, southern, eastern, and
northeastern regions. Thonburi, BTS, and node lines are the routes located in Bangkok. The railway
station was built significantly on the Northeastern line, which has a large and populated area. When
considering only the train stations on the Northeastern line, as shown in Figure 3, there are 14 stations.
It was found that HSR stations have a larger functional area (ranging from 31,450 to 91,000 sq. m.)
than LD stations, up to 31-91 times larger. The HSR stations were designed for other usable areas
such as waiting rooms, commercial sections, intersections, and more platforms. In addition, HSR
stations have more floors (ranging from 3 to 5 floors) than LD stations (2 floors). The LD stations are
designed for rural and distant areas, so many trains pass and do not stop in the station. The number
of platforms in HSR is the highest at 14 platforms. This is because this station is the main intersection
station and a hub for international lines like those from Laos and China. Therefore, when designing
a train station, the location should be considered to ensure it can accommodate commuters' needs
appropriately. It should be noted here that the service area in each station is not related to the number
of passengers. As discussed, the station types are generally classified as national, hub, international,
and general station. Therefore, the benefits of designing the service area is dependent on the commute

type.
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Figure 3. The functional area used, the number of platforms, and the number of floors of all railway
stations.

3.2. Form of Station

The form of the station is analyzed through three considerations: 1) symmetry, 2) ratio between
height and area of the first floor, and 3) ratio between area of the first floor and the total floor area.

The symmetrical design is defined herein as the building structure of the main entrance views
where both sides have area ratios of not greater than 10% differences. In general, most government
buildings have symmetrical designs to create a sense of trust, reliability, and stability. The symmetry
projects a positive image while also enhancing the building's ornamentation perception for users.
Figure 4 shows the analysis of the ratio between symmetry and asymmetry of 29 HSR stations. The
results reveal that 26 or 90% of the HSR stations have symmetrical designs, in both architectural
design proposals and student theses. The remaining three non-symmetrical designs appear in the
theses only. All the HSR design proposals are in symmetrical form. It is also worth noting that
symmetrical forms facilitate easier design and construction due to their unified structure, leading to
enhanced stability against external forces like seismic and wind loads. As a result, this form is
commonly employed in public buildings. The predominant preference for symmetric design strongly
highlights symmetry as a key formal-aesthetic consideration for public buildings in Thailand.
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Figure 5 shows the ratio between height and first-floor area of HSR and LD stations. The height
was measured from the ground to the top of the roof structure using AutoCAD software. When
determining the height-to-first floor area ratio of the LD stations, results indicate that the LD stations
have an average ratio value of 2175, with a range of ratio values from 1760 to 2840. Meanwhile, the
HSR stations have a lower average ratio of 1360, with a range of ratios from 640 to 3350. The average
ratio value of the height-to-first floor area of the HSR station is approximately 36% lower than the
average ratio value of the LD station. The findings indicate that the HSR station design has a flatter
exterior proportion than the LD stations, as the HSR stations are mostly interconnected to adjacent
LD stations. As far as station functions are concerned, this consideration led to a horizontal, rather
vertical layout . Other reasons for the flatter exterior of HSR stations include designing for more
passengers, more facility requirements, a design concept as the main regional hub, and universal
design for loading, train service information, seat booking, wheelchairs, and escorts from and to the
station entrances and exits to the train (Steinfeld 2001). These considerations reflect the designer's
acute understanding of the role of a rail station not only as a transport conduit, but also a place in
itself.

The values calculated from the area ratios between the first floor and total floor are shown in
Figure 6. Results reveal that when considering the area ratio of the first floor and total area of the LD
station, the average value is 55.0%, with a range of 28% to 65%. Meanwhile, the HSR has a lower
value of 52.3%, with a wider range of 39% to 93%. This means that HSR has a higher proportion of
level 1 area because it must be a transfer station with the LD station or other transportation, which is
located on the 1st floor. As a result, the LD station has a higher proportion of non-first floor area than
the HSR station.

Height/1st Floor Area (x1000)

LD »—' I }—o
HSR o—i I '—c

0.4 0.8 1.2 1.6 2 24 2.8 3.2

Figure 5. Ratio between height and 1+t floor area.
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3.3. Roof Characteristics

Given the variety of roof designs , the authors created a classification of roof characteristics
based on the architectural design concept. Figure 7 illustrates eight different roof typologies,
including geometric, gabled, lean-to, overlapping gable, curved, sawtooth, curved gabled, and 3D
curved roofs.

L\e / 'Tﬁ
|
geometric roof gabled roof lean-to overlapping gable
roof roof
=2 e
i
{ * ; {
curved roof sawtooth roof curved gabled 3D curved

Figure 7. Roof typology.

When designing roofs for railway stations in hot and humid climates, it is essential to consider
the slope of the roof to reduce solar energy entering the building and prevent rainwater from
accumulating (De Waal 1993; Zaid et al. 2022). According to De wall (1993), roof systems with small
slopes do not effectively reduce solar energy as they can receive equal solar heat. Therefore, railway
station roofs require a sufficient slope to achieve optimal design.

The analysis of the HSR station roof design from 2014 to 2022 is presented in Figure 8, based on
draft proposals. The analysis indicates that all of the proposals feature sloping roofs, and no flat roofs
have been proposed. This is because a sloping roof can reduce the amount of solar energy entering
the building and prevent rainwater ponding.

)
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5 4

9 B lean-to
53 B ceometric
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Figure 8. Compilation of characteristics of the high-speed railway station’s roof since 2014.

In terms of roof form, the station's design aims to reflect local identity and does not feature
complex, costly roof structures. The most common roof types are curved and gable roofs, followed
by 3D curved roofs. A few designs feature lean-to, geometric, and sawtooth structures. In addition,
it is found that the 3D curved roof has been introduced in the railway station design after 2017.
Recently, only two roof design types were conducted which were 3D curved roof design and curved
design. The curved roof design can add interest to the entrance without significantly increasing the
complexity of the structure and construction process. The gabled roof design is popular in
construction due to its simplicity, which can still highlight the identity of the region in the station's
design.

It is worth noting that roof designs are often deliberately designed to reflect regional identity
and Thai traditional architecture. Specifically, HSR stations, being nationally prominent projects, tend
to showecase roof designs that blend regional and national identities. For example, the Kamakhya
Station in India emphasizes the importance of maintaining the city's identity in the station's visual
and experience design, which can be an investment in tourism and benefit the local economy
(Hemani and Punekar 2015). These showcases can be government investment in tourism activity and
benefit local economies from tourists as well (Tripathi and Ali 2021).

In this study, many of the roof characteristics are designed to represent local identity. Located
in the Northeast, the Udon Thani HSR station, for instance, is a multi-story HSR station with design
motifs inspired by ancient pottery of Ban Chiang, the province’s prehistoric archaeological site. The
historical elements are reinterpreted and recreated in modern decorations, patterns, forms, and color
schemes, as illustrated in Figure 9.

Figure 9. Draft proposal of Udon Thani railway station and ancient Ban Chiang pottery.

Our analysis also notes that the designs derived from the student theses tend to feature complex
roof characteristics. Figure 10 shows student design theses from 2016 to 2022. The findings point to
an increasing trend in roof design with greater complexity since around 2016. From around 2017
onwards, there has been a development from roofs with geometric shapes to 3D curved roofs. We
speculate that complex roof structures were achieved in the later years because of the availability of
parametric modeling commercial software and were thus adopted for educational purposes
(Romaniak and Filipowski 2018). Many parametric design concepts can be created using CAD
packages such as Autodesk Revit, Nemetschek, Soft Plan, ArchiCAD or Chief Architect (Stavric and
Marina 2011). The roof characteristics from the student design theses are, as a result, complex
parametric-shaped (sawtooth or 3D curved) roofs.
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Figure 10. Development of HSR stations from theses.

However, the complex roof designs are not always tenable. Upon performing numerical
structural safety analysis like finite element analysis, some of the designs, for example, may not be
secure. As a result, the complex roof designs have been simplified. Other practical challenges include
construction difficulties that lead to high construction costs. For example, joints of complex roofs are
prone to leakage over time. Barrelas et al. (2016), studying 15 pavilion schools in Portugal, found that
most severe defects primarily affect the building's exterior envelope like roof. In our research , for
example, popular 3D curved roofs have been proposed in the student theses since 2017, as shown
in Figure 11. In the design proposals for constructing the roof, reducing the structure’s complexity
and curvature to align with the local identity is a valid consideration. However, it is crucial to take
into account not only the design's aesthetics and complexity but also practical factors such as
structural safety, construction feasibility, and maintenance costs.

: SLEMEAEE
SR (R IRLA = T "'ﬂ“;"_'f”"“_m'm'w'“‘
Ayutthaya (2019), Nakhon Ratchasima  Don mueng (2021),
gabled roof (2020), lean-to roof curved roof

Figure 11. Development of HSR stations from draft proposals.

In sum, it is crucial to consider the local context and identity of the site in which the building is
located. Despite the prevailing preference for complex and parametric-shaped roofs in university
design theses, it is important to balance that with practical factors and the local context. Thus, while
contemporary design trends often lean towards parametric shapes, designers must carefully weigh
various constraints, including structural safety, cost, maintenance, feasibility, and material
availability. Consequently, designers may reduce the complexity of the structure and prioritize the
incorporation of the site’s local context and identity.

When considering the draft for actual construction of the HSR stations shown in Figure 11, it is
evident that the roof design exhibits large patchwork characteristics, creating significant surface areas
under the roof with different qualities such as gabled, gabled on the top, and curved roof. So, it can
be seen that roofs have different features depending on the location’s region. The Ayutthaya HSR
station in 2019 has a gabled roof to emphasize the province's identity, which has historical
significance as the old capital of Thailand. The Nakhon Ratchasima HSR station in 2020 also features
a gabled roof with a flat top, highlighting its gabled-like appearance from the side view, while the
interior space is unique, creating a difference between the interior and exterior areas. Lastly, the Don
Mueang HSR Station in 2021, located next to the international airport, features a curved roof design
reflecting the wind-lifting shape of an airplane wing. The roof design is modern in shape, avoiding
complex and expensive structures to maintain cost-effectiveness, as well as increasing structural
efficiency from horizontal loading like wind.

3.4 Main Entrance Characteristics

The main entrance is a prominent feature of a public building, and, therefore, is often designed
to accommodate key functions and reflect the beauty of its architectural identity, such as the high and
popular styles (Devlin and Nasar 1989). In terms of functionality, the main entrance offers practical
advantages by reducing the distance one must walk from their starting point or destination during a
trip. The main entrance serves as an important junction that allows pedestrians to move between the
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street network and the facilities for boarding or alighting. This accessibility can contribute to
increased ridership and success for passenger railway systems by exposing more people to the
existing network (Lahoorpoor and Levinson 2020). The types of main entrances to HSR stations are
shown in Figure 12. It can be classified into nine types, including lean-to, curved portico, curved gable
portico, gabled portico, underground entrance, 3D curved portico, double overlapping gable portico,
overlapping portico, and side entrance.

——— —_— I e —————co
" T~ ﬁ
lean-to curved portico curved gable gabled underground
portico portico entrance
—_— ;
/e Wi ' 'y “
ﬁ' 7
3d curved double overlapping overlapping side entrance

portico gable portico portico

Figure 12. Main entrance characteristics.

Regarding the characteristics of main entrances to HSR stations from the student theses
submitted between 2014-2022, they can be classified as depicted in Figure 13. The main entrance
designs can reflect the cultural, political, and religious context of the area (Moore 1996). The most
elaborately designed main entrances feature curved porticos and gabled porticos, followed by lean-
to porticos, side entrances, overlapping porticos, curved gabled porticos, basement entrances, 3D
curved porticos, and double overlapping gable porticos, respectively. A curved portico is an
architectural feature that creates a sense of grandeur and elegance to the building's fagade. A portico
is a covered entranceway typically supported by columns or pillars and can be an integral part of a
building's overall design. A curved portico is a type of entranceway that features a curved or arched
roofline. This design evokes a sense of movement and flow and can be particularly effective in
buildings with curved or rounded fagades. The curved roofline also provides a visual contrast to
the straight lines of the building's walls, creating a more dynamic and interesting appearance . A
gabled portico is a type of entranceway that features a triangular or peaked roofline, known as a
gable. This design accentuates a sense of height and grandeur and can be particularly effective in
buildings with tall or imposing facades. The gable can also provide a visual focal point for the
entranceway, drawing the eye upward and creating a sense of verticality.

double overlapping gable portico
3D curved porti

curved portico

basement entrance
2

2
curved gabled

ed portico
overlapping portic
lean-to portico
side entrance

Figure 13. Main entrance characteristics to HSR stations after 2014.
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A lean-to portico is an architectural feature of a slanted roof attached to the side of a building,
supported by columns or pillars. This type of portico serves both functional and stylistic purposes ,
providing protection from the elements and adding visual interest to the fagade. The lean-to portico
is often used in residential architecture, where it can shelter outdoor space and create a welcoming
entranceway. It can also be used in commercial and public buildings, such as schools or government
offices, where it can provide covered outdoor spaces for waiting or congregating. One advantage of
lean-to porticos is that they provide a simple, cost-effective way to add outdoor space to a building.
They can be built using a variety of materials, including wood, brick, or stone, and are designed to
blend seamlessly with the building's existing architecture. Another criterion for designing a
sustainable railway station is to incorporate buffer zones or outdoor space, which may significantly
improve the living circumstances of the residents in terms of both thermal comfort and indoor air
quality. This redesign is very common for buildings in tropical climate to save energy from air
conditioning system. Tantasavasdi and Inprom (2023) reported that using the buffer spaces and open
area can provide thermal comfort of 24 hours compared 0 hours in the comfort zone per day and
indoor air quality from 24 hours compared to 8-17 hours, passing the minimum ventilation
requirement per day. Additionally, in order to examine the impact of atrium components on the
indoor natural environmental conditions, Atthakorn et al. (2022) evaluated four specific case studies
in Bangkok. His objective was to identify the relationship between atrium elements and the
characteristics of the indoor environment. Based on the findings, the researcher proposed guidelines
for designing semi-open atriums and proportion of roof opening (skylight) and the level of openness
of the atrium on the ground floor might significantly influence the design in order to improve
sustainability.

An overlapping portico in a public building refers to a type of architectural design in which a
building has a series of covered walkways or porches arranged to create a layered effect. This design
can be seen in various public buildings, such as government offices, museums, libraries, and other
public institutions. This design is often used to create a sense of grandeur and importance, as the
layered effect gives the building a more imposing and impressive appearance. Additionally,
overlapping porticos serve functional purposes. They provide shelter from the elements, allowing
people to move around the building without getting wet or exposed to the sun; furthermore, the
shaded areas created by overlapping porticos can be used as outdoor seating areas and walkways.

A curved gabled portico is an architectural feature characterized by a curved or rounded roof
covering a porch or entranceway. These types of porticos appear in various architectural styles,
including Gothic, Renaissance, and Baroque. Curved and gabled porticos are architectural features
that can add a sense of grandeur and elegance to a building's facade. A portico is a covered
entranceway that is typically supported by columns or pillars and can be an integral part of a
building's overall design. A curved portico is a type of entranceway that features a curved or arched
roofline. This design can create a sense of movement and flow and can be particularly effective in
buildings with curved or rounded facades. The curved roofline can also provide a visual contrast to
the straight lines of the building's walls, creating a more dynamic and interesting overall design. A
gabled portico is a type of entranceway that features a triangular or peaked roofline, known as a
gable. This design can create a sense of height and grandeur and can be particularly effective in
buildings with tall or imposing facades. The gable can also provide a visual focal point for the
entranceway, drawing the eye upward and creating a sense of verticality.

The least popular main entrance features include basement entrances, 3D curved roof entrances,
and double overlapping gable portico main entrances. Railway stations with basement entrances may
be less popular because they are larger stations that can accommodate multiple types of trains, such
as Don Mueang Station (2021) and Ayutthaya Station (2019), and therefore have fewer stations with
this feature. Besides, the construction and material used for basement entrances, 3D curved roof
entrances, and double overlapping gable portico main entrances generally require larger amounts of
budgets which can lead to cost constraints. Basement entrance architecture refers to the design
concept in which the main entrance of a building is located at the basement level rather than at the
ground level. This approach can provide several territorial advantages. Firstly, it allows for greater
privacy and security by restricting access of unauthorized individuals. Additionally, the basement
entrance can be designed with security features such as cameras or access control systems to further
enhance security. Furthermore, this design approach can provide a solution for sites with limited



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 February 2024 i:10. reprints202402.1589.v1

14

space by freeing up valuable above-ground space for other uses, such as landscaping or parking. In
urban environments where space is at a premium, this design concept can be especially beneficial.

A 3D curved roof entrance features a roof with a 3D curve that covers an entranceway. These
entrances are often designed to create a dramatic effect and can be found in a variety of building
types, including commercial buildings, public buildings, and private residences. The use of 3D
curved roof entrances to create impressive entrances dates back centuries. However, these entrances
are less common in railway stations due to the complexity of their shape, which makes construction
difficult and often not cost-effective. In contemporary urban architecture, various considerations,
including accessibility for disabled individuals (Y1lmaz 2018) and wheelchair users, evacuation plans
(Hostikka et al. 2007), and smoking areas (Navas-Acien et al. 2016; Sureda et al. 2012), are considered
alongside architectural styles.

3.5. Architectural Style

After classifying railway station designs' architectural style since 2014, the classification of HSR
station designs based on architectural design concepts is shown in Figure 14. The results reveal a
significant increase in the number of HSR station designs since 2014. The highest proportion of HSR
station designs is the Thai contemporary style (32%), followed by parametric (30%), post-modern
(27%), modern (7%), and colonial (4%) styles.
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Figure 14. Classification of HSR stations since 2014 based on architectural styles.

The Thai contemporary architecture style is a modern interpretation of traditional Thai
architecture, blending past elements with modern design and construction techniques suitable for
tropical climate. One of the key features of Thai contemporary architecture is the use of natural
materials such as wood, bamboo, and stone, which are often combined with modern materials like
concrete and steel. This creates a unique blend of traditional and modern elements that are both
functional and visually appealing. Another important aspect of this style is the incorporation of
traditional Thai design motifs such as intricate carvings, patterns, and colors. These motifs are often
used in a subtle way to a sense of continuity with the past while allowing for contemporary
interpretations. Therefore, this style is a preferred choice adopted  to reflect local identity aligning
with the building adoption of tropical climate conditions (Sthapitanond and Mertens 2012).

The postmodern style of train station design can be adapted to a tropical climate in several ways.
One of the key design considerations for a train station in a tropical environment is how to provide
shade and ventilation while also maintaining a sense of visual interest. This style can be incorporated
with domain features such as open-air atriums, greenery, and sustainable materials to create a
visually stunning and environmentally friendly space that is well-suited to the local climate and
culture. (Knox 1991; Sini and Sini 2020). The demand for modern architecture is decreasing over time,
while the demand for contemporary Thai and colonial styles remains the same. In addition, there is
an increasing demand for parametric colonial architecture.

The declining interest in modern architecture may be attributed to the rising popularity of design
innovations such as parametric and non-orthogonal architecture. Designers are seeking alternatives
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to traditional station designs, aiming to craft dynamic spaces, which are crucial considerations in the
context of railway station design.(Yaneva 2017; Schumacher 2016). There are various options
available for designing stylistically unique buildings, particularly through the use of parametric and
non-orthogonal architecture. These approaches allow for the creation of free-form designs that can
differ significantly from traditional, symmetrical forms. The design software such as Rhino with
Grasshopper and Solidworks can be adopted using parametric design.

However, the situation presents Thai designers with a tension between the desire for unique,
innovative architecture and the goal of creating grand and elegant infrastructure that adheres to
symmetrical form. Often, the government may prioritize the latter, which limits the extent to
which designers can explore experimental approaches to building design. In practice, this tension
between innovation and tradition can be seen in many modern building designs in Thailand and
elsewhere. Architects and designers seek to push the boundaries of what is possible with
unconventional forms, while more pragmatic decis prefer the creation of buildings that fit into
existing architectural frameworks and cultural expectations. Ultimately, the choice between these
approaches depends on a variety of factors, including the purpose of the building, its intended
audience, and the broader social and cultural context in which it will be situated (Vollers 2001). A
critical balance between these two concepts is required, one that balances the benefits and limitations
of both innovation and tradition.

3.6. Development of railway station design

This section discussed the development of railway station designs for the same buildings based
on four sections entailing 1) thesis to thesis over time, 2) thesis to draft proposal, 3) draft proposal to
draft proposal over time, and design evolution of the railway station existing. The development of
eight railway station designs at the same stations is exhibited in Figure 15.

The design of buildings and structures has evolved over the years, with architects and designers
striving to create more visually appealing and functional structures. In this context, the structural
differences between two versions of a station that starts and ends with a thesis of Phitsanulok and
Pattaya railway stations. Specifically, the Phitsanulok station designed in 2014 was compared with
the station designed in 2020, and the Pattaya station designed in 2019 was compared with the station
designed in 2021. The railway stations designed in 2014 have a simpler design, and a smaller footprint
compared to the 2019 version. Their architecture appears straightforward, with minimal
embellishments and a focus on practicality. The stations are designed to serve their primary purpose
of transporting passengers efficiently. However, the stations designed recently have a much more
complex structure, as seen in the use of a 3D curved roof to create a nature-inspired dynamic
perception. This design element gives the station a unique and striking appearance, making it a
landmark in the area.

The 3D curved roof of the Phitsanulok railway station, designed in 2020, draws inspiration from
nature, particularly the organic curves observed in natural elements like seashells and flower petals.
This design feature creates a dynamic perception, with the roof appearing to be in motion, even when
the structure is stationary. The curved roof also allows natural light to enter the station, creating a
warm and inviting atmosphere for passengers. In addition to the curved roof, the 2020 design has
other structural design elements that are not present in the 2014 version. For example, the station's
interior layout is reconfigured to provide better flow and functionality. The station now has separate
areas for ticketing, waiting, and boarding, making it easier for passengers to navigate the station. The
station also has a more extensive platform and improved lighting, enhancing passenger safety and
comfort. The Phitsanulok railway station designed in 2020 is a significant improvement over the 2014
version, both in terms of its structural design and functionality. The use of a 3D curved roof, inspired
by nature, gives the station a unique and striking appearance, making it a landmark in the area. The
reconfigured interior layout and improved lighting also enhance passenger safety and comfort.
Overall, the railway stations designed in the latest version demonstrate how structural design can
improve functionality while creating visually appealing structures.
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Thesis to thesis

1. Phitsanulok station 2. Pattaya station

Thesis (2014) Thesis (2020) Thesis (2019) Thesis (2021)

Thesis to draft proposal

3. Nong khai station 4. Khon kaen station

Theis (2015) Draft proposal (2020) Theis (2016) Draft proposal (2020)
5. Nakhon ratchasima station 6. Rayong station
= gy

Thesis (2017) Thesis (2019) Draft proposal (2020) Theis (2017)
7. Ayutthaya station

—

Thesis (2018) Draft proposal (2019) Draft proposal (2020)

Draft proposal to draft proposal
8. Bua yai station

Draft proposal (2020) Draft proposal (2020)

Figure 15. Development of railway station designs at the same locations.

The process of designing the railway station involves several stages, starting with the
development of a thesis and culminating in the creation of a draft for actual construction. This process
typically involves the incorporation of various elements, such as site constraints, user needs, and
aesthetic considerations. As such, the resulting station design can depart from the original vision,
depending on the specific requirements of the project. In comparing two different railway station
designs at the same place, specifically one designed previously, and another designed later, it can be
observed that there are differences in their structural design. The former design is characterized by a
simpler and smaller footprint, whereas the latter design incorporates a more complex structure. The
latter can be seen in the increased use of 3D curved roofs, which serve to create a dynamic perception
and draw inspiration from nature. The use of 3D curved roofs is a common design element in modern
architecture, and it is often employed to create a sense of fluidity and movement. This approach is
particularly effective in station design, where the goal is to provide a seamless transition for
commuters moving through the space. The incorporation of curved roofs can also serve as a way to
integrate the station with its surrounding environment, as it can create a visual link between the built



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 28 February 2024 d0i:10.20944/preprints202402.1589.v1

17

environment and the natural landscape. Furthermore, the latter design of a railway station appears
to prioritize the creation of a unique visual identity. The use of dynamic curves and organic forms
creates formal uniqueness, which can help to differentiate the station from other similar structures.
This approach is in contrast to the former station design, which appears to prioritize functional
considerations over aesthetic ones. In summary, the process of station design involves several stages,
and the resulting structure can vary significantly depending on the specific requirements of the
project. In comparing the two different station designs for similar projects, it is evident that the former
design of railway station incorporates a more complex and visually distinct structure, as evidenced
by its increased use of 3D curved roofs. With the development of parametric design, this design
approach serves to create a sense of fluidity and movement, as well as to integrate the station with
its surrounding environment. It should be noted that although this design type can provide complex
and distinct structure, the maintenance of this structure can be its limitation practically because in
tropical climates, sunlight and water can severely deteriorate the structure and jointing between each
roof panel. Once the jointing was degraded, the water can leak into the structure. Hence, either
inspection and maintenance more often or designing the complex system of using hindered joints
where the sunlight does not reach can be promising solutions.

The design process for stations involves several stages, including the development of a thesis
and culminating in the creation of a draft for actual construction. In the case of the university design
theses, where the focus is on conceptual design and functional space rather than cost, the resulting
structures are typically more complex. One notable example of this complexity is the use of geometric
or 3D curved roofs to create dynamic space or attract users with new shapes. While these design
features can create a unique and visually striking station, they are also costly to implement. Materials
must often be ordered directly from the manufacturer, increasing both the time and expense of the
construction process. However, when designing stations with an emphasis on cost-efficiency and
economic considerations, designers are advised to prioritize designing structures that resonate with
the local identity, mirroring the building's context. This approach can help reduce costs by utilizing
locally sourced materials and pre-existing elements from the surrounding environment. Furthermore,
incorporating local materials and design elements can also serve to create a sense of place and
community identity. By reflecting the surrounding area, the station can become an integral part of
the local community and a source of pride for residents. In conclusion, the design process for stations
can vary significantly depending on the project's specific requirements, with university-designed
stations often prioritizing conceptual design and functional space over cost. However, if the focus is
on the economy and economics, designers may prioritize creating stations with a local identity that
reflects the building's composition. This approach can help lower total construction costs, create a
sense of place, and foster a connection to the surrounding community.

In Figure 16, two stations emerge as a proper prospect for studying train design evolution, as
each station consists of three consecutive stations ranging from a thesis to a draft proposal in 2020. In
consideration of the Nakhon Ratchasima station, several key changes can be acknowledged. In terms
of the building area, an overall rise in building area could be seen from 42,483 to 64,000 square meters.
Sources for the station range from a thesis in 2017 to a draft proposal in 2020. Moreover, architecture
style starts with a newer approach, such as parametric with a lean-to main entrance and sawtooth
roof in 2017, followed by postmodern style with a similar approach, and ends in 2020 with combining
gabled portico main entrance with a lean-to roof to embody Thai elements with a contemporary
approach.
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Nakhon ratchasima station Ayutthaya station

i

Main entrance

Roof

Sawtooth Sawtooth Lean-to Gabled Curved gabled Gabled
Type (year) Thesis (2017) Thesis (2019) Draft proposal (2020) Thesis (2018) Draft proposal (2019) Draft proposal (2020)
Platforms 2 10 s 8 9 9
# Floors 5 4 | 3 4 3 3
Area 42483 38795 | 64000 82616 43905 91370
Height/1st floor area 1.13 21 2.14 095 218 1.35
15t floor area/area 63.12 5226 | 3143 60.11 4778 26.58

Architecture style Post modern + parametric Post modern Thai contemporary ‘Thai contemporary Modern Thai contemporary

Figure 16. Evolution of railway station design.

In consideration of the Ayutthaya station. In terms of architectural style, the thesis, unlike the
other counterparts, starts with Thai contemporary design, followed by a modern style station as a
draft proposal in 2019, and finally results in Thai contemporary style as a way to reflect Ayutthaya’s
old temple. In terms of architectural elements, the roofs undergo no significant changes, as all
prospects feature a type of gabled roof. It is interesting to note that the final proposal in 2020 had
significantly more building area and platforms than the first draft proposal in 2019 to facilitate more
logistical demands. Finally, both station platforms were added to 9 platforms in order to facilitate
more traffic demands.

The absence of a thesis before the design process of a station may be attributed to its unexpected
location, particularly if it is not a provincial or major city station. In such cases, the design process
may focus more on the unique site constraints and promoting design opportunities, rather than on
pre-existing concepts. One important aspect of station design is the development of the entrance,
which serves as a gateway for commuters and visitors. In some cases, the design of the entrance may
be informed by specific architectural elements, patterns, and shapes that emphasize transparency and
connection. For example, the use of light and white colors can create a sense of openness and
spaciousness, which can help to reduce feelings of congestion or claustrophobia. Additionally, the
incorporation of transparent materials such as glass can help to create a visual connection between
the inside and outside of the station, as well as between different parts of the station itself. Physical
connection is also an important consideration in station design, as it can impact the flow of
commuters and visitors. By incorporating design elements that facilitate movement and navigation,
such as clear signage and well-lit pathways, designers can help to improve the overall user experience.

Additionally, thanks to advances in current design approaches and construction techniques ,
these practical innovations can offer increased cost efficiency, structural efficiency, and time
efficiency. Digital design and construction have made it possible to design, visualize, and simulate a
project before construction, minimizing the need for costly on-site changes. Robotic manufacturing
techniques can also reduce the cost of construction by automating some of the labor-intensive tasks.
Digital design and construction tools allow for faster and more accurate design processes, reducing
the time taken to complete a project. Robotic manufacturing techniques have also led to faster
construction processes by automating labor-intensive tasks, reducing the time required to complete
a project. This allows for complex designs to be easily attained, reducing the total construction cost
in the process. Future works, including the integration of digital design and construction, the robotic
for manufacturing, as well as the sustainable construction like BIM (Khosakitchalert et al. 2019;
Alizadehsalehi et al. 2021), 3D printing (Prasittisopin et al. 2020; Prasittisopin et al. 2021),
prefabrication (Mostafa et al. 2020; Navaratnam et al. 2019), digital fabrication (Willis et al. 2010; Sass
and Botha 2006), innovative material (Perry and Zakariasen 2004; Hughes et al. 2020), design for
manufacturing and assembly (DIMA) (Lu et al. 2021; Tuvayanond and Prasittisopin 2023), Al
(Alawad and Kaewunruen 2018; He et al. 2021), sustainable design and materials (Placino and
Rugkhapan 2023; Win et al. 2022; 2023), and machine learning (Alawad et al. 2019; Z. Wang et al. 2022;
Kittinaraporn et al. 2022) are valuable tools to predict the design and construction activities accurately
and offers sustain solution and outcome. The integration of these tools in the design and construction
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process of railway stations is essential to enhance the efficiency and productivity of construction
projects while reducing costs and improving the overall quality of construction projects.

Conclusions

The review was conducted by collecting research papers and theses in the Faculty of
Architecture from five leading university databases and railway station proposal blueprints in
tropical climates from library databases and electronic media. 48 railway station designs were
collected and analyzed. Results revealed that:

e Anincrease in high-speed railway station blueprints and theses since 20142016 due to the long-
term development plan of the nation.

e  The primary factors that determine the economic viability of HSR stations are construction costs,
time savings per commuter, traffic volume, and the level of congestion in global current
transport networks.

e  HSR stations have a flatter exterior proportion than LD stations due to more passengers, facility
requirements, design concept as main regional hub, and a universal design for loading, and train
service information.

e  The most common roof types are curved and gable roofs, followed by 3D curved roofs.

e  The main entrance of HSR stations can reflect the local identity of the area and provide practical
advantages by reducing the distance one must walk from their starting point or destination.

e  The most elaborately designed main entrances feature curved porticos and gabled porticos,
which can add a sense of grandeur and elegance to a building's facade. An overlapping portico
in a public building creates a sense of grandeur and importance, while a curved gabled portico
is an architectural feature that adds grandeur and elegance to a building's fagade.

e  The design of buildings and structures has evolved over time, with architects and designers
striving to create more visually appealing and functional structures.

e  Station design involves several stages, with university-designed stations prioritizing conceptual
design and functional space over cost.

e  Station design should emphasize transparency and connection, facilitate movement and
navigation, and offer increased cost-efficiency and time-efficiency.

This review is an initial part of designing user-friendly for thermal comfort and design-for-all
the railway station in tropical climate. The field study and sentimental analysis for the railway station
design guideline are under investigation.
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Appendix A. Compilation of railway stations from a thesis and design plans.

Station’s name Construction typology Number Numb  Floor Connections Reference
(year) of er of area
platfor  floors  (sq.m.)
ms

North Line
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High-speed railway (HSR) station
Phitsanulok (2014) New construction 3 2 49,632 LSR + car park, Thesis
bus
Chiang mai New construction 4 3 59,548 Taxi, minibus Thesis
(2020)
Phitsanulok (2020) Renovation 8 3 67,491 LD + Taxi, Thesis
minibus,
motorbike, bike,
bus,
Phichit (2022) Renovation+Addition 6 2 80,105 node (private Draft
car)+LD+CRT proposal
Lopburi (2022) Renovation+Addition 5 1 80,105 node (private Draft
car)+LD+CRT proposal
Nakhon Sawan Renovation+Addition 8 3 80,105 node (private Draft
(2022) car)+LD+CRT proposal
Long-distance railway (LD) station
Phrae Renovation 2 4 35,800 node (bus, private Thesis
(2013) car)
Station’s name Construction typology Number Numb  Floor Connections Reference
(year) of er of area
platfor  floors (sq.m.)
ms
North - eastern Line
High-speed railway (HSR) station
Nong Khai Addition 6 3 40,518 node (bus, Thesis
(2015) private car)+LD
Khon Kaen Renovation 4 4 83,800 node (bus, Thesis
(2016) private car,
taxi)+LD
Nakhon Renovation+Addition 2 5 42,483 node(car+bus+ Thesis
Ratchasima (2017) taxi+motorcycle)+
HSR
Nakhon Renovation 10 4 38,795 node (bus, Thesis
Ratchasima (2019) private car,
taxi)+LD+CRT
Saraburi New construction 4 4 31,448 node (private car, Draft
(2019) bus, taxi, rental proposal
car)+LD
Pak Chong (2019) New construction 2 4 47,452  node (private car) Draft
proposal
Ban phai (2020) Renovation+Addition 6 3 34,257 node (private car, Draft
van)+LD proposal
Nong Khai Addition 14 3 44,100 node (private Draft
(2020) car)+LD proposal
Udon Renovation+Addition 4 3 59,323 node (private Draft
(2020) car)+LD proposal
Bua yai Addition 6 3 61,000 node (private Draft
(2020) car)+LD proposal
Nakhon Addition 8 3 64,000 node (private car) Draft

Ratchasima (2020) proposal
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Bua yai Addition 6 3 87,600 node (private Draft
(2020) car)+LD+ proposal
Khon Kaen (2020) Addition 6 3 91,000 node (private Draft
car)+LD proposal
Long-distance railway (LD) station
Nam Phong (2017) Renovation 2 2 1,040  node (private car) Draft
proposal
Station’s name Construction typology Number Numb  Floor Connections Reference
(year) of er of area
platfor  floors (sq.m.)
ms
Eastern Line
High-speed railway (HSR) station
Rayong New construction 3 3 52,083 node (private car) Thesis
(2017)
Klang New construction 2 2 12,400 node (private car, Draft
(2019) motorbike, bus) proposal
Trat New construction 4 2 24,600 node (private car, Draft
(2019) motorcycle, bus) proposal
Rayong New construction 4 2 28,200 node (private car, Draft
(2019) motorcycle, bus) proposal
Chanthaburi New construction 4 2 45,800 node (private car, Draft
(2019) motorbike, bus) proposal
Pattaya New construction 7 4 61,412 node(car)+LRT Thesis
(2019)
Pattaya New construction 8 4 39,447 node (bus, Thesis
(2021) taxi,van)+
LD+LRT
Long-distance railway (LD) station
Lat krabang Renovation+Addition 4 2 23,000 node (private car) Thesis
(2002)
U-Tapao New construction 1 2 1,830  node (private car) Thesis
(2019)
Chantha-buri New construction 3 2 20,045 node (private car) Draft
(2021) proposal
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