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1 Introduction
Bangkok's metropolitan development represents one of the most complex civil engineering

environments in Southeast Asia (TCEA, 2022). Built on a deltaic plain approximately 0.5-1.5
meters above sea level, with soft marine clay layers extending up to 20 meters deep, the city
presents fundamental geotechnical challenges (Rujikiatkamjorn, 2009). Its infrastructure must
simultaneously support exponential growth (World Bank, 2020), mitigate chronic flooding, provide
mobility for over 15 million residents, and adapt to climate change (BMA, 2021, Ditthakit et al.,
2020).
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Metropolitan development in Bangkok for 2026 is heavily anchored in civil engineering
megaprojects and hydraulic infrastructure. The focus has shifted from mere expansion to smart
resilience, particularly in flood mitigation (Chalam & Nakhapakorn, 2016) and multi-modal transit
connectivity (OTP, 2020).

This discussion explores how civil engineering has shaped—and been shaped by—Bangkok's
development, examining transportation systems, water management, structural engineering
innovations, and the critical intersection between infrastructure and urban resilience.

2 Literature Review

The early literature regarding the development of Bangkok highlights its beginnings as the
"Venice of the East," where canals (khlongs in Thai) were the main means of transportation and
drainage infrastructure (Askew, 2002; Pholpoke, 1998). The change commenced in the mid-20th
century with the systematic filling of canals to facilitate road construction, which fundamentally
transformed urban hydrology and allowed for automobile-centric expansion (Reynolds, 2012).
During this time, Bangkok emerged as a primate city, with infrastructure advancements propelled
by swift industrialization and economic expansion (Daniere & Takahashi, 1999).

With in-depth analyses, Shatkin (2016) and Douglass (2010) placed Bangkok's infrastructure
surge within larger political and economic frameworks, emphasizing how public-private
partnerships (PPP) and real estate interests have influenced development priorities. The transition
from water-based to road-based infrastructure established path dependencies that persistently
affect current engineering issues, especially concerning flood risk and traffic congestion (Marks,
2015).

Bangkok's transportation development has evolved significantly over the years. Early studies
concentrated on highway construction and its impact on suburban growth (Webster, 2005).
However, research conducted from the late 1990s onwards highlights the shift towards mass transit
systems, initiated with the BTS Skytrain (which opened in 1999) and the MRT subway (which
commenced operations in 2004) (Sussman, 2002).

Recent engineering literature delves into the technical difficulties associated with
construction in soft deltaic soils. Jotisankasa et al. (2015) provided insights into innovative
foundation engineering and tunneling techniques, particularly emphasizing the use of earth
pressure balance tunnel boring machines (TBMs) for deep tunnels in unstable ground conditions.
Tanwattana (2018) examined network resilience and operational challenges, while OTP (2020)
outlines the Mass Rapid Transit Master Plan, which aims to extend the network from 100 km in
2010 to over 500 km by 2029.

Angel & Lamson-Hall (2018) and Kidokoro et al. (2020) critiqued the execution of transit-
oriented development (TOD), pointing out that despite the engineering achievements in rail
construction, the integration with land-use planning remained insufficient, thereby restricting the

potential to transform urban form towards polycentricity.
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The 2011 Thailand Great Flood revealed systemic weaknesses in Bangkok's water
management infrastructure. Before 2011, studies primarily focused on groundwater extraction and
land subsidence, with foundational research by Phien-wej et al. (2006) documenting annual
subsidence rates of 1-2 cm due to excessive aquifer pumping. Marks (2015) offered a political
ecology perspective, contending that engineering solutions have frequently favored central
business districts at the expense of peripheral communities. Aobpaet et al. (2013) employed InSAR
satellite data to illustrate differential subsidence patterns, uncovering correlations with building
density and infrastructure loads. Chitwatkulsiri et al. (2025) attempted to utilize pervious concrete
blocks for flood mitigation in Bangkok, relying on hydrological modeling using data from 2023.
Their findings indicated a peak runoff reduction of 21.8%, a delay in time-to-peak of up to 30
minutes, and a decrease in flood duration by 35%.

The establishment of the "Bangkok Barrier"—a 77-km network of floodwalls, pumping
stations, and underground diversion tunnels—has been a significant development in flood control
efforts. Ditthakit et al. (2020) assess the efficacy of these structures in the context of climate
change scenarios, whereas Endo (2019) critiques the dependence on hard infrastructure rather than
nature-based alternatives. Muttamara & Sales (2016) investigate the limitations of drainage
capacity, highlighting that the majority of systems are designed for 1-in-5-year storm events,
which are insufficient given the rising intensity of rainfall.

Bangkok's soft marine clay foundation poses distinct challenges. Rujikiatkamjorn &
Indraratna (2009) documented soil enhancement methods such as preloading with vertical drains,
cement deep mixing, and stone columns that have facilitated high-rise construction. Most
significant structures necessitate piles that extend 20 to 50 meters deep to access stable sand layers
(Jotisankasa et al., 2015).

Chalam & Nakhapakorn (2016) examined flood-adaptive architectural designs, which
include elevated ground floors and amphibious foundations, while research in wind engineering
contributed to skyscraper design tailored for tropical storm conditions. The implementation of
Building Information Modeling (BIM), which has been required for large public projects since 2018,
signifies a major technological transition as documented in industry reports by the Thai Consulting
Engineers Association (TCEA, 2022).

In terms of climate adaptation, which reflected Bangkok's susceptibility to rising sea levels,
increased flooding & urban heat islands, the BMA's Climate Change Adaptation Plan (2021)
delineated engineering strategies, including the proposed 30-kilometer seawall along the Gulf of
Thailand—a contentious initiative when compared to Jakarta's Great Garuda seawall (Firman et al.,
2011).

Hybrid research methodologies have integrated gray and green infrastructure. Yokohari et al.
(2000) were pioneers in the idea of "urban green space as infrastructure,” while recent case studies
of the Chulalongkorn University Centenary Park illustrate multifunctional design aimed at
stormwater retention (BMA, 2021). The World Bank (2020) and UN-Habitat (2017) highlight the
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importance of adopting "living with water" strategies instead of solely focusing on total flood
prevention.

Innovative infrastructure projects that incorporate IoT sensors for real-time monitoring
signify a new area of research. Nevertheless, critics argued that these technological advancements
may worsen inequalities unless they are accompanied by necessary institutional reforms (Shatkin,
2016).

3 Bangkok's Infrastructure Evolution

Bangkok's transportation infrastructure evolves from canals to elevated networks. For
water-based infrastructure (pre-20th century), Bangkok's original infrastructure was aquatic. This
is from a network of canals (khlongs in Thai) for transportation, drainage, and commerce. The city
was often called the "Venice of the East,” with houses built on stilts and water as the primary
transport medium.

Later, follow with road revolution (1960s-1990s), many canals were filled to create roads,
fundamentally altering urban hydrology. Major expressways like the Chaloem Maha Nakhon
(1970s) and the Bangkok Inner Ring Road (1990s) enabled suburban sprawl but created automobile
dependency.

For the elevated rail era (1999-Present), the BTS Skytrain introduced elevated mass transit,
avoiding complex underground construction in unstable soils. This was followed by the MRT Blue
Line (2004), one of Southeast Asia's deepest tunnels (up to 30 meters) built using earth pressure
balance tunnel boring machines (TBMs) to manage soft soil conditions (Yodmani & Mattsson,
2018).

4 Current Mega-Projects and Engineering Innovations

The Ministry of Transport has earmarked over 359.8 billion THB for eleven key megaprojects
starting in 2026 (The Nation, 2026). These projects are designed to resolve bottlenecks in the
Bangkok Metropolitan Region (BMR) and integrate it with national corridors:

4.1 Motorway & Expressway Expansion
Key projects include the M9 Western Outer Ring Road (Bang Bua Thong-Bang Pa-in) and the

Srinakarin—-Suvarnabhumi Airport Expressway (The Nation, 2025). For these Bangkok road
expansions, multiple elevated tiers are applied to maximize the limited right-of-way in dense urban
areas. These utilize advanced viaduct engineering to minimize land acquisition while maximizing
throughput.

It should be noted that viaduct engineering is all about creating and building long, multi-
span elevated structures—usually made of high-strength concrete, steel, or arches, to support roads
or railways over valleys, rivers, or city areas. These structures keep a steady grade, handle heavy
traffic loads, and often include complicated deep foundations or quick construction methods to

reduce environmental impact and traffic interruptions.
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4.2 Rail Network

From the mass rapid transit master plan (OTP, 2020), over 400 km of new lines are under
construction or planning, requiring sophisticated engineering solutions (Tanwattana, 2018). For
the MRT Orange Line, this combines cut-and-cover, elevated, and tunneled sections with advanced
groundwater control systems. High-speed rail links connect Bangkok to regional centers, with

significant foundation engineering challenges in subsiding areas.

4.3 Aviation Infrastructure
Suvarnabhumi Airport is undergoing its East Expansion, designed to increase capacity to 80

million passengers annually. This involves complex terminal structural engineering and automated

people mover (APM) tunneling.

4.4 Intelligent Transportation Systems (ITS) & Bridge Engineering
Bangkok implements adaptive traffic signal control, electronic toll collection, and integrated

traffic management centers. Bangkok features innovative bridge structures like the Rama IX Bridge
(asymmetric cable-stayed) and the Mega Bridge across the Chao Phraya, designed with seismic
considerations for Thailand's low-to-moderate seismic zone. The Kiak Kai Bridge, a six-lane
structure near the new Parliament House, is slated for partial completion in late 2026. It serves as a
vital cross-river link to decentralize Thonburi-side traffic. Table 1 summaries Thailand 2026

infrastructure development budget.

Table 1: Infrastructure Development Summary (2026 Budget).

Project Category Estimated Investment Primary Engineering Focus
Rail & Double-Track 101.25 Billion THB Logistics cost reduction & urban rail connectivity.
Aviation Expansion 90.66 Billion THB Structural terminal capacity & runway upgrades.
Roads & Expressways 167.89 Billion THB Elevated viaducts & public-private partnerships (PPP).
BMA Public Works 116.96 Billion THB Skywalks, hospitals, and drainage embankments.

Note: currency exchange rate 1. THB=0.032USD.

5 Discussion

5.1 Persistent Challenges
Regarding Bangkok's metropolitan development, there are three major persistent challenges.

First, traffic congestion, it is estimated to cause annual economic losses up to 10% of GDP. Second,
regarding last-mile connectivity, there is poor integration between different transit modes. The
third involves construction disruption as major infrastructure projects cause severe traffic

disruption during implementation.

5.2 Water Management and Flood Control Infrastructure
Bangkok Metropolitan Administration (BMA) has approved many water management and

flood resilience projects. Bangkok’s sinking profile (land subsidence) makes flood management a
primary civil engineering priority. The BMA is moving toward "Smart Water" systems (MacDonald,

2026). Having predictive modeling, engineering companies have adopted hydraulic models
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powered by machine learning, which analyze 20 billion data points each day. These models are now
capable of forecasting flash flooding at the neighborhood level within 30 seconds—a process that
used to require 30 hours. (MacDonald, 2026).

Bangkok's most critical civil engineering challenge is the interplay between land subsidence
(1-2 cm/year historically, now reduced to 0.5-1 cm/year with groundwater management) and flood
vulnerability. Bangkok has sunk more than 1.5 meters since the 1970s, with some areas 2 meters
below sea level (Aobpaet, 2013, Phien-wej, 2006).

5.2.2.1 2011 Great Flood Response Infrastructure
Since the 2011 Thailand Great Flood, the Bangkok barrier Infrastructure has been built,

consisting of a 77-kilometer network of floodwalls, dykes, and pumping stations encircling the city.
Additionally, there are underground diversion tunnels, specifically the Mongkol drainage tunnel
system, which is 6.5 kilometers long and has a diameter of 5 meters, that redirect water from inner
Bangkok to the Chao Phraya River. Further, there are flood retention areas and designated green
zones in the east and west to temporarily hold floodwaters (Marks, 2015).

5.2.2.2 Chao Phraya River Infrastructure
Concerning the infrastructure of the Chao Phraya River in Bangkok, the city has constructed

over 200 kilometers of reinforced riverbanks, including embankments and revetments.
Additionally, barrier gates, such as the Thai Danu gate, have been built to prevent seawater
intrusion during high tide events. Further, there exists a network of pumping stations comprising
more than 1,500 stations, collectively capable of handling over 5,000 cubic meters per second
(Endo, 2019).

Drainage and wastewater systems can be categorized into separated and combined systems.
In Bangkok, both types are utilized, with newer regions featuring distinct networks for stormwater
and sewage. However, there are capacity limitations, as these systems are designed to handle storm
events occurring once every five years, which proves insufficient given the rising intensity of
rainfall due to climate change (BMA, 2021). Currently, wastewater treatment coverage is 60%, with
significant facilities such as the Rattanakosin and Chatuchak plants employing activated sludge
processes. Also, large-scale drainage pipes are being implemented, with significant underground
pipe jacking initiatives (such as those on Chuang Akat Uthit Road) substituting conventional open

drainage methods to manage the substantial tropical runoff during intense rainfall.

5.3 Building and Structural Engineering Innovations

In Bangkok, deep pile foundations generally extend to a depth of 20 to 40 meters to access
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stable sand layers, although certain skyscrapers utilize piles that exceed 50 meters in depth. Soil
enhancement methods comprise preloading with vertical drains, cement deep mixing, stone
columns, and geotextile reinforcement (Jotisankasa, 2015). The implementation of buoyancy
foundations is recommended for flood-prone regions, enabling structures to remain afloat during

severe flooding.

Bangkok boasts more than 1,000 structures that exceed 90 meters in height, incorporating
engineering factors such as wind load considerations during tropical storms, differential settlement
in varied soil types, and seismic design, even though the risk is moderate.

The city is home to numerous iconic buildings. The MahaNakhon Tower, standing at 314
meters, features a pixelated design that necessitates intricate structural analysis. The Magnolias
Waterfront Residences employs a flood-adaptive design for its ground floor. Additionally,
Suvarnabhumi Airport ranks among the largest single-building airports globally, characterized by

its vast roof spans.

The adoption of Building Information Modeling (BIM) has been mandatory for significant
public projects since 2018. It is crucial to enhance coordination among architectural, structural,

and MEP (mechanical, electrical, plumbing) systems.

5.4 Utility Infrastructure Systems

The Bangkok Metropolitan Electricity Authority (MEA) is transitioning to underground
power lines, with a gradual replacement of overhead lines; however, only 30% of this initiative has
been completed in central areas. District cooling systems are being implemented in new
developments, such as the Rama IX business district. There is an integration of renewable energy,
albeit with limited rooftop solar photovoltaic systems on public buildings, facing challenges related

to grid integration, and to reduce the city’s heat island effect.

Thailand is home to one of the fastest and most sophisticated fiber-optic (FTTH/FTTX)
broadband infrastructures globally, propelled by fierce competition among three leading providers.
For the 5G infrastructure, there is a swift deployment of more than 20,000 base stations

within the metropolitan area.

Bangkok is making efforts to improve its solid waste management. The city faces challenges
with landfills, as a significant portion of waste is directed to landfills in adjacent provinces. Waste-

to-energy plants located at the On Nut and Nong Khaem facilities process over 1,000 tons of waste
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each day. These facilities utilize incineration technology along with advanced air pollution control

systems to regulate emissions.

5.5 Climate Adaptation and Resilient Infrastructure

Flood-Adaptive Architecture encompasses elevated ground floors, amphibious foundations,
and materials that resist water. The integration of green infrastructure is exemplified by
Chulalongkorn University Centenary Park, a 4.4-hectare area designed to hold 1 million gallons of
stormwater (Muttamara & Sales, 2016). Additionally, the Bangkok 250 Green Space Plan employs a
network of parks that function as retention zones. Proposals for a seawall include conceptual
designs for a 30-km seawall along the Gulf of Thailand, akin to Jakarta's Great Garuda.
Chitwatkulsiri et al. (2025) employed pervious concrete blocks (PCB) for flood mitigation,

recommending the use of PCB, particularly in the inner Bangkok region.

The Bangkok Smart City Platform incorporates IoT sensors to monitor floods, manage
traffic, and assess air quality. Additionally, it involves the development of a Digital Twin through
virtual modeling of infrastructure systems, aimed at predictive maintenance and disaster

simulation.

There are various solutions based on nature. The restoration of canal (khlong) networks
involves rehabilitating canals for purposes of drainage and transportation (for instance, the
restoration of Khlong Phadung Krung Kasem). The Khlong Prem Prachakorn Project entails the
construction of reinforced concrete embankments and the expansion of essential drainage canals;
however, it necessitates considerable social engineering efforts to relocate informal settlements
that obstruct water flow.

The urban forestry initiative in Bangkok aims to enhance green cover from the current 7% to
a target of 10%. Additionally, there are plans to implement permeable pavements through pilot

projects in communities that are susceptible to flooding.

5.6 Institutional and Engineering Challenges

There are multiple agencies with overlapping responsibilities: BMA, Royal Irrigation
Department, Metropolitan Waterworks Authority, and Expressway Authority of Thailand. This

makes it lack integrated infrastructure planning across jurisdictions.
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There is a shortage of specialized engineers in fields such as tunneling, coastal engineering,
and climate resilience. Additionally, there are rain drainage engineers in the private sector and on

international projects.

The maintenance costs for the current infrastructure are significantly high. There is a
dependence on public-private partnerships (PPPs) for large-scale projects, which have yielded
mixed outcomes. There is a genuine need for innovative financing solutions to support climate

adaptation.

6 Future Directions with Sustainable Smart Systems (SSS)
Bangkok requires the development and maintenance of sustainable smart systems (SSS) in

conjunction with its metropolitan development.

6.1 Integrated Water Management
Bangkok must transition from flood ‘"prevention" to flood "accommodation" by

implementing decentralized retention areas in new developments, enforcing mandatory onsite

stormwater management for substantial projects, and restoring natural drainage corridors.

6.2 Transit-Oriented Development (TOD) Engineering
Based on Transit-Oriented Development (TOD), the coordinated relocation of underground

utilities prior to transit construction, the integration of station design with mixed-use
developments, and the establishment of pedestrian infrastructure as a fundamental engineering
system are essential. With TOD, the engineering emphasis is placed on 'Skywalks' (for instance,
from Victory Monument to Ramathibodi) and the installation of Platform Screen Doors at Green

Line stations to improve safety and facilitate pedestrian movement.

6.3 Subsidence Mitigation
In order to prevent further subsidence in Bangkok, various strategies for subsidence

mitigation may be implemented, including an accelerated transition to surface water for industrial
purposes, increased artificial recharge of aquifers, and the enforcement of zoning restrictions in

areas identified as having the highest risk.

6.4 Circular Economy in Construction
The circular economy in construction can be enhanced through the greater utilization of

local and recycled materials. Additionally, it is important to incorporate design strategies that
facilitate deconstruction and material recovery. Compliance with green building code regulations

should also be prioritized.

6.5 Resilience Standards
All urban and building design standards must take into account the concept of resilience,

necessitating updates to building codes to address the increased intensity of rainfall. Additionally,
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drainage systems must be capable of managing extreme stormwater. It is essential to harden
critical infrastructure against flooding and power disruptions. Further, there should be redundant
systems in place for water, power, and communications.

7 Conclusion

In the pursuit of developing the next-generation Bangkok, the city's infrastructure
advancement is currently at a pivotal juncture—transitioning from reactive, isolated systems to
integrated, climate-responsive systems thinking. The future of Bangkok as a livable and
competitive metropolis hinges on civil engineering innovations that harmonize with its deltaic
environment rather than oppose it. This necessitates the creation of multifunctional infrastructure
that simultaneously addresses mobility, water management, and public space, alongside adaptive
designs capable of accommodating uncertain climate scenarios, ensuring equitable access to
infrastructure benefits across various socioeconomic groups, and fostering professional
development in next-generation engineering competencies.

The experiences of Bangkok—encompassing both its engineering successes and setbacks—
provide essential lessons for delta cities globally that are confronting similar issues of growth,
subsidence, and climate vulnerability. The forthcoming decade of infrastructure investment will be
crucial in determining whether Bangkok evolves into a paradigm of resilient urban engineering or
becomes a cautionary example of excessive technological ambition.

8 Availability of Data and Materials

All information is included in this article.
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