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Symbolism and decoration  
in Rong houses among ethnic communities 
in Vietnam
Le Chien Thang

Abstract
Symbolism plays an important role in the 
development of architecture across all 
historical periods. Symbols express the 
values and power of buildings through 
architectural details, building form, 
and decoration; they reflect the role of 
architecture within the community and 
constitute some of the most significant 
intangible values of architectural heritage 
today. The Rong house in the Central 
Highlands of Tay Nguyen represents a 
distinctive architectural form of ethnic 
minority communities and is regarded 
as one of the most valuable examples 
of vernacular architectural heritage 
in Vietnam. The Rong house serves 
as the center of communal life and 
activities. Historically, Rong houses were 
multifunctional structures and became 
prototypes for other types of communal 
buildings. Ethnic minority communities 
in Tay Nguyen have been less influenced 
by modern life and continue to preserve 
important traditional elements. Every 
decorative detail, spatial organization, 
and building form embodies philosophical 
and cosmological meanings, representing 
valuable cultural assets within the diverse 
cultural landscape of contemporary 
Vietnam.
Key words: symbolism, decoration, 
Rong community house, vernacular 
architecture, ethnic minorities, central 
highland of Tay Nguyen 
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1. Symbolism and decoration in vernacular architecture
Symbolism and decoration are two important factors in expressing the characteristics 

of vernacular architecture, reflecting the values of owners, users, and even the wider 
community. As a general concept, symbolism encompasses a broad range of theories 
concerning its nature, functions, and modes of expression. Symbolism carries multiple 
meanings through various forms of expression, which become representations, beliefs, 
and shared values among social groups or communities. It may be expressed through 
physical forms or spiritual rituals that can endure for thousands of years. In such cases, 
symbolism is closely linked to the collective consciousness of a community. [1]

Buildings are material manifestations of human ideas. They require substantial 
investments of materials, time, and energy, and often express the values and power 
of their owners. Many building components are decorated with different intentions, 
each conveying a specific symbolic message. Decoration may take various artistic 
forms, such as painting, sculpture, or decorative reliefs. It can serve as an indicator of 
architectural styles or even represent the cultural identity of an entire community. In 
some cases, decoration functions as a complex symbolic system that conveys profound 
meanings. Decorative expression is influenced by multiple factors, including physical 
aspects such as lifestyle and gender, as well as spiritual and cultural beliefs. Decoration 
is often concentrated in specific architectural elements that are easily visible, relatively 
stable over time, and deeply embedded in collective memory, allowing them to be 
transmitted from one generation to the next.

2. The Rong house and its significance
The Rong house (Vietnamese: Nhà Rông), also known as a “village house” or 

“community house,” is a type of traditional stilted communal building found among 
seven of the twelve ethnic minority groups inhabiting the northern areas of Gia Lai and 
Kon Tum provinces in Vietnam. These groups include the Bahnar, Xo Dang, Gie-Trieng, 
Ro Mam, Brau, Katu, and certain Jarai communities belonging to the Arap subgroup in 
northern Gia Lai and southern Kon Tum, located adjacent to Bahnar communities and 
Austro-Asiatic peoples more broadly. Despite the shared designation of “community 
house,” this building type exhibits considerable diversity in form, scale, and architectural 

Figure 1. The Rong house – center of the whole village activities (source: Kon Tum 
city)
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expression. Its name also varies by region and ethnic language, 
such as Rôông (Bahnar, Brau, Jarai), Gươl (Katu), and Xu khoan 
(Bru–Van Kieu). Architecturally, Rong houses differ not only 
among ethnic groups and regions but even between villages, 
in terms of style, size, construction techniques, decorative 
patterns, spatial layouts, and associated customs. The origins 
of the Rong house are not clearly documented; however, 
examples dating from the early twentieth century are found 
primarily in the Truong Son–Tay Nguyen region. Although five 
of the twelve ethnic minority groups in this area possess Rong 
houses, only three groups developed large and highly iconic 
structures. The Rong house is not only the largest building in 
the village but also an important symbolic structure closely 
associated with the social life and belief systems of the 
community. According to local perceptions in Tay Nguyen, a 
village must possess at least one Rong house; otherwise, it may 
be regarded as a “female” village, a notion reflecting symbolic 
concepts of gender rather than matriarchal social organization. 
A well-built and elaborately decorated Rong house signifies 
a prosperous and powerful village, and consequently, some 
villages even maintain two Rong houses—one designated as 
“male” and the other as “female.” [2]
a. Functions

The Rong house serves multiple functions, comparable 
to the communal village house (Đình) of the Kinh people. Its 
precinct functions as the venue for a wide range of communal 

activities among Tay Nguyen ethnic minority communities, 
from daily administrative affairs—such as meetings and the 
resolution of shared tasks—to ceremonial and other collective 
activities. The Rong house also serves as a repository for 
traditional artifacts and plays a vital role in maintaining 
the continuity of cultural values across generations. These 
artifacts include gongs, drums, weapons, and animal heads 
sacrificed during festivals and ritual ceremonies.

However, the most important function of the Rong house 
is its religious role. The Rong house is regarded as the dwelling 
place of deities and as an intermediary space between humans 
and the spiritual realm (Yang). Religious activities conducted 
within the Rong house precinct include communal rituals and 
spiritual festivals, both regular and occasional, intended to 
ensure prosperity, well-being, and abundant harvests. These 
rituals encompass ceremonies such as new rice celebrations, 
gutter-fitting rituals, rain-invoking ceremonies, and rites 
associated with the establishment of new villages. Through 
these functions, the Rong house becomes the spiritual and 
social center of the village throughout the year and stands 
as a sacred symbol of the community, in which architectural, 
constructional, and artistic achievements are collectively 
embodied.
b. Classifications

There are two types of Rong houses in Tay Nguyen: the 
Rông tơ nao (“male” house) and the Rông Ana (“female” house). 
The former functions as the principal communal building, while 
the latter serves as a supplementary structure associated with 
women, without implying a matriarchal social system. The 

Figure 2. Reconstructed Rong House of the Gie People 
(source: author)

Figure 3. Reconstructed Rong house of the Trieng people 
(source: author)

Figure 4. The Rong house in Tay Nguyen in 1950s 
(source: Vietnam Museum of Ethnology) [4]

Figure 5. The Rong house under construction (source: 
Vietnam National Villages for Ethnic Culture and Tourism) [5]

http://en.vinaculto.vn/vn/news/2/detail/373/reproduce-mountainous-villagerituals-of-la-hu-people-at-vietnam-national-villages-for-ethnic-culture-and-tourism.aspx
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Rông tơ nao is characterized by its very high roof—reaching up 
to 30 meters—and is elaborately and meticulously decorated. 
By contrast, the Rông Ana is considerably smaller in scale, with 
a lower roof and more modest decorative treatment, both 
externally and internally.
c. Building sites

The Rong house is typically sited on elevated and spacious 
terrain, where it remains cool during the dry season and warm 
during the rainy season. It is usually located at the center of 
the village, providing convenient access for daily activities and 
ceremonial events, while also symbolizing the strength and 
prosperity of the community. The site is required to be flat 
and sufficiently expansive to accommodate large gatherings, 
including not only villagers but also visitors participating in 
festivals. As a result, the Rong house is highly prominent and 
clearly visible from a distance.
d. Architectural features

In terms of form, in addition to the differences between 
the two types mentioned above, the shape and size of main 
Rong houses also vary considerably among different ethnic 
groups. Besides the tall and monumental Rong houses, there 
are also smaller and more modest examples, such as those 
found among the Gie people in Dak Glei District, which are 
only slightly larger than rice granaries, with a floor area of 
approximately 5–10 m². These structures are used exclusively 
for worship and for storing sacred objects of the village, 
and only village elders are permitted to participate in rituals 
within them; therefore, large interior spaces are unnecessary. 
However, such cases are exceptions. Typically, the Rong house 
is the largest and tallest building in the village. The Rong house 
commonly measures approximately 10–12 m in length, 4–6.5 

m in width, and 14–16 m in height. In some villages, such 
as Kon Klor, Kon Kow Tu, and Kon Jơ Ri, the roof height can 
reach up to 30 m, whereas in other cases it may be only 7–8 
m. Rong houses of the Bahnar people in Kon Ray tend to be 
elongated but relatively low in height; for example, the Rong 
house in Cheo Leo village is about 25 m long but only 8 m 
high. Similarly, Rong houses of the Xo Dang people typically 
measure around 20 m × 6 m × 8 m. These similarities can be 
attributed to the geographical proximity of settlements and 
long-standing cultural exchange between the two groups. 
With regard to the height of the living floor above ground 
level, Bahnar Rong houses in Gia Lai are the highest, generally 
ranging from 1.6 to 2.2 m. In contrast, those of the Xo Dang in 
Dak To, the Gie–Trieng in Dak Glei, and the Bahnar Ji Lang in 
Kon Ray are much lower, typically between 0.5 and 0.8 m. [3]

The main entrance of the Rong house is generally oriented 
toward the east, with the notable exception of the Rong house 
in Dak Wak (Dak Glei District), which faces north. Rong houses 
of the Gie people are distinctive in that they feature entrances 
at both gable ends, a characteristic unique to this group.

Rong house roofs are typically hipped, consisting of two 
main sloping roof planes and two supplementary triangular 
sections. An exception is found in Rong houses of the Gie 
people, which often have oval-shaped roofs, as seen in villages 
such as Duc Nhay, Nong Noi, Cha Noi, and Dak Rang. This 
form is comparable to the Gươl houses of the Koho and Katu 
people in Quang Nam Province. However, Katu Gươl houses 
are generally taller and feature a main entrance on the front 
façade rather than at both gable ends. The Rong house in Dak 
Tum is a representative example of the oval type, measuring 
approximately 6.6 m × 8.75 m × 8 m, with entrances at 

Figure 6. Reconstructed Rong house of the Ro Mam 
people (source: author)

Figure 7. Reconstructed Rong house of the Xo-Dang 
people (source: author)

Figure 8. Rong house of the Bahnar people (source: author)
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both gable ends and two windows on each side. 
By contrast, the Rong house in Dak Wak exhibits 
a more solid rectangular form, with dimensions of 
approximately 12 m × 7 m × 14 m.
e. Building materials

Like other traditional dwellings, Rong houses 
are constructed primarily from natural materials 
sourced from surrounding forests. These include 
timber for columns and beams, and various types of 
bamboo used for rafters, roof coverings, floors, and 
walls. All components are traditionally crafted using 
simple hand tools, such as knives and axes. Walls 
and floors are typically made of woven bamboo 
or split bamboo strips bound together with fiber 
cords, which were later replaced in some cases by 
wooden planks. Floors are also often constructed 
from Neohouzeaua bamboo panels. In Rong houses 
of the Bahnar and Jarai peoples, the walls extend fully to the 
roof, creating a visually enclosed interior with no direct visual 
connection between inside and outside. By contrast, in Rong 
houses of the Gie–Trieng people, the walls rise only about 
0.8–1.0 m above the floor and slope inward toward the top, 
allowing visual interaction with the surrounding landscape. 
Rong houses are generally roofed with thatch; however, some 
feature woven thatch panels with intricate patterns that are 
visible from the interior, serving not merely as roofing layers 
but also as decorative elements.
f. Interior spaces

The interior space of the Rong house is typically spacious 
and capable of accommodating up to 100 people. Within this 
space, there are two indispensable sacred elements. The first 
is the repository of sacred objects, including items associated 
with the village’s guardian spirits and communal treasures 
such as gongs and drums. The second is the fire stove. The 
number of fire stoves in a Rong house usually ranges from 
one to four, serving both communal evening activities—such 
as epic performances, storytelling, singing, and dancing—and 
ritual ceremonies. Typically, two or four stoves are arranged 
symmetrically on both sides of the interior, symbolically 
associated with distinctions such as hosts and guests or male 
and female roles. Each stove consists of a square wooden 
frame filled with soil to prevent the spread of fire. In the Rong 
house of the Bahnar Ji Lang people in Kon Ray, a colonnade 
runs along the central axis of the interior space and is used 
to store wine jars and food baskets during festive occasions. 
Among other ethnic groups, these baskets are usually hung 

along the interior walls, from where village elders invite guests 
to partake in communal rituals and celebrations.

3. Symbolism and decoration of Rong houses
House forms

The Rong house is a type of stilted structure composed of 
three principal parts: the floor, the body, and the roof, of which 
the roof is the most significant element in terms of symbolic 
expression. The floor is raised above ground level to protect 
the building from environmental conditions, wild animals, 
and external disturbances. Among different groups, the floor 
height varies considerably: Rong houses of the Bahnar and 
Jarai peoples are the highest, typically ranging from 1.6 to 2.2 
m above the ground, while those of the Xo Dang, Gie–Trieng, 
and Bahnar Ji Lang are much lower, usually between 0.5 and 
0.8 m. Elevating the floor on columns gives the Rong house a 
sense of lightness and upward movement. With the exception 
of Rong houses of the Gie people, the overall form of the Rong 
house resembles a giant axe rising toward the sky, creating a 
powerful iconic image that symbolizes the strength and unity 
of the community. Situated at the center of the village on an 
open and expansive site, and standing in strong contrast to 
both the built and natural surroundings, the Rong house is 
highly prominent and visually dominant. This spatial and visual 
prominence corresponds to its symbolic meaning as the “soul” 
of the village—a sacred place that mediates between heaven 
and earth, mountains and rivers, and serves as a repository of 
the community’s spiritual values. Through this role, the Rong 
house embodies the cultural essence of human creativity 
within the natural ecological environment and expresses the 
deep spiritual foundations of forest-based cultures. [6], [7]

Figure 9. Reconstructed Rong house of the Brau people 
(source: author)

Figure 10. Reconstructed Rong house of the Jarai people 
(source: author)

Figure 11. Decoration on the ridge and roof field [5]
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Roofs:
As noted above, the roof of the Rong house carries greater 

symbolic significance than purely functional value. The interior 
space beneath the large roof primarily accommodates the 
structural system required to support the high roof and to 
withstand environmental forces such as wind, earthquakes, 
and the building’s own loads. The roofs are typically covered 
with thatch panels and elaborately decorated. Beyond the 
iconic roof form itself, decorative elements applied to the 
roof surfaces, ridges, and ridge ends (finials) also convey rich 
symbolic meanings. These ridges are commonly adorned with 
emblematic motifs that vary among different ethnic groups. 
[7]
Walls and doors

Wall decorations are typically executed in two primary 
colors: red and blue. Among the Bahnar people, decorative 
elements often include buffalo horns, while the long central 
pole in the main bay is delicately carved with motifs such 
as the sun, eight-pointed stars, diamond patterns, birds, and 
human figures.
Staircases:

Rong houses usually have one or two staircases, each 
carved from a single tree trunk with steps hewn directly into 
the wood. The staircases may be constructed with or without 
handrails. There are two principal types of stairs: the “male” 
staircase, which typically has seven risers and is used by men, 
and the “female” staircase, which has nine risers and is used by 
women. In addition, intermediate staircases may be provided 
for village elders during festivals or ceremonial events. The 
upper ends of the staircases are often elaborately decorated, 
with forms varying according to function and ethnic group. 
Among the Bahnar people, decorations commonly take the 
form of Diplazium esculentum, a typical edible fern of the 
region. The Jarai people often shape motifs resembling water 
gourds, while the Xe Dang and Gie–Trieng peoples employ 
forms inspired by gong nipples or prow-like elements. Many 
other groups carve representations of the female chest 
as symbols of fertility. Columns and handrails of the main 
staircase are further embellished with carved wooden motifs 
depicting various iconic figures in a stylized manner with bold, 
rough contours. [8]

Structure and decoration in the Rong house
Columns and trusses

Each Rong house is typically supported by a structural 
system composed of large columns—usually eight in number—
made of Sobtusa wood, a valuable timber species native to 
the region, which support both the entire building and the 
bamboo roof trusses. During festivals, an additional decorative 
column is erected in the central area of the interior space. The 
truss system is constructed from plant-based materials and 
consists of horizontal and vertical members combined with 
diagonal bracing to resist structural loads. Truss components 
are connected using tightly fastened plant fibers, rattan, 
and bamboo lashings. These joints are sufficiently robust to 

withstand the various loads and forces acting on the structure, 
even under strong wind conditions in the open highland 
terrain. The roof is thatched with grass layers approximately 
20 cm thick, and the two roof planes together form the 
characteristic axe-like silhouette of the Rong house. 
Interior decoration

Trusses are among the most elaborately decorated interior 
components of the Rong house. The decorative patterns 
are rendered in vivid colors and depict themes related to 
religious worship, legends of ancient warriors, stylized animals, 
everyday objects, and scenes closely associated with village 
life. Wooden columns are also richly and vividly decorated, 
with those of the Gie–Trieng people being particularly notable 
for their artistic quality. The decorative colors are derived 
primarily from natural pigments extracted from plants and 
fruits.

4. Conclusions
Rong houses have been constructed and maintained over 

many generations. The process of building a Rong house 
reflects a strong sense of individuality, governed by unwritten 
customary rules that prevent artisans from replicating Rong 
houses of other regions or ethnic groups. As a result, despite 
certain shared characteristics, each Rong house remains a 
unique and highly valuable cultural product. The relationship 
between the village, the Rong house, and village festivals 
constitutes a profound spiritual bond that reinforces a strong 
sense of community among ethnic groups in Tay Nguyen. 
The Rong house represents a synthesis of village culture and 
social cohesion, serving as a focal point for collective identity. 
Architecturally, the Rong house embodies the most refined 
achievements in construction techniques and aesthetic 
expression developed by these communities. It constitutes 
both a tangible and intangible cultural asset, symbolizing 
power and prosperity, and these meanings are clearly 
articulated through the architectural form and decorative 
elements of each Rong house./.

Figure 12. Structure of reconstructed Rong house of the Gie-
Trieng (source: author)
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Integrating disaster-response capabilities 
into refuge spaces in high-rise provincial 
general hospitals in Vietnam:  
an architectural approach
Vuong Ngoc Hai

Abstract
The increasing trend of constructing high-
rise provincial general hospitals in Vietnam 
poses new challenges for emergency 
preparedness, especially in the context 
of fire safety and disaster response. 
In accordance with QCVN 06:2022/
BXD, buildings exceeding 100 meters in 
height are required to include designated 
refuge floors [1]. However, these spaces 
are typically treated as passive fire-
safety zones and remain underutilized in 
broader emergency planning. This paper 
explores the potential of transforming 
such mandatory refuge areas into 
multifunctional spaces that contribute 
to disaster-response capabilities within 
hospital infrastructure. Employing an 
architecture-centered, interdisciplinary 
approach, the study redefines refuge 
space design to integrate basic healthcare 
functions such as triage, emergency 
coordination, and short-term patient 
holding. The proposed model addresses 
spatial, technical, and organizational 
criteria while remaining compatible with 
current regulatory frameworks. The study 
concludes that integrated refuge spaces 
can enhance hospital resilience without 
significant additional cost or structural 
modification. This rethinking of spatial 
design offers a promising pathway for 
embedding disaster-readiness into high-
rise healthcare facilities, especially in 
rapidly urbanizing provincial contexts.
Key words: Refuge space, disaster 
preparedness, hospital architecture, 
Vietnam 
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1. Introduction.
In recent years, rapid urbanization and limited land availability have led many 

provincial cities in Vietnam to adopt vertical development strategies in healthcare 
infrastructure. As a result, a growing number of provincial general hospitals are now 
being planned or constructed as high-rise buildings. This architectural trend reflects 
a rational response to spatial constraints but also introduces new challenges in 
emergency preparedness, evacuation logistics, and healthcare resilience under disaster 
conditions.

Vietnamese building regulations—specifically QCVN 06:2022/BXD—address some 
of these concerns by mandating refuge floors for buildings exceeding 100 meters in 
height. These floors are designed as temporary safe zones that protect occupants 
from smoke and heat during fire incidents [1]. However, in practice, such spaces are 
often treated as passive fire-safety enclosures, serving limited roles in broader disaster-
response strategies. This underutilization is particularly critical in healthcare facilities, 
where maintaining partial operational continuity during emergencies can directly affect 
patient outcomes [2].

The paper argues that this regulatory provision represents a missed architectural 
opportunity. In healthcare settings, where uninterrupted treatment and safety of 
vulnerable patients are paramount, spatial readiness should extend beyond compliance-
based fire protection. By integrating essential disaster-response capabilities—including 
emergency triage, short-term patient holding, basic life-support equipment, and 
internal communication infrastructure—refuge floors can be transformed into adaptive 
healthcare resilience nodes. [2][3]

Such integration requires an interdisciplinary yet architecture-led approach 
that aligns safety regulations with functional healthcare objectives. It also demands 
careful spatial planning, modular design strategies, and coordination with hospital 
emergency protocols to ensure that the space can support multi-scenario use without 
compromising fire-safety compliance.

Therefore, this study seeks to reframe the architectural role of refuge spaces in 
high-rise hospitals. Rather than viewing them merely as static regulatory requirements, 
we explore how they can be reimagined as active components of hospital disaster-

Figure 1: Architectural design proposal for Quang Ninh Provincial General Hospital in 
the future. (Source: VNCC)

mailto:haivn@hau.edu.vn
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readiness systems. The following sections review current 
regulatory frameworks, examine spatial and technical 
opportunities for design optimization, and propose a feasible 
architectural model for multifunctional refuge floors in the 
context of Vietnam’s evolving healthcare infrastructure.

2. Reframing Refuge Spaces through Architectural Design.
2.1. Technical and Spatial Requirements (as per QCVN 
06:2022/BXD).

In Vietnam, the design and construction of refuge floors 
in high-rise buildings are regulated by QCVN 06:2022/BXD 
– National Technical Regulation on Fire Safety for Buildings 
and Constructions. The regulation stipulates that buildings 
exceeding 100 meters in height must include refuge floors at 
vertical intervals of approximately 20–30 meters [1]. These 
spaces are designed to protect occupants temporarily during 
fire incidents, ensuring safe shelter from smoke and heat while 
awaiting evacuation or rescue.

To comply with the regulation, each refuge floor 
must satisfy strict requirements regarding fire resistance, 
compartmentation, egress, and environmental safety. The 
core parameters are summarized in Table 1 below.
2.2. Expanding Architectural Meaning.

While these parameters ensure compliance and basic life 

safety, they also reveal spatial and structural opportunities 
for innovation in hospital architecture. The current regulatory 
model focuses primarily on fire resistance but overlooks 
human-centered and functional resilience aspects—such as 
adaptability for other disaster types (e.g., earthquakes, power 
outages, pandemics).

From an architectural perspective, refuge floors can serve 
as latent assets—pre-built, structurally robust, and spatially 
centralized areas that are inherently safe, accessible, and 
technically independent. If reconsidered beyond their minimal 
fire-safety role, these spaces can evolve into multi-use 
resilience nodes within a hospital’s vertical circulation system. 
Their isolated, ventilated, and load-bearing characteristics 
make them ideal for short-term functions such as patient 
triage, emergency coordination, or temporary staff rest areas.

Crucially, innovation does not conflict with compliance. 
The same design principles that ensure fire safety—smoke 
isolation, reinforced materials, and redundant egress—also 
provide a stable foundation for spatial flexibility. By introducing 
modular fittings, mobile partitions, and dual-purpose storage, 
refuge floors can be safely upgraded without altering the 
structural or regulatory intent of QCVN 06.

In summary, QCVN 06:2022/BXD offers both a technical 
mandate and a design opportunity. When interpreted 

Figure 2: Refuge space in high-rise building in Vietnam (Source: Internet)

Table 1. Summary of Key Technical Requirements for Refuge Floors (QCVN 06:2022/BXD)

No. Requirement 
Category Regulation Detail Architectural Implication

1 Applicability Mandatory for buildings >100 m in height All new high-rise hospitals ≥100 m must 
integrate at least one refuge floor

2 Fire Resistance Structural and enclosure elements must achieve 
≥150-minute REI rating

Requires use of non-combustible materials, 
reinforced partitions, sealed doors

3 Compartmentation Smoke-tight enclosure, independent fire 
compartment, isolated from other functions

Supports modular sub-zoning without 
compromising safety

4 Egress Minimum two smoke-free staircases with direct 
access

Enables safe, redundant evacuation routes

5 Area Calculation 0.3–0.5 m² per person based on occupancy load Provides measurable basis for adaptive 
spatial planning

6 Ventilation and 
Pressure

Positive air pressure to prevent smoke ingress; 
mechanical or natural ventilation allowed

Allows controlled hybrid ventilation design 
for comfort and psychological relief

7 Communication Emergency intercom or fire alarm system 
connection required

Can be expanded to integrate hospital 
communication network

8 Lighting and Power Emergency lighting, UPS backup Can support short-term medical device 
operation in crisis
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creatively through the lens of healthcare resilience, the 
mandated refuge floor becomes not only a fire-safe enclosure 
but also a strategic architectural platform for emergency 
response, continuity of care, and adaptive hospital operation 
under crisis conditions.
2.3. Design Opportunities and Functional Integration.

While regulatory compliance ensures fundamental fire 
safety for refuge floors, architectural design can greatly 
enhance their functional value and human experience. In 
hospitals—where occupants include vulnerable patients, staff, 
and visitors—spatial quality and adaptability are crucial to 
maintaining healthcare resilience during crises.

a. Human-Centered Spatial Optimization
Beyond technical compliance, spatial comfort and 

psychological stability play an essential role in the effectiveness 
of refuge areas. Introducing daylight access where feasible can 
reduce anxiety and disorientation. Natural or hybrid ventilation 
improves air quality during extended confinement, while 
acoustic control through material selection and proportioning 
helps reduce panic and facilitates clear communication [6][7]
[8]. Intuitive wayfinding—using lighting cues, color coding, and 
spatial sequencing—enables staff and patients to move safely 
and calmly under emergency conditions.

Such architectural refinements can coexist fully with fire-
safety requirements. Fire-rated glass partitions, controlled 
ventilation louvers, and adaptive ceiling heights can maintain 
compliance while enhancing the usability of the space. In 
non-emergency conditions, these areas may double as 
staff lounges, training rooms, or waiting areas, maximizing 
utilization and return on built area.

b. Integration of Emergency Healthcare Functions
Refuge floors in high-rise hospitals possess inherent 

advantages for supporting essential healthcare operations 
during disaster events. Their protected and structurally 
independent configuration allows safe deployment of basic 
triage, first aid, and short-term patient holding when primary 
treatment areas become overloaded or inaccessible.

These functions can be achieved through lightweight, non-
invasive architectural interventions. Wall-mounted or portable 
oxygen units, collapsible stretchers, and mobile monitors can 
be installed without altering mechanical or structural systems. 
Built-in cabinets or wall niches may store emergency medical 
kits, PPE, and communication tools within sealed, fire-rated 
enclosures. Lighting and signage systems designed for dual 
use ensure both visual comfort and clinical visibility.

Crucially, the aim is not to convert refuge floors into 
permanent treatment zones but to create flexible buffer areas 
that sustain healthcare operations under stress. In vertical 
hospital typologies, where evacuation time is extended and 
vertical circulation may be constrained, such decentralized 
readiness significantly enhances operational resilience.

c. Synthesis: From Safety Zone to Resilience Node
Architecturally, this dual approach—combining human-

centered spatial quality with embedded healthcare 

functionality—transforms the refuge floor from a passive 
safety provision into an active resilience node within the 
hospital. What was once a static enclosure designed solely 
for fire protection became a dynamic spatial instrument 
capable of supporting both physical safety and organizational 
continuity.

In this reframed role, the refuge floor mediates between 
building technology and human behavior. Its controlled 
environment, reliable power, and protected structure allow 
limited but crucial medical and coordination activities 
to continue even when other departments are disabled. 
Psychologically, space provides a sense of orientation and 
calm, functioning as a collective anchor point where patients, 
staff, and responders regain control during uncertainty.

At the operational level, turning refuge areas into 
resilience nodes fosters an architectural logic of distributed 
readiness—where preparedness is not centralized in one 
emergency department but embedded throughout the vertical 
structure. This distributed model shortens response time, 
optimizes circulation, and strengthens cooperation between 
architectural design and emergency planning.

Ultimately, the multifunctional refuge floor embodies the 
convergence of regulatory compliance, spatial adaptability, and 
healthcare resilience. It demonstrates how design innovation 
can elevate a mandatory code requirement into a proactive 
framework for disaster-responsive healthcare architecture in 
Vietnam’s emerging high-rise hospitals.
2.4. Modular Flexibility for Multi-Scenario Use

In complex emergency conditions, no single spatial 
configuration can serve all response needs. Refuge floors 
in high-rise hospitals must therefore be designed for multi-
scenario adaptability, allowing the same space to perform 
different functions depending on the type and scale of disaster. 
This modular flexibility enables hospitals to maintain partial 
functionality even when core departments are compromised.

a. Architectural Principles of Flexibility
Traditional refuge spaces are typically conceived for one 

scenario—fire evacuation—resulting in uniform, static layouts. 
In contrast, modular design introduces architectural systems 
that can change configuration rapidly without altering core 
fire-safety integrity. Demountable partitions, foldable beds, 
retractable work surfaces, and integrated storage units can 
reconfigure the space from an empty safe zone to a short-
term triage area within minutes.

For example, a refuge floor of 250 m² in a 20-story hospital 
can be subdivided into three temporary zones: (1) triage and 
first aid (100 m²), (2) staff coordination and command (80 m²), 
and (3) short-term patient holding (70 m²). Pre-installed anchor 
points and mobile furniture allow these transformations to 
occur in less than 15 minutes when properly trained staff 
follow pre-defined layout protocols.

b. Operational Scenarios and Pre-Configured Layouts
A scenario-based planning matrix can guide how the 

refuge floor is used in different emergencies:

Table 2. Scenario-Based Spatial Planning Matrix for Multifunctional Refuge Floors

Scenario Type Spatial Response Key Features
Fire / Smoke Shelter & temporary staging Smoke-tight zone, seating and lighting for evacuees

Power outage Emergency rest & coordination UPS lighting, communication consoles, backup water supply

Pandemic / Infection Isolation or staff decompression Modular partitions, negative air flow, PPE cabinets

Mass casualty influx Temporary triage / short-stay care Foldable stretchers, mobile medical kits, oxygen modules
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By defining two or three standard 
reconfiguration templates, hospital staff can 
quickly deploy the appropriate setup—Layout 
A for triage, Layout B for isolation—supported 
by printed floor diagrams and training drills.

This dual-use and multi-scenario flexibility 
ensures that mandatory refuge floors 
contribute not only to regulatory compliance 
but also to hospital continuity and healthcare 
resilience. Modular adaptability transforms 
these floors from passive safety enclaves 
into dynamic architectural assets capable of 
supporting real-time disaster response.

3. Integrated design and pilot application 
of multifunctional refuge floors in high-rise 
hospitals.
3.1. Technical and Regulatory Compatibility.

Enhancing refuge floors to support 
disaster-response functions must first 
be compatible with Vietnam’s regulatory 
framework, particularly QCVN 06:2022/BXD. 
This regulation mandates refuge floors in all 
buildings above 100 meters, with requirements 
on fire resistance (REI ≥ 150), smoke isolation, 
and independent egress. These conditions 
create a technically robust baseline for 
architectural intervention.

Importantly, QCVN 06 does not 
prohibit additional functions if core fire-
safety parameters are maintained. Modular 
furnishings, foldable partitions, or wall-
integrated storage systems can be introduced 
without compromising compartmentation or 
egress integrity. As these elements are internal 
and non-structural, they can be incorporated 
during both new construction and retrofitting 
phases.

Furthermore, the increasing application of 
performance-based design in Vietnam allows 
architects to propose alternate solutions 
supported by simulation and scenario testing, 
ensuring both safety and functionality. 
Therefore, integrating healthcare-supportive functions into 
refuge floors is technically feasible and regulation-compliant. 
3.2. Quantitative Reasoning Framework.

The quantitative feasibility of multifunctional refuge floors 
can be evaluated through proportional and performance-
based reasoning. Three interrelated parameters determine 
the architectural viability of such spaces: area ratio, functional 
conversion efficiency, and activation time.

(1) Area Ratio.
According to QCVN 06:2022/BXD, the minimum usable 

refuge area ranges between 0.3–0.5 m² per occupant. When 
applied to a typical high-rise provincial hospital (15–30 stories, 
600–1,000 beds), this requirement yields refuge floors of 200–
400 m². If only 10–15% of this space is designed for medical 
adaptability—through foldable partitions and modular service 
points—it can already support a short-term triage function for 
20–40 patients without altering the structural system.

(2) Functional Conversion Efficiency.
Conversion efficiency refers to how effectively a regulated 

safety space can shift from passive protection to active 
operation. Simulated spatial configurations indicate that a 

conversion ratio of 0.2–0.25 (usable patient-care area to total 
refuge area) provides optimal balance between fire-safety 
clearance and medical capacity. This proportion increases the 
hospital’s temporary surge capacity by approximately 15% 
while preserving full code compliance.

(3) Activation Time and Resilience Index.
Under coordinated emergency procedures, refuge floors 

can be activated within 10–15 minutes, enabling critical 
response during the “golden hour” of disaster events. When 
benchmarked using a simplified resilience index—combining 
usable capacity (patients/m²) and operational duration (hours 
of autonomy)—multifunctional refuge floors outperform 
standard designs by 30–40% in continuity potential.

These ratios demonstrate that the transformation 
from static safety zones to active resilience platforms is 
not a speculative concept but a measurable architectural 
improvement. The integration of modular design logic within 
existing regulatory envelopes enables high-rise hospitals to 
achieve quantifiable gains in preparedness without additional 
construction cost or structural complexity.
3.3. Quantitative Feasibility Example.

To illustrate the quantitative potential of multifunctional 

Figure 3: Functional diagram for Layout A (Source: Author’s proposal, 2025)

Figure 4: Functional diagram for Layout B (Source: Author’s proposal, 2025)
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refuge floors, two hypothetical cases are examined, both 
based on current Vietnamese hospital typologies.

Case 1 – Medium-Scale Hospital:
A 20-story provincial general hospital with a total capacity 

of 600 beds incorporates a refuge floor every 10 levels, each 
with an approximate area of 250 m². According to QCVN 
06:2022/BXD, the minimum usable area for refuge calculation 
is 0.4 m² per occupant, allowing safe accommodation for 
around 625 people during evacuation. In a surge situation, 
this same floor can be reconfigured into a temporary triage 
and holding zone for 25–30 patients, assuming 8–10 m² per 
person (including circulation and staff zones). By integrating 
foldable beds, mobile medical trolleys, and oxygen cylinders, 
the area can sustain essential care for 6–8 hours under power 
loss conditions.

Case 2 – Large-Scale Hospital:
For larger hospitals (e.g., 1,000 beds, 30 stories), a 400 

m² refuge floor—positioned every 8–10 floors—could handle 
up to 1,000 evacuees, or functionally provide short-term 
capacity for 40–50 patients. Using modular zoning (triage–
coordination–holding), such a floor can increase the hospital’s 
effective surge capacity by approximately 15–20% during 
mass casualty or epidemic events, without additional built 
area.

Simulation-based activation models suggest that well-
trained staff can convert the space from passive refuge mode 
to operational configuration within 10–15 minutes, reducing 
evacuation bottlenecks and improving coordination efficiency.

These scenarios demonstrate that significant operational 
benefits can be realized within the current regulatory envelope. 
Refuge floors, when properly equipped and integrated into 
emergency protocols, can simultaneously satisfy fire-safety 
codes and deliver measurable gains in resilience, quantified 
through key performance indicators such as usable capacity 
(patients/m²), activation time (minutes), and duration of self-
sustained operation (hours).
3.4. Pilot Application and Future Replication.

Vietnam’s ongoing program to modernize provincial 
healthcare infrastructure presents a timely and practical 
opportunity to pilot the integration of multifunctional refuge 
floors in high-rise hospitals. As new projects under the Ministry 
of Health and provincial governments increasingly exceed 
the 100-meter threshold regulated by QCVN 06:2022/BXD, 
these buildings are required by law to include refuge floors—
making them ideal testbeds for architectural innovation.

(1) Pilot Implementation Strategy
The pilot initiative should be embedded early in the 

concept and schematic design phases of selected hospital 
projects, ensuring that spatial adaptability is considered from 
the outset rather than retrofitted later. Provinces such as 
Quang Ninh, Bac Ninh, and Binh Duong, which are already 
developing multi-tower hospitals, provide suitable conditions 
for experimentation.

The pilot design should apply a multi-layered evaluation 
protocol including:

- Digital simulation of egress, ventilation, and triage layouts 
to verify regulatory compliance;

- Architectural mock-up or scaled layout testing (virtual or 
physical) to assess functional conversion;

- Operational drills or tabletop exercises coordinated with 
hospital management to evaluate activation time, resource 
deployment, and communication flow.

This integrated approach allows measurement of both 
technical indicators (e.g., area efficiency, smoke control, egress 
performance) and operational indicators (e.g., activation 
duration, patient throughput, autonomy hours).

(2) Data Collection and Knowledge Transfer
Each pilot should establish a quantitative dataset of three 

key parameters:
- Number of temporary patients accommodated per 

refuge floor;
- Time required to activate and configure each functional 

layout;
- Duration of self-sustained operation during power or 

service disruption.
Complementary post-occupancy evaluations can track 

user perception, environmental comfort, and maintenance 
needs. These datasets will not only validate design assumptions 
but also support the creation of a national reference database 
on hospital resilience performance.

(3) Replication and Policy Integration
Findings from initial pilot projects can inform the revision 

of national hospital design standards and the development of 
typology-specific guidelines for high-rise healthcare facilities. 
Once validated, the multifunctional refuge model can be 
systematically replicated in future hospital projects, supported 
by training modules for architects, engineers, and emergency 
planners. Over time, this approach would contribute to 
establishing a standardized framework for healthcare resilience 
in vertical architecture, linking architectural innovation with 
policy reform and capacity-building at the provincial level.

In sum, the pilot phase bridges research and practice, 
transforming theoretical feasibility into evidence-based 
architectural strategy. It demonstrates that the integration of 
disaster-response capability into mandated refuge floors is 
not only technically feasible but also institutionally scalable—
paving the way for Vietnam’s next generation of resilient high-
rise hospitals.

4. Conclusion
This study has redefined the architectural meaning and 

functional potential of refuge floors in Vietnam’s emerging 
high-rise provincial hospitals. Moving beyond the narrow 
regulatory role of passive fire safety, the research demonstrates 
that these mandatory spaces can become multifunctional 
resilience nodes capable of supporting healthcare continuity 
during disaster conditions.

Through a systematic framework integrating technical 
compatibility, quantitative reasoning, and experimental 
design, the study verifies that multifunctional refuge floors 
are both technically feasible and operationally implementable 
under QCVN 06:2022/BXD. Performance analysis indicates 
that by allocating just 10–15% of the regulated refuge area to 
modular adaptability, hospitals can achieve a surge capacity 
increase of 15–20%, reduce activation time to under 15 
minutes, and maintain essential care for 6–8 hours during 
infrastructure failure—without any structural alteration or cost 
escalation.

The findings also highlight a new architectural and 
organizational synergy between regulation, spatial planning, 
and disaster management. Refuge floors—once viewed merely 
as isolated safety compartments—can be reinterpreted as 
part of a vertically distributed resilience network, connecting 
structural safety with operational readiness. The proposed 

(xem tiếp trang 18)
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Proposal for design of the steel floor 
beam system according to new current 
standards based on material optimization
Chu Thi Hoang Anh(1) and Mai Trong Nghia(2)

Abstract
The steel floor beam system is a crucial and 
widely used structural component in civil 
and industrial steel works. While there are 
numerous books and textbooks covering 
the basic theory and practical instructions 
for calculating and designing this 
structural system, some important aspects 
remain unaddressed or inadequately 
detailed. Currently, the calculation 
diagrams used for steel slabs tend to 
be simplistic and overly conservative, 
often leading to material wastage. There 
is a need for more efficient calculation 
diagrams. One proposed solution is to use 
built-up section secondary beams instead 
of traditional hot-rolled I-section steel 
profiles, which offers several advantages 
in terms of production and application. 
As the construction industry adapts to 
international standards, there have been 
updates to the design, manufacturing, 
production, and testing criteria. However, 
these new standards are not always 
reflected in existing literature. This article 
aims to highlight the modifications and 
updates in current design standards, 
focusing on material savings and 
the modernization of standards for 
manufacturing, production, and testing.
Key words: Floor beam system, Secondary 
beam, Main beam, Built up section beam, 
Combination beam, Slenderness, Local 
buckling, Global buckling 
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1. Introduction
The steel floor system is a crucial and widely used structural component in both civil 

and industrial steelwork, commonly found in high-rise buildings, factories, industrial 
warehouses, and medium to small-sized exhibition spaces. While many textbooks and 
guidance documents on steel structures present the fundamental calculation theories 
for this system, there are still some aspects that have not been adequately addressed. 
Specifically, the assumption of simple support does not accurately reflect the actual 
behavior of the floor. As a result, while the floor may be designed with safety in mind, 
this approach often leads to material wastage. The aim of this paper is to develop 
a steel floor system that prioritizes material efficiency while being compatible with 
commercially available materials.

In recent years, several Vietnamese construction standards and regulations have 
been issued with amendments and updates. Notable examples include TCVN 5575 : 
2012. Steel structure design standards [1]; TCVN 2737:2023, Loads and impacts [2]. 
Additionally, steel material standards have been updated to align with international 
standards, such as: TCVN 6522: 2018 (ISO 4995: 2014), Hot-rolled thin steel plate of 
structural quality [3]; TCVN 7573:2006 (ISO 16160:2005), Continuous hot-rolled steel 
plate - Dimensional and shape tolerances [4]; TCVN 10351:2014 (ISO 7452:2013), 
Hot-rolled steel plate - Dimensional and shape tolerances [5]; TCVN 10357-1:2014 ( 
ISO 9444-1:2009), Continuously hot-rolled stainless steels - Tolerances on dimensions 
and form - Part 1: Narrow strip and cut lengths [6]; TCVN 10357-2:2014 (ISO 9444-
2:2009), Continuously hot-rolled stainless steel - Tolerances on dimensions and shape 
- Part 2: Wide strip and plate/sheet [7]; TCVN 11229-1:2015 (ISO 4950-1:1995 
Modified 1:2003), High yield strength steel plate and wide strip - Part 1: General 
requirements [8];… Current guidelines [12-15], however, have not been fully updated 
to reflect these standards. This paper aims to design steel floor beam systems in 
accordance with the latest standards and to utilize commonly used steel materials 
available in the construction market.

2. Notes on steel floor system design
In the context of international integration, design standards and product 

presentations in the construction industry are evolving to align with international 
norms. As a result, changes in general design practices for construction projects, 
particularly regarding steel floor systems, are essential. 

This article will discuss the modifications observed in the calculation descriptions 
and technical drawings of steel floor systems.
2.1. The modifications in design description 

a) Floor slab calculation
The floor slabs are constructed from steel plates, which typically come in two 

categories: common steel plates (with a thickness of 4 to 60 mm) and thin steel plates 
(with a thickness of 0.2 to 4 mm). Following a specific calculation method, a strip of 
the slab with a unit width (either 1 cm or 1 m) is taken from the short edge of the floor. 
This strip is then analyzed as a beam simply supported at two ends under distributed 
loading. There are two calculation options available:

1. Pre-select the slab thickness ts based on the load value acting on the floor. Use 
the approximate formula that relates the thickness to the span of the floor to calculate 
the slab span ls. 

2. Pre-select the slab span ls using the approximate formula that connects the 
thickness to the span of the floor, and then calculate the slab thickness ts.

The floor slab span, ls, is typically an estimate of the main beam span, L, and is 
generally about 1 meter. 
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In the calculation diagram for a simply supported beam, 
there is a distinction between the calculation method, 
which uses an independent strip of bars, and the actual 
structure, which takes the form of a plate. Therefore, it is 
crucial to calculate the floor slab using the elastic modulus 
E1 to accurately reflect the structural behavior. This paper 

recommends treating the floor slab as a continuous strip to 
more precisely represent its behavior, thereby allowing for a 
reduction in the thickness of the slab and a decrease in the 
amount of steel required.

The span of the floor slab is usually taken up to 2m, equal 
to the width of the steel plate [3-8].
•	 Determining the load acting on the floor

	
( )ρ= +tc tc

s sq p t b
	  		  (1)

	
( )γ ργ= +tt tc

s p s gq p t b
 		  (2)

with:
tt
sq - total characteristic (basic) value of load 

acting on the floor 
tt
sq - total design value of load acting on the 

floor;
ptc: the characteristic (basic) value of variable 

load acting on the floor; according to TCVN 
2737-2023 [2]

ρ: the density of steel material;
γg, γp: the partial factor for permanent and 

variable load, respectively; according to TCVN 
2737-2023 [2]

b: the strip width equal to 1 unit 1cm, 1m).
•	 Determining internal forces of the floor

The maximum bending moment in the 
middle of the floor span is determined according 
the formula:

	 a) Boundary condition of slab is pinned

	 b) Boundary condition of slab is fixed

	 c) Internal forces corresponding to beam diagrams
Figure 1. Moment in continuous slab strip, one direction
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  	 = 2
max . tt

s sM a q l           					     (3)
with:

tt
sq : calculated loading on the floor;

ls: the floor slab span
a: parameter (Fig. 1); for continuos strip a=1/11 , for one 

span strip a=1/8      
•	 Checking the bearing capacity of the floor slab 

	
yd c

s

M f
W

γ≤max ,
						     (4)

according to TCVN 5575-2012 [1]
with : Ws -, the bending moment about x-x axis of strip

×st b ; =
2.

6
s

s
b tW

	
ydf : the tensile strength of steel.

	 uf f≤ 							       (5)
according to TCVN 2737-2023 [2];
with:

tcq lf b
EI

=
3

: the floor deflection, with b parameter (Fig 1). 
For two-span continuos beam b=1/185; 
fu: the allowable floor deflection.
b) Secondary beam calculation 
The article suggests using welded built-up secondary 

beams as an alternative to the commonly employed hot-rolled 
I-section steel beams due to several advantages.

Firstly, secondary beams are typically made from hot-rolled 
I-section steel, which can be bolted or welded to the main 
beam, column, or placed on the wall. One notable drawback of 
hot-rolled steel beams is the limited variety of available cross-
sections. For instance, according to TCVN 7571-15:2019, 
there are currently 23 cross-sections ranging from I10 to I60. 
The manufacturer Hoa Phat lists 21 cross-sections from I10 to 
I80. In practice, calculations demonstrate that hot-rolled steel 
cross-sections that meet load-bearing capacity often have 
bending resistance moments and moments of inertia that 
are significantly larger than necessary. To optimize material 
usage, it is recommended to utilize a welded I-section, which 
allows for more flexibility in selecting the thickness and width 
of the flange and web, creating a built-up section that more 
closely aligns with the required bending resistance moment 
and inertia.

Secondly, using one steel grade for the entire structure -  
beams, columns, and floors - simplifies construction processes 
such as production, testing, acceptance, and maintenance 
in accordance with current regulations and standards. 
Additionally, the built-up cross-section secondary beam can 
be produced on the same production line as the composite 
column. This choice often enables contractors to have greater 
control over production.

Preliminary selection of welded built-up section secondary 
beam is applied similarly to welded main beam:

The height of the beam:
≤ ≤

 ≈ ±

min

( 20%)
d max

d kt

h h h
h h

with 
- hmax maximum height which depends on the architectural 

requires.
- the minimum height hmin can be calculated according to 

the recent formula:

	 γ
 = × × × × ∆ 

min
5 1
24

f Lh L
E tb , 

with: γ tb - the average load factor, 
- the economical height hkt calculated by formula:

	
= max

kt
w

Mh k
ft

with:
 k: the coefficient depends on the beam structure, for 

welded built-up section beams, k =1,15-1,2
 tw: the thickness of the beam web.
For beams with heights from 0.1 m to 1 m, use the empirical 

formula to determine the web thickness tw according to the 
shear resistance condition.

Determine the thickness of the beam flange tf. The height 
of the beam web hw should be consistent with that of the 
welded main beam..

Refer to the suggested table below for the ratio of the 
height to the thickness of the steel beam web hw/tw.
2.2. The modifications in the description and drawings 
presentation

The article provides additional information concerning the 
standards and regulations applicable to the updated drawings 
and descriptions for the design, construction, acceptance, and 
testing of steel structures, in accordance with current legal 
regulations in Vietnam. 

The revised proposals for Steel Structure Project 1 
incorporate updated standards relevant to the project, 
specifically: 

-  TCVN 5575:2018 - Design Standards for Steel Structures 
[1],

- TCVN 13194:2020 - Standards for the Erection and 
Acceptance of Steel Structures [9],

- TCVN 12002:2020 - Standards for the Construction, 
Fabrication, and Quality Control of Steel Structures [10],

- TCVN 4613:2012 - Conventional Symbols on Drawings 
for Steel Structures [11].

Additionally, other relevant standards and technical 
instructions are included. The technical guidelines outlined 
in Decree 15/2021/ND-CP and Decree 06/2021 (refer to 
the appendix) serve as the foundation for the supervision, 
management, and acceptance of construction works. It 
is recommended to add a separate section following the 
calculation explanation in Steel Structure Project 1 that 
focuses on the design of the steel floor beam system.

Table 1: Suggestion the ratio of the height to the thickness of the steel beam web

h (m) 0,1 - 0,4 0,5 0,6 0,7-0,8 0,9 1,0
tw(mm) 4 4-5 5-6 6-8 8-9 8-10
hw/tw <100 100-125 100-125 100-125 100-125 100-125
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3. Example and discussion 
To clarify the modifications in calculating steel floor 

systems, this article presents calculation examples and 
compares the results of the proposed method with those of 
the existing calculation method.
3.1. Example : 

The calculation for the steel floor beam system includes 
the following data:

- The load factor γp= 1,2
- Steel grade: CCT38s (with a maximum thickness of 

20mm), accorting to  TCVN 1765:1975
- Welding rod type: N42 (all welding is done by hand and 

inspected visually), accorting to TCVN 3223 : 2000
- The largest transport vehicle size available at the factory: 

9m
- The maximum length of steel plates available at the 

factory: 8m
- Span width (B): 6m
- Lengths of spans (L): 9m, 12m, and 15m
- Design load values (ptc): 14 kN/m², 15 kN/m², and 20 

kN/m²
Option 1 (Pa1): According to the conventional method 

outlined in documents [12-15], the calculation results are 

presented in Table 3.
Option 2 (Pa2): Based on the proposals from the article, 

the calculation diagram for the floor slab is designed as a two-
span continuous beam, with a built- up cross-section for the 
secondary beam. The results are also provided in Table 3.

A comparison of the structural savings steel mass (kg/m²) 
for the two options is detailed in Table 3.
3.2. Comments and Discussion

The table shows that the proposed calculation method 
reduces the thickness of the slab from 9-10 mm to 8 mm. As 
a result, the load on the secondary beam is also decreased. 
By utilizing the secondary beam as a built-up beam, we can 
significantly reduce its weight, achieving reductions of 53.69% 
and 58.42%, respectively. This decrease in the secondary 
beam’s weight, in turn, reduces the load on the main beam 
in certain cases, allowing for a smaller cross-section and a 
reduction in the overall height of the structure. Consequently, 
the total mass of the beam system is decreased by 8.53% to 
12.82%. The proposed calculation method ultimately leads to 
a reduction in material mass, which is a key factor in lowering 
construction costs. This presents a practical and economically 
feasible solution. 

Additionally, the appendix includes a sample drawing with 
the calculation results for option 2, which assumes a beam 
span of 12 m. The content in section 2.2 is essential to ensure 

Table 2: Suggestion modifications the description and drawings of the steel structure project P1

Num Existence of the project description Modifications
1 There are no standards or regulations 

applicable to the design, construction, and 
acceptance of steel structures, and there are 
no technical instructions. 
There is no sample record of acceptance of 
input materials, or acceptance of work on 
processing and assembling steel structures.

Supplementing regulations and standards applicable to design, 
construction, and acceptance in Vietnam, technical instructions 
with basic contents: general principles, processing (requirements 
on steel, welding materials, bolts, measuring, straightening, 
bending steel, cutting, edge processing, assembly, welding), 
assembly, and acceptance of steel structures. 
Supplementing the sample minutes of acceptance of input 
materials, acceptance of steel structure processing and assembly 
work in accordance with Decree 06/2021.

Existence of the  drawings Modifications

2
The drawing lacks several important details: 
it does not include the elevation of the floor 
system, specify the strength level of the 
connecting bolts, or provide specifications 
for cleaning the surface of the structure. 
Additionally, it does not include specifications 
for the primer and protective paint.

Supplement the contents in the drawing : the elevation of the 
floor beam system, the strength level of the connecting bolts, 
specifications for cleaning the surfaces of the components, as 
well as the specifications for the primer and protective paint. Also, 
ensure to reference the applicable standards and regulations for 
design, construction, and acceptance in Vietnam.

Table 3: Comparation result

Case ts 
(mm)

ls 
(mm) Secondary beam main beams 

(mm)
The steel 

weight (kG)
Height 
(mm)

The secondary beam 
density (kG/m)

C1.a
(L=12m)

9 1000 I27a hd=1000; tw=8; tf=15; 
bf=560; bf’=340 7217.5 1279 33.9

C2.a
(L=12m)

8 1000
hd=220; tw=4;
tf=10; bf=60

hd=1000; tw=8; tf=15; 
bf=540; bf’=340 6601.5 1228 15.7

Difference (%) 8.53 53.69
C1.b

(L=15m)
10 1000 I30a hd=1350 ; tw=10; 

tf=25; bf=500; bf’=300 11182.3 1660 39.2

C2.b
(L=15m)

8 1000
hd=240; tw=4;
tf=10; bf=60

hd=1350 ; tw=10; 
tf=25; bf=500; bf’=300 9748.7 1598 16.3

Difference (%) 12.82 58.42
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that the project aligns closely with the practical production, 
construction, and acceptance of steel structures in accordance 
with current legal regulations, which is vital for students.

4. Conclusion
Updating the current calculation and presentation 

standards is essential for students to effectively engage in the 
practical work of manufacturing, constructing, and evaluating 
steel structures. The following key conclusions can be drawn:

- The proposed calculation diagram for the floor slab 

selection demonstrates that opting for a lighter floor slab 
significantly reduces the amount of steel required.

- The suggested design, which incorporates a secondary 
beam as a welded built-up beam, also decreases the steel 
usage in the steel floor system.

It is recommended to implement this proposed design 
along with a calculation of manufacturing costs to determine 
the most suitable approach for actual production and 
construction./.
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Integrating disaster-response capabilities into refuge spaces...
(tiếp theo trang 13)

pilot application framework further demonstrates how 
design innovation can be integrated into ongoing hospital 
modernization programs, providing a pathway for evidence-
based policy reform and national guideline updates.

Beyond the Vietnamese context, the study contributes 
to broader architectural discourse by positioning healthcare 
resilience as a measurable design parameter rather than an 
abstract ideal. It underscores the architect’s role not only as 
a form-giver but also as a system integrator who aligns built 
form with emergency function and institutional capability.

In conclusion, the transformation of refuge floors from 
passive safety provisions into active resilience infrastructures 
represents both a conceptual and practical advancement in 
hospital architecture. It offers a scalable, regulation-compliant, 
and cost-effective model that can guide the next generation 
of high-rise healthcare design in Vietnam—where safety, 
adaptability, and continuity of care are no longer separate 
priorities but integrated dimensions of a single resilient 
system./.
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​Effectiveness of Surface Temperature 
Reduction of Self-Cooling Concrete Pavers
Hieu Duy Nguyen(1), Mai Thanh Pham(2)

Abstract
Self-cooling concrete pavers help reduce 
surface temperature and, consequently, 
the temperature of the surrounding air 
layer during use. They operate based 
on the principle of latent heat transfer 
during the liquid-to-vapor phase change 
of the water saved from natural rainfall 
or artificial irrigation. In order to lower 
temperature according to this principle, 
self-cooling concrete pavers must have 
high water absorption capacity and 
release the absorbed water as vapor into 
the environment. The extent of water 
conversion from liquid to vapor phase 
was quantified through experimental 
measurements of mass transfer 
coefficient, surface temperature, and 
humidity, and then compared with results 
obtained from conventional sidewalk 
pavers used as a control under the same 
conditions. The results show that self-
cooling concrete pavers with a double-
layer structure, water absorption above 
0.15 g/cm³, and capillary water absorption 
above 70% have a strong cooling impact. 
This was shown by a higher mass transfer 
coefficient (0.5 compared to 0.1) and a 
lower surface temperature at 20°C lower 
than that of the control sample.
Key words: Self-cooling concrete pavers; 
Water absorption; Capillary water 
absorption; Mass transfer coefficient; 
Surface temperature; Surface humidity 
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1. Introduction
Self-cooling materials and self-cooling concrete pavers (SCCP) are types of materials 

that can absorb a large amount of water when exposed to a water source. A significant 
portion of the water later changes from the liquid to the vapor phase, because of the 
energy absorbed from the material itself and the surrounding environment. As a result, 
both the material and the surrounding air experience a decrease in temperature.

The operational mechanism of SCCP is similar to that of green plants. In plants, 
the phase change of water under solar radiation causes transpiration, which lowers 
the surface temperature and causes plants to function like natural air conditioners. 
Likewise, in SCCP, liquid water is absorbed into the material and then evaporates 
using energy from solar radiation and diffusion. Through this process, the surface and 
ambient temperatures drop, allowing the structure to function like a canopy of green 
vegetation. Consequently, SCCP can help mitigate the Urban Heat Island (UHI) effect.

To enable this self-cooling function, SCCP must have a porous structure since the 
pores allow the pavers to absorb, retain, and release water through evaporation under 
suitable weather conditions. Materials with strong water absorption capacities, such 
as superabsorbent polymer (SAP) particles or highly absorbent plant-based fibers, can 
be employed for this purpose and are referred to as functional materials. In this study, 
porous concrete technology, which is used for drainage, was combined with structural 
modification and the addition of functional materials to manufacture SCCP.

The required properties of SCCP were designed according to Japan’s JIS A5731-
2016 standard for ecological bricks, which states that water absorption cannot be 
lower than 0.15 g/cm³, and capillary water absorption must not be less than 70% [5]. 
High water absorption ensures that SCCP can absorb sufficient water during rainfall 
or irrigation, allowing it to move through capillary action from the inner mass of the 
concrete to the outer surface layer, and diffuse into the surrounding air.

The effectiveness of surface temperature reduction, or the self-cooling capability, 
of SCCP depends on its mass transfer coefficient, which is calculated based on the 
rate of water evaporation from the material under specific thermodynamic conditions. 
This coefficient is affected by both the material’s physical structure and environmental 
factors such as the evaporation rate, air moisture transmission within the capillary 
system, convective heat transfer coefficient, wind speed, and ambient humidity and 
temperature. The mass transfer coefficient of SCCP can be determined using the 
following formulas [7]:

	 				                 (1)
E: Evaporation coefficient (rate) (kg/m²·s)
Hd: Moisture transmission according to the absolute humidity of the air (kg/

[m²·h·(kg/kg)])
Hv: Convective heat transfer coefficient (W/m²·K), determined by formula (2):
	 Hv=5.8+3.9v								                     (2)
v: Air velocity on the material’s surface (m/s)
Cp: Specific heat capacity at constant pressure of moist air (J/kg·K)
Le: Lewis constant (Le = 1)
Xs: Absolute saturated humidity of the air at the sample surface (kg/kg)
Xa: Absolute saturated humidity of the laboratory air (kg/kg)
What this article aims to do is present the experimental results on the performance 

of self-cooling concrete pavers (SCCP) with a two-layer structure. The composition of 
these pavers includes superabsorbent polymer (SAP) functional materials and viscose 
fiber (Vs). The study focuses on evaluating properties that reflect cooling efficiency, 
specifically the mass transfer coefficient, surface temperature, and humidity, tested on 

mailto:hieund@hau.edu.vn
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a simulated room model under conditions that are similar to 
practical applications.

2. Materials and research methods
2.1. Materials and Structure of SCCP

In the study, Nghi Son PCB40 cement which meets the 
technical requirements of TCVN 6260-2020 was used. In 
addition, PCW40-I white cement, which complies with TCVN 
5691-2000, was used too. These cements were combined 
with inorganic pigments for the surface layer of the SCCP to 
improve aesthetics.

The structure of the SCCP consists of two bonded layers. 
The face layer is designed to be aesthetically pleasing and 
ensure effective capillary water absorption, while the base 
layer has high porosity to increase water absorption and 
retention capacity. To achieve these characteristics, two 
aggregate groups with gap-graded particle compositions were 
chosen: the 4.75–9.5 mm (D10) group for the base layer and 
the 1.18–4.75 mm (D5) group for the surface layer. Concrete 
aggregate conforming to ASTM C33 (Aggregate No. 8 [8]) was 
used to obtain the two types of aggregates. Particles retained 
on the 1.18 mm sieve and passing the 4.75 mm sieve were 
taken for the D5 group, while particles retained on the 4.75 
mm sieve and passing the 9.5 mm sieve were selected for the 
D10 group.

In the composition of SCCP, two types of functional 
materials were incorporated to help enhance water absorption 
and/or capillary water absorption: (1) Polymer powder (SAP), 
used in the base layer, with a water absorption capacity of 
157 times its dry mass and a primary particle size of 0.15–0.3 
mm ; (2) Viscose fiber (Vs), a modified cellulose product with a 
density of 1.52 g/cm³, moisture regain of 13% (at 65% relative 
humidity and 70°F), saturation water absorption of 40%, index 
Ne30/1 (50 m/g, 20 Tex) (TCVN 4181), tensile strength at 
break of 348 cN, and elongation at break of 15.6% [9]. The 
fibers were cut into lengths of 5–8 mm. The composition of 
the base layer is shown in Table 1 (mix design labeled B5), 
with a thickness of 45 mm. The 20 mm thick face layer was 
one of three types of concrete with mix designs So, Sg, and Sr, 
(shown in Table 2). After 28 days of standard curing (1 day in 
the mold covered with a damp cloth and 27 days submerged 
in water), tests were carried out to determine various physical 
and mechanical properties, including total porosity, water 
penetration rate, water absorption, capillary water absorption, 

and eventually, the mass transfer coefficient and surface self-
cooling capability.

Figure 1 shows photographic images of several 
experimental SCCP samples, and the corresponding 
experimental results are presented in Table 3. To compare with 
traditional concrete paver samples, tests were also conducted 
on a terrazzo paver (concrete paver) meeting the requirements 
of TCVN 7744:2013, and an artificial stone paver which 
meets the technical requirements of TCVN 8057:2009. The 
dimensions of the control samples were kept similar to those 
of the SCCP samples after processing.

  

Fig 1. SCC images samples

2.2. Research methods
The self-cooling property of SCCP depends on its water 

absorption and capillary water absorption; thus, this study 
focused on determining the water-related properties of 
the test samples. Meanwhile, the physical and mechanical 
properties of SCCP were tested to ensure that the product 
meets the requirements for sidewalk paving applications. 

The water-related properties of SCCP were tested 
according to Japanese standards, specifically  : Water 

Table 1. Composition and Properties of Concrete for the Base Layer

Symbol X, kg D10, 
kg N, kg SAP/X, 

%
Bulk density, 

kg/m3
Porosity, 

%

Weight of 
absorbed 
water, %

Volume of 
absorbed 
water %

Water 
penetration 
rate, mm/s

Capillary 
water 

absorption, 
%

B5 337 1180 202 3,0 1590 31,9 13,8 21,6 3,02 62,0 

Table 2. Composition and Properties of Concrete for the Surface Layer

Symbol 
(1)

Cement 
(PCB40), 

kg

Cement 
(PCW40 + 
pigment), 

kg

D5, 
kg N, kg Vs, % Porosity, 

%

Weight 
water 

absorption, 
%

Water 
penetration 
rate, mm/s

Capillary 
water 

absorption,
%

Dry bulk 
density, 
kg/m3

So 361 - 1265 208 2,5 22,2 16,0 3,60 77,5 1730

Sg - 374 1245 212 2,5 22,0 16,1 3,50 74,2 1725

Sr - 357 1231 222 2,5 25,5 16,3 3,72 78,7 1650

Note: 1) So - Grey (PCB40, non pigment); Sg - Green (PCW40 combined with 5% Cr2O5 powder); Sr – red (PCW40 
combined with 5% Fe2O3 powder).
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absorption and capillary water absorption: JIS A 5371:2016 
(similar to DIN EN 13057) ; Evaporation coefficient: JSTM H 
1001:2015.

The bulk density and compressive strength of the pavers 
were determined based on TCVN 6477, while the flexural 
strength was tested according to TCVN 7744:2013 on 
samples cured for 28 days and then dried at a temperature of 
60–65°C for 24 hours.

The properties reflecting the self-cooling capability of 
the SCCP and control samples include the mass transfer 
coefficient (β), and the temperature and humidity of the paver 
surface. The experimental setup is shown in Figure 2. The 
testing procedure is as follows:

After 28 days of curing, the SCCP samples were tested for 
properties such as bulk density, water absorption, and capillary 
water absorption, and were then saturated with water. Next, 
the SCCP samples, along with the control samples, were kept 
in water for 24 hours at a temperature of (25 ± 5)°C under 
normal pressure. After immersion, any free water adhering 
to the surface was removed, and the samples were wrapped 
on all sides with polystyrene thermal insulation foam, leaving 
only the top surface exposed. The weight of each PS-wrapped 
sample was then measured.

In the laboratory, the PS-wrapped test samples were put 
on a flat table with the open surface facing upward, under an 

infrared heater with a power of 250 W, positioned at a height 
of approximately 400 mm above the sample surface. A fixed 
fan was set to blow parallel across the surface of the samples 
at an average wind speed of 1 m/s. Before switching on the 
heater and fan, the temperature and humidity of the room 
air, as well as the temperature and humidity of the sample 
surfaces, were measured with a laser thermometer and an 
electronic hygrometer.

After the heater and fan were activated, the samples 
were exposed to infrared radiation. As a result of the thermo-
hygric processes, the surface temperature and humidity 
fluctuated, and the water in the samples diffused into the 
air. Measurements were taken every hour until the surface 
temperature of the samples became stable, or after 12 hours, 
whichever occurred first. After each measurement cycle, 
the mass of the sample was determined using an electronic 
balance with an accuracy of 1 mg.

The temperature and humidity of each sample surface were 
calculated as the arithmetic mean of five measurement points 
(the center and four corners, each located 10–20 mm from 
the edges). The mass loss of the sample showed the amount 
of evaporated water, used to calculate the mass transfer 
coefficient according to formulas (1) and (2). It is important 
to know that the mass transfer coefficient represents the 
cumulative result after all experimental cycles.

Fig 2. Tests images

Table 3. Physical-Mechanical properties and Water-related properties of SCCP and reference sample

Symbol 1) Porosity, % Weight water 
absorption, %

Water 
penetration 
rate, mm/s

Capillary water 
absorption, %

Dry bulk 
density, kg/m3

Compressive 
strength 2), MPa

Bending  
strength 3), MPa

SCCP-o 22,2 16,2 3,60 71,5 1690 16,5 4,1

SCCP-g 22,0 16,4 3,50 70,2 1700 17,2 3,9

SCCP-r 23,5 16,5 3,72 71,7 1670 15,8 4,3

GBT - 3,5 - - 2430 - -

ĐTN - 1,0 - - 2590 - -
Note: 1) SCCP-o, SCCP-g, and SCCP-r are samples which share the same concrete composition in the base layer but are 
different in the surface layer colors: grey (using PCB40), green (using PCW40 combined with Cr₂O₃ pigment), and red 
(using PCW40 combined with Fe₂O₃ pigment), respectively. GBT and ĐTN represent the control samples, which are regular 
concrete tiles and natural stone slabs.
2) The compressive strength test was conducted according to TCVN 6477:2016. The samples were cured in water for 7 
days after demoulding, then air-dried for 5 days, and finally oven-dried at 60–65°C for 24 hours. The compression test 
was performed along the working direction of the paver, and a shape coefficient of 0.7 was used for strength conversion 
calculations.
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3. Results and Discussion
3.1. Physical–Mechanical Properties and Water-Related 
Properties of SCCP

The SCCP samples were tested for basic physical and 
mechanical properties such as bulk density and strength. 
Their water-related properties were also determined. The 
two control samples used for comparison were a traditional 
concrete sidewalk paver and an artificial stone slab commonly 
used for paving yards, sidewalks, and walkways. The basic 
properties of the test samples are shown in Table 3.

After the cycles of exposing the samples to infrared 
radiation from the lamp, the mass of the samples was recorded, 
and the amount of water evaporated was determined (Figure 
2, (the columns from left to right correspond to the amount of 

evaporated water for the respective samples SCCP-0, SCCP-g, 
SCCP-r, GBT and ĐTN).

The results show that the sample mass decreased steadily 
over time, with a faster rate of loss during the first 1–4 hours. 
All SCCP samples had significantly greater mass reduction 
than the control samples made of natural stone and ordinary 
concrete pavers. Among the SCCP samples, the blue and 
red ones lost more water than the black ones (the original 
cement color). This happened because the SCCP samples 
initially contained more water than the controls. During the 
first few hours, surface and near-surface water evaporated 
quickly because of heat and convection; later, the rate slowed 
as water from deeper layers could not migrate to the surface 
quickly enough due to capillary limitations.

Fig. 2. The amount of water evaporated according to testing time

Fig. 3. Average temperature of surface samples according to testing time
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3.2. Self-cooling efficiency of SCCP
Surface temperature was measured using a laser sensor 

electronic thermometer, with the average value for each 
1-hour interval calculated from five evenly spaced points on 
the paver surface. The results are shown in Figure 3, where 
the columns from left to right correspond to samples SCCP-0, 
SCCP-g, SCCP-r, GBT, and ĐTN.

Figure 3 shows that the evaporation of water from the 
SCCP samples into the air produced a significant surface 
cooling effect compared to the control paver samples. This 
cooling effect is the result of the latent heat of vaporization of 
water, which allows the paver surface to cool itself in a natural 
way. The control samples, however, exhibited negligible water 
loss; after nearly 3 hours, their surface humidity had dropped 
to nearly zero. As a result, under continuous radiant heating, 
their surface temperature increased quickly and became 
significantly higher than that of the SCCP samples. These 
findings confirm that the SCCP samples possess a substantial 
self-cooling capability.

It should be noted that a decrease in the surface 
temperature of a material leads to a sharp reduction in 
its emitted thermal radiation, consistent with the Stefan–
Boltzmann Law:

	 q = ε.δ.(Ts
4 - Ta

4)					     (3)
ε: Emissivity constant
δ: Stefan–Boltzmann constant (5.68 × 10⁻⁸ W/(m²·K⁴))
Ts: Surface temperature (K)
Ta: Ambient temperature (K)
Cement concrete has a high emissivity (ε = 0.94), which 

means it emits a large amount of thermal radiation. Because 
emission and absorption are directly proportional, materials 
with high emissivity also usually absorb and store more heat. 
Dark-colored materials, such as black or dark grey surfaces, 
normally have higher absorption and emission coefficients 
than light-colored ones. This is the reason why the SCCP 
sample with a dark grey surface showed a higher surface 
temperature compared to the blue and red SCCP samples.

Moreover, the difference in specific heat capacity 
between the water-retaining SCCP samples and the dense, 
dry control samples also contributed to the variation in 
surface temperature. Since the surface temperature is raised 
to the fourth power in equation (3), even a 1 K decrease in 
the concrete’s surface temperature can cause a significant 
reduction in emitted radiation intensity.

Fig. 4. Average moisture at the surface centre according to testing time

Table 4. Cumulative mass transfer coefficient of samples during 12 hours

 Time, h 0 0 1 2 3 4 5 6 7 8 9 10 11 12

SCC- Green 0.000 0.000 0.354 0.378 0.411 0.428 0.441 0.451 0.460 0.469 0.478 0.486 0.493 0.500

SCC- Red 0.000 0.000 0.115 0.234 0.300 0.323 0.347 0.361 0.373 0.384 0.395 0.404 0.412 0.420

SCC- Black 0.000 0.000 0.121 0.197 0.205 0.216 0.219 0.221 0.223 0.226 0.228 0.230 0.232 0.235

ĐC – Stone 
Plate 0.000 0.000 0.006 0.007 0.007 0.007 0.007 0.007 0.008 0.008 0.008 0.008 0.008 0.008

ĐC – Mass 
concrete plate 0.000 0.000 0.003 0.003 0.003 0.003 0.003 0.004 0.004 0.004 0.004 0.004 0.004 0.004
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The average surface humidity of the samples was measured 
using a handheld electronic hygrometer. The experimental 
results are shown in Figure 4.

The measurement results for surface humidity, represented 
by the columns, show the values for each sample from left to 
right: SCCP-o, SCCP-g, SCCP-r, GBT, and ĐTN. It can be seen 
that the surface humidity of all samples slowly decreased over 
time, with the two control samples showing almost no surface 
moisture remaining after just one hour of testing.

Based on the periodic measurements of mass loss, the 
mass transfer coefficient for each sample was calculated 
(Table 4)

Table 4 shows the relationship between the exposure time 
of the samples and the cumulative mass transfer coefficient 
over the 12-hour testing period is illustrated in Figure 5.

Based on the results, the mass transfer coefficient 
increases rapidly within the first 3–4 hours of exposure and 
then decreases sharply in the next hours. The value recorded 
during this initial period determines the final cumulative 
coefficient. This behavior results from the reduced capacity 
for water to move from the inner layer to the surface during 
the exposure–drying process. The measured surface humidity 
values of the samples also reflect this pattern.

4. Conclusion
The SCCP paver, in which the base layer concrete uses 

D10 aggregate combined with SAP at an optimal ratio of 3% 
by volume, achieves a water absorption of nearly 14% by mass 
(equivalent to nearly 22% by volume). The concrete used in 
the surface layer incorporates D5 aggregate and viscose fibers 
at a content of 2.5% by volume, causing a water absorption 
of 16% and a capillary water absorption of 74–78%. The 
composite SCCP samples, composed of these two concrete 
layers and featuring three different surface colors, show a total 
water absorption exceeding 16%, a capillary water absorption 
above 70%, and a water retention capacity greater than 200 
kg/m³ of concrete. These characteristics meet the essential 
requirements for self-cooling (ecological) pavers as mentioned 
in the Japanese standard JIS A5731:2016.

Laboratory test results confirm the self-cooling capability 
of SCCP through several indicators: SCCP samples showed 
substantial water loss throughout the experiment; their 
surface humidity remained much higher than that of the 
control samples; their mass transfer coefficient was greater; 
and the blue and red surface SCCP samples fulfilled the 
criteria for “ecological material” under JIS A5731:2016. 
Additionally, the surface temperature of SCCP samples was 
found to be 10–20°C lower than that of the control samples. 
These findings indicate the potential of SCCP for use as an 
effective solution to mitigate urban heat island (UHI) effects 
in Vietnam’s climatic conditions./.

Fig. 5. The correlation between the sample exposure time and the mass transfer coefficient
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Experimental Research on the Compressive 
Stress–Strain Behavior of Cement 
Stabilized Compressed Earth Blocks
Dao Ngoc Khanh Vy

Abstract
This study investigates the compressive 
stress-strain behavior of Cement-
Stabilized Compressed Earth Blocks 
(CSCEB) using local soil from Phu Tho 
Province, Vietnam. Nine mix designs were 
tested with cement contents of 0%, 8%, 
12%, and 15% at dry densities of 1.8, 2.0, 
and 2.2 g/cm³. After 28 days of curing, 
unconfined compressive strength tests 
and strain measurements were performed 
using an Instron 5980 testing machine 
with strain gauges for accuracy. Results 
show that both compressive strength and 
elastic modulus increase significantly with 
higher cement content and dry density. 
The stress-strain curves reveal a three-
stage response: linear elastic, nonlinear 
pre-peak, and post-peak softening, 
indicating a transition from ductile to 
brittle failure with increased cement 
and density. A strong correlation exists 
between compressive strength and elastic 
modulus, allowing for reliable predictions 
of material stiffness. These findings 
support the development of stronger and 
more sustainable building materials for 
housing in northern mountainous regions.
Key words: Cement stabilized compressed 
earth block, stress-strain behavior, elastic 
modulus, cement content, density 
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1. Introduction
In the northern mountainous regions of Vietnam, where ethnic minority groups 

such as the Hmong, Dao, Tay, and Thai reside, traditional earth construction has a 
rich history, particularly through the use of rammed earth houses. This construction 
method involves manually compacting soil layer by layer within wooden formwork to 
create thick walls measuring 40 to 60 cm in thickness. These houses provide excellent 
thermal insulation, remaining cool in the summer and warm in the winter, which is ideal 
for the harsh mountain climate. However, without stabilizers, rammed earth walls are 
susceptible to cracking, shrinkage, and erosion when exposed to rain. They also have 
low load-bearing strength, leading to a reduced lifespan of the building without regular 
maintenance. Cement-stabilized compressed earth blocks (CSCEB) have emerged as 
a promising solution for sustainable construction. This material utilizes local hill soil, 
which lacks agricultural value, mixed with a percentage of cement (ranging from 4% 
to 15%) and then mechanically compressed. This process significantly enhances the 
material's strength and durability. CSCEB retains the thermal insulation and eco-
friendly qualities of natural earth while enhancing its load-bearing capacity when 
manufactured correctly [1-3].

One of the critical factors influencing the mechanical properties of CSCEB is the 
cement content, which serves as a binder to enhance durability and load-bearing 
capacity. According to Walker, increasing the cement content significantly improves 
the material's compressive strength [2]. Zakham's research indicates that raising the 
cement content from 0% to 10% can enhance compressive strength by over 130% 
[4]. Similarly, Islam observes that adding 7–10% cement allows CSCEB to achieve a 
strength that meets many international standards [5]. This reinforces the directly 
proportional relationship between binder content and the load-bearing capacity of 
CSCEB.

In addition to cement, dry density is a crucial factor influencing the compressive 
strength of CSCEB. The non-standardized production process, combined with varying 
compaction pressures from different types of presses and molds, yields varying levels 
of compaction and dry density among samples. Generally, as bulk density increases, 
compressive strength also tends to rise due to reduced porosity and better contact 
between soil particles. When cement is present, this close contact promotes effective 
adhesion of hydration products, leading to the formation of a denser and more durable 
structure. This, in turn, enhances both load-bearing capacity and mechanical stability 
[6, 7].

 CSCEB not only meets strength requirements but also demonstrates a distinct non-
linear stress-strain behavior. Many studies have observed that the stress-strain curve 
of CSCEB does not adhere to a linear relationship, as seen in purely elastic materials. 
Instead, it typically exhibits three stages: linear elastic, plastic yielding, and brittle 
failure, similar to the behavior of cement-based materials [8, 9]. The Elastic Modulus 
of CSCEB increases significantly with the cement content. According to Venkatarama 
Reddy & Gupta, the elastic modulus increases from approximately 2GPa to about 4GPa 
as the cement content rises from 6% to 12% [8]. The most rapid increase occurs in the 
6–8% range, after which the growth tends to plateau. Bouffoué et al.[9] also reported 
that at low cement levels (around 5%), the modulus only reached approximately 380–
400 MPa before rising sharply at higher cement contents.

 Peak strain, which refers to the elongation at the point of failure, and the material's 
brittleness are important factors in understanding the behavior of CSCEB. Research by 
Ibrahim et al. [10] indicates that as the cement content increases, the material becomes 
more brittle. This is demonstrated by a decrease in peak strain to approximately 0.3% 
after 28 days of curing, which is significantly lower than that of unstabilized soil. This 
finding suggests that CSCEB transitions from a ductile state to a hard, brittle one, 
resembling concrete.

mailto:vydnk@hau.edu.vn
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In Vietnam, while CSCEB has undergone some testing 
in various localities, there is still a lack of comprehensive 
research on the relationship between the elastic modulus, 
the shape of the stress-strain curve, and the failure strain 
of this material when using local soils. Therefore, this study 
aims to systematically investigate how the elastic modulus, 
brittleness, and non-linear behavior of CSCEB change with 
variations in cement content and bulk density. The anticipated 
results will provide a scientific foundation for developing 
alternative solutions to traditional rammed-earth houses, 
ultimately promoting sustainable housing development in 
Vietnam's mountainous regions.

2. Materials and test methods
2.1. Materials

This study used local soil, PCB30 Portland cement, and 
potable water. The soil samples were sourced from Cao Son 
Commune, Phu Tho Province, and were air-dried, pulverized, 

and sieved to a particle size of less than 5 mm before use. 
The properties of the soil are illustrated in Table 1. The PCB30 
cement, along with its physical and mechanical properties 
outlined in Table 2, and the water, which complies with 
TCVN 6260:2020 and TCVN 4506:2012 standards, were 
incorporated into the study.
2.2. Design Mix Proportion

The CSCEB specimens were developed using finely milled 
hill soil (with particle sizes less than 5 mm), cement, and water 
through static compaction technology. Experimental results, 
along with previous studies, show that the raw soil contains 
7.5% clay, which falls within the optimal range for cement 
stabilization [6, 7, 11]. To assess the effects of cement content, 
the study examined four levels: 0%, 8%, 12%, and 15% by 
weight. The mixing water content was maintained at 11%, as 
determined by the standard compaction test. Three different 
dry density levels: 1.8, 2.0, and 2.2 g/cm³, were used, controlled 
by adjusting the pre-compaction mass of the materials. Table 
3 presents the nine mix designs, which are identified by their 
cement content and dry density. For instance, S8-2.0 indicates 
a mixture with 8% cement and a dry density of 2.0 g/cm³.
2.3. Preparation and Testing program

At present, there is no standardized specimen size for 
evaluating the mechanical properties of CSCEB. In this study, 
prismatic specimens measuring 50 × 50 × 100 mm were used 
to ensure consistency among all tests. The soil–cement–water 
mixtures were proportioned according to the mix design and 
blended to the target moisture content before compaction. 
Each specimen was compacted under static load in a steel 
mold using a hydraulic press, with the compaction applied 
along the 50 × 100mm faces.

Unconfined compression tests were performed at 28 
days on three specimens for each mix proportion to evaluate 
the compressive strength and elastic modulus. Due to the 
anisotropic nature of the compacted material, specimens 
were loaded perpendicular to the compaction direction, such 
that the compressive load acted on the 50 × 50mm faces. The 
loading rate was maintained at 0.6 ±0.2 MPa/s throughout 
the test. Strain measurements were recorded using a P3 data 
acquisition system (Vishay, USA) and a TDS630 static strain 
measurement system (Tokyo Sokki, Japan), with additional 
tests conducted on a YM5A machine (Russia) to cross-verify 
the results.

The ultimate compressive strength (R) is defined as the 
maximum compressive stress attained during testing. This 

Table 3. Material mix design used in the study

Mix ID. Cement  
(% dry weight)

The material quantity calculated for 1cm³, g As-manufactured 
dry density(g/cm3)

Number  
of samplesSoil (g) Cement (g) Water (g)

S 0-1.8 0 1.622 0 0.178 1.8 3
S 8-1.8 8 1.492 0.130 0.178 1.8 3

S 12-1.8 12 1.427 0.195 0.178 1.8 3
S 15-1.8 15 1.378 0.243 0.178 1.8 3
S 0-2.0 0 1.802 0 0.198 2.0 3
S 8-2.0 8 1.658 0.144 0.198 2.0 3

S 12-2.0 12 1.586 0.216 0.198 2.0 3
S 15-2.0 15 1.532 0.270 0.198 2.0 3
S 0-2.2 0 1.982 0 0.218 2.2 3
S 8-2.2 8 1.823 0.159 0.218 2.2 3

S 12-2.2 12 1.744 0.238 0.218 2.2 3
S 15-2.2 15 1.685 0.297 0.218 2.2 3

Table 1. Soil characteristics. 

Properties Unit Value
Atterberg limits
Liquid limit % 77.66
Plastic limit % 33.48
Soil classification Yellowish-gray  

sandy clay soil
Compaction
Maximum dry density kg/m3 1884
Optimum moisture content % 11.10
Particle size %
Sand and Gravel (>0.05mm) 74.17
Silt (0.005-0.05mm) 18.33
Clay (<0.005mm) 7.5

Table 2. Physical properties of cement PC30 Nam Son

Properties Unit Value
Blaine surface cm2/g 3020
Standard consistency % 29.5
Setting time – Initial Min 95
Setting time – Final Min 360
Compressive strength (3 days) MPa 17.5
Compressive strength (28 days) MPa 34.6
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value was automatically recorded by the Instron software at 
the peak of the load-displacement curve and converted into 
stress based on the specimen’s initial cross-sectional area. It 
is calculated as R=Pmax/A0 where Pmax is the peak load and A0 
is the initial cross-sectional area (50 × 50 mm). The elastic 
modulus (E) was determined from the slope of the initial linear 
portion of the stress–strain curve, considering stress levels 
below 30% of the material’s ultimate compressive strength.

3. Result and discussion
3.1. Density

The dry density of the specimens immediately after 
fabrication closely approximated the design value, indicating 
the sample’s initial moist state and the absence of significant 
early-age shrinkage. By the age of 28 days, the measured dry 
bulk density values decreased to a range of 1.456–1.910g/
cm3. This reduction is primarily attributed to the loss of excess 
water via diffusion, coupled with ongoing cement hydration, 
which induces autogenous shrinkage, an effect that was 
notably more pronounced in mixtures with higher cement 
content. Regarding the general trend, the dry bulk density 
progressively increased with both the cement content (ranging 
from 8% to 15%) and the initial material packing density (from 
1.8g/cm3 to 2.2g/cm3).

For the 1.8 g/cm³ mixture, the dry density increased from 
1.456 g/cm³ (0% cement) to 1.545 g/cm³ (8%), 1.603 g/cm³ 
(12%), and reached 1.616 g/cm³ at 15% cement. Similarly, for 
the 2.0 g/cm³ mixture, the density rose markedly from 1.538 
g/cm³ to 1.831 g/cm³ as the cement content increased from 
0% to 15%. For the highest designed density mixture (2.2 g/
cm³), the dry density increased from 1.792 g/cm³ (0%) to 1.821 
g/cm³ (8%), 1.870 g/cm³ (12%), and attained the maximum 
value of 1.910 g/cm³ at 15%. These results confirm that higher 
designed density combined with higher cement content 
produces a superior densification effect. In particular, the 2.0 
g/cm³ mixture exhibited the most significant incremental gain 
when the cement content increased from 0% to 8%, indicating 
that this region represents the most efficient pore-filling and 
particle interlocking enhancement within the examined range.
3.2. Compressive Strength

The results of the compressive strength tests, presented 
in Figure 3, indicate a marked improvement with increasing 
density and cement content. 

Increasing the dry density from 1.8 g/cm³ to 2.2 g/cm³ 
significantly enhances the compressive strength of various 

mixtures. For instance, with a cement content of 15%, the 
compressive strength increases from approximately 2.5 MPa 
to 5.9 MPa, representing a notable 140% increase. This 
improvement can be attributed to a reduction in the void 
ratio within the material's structure. A denser mix effectively 
minimizes internal weaknesses, facilitating improved stress 
distribution and enabling the material to support higher 
compressive loads before failure. Cement serves as a vital 
stabilizing agent in this process, playing a crucial role in the 
development of strength. At a dry density of 2.2 g/cm³, 
increasing the cement content from 0% to 15% elevates 
the compressive strength from 0.9 MPa to 5.9 MPa, a more 
than sixfold enhancement. From a microstructural viewpoint, 
cement acts as a binder, filling micropores and bolstering 
cohesion within the material. To achieve a compressive 
strength exceeding 3.5 MPa, the minimum requirement for 
load-bearing masonry, utilizing a cement content greater 
than 10% and a dry density above 1.8 g/cm³, is essential. 
These optimized conditions result in CSCEB being not only 
mechanically robust but also ideally suited for sustainable 
construction applications, paving the way for innovative 
building solutions.
3.3. Stress-strain behavior

The stress-strain curves at three density levels (1.8, 2.0 
and 2.2 g/cm³) demonstrate a typical pattern for cement-
treated soil, as illustrated in Figure 4-5-6. Each curve displays 
a characteristic shape that consists of three stages: an initial 
linear elastic stage, followed by a pre-peak non-linear stage, 
and finally a post-peak stress-softening stage that occurs due 
to brittle failure. This shape is similar to that of other cement-
based materials, indicating their high strength, albeit with 
limited strain capacity.

Figure 3 illustrates the stress-strain relationship at a dry 
density of 1.8 g/cm³. At this density, the peak stress is relatively 
low; even for the specimen with 15% cement content (S15-
1.8), the maximum stress reaches only about 2.3 to 2.5 
MPa. The specimens without any additive (S0-1.8) exhibit a 
prolonged plastic strain region after achieving peak stress, 
which indicates ductile failure. This characteristic allows the 
specimen to continue deforming without an immediate loss 
of load-carrying capacity. As the cement content increases to 
8%, 12%, and 15%, the stress-strain curves become steeper. 
The peak stress rises significantly, but the post-peak branch 
also becomes much steeper, indicating a transition towards a 
more brittle failure mode.

		  a)			           b)				    c)			   d)

a) Making blocks; b) Compression test using the Intron 5980 machine combined with the P3 strain gauge indicator; c) Verification 
test using the YM5A compression testing machine combined with the TDS630 static strain/displacement gauge; d) The failed 
specimens
Figure 1. Compression test on 50×50×100 mm specimens
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At a dry density of 2.0 g/cm³, the behavior is illustrated in 
Figure 4. At this level of compaction, the entire set of curves 
shifts upward, demonstrating a considerable increase in 
compressive strength. The peak strength of S15-2.0 is nearly 
double that of S15-1.8 (approximately 5.3 MPa), highlighting 
the significant contribution of compaction in enhancing 
particle interlocking and cementation efficiency. The specimen 
without an additive (S0-2.0) still exhibits a substantial plastic 
strain region. In contrast, specimens with higher cement 
contents (S12-2.0, S15-2.0) show sharper peaks, minor strains 
at failure, and a rapid drop in stress after the peak – a typical 
sign of brittle failure.

Depicted in Figure 5 is the stress–strain curve for a 
dry density of 2.2 g/cm³. This scenario yields the highest 
compressive strengths, with the S15-2.2 sample reaching 
approximately 6.0 MPa. However, as both compaction and 
cement content increase, the specimens become very stiff. 
Consequently, the descending branch of the curve becomes 
extremely steep, indicating that the load-carrying capacity 
declines rapidly after the peak. In contrast, the S0-2.2 specimen 
exhibits a relatively large plastic strain region, whereas the 
S12-2.2 and S15-2.2 specimens clearly demonstrate brittle 

behavior, showing almost no ability to deform after reaching 
their peak.

Increasing both the cement content and dry density 
significantly improves compressive strength. However, this 
also diminishes the material's ability to undergo plastic 
deformation before failure, altering its behavior from ductile 
to brittle. This trend is typical of cementitious materials, which 
offer high strength but limited ultimate strain. It is essential 
to consider this behavior closely when selecting mix designs 
for structures that require not only high load capacity but also 
a certain degree of deformation capacity to prevent sudden, 
brittle failure.
3.4. Elastic Modulus

The elastic modulus serves as a critical parameter in 
evaluating the stiffness of materials. Figure 7 depicts the 
variation in elastic modulus across three dry density levels 
(1.8, 2.0, and 2.2 g/cm³) and four cement content percentages 
(0–15%). 

At a dry density of 1.8 g/cm³, the elastic modulus remains 
relatively low, with the unreinforced specimen exhibiting a 
modulus in the range of a few tens of MPa. In contrast, the 

Figure 2. Variation of Dry density with Cement Content at 
Different Mix Densities

Figure 3. Variation of Compressive Strength with Cement 
Content at Different Mix Densities

Figure 4. Stress–strain relationship of CSCEB at a 
dry density of 1.8 g/cm³

Figure 5. Stress–strain relationship of CSCEB at a 
dry density of 2.0 g/cm³
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specimen with cement content S8-1.8 achieves approximately 
500 MPa, while S15-1.8 approaches 1400 MPa. These 
findings underscore the significant contribution of cement in 
enhancing material stiffness, even at lower compaction levels. 
When the dry density is increased to 2.0 g/cm³, a marked rise 
in all elastic modulus values is observed; specifically, S15-2.0 
nearly reaches 2000 MPa. This increase correlates with a 
reduction in void ratio and an improvement in the efficiency 
of cement hydration. At a dry density of 2.2 g/cm³, the trend 
of increasing modulus continues, with S15-2.2 nearing 2800 
MPa, indicating a highly compacted and well-bonded particle 
structure. An increase in cement content and dry density leads 
to a higher elastic modulus, resulting in stiffer materials that 
resist deformation under stress. While this improves load-
bearing capacity, it also heightens the risk of brittle failure. 

Based on the experimental data and the correlation plot 
between compressive strength (R) and elastic modulus (E) 
(Figure 8), a clear linear relationship exists between these two 
parameters. 

This finding aligns with behaviors commonly observed in 
other cementitious materials. The strength of this correlation 
is underscored by the high coefficient of determination (R² = 
0.935), indicating that the elastic modulus can be accurately 
predicted from compressive strength values. These results 
not only support previous studies on the role of cement in 
enhancing material stiffness but also confirm the existence of 
this linear relationship in CSCEB materials [8, 9].

4. Conclusion
The findings of this study highlight essential mechanical 

properties of CSCEB, particularly examining the effects of 
cement content, density, and the relationships among key 
mechanical parameters.

Cement content and dry density are the two governing 
factors that determine compressive strength, elastic modulus, 
and peak strain of CSCEB. Increases in both parameters lead 
to significant improvements in strength and stiffness, while 
simultaneously reducing peak strain and resulting in a more 
brittle failure mode.

The stress–strain curves consistently display three stages: 
linear elastic, nonlinear pre-peak, and post-peak softening. As 
the cement content increases, the curves become steeper, 
the peak strain decreases, and the post-peak branch becomes 
sharper, indicating a transition from ductile to brittle behavior, 
similar to that observed in other cementitious materials.

Regression analysis confirms a strong linear relationship 
between compressive strength and elastic modulus, with 
a coefficient of determination R² = 0.935. This relationship 
enables reliable prediction of stiffness from compressive 
strength values, providing a practical basis for deformation-
related design calculations.

This study recommends using at least 10% cement and 
achieving a dry density above 1.8 g/cm³ to attain compressive 
strengths exceeding 3.5 MPa, thereby meeting the standards 
for load-bearing walls. The results suggest that CSCEB is a 
viable and sustainable alternative to traditional rammed-
earth construction, offering enhanced durability, reduced 
maintenance, and supporting environmentally friendly 
housing in rural and mountainous areas./.

Figure 6. Stress–strain relationship of CSCEB at a dry density 
of 2.2 g/cm³

Figure 7. Variation of Elastic modulus with Cement Content 
at Different Mix Densities

Figure 8. Relationship of compressive strength to elastic 
modulus in CSCEB
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management of water supplies for urban areas and industrial 
parks in the province still has many limitations, especially 
the responsibility Safe water supply services have not been 
widely deployed and implemented well. It is necessary to 
research and propose a plan to balance the raw water supply 
for urban areas and industrial zones in Phu Yen province to 
cope with climate change until 2030, distributed according to 
administrative boundaries.

The safe water supply plan is maintained and well 
implemented after the plan to balance the raw water supply 
in Phu Yen province is applied, which will ensure a stable raw 
water supply for urban areas and industrial parks. When the 
water supply is stable, it will ensure that the water supply 
activities of the units are maintained stably.

The implementation of the plan to balance raw water 
sources supplied to urban areas and industrial zones in Phu 
Yen province will contribute to solving the problem of scarcity 
of raw water supplies in some regions/areas in the province, 
while also providing additional clean water supplies for 
domestic purposes and other urban needs that are currently 
lacking, contributing to promoting local socio-economic 

development to achieve the goal of high-level development. 
Stable and sustainable water in climate change conditions.. .[8] 
[9]

The proposal solutions to balance water supply in order 
to allocate reasonable raw water sources to water users in the 
province. Based on the calculation data on the total demand 
for water use in urban areas and industrial zones, the current 
status of the capacity of industrial parks and the capacity 
of water sources, thee proposed the plan to divide into 09 
allocation zones according to the administrative boundaries 
take into account climate change to balance the raw water 
supply for the urban areas and industrial zones and other 
water use needs in the province by 2030 towards safe water 
supply.

The proposal of a plan to balance raw water supply 
has overcome a number of limitations in the planning and 
partition of water supply and quality assurance. At the same 
time, it helps the management and safe water supply tasks to 
be widely deployed with the participation of stakeholders to 
perform well in the coming time. [8] [9]./.
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Vietnam’s Legal Construction Classification 
and Its BIM Integration Potential
Le Anh Dung, Phan Minh Tuan

Abstract
This study examines the structure and 
purpose of Vietnam’s construction 
classification system under Circular 
06/2021/TT-BXD and assesses its 
compatibility with BIM-based standards 
such as Uniclass 2015 and IFC. Using 
a multi-dimensional comparative 
approach, the research identifies 
key gaps in hierarchy, coding, and 
classification logic. A preliminary mapping 
test highlights both alignments and 
mismatches between Vietnam’s system 
and international counterparts. Based 
on the findings, the study proposes 
an integrated architecture comprising 
a parallel technical classification, an 
official mapping scheme, and pilot 
implementation in public BIM projects. 
The research contributes to the 
development of legal–technical 
interoperability frameworks in support of 
digital transformation in construction.
Key words: Construction classification; 
BIM; Uniclass 2015; IFC; Data integration 
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1. Introduction
The classification of construction works is an essential step in the management 

system of construction investment activities. It establishes the legal basis for 
determining administrative authority, organizing design appraisal, controlling quality, 
and managing acceptance and operation of works [1][2]. In Vietnam, the classification 
of construction works is mainly regulated in the Law on Construction and its guiding 
documents, based on criteria such as function of use, technical scale, level of impact, 
and safety requirements for the public [3][4]. However, the current classification system 
mainly serves administrative purposes and is not designed for organizing, retrieving, or 
integrating data in a digital environment.

It is important to clearly distinguish between the classification of construction 
works and the classification of construction investment projects. Project classification 
usually relates to investment size, groups A–B–C, funding sources, or priority sectors, 
aiming to determine decision-making authority and public financial management. 
In contrast, construction work classification focuses on the technical features and 
structural characteristics of the works. It is the basis for preparing design documents, 
identifying technical requirements, applying standards, and organizing building 
information models (BIM). This distinction is often blurred in practice, but it is critical 
for understanding the classification’s role in both regulatory compliance and technical 
modeling.

In a BIM environment, organizing construction data according to a structured 
classification system is a prerequisite for effectively implementing modeling functions, 
design control, technical information integration, and life-cycle management [11][13]. 
While international classification systems have been developed in a data-oriented way, 
supporting coding and software integration, the Vietnamese system still leans toward 
administrative management and does not yet meet these requirements [6][10].

The current Vietnamese classification system is mostly based on work level, 
function of use, and level of impact [3][4]. However, it lacks a unified coding structure, 
does not support technical information layers, and is not designed for connection with 
BIM data models [12][14]. Existing legal documents do not mention the classification 
of technical components, spaces, products, or life-cycle phases of works, which are 
essential foundations for efficient BIM application [6][7]. This creates significant 
obstacles when integrating legal data into the BIM environment, leading to a potential 
gap between design models and actual management systems.

This paper clarifies the structure and administrative logic of Vietnam’s legal 
construction classification, compares it with international BIM-oriented systems, 
and assesses their compatibility. Despite global progress in data-driven construction, 
Vietnam still lacks a BIM-aligned classification framework or any structured comparative 
study. To address this gap, the research explores the following question: To what extent 
is Vietnam’s legal classification system compatible with international standards, and 
how can it be transformed to support digital construction workflows?

2. Overview of construction classification systems
2.1. The role of classification systems in connecting legal and technical data

In a building information modeling (BIM) environment, classification systems are 
not only tools for design and operation, but also play an essential role in organizing and 
connecting data between legal and technical layers. Without a consistent classification 
system, there will be a gap between design and construction documents and the legal 
framework. This causes difficulties in checking, approval, and acceptance of works.

According to Eastman and colleagues [6], BIM requires a data structure that can 
classify and connect objects in many ways – not only by geometry but also by non-
geometric aspects such as type of work, function of use, or legal codes. Systems like 
Uniclass 2015, MasterFormat, or IFC have been developed in this direction to support 
legal and technical data connection in digital models.

mailto:tuanpm@hau.edu.vn
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The classification structure also acts as a bridge between 
BIM models and standard exchange formats such as IFC 
(Industry Foundation Classes). Using standard classification 
codes helps the model reflect both legal information (such as 
types of works by level of investment authority, construction 
permits) and technical information (such as mechanical and 
electrical systems, fire protection, structural components). 
This supports searching, automatic checking, and operation 
and maintenance [7][8][10].

International experience also shows that countries leading 
in digital construction have classification systems that align 
technical standards with legal regulations. Therefore, for BIM 
to truly become a platform for multi-source data in Vietnam, it 
is necessary to improve or restructure the classification system 
to be compatible with modern technical data standards.
2.2. International classification systems: purposes, structures, 
and applications

Over more than two decades of developing and applying 
building information modeling (BIM), many countries and 
international organizations have created classification 
systems with complex structures and high flexibility. These 
systems help organize, manage, and exchange information 
throughout the full life cycle of a construction project. Three 
major systems with wide influence today are Uniclass 2015, 
OmniClass, and Industry Foundation Classes (IFC) [8][9].

Uniclass 2015, developed in the United Kingdom by NBS 
under the UK BIM Task Group, is a multi-level classification 
system. It is structured into 12 tables, including types of 
buildings (Co – Complexes), spaces (En – Entities), systems 
(Ss – Systems), products (Pr – Products), and documents (Zz – 
Project Information), among others [9]. This system is designed 
to serve many goals at once: design modeling, construction 
planning, asset management, and data connection across BIM 
platforms. Each object in the model can be given codes from 
different tables. For example, an electrical device may belong 
to the product group, be part of an electrical system, and also 
be included in a civil building.

OmniClass is a similar system developed in the United 
States. It combines existing standards like MasterFormat 
and Uniformat into a structure of 15 tables [10]. OmniClass 
allows information to be organized into four main areas: 
physical objects (buildings, systems, products), documents 
(technical materials, standards), work (phases, functions), 
and organizations (roles, project participants). Thanks to its 
modular design, OmniClass is useful for complex project data 
systems, especially in BIM models linked to ERP (Enterprise 
Resource Planning) and FM (Facility Management) [10].

Unlike these two systems, IFC (Industry Foundation 
Classes) is not just a classification system but a formal data 

model developed by buildingSMART. IFC is standardized 
under ISO 16739 and acts as a neutral data format for BIM 
exchange, allowing different BIM software to work together 
[8]. In IFC, each entity has a clear name, full technical 
properties, and logical relationships with other entities (for 
example, IfcWall, IfcSpace, IfcSystem, IfcZone). IFC does not 
have separate classification tables like Uniclass or OmniClass, 
but it can link to other classification systems through the 
IfcClassification property or extended schemas.

Table 1 presents a comparative overview of three 
commonly adopted classification systems in BIM-based 
construction.

These international classification systems are designed 
based on multi-dimensional logic and are inherently 
compatible with modern BIM environments. However, 
integrating a national classification system into these 
frameworks requires more than simple terminology alignment. 
It demands consistency in classification logic, hierarchical 
structure, coding standards, and underlying data ontologies. 
This remains a significant challenge for countries like Vietnam, 
where the current classification framework remains primarily 
administrative and lacks the structural depth needed for digital 
construction workflows — a point elaborated in the following 
section.

While all three systems support BIM-based information 
management, they differ fundamentally in their design 
philosophies. Uniclass and OmniClass are built upon a 
modular, table-based classification logic that enables 
flexible combination of entities across various categories. In 
contrast, IFC employs an object-oriented modeling approach, 
embedding hierarchical relationships, behaviors, and attributes 
directly within the schema. This distinction influences not only 
how data is structured and shared, but also how updates are 
propagated and regulatory requirements can be encoded or 
validated within digital models.
2.3. Classification of construction works under Vietnamese law: 
objectives, limitations, and integration challenges

The classification system for construction works in Vietnam 
is currently regulated mainly under Circular 06/2021/TT-BXD 
[3]. Although other legal documents such as the Construction 
Law (No. 50/2014/QH13) [1] and QCVN 03:2021/BXD [4] 
also contain provisions related to construction classification, 
Circular 06/2021/TT-BXD remains the most detailed and 
operationally applied document, and thus forms the analytical 
focus of this study. Its main purpose is to serve administrative 
management, investment planning, and construction 
permitting. Classification is based on the main usage function, 
scale, and type of works (residential, industrial, transport, 
agricultural, etc.). However, in the context of integration with 

Table 1. Comparison of three common classification systems in BIM environments

Criteria Uniclass 2015 OmniClass IFC

Country of origin United Kingdom United States International (buildingSMART)

Structure 12 classification tables 15 classification tables Formal data schema

Main purpose Design, management, 
operation

Industry data organization Data exchange between BIM software

Coding system Yes (vertical and horizontal) Yes (objects, stages, documents) Yes (entity and properties)

BIM integration Very high Very high Very high (open data exchange format)

Extension and 
mapping

Available Available Flexible through extended schemas

Source: Compiled from [6][8][9]
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the BIM environment, the current system shows three major 
limitations.

First, the legal framework does not provide a deep 
enough hierarchy to describe technical systems (such as 
mechanical, electrical, and plumbing), functional spaces, or 
building components – which are essential in BIM-oriented 
classification systems like Uniclass or IFC.

Second, there is no consistent coding mechanism for 
identifying different types of works. This makes it difficult to 
search, connect, or validate data between the BIM model and 
legal records.

Third, there is a mismatch in purpose. The legal system 
focuses on administrative control, while BIM classification 
systems aim to organize technical information and support 
full life cycle management. The absence of an intermediate 
mapping layer connecting the two systems creates a major 
barrier to legal and technical integration.

Table 2 outlines key differences in classification objectives 
and structural design among Vietnam’s system, Uniclass 2015, 
and IFC.

It is clear from the table that the three classification 
systems are based on fundamentally different principles. 
Vietnam uses a linear taxonomy focused on administrative 
control, Uniclass 2015 adopts a multi-dimensional taxonomy 
for design and operation, while IFC employs an ontological 
approach that models the logic and relationships among 
built objects. As a result, integrating these systems requires 
an intermediate mapping layer to bridge their conceptual and 
structural differences.

The table below illustrates how their hierarchical structures 
differ.

This comparison highlights fundamental differences in 
objectives, structural design, and data integration capacity 
between Vietnam's current legal classification system 
and BIM-based systems. While the Vietnamese system is 
designed primarily for administrative categorization and lacks 

technical depth, international systems like Uniclass 2015 and 
IFC support multi-dimensional classification and semantic 
modeling, which are essential for digital workflows. These 
gaps make it difficult to link legal and technical information 
effectively.

Therefore, it is necessary to develop an integrated 
classification framework or an intermediate mapping layer 
that bridges these systems. Such a solution would enable 
synchronization between legal documentation and BIM data, 
ensuring consistency in project planning, execution, and 
compliance monitoring in a digital environment [14][15].

3. Research Methodology
This study adopts a qualitative comparative method 

based on structured document analysis and expert-informed 
interpretation, aiming to evaluate the compatibility between 
Vietnam’s legal construction classification system and 
international BIM-oriented classification frameworks such as 
Uniclass 2015 and IFC. The methodology includes three key 
stages:
3.1. Document analysis and source identification

Primary Vietnamese regulations, especially Circular 
06/2021/TT-BXD, were reviewed to identify the structure, 
purpose, and content of the national classification system. 
For international systems, reference documents included 
the Uniclass 2015 Table Definitions from NBS [9], and 
the IFC schema documentation issued by buildingSMART 
[8]. Additional conceptual references were drawn from 
international BIM classification studies, such as those by 
Eastman et al. [6], Succar [14], and Gu & London [15].
3.2. Development of comparative criteria

To ensure consistency and academic rigor, a set of 
comparative criteria was developed, including:
•	 Classification purpose and scope;
•	 Hierarchical depth and structure;
•	 Coding logic and format;

Table 2. Classification objectives and structures across three systems

Criteria Vietnam (Circular 06/2021) Uniclass 2015 IFC (Industry Foundation Classes)

Main purpose Administrative control, 
permitting, planning

Technical information 
organization in BIM

Structured data modeling for BIM

Hierarchical 
structure

1–2 levels (type and group) Multiple tables, each with deep 
levels

Based on object classes and class 
hierarchy

Identification 
code

No unified code; descriptive 
naming

Structured codes (e.g., 
Ss_20_15_85)

IFC GUID and class codes

Object detail level At building level only; no 
system or element detail

From building to components 
and materials

From buildings to digital objects

BIM integration Very low; no data logic 
compatibility

Very high; designed for BIM Core standard of BIM

Source: Compiled by the authors from [3], [8], [9]

Table 3. Hierarchical structure comparison among Vietnam – Uniclass 2015 – IFC

Classification level Vietnam (Circular 06/2021) Uniclass 2015 IFC

1. Building level Groups of residential, etc. Complexes, Entities IfcBuilding

2. Space Not available Spaces IfcSpace

3. Technical systems Not available Systems IfcSystem, IfcDistributionSystem

4. Components Not available Products IfcElement, IfcTypeObject

5. Related documents Not available Document, Task IfcDocumentReference

Source: Compiled by the authors from [3], [8], [9]
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•	 Ability to represent spaces, systems, and components;
•	 Degree of compatibility with BIM platforms and 
interoperability standards.

These criteria were derived from international classification 
models and guidelines, including the BIM Framework and 
cross-country adoption analyses.
3.3. Manual mapping test

A preliminary mapping was conducted between five 
construction groups defined in Circular 06/2021/TT-BXD 
and their corresponding categories in Uniclass 2015 and 
IFC. These five groups were selected as they represent the 
main categories in the Circular and cover the majority of 
public construction types in Vietnam. The mapping relied on 
structural equivalence, terminology alignment, and functional 
comparability. It was conducted manually due to the absence 
of standardized classification codes in the Vietnamese 
system that would enable automated processing. Uniclass 
classes were sourced from the NBS Digital Toolkit [9], while 
IFC entities were referenced from buildingSMART’s official 
schema documentation [8].

The mapping results were evaluated based on three 
levels: (i) direct compatibility, (ii) partial match requiring 
interpretation, and (iii) non-mappable due to structural 
or semantic differences. These findings informed the 
subsequent recommendations for improving classification 
system integration. Given the current manual approach, 
future work should explore the development of automated 
classification tools or plugins. These tools may be based on 
Revit APIs or implemented through open-source platforms, 
aiming to improve scalability and ensure greater accuracy in 
classification alignment.

The manual mapping process followed a structured three-
step approach. First, terminology and naming conventions of 
construction groups in Vietnamese regulations were reviewed 
and aligned with categories in Uniclass and IFC. Second, 
functional comparability was assessed to ensure that the 
intended purpose and scope of each group matched across 
systems. Finally, technical equivalence was evaluated, focusing 
on compatibility of classification layers and digital integration 
within BIM environments. These steps allowed for qualitative 
judgment in the absence of automation.

4. Results and Discussion
4.1. Features and limitations of the construction classification 
system under Vietnamese legal framework

The current classification system of construction works in 
Vietnam, regulated mainly by Circular No. 06/2021/TT-BXD, 
divides construction works into five groups: (1) civil works, (2) 

industrial works, (3) transport works, (4) agricultural and rural 
development works, and (5) technical infrastructure works. 
This classification mainly serves administrative and legal 
purposes, especially in identifying management authority, 
design and appraisal requirements, project grading, and 
organizing investment activities.

In essence, this is a one-dimensional classification system, 
without coding, technical layers, or design for digital or 
information integration purposes. Some main features and 
limitations can be summarized as follows:
(1) Lack of layered structure and coding: Unlike international 

systems such as Uniclass or OmniClass, the Vietnamese 
system is not built with a multi-level classification 
structure. For example, the group "industrial works" may 
include thermal power plants, food processing factories, 
wastewater treatment stations, etc., but there is no 
technical breakdown to define usage functions, technical 
requirements, or mechanical and electrical systems. In 
addition, there is no unique code for each group, making 
it difficult to link with BIM software, which requires logical 
object-based codes.

(2) Not compatible with BIM data structure: In a BIM 
environment, each object needs to be assigned a clear 
classification property for the system to identify, process, 
check conflicts, and link data across project phases. 
However, the current classification does not organize 
information according to BIM object structure, leading 
to difficulties in planning, quantity take-off, and asset 
management.

(3) Lack of logic for full life cycle management: BIM covers the 
entire life cycle of a project – from planning, construction 
to operation and demolition. This requires the classification 
system to reflect life cycle logic, including spaces, systems, 
products, processes, and documents. However, the 
Vietnamese system stops at “type of works” and does not 
support other dimensions, limiting integration.

(4) Does not support common data environment (CDE): In 
modern BIM projects, data is organized in a common data 
environment (CDE), where all stakeholders can access 
information based on roles and project stages. To run 
a CDE effectively, a classification system must support 
tagging, search, and connection of information. The 
current system in Vietnam cannot meet this requirement, 
leading to a gap between legal data and technical data.

(5) No capability to map with international classification 
systems: Finally, due to lack of coding, incompatible 
logic, and no object-based structure, the Vietnamese 
classification system cannot be directly mapped to 

Table 4. Comparison of construction classification systems based on five key criteria

Criteria Vietnam classification Uniclass 2015 IFC (Industry Foundation Classes)

Purpose of use Government management, 
licensing, statistics

Information management for 
design, construction, operation

Modeling data across the entire 
building life cycle

Classification 
structure

Grouping based on usage 
type

Multi-table classification: 
Complexes, Entities, Systems..

Object-based ontology: entities and 
logical relationships

Main classification 
unit

Construction group (e.g. 
civil, industrial)

From building level to detail: 
Complexes → Products

IfcBuilding, IfcSpace, IfcSystem, 
IfcElement, etc.

Extensibility Low (fixed by regulation) High – supports internal code 
extensions

High – allows new classes and links 
with external codes

Relation between 
levels

No logical connection Linked by classification codes 
(e.g. space linked to entity)

Strong logic (parent–child, space–
system–element–document)

Source: Author’s synthesis from [8], [9]
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systems like Uniclass, OmniClass, or IFC – unless through 
manual interpretation and custom data handling.
These limitations show that the current Vietnamese 

classification system was not designed to support digital 
transformation in construction. Without improvements, 
it will remain a major barrier for implementing BIM in a 
comprehensive and effective manner.
4.2. Compatibility with international classification systems

From an academic perspective, the Vietnamese 
construction classification system, Uniclass 2015, and IFC 
reflect three different classification philosophies: single-
line administrative management, multi-layer taxonomy 
for design purposes, and ontology for modeling logical 
relationships. These differences affect not only the structure 
of classification codes but also the ability to integrate data in 
a digital environment. To clarify this foundational mismatch, 
the following table compares the three systems based on five 
key criteria.

Table 4 summarizes the compatibility levels between 
Vietnam’s legal classification and international systems using 
the example of educational buildings.

Based on this comparison, the author carried out a 
preliminary mapping exercise using schools as a representative 
construction type. This specific example was selected to 
demonstrate how categories defined in Vietnam’s legal 
classification system can be aligned with equivalent classes 
in international standards such as Uniclass 2015 and IFC. 
The exercise highlights both the technical feasibility and 
conceptual challenges involved in translating legal categories 
into BIM-compatible data structures.

The table below provides a preliminary mapping of five 
main construction categories from Vietnam’s system to 
corresponding classes in Uniclass 2015 and IFC.

Uniclass codes were taken from the official NBS 
Digital Toolkit, which provides standardized classifications 
for BIM usage. In parallel, IFC codes and corresponding 
entities were referenced from technical documentation by 
buildingSMART, ensuring alignment with internationally 
recognized data exchange protocols. The degree of mapping 
was analyzed based on coding structure, semantic scope, and 
implementation guidance provided by both sources.

Findings from the mapping analysis:
(1) Conceptual compatibility: Some Vietnamese construction 

groups can be mapped at a surface level to Uniclass 
tables like “Complexes” and “Entities” or IFC entities like 
IfcBuilding. However, the Vietnamese system does not 
include technical systems, internal functions, or space 
components.

(2) Lack of depth and logical structure: Unlike Uniclass (deep 
taxonomy) or IFC (ontology-based), the Vietnamese system 

does not define parent–child relationships among building, 
systems, components, or documents. This prevents BIM 
objects from supporting upward or downward information 
tracing, reducing the ability to perform automated checks 
or assign correct classification codes.

(3) General mapping by construction group: Besides specific 
mapping for individual project types, evaluating the 
integration potential at the construction group level 
is necessary to identify the scope and limitations. The 
table below summarizes the initial mapping between 
Vietnamese classification groups in TT 06/2021/TT-
BXD and their counterparts in Uniclass 2015 and IFC. 
Limited compatibility for utility infrastructure arises from 
the absence of equivalent IFC entities in earlier schema 
versions. Entities such as IfcRoad or IfcBridge are only fully 
supported in IFC 4.3 and above, which are not yet widely 
implemented in Vietnam.

(4) Consequences of lack of compatibility: If there is no 
compatible classification system, BIM data cannot be 
connected with administrative or legal data. This will lead 
to increased costs, data inconsistencies, and reduced 
operational efficiency.

(5) Cost–benefit analysis:
	 - Costs: Training personnel, adjusting software, 

standardizing data and workflows.
	 - Benefits: Aligning legal and technical information, 

supporting integrated data management throughout the 
life cycle of the project, improving inspection and approval 
efficiency.

(6) Adopt a phased localization strategy for classification 
systems: In the short term, Vietnam could localize selected 
components of Uniclass or apply a mapping framework 
based on IFC ontology, following examples from 
countries such as South Korea (KOBIM) and Singapore. 
This approach offers a practical transitional path while 
laying the groundwork for developing a fully localized 
classification system.
Compatibility for technical infrastructure remains limited 

due to the absence of equivalent entities in earlier IFC 
versions. Entities such as IfcRoad or IfcBridge are only fully 
supported in IFC 4.3 and above, which have not yet been 
widely implemented in Vietnam. As such, the mapping for 
infrastructure works is provisional and should be revisited as 
schema adoption progresses.
4.3. Preliminary mapping test between the three systems

To assess the feasibility of aligning Vietnam’s legal 
construction classification with international BIM-based 
systems, a preliminary mapping exercise was carried out. 
This test compared five primary construction groups 
defined under Circular 06/2021/TT-BXD with their closest 
equivalents in Uniclass 2015 and IFC. Due to its complexity 

Table 5. Sample mapping of Vietnamese – Uniclass 2015 – IFC classification (for school buildings)

Classification system Code / Term Description or use

Circular 06/2021 Public works group – Schools For licensing and administrative grouping

Uniclass 2015 – Complexes Co_25_10 – Education complexes Educational building complexes

Uniclass 2015 – Entities En_25_10_85 – Primary schools Specific facility units

Uniclass 2015 – Spaces SL_25_10_85_45 – General classrooms Space for classrooms

Uniclass 2015 – Systems Ss_60_40 – Mechanical ventilation systems Building technical systems

IFC IfcBuilding, IfcSpace, IfcSystem, etc. Digital model of building components

Source: Author’s synthesis from [8], [9]
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and limited tooling support, OmniClass was excluded from this 
comparison.

The table below summarizes the mapping results, 
highlighting areas of strong alignment as well as those 
requiring further adaptation or localization.

Notes:
•	 IFC offers robust support for standard building types. 
However, specialized infrastructure entities, such as roads, 
bridges, and utility systems are only available in newer 
versions (IFC 4.3 and above).
•	 The absence of classification codes in Vietnam’s system 
makes it difficult to automate mapping or integrate with BIM 
platforms.

The results indicate that certain construction groups, such 
as civil and industrial buildings can be directly and reliably 
mapped to both Uniclass 2015 and IFC. In contrast, groups 
such as transportation and utility infrastructure require 
either advanced versions of IFC (to enable use of entities 
like IfcRoad or IfcBridge) or complex multi-table mappings in 
Uniclass, which significantly reduces interoperability. The lack 
of a coded structure in the Vietnamese system further hinders 
efforts to automate classification and integrate it with BIM 
software environments.

These findings underscore the need for Vietnam to 
adopt a modern, code-based classification scheme to ensure 
compatibility with digital construction tools and international 
standards.
4.4. Policy orientations for developing a BIM-integrated 
construction classification system

(1) Institutional issues: 
The classification system defined in Circular 06/2021/

TT-BXD is primarily designed for administrative management, 
permitting, and statistical purposes. Its lack of integration with 
technical classification systems, especially those designed 
for BIM environments, reveals a significant institutional gap. 
While many countries have developed integrated BIM policy 
frameworks, where classification is considered a core data 
infrastructure from design to operation, current Vietnamese 
regulations do not formally recognize this role.

As the leading regulatory body, the Ministry of Construction 
should take the lead in developing a national classification 
strategy. This includes establishing interdisciplinary expert 
groups, engaging technology firms, research institutes, and 
professional organizations to jointly develop and issue a 
technical classification system along with a national mapping 
scheme.

(2) Technical limitations:
Maintaining a rigid classification system without support 

for multi-level coding or open-system connectivity like IFC—
results in major technical limitations:
•	 Objects in BIM models cannot be assigned unique 
identifiers.
•	 Data cannot be organized across the full life cycle of a 
building.
•	 Automated data checking, analysis, and retrieval are 
unsupported.
•	 Modern technical software cannot be integrated.

As a result, BIM platforms, common data environments 
(CDE), or digital twins cannot be synchronized with the current 
legal classification system, causing a disconnect between legal 
and technical information. In addition to technical constraints, 
non-technical factors such as institutional inertia, skill gaps, 
implementation costs, and stakeholder resistance also pose 
significant barriers. Future policy guidelines should address 
these through training programs, incentives, and phased 
adoption strategies.

(3) Consequences of inaction:
If institutional reform is not undertaken between 2025 

and 2030, Vietnam’s construction sector will face serious 
obstacles in its digital transformation. Continuing to use an 
incompatible classification system may lead to:
•	 Higher costs due to manual data reorganization and 
software adjustments.
•	 Inconsistencies between legal documents and technical 
models.
•	 Missed opportunities for applying advanced management 
technologies such as life cycle management, performance 
simulation, and integrated cost–schedule control.

Some countries, like South Korea (with its KOBIM system) 
and Singapore, have already implemented mapping schemes 
between legal and technical classifications, helping reduce 
approval time, improve model transparency, and enhance 
digital integration capacity.

Without an integrated classification structure, BIM 
implementation in Vietnam will remain fragmented, with limited 
interoperability between digital models and administrative 
processes. This gap weakens the effectiveness of digital 
transformation efforts and creates barriers to standardization 
and data sharing across projects and stakeholders.

(4) Policy recommendations:
Between 2025 and 2030, a transition roadmap should 

Table 6. Preliminary mapping of Vietnamese construction groups with Uniclass 2015 and IFC

Construction group under 
Circular 06/2021/TT-BXD Uniclass 2015 code/class IFC equivalent Mapping evaluation

Civil buildings Co_10_10 – Residential 
buildings

IfcBuilding + IfcBuildingType = 
Residential

High compatibility

Industrial buildings Co_55_10 – Industrial 
buildings

IfcBuilding + IfcBuildingType = 
Industrial

High compatibility

Transportation buildings Co_30_10 – Transport 
buildings

IfcBridge / IfcRoad (IFC version 
4.3 and above)

Partial compatibility 
(version-dependent)

Agricultural and rural 
development buildings

Co_90_10 – Agricultural 
buildings

IfcBuilding + IfcBuildingType = 
Agricultural

Moderate compatibility

Utility infrastructure buildings Co_45_10 – Utility buildings IfcDistributionSystem / IfcUtility Limited compatibility

Source: Author’s synthesis and analysis from Circular 06/2021/TT-BXD, [9], [8]
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be launched to move toward a BIM-integrated classification 
system. Specific steps include:
•	 Developing a new technical classification system (or 
an extended version of the current one) compatible with 
Uniclass 2015 or IFC.
•	 Adding legal regulations that require classification data to 
be included as a mandatory component in BIM models.
•	 Piloting and then mandating the use of technical 
classification in all public-funded projects of level II and above.
•	 Issuing standard codes, technical guidelines, and training 
programs to support organizations and agencies in adopting 
the new classification system via standardized mapping.

This is not only a technical issue, but an institutional 
bottleneck that must be resolved if Vietnam aims to achieve 
meaningful digital transformation in the construction sector.

These policy actions are essential to realize the Digital 
Transformation Strategy for the Construction Industry to 
2030, as stated in Decision No. 905/QĐ-TTg dated August 2, 
2022, by the Prime Minister. In this strategy, the development 
of a unified technical classification system and national 
mapping scheme is identified as one of the key foundations for 
establishing a shared national construction data infrastructure.

5. Conclusions and Recommendations
5.1. Conclusions

The construction classification system plays a central 
role in organizing, exchanging, and managing information 
throughout the lifecycle of a construction project. As Vietnam 
accelerates the adoption of Building Information Modeling 
(BIM) across design, construction, and asset management 
activities, integrating the national construction classification 
with international standards has become an urgent priority.

This study shows that the current classification system, 
regulated by Circular 06/2021/TT-BXD, is primarily designed 
for administrative and legal purposes. It lacks: a multi-level 
structure, coding mechanisms and compatibility with the logic 
of information organization required in BIM environments. 

The preliminary mapping to Uniclass 2015 and IFC reveals 
several technical barriers, suggesting that without systemic 
improvements or interoperable solutions, legal information 
cannot be effectively integrated into BIM models.

Based on these findings, the study proposes three practical 
approaches:
(i)   Developing a technical classification system to operate in 

parallel with the existing legal framework;
(ii)  Establishing an official mapping scheme between Vietnam’s 

system and international standards; and
(iii)  Piloting these systems in selected public BIM projects to 

evaluate their operational feasibility before nationwide 
implementation.
These conclusions form a strategic foundation for building 

an integrated classification framework that serves both legal 
compliance and digital innovation. Achieving this integration is 
a critical enabler for establishing a Common Data Environment 
(CDE) and realizing Vietnam’s construction digitalization 
agenda in alignment with national policy directions.
5.2. Recommendations

Based on the analysis and research findings, the authors 
propose the following recommendations to support the 
integration of Vietnam’s construction classification system 
into the BIM environment and to advance the sector’s digital 
transformation:

Develop a national technical classification system for BIM: 
The Ministry of Construction should lead the development 
of a coded, multi-level technical classification system 
compatible with Uniclass, OmniClass, or IFC. This system will 
serve BIM platforms and common data environments (CDE), 
while the existing legal classification continues to fulfill state 
administrative functions.

To ensure implementation, a cross-sectoral working 
group should be established, bringing together legal experts, 
BIM professionals, software developers, and public agencies. 
This task force will coordinate institutional requirements, 
legal updates, and technical development efforts, including 
the creation of software tools and plug-ins tailored to the 
Vietnamese classification structure.

Publish an official mapping scheme between Vietnamese 
and international systems: An official mapping table should be 
issued as a technical annex to national BIM guidelines. This 
will provide legal and technical foundations for stakeholders 
to align BIM models with both domestic regulations and 
international standards, enabling consistent interpretation 
and automation across platforms.

Integrate classification guidance into national BIM 
implementation documents: Key BIM-related policies, 
such as Decision No. 258/QĐ-BXD, should include a 
dedicated section on classification, guiding users in selecting 
classification systems, mapping legal information to digital 
models, and applying hierarchical structures appropriate to 
project types and stages.

Pilot integrated classification models in selected public 
projects: Selected public investment projects (preferably 
medium-scale) should pilot the application of the integrated 
legal–technical classification system. These pilots will assess 
mapping usability, model compliance, and information 
consistency across stakeholders, serving as evidence for 
nationwide rollout. Future work will include applying the 
mapping scheme in real BIM projects, including educational 
and infrastructure buildings, to validate practical feasibility.

Enhance training, awareness, and technical capacity: 
Training institutions, consulting firms, and project owners 
should be encouraged to update their understanding of 
international classification standards and their relevance 
to BIM. Government support should also incentivize local 
software vendors and open-source communities to develop 
tools that support the new classification structure, particularly 
for small and medium-sized enterprises (SMEs).

(6) Suggest localization strategy before full system 
overhaul: Vietnam should adopt a pragmatic, phased approach 
toward classification system modernization. In the short term, 
it could localize existing systems such as Uniclass or apply a 
mapping scheme based on IFC ontology, similar to approaches 
adopted in South Korea (KOBIM) and Singapore. This 
transitional strategy enables stakeholders to build familiarity 
and technical capacity while preparing for the development of 
a fully localized classification system.

Limited compatibility for utility infrastructure arises from 
the absence of equivalent IFC entities in earlier schema 
versions. Entities such as IfcRoad or IfcBridge are only 
fully supported in IFC 4.3 and above, which are not yet 
widely implemented in Vietnam. The mapping for technical 
infrastructure is therefore provisional and subject to future 
schema upgrades.

(7) Recommend phased implementation and research 
agenda: To realize the Digital Transformation Strategy for 

(xem tiếp trang 90)
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Proposed solutions for treatment  
of livestock waste of Lac Thuy farm,  
Phu Tho province according to the circular 
economic model
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Abstract
The expanding livestock sector generates 
large volumes of waste, creating significant 
environmental pressure. Lac Thuy Farm, 
housing 24,000 pigs, produces substantial 
daily liquid and solid waste. Implementing 
waste treatment solutions aligned with a 
circular economic model is vital to reduce 
inputs, optimize treatment, and maximize 
waste reuse. The proposed approach 
includes separating solid manure before 
wastewater treatment (using biogas 
and subsequent biological processes). 
Separated solids and biogas sludge are 
composted into organic fertilizer. Treated 
wastewater is suitable for on-farm reuse 
like irrigation or cleaning. Biogas serves 
as renewable energy. This model offers 
economic and environmental benefits, 
fostering sustainable development via a 
closed-loop system.
Key words: livestock wastewater, 
wastewater treatment, circular economic 
model 
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1. Introduction
The livestock sector plays a pivotal role in Vietnam’s agricultural production, 

contributing to national food security and providing essential food supplies for society. 
Vietnam is recognized as the country with the fifth largest pig herd and the sixth 
largest pork producer in the world. According to the General Statistics Office, by the 
end of 2024, Vietnam’s total pig herd reached 24,684,949 heads, with pork production 
amounting to 4,520,819 tons  [1]  . The Department of Livestock Production under 
the Ministry of Agriculture and Rural Development (MARD) estimates that the sector 
generates about 26.7 million tons of solid waste and 250 million tons of liquid waste 
annually [2]. This massive volume of waste is discharged directly into the environment 
every year, exerting significant pressure on farms and livestock households in terms of 
waste management and treatment. If not properly managed and treated in compliance 
with regulations, such waste can cause severe pollution of water, soil, and air, while 
directly threatening the health of surrounding communities [3].

However, from another perspective, livestock waste can be considered a 
valuable resource if effectively managed and treated. In reality, the linear approach—
characterized by “disposal” after preliminary treatment—remains widespread, which 
is both costly and inefficient, while failing to unlock the potential of recycling and 
reusing livestock waste as a resource. This situation underscores the urgent need to 
shift thinking from waste management to recycling and reusing waste as a valuable 
resource.

Organic livestock waste can be converted into organic fertilizer, which improves 
soil fertility and reduces dependence on chemical fertilizers. This not only helps 
lower production costs but also enhances the economic efficiency of the livestock 
sector. Additionally, the reuse of treated wastewater for irrigation or aquaculture 
reduces pressure on natural water sources. Particularly, the production of biogas from 
livestock waste provides renewable energy while reducing greenhouse gas emissions, 
contributing to climate change mitigation efforts [4].

In this article, researching and applying livestock waste treatment solutions under 
the circular economic model has become imperative. The circular economy framework 
enables by-products and waste to be transformed into new inputs for production 
processes. This approach not only reduces production costs and conserves natural 
resources but also contributes to greenhouse gas mitigation, aligning with Vietnam’s 
goal of developing ecological and sustainable agriculture by 2030.

Lac Thuy Farm in Phu Tho is a large-scale pig farm that generates a significant 
amount of daily waste requiring close monitoring to minimize adverse environmental 
impacts. Implementing a circular economic model at Lac Thuy Farm carries both 
practical and scientific significance. On one hand, the research helps optimize waste 
treatment processes, reduce cost burdens, and provide organic fertilizer, irrigation 
water, and renewable energy for the farm. On the other hand, the model contributes 
to environmental protection, improves the quality of life for local communities, 
and ensures compliance with current legal requirements. Moreover, the research 
outcomes could serve as a foundation for replicating the model in other intensive 
livestock farming areas, thereby promoting the sustainable, circular, and internationally 
integrated development of Vietnam’s livestock sector.

2. Scientific basis of applying Circular Economic Model  in Livestock Waste Man-
agement in Vietnam
2.1. Characteristics of Livestock Waste and Its Environmental Impacts

Solid waste generated from livestock activities includes manure, bedding materials, 
leftover feed, and animal carcasses. The quantity and composition of these wastes 
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depend on diet, animal species and breeds, as well as farm 
hygiene practices. On average, a pig excretes an amount 
of manure equivalent to 6–8% of its body weight per day, 
corresponding to approximately 2.5–3.0 kg of fresh manure/
day [5]. Pig manure consists mainly of water (about 82%), while 
the remaining 18% includes essential nutrients and minerals. 
Specifically, pig manure contains about 0.6% nitrogen (N)—
critical for plant growth and soil fertility; 0.41% phosphorus 
(P₂O₅)—important for root development; and 0.26% potassium 
(K₂O)—which enhances plant resistance and overall health. In 
addition, it contains 0.09% calcium (CaO) and 0.1% magnesium 
(Mg), both contributing to soil structure improvement and 
plant metabolic processes. With this nutrient composition, 
pig manure is considered a valuable organic fertilizer source, 
supporting sustainable agriculture and reducing reliance on 
chemical fertilizers.

However, the widespread practice of using 30–40 
liters of water per pig per day for barn cleaning and cooling 
generates hundreds of millions of cubic meters of polluted 
wastewater annually [6]. Livestock wastewater composition 
typically includes organic compounds accounting for 70–80% 
(such as proteins, amino acids, fats, carbohydrates, and their 
derivatives) and inorganic substances making up 20–30% 
(including sand, soil, salts, urea, ammonium, chloride, and 
sulfate). Additionally, livestock wastewater harbors numerous 
bacteria and pathogenic microorganisms.

The environmental impacts of pig farming are significant. 
Untreated or poorly treated manure and wastewater 
contaminate water sources, cause eutrophication, deplete 
dissolved oxygen, and release toxic gases such as NH₃ and 
H₂S. According to a survey by Tran Thi Thanh et al., nearly 70% 
of ponds and lakes near intensive pig farming areas were found 
to be severely polluted with organic matter and nutrients [7]. 
Beyond water pollution, pig farming is also a notable source 
of greenhouse gas emissions. Research by Nguyen Thanh 
Son revealed that one market pig (~90 kg) emits an average 
of 438 kg CO₂-equivalent over its entire life cycle (from 
birth to slaughter) [8]. Furthermore, the 2024 Conference 
on “Sustainable Livestock Development and Green Growth” 
reported that Vietnam’s livestock sector emits approximately 
18.5 million tons of CO₂-equivalent (tCO₂e) annually, 
accounting for about 19% of total agricultural emissions [9]. 

These figures highlight the urgent need for more effective 
livestock waste management solutions, particularly those 
based on circular economic models, in order to minimize 
pollution, convert waste into valuable resources, and reduce 
greenhouse gas emissions.
2.2. Systems of standards and regulations related to livestock 
waste management

Livestock waste discharge activities must strictly comply 

with the system of legal regulations on environmental 
protection, including the Law on Environmental Protection, 
the Law on Animal Husbandry, along with related decrees 
and circulars, to ensure that wastewater, emissions, and solid 
waste are treated to required standards before being released 
into the environment. Over multiple stages of development, 
the system of standards and relevant regulations has been 
increasingly improved and tightened.

Vietnam’s Law on Environmental Protection (LEP) has 
undergone four promulgations and revisions (1993, 2005, 
2014, and most recently 2020), reflecting a continuous process 
of refinement in scope, content, and management approaches. 
The 2020 LEP, for the first time, codified the concept of the 
circular economy, extended producer responsibility, product 
life cycle management, and carbon neutrality; while also 
introducing strong administrative reforms by consolidating 
multiple types of permits into a single environmental permit 
[11].

The 2018 Law on Animal Husbandry  clearly stipulates 
that solid organic waste must be treated to meet national 
technical standards before being used for crop cultivation 
or aquaculture; livestock wastewater must be treated to 
meet national standards before being discharged into the 
environment or reused for irrigation; and other types of waste 
must comply with veterinary and environmental protection 
regulations [12].

The National Technical Regulation on Livestock 
Wastewater (QCVN 62:2025/BTNMT) was issued under 
Circular No. 04/2025/TT-BTNMT dated February 28, 2025, 
by the Minister of Natural Resources and Environment. This 
regulation specifies the permissible limits of pollutants in 
livestock wastewater discharged into receiving water bodies 
and applies to government agencies, organizations, and 
individuals involved in such discharge activities [13].

Circular 12/2021/TT-BNNPTNT provides guidance on 
livestock waste collection and treatment, encouraging the 
use of biological products and advanced technologies [14]. 
It also sets out clear responsibilities for households, farms, 
and regulatory authorities in ensuring that recycled products 
meet technical standards, while promoting the adoption of 
innovative solutions to improve waste treatment and recycling 
efficiency.

Overall, Vietnam’s legal system is shifting from a “treat-
and-dispose” approach to one focused on circularity, recycling, 
and reuse of waste, aligning with global trends. This transition 
is a crucial step toward minimizing the negative impacts 
of livestock waste, transforming waste into resources, and 
promoting sustainable agriculture under the circular economic 
model.

2.3. Principles and Contents of the Circular 
Economic Model in Livestock Waste 
Management

According to Ellen MacArthur, the 
circular economy is an economic model 
that efficiently utilizes resources based on 
three fundamental principles: designing 
out waste and pollution; keeping materials 
and products in use for as long as possible; 
and regenerating natural ecosystems [15].

In Vietnam, the circular economy 
in agricultural waste management is 
considered a holistic solution to “turn 
waste into resources,” aligned with the 
goal of developing ecological agriculture, 

Table 1. Characteristics of pig wastes [10]

No. Parameters Unit Manure Urine Mixture of 
wastewater

1 Dry solid waste g/kg 213-342 30.9-35.9 65.5-86.5
2 NH4-N g/kg 0.66=0.76 0.13-0.4 0.56-1.13
3 TN g/kg 7.99-9.32 4.9-6.63 6.22-7.37
4 Ash g/kg 32.5-93.3 8.5-16.3 15.6-24.1
5 Urea mol/L - 123-196 -
6 Carbonates g/kg 0.23-2.11 0.14-0.19 0.99-2.16
7 pH 6.47-6.95 6.77-8.19 6.67-7.8
8 Weight g/day/pig 838-1650 34435-4530 4877-5656
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modern rural areas, and civilized farmers. According to the 
Ministry of Natural Resources and Environment, the circular 
economy is an economic model in which activities of design, 
production, consumption, and services all aim to extend the 
product life cycle, reduce resource extraction, minimize waste 
generation, and mitigate negative impacts on the environment.

In pig farming, the circular economy is based on the 
principles of “reduce – reuse – recycle – regenerate,” 
specifically as follows:

Reduce: minimize waste generation through improved 
farming technologies and rational feed use.

Reuse: utilize treated wastewater for irrigation or 
aquaculture.

Recycle: compost pig manure into organic fertilizer; 
recover biogas for energy production.

Regenerate: return nutrients to the soil and restore 
agricultural ecosystems.

Vietnam’s Livestock Development Strategy for the 
period 2021–2030, with a vision toward 2045, sets out 
clear objectives and requirements for applying the circular 
economic model to improve production efficiency and 
protect the environment. Developing pig farming under the 
circular economic model not only helps reduce costs, increase 
productivity, and raise farmers’ incomes but also plays an 
important role in addressing the challenges of livestock waste 
management and contributing to environmental protection.

3. Evaluation and proposal of solutions for livestock waste 
management of Lac Thuy farm according to circular econo-
my orientation
3.1. Characteristics of Livestock Waste at Lạc Thủy Farm, Phu 
Tho Province

The Lac Thuy pig farming facility is 
located in Dong Mon Commune, Phu Tho 
Province, Vietnam. The livestock area, 
which includes a sow breeding section 
and a meat pig section, covers a total area 
of 14.43 hectares. The farm operates 
with a regular population of 24,000 pigs, 
including 2,400 breeding sows, 80 boars, 
3,529 piglets, and 18,000 meat pigs.

Solid waste generated from livestock 
activities includes manure, litter, bedding 
material, leftover feed, and daily livestock 

carcasses. The composition of organic substances, inorganic 
substances, and microorganisms in the waste depends on 
the animals' diet, species, breed, and cleaning methods. 
Table 2  provides projections, on the amount of solid waste 
generated by different types of livestock over one year. This 
data highlights the need for efficient solid waste management 
systems, as these waste streams pose environmental and 
health risks if not handled properly.

The volume of wastewater generated (urine and feces) 
from the pigs is determined and outlined in Table 3.

At the pig farming area, the cleaning process uses water 
to wash the barns, which directs all manure and washing 
water into the waste treatment system. With a farming 
area of 14.5 hectares, the wastewater generated from barn 
washing activities amounts to 145 m³/day-night. In addition, 
the domestic wastewater produced by staff and workers 
is approximately  20 m³/day-night. Therefore, the total 
wastewater volume requiring treatment at the farm is 450 m³/
day-night	 The wastewater generated includes washing 
water, urine, manure, and spilled feed, resulting in highly 
polluted livestock wastewater. The pollution load from pig 
excretion is detailed in Table 4. This high level of contamination 
underscores the importance of implementing an efficient 
wastewater treatment system to ensure environmental safety 
and sustainability in farm operations.

Currently, both the wastewater and manure from the 
farm are collected together into a biogas tank. After that, 
the wastewater is centrally treated before being discharged 
into the Boi River. However, the biogas produced during 
the anaerobic digestion process is not collected or utilized. 
In addition, the sludge from the biogas tank also not reused, 
leading to a waste of resources. Therefore, it is necessary to 

Table 3: Volume of Wastewater Generated from Pig Farming Activities at Lac Thuy Farm, Phu Tho Province

No. Types of pig Amount 
(pigs)

Water supply 
standard (l/day/pig)

Wastewater generation 
coefficient

Wastewater flow rate 
(m³/day)

1 Breeding sows 2400 20 0.8 38.4
2 Piglets 3529 10 0.8 28.23
3 Boars 80 25 0.8 1.6
4 Porkers 18000 15 0.8 216

Total 24000 (round) 285 (round)

Table 4: Pollution Load from Pig wastewater at Lac Thuy Farm

No. Types of pig BOD (kg/day) TSS (kg/day) TN (kg/day) TP (kg/day)
1 Breeding pigs 5.76 6.24 10.08 8.88
2 Piglets 3.53 3.18 5.29 3.88
3 Boars 0.19 0.21 0.34 0.3
4 Porkers 39.6 41.4 72.0 61.2

Total 49.08 51.03 87.71 74.26

Table 2: Amount of Manure Generated from Livestock Activities

No. Types of pig Manure volume  
(kg/pig/day)

Amount
(pigs)

Manure volume 
(tons/day)

1 Breeding pigs 2.7 2400 6.48
2 Piglets 0.5 3529 1.7645
3 Boars 2.7 80 0.216
4 Porkers 2.5 18000 45
5 Total 53.46 (round)
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propose a livestock waste treatment model based on the 
circular economy approach to ensure both economic efficiency 
and technical feasibility.
3.2. Proposed Solutions for Managing Livestock Waste at Lạc 
Thủy Farm Using a Circular economic model

At the pig farming facility, the cleaning process typically 
involves barn washing. Using this method, all manure and 
washing water are directed into the biogas system. However, 
the combination of solid waste and washing water can 
overload the biogas digester. To reduce the load on the 
livestock wastewater treatment system, the farm employs 
manure separation technology to remove part of the solid 
waste before it enters the biogas digester. The process of 
manure and wastewater separation is illustrated in Figure 1.

The implementation of the manure pressing machine has 
brought significant economic and environmental benefits. 
Firstly, because the manure is separated from the wastewater, 
the amount of sediment in the biogas digester is significantly 
reduced, leading to lower dredging costs and an extended 
lifespan for the digester. Additionally, since the manure is 
removed from the wastewater, the pig farm can reduce the 
biogas digester's volume, resulting in considerable savings in 
construction costs. The separated manure is highly favored 
by organic fertilizer production facilities because it is finely 
pressed into a powder-like form. Beyond economic benefits, 
the use of the manure pressing machine also addresses 
environmental issues, which are a major challenge for the pig 
farming industry.

Wastewater after the pressing process can be preliminarily 
treated in the biogas digester. After passing through the 
biogas system, the BOD5 and COD concentrations in the 
wastewater are significantly reduced by 80.8% and 66.85%, 
respectively. However, to meet the requirements of QCVN 
62:2025/BTNMT, the wastewater after biogas treatment will 
undergo further biological treatment following the diagram 
(Figure 2).

Wastewater treated through the wastewater treatment 
plant will meet the QCVN 62-MT:2025/BTNMT standards 
(level B) and will be discharged into balancing ponds. In the 
biological ponds, algae are utilized to enhance the wastewater 
treatment process. As a result, part of the treated water can be 
reused in the pig farming area for cleaning purposes. Another 
portion can be reused for forest irrigation or discharged into 
the receiving source, the Boi River.

The anaerobic decomposition process in the biogas 
digester produces a gas mixture primarily composed of CH₄ 
(55-65%),  CO₂ (30-40%), and a small portion of  H₂S, N₂, 
O₂, and H₂. The gas generated from the biogas digester can 
be collected and used for electricity production to supply 
the farm. The  CH₄ content accounts for 65%  of the total 
biogas produced, which is calculated using the formula: 
0.36×number of pigs in the farm. With 24,000 pigs in the farm, 
the estimated electricity output is 4,792 kWh/day. To improve 
efficiency and prevent equipment corrosion, the gas collected 
from the biogas digester must be purified through a  NaOH 
spray scrubbing tower and a Fe₂O₃ adsorption tower (Figure 
3).

Fig 1.The process of manure and wastewater separation

Fig 2.The process of wastewater treatment

Fig 3. The process of biogas ultilization
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Based on scientific principles related to waste 
minimization, waste-to-value conversion, nutrient recycling, 
and energy recovery, the circular economic model in pig farms 
(Figure 4) plays a significant role in reducing environmental 
impact, enhancing economic efficiency, promoting sustainable 
development, and contributing to the establishment of a 
greener agricultural sector.

4. Conclusion
The Lac Thuy farm was constructed in a relatively 

environmentally sensitive location, making it essential to 
implement appropriate waste management and treatment 
measures to avoid adverse impacts on the receiving 
environment. A wastewater treatment technology combined 
with livestock waste treatment is employed to separate waste 
sources and control pollutant concentrations. Biogas digesters 
are utilized to significantly reduce sludge and pollutants before 
further biological treatment. Additionally, wastewater in the 

balancing reservoir is recycled for various purposes, such as 
irrigation, providing water for pig bathing, cleaning pigsties, 
cooling, and moistening during compost production.

	 To reduce the burden on the wastewater treatment 
system, utilize waste, and minimize environmental pressure, 
a manure treatment area is established parallel to the 
wastewater treatment system. All waste (pig manure, 
sludge from biogas digesters, and improved septic tanks) is 
composted with biological products and agricultural residues 
to produce organic fertilizer. This fertilizer is then returned 
to fertilize the farm's fruit-growing areas. Biogas generated 
from the digesters is also collected and reused as a renewable 
energy source for farm operations.

	 In summary, almost all waste generated by the farm is 
recycled in a closed-loop production system, resulting in an 
environmentally friendly and sustainable process./.

Fig 4. Proposed solution for circular economic model in Lac Thuy farm
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Abstract
This paper analyzes the role of digital 
technology and big data in improving the 
efficiency of modern urban planning. The 
research methodology combines literature 
synthesis, analysis of international 
experiences, case studies in Hanoi, Ho 
Chi Minh City, and Da Nang, as well as 
expert consultations. The results show 
that technologies such as GIS, BIM, IoT, 
and AI, together with Big Data and Digital 
Twin platforms, support the simulation 
of current conditions, infrastructure 
demand forecasting, and optimization of 
infrastructure management. The study 
proposes a model for applying digital 
technology and big data in planning, 
towards a national integrated data 
system, and at the same time makes 
recommendations to improve the 
legal framework and develop digital 
human resources to promote digital 
transformation in urban planning in 
Vietnam.
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1. Introduction
Vietnam is undergoing a period of rapid urbanization, with the urban population 

rate reaching approximately 41.7% in 2024 and expected to exceed 50% by 2030 [18]. 
This process brings many socio-economic development opportunities but also creates 
great pressure on the integrated planning of urban technical infrastructure systems, 
reflected in issues such as traffic congestion, environmental pollution, flooding, and a 
lack of data connectivity among infrastructure sectors [27].

One factor that has a profound impact on current planning activities is the change in 
provincial and municipal administrative boundaries, approved by the National Assembly 
of Vietnam in 2025. Accordingly, the administrative system was restructured, reducing 
the number of provincial-level units from 63 to 34, effective from July 1, 2025 [14].

This change has significantly expanded the scale of management and the scope of 
urban planning, leading to many practical difficulties such as data overlap, inconsistency 
in coordinate systems, classification systems, and information standardization, which 
hinder the integration of databases serving planning [1]. In addition, the newly expanded 
administrative space is much larger than before, requiring an interdisciplinary and multi-
level management approach [15]. This increases the workload considerably, demands 
coordination among various departments, sectors, and administrative levels, and may 
cause inconsistencies in input data, resulting in difficulties in simulating and assessing 
the overall current status [15]. These emerging problems will become major challenges 
since there is still no unified integration platform and no clear legal framework.

Applying digital technology and big data platforms is a necessary approach to 
enhance the efficiency of urban planning and management. Technologies such as 
Geographic Information Systems (GIS), Building Information Modeling (BIM), the 
Internet of Things (IoT), Artificial Intelligence (AI), and Digital Twin models can simulate 
current conditions, forecast demand, and optimize urban operations [9][24]. Many 
countries such as Singapore, Seoul, London and UAE have successfully integrated 
these technologies into urban planning, forming smart city models with integrated data 
systems and dynamic simulation capabilities [10].

Although Vietnam has launched several smart city development programs in Hanoi, 
Ho Chi Minh City, Da Nang, and Binh Duong, most of these projects have focused only 
on specific areas such as transportation, lighting, security, or online public services [15]. 
Research on integrated planning of urban technical infrastructure systems based on 
data integration and digital technology remains very limited, especially in the context of 
administrative boundary changes and the need for data synchronization on a regional 
scale.

Therefore, this study aims to analyze the role and applicability of digital technology 
and big data platforms in planning urban technical infrastructure systems in Vietnam, 
in the context of expanded administrative scales and national digital transformation 
requirements. The research results are expected to provide a scientific basis and tools to 
support urban authorities in planning, investment, and management, thereby strongly 
promoting the digital transformation process in urban planning towards sustainable 
development.

This study adopts a qualitative synthesis and analysis approach, combining 
literature review, international case analysis, and Vietnamese case studies. The data 
sources include government reports, academic publications, and secondary data from 
leading smart cities such as Singapore, Seoul and London, and major Vietnamese cities 
(Hanoi, Ho Chi Minh City, Da Nang).

mailto:anhntl@hau.edu.vn
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A comparative analysis method is applied to evaluate the 
extent of digital technology and big data adoption in urban 
infrastructure planning. In addition, expert consultation is 
employed to identify key factors for developing an integrated 
digital application model for urban technical infrastructure 
planning in Vietnam.

2. Theoretical framework and literature review 
2.1. Application of Digital Technology and Big Data in Modern 
Urban Planning

The development of digital technology and big data 
is fundamentally transforming the way urban planning, 
management, and operation are conducted worldwide. In the 
era of the Fourth Industrial Revolution, cities are no longer 
planned using static methods based on historical data but are 
shifting toward dynamic planning, which relies on real-time 
data streams and comprehensive simulation capabilities [9]
[24].

According to Kitchin (2014), Big Data and Data 
Infrastructure play a central role in providing the foundation for 
modern urban decision-making, enabling planners not only to 
observe current conditions but also to forecast development 
trends and optimize policies in real time [9]. The author 
emphasizes that the utilization of open data, sensor data, 
and predictive analytics powered by artificial intelligence is 
redefining the function of urban planning toward a connection 
between space - time and human behavior.

UN-Habitat (2022) also asserts that digital transformation 
in urban planning is the foundation for achieving sustainable 
urban governance through the integration of multi-sectoral 
data and the simulation of urban development scenarios on 
digital platforms [24]. Building an integrated data platform 
allows urban authorities to connect transportation, water 
supply and drainage, energy, and environmental sectors within 
a unified data ecosystem-facilitating evidence-based planning 
and decision-making.

One of the most prominent technologies applied in 
modern planning is the Digital Twin. According to Lee & 
Lee (2020), a Digital Twin is a digital model that accurately 
represents a physical entity, capable of collecting, analyzing, 
and responding to data in real time, enabling planners to 
evaluate the effectiveness of planning options and predict 
policy impacts before implementation [10]. In Seoul and 
Singapore, the Digital Twin City model has helped urban 
governments manage population growth, transportation, and 
energy systems through a virtual replica of the entire city.

In the context of Vietnam, Nguyen Hong Tien (2022) 
argues that the application of digital technology in urban 
planning is an inevitable trend; however, it remains in its 
early stages and lacks integration among different technical 
infrastructure sectors [25]. Smart city projects in Hanoi, Ho 
Chi Minh City, and Da Nang are still at the pilot scale and have 
not yet established interconnected databases across sectors, 
resulting in limitations in comprehensive analysis and urban 
development forecasting.

Furthermore, digital transformation in urban planning 
requires not only technological innovation but also institutional 
readiness, including the establishment of legal frameworks for 
data governance, privacy protection, and inter-agency data 
sharing. The integration of urban infrastructure data-covering 
transport, energy, water, and waste management-demands 
unified standards and interoperability protocols to ensure data 
consistency and accessibility across platforms. In addition, the 
growing use of artificial intelligence and real-time analytics 
introduces new requirements for cybersecurity and ethical 

data use, making capacity building for digital governance an 
essential component of successful implementation.

Thus, the literature review indicates that digital 
technologies and big data analytics form the core foundation 
for developing modern urban planning models aimed at smart 
cities and sustainable governance. However, in Vietnam, such 
applications remain fragmented, lacking standardization and 
cross-sector integration-particularly after the large-scale 
administrative restructuring in 2025. This highlights the 
urgent need to develop an integrated planning model based 
on big data platforms and digital twin technologies.

From the review of previous studies, it is evident that 
digital technologies and big data platforms have become the 
core infrastructure of modern urban planning. To illustrate the 
relationship between technology components, data systems, 
and the decision-making process in integrated urban planning, 
this study proposes a theoretical framework for applying 
digital technology in integrated urban planning, as shown in 
Figure 2.1 below.

Figure 2.1 illustrates the logical relationship between 
technology, data, and decision-making layers in integrated 
urban planning. Digital technologies (GIS, BIM, IoT, AI, 
Digital Twin) serve as the foundation for data collection 
and processing; big data platforms enable cross-sector data 
integration; analytics and simulation tools support forecasting 
and scenario evaluation; and these insights feed into decision 
support systems toward achieving smart and sustainable 
urban development.

Figure 2.1. Theoretical Framework for Applying Digital 
Technology in Integrated Urban Planning
Source: Author’s synthesis and proposal (2025), based on [9]
[10][15][24]
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2.2. International Experiences and Lessons for Vietnam
Globally, many countries have implemented digital 

transformation programs in urban planning and management, 
particularly by adopting integrated data platforms to 
synchronize urban technical infrastructure systems, including 
transportation, energy, water supply and drainage, waste 
management, and underground infrastructure. Typical models 
such as Singapore, Seoul (Republic of Korea) and London 
(United Kingdom) demonstrate that data integration has 
brought significant progress in urban infrastructure planning, 
forecasting, and operations.

Singapore: 3D Data Integration and Multi-Layer 
Infrastructure Management. Singapore is a pioneer in applying 
digital technology to smart urban planning through the Virtual 
Singapore project-a 3D Digital Twin model of the entire 
city developed by the National Research Foundation (NRF), 
Singapore Land Authority (SLA), and GovTech [3][4][17]. The 
platform integrates spatial, transportation, energy, water, 
environmental, and underground infrastructure data, allowing 
planning agencies to simulate development scenarios, 
assess risks, and optimize infrastructure operations. The 
integration of multi-sectoral data has improved the accuracy 
of infrastructure demand forecasting, reduced conflicts 
among sectoral plans, saved investment costs, and ensured 
sustainable urban operation. Moreover, the simulation of 
interactions among transport, energy, and drainage systems 
on the same digital twin enables decision-making based on 
evidence and minimizes implementation risks [3][4][5].

Seoul (Republic of Korea): Cross-Sector Data Connectivity 
for Infrastructure Planning and Operation. Seoul has 
implemented the Seoul Smart City Platform and Open 
Data Plaza, integrating data from various sectors such as 
transportation, energy, environment, water supply, and waste 
management [20][21][28]. According to the 2024 White Paper, 
this platform currently provides data in twelve sectors with 
thousands of open API services, among which transportation 
and environmental data are mainly used for forecasting, 
coordination, and real-time infrastructure management [20]. 
Through this data connectivity, Seoul can monitor and adjust 
urban infrastructure systems in a timely manner, mitigate 
energy and water overloads, optimize transport networks, 
and reduce environmental pollution. Government agencies, 
businesses, and citizens can all access open data, fostering 
transparent and evidence-based decision-making. This model 
shows how big data has become a “digital resource” that 
powerfully supports infrastructure planning and management 
[20][23][28].

London (United Kingdom): Open Data for Integrated 
Urban Infrastructure Planning. London has built an urban data 
ecosystem through the Smart London Plan (2013), the Smarter 
London Together initiative (2018), and the Data for London 
Platform (2022), aiming to integrate data from infrastructure 
systems such as public transport, energy, water supply, 
drainage, and waste management [5][6][22]. The London 
Datastore, operated by the Greater London Authority (GLA), 
provides access to thousands of open datasets across the 
city, including real-time data from Transport for London (TfL) 
covering rail, bus, road, energy, and air quality networks. These 
datasets form the basis for analysis, forecasting, investment 
planning, and coordination of infrastructure systems. Through 
real-time data integration and sharing, London has improved its 
forecasting capability, optimized energy and water networks, 
reduced conflicts among sectoral plans, and advanced the goal 
of achieving a low-carbon and sustainable urban model [6][7]
[22].

The experiences of Singapore, Seoul and London 
demonstrate that developing integrated cross-sector data 
platforms is essential for synchronizing and operating 
urban technical infrastructure systems. Vietnam should 
establish a national integrated infrastructure data system 
covering transportation, energy, water, and environment as 
a foundation for simulation, forecasting, and coordination 
of infrastructure planning amid administrative restructuring 
and rapid urbanization. At the same time, it is necessary to 
promote the application of Digital Twin technology, strengthen 
data sharing across government levels, and improve legal 
frameworks and digital human resources to enhance urban 
planning and management efficiency in the national digital 
transformation era.
2.3. Potential and Benefits of Digital Technologies and Big Data 
in Urban Planning in Vietnam

The rapid advancement of digital technologies and big 
data has opened new prospects for transforming urban 
planning approaches in Vietnam. In the context of accelerating 
urbanization, expanding administrative boundaries, and 
increasing complexity of technical infrastructure systems, the 
application of digital technologies is considered a breakthrough 
solution that enables a shift from static to dynamic urban 
planning, based on real-time data flows and multidimensional 
simulations [9][10][24].

According to Kitchin (2014), big data are not merely 
a reflection of the current urban condition but also the 
foundation for evidence-based planning and decision-
making. Similarly, UN-Habitat (2022) emphasizes that digital 
transformation in urban planning is a key pillar of sustainable 
development, as integrated data platforms can connect 
multiple sectors-such as transportation, energy, water, and 
environment-into a unified information ecosystem.

In practice, digital technologies play a central role across 
three interrelated levels. First, GIS and BIM technologies 
have transformed the way urban status is simulated, allowing 
planners to visualize three-dimensional spatial structures, 
analyze infrastructure configurations, and identify areas 
prone to congestion or pollution. Building upon that, AI 
and Big Data technologies enhance the ability to forecast 
population dynamics, traffic volumes, energy consumption, 
and water demand, helping local authorities proactively 
allocate resources and plan infrastructure investment. Finally, 
IoT and Digital Twin technologies elevate urban planning to a 
new level, where real-time operational data are continuously 
updated to simulate, test, and optimize the performance of 
technical infrastructure systems [16][29].

Thus, digital technologies and big data are not merely 
technical tools but have become core elements shaping 
modern urban planning paradigms. Their integration improves 
transparency, enhances analytical and predictive capacities, 
and enables multi-sectoral coordination across administrative 
levels. This forms the foundation for Vietnam to advance 
toward data-driven integrated planning-a necessary pathway 
to improve efficiency in investment, management, and 
sustainable urban development in the coming years.

3. Proposed Model and Discussion
3.1. Current Status of Digital Technology Application in Urban 
Technical Infrastructure Planning in Vietnam

In the context of Vietnam’s ongoing national digital 
transformation, the application of digital technologies and big 
data platforms in urban technical infrastructure planning and 
management has become an inevitable trend. Major policies 
such as the National Digital Transformation Program to 2030 
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[19] and the Vietnam Urban Development Strategy for 2021-
2030 [11] aim to establish a unified data platform serving 
urban planning, thereby improving governance capacity and 
the efficiency of infrastructure investment. However, this 
process remains at an early stage, as the level of digitalization 
and data integration among infrastructure sectors is still 
fragmented and inconsistent.

At the urban level, large cities such as Hanoi, Ho Chi 
Minh City, Da Nang, and Binh Duong have piloted several 
digital applications in the field of technical infrastructure. For 
example, Hanoi applies GIS to manage underground spaces 
and technical corridors; Da Nang develops an IoT-based 
monitoring platform for drainage and public lighting; and Binh 
Duong experiments with sensor-based systems for waste and 
energy management [2][8][9]. These models show notable 
local efforts to adopt technology, yet they mainly focus on 
individual sectors and have not formed an interconnected data 
ecosystem to support comprehensive urban infrastructure 
planning.

One of the most prominent challenges is the administrative 
boundary restructuring at the provincial and city level, 
approved by the National Assembly and effective from July 
1, 2025, reducing the number of provincial units from 63 to 
34 [14]. The expansion of administrative boundaries results 
in a wider scope of technical infrastructure planning, requiring 
the ability to integrate multi-sectoral and multi-level data. 
In practice, however, Vietnam’s planning databases remain 
fragmented: each sector-transportation, water supply, energy, 
and environment-is managed by different agencies, using 
inconsistent data formats, coordinate systems, and technical 
standards [12][13]. As administrative territories are enlarged, 
data overlaps and a lack of interoperability among merged 
provinces and cities become more serious, creating difficulties 
in simulation, forecasting, and coordination of regional 
infrastructure systems.

According to the Ministry of Construction (2023) and 
the World Bank (2022), Vietnam is still at the stage of 
“partial digitalization,” where cities operate independent 
databases without a national integration platform. The 
adoption of advanced technologies such as AI, IoT, BIM, and 
Big Data remains at a pilot level and is insufficient to enable 
comprehensive simulation of urban infrastructure networks 
[27][29]. Furthermore, the human resource capacity for spatial 
data analysis and urban modeling is still limited, while the legal 
framework on data sharing and information security remains 
incomplete, posing barriers to building a national integrated 
data platform for urban planning [13][19].

Nevertheless, the current situation also presents 
significant opportunities. Since 2023, the Ministry of 
Construction, in collaboration with JICA and the World 
Bank, has implemented the National Urban Information and 
Database System Project, which aims to develop an integrated 
data platform and Digital Twin model for major cities [8][9]. 
This initiative is expected to provide a foundation for shifting 
from static planning to dynamic planning based on real-time 
data, thereby improving forecasting capability, coordination, 
and optimization of technical infrastructure investment in the 
context of Vietnam’s administrative restructuring and ongoing 
national digital transformation.
3.2. Proposed Model for Applying Digital Technologies and Big 
Data in Urban Technical Infrastructure Planning in Vietnam

Based on theoretical foundations, the identified potentials 
and benefits of digital technologies and big data, as well as 
international experiences from Singapore, Seoul, London, and 
the UAE discussed in Section 2, this study develops a data-

driven integrated urban infrastructure planning model tailored 
to the Vietnamese context. The model is also grounded in 
the analysis of Vietnam’s current urban planning practices in 
Section 3.1, where data systems remain fragmented and cross-
sectoral integration is still limited. The objective of the model 
is to establish a connected multi-sector data ecosystem that 
supports simulation, forecasting, and decision-making in urban 
planning, investment, and management, thereby promoting 
digital transformation and sustainable development of urban 
technical infrastructure systems.

The model is structured according to a four-layer 
framework, ensuring logical consistency from data collection 
to analysis and decision-making. The lowest layer provides the 
digital and physical infrastructure that enables sensing and data 
transmission, while the upper layers are responsible for storing, 
analyzing, simulating, and supporting governance decisions. 
This framework allows a shift from static planning to dynamic, 
data-driven planning in real time, ensuring integration among 
government levels and technical infrastructure sectors.

In terms of operation, the model emphasizes both vertical 
and horizontal integration between different government 
levels and technical infrastructure sectors. At the national 
level, the Ministry of Construction can manage the centralized 
database, while provincial and municipal governments are 
responsible for updating, analyzing, and utilizing local data. 
At the urban level, the Digital Twin system enables planners 
to simulate development scenarios and evaluate investment 
efficiency before implementation. When data are connected 
in real time, urban authorities can promptly identify conflicts 
among sectoral plans, optimize operating costs, and enhance 
transparency in decision-making.

Implementing this model requires three parallel support 
dimensions. First, regarding institutions and policies, it is 
necessary to establish a legal framework governing data 
sharing, information security, and access rights among 
agencies. Second, concerning technology and technical 
standards, it is important to develop unified standards for 
spatial data, information formats, and evaluation criteria 
across infrastructure sectors.Third, in terms of digital human 
resources, it is crucial to train planners, engineers, and data 
specialists capable of analysis, simulation, and operation of 
digital planning systems [12][15].

This model is not only a technical structure but also a 
strategic framework for guiding urban technical infrastructure 
planning and management in the digital era. When 
implemented consistently, it will help shorten planning cycles, 
optimize infrastructure investment, improve operational 
efficiency, and strengthen sustainable urban governance.

The comparison between the proposed model and 
international practices reveals both similarities and 
contextual differences. In Singapore, the Virtual Singapore 
platform has successfully established a national-scale Digital 
Twin integrating data across multiple sectors, including 
transportation, construction, energy, and the environment. 
Seoul has developed the Smart City Platform, which connects 
real-time sensor data with GIS and AI models, enabling 
dynamic simulations and scenario-based management of 
technical infrastructure systems. London stands out with 
its open data initiative through the London Datastore, 
which consolidates data from over 700 public and private 
organizations, supporting evidence-based urban planning and 
fostering community participation. 

These models demonstrate that effective urban planning and 
management depend not only on technological infrastructure 
but also on robust data governance, standardization, and skilled 
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digital human resources. Compared to these advanced cities, 
Vietnam remains in the early stages of digital transformation. 
Data systems are still fragmented across sectors such as land 
management, transportation, energy, and water. The lack of 
standardized data formats, information-sharing regulations, 
and cybersecurity measures presents significant challenges 
to integrated planning. Furthermore, limited digital capacity 
and a shortage of professionals specializing in data analytics, 
artificial intelligence, and urban simulation tools have slowed 
the pace of technological adoption.

Nevertheless, Vietnam has favorable opportunities to 
accelerate this transition. The National Digital Transformation 
Strategy to 2030 and the Smart and Sustainable Urban 
Development Plan (2025-2030) clearly define the objectives 
of developing digital infrastructure and an integrated national 
data system. Increasing investments in GIS, IoT, AI, and 
data-driven planning tools, combined with international 
cooperation with organizations such as UN-Habitat, the World 
Bank, and the OECD can provide both technical and policy 
support. Strengthening institutional capacity, promoting open 
data, and developing unified spatial data standards will help 
Vietnam build a strong foundation for a national digital urban 
planning ecosystem [30].

Overall, the proposed data-driven integrated planning 
model represents a feasible and timely direction for Vietnam. 
It aligns with global smart city practices while adapting to 
domestic realities. Its successful implementation will depend 
on synchronized progress in three key areas: institutional 
frameworks, technological innovation, and human resource 

development-fundamental pillars for achieving integrated, 
data-driven, and sustainable urban governance.

4. Conclusion and recommendations
4.1. Main Conclusions

This study confirms the essential role of digital technologies 
and big data in transforming the methods of planning, 
managing, and operating urban technical infrastructure in 
Vietnam. The application of technologies such as GIS, BIM, 
IoT, AI, and Digital Twin not only supports the simulation of 
existing conditions and forecasting of infrastructure demand 
but also establishes a foundation for dynamic planning and 
evidence-based decision-making.

The proposed data-driven integrated urban infrastructure 
planning model is both feasible and well-suited to Vietnam’s 
context, particularly amid the national digital transformation 
and administrative restructuring. The model enables cross-
sectoral and multi-level data connectivity, supporting 
simulation, analysis, forecasting, and coordinated decision-
making. If effectively implemented, it can help shorten 
planning cycles, optimize infrastructure investment, enhance 
operational efficiency, and advance sustainable urban 
development.
4.2. Recommendations

To ensure the proposed model can be effectively 
implemented in practice, several policy directions should be 
considered.

First, improving the legal framework for urban data 
governance is fundamental. Vietnam needs clear and 

Figure 3.1. Proposed numerical model and four-layer structure for Urban Technical Infrastructure Planning in 
Vietnam. Source: Authors’ proposal based on [16][29]
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unified regulations on data collection, sharing, security, and 
accessibility among ministries, local authorities, and private 
entities. Establishing open data standards and inter-sectoral 
data exchange protocols will provide a legal and institutional 
foundation for operating digital urban planning systems.

Second, the government should prioritize the development 
of a national integrated urban infrastructure database that 
connects multiple sectors-transportation, energy, water, 
environment, and land management-into a single ecosystem. A 
real-time data platform would not only enhance transparency 
but also enable dynamic simulation, scenario forecasting, and 
continuous monitoring to support evidence-based decision-
making in planning and investment.

Third, developing human capacity is indispensable for 
sustaining digital transformation in the urban sector. Training 

programs for planners, engineers, and policy-makers must 
be designed to strengthen skills in digital technologies, 
data analytics, and simulation tools. Partnerships between 
universities, research institutes, and technology enterprises 
can play a crucial role in cultivating a new generation of digital 
urban professionals capable of managing integrated data 
systems.

Finally, future research should continue to refine the 
proposed framework, focusing on practical models such as the 
Urban Digital Twin and smart urban governance mechanisms. 
Further studies should also examine the socio-economic 
impacts of data-driven planning, assess the financial efficiency 
of smart infrastructure investments, and explore public-private 
partnership (PPP) models that can support the deployment of 
integrated urban data platforms in Vietnam./.
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Balance water supply for urban areas 
and industrial zones in Phu Yen province                 
under climate change conditions
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Abstract
Currently, in Phu Yen Province, Water 
supplies are increasingly scarce, declining 
in both quantity and quality. Accompanied 
by severe droughts and floods in both 
scale, extent and time, it is the cause of 
difficulties in water supply for the needs 
of use. Under the impact of climate 
change, the reserve and quality of water 
supply for urban areas (urban areas) and 
industrial zones (IZs) in Phu Yen province 
are unstable. Droughts caused by heat, 
waterlogging due to rain and floods, 
water pollution from sewage and waste 
and salinization by sea water intrusion 
due to the influence of sea level rise have 
become common in many areas of Phu 
Yen province. To achieve the goal of safe 
water supply (enough reserve and quality 
of water supply) for urban areas and 
industrial zones, “Proposing solution to 
balance water supply for urban areas and 
industrial zones in Phu Yen province under 
climate change conditions» is a practical 
and urgent study.
Key words: water balance water supply, 
water supply region; urban areas; 
industrial zones; climate change 
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1. Introduction
Vietnam's water resources are currently facing many challenges: More than 2/3 

of the water in Vietnam's river systems is formed from outside the territory, while 
mechanisms and policies for cooperation and sharing Water resources between 
countries are not efficient. Pollution, degradation, depletion of water sources, natural 
disasters, storms, floods, floods, droughts, saltwater intrusion, inundation, sea level 
rise, etc. increase in both severity and scope.

Managing water resources in an integrated and comprehensive manner has become 
a consistent view of Vietnam and has been reflected throughout the National Strategy 
on Water Resources. In particular, the concept of integrated and comprehensive 
management of water resources has been legalized and stipulated in the Law on Water 
Resources No. 17/2012/QH13 - the highest legal document in the field of water 
resources. However, the management and protection of water sources has not yet 
met the requirements, there are still shortcomings in organizational structure, policy 
mechanisms, management capacity as well as the implementation of the Industrial 
Safety plan. [1] [2]

Overview of water sources for urban areas and industrial zones in Phu Yen province:
River water source. 
Mainly based on surface water of 4 main river basins. Most rivers and streams in 

the area have narrow basins, large river bed slopes, and flow depends on rainfall.
Lake water source.
There are many reservoirs 

with large useful capacity to be 
considered as a source of water for 
domestic use.

Groundwater resources. 
The current survey documents 

show that the underground water 
source in Phu Yen province is quite 
complex, the level of this water has 
medium and small reserves, which 
can be exploited and used for 
other users. individual water.

Rain water source.
The rainy season in Phu Yen 

province comes late and ends 
early, lasting only 3-4 months 
(from September to December), 
the average annual rainfall is from 
1,600 - 2,100 mm. There are 4 
months of average rainfall over 
100mm from 9 to 12. The dry 
season lasts 9 months, from I to IX 
with the dry season water volume 
reaching 25-35% of the whole 
year. Morevoer, there are two dry 
periods In IV and VIII, the amount 
of water in the dry season is only 
approximately 2% of the annual 
volume. [3] [4]

Phu Yen province has a total 
Figure 1.1. Map of administrative boundaries 
of Phu Yen province
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of 9 urban areas. According to urban classification, there are 
one Class-2 Urban of Tuy Hoa City, two Class-4 Urban of Song 
Cau Town and Dong Hoa Town; and 6 Class-5 Urban such 
as La Hai town, Phu Hoa Town, Cung Son Town, Hai Rieng 
Town, Chi Thanh Town and Phu Thu Town. In the province, 
there are 3 concentrated industrial zones including Hoa Hiep 
Industrial Zone, An Phu Industrial Zone, and Northeast Song 
Cau Industrial Zone, specially 10 industrial clusters established 
in the province, investing in infrastructure and operating.

Currently, the urban water supply system is managed by 
Phu Yen Water Supply and Sewerage Joint Stock Company 
with 9 water plants providing clean water for 9 cities and 3 
Industrial Zone big with a total capacity of 47,400 m3/day. 
Of which, the supply for 09 phones is 33,940 m3/day and 3 
Industrial Zone big is 13,460 m3/day. [5] [6]

2. Actual situation of impacts of climate change on surface 
water supply to urban areas and industrial zones in Phu Yen 
province
2.1 The trend of changing climate factors in Phu Yen province

a. Average temperature: The highest monthly average 
temperature occurs mainly in June (29.4oC), July (29.1oC), 
the lowest monthly average temperature occurs in January 
(23,3oC).

b. Rainfall: The average annual rainfall is about 1,838mm. 
Rainfall distribution throughout Phu Yen province varies 
significantly and unevenly among areas in the province. 

c. Storms and tropical depressions: The activity of storms 
and tropical depressions tends to shift towards the end of the 
storm season, the period when storms operate mainly in the 
South. If dividing levels, the number of storms mainly tends 
to decrease while the number of strong to very strong storms 
tends to increase significantly. 

d. Monsoon: The onset of the Asian summer's monsoon 
may occur earlier and the end later, resulting in a longer 
monsoon period. Total precipitation and precipitation 
extremes during the summer monsoon are likely to increase 
due to increased atmospheric moisture content. 

e. Deep cold, chilly, baking hot, drought: 
Deep cold, chilly: the number of days with deep cold and 

chilly tends to decrease from 10 - 20 days, the largest decrease 
is in some stations in the Northwest and Northeast (over 20 
days), at least under 10 days in Vietnam. some stations in the 
North Central region. 

Baking hot: the number of hot sunny days (the number 
of days with the highest temperature Tx ≥ 35oC) tends to 
increase in most of the country, common 25 ÷ 35 days 
compared to the baseline period, increasing the most (up to 40 
days) in South Central Coast, at least (less than 20 days) in the 
Central Highlands and the South. By the end of the century, 
the number of hot days has increased significantly compared 
to the middle of the century nationwide, the largest increase 
(over 100 days) compared to the baseline period in the South 
Central and South. 

Drought: Drought tends to increase globally, especially in 
tropical and subtropical regions from about 1970 to present. 
However, drought only increases in some seasons and areas 
due to decreased rainfall and/or increased evaporation. 

f. Sea level rise: from Phu Yen to Ninh Thuan, the highest 
storm surge is 170 cm in the future, possibly up to 220 cm. 
2.2. Impact of climate change on surface water 

a. Climate change impacts on surface water resources: 
changing rainfall, rainy season distribution and increasing 

evaporation will change the water balance of the region. The 
rainy season will be shifted, expanded, narrowed, and changes 
in rainfall will lead to changes in the flow. 

It can be said that the impact of climate change on water 
resources is reflected in factors such as: flow regime of rivers 
in the province due to changes in rainfall, rainfall distribution 
in different regions and changes in the duration of the rainy 
season. These changes can cause flooding in the rainy season 
but prolonged drought in the dry season.

b. Tides and saltwater intrusion: The tidal regime in Phu 
Yen is mainly diurnal and irregular. During the dry season, the 
tides bring salt into the estuary every day. 

c. Situation of sedimentation and erosion of riverbanks 
and estuaries 

According to survey data, riverbeds and estuaries of 
Da Rang, Ky Lo and Da Nong rivers have been eroded and 
accreted regularly. 

d. Situation of saltwater intrusion 
The rivers in Phu Yen province all directly flow into the 

East Sea, so salt from the sea follows the tides to infiltrate into 
rivers, canals and fields, especially in the dry season when the 
river water dries up. 
2.3. Assessing the abilily to exploit surface water sources for 
urban areas and industrial zones in Phu Yen province, the impact 
of climate change on water sources

a. Regarding reserves: In the shallow season, due to the 
decrease in river and stream flows, especially in March and 
August, while the amount of water to use in the year is 
concentrated mainly in the shallow season, the amount of 
water to meet the needs of the whole province is in short 
supply. During the flood season, due to the large flow of 
rivers and streams, the amount of water to use is not much, 
accounting for only a small part of the amount of river water 
that can be exploited. This excess of spring river water will be 
regulated, partly stored in reservoirs for use in the shallow 
season.

Figure 2.1 Map of the main river basin of Phu Yen province
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b. Regarding quality: the results of monitoring 
surface water sources in the main river systems 
of Phu Yen province in recent years show that the 
quality of surface water sources is still guaranteed 
as a raw water source for water treatment plants 
for daily life and production. [7] [8]

3. Proposing solutions to balance water supply 
for urban areas and industrial zones in Phu Yen 
province under climate change conditions
3.1. Balanced partition of water supply.

a. Partitioning base and criteria for selection 
of water supply balanced partitioning plan

- Water supply balance partition is based on 
the analysis of characteristics of surface water 
capacity, demand for water supply, factors of 
natural conditions (terrain, climate, geology, 
hydrological), water supply capacity in river 
basins and factors related to CC (Figure 3.1). [8]

- Proposing 04 criteria for selecting water 
supply balance plans for industrial zones and 
industrial zones including based on natural 
characteristics, corresponding to terrain division 
of main flows; the system of works on exploitation 
and use of water resources in combination with 
administrative boundaries; system calculation of 
water supply; needs and characteristics of water 
use.

b. Water supply partitions of urban areas and 
industrial parks in Phu Yen province.

Water supply partitions are based on the 
distribution of future use of clean water, the location and 
scope of water supply of water plants. As well as considering 
the operation of the existing water supply system, the trend of 
urban space development in the future. 

For the purpose of safe and reasonable water supply, 
creating favorable conditions for management and operation, 
the water supply system will be divided into water supply 
areas, these regions have independent water supply systems.

c. Water supply partitions for urban areas and industrial 
parks in Phu Yen province

Water supplies to water plants in the regions are mainly 
surface water sources from rivers and reservoirs that have 
been and will be built (table 3.1). [8]
3.2. Plan to balance raw water sources for industrial zones and 
industrial parks by 2030

According to calculations, it is forecasted that the total 

Table 3.1. water supply zoning for Urban areas and  industrial parks in Phu Yen province

No Region 
Name Urban areas and  industrial parks in Phu Yen Water supply source

1 Region 1 Tuy Hoa  city and An Phu industrial park Ba River surface water source

2
Region 2 Đong Hoa Town and industrial parks (Hoa Hiep 1, Hoa Hiep 2, Hoa 

Tam, Vung Ro oil refinery, multi-industry industrial park 1 and 2).
Ba River surface water source

3 Region 3 Phu Thu, Son Thanh Đong town, Tây Hòa; Phu Hoa, Đong Cam 
Town, Phu Hoa.

Ba River surface water source

4
Region 4 Song Cuu, town, Northeast of Song Cau, industrial park Northeast 

of Song Cau 1,2,3, Xuan Hoa Xuan Hai, industrial park Northeast of 
Song Cau, Song Cau Extend Xuan Binh Xuan Loc.  

Tam River surface water source 
Giang River surface water source 
Cai River surface water source 
Xuân Binh lake

 5 Region 5 La Hai, Xuan Phưoc, Xuân Lãnh town, Đong Xuan. Ky Lo River surface water source 
Ky Chau, Phu Xuan lake

6 Region 6  Tuy An Town (Chi Thạnh - Tuy An). Cai River surface water source

7 Region 7 Thị trấn Vân Hòa huyện Vân Hòa Suối Phèn lake, Van Hoa town

8 Region 8 Cung Sơn, Tra Ke town - Sơn Hội - Sơn Hòa Ba River surface water source 
Suối Di lake, Son Hoa Town

9 Region 9 Hai Rieng, Tan Lap town. Song Hinh. Hinh River surface water source 
Tan Lap lake, Sông Hinh town

Figure 3.1 water supply Region
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amount of raw water to be supplied to the industrial zones of 
Phu Yen province by 2030 is 280,806 m3/day, an increase of 
197,421 m3/day compared to 2017 (41,256 m3/day). The total 
capacity of irrigation reservoirs in the province is 468,024 
million m3 (about 2.57 million m3/day) for 6 months (182 
days) of the dry season. With 13.6% of the water supply for 
Urban areas and industrial zones compared to the total water 
demand for the sectors equivalent to about 349,520 m3/day. 

Therefore, the amount of raw water meets about 124% 
compared to the demand for raw water by 2030 is 280,806 
m3/day. Based on data on the total demand for raw water and 

the capacity of reservoirs today, propose a plan to balance the 
raw water supply for the provinces allocated according to the 
terrain areas (Table 3.2 và 3.3). [8]

Calculated data in the balance sheet of raw water sources 
supplied to urban areas and industrial parks in Phu Yen 
province are also based on the evolution of extreme climate 
change in previous years and taken at the lowest level for 
calculation.

4. Conclusions
Faced with the situation of reduced and polluted water 

supplies that have not been well managed and controlled, the 
Table 3.2 The total amount of raw water is lacking

No Urban area Raw water demand in 2030 
(m3/day)

Raw water demand in 2020 
(m3/day)

Raw water demand  
is lacking in 2030 (m3/day)

(1) (2) (3) (4) (5)=(3)-(4)

1 Tuy Hoa City 58.447 25.164 33.283

2 Sông Cau Town 35.974 5.508 30.466

3 Đong Xuan 6.342 2.484 3.858

4 Tuy An Town 15.385 2.484 12.901

5 Phu Hoa Districts 5.939 540 5.399

6 Sơn Hoa Districts 8.652 1.836 6.816

7 Sông Hinh Districts 4.067 3.024 1.43

8 Tay Hoa Districts 5.107 0 5.107

9 Đong Hoa Districts 98.944 216 98.728

10 Van Hoa Districts 720 0 720

Total 280.806 41.256 197.421

Table 3.3 Proposing water supply sources for newly built water plants and increased capacity (m3/day)

No Water plant Existing water plant Water plant 2025 Water plant 2030
  Tuy Hoa  Region – South of Phu Yên   105.000 155.000

1 Tuy Hoa city 28.000 55.000 55.000

2 Đông Hoa Town 200  50.000 100.000

Phu Hoa Region – West of Hoa      

3 Phu Hoa Town 2.000 3.000 3.000

4  Phu Thư Town 4.500 4.500

Independent town      

5 Sông Cau Town 5.000 14.000 18.000

6 Northeast of Sông Cau 900 9.000 17.000

7 Chi Thạnh Town 3.000 9.000 15.000

8 Hai Riêng Districts 3.000 5.000 5.000

9 Cung Sơn Districts 2.000 5.000 8.000

10 La Hai Districts 3.000 4.500 5.500

11  Xuân Lanh Town   500 500

12 Sơn Thanh Đông Town   500 500

13 Đồng Cam Town   500 900

14 Tra Kê-Sơn Hoi town, Sơn Hoa   500 500

15 Xuan Phươc Town, Đồng Xuân   500 500

16 Tan Lap town, sông Hinh 1.000 1.000

17  Van Hoa Town, Van Hoa   500 1.000

  Total 47.100 163.000 240.000
(xem tiếp trang 30)
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Planning and Institutional Foundations 
for Smart Urban Governance Toward 
Sustainable Urban Development
Hung Viet Ngo

Abstract
Rapid globalization and accelerating 
urbanization require cities not only to 
expand infrastructure and public services 
but also to transition toward sustainable 
development by improving resource 
efficiency, reducing emissions, and 
enhancing social equity. Smart cities have 
thus emerged as a dominant paradigm, 
emphasizing the use of information 
and communication technologies, big 
data, and IoT-based systems to optimize 
urban operations. However, existing 
research cautions that technology-
driven approaches often fall short 
without corresponding institutional and 
planning frameworks. Studies highlight 
that institutional structures, governance 
processes, and policy arrangements are 
decisive in determining whether smart-
city initiatives effectively support long-
term sustainability. This underscores 
the foundational role of planning and 
institutional design in linking technological 
solutions with broader sustainability 
objectives. In this study, a systematic 
review of the literature is conducted 
to synthesize current perspectives and 
identify the institutional and planning 
mechanisms required to guide smart 
urban governance toward genuinely 
sustainable, inclusive, and resilient urban 
development.
Key words: Planning, smart cities, 
governance, sustainable development, 
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1. Introduction
In the context of rapid globalization and urbanization, cities are not only required to 

expand infrastructure and public services but must also transition toward sustainable 
development—enhancing resource efficiency, reducing emissions, promoting social 
equity, and improving quality of life. The concept of the smart city has emerged as a 
central paradigm in contemporary urban governance, emphasizing the application of 
information and communication technologies (ICT), big data, and interconnected sensor 
networks (IoT) to optimize urban operations. However, numerous studies caution that 
a technology-centric approach, when not supported by appropriate institutional and 
planning frameworks, is unlikely to translate smart cities into genuine pathways toward 
sustainability. For example, Tomor et al. argue that while technology is a key factor, 
institutional structures, policy frameworks, and governance processes are the decisive 
determinants of successful smart and sustainable city transitions [1]. Similarly, the 
article Understanding Smart Governance of Sustainable Cities [2] demonstrates that 
a multidimensional framework integrating governance, technology, and sustainability 
is essential to ensure that smart cities evolve beyond “technological cities” toward 
“sustainable cities”: “A multidimensional framework that integrates governance, 
technology, and sustainability provides a comprehensive lens through which to 
understand and guide urban transformation.” These insights highlight the foundational 
role of planning and institutional design in linking technological applications with 
broader sustainability goals. Furthermore, research by Grossi and Welinder emphasizes 
that “the smart city can be viewed through the intersection of public governance 
paradigms (digital governance, collaborative governance, and networks)” [3], 
underscoring the shift in urban governance from technical–administrative models to 
interactive and network-based configurations.

Urban planning—understood as the organization of spatial development and the 
formulation of strategic urban development plans—has long shaped the physical 
structure of cities. In the smart-city era, however, institutional planning—encompassing 
governance structures, decentralization, interagency coordination, and public policy—
becomes especially critical. Strong, coherent, and flexible institutional arrangements 
are necessary to prevent technological systems from becoming fragmented, to 
ensure interoperability and data sharing, and to embed smart-city operations within 
transparent and accountable governance frameworks. As highlighted in The Role 
of the Institutional Context in Smart Governance [4], the institutional context is a 
determining factor in the success of smart governance, highlighting the importance 
of policies, rules, and institutional arrangements in enabling smart city initiatives. This 
article therefore focuses on analyzing the role of planning and institutions in steering 
smart-city governance toward sustainable urban development.

In Vietnam, major cities such as Hanoi and Ho Chi Minh City have set strategic 
goals to become “smart and sustainable cities.” In this context, the question is no longer 
whether technology can be deployed, but rather how institutional structures and 
urban governance frameworks can adapt to technology, data, and citizen participation 
to generate long-term, equitable, and sustainable value. Several smart-city initiatives 
in Vietnam have encountered significant challenges: fragmented technological 
deployment, weak interagency coordination, and limited attention to decentralization 
and multi-stakeholder collaboration. Thus, examining institutional and planning 
dimensions is not only theoretically relevant but also practically urgent.

Accordingly, this paper aims to: (i) clarify conceptual linkages among smart cities, 
governance, and sustainable development; (ii) analyze the institutional planning 
foundations that enable effective smart-city governance; and (iii) propose an analytical 
framework and lessons applicable to urban management practice in Vietnam. By 
synthesizing existing theoretical perspectives, the study proposes key insights to 
support smart-city development that goes beyond technological adoption to become 
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a genuinely sustainable, inclusive, and human-centered 
model. In order to obtain a comprehensive understanding of 
current trends and practices in smart urban governance for 
sustainable development, a systematic and extensive review 
of the existing literature was conducted.

2. Linkages between Smart Cities, Smart Urban Govern-
ance, and Sustainable Development

The concept of the “smart city” has, over the past 
decade, become a defining paradigm of contemporary 
urban development—one in which digital technologies, data 
analytics, and the Internet of Things (IoT) are deployed to 
enhance operational efficiency, public service delivery, and 
overall quality of life. However, as a growing body of research 
emphasizes, a smart city is not merely the outcome of overlaying 
new technologies onto existing urban systems; rather, it 
represents a comprehensive transformation in governance 
structures, institutional arrangements, and development 
priorities. Trindade et al. observe that the concept of smart 
city is increasingly articulated in the literature with the idea 
of sustainable urban development, though the relationship 
remains under-theorized [5]. Within this context, the notion 
of smart urban governance has emerged as a critical interface 
linking technological innovation to sustainability outcomes. 
Tomor et al. highlight that “technology-enabled collaboration 
between citizens and local governments is crucial for smart 
city success” [1], while Al Mulhim and Yigitcanlar further argue 
that “smart governance is a critical driver of sustainable urban 
development … but its effectiveness depends on how well 
it integrates inclusive, transparent, and resilient governance 
practices” [2]. These perspectives indicate a mutually 
reinforcing relationship among smart cities, governance, 
and sustainability, in which each dimension functions both 
independently and in interaction.

A smart city can therefore be understood as an urban 
environment where key operational systems—such as 
transport, energy, and public services—are optimized through 
sensing technologies, data-driven management, and digital 
connectivity. Yet, for such systems to meaningfully contribute 
to sustainability across environmental, social, and economic 
dimensions, they must be embedded within appropriate 
governance arrangements. Smart urban governance 
encompasses institutional design, data governance 
policies, decentralization, citizen participation, information 
transparency, and adaptive policy mechanisms. As Berrone et 
al. contend, “the institutional context is a determining factor in 
the success of smart governance, highlighting the importance 
of policies, rules, and institutional arrangements in enabling 

smart city initiatives” [6].
From a sustainability perspective, existing 

studies underscore the need for smart-
city development to transcend operational 
efficiency and address broader goals of 
environmental protection, social equity, and 
urban resilience. Shao and Min note that “four 
pillars—environment, society, governance, and 
economy—are integrated into the framework 
to improve the understanding of smart city 
strategies for sustainability” [7]. Consequently, 
smart urban governance must be conceived not 
merely as a technical domain but as an integral 
component of sustainable urban development.

From an integrated perspective, the 
relationship among the three components—
smart cities, smart governance, and sustainable 
development—can be conceptualized as follows: 
smart-city systems provide the technological 

and data-driven foundation; governance constitutes the 
organizational and operational mechanisms that coordinate 
smart initiatives. When technologies are deployed without 
adequate governance, the result is a collection of fragmented 
systems disconnected from sustainability goals. Conversely, 
strong governance without technological capacity or clearly 
defined sustainability targets may produce cities that are 
“smart in form but not in substance.” As Langa and Thakhathi 
observe, “smart cities are a means to achieve more efficient 
and sustainable cities … however, the extent of transformation 
depends on political and administrative leadership as much 
as on technology” [8]. This underscores the role of smart 
governance as the critical linkage between technological 
innovation and sustainable outcomes, whereby institutional 
arrangements, decentralization, citizen participation, and 
transparency enable smart technologies to meaningfully 
advance sustainability objectives.

Current research also highlights the necessity of 
interdisciplinary indicators and evaluation frameworks 
to assess the effectiveness of smart cities in achieving 
sustainability. Tomadon et al. emphasize that “indicators play 
a pivotal role in designing, assessing and guiding policies for 
sustainable urban development in smart cities” [9]. Accordingly, 
governance must not only guide technology adoption but also 
establish robust monitoring, evaluation, and feedback systems 
to ensure alignment with long-term sustainability goals.

In summary, the conceptual relationship among smart 
cities, governance, and sustainability reveals that: (i) smart 
cities constitute the technical and data infrastructure; (ii) 
governance provides the mechanisms for organization, 
coordination, and regulation; and (iii) sustainability is the 
strategic objective informing both. These components are 
mutually dependent: technology is effective only when well 
governed and directed toward sustainability; governance 
is meaningful only when enabling intelligent systems and 
measurable sustainability outcomes; and sustainability 
is achievable only when technology and governance are 
coherently integrated. As Al Mulhim and Yigitcanlar conclude, 
“the smart city must not only be smarter; it must also be fairer, 
greener and more resilient” [2].

This conceptual foundation demonstrates that planning and 
institutional design—comprising spatial organization, strategic 
development planning, policy formulation, decentralization, 
and performance measurement—constitute the decisive 
factors that determine whether a “smart city” can effectively 
transition into a “sustainable city.” The following section of 

Figure 1. Linkages between Smart Cities, Smart Urban Governance, and 
Sustainable Development
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the article further analyzes the theoretical underpinnings, 
governance models, and proposes an analytical framework 
applicable to the Vietnamese urban context.

3. Theoretical Framework for Smart Urban Governance and 
Sustainable Urban Development

In the global transition toward new models of urban 
development, the convergence between smart cities and 
sustainable development has emerged as an inevitable 
strategic trajectory. Although originally grounded in 
distinct logics—smart cities in technological innovation 
and digital transformation, and sustainable development in 
long-term ecological balance, social equity, and economic 
resilience—the two paradigms are increasingly integrated 
within multidimensional urban governance frameworks in 
which technology, institutions, planning, and human factors 
operate synergistically. This convergence not only enhances 
the technical efficiency of urban management but also 
restructures social, institutional, and economic relationships, 
thereby forming the foundation for transparent, resilient, and 
human-centered urban ecosystems. As Hollands emphasizes, 
a smart city is not merely about technology or efficiency, 
but about embedding technology within institutional and 
cultural contexts to reshape governance and citizenship [10]. 
Thus, the essence of a smart city lies not in the deployment 
of advanced technologies per se, but in its capacity to 
reconfigure institutional arrangements and urban culture so 
that technology becomes a means to achieve sustainability 
rather than an end in itself.

From a governance perspective, Tomor et al. conceptualize 
smart governance as the core mechanism linking the 
technological dimension of smart cities with societal 
objectives. Smart governance represents a technology-
enabled, multi-actor system involving collaboration among 
government agencies, private actors, research institutions, and 
communities to improve transparency, responsiveness, and 
policy sustainability [1]. This model underscores the central 
role of institutional design and urban planning as the “bridging 
interface” between technical capacities and social values. 
While technology facilitates data collection, analysis, and 
forecasting, institutional and planning frameworks provide 
direction and ensure that smart solutions do not exacerbate 
inequality or undermine social cohesion. Experiences from 
leading cities such as Seoul, Copenhagen, and Singapore 
demonstrate that integrated planning, strong institutional 
frameworks, and structured civic participation are decisive 
factors in transitioning from digital cities to genuinely smart 
and sustainable cities.

Nam and Pardo’s seminal work further reinforces this 
view, asserting that technology does not make a city smart; 
institutions do [11]. Their argument, extended by Jiang’s 
research on reflexive governance, suggests that smart 
governance must be understood as a socio-technical process 
in which institutional learning, adaptive planning, and iterative 
feedback mechanisms are essential for sustainability [12]. 
These perspectives highlight that technology can be effective 
only within institutional systems capable of coordination, 
accountability, and adaptation—where planning becomes a 
socially embedded, interdisciplinary process rather than a 
purely technical instrument. Consequently, the integration of 
smart-city strategies with sustainable development requires 
substantive institutional transformation, in which planning 
is reconceptualized as the coordinating platform linking 
technology, governance, and human needs.

Building on these theoretical foundations, the conceptual 
framework of this study is structured around three core pillars 

that reflect the intertwined nature of technology, governance, 
and sustainability. The first pillar, Smart City, encompasses 
the technological infrastructure and digital capabilities 
that support data-driven urban operations. The second 
pillar, Smart Urban Governance, refers to multi-stakeholder 
governance arrangements that promote transparency, 
collaboration, and responsiveness in managing smart-city 
systems. The third pillar, Sustainable Urban Development, 
articulates the overarching goal of balancing economic 
growth, social inclusion, and environmental stewardship. 
Situated across these pillars, the institutional and planning 
framework operates as an interlinking mechanism that ensures 
coordinated implementation and long-term coherence. Here, 
institutions are understood not merely as administrative 
structures but as the adaptive capacity of the urban system—
its ability to orchestrate technological innovations in service 
of sustainable, inclusive, and resilient development outcomes
a. Pillar 1 – Smart City Dimension

The contemporary concept of the “smart city” is understood 
not merely as a technological product but as a complex, data-
driven urban system in which technical infrastructure, public 
governance mechanisms, and social life are integrated through 
information and communication technologies (ICT), artificial 
intelligence (AI), and the Internet of Things (IoT). Within this 
system, data functions as a form of “soft infrastructure,” 
enabling cities to operate more efficiently, responsively, 
and adaptively through continuous feedback loops among 
government agencies, private actors, and communities. As 
Komninos observes, smart cities are knowledge-based systems 
that leverage ICT to enhance the collective intelligence of 
urban communities [13]. Accordingly, the smart city should be 
conceptualized not solely as an assemblage of technologies 
but as an urban knowledge structure, where technological 
tools enhance collective intelligence, learning capacity, and 
social interaction.

Existing scholarship generally recognizes that smart cities 
are built upon three interdependent pillars. The first pillar, 
digital infrastructure, includes data networks, IoT sensor 
systems, geographic information systems (GIS), and digital 
platforms that support online public services. This technological 
backbone enables real-time data collection, processing, and 
sharing, thereby supporting evidence-based governance. The 
second pillar, data analytics, employs artificial intelligence, 
machine learning models, and big-data techniques to forecast 
trends, optimize planning, and strengthen the effectiveness 
of public policy. The third pillar, people-centered innovation, 
places human actors and communities at the core of smart-
city transformation. Through mechanisms of co-creation and 
citizen participation, residents become not only beneficiaries 
but active partners in shaping, evaluating, and monitoring 
urban policies.

However, many scholars warn that the success of smart 
cities is not determined by the extent of technological 
adoption but by the degree to which technology is integrated 
with institutional capacity and sustainability objectives. Albino 
et al. emphasize that smart cities often fail when they prioritize 
technological sophistication over governance and inclusivity 
[14], a perspective reinforced by studies such as those of Tan 
and Taeihagh [15]. In this view, the smart city must ultimately 
be a human-centered city, guided by institutional and planning 
frameworks in which technology serves as a tool—rather than 
a substitute—for collective intelligence, strategic foresight, 
and socially oriented development.
b. Pillar 2 – Smart Urban Governance Dimension

Smart urban governance can be understood as a dynamic 
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process through which urban systems are coordinated 
by integrating data, digital technologies, and the actions 
of governmental, social, and economic actors to enhance 
decision-making effectiveness, strengthen transparency, 
and reinforce institutional learning capacities. In contrast to 
traditional command-and-control administrative models, 
smart governance promotes an evidence-based operational 
environment in which technology and data not only support 
monitoring activities but also enable continuous feedback, 
interaction, and co-creation of public policies. According 
to Meijer and Bolívar, smart governance evolves through 
three developmental stages: (1) e-governance, characterized 
by the digitalization of public administration and improved 
access to online services; (2) collaborative governance, which 
expands cooperation among government, private actors, and 
communities to develop flexible, multi-actor management 
models; and (3) smart governance, the most advanced stage, 
where data-driven decision-making, social responsiveness, 
and policy adaptability constitute core operational principles 
[16].

Building on this foundation, recent scholarship has 
sought to operationalize smart governance through analytical 
frameworks. Al Mulhim identifies six key dimensions that 
form the basis for evaluating smart urban governance 
capacity. The first dimension, transparency and accountability, 
concerns the public disclosure of data, decision-making 
processes, and mechanisms for societal oversight. The 
second, citizen participation, reinforces policy legitimacy 
by ensuring inclusive involvement. The third, cross-sector 
collaboration, emphasizes the need for data sharing and 
co-management among governmental agencies, private 
enterprises, research institutions, and civil society. The fourth, 
digital and data governance, relates to the management of 
digital infrastructure, open data, and AI-supported decision 
platforms. The fifth, adaptive institutions, reflects the capacity 
for learning and adjusting regulations based on real-world 
feedback. Lastly, policy innovation highlights the importance 
of experimentation, flexibility, and creative approaches to 
urban challenges [2].

Synthesizing these six dimensions, Grossi and Welinder 

conceptualize smart governance 
as the foundation of institutional 
intelligence—the institutional 
capability not only to process 
data but also to translate it into 
knowledge and continuous learning 
[3]. Such capacity enables cities to 
shift from reactive administration 
toward proactive and adaptive 
governance, in which technology 
functions as an enabler rather than 
a substitute for human judgment. 
Smart urban governance, therefore, 
is not a technological end state but 
a flexible institutional architecture 
grounded in learning, collaboration, 
and responsiveness. Its core 
contribution lies in ensuring that 
“smartness” becomes synonymous 
with sustainable, inclusive, and 
resilient urban development—where 
institutional capacity to listen, 
respond, and evolve is as important 
as the technologies deployed.
c. Pillar 3 – Sustainable Urban 
Development Dimension

Sustainable urban development constitutes the 
overarching objective of contemporary urban strategies 
and is clearly articulated in the United Nations’ Sustainable 
Development Goal 11 (SDG 11) on “Sustainable Cities and 
Communities,” which calls for cities that are safe, resilient, 
inclusive, and sustainable [17]. SDG 11 functions not only 
as an independent goal but also as an integrative axis that 
links environmental, social, economic, and institutional 
dimensions to ensure that urbanization promotes growth 
while safeguarding equity, resilience, and quality of life. In 
the context of the Fourth Industrial Revolution—where digital 
technologies are profoundly reshaping urban systems—the 
notion of “sustainable cities in the smart era” requires an 
integrated approach in which digital infrastructures and 
artificial intelligence are guided by sustainability objectives 
and supported by appropriate institutional frameworks.

According to Ali Komely and Ravi Srinivasan, sustainable 
urban development in the digital age is structured around 
a four-pillar framework—environmental, economic, social, 
and institutional governance—each forming a foundational 
element of balanced and long-term urban performance 
[18]. The environmental dimension underscores resource 
conservation, emissions reduction, and the protection of 
urban ecosystems as prerequisites for climate adaptation. 
The economic pillar emphasizes productivity, innovation, 
and inclusiveness, ensuring that technological advancement 
strengthens competitiveness without exacerbating inequality. 
The social pillar focuses on equity, well-being, and access 
to essential services, asserting that sustainability must be 
evaluated through the lived experience of urban residents. 
The institutional pillar acts as the coordinating mechanism, 
ensuring transparency, accountability, and adaptive decision-
making.

Within this structure, smart governance plays a crucial 
role in translating technological capacity into sustainable 
outcomes. If technology represents the means, governance 
provides the strategic orientation—ensuring that data systems, 
AI applications, and digital platforms serve the objectives of 
SDG 11 rather than evolving independently according to a 

Figure 2. Conceptual framework of the study
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“technology-first” logic. As Meijer and Bolívar argue, smart 
governance turns digital capability into sustainable capacity 
by linking data use with accountability, transparency, and 
social inclusion [16]. Thus, sustainability in smart cities 
cannot be assessed merely through operational efficiency 
or the pace of digitalization but must reflect the degree of 
alignment among technological infrastructures, institutional 
arrangements, and societal needs. The four-pillar framework 
proposed by Komely and Srinivasan [18], together with the 
principles of smart governance, provides a robust theoretical 
foundation for designing urban systems that are adaptive, 
equitable, and resilient—where technology enhances human 
well-being and institutional governance acts as the catalyst for 
comprehensive sustainability.

4. The Role of Planning and Institutional Frameworks in 
Establishing the Foundations of Smart Urban Governance

In the evolution of smart urban development, international 
scholarship increasingly emphasizes that the critical 
question is not merely how technologies are deployed, but 
how institutional governance is structured to ensure that 
technology serves societal needs and long-term sustainability 
objectives. Numerous studies argue that the “smartness” of a 
city derives less from its level of automation and more from its 
institutional capacity to coordinate, learn, and adapt. Meijer 
and Bolívar contend that smart urban governance is “primarily 
an institutional rather than a technological challenge, as it 
depends on the ability of public organizations to coordinate 
and engage in cross-disciplinary learning” [16]. Within this 
context, institutional planning emerges as a foundational 
layer—a form of “soft infrastructure” that integrates the 
technical, administrative, and social dimensions of urban 
systems. As Healey observes, institutional planning reshapes 
the relationships among power, knowledge, and community, 
extending far beyond spatial design to redefine governance 
capacities [19]. In other words, if technology provides the 
tools, institutions supply the framework, and institutional 
planning serves as the “architectural blueprint” for how that 
framework operates.

Within smart-city governance, institutional planning 
functions as an interlinking mechanism bridging multiple layers 
of authority and sectors of activity—from spatial planning and 
public data management to service delivery and community 
governance. Tomor warns that without institutional planning, 
smart-city initiatives risk becoming fragmented pilot 
projects with limited policy impact or long-term coherence 
[1]. Institutional planning thus performs the essential 
task of multi-actor integration, ensuring alignment across 
government agencies, private sector stakeholders, and local 
communities. A notable example is Seoul’s Digital Master Plan 
2025, which institutionalizes principles of smart governance—
including data accessibility, citizen feedback mechanisms, and 
interdepartmental coordination—within formal administrative 
procedures. According to Lim and colleagues, institutional 
planning transformed Seoul’s digital transformation efforts 
into a durable governance structure that links technological 
innovation with democratic participation [20]. This case 
illustrates how a robust institutional planning framework not 
only provides legal and organizational foundations but also 
shapes the modes of interaction between government and 
society throughout the smart-urban transition.

At the core of the theoretical framework connecting 
smart cities and sustainable urban development lies the 
institutional and planning dimension, which functions as the 
central mechanism for organizing, regulating, and integrating 
the three foundational components of contemporary urban 

systems: technology, governance, and societal development. 
While technology provides tools and data infrastructures, 
institutions and planning establish the strategic direction 
and ensure that these tools operate within a framework that 
is equitable, transparent, and socially accountable. Healey 
conceptualizes institutional planning as a political–social 
process that restructures the relationships among power, 
knowledge, and space [19], a perspective that is particularly 
relevant in the smart-city context where digital systems 
reshape the interactions among governments, firms, and 
citizens.

In practice, institutional planning in smart-city 
development can be understood along four major dimensions. 
First, it requires the establishment of legal and regulatory 
frameworks to integrate technology and data into urban 
management, including provisions on open data, privacy 
protection, information-sharing protocols, and standards 
for digital infrastructure. Such a legal foundation prevents 
technological risks and enhances transparency in decision-
making; as Albino et al. note, technology without coherent 
governance risks fragmenting rather than strengthening 
urban management [14]. Second, institutional planning entails 
designing decentralized structures and multilevel governance 
mechanisms that promote collaboration among government 
agencies, private-sector actors, and communities, enabling 
a transition from hierarchical administration to collaborative 
governance. This structure facilitates joint participation in 
policymaking, monitoring, and evaluation, thereby enhancing 
flexibility and responsiveness to emerging challenges.

Third, ensuring transparency and public access to 
urban data is fundamental to democratic accountability 
in smart cities. Meijer and Bolívar emphasize that open 
governance supported by digital transparency enhances trust, 
accountability, and social inclusion in smart cities [16]. By 
enabling public access to information and encouraging citizen 
input, open-data governance contributes to a culture of co-
creation and evidence-based feedback. Finally, institutional 
planning must embed mechanisms for learning, feedback, 
and adaptive adjustment to ensure that policies evolve 
with real-world conditions. Jiang highlights that adaptive 
planning transforms static institutions into dynamic learning 
systems, essential for sustainable smart cities [21], implying 
that institutions must continually learn from data, societal 
responses, and policy experimentation.

Collectively, these insights demonstrate that institutions 
and planning are not merely administrative instruments, but 
constitute the “soft infrastructure” of smart cities—linking 
technology, data, and people through systems capable 
of learning and adaptation. If technology represents the 
artificial intelligence of the city, then institutions and planning 
represent its “organizational intelligence,” guiding and 
regulating technological progress within a framework that 
ensures sustainability, social equity, and human-centered 
development.

Another critical dimension of institutional planning in 
smart urban governance concerns data regulation and the 
assurance of transparency and accountability. Almulhim and 
Yigitcanlar argue that smart governance requires a clearly 
defined institutional framework governing data ownership, 
interaction, and sharing, while simultaneously safeguarding 
citizens’ informational rights [2]. Although data serve as a 
central resource in smart cities, they generate social value 
only when embedded within transparent institutional 
architectures. Copenhagen provides a notable example 
through its Copenhagen Data Charter, which institutionalizes 
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principles of open-data management while balancing 
innovation with privacy protection. This framework has 
strengthened public trust—an essential component of what is 
often termed “institutional intelligence.” By contrast, in cities 
lacking institutional planning, data systems tend to become 
fragmented, resulting in information silos that undermine 
evidence-based decision-making [14]. Institutional planning 
therefore plays an indispensable role in fostering a “responsible 
data ecosystem” in which information is shared, monitored, 
and utilized transparently and equitably.

Beyond ensuring integration and transparency, 
institutional planning also enhances learning capacity and 
policy innovation within smart-city governance. According 
to Jiang, smart governance should be conceived as a socio-
technical process in which urban authorities continuously 
learn from data, societal feedback, and policy outcomes [12]. 
Copenhagen’s Urban Living Labs exemplify this approach 
by creating experimental spaces where planning regulations 
and policy models are tested, evaluated, and subsequently 
institutionalized through iterative feedback loops. In this 
respect, institutional planning functions as the mechanism 
that structures interactions among citizens, government, 
and technology, enabling continuous refinement of smart-
city systems. Grossi and Welinder further emphasize that 
this capacity for institutional learning distinguishes genuinely 
“smart” cities from technocratic ones, noting that institutional 
consistency constitutes the real infrastructure of smart 
governance; without institutional integration, technological 
systems risk becoming fragmented rather than sustainable [3].

Synthesizing these insights, institutional planning emerges 
as the foundation for establishing institutional sustainability 
in smart urban governance. It not only provides the legal and 
procedural scaffolding for policy implementation but also 
shapes how governments learn, how citizens participate, 
and how technology is deployed responsibly. For Vietnam—
particularly Hanoi—the development of smart cities must 
therefore begin with institutional planning: establishing 
legal frameworks for data and smart governance, creating 
mechanisms for intersectoral coordination, and expanding 
citizen participation in policy processes. Institutional planning 
should be understood not as a static policy outcome but as a 
dynamic, evolving process in which rules, organizations, and 
technologies co-evolve through learning and adaptation. As 
Meijer and Bolívar contend, a city becomes truly smart only 
when its institutions possess the capacity to learn and adapt 
[16]. This principle represents the deepest foundation of smart 
urbanism in the era of sustainable development.

5. Comparative Insights on Smart Urban Governance and 
Sustainable Urban Development: Lessons from Internation-
al Experiences and Implications for Hanoi

The evolution of smart urban governance models 
worldwide reflects substantial diversity in institutional 
arrangements, cultural contexts, and policy orientations. 
Understanding how planning and institutional structures shape 
the governance of smart and sustainable cities necessitates 
a comparative perspective. Examining prominent cases 
such as Seoul (Republic of Korea), Singapore, Copenhagen 
(Denmark), and Hanoi (Vietnam) provides valuable insights 
into the varied ways urban systems integrate technology, 
governance capacity, and sustainability objectives. Such 
comparative analysis illuminates how different institutional 
frameworks facilitate—or constrain—the transition toward 
smart urban governance, thereby offering important lessons 
for strengthening Hanoi’s trajectory toward sustainable and 
technologically enabled urban development.

5.1. Governance and Institutional Models
In the global transition toward smart urban governance and 

sustainable development, diverse institutional configurations 
have produced markedly different approaches to balancing 
state authority, technological deployment, and citizen 
participation. Seoul exemplifies a model of collaborative urban 
governance, in which the municipal government operates not 
only as a central coordinator but also as an active enabler of 
participation by civil society, the private sector, and residents. 
Through digital platforms and new participatory instruments, 
Seoul has institutionalized mechanisms that blend top-down 
coordination with bottom-up innovation. As noted by Lim 
et al., the Seoul model demonstrates a hybrid approach that 
integrates hierarchical oversight with citizen-driven creativity 
[21]. Initiatives such as the mGovernance system and the 
Open Data Plaza—providing access to more than 5,000 open 
datasets—have enhanced transparency, policy responsiveness, 
and the emergence of data-enabled social innovation. The city’s 
participatory budgeting mechanism further institutionalizes 
citizen influence by allowing residents to propose, select, and 
evaluate urban development projects, thereby strengthening 
trust between government and community stakeholders.

In contrast, Singapore represents a state-guided co-
management model, characterized by a highly centralized, 
efficient, and tightly regulated administrative system. Public 
institutions such as the Housing and Development Board 
(HDB), the Ministry of National Development (MND), and 
the People’s Association (PA) play dominant roles in planning 
and policy execution. While community involvement 
is encouraged, it operates within predefined legal and 
organizational structures. The Town Councils Act (1988), for 
example, provides a platform for resident engagement in 
estate management, yet strategic decision-making remains 
concentrated within higher-level authorities. Hartley and 
Aldag argue that Singapore’s institutional design effectively 
sustains social equity and long-term governance stability, 
but concurrently constrains citizen autonomy [22]. This 
highlights Singapore’s distinctive achievement in delivering 
administrative efficiency and social cohesion, while also 
revealing its limitations in fostering bottom-up civic agency.

Copenhagen (Denmark), by comparison, is widely regarded 
as a leading example of co-creation-oriented governance, 
grounded in a strong tradition of democratic participation 
and social trust. The city promotes open, transparent, and 
interactive decision-making processes involving government, 
professional communities, and residents. Through initiatives 
such as Urban Labs and Co-Design Copenhagen, spatial 
planning and public-space design become collaborative 
arenas in which citizens act as co-creators rather than passive 
beneficiaries. As Lund observes, co-creation in Copenhagen 
integrates social innovation with spatial planning, advancing 
a form of “human-centered smartness” [23]. This approach 
underscores the idea that technological tools constitute 
only one dimension of smart governance; equally critical are 
institutional culture and societal trust, which sustain long-
term urban resilience.

Hanoi, by contrast, remains in an emergent phase of smart-
city development, guided notably by Action Plan No. 243/KH-
UBND on smart urban development through 2030. Despite 
ongoing efforts, the current governance framework remains 
fragmented, characterized by unclear decentralization, limited 
interagency coordination, and underdeveloped mechanisms 
for civic participation. Most smart-city initiatives in Hanoi 
are implemented as isolated pilot projects rather than as 
components of an integrated institutional framework. As 
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highlighted by Van Cuong [24], the primary challenges facing 
Hanoi are not technological constraints, but the lack of 
institutional coherence and insufficient institutionalization 
of participatory mechanisms. Relative to Seoul, Singapore, 
and Copenhagen, Hanoi’s urban governance system is still 
in the process of developing the capacity for “institutional 
intelligence”—the ability to integrate multi-actor collaboration, 
transparency, and evidence-based decision-making into its 
administrative structures.

Taken together, these cases represent three archetypes 
of smart-city institutional models: Seoul’s multi-layered 
collaborative governance, Singapore’s state-guided efficiency-
oriented model, and Copenhagen’s socially rooted co-creation 
paradigm. Their divergence demonstrates that technology 
alone cannot deliver smart or sustainable urbanism; rather, 
institutional design and governance culture constitute the 
decisive foundations for building human-centered, resilient, 
and sustainable smart cities. These comparative insights 
provide important direction for Hanoi as it seeks to develop 
a more coherent, participatory, and sustainability-oriented 
model of smart urban governance.
5.2. The Role of Institutional Planning

In the development and governance of smart cities, 
institutional planning functions as a form of “soft infrastructure” 
that connects, coordinates, and balances the roles of 
government, communities, and development resources. 
In Seoul, institutional planning is regarded as a central 
organizational instrument that links administrative tiers with 
civic actors through mechanisms of data transparency and co-
creation. The Seoul Digital Master Plan 2025 exemplifies this 
approach by prioritizing open-data systems and embedding 
citizen participation throughout planning and decision-making 
processes. As noted by Lim et al., this master plan turns 
institutional planning into a living process of co-production 
and adaptation [21], underscoring that institutional planning 
in Seoul operates not as a static document but as an evolving 
framework that enables joint policy production and iterative 
adjustment in response to emerging urban dynamics. This 
institutional architecture has positioned Seoul as a global 
leader in data governance and transparency, where planning 
serves as an instrument of continuous learning and innovation.

By contrast, Singapore conceptualizes institutional 
planning as the foundation for long-term stability, efficiency, 
and societal well-being. Its planning system is organized 
through highly integrated inter-agency coordination involving 
key entities such as the Housing and Development Board 
(HDB), Urban Redevelopment Authority (URA), and Ministry 
of National Development (MND). This institutional coherence 
ensures alignment between physical planning (infrastructure, 
housing, spatial design) and social planning (public housing 
provision, welfare, and quality of life). As observed by Yuen 
and Hamnett, Singapore’s planning system integrates physical 
and social policies to ensure both spatial efficiency and social 
equity [25]. This approach has enabled Singapore to maintain 
over 80% of its population in public housing while preserving 
social stability and minimizing socio-spatial disparity. Here, 
institutional planning functions not only as a technical exercise 
but also as a long-term governance instrument that safeguards 
social equity through state-led coordination and community 
responsibility in sustaining the urban environment.

Copenhagen (Denmark), in contrast, represents an adaptive 
and co-creative model of institutional planning, grounded 
in the Nordic tradition of democratic urban governance. 
The city integrates planning, environmental regulation, and 
sustainability legislation into a flexible institutional framework 

that enables broad-based public engagement in decision-
making. The Copenhagen Climate Plan 2025 operates as an 
“open institutional framework,” in which government acts less 
as a directive authority and more as a facilitator among civil 
society, private actors, and citizens. As Caragliu et al. note, the 
Copenhagen model shows that institutional openness and 
adaptive planning are key to aligning smart governance with 
sustainability goals [26]. This model—supported by platforms 
such as Urban Labs and Co-Design initiatives—has enabled 
Copenhagen to emerge as a global pioneer in low-carbon 
urbanism, renewable energy, and human-centered planning. 
Institutional planning, in this context, serves not merely as 
regulatory oversight but as a mechanism for cultivating social 
trust and collaborative governance.

In contrast to these established models, Hanoi is still 
in the early stages of forming its institutional planning 
framework for smart-city development. Regulations related 
to data governance, decentralization, and public–private 
partnerships (PPPs) remain primarily at the policy level and 
have yet to be operationalized within administrative practice. 
The disconnect between physical planning and institutional 
planning has resulted in smart-city initiatives that function 
largely as isolated pilot projects rather than components of an 
integrated system. To align with international best practices, 
Hanoi must position institutional planning as the central pillar 
of smart governance—one that not only structures spatial 
development but also redesigns the relationships among 
government, private actors, and citizens toward greater 
transparency, cooperation, and sustainability.
5.3. Community Participation and Civic Engagement 
Mechanisms

In the evolution toward smart and sustainable urban 
governance, community participation is increasingly 
recognized as a foundational element that enhances 
transparency, strengthens accountability, and promotes a 
dynamic form of urban democracy in which citizens become 
co-creators of policy rather than passive beneficiaries. Seoul 
exemplifies one of the most advanced institutionalizations 
of participatory governance in Asia. As one of the first 
cities to implement citywide Participatory Budgeting, Seoul 
enables residents to propose, vote on, and monitor more 
than 600 community projects annually. According to Lim 
et al., this mechanism has fundamentally reshaped state–
citizen relations by shifting community involvement from 
consultation to genuine co-production of public policy [21]. 
Complementing this is the mSeoul digital platform, which 
allows real-time feedback, monitoring, and civic reporting. The 
integration of participatory budgeting with digital governance 
illustrates the emergence of “smart citizenship,” where 
technology facilitates participation, but the core value lies in 
empowering communities and fostering institutional trust. 
Seoul’s experience reinforces that the “smartness” of a city is 
measured not only by automation or data capacity but also by 
the responsiveness and learning capacity of civil society within 
the governance system.

In contrast to many centralized Asian urban systems, 
Copenhagen exemplifies a participation model grounded in high 
societal trust and a long tradition of democratic engagement. 
The city’s approach to co-creation—operationalized through 
Urban Commons, Design Labs, and collaborative public-space 
planning—places citizens, experts, and government actors 
on equal footing in shaping green infrastructure, mobility 
systems, and public amenities. This is not merely consultative 
participation but an iterative, two-way learning process that 
improves planning outcomes and reinforces public trust. As 
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Lund argues, Copenhagen’s co-creation approach transforms 
government from administrator to co-designer, producing a 
human-centered form of smart governance rooted in social 
innovation rather than technological determinism [23]. 
The Copenhagen model illustrates that when institutional 
transparency is high and social trust robust, community 
participation becomes a developmental asset rather than an 
administrative challenge.

Singapore, by contrast, represents a model of state-
guided participation within a highly centralized governance 
framework. Mechanisms such as Residents’ Committees (RCs) 
and Community Centres (CCs) ensure widespread community 
engagement in local activities and social cohesion initiatives. 
However, as noted by Ortmann, Vadaketh, and Low, citizen 
participation in Singapore tends to be “high in frequency but 
low in influence,” as it largely operates at the operational level, 
with limited effect on strategic decision-making or urban policy 
formation [27, 28]. This structure reflects a model of guided 
participation designed to ensure administrative efficiency 
and social stability, albeit with constraints on civic autonomy. 
Despite these limitations, the Singaporean model remains 
effective in maintaining societal cohesion and governance 
stability—an important consideration for rapidly developing 
Asian cities.

In the case of Hanoi, community participation in urban 
governance remains largely experimental, fragmented, and 
insufficiently institutionalized. While sporadic participatory 
activities have been introduced in historic district revitalization 
or housing redevelopment projects, they tend to be narrow 
in scope, lacking continuity and formal integration into 
policy processes. The absence of a coherent institutional 
framework for participation limits the long-term effectiveness 
of community engagement and constrains the development 
of a participatory governance culture. As Hanoi advances 
toward smart-city development, formalizing participation 
mechanisms—supported by digital platforms but anchored 
in substantive citizen empowerment—will be essential 
for building social trust and enhancing the legitimacy and 
sustainability of urban policy. Learning from international 
precedents, Hanoi must shift from ad hoc participation to 
institutionalized co-creation, ensuring that technological 
tools serve as enablers of genuine community voice in urban 
development.
5.4. Technology Application and Data Governance

In the transition toward smart-city models, data 
governance and technological integration play a pivotal role 
in enhancing decision-making efficiency, optimizing public 
services, and reinforcing institutional transparency. Yet, cities 
differ substantially in how they structure and operationalize 
these systems, reflecting variations in institutional capacity, 
technological maturity, and governance philosophy. Seoul 
exemplifies a highly institutionalized approach in which data 
are embedded as a core instrument of urban governance. 
Through platforms such as the Open Data Plaza and the Smart 
Seoul Platform—integrating information from more than 80 
public agencies—the city has established an interoperable 
data ecosystem that enables evidence-based policymaking. 
As noted by Lim et al., this infrastructure “transforms 
administrative data into a living system for collaborative 
decision-making” [21]. Beyond serving administrative 
functions, Seoul’s open-data architecture also grants public 
access for monitoring and civic innovation, thereby fostering 
accountability and shared ownership of urban information.

Singapore represents a more centralized and technologically 

intensive model. Its Smart Nation Sensor Platform (SNSP), 
managed by the Infocomm Media Development Authority, 
functions as a national data backbone enabling real-time 
information flows across policy domains. While Seoul 
emphasizes civic data use, Singapore prioritizes systemwide 
reliability, security, and state-led coordination. This centralized 
institutional design supports large-scale integration of IoT 
devices and sensor networks, producing a highly responsive 
urban management system. However, it also raises concerns 
regarding citizen privacy and the concentration of data 
authority. Even so, Singapore’s strong institutional coherence 
positions it as one of the most advanced examples of state-
driven data governance.

Copenhagen adopts a more human-centered, sustainability-
oriented model in which technological systems are designed 
to support environmental and social objectives. Initiatives 
such as Copenhagen Connecting employ sensor networks and 
big-data analytics to optimize mobility, reduce emissions, and 
enhance air quality. As Lund observes, this approach “not only 
digitalizes the city but humanizes technology, embedding it in 
urban life” [23]. Data are openly shared, allowing citizens to 
participate in co-monitoring environmental performance and 
contributing to collective governance processes.

By contrast, Hanoi is in the early stages of implementing 
data-driven governance and continues to face considerable 
institutional and technical constraints. Emerging initiatives—
such as the Smart City Operations Center and the Open Data 
Portal—mark meaningful progress, yet remain fragmented in 
scope and implementation. Hanoi’s data governance remains 
fragmented, lacking an integrated strategy and regulatory 
framework for information sharing and privacy protection. 
Data are dispersed across departments, mechanisms for 
interagency exchange are underdeveloped, and legal provisions 
governing data access, security, and responsibility remain 
incomplete. These gaps limit the city’s ability to operationalize 
evidence-based governance and to leverage the full potential 
of open data. Advancing toward global best practices requires 
Hanoi to institutionalize a comprehensive urban data strategy, 
define clear mandates for data stewardship, and establish 
robust standards for interoperability, access rights, and privacy 
protection.

From the comparative analysis of smart-urban governance 
in Seoul, Singapore, and Copenhagen, three key insights 
emerge. First, successful smart-city development depends 
less on technological or financial capacity than on institutional 
maturity and integrated planning. Seoul and Singapore 
demonstrate that treating data as public infrastructure—
supported by open-data regulations, standardized sharing 
mechanisms, and cross-agency coordination—creates an 
interoperable environment that prevents policy fragmentation 
and enables evidence-based governance. Second, the 
experiences of Seoul and Copenhagen highlight the critical 
role of co-creation and participatory mechanisms in 
strengthening social trust, accountability, and institutional 
responsiveness. Through digital participation platforms, 
participatory budgeting, and collaborative Urban Labs, citizens 
become active co-creators rather than passive recipients of 
policy, reinforcing Tomor’s argument that smart governance 
is fundamentally an institutional—not technological—
achievement. Third, Copenhagen’s human-centered approach 
illustrates that genuine smartness lies in governance systems 
capable of learning, adaptation, and ensuring technology 
enhances social well-being. Ultimately, smart urbanism 
reflects institutional learning capacity rather than the pace of 
digitalization.
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6. Conclusions and Recommendations
In conclusion, the literature demonstrates that the 

transition toward smart and sustainable urban development 
depends fundamentally on the strength of institutional 
and planning frameworks rather than on technological 
capacity alone. While ICT, big data, and IoT systems enhance 
operational efficiency, their transformative potential is 
realized only when embedded within coherent governance 
structures that ensure interoperability, transparency, and 
citizen participation. Smart urban governance—characterized 
by inclusive decision-making, cross-sector collaboration, 
adaptive institutions, and robust data governance—emerges 
as the decisive interface linking technological innovation 
with sustainability objectives. Furthermore, sustainable urban 
development requires aligning digital infrastructures with 
environmental protection, social equity, economic resilience, 
and institutional accountability. International experiences 
from Seoul, Singapore, and Copenhagen highlight that 
cities become genuinely “smart” when institutional planning 
enables coordination, learning, and co-creation across 
government, private actors, and communities. For Vietnam, 
where initiatives remain fragmented and governance capacity 
is still developing, strengthening institutional design, legal 
frameworks, decentralized coordination, and participatory 
mechanisms is imperative. Building such institutional 
foundations will ensure that technology serves as a tool for 
achieving long-term, equitable, and human-centered urban 

sustainability.
Taken together, the international lessons in Seoul, 

Singapore, and Copenhagen suggest that Hanoi—currently 
pursuing its objective of becoming a smart city by 2030—
must shift from a project-based smart-city model to a 
fully institutionalized smart-governance model. Instead of 
prioritizing isolated technology investments, Hanoi must 
establish an integrated institutional framework that positions 
planning, data governance, and civic participation as the 
three foundational pillars of sustainable urban governance. 
As Argento et al. emphasize, smartness without institutional 
maturity generates fragmented policies and digital islands; 
only coherent institutional frameworks can make cities truly 
sustainable [29]. Without such institutional grounding, smart 
city development risks remaining technologically modern yet 
socially unsustainable.

The international experiences reviewed here reveal 
three core pillars necessary for sustainable smart-urban 
governance: (1) institutionalized integrated planning and 
open-data governance; (2) co-creation and participatory 
budgeting; (3) human-centered smartness supported by 
adaptive institutions. Within this triad, institutional planning 
and governance function not merely as administrative tools 
but as the underlying architecture of “responsible smartness,” 
ensuring that urban development is coherent, inclusive, and 
oriented toward long-term sustainability./.
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Abstract
Hai Phong - Viet Nam, as a major coastal 
economic hub, is experiencing rapid spatial 
growth alongside increasing pressures 
from land-use fragmentation, coastal 
erosion, and declining water quality. These 
challenges reveal limitations in traditional 
monitoring and planning systems and 
highlight the need for modern, evidence-
based urban management tools. At the 
same time, recent progress in Generative 
Artificial Intelligence (GenAI) and Earth 
Observation (EO) satellite technologies 
provides new opportunities to improve 
spatial analysis and environmental 
forecasting. However, Vietnam still lacks 
applied research models that integrate 
these technologies into urban governance, 
resulting in fragmented datasets and 
limited analytical capacity. This study 
addresses this gap by synthesizing 
international best practices, evaluating Hai 
Phong's current digital and environmental 
conditions, and proposing a scientific 
roadmap for developing a Predictive City 
model that leverages GenAI and EO to 
enhance planning efficiency and urban 
resilience.
Key words: Generative Artificial 
Intelligence; Earth Observation; satellite 
data; Governance; Hai Phong 
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1. Introduction
Hai Phong City is entering a pivotal stage in its development. As Vietnam's largest 

northern seaport and a core industrial center with a population of 2.13 million and an 
average GRDP growth rate of 13.5 percent from 2016 to 2023, the city is increasingly 
constrained by pressures arising from rapid urban expansion, coastal degradation, 
and fragmented governance structures. Satellite observations indicate that mangrove 
cover in Do Son and Tien Lang has decreased by more than 30 percent since 2000, 
while coastal zones in Hai An have experienced shoreline retreat of 2-3 meters 
annually. Water quality indicators, including Biochemical Oxygen Demand (BOD) and 
Total Suspended Solids (TSS), continue to exceed national thresholds, underscoring 
escalating environmental stress.

This study contends that the integration of Generative Artificial Intelligence 
(GenAI) with Earth Observation (EO) satellite data represents a transformative pathway 
for shifting Hai Phong's urban management paradigm from reactive responses to 
predictive, data-driven governance. Drawing on international experiences from 
Helsinki, Singapore, Jakarta, the paper demonstrates that GenAI-enabled digital twins, 
when combined with satellite-derived analytics, can deliver real-time, evidence-based 
insights that accelerate decision-making, enhance administrative accountability, and 
mitigate the technical disparity between data specialists and policy leaders.

By institutionalizing a unified data architecture supported by GenAI and EO 
technologies, Hai Phong has the potential to evolve into a "Predictive City" - capable of 
anticipating environmental risks, optimizing public investment, and serving as a model 
for AI-driven, sustainable urban governance among Vietnam's coastal provinces.

2. Research Methodology
This study adopts a mixed-methods approach, integrating quantitative and 

qualitative analyses.
Quantitative Analysis: Satellite imagery, national reports, and environmental 

indicators were analyzed to evaluate Hai Phong's urban growth patterns, coastal 
changes, and ecological stress.

Qualitative Analysis: A systematic literature review and qualitative comparative 
analysis were conducted on international cases - Helsinki, Singapore, Copenhagen, and 
Jakarta - to examine AI and EO applications, governance models, and their adaptability 
to Hai Phong's institutional context.

3. Reference Models of Global Success
3.1 Helsinki (Finland)

Helsinki is one of the pioneering cities to implement a comprehensive Urban 
Digital Twin, leveraging Copernicus satellite data and IoT sensor networks. According 
to Hämäläinen et al. (2021), this system enables municipal authorities to simulate the 
effects of urban planning interventions - such as modifications to energy distribution, 
green space allocation, or population density - in real time. The UrbanistAI Project 
(2023) further advanced this framework by integrating GenAI, allowing citizens 
to express urban design proposals in natural language, which the AI subsequently 
converts into detailed layouts, 3D visualizations, and analytical reports. As noted by 
Interoperable Europe (2023), this approach reduced interdepartmental discussion 
time by approximately 60% while enhancing transparency and accountability in urban 
planning processes.

This framework conceptualizes Smart Urban Governance in the digital era, 
emphasizing that the effectiveness of a digital twin system relies not solely on 
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technology but on the integration of three critical pillars: 
technology, institutions, and people. These elements form 
an interconnected system in which each pillar reinforces the 
others.

Governance and Transparency encompasses decision-
making processes, policy frameworks, and accountability 
mechanisms. Stakeholders, Communication, and Trust 
represent the engagement of diverse actors - including 
government, private sector, and citizens - through 
collaboration, information sharing, and trust-building. Digital 
Twin, Platform, and Data Integration refers to the technical 
infrastructure, data architectures, and AI models that enable 
urban visualization, simulation, and predictive analytics.

The intersections of these pillars generate specific 
functionalities that support smart governance. The 
overlap of Governance and Community produces Lifecycle 
Management, ensuring continuous planning, monitoring, and 
policy adaptation. Community and Technology yield Visuality, 
facilitating comprehension of real-world impacts through 
maps, 3D models, and satellite imagery. Governance and 
Technology create the basis for Evidence-Based Decision-
Making, empowering leaders to anticipate trends and make 
informed, proactive choices.

At the core of the framework lies Knowledge, where 
technology, institutions, and people converge to form a 
learning governance system that continuously improves. 
Nevertheless, the model faces constraints, including technical 
limitations such as fragmented data infrastructure and lack 
of integration standards, as well as organizational challenges 
like complex administrative procedures, data protection 
requirements, and limited inter-agency coordination.

In summary, the success of a smart city is not determined 
by technology alone but by the synergistic interaction of 
data, institutions, and citizens. Achieving such integration 
enables cities to generate collective knowledge, forming the 
foundation for transparent, data-driven, and participatory 
governance.

3.2. Singapore
Singapore uses AI to analyze Landsat and Sentinel imagery 

to generate urban heat maps, predict air quality, and simulate 
climate change scenarios. According to the National Research 
Foundation Singapore (NRF, 2023), this data is integrated into 
the Urban Heat Digital Twin system, enabling the city to plan 
over USD 1 billion in climate adaptation investments, reducing 
heat intensity in central districts by 25% (NRF Singapore, 
2023). This is a prime example of how satellites and AI can 
serve as core components of urban governance.

According to the Global Platform for Sustainable Cities 
(n.d.) Singapore integrates supercomputing simulations with 
urban planning decision-making through the Digital Urban 
Climate Twin (DUCT) platform under the Cooling Singapore 
initiative. This system converts data from satellites, sensors, 
and urban infrastructure into high-resolution microclimate 
simulation models, enabling planners to evaluate diverse 
scenarios, such as modifications in building density or 
enhancements in green coverage. The workflow is organized 
into sequential layers, progressing from computational 
infrastructure (supercomputers and cloud systems), to a 
federation of simulation models, followed by the DUCT 
application interface for visualization, scenario exploration, and 
ultimately informing policy formulation and master planning. 
The primary objective is to "bridge the gap between data 
and policy", allowing decision-makers to rely on simulation-
based evidence rather than intuition, thereby establishing a 
foundation for predictive, transparent, and sustainable urban 
governance. 
3.3. Jakarta (Indonesia)

Since 2019, Jakarta's Smart City initiative, in collaboration 
with the Water Resource Agency, has implemented a 
predictive flood control system incorporating IoT sensors 
(measuring rainfall, water level, temperature and vibration) 
and AI-driven analytics via SAS Viya to optimize flood early 
warning and response (Ajie et al., 2024). In addition, Sentinel‑1 
radar imagery has been used to map flood inundation through 

change-detection algorithms, providing 
near-real-time spatial information for 
urban planning and disaster response 
(Sulandari, Pradipta, & Putra, 2024; 
Alawiyah et al., 2021). Recent research 
has also demonstrated the use of 
hybrid machine-learning models 
for probabilistic flood forecasting, 
enhancing situational awareness and 
supporting evidence-based decision-
making in Jakarta (Suwarman, Wijaya, 
2022 & Nugroho, 2025). Collectively, 
these approaches illustrate the growing 
institutional capacity to operationalize 
Earth Observation data and advanced 
analytics for urban flood governance.

4. Lessons for Hai Phong
Although Singapore, Helsinki, 

Copenhagen, and Jakarta differ 
substantially in scale, governance 
capacity, and technological maturity, their 
shared strength lies in the systematic 
integration of satellite data, interoperable 
digital models, and AI-assisted decision-
support systems. Collectively, these 
cases underscore a central principle: 
technological tools alone do not generate 

Figure 1. Interaction framework between Governance, Community and 
Technology - the foundation for forming Urban Knowledge Hub
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transformative outcomes; rather, it is the institutionalization 
of digital systems within routine governance processes that 
produces long-term, sustainable impact. For Hai Phong, these 
global experiences offer not only technical reference points but 
also institutional lessons on organizing data infrastructures, 
coordinating interdepartmental policies, and engaging 
communities in evidence-based urban planning. Accordingly, 
the strategic question shifts from whether Vietnam should 
adopt such technologies to how they can be operationalized 
in a manner compatible with local administrative, legal, and 
socio-economic conditions.

First, data integration must precede policy innovation
According to the Ministry of Natural Resources and 

Environment (MONRE, 2025), Hai Phong has digitized 
land records for only 97 of its 217 wards and communes 
(approximately 45%), covering 75,517 hectares. By contrast, 
neighboring Hai Duong has achieved more than 77% 
digitalization. Fragmented datasets across the Departments 
of Natural Resources and Environment, Construction, and 
district-level land offices lead to inconsistent information 
flows and extended processing times. Establishing a Unified 
Urban Data Platform capable of integrating Copernicus Earth 
Observation imagery, Landsat archives, and existing GIS 
databases is therefore a foundational requirement for the 
effective deployment of AI-enabled decision systems. Such a 
platform would facilitate cross-departmental synchronization 
and ensure that policies are informed by coherent and 
standardized spatial evidence.

Second, GenAI can translate complex data into actionable 
insights. Generative AI can function as an intelligent interface 
between technical data systems and decision-makers. For 
example, the system could generate automated alerts such as: 
"The Cat Hai coastal zone recorded an 18% increase in Total 
Suspended Solids (TSS) compared to Q2 2024, indicating 
heightened ecological stress." By converting multisource 
datasets into natural-language summaries, GenAI reduces 
decision latency, improves policy precision, and allows non-
technical officials to interact directly with environmental 
information through intuitive, human-readable outputs.

Third, AI can support contextual design through global 
benchmarking.

In planning coastal green corridors, Hai Phong can 
utilize datasets such as ESA's Urban Atlas to benchmark 
local indicators - vegetation density, surface albedo, or 
cooling efficiency - against comparable districts in cities like 
Copenhagen or Singapore, where cooling effects range from 
1.2 to 1.5°C. GenAI models can assimilate these precedents 
to generate optimized configurations tailored to Hai Phong's 
climatic conditions, geomorphology, and zoning regulations. 
This approach transforms international best practices into 
localized urban design intelligence.

Fourth, digital tools can reduce the skill gap in urban 
planning.

According to an internal survey by the OECD (2016), only 
25% of local urban planners in Vietnam have received formal 
training in GIS software. Transitioning toward GenAI-driven 
conversational interfaces can democratize access to analytical 
tools. Instead of requiring specialized technical queries, 
officials could simply ask in Vietnamese: "Identify areas with 
rapid land-use change in An Duong District over the past five 
years," and immediately receive maps or analytical reports. 
This capability can significantly reduce the dependence on 
highly specialized personnel and broaden the practical use of 
scientific data in administrative decision-making.

5. Current Conditions and Vision for Hai Phong
With a per capita GDP of approximately USD 6,300 in 

2023 - nearly 1.8 times higher than the national average - 
Hai Phong has emerged as a key economic growth pole in 
northern Vietnam (Vietnam Briefing, 2024; OECD, 2016). 
However, this accelerated development has also generated 
significant environmental and administrative challenges. 
The proportion of concrete urban surface increased by 25% 
between 2010 and 2020, while mangrove cover in Tien Lang 
and Do Son declined by more than 30% compared with levels 
recorded in 2000. Coastal erosion in Hai An has reached an 
average of 2-3 meters per year (MONRE, 2023). In addition, 
water quality indicators such as BOD and TSS in the Cam 

Figure 2. Urban Data Value Chain: From Supercomputing to Policy
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River industrial corridor frequently exceed national standards 
by 20-30% (OECD, 2016).

These trends indicate that the city's current rate of 
urbanization has surpassed its existing monitoring and early-
warning capacities. Without enhanced spatial observation 
systems and predictive simulation tools, the economic and 
ecological costs associated with environmental degradation 
and planning inefficiencies will continue to escalate. 

Drawing on international experiences - such as Singapore's 
Cooling Singapore initiative (2023), Helsinki's Dynamic Digital 
Twin (Hämäläinen et al., 2021), and Copenhagen's Copernicus-
based climate modeling system (ESA, 2023) - Hai Phong can 
envision a transition toward a Predictive City model, in which 
AI, data analytics, and satellite-based Earth observation jointly 
support real-time, adaptive policy making.

Key components of this transformation include:
•	 Continuous data collection: integrating Sentinel imagery, 
iLotusLand environmental sensors, and cadastral datasets 
into a unified cloud infrastructure (ESA, 2023).
•	 Automated analysis and forecasting: applying Generative 
AI for near-real-time detection of land-use change, pollution 
hotspots, and coastal erosion trends (Cooling Singapore, 
2023).
•	 Decision support: generating periodic AI-assisted 
reports that consolidate maps, environmental indicators, and 
recommended actions tailored to each administrative tier 
(OECD, 2016).
•	 Global learning: establishing an AI-enabled Knowledge 
Repository linked to Copernicus Urban Atlas and Helsinki's 
Digital Twin to benchmark urban performance, assess 
policy outcomes, and align with international sustainability 
frameworks (Hämäläinen et al., 2021).

Collectively, this model enhances the efficiency, 
transparency, and responsiveness of urban governance while 
signaling Hai Phong's advancing digital maturity - a critical 
factor for attracting green investment and international 
development financing.

6. Roadmap toward a "Predictive City" for Hai Phong
Instead of continuing with a predominantly reactive 

approach to urban and environmental challenges, Hai 
Phong requires a structured and strategic roadmap to 
transition toward predictive, data-driven governance. This 
transformation should be implemented in sequential phases, 
beginning with a pilot project designed to validate technical 
feasibility, optimize implementation costs, and establish 
operational standards prior to large-scale deployment.

Phase 1 (2025): Pilot Project - "Coastal Digital Twin for Hai 
An - Dinh Vu"

Objective: Develop the initial prototype of Hai Phong's 
Predictive City framework, concentrating on areas undergoing 
intensive industrial development and environmental stress.

Scope: the Dinh Vu - Lach Huyen - Hai An coastal corridor, 
a critical zone that integrates port operations, industrial 
complexes, and residential districts, and is highly susceptible 
to erosion, land subsidence, and coastal hazards.

Key actions include:
•	 Establish a Unified Cloud Data Platform integrating 
cadastral records, transportation data, and environmental 
sensor networks on AWS or an equivalent cloud environment.
•	 Incorporate Sentinel and Copernicus satellite data (10-30 
m resolution) to monitor coastline shifts, vegetation changes, 
and patterns of infrastructure expansion.

•	 Deploy a pilot Generative AI model capable of identifying 
anomalies, generating spatial "hot zone" maps, and producing 
automated simulation reports in Vietnamese.
•	 Set up a Pilot Operations Center within the Department 
of Natural Resources and Environment (DONRE) or the Hai 
An District People's Committee, equipped with a real-time AI-
enabled monitoring and decision-support dashboard.

Expected outcomes: 
•	 Significant reduction in environmental incident detection 
time - from several weeks to a matter of hours; 
•	 Development of Hai Phong's first operational Digital Twin; 
•	 Establishment of an Urban Data Taskforce responsible for 
maintaining, evaluating, and continuously refining the system.

Phase 2 (2026-2027): Data Expansion and AI System 
Enhancement

Objective: Expand the pilot system into a fully integrated 
Unified Urban Data Platform capable of supporting citywide 
governance functions.

Key actions include:
•	 Digitizing the remaining 55% of cadastral records that are 
still maintained in paper format.
•	 Establishing interoperable data flows among key municipal 
departments, including Natural Resources and Environment, 
Construction, Transport, and Planning and Investment.
•	 Upgrading Generative AI models to perform 
multidimensional risk assessments encompassing coastal 
erosion, flooding, air quality deterioration, and zoning 
violations.
•	 Introducing AI-based Planning Simulators that utilize 
Copernicus Urban Atlas data and Helsinki Digital Twin 
reference models to analyze future urban development 
scenarios.

Expected outcomes: 
•	 Generation of real-time environmental risk maps;
•	 Executive-level access to advanced AI dashboards for 
strategic decision-making;
•	 A 50% reduction in the time required to detect and 
respond to zoning violations.

Phase 3 (2027-2028): Institutionalization and Citywide 
Implementation

Objective: Integrate the AI-Earth Observation (EO) 
system into Hai Phong's formal planning, administrative, and 
regulatory frameworks.

Key actions include:
•	 Enacting an Open Data Policy and establishing governance 
mechanisms for the Urban Data Operations Center to ensure 
transparency, interoperability, and data stewardship.
•	 Expanding system deployment to Cat Ba, Kien An, and 
Thuy Nguyen to support multi-zone monitoring across urban, 
forest, and coastal landscapes.
•	 Embedding the Predictive City system within Hai Phong's 
Urban Spatial Planning Framework for the period 2030-2045.
•	 Developing an Urban Efficiency Index (UEI) that applies 
AI-derived indicators to quantitatively evaluate planning 
performance and policy outcomes.

Expected outcomes: 
•	 Institutionalized data-sharing and AI-enabled 
management workflows across municipal agencies;
•	 Recognition of Hai Phong as a national benchmark for 
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Smart Coastal City development.
Phase 4 (2028-2030): International Collaboration and 

Continuous Innovation
Objective: Position Hai Phong as a regional center for 

knowledge exchange in artificial intelligence, satellite-based 
observation, and sustainable urban governance.

Key actions include:
•	 Establishing collaborative research programs with 
international partners such as the OECD, Cooling Singapore, 
the European Space Agency (Copernicus), and leading 
academic institutions including AIT and KAIST to co-develop 
advanced urban climate simulation algorithms.
•	 Developing an Open Urban Knowledge Hub to disseminate 
datasets, analytical methodologies, and implementation 
insights to other ASEAN coastal cities.
•	 Launching interdisciplinary training initiatives - integrating 
AI, urban planning, and environmental science - for public-
sector officials and early-career researchers to strengthen 
long-term institutional capacity.

Expected outcomes: 
•	 Hai Phong evolves into an Urban Living Lab, serving as 
a dynamic platform for experimentation, demonstration, and 
refinement of predictive urban governance systems; 

•	 The city becomes a regional nucleus for innovation across 
the interconnected domains of AI, satellite technologies, 
spatial planning, and open data management.

7. Conclusions
The experiences of Helsinki, Singapore and Jakarta 

illustrate that the integration of Generative Artificial 
Intelligence with Earth Observation satellite data has the 
potential to fundamentally reshape urban governance - 
from flood prediction and green-infrastructure planning to 
comprehensive climate risk assessment. For Hai Phong, this 
shift represents more than a technological enhancement; 
it signifies a transformation from reactive administrative 
practices toward a proactive, predictive model of city 
management.

The foundational prerequisites for this transition - data 
availability, emerging technical expertise, and strengthening 
digital infrastructure - are already taking shape. The critical next 
step is the development of a robust governance framework 
that institutionalizes cross-departmental coordination, data 
interoperability, and collaborative decision-making. By acting 
early, Hai Phong could become the first coastal city in Vietnam 
to fully integrate GenAI, satellite-derived insights, and cloud-
based infrastructure into its urban management system, 
setting a pioneering benchmark for other cities across the 
ASEAN region./.
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Enhancing cost control in Vietnam’s 
Urban railway projects through digital 
transformation and transparency 
mechanisms
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Abstract
Currently, cost overruns critically 
challenge Vietnam's urban railway 
projects. This study investigates how 
digital transformation and transparency 
mechanisms enhance cost control, with a 
specific focus on the mediating role of risk 
management. Analysing survey data from 
106 construction experts using SPSS 26.0 
software, the findings reveal that while 
both factors are vital, their effectiveness is 
channelled through strengthening cost risk 
management capacity, which emerged as 
the most significant predictor. The study 
consequently proposes an integrated 
Digital-Transparency Framework, 
comprising four synergistic pillars: 
technology, transparency, organisational 
capacity, and institutional policy. This 
framework provides an actionable 
roadmap for mitigating financial risks, 
ensuring accountability, and achieving 
sustainable cost control in Vietnam's 
public infrastructure investments.
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1. Introduction
In the context of rapid urbanisation and increasing demand for investment in 

transport infrastructure, Urban Railway Projects (URPs) are considered a strategic 
solution to reduce traffic congestion, improve environmental quality, and promote 
sustainable urban development in big cities such as Hanoi and Ho Chi Minh City [1]
[2][3]. Nonetheless, the implementation of URPs often reveals that many key projects 
experience delays, cost overruns, and financial risks, which place significant pressure 
on public budgets and impact societal trust [3][4][5]. The examination of projects, 
including Cat Linh – Ha Dong, Nhon – Hanoi Station, consistently face severe cost 
overruns, stemming not only from technical issues but also from profound weaknesses 
in cost management, transparency, and real-time monitoring [3][5]. This underscores 
an urgent need for innovative management solutions. 

The national push for digital transformation offers new tools like as Building 
Information Modelling (BIM), Project Management Information System (PMIS), and 
blockchain to enhance cost control [1][6][7]. Simultaneously, transparency mechanisms 
are critical for ensuring integrity in public investment. This article, therefore, investigates 
how digital transformation and transparency mechanisms enhance cost control, with 
a specific focus on their interplay with risk management. The article aims to: (i) Clarify 
the theoretical and practical foundations of these solutions; (ii) Validate their impact via 
expert surveys in Vietnam; and (iii) Propose an integrated management framework to 
improve investment efficiency. To clarify the scientific basis of the proposed solutions, 
this section outlines the theoretical framework, international experiences, and research 
gaps in cost management for UPRs amid digital transformation and transparency.

2. Theoretical foundations and research overview
2.1. Theoretical basis for cost management and digital transformation

According to the guidelines provided by the Project Management Institute (PMI) [8], 
cost management is the process of estimating, budgeting, controlling, and monitoring 
to ensure that a project is completed within the approved budget. For large and long-
term investment projects such as urban railway systems, cost management must be 
organised throughout the entire project lifecycle, from the preparation, design, and 
construction phases, leading into operation.

Digital transformation has emerged as a key direction in cost management across 
the construction and infrastructure industries recently. Research by Osama et al. (2023) 
[1] and Uchenna et al. (2022) [6] confirms that the integration of 5D BIM, Big Data, 
Artificial Intelligence (AI), and PMIS enhances estimation accuracy, helps detect cost 
overruns earlier, and promotes greater transparency and the capability for automated 
auditing.

As illustrated in Figure 1, 5D BIM extends the 3D model by integrating cost 
dimension, enabling automatic quantity take-off and real-time cost tracking. This 
allows project managers to visualise what is being built and how much it costs at any 
given stage.

In addition, blockchain technology has been recognised as a transformative tool 
for enhancing transparency in financial operations and supports more effective project 
cost control. According to Hussain et al. (2024) [7], using blockchain allows payment 
records to be stored in real time, prevents fraudulent behaviour, and provides a shared 
cost database that enhances stakeholder confidence.

Figure 2 shows how a decentralised, impenetrable ledger for financial transactions 
is produced by blockchain technology. Every payment instruction is encrypted, verified 

mailto:lanbtn@hau.edu.vn
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by a network of computers, and stored as a block permanently 
connected to the one before it. This process ensures payment 
records are transparent, traceable, and secure, fostering trust 
among investors, contractors, and government authorities. 

From a governance perspective, Nurhidayah et al. (2024) 
[9] argue that a modern cost management model should be 
based on three key principles, including (i) the integration 
of digital technologies in cost management, (ii) ensuring 
data transparency and traceability, and (iii) strengthening 
independent monitoring and accountability. In the present 
stage, these principles suit the specifications for the renovation 
of Vietnam’s cost management system.
2.2. International experiences in cost management and 
transparency

Many countries have successfully applied cost management 
models for urban railway projects by combining technology 
and transparency. In the United Kingdom, the Crossrail 
project used 5D BIM (Five-Dimensional Building Information 
Modelling) combined with an electronic payment system 
and public dashboards, resulting in a direct cost reduction 
of approximately £70 million in software and personnel 
expenses, along with an additional £8 million saved from the 
risk contingency at Farringdon Station [7]. In Japan and Hong 
Kong, the integrated R+P (Rail-Plus-Property) model optimised 
investment costs and ensured transparency in land value and 
operating expenses [10]. In China, the rapid expansion of the 
urban railway network has been accompanied by a flexible 
public–private partnership mechanism, with strict control 
over project schedules and costs through the application 
of BIM and real-time monitoring systems, contributing to 
more effective cost management in urban railway projects 
[1]. Across Europe, countries such as Germany and France 
have developed risk forecasting systems and life-cycle cost 
analyses combined with digital auditing [4]. We can draw 
several key lessons from these international experiences: (1) 
Digital transformation helps automate cost management and 

provides data for strategic decision-making; (2) transparency 
is the tool that strengthens trust and accountability among 
stakeholders; and (3) combining technology with transparent 
governance creates an advanced cost management model 
that helps limit cost overruns and enhance sustainability and 
investment efficiency.
2.3. Research gap in Vietnam

In Vietnam, the government issued some laws, including 
the Railway Law (2017 and 2023) and encouraged the 
application of technology in infrastructure management [11] 
[12]. These researchers pointed out that the regulations and 
cost management tools for urban railway projects remain 
fragmented, lacking consistent norms, standards, and 
integrated data mechanisms. Most previous studies mainly 
describe the causes of cost overruns or propose general 
solutions, without providing extensive research on the 
relationship between digital transformation, transparency, 
and cost control. 

Based on the research gap mentioned above, this article 
aims to conduct an in-depth analysis of the roles of technology 
and transparency, based on an expert survey dataset (n=106) 
[3] [4], and to propose a digitalised and transparent cost 
management framework suited to the Vietnamese context. 
Building upon the identified research gap, the article 
presents the research methods, hypothesis model, and data 
analysis procedures used to examine the impact of digital 
transformation and transparency on cost management 
efficiency in Vietnam’s urban railway projects.

3. Research methodology
This article employed a mixed-methods approach, 

combining a comprehensive literature review with a 
quantitative survey. The survey was distributed to 120 experts 
in construction investment and management, resulting in 
106 valid responses (accounting for 88.3%). The data were 
analysed using SPSS 26.0 software, utilising a series of 

Figure 1 - Integrated BIM process (5D BIM) in Cost management 
Source: The author's proposal is based on reference numbers [1] and [6]

Figure 2 - Model of Blockchain-Based payment transaction flow in Urban railway projects 
Source: The author's proposal is based on reference number [7]
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analytical techniques including descriptive statistics, reliability 
assessment (Cronbach's Alpha), Exploratory Factor Analysis 
(EFA), and multiple linear regression. The measurement scales 
for the four independent variable groups (X1, X2, X3, and 
X4) were developed from robust theoretical foundations and 
validated through expert reviews:

X1 - Using digital tools and technologies: The scale was 
constructed based on studies concerning 5D-BIM [1], PMIS, 
and AI [6]. It emphasises capabilities for automated cost 
estimation, real-time tracking, and predictive early warning 
systems.

X2 - Enhancing organisational capacity and cost 
management structure: This scale was based on the PMI [8] 
and the Association for the Advancement of Cost Engineering 
(AACE) project management frameworks, emphasising 
organisational structure, staff skills, and coordination between 
departments.

X3 - Strengthening coordination among stakeholders 
and ensuring transparency: The scale was based on studies 
of blockchain for secure record-keeping [7] and transparent 
governance [9], assessing transparency in payments, 
information sharing, and stakeholder collaboration.

X4 - Improving cost-risk management capacity:  Based 
on PMI's risk management standards [8], and infrastructure 
risk forecasting models [4], this scale assessed capabilities in 
identifying, evaluating, and proactively controlling cost-related 
risks during construction. This variable was included based on 
the idea that digital tools and transparency are essential for 
effective risk management.

The survey questionnaire was reviewed twice by experts 
in construction and project management to ensure it was clear 
and relevant to Vietnam's urban railway projects. Reliability 
tests showed all Cronbach’s Alpha values above 0.7, and the 
Exploratory Factor Analysis (EFA) had a KMO of 0.843 with 
extracted variances over 50%, confirming the scales were 

reliable and valid. This validation allowed the variables to be 
used in regression analysis to test the proposed relationships

4. Results and discussion
4.1. Descriptive statistics

The descriptive statistics presented in Tables 1 and 
2 demonstrate that respondents strongly recognise the 
importance of all proposed cost-control factors, with mean 
scores consistently above 4.0. For the "Urgency" group (in 
Table 1), the factors "Using digital tools and technologies 
in cost control (X1)" and "Improving cost risk management 
capacity during construction (X4)" received the highest mean 
scores (4.4340 and 4.4151, respectively). The low to moderate 
standard deviations (from 0.6327 to 0.7935) indicate a 
consensus among the experts surveyed.

Notably, for the "Feasibility" group (in Table 2), the 
factor "Strengthening coordination among stakeholders 
and ensuring transparency in the payment process (X3)" 
achieved the highest mean score (4.4057). This suggests 
that experts view transparency not only as important but 
also as a highly practical and implementable solution within 
the current context of Vietnam's urban railway projects. This 
alignment between high perceived importance and high 
feasibility underscores the relevance of the research focus on 
transparency mechanisms.
4.2. Results of scale validation and regression analysis

The data were found to be reliable and suitable for 
further analysis. As shown in Table 3, all Cronbach's Alpha 
values exceeded 0.7, confirming the internal consistency 
of the measurement scales. The Exploratory Factor Analysis 
(EFA) yielded a KMO value of 0.843, and Bartlett's Test was 
significant, indicating that the data were appropriate for 
regression analysis.

The regression models for both the urgency (Y1) and 
feasibility (Y2) of cost-control solutions showed a good fit. 

Table 1 – Descriptive statistics of observed variables for the urgency group

N Minimum Maximum Mean Std. Deviation

Using digital tools and technologies in cost control (X1) 106 2.00 5.00 4.4340 .6327

Enhancing organisational capacity and cost 
management structure (X2) 106 2.00 5.00 4.2547 .7935

Strengthening coordination among stakeholders and 
ensuring transparency in the payment process (X3) 106 2.00 5.00 4.2830 .7898

Improving cost risk management capacity during 
construction (X4) 106 2.00 5.00 4.4151 .7285

Valid N (listwise) 106     

											           Source: SPSS data analysis results (2025)
Table 2 – Descriptive statistics of observed variables for the feasibility group

 N Minimum Maximum Mean Std. Deviation

Using digital tools and technologies in cost control (X1) 106 2.00 5.00 4.2358 .7874

Enhancing organisational capacity and cost 
management structure (X2) 106 2.00 5.00 4.0377 .8156

Strengthening coordination among stakeholders and 
ensuring transparency in the payment process (X3) 106 2.00 5.00 4.4057 .7274

Improving cost risk management capacity during 
construction (X4) 106 2.00 5.00 4.3113 .7604

Valid N (listwise) 106     

											           Source: SPSS data analysis results (2025)
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As summarised in Tables 4 and 5, the adjusted R² values were 
0.412 for Y1 and 0.628 for Y2, meaning the independent 
variables explain a substantial portion of the variance in the 
dependent variables. The Durbin-Watson statistics close to 2 
(1.846 and 1.843) confirm the independence of residuals.

A critical finding from the regression coefficients in 
Table 6 is that "Improving cost risk management capacity 
during construction (X4)" is the most significant and positive 
predictor for both the urgency (β = 0.637, Sig. = 0.002) and the 
feasibility (β = 0.588, Sig. = 0.000) of enhancing cost control. 
This result indicates that risk management is the main way 
other factors affect cost control effectiveness.

Before discussing the substantive findings, it is essential 
to address the multicollinearity diagnostics. While VIF values 
for X2 (6.141) and X4 (6.953) exceed the conservative 
threshold of 5, they remain below the critical limit of 10 
recommended by Hair et al. (2014) and O'Brien (2007). These 
elevated values reflect theoretically justified conceptual 
overlap—organisational capacity (X2) and risk management 
(X4) are naturally interrelated constructs within project 
management frameworks [8]. The model's strong explanatory 
power (R²=0.628), significant F-statistic, stable Tolerance 
values (>0.14), and consistent coefficient signs across both 
dependent variables confirm that multicollinearity does 
not materially distort the estimates or their interpretation. 
Nevertheless, this finding serves as an important caveat 
for future research, which should consider collecting larger 
sample sizes or applying alternative analytical methods, such 
as Structural Equation Modelling (SEM), to test the model 
more thoroughly.
4.3. Analysis and discussion of results

While the model included four variables, the discussion 
focuses on the core concepts of digital transformation (X1) 
and transparency (X3), and their relationship with the pivotal 
factor, Risk Management (X4).

a. The central role of risk management (X4)
The regression analysis identifies risk management 

capacity (X4) as the most statistically significant driver. This 
means that the best way to control costs is to get better at 
finding, evaluating, and reducing financial risks. This finding 
aligns with international best practices from projects like the 
MTR in Hong Kong, where integrating risk management into 
digital project systems from the outset is standard procedure.

b. Transparency (X3) as an enabler for risk management
Although Transparency (X3) was highly rated in the 

feasibility survey (Mean=4.4057), its direct effect in the 
regression was less pronounced than X4. This can be 
interpreted to mean that transparency does not act alone. 
Instead, it functions by creating a foundation of trust and 
accessible information. This open environment is crucial for 
the effective identification and management of risks (X4). 
For example, transparent payment processes and information 
sharing help detect financial and contractual risks early, 
enabling timely action. Thus, transparency indirectly improves 
cost control by supporting risk management.

c. Digital transformation (X1) as a tool for risk management
Similarly, digital transformation (X1), while highly valued 

by experts, shows a less direct statistical impact. This suggests 
that digital tools are not an end in themselves. Their power 
lies in providing the data, analytics, and real-time monitoring 
capabilities that make modern risk management possible. 
Digital tools like BIM and integrated dashboards give you 
the important information you need to accurately predict, 
keep track of, and manage cost-related risks (X4). Thus, digital 
transformation serves as a powerful tool that enables more 
proactive and data-driven risk management.

d. The supporting role of organisational capacity (X2)
Although X2 shows no statistically significant direct 

effect in the regression (β=0.211, p=0.156), this does not 
diminish its practical importance. Rather, it suggests that 

Table 3 – Reliability of measurement scales (Cronbach’s Alpha) and EFA results for research variables

Scale Group Number of 
Items

Cronbach’s 
Alpha KMO Bartlett Sig. Extracted 

Variance (%)
Using digital tools and technologies in cost control 
(X1) 3 0.818 0.843 0.000 49.3

Enhancing organisational capacity and cost 
management structure (X2) 3 0.839 24.1

Strengthening coordination among stakeholders and 
ensuring transparency in the payment process (X3) 3 0.848 73.4 

(cumulative)
Improving cost risk management capacity during 
construction (X4) 3 0.797

The urgency of the solutions (Y1) 4 0.751 0.752 0.000 57.3
The feasibility of solutions (Y2) 4 0.734 0.752 0.000 55.9

											           Source: SPSS data analysis results (2025)
Table 4 – Summary Results of Regression Model with Y1 (Urgency)

Model R R Square Adjusted R Square Std. Error Durbin-Watson
1 0.659 0.434 0.412 0.4289 1.846

Independent variables: X1, X2, X3, X4; Dependent variable: Y1	 		  Source: SPSS data analysis results (2025)
Table 5 – Summary Results of Regression Model with Y2 (Feasibility)

Model R R Square Adjusted R Square Std. Error Durbin-Watson
1 0.801 0.642 0.628 0.3518 1.843

Independent variables: X1, X2, X3, X4; Dependent variable: Y2	 		  Source: SPSS data analysis results (2025)



71ISSUE 63 - 2025SCIENCE JOURNAL ARCHITECTURE & CONSTRUCTION

Table 6 – Regression coefficients and collinearity statistics

Dependent Variable Predictor B Std. Error Beta t Sig. Tolerance VIF
Y1 (Constant) 2.400 0.276 — 8.708 0.000 — —

X1 -0.185 0.124 -0.222 -1.489 0.140 0.251 3.981

X2 0.149 0.137 0.202 1.089 0.279 0.163 6.141

X3 0.017 0.110 0.021 0.155 0.877 0.320 3.124

X4 0.504 0.156 0.637 3.227 0.002 0.144 6.953
Y2 (Constant) 1.596 0.226 — 7.059 0.000 — —

X1 -0.031 0.102 -0.036 -0.303 0.762 0.251 3.981

X2 0.161 0.112 0.211 1.430 0.156 0.163 6.141

X3 0.051 0.091 0.059 0.563 0.575 0.320 3.124

X4 0.480 0.128 0.588 3.745 0.000 0.144 6.953

											           Source: SPSS data analysis results (2025)

organisational capacity functions as an enabling infrastructure 
rather than a direct intervention. This finding aligns with PMI 
(2017) [8] and Nurhidayah et al. (2024) [9], which position 
organisational structure as a prerequisite for implementing 
advanced cost management practices. In Vietnam's context, 
where institutional capacity remains a challenge [3][5], X2 
provides the foundation for digitalisation and transparency 
solutions (X1 and X3) to operate effectively, thereby indirectly 
influencing risk management capacity (X4). The high VIF 
for X2 (6.141) confirms its conceptual overlap with other 
predictors, particularly X4, indicating they capture related but 
complementary aspects of project governance. Thus, while 
X2 may not show independent predictive power, it remains 
a foundational element that must be strengthened alongside 
the other pillars for the integrated framework to succeed.
4.4. Overall assessment and managerial implications

The findings confirm that both digital transformation 
and transparency are crucial for improving cost control in 
Vietnam’s urban railway projects. Their impact is strongest 
when combined through effective risk management: digital 
tools provide data, transparency builds trust, and together 
they enable better risk oversight. For project managers and 
policymakers, this means efforts should be integrated—digital 
systems alone are insufficient without transparent reporting, 
and transparency is less effective without accessible digital 
data. The ultimate aim is a unified cost-control framework 
where digital information and transparency continuously 
support risk management, preventing overruns and ensuring 
the financial sustainability of key infrastructure projects.

5. Proposed digital–transparency cost management frame-
work for Vietnam’s Urban railway system
5.1. Basis for framework development

The quantitative analysis confirms that effective cost 
control is achieved when digital transformation (X1) and 
transparency (X3) are synergistically integrated to enhance 
risk management capacity (X4), which was identified 
as the central mechanism. The high feasibility score for 
transparency (Mean=4.4057) and the strong, direct influence 
of risk management (β = 0.588, Sig. = 0.000) suggest that a 
successful framework must position transparency as the 
foundational rule and digital tools as the enabling means, with 
the collective goal of fortifying the project's risk management 
capabilities.

This proposed framework is developed by integrating the 
study's empirical findings with the theoretical foundation of 

modern cost management models by PMI (2017) [8] and lessons 
from international best practices in projects like Crossrail (UK) 
and MTR (Hong Kong) [1] [4] [10]. The resulting  Digital–
Transparency cost management framework  consists of four 
interdependent pillars that work in concert to create a robust 
ecosystem for cost control, with enhanced risk management 
as its core output.
5.2. Structure of the proposed framework

The four pillars of the framework are not independent; 
they are designed to interact and reinforce one another, 
creating a cohesive management ecosystem.

(i) Pillar 1 – The digitalisation layer
This pillar provides the technological backbone for data-

driven decision-making and risk identification, such as: (i) 
Implement 5D BIM to integrate quantity, schedule, and cost 
for comprehensive project simulation and risk visualisation; (ii) 
Utilise a PMIS to connect all stakeholders and centralise data 
flow; (iii) Apply AI and Big Data analytics to forecast potential 
cost overruns related to materials, labour, and delays; and (iv) 
Integrate IoT sensors on-site to collect real-time data, enabling 
the early detection of deviations that signal financial risks.

(ii) Pillar 2 – The transparency layer
This pillar establishes the open environment necessary 

for trust and accountability, which is critical for unbiased risk 
assessment, including (i) Build a centralised data repository to 
serve as a single source of truth for all project information; 
(ii) Apply  blockchain technology  to contracts and payments 
to ensure an immutable, auditable trail, preventing fraud 
and disputes; (iii) Develop a public cost dashboard to display 
real-time financial data, allowing all stakeholders to monitor 
expenditures and identify anomalies; and (iv) Perform digital 
audits automatically to quickly detect unusual costs and 
create immediate compliance reports.

(iii) Pillar 3 – The organisational capacity layer
This pillar offers the skills and framework needed to use 

technology effectively and ensure transparency in managing 
risks, such as: (i) Provide professional training and international 
certifications such as PMP, AACE, and Risk Management 
Professional (RMP) for cost and risk management teams; (ii) 
Establish a  dedicated cost management authority  for urban 
railway projects to centralise oversight and accountability; 
(iii) Strengthen inter-sectoral coordination mechanisms 
between relevant government departments; and (iv) Develop 
a clear reward-penalty mechanism  linked to cost-saving and 
risk mitigation performance.
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(iv) Pillar 4 – The institutional and policy layer
This pillar gives legal and regulatory power to enforce and 

standardise the practices of the other three pillars, such as: 
(i) Issue specific cost norms and standards tailored to urban 
railway projects; (ii) Develop a mandatory open data policy for 
all public investment projects; (iii) Promote flexible contract 
models like  PPP and Design–Build–Finance–Operate–
Maintain (DBFOM)  to better allocate and manage financial 
risks; and (iv) Clearly define the legal responsibilities for cost 
disclosure, verification, and risk reporting.
5.3. Operation of the Management Framework

The framework operates as a dynamic, integrated system 
throughout the project lifecycle:

Preparation Stage:  BIM and PMIS (pillar 1) are used for 
accurate cost estimation and risk identification. The open data 
policy (pillar 4) mandates that these initial estimates and risk 
registers are disclosed (pillar 2) from the outset.

Construction Stage: Real-time data from IoT sensors (pillar 
1) is automatically fed into the central dashboard (pillar 2). This 
allows the dedicated management unit (pillar 3) to receive 
early warnings of cost and schedule risks, enabling timely 
interventions as defined by project protocols (pillar 4).

Operation Stage: Actual cost and performance data are 
analysed (pillar 1) and published (pillar 2). This information 
is used to refine cost norms and update risk management 
protocols (pillar 4), creating a continuous feedback loop for 
improving future projects.

By applying this integrated framework, Vietnam's 
urban railway projects can transition to a more proactive, 
transparent, and data-driven cost management paradigm. The 
synergistic interaction of its four pillars directly enhances risk 
management capacity, thereby providing a solid foundation 
for controlling costs, ensuring accountability, and achieving 
the sustainable development of the sector.
5.4. Proposed integrated workflow for project implementation

To translate the theoretical framework into actionable 
steps, an integrated workflow is proposed. This workflow 
outlines how the four pillars interact throughout the key 
stages of an urban railway project to enhance cost control 
through proactive risk management.

Step 1 – Digital-first design and transparent 
budgeting:  This initial stage integrates the  digital 
technology and transparency pillars under a supportive legal 
framework.

Mandate the use of  5D BIM  for all design packages, 
creating an integrated baseline for cost, schedule, and 
quantities.

The estimated total investment, derived from the BIM 
model and a historical cost database, must be publicly disclosed 
(transparency) upon approval, as stipulated by a specific Open 
data policy (legal framework). This early transparency sets a 
clear baseline and mitigates risks related to scope ambiguity 
and budget inflation.

Step 2 – Data-driven construction and real-time 
monitoring:  This stage leverages  Digital Technology  to 
empower the Organisational team with actionable insights for 
risk control.

Implement a centralised PMIS to connect all stakeholders, 
ensuring a single source of truth.

Utilise  IoT  sensors to track material delivery, equipment 
usage, and work progress on-site, feeding real-time data into 
the PMIS.

The project management unit (organisational capacity) 
uses this data for  real-time monitoring, enabling early 
detection of deviations (e.g., volume overruns, delays) that 
pose direct cost risks.

Step 3 – Automated and auditable payment processes: This 
stage synergises  digital technology  and  transparency  to 
directly mitigate financial risks.

Implement  e-contracts  and  blockchain technology  to 
record all payment milestones and transactions.

This creates an immutable audit trail, preventing fraud and 
disputes (transparency), and allows for automated verification 
of completed work against the BIM model before payment is 
approved, drastically reducing payment-related risks.

Step 4 – Transparent project closure and data 
disclosure: This stage formalises learning and accountability, 
reinforcing the legal framework and transparency.

Upon completion, a final cost report must be  publicly 
disclosed (transparency) in an open data format.

Figure 3 - Digital–Transparency cost management Framework (Source: Proposed by the authors)
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This final account is compared against the initially disclosed 
budget, providing a clear basis for  performance evaluation 
(organisational capacity)  and enforcing accountability as per 
regulations.

Step 5 – Operational feedback for continuous 
improvement: This stage closes the loop, using project data to 
de-risk future investments.

The actual operation and maintenance cost data are 
fed back into the central  historical cost database (digital 
technology).

This data is crucial for conducting accurate  Life-Cycle 
cost analyses  for future projects, improving the accuracy of 
initial estimates and mitigating the risk of long-term budget 
shortfalls.

6. Conclusion and policy implications
6.1. Conclusion

This article systematically examined the mechanisms for 
enhancing cost control in Vietnam's urban railway projects. The 
empirical findings confirm the central hypothesis that digital 
transformation and transparency mechanisms enhance cost 
control primarily through the pathway of strengthened risk 
management. While both digital tools (X1) and transparency 
(X3) were perceived as highly feasible, the regression analysis 
identified risk management capacity (X4) as the most 
significant and direct driver of cost control effectiveness. This 
reveals a critical mechanism: digitalisation provides the data 
and tools for proactive risk identification, while transparency 
creates the trustworthy environment necessary for unbiased 
risk assessment and mitigation. Organisational capacity (X2) 
serves as the essential foundation that enables this entire 
system to function. The proposed Digital-Transparency 
Framework, therefore, is not merely a collection of isolated 
solutions but an integrated ecosystem designed to channel 
the synergy of technology and open governance into superior 
risk management, which is the ultimate key to curbing cost 
overruns.
6.2. Policy implications

To operationalise the study's findings, a coordinated set of 

policy actions is recommended, aligned with the four pillars of 
the proposed framework:

Institutionalise transparency and mandate digital reporting 
(Pillars 2 and 4):  Policymakers should strengthen the legal 
framework to mandate public disclosure of estimated and 
final costs, alongside requiring the use of digital tools like BIM 
and blockchain for auditing. This creates the non-negotiable 
"rules of the game" that force transparency and enable data-
driven risk tracking.

Invest in a Unified National digital platform (pillar 
1): The government should champion the development of a 
centralised digital cost management platform. This system 
would integrate BIM, PMIS, and IoT data, serving as the 
technological backbone for real-time risk monitoring and 
providing the raw material for transparent reporting.

Build specialised organisational capacity (pillar 3):  A 
dedicated cost and risk management authority for urban 
railways should be established. At the same time, intensive 
training in digital skills and international risk-management 
standards, such as those from AACE and RMP, is needed to 
help staff use the new systems and processes effectively.

Promote Risk-Sharing contract models (pillars 2 and 
4):  Promoting PPP and DBFOM models with clear contract 
shares that financial risks between public and private sectors, 
encouraging all parties to manage costs effectively.
6.3. Limitations and Future Research

The primary limitation of this article lies in its reliance 
on expert perception data, which, while valuable, should 
be supplemented with hard financial data from completed 
projects for more robust validation. Future research 
should focus on  conducting longitudinal case studies  to 
quantitatively measure the impact of implementing the 
proposed framework on actual project cost performance. 
Furthermore, a critical next step would be to  develop and 
validate a set of specific Key Performance Indicators (KPIs) for 
monitoring the effectiveness of digitalisation, transparency, 
and risk management at each stage of the project lifecycle, 
thereby transforming the framework from a conceptual model 
into a practical management tool./.
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A systems-based approach to bim-enabled 
risk management in vietnam’s construction 
investment lifecycle
Nguyen Minh Nhat

Abstract
This paper explores the potential of 
applying Building Information Modelling 
(BIM) to enhance risk management 
effectiveness in construction investment 
projects in Vietnam. By combining a 
review of specialized literature with 
field surveys conducted at selected 
construction enterprises, the study 
focuses on three key areas: (1) the 
integration of BIM into risk identification 
and control processes; (2) stakeholders' 
awareness and perceptions of BIM as a 
supportive tool for risk management; and 
(3) technical and organizational barriers 
that hinder effective BIM implementation 
in practice. The findings indicate that 
in the Vietnamese context, BIM is still 
predominantly utilized during the design 
phase, while its functionalities related to 
risk management remain underutilized. 
This reflects both a lack of technological 
capability and insufficient interdisciplinary 
coordination among project participants. 
Based on these insights, the study 
proposes several recommendations 
to foster more comprehensive BIM 
integration throughout the project 
lifecycle, including: enhancing digital 
competencies of implementation 
teams, establishing standardized cross-
disciplinary collaboration protocols, and 
developing a robust data infrastructure 
to support risk identification, assessment, 
and control in a BIM-enabled environment.
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1. Introduction
In response to mounting pressures to control costs, adhere to schedules, and 

ensure safety across construction projects, there is an urgent need to innovate project 
management practices through the integration of digital technologies. Within this 
context, Building Information Modeling (BIM) has emerged as a strategic enabler, 
facilitating the seamless integration of technical specifications, scheduling, cost 
estimation, and risk management within a unified data environment. Beyond enhancing 
design and construction efficiency, BIM plays a critical role in supporting data-driven 
decision-making throughout the entire project lifecycle [1].

Several Asian nations, including South Korea, Singapore, and China, have introduced 
mandatory BIM requirements for projects funded by public capital [2], [3]. In Vietnam, 
the government is progressively driving the digital transformation of the construction 
industry. This effort is exemplified by the issuance of Decision No. 258/QĐ-TTg in 
2023, which mandates the application of BIM for special-grade and Phase I beginning 
in 2023, with a planned extension to Phase II by 2025 [4]. Complementing these policy 
initiatives, a framework of technical standards and regulatory documents, such as 
Decree No. 175/2024/NĐ-CP in 2024 and the national standard TCVN 14177:2024, 
has been established to ensure the standardized implementation and quality assurance 
of BIM practices across the sector.

Despite recent policy advancements, the practical implementation of BIM in 
Vietnam remains limited. Current applications are predominantly concentrated on 3D 
modeling, primarily for detecting design clashes during the pre-construction phase 
[5]. More advanced uses, such as 4D BIM for schedule management, 5D BIM for 
cost estimation, and integrated risk management, have yet to be widely adopted [6]. 
Moreover, the absence of clear regulations regarding model updates among project 
stakeholders, along with the lack of standardized risk data protocols, has constrained 
BIM’s potential as a comprehensive risk control tool.

Against this backdrop, the present study investigates the application of BIM in 
risk management within construction investment projects in Vietnam. It examines 
the current forms of BIM utilization, assesses stakeholder awareness, and identifies 
prevailing technical and organizational barriers. The objective is to clarify both the 
potential and the limitations of BIM in managing project risks, and to propose strategic 
directions for effectively integrating BIM into risk management practices that are 
suited to the specific conditions of Vietnam’s construction industry.

2. Research Methodology
This study adopts a mixed-method approach, combining selective analysis of 

both domestic and international literature with empirical fieldwork conducted among 
construction enterprises in Vietnam. The literature review aims to establish a theoretical 
foundation and develop an analytical framework appropriate to the research context. 
Sources include technical reports, professional guidelines, and peer-reviewed academic 
studies mentioned in the paper. 

In parallel, the research team collaborated with various stakeholders currently 
active in the Vietnamese construction sector, including project owners, contractors, 
and consulting firms. Field data were collected on the extent of BIM implementation 
across different project phases, from design and construction to operation, as well 
as the specific application methods employed. The study also captures stakeholder 
awareness and perceptions regarding BIM’s role in risk management.

3. Result and Analysis
3.1. BIM-Enabled Risk Management in the Vietnamese Construction Industry 

(1) BIM Application across the Lifecycle of Construction Investment Projects

mailto:nhatnm@hau.edu.vn
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The application of Building Information Modeling (BIM) 
across different phases of a construction project lifecycle has 
become increasingly vital in mitigating and managing project 
risks. During the design phase, BIM facilitates the integration 
of architectural, structural, and MEP (mechanical, electrical, 
and plumbing) systems within a unified digital environment. 
Through detailed simulations and clash detection among 
disciplines, potential design errors can be identified early, 
thereby reducing the likelihood of costly issues during 
construction. In practice, several design firms in Vietnam have 
begun utilizing BIM-based modeling software to conduct clash 
detection and enhance the quality of design documentation 
[10].

In the construction phase, BIM proves highly effective 
for on-site coordination, particularly when combined with 
scheduling data in 4D BIM applications. Issues such as 
overlapping work sequences, limited equipment operating 
space, or potential safety hazards can be proactively identified 
and addressed during the planning stage. As a result, 
contractors are better positioned to select more rational 
and preventive construction methods, helping to minimize 
delays and reduce the occurrence of accidents [3]. Moreover, 
the ability to associate risk-related data with specific model 
elements significantly improves the speed and accuracy of 
information retrieval, while also enhancing the development 
of safety plans [8].

In the operation and maintenance phase, some project 
owners have adopted BIM models to support equipment 

inspection, preventive maintenance, and failure prediction 
of building systems. Although the application of BIM in this 
phase remains limited in Vietnam, largely due to the absence of 
standardized data and a lack of continuity from earlier project 
stages, early pilot projects have demonstrated considerable 
potential for improving asset management efficiency and 
reducing long-term operational costs [10].

Field survey results reveal a notable disparity in the extent 
of BIM adoption across different lifecycle phases. BIM is 
most commonly applied during design and construction, 
whereas its use in facility operation remains significantly 
underdeveloped. The design phase presents fewer barriers 
to BIM adoption, as it aligns closely with the core activities 
of architects and engineers and generally requires less 
interdisciplinary coordination. In contrast, application during 
the construction phase is less widespread, due to limited 
technical capacity among contractors and the absence of 
enforceable requirements from project owners. Notably, 4D 
BIM implementation remains concentrated in large-scale 
projects where construction sequencing and risk simulations 
are integrated into construction planning workflows.

As for the operation phase, BIM has yet to become a 
mainstream tool for facility management. The main constraints 
include the lack of standardized operational data and the 
absence of regulatory mandates or enforcement mechanisms 
for asset managers and facility operators post-construction. 
Despite the evident benefits of maintaining updated BIM 
models for maintenance planning and system risk prevention, 

Figure 1. Roadmap for BIM Implementation in Vietnam

Figure 2. Theoretical and Conceptual Framework
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such practices remain underutilized within the Vietnamese 
construction context.

 (2) Simulation, Clash Detection, and Technical Risk 
Prediction

The implementation of 4D BIM, which integrates the 
time dimension into the traditional three-dimensional 
model, enables project stakeholders to visually simulate 
the construction process and identify potential conflicts 
within the execution plan at an early stage. This technology 
facilitates the synchronization of spatial configurations with 
temporal sequencing, thereby supporting the optimization of 
construction planning and site logistics.

In Vietnam, several contractors have adopted software 
tools such as Navisworks and Synchro to simulate task 
sequences and detect scheduling conflicts or spatial clashes. 
These practical applications help mitigate common risks such 
as overlapping construction activities, inadequate temporary 
workspace, or restricted equipment maneuverability. As 
a result, project teams are able to take a more proactive 
approach in coordinating site operations and adjusting plans 
dynamically, ultimately enhancing overall project control and 
risk mitigation [7].

Figure 3. 4D BIM in construction scheduling simulation and 
technical clash detection

In addition to simulation capabilities, the integration of 
BIM models with on-site monitoring systems, such as sensors, 
surveillance cameras, and real-time construction tracking 
devices, is becoming increasingly common. This convergence 
enhances the accuracy and responsiveness of risk prediction 
and management. When real-time field data is transmitted 
directly into the digital model, project managers can promptly 
identify high-risk zones, such as areas experiencing excessive 
loading or locations where construction equipment is 
operating outside of predefined parameters. Organizations 
that have implemented these technologies in an integrated 
manner report significant improvements in early hazard 
detection and in their ability to respond swiftly to unexpected 
site conditions [9], [6].

Concurrently, the practice of risk encoding directly within 
the BIM environment is being adopted in several large-scale 
construction projects, particularly high-rise buildings. Potential 
hazards are categorized by risk type, such as technical risks 
or occupational safety risks, and assigned unique identifiers 
linked to specific model elements. This approach not only 
enables a visual representation of risk-prone areas but also 
accelerates the risk assessment process and enhances the 
clarity and efficiency of information exchange among project 
stakeholders [5].

 (3) Risk Data Tagging and Traceability through BIM Models
One of the most effective applications of BIM in risk 

management lies in its capacity to embed risk-related 
information directly into specific elements of the digital 
building model. When a hazard is identified, such as the risk 
of ground slippage during basement excavation, relevant data 
can be assigned to the exact corresponding location within 
the model. This enables field engineers and project managers 
to easily identify, locate, and monitor potential hazards in 
relation to the actual construction site environment.

Moreover, the BIM system supports the classification 
of risks using a Risk Breakdown Structure (RBS), grouping 
them based on their origin or level of impact. Employing 
such a structure facilitates the systematic organization of 
risk information, thereby enhancing the traceability of root 
causes, supporting severity assessments, and guiding the 
development of targeted mitigation strategies [5].

Figure 4. Risk Breakdown Structure (RBS) in the context of BIM
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The integration of data into BIM models not only enables 
spatial visualization of risk information but also facilitates 
the creation of detailed change logs. Every modification 
related to design adjustments, technical specifications, or 
risk alerts is recorded with corresponding timestamps and 
user identification. This feature enhances transparency and 
traceability, allowing for efficient incident investigation or 
retrospective evaluation of project execution. Such capabilities 
represent a significant advantage of BIM over traditional risk 
management methods, which often rely on static drawings or 
paper-based documentation [8], [2].

In addition, several consulting firms and general 
contractors in Vietnam have adopted BIM in conjunction 
with project management software to generate periodic risk 
reports. These reports provide real-time insights into the 

status of identified risks and help quantify their potential 
impacts, thereby offering a solid foundation for timely and 
proactive adjustments to construction plans [10].

Survey findings from selected domestic construction 
enterprises indicate a growing trend in the adoption of BIM-
based risk management practices, particularly during the 
construction and operational phases of projects.

Survey findings reveal a significant disparity in the adoption 
of BIM-based risk management practices across Vietnamese 
construction enterprises. The most commonly implemented 
application is 4D simulation for identifying construction 
bottlenecks, with 67% of surveyed organizations reporting 
its use. This reflects a prevailing trend of leveraging BIM as 
a visualization tool to detect spatial and temporal conflicts in 
construction schedules.

Figure 5. Current practices and trends in applying BIM for risk identification, assessment, and 
mitigation

Figure 6. Stakeholder relationships in the implementation of BIM for Risk management in 
Construction projects
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The use of BIM for generating change logs to support root 
cause analysis of risks was reported by 35% of respondents, 
indicating a moderate level of interest in tracking and analyzing 
model changes over the course of project implementation. 
Risk tagging, where risk codes are assigned to specific spatial 
elements within the BIM model, was adopted by only 17% 
of firms. This low adoption rate is likely due to the technical 
complexity involved in structuring and classifying risk 
information in alignment with the model’s architecture.

Notably, only 8% of enterprises reported integrating BIM 
with real-time field data systems such as sensors, surveillance 
cameras, or monitoring devices, highlighting substantial 
barriers in terms of technological infrastructure and system 
interoperability. Alarmingly, 45% of the surveyed companies 
indicated that they had not implemented any form of BIM 
for risk management. This figure underscores a significant 
gap in harnessing BIM’s full potential as a risk control tool, 
particularly among organizations lacking a synchronized 
digital infrastructure.
3.2. Stakeholder Perceptions of BIM as a Risk Management Tool

In a construction investment project, multiple 
stakeholders are typically involved, including government 
regulatory agencies, material suppliers, design consultants, 
supervision consultants, and subcontractors. However, for 
the purposes of this study, the analysis is limited to three key 
stakeholder groups whose roles are both direct and decisive 
in the adoption of BIM as a tool for risk management: project 
owners, consultants, and construction contractors. These 
actors are not only the primary users of BIM-generated data 
during project implementation but also play a central role 
in shaping how BIM is integrated into technical risk control 
processes throughout the project lifecycle.

Project Owners
Within the ecosystem of a construction project, project 

owners play a leading role not only in financial decision-
making but also in determining the technological trajectory 
and governance frameworks adopted. As such, their level of 
awareness and perception of Building Information Modeling 
(BIM) critically influences whether this technology is utilized 
as a risk management enabler. In practice, there remains 
considerable variation in how different categories of project 
owners approach BIM. Some continue to perceive BIM 
merely as a visualization tool, useful for securing building 
permits or enhancing tender documentation, rather than as a 
data-rich platform capable of supporting comprehensive risk 
assessment and mitigation throughout the project lifecycle 
[7].

Conversely, more forward-looking project owners are 
increasingly recognizing BIM’s strategic function in minimizing 
technical risks and facilitating construction planning. These 
entities actively leverage BIM functionalities such as clash 
detection, scenario-based construction simulations, and risk 
tagging within the digital model to inform timely and evidence-
based decision-making. For these actors, BIM transcends its 
role as a software application and is instead viewed as an 
integrated information environment for project coordination 
and risk governance. Nonetheless, many project owners have 
yet to fully grasp BIM’s potential in managing non-technical 
risks, such as cost volatility, regulatory non-compliance, 
or supply chain disruptions. A narrow focus on BIM’s 3D 
geometric modeling capacity often precludes the adoption 
of its data analytics and systems integration capabilities. 
This limited perspective also influences how owners define 
contractual expectations for contractors and consultants, 
thereby constraining the effectiveness of BIM implementation 

across the project network [1]; [5]; [6].
In summary, while project owners occupy a pivotal position 

in determining the adoption of BIM, their understanding and 
strategic orientation towards the technology remain uneven. 
When BIM is perceived solely as a modeling tool, its benefits 
for risk management are significantly underutilized. In contrast, 
when it is embraced as a decision-support system across the 
project lifecycle, BIM can substantially enhance risk control 
outcomes. Therefore, raising project owners’ awareness of 
BIM’s multifaceted value is a prerequisite for promoting its 
strategic and sustainable deployment in the construction 
sector.

(2) Consulting Entities
Among architectural and engineering design consultancies, 

engagement with Building Information Modeling (BIM) has 
predominantly focused on geometric modeling and technical 
visualization. Numerous domestic firms have developed 
proficiency in using platforms such as Revit, Tekla, or Civil 
3D to produce 3D models; however, the capacity to leverage 
model-derived data for systematic risk analysis and mitigation 
remains limited. Practices such as assigning risk identifiers 
to design elements, simulating cascading failure scenarios, 
or systematically tracking design revisions are seldom 
implemented. This shortfall is largely attributed to a lack of 
specialized human resources and, more critically, the absence 
of explicit risk management requirements from project owners 
during the design development phase [10].

For project management consultancies, whose core 
responsibilities include progress monitoring, inter-contractor 
coordination, and change contro, BIM has the potential to 
function as a robust platform for proactive risk governance. 
Nevertheless, integration of BIM into the project management 
system remains partial and fragmented in many cases. This gap 
is often due to limited institutional awareness and insufficient 
operational capacity. Only in large-scale projects, especially 
those involving international project managers or firms 
with global expertise, is BIM adopted as an indispensable 
component of risk control protocols [1].

During the operation and maintenance phase, facility 
management units in Vietnam have yet to fully institutionalize 
the use of BIM as a dynamic digital twin reflecting as-built 
and as-maintained conditions. In most cases, the BIM model 
is not updated to reflect post-construction changes, thereby 
undermining its utility for failure diagnostics, maintenance 
history tracking, or risk hotspot identification. The absence 
of regular updates reduces the model’s long-term value as a 
life-cycle risk monitoring tool. In contrast, if routinely updated 
and integrated with sensor networks, BIM can serve as an 
intelligent early-warning system for structural, environmental, 
or technical anomalies [9].

Another significant barrier lies in the regulatory vacuum 
surrounding the formal role of BIM in construction supervision, 
acceptance testing, and facility maintenance. The lack of legal 
mandates or standards creates institutional ambiguity and 
disincentivizes stakeholders from investing in model-based 
risk management workflows. This regulatory deficiency also 
contributes to a persistent information discontinuity between 
the construction and operational phases, exacerbating latent 
risks that remain unaddressed due to fragmented data and 
responsibility silos [2].

Construction Contractors
Among the key stakeholders in a construction project, 

contractors are the ones who directly encounter and manage 
on-site risks. Ideally, they should be the most active users of 
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BIM for risk management purposes. However, in practice, 
most domestic contractors still approach BIM in a superficial 
manner, using it mainly for visualization or basic technical 
coordination, without fully recognizing it as a data-driven 
tool for systematic and continuous risk control throughout 
the construction process [7]. This limited engagement often 
results in BIM being used in isolation, disconnected from 
safety assessment systems or site risk analysis frameworks.

Even among contractors who have adopted BIM at a 
relatively structured level, advanced applications, such as 
simulating hazardous construction sequences, detecting 
schedule conflicts, or forecasting site risks, remain largely 
experimental. On-site personnel are often not trained to 
extract or utilize information from BIM models and tend to 
view BIM as the responsibility of design teams or specialized 
BIM engineers, rather than as a practical tool for construction 
management. In contrast, some internationally experienced 
contractors have begun to integrate BIM into safety risk 
assessment workflows, mapping high-risk zones and 
developing response strategies. In these cases, the BIM model 
serves as a “site risk map,” connected to on-site monitoring 
and alert systems [6]. This approach lays the groundwork for 
using BIM as a strategic tool to reduce losses and enhance 
safety in complex construction environments.

From the perspective of project owners, awareness of 
BIM's potential tends to be higher. Many owners now view 
BIM not just as a design aid but as a data platform for schedule 
management, conflict simulation, and proactive risk-informed 
decision-making. On the other hand, consulting firms, 
including design consultants, project managers, and facility 
managers, while generally familiar with BIM software, often 
struggle to leverage its advanced functions for risk control. 
This gap reveals a disconnect between software proficiency 
and the ability to integrate BIM into comprehensive project 
management workflows.

The disparity in BIM awareness and application levels 
among project stakeholders represents a significant barrier 
to realizing the full potential of this technology in risk 
management. When BIM is perceived merely as a standalone 
technical tool rather than a collaborative platform, its 
integrative and cross-functional value throughout the project 
lifecycle is severely underutilized. To address this, targeted 
training programs, awareness campaigns, and standardized 
perceptions among stakeholders are essential to promote the 
effective and coordinated adoption of BIM in construction 
risk management practice.
3.3. Barriers to the Effective Utilization of BIM in Construction 
Risk Control in Vietnam

(1) Limitations in Human Resources and Skills for BIM-
Based Risk Management

A major barrier to the effective use of BIM in construction 
risk control in Vietnam lies in the limited technical skills of 
the workforce. Most technical personnel are currently only 
capable of using BIM for basic modeling purposes, without 
the ability to leverage advanced functionalities such as risk 
code assignment, hazardous sequence simulation, or data 
extraction for incident forecasting. Many site engineers still 
perceive BIM-related tasks as the sole responsibility of design 
teams or specialized BIM engineers, rather than an integrated 
part of overall construction risk management systems.

The shortage of qualified professionals who can manage 
and continuously update BIM data throughout the project 
lifecycle has resulted in models becoming obsolete during 
the operation and maintenance phase. This disrupts post-

construction risk management activities, such as maintenance 
inspections and incident tracing, thereby reducing the overall 
effectiveness of risk control efforts [10]; [2].

Although advanced BIM tools such as Navisworks (for 
visualization and clash detection) and Solibri Model Checker 
(for safety evaluation) have enabled the integration of risk-
related data into digital models, their adoption remains 
limited to large general contractors or high-investment 
projects. Small and medium-sized enterprises (SMEs) continue 
to face significant obstacles, largely due to the lack of 
specialized training programs and the absence of systematic 
implementation support mechanisms [8].

(2) Fragmented BIM Implementation and Poor Integration 
with Risk Management Systems

In many construction projects in Vietnam, the application 
of BIM remains fragmented and is often limited to geometric 
modeling or design documentation visualization, rather than 
being fully integrated into a comprehensive risk management 
system. BIM implementation is frequently executed without a 
clear framework for linking the model to the Risk Breakdown 
Structure (RBS) or to project monitoring tools. As a result, the 
potential of BIM in facilitating coordination and proactive risk 
forecasting is largely underutilized [10].

In practice, 3D models are still primarily used for technical 
coordination, while the adoption of 4D BIM for real-time 
risk tracking is minimal. The lack of integration between risk 
assessment, warning, and mitigation systems with the BIM 
environment creates significant blind spots in project risk 
response strategies. Consequently, early detection and timely 
intervention in emerging risks remain challenging [1]; [3].

(3) Regulatory Framework and Policy Gaps
In Vietnam, several legal documents and technical 

guidelines have been issued mandating the implementation 
of BIM in large-scale or state-funded construction projects 
starting from 2023 [4]; [10]. However, existing regulations 
primarily emphasize the scope of BIM application, 
implementation procedures, and stakeholder responsibilities. 
They fall short of explicitly defining BIM's role as a strategic 
tool for risk control throughout the project lifecycle.

Critical aspects, such as the level of BIM integration with 
occupational health and safety (OHS) management, schedule 
control, cost deviation monitoring, and design error prevention, 
remain underdeveloped or are absent from official guidance. 
This lack of specificity has led to inconsistent interpretations 
and implementation practices across project stakeholders. 
Furthermore, the absence of mandatory technical indicators 
or standardized protocols for embedding risk-related data 
within BIM models has resulted in implementation difficulties 
and a lack of strategic direction [7].

(4) Financial Barriers and Lack of Institutional Support for 
BIM Adoption

Effective implementation of BIM requires substantial 
investment in specialized software, high-performance 
hardware (e.g., workstations, simulation devices), professional 
training programs, and internal coordination mechanisms 
among departments and external contractors [6]; [9]. These 
requirements pose significant challenges for small and 
medium-sized enterprises (SMEs) in Vietnam’s construction 
sector, many of which lack the financial capacity to sustain BIM 
as a risk management tool throughout the project lifecycle.

In practice, some firms that initially adopted BIM were 
unable to fully exploit its capabilities due to insufficient 
resources for data updates, integration of operational 
information, or linkage to real-time warning systems. As a 
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result, BIM's potential to enhance risk control during critical 
phases such as construction and maintenance remains largely 
unrealized. This financial constraint severely limits the long-
term utility of BIM in actual project execution, especially in 
resource-constrained environments.

(5) Lack of Stakeholder Collaboration in BIM-Based Risk 
Management

One of the critical yet often overlooked barriers to effective 
BIM adoption is the lack of coordinated collaboration among 
project stakeholders, resulting in risk-related information 
being poorly communicated, inconsistently updated, and 
inadequately analyzed throughout the project lifecycle. In 
practice, many BIM models developed during the design 
phase are not fully transferred to construction contractors or 
are left outdated during subsequent phases such as execution 
and facility management. This breakdown undermines the 
continuity of data flow, one of BIM’s core strengths [10].

In several Vietnamese projects, BIM implementation is 
mandated only during the design stage, while supervision 
consultants and contractors are neither assigned the 
responsibility nor provided the resources to update risk-
related data. As a consequence, the model quickly becomes 
obsolete. Without a shared understanding of BIM as a risk 
management tool across all parties, the model is reduced to 
a static visualization instrument, incapable of supporting early 
warnings or timely mitigation of emerging risks [3]; [9].

4. Strategic Directions for Enhancing BIM Utilization in 
Construction Project Risk Management in Vietnam

The adoption of Building Information Modeling (BIM) 
for risk management in construction investment projects 
continues to face numerous challenges, including technological 
limitations, fragmented stakeholder perceptions, and gaps 
in the regulatory framework. To enhance the effectiveness 

of BIM-based risk control throughout the project lifecycle, 
a comprehensive and integrated set of solutions must be 
implemented as follows:

Clarifying the Role of BIM within the Legal Framework for 
Risk Management

Although Vietnam has taken important steps toward 
promoting BIM adoption in construction projects through 
mandatory implementation regulations, current technical 
standards still lack clear definitions of BIM’s specific role in 
risk management. It is therefore imperative to urgently revise 
national BIM standards to include technical provisions that 
define: (1) a minimum dataset of risk information required 
for updates, (2) integrated safety indicators within the model, 
and (3) standardized procedures for risk information control 
and validation across all project phases—from design through 
operation. These enhancements are essential to ensure legal 
enforceability and practical consistency in implementation.

Establishing a Technical Framework for Integrating BIM 
with Risk Data Systems

The integration of BIM with existing risk management tools, 
such as Risk Breakdown Structures (RBS), Work Breakdown 
Structures (WBS), and 4D scheduling plans, is a prerequisite 
for effective risk control. A detailed technical guideline should 
be issued to explain how BIM model elements connect with 
specific monitored risk items. These guidelines must clearly 
illustrate the relationships among geometric data, schedule 
data, and risk variables, thereby enabling the development of 
early warning systems. Pilot implementations on large-scale 
projects are also needed to assess effectiveness and refine 
standardized procedures for broader application.

Enhancing Awareness and Shifting Mindsets: BIM as a 
Risk Management Tool

A common barrier to BIM’s full potential lies in the 

Figure 7. Interrelation of solutions to enhance BIM-based risk management in 
Construction projects in Vietnam
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widespread misconception that it is merely a 3D design tool, 
rather than a robust data integration platform for risk control 
and decision-making. To overcome this, targeted training 
programs and thematic workshops should be organized for 
key stakeholders, such as project owners, design consultants, 
and project managers, who significantly influence early-stage 
BIM adoption. In addition, practical manuals for using BIM in 
risk management, including real-world case studies, should be 
developed to improve accessibility and adoption across the 
industry.

Developing Specialized Human Resources for BIM-
Enabled Risk Control

The effective use of BIM for risk supervision and control 
demands a level of expertise far beyond basic modeling skills. 
Specialized training programs must be developed, focusing 
on techniques such as risk tagging within BIM objects, 
4D/5D simulation, schedule clash analysis, and operation 
of automated alert systems. Simultaneously, academic 
institutions at both undergraduate and postgraduate levels 
should formally incorporate “BIM and Risk Management” into 
their curricula, to cultivate a new generation of engineers 
capable of deploying BIM strategically and effectively.

Establishing a Coordinated Mechanism for BIM Data 
Updates throughout the Project Lifecycle

To transform BIM into a comprehensive risk control tool, 
continuous and consistent data updates across all project 
stages are essential. The implementation of a Common 
Data Environment (CDE) is a strategic solution for ensuring 
seamless information exchange among stakeholders. In 
parallel, there must be clear regulations on real-time model 
updates and robust data quality assurance mechanisms during 
handovers between project phases. These measures will help 
preserve the integrity of the BIM model, ultimately enhancing 
overall risk management performance.

Financial Incentives and Shared Infrastructure to Reduce 
BIM Deployment Costs

High initial costs remain a major barrier to BIM adoption, 
particularly for small and medium-sized enterprises. To 
address this, supportive financial policies, such as low-interest 
loans, funding for pilot BIM applications, and tax exemptions 
for expenses related to BIM training, software, and databases, 
should be introduced. Furthermore, the development of 
shared BIM data centers, organized by sector or region, would 
facilitate more efficient and cost-effective access to BIM 
resources, especially for organizations with limited internal 
capacity.

5. Conclusion 
The application of Building Information Modeling (BIM) in 

risk management for construction projects in Vietnam remains 
limited, primarily confined to the design stage and focused on 
visualizing technical structures. More advanced applications, 
such as 4D scheduling, integration of risk-related data, root 
cause tracing of incidents, and the development of early 
warning systems, have not yet been effectively leveraged. 
Key barriers include disparities in stakeholder awareness, 
insufficient technical capabilities, and the absence of a clear 
legal framework to guide implementation.

To enhance BIM’s role as a risk control tool throughout the 
entire project lifecycle, a coordinated development strategy 
is essential. This strategy should encompass institutional 
reforms, technical standardization, and capacity building for 
practical deployment. In particular, establishing appropriate 
financial support mechanisms, especially for small and medium-
sized enterprises, will be a critical enabler for widespread BIM 
adoption. Only when these foundational conditions are in 
place can BIM fully realize its potential in improving the safety, 
efficiency, and sustainability of construction investment 
projects in Vietnam./.
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Abstract
The rapid growth of e-commerce has 
placed significant pressure on Vietnam’s 
logistics system, particularly last-mile 
delivery. Digital technologies such as 
artificial intelligence, the Internet of 
Things (IoT), and big data are being applied 
to enhance operational efficiency and 
customer service. This study reviews 
the current status of digital technology 
adoption in Vietnam’s last-mile delivery 
sector with reference to international 
experience. Findings indicate initial 
progress: major firms like Viettel Post, 
GHN, and VNPost are deploying 
automation, IoT tracking, and big-data 
analytics. However, significant challenges 
persist, including high logistics costs, 
substantial investment requirements, 
limited infrastructure, and a shortage 
of digitally skilled human resources. 
The study recommends improving the 
legal framework, investing in digital and 
logistics infrastructure, strengthening 
workforce training, and promoting data 
standardization and sharing to support a 
sustainable digital transformation in last-
mile delivery.
Key words: Digital technology, Last-mile 
delivery, Logistics 
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1. Introduction
In the digital transformation era, e-commerce is becoming an important driving 

force of Vietnam’s economy. According to the report at the summary conference of the 
E-commerce and Digital Economy Agency (Ministry of Industry and Trade), Vietnam’s 
e-commerce continues to maintain an impressive growth rate of 18–25% annually. 
In 2024, the market size reached over 25 billion USD, up 20% compared to 2023, 
accounting for about 9% of the total national retail sales of goods and consumer 
service revenue. This shows that consumers are increasingly favoring online shopping 
methods [1].

This boom puts great pressure on the logistics system, especially last-mile 
delivery – the stage of transporting goods from the final transit point to the customer. 
According to Capgemini’s report, last-mile costs can account for up to 41% of total 
logistics expenses, making it a critical “bottleneck” in the supply chain [2]. In this 
context, digital technology is expected to become a key solution for optimizing last-
mile delivery (LMD). Applications such as AI, IoT, Big Data, … have been implemented 
in many enterprises, contributing to improvements in speed and accuracy.

However, most current studies in Vietnam still focus on analyzing e-commerce or 
logistics in general, without delving deeply into the crucial aspect of applying digital 
technology in LMD. In fact, the application of these technologies is not easy, as 
enterprises face high investment costs, underdeveloped infrastructure, and restrictive 
consumer habits. Therefore, this paper aims to clarify the current situation, identify 
opportunities as well as challenges, and provide recommendations to enhance 
efficiency and sustainability in LMD.

2. Theoretical Framework
2.1. Concept of Last-Mile Delivery

According to Boysen, LMD includes all logistics activities related to delivering 
goods to individual customers’ households in urban areas [3]. Meanwhile, Gevaers 
defines LMD as “the final leg of B2C parcel delivery to the end customer, who must 
receive the goods at home or at a collection/delivery point” [4]. Woodard states: “LMD 
is the final part of the movement of goods, in which the package is delivered to the 
intended recipient” [5].

From these definitions, LMD can be understood as the transportation of goods 
from transport hubs or consolidation centers to the final point in the distribution 
chain, namely the end consumer, which may be the customer’s address, retail stores, 
supermarkets, or parcel lockers.
2.2. The Role of Last-Mile Delivery

The role of LMD is reflected in several aspects, such as: LMD helps businesses 
directly access customers, thereby understanding consumer behavior and market 
trends. This enables businesses to clearly define target segments and develop 
appropriate business strategies. As the final link in the supply chain, LMD creates a 
direct impression on customers. Fast, accurate, and friendly delivery improves customer 
experience, thereby increasing satisfaction and repeat purchases. A professional 
delivery service demonstrates a company’s commitment to its customers. Proper 
execution of this stage helps strengthen reputation and enhance brand image in the 
market. In the context of rapid e-commerce growth, optimizing LMD becomes a core 
factor for businesses to gain competitive advantage. Fast, flexible, and cost-efficient 
delivery helps businesses differentiate from competitors.
2.3. Last-Mile Delivery Process

Step 1: Initiate the last-mile delivery operation
After an order is successfully generated and confirmed on the e-commerce 
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platform, both the shipper and the consignee begin to monitor 
the delivery progress through mobile applications or web-
based systems. These platforms provide continuous updates 
on shipment status, allowing both parties to track movements, 
detect potential issues early, and handle exceptions in a timely 
manner. This stage ensures transparency and proactive control 
throughout the delivery cycle.

Step 2: Transport parcels to the distribution or sorting 
center

Once the order is processed and securely packed, goods 
are transferred to the distribution hub (or postal center) for 
consolidation and further handling. At this point, shipment 
information is synchronized with the logistics management 
system, marking the official start of the last-mile delivery 
stage. The carrier is responsible for ensuring safe and timely 
transport between hubs, which directly affects delivery speed, 
customer satisfaction, and the carrier’s reputation in future 
partnerships.

Step 3: Parcel sorting and allocation by delivery route
At the distribution center, parcels are sorted according 

to delivery zones and assigned to delivery routes based 
on destination proximity and traffic conditions. Smart 
sorting technologies—such as barcode scanners, automatic 
conveyors, and AI-based routing—are often used to optimize 
loading efficiency and minimize operational costs. This step is 
essential to achieving a cost-effective and time-saving last-
mile delivery network.

Step 4: Scan shipment barcode to update tracking status
Before loading parcels onto delivery vehicles, each 

shipment barcode is scanned to update its real-time tracking 
information in the system. This scanning process ensures that 
all shipment data are accurately recorded and automatically 
synchronized with customer interfaces. The consignee can 
therefore check delivery progress instantly via app notifications 
or website tracking pages. Such traceability not only reduces 
risks of loss, misdelivery, or fraud but also strengthens the 
reliability and financial security of logistics operations.

Step 5: Deliver to consignee and confirm proof of delivery
In the final stage, parcels are delivered to the consignee’s 

address. The delivery is completed once the recipient signs the 
delivery note or verifies receipt through electronic proof of 
delivery (e-POD). The confirmation is immediately updated in 
the central system, closing the transaction cycle transparently 
and professionally. This step confirms that goods have been 
delivered in proper condition, ensures accountability, and 
finalizes the logistics documentation for the order.
2.4. Digital Technology

Digital technology is a set of technologies based on 
digital data to collect, process, store, transmit, and exploit 
information, aiming to support and automate human and 
organizational activities. The core of digital technology lies in 
converting information, signals, and objects into binary digits 
(0 and 1) for processing on computer systems and digital 
platforms. Beyond this technical foundation, digital technology 

is characterized by its ability to ensure connectivity, enable 
automation, and integrate diverse processes across sectors. 
It supports scalability and flexibility, allowing organizations to 
adapt quickly to changing environments.

In the logistics sector, digital technology is manifested 
through applications such as artificial intelligence (AI) for 
demand forecasting and route optimization, the Internet of 
Things (IoT) for real-time tracking of shipments, big data for 
analyzing consumer behavior, and blockchain for ensuring 
transparency and security in transactions. Cloud computing 
platforms also facilitate information sharing across enterprises, 
creating a synchronized supply chain environment. In the 
Vietnamese context, the promotion of digital technology is 
consistent with the National Digital Transformation Program, 
which emphasizes the adoption of smart infrastructure, 
advanced data management systems, and green, sustainable 
solutions to enhance competitiveness in logistics and LMD.
2.5. Applications of Digital Technology in Last-Mile Delivery

With the aim of optimizing and improving the efficiency 
of LMD, many enterprises have applied digital technologies 
at this stage, such as AI, IoT, Big Data, chatbots, etc. AI 
(Artificial Intelligence) in LMD functions like a “brain” that 
analyzes and makes decisions. It uses algorithms to select the 
shortest routes, avoid traffic jams, allocate orders efficiently 
to shippers, and even predict areas where customers are likely 
to receive deliveries. IoT (Internet of Things) acts as “sensors” 
monitoring the entire delivery process. GPS devices installed 
on motorbikes, trucks, or temperature sensors in containers 
continuously transmit data to the central system. This allows 
businesses to track shippers’ exact locations, monitor cargo 
conditions (especially food and pharmaceuticals), and respond 
promptly to incidents such as vehicle breakdowns or accidents. 
Chatbots work like online customer service agents available 
24/7. They can instantly respond to order status inquiries 
(“Your order is on the way”), and allow customers to provide 
feedback in case of delays. This helps reduce the workload for 
call center staff while giving customers a sense of quick and 
professional service. Big Data is essentially a “massive data 
warehouse” containing all information about orders, customer 
behavior, traffic conditions, and shopping seasons. By 
analyzing this data, businesses can identify high-order areas, 
seasonal best-selling products, optimize shipper deployment, 
or expand warehouses closer to customers. At the same time, 
the system can predict consumer demand with high return 
risks in certain areas and propose mitigation measures.

3. Current Situation of Digital Technology Application in 
Last-Mile Delivery
3.1. In the world

Many countries and international organizations have 
strongly promoted the application of digital technology in 
logistics and LMD. In 2024, the European Union established 
the European AI Office to oversee and implement the AI Act, 
in which logistics is a priority area. In North America, Canada 
launched the Artificial Intelligence for Logistics (2021–2026) 
program [6] to optimize routes, forecast demand, and 

Figure 2.1: Last-Mile Delivery Process. Source: Authors’ compilation
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distribute goods; while the United States (USDOT) consulted 
the community to develop guidelines for applying AI in 
supply chain management. The latest report from the World 
Economic Forum (2025) emphasized that AI can help reduce 
CO₂ emissions, optimize transportation, and increase the 
efficiency of global delivery [7].

Major logistics companies around the world have been 
using digital technologies such as AI camera systems, IoT 
sensors, etc., in their operations. Amazon has become a model 
in global supply chain automation, currently operating over 
1 million robots in its fulfillment centers, with about 75% of 
global orders processed automatically [8]. The robot system 
combined with AI cameras and IoT helps speed up sorting, 
reduce instant delivery times to just a few hours, and create an 
advantage in express delivery services. DHL Express leverages 
Big Data and AI to forecast transport demand, helping 
companies allocate vehicles and manpower more accurately, 
reducing warehouse waiting times by up to 15%, and improving 
responsiveness during peak seasons [9]. UPS developed the 
ORION system – an AI algorithm that optimizes routes for 
over 120,000 delivery vehicles, saving 10 million gallons of 
fuel per year, cutting 100,000 tons of CO₂, and eliminating 
hundreds of millions of unnecessary vehicle kilometers [10]. 
Meanwhile, in China, JD Logistics has deployed drones and 
autonomous vehicles, each handling an average of 200–250 
orders per day. This solution helps cut about 70% of labor 
costs, especially in hard-to-reach areas [11].

It can be seen that the application of digital technology 
has become an inevitable trend to improve efficiency, reduce 
costs, and meet the fast delivery cycles of global customers.
3.2. In Vietnam 

To encourage the application of digital technology and 
the development of the logistics sector in the near future, 
the Government and organizations have introduced many 
practical policies and activities. Along with the Government’s 
orientation through the National AI Strategy to 2030 (Decision 
127/QĐ-TTg, 2021), many logistics and express delivery 
companies have made significant progress in applying digital 
technology [12]. The Government has also strengthened 
international cooperation, notably with Yamato Holdings 
(Japan), to develop smart and automated logistics. At the same 
time, the Ministry of Industry and Trade and the Ministry of 
Transport are promoting the establishment of smart logistics 
centers linked to digital infrastructure.

At the enterprise level, the adoption of digital technology 
in last-mile delivery (LMD) has brought positive changes in 
productivity, accuracy, and customer experience, though 
several limitations remain due to high investment costs, 
uneven infrastructure, and the shortage of skilled human 
resources. 

Viettel Post has been a pioneer in implementing large-
scale automation for LMD. In early 2024, the company 
inaugurated the first smart sorting technology complex in 
Hanoi, integrating AGV robots, Cross-belt conveyors, Wheel 
Sorter Matrix, AI cameras, and the NOC monitoring system. 
This facility can initially process 1.4 million parcels per day, 
with a future capacity of up to 4 million, equivalent to 50% 
of Vietnam’s e-commerce delivery volume [13]. The system 
has reduced process errors to almost zero, shortened the 
total delivery cycle to 7–8 hours, increased productivity 
by 3.5 times, and cut labor costs by 60%. However, the 
technology is still concentrated mainly in major cities, while 
smaller distribution centers lack automation and advanced 
data connectivity, limiting overall synchronization across the 
network.

In addition to Viettel Post, many express delivery 
companies in urban areas are also actively applying digital 
technology to optimize LMD. GHN Express has deployed an 
IoT tracking system combined with a mobile application for 
delivery man. This technology enables real-time tracking of 
order status, helping reduce about 25% of complaints related 
to lost or delayed shipments [14]. The data collected from the 
application is also analyzed to evaluate routes and delivery 
productivity, thereby re-optimizing routes to reduce waiting 
time and empty mileage. Nevertheless, the system’s route 
optimization algorithms are less effective in rural areas where 
real-time traffic data remain incomplete, leading to higher 
costs and longer delivery times compared to urban zones.

Ahamove and GrabExpress use Big Data and dynamic 
dispatch algorithms to optimally assign orders to delivery 
man. This method helps reduce empty mileage by 15–20% 
while significantly shortening delivery time in densely 
populated urban areas [15]. These companies also integrate 
real-time traffic data with order history to provide optimal 
route guidance. The mobile application plays a central role, 
providing detailed order information, updating status and 
estimated delivery time, while allowing customers to give 
instant feedback, thereby enhancing service experience.

For VNPost, the parcel management system integrates IoT 
and Big Data, using sensors and barcodes/RFID to monitor 
shipment status throughout the process [16]. As a result, 
the time for sorting and handling parcels at transit centers 
is shortened, data entry errors are minimized, and losses are 
reduced. Although detailed figures have not been published 
like Viettel Post, these applications lay the foundation for 
optimizing LMD, especially in suburban and rural areas where 
operational networks are often less efficient.

In addition to courier companies, supporting logistics 
providers such as warehousing, transit, and handling also play 
an important role in improving last-mile delivery efficiency. 
SCSC (Southern Air Cargo & Service Company) and ALS (Air 
Logistic Service) have applied warehouse management systems 
(WMS) along with automatic identification technologies such 
as RFID to control cargo flow in air freight warehouses. Thanks 
to this application, companies can minimize errors in handling 
such as misclassification, omissions, or incorrect cargo flows, 
thereby ensuring better LMD quality.

Overall, Vietnam has made significant progress in applying 
digital technology to LMD. Major enterprises like Viettel 
Post have invested in deploying core technologies (robots, 
coordination platforms), while other companies are also 
leveraging IoT, Big Data, and WMS to optimize operations. 
However, major challenges remain regarding investment costs, 
regional disparities, lack of high-quality human resources, and 
unsynchronized data systems. Nevertheless, with supportive 
policies and strong business participation, Vietnam has the 
potential to “leapfrog” and narrow the gap with global trends.

4. Challenges
Although the application of digital technology brings many 

benefits, the implementation in LMD still faces numerous 
significant challenges.

First, logistics costs remain high. According to the World 
Bank and the Vietnam Logistics Business Association (VLA), 
logistics costs currently account for about 15.6–18% of GDP, 
with some analyses suggesting it could reach 20–25% of GDP, 
much higher than the global average of 8–10% [17]. Of this, 
LMD alone often accounts for over 41% of total transport 
costs. In Vietnam, this figure is estimated to reach 53–60% in 
areas with underdeveloped infrastructure.
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Second, digital technology investment requires large 
capital. Solutions such as automated sorting systems, AGV 
robots, IoT sensors, RFID, or AI-based route optimization 
platforms involve initial costs of hundreds of billions of 
VND. This puts great pressure on small and medium-sized 
enterprises, which make up 80–85% of logistics firms in 
Vietnam. Many of them still lack the financial capacity to 
implement comprehensive digital transformation.

Third, shortage of high-quality human resources. Vietnam’s 
logistics sector requires around 18,000 new workers annually, 
but training institutions currently meet only 10–15% of 
demand, with digitally skilled workers accounting for a very 
small proportion. Operating modern systems such as WMS, 
AI, or Big Data still heavily relies on foreign expertise or 
retraining, which increases both time and costs.

Fourth, underdeveloped logistics and transport 
infrastructure. Urban traffic congestion and weak infrastructure 
in remote areas limit the effectiveness of digital technology. A 
McKinsey (2023) report shows that last-mile delivery costs in 
rural areas can be 20–30% higher than in cities, mainly due to 
low order density and long transport distances [18].

5. Recommendations
Based on the evaluation of digital technology applications 

across the five stages of the last-mile delivery (LMD) process, 
several key directions are proposed to enhance Vietnam’s 
logistics digital transformation.

Improve legal framework and policy support: Update and 
harmonize regulations on data sharing, electronic proof of 
delivery, and digital transaction standards. The Government 
should introduce tax and credit incentives for small and 
medium-sized enterprises to invest in Transport Management 
Systems , Warehouse Management Systems, and automation. 
Public–private partnerships should also be promoted to 
develop regional smart logistics centers.

Develop digital infrastructure and open data systems: 
Prioritize expanding 4G/5G networks, digital maps, and IoT 
sensor infrastructure to support real-time tracking and route 
optimization. Establishing a national open-data platform for 
traffic and logistics will strengthen information sharing and 
interoperability among enterprises.

Foster technology integration across the LMD process: 
Enterprises should integrate automation, IoT, Big Data, and AI 
technologies throughout the process from order management 

to final delivery. Standardized API connections between 
e-commerce platforms, courier services, and postal systems 
will reduce data fragmentation and enhance supply chain 
connectivity.

Develop human resources for digital logistics: Strengthen 
training programs on data analytics, AI, and logistics technology 
management. Universities and businesses should collaborate 
to design practical training programs, while continuous 
upskilling should be implemented for existing employees.

Promote green logistics through digital transformation: 
Encourage the use of energy-efficient technologies, route 
optimization systems, and environmentally friendly vehicles. 
Integrating low-emission goals into logistics digitalization 
programs will contribute to a smart and sustainable logistics 
ecosystem.

Overall, the synchronized implementation of these 
measures will help improve last-mile delivery efficiency, 
reduce logistics costs, enhance competitiveness, and build a 
smart, green, and sustainable logistics system in Vietnam.

6. Conclusion
The application of digital technology in LMD is becoming 

an inevitable trend in the context of a strongly transforming 
global logistics landscape. International experience shows that 
AI, IoT, robots, Big Data, and automation systems have helped 
businesses optimize costs, improve accuracy, and enhance 
customer experience. In Vietnam, the initiatives of Viettel 
Post, VNPost, GHN Express, and GrabExpress have clearly 
demonstrated effectiveness by shortening delivery time, 
reducing errors, and gradually enhancing competitiveness. 
This is an important foundation for the domestic logistics 
sector to participate more deeply in the global supply chain.

However, the digital transformation process still faces 
many barriers such as high investment costs, incomplete 
logistics infrastructure, shortage of high-quality human 
resources, and the risk of data fragmentation. Therefore, to 
maximize the benefits of digital technology, synchronization 
is required across supportive policies, infrastructure 
investment, workforce training, data security, and promotion 
of public–private partnerships. If these recommendations are 
consistently implemented, Vietnam can fully develop a smart 
logistics ecosystem, reduce logistics costs to a reasonable 
level, and at the same time enhance national competitiveness 
in the context of digital integration./.
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Elderly Social Housing in Vietnam:  
Status, Challenges, and Development 
Solutions
Ngo Bao Ngoc

Abstract
Population is an important component that 
affects the socio-economic development 
of a country. The population of Vietnam 
in recent years has undergone continuous 
changes, with the increasing number of 
people contributing to the labor force for 
society. However, forecasts regarding the 
aging population in the coming period 
will impact the pace of socio-economic 
development as well as put pressure 
on infrastructure. In managing housing 
development in general and social housing 
development in particular, analyzing the 
current situation and researching housing 
models that meet future needs is essential. 
Within the scope of this article, it will 
address the necessity, opportunities, and 
challenges in developing social housing 
for the elderly; social housing models for 
the elderly in some countries around the 
world; and some proposals for developing 
social housing adapted to the aging 
population situation in Vietnam.
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1. Introduction
Vietnam entered its demographic dividend period in 2007 but simultaneously 

began the population aging process in 2011, when the proportion of people aged 
60 and over exceeded 10% of the total population. According to the 2024 Mid-
term Population and Housing Survey Report, Vietnam’s population reached 101.1 
million, with older adults accounting for approximately 14–16%. While fertility rates 
have stabilized and tend to decline, the elderly population is increasing rapidly. It is 
projected that by 2036, Vietnam will become an “aged society,” and by 2056, a “super-
aged” one. This rapid transition, occurring within roughly 25 years—much faster than 
in most developed countries—poses significant challenges for social welfare system, 
particularly in healthcare and housing provision for the elderly.

Over the past decade, social housing (SH) policies have been implemented to 
support low-income groups, workers, and civil servants. According to Decision No. 
444/QĐ-TTg (2025), the national target is to complete nearly one million SH units 
by 2030 [1]. However, as of 2024, only about 160,000 units have been built, meeting 
roughly half of the actual demand. Despite the existence of a legal framework—such 
as the Housing Law (2014, amended in 2023) and the National Housing Development 
Strategy to 2030—current SH policies have yet identify older adults as a distinct 
beneficiary group. This reality highlights the urgent need to study and manage the 
development of social housing models adaptive to population aging in Vietnam.

2. Social Housing for Older Adults in Vietnam
2.1. Policy Framework for Social Housing for Older Adults in Vietnam

Social housing (SH) refers to housing supported by the State for individuals eligible 
for housing assistance policies. Article 76 of the Housing Law (amended in 2023) 
clearly defines the groups entitled to social housing support in Vietnam, reflecting the 
State’s comprehensive welfare orientation to ensure the right to adequate housing for 
vulnerable and specific population groups. The beneficiaries include: (1) people with 
meritorious services to the revolution and relatives of martyrs; (2) poor and near-poor 
households in rural areas, especially those affected by natural disasters and climate 
change; (3) poor, near-poor, and low-income households in urban areas; (4) workers 
and laborers in enterprises and industrial zones; (5) officials, civil servants, public 
employees, and members of the armed forces; (6) individuals who have returned public 
housing without securing alternative accommodation; (7) households affected by land 
or housing expropriation; (8) students; and (9) enterprises and cooperatives operating 
in industrial zones [2]. 

Article 20 of the Law on the Elderly encourages the development of housing 
and care facilities for older persons [3], while the National Strategy on the Elderly 
emphasizes the expansion of appropriate care services [4]. In parallel, the National 
Housing Development Strategy promotes the diversification of social housing types to 
serve disadvantaged policy groups [5].

Although elderly individuals who fall into low-income or housing-insecure 
categories remain eligible for social housing, current regulations do not explicity 
recognize older adults as independent beneficiary group. In practice, there is no specific 
legal framework dedicated to social housing for the elderly, despite refenrences to 
elderly care facilities in existing policies. This gap indicates the need for greater policy 
attention as Vietnam enters a rapid aging phase.
2.2. Housing Models for the Elderly in Vietnam

Within Vietnam’’s current legal and policy framework, there is no dedicated social 
housing model  specifically designed for older adults. Existing provisions for elderly 
housing are scattered and mainly take the following forms: (1) public social welfare 
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centers, and (2) private nursing homes.
2.2.1. Public Social Welfare Centers
Public social welfare centers are state-funded and managed 

facilities within the social assistance systems, regulated by the 
Ministry of Labor, Invalids and Social Affairs (now the Ministry 
of Home Affairs). These centers provide accomodation, care, 
and shelter for social protection beneficiaries lacking family 
support or requiring urgent assistance. According to Clause 
5, Article 5 of Decree No. 136/2013/NĐ-CP, elderly persons 
without caregivers are eligible for admission [6]. 

Services typically include accommodation, food provision, 
basic healthcare, functional rehabilitation, recreational 
activities; and legal assistance. National standards require 
minimum infrastructure conditions, including a land area of 10 
m² per beneficiary in urban areas and a minimum living space 
of 6 m² per person, along with age-accessible facilities [7]. 
However, despite the provision of communal housing blocks, 
activity rooms, healthcare units, and outdoor spaces, many 
centers fail to fully meet age-friendly design and functional 
standards. 

Currently, almost all provinces operate public social 
protection centers, which primarily function as welfare 
instituations rather than autonomous housing models. Some 
state-run nursing homes provide services for two groups: 
(1) policy beneficiaries fully subsidized by the State; and (2) 
fee-paying residents, with monthly costs ranging from 3 
to 12 million VND - approximately one-third of privating 
nursing home fees. A representative example is the Thi Nghe 
Nursing Center in Ho Chi Minh City, which occupies a 14,000 
m² campus comprising 15 villas surrounded by green, airy 
spaces. Each villa contains 10 rooms, with one private room 
per resident, equipped with individual sanitation facilities and 
allowing for personal autonomy in daily activities.

2.2.2.  Private Nursing Homes
Private nursing home are invested and operated by 

private entities, serving elderly individuals with relatively 
stable financial capacity. Facilities such as Thien Duc Center 
(Hanoi), Binh My Center (Ho Chi Minh City), Dien Hong Center 
(Bac Ninh), and Thien An Nursing Home (Da Nang) provide 
comprehensive care packages including accommodation, 
healthcare, daily living support, and rehabilitation services. 

Monthly costs typically from 15 to 35 million VND per 
month, while high-end facilities may charge 50–80 million 
VND. The variation in cost depends on several factors, 
including geographical location, infrastructure quality, level 
of care, residents’ health conditions, and additional services 
provided. Nursing homes located in major urban centers or 
near large hospitals tend to be 25–35% more expensive than 
those in suburban areas.

Hanoi and Ho Chi Minh City have the highest prices 
nationwide, whereas facilities in other cities are generally 
20–40% cheaper. In Ho Chi Minh City, the price tiers are as 
follows: (1) Basic care from 15 to 22 million VND/month; (2) 
Mid-range from 25 to 40 million VND/month; (3) Premium 
from 60 to 100 million VND/month. In Hanoi, costs are 
approximately 10–15% lower, with the following price ranges: 
(1) Basic from 12 to 20 million VND/month; (2) Mid-range 
from 22 to 35 million VND/month; (3) Premium from 45 to 
80 million VND/month. Other major cities such as Da Nang, 
Can Tho, and Hai Phong offer services 20–30% cheaper than 
the largest metropolitan areas, categorized as: (1) Basic care 
from 8 to 15 million VND/month; (2) Mid-range from 18 to 
30 million VND/month. Smaller provinces mainly offer basic 
services costing 5–12 million VND per month. 

Social health insurance does not cover accomodation 
cliving expenses in nursing homes, though medical expenses 
incurred during care are still reimbursed according to existing 
regulations. Some facilities also provide insurance support 
or social welfare programs, which help alleviate the financial 
burden on families. The living spaces in privately operated 
nursing homes are generally well-invested, featuring modern, 
clean, and fully equipped facilities. Rooms are designed to 
be elderly-friendly, incorporating assistive devices such as 
handrails, emergency alarm systems, and non-slip flooring. 
Common areas—including gardens, gyms, and reading 
rooms—are thoughtfully developed to provide a comfortable 
and open living environment with ample natural light. 
Accommodation types typically include single rooms for one 
person, double rooms for two, and shared dormitory-style 
rooms accommodating multiple residents (usually from three 
to eight). However, due to the relatively high cost compared to 
the general income level of the population, this model remains 
limited in accessibility and has not met the housing needs of 
low-income older adults—a group considered the primary 
target of social housing policies.
2.3. Challenges in Developing Social Housing for the Elderly in 
Vietnam

The demand for elderly housing has increased alongside 
rapid population aging and the growing preference for 
independent living. However, the implementation of such 
models in Vietnam still faces numerous challenges related to 
policy, resources, and management.

Firstly, Vietnam currently lacks a dedicated planning 
framework and specific policies for the development of social 
housing (SH) for the elderly. Existing legal documents primarily 
focus on low-income groups, workers, and public employees, 
without recognizing older adults as an independent beneficiary 
group with distinct needs related to daily living, care, and 
access to social services. This lack of recognition has created 
an institutional gap in strategic planning for SH development 
in response to population aging, as reflected in the absence 
of appropriate design standards, location criteria, and land 
allocation mechanisms.

Second, investment capital for social housing (SH) for 
the elderly remains limited, and there is a lack of flexible 
mechanisms to mobilize resources from the private sector. 
Current financial, tax, and credit incentive policies are 
not sufficiently attractive, while investment costs for this 
housing type are higher due to specific design and care 
service requirements. Consequently, the program remains 
heavily dependent on the state budget, reducing its overall 
sustainability.

Third, the development of social housing for the elderly 
lacks interdisciplinary coordination among the sectors of 
construction, healthcare, social welfare, and community 
services. Currently, management remains largely sectoral, 
focusing mainly on housing construction and allocation, while 
aspects related to health care, rehabilitation, and mental 
well-being have not yet been integrated into planning and 
operation processes.

Fourth, Vietnam currently lacks a unified national 
database on the housing needs, health, and welfare of older 
adults. Existing data are managed in a fragmented manner 
across ministries and sectors, with limited integration and 
spatial analysis capacity. This fragmentation hinders evidence-
based planning and resource allocation, thereby reducing the 
efficiency of public investment.

Fifth, a specialized technical standards system and design 



88 SCIENCE & TECHNOLOGY

regulations for social housing for the elderly have not yet been 
issued. Current regulations only provide general accessibility 
support and do not account for the specific physical and 
psychological characteristics of older adults. Most projects 
still adopt standardized design models intended for younger 
workers, lacking safety and supportive features such as 
barrier-free spaces, handrails, appropriate lighting, or age-
friendly communal areas. This gap highlights the necessity 
of developing a comprehensive legal framework and design 
guidelines tailored to the aging population trend.

3. Study on Housing Models for the Elderly in Selected 
Countries Worldwide

Globally, many countries have conducted research and 
implemented solutions related to social housing development 
management to address the challenges of local population 
aging.

In Canada, in an effort to support older adults in aging in 
place, various specific measures have been implemented in 
social housing communities. In Ontario, some social housing 
units have stationed on-site support staff, such as resident 
service coordinators, to identify vulnerable tenants and connect 
them with healthcare services, personal care, housekeeping 
assistance, and psychosocial support. Certain housing 
providers also collaborate with healthcare organizations to 
deliver on-site healthcare services, particularly in assisted 
units funded by the Ontario Ministry of Health. Furthermore, 
the federal government of Canada invested CAD 1.9 billion 
between 2011 and 2019 to improve the quality of social 
housing for older adults and persons with disabilities through 
the National Housing Co-Investment Fund and the National 
Housing Strategy. These programs focus not only on physical 
upgrades and renovations but also on financial support for 
tenants through rental assistance programs such as the Canada 
Housing Benefit (CHB). In Toronto, the Office of Housing Equity 
has implemented a personal file management model to assist 
older adults in addressing rent arrears and preventing eviction. 
Additionally, tenant associations have been established to 
promote community engagement, organize social activities, 
and represent residents’ needs. However, coordination of 
services among organizations remains challenging, especially 
when multiple providers offer overlapping services within 
the same building. These approaches demonstrate significant 
potential for developing an integrated, sustainable social 
housing system that aligns with the practical needs of older 
adults in the context of population aging. [8]

In Sweden, to improve the quality of life and extend the 
independent living of older adults, the sheltered housing 
model has been implemented since 2008 as an alternative 
to aging in place. This model provides accessible apartments 
located near essential services and includes communal spaces 
to promote social participation. Each housing facility employs 
staff responsible for organizing regular social activities, 
aiming to enhance social interactions and reduce feelings 
of loneliness among residents. Although it does not provide 
direct medical care, residents can access home care services 
through the public healthcare system. Research indicates that 
residents in sheltered housing have higher utilization rates and 
longer durations of home care services compared to those 
living at home. Specifically, during the 2017–2019 period, 
residents in sheltered housing received an average of 360.85 
hours of home care per year, compared to 284.30 hours 
among those living at home. Moreover, the model facilitates 
residents’ participation in social activities, thereby enhancing 
their sense of “thriving,” a factor shown to be associated with 
mental health and quality of life. However, studies also show 

that residents in sheltered housing tend to experience greater 
functional and mood decline, as well as higher rates of nursing 
home admission and mortality within three years, compared to 
those living at home. These findings suggest that the sheltered 
housing model needs to be adjusted and supplemented with 
appropriate medical and social interventions to effectively 
delay long-term care needs and promote older adults’ health. 
[9]

In the United Kingdom, the PlaceAge project conducted 
research in three major cities (Manchester, Edinburgh, and 
Glasgow) with the aim of promoting intergenerational social 
housing models and fostering age-friendly communities. 
Specific interventions included the development of public 
spaces and community infrastructure such as parks, 
community cinemas, and shared activity centers, designed to 
host purposeful intergenerational activities. For example, the 
community cinema in Leith (Edinburgh) organizes film screenings 
for both children and older adults, facilitating participation 
and interaction across generations. In Didsbury (Manchester), 
well-maintained parks host outdoor activities such as picnics 
and walking sessions, enabling older adults to engage safely 
with other age groups. Furthermore, intergenerational 
friendship programs, such as “Good Neighbours” in Rusholme 
(Manchester), have been implemented to reduce social 
isolation by connecting older adults with young volunteers 
for companionship and daily support. These activities not 
only improve mental health but also strengthen a sense of 
community belonging. However, the research also identified 
challenges associated with intergenerational cohabitation, 
particularly in communal housing, where conflicts may arise 
regarding lifestyle preferences and spatial needs between 
younger and older residents. To address these issues, the study 
recommends careful planning, appropriate spatial design, and 
the promotion of intergenerational and intercultural dialogue 
to reduce prejudices and enhance mutual understanding 
across age groups. These measures demonstrate the potential 
of intergenerational social housing models in fostering 
sustainable, inclusive, and age-friendly communities. [10]

In the United States, in response to the rapidly growing 
older adult population, the Housing America’s Older Adults 
2023 report proposes a series of strategies to simultaneously 
address two major challenges: housing affordability and long-
term care needs. Specific strategies include: (1) expanding 
rental assistance for low-income older adults to reduce 
financial burdens and the risk of homelessness; (2) investing 
in the renovation and construction of accessible housing, 
incorporating features such as zero-step entries, wide 
corridors, and single-story living, to accommodate individuals 
with mobility limitations; (3) enhancing integration between 
housing and healthcare systems to support older adults in 
maintaining independent community living; (4) enabling older 
adults to leverage home equity to finance care services through 
appropriate financial programs; and (5) developing alternative 
housing models, such as Naturally Occurring Retirement 
Communities (NORCs), intergenerational housing, and 
residential communities with on-site supportive services. The 
report also emphasizes the role of urban planning and zoning 
reforms in promoting housing diversity and expanding choice 
for older adults, particularly in rural and low-density areas. 
Furthermore, effective coordination between healthcare and 
housing programs is identified as key to optimizing public 
resource utilization and improving the quality of life for 
older adults. If implemented in a coordinated manner, these 
strategies are expected to contribute to a fair, sustainable, and 
responsive housing system that meets the increasingly diverse 
needs of older adults in the United States. [11]
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Japan has the highest proportion of older adults in the 
world. The government has implemented policies to support 
aging in place, enabling older individuals to live independently 
in their current residences. Specific measures include: (1) 
enhancing community-based long-term care systems through 
the expansion of home care services and improvement of 
caregiver training quality; (2) increasing access to health and 
social services, particularly for older adults living alone, a 
rapidly growing demographic in Japan; (3) creating a dementia-
friendly society through comprehensive policies aimed at risk 
reduction and promoting social inclusion; (4) applying smart 
technologies in eldercare, including health monitoring devices, 
alert systems, and assistive robots, to improve care efficiency 
and personalization; and (5) reforming pension and health 
insurance systems to ensure financial sustainability amid 
rapid population aging. These measures reflect a policy shift 
from institutionalized care toward supporting older adults 
to maintain independent living within the community, while 
promoting social participation and enhancing quality of life in 
later years. [12]

4. Recommendations for Managing the Development of 
Social Housing for the Elderly in Vietnam

Based on the current situation and relevant studies 
on social housing for the elderly, several solutions can be 
proposed for the management and development of social 
housing for the elderly in Vietnam, aiming to support overall 
housing development management and specifically address 
the future needs of the elderly population.

First, regarding policies and legal documents, the 
government should develop and promulgate a dedicated policy 
framework for social housing for the elderly, including specific 
regulations on design standards, operational management, and 
investment incentive mechanisms. Simultaneously, existing 
legal documents, such as the Housing Law and decrees on 
the development and management of social housing, should 
be amended and supplemented to recognize the elderly as a 
distinct beneficiary group with unique needs concerning living 
spaces, healthcare, and social services.

Second, the objective of developing social housing for older 
adults should be integrated into urban planning, residential 
planning, and local housing development strategies. At the 
national level, regulations should be amended to allocate 
mandatory targets for social housing serving the elderly within 
the overall social housing stock. Furthermore, integrated 
planning plays a crucial role in enhancing older adults’ 
access to services and improving their quality of life. Social 
housing projects for this demographic should be prioritized 
in locations close to ward/commune health stations, public 
transport routes, markets, and community activity spaces 
to ensure convenient connectivity and support daily living. 
Simultaneously, planning should encourage the integration 
of supportive functional spaces, such as common activity 
areas, day care facilities, light exercise zones, and green 
landscapes, to create a livable, connected, and physiologically 
and psychologically appropriate environment for older adults.

Third, regarding investment resources and financial 
mechanisms, the State should implement policies that 
encourage enterprises, cooperatives, and non-profit 
organizations to participate in the development of social 
housing for the elderly through incentives such as land, tax, 
and credit benefits, as well as public–private partnership 
(PPP) arrangements. In addition, a dedicated social housing 
development fund for the elderly should be established, 
mobilizing resources from multiple sources including the state 
budget, social welfare funds, health insurance, and community 

contributions. Beyond investment incentive mechanisms, 
direct support policies for the elderly also play a crucial role 
in expanding access to adequate housing. The State should 
implement rental subsidies, preferential loan programs, and 
develop flexible rent-to-own models, allowing the elderly 
to choose ownership or long-term rental options according 
to their economic and health conditions. Furthermore, the 
establishment of a revolving fund to support the renovation 
and adaptation of housing for elderly individuals in difficult 
circumstances, particularly in rural areas and aging urban 
districts, would significantly improve living conditions and 
housing safety for this population group.

Fourth, regarding community participation, the 
management and development of social housing (SH) for 
the elderly require close intersectoral coordination to ensure 
consistency and effectiveness. At the national level, an 
inter-ministerial steering committee should be established, 
comprising the Ministry of Construction, Ministry of Health, 
Ministry of Home Affairs, the Vietnam Association of the 
Elderly, and other relevant agencies, to develop standards, 
guidelines, and monitor the implementation of SH for the 
elderly. At the provincial level, intersectoral working groups 
should operationalize policies and integrate them into local 
planning. At the grassroots level, dedicated units for elderly 
SH should be established to collect needs, monitor projects, 
and coordinate the provision of welfare and healthcare 
services. This multi-tiered management model enhances 
interconnectivity, prevents overlap, and improves the capacity 
to meet the actual needs of the elderly.

Fifth, regarding management, operation, and support 
services, it is essential to establish a specialized management 
model for social housing for the elderly, integrating state 
agencies, local authorities, and professional operating units. 
The provision of medical services, healthcare, community 
activities, and psychological support should be incorporated 
into the operational management system to ensure long-
term quality of life. Additionally, the application of digital 
technologies in building management, remote healthcare, and 
community connectivity should be strengthened to enhance 
management efficiency and promote the autonomy of elderly 
residents.

Sixth, the statistical system and database constitute one 
of the essential foundations for the effective management 
of social housing (SH) development for older adults. The 
establishment of a national database on the housing needs of 
the elderly should be implemented in a coordinated manner 
from central to local levels, encompassing detailed information 
on age, economic status, health condition, dependency level, 
and place of residence. Such a database not only supports 
the analysis of actual needs and the forecasting of trends 
but also serves as a critical tool for resource allocation, as 
well as for determining the location and scale of suitable 
SH projects, thereby ensuring equity and efficiency in policy 
implementation.

Seventh, the application of smart technology. Primarily, 
it is necessary to establish an integrated digital management 
system for social housing, connecting administrative agencies, 
healthcare, labor–social services, and local communities 
to monitor and manage the residential, health, and service 
needs of the elderly in a seamless and accurate manner. 
Simultaneously, technological infrastructure within social 
housing projects should be invested in, including safety 
sensors, emergency alert systems, remote health monitoring, 
and home-care platforms, to enable early risk detection and 
reduce caregiving burdens. In addition, the development 
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of digital community platforms for the elderly is essential 
to support communication, counseling, and recreational 
activities. The application of digital technologies also enhances 
state management capacity through online monitoring 
systems and big data/AI analytics for demand forecasting, risk 
assessment, and transparent, efficient investment planning.

5. Conclusion
Population aging presents both a challenge and an 

opportunity for Vietnam to shape social housing policies in 

a humane, inclusive, and sustainable manner. Social housing 
for the elderly should be regarded as an integral component 
of the social welfare system. Research indicates that the 
management of social housing requires an interdisciplinary 
approach, integrating urban planning, healthcare, labor–social 
affairs, and technology to ensure coherence and effectiveness. 
Developing social housing for older adults is not merely a 
housing solution but also a long-term strategy toward an 
inclusive, equitable society that adapts to the increasingly 
pronounced trend of population aging in Vietnam./.
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Research and Development of a System 
for Managing Design Schedule and Steel 
Quantity Surveying in Building Projects
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Abstract
This article is about studying and 
deploying a system to manage the design 
schedule and steel quantity surveying in 
construction projects. It aims to suggest a 
way to make design schedule management 
more effective for companies, and also to 
help use the steel counting function for 
teaching in schools. However, this task 
is challenging because managing the 
design schedule and counting steel mostly 
depends on separate, specialized software 
right now. The idea proposed is to build 
one integrated system that both manages 
the design schedule and does the steel 
counting on the same platform, so 
eliminating the need for multiple separate 
tools. This system could really help with 
digital transformation in companies and 
schools later.
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1. Introduction
With the rapid growth of the construction industry, projects are becoming larger 

and more complex, making efficient management of design schedules and material 
quantities increasingly critical [1]. Traditional methods—such as manual tracking, 
notebooks, or Excel spreadsheets—are simple and accessible but reveal major 
limitations when applied to large-scale projects involving multiple stakeholders. 
Disconnected data increases the likelihood of errors and makes it difficult to monitor 
progress, cost, and quality effectively.

Another crucial task in construction projects is cost estimation and steel quantity 
surveying, which require high accuracy and are extremely time-consuming when 
performed manually. The use of separate software systems for scheduling, cost 
estimation, and quantity surveying not only increases expenses but also complicates 
data synchronization and overall project management [2]. Therefore, it is necessary 
to research and develop an integrated system that can manage design schedules and 
perform steel quantity surveying concurrently. Such a system enhances management 
efficiency, reduces errors, accelerates response to client demands, and serves as a 
valuable educational tool for construction engineering students [3].

This research also highlights the interdisciplinary nature of training at Hanoi 
University of Architecture, where information technology converges with construction 
engineering, architecture, and project management. This integration not only bridges 
multiple disciplines but also promotes practical applications, optimizing design and 
construction processes through digital tools. Moreover, it opens new directions 
for applying artificial intelligence and software systems in the construction sector, 
allowing students to gain hands-on experience with modern technologies—an essential 
components of the digital transformation currently reshaping the industry.

2. Related Work 
Based on the identified challenges, we first reviewed advanced project management 

and quantity estimation tools commonly used domestically and internationally, such 
as Oracle Primavera, Microsoft Project, Autodesk Construction Cloud, and ERP 
systems from FPT IS or VNPT. These platforms offer professional-grade solutions for 
planning, monitoring progress, and managing quantities and costs [4]. However, small 
and medium-sized construction companies in Vietnam face challenges such as high 
implementation costs, limited adaptability, and integration difficulties with existing 
manual or semi-digital systems. Prior studies have noted that adopting BIM and ERP 
systems in developing countries often encounters technical, financial, and human 
resource barriers, limiting their accessibility [5]. 

Facing this reality, we propose developing an independent, localized system for 
managing design schedules and performing steel quantity surveying in construction 
projects. This system is designed to automate the schedule management process and 
support the accurate computation of steel quantities for each project. Such integration 
is crucial to improving accuracy, transparency, and efficiency in project management 
under the ongoing wave of digital transformation in the construction industry [6].

This solution will not only help companies control the schedule in a smart way 
and use resources better but also improve design quality and the accuracy of the 
cost estimation part. It also helps find risks of delays early, so managers can make 
quick decisions, which lowers extra costs and makes the company more competitive 
in the construction market. In the current construction environment, setting up such 
an integrated system is necessary and a big step towards sustainable growth and full 
digital transformation for the industry.

Specifically, based on research and real-world experience, this project is very 
needed now, as information technology is used more in many areas. The following is 
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several key reasons: 
Construction projects are getting bigger and harder: 

Today's projects are large and need many departments to work 
together, so the schedule must be managed in a scientific, 
clear, and accurate way.

Manual methods have limits: Using notebooks or single 
Excel files can easily cause mistakes, make it hard to combine 
and sync data, and is especially not good as the number of 
projects and workload increases

The urgent need for steel quantity surveying in cost 
estimation: These are critical tasks requiring high accuracy. 
Manual execution would consume significant manpower 
and time, and easily lead to discrepancies, directly impacting 
construction costs and schedule.

Lack of integrated systems suitable for Vietnam: 
International software like Primavera, Autodesk, or Microsoft 
Project are powerful but expensive, and hard to change to fit 
the internal management rules of local small and medium-
sized construction companies.

Digital transformation trend in the construction industry: 
Developing a local system that handles both schedule 
management and steel counting will help speed up digitization, 
increase competition, and better meet the higher demands of 
investors.

The main goal of this project is to build a management 
system that supports both design schedule management and 
steel quantity surveying, designed specifically for small and 
medium-sized construction enterprises. The system features 
a simple interface with three main user roles — Manager, 
Technical Staff, and Customer Service Staff — and two major 
functional modules: Progress Management and Steel Quantity 
Surveying. This design follows modern principles of modular 
system architecture and user-centered interaction, ensuring 
flexibility, usability, and scalability for construction companies 
in developing countries [7][8].

3. Functional System Analysis
Principles of construction software design
The development of construction management software 

must follow several theoretical principles to ensure reliability 
and consistency. First, project-centric architecture ensures that 
progress data, material specifications, and steel calculations 
remain unified throughout the project lifecycle, supporting 
accurate coordination across stakeholders [9]. Transparency 
and traceability are equally essential, requiring the system 
to log all user actions, approvals, and document revisions 
to comply with quality control and construction auditing 
processes [10]. A modular architecture allows scheduling, 
task assignment, steel computation, and user administration 

Figure 1. Statistics of 20 types of steel commonly used in civil construction works

Figure 2. System Overview UseCase Figure 3. Login System UseCase
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to operate as independent functional units that remain 
interoperable through well-defined interfaces. Meanwhile, 
a layered model separating presentation, business logic, and 
data access improves maintainability, scalability, and system 
testability. Construction software must also accommodate 
domain-specific constraints, including multi-stakeholder 
workflows, iterative design updates, and site-dependent 
variations. These principles collectively provide the theoretical 
foundation for developing robust, extensible, and industry-
aligned construction management systems.

Description of steel statistics function
Through the research process, the author has compiled 

20 basic types of steel commonly used in civil housing design 
projects. To serve the calculation of steel volume during the 
design and construction process, the volume of a steel bar is 
determined by the formula:

 
In which:
D is the nominal diameter of the steel bar (m),
L is the length of the steel bar (m)

ρ is the density of the steel, usually taken as 7850 kg/m³.
However, in actual construction, the maximum length of 

a standard steel bar is 11.7m, so for structures with a length 
greater than 11.7m, it is necessary to connect additional steel 
sections to ensure technical and structural requirements 
calculated by the formula:

Llap = α x D
In which:
Llap​: lap (overlap) length between two steel bars (mm or m),
D: nominal diameter of the steel bar (mm),
α: lap length coefficient, depending on the type of steel 

and working conditions.
According to TCVN 5574:2018 – Concrete and reinforced 

concrete structures – Design standard, the coefficient α\
alphaα is specified as follows:

For plain steel (AI): α = 30 ÷ 40,
For ribbed steel (AII, AIII): α = 35 ÷ 50,
In regions subjected to high tensile stress, the higher value 

of α\alphaα should be chosen.
Description of System Users

Figure 4. UseCase Staff Managemant Figure 5. UseCase Managing Design Timeline

Figure 6. UseCase Client Management Figure 7. UseCase Steel Quantity Surveying
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Manager has the highest power in the system, meaning 
they can use all system functions. The Manager can create 
login accounts for staff with their proper roles in the system.

Technical Staff, A construction project, from design to 
finish, is the combined work of many groups like structural 
engineers, architects, M&E engineers, etc. These staff can 
access project files, project schedule, and steel counting data 
for their job

Final, Customer Service Staff, when a customer visits 
the company's website and wants design advice, they fill out 
the consultation form on the website. This data goes to the 
management system. The Customer Service Staff then gets 
the customer data to give advice and rank the potential quality 
of the customer.

Below, the author describes a 
number of key use cases within the 
system and the specific functions 
presented in the paper.

UseCase  LogIn: This Use Case 
lets the system separate user rights 
for staff and administrators. If an 
employee forgets their password, 
they can ask for email verification 
to get a new one. This can only 
happen if the employee’s email 
and role are already registered in 
the database. The verified new 
password will be sent straight 
to the employee's email, making 
system access secure and easy

UseCase Staff Management: 
The staff management feature 
helps the system know the number 
and structure of employees by 
department in the company. This 
helps managers assign work, 

organize staff, and check project progress in an organized way. 
After logging in, the administrator can make accounts for new 
staff using basic details like email and job roles. The system will 
automatically create the first password, and staff can change it 
themselves in their personal account section to make it more 
secure

UseCase Project Management: This feature lets users 
save and manage all project data in the system, including 
investor info, contracts, payment files, project photos, and 
other documents. Digitizing the data makes it faster, more 
accurate, and synchronized to search, update, and follow 
project progress

UseCase Managing Design Timeline: In design and 

Figure 8. System Login Interface

Figure 9. Managing Design Timeline Interface
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construction, a specific deadline for handing over documents 
is usually written in the contract. This Use Case allows 
managers to create and organize parent-child tasks inside 
each project, so staff can easily track their progress. Technical 
staff can click "Completed" once they finish a task, and the 
system automatically updates the overall timeline, helping the 
manager monitor and allocate resources efficiently.

UseCase Client Management: The company website 
serves as a professional and effective way to connect with 
clients. When a client visits the site and asks for consultation, 
their details are saved in the management system. Customer 
service staff can follow up, call, and sort these potential clients, 
which boosts marketing efforts and customer service quality

UseCase Steel Quantity Surveying: This is one of the 
system’s two main features, helping to survey and calculate 
the steel for each construction project. Based on real-world 
checks, the author identified 18 standard types of steel 
used in common construction. Each steel type has a unique 
calculation formula, which uses specs like diameter, number of 
bars, length of the element, and so on… 

The system lets users type in numbers right from the 
technical drawing, and then automatically calculates the 
needed steel volume and quantity.

Importantly, if an element is longer than 11.7m (the 
standard length of a single steel bar), the system automatically 
calculates and adds the length needed for the steel splice. The 
final take-off results are saved within the project file and can 
be exported as an Excel sheet, making material management 
quick, accurate, and organized.

The database is structured into four main functional 
modules: the first is user and authorization management 
(account, role, account_role_map), which controls 
authentication and role-based access; the second is 
personnel and customer records (staff, customer) supporting 
operational workflows and client interaction; the third is 
project administration (project, project_line, category, project_
category_map), which stores contract information, milestones, 
and project classifications; and the final is hierarchical progress 
and task tracking (progress, task, project_progress_task_map, 
task_staff_map), enabling assignment of responsibilities, 

Figure 10. Dashboard System Interface

Figure 11. Project Management Interface
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Figure 12. Steel Quantity Surveying Interface

Figure 13. Steel Quantity Surveying Interface

monitoring of completion status, and storage of related 
documents or images. Foreign-key relationships link users to 
projects, tasks to progress phases, and staff to assigned work 
items, ensuring synchronized updates across the entire project 
lifecycle. This relational architecture guarantees data integrity, 
auditability, and scalability, forming a stable foundation for 
project-centric management and automated steel-quantity 
computation.

The quality of the developed system was evaluated 
through a combination of functional, performance, and 
security testing. Functional correctness was verified using 
manual test cases and automated UI testing with Selenium 
to ensure accurate task execution and data consistency. 
System performance was assessed through load and stress 
tests conducted with Apache JMeter to measure response 
time, throughput, and stability under typical construction 
project workloads. Access control, data validation, and error-
handling mechanisms were tested manually, while automated 

vulnerability scanning using OWASP ZAP helped detect risks 
such as injection, weak authentication, and data exposure. 
The results demonstrated that the system operates reliably, 
maintains stable performance, and meets essential security 
requirements for deployment in construction management 
environments

4. Results
Based on the functional analysis and requirements, the 

author moved on to design and build the main interfaces, 
aiming for a visual, modern, and user-friendly experience. 
To build the project, the author chose and used several new 
programming technologies to make sure the system is stable, 
effective, and can be expanded.

Specifically, PostgreSQL is used for the database because 
it can process strongly and supports complex queries well. For 
the back-end, Java was chosen as the main language for good 
security and performance. For the user interface, ReactJS 

(xem tiếp trang 120)
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Visualization and Deep Learning 
Approaches for Malware Analysis
Tran Hong Nhung, Le Nguyen Thi Hong

Abstract
Malware is one of the most serious threats 
in the field of cybersecurity today. Malware 
analysis plays an essential role in detecting, 
preventing, and building effective defense 
solutions. This paper reviews traditional 
malware analysis methods, including static 
and dynamic analysis, and introduces a 
visualization-based approach combined 
with Convolutional Neural Networks 
(CNN). Experimental results show that the 
proposed method achieves high accuracy 
(95%), which indicates its potential as 
an effective solution in the context 
of increasingly sophisticated malware 
variants.
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1. Introduction
In the context of digital transformation, information systems have become essential 

infrastructures that support management, production, education, and particularly the 
fields of construction, architecture, urban planning, and smart city development – a 
major research orientation of Hanoi Architectural University. However, the rapid and 
sophisticated growth of malware presents great challenges. Malware not only causes 
data loss and service disruption but also introduces critical risks to privacy, financial 
stability, and even national security. Traditional approaches to malware analysis, mainly 
based on static and dynamic techniques, often fail when confronted with advanced 
obfuscation, polymorphism, and the continuous emergence of new malware variants. 
These limitations highlight the urgent need for more adaptive and intelligent detection 
methods.

In this context, recent advances in artificial intelligence, deep learning, and computer 
vision have opened new directions for malware detection. A promising approach is to 
transform malware executables into visual representations, enabling the application 
of Convolutional Neural Networks (CNNs) to automatically extract discriminative 
features and classify malware families. This method reduces dependence on manual 
feature engineering, improves robustness against obfuscation, and demonstrates 
strong performance in large-scale experiments. The present study applies CNN-
based visualization techniques to malware classification, achieving high accuracy 
and confirming the effectiveness of deep learning in this domain. Beyond technical 
performance, the research also emphasizes its broader significance: providing a secure 
technological foundation for information systems in architecture, construction, and 
sustainable urban development, thereby supporting the safe realization of digital 
transformation and smart city initiatives.

2. Related Work
Static analysis is a method of studying malware without executing it, usually by 

reverse engineering, extracting metadata, strings, and API calls to quickly identify its 
characteristics, functions, and potential risks. The main advantages of this approach 
are speed, scalability, and easy automation. However, when faced with obfuscation, 
encryption, or complex activation conditions, static analysis shows significant 
limitations, making it difficult to detect modern malware variants designed to evade 
signature-based detection.

Unlike static analysis, dynamic analysis executes malware in a controlled sandbox 
environment to observe its actual behavior. This method allows researchers to identify 
the infection process, network communication, and evasion techniques of malware. 
Although dynamic analysis provides a more accurate and realistic view of malware 
activities, it requires specialized infrastructure, consumes more time, and can be 
bypassed by attackers through techniques such as delayed execution or sandbox 
detection.

Yoo used self-organizing maps to visualize and detect malicious code in an 
executable file [1]. Nataraj et al. applied image processing techniques to transform the 
binary code of malware into grayscale images and then used machine learning methods 
to extract features and classify them [2]. And then Nataraj et al. compared two 
approaches: malware analysis based on visualization combined with dynamic analysis, 

Figure 1. Visualizing the malware file [2]

mailto:trannhung22499@gmail.com
mailto:lenguyenthihong.attt@gmail.com
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and analysis using only dynamic 
methods [3]. The results showed that 
both approaches achieved similar 
accuracy. Kosmidis et al. used GIST 
for feature extraction and Random 
Forest (RF) for malware classification 
[4]. Similarly, Naeem et al. proposed 
a method that used D-SIFT and GIST 
for feature extraction, and K-Nearest 
Neighbor (KNN) and Support Vector 
Machine (SVM) for classification [5].

In the computer vision, deep 
learning techniques have achieved 
better results than traditional machine 
learning methods, especially in image 
classification. Besides the research 
that applied visualization and machine 
learning for malware detection, many 
studies have also adopted deep learning 
approaches. Z. Cui et al. proposed a 
method of malware visualization and 
classification using Convolutional 
Neural Networks (CNN) [6]. Choi 
visualized binary code from both 
malware and benign samples and then applied deep learning 
algorithms for classification [7]. Yajamanam concluded that 
deep learning methods perform as effectively as GIST-based 
techniques for visualization-based malware classification [8] . 
Rezende et al. introduced a transfer learning approach, where 
malware visualization data were extracted using the VGG16 
network, achieving good results in malware classification [9]. 
The key advantage of these methods is their ability to adapt to 
unseen malware samples by exploiting morphological features 
in binary data. This provides a strong benefit compared to 
static analysis, which depends on signatures, and dynamic 
analysis, which is resource - intensive.

More recent works have further consolidated this 
direction. Singh et al. converted malware binaries into 
grayscale images and applied CNNs for classification, 
reinforcing the effectiveness of visual features in malware 
detection [10]. Brosolo conducted a systematic review of 
visualization-based methods, categorizing them by retrieval, 
feature extraction, classification, and evaluation, and 
highlighting both their progress and limitations [11]. Pinhero 
et al. evaluated twelve different neural network architectures 
with malware visualization, achieving an impressive F-measure 
of 99.97% on a dataset of 20,199 samples [12]. Together, 
these studies highlight the transition from traditional machine 
learning to deep learning 
in visualization-based 
malware analysis, 
underscoring the 
potential of CNNs and 
transfer learning to 
improve accuracy and 
adaptability.

To visualize a 
malware file, its binary 
code is extracted. The 
binary code consists of 
a sequence of binary 
strings, each with a length 
of 8 bits. Each string 
is divided into vectors 
and converted into 

decimal values. An 8-bit string can take values from 0 to 28, 
corresponding to the range [0, 255]. In this way, each binary 
string can be visualized as a pixel with a grayscale value (0: 
black; 255: white). A binary file can therefore be represented 
as a grayscale image with dimensions H × W, depending on 
the file size (Figure 1).

The recommended image size of a malware file is based on 
[2]. Width of the image is based on visual experiments. Height 
of the image varies depending on the file size.

From experimental observation, it can be seen that each 
malware family has very different “patterns.” This indicates 

Figure 2.Visualization of malware families

Figure 3. Malware files from the 
same family Figure 4. Distribution of the dataset

Table 1. The recommended image size of a malware

File size Image width
<10 kB 32

10 kB – 30 kB 64
30 kB – 60 kB 128

60 kB – 100 kB 256
100 kB – 200 kB 384
200 kB – 500 kB 512

500 kB – 1000 kB 768
> 1000 kB 1024
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that malware with different functions produces images with 
distinct visual patterns. As shown in Figure 2, malware files 
from the same family share similar patterns, with differences 
mainly in size. Constructing images that capture these unique 
characteristics of each malware family is essential for applying 
machine learning or deep learning algorithms to analyze and 
classify them.

3. Methodology
3.1. Dataset

The dataset consists of 834 grayscale images, including 
378 BENIGN samples (normal .exe files) and 456 MALICIOUS 
samples (extracted from the Malimg Dataset with 25 malware 
families). All samples were normalized to a size of 64×64×3 
before being used as input for the CNN model.

The MALICIOUS dataset was taken from the Malimg 
Dataset, which contains grayscale images of 25 different 
malware families. In this study, a subset of the Malimg Dataset 

was used, including complete samples from the 25 original 
malware families.

All of images were preprocessed and resized to 64×64×3 
to be used as input for the CNN model.
3.2. CNN model

A Convolutional Neural Network (CNN) was employed 
with three Convolutional layers, one Dense layer, and 
a Sigmoid activation function for binary classification. 
Convolutional filters and pooling techniques were applied to 
extract hierarchical features at different levels.
3.3. Results

A model with multiple Convolutional layers can capture 
hierarchical features of the input data, allowing it to generalize 
abstract characteristics more effectively. The deeper the 
CNN, the better it can extract high-level features. As shown in 
Figure 8, in this study the best performance was achieved with 
three Convolutional layers.

Using more filters 
increases the size of the 
feature maps, enabling the 
model to learn more complex 
patterns within the data. 
Figure 9 shows that 64 filters 
for each Convolutional layer 
provided the best results.

Similarly, employing 
multiple Dense layers allows 
the model to learn higher-
level abstract features. 
Figure 10 demonstrates that 

Figure 5. BENIGN samples

Figure 6. MALICIOUS samples

Figure 7. Basic CNN architecture
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using one Dense layer in the hidden layer produced the best 
performance.

The final model architecture is shown in Figure 11
The model achieved the following performance metrics:

Precision Recall Accuracy
0.9517 0.9517 0.9500

Figure 12. Performance results of the CNN model

The classification report demonstrates that the malware 
detection model achieves strong and balanced performance, 
with an overall accuracy of 95%. Precision and recall values 
of approximately 0.95 for both benign and malicious classes 
indicate effective detection with minimal false positives and 
false negatives. The equal F1-scores confirm the model’s 
stability and reliability in distinguishing between clean and 
infected samples, making it suitable for practical malware 
analysis applications. Both macro and weighted averages of 
0.95 indicate consistent model performance across classes. 
The macro average treats all classes equally, while the 
weighted average accounts for class distribution, showing that 
the model maintains balanced effectiveness even with slight 
class variation.

The confusion matrix shows that the model correctly 
classified 117 benign and 122 malicious samples, with only 7 
false positives and 5 false negatives. This demonstrates high 
detection accuracy and strong capability in distinguishing 
between safe and infected files. The low false-negative rate 
is especially important for malware analysis, as it reduces the 
risk of undetected threats and confirms the model’s reliability 
in real-world cybersecurity applications.

The model also achieved an AUC of 0.952:
The ROC curve illustrates the performance of the malware 

detection model by plotting the True Positive Rate (TPR) 
against the False Positive Rate (FPR) at various classification 
thresholds. A point closer to the top-left corner of the graph 
represents better detection performance, as it indicates a high 
rate of correctly identified malware and a low rate of false 
alarms. The AUC quantifies the overall ability of the model 
to distinguish between malicious and benign samples. In this 
experiment, the AUC value of 0.952 demonstrates that the 
model achieves excellent discriminative capability, meaning 
it can effectively differentiate malware from legitimate files. 
A higher AUC value (closer to 1.0) indicates a more reliable 
and accurate detection system, which is crucial for minimizing 
false negatives in cybersecurity applications.

Figure 8. Fine tuning depth models Figure 9. Fine tuning filter number

Figure 10. Fine tuning filter Dense layer

Figure 11. CNN architecture for malware classification
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However, the results also reveal the training and testing 
loss curves show that the model learns effectively in the early 
epoch, with both losses decreasing rapidly. After around the 
10th epoch, the training loss continues to decline, while the 
testing loss stabilizes and fluctuates around 0.2. This indicates 
the presence of mild overfitting, as the model fits the training 
data more closely without further improvement on unseen 
data. Early stopping around epoch 10–12 could provide better 
generalization performance.

Although the model achieved high accuracy, it showed 
signs of overfitting due to the large gap between training loss 
and testing loss. This suggests future research should focus on 
expanding the dataset and increasing model depth to improve 
generalization.

4. Conclusion
This paper presented an overview of traditional malware 

analysis methods (static and dynamic) and their limitations, as 
well as an experimental study of a visualization-based malware 
analysis approach using Convolutional Neural Networks 
(CNN). The results demonstrated high accuracy, confirming 
the feasibility of this method for supporting malware detection 
and prevention.

In the future, expanding the dataset and optimizing 
the CNN architecture will improve generalization, reduce 

overfitting, and handle new malware variants more effectively. 
The findings not only contribute to the field of cybersecurity 
but also provide a foundation for developing secure and 
reliable information systems in architecture, construction, and 
smart city management – a key research direction of Hanoi 
Architectural University./.

Figure 13. Confusion Matrix

Hình 14. ROC Curve - AUC Figure 15. Training and testing loss over epochs
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Proposals to Improve the Quality  
of Laboratory and Practical Training  
at Hanoi Architectural University
Nguyen Truong Huy

Abstract
This paper analyzes the current situation, 
roles, and development directions of 
laboratory and practical training at 
Hanoi Architectural University (HAU). 
The survey results indicate that most 
students highly appreciate laboratory and 
practical courses for their effectiveness 
in consolidating knowledge, developing 
professional skills, and enhancing 
research capabilities. However, facilities 
and teaching methods still require 
improvement to meet modern educational 
standards. The paper proposes several 
solutions to enhance training quality, 
strengthen the integration of theory and 
practice, and update technologies and 
international standards in laboratory and 
technical practice activities.
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Quality of Education, Hanoi Architectural 
University 

Nguyen Truong Huy, PhD 
Institute of Architecture, Construction and Urban 
Technology 
Hanoi Architectural University 
Email: huynt@hau.edu.vn, Tel: 0989097981

Editing date: 08/11/2025 
Post approval date: 10/11/2025

1. Introduction
In the context of higher education shifting strongly towards capacity training, 

improving the quality of experimental and practical subjects is an inevitable requirement 
to ensure output standards, enhance the ability to apply knowledge and develop 
professional skills for students. Especially for technical majors, experiments and practice 
are not only a supplementary form but also a core element in the training program. 
In recent years, Hanoi University of Architecture has made many efforts in investing 
and upgrading facilities, but there are still limitations that need to be overcome. This 
paper aims to analyze the current situation, evaluate student satisfaction and propose 
solutions to improve the effectiveness of experimental and practical training at school.

2. Theoretical Basis and Literature Review
Laboratory and practical activities play a crucial role in technical education, bridging 

theory and practice while fostering students’ professional and creative skills. According 
to CDIO Standard 6: Engineering Workspaces [1] and ABET Criterion 5: Curriculum 
(ABET, 2021) [2], practical courses should account for at least 30-40% of total credits 
in engineering programs. Laboratory work helps students understand fundamental 
phenomena, enhance analytical and problem-solving abilities, teamwork, and critical 
thinking. Furthermore, laboratories provide the foundation for research, innovation, 
and entrepreneurship within universities.

3. Current Situation of Laboratory and Practical Training at Hanoi Architectural 
University

According to the report of the External Assessment Team (Center for Education 
Quality Assessment - Association of Vietnamese Universities and Colleges (CEA-
AVU&C)) [3]: The school has a system of laboratories, practice rooms and equipment 
to serve training and research. The laboratories and practice rooms are fully equipped 
with appropriate equipment to support training and research activities. The school has 
6 IT labs with 240 computers, 1 sewing lab, 1 block making lab for V major; 1 geodetic 
lab, 5 laboratories (including a construction materials lab; 1 construction structure lab; 
1 geotechnical lab; 1 Center for Research on architectural microclimate and energy; 
1 microbiology and water chemistry lab). The labs and laboratories are equipped with 
many specialized equipment, Details are shown in Table 1:

In addition, the University also arranges specialized classrooms in the form of 
Workshops such as 9 Planning Workshops, 7 Architecture Workshops; 1 Model 
Workshop; 2 Sculpture Workshops; 4 Fine Arts Workshops; 8 Furniture Workshops; 4 
Galleries, 13 Construction Practice Areas, etc. 

The system of equipment in the University's laboratories and practice rooms is 
maintained, repaired and upgraded to meet the needs of training and research. 

Every year, in addition to serving the teaching of experimental subjects, there are 
also many scientific research topics of lecturers and students carried out here. Some 
ministerial-level topics have been researched experimentally at the PTN:

- Research on the performance of construction mortar in the humid tropical climate 
of Vietnam;

- Research on the application of internal curing to reduce shrinkage and cracking of 
high-strength concrete structures in construction;

- Research on the construction of technical guidelines for the design of structural 
lightweight aggregate concrete components;

- Research on the technology of producing insulation and decorative panels based 
on lightweight glass aggregate; …

Survey results and inspection reports indicate that HAU has developed a 
diverse system of laboratories supporting materials science, structural engineering, 
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geotechnics, and architectural technology. However, several 
challenges remain, including limited laboratory space, 
suboptimal equipment layout, and predominantly manual 
management procedures. Many devices have not been fully 
exploited due to lack of specialized human resources or lack 
of coordination between units. The application of information 
technology in management, maintenance and evaluation 
of equipment efficiency is still limited, there is a need for 
research and proposals to improve the efficiency of machinery 
and equipment here.

Main causes: Lack of coordination mechanism; Budget 
constraints; Not yet applied digital management; Lack of 
specialized technical staff.

The proposed solutions in the topic are given to overcome 
the limitations, focusing on researching and solving the main 
causes mentioned above.

4. Student Satisfaction Survey Results
According to data from the 2024 university-level research 

project “Improving the Quality and Effectiveness of Training 
and Scientific Research Services of Laboratories at Hanoi 
Architectural University” (PI: Dr. Nguyen Truong Huy) [5], a 
survey of 142 students from the Faculty of Civil Engineering 
and the Faculty of Infrastructure and Urban Environment 
revealed:

Table 1. Statistics of practice rooms, laboratories and main equipment

No. Name Quality Main equipment

01 Computer lab 06 Computers (240 desktop computers), projectors (06), projection screens (06)

02 Construction Materials 
Laboratory - Institute of 
Architecture, Construction 
and Urban Technology

01 DMD-22 multi-channel strain gauge, 50kN control cement compression/
bending testing machine, Vicat-Control tool set, ISO 3310 standard sand 
and gravel sieve set, cement curing cabinet, standard temperature and 
humidity, Concrete mixer, hydrostatic balance, concrete ultrasonic machine, 
concrete rebound gun, Concrete cover thickness determination device, 
Steel reinforcement corrosion analysis device, Deflection and displacement 
measuring device, Water capacity measuring device for load testing, 
Concrete settlement/density testing kit, Concrete air bubble content meter, 
...

03 Structural Engineering 
Laboratory - Institute of 
Architecture, Construction 
and Urban Technology

01 1000 KN universal tensile machine, 3000 KN hydraulic press, hydraulic 
force generating system for static and dynamic testing, 10 ton crane, impact 
testing machine, TICO concrete ultrasonic machine (scale: 15-6550US), 250 
KN hydraulic jack, Channel dividing system, Circulating cooling system...

04 Geotechnical Laboratory 
- Institute of Architecture, 
Construction and Urban 
Technology

01 Testing equipment for determining soil shear strength, testing equipment 
for physical parameters and soil condition, consolidation testing equipment, 
soil permeability and compaction testing equipment, Proctor automatic 
compactor, soil sampling drill...

05 Center for Research on 
Microclimate Environment, 
Architecture and Energy 
- Institute of Tropical 
Architecture

01 Water Ion Analyzer, Surface Temperature Meter, Solar Radiation Meter 
(Total and Direct Radiation), VOC and Hydrocarbon Emission Gas 
Meter, HITESTER Handheld Power Meter, Testo Gas Meter, Electricity 
Consumption Data Logger (Dent Instrument/USA), Handheld Ultrasonic 
Flow Meter (for Liquid Flow in Closed Pipes), Engine Speed ​​Meter…

06 Microbiology and Water 
Laboratory - Institute of 
Architecture, Construction 
and Urban Technology

01 Atomic absorption spectrometer AANALYST300, popular ultraviolet 
spectrometer, vacuum air compressor, peristaltic dosing pump, multi-
parameter water measuring device - TOA-WQC-22A, flue gas measuring 
device IMB-2800, pH measuring and controlling device (Kobold) measuring 
range 1-14 ...

Figure 1. Image at the structural laboratory [4]
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Criteria Result
Laboratory courses 
considered “very important”

92/142 students

Teaching methods rated 
“highly effective”

83/142 students

Facilities rated “good” 113/142 students
Overall satisfaction 125/142 students (~88%)
Suggestions to improve 
equipment and increase 
practice time

87 and 46 responses, 
respectively

Although 88% of respondents expressed overall 
satisfaction, 61% still suggested upgrading equipment and 
32% recommended increasing practice hours. This indicates 
a discrepancy between general perceptions and specific 
expectations. Students may feel satisfied with current learning 
experiences yet still recognize the need for modernization 
to meet future job market requirements. This finding aligns 
with CDIO principles emphasizing hands-on, design-build 
experiences.

5. Development Orientation and International Benchmark-
ing

In the trend of globalization and digital transformation, the 
world's leading universities have strongly shifted to training 
models based on experience and experimental research. 
The "living labs" and "project-based learning" models are 
widely applied to connect students with practice. Modern 
laboratories are equipped with IoT, AI, big data, allowing 
simulation and remote experiments. In addition, the ISO/
IEC 17025:2017 standard on laboratory capacity [6], CDIO 
on engineering training and Circular 01/2024/TT-BGDDT 
of the Ministry of Education and Training [7] are important 
bases for standardizing experimental activities at Vietnamese 
educational institutions.

In recent years, many Vietnamese technical universities 
such as Hanoi University of Science and Technology, University 
of Transport and Communications, and HaNoi University of 
Civil Engineering have invested heavily in modern laboratories 
following CDIO standards. Internationally, universities such 
as MIT, NTU Singapore, and TU Delft have developed ‘smart 
laboratories’ integrating IoT, automated data collection, 
and digital simulations. These trends indicate that modern 
laboratory systems are not only spaces for practice but also 
core environments for research, innovation, and competency-
based education.

Modernizing laboratories with AI, big data, IoT, and 
simulation technologies is essential to equip students with 
rapidly growing technological and analytical skills highlighted 
in the Future of Jobs Report 2023 [8], ensuring their readiness 
for the global labor market.

6. Proposed Solutions
From the analysis, several key solution groups are 

proposed:
•	 Enhancing equipment utilization through centralized 
management and digital platforms for laboratory scheduling 
and maintenance.
•	 Updating laboratory experiments with emerging 
technologies such as BIM, 3D printing, IoT, green materials, 
and digital simulations.
•	 Innovating teaching methods toward Project-Based 
Learning (PBL), emphasizing interaction, creativity, and 
teamwork.

•	 Strengthening university–industry collaboration for 
applied research, technology transfer, and internships.
•	 Standardizing management and maintenance based on 
ISO/IEC 17025, and training specialized laboratory staff.
•	 Investing in modern, interdisciplinary laboratories that 
support teaching, research, and innovation.

Additional measures for the Institute of Architecture, 
Construction, and Urban Technology - which manages the 
laboratories - include:

- The Institute needs to have a direction to move towards 
autonomy and self-responsibility for the activities of the 
laboratories. It is necessary to develop financial regulations 
for the work of: Maintenance and repair of equipment; 
purchase of cheap and easily damaged tools; inspection 
of equipment (according to regulations on LAS-XD), ... and 
effective exploitation of equipment in research and transfer of 
science and technology; - Establish regulations on operating 
time of the laboratory in an open direction, oriented according 
to the characteristics of scientific research for students and 
researchers;

- Propose to the School to arrange enough space, budget 
and human resources to install all existing equipment, add 
new equipment to promote the effective use of equipment 
for training, scientific research and scientific and technological 
services.

- Have a mechanism to encourage lecturers to convert 
regular lectures to digital lectures, lectures with 3D simulations 
so that students can easily visualize the experiments. Link 
experiments with practical applications so that students can 
understand and apply them to solve future work.

- Sign cooperation agreements and link with units outside 
the school to effectively use each other's machinery and 
equipment capacity and support each other.

7. Conclusion and Recommendations
Experimental and practical training plays a particularly 

important role in shaping students' professional and 
research capacity. Experimental and practical training plays a 
particularly significant role in developing students’ professional 
competencies and research capacities. Hanoi University of 
Architecture has achieved many positive results, but still 
needs to continue to innovate towards modernization and 
international integration. The synchronous implementation 
of solutions on facilities, teaching methods, management and 
cooperation will help improve the quality of training, meeting 
the requirements of education in the digital age. Hanoi 
University of Architecture has achieved many positive results; 
however, it must continue to pursue innovation aimed at 
modernization and international integration. The coordinated 
implementation of solutions related to infrastructure, 
teaching methodologies, management practices, and external 
cooperation will contribute significantly to enhancing training 
quality and meeting the demands of education in the digital 
age.

In order for laboratories in public universities to operate 
effectively and make good use of facilities and equipment, 
there must be a mechanism of financial autonomy, investment 
autonomy and exploitation of facilities in research and 
technology transfer activities. For laboratories in public 
universities to operate effectively and utilize facilities and 
equipment efficiently, a mechanism for financial autonomy, 
investment autonomy, and the exploitation of facilities in 
research and technology transfer activities is necessary. 

(xem tiếp trang 115)
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Developing research on digital education 
and training in architectural design in the 
digital era: a case of study in Japan
Kenzo Take

Abstract
The field of digital architecture is 
considered to be lagging behind, 
especially as computer-based design, data 
analysis, and workflow processing through 
the adoption of Building Information 
Modeling (BIM) as a global standard 
become prevalent. 
This article aims to summarize and review 
the current situation and limitations of 
architectural education and training in 
Japan. It also explores the solutions Japan 
is implementing to avoid falling behind in 
this rapidly evolving field.
To keep pace with the continuous growth 
of digital technology, the ability to collect 
global information becomes necessary. 
Japan is strengthening integration efforts 
while supporting universities, research 
facilities, and businesses in the domestic 
architecture industry to develop in 
an international, focused direction. 
The focus is on two critical aspects of 
digitization globalization and sustainable 
development, with the goal of conducting 
research and proposing architectural 
research education infrastructure 
to produce adaptable architectural 
professionals for the new era.
Key words: architectural education 
research, studio model, digital design, 
global integration, Japanese architect 
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1. Introduction
Architectural education and training in higher education institutions have 

encountered significant challenges, as identified by the Architectural Institute of Japan 
(AIJ) in 2003. The AIJ emphasized three critical factors: global integration, professional 
competency, and alignment with international environmental standards.

According to the UNESCO-UIA Charter for Architectural Education, a minimum of 
five years of training at higher education institutions or equivalent is required to qualify 
as an international architect. In Asia, many countries, including China, South Korea, and 
Vietnam, implement curricula based on this charter. Japanese architectural education 
continues to focus on comprehensive education, including studies in building structures 
and services, as evidenced by the fact that most architecture-related research falls under 
engineering departments. The issue of equalizing architectural qualification standards 
becomes critical during international integration, necessitating a clear definition of the 
unique characteristics of architectural design education in Japan [1] [2].

Regarding environmental concerns, a pressing global issue of the 21st century, 
the Architectural Institute of Japan, along with four other architectural organizations, 
established the Charter for a Global Environment in 2000. This aimed to create a 
comprehensive design education system integrating urban design, environment, 
architectural planning, structures, building services, history, and architectural theory to 
meet standards for quality of life, energy efficiency, resource conservation/recycling, 
and heritage preservation. Advanced architectural design education in Japan needs 
improvement in various aspects, including facilities, environment, and instructors. This 
proposal was submitted to faculty members, educational institutions, and relevant 
supporting organizations [3].

In recent years, Japan’s competitiveness in science and technology has faced 
significant criticism. In particular, its research and societal implementation capabilities 
in digital technology and the Internet of Things (IoT) are considered to be lagging. 
In architecture, as computer-based design, data analysis, and processing through 
continuous workflows and information management of architectural forms and 
attributes via Building Information Modeling (BIM) become global standards, Japanese 
architectural education seems to fall short in utilizing these tools. Mastering the 
foundational knowledge and skills to use these tools proficiently is increasingly 
challenging due to limitations in existing curricula.

The number of Japanese students studying abroad is decreasing, and international 
networks are weaker compared to other Asian countries. Notably, the number 
of English-language architectural research papers has not increased. Japanese 
architectural training faces challenges in managing academic journals, design standards, 
and enhancing international integration, as well as supporting universities and research 
institutions to advance architectural education and research globally [4].

Since 2008, Japan has proposed the first sustainable collaborative educational 
architecture, connecting universities to create a multifaceted learning environment 
to foster students as global citizens. The proposed approach was implemented from 
technical and administrative perspectives to facilitate effective and sustainable 
educational collaboration between universities [5]. Discussions on establishing 
a globally standardized school system and internationalizing Japanese university 
students, incorporating traditional architecture such as Zen gardens into training for 
students from diverse cultural backgrounds, have also emerged [6].

2. Trends in Digital Architectural Design Education
2.1 United States

In Japanese universities, department heads and program directors are typically 
selected from within the faculty through internal elections, fostering continuity 
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in leadership. In contrast, U.S. institutions often appoint 
department heads externally via open recruitment or selection 
committees, granting them substantial managerial authority 
over departmental operations. Consequently, the selection 
of department heads significantly shapes the strategic 
direction of university architecture programs. The influence of 
leadership is particularly pronounced in the adoption of digital 
technologies within studio-based education. For instance, 
Bernard Tschumi, dean of Columbia University’s Graduate 
School of Architecture, Planning and Preservation from 1988 
to 2003, pioneered the implementation of a paperless studio 
model by investing in advanced computational infrastructure 
in 1994, thereby advancing digital design methodologies.

The University of Southern California’s School of 
Architecture, distinct from architecture departments within 
comprehensive universities, operates as a specialized 
institution established in 1972. Despite its focused scope, 
its faculty and alumni have exerted considerable global 
influence on architectural practice. Notably, co-founder Thom 
Mayne championed the integration of computational design 
techniques, enhancing the school’s reputation for innovation. 
Similarly, Carnegie Mellon University, widely recognized for its 
leadership in computer science and environmental engineering, 
has made significant strides in architectural education. In 
2016, the university introduced three specialized graduate 
programs: a Master’s in Digital Architecture, a Master’s in 
Advanced Architecture, and a Master’s in Sustainable Design. 
These programs, often staffed by faculty shared with the 
standard Master’s in Architecture, have substantially advanced 
the institution’s efforts in digital design education.

Globally, despite regional variations in leadership models, 
architectural and urban design education programs are 
evolving to incorporate digital technologies. Beyond digitizing 
design processes, these programs increasingly integrate 
interdisciplinary concepts such as smart cities, virtual 
environments, and digital entertainment. The diversity of 
stakeholders, encompassing students, educators, engineers, 
designers, and practitioners with expertise spanning 
architectural history to contemporary practice, has significantly 
shaped the development and outcomes of comprehensive 
digital design education.
2.2. Trends in Digitization of Architectural Design Practice in 
Japan

Advancements in construction technology and digitization 
have evolved to address the societal needs of each era, 
contributing significantly to the development of modern and 
contemporary Japanese society. Many of these technologies, 

originating both domestically and internationally, have been 
adapted to align with Japan’s unique contextual requirements, 
complementing indigenous innovations. Japan has 
consistently engaged in international knowledge exchange, 
disseminating construction-related expertise and providing 
technical assistance to numerous developing nations to foster 
global collaboration [7].

In the realm of architectural design, the integration 
of computational tools began in the late 1960s with the 
introduction of cathode-ray tube (CRT) systems at institutions 
such as the University of Tokyo and Kyoto University. During 
this period, research into computer-aided design (CAD) utilizing 
mainframe computers, CRT displays, and plotters was initiated 
in Japan. In the 1970s, leading design and construction firms 
developed proprietary systems, such as shadow calculation 
tools hosted on mainframe computers, marking the emergence 
of practical applications in architectural design. By the 1980s, 
CAD systems integrating minicomputers and workstations 
became commercially available, prompting widespread 
adoption by major firms.

The 1990s saw the proliferation of UNIX-based 
workstations distributed by various manufacturers, expanding 
the availability of advanced design systems. Concurrently, large 
firms pioneered three-dimensional (3D) modeling systems, 
enhancing creative applications of computer graphics (CG) 
in architectural design. The release of Microsoft Windows 
95 in 1995 revolutionized access to engineering software by 
enabling its use on cost-effective personal computers, leading 
to the widespread adoption of CAD systems for producing 
design drawings across the industry.

The adoption of Building Information Modeling (BIM) 
by major Japanese design firms and construction companies 
began in 2009. In 2010, the Ministry of Land, Infrastructure, 
Transport and Tourism launched the "Project for Implementing 
BIM in Government-Managed Construction Projects," 
followed by the establishment of the "BIM Usage Guidelines" 
in 2014. However, due to differences in business practices 
compared to Western counterparts, client demand for BIM 
remained limited. To address this, the Ministry established the 
BIM Promotion Conference in 2019, fostering collaboration 
among government, industry, and academic stakeholders to 
advance BIM implementation.
2.3. Status of Digital Tool Usage

In Japan, younger architectural design teams increasingly 
adopt BIM from the initial stages of the design process, 
reflecting a growing trend toward comprehensive digital 
integration. Conversely, many middle-aged and older designers 

Figure 1. Designing a walkway using Rhinoceros software (left image) and Grasshopper [4]
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perceive BIM primarily as a tool for generating design review 
models, resulting in redundant efforts alongside traditional 
drawing methods.

However, the use of BIM models to ensure compatibility 
has proven significantly more efficient than traditional drawing 
comparisons, with its practical benefits widely acknowledged 
and implemented. A key advantage of BIM for architectural 
designers lies in its capacity to produce diverse explanatory 
diagrams for clients by leveraging object attributes, 
thereby streamlining the design process. Discussions at 
the Construction BIM Promotion Conference in December 
2022 underscored plans to pilot the standardization of BIM 
for building permit applications starting in 2025, signaling 
a strategic move toward broader adoption and regulatory 
integration.

3. Challenges of Digital Architectural Design Education in 
Japan

The majority of architectural studios in Japanese 
universities incorporate digital tools, including two-
dimensional computer-aided design (2D CAD) systems, 
rendering the definition of a digital design studio ambiguous. 
In contrast, as discussed in Section 2, international universities 
increasingly establish studios that explicitly emphasize the 
integration of information technology with architectural 
design, with a growing number of such programs. At certain 
institutions, studio courses are highly valued, serving as 
critical practical components for first-class architect licensing 
examinations. These courses, often aligned with master’s-level 
research, are characterized by greater complexity and larger 
scale compared to standard offerings.

Studio assignments are designed to encourage students 
to investigate the interplay between innovative construction 
methodologies and design through the lens of digital 
technologies. Digital modeling plays a pivotal role in optimizing 
geometric configurations, structural integrity, environmental 
performance, and production-related considerations, such 
as material properties and constraints in processing and 
transportation.

Internationally, examples of innovative architectural 
projects that prioritize these aspects are increasingly evident, 
underscoring the role of studio education in fostering an 
understanding of this perspective and its associated skill set. 

4. Training Process of Digital Architecture Studios
The comprehension of information technology within 

Japanese architectural education remains limited. A 2021 
report by the Architectural Institute of Japan highlighted that, 
despite improvements in hardware infrastructure, such as the 

maintenance of digital fabrication equipment, since a prior 
2012 survey, there has been little advancement in the content 
of lecture-based instruction. Although demand for digital 
architectural education and fabrication technologies is rising, 
the current educational framework appears inadequately 
equipped to meet these needs.
4.1 Undergraduate Training in Architecture

The Department of Architectural Design at Hiroshima 
Institute of Technology [8], restructured from the Department 
of Environmental Design in 2016, prioritizes the integration 
of digital architectural design within its curriculum. The 
department offers three elective courses: Digital Design 
(offered in the second semester of the first year), Digital 
Practice (offered in the first semester of the second year), 
and BIM Practice (offered in the second semester of the 
second year). These courses are designed independently of 
the thematic content of design assignments. By incorporating 
these specialized courses, the department’s systematic 
approach to digital architectural education aligns with 
contemporary trends in Japanese architectural pedagogy.

4.1.1 Digitization of Architectural Design
In the final semester of the first year, students are required 

to master modeling techniques, including parametric modeling, 
through a structured 14-week course. The curriculum 
incorporates weekly assignments, mid-term projects, and a 
final project to develop proficiency in 3D design thinking. The 
course utilizes licensed software, Rhinoceros and Grasshopper, 
installed on university-provided laptops, with the objective of 
fostering computational thinking from an early stage. Recent 
trends indicate a growing interest among students in self-
directed learning compared to previous cohorts.

4.1.2 Digital Practice
The Digital Practice course, offered in the first semester of 

the second year, focuses on translating 3D models into physical 
outputs. Students explore the operational characteristics of 
digital fabrication tools, including laser cutters, 3D printers, and 
CNC machines, while designing projects that leverage these 
technologies. Instructors provide guidance on generating 
processing files for laser cutters from 3D models and outline 
workflows for 3D printing, emphasizing practical applications 
of digital design.

4.1.3 BIM Practice
The BIM Practice course serves as a cornerstone of 

the digital skills curriculum, aiming to develop students’ 
understanding of 3D models with embedded attributes, as 
well as their ability to produce drawings and visualizations at a 
foundational design level using BIM. 

Figure 2. CNC cutting machine practice and final product [2]
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Students are divided into two groups, one using Revit and 
the other using ArchiCAD, to create a competitive environment 
that encourages peer-to-peer exchange regarding the 
strengths and limitations of each software. Unlike 2D CAD, 
where students can directly edit drawings while viewing the 
final output, BIM requires editing the model while anticipating 
the resulting output, presenting a significant pedagogical 
challenge in architectural education, where drawing quality is 
paramount.

Proficiency in digital tools and technologies is comparable 
to acquiring a language, with early exposure broadening 
students’ perspectives. Notably, some students who 
completed the BIM Practice course using ArchiCAD have 
independently mastered Revit within two years prior to 
graduation, subsequently applying these skills in professional 
practice. This trend underscores the efficacy of systematic 
digital architectural education in motivating students to 
proactively pursue advanced knowledge and techniques.

Architectural educators in Japan advocate that the 
future of BIM education, alongside the integration of 
robotics and artificial intelligence in architecture, should 
extend beyond traditional CAD instruction. University-level 
digital architectural education should facilitate exploration 
of advanced technologies while deepening students’ 
understanding of information technology, preparing them for 
evolving industry demands.
4.2 Postgraduate Digital Design Studios

Traditionally, instruction in design tools such as CAD 
has been delivered as a standalone subject by specialized 
instructors with expertise in the software, distinct from 
the architectural design process. However, as software 
functionalities have become increasingly diverse, ensuring 
that students recognize the connection between specific 
software applications and underlying design concepts 
presents a significant challenge.

In contrast to the undergraduate digital architectural 
design curriculum described in Section 4.1, postgraduate 
studios focus on more specific design challenges. These 
studios prioritize real-world societal contexts presented as 
design tasks, aiming to enable students to understand and 
harness the advantages of digital tools. Students engage in 
moderately scaled projects, designed to be completed within a 
semester, to investigate the broader architectural significance 
and spatial implications of their work.

The “Applied Environmental Design Studio,” organized 
by Keio University for over a decade in collaboration with 

institutions such as the University of Paris and Tsinghua 
University, facilitates student participation in an international 
design competition evaluated by external jurors, with top 
designs recognized through awards. Annual design challenges 
are established through collaborative discussions among 
participating universities, based on materials and proposals 
provided by the host institution responsible for that year’s site 
survey. Each competition theme integrates the use of digital 
tools within clearly defined contexts and topics.

In the 2021 competition, the historic city of Carcassonne 
in southern France served as the study site. The design 
brief required students to integrate the preservation and 
renovation of an existing 2,700 m² historic building with new 
construction within the city. The task involved reconfiguring 
the functionality of all spaces across a total area of 6,550 
m², designated for two vocational schools (engineering and 
nursing) while incorporating shared-use areas. The challenge 
centered on the strategic application of digital tools to address 
these specific contextual and thematic requirements.

4.2.1 Role of Digital Tools in Survey and Analysis
Site research and analysis are essential components 

that facilitate the generation of innovative and contextually 
relevant project concepts. The availability of internet-based 
resources enables students to gather a diverse array of data, 
including textual information, images, 3D models, geographic 
information system (GIS) data, meteorological data, and traffic 
data for most global locations. The systematic collection and 
application of such data to conduct design simulations are 
fundamental to digital design methodologies. Consequently, 
the initial phase of the studio is dedicated to acquiring, 
organizing, and integrating this data into study models 
developed using BIM.

In addition to provided materials, such as drone-captured 
videos, students actively source supplementary 3D models of 
the urban context and utilize imagery to model specific areas, 
particularly adjacent regions, to enhance data accuracy for 
targeted improvements.

4.2.2 Role of Digital Tools in Massing Studies and Concept 
Development

The subsequent phase of the research analysis involves 
simulating the project area, where digital studios demonstrate 
their efficacy by generating design proposals through 
parametric modeling of architectural masses. Massing layouts 
are developed using automated area calculations facilitated 
by Revit’s Mass function, with color-coded visualizations 
employed to refine design concepts, including spatial 

Figure 3. BIM practice exercise [4]
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arrangements and project frameworks.
The digital design process integrates the research and 

rendering phases into a cohesive workflow for presentation, 
rather than treating them as distinct visual processes. Within 
the framework of the “Applied Environmental Design Studio,” 
software-generated models can be rendered during the 
preliminary research phase, as they are directly linked to the 
visual simulation of the actual structural forms. Consequently, 
this approach enables the efficient rendering of 3D models, a 
process that was previously labor-intensive.

5. Conclusion
Japan’s competitiveness in science and technology 

has faced scrutiny, particularly with respect to its research 
capabilities and societal implementation of digital technologies 
and the Internet of Things (IoT), which are perceived to 
lag behind global benchmarks. The architectural sector is 
similarly affected, as computer-aided design, data analysis, 
and integrated workflows for managing architectural forms 
and attributes through Building Information Modeling have 
become international standards. However, architectural 

education in Japan struggles to align with the proficient 
use of these tools. The increasing complexity of mastering 
the foundational knowledge and skills required for these 
technologies is compounded by limitations in existing 
curricula.

This article evaluates the current state and constraints 
of architectural education in Japan, alongside the strategies 
being implemented to address these challenges and prevent 
further divergence from global standards. 

To remain competitive amid the rapid advancement of digital 
technologies and IoT, robust global information-gathering 
capabilities are critical. Japan is enhancing its international 
integration by supporting universities and research institutions 
to advance architectural education, research, and related 
industries toward greater internationalization. These efforts 
focus on two primary pillars: digitization and globalization, 
coupled with sustainable development. The objective is to 
establish research and educational infrastructure that equips 
a new generation of architects with the adaptability required 
to meet contemporary demands./.

Figure 4. Conservation project at the ancient capital of Carcassonne [4]
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Perspectives on design education: 
curricular research, analysis and creativity
Eytan Fichman

Abstract
This talk reprises several Perspectives on 
Learning and Teaching that I encountered 
while engaging degree studies in education, 
when I was 50 years old. I find the 
interplay of these perspectives enriching, 
particularly when focused on curricular 
studies developing research skills, 
analytical skills and creative processes, 
in Hanoi Architectural University’s KTT 
program. These perspectives are mostly 
applications of theories developed by 
social scientists focusing on learning and 
teaching. I use Lee Shulman’s concept of 
“PCK” - Pedagogical Content Knowledge, 
as a bridge between discussion of these 
educational principles as they are applied 
to discipline-specific learning / teaching 
situations in architecture school. PCK 
joins them in a way that I conceptualize as 
the “braiding” of disciplinary perspectives. 
[1]
Key words: research, analysis, creative 
process, empathy, speculation, 
pedagogical content knowledge 
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1. Introduction
I have tried, in my practice as a university faculty member, to braid principles of 

practice from the fields of architecture and education, informed by my degree studies 
and practice in both disciplines. The paper presents certain principles and theories 
from the field of education that I have found relevant to my teaching. The paper then 
explores their application through field-specific teaching practices in architectural 
education. In the process, one research method actually re-forms as a teaching method: 
the ethnographer’s approach to close observation of research subjects is applied to 
teachers’ close observation of students in the classroom, with defining the zone of 
proximal development (discussed below) as the ever-evolving “research question” 
of the “research” as teaching. Methods from the social social sciences that comprise 
disciplines of attentiveness, trained on human development and culture (ethnography, 
developmental psychology), can readily come into play in the learning / teaching 
moment.

2. Methods
Over the last twenty-five years, after my initial exposure to graduate studies in 

education, I have intertwined scholarly research in education and architecture, in 
relation to the teaching of architecture. My graduate studies in education often involved 
applying the social sciences’ perspectives and methods to the learning / teaching 
relationship. I have since that time, often considered myself, methodologically, if 
informally, as employing the observational and analytical techniques of an ethnographic 
participant observer. My work has reflectively involved applying ethnographic 
interview-based research methods within the learning / teaching relationships of the 
classroom. The findings from these forms of research, informed by my consulting on 
curriculum development at the Boston Architectural College, in the USA, as well as at 
Hanoi Architectural University, are things I reflect on in this writing. 

Here are some brief remarks about the methodological roots and dimensions of 
the eight perspectives I discuss below at greater length in the body of this paper (in 
sections 3.1 through 3.8).

Lev Vygotsky’s theoretical insight (3.1), focusing closely on the student, within 
what Vygotsky terms, “the zone of proximal development,” gives the teaching project, 
and my research into it, special focus. It zeroes my work in on that ever-shifting 
developmental moment where new knowledge is within the student’s reach – that 
is the zone Vygotsky highlights. Openness to empathy (3.2) between teacher and 
student qualifies the learning / teaching relationship, giving weight and emphasis to 
findings found through qualitative research, in contra-distinction to quantitative study. 
Listening attentively, taking notes methodically, as the ethnographer might, always 
making the student’s thinking the subject of the teacher’s descriptive and analytical 
study, and sympathetic accompaniment, as a psychologist might, all the while making 
the zone of proximal development fleetingly visible, even as they transform qualitative 
research methods into “teaching” methods.

Open-ended questions (3.3), speculation and encouragement to “play,” situate 
learning and teaching in architecture within the creative realm, as a discipline of 
exploration and discovery. The “museum of the desk,” (3.4) that I then discuss, below, 
is, in some respects, a sociopolitical re-framing, temporarily suspending the normal 
hierarchical positions of the student / faculty relationship in order to see the two 
as equals, attendant with the respect we hold when we visit peers at work in their 
workplaces. 

The class between classes (3.5) takes the student perspective and re-frames it 
another way, where the most challenging class becomes the one outside the classroom, 
where the student struggles to reconcile perspectives absorbed in different course, 
from different faculty members, and to see how they might inform the students’ own 
autonomously constructed views on architecture. The class between classes is where 
college students and graduate students might enter the life-long self-critical evolution 
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of their ideas and values. For the teacher, Pedagogical Content 
Knowledge - PCK (3.6) occupies a similar place, between 
professional practice in the subject discipline and academic 
practice in the University. Here the expertise of one, the 
profession, must find its best communicative vehicle in the 
second, the academy. And so, a hybrid specialization, best 
teaching practices specifically for the teaching of architecture, 
must emerge.

Architectural design moves endlessly within the realms of 
research analysis, speculation and synthesis in the production 
of designs for buildings (3.7). Students in schools of architecture 
also move within these realms, in order to familiarize 
themselves with them, accompanied, instructed and advised 
by their faculty. The profession develops building designs and 
oversees their production. The academy develops students in 
the process of becoming architects. The building designs in 
school projects are vehicles for students’ development. We 
should never confuse these two projects, even when they are 
inextricably intertwined in the practice of architecture.

Curriculum development is a special challenge, in a 
discipline that braids specialized spatial, technical and 
environmental knowledge with the creative, critical play of 
heuristics (3.8). The interweaving of findings from analysis (of 
sites, functions, environmental contexts, etc.) with synthetic 
models, through heuristic play takes practice. The more one 
engages the ‘design process’ the closer one gets to achieving 
expertise in it. So, the staging of the introduction, development 
and successive engagement of greater complexity in design 
challenges becomes a skeletal curricular fundamental. 
Teachers must have a sense of their students’ individual places 
in the developmental stages leading closer to expertise, even 
if true professional expertise may be a decade or more away.

3. Research Findings
3.1. Vygotsky’s notion of Scaffolding in the Zone of Proximal 
Development

At times I ask a student, “how do you think about _____ 
(naming an issue or a step taken in their work)?” I might also 
ask what I think of as the more conventional question, “why 
did you do this (referring again to some move or decision 
in their design process)?” In either case I am trying to learn 
more about a student’s ways of thinking and making. At the 
moment the teacher’s thought-process-question is expressed 
to a student, a scaffold for subsequent learning and teaching 
is waiting to be placed. Depending on the way the student 
receives and responds to the question, I hope I can learn 
about what the student knows already, and what s/he is ready 
to learn next. The scaffolding can then be used to help the 
student construct another understanding, or absorb a new 
piece of information.

The Soviet educational psychologist Lev Vygotsky first 
articulated this notion of intellectual scaffolding. He called the 
region of knowledge that thehy student was able to absorb 
next, the ‘zone of proximal development.’ [2]

It is the territory where all learning takes place, really. 
Unfortunately, it is not the territory where all teaching 

takes place. Fitting the scaffold to the student allows fitting of 
teaching to the site of learning – the individual student is THE 
SITE of our work. 

Placing questions more and more precisely, so as not to 
waste time on things that are already known and so as not to 
over-challenge with too great a level of difficulty, therein lies a 
key teacher’s challenge. Creating challenges that s-t-r-e-t-c-h 
the students, again, within the zone of proximal development, 
is a sort of tailoring process.

Oscillating between noting and analytically scaffolding 
the student’s thinking helps the teacher to establish the 
zone of proximal development. In a design studio, where the 
teacher might meet each week with every student, attempting 
this kind of work is certainly possible, even if it is frequently 
informal and intuitive. Lecturing to a large group makes 
individualizing attention more difficult, and, as a consequence, 
makes individual scaffolding more difficult. Lectures that then 
break out into smaller seminar section meetings, with teaching 
assistants or discussion leaders, re-create a place for individual 
scaffolding.
3.2. Empathy in Learning and Teaching

The students study architecture – we, as teachers, study 
students. How much do we understand of what they feel? To 
empathize is human, and it can deepen the learning / teaching 
process.

In a design studio, empathy can be very important to the 
student as a person. I remember one of my mentor’s eyes when 
he discussed with me my struggles with a design problem, 
when I was half way through my bachelor of architecture 
degree program. It seemed clear he was feeling something of 
what I felt, and that made a huge difference to me. Clearly 
empathy’s insights can aid in scaffolding that is emotionally 
intelligent, not just analytically fitted. 

Empathy has many important roles in design and in 
education; from the empathy of a teacher who draws on her / 
his own student experiences, to the empathy of a student for a 
teacher working hard to get ideas across in the classroom. This 
kind of co-feeling eases the passage of learning and teaching. 
[3]

As Clifford Geertz expressed it, “‘The point’ of these 
lessons”... “was that ‘the study of other people’s cultures… 
involves discovering who they think they are, what they think 
they are doing, and to what end they think they are doing 
it’ (1999: 10). It also ‘involves learning how, as being from 
elsewhere with a world of one’s own, to live with them’ (1999: 
11).” [4]
3.3. Open-Ended Questions and Speculation as a form of 
Creative Pedagogy

In one of my courses in education, with the developmental 
psychologist Eleanor Duckworth, I learning to ask more open-
ended questions like, “tell me more,” to draw out students’ 
personal thinking. Once students become more used to this, 
and more comfortable with this, it can be very helpful in 
making space for independent learning. [5]

Learning, as a teacher, to encourage speculation, 
exploration and creative play with the “toys” of design, followed 
by careful consideration of the advantages and disadvantages 
of the results, is another way to foster the capacity for 
independent discovery, coupled with a professional’s rigor. 
Teachers sometimes turn drawings or models upside-down to 
reconsider them, or flip plans about to speculate about them. 
They may ask, can this plan be a section, (as Le Corbusier seems 
clearly to have done, from time to time). In this speculative / 
searching way, questioning often drives the design.

Questions can be ‘what-if’s’ - speculations about 
strategies as well as about the possibilities and consequences 
latent within one design ‘move’ or another. The playing out 
of a design speculation in sketches or models is a means of 
answer formation, in response to a question. The great Italian 
architect Carlo Scarpa engaged speculation through drawing, 
saying that he drew in order to see.

Design students and teachers ask and answer and re-
answer, iteratively, studying the possibilities. In the process 
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they drive the work forward, critiquing the work and clarifying 
its potential. All of this is part of what Le Corbusier thoughtfully 
termed, “a patient search.”
3.4. The Museum of the Desk

I think it worthwhile to oscillate, from time to time, 
towards thinking of our students, as artists in residence in a 
museum, whom we visit to observe, in order to learn more 
about their process. As though they were great mysteries. 
Michael Armstrong, in his Closely Watched Children study, 
takes seriously the artworks produced by primary school 
children, evaluating them for their makers’ intentions and the 
subtleties of their compositional approaches. 

For me, this mode of thinking provocatively re-casts the 
learning / teaching relationship in a productive way. The 
student’s drawings at the workspace (physical or digital), and 
collected model studies sitting nearby, become a setting for 
musing, as we might do in museums, on the collected work 
and its evolution. It does not change our responsibility for 
fostering and guiding learning among the students, but I 
find it can remind me of how the students’ situation and my 
own creative situation, when I am designing, are one and the 
same. Coupling this empathy with the curiosity of visiting “the 
museum of the desk” intrigues me.

The idea of the Museum of the Desk also relates to two 
other lines of thought – one from studying education in 
museums and the other from my teaching experiences at 
Rhode Island School of Design in the 1990’s.

One of the courses I took in my studies of education 
focused on learning and teaching in museums. Roger Dell 
taught it and he introduced us to examples of museums with 
innovative educational programs where subject-appropriate 
classes took place in museums. We watched a dance class and 
a math class at work in two different painting galleries. The 
paintings were of dancers that might inspire the “real” dancers. 
The “math paintings” were used for study of their geometries. 
[6]

When I taught at Rhode Island School of Design some 
of the students and faculty gave projects names like, ‘House 
of the Fly Fisher’ or ‘House of the Dancer’. In such projects, 
research studies of fly fishing or dancing might be a kind of 
muse for the creative development of the architecture. The 
function of the design might or might not be a house; it might 
or might not have functionally to do with fishing or dancing. 
But the results where creatively influenced by the ‘muse.’ The 
design grew out “of” the study of the muse.

This re-reading of our situation inverts the authority 
relationship between student and teacher in some ways, at 
least temporarily. And with a student who cares enough about 
their own work to be very independently motivated, the “artist 
at work” idea may be more precisely fitted to the situation 
than the conventional idea of seeing students in studio class.

Of course, this vision of the ‘museum of the desk’ is only 
one facet of the crystalline form that is the studio. The ‘in-
the-process-of-becoming’ status of the student means that 
sometimes, maybe often, the student is looking to her teacher 
for guidance, helpful questions, and / or helpful answers.
3.5. The Class Between Classes: the most interesting class we 
never teach.

Students may struggle, most productively, to integrate 
points of view they encounter in their different classes; they, 
with their fellow students, co-construct (in Piaget’s terms) 
knowledge through this struggle to make sense of different 
approaches, different attitudes and different philosophies 
they encounter in their studies. The idea that each student 

constructs knowledge in their own way – the educator’s form 
of “constructivism,” – is quite important, and relates strongly 
to scaffolding. With Vygotsky’s scaffolding we “co-construct,” 
alongside the student. 

All the students in a lecture hall may hear and see the same 
thing, but what they each come away with is individual and 
unique. 

And there is the struggle to reconcile conflicts and 
contradictions! Two teachers who make competing and 
conflicting claims about architecture. How can the student 
resolve the contradictions? Each class a student takes involves 
exposure to specific perspectives, based in part on the subject 
matter, as focused by the instructor and enriched by the 
viewpoints of fellow students. The student moves from class 
to class, shifting from one course-based set of perspectives 
to another. In their minds, by themselves, they often try, and 
even struggle, to reconcile these perspectives. Sometimes 
perspectives from one class may seem to conflict with those 
from another, or even explicitly conflict. Some integrative 
classes, like design studio, or thesis, offer an opportunity to 
play out synthetic explorations and choices through design. 

All of this struggle can yield great learning. Much of it may 
take place outside the classroom, over coffee with friends, or 
when a student is trying to go to sleep at night. I remember a 
presentation at a school conference where the college leader 
spoke of how they used portfolios in their institution and one 
of the criteria for success in the portfolio was struggle.

Donald Schon, in his book, The Design Studio, defines 
problem-setting in this way: “the kinds of inquiry undertaken 
in the studio are at the heart of architectural practice. Given 
an architectural program (or brief) and the description of 
a site, the student must first set a design problem and then 
go on to solve it. Setting the problem means framing the 
problematic situation presented by site and program in such 
a way as to create a springboard for design inquiry. The 
student must impose his preferences onto the situation in 
the form of choices whose consequences and implications he 
must subsequently work out – all within an emerging field of 
constraints.” [7]

School leaders ‘set’ the curriculum (to use Donald Schon’s 
setting terminology), studio faculty ‘set’ the studios, and 
their students ‘set’ the direction of their problem responses. 
It is often left up to students and faculty to reconcile the 
differences between the approaches that different faculty 
propose. [8]

Students, talking informally to one another, constitute 
a ‘class between classes’ that allows for open discussion of 
different perspectives and how they might be related or even 
reconciled. Such schooling does not require a building. 

In the Jewish religion, a group of 10 adults, gathered 
together, can form a communal sacred space for prayer. They 
don’t need a building for this, although they may certainly 
gather inside one. For certain kinds of learning, we might say a 
‘class’ for learning is formed whenever students engage each 
other in chat about their classes or their teachers, wherever 
they may be, or even when a student muses, meditates or 
struggles towards achieving understanding, individually.

This informal, unstructured, unofficial ‘class’ may at times 
be the one in which the most memorable lessons takes place. I 
write this thinking of how so many students in Western design 
schools voice an observation along the lines of, “I learned 
more from my fellow students than I did from my teachers.” 
The class between classes is where a good deal of this informal 
learning takes place. Some of that learning also happens from 
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observation, watching fellow students’ design processes and 
design reviews unfold; seeing how they and their peers evolve 
in thinking of their work, and how the work is received – all 
these are great source of struggle and learning.
3.6. PCK: Pedagogical Content Knowledge in Design Education: 
The Bridge

As Lee Shulman discusses in The Wisdom of Practice, 
“pedagogical content knowledge, . . . goes beyond knowledge 
of the subject matter per se to the dimension of subject matter 
knowledge for teaching.” 

The architect teaching in architecture school braids 
design’s knowledge and skill base with the teacher’s knowledge 
and skill base. It is a specialized braided profession, with its 
own techniques and traditions, as we all know. Teachers 
reflecting on PCK in architectural education, engage learning 
and teaching practices that are specifically characteristic of 
the teaching of architecture (teaching how to read plan and 
section for example; teaching how to explore an architectural 
concept as another; teaching how to work with sun and wind 
in plan and section; and so on). Such practices require field-
specific architectural and design knowledge coupled with 
university-appropriate pedagogical techniques, applied, for 
example, to specialized courses like studio or thesis.

How might PCK in architecture school be informed by 
learnings from schools of education, where the focus is more 
on the learning / teaching situation, on applied psychology, on 
applied cognitive science and applied anthropology? Asking 
this in another way, how might principles studied in the field 
of education be useful to us in architecture studios and related 
course work?
3.7. What / Who is the Project?

In the practice of architecture our responsibility is to 
make projects that serve the needs of our clients well and, 
hopefully, improve the world in some way(s). In the practice of 
architectural education, our responsibility is to “make” better 
educated students. 

In architecture school, the student is the project, for both 
the teacher and the student.

At a meta-level, it may be better to think of school projects 
as vehicles for the growth of the students. And we, the 
faculty, study them; we are students of our students, trying 
to understand their thinking and their ways of working, so 
that we can more successfully cultivate their growth. Here 
the scaffolding notion, that school projects build the student, 
pertains.

The students' designing of the work, and the conversations 
they engage about the work, will help give form to their 
criticality and creativity, even as the practice of their process 
heightens their capacity and technique in design. 

Lee Shulman’s notion of PCK, is what I think of as a “meta-
perspective” through which to oversee the subsequent topics. 
PCK involves standing back a bit from what we do as teachers, 
to form an analytical picture of some practices that are 
characteristic of the teaching of architecture, but which may 
also overlap with the teaching of art, design and performance. 
Teachers in specialized fields devise subject-specific ways to 
teach, to help them with clearly demonstrating, explaining, 
reaching, and inspiring students. Such techniques also have to 
do with sequential learning, including the steps one may take 
to coherently develop the foundations of expertise in a field. 

Another key feature in design curricula is the (often 
informal) research and analysis sequence within a school, 
coupled with the (often informal) structuring of methods of 

inquiry that are applied within the curriculum. The subjects 
of research, analysis and the techniques used during analysis 
often play a large role in shaping school identity. These 
informal curricula often influence the tenor of discussion of 
work, and the terms of criticism applied in those discussions. 

The analysis curriculum has been an important form 
of PCK in Western architecture schools during the last 100 
years. It was part of the Beaux Arts analytique. It remains a 
vibrant part of architectural study today.
3.8. Architectural Education: Curricular Research, Analysis and 
Creativity

Many features of the charge of architects require research 
skills: evolving technologies require this, as do unique site 
conditions; specific programs of use provoke researched study 
as well. The climate crisis adds urgency to all these forms of 
research. To keep up with change, and unique situations, 
architects need Research skills, coupled with openness to 
the lifelong learning that makes architectural education 
endless. Analysis unlocks underlying patterns of form and 
space that are key to understanding research findings. As 
Frank Lloyd Wright said, analysis looks INTO things, not AT 
them, allowing the awareness of research findings to then 
be better understood. Creativity, including design thinking, 
is foundational to the architect’s contribution. It employs 
speculation, play, and Donald Schon’s notion of reflection in 
action, to incorporate what is learned through research and 
analysis within new work. 

Reflection in action, as Schon described it, spotlights a kind 
of oscillation between analytical and speculatively creative 
thinking that can occur within the design process. As the 
designer speculatively sketches ideas, consequences become 
apparent, on analytical reflection, which the designer can then 
consider as the speculative sketching continues. In Schon’s 
judgement, he capacity for reflection in action evidences the 
instructor’s level of mastery of design. So, we might conclude 
with Schon, that successfully and fluently integrating creativity 
with analysis is a marker of mastery of design. 

“Recent research has amply demonstrated that exceptional 
talents are less born than made (Ericsson, 1996). Whether the 
domain is competitive sports, chess, or music performance, 
it usually requires about a decade of extensive deliberate 
practice before a person can attain world-class proficiency. 
Furthermore, evidence increasingly shows that to a certain 
extent, creativity demands a comparable level of systematic 
training and practice.” [9]

In expertise theory there is a rule of thumb that mastery 
takes 10,000 hours of developmental advancement. Even if 
we take that as a very gross approximation, it gives a sense 
of scale to the learning and teaching project that aims at 
students following a path from novices to practitioners that 
have achieved mastery.

I would argue that the evolving conversation between 
teacher and student can involve pedagogical reflection in 
action, as the teacher tests lines of thought with a student, 
and explores, while conversing, how lines of discussion are 
interacting with the student’s thought process. 

When Research, Analysis and Creativity are introduced 
to first-year students in an architectural context, within 
an architectural Curriculum, the lessons are necessarily 
introductory and basic. By the time students exercise 
these capacities in their Thesis process, they are, of course, 
considerably more advanced. Our roles as architectural 
faculty, engaged in the learning / teaching process, very much 
include advancing students’ capacities for wielding Research, 
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Analysis and Creativity in progressively more advanced ways, 
as they move from first year to thesis to practice. Creativity is 
certainly as crucial in problem-framing and problem-solving as 
it is in the pursuit of aesthetic beauty. 

At the same time that these capacities for Research, 
Analysis and Creativity are being practiced and developed, 
students are acquiring knowledge that is central to making 
architecture: knowledge about building science and 
construction, skills for representing buildings, architectural 
and cultural history and theory, the place of architecture in 
society, the laws and regulations that governments apply 
to building design and construction in order to protect the 
public’s welfare, the economics of architectural practice, and 
so on. In this way, Research, Analysis and Creativity engage 
in tandem with greater and greater complexity, as fledgling 
students grow towards becoming masterful practitioners.

In an evolving world that arguably requires expanding the 
foundational Vitruvian principles of firmness, commodity, and 
delight to include environmental and cultural sustainability, 
Curricular Research, Analysis and Creativity can provide 
grounded means for students and practitioners to meet these 
evolving challenges. 

The creativity to “play,” speculate, and critically reflect upon 
the same areas that the research delves into is central to the 
work of an architect. To move between the technical elements 
that influence firmness, the spatial and analytic dimensions of 
commodity, the material / environmental science influencing 
sustainability and the anthropological science pertaining to 
cultural sustainability, and the visual / spatial / philosophical 
aspects of delight.

4. Research Results and Discussion
This paper foregrounds issues in education that are not 

always top-of-mind in daily practice. They are, however, 
themes of reflection, and they have, some of them, become 
ingrained in my practice. Certainly, Vygotsky’s notions of 
scaffolding in the zone of proximal development have helped 
me be more precise about my teaching goals with individual 
students. The embrace of empathy and the open-ended 
question have become part of my more student-centered 
aspirations in practice. The somewhat poetic notion of “the 
museum of the desk” underscores the respect teachers must 
sustain in their approach to individual students, their growth 
and their development. The “class between classes” idea, a 
notion that occurred to me while I was a graduate student 
in education, struggling to reconcile his several teachers’ 
different points of view, remains a compelling perspective on 
students’ learning, and one that is humbling in some respects, 
viewed from my current perspective as a lecturer. PCK, the 
notion of discipline- specific learning and teaching, remains 
clarifying for me, in making sense of what I think of as the 
braiding of professions we engage: architecture and education. 
[10] Curricular Research, Analysis and Creativity has become 
clearer and more crucial, over my years as an educator, 
emerging as a key structure of curriculum development in the 
educational project.

5. Conclusions
Schools of education in the West are, to a significant 

degree, schools of applied anthropology, applied psychology, 
and applied cognitive science, using research from those fields 
to inform research into practices and theories in teaching. 
Most faculty in schools of architecture (and most faculty in 
departments for specializing in other academic fields as well) 
do not study education as a discipline. They apply their best 
judgment about learning and teaching in their fields, based, 

in many cases, on their memories of schooling, from when 
they were students, augmented by their growing body of 
experience over the course of their careers. These experiences 
are essential and, in certain ways, conservative. They conserve 
teaching practices from one generation to another, reinforcing 
cultures of learning / teaching from ‘best teachers’ that 
professors may then repeat. They conserve local and regional 
cultural approaches as well, so that attitudes about learning 
from East Asia, for example, conserve local and regional 
attitudes rooted in centuries of history. The same can be said 
of The West and other regions of the world. 

In today’s “global village,” regions around the world 
can readily explore best practices internationally. This can 
radicalize teaching, in two senses: the sense of radical meaning 
returning to the root, or the sense of radical having to do with 
creating revolutions of thought about learning and teaching. 
Perhaps both and . . .

Some techniques falling into the category of PCK in 
architectural education have informed our curriculum 
practices at HAU over the last 14 years:

- studios that integrate study over 15 - 16 weeks, allowing 
time for precedent analysis, site analysis, concept exploration 
and exploration of alternatives, as research for the final 
design’s development This is really an application of Western 
PCK in architecture schools to the Vietnamese situation, as 
studios of this length are quite normal in the West. 

- allowing more place for empathy in the studio, where 
learning and teaching is often one-on-one.

- creating an informal analysis curriculum, emphasizing 
diagramming, of advancing complexity in 2, 3, and 4 
dimensions (3-d diagrams including time as the 4th dimension) 
for analysis of sites, environmental issues, cultural / historical 
issues and precedents, as well as for presentation of building 
designs. Intensive use of researched analysis, and analytical 
diagramming / diagram modeling as part of the studio 
curriculum is a norm that can be curricular.

- integration of portfolio reviews at the end of 2nd and 4th 
year; this opens another opportunity for scaffolding in the zone 
of proximal development. Portfolio review gives us feedback 
on students’ progress both individually and as a class. It allows 
us to give students feedback on their readiness for advanced 
studios (at the end of 2nd year) and for pre-thesis / thesis (at 
the end of 4th year). Because it is holistic, in including work 
across the studio and visual studies curriculum it does permit 
some conversations that, like the “class between classes” 
notion, allow relating progress in different kinds of course 
work, and practice, for those who are already working in the 
field, one to the other.

Some schools in the USA use portfolio review and some 
do not. I taught for many years at the Boston Architectural 
College, and led the program for part of that time. I saw the 
value of portfolio reviews there. Visitors from other design 
colleges who came to see the Boston Architectural College 
during accreditation reviews, sometimes remarked that they 
wished they had a similar system at their schools. 

- a thesis year, with a stepped pedagogical process that 
proceeds from a pre-thesis research semester to a thesis 
design / systems integration semester. This is something I saw 
at several schools in the USA, at undergraduate and graduate 
levels, in different variants of form, but following the same idea 
of a year-long stepped process. Stepping the process permits 
scaffolding at each step. It gives a thesis advisor the chance 
to know their student very well, and advice in ways that are, 
hopefully, more suitable to the student. 
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- emphasis on environmental sustainability across the 
curriculum; giving weight and emphasis to locally specific sun, 
wind, and water conditions, as well as appropriate sustainable 
materials / methods. This has become a norm in design 
schools around the world. Approaching this subject area in a 
curricular manner, beginning with introductory coursework 
in related research and analysis in the Field Study and Spatial 
Stories classes.

- emphasis on cultural sustainability across the curriculum; 
giving weight and emphasis to respecting, and learning from, 
Vietnam’s unique version of east Asian culture, as it evolves 
during a dynamic era of modernization, international influence 
and urbanization. This should be a norm around the world, 
as internationalization threatens to erase local culture, local 
environmental wisdom and local identity everywhere. This is 
an emerging area in design school curricula around the world. 
Approaching this subject area, again, in a curricular manner, 
beginning with introductory coursework in related research 
and analysis in the Spatial Stories class and then building on 
this base in subsequent design and design theory coursework.

- trying to “align” related courses (for example, long-span 
lecture course with studio integrating long-span spaces; 
landscape-oriented lecture course with ecologically oriented 
studio program). I saw this first-hand as it was practiced at a 
high level at one university in the USA. It is a very powerful 
“tool” in fostering better learning through curriculum design. 
Aligning courses aids Vygotsky’s “scaffolding in the zone 
of proximal development.” It also builds coherence in “the 
class between classes,” where students independently try to 
correlate learning across all of their coursework.

I have had teachers that do not really care about student 
centered perspectives like these. And they may still be very 
knowledgeable, expert professionals, with a great deal to 
share and teach. They may even, at the extreme, say, I put 
the information out there – it’s up to them to “get” it. That 
said, those teachers, across the range of ability, who do try 
to incorporate human-centered perspectives, do a greater and 
more meaningful service to their students. 

They do more to help the students to grow./.
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Enhancing motivation in learning 
vocabulary for non-English major 
students at Hanoi Architectural 
University via online games
Minh Anh Dang

Abstract
Vocabulary acquisition is essential for 
effective second language learning, 
yet non-English major students in 
architecture programs often find it 
tedious and irrelevant, leading to low 
motivation and reduced retention. This 
study highlights the urgent need to 
address motivational challenges specific 
to Vietnamese architecture students. This 
study investigates the use of online games 
to enhance vocabulary learning among 
non-English majors at Hanoi Architectural 
University. A mixed-methods design 
involved 100 undergraduates divided 
into experimental and control groups. 
The experimental group engaged in 
gamified activities via Kahoot, Quizizz, 
and Wordwall, while the control group 
followed traditional instruction. Data 
from pre- and post-tests, questionnaires, 
classroom observations, and interviews 
showed significant improvements in 
motivation and vocabulary retention 
for the experimental group (p < .001). 
Qualitative findings indicated increased 
enjoyment, reduced anxiety, and 
increased engagement. Challenges 
included varying proficiency levels, 
technological limitations, and the 
potential overemphasis on competition. 
The study also suggests integrating 
discipline-specific content, such as 
architecture-related terminology, into 
gamified activities to enhance relevance 
and learning outcomes. Results suggest 
that online games can be an effective 
pedagogical tool when carefully 
integrated into vocabulary instruction.
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1. Introduction
The mastery of vocabulary is widely acknowledged as central to second language 

acquisition [1] [11]. Without sufficient vocabulary, learners cannot convey their intended 
meaning nor comprehend authentic texts, regardless of their grammatical knowledge. 
In the Vietnamese context, vocabulary instruction for non-English majors, particularly 
those in architecture and design programs, often relies on rote memorization and 
translation, which contributes to demotivation and passive learning behaviours [7]. 
Given the increasing demand for English proficiency in architecture-related fields, it is 
crucial to explore effective strategies tailored to these students.

Motivation has consistently been identified as a critical factor influencing language 
learning success [2] [3]. Yet, non-English majors frequently approach English as a 
compulsory subject rather than a skill set relevant to their future careers. This extrinsic 
orientation leads to minimal investment of effort and low engagement in vocabulary 
learning activities.

In recent years, gamification—the application of game design elements to non-
game contexts—has gained attention as a strategy for enhancing learner motivation 
[1]. By incorporating features such as points, leaderboards, time constraints, and 
immediate feedback, gamification has been shown to foster engagement, autonomy, 
and persistence [4]. However, despite a growing body of international research on 
gamification in language education [9] [12], studies focusing on vocabulary learning 
among non-English majors in Vietnam remain limited.

This study therefore aims to fill this gap by investigating the effectiveness of online 
games in motivating architecture students and enhancing their vocabulary retention. 
Specifically, it addresses the following research questions:

To what extent does the integration of online games enhance non-English major 
students’ motivation in vocabulary learning?

How do online games impact vocabulary retention compared to traditional teaching 
methods?

What are students’ perceptions of the benefits and limitations of online games in 
vocabulary learning?

2. Literature Review
2.1 Motivation in Language Learning

Motivation has been conceptualized as a key determinant of second language 
achievement [3]. Dörnyei (2001) distinguishes between integrative and instrumental 
motivation, both of which can play roles in shaping learners’ engagement. For non-
English majors, instrumental motivation (e.g., obtaining good grades, passing exams) 
often dominates, but this tends to result in surface learning among non-English majors. 
Sustained engagement requires fostering intrinsic motivation, particularly through 
activities perceived as enjoyable and meaningful, such as gamified learning [10].
2.2 Vocabulary Learning and Retention

Vocabulary acquisition is not only about memorization but also about deep 
processing and repeated retrieval [11]. Traditional instruction in Vietnam has often 
emphasized memorization, leading to rapid forgetting. Incorporating interactive and 
contextualized practice can substantially improve retention, especially for students in 
specialized disciplines like architecture [6].
2.3 Gamification in Education

Gamification involves the integration of game mechanics such as rewards, 
competition, and challenges into educational contexts [1]. Meta-analyses confirm that 
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gamification generally enhances motivation and engagement, 
though outcomes vary depending on implementation 
[4]. Importantly, gamification has been shown to reduce 
learner anxiety, encourage active participation, and foster 
collaboration [12].
2.4 Online Games in Language Learning

Platforms such as Kahoot, Quizizz, and Wordwall have 
been widely adopted in English language classrooms. Plump 
and LaRosa (2017) reported that these tools increase active 
learning and classroom participation [9]. In the Vietnamese 
context, Pham (2022) found that gamified vocabulary activities 
improved learners’ confidence and enjoyment but also noted 
technical challenges [8]. Few studies, however, have examined 
these tools among architecture students, whose professional 
orientation requires specialized vocabulary.
2.5 Research Gap

Although international evidence supports gamification’s 
effectiveness in vocabulary learning, there is limited research 
focusing on Vietnamese architecture students, whose low 
English motivation and discipline-specific needs present a 
unique case. This study aims to address this gap.

3. Methodology
3.1 Research Design

This study employed a quasi-experimental mixed-methods 
design to investigate the impact of gamified vocabulary 
instruction on non-English major students’ motivation and 
retention. The design was carefully structured to ensure 
clarity in comparing gamified and traditional instruction 
while capturing both quantitative and qualitative dimensions 
of learning. The mixed-methods approach was adopted 
to triangulate quantitative and qualitative data, ensuring 
both statistical rigor and rich contextual insights. The 
quantitative component involved pre- and post-intervention 
questionnaires and vocabulary tests to measure changes 
in motivation and learning outcomes, while the qualitative 
component comprised classroom observations and semi-
structured interviews to explore students’ perceptions, 
engagement, and experiences.
3.2 Participants

A total of 100 undergraduate students enrolled in the 
architecture program at Hanoi Architectural University 
participated in the study. Participants were randomly assigned 
into two groups: an experimental group (n = 50), which received 
gamified vocabulary instruction, and a control group (n = 50), 
which followed traditional teacher-centered instruction. The 
sample included 62% male and 38% female students, aged 
18–22 years (M = 19.6, SD = 1.2), with English proficiency 
scores ranging from 250 to 450 on the TOEIC placement test. 
Random assignment ensured baseline equivalence between 
groups, confirmed through independent-samples t-tests on 
pre-test scores (p > .05). Participants’ familiarity with digital 
platforms was considered to minimize technology-related bias.
3.3 Instruments

Four instruments were employed in this study. The 
Motivation Questionnaire, adapted from Gardner’s AMTB 

(1985) and validated in the Vietnamese context by Nguyen 
(2020), consisted of 20 Likert-scale items (1 = strongly 
disagree, 5 = strongly agree) with high reliability (Cronbach’s 
Alpha = 0.87). Vocabulary tests included 50-item multiple-
choice assessments targeting recognition and production of 
selected vocabulary, with parallel forms for pre- and post-tests 
and acceptable item difficulty (0.45–0.65) and discrimination 
indices (0.31–0.52). A Classroom Observation Checklist 
focused on attentiveness, participation, and collaboration, 
rated on a 5-point scale. Finally, semi-structured interviews 
were conducted with 15 experimental group students, lasting 
15–20 minutes each, exploring perceived benefits, challenges, 
and emotional responses to gamified learning [7].
3.4 Procedure

The intervention spanned 15 sessions over eight weeks. 
In the experimental group, sessions incorporated gamified 
activities, including Kahoot for introducing new words with 
immediate feedback, Quizizz for reviewing vocabulary both in 
class and as homework, and Wordwall for collaborative games 
such as matching, fill-in-the-blank, and interactive flashcards. 
Some games were modified to include architecture-specific 
vocabulary to enhance relevance and contextual learning. 
The control group followed traditional instruction, consisting 
of textbook-based lessons, memorization and translation 
exercises, and written activities supported by teacher 
explanations. This design allowed for a clear comparison 
between gamified and conventional methods in terms of 
engagement, motivation, and vocabulary retention.
3.5 Reliability and Validity

Pilot testing was conducted with students outside the 
main sample to ensure clarity and appropriateness of the 
instruments. The Motivation Questionnaire demonstrated 
high reliability (Cronbach’s Alpha > 0.80), and vocabulary test 
items were reviewed by two English lecturers to establish 
content validity. Triangulation of quantitative and qualitative 
data further enhanced internal validity. Content validity was 
also strengthened by consulting architecture lecturers to 
ensure terminology accuracy and relevance.
3.6 Data Analysis

Quantitative data were analyzed using paired-sample 
t-tests to evaluate within-group changes in motivation and 
vocabulary scores, and independent-sample t-tests to compare 
experimental and control groups. Effect sizes (Cohen’s d) 
were also reported to indicate the practical significance of 
observed differences, providing a robust assessment of both 
immediate and comparative effectiveness. Qualitative data 
from interviews were thematically coded using NVivo, and 
observation data were employed to triangulate reported 
behaviors and perceptions, offering a comprehensive 
understanding of students’ engagement, motivation, and 
classroom interactions.

4. Findings 
4.1 Quantitative Results

Analysis of motivation scores revealed a substantial 
improvement in the experimental group following the 

Table 1. Motivation Scores Pre- and Post-Intervention

Group N Pre-test Mean (SD) Post-test Mean (SD) Gain t-value p-value Cohen’s d
Experimental 

(games) 50 2.95 (0.48) 4.22 (0.41) +1.27 18.34 < .001*** 1.68

Control 
(traditional) 50 2.89 (0.52) 3.06 (0.49) +0.17 1.92 n.s. 0.15
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gamified intervention. The large effect size demonstrates that 
gamification had a meaningful impact on students’ motivation 
compared to traditional methods. As shown in Table 1, the 
experimental group’s mean motivation score increased from 
2.95 (SD = 0.48) at pre-test to 4.22 (SD = 0.41) at post-test, 
resulting in a significant gain of +1.27 (t = 18.34, p < .001, 
Cohen’s d = 1.68), indicating a large effect size. In contrast, 
the control group exhibited only a modest increase from 2.89 
(SD = 0.52) to 3.06 (SD = 0.49), which was not statistically 
significant (t = 1.92, p = n.s., Cohen’s d = 0.15). These results 
demonstrate that gamification substantially enhanced 
students’ motivation compared to traditional instruction.

Results indicate that gamified activities improved both 
immediate and delayed vocabulary retention, likely due to 
repeated retrieval practice and engaging interactive tasks. 
Table 2 presents the vocabulary test scores across pre-test, 
immediate post-test, and delayed post-test. The experimental 
group’s mean score rose markedly from 54.3% at pre-test to 
72.8% at immediate post-test, and slightly decreased to 69.5% 
at delayed post-test, reflecting gains of +18.5% immediately 
and +15.2% at delayed testing. In contrast, the control group’s 
scores increased modestly from 53.7% to 59.9% immediately, 
and dropped slightly to 55.8% in the delayed test, yielding 
gains of +6.2% and +2.1%, respectively. Statistical analyses 
confirmed that the experimental group’s gains were significant 
(p < .001) relative to the control group. The delayed test 
results suggest that gamified activities supported long-term 
vocabulary retention, likely due to retrieval practice and active 
engagement.

As illustrated in Figure 1, the experimental group 
demonstrated not only a substantial immediate improvement 
but also sustained retention over time, whereas the control 
group showed only minor gains with a slight decline at delayed 
testing. 

Overall, these findings indicate that online games 
effectively enhance both short-term performance and long-
term retention in vocabulary acquisition, outperforming 
traditional teaching methods.
4.2 Qualitative Results

The qualitative findings from 
interviews and classroom observations 
revealed several key themes regarding 
the use of online games in vocabulary 
learning. First, students reported high 
levels of enjoyment and engagement, 
with one participant noting, “I looked 
forward to class because the games were 
fun and challenging,” while observations 
showed that students frequently 
volunteered answers and discussed 
strategies collaboratively. Second, the 
games appeared to enhance confidence 
and reduce anxiety, as one student 
commented, “I wasn’t afraid of making 
mistakes because it felt like a game, not a 
test.” Competition served as an additional 
motivator, with participants stating that 
seeing the leaderboard pushed them to 

learn more, although some admitted feeling stressed when 
ranking last. Technological challenges were occasionally 
reported, including internet lag that disrupted gameplay. 
Finally, the games fostered increased participation, with 
previously passive students becoming active, asking and 
answering questions, forming study groups, and reviewing 
vocabulary outside of class. These qualitative insights support 
the quantitative findings, showing that gains in motivation 
and retention are linked to increased engagement, enjoyment, 
and confidence, while also highlighting the need for careful 
instructional design and reliable technological infrastructure.

5. Discussion 
The findings of this study provide robust evidence that 

online games significantly enhance motivation and vocabulary 
retention among non-English major students at Hanoi 
Architectural University. The results are consistent with prior 
studies [8] [12], yet also offer new insights into the Vietnamese 
higher education context, where learners’ instrumental 
orientation and limited exposure to English often undermine 
their engagement with vocabulary learning.
5.1. Motivation through Gamification

The sharp increase in motivation scores in the experimental 
group suggests that gamification effectively addressed the 
problem of learner disengagement. Online games provided 
an immediate sense of achievement through points and 
rewards, which tapped into students’ extrinsic motivation. 
More importantly, interviews indicated that students began 
to perceive vocabulary learning as enjoyable, shifting towards 
intrinsic motivation. This aligns with Ryan and Deci’s (2000) 
self-determination theory, which emphasizes the importance 
of autonomy, competence, and relatedness. Online games 
seemed to satisfy these psychological needs: autonomy 
through self-paced play, competence through immediate 
feedback, and relatedness through team-based competition 
[10].
5.2. Retention and Deeper Processing

The substantial improvement in vocabulary retention in 
the experimental group underscores the cognitive benefits 

Table 2. Vocabulary Test Scores

Group Pre-test (%) Post-test 
Immediate (%)

Post-test 
Delayed (%) Gain Immediate Gain Delayed

Experimental (games) 54.3 72.8 69.5 +18.5 +15.2
Control (traditional) 53.7 59.9 55.8 +6.2 +2.1

   Figure 1. Motivation and Vocabulary Gains by Group
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of gamified learning. Retrieval practice embedded in quizzes 
and repeated exposure to target words in multiple contexts 
enhanced long-term memory consolidation [11]. Moreover, 
the interactive nature of games promoted deeper semantic 
processing compared to rote memorization. Unlike traditional 
exercises, games required learners to respond under time 
constraints, forcing them to recall words more actively. 
This may explain the superior delayed test performance of 
the experimental group. Inclusion of architecture-related 
vocabulary may have further enhanced cognitive relevance 
and retention.
5.3. Classroom Dynamics and Learner Affect

Gamification also transformed classroom dynamics. 
Observations showed that previously passive students 
actively participated when lessons incorporated Kahoot or 
Quizizz. Students reported reduced anxiety, as mistakes in a 
game context were perceived as less threatening. This finding 
is consistent with Dörnyei’s (2001) claim that a supportive 
classroom climate enhances willingness to communicate 
[2]. However, the competitive aspect also had mixed 
effects. While strong students thrived in the competitive 
environment, weaker students occasionally felt discouraged 
when consistently ranking low on leaderboards. This reflects 
Hanus and Fox’s (2015) caution that gamification, if not 
balanced, may privilege certain learners over others [5]. 
However, competitive elements require careful balancing to 
avoid discouraging weaker students.
5.4. Contextual Challenges

Despite the positive results, the study revealed contextual 
challenges. Technical problems such as unstable internet 
connections disrupted some sessions, reducing the continuity 
of learning. Furthermore, disparities in students’ digital 
literacy created unequal opportunities for participation. These 
issues highlight the importance of infrastructure and teacher 
preparation in ensuring successful gamification in developing 
contexts like Vietnam. These findings underscore the 
importance of integrating domain-specific terms and ensuring 
equitable access to digital resources.
5.5. Contribution to Research and Practice

This study contributes to the growing literature on 
gamification by focusing on a niche but important learner 
population: architecture students in Vietnam. Their low initial 
motivation and minimal perceived relevance of English created 
a challenging teaching context, yet gamification succeeded 
in fostering engagement. The findings suggest that gamified 
vocabulary learning is not only effective in language-focused 
disciplines but also transferable to non-English major settings.

6. Conclusion 
This study set out to examine whether online games 

could enhance motivation and vocabulary retention among 
non-English major students at Hanoi Architectural University. 
Using a quasi-experimental mixed-methods approach, it found 
compelling evidence that gamification significantly increased 
learners’ motivation, improved vocabulary retention, and 
transformed classroom engagement. The results demonstrate 
that online games are not merely entertaining add-ons but 
can function as powerful pedagogical tools that address both 
affective and cognitive dimensions of learning. By promoting 
enjoyment, reducing anxiety, and encouraging active 

participation, gamification fosters an environment conducive 
to sustained vocabulary learning.

Online games, when thoughtfully designed and integrated 
with architecture-specific content, serve as powerful 
pedagogical tools bridging the gap between compulsory 
English courses and meaningful learner engagement. 
Beyond the immediate benefits, the study highlights broader 
pedagogical implications. For educators, gamification 
represents an opportunity to shift from teacher-centered to 
learner-centered instruction, where students become active 
participants rather than passive recipients of knowledge. For 
administrators, investment in technological infrastructure and 
teacher training is essential to fully harness the potential of 
digital tools. For policymakers, the findings underscore the 
need to support innovative teaching strategies that align with 
global trends in education.

In conclusion, gamification holds promise as a strategy 
for enhancing vocabulary learning among non-English majors 
in Vietnam. When carefully designed and integrated, online 
games can bridge the gap between compulsory English 
requirements and learner engagement, ultimately contributing 
to more effective language education in higher education 
institutions. 

7. Limitations and Recommendations 
This study provides valuable insights into gamified 

vocabulary learning; however, several limitations should 
be acknowledged. Conducted at a single institution, Hanoi 
Architectural University, the findings may not be generalizable 
to other contexts with different student populations, 
institutional resources, or cultural backgrounds. The eight-
week intervention, although sufficient for detecting short-term 
effects, may not fully reflect long-term impacts on vocabulary 
acquisition and motivation. Reliance on self-report data from 
questionnaires and interviews may introduce social desirability 
bias, reflecting perceptions rather than purely objective 
outcomes. Furthermore, dependence on online platforms 
exposed the study to challenges such as internet connectivity 
and device availability, while competitive elements, though 
motivating, occasionally discouraged weaker students. 

To address these issues, future research should consider 
longitudinal studies to examine sustained retention and 
motivation, as well as cross-institutional comparisons to 
evaluate gamification’s applicability across diverse settings. 
Implementing blended gamification models that balance 
competition and collaboration, such as team-based quizzes, 
can promote equitable engagement. Teacher training should 
focus on both technical proficiency and pedagogical design 
aligned with learning objectives. Universities should ensure 
stable digital infrastructure, and incorporating discipline-
specific content, such as architecture-related vocabulary or 
authentic design scenarios, can enhance relevance. Finally, 
gamification could be extended beyond vocabulary to 
grammar, reading, speaking, and listening, allowing assessment 
of its broader impact on overall language proficiency.

By addressing these limitations, future studies can provide 
stronger evidence for gamification’s effectiveness and inform 
best practices in language instruction for non-English majors 
in higher education./.
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was used, along with Material UI, Tailwind CSS, and NextJS, 
to create a flexible development setup that works well on 
multiple platforms.

5. Conclusion
This research developed and implemented an integrated 

system for managing design schedules and performing steel 
quantity surveying in construction projects, addressing the 
limitations of manual methods and fragmented software 
by providing a unified digital platform tailored to small and 
medium-sized construction enterprises in Vietnam. By 
combining design progress tracking and steel quantity surveying 
within a single system, it enhances efficiency, accuracy, and 

transparency while reducing errors and operational costs, 
and enables real-time collaboration among stakeholders 
for better decision-making. The system also serves as a 
practical educational tool that bridges theory and practice, 
helping students in construction, architecture, and project 
management gain hands-on experience with digital project 
management tools, thereby supporting digital transformation 
in both education and the construction industry. Future 
developments may include integration with BIM platforms, 
cost estimation modules, and AI-driven analytics to create 
a smart, data-driven construction management ecosystem 
aligned with global digital transformation trends./.
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