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abstract

The research of modular and personalized balance strategy in assembly building design can improve

the e�ciency of construction and meet the demand of design diversi�cation. Based on bim tech-

nology, an assembly building modular design method is proposed to determine the required space

module, to determine the required space module, to strengthen the module structure, to set up the

layout of the building, to formulate the modular panel and the assembly frame platform, and through

the revit implementation of the three-dimensional visual design of modularity and personalization.

The design of the 9 building of this article, in the collaborative function, spatial adaptability and

the design diversity score in turn for 10th 10 "10" 9 points (full score 10). This article is designed to

meet the demand of the building in daylighting and ventilation, the average daylighting coe�cient

is 6.440%, and the minimum value of the �oor area of the building room is 18.25cent. Modular

and personalized assembly frame structures have a better seismic resistance, and their limit cumu-

lative energy consumption is 2.38 times the traditional way. Experts have the highest social bene�t

satisfaction in this article strategy, and the satisfaction score is 92.05.

Keywords: modularization, personalization, BIM technology, Revit 3d visualization, assembly build-

ing

1. Introduction

In the 1950s, China's construction industry was in the early stage of industrialization, and so far,

with the continuous progress and development of science and technology, the assembly construction

� Corresponding author.
E-mail addresses: pjy1903688390@163.com (J. Pan).

Received 27 February 2024; Revised 30 June 2024; Accepted 17 August 2024; Published Online 30 March 2025.

DOI: 10.61091/jcmcc125-26
© 2025 The Author(s). Published by Combinatorial Press. This is an open access article under the CC BY license

(https://creativecommons.org/licenses/by/4.0/).

https://doi.org/10.61091/jcmcc125-26
https://www.combinatorialpress.com/jcmcc
mailto:pjy1903688390@163.com
https://doi.org/10.61091/jcmcc125-26
https://creativecommons.org/licenses/by/4.0/


376 j. pan

technology has been gradually perfected and many breakthroughs have been achieved, such as digital

modeling, which has been widely used in many �elds [3, 5, 2]. In the current and future stages of

China's urbanization, the goal of industrialized construction is no longer large-scale construction and

rapid construction, but the use of standard-compliant materials and processes to achieve industrial

transformation [1, 27, 10]. Humanized and variable design, exquisite processing and assembly, and

focus on environmental protection will improve the service life of buildings [40].

At the heart of assembled buildings is modular design, where the building structure is divided

into standardized modules that are manufactured in factories and assembled on site, the modular

approach allows building components to be manufactured, transported and installed more easily

[4, 18, 36]. By prefabricating and assembling in a factory environment, building components can

be produced under stricter quality control supervision, which helps to minimize possible defects in

construction and improve overall building quality [34, 38, 25].

Assembly building construction can be completed more quickly compared to traditional on-site

construction. This is because the project cycle can be signi�cantly reduced when modular compo-

nents are manufactured simultaneously in a factory versus being built one by one on site [19, 28].

Assembled buildings typically utilize resources more e�ciently, and manufacturing in a factory allows

for better management of raw materials and less waste, in addition to relatively low on-site disrup-

tion and resource consumption during the construction process. Assembly building construction has

potential advantages for sustainability and environmental protection, and can reduce the impact on

the surrounding environment by reducing noise, air pollution and waste on the construction site

[35, 26, 17]. Despite its high degree of standardization and modularity, assembled buildings can

also accommodate a degree of customization, with the production process in a factory environment

making it relatively easy to personalize designs to meet the needs of di�erent projects [33, 6]. As-

sembly building construction is an approach that has the potential to revolutionize the construction

industry by opening up new possibilities through increased e�ciency, cost reduction and enhanced

quality control [24, 8].

With the continuous development of urbanization and construction technology, assembly construc-

tion is gradually gaining widespread attention as an innovative construction method, and behind this

trend, the issue of balancing modular design and customization needs is increasingly becoming an

important topic in research and practice [16, 30, 32]. With its e�cient and controllable features,

assembly construction has attracted the attention of owners and construction practitioners, but at

the same time, the growing demand for individualization and customization in di�erent projects has

brought new challenges to modular design [31, 12, 15].

Lacey et al. [14] described cutting-edge research on assembly modular building materials, noting

that they rely more on connections between building modules than traditional building materials.

Fard et al. [9] evaluates the safety risk factors of assembled modular site design and construction, and

suggests stabilizing the structure during lifting, storage, and permanent installation, fall prevention

for overhead transportation operations, and enhanced training for modular building assembly. Jiang

et al. [13] revealed that assembly prefabricated building design is more conducive to sustainable

socio-economic development than traditional building design. Munmulla et al. [23] veri�ed that the

removal of building corner columns and the removal of internal columns in modular building design

signi�cantly a�ects the stability of modular building design based on numerical test evaluation and

experiments of three column removal schemes. Yuan et al. [39] attempted to introduce BIM infor-

mation model into assembly modular design and optimize its parametric design, and explored the

assembly prefabricated parts building process, in the development process as well as the information
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optimization process and related parametric design principles. Luo et al. [20] proposed to incor-

porate modular design theory research into assembly building design standards to improve building

quality, reduce costs and achieve rapid group assembly, personalized and standardized design. The

above studies on modular design of assembly buildings have focused more on the characteristics of

building materials, construction safety, economic and environmental bene�ts, building robustness

and parameter optimization, and less on customer personalization.

The literature on personalized housing building design mainly focuses on customer program in-

teraction and cooperation, and mentions less on speci�c modular assembly building construction,

such as the Hwang et al. [11] introduced the modular housing building design model of customer

participation in customization and the modular housing platform (CEMHP), and argues that the

modular housing platform (CEMHP) reduces the cost of communication in the process of personal-

ized modular housing design, and promotes the development of the modular housing design process.

Communication costs during the process and facilitates collaboration between clients and architects.

Marchesi and Mat [22] talked about the practice of kilometer design theory in the process of mass

customization design of housing buildings, and based on the analysis, it shows that kilometer design

theory can scienti�cally and comprehensively understand the user's personalized housing demands

and carry out relevant personalized design. Therefore, there is a need to further integrate and bal-

ance the modular design and personalized design theories and techniques in the design of assembled

buildings in order to promote the personalized, modular and standardized development of assembled

buildings.

This paper provides a brief introduction to assembly building, and analyzes the process �ow as well

as the characteristics of assembly building construction, and discusses the needs of assembly building

design. Therefore, this paper proposes an assembly building design strategy that combines modu-

larization and personalization, which fully exploits the potential of assembly building by balancing

the advantages and shortcomings of both. The strategy is based on BIM technology and divides the

household modules by referring to the elevation and core design, and then carries out multi-module

combination. At the same time, steps such as determining the required space module and deepening

the prefabricated structure of the module can realize the personalized design of the building.

2. Assembly building design process

2.1. Demand analysis

Assembled building [7] refers to the transfer of a large number of on-site operations under the

traditional construction mode to factory processing, where building components and �ttings are

processed and fabricated in the factory and transported to the construction site, and then assembled

and installed on-site through a reliable connection method.

The structural types of assembled buildings mainly include three types, namely, assembled concrete

structure, assembled steel structure, and assembled wood structure. At present, assembled concrete

structure is the most applied form of assembled structure. Therefore, the assembled building studied

in this paper refers to the assembled concrete structure building.

Due to the development of assembly building, it makes the quality and economic e�ciency of

the construction project higher. Its structural components are processed in prefabricated factories

and then transported to the construction site, where they are lifted and installed by large-scale

machinery. The quality of the components is well controlled, thus ensuring the overall quality of



378 j. pan

the project, and at the same time greatly shortening the construction period and increasing the

payback rate of the investment. The development of assembled buildings can produce both social

and environmental bene�ts, turning construction workers into skilled workers and migrant workers

into industrial workers, thus solving part of the social employment problem. At the same time, it

also has the role of energy saving, reducing construction waste, reducing environmental pollution,

and promoting the coordinated development of man and society. Therefore, with the development

of science and technology and the continuous development of management, assembly construction

has become an important guarantee for the modernization, transformation and upgrading of China's

construction industry, as well as a need of the society and an inevitable trend of the development of

the construction industry.

2.2. Assembly building construction

2.2.1. Process �ow. The construction of assembled buildings can be divided into:

1) Design and production stage of components. The production of prefabricated parts in the factory

is usually produced in an assembly line, and the production process mainly includes: pre-production

preparation, mold making and assembly installation, steel reinforcement tying, decorative materials

production and installation.

2) Loading and unloading of components and transportation stage. After prefabricated components

are made in the factory, they need to be transported to the construction site according to the speci�ed

program, which is very di�erent from the traditional cast-in-place construction. The transportation

distance of components in prefabricated factories is generally within 150km, due to the large volume

of prefabricated components need to put forward higher requirements for the transportation program

and vehicle selection.

3) Lifting and installation stage of components. The lifting of the components is to lift the components

according to the construction plan and place them in the designated location. In lifting, should be

according to di�erent types of components to choose the appropriate spreader. For prefabricated

heat preservation exterior wall panels with a large span, it should take the balance beam lifting, and

the angle between the cable and the balance beam should be controlled to ensure its stability.

2.2.2. Construction characteristics. With the increase of urbanization rate, the construction and

construction method of assembly building will inevitably be optimized and adjusted with the im-

provement of its construction and management level. On the basis of �eld research, interviews and

questionnaires, the characteristics of assembly building are comprehensively recognized and summa-

rized.

(1) Prefabrication and factory production of components.

(2) Piling up a large number of components at the construction site.

(3) High demand for transportation cranes.

(4) Transportation distance, component size restrictions.

(5) Complex and di�cult construction process.

(6) E�cient environmental protection and energy saving.

(7) Low workload of facade.
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(8) There are de�ciencies in the project acceptance speci�cations.

3. BIM-based modular design for assembled buildings

3.1. Modular design approach

Modular design [29] idea is in the traditional design concept combined with the modular idea grad-

ually developed new ideas, due to the rapid development of information technology now, the idea

in the subtle integration into the �eld of architecture. Modular design method based on this idea is

mainly through the designer's analysis of customer needs and product functions, the building sys-

tematic decomposition and combination, decomposition is the decomposition of the functional areas

of the house type, the combination is the combination of the modular unit, the di�erent combination

forms to meet the needs of di�erent users of the building products, so as to complete the design of

the whole building.

3.2. BIM-based module design strategy

3.2.1. Modular design process. Most of the residences in China use the core structure system, and

this structure system has good performance in terms of structural performance, �re resistance, and

usability of high-rise buildings, etc. In order to have a more long-term development, this section

takes the core structure residence as an example to study the modularized building design process.

Figure 1 shows the modularized design process of assembly building. Using revit [37] to complete

the core cylinder for design, the vertical facilities are made into a core cylinder, and users enter

their respective modular units through the core cylinder. Around the core cylinder, a variety of

permutations and combinations of living areas and public areas are made to determine the building

form, which is able to roughly di�erentiate between the areas of each household type, and facilitate the

structural, architectural, and electromechanical design of the household type in the area. The division

of the internal module of the house type is based on the actual use, functional division according to

the user's needs, combined with the physical environment such as light and other spatial layout and

the design of the modular unit, the articulation of the modular unit, the layout of the public area,

the internal decoration and other situations for comprehensive consideration. Categorized by spatial

function, modular units are established, and di�erent combinations of modules are studied according

to users' requirements, and the diversity of house types is studied.

Fig. 1. Flow chart of modular design

3.2.2. Modularization of house types in the programme phase.

1) Reference elevation. In general assembly building design, the area module, house type design

drawings in the schematic design, and the project model are usually in two project �les. Through
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Revit 3D visualization, top-down reference can be made during the design process, with the module

unit design referring to the house model and the house model design referring to the regional module.

The elevation setting in the schematic design stage is shown in Figure 2. First of all, Revit establishes

architectural and structural elevations, and at the bottom of all elevations, it establishes two more

program elevations, one for the house type design elevation, and the other for the regional module

design elevation, which can be referenced in the subsequent design to make the design process more

intuitive and e�cient.

Fig. 2. Scheme elevation

2) Core design. Since the establishment of the core also requires the layout of the corresponding axis

network, the initial design stage of the program does not determine the location of the axis network of

the entire project. If the axis network is arranged here, it will be in con�ict with the axis network of

the later project model, so it is replaced by the reference plane in the program design stage. Establish

the core cylinder wall, copy the wall, rename it as the program wall, set the elevation of the top of

the wall as the elevation of the house model, and carry out room labeling and dimensioning after

establishing the core cylinder wall. According to the �re code for high-rise buildings, the evacuation

stairwell requires two independent channels, and comprehensive consideration is given to minimizing

the common area and increasing the room rate and other needs.

Fig. 3. Division of house type modules
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3) Establishment and combination of household area modules. Through the Revit family stretch

function to establish the regional module, adjust the parameterized control rules to facilitate the

modi�cation of the module area. After the module is established, the module family is copied and

renamed as aisle module, basic module, splicing module and core cylinder module.

The project design needs to comprehensively consider the problems encountered in the use process,

such as lighting is a problem that cannot be ignored in the building design, China is located in the

northern hemisphere, the sunlight is mainly in the south, and the module splicing provides space for

the windows of each house type to open to the south. Modular design house type structure is shown

in Figure 3.

3.2.3. Modular �oor plan combination design. This paper is based on the model library, through

the model library to call the �nished modules of previous projects, the material information of each

module unit is also integrated in the model, which can control the cost well, diversify the combination

of modules, and complete the design of the house type with personalization.

1) Module design. Before designing the functional modules, the whole house type is �rst divided

into di�erent functional modules, which can be decomposed into functional modules that are both

independent and interconnected. And in the module design based on BIM technology [21], we

should consider the factors that will be considered at a later stage in the traditional design, so that

the structural design, architectural design, electromechanical design, and interior decoration design

form a relationship that promotes and in�uences each other. Dwellings are divided into �ve main

modules, living module, bathroom module, bedroom module, walkway module and storage room

module. Module design will con�rm the module dimensions by coordinating the modules, using a

30cm �oor family within the house model as the module component for this design, and setting up

the components through the Revit array function.

2) Module combination. With the assistance of BIM technology, architects can �exibly layout mod-

ules with standardized design, form di�erent house types with multiple modules through di�erent

combinations, and provide a variety of design solutions to meet the diversi�ed needs of users. In

the module combination design, to follow the �less speci�cations, more combinations� principle, the

kitchen, bedroom, walkway and other basic modules into a variety of house types. The entire modu-

lar design process follows a step-by-step nesting process from small parts and components to spatial

modular units, then from the kitchen, bathroom, bedroom and other modular units to form a unique

house type, and �nally from the di�erent house types spliced together to form a complete residence.

4. Individualized options for modular design

4.1. Personalized design content and method

Through the above scenario, it is evident that a modular approach to construction is an important

tool for personalizing the design of assembled residential buildings. In order to achieve the goal of

mass customization of prefabricated modular homes, the architectural design model must incorporate

the results of two important components: data collection of customer requirements and prefabricated

system design combinations. Current housing is still dominated by multi-storey and small high-rise

buildings, so the main focus here is on user personalized design of small high-rise assembled houses.
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There are �ve di�erent levels at which the design can be unfolded, from general spatial requirements

to detailed preferences:

1) Determination of the required spatial modules.

2) Deepening the prefabricated structure of the module.

3) De�ning the detailed layout of individual spaces and the development of �oor plans and eleva-

tions.

4) Customize material and color selection for exterior and interior components.

5) Assembling the overall assembly mix for the frame platform.

Individualized design can be achieved through these �ve steps.

4.2. Individualization options for modular design

4.2.1. Determination of required space modules. There are three tasks in the �rst level of the design

step: family pro�le, lifestyle, and family activities. The �rst question tries to de�ne the family pro�le

of the new home. Here the household pro�le shows the main occupants of the new house, independent

of the family pro�le. Once the system has collected enough information from the user's home pro�le,

it generates a basic list of required spaces as a reference. For lifestyles, a list of additional required

spaces needs to be created. At the end of this programming phase, the system provides a list for

selecting any activities or features that need to be included in the new home. This is the �nal

question in the Level 1 questionnaire, in the form of a checklist to avoid missing spaces that were not

covered in the previous questions. All activities or functions within the house can be translated into

physical space. For example, the client needs a series of activity spaces such as bedroom, kitchen,

living room, bathroom and so on.

In this way, each spatial module o�ers a variety of combinations without interfering with other

spaces. In addition, due to the modular structure, the space modules can be freely combined in

a variety of space con�gurations, which can be selected according to the needs of di�erent clients,

the characteristics of the site and the available budget. Since individual requirements can easily be

adapted to function and performance during the design phase and the life of the building, the building

should be allowed to change to meet changing circumstances. This will also minimize building costs

by focusing customization e�orts on modules that are decisive for the client and on mass-produced

modules that are not critical for the client, such as accessory space modules.

4.2.2. Deepening the modular structure. Structural support should be given to each unit module

to provide protection, safety, comfort and resource availability and should include supporting loads

and stability, standing interior and exterior, dividing interior spaces, connecting interior spaces,

and providing and managing resources. Functionally independent structural layers allow the de-

sired performance to be achieved without compromising with other functions, despite uncertainties.

Each individual requirement is combined with other prefabricated components without compromis-

ing functionality or introducing unnecessary links. Such a design is therefore �exible and di�erent

customer preferences and climatic conditions can be easily accommodated. During the service life of

the building, the construction layers can be easily disassembled, replaced according to their service

life and then reassembled without damaging the whole. In addition, disassembled components can

be removed or reused on a material basis in accordance with sustainable strategies. Construction is

categorized into short-, medium- and long-term service life based on service life, and a distinction

is made between permanent and replaceable layers based on factors such as climate and weather,
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load-carrying capacity, stability, and usage requirements.

4.2.3. Room layout and design. The geometry and plan boundaries of the building are determined

before moving on to the room layout design phase. The task of this phase is to provide options for

individual spaces. Options for di�erent room layouts are regarded as interchangeable and compatible

�space transformations�. By splitting the modules again, functional basic sub-units are derived. For

the customer, di�erent habits correspond to di�erent spatial layouts, e.g. di�erent kitchen layouts

re�ect di�erent cooking and lifestyles. The subunit modules can be organized into options to provide

choices for customers' individual needs.

4.2.4. Prefabricated modular panels. Since the load-bearing and separating wall panels in this sys-

tem do not interfere with other functions, the building shell can be designed as a module to increase

the degree of prefabrication of standardized modular panels. In this way, the components are sepa-

rated horizontally from the inside to the outside. Walls, windows, �oors and roof prefabricated panels

are assembled into spatial modules. The architecture is modular: the functional independence of the

shell layers and their independent physical connections allow the client to personalize the shell from

which the most preferred components are selected. In this way, the walls, windows, �oors and roof

panels can be mass-produced in order to minimize construction costs, while customization work is

placed only on the parts that are essential to the client.

4.2.5. Assembly frame platforms. With a more selective conceptual basis to further increase user

involvement. As an expression of the full life cycle of a building, assembled buildings are no longer

the same as the old days when homes were built before they were purchased. The advantages of

rapid construction and overall building control of assembly make it possible for users to buy before

they build. Through the use of prefabricated components, the building space is assembled from

disassembled components, making it easy for residents to �exibly assemble as needed.

4.3. Evaluation of the e�ectiveness of the application of modular and personalized balancing

strategies

4.3.1. Evaluation of modularization of assembled buildings. Assembled buildings are often limited

by their own structure, space form, often bring people the feeling of lack of �exibility, the building

form is dull. In practice, designers often need to combine with other architectural structures to

improve the original spatial relationship, or optimize the shape of the modular unit or through the

combination of modules to achieve changes in the hierarchy of architectural space. Based on the

above evaluation indexes, the three indexes of design and construction synergy and function, spatial

adaptability and design diversity, with a score of 10 out of 10, this paper consults and researches the

score of each building from industry insiders in the form of questionnaires.

The overall evaluation statistics of the modular and personalized design strategy examples of as-

sembly buildings in this paper are shown in Figure 4, in which the building synergy and functionality,

spatial adaptability and design diversity scores of nine assembly buildings with di�erent degrees of

modular and personalized design are counted. From the �gure, it can be seen that modularization

and personalized design of assembled buildings can improve the building synergistic function, spatial

adaptability, and design diversity to a certain extent. For example, building No. 5, with a modu-

larization and personalization degree of 20%, has a score of 3 for all of the above indicators. While
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building No. 9 fully applies the strategy of this paper, the expert's scores of building synergistic

function, spatial adaptability, and design diversity on this building are 10, 10, and 9 in that order,

which are signi�cantly better than other buildings.

Fig. 4. The overall evaluation results of the design strategy examples

4.3.2. Simulation and analysis of energy saving e�ect. Using Swell to create a summer and winter

daylighting study, it is possible to observe the e�ects of daylighting on the interior layout of the

simulated project building.

Figure 5 shows the project daylighting simulation results. The analyzed results show that the

building daylighting coe�cient is 6.44% on average and the indoor daylighting coe�cient is below

10%. According to China's green building evaluation standard, it can meet the requirements. The

modularization and personalization strategy proposed in this paper enables users to e�ectively par-

ticipate in the design of customized homes and verify the design scheme based on BIM technology.

Users can select the customized components that meet their needs based on the combination scheme

to realize the mass customized residence. Experiments have con�rmed that this design mode can

provide users with homes that are more compatible with their needs while meeting their requirements

in terms of cost and energy consumption.

Fig. 5. Project lighting simulation results

The ventilation simulation condition is summer, the wind direction is 30◦ south east, the wind

speed is 3.5 m/s. The horizontal pro�le of the ventilation simulation is set at 1.5 m from the ground,

and the results of the project's ventilation simulation are shown in Figure 6. As can be seen from the
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�gure, the building is well ventilated with obvious air convection. After calculation, the minimum

value of the ratio of the ventilation opening area of the main functional rooms of the building to the

�oor area of the rooms is 18.25%, which meets the requirement that the ratio of the opening area to

the �oor area should reach 5% in cold regions.

Fig. 6. Project ventilation simulation results

Reasonable natural lighting design can reduce the reliance on arti�cial lighting and reduce energy

consumption, while providing a more comfortable and natural visual environment. Good natural

ventilation design can e�ectively remove the dirty air and harmful gases in the room, keep the

air fresh and circulating, reduce the reliance on machine ventilation system, and reduce energy

consumption.

4.3.3. Safety assessment of assembly buildings. The strategy of this paper is applied to the construc-

tion of a new area of a local hospital to conduct seismic and durability experiments. The master plan

area of the new district is about 367,743 square meters, with a planned construction of 2,000 beds

and a total investment of 421,315,000 yuan. The planned projects include a combined Chinese and

Western medicine children's hospital, a general practitioner training base and research building, an

outpatient and emergency comprehensive building, a ward building, a pharmacy building, a teaching

building, a medical and healthcare integration building, and a logistics service building.

1) Seismic performance. There is a signi�cant di�erence between the modular design of assembled

buildings and cast-in-place buildings in the discontinuity of the connection nodes, and the seismic

performance of the node connections is a key indicator for evaluating the construction quality. In

order to deeply verify the seismic capacity of beam-column nodes under the strategy of this paper, a

beam-column node model is produced for load experiments and compared with the load experiments

of nodes with traditional connection methods. The cumulative energy consumption is an important

index to measure the energy dissipation ability of the node under vibration loading, which is of great

signi�cance for evaluating the seismic performance of the node. The results of cumulative energy

consumption of beam-column assembled nodes of modular and personalized frame structure with

traditional connection method nodes in this paper are shown in Figure 7. As can be seen from the

�gure, the cumulative energy consumption of beam-column nodes of the two connection methods has

the same trend of change, and both of them show a signi�cant growth trend. When loaded to the 20th

cycle, both specimens enter the yielding stage, but there is a di�erence in the ultimate cumulative
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energy consumption between the two. Speci�cally, the ultimate cumulative energy consumption of

beam-column assembled nodes of the strategic building frame structure in this paper reaches 9.40×105
J, while that of the nodes of the traditional connection method is 3.95×105 J. From this, it can be

concluded that the beam-column assembled nodes of the modularized assembled frame structure in

this paper have excellent seismic performance, and their ultimate cumulative energy consumption is

2.38 times higher than that of the nodes of the traditional connection method.

Fig. 7. The cumulative energy consumption of the node

2) Durability performance. In addition, the durability test was conducted on the building above

applying the modular and personalized assembly building design strategy of this paper.

Fig. 8. Test results of concrete durability under this strategy

The building is forti�ed with an intensity of 7 degrees, and the structural safety level is 1. The

building is an underground layer of reinforced concrete �oor structure, local frame structure, lighting
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using steel mesh frame structure, the building has nine entrances and exits, the construction of which

is mainly used as an underground human defense facilities, and later changed to an underground

shopping mall due to the development of the times and business needs. The project is constructed

by reinforced concrete, so its safety analysis is mainly for the current condition of reinforced concrete

to detect and analyze, in order to ensure the safety of the use of the building, the durability of the

reinforcing steel testing. The durability test of this project is carried out for di�erent locations of

beams, slabs and columns, and 4 places are taken for each component to be tested, and the durability

test items include the chloride ion content of concrete, the depth of carbonation, and the thickness

of the protective layer. The results of the concrete durability test under the strategy of this paper

are shown in Figure 8. From the data depicted in the �gure, it can be seen that in all three types

of components, the chloride ion content is less than 0.4%, and most of them are concentrated below

0.3%. Meanwhile, comparing the test values of protective layer thickness and carbonation depth, it

can be seen that the highest carbonation depth of the components at di�erent locations is 1.91mm

< 2mm, and the lowest protective layer thickness is 52mm, with an overall lower carbonation depth.

In conclusion, it shows that the underground shopping mall constructed by the strategy of this paper

has better durability and higher safety of each structure.

4.3.4. Sustainability and diversity satisfaction survey. In this section, a questionnaire was used to

evaluate the feasibility of modular and personalized design sustainability and diversity of assembled

buildings as the objective of the analysis. The questionnaire evaluates �ve aspects: environmental

quality, energy consumption, social bene�ts, economic bene�ts and design diversity. The question-

naire invites 100 experts in related �elds to evaluate multiple issues in various aspects, and assigns

values to the expert evaluation results through the recovered questionnaires, so as to quantify the

feasibility of this paper's strategy.

Fig. 9. The results of the research of the feasibility evaluation of the policy

Figure 9 shows the research results of the experts' satisfaction evaluation of this paper's strategy.

From the �gure, it can be seen that this paper's strategy in the environmental quality, energy

consumption, social bene�ts, economic bene�ts and design diversi�cation of the �ve aspects of the

higher evaluation by experts. Assigning values to the evaluation results, the average scores of each

aspect in descending order were obtained as follows: social bene�t (92.05), environmental quality

(90.71), economic bene�t (90.02), design diversity (89.84), and energy consumption (84.64). Among

them, social bene�t and energy consumption received the highest and lowest ratings from experts,

respectively. It shows that the construction of hospitals under the strategy of this paper can have

a good and positive impact on the social level, which helps to provide equal healthcare services to

social groups. However, the relatively low rating of energy consumption indicates that there may be
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a large waste of energy under this strategy, which does not fully utilize new energy sources such as

solar energy and wind energy, resulting in a large dependence on traditional energy sources.

5. Conclusion

The study proposes and implements a balanced strategy for assembly building design that combines

modularity and individualization based on assembly building needs. It aims to utilize the strategy to

achieve a longer-term and diverse sustainable development of assembled buildings. The article veri�es

the e�ectiveness of this paper's strategy through a number of experiments, including satisfaction

survey, modularization evaluation, energy-saving e�ect simulation, and safety assessment.

1) Modularization and personalized design can improve the synergistic function, spatial adaptabil-

ity and design diversity of assembled buildings.

2) Under the strategy of this paper, the average value of building lighting coe�cient reaches 6.44%,

and the indoor lighting coe�cient is between 4% and 7%, and there is obvious air convection in the

building with good ventilation.

3) Modularization and personalized design enhance the cumulative energy consumption limit of

the building nodes, after 40 cycles, the cumulative energy consumption of the assembled nodes under

the strategy of this paper is 9.40×105 J. And the content of concrete chlorine ions is more than 0.3%

or less, with a low degree of carbonation layer, which demonstrates the superior safety performance.

4) Experts' satisfaction with this paper's strategy is high, with satisfaction ratings of 84.64-92.05

for environmental quality, energy consumption, social bene�t, economic bene�t, and design diversity.

The strategy of this paper breaks down the building into several independent and functional

modular units, which has good energy-saving e�ect and safety. Through personalized assembly,

various modular units can be �exibly combined to achieve di�erent functions in di�erent usage

scenarios or user demands. The design of assembled buildings maintains the e�ciency and cost

advantages of modularity while realizing the integration of design personalization and diversity.

Although the strategy in this paper has a large application potential, there are still some shortcomings

in the implementation of the strategy:

1) Quality control is not strict enough, and assembly building components may cause problems

such as component deformation, breakage or loosening during transportation or installation.

2) Longer construction cycle, the modular unit on-site splicing and installation requires a certain

amount of time, and the design and planning work may lead to prolonged construction cycle.

3) Limited design �exibility, assembly buildings usually adopt standardized or modular design,

which has some limitations on the creativity of architects and designers, and it is di�cult to realize

personalized and customized design.

Therefore, this requires the relevant departments to improve quality control, optimize the con-

struction cycle and enhance design �exibility. At the same time, more personalized and diversi�ed

building solution strategies should be provided according to the characteristics of market demand.

References

[1] S. O. Abioye, L. O. Oyedele, L. Akanbi, A. Ajayi, J. M. D. Delgado, M. Bilal, O. O. Akinade, and

A. Ahmed. Arti�cial intelligence in the construction industry: a review of present status, opportunities

and future challenges. Journal of Building Engineering, 44:103299, 2021. https://doi.org/10.1016/

j.jobe.2021.103299.

https://doi.org/10.1016/j.jobe.2021.103299
https://doi.org/10.1016/j.jobe.2021.103299


research on balancing strategies between modularization 389

[2] W. S. Alaloul, M. Liew, N. A. W. A. Zawawi, and I. B. Kennedy. Industrial revolution 4.0 in the

construction industry: challenges and opportunities for stakeholders. Ain Shams Engineering Journal,

11(1):225�230, 2020. https://doi.org/10.1016/j.asej.2019.08.010.

[3] Z. Alwan, P. Jones, and P. Holgate. Strategic sustainable development in the uk construction industry,

through the framework for strategic sustainable development, using building information modelling.

Journal of Cleaner Production, 140:349�358, 2017. https://doi.org/10.1016/j.jclepro.2015.12.

085.

[4] A. Baghdadi, M. Heristchian, and H. Kloft. Connections placement optimization approach toward new

prefabricated building systems. Engineering Structures, 233:111648, 2021. https://doi.org/10.

1016/j.engstruct.2020.111648.

[5] G. L. F. Benachio, M. d. C. D. Freitas, and S. F. Tavares. Circular economy in the construction

industry: a systematic literature review. Journal of Cleaner Production, 260:121046, 2020. https:

//doi.org/10.1016/j.jclepro.2020.121046.

[6] F. Bianconi, M. Filippucci, and A. Bu�. Automated design and modeling for mass-customized housing.

a web-based design space catalog for timber structures. Automation in Construction, 103:13�25, 2019.

https://doi.org/10.1016/j.autcon.2019.03.002.

[7] T. Chowdhury, J. Ada�n, and S. Wilkinson. Review of digital technologies to improve productivity of

new zealand construction industry. Journal of Information Technology in Construction, 24:569�587,

2019. https://doi.org/10.36680/j.itcon.2019.032.

[8] Y. Cui, S. Li, C. Liu, and N. Sun. Creation and diversi�ed applications of plane module libraries

for prefabricated houses based on bim. Sustainability, 12(2):453, 2020. https://doi.org/10.3390/

su12020453.

[9] M. M. Fard, S. A. Terouhid, C. J. Kibert, and H. Hakim. Safety concerns related to modular/prefabri-

cated building construction. International Journal of Injury Control and Safety Promotion, 24(1):10�

23, 2017. https://doi.org/10.1080/17457300.2015.1047865.

[10] M. Gunduz and A. M. A. Yahya. Analysis of project success factors in construction industry. Tech-

nological and Economic Development of Economy, 24(1):67�80, 2018. https://doi.org/10.3846/

20294913.2015.1074129.

[11] K.-E. Hwang, I. Kim, J. I. Kim, and S. H. Cha. Client-engaged collaborative pre-design framework

for modular housing. Automation in Construction, 156:105123, 2023. https://doi.org/10.1016/j.

autcon.2023.105123.

[12] G. Issabayev, A. Slyambayeva, A. Kelemeshev, and D. Amandykova. Development of the project of

modular prefabricated buildings. EUREKA: Physics and Engineering, (4):36�45, 2022. https://doi.

org/10.21303/2461-4262.2022.002499.

[13] Y. Jiang, D. Zhao, D. Wang, and Y. Xing. Sustainable performance of buildings through modular

prefabrication in the construction phase: a comparative study. Sustainability, 11(20):5658, 2019. https:

//doi.org/10.3390/su11205658.

[14] A. W. Lacey, W. Chen, H. Hao, and K. Bi. Structural response of modular buildings�an overview.

Journal of Building Engineering, 16:45�56, 2018. https://doi.org/10.1016/j.jobe.2017.12.008.

[15] M. S. S. Larsen, S. M. Lindhard, T. D. Brunoe, K. Nielsen, and J. K. Larsen. Mass customization in

the house building industry: literature review and research directions. Frontiers in Built Environment,

5:115, 2019.

https://doi.org/10.1016/j.asej.2019.08.010
https://doi.org/10.1016/j.jclepro.2015.12.085
https://doi.org/10.1016/j.jclepro.2015.12.085
https://doi.org/10.1016/j.engstruct.2020.111648
https://doi.org/10.1016/j.engstruct.2020.111648
https://doi.org/10.1016/j.jclepro.2020.121046
https://doi.org/10.1016/j.jclepro.2020.121046
https://doi.org/10.1016/j.autcon.2019.03.002
https://doi.org/10.36680/j.itcon.2019.032
https://doi.org/10.3390/su12020453
https://doi.org/10.3390/su12020453
https://doi.org/10.1080/17457300.2015.1047865
https://doi.org/10.3846/20294913.2015.1074129
https://doi.org/10.3846/20294913.2015.1074129
https://doi.org/10.1016/j.autcon.2023.105123
https://doi.org/10.1016/j.autcon.2023.105123
https://doi.org/10.21303/2461-4262.2022.002499
https://doi.org/10.21303/2461-4262.2022.002499
https://doi.org/10.3390/su11205658
https://doi.org/10.3390/su11205658
https://doi.org/10.1016/j.jobe.2017.12.008


390 j. pan

[16] J. Li, S. Lu, W.Wang, J. Huang, X. Chen, and J. Wang. Design and climate-responsiveness performance

evaluation of an integrated envelope for modular prefabricated buildings. Advances in Materials Science

and Engineering, 2018(1):8082368, 2018. https://doi.org/10.1155/2018/8082368.

[17] N. Liang and M. Yu. Research on design optimization of prefabricated residential houses based on

bim technology. Scienti�c Programming, 2021(1):1422680, 2021. https://doi.org/10.1155/2021/

1422680.

[18] J. Liu and Z. Zou. Application of bim technology in prefabricated buildings. In IOP Conference Series:

Earth and Environmental Science, volume 787 of number 1, page 012151. IOP Publishing, 2021. 10.

1088/1755-1315/787/1/012151.

[19] N. Lou and J. Guo. Study on key cost drivers of prefabricated buildings based on system dynamics.

Advances in Civil Engineering, 2020(1):8896435, 2020. https://doi.org/10.1155/2020/8896435.

[20] X. Luo, X. Zheng, C. Liao, Y. Xiao, C. Deng, S. Liu, and Q. Chen. Research on the modular design

method and application of prefabricated residential buildings. Buildings, 14(9):3014, 2024. https:

//doi.org/10.3390/buildings14093014.

[21] A. Malta, T. Farinha, A. J. M. Cardoso, and M. Mendes. Survey on the use of bim methodology

for railway 3d modeling. Discover Applied Sciences, 6(12):1�17, 2024. https://doi.org/10.1007/

s42452-024-06316-z.

[22] M. Marchesi and D. T. Matt. Design for mass customization: rethinking prefabricated housing using

axiomatic design. Journal of Architectural Engineering, 23(3):05017004, 2017. https://doi.org/10.

1061/(ASCE)AE.1943-5568.0000260.

[23] T. Munmulla, S. Navaratnam, J. Thamboo, T. Ponnampalam, H.-G. H. Damruwan, K. D. Tsav-

daridis, and G. Zhang. Analyses of structural robustness of prefabricated modular buildings: a case

study on mid-rise building con�gurations. Buildings, 12(8):1289, 2022. https://doi.org/10.3390/

buildings12081289.

[24] S. Navaratnam, T. Ngo, T. Gunawardena, and D. Henderson. Performance review of prefabricated

building systems and future research in australia. Buildings, 9(2):38, 2019. https://doi.org/10.

3390/buildings9020038.

[25] S. Navaratnam, A. Satheeskumar, G. Zhang, K. Nguyen, S. Venkatesan, and K. Poologanathan. The

challenges confronting the growth of sustainable prefabricated building construction in australia: con-

struction industry views. Journal of Building Engineering, 48:103935, 2022. https://doi.org/10.

1016/j.jobe.2021.103935.

[26] M. Noguchi and A. Haddad. Prefabricated Construction for Sustainability and Mass Customization.

BoD�Books on Demand, 2024.

[27] D.-G. J. Opoku, S. Perera, R. Osei-Kyei, and M. Rashidi. Digital twin application in the construction

industry: a literature review. Journal of Building Engineering, 40:102726, 2021. https://doi.org/

10.1016/j.jobe.2021.102726.

[28] M. Raposo and S. Eloy. Customized housing design: tools to enable inhabitants to co-design their

house. Customized Housing Design: Tools to Enable Inhabitants to Co-Design their House:67�76, 2020.

http://dx.doi.org/10.52842/conf.ecaade.2020.1.067.

[29] M.-A. Roy and G. Abdul-Nour. Integrating modular design concepts for enhanced e�ciency in digital

and sustainable manufacturing: a literature review. Applied Sciences, 14(11):4539, 2024. https://doi.

org/10.3390/app14114539.

https://doi.org/10.1155/2018/8082368
https://doi.org/10.1155/2021/1422680
https://doi.org/10.1155/2021/1422680
10.1088/1755-1315/787/1/012151
10.1088/1755-1315/787/1/012151
https://doi.org/10.1155/2020/8896435
https://doi.org/10.3390/buildings14093014
https://doi.org/10.3390/buildings14093014
https://doi.org/10.1007/s42452-024-06316-z
https://doi.org/10.1007/s42452-024-06316-z
https://doi.org/10.1061/(ASCE)AE.1943-5568.0000260
https://doi.org/10.1061/(ASCE)AE.1943-5568.0000260
https://doi.org/10.3390/buildings12081289
https://doi.org/10.3390/buildings12081289
https://doi.org/10.3390/buildings9020038
https://doi.org/10.3390/buildings9020038
https://doi.org/10.1016/j.jobe.2021.103935
https://doi.org/10.1016/j.jobe.2021.103935
https://doi.org/10.1016/j.jobe.2021.102726
https://doi.org/10.1016/j.jobe.2021.102726
http://dx.doi.org/10.52842/conf.ecaade.2020.1.067
https://doi.org/10.3390/app14114539
https://doi.org/10.3390/app14114539


research on balancing strategies between modularization 391

[30] S. Saarinen, H. E. Ilg�n, M. Karjalainen, and T. Hirvilammi. Individually designed house in �nland:

perspectives of architectural experts and a design case study. Buildings, 12(12):2246, 2022. https:

//doi.org/10.3390/buildings12122246.

[31] M. Schoenwitz, A. Potter, J. Gosling, and M. Naim. Product, process and customer preference align-

ment in prefabricated house building. International Journal of Production Economics, 183:79�90, 2017.

https://doi.org/10.1016/j.ijpe.2016.10.015.

[32] Y. Shen, M. Xu, Y. Lin, C. Cui, X. Shi, and Y. Liu. Safety risk management of prefabricated building

construction based on ontology technology in the bim environment. Buildings, 12(6):765, 2022. https:

//doi.org/10.3390/buildings12060765.

[33] S. Srisangeerthanan, M. J. Hashemi, P. Rajeev, E. Gad, and S. Fernando. Review of performance

requirements for inter-module connections in multi-story modular buildings. Journal of Building En-

gineering, 28:101087, 2020. https://doi.org/10.1016/j.jobe.2019.101087.

[34] Z.-L. Wang, H.-C. Shen, and J. Zuo. Risks in prefabricated buildings in china: importance-performance

analysis approach. Sustainability, 11(12):3450, 2019. https://doi.org/10.3390/su11123450.

[35] M. Wasim, T. M. Han, H. Huang, M. Madiyev, and T. D. Ngo. An approach for sustainable, cost-

e�ective and optimised material design for the prefabricated non-structural components of residential

buildings. Journal of Building Engineering, 32:101474, 2020. https://doi.org/10.1016/j.jobe.

2020.101474.

[36] Y. Wen. Research on the intelligent construction of prefabricated building and personnel training based

on bim5d. Journal of Intelligent & Fuzzy Systems, 40(4):8033�8041, 2021.

[37] S. Wu, M. Z. Ramli, S. P. Ngian, G. Qiao, and B. Jiang. Review on parametric building information

modelling and forward design approaches for sustainable bridge engineering. Discover Applied Sciences,

7(2):127, 2025. https://doi.org/10.1007/s42452-025-06543-y.

[38] J. Xu, Y. Teng, W. Pan, and Y. Zhang. Bim-integrated lca to automate embodied carbon assessment

of prefabricated buildings. Journal of Cleaner Production, 374:133894, 2022. https://doi.org/10.

1016/j.jclepro.2022.133894.

[39] Z. Yuan, C. Sun, and Y. Wang. Design for manufacture and assembly-oriented parametric design of

prefabricated buildings. Automation in Construction, 88:13�22, 2018. https://doi.org/10.1016/j.

autcon.2017.12.021.

[40] M. Zairul. The recent trends on prefabricated buildings with circular economy (ce) approach. Cleaner

Engineering and Technology, 4:100239, 2021. https://doi.org/10.1016/j.clet.2021.100239.

https://doi.org/10.3390/buildings12122246
https://doi.org/10.3390/buildings12122246
https://doi.org/10.1016/j.ijpe.2016.10.015
https://doi.org/10.3390/buildings12060765
https://doi.org/10.3390/buildings12060765
https://doi.org/10.1016/j.jobe.2019.101087
https://doi.org/10.3390/su11123450
https://doi.org/10.1016/j.jobe.2020.101474
https://doi.org/10.1016/j.jobe.2020.101474
https://doi.org/10.1007/s42452-025-06543-y
https://doi.org/10.1016/j.jclepro.2022.133894
https://doi.org/10.1016/j.jclepro.2022.133894
https://doi.org/10.1016/j.autcon.2017.12.021
https://doi.org/10.1016/j.autcon.2017.12.021
https://doi.org/10.1016/j.clet.2021.100239

	Introduction
	Assembly building design process
	Demand analysis
	Assembly building construction
	Process flow
	Construction characteristics


	BIM-based modular design for assembled buildings
	Modular design approach
	BIM-based module design strategy
	Modular design process
	Modularization of house types in the programme phase
	Modular floor plan combination design


	Individualized options for modular design
	Personalized design content and method
	Individualization options for modular design
	Determination of required space modules
	Deepening the modular structure
	Room layout and design
	Prefabricated modular panels
	Assembly frame platforms

	Evaluation of the effectiveness of the application of modular and personalized balancing strategies
	Evaluation of modularization of assembled buildings
	Simulation and analysis of energy saving effect
	Safety assessment of assembly buildings
	Sustainability and diversity satisfaction survey


	Conclusion

