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=3 This paper presents a comprehensive organizational and technological analysis of accelerated construction
processes for civilian high-rise buildings in China, focusing on the adoption of prefabricated construction tech-
niques to address the country’s rapid urbanization and surging housing demands. The study systematically
. identifies and evaluates essential organizational and technological innovations through an extensive compara-
Liu Ghong, tive analysis and rigorous statistical data processing, which significantly expedite construction timelines while
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maintaining uncompromising safety and quality standards. It emphasizes strategic improvements in manage-
ment processes, integration of modern technologies and materials, and enhanced coordination among pro-
ject stakeholders to optimize efficiency and delivery speed. Prefabricated reinforced concrete frame structures
are highlighted as a key solution for reducing on-site construction time and labor costs, providing a practical
response to urgent housing needs in rapidly growing urban areas. Furthermore, the paper introduces an eval-
uation framework using the Analytic Hierarchy Process (AHP) to assess and prioritize the impact factors
of prefabricated buildings, enabling more informed decision-making in project management. This integrated
approach addresses both the practical challenges of rapid construction and contributes to theoretical advance-
ments by offering insights applicable to similar urban development scenarios worldwide. The findings are an-
ticipated to influence future construction practices, fostering more sustainable and efficient strategies to meet
global urbanization challenges effectively.
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INTRODUCTION

As China faces accelerated urbanization, the de-
mand for efficient high-rise construction has surged.
This paper explores rapid construction methods that
support the rapid erection of high-rise buildings
while ensuring safety and structural integrity.
The study focuses on prefabricated construction
techniques, which could revolutionize building pro-
cesses by reducing construction times and labor
costs. A comprehensive organizational and techno-
logical model tailored for rapid high-rise construction
in China is proposed, enhancing efficiency and eco-
nomic feasibility.

SELECTING A MODEL FOR RAPID
CONSTRUCTION

To further explore the factors influencing the rap-
id construction of civil high-rise buildings in China, it
is necessary to identify a model suitable for rapid
construction. A comparison and generalization
of common building types, designs, and functions is
presented below (Table 1).

The use of prefabricated constructions, par-
ticularly precast reinforced concrete frame struc-
tures, enhances the speed and efficiency of con-
structing high-rise buildings in rapidly growing
cities. Concrete's ductility and adaptability support
complex structural designs while maintaining high-
quality control during assembly, accelerating
the construction process [1]. Chosen for its rapid
construction capabilities, this structure also en-
sures building stability and durability, thereby

boosting construction speed and economic effi-
ciency.

FACTORS AFFECTING THE IMPACT
OF RAPID CONSTRUCTION

The establishment of a prefabricated building
impact factor evaluation system (Fig. 1) is based
on the cooperation of multiple prefabricated build-
ing-related enterprises [2]. Therefore, it is neces-
sary to make a comprehensive evaluation of the ele-
ments involved and the complete process
in the prefabricated building industry. In this chap-
ter, the analysis of the hierarchy method (AHP) will
be used to calculate the weights of the indicators
and Kendall's concordance coefficient (W) to check
the consistency.

Based on the research of other scholars
on construction industrialization, housing industri-
alization, and prefabricated buildings, this paper
examines some evaluation indicators of factors af-
fecting the rapid construction of prefabricated
buildings, and some of them are shown in Fig. 2.

The questionnaire was sent to 18 experts from
research institutes, construction companies, de-
sign agencies, and other organizations. A rating
scale from 1 to 5 points (1 — completely irrelevant,
5 — very important) was used to test the impor-
tance of the indicator system.

AHP is a widely used method for multi-criteria
decision analysis [11]. In the study of the rapid
construction of prefabricated buildings, the AHP
model can help us to systematically evaluate
the importance of different influencing factors.
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Table 1. Classification of building types

Category

Types

Suitability for rapid construction

Types of buildings

Skyscraper

Due to the complexity of the design, usually not suitable for fast-track construction

High-rise buildings

The use of prefabricated structures can partially enable fast-track construction

Reinforced concrete construction

Prefabricated reinforced concrete elements can speed up construction

Metal construction

Assembly speed is achieved due to the factory readiness of components

Wooden construction

Particularly suitable for the rapid construction of small or low-rise buildings

Frame construction

Suitable for prefabricated structures to speed up construction

Shear wall construction

The use of prefabricated wall elements makes it possible to significantly speed up
the construction process

Frame-sliding wall construction

The use of prefabrication technology optimizes construction speed and cost efficiency

By material
Types of construc-
tions By load
By method
of construction

Prefabricated construction

Ideal for rapid construction, which reduces time on-site

Monolithic construction

This takes more time but ensures overall structural integrity

Types of functions

Housing function

Prefabricated dwellings can be built very soon

Commercial function

Prefabricated construction can speed up the construction of commercial buildings
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Fig. 1. Factor assessment process for the speed construction

Table 2. Weight of level criteria

[ Design documentation
Coordination of project works
Modular design [3]
Complexity of design [4]

- Design stage ]

Quality of construction materials
Efficiency of resource utilisation [5]
Production facilities

Level of automation

Innovative production technologies
Quality control in production
Reliability of material supply

Production stage [

Transport speed
Chain management [6]
Inventory management

Transport stage

Installation technology [7]

Quantity _ \ Availability of construction equipment [8]
Number Stage of factors Weight Safety measures at the construction site
oSl ReLE § Construction experience
Construction plan
1 Design stage 4 0.1739 Speed of construction
Construction Coordination
2 Production stage 3 0.1304 Efficiency of project management [9]
Use of information technology
3 Transport stage 3 0.1304 Project ) Contract management
management stage Cost control [10]
4 Construction phase 5 0.2174 Team coordination
Risk management
5 Project management stage 5 0.2174 Regulatory framework
- Support for public policy
Weather conditions
6 External factors 3 0.1304
Fig. 2. Evaluation factors [3—10]
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The construction of the AHP model based on the survey data is
described in detail below (Table 2).

Among the various phases of a prefabricated building project,
the construction stage and the project management stage have
the greatest weight (Table 3). Therefore, strengthening the man-
agement and optimizing these two stages can be the key to im-
proving the overall efficiency of the project.

The formula for calculating the complex weight is as follows:

w, W,

complex = stage :

VVfactor ’ ( 1 )

where W,

complex

— the composite weight of a sub-factor;

W.ee — the weight of the stage to which the sub-factor

belongs;
W,..or. — the weight of a factor within its stage.

The calculation results are shown in Fig. 3.

In prefabricated buildings, construction and project manage-
ment are critical for quick erection due to their high weighting fac-
tor. Modular construction significantly enhances construction ef-
ficiency. Moreover, efficient resource management and supply
chain optimization during manufacturing underscore the complex
nature of prefabrication project management and the need
for an integrated approach to achieve success.

Kendall's coefficient of concordance (W) (Fig. 4) can be used
to check the consistency of expert opinions [12]. If the value of W
is high, it indicates a high consistency of opinions.

Based on the above data, the calculated W = 0.713 indicates
that the experts were more consistent in their assessments
of the importance of the factors.

IMPROVEMENTS FOR SPEEDY CONSTRUCTION

The BEI (Building Efficiency Index) was created to evaluate

the criteria for rapid construction:
BEI = m )

where TP (Target Performance) is calculated based on the ratio

of actual project completion time to planned target time,

expressed as a percentage;

QC (Quality Coefficient) — a rating of the quality of a com-

pleted project, usually between 0 and 1, where 1 means no

defects, 0.8 minor defects, and a lower value serious qual-

ity problem;

TD (Time Deviation) — the ratio of actual project comple-

tion time to the industry average.

For this purpose, set thresholds (Fig. 5).

Example: suppose a project has a target completion time
of 30 days, an actual completion time of 30 days, a project quality
score of 0.9 (minor defects), and an industry average completion
time of 40 days:

30 30
TP = — -100% = 100 %,QC =0.9; TD = — = 0.75;
30 40
_100-0.9- 100 %
0.75

Thus, the project is a rapid construction project.

The following specific measures can be applied to optimize
the efficiency and quality of prefabricated building construction:

1. Assembly technology for frame columns:

e |ocation selection and node design: Locate frame column

BEI =120.

Table 3. Weight of level sub-criteria

Number Factors (glgztt:é Weight
1. Design stage
1.1 Design documents 4 0.0471
1.2 Coordination of project works 3 0.0324
1.3 Modular design 5 0.0610
1.4 Complexity of design 4 0.0334
2. Production stage
2.1 Quality of construction materials 5 0.164
2.2 Efficiency of resource utilisation 5 0.164
2.3 Production facilities 3 0.079
2.4 Level of automation 4 0.108
25 | oo s | om
2.6 Quality control in production 4 0.108
2.7 Reliability of material supply 5 0.299
3. Transport stage
31 Transport speed 3 0.296
3.2 Chain management 4 0.370
33 Inventory management 4 0.334
4. Construction stage
41 Installation technology 5 0.176
42 Availability of construction 4 0.149
equipment
R R
44 Construction experience 5 0.176
45 Construction plan 4 0.149
46 Speed of construction 5 0.176
47 Construction coordination 4 0.176
5. Management stage
51 ::;i:tiency of project manage- 4 0.164
5.2 Use of information technology 3 0.123
53 Contract management 4 0.164
5.4 Cost control 5 0.215
5.5 Team Coordination 5 0.215
5.6 Risk management 5 0.215
6. External factors
6.1 Regulatory framework 5 0.451
6.2 Support for public policy 3 0.274
6.3 Weather conditions 3 0.274
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Construction stage = |
Availability of construction equipment  0.0324 | ijﬁl;nm;nwm stage |. 57 | Weather conditions
ond " 0.0355

Safety measures at the construction site 0

Construction experience )
Construction plan

Speed of construction
Construction Coordination

o~ Support for public policy

\/ Regulatory framework
Risk management

Team coordination

Use of information technology

Step I Caleulate the sum of ranks for each factor

Let Ryj be the rank assigned to factor riy by expert my. R"JEZ Ryj
Then the sum of ranks for factor ny: 2
J
Step 2 Calculate the average rank for all factors g = E
P L jm1 f

Step 3 Sum of squares of deviations of ranks
from the mean value

S Zi_l[“-: ~ Raug)’

Step 4 Calculation of Kendall's coefficient 12%5
of concordance (W) =k=xg‘1_ﬂ
Where & - the number of expents, § - the number of factors,

Fig. 4. Algorithm for calculating Kendall's concordance coefficient
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Fig. 5. Scheme of construction speed thresholds

assembly nodes in areas with lower bending moments to re-
duce stress in the structure (Fig. 6). Development of stand-
ardized mounting nodes and use of prefabrication to in-
crease the early load-carrying capacity of the nodes, which
speeds up construction and reduces costs [13];

e auxiliary support measures [14]: Optimization of the auxilia-
ry support system at the construction site, reduction of de-
pendence on temporary support structures, and increase
of installation efficiency.

2. Installation technology for frame beams. Assembly of frame
girder assemblies outside of beam and column assemblies:
the assembly of frame beam assemblies in the area outside
the beam and column assemblies allows them to be installed to-
gether with whole prefabricated frame columns, thus simplifying
the construction process and increasing the speed of the overall
assembly [15].

3. Installation technology of floor slabs. The application
of the overlap method of a one-piece slab maximally simplifies
the installation of supports at the construction site, expands
the working surface when erecting lower floors, and increases
the efficiency of construction [16]. According to the optimized
structure separation plan for the prefabricated frame structure,
the proposed construction process is as follows (Fig. 7):

e delivery of prefabricated samples to the site — assembly

of frame column assembilies;

e installation of columns and prefabricated columns and beam
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Fig. 6. Column and beam joint assembly diagrams’

Fig. 7. Schematic diagram of the concrete frame structure
assembly process [17]

assemblies, use of steel sleeves to connect longitudinal re-
inforcement;

e connection of reinforcement and erection of laterally sup-
ported and laterally restrained frame column assemblies us-
ing standardized formwork systems;

e placement of concrete mix inside and outside the frame col-
umns at nodes, with the concrete at the nodes poured 300
to 500 mm below the node to ensure safe spacing between
the old and new concrete at the core of the column;

e installation of beams, slabs, and their support systems: First,
the beam support system and its connection with columns
are installed, and then the suspended slab support system
is installed after the support system is installed, the prefabri-
cated slabs are installed, and finally the reinforcement
of countersunk floor beams is tied;

e pouring concrete mix in the beam and countersunk floor
beam assembly units;

e under the auxiliary support of the assembly nodes, the frame
columns of the next level are erected.

CONCLUSION

This study presents a comprehensive organizational and tech-
nological analysis of high-speed construction methods for civilian
high-rise buildings in the context of accelerated urbanization
in China. Particular attention was given to the adoption of prefab-
ricated construction technologies, which have demonstrated ef-
fectiveness in reducing construction time and labor costs while
maintaining rigorous safety and quality standards.’

Furthermore, the in-depth analysis of the frame column, frame
girder, and slab assembly technologies and the optimization
of the overall construction process have made the construction
of prefabricated reinforced concrete frame structures faster
and safer. Frame column assembly technology has accelerated
the construction process by optimizing the arrangement of nodes,
and frame beam assembly technology has simplified the con-
struction process by installing assembly nodes outside the node
areas. The slab assembly technology improved construction effi-
ciency by utilizing a whole-slab scheme and a self-supporting
beam and slab system.
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OpraHM3auMOHHO-TEXHONOMMYEeCKMA aHanu3
CKOpPOCTHOro BO3BEAEHUS rPaXKfaHCKUX
BbICOTHbIX 3aaHun B Kutae

B paHHow pa6oTe npepcTaBneH NoApo6HbIA OpraHU3aLMoHHO-
TEXHOSIOrMYECKUIN aHann3 YyCKOPEHHbIX NMPOLLECCOB CTPOUTENb-
CTBa rPaXXAaHCKMX MHOMO3TaXKHbIX 34aHUN B Kutae ¢ akLeHTOM
Ha MCNonb30BaHWe TEXHONOMMI NPeaBapUTENbHOrO N3roToBIe-
HUS ANa pelleHus 3apad CTpemMuTenbHoON ypbaHusaumm n pac-
TyLlero cnpoca Ha xwunbe. iccnegoBaHve BbISBNAET KioYeBble
OpraHn3aLnoHHbIe U TEXHONOrM4Yeckne MHHOBaLMM C MOMOLLbIO
CpPaBHUTEJILHOrO aHanM3a 1 CTaTUCTUYECKON 06paboTKN faHHBbIX.
3TV NHHOBALMM 3HAYMTESIBHO COKPALLAIOT CPOKM CTPOMTENLCTBA,
obecne4nsas npu 3ToM CTporve ctaHaapTbl 6€30MacHOCTU U Bbl-
COKOro kayecTsa. B pa6ote nogyepkvMBaeTcs BaXHOCTb CTpaTe-
FMYecKoro yny4iwleHua ynpasieH4eckmnx npoueccos, BHeOpeHUA
COBPEMEHHbIX TEXHOSIOTUIA 1 MaTepuarnos, a Takxe yKpenneHus
KOOpAMHaLUMM Mexay y4acTHMKamu npoekToB. OTo no3sonset
3HaYUTENBHO MOBBICUTL 3PMEKTUBHOCTL M CKOPOCTh peannaaumm
NPOEKTOB CTPOMTENbLCTBA BbICOTHbIX 3aaHnin. Oco6oe BHUMaHWe
YAENeHOo npefaBapuTesibHo apMUPOBaHHLIM GETOHHBIM KapKac-
HbIM KOHCTPYKLMAM, KOTOPbIE CYLLECTBEHHO COKpaLLalT BpeEMS
CTpOMTENbCTBA HA MECTE M TPyA03aTpaThl, Npeanaras Xu3Hecno-
CO6HOE peLleHne Ans YAOBNETBOPEHUS HEOTNOXHbIX XUMULLHbIX
NoTPE6HOCTEN B YCNOBUSAX CTPEMUTENIbHO PacTyLUUX FOPOACKMX
pavioHoB. [JoMoNHUTENBHO NpeanaraeTcs cucTemMa oueHKn dak-
TOPOB BAWUAHWS Ha NPeABapuTeNbHO U3rOTOBIIEHHbIE KOHCTPYK-
LK1, OCHOBaHHasA Ha MeToAe aHanutuyeckon nepapxmm (AHP).
OTa cuctema nNo3BonseT NPOBOAUTL NMPUOPUTU3ALMIO (haKTOPOB
1 NpYHUMaThb 605iee 060CHOBaHHbIE YNpaBieHYeCKNe peLLeHus.
[aHHbI MHTErpMpOBaHHbIA MOAX0A He TONbKO peLuaeT NpakTu-
Yyeckue 3afa4n YCKOPEHHOrO CTPOUTENBCTBA, HO Y BHOCUT BKNag
B TEOPETUYECKYIO 6a3y rpaxhaHCKoro ctpoutenscraa. Mccnepo-
BaHWe NpefocTaBnseT NpakTU4eckne pekomeHaaLnm, KoTopble
MOrYT 6bITb MPUMEHUMbI B @HANOTrM4HbIX YCOBUAX Pa3BUTUSA FO-
pofos B rno6ansHoM Maclwtaée. Pesdynsratel paboTbl npu3sa-
Hbl MOBAVATL Ha ByayLMe CTPOUTENbHbIE NPaKTUKK, CNOCO6CT-
BYSl (POPMUPOBAHUIO YCTONUMBBIX 1 3DPEKTUBHBIX CTPATErNA ONs
peLleHnsa akTyalbHbIX BbI3OBOB yp6aH|/|3au,vm.

KnroueBble crnoBa: ckopoe BO3Be[eHNe, TEXHO/IOMNs CTPou-
Te/IbCTBa, COOPHbIE KOHCTPYKLMM, BbICOTHbIE 34aHNS, 9KOHOMU-
4Yeckasi 3(bgpeKTUBHOCTb
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