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 Prefabricated construction is an inevitable trend in the reform of modern construction, playing 

an important role in sustainable development and conserving resources. Based on field 

investigation, questionnaire survey, and the collection and analysis of relevant data, the 

prefabricated concrete buildings of Chengdu (China) were researched. The development 

status of prefabricated concrete buildings, production base of prefabricated components, price 

of precast concrete, and the scale of building construction industry were analyzed and studied. 

The development obstacles of the prefabricated concrete building were presented and relevant 

suggestions were provided. The research shows that the production base of prefabricated 

component is reasonably laid out by forming a radiation circle with the reasonable radius. The 

price of the prefabricated component is controlled by the average reduction of 1039.8 

yuan/m3, and the proportion of prefabricated concrete buildings is adjusted by an increase of 

8% to 10% per year. This can promote the development of prefabricated concrete buildings 

in Chengdu. The incomplete standardization system is the most serious development obstacle, 

and the establishment of local standards is an effective development proposal. This research 

provides a reference for the development of prefabricated concrete buildings in large and 

medium-sized cities.  
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1. INTRODUCTION 

 

At present, the construction industry in China is developing 

rapidly, and the scale of construction is increasing, but the 

construction method is still dominated by traditional cast-in-

place. The traditional cast-in-place construction method is 

high in consumption, pollution, and low in efficiency. 

Therefore, it is imperative to develop a new construction 

method that is conducive to industrialization of buildings and 

sustainable development of city [1]. Vigorously developing 

prefabricated construction is the way for the sustainable 

development of construction industry in China [2]. It is found 

that prefabricated construction can promote the supply-side 

structural reform of the construction industry and accelerate 

the process of new urbanization [3]. 

Compared with some developed countries, the prefabricated 

construction in China is still in the initial stage of development 

[4]. Prefabricated construction is commonly and reasonably 

used in USA, Sweden, Japan, and UK [5]. Prefabricated 

construction received a boost in 2004 when the UK housing 

sector took initiative to construct at least 25% of the new social 

housing using off-site construction techniques [6]. In recent 

years, the prefabricated construction has attracted significant 

attention due to its advantages over traditional construction 

methods. The research on prefabricated concrete buildings 

started in the 1950s. These countries have a large number of 

achievements in technologies, standards, and specifications [7, 

8]. The cost, resources, and methods of prefabricated 

construction have been mainly studied [9-11]. Due to the 

development of prefabricated construction, the structural form, 

structural response, transportation, and supply chain 

configurations of prefabricated components have also received 

much attention [12-15]. In addition to structural components 

of the building, prefabricated technology has been extended to 

other repetitive component units including shield tunnel 

segments, retaining walls, railway sleepers and so on [16-18]. 

With the development of technology and the acceleration of 

urbanization, the global prefabricated construction market is 

growing [5]. The future prospects of prefabricated 

construction are excellent. 
Since 2013, a lot of researches have been done on 

prefabrication technology, prefabricated project management, 

and prefabricated components in China. However, there is a 

lack of research on prefabricated construction with the local 

characteristics [19]. Prefabricated buildings are classified into 

concrete structure, steel structure, and wood structure 

according to the type of structure. At present, the prefabricated 

concrete structure is the main structural type of prefabricated 

construction in China and the focus of prefabrication-related 

researches. In order to promote the development of 

prefabricated concrete buildings in China, it is very important 

to analyze the current status of typical urban prefabricated 

concrete buildings and to study their development plans. 

Chengdu is an important city in the southwest of China and 

one of the pilot cities for prefabricated construction. It is one 

of the typical large-scale cities in China with rapid 

development. The development of the prefabricated 

construction industry in Chengdu may provide a good 
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reference for other cities.  

This research takes Chengdu as an example to analyze its 

prefabricated concrete buildings. Through field investigation 

and questionnaire survey, the development status of 

prefabricated concrete buildings, production base of 

prefabricated components, price of precast concrete, and the 

scale of building construction industry are analyzed and 

studied. Based on these analyses and researches, the 

development obstacles of the prefabricated concrete building 

are presented and relevant suggestions are provided. The 

outcome of this research will help employees in the 

prefabricated construction industry chain acquire new 

knowledge and critical information. This research provides a 

reliable reference for the development of prefabricated 

concrete buildings in large and medium-sized cities. 

 

 

2. DEVELOPMENT OF PREFABRICATED 

CONCRETE BUILDINGS IN CHENGDU 

 

The area of Chengdu is 14,600 square kilometers, the 

resident population is more than 16 million, and the 

urbanization rate is 70.6%. It is in the stage of accelerating 

urbanization. The growth trend of urbanization rate in 

Chengdu is shown in Figure 1.  

The prefabricated construction in Chengdu has developed 

rapidly with the advancement of urbanization. The 

prefabricated concrete buildings in Chengdu began to develop 

in 2011 and the momentum is good. From 2011 to 2018, it can 

be divided into three stages: initial test stage, demonstration 

stage, and promotion stage. From 2011 to 2014, the 

prefabricated concrete building industry in Chengdu is in the 

initial test stage and there are few types of concrete 

prefabricated components. The experiment and research on its 

design and production just began [20]. From 2015 to 2016, the 

prefabricated concrete building industry is in the 

demonstration stage. The prefabricated construction base and 

the prefabricated construction demonstration project were 

vigorously promoted in China. In 2015, the prefabricated 

construction pilot projects were gradually launched in 

Chengdu. In 2016, the prefabricated construction project 

expanded from the affordable housing to municipal facilities 

and commercial housing. Since 2017, the prefabricated 

concrete building industry in Chengdu is in the promotion 

stage. In 2017, there were five prefabricated component 

production bases in Chengdu, and 19 related technical 

standards. There were 13 prefabricated construction projects, 

and prefabricated construction area of over 3 million square 

meters. In 2018, the prefabricated commercial residential 

building totally started, and the rail transit project gradually 

realized prefabrication. 

 

 
 

Figure 1. Chengdu Urbanization Rate from 2000 to 2017 

 

 

3. PRODUCTION BASE OF PREFABRICATED 

COMPONENTS 

 

In the development process of prefabricated construction, 

there is a general phenomenon that the integration degree of 

industrial china is low. By the production base of prefabricated 

components, the construction, design, developer and 

component producers can be effectively linked [21]. To build 

a complete prefabricated construction industry chain, thereby 

speeding up the process and reducing costs [22]. At present, 

there are five production bases of prefabricated components in 

Chengdu [23]. The area and production capacity are shown in 

Table 1. The geographical location and radiation range are 

shown in Figure 2. 

 

Table 1. Area and production capacity of production bases of prefabricated components in Chengdu 

 
Construction Industrialization Production Base Area (m2) Production capacity (m3) 

1. Chengdu Construction Group 180,000 150,000 

2. China Construction Science & Technology Chengdu Group 100,000 200,000 

3. Chengdu Broad Construction Technology Group 160,000 300,000 

4. Chengdu Chengtou Group 240,000 300,000 

5. Power China Chengdu Group 310,000 300,000 
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Figure 2. Layout and radiation range of production bases of prefabricated components in Chengdu 

 

The production bases indicated by the serial numbers in 

Figure 2 are shown in Table 1. It can be seen from Figure 2 

that the production bases of prefabricated components in 

Chengdu is evenly distributed around the main city. The 

reasonable transportation radius of the prefabricated 

components is about 90 km. The reasonable transportation 

radius is estimated by reasonable transportation costs 

accounting for 8% of sales of the prefabricated component 

[24]. According to the “Prefabricated Component Reference 

Price in Chengdu”, the average price of various prefabricated 

components in Chengdu is 3133.34 yuan/m3, and the 

transportation costs of 1 km is 2.76 yuan/m3. The reasonable 

transportation radius of production base of prefabricated 

components in Chengdu is estimated to be 90 km by the above 

method and data. Except Dayi County, Pujiang County and 

Qionglai County, the other districts are covered by the 

radiation range of the five production bases. In 2018, Jiaotou 

Construction Industrialization Co., Ltd. Qionglai prefabricated 

component production base was established but not put into 

production. Plus the radiation range of this production base, 

Chengdu will be fully covered.  

By 2020, new municipal infrastructure, rail transit, and 

commercial residential buildings in Chengdu require a large 

number of prefabricated components. It is estimated that the 

demand for prefabricated components is about 1 million m3 

per year in Chengdu [25]. At present, the prefabricated 

component production base in Chengdu has a reasonable 

layout, with a total design production capacity of 1.25 million 

m3 per year meeting the construction needs from 2018 to 2020. 

After 2020, it is necessary to build more prefabricated 

component production bases with the annual design capacity 

of more than 300,000 m3 to increase the production capacity. 

The scale and number of component production bases should 

be determined with reference to the projects under 

construction and the proposed projects. So as to carry out the 

layout of the production base of prefabricated components, 

taking the production base as the center, the radiation circle is 

formed with the reasonable transportation radius. The 

reasonable radiation circle should cover the entire city and 

minimize the overlapping areas. 

 

 

4. PRICES OF PRECAST CONCRETE COMPONENT 

 

At present, the price of precast concrete (PC) components is 

high, which hinders the development of prefabricated concrete 

buildings [9]. There are many types of PC components, 

resulting in high design costs and high mold costs. Compared 

with traditional cast-in-place reinforced concrete, the 

proportion of concrete and steel bars of PC components is high, 

and the cost of materials is high [26]. PC components are 

subject to a 17% value added tax. The general PC components 

are bulky and inconvenient to transport, resulting in an 

increase in transportation costs [27].  

The cost of prefabricated concrete buildings is higher than 

that of cast-in-place concrete buildings. Take the rectangular 

beam as an example to compare and analyze the price of the 

two. The PC component reference price is 3506.9 yuan/m3 in 

Chengdu. The arrival price includes all costs such as steel, 

concrete, transportation, management fees, profits and taxes 

[28]. The price of cast-in-place beam is estimated by the 

market price of each item. The comparison of the price of PC 

components and cast-in-place concrete in Chengdu is shown 

in Table 2. 

It can be seen from Table 2 that the arrival price of the PC 

components is much higher than that of the cast-in-place 

concrete, and the price difference between the two is 2013.4 

yuan/m3. The average price difference between conventional 

PC components such as rectangular beams and rectangular 

columns and cast-in-place concrete is 1630.8 yuan/m3. Mold 

costs, machinery depreciation, transportation costs, 

management costs and taxes mainly cause the price gap. The 
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on-site construction costs of PC components are lower than 

that of cast-in-place concrete, and there are government policy 

support and financial subsidies on PC components. These can 

narrow the gap between the two prices by about 600 yuan/m3, 

but there is still a big price gap. Reasonable layout of 

production base can reduce transportation costs, and the 

prefabricated technology standards can improve mold 

utilization and reduce mold costs and design costs. With an 

average reduction of 1039.8 yuan/m3 as the goal, control the 

price of PC components, can further promote the development 

of prefabricated concrete buildings. 

 

Table 2. Comparison of the price of PC components and 

cast-in-place concrete 

 

Item 
PC 

(yuan/m3) 

Cast-in-place 

(yuan/m3) 

Concrete / 350 

Steel bar / 300 

Mold / 250 

Insulation / 200 

Plastering / 150 

Remaining expenses / 200 

Tax 509.6 43.5 

Arrival price (including tax) 3506.9 1493.5 

 

 

5. SCALE OF BUILDING CONSTRUCTION 

INDUSTRY 

 

From the data of “Chengdu Statistical Yearbook, the area of 

residential construction in Chengdu maintained a steady 

growth trend from 1978 to 2015. After 1998, due to the 

acceleration of urbanization in China, the area of residential 

construction increased significantly [29]. After 2015, the 

Chengdu government adjusted the real estate industry, which 

led to a slight decline in the area of residential construction in 

Chengdu. At present, the development of prefabricated 

concrete buildings in Chengdu depends largely on the 

residential construction, so the research on the residential 

construction in Chengdu is necessary. 

 

5.1 Residential construction research 

 

The statistical information on the area of residential 

construction in Chengdu is mainly from the “Overall Social 

Housing Buildings” in the “Chengdu Statistical Yearbook”. 

The development trend of residential construction area and 

completed area in Chengdu from 1997 to 2016 is shown in 

Figure 3. 

As can be seen from Figure 3, the residential construction 

area of Chengdu from 1997 to 2016 is on the rise, with a rapid 

increase from 2005 to 2009. The urbanization and residential 

construction industry in Chengdu developed rapidly at that 

time. From 2012 to 2016, the residential construction area is 

in a stable state, which is closely related to the government's 

regulation and control. It can be predicted that the residential 

construction area will be stable or slightly rising from 2018 to 

2025. With the increase in the area of residential construction 

in Chengdu, the traditional construction industry needs to 

transform to the modern construction industry. The promotion 

and development of prefabricated concrete buildings is 

significant. 

 

5.2 Analysis of the proportion of prefabricated concrete 

buildings 

 

The development goal of prefabricated construction in 

Chengdu is that the proportion of new prefabricated 

construction area to new total construction area in Chengdu is 

more than 35% by 2020. The prefabricated construction area 

data comes from the “Chengdu Statistical Yearbook”. The 

proportion of new prefabricated concrete buildings area to new 

total construction area per year in Chengdu is shown in Figure 

4.  

It can be seen from Figure 4 that the prefabricated concrete 

buildings account for an increasing proportion of new 

buildings. From 2012 to 2014, the average construction area 

of new buildings in Chengdu is 7097 million m2 per year, and 

the proportion of prefabricated concrete buildings area is less 

than 0.1%. From 2015 to 2016, the upward trend is obvious. 

This is closely related to the policy support of Chengdu 

government. The average construction area of new buildings 

in Chengdu is 6961.5 million m2 per year, and the proportion 

of prefabricated concrete buildings area is 1.4%. From 2017 to 

the present, there are 13 prefabricated construction projects in 

Chengdu with the construction area of over 3 million m2. In 

2017, the proportion of prefabricated concrete buildings area 

was 4.22%.  

 

 
 

Figure 3. Construction and completion area of residential buildings in Chengdu from 1997 to 2016 
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Figure 4. Proportion of new prefabricated concrete buildings area to new total construction area in Chengdu from 2012 to 2017 

 

At present, the proportion of prefabricated concrete 

buildings in Chengdu is at medium level in China, with a good 

development momentum. The trend of residential construction 

area and completed area of Chengdu are stable. According to 

the increasing trend of the proportion of prefabricated concrete 

buildings, it is expected that Chengdu municipal government 

could dynamically adjust the proportion of prefabricated 

concrete buildings by an increase of 8%-10% per year, to 

maintain stable development status. 

 

 

6. DEVELOPMENT OBSTACLES AND SUGGESTIONS 

FOR PREFABRICATED CONCRETE BUILDINGS IN 

CHENGDU 

 

The prefabricated construction industry in Chengdu is in a 

stage of rapid development, with certain development 

advantages, such as reducing environmental pollution, 

shortening construction period, and reducing labor. But at the 

same time there are certain obstacles to its development [30]. 

In order to study the obstacles to the development of 

prefabricated construction in Chengdu, expert symposium was 

held to collect opinions. Based on the analysis of the first four 

chapters, combined with other study [9, 31], the questionnaire 

was produced to collect relevant data and make analysis. The 

background of the participants is reasonable, and the 

organization and number of the participants are shown in 

Table 3. 

 

Table 3. Organization and number of the participants 

 
Organization Number Percentage 

Government agency 2 15.4% 

Design institute 2 15.4% 

University 3 23.1% 

Component production base 3 23.1% 

Construction contractor 2 15.4% 

Building developer 1 7.7% 

Total 13 100% 

 
6.1 Obstacles to the development of prefabricated concrete 

buildings in Chengdu 

 

Six obstacles to the development of prefabricated concrete 

buildings in Chengdu were screened out and the 

questionnaires were designed [32]. The first part of the 

questionnaire is collecting basic information and the second 

part is the six main developmental obstacles. The obstacles to 

development are: (1) imperfect specification and standard 

system, (2) difficulty in design change, (3) difficulty in 

components transportation, (4) lack of professional talents, (5) 

high cost of prefabricated construction, and (6) imperfect 

supporting industry chain. Fill in the questionnaire to score the 

obstacle degree of each option, 3 points means that this 

obstacle seriously hinders the development of prefabricated 

concrete buildings, 2 points means hindering its development, 

1 point means slightly hindering its development, 0 point 

means that this obstacle does not hinder its development. 

The data was collected in the form of on-site questionnaires. 

84 people filled out the questionnaires and 84 valid 

questionnaires were collected. The scale of the questionnaire 

satisfies the requirements of statistical analysis and the 

background of the respondents is reasonable. The organization 

and number of the respondents are shown in Table 4. The 

questionnaire statistics of each obstacle are shown in Figure 5 

and Figure 6. 

 

Table 4. Organization and number of the respondents 

 
Organization Number percentage 

Government agency 6 7.1% 

Design institute 14 16.7% 

University 18 21.4% 

component production base 22 26.2% 

Construction contractor 19 22.6% 

Building developer 5 6.0% 

total 84 100% 

 

From the results shown in Figure 5 and Figure 6, the 

standard deviation of the statistical results of the six obstacle 

factors is greater than 0.6. The main reason is that the 

background of the questionnaire is different, and the views on 

each option are different. However, the standard deviations are 

all less than 0.9, the degree of dispersion is within an 

acceptable range, and the average value can represent the 

obstacles degree of various factors. Except for the “lack of 

professional talents”, the average of the other five factors is 

greater than 2 points, which indicates that most of the 

questionnaires consider these five factors to be the main 

obstacles to the development of prefabricated construction in 

Chengdu. 
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Figure 5. Score statistics of development obstacle to prefabricated concrete buildings in Chengdu 

 

 
 

Figure 6. Mean and standard deviation of development obstacle scores 

 

The “imperfect specification and standard system” scoring 

2.36±0.78 is considered to be the most important development 

obstacle. At the expert symposium, some participants 

suggested that the imperfect standard system and the lack of 

application of information technology are the main reasons for 

the uncoordinated modularization of the prefabricated 

building market and the low integration of parts. Some large 

enterprises use their own design software and parts library to 

design. Although they can meet the production needs of 

individual projects, but it is not conducive to the 

standardization of parts and components, and fostering 

sustainable prefabricated construction market. 

The “difficulty in design change” scores 2.33±0.71. The 

design change is common during the construction. Due to low 

standardization, some design changes can significantly 

increase production costs. The “difficulty in components 

transportation” scores 2.21±0.74. Some kinds of prefabricated 

components are large in volume and quantity, and difficult to 

transport. The “high cost of prefabricated construction” scores 

2.19±0.66. The components have higher tax rates, and the 

production costs and transportation costs are high. In order to 

ensure own interests of enterprises, the prices of the 

prefabricated construction will increase. The “imperfect 

supporting industry chain” scores 2.19±0.66. There are many 

related industries involved in the prefabricated construction, 

and its development requires the cooperation of various 

industries. Few design institutes and construction contractors 

focus on the field of prefabricated construction, which is not 

conducive to technological innovation. Some traditional 

enterprises face the challenge of changing the traditional 

construction methods. The willingness of traditional 

enterprises to transform and develop is not strong. 

The “lack of professional talents” scores 1.62±0.84, which 

is the lowest. At the symposium, some participants proposed 

that the prefabricated construction is a new type of 

construction. At present, most design units are not deeply 

researching on prefabricated construction, and the design is 

difficult to meet customer requirements. Prefabricated 
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construction has high requirements on construction quality 

and precision. The nomadic construction team is not 

conducive to the formation of a group of construction 

technicians with strong professional skills. However, other 

participants believe that the technicians with traditional 

construction and design foundations can quickly become 

professionals in the prefabricated construction industry with 

the efforts of all parties. 

 

6.2 Suggestions for the development of prefabricated 

concrete buildings in Chengdu 

 

The third part of the questionnaire is six suggestions for the 

development of prefabricate buildings in Chengdu: (1) 

develop prefabricated technology, (2) establish local standards, 

(3) formulate transportation incentives, (4) train talents, (5) 

establish prefabricated construction industrial parks, and (6) 

increase publicity and promotion. Fill in the questionnaire to 

score the expected effectiveness of the suggestions, 3 points 

means that this suggestion is very effective for the 

development of prefabricated concrete buildings, 2 points 

means effective for its development, 1 point means slightly 

effective for its development, 0 point means that this 

suggestion is invalid for its development. The questionnaires 

statistics on the effectiveness of the development suggestions 

are shown in Figure 7 and Figure 8. 

 

 
 

Figure 7. Score statistics of development suggestions for prefabricated concrete buildings in Chengdu 

 

 
 

Figure 8. Mean and standard deviation of development suggestion scores 

 

From the Figure 7 and Figure 8, it can be seen that the 

“establish local standards” scoring 2.36±0.72, which is the 

most effective suggestion, and corresponds to the most 

important obstacle “imperfect specification and standard 

system”. The Chengdu municipal government has planned to 

form a local standard system covering prefabricated 

construction design, components production, and construction 

quality and safety. On this basis, the government must increase 
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the promotion and update in a timely manner. 

“Develop prefabricated technology” scores 2.12±0.79. 

Prefabricated construction started late in Chengdu. It is 

necessary to actively explore and introduce new technologies 

at home and abroad, and reasonably apply them according to 

actual conditions of Chengdu. The item “Establish 

prefabricated construction industrial parks” scores 2.05±0.75. 

Five prefabricated construction industrial bases have been 

built in Chengdu. Based on industrial bases, guiding design 

enterprises, production enterprises, construction enterprises, 

logistics enterprises, and scientific research units to settle in 

and create a comprehensive industrial park. 

“Formulate transportation incentives” scores 1.64±0.82. At 

the symposium, some participants proposed to formulate 

transportation incentives, such as reducing the tolls of 

expressway trucks. The “increase publicity and promotion” 

scores 1.60±0.80. The main purpose of strengthening publicity 

is to increase public confidence in the quality and safety of 

prefabricated construction. The “train talents” scores 

1.57±0.78, which is the lowest. Some participants suggested 

that in the case of imperfect prefabricate standard system, the 

role of training of talent teams is not obvious, so the number 

of trainings can be reduced and the quality of training can be 

improved. 

 

 

7. DISCUSSION AND CONCLUSION 

 

This paper has obtained the following four conclusions 

through the research on the status of prefabricated concrete 

buildings in Chengdu, the production base of components, the 

price of PC components, the scale of building construction, 

and development obstacles and suggestions. 

(1) The scale and number of component production bases 

should be determined with reference to the projects under 

construction and the proposed projects. Taking the production 

base as the center, the radiation circle is formed with the 

reasonable transportation radius, so as to carry out the layout 

of the production base of prefabricated components. The 

reasonable radiation circle should cover the entire city and 

minimize the overlapping areas. 

(2) Government departments can rationally lay out 

production bases to reduce transportation costs. Technical 

department can complete fabricate technology standards to 

improve mold utilization rate. With an average reduction of 

1039.8 yuan/m3 as the goal, we should control the price of 

prefabricated components to promote the development of 

prefabricated concrete buildings. 

(3) The building construction area and completed area tend 

to be stable in Chengdu. According to the increasing trend of 

the proportion of prefabricated concrete buildings, it is 

expected that Chengdu municipal government will 

dynamically adjust the proportion of prefabricated concrete 

buildings by an increase of 8%-10% per year to maintain 

stable development status. 

(4) Through the questionnaire survey, this paper evaluates 

the importance of the obstacles to the development of 

prefabricated concrete buildings in Chengdu and the expected 

effectiveness of the development proposals. It is found that the 

most serious development obstacle is that the standardization 

system is imperfect, and the most effective development 

proposal is the establishment of local standards in Chengdu. 
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