
State-of-the-art and tendencies of
intelligent construction

in China

Zhiliang Ma

Department of Civil Engineering, Tsinghua University

1



Tsinghua University

25
(2024)

12
(2024)





My background

• 1986 obtained Bachelor Degree in Civil Engineering at Tsinghua 

University, China

• 1989 obtained Master Degree in Civil Engineering at Nagoya 

University, Japan

• 1992 obtained PhD in Civil Engineering at Nagoya University, 

Japan

• 1993 Joined Tsinghua University to teach and research on 

Application of Information Technology in Civil Engineering

4



Agenda

1  Big data about construction industry

2  Origin

3  State-of-the-art

4  Tendencies

5  Conclusions

5



Gross output and its growth rate of construction industry in China from 2008 to 2023
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1. Big data about construction industry



Number of firms and its growth rate of construction industry in China from 2008 to 2023
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Number of total practitioners and its growth rate of construction industry in China from 2008 to 2023
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Construction completed floor area and its growth rate of construction industry in China from 2008 to 2023
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Construction industry of China vs. Germany on the relative aspects

Population

(Million)

Gross Output

Value 2023

(Billion USD)

Growth Rate of

Gross Output

Value 2023

Number of

Firms 2023

Number of

Practitioners 2023

(Million)

German 81 202.4 5.5% 15,312 2.5

China 1,390 4,325 1.3% 157,929 52.5

Ratio 1 : 17 1 : 21 4 : 1 1 : 5 1 : 21
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• Intelligent construction is a major trend
Ministry of Housing and Urban-Rural Development (MHURD) et al.

July, 2020

Guiding Opinions on Promoting the Collaborative Development of 
Intelligent Construction and Construction Industrialization

By 2035, entering the ranks of world powers on intelligent 
construction

September, 2020

Several Opinions on Accelerating the Development of New 
Construction Industrialization

Promote the development of intelligent construction technology

清华大学土木工程系 马智亮 11
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• Industry Development Reports on Intelligent Construction

By Information Center of MHURD

Published in 2021 and 2023

Expert group established

Ontline formulated

Best experts invited to write

Questionnaire survey conducted

Reviewed several rounds

Both theory and case studies included

清华大学土木工程系 马智亮 12



• Intelligent Construction: Definition

A pattern of construction

which facilitates

the phases of design, manufacturing and construction

of engineering projects,

to raise the intelligent level of the processes

through applying intelligent systems,

so as to obtain economic and social benefits

清华大学土木工程系 马智亮 13



• Intelligent System and Intelligent Level

Intelligent systems 

represent the intelligent technology and relevant technologies-
based computer systems that

possess the abilities that only human beings possess

and are used to replace human beings or reduce the 
requirement for human beings

Intelligent level 

represents the level for replacing human beings or reducing 
the requirement for human beings

清华大学土木工程系 马智亮 14



Construction robot

Intelligent technology and relevant technologies

Building Information

BIM

Internet of things

Server, PC, pad, mobile phone

Big data
Real-time locating

Cloud computing GIS

3D Scanner

Internet

Artificial intelligence

清华大学土木工程系 马智亮 15
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• Classification of Intelligent Systems

清华大学土木工程系 马智亮 16

In terms of computer systems

Software 
systems

Hardware 
systems

In terms of systems’ nature

Managerial
systems

Technical 
systems

Examples

Exterior wall spraying robot

Decision-Making Support 
System for Project Mangmnt. 



3. State-of-the-art

• Hot Application Points: Definition and Classification

Definition

Hot and typical scenario for applying intelligent systems 

Classification: 6 categories

According to separate phases

Intelligent design, ~ manufacturing, ~ construction, and

~ operation and maintenance

According to common items to some phases

Intelligent equipment and Construction industry internet

清华大学土木工程系 马智亮 17
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Hot application points of intelligent construction in China

Standardized design

Parametric design

BIM and performance-based design

BIM-based collaborative design

BIM-based intelligent design approval

Intelligent collaborative design platform

Intelligent cost management platform for …

Intelligent supply and procurement platform

Intelligent management platform for …

Intelligent platform for industry administration … 

BIM-based detailed design of components

Intelligent mangmnt. of component manufctrng. 

Intelligent mangmnt. of inventory & transport for components

Unmanned factorySmart construction site

Intelligent construction techniques

Intelligent construction of prefabricated RC

Intelligent frame systems

3D printing devices

Construction robots

Intelligent space management

Intelligent safety and fire protection managmnt.

Intelligent equipment management

Intelligent energy management

Intelligent inspection management

Intelligent
Design

Intelligent
Manufacturing

Intelligent
Construction

Intelligent
Operation and 
Maintenance

Intelligent
Equipments

Construction
Industry 
Internet Extracted from “Industry Development 

Reports on Intelligent Construction” 
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74.21%

51.13%

39.37%

34.84%

30.77%

30.77%

28.51%

22.17%

19.46%

18.55%

16.29%

14.93%

14.48%

13.57%

11.76%

10.86%

9.50%

5.43%

3.62%

3.62%

Smart construction site

Digitized project management

Intelligent construction of prefabricated…

Parametric design

Collaborative design

Standardized design

Intelligent approval of drawings

Visualized operation and maintenance…

Lifecycle management of devices

Performance-based design

Intelligent operation and maintencance…

Tracing-supported quality management

Digital delivery

Detailed design of components

Manufacturing mangement of components

Energy-consumption management of…

Intelligent manufacturing of devices

Storage and transportation…

Unmanned factory

Others

Implementation ratio of hot application points computed from the questionnaire results

(Valid returns 221: Construction firms 57.01%; Owners and developers 20.81%, Others 22.18%)

Extracted from “Industry Development 
Reports on Intelligent Construction” 



• Background

A few years ago: backward techniques and management tools 

清华大学土木工程系 马智亮 20

Case 1 Internet plus-based management system for manufctrg. 

of precast concrete (PC) components: Tsinghua Univ.



• Key problems

Low working efficiency, inability to effectively utilize production 
capacity, poor schedule controllability

• Objectives

By utilizing internet plus technologies (including BIM, IoT, and 
mobile terminals etc.) and optimum techniques

To develop an intelligent system to facilitate

real-time monitoring and control of manufacturing process

and optimized decision-making support

清华大学土木工程系 马智亮 21



Typical User Interface of System

清华大学土木工程系 马智亮 22



工人

管理人员

预制构件

RFID标签

图例

路由器

台式电脑

平板电脑

原料库存

System 
administrator

Internet

workshop director Chief dispatcher Quality inspection director 

Material Dispatcher

Stock keeper

Delivery personnel

物料堆场

Formwork erection Skeleton placement Concreting

Steam curing

Steam curing room

Quality inspector

System Configuration

23清华大学土木工程系 马智亮

Quality inspector

Legend

Worker

Managerial 
staff

Precast 
component

RFID tag   

Network
router

Desktop PC

Pad PC

Material 
stock

Material storage yard



Business process and functional modules
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生产方案制定

是

 
系统内

流程步骤
R系统内
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业务

流程步骤

系统内

信息流

构件

流动方向
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采集数据
图

例

结束
生产订单

管理

作业计划

制定

质检方案

管理

一体化跟

踪

物料调配

管理

成品堆场

管理

成品配送

管理
生产工序管理

突发

情况

作业计划

调整

开始

生产质检

质量

问题

是
维修整改

否

生产方案制定
工序

开始

RR

工序

结束

R

构件

入库

R

构件

出库

R

开始

配送

R

到货

签收

否
预制生产作业计划最

优化调整算法

预制生产物料重调配

最优化路径规划算法

预制生产作业计划最

优化制定算法

关键

算法
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Start

Production planning

End 

Component production Component storage Component delivery

Develop production 
plan

Process
start

Process
end

Stock
in

Production 
planning

Stock
out

Start 
shippng

Receipt
& sign

Production  
order mngnt.

QC plan 
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Production 
QC

Repair & 
improve

Problem

Emergcy

Algorithm for optimizing 
production plan

Algorithm for optimizing path 
for material redispatch

Algorithm for optimizing 
adjstmnt. of production plan

Material 
dispatch

Production 
plan adjstmnt.

Real time 
monitoring

Production process 
management

Schedule
Management

Product yard
managemnt

Delivery
managemnt

Yes

No

No

Yes

Judge in 
system

Process in 
system

Process in 
business

Key
Algorithm

Flow in 
system

Flow of 
component

Collect data 
by RFID

Quality Management

Inventory & delivery 
Management



• Key technical innovative elements

Taking advantage of intelligent technology and relevant ~

BIM, Mobile terminal, IoT(RFID)

Supporting large scale, automatic and agile production

Facilitating

Optimization of production planning

Optimization of adjustment of production plan

Optimization of path for material re-dispatch

25清华大学土木工程系 马智亮



Model for optimization of production planning

• Optimization objectives

- Minimization of Workstation Idle time

- Minimization of Contract penalty and Storage cost

- Minimization of makespan

- Minimization of Type Change of precast 
components

• Optimization constraints

- Constraint of productivity

- Constraint of the size of curing rooms

- Constraint of the eight-hour day working

- Constraint of the buffer size between workstations

- Constraint of the quantity of molds

- Constraint of the quantity of production pallets

• Formulas for optimization objectives

• Formulas for constraints

26清华大学土木工程系 马智亮



• Dispatching rule-based approach

• Typical dispatching rules

• Earliest delivery date

• Minimum makespan

• Minimum margin time

• Critical path
27

Comparison with current approach

确定构件

投产顺序

编制

作业计划

生产限

制条件

分派规则

选定

满足

预期？

否

是

1. Highly depends on the 

experience of schedulers and 

sometimes trial and error is 

needed

2. Optimization is not guaranteed

清华大学土木工程系 马智亮

Determine a dis-
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Case 2  Intelligent manufacturing system for steel structures: 
CSCEC Steel Structures Corporation 

• Background

Characteristics of steel structures in 
China

There exist many unique joints

The equipment of western countries is 
not fully applicable

Dedicated manufacturing system is 
required

The company developed a 
comprehensive production line

清华大学土木工程系 马智亮 29
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Layout of intelligent production line of steel structures

Intelligent 
cutting

Component 
machining

Automatic welding 
correction

Automatic 
milling

Profile steel 
processing

Robotic assembly 
and welding

Shot blasting 
and spraying
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中建科工集团提供
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中建科工集团提供
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中建科工集团提供
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摘自《中国建筑业信息化发展报告
（2021）——智能建造应用与发展》



• Benefits

Working efficiency: 20% up

Operation cost: 20%+ down

including human cost

Manufacturing time: 30%+ 

shortened

Defect rate of products: 20%+ 

down

清华大学土木工程系 马智亮 35
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4. Tendencies

• Development of intelligent construction
Current level of development is still low

The goal should to develop more advanced intelligent systems

The key is to innovation both in industry and academia

Two aspects are categorized for innovation

Technical aspects and managerial aspects

Major trendy points are proposed with regard to the two aspect

清华大学土木工程系 马智亮 37
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Trendy points of intelligent construction in China

3D printing devices satisfying the industry’s requirsment

Industry’s treasure equipment technology 

More practical construction automation and robotics technology

Highly intelligent robotics technology

Intelligent construction-oriented modular technology

Visualized management for whole processes of construction

Digital twin-based decision-making support 

Big data-based decision-making support for firms 

Technical 
Aspect

Managerial
Aspect

Extracted from “Industry Development Reports on Intelligent Construction” 
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03年 04年 05年 06年 07年 08年

220G

3G

信息量（G）

时间

Various 
management 

information systems 

are being used in 

construction firms 

and their projects

Time passed

How to take 

advantage of 

them?

• Background

Information volume (GB) 220GB

Years3 4 5 6 7 8

Information resources: 

reusable information 

in later business 

(including projects) 

Case 3  Intelligent system for reuse of information resources of building 
construction firms in decision-making process: Tsinghua Univ.



• Research objectives

Based on BIM technology, develop an innovative approach 

taking advantage of information resources.

Identify major information resources

Establish framework for utilizing information resources 

based on BIM technology

Develop a prototype system

BIM is used as a base because it provides a standard way for 

storing information to facilitate its management

40
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Project phase Code Project management decision activities Managerial subject Code Firm management decision activities

Bidding

PA1 Decide construction method Plan EA1 Develop plan

PA2 Develop overall schedule

Business

EA2 Control project bidding

PA3 Decide bidding price EA3 Control project contractor

PA4 Prepare bidding document EA4 Control project schedule

Contracting
PA5 Select sub-contractor EA5 Control project cost

PA6 Assess risk EA6 Control project quality

Preparation

PA7 Decide construction layout EA7 Control project safety

PA8 Develop detailed schedule
Technology

EA8 Decide construction method

PA9 Develop cost plan EA9 Update firm quota

PA10 Develop material plan
Material

EA10 Decide material procurement

PA11 Develop equipment plan EA11 Coordinate material

PA12 Develop labor plan
Equipment

EA12 Decide equipment procurement

PA13 Develop quality control plan EA13 Coordinate equipment

PA14 Prepare constr. plan document

Human resource

EA14 Predict labor need

Construction

PA15 Control project contract EA15 Deploy employee

PA16 Control project schedule EA16 Assess employee

PA17 Control project cost

Finance

EA17 Estimate cost

PA18 Control project quality EA18 Account cost

PA19 Control project safety EA19 Evaluate client

Maintenance

PA20 Evaluate sub-contractor/supplier
Client/sub-

contractor/supplier

EA20 Evaluate sub-contractor

PA21 Evaluate project EA21 Evaluate supplier

PA22 Decide maintenance method

Classification of decision-making activities



Category Code Information resource items Category Code Information resource items

Plan

EI1 Long-term plan Material EI14 Material transportation record

EI2 Annual plan

Equipment

EI15 Equipment procurement/rent record

EI3 Quarter plan EI16 Equipment use record

Business

EI4 Project bidding record EI17 Equipment maintenance record

EI5 Project contract record
Human resource

EI18 Employee performance record

EI6 Project schedule record EI19 Deployment of staffs record

EI7 Project cost record

Finance

EI20 Cash flows record

EI8 Project quality record EI21 Income and expenditure record

EI9 Project safety record EI22 Cost accounting record

Technology
EI10 Construction method

Client /sub-

contractor/supplier

EI23 Client record

EI11 New tech./material record EI24 Client cooperation record

Material
EI12 Material procurement record EI25 Sub-contractor/supplier record

EI13 Material in/out record EI26 Sub-contractor/supplier cooperation record

Classification of construction firm information resource items
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Category Code Information resource items Category Code Information resource items

Design

PI1 General info. of design

Construction plan

PI20 Quality control plan detail

PI2 Design change record PI21 Construction plan document

PI3 Design document/drawing PI22 Construction layout drawing

Bidding

PI4 General info. of bidding
Schedule

PI23 Planned schedule detail

PI5 Overall schedule PI24 Actual schedule detail

PI6 Project bidding detail Labor PI25 Labor work record

PI7 Bidding document

Material

PI26 Material procurement record

Sub-

contractor/supplier

PI8 Certificate info. PI27 Material in/out record

PI9 Cooperation record PI28 Material consumption record

Contract

PI10 General info. of contract PI29 Material inspection record

PI11 Claim record

Equipment

PI30 Equipment procurement/rent record

PI12 Contract change record PI31 Equipment in/out record

PI13 Contract document PI32 Equipment consumption record

Construction plan

PI14 General info. of constr. plan PI33 Equipment inspection record

PI15 Schedule detail
Cost

PI34 Direct cost record

PI16 Cost plan detail PI35 Indirect cost record

PI17 Material plan detail Quality PI36 Quality inspection record

PI18 Equipment plan detail Safety PI37 Safety method record

PI19 Labor plan detail

Classification of project information resource items
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IFC entities and expanded entities used to represent data of material procurement



Interfaces of BIM-based System for Information Reuse of Construction Firms
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5. Conclusions

This keynote presents

the state-of-the-art and

the tendency

of intelligent construction in China

Hope that it is helpful to you. 
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Thank you

for your attention
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