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Research on CDIO Comprehensive
Practical Ability Training of Civil Engineering Major Students
in Independent College

WANG Shaozhen
( School of Civil Engineering, Tianjin College,
University of Science and Technology Beijing, Tianjin 301830, China)

Abstract: The introduction of CDIO engineering education mode of independent colle-
ges, with civil engineering professional training objectives, training of the concept of the
comprehensive practice ability training to CDIO ability, improve the students’
comprehensive quality and innovation ability, strengthen students’ basic knowledge and
professional knowledge structure optimization theory, cultivating students engaged in the di-
rection of civil engineering design, construction and management etc. application. Based on

the training objectives of applied civil engineering professionals, this study has carried out
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a series of studies from three aspects: optimizing the curriculum structure system, building
double— qualified teachers and deepening the school —enterprise cooperation mode. The
CDIO comprehensive practical ability training research project for civil engineering
students has been successfully completed.

Key words: Civil Engineering; CDIO; Practical ability
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The Development and Dilemma of BIM
Technology in China

XU Zhaohe

(School of Civil Engineering, Tianjin College,
University of Science and Technology Beijing, Tianjin 301830, China)

Abstract: BIM( Building Information Model) brings the second leap technology revo-
lution for civil engineering industry after CAD( Computer Aided Design). BIM Technology
has been widely spread and developed in China, and has been applied in many projects,
but there are still many dilemmas. BIM technology has brought new ways and new ideas to
engineering technology and engineering management, but most people still don’t have a
good understanding of its status and value, the distribution management system of
traditional design institutes also limits the development of BIM design work. The require-
ments of collaborative work for each link of engineering construction make the weak link
form a short board, and so on. For the above problems, we must pay attention to them.

Key words: Building Information Model; BIM technology application; BIM application di-

lemma

1 Origin and Dissemination of BIM Technology

Affected by the 1973 global oil crisis, American industries began to pay more attention to im-
prove their efficiency. In 1975, Chuck of Georgia institute of technology majoring in architecture and
computer''". In a paper based on his research topic “Building Description System”, Hysmans pro-
posed: “ Building Information Model integrates all geometric model information, functional
requirements and component performance, integrates all information in the whole life cycle of a build-
ing project into a single building model, and also includes process information of construction pro-

gress, construction process, maintenance and management, etc. ”The concept of BIM( Building Infor-

Fund projects: The Fifth Batch of Undergraduate Education and Teaching Reform and Key Research Projects in
Tianjin College, University of Science and Technology Beijing “Research on T-type Talents Training Mode of Civil

Engineering Specialty Based on School—enterprise Cooperation” .
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mation Model) came into being.

In 1994, 12 U. S. enterprises led by Autodesk cofounded the IAI( International Alliance for In-
teroperability) association, which aims to integrate industry standards, coordinate and formulate a set
of industry standards that are commonly needed and observed in the whole life cycle of the industry
and the whole industry chain, and spread them to the world. This is the famous IFC( Industry Founda-
tion Class) standard'”. BIM technology has begun to form a wave of technology worldwide.

In 2002, Autodesk Company acquired Revit Technology Company. Based on Revit software plat-
form, according to the actual engineering and design requirements, as well as the functions of the o-
riginal Architecture module, Autodesk Company has integrated and added the structure module and
MEP( Mechanical, Electrical, Plumbing) module, and can realize the cooperative management of dif-
ferent stages and different work, making the functions of Revit software platform more per-
fect. Autodesk Company vigorously promoted the application of BIM technology and Revit software
platform. After that, Autodesk Company successively acquired a series of software to integrate and en-
rich BIM product lines, and gradually abandoned its efforts to BIM its CAD( Computer Aided Design)
product line. BIM technology gradually became the mainstream technology'’'. In 2004, Autodesk re-
leased Autodesk Revit 5. 1 software platform in China, and BIM fechaology began to develop in Chi-

na.

2 Connotation and Development of BIM Technology

With the continuous development of BIM technology, the industry’s interpretation of the connota-
tion of BIM has also been deepening, gradually developing from the most Building Information Model
to Building Information Modeling'*!. Both interpretations were included in the national standard of the
People’s Republic of China“Application Standard for Construction of Building Information Models
(GB/T 51235—2017)”, which was issued in 2017 and formally implemented on January 1,
2018. The standard explains the building information model as: “during the life of construction pro-
jects and facilities, the physical and functional characteristics are expressed digitally, and the process
and results of design, construction and operation are collectively referred to in sequence. ”Wu Hui-
juan, deputy director of the Department of Engineering Quality and Safety Supervision of the Ministry
of Housing and Urban — Rural Development, also explained BIM. She said: “BIM technology is a
data—based tool applied to engineering design and construction management. It integrates relevant in-
formation of various projects through parameter models, and shares and transmits it during the whole
life cycle of project planning, operation and maintenance. It enables engineers and technicians to cor-
rectly understand and efficiently respond to various building information, provides a basis for collabo-
rative work for design teams and all construction entities including construction operation units, and
plays an important role in improving production efficiency, saving costs and shortening construction

periods. ’

In order to understand the meaning of BIM, we can start with the meaning represented by the
three words B, I and M.
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B is Building, usually translated directly into architecture, but this translation is not very accu-
rate. The meaning of Building is not only architecture, but also the construction industry, that is, the
whole construction field of civil engineering"'.

The so—called civil engineering refers to the planning, construction, operation and maintenance
of all infrastructure related to soil, water and culture, including civil engineering, urban planning,
traffic engineering and other disciplines, including civil engineering, architecture, urban planning, ur-
ban underground space engineering, engineering management, historical building protection engineer-
ing, traffic engineering, road bridge and river crossing engineering, science and engineering of water
supply and drainage, water engineering, environmental engineering, building environment and equip-
ment engineering, building energy —saving technology and engineering, building facilities intelligent
technology, building electricity and intelligence, agricultural engineering, facilities agricultural
science and engineering, landscape architecture design, landscape architecture, etc.

With the development of the industry and the application of BIM technology, we can see that
BIM technology has played or will play a crucial role in the above fields.

I is Information, which refers to all kinds of information involved in the work in the field of engi-
neering construction, such as the parameters of various components, engineering data and
instructions, etc. At the same time, I also refer to the informatization of working methods and means
in the field of engineering construction, such as the use of computers, the Internet, big data, artificial
intelligence and other information and intelligent technologies and means to improve the overall level
of engineering construction.

We often say that BIM technology plays a very important role in the whole life cycle of engineer-

ing construction( Fig. 1). To some extent, this also reflects the broad scope of L
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Fig. 1 Application of BIM Technology in the Whole Life Cycle of Construction Engineering

The project sites selection analysis, visual display and other work that we need in the conceptual
design phase of the project; Topographic mapping and simulation, geological analysis and scheme de-
sign are required in the survey and mapping stage; Parameterized design, structural analysis, traffic

line planning, pipeline arrangement, environmental analysis, sunshine analysis and other work are re-
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quired in the project design stage; In the bidding stage, the project demonstration, cost analysis, roa-
ming simulation, green and energy—saving work are are required. Construction simulation, site layout,
schedule control, supply chain management and other work are required in the construction phase;
The intelligent building facilities, big data analysis and logistics management are required in the pro-
ject operation phase; Maintenance testing, cleaning and trimming, escape simulation and other work
are required in the maintenance phase of the project; Plan design, structural analysis, simulation and
demonstration are required in the project renewal phase; BIM technology can be applied to carry out
information integration and optimization for environmental protection, demolition simulation, waste
disposal and other work required in the demolition phase of the project.

The use of information technology to guide the construction of the project may not show obvious
advantages in a certain period of time, and may even cause a certain decline in work efficiency in
some aspects. However, these are all pains that must be experienced in the process of develop-
ment. Information and intelligence have become the inevitable trend of the development of human so-
ciety in the future. It can help people greatly reduce the time, energy and wrong attempts required for
personal judgment. After we can fully understand and correctly use information technology and meth-
ods, it will definitely bring huge benefits to the construction industry.

M is Model or Modeling. In the process of BIM technology development, Management is
gradually extended.

In my understanding, Model is not only a model, but also a mode. We can understand it as a
working mode similar to IPD( Integrated Product Development), which is a concept and method to
improve working efficiency. We can bring together the owners, designers, constructors, supervisors,
suppliers and other personnel to integrate the work requirements and restrictions of all parties and
jointly create a building model. After that, all parties will try their best to carry out the work
according to the established plan in the actual project construction process, and revise the building
model and project construction according to the negotiation results after encountering actual prob-
lems. This can ensure effective communication between all parties, reduce project delay and rework
caused by errors and misunderstandings, and improve project construction efficiency.

Based on the above reasons, we gradually extended M to Modeling and Management. We pay
more attention to the working process of building information modeling and the working concept of
building information management.

To sum up, the so—called BIM is the method and process of informatization based on the whole
life cycle of engineering projects in the field of engineering construction, which is what we call build-
ing informatization. Ministry of Housing and Urban—Rural Development of the People’s Republic of
China in 2016 issued the “Outline for the Development of Informatization in the Construction
Industry 2016 —2020”, which places great emphasis on the popularization and application of BIM
technology. As one of the three major development trends in the construction industry, building infor-
matization, also represented by BIM technology, will have more and more intersection with the other

two major development trends of building modularization and green environmental protection, bringing
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more leaps for the development of the construction industry'® .

3 Typical Application Cases of BIM Technology

The winter sports management center’s comprehensive training hall “bing tan” ( Fig. 2) is
located in the north courtyard of the capital gymnasium, on No. 54 zhong guancun south street, Hai
dian district, Beijing. The planned land area for the project is 15 439 m’, with a planned total on
struction area of 33 200 m’, including 24 057 m” on the ground and 9 163 m” under the ground. The
comprehensive training hall has 6 floors above the ground and 1 floor( part of 2 floors) below the gar-
age, with a building height of 32. 550 m. The comprehensive training hall adopts beam —slab raft
foundation, the main body is a frame shear wall structure, and the local part is a mixed structure of
steel reinforced concrete columns and steel beams'”'.

The main difficulties of the comprehensive training hall project include:

(1) As a venue for the Winter Olympics, the project has a great social impact, and people from
all walks of life pay more attention to the project. It is difficult to manage and organize the project,

and requires high safety and civilized construction.

Fig.2 Eeffect chart of the Winter Sports Management Center’s Comprehensive Training Hall

(2) As a venue for the Winter Olympic Games, it is stricter than ordinary venues in terms of air
conditioning efficiency, equipment parameter deviation and construction quality. In particular, the air
conditioning system in this venue adopts the form of “all air & dehumidification system”, which
makes it extremely difficult to realize the control requirements for wind speed and temperature on the
ice surface.

(3) The construction site of the project is extremely limited, Only in the west and north sides
people can drive vehicles, and there is no space on the site for stacking engineering materials, which
has a great impact on the construction organization and management and seriously affects the engi-
neering efficiency.

(4) The project aims to win the Great Wall Cup, Beijing Installation Engineering Quality Award,

Luban Award and other awards. The requirements for the project quality and refinement are high.
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