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Abstract. The rapid development of information technology has brought several innovations to the field of civil 

engineering. BIM (Building Information Modeling) technology places emphasis on information integration and 

the establishment of a database. It also aims to realize the building life-cycle management. BIM technology is 

exerting a significant and profound impact on the design, construction, management, operation, and maintenance 

of building projects. In this study, the value of BIM in construction projects was analyzed, and the significant 

meaning of this study was elaborated. BIM standards and the data standard of IFC were discussed, and the 

important concepts of 4D-BIM and 5D-BIM were also presented. The key technologies like parameterization, 

visualization, geographic information system, building life cycle management, and clouding computing were 

analyzed. Furthermore, the mechanical behaviour of the building was analyzed, and the value of BIM in 

construction was expounded. Particularly, the application of BIM in bidding, BIM virtual construction, clash 

detection, and refined calculation about resources as well as materials were analyzed in this paper. Also, the 

construction dynamical management system of 4D-BIM was discussed. Finally, the coordination, which acts as 

an important issue between the BIM design and BIM construction, were analyzed comprehensively.  
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1. Introduction 

The 21st century marks the advancement of technology, the era of rapid development of 

information technology, and the building information modeling (BIM, Building Information 

Modeling). As a building project in the field of a new technology, BIM is not only the product of the 

birth of the information age. However, it has brought about social productivity and has met urgent 

developmental needs. Through external factors such as Locations and local design conditions, BIM 

will form the architectural design of intelligent 2D and 3D object, which is connected to a virtual 

building in a database. Therefore, the database is associated with certain buildings, single, integrated, 

and covers all building information source [1].  

BIM’s integrated data information covers all phases of the building lifecycle, including the 

planning phase, design phase, construction phase, operation and maintenance phase, predictive control 

stages, etc. [2; 3]. BIM is often likened to the DNA of a building [4]. Throughout the design process, 

especially in the early architectural design, more detailed data information has been included, since the 

construction industry has become a growing trend [5]. 

BIM is an important architectural design process, which is used to meet the requirement of the 

data. This requirement is the building information model to show a unified description of a building. 

Consequently, BIM can greatly enhance the design, construction, and building lifecycle of information 

flow in various stages. Thus, these include the building lifecycle, architects, equipment engineers, 

contractors, and owners. The use of Virtual Building BIM has created an important advantage that 

spaces constraints in the construction of the project, and which the virtual construction equipment 

engineers can help in optimizing the arrangement of HVAC systems [6].  

BIM can virtually build an HVAC system and virtual collision detection in a three-dimensional 

environment [7]. BIM can improve the accuracy of cost evaluation because the information provided 

by BIM has a certain depth and accuracy. Therefore, extracting materials and the number of 

consumption becomes relatively easy and quick. Also, cost evaluation improves its speed and 

accuracy. BIM system is used to better measure the impact of design changes, which can be used to 

automatically handle budget problems [8]. It helps improve the accuracy of energy analysis; used to 

calculate the energy consumption despite the need for additional software tools; and is used for energy 

analysis of the data stored in the BIM model [9].  
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2. Research Background and Significance of the Study 

2.1. Research Background of Gorges Pharmaceutical Amino Industrial Base 

It has a building area 4807 m
2
, building height 24.5 m, building layers (local five), reinforced 

concrete frame structure, reasonable service life of 50 years, and a seismic intensity of 6 degrees. The 

project BIM application contents include: the establishment of a civil construction BIM model, 

building outward appearances, windows table, material tables, BIM structure model structural 

analysis, structural analysis of various data, schedule cost model, the hierarchical discharge table, time 

tables, and other data. The established BIM model based on construction drawings includes: build 

three-dimensional model paper size doors and windows, i.e. the hole, location, and size basis. Entry 

drawing information includes: wall construction materials and decoration materials such as doors and 

windows of the type, size, material, roofing materials, and other information. In addition, it involves 

the adjustment of the building exterior colour and look to fill styles.  

2.2. Significance of the Study 

The use of the BIM technology in construction projects will undoubtedly bring about a revolution 

to the construction industry. BIM is a new technology. It is currently being used in foreign countries, 

especially in developed regions. In China, the use of the BIM technology just started. This paper 

focuses on the application of BIM in the design phase and construction phase. In addition, the BIM 

coordination between these two stages was studied. Throughout this study, the significance of the 

research points is summed as follows: 

1) Theory. The problem in the study summed up the tools needed to implement BIM. This is 

achieved through access to information and deep thinking, function of the key technology for BIM and 

the corresponding technology has been further elaborated and summarized; studied BIM to achieve 

information interoperability, data sharing and transformation, cloud services, predictive control and 

coordination of the design and construction of other issues, of which such work is to further study the 

theory of BIM knowledge; mathematical prediction model proposed in this paper, design and 

construction of computer-aided assessment, which further explore the theory of BIM; and finally 

research and coordination on construction issues from the BIM theory, on the one hand, and the 

problem of coordination the BIM theory which has deepened, on the other hand.  

2) Real Practical Significance. The problem of the study involves having an accumulated 

practical experience and know-how on how to use the BIM software tools. The BIM parametric design 

and its visualization can be achieved. Also, virtual construction and construction schedule 

management of BIM is able to be practiced successfully [10]. In the study of the BIM design and 

construction, how to coordinate the design and construction in BIM environment were also studied. 

Therefore, this work experience is usually provided after the application of BIM. In addition, the 

promotion and application of BIM have a realistic significance.  

3. Research Methodology 

The research methodology is faced with the rapid development of the BIM technology and 

application of China’s construction industry and the problems that exist particularly in engineering 

practice. How to select the right one is worth studying. However, this is done with reference to the 

direction of the meaning and practice tests, which has become a part of this article’s critical thinking. 

The core of this paper includes the design and construction of the project implementation process in 

two important stages, how to effectively use the BIM technology in these two important stages, and 

how to maintain the BIM technology in the design and construction coordination [11; 12]. An 

innovative mathematical model is proposed to introduce BIM model. This model, however, constitutes 

of thinking of BIM model predictive control. Therefore, the BIM technology will be applied to 

practical engineering problems. This is done through hands-on for the purpose of learning and 

experiencing the BIM technology in design and construction so as to test the theoretical methods. The 

4D-BIM is used in construction simulation on the 5D-BIM coordination problems with the design and 

construction.  
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3.1. BIM Engineering Model Predictive Control Problem 

BIM requires the use of specific data and it also requires a mathematical model, which is 

instantiated and parameterized. In BIM, due to the fact that technology is becoming increasingly 

important in the control of energy consumption, material consumption, labor and machinery 

allocation, time schedule, equipment, and resource management, the use of predictive models has 

become very meaningful [13]. When the predictions forecasting model is not conducive, the BIM 

project proceeds. The various factors that influence the project would need to be adjusted in a timely 

manner. When the forecasting model is predicted, BIM facilitates the project execution. In addition, 

we can also optimize all influencing factors in order to achieve optimal control project. Real-world use 

and performance data are required. The purpose is to accurately assess the performance of the design 

and to improve the predictive models. However, logical analysis chart of BIM model predictive 

control is shown in Fig 1 below: 

 

Fig. 1. Logical analysis chart of BIM model predictive control 

3.2. BIM Duration of the Pre-schedule and BIM Progress of Construction Period Prediction 

Model  

Faced with a variety of project problems, the forecasting model based on the BIM technology is 

complex and diverse. Here, progress is based on the duration prediction of the research questions. 

Many factors affect the progress of the construction of the project, and it has different classification 

methods. To sum up, a combination of factors includes human, material supply, finances, design 

changes, and other risk factors [14]. 

Paragraph i influence factors Xi state values are represented by xi(1 ≤ i ≤ n). They constitute a 

factor of the vector given as x
r

= (x1, x2,…, xn). Therefore, the target duration TM and the forecast 

period TY can be expressed as follows: 
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• Mathematical models which predict the duration can be expressed as follows: 

 
( ) ( ) ( )

Y M o o M o
T x T x x x T x= + −

r uur r uur uur
, (4)

 

where oxx
rr

−  is of a particular measure.  

Therefore, you can use ( )x
r

ε  to express this measure. Thus, the forecast period schedule model 

can be expressed as:  

 
( ) ( ) (1 ( ))

Y M M M
T x T x T x Tε ε= + = +

r r r
. (5)

 

Prediction Model of the progress of the construction period Eqn (5) for the project shows that the 

problem is multifaceted [15]. However, this can be a single factor. Also, the duration of the schedule 

under the effect of several factors to predict can also be uncertain factors. These factors not only 

predict the randomness situation, but also predict the work unit, critical path, and the overall 

construction of the network progress forecast period. Through computer programming, the prediction 

model and BIM model architecture form BIM model predictive control schedule progress [16].  

4. Cases Study Overview 

• Computational Analysis 

This section is mainly based on the theory of BIM above the Three Gorges Pharmaceutical amino 

acid industry base construction projects, which was constructed using modeling and structural 

modeling. In building the model, you can use the parameters of BIM and visualization to feel and 

understand the look and feel of the building. Also, it can be used to change the different perspectives 

in the building information model in order to observe the exterior of the building. In the structural 

model, the analysis of the mechanical behaviour of the housing structure under load includes: the axial 

force, shear, moment, torque, etc. Consequently, there are support reactions, stress structure analysis, 

structural nodal displacements under load analysis, and node reaction analysis by the force of the 

lever; hence, this is with BIM software export which forms data that strengthen the theory [1]. 

4.1. BIM in Architectural Design 

Three Gorges Project Pharmaceutical amino acid industry base building design was designed 

using Revit Architecture software.  

The BIM technology described above is actually used in the parametric design. Revit three-

dimensional visualization can be used to observe the plant building plans, which have been 

established. Gorges Pharmaceutical amino industrial base, which has an overall architectural 

appearance, is shown in Fig.2 a). Changing the angle of the view of the entire building can be 

observed in Fig. 2 b), respectively. However, it is the conventional two-dimensional CAD Graphic 

design, which cannot be achieved.  

a) b) 

 

Fig. 2. BIM model views the whole building (a); BIM building view different perspectives (b) 

After the completion of the building of the BIM design, based on the building model of the 

project, the schedule design was obtained. In the list, which displays the drawing information in a 

tabular form, the information is extracted from the project element properties. 
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4.2. Results of BIM Applications in Structural Design 

The BIM structure model for this project uses Revit Structure (RST) software to achieve the 

establishment of the BIM structure model for the structure of construction drawings, and three-

dimensional structural model that is set up according to the size of the drawing beams and columns, 

location, layout, and so on [5]. RST frame beam, as defined by the software, can be similarly drawn on 

methods of the previously defined column, that is, by means of the concept of “family” to be defined. 

  

 

Fig. 3. Model for the overall structure – BIM structural model 

First, it is done through the grids of the beam positioning. Then, the pair of beams is arranged not 

only to define the starting point of the elevation, but also the end point of the elevation beam. Here, it 

is used to conduct independent foundation under the column layout. On the basis of the structural 

model, the analysis model was modified and amended at the end. It was introduced into the analytical 

software robot, the boundary conditions, and the load information. Afterward, it was added up to the 

mechanical behaviour of the structure calculation and analysis. On the basis of the constitutive models, 

plus loads, we get a physical model of the structure shown in Fig. 5.   

  

Fig. 4. Physical model structure Fig. 5. Adjusted structural model 

4.3. Mechanical behavior analysis of the structure of the second plant 

After the completion of its structural modeling workshop, there is the need to analyze the 

mechanical behaviour of the plant structure. This is most commonly and widely recognized as a 

software Robot. Adjusted in accordance with the structural analysis model, the structural adjustment 

model is introduced after completion of Revit Robot software. Then, it adds to the boundary 

conditions, load information, and performs structural stress analysis calculations. Once it has been 

imported, the structure of the model becomes a finite element model after meshing, as shown in Fig 7 

below. BIM structural analysis software is used for finite element calculation of the plant structure. 

Calculation of the force structure, in broad terms, consists of three parts, namely: normal direction 

stress, shear stress, and torsional stress. However, the results of the structural analysis are to extract 

data: lever points to stress contours, contours axial force, normal stress contours, torsional shear stress 

contours, precise structure deformation maps, board section（Force-N：Moment-M：Shear stress-

t：Shear force Q: Plate section displacement-u，w：Corner-R: Ground reaction force-K）cloth cloud 

like. Due to the complexity of the analysis process, as well as a larger workload, the results will be 

part of the structure of plants on display inside this section. However, the specific content is shown in 

Fig. 6 a) to f) below.  
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a) 

 

b) 

 

c) 

 

d) e) 

 

f) 

Fig. 6. Distribution powerhouse structure X direction of the force (a), distribution powerhouse 

structure Y direction of the force (b), distribution powerhouse structure Z direction of the force 

(c), stress maximal distribution plant construction law (d), stress minimal value distribution 

plant construction law (e) and torsion stress distribution plant (f) 

Case simulation and results for the virtual construction of the plant 

In the pharmaceutical rooms inside this building, there are a number of units for industrial use of 

the amino acid fermentation tank in the model of the device; hence, you need to use BIM software in 

the professional family file [17; 18]. This section of the factory buildings during construction of a 

reinforced concrete frame structure is a virtual construction study of BIM [19-22]. For this project 

case, the virtual construction process is roughly divided into the following steps: firstly, it was based 

on the amino acid Gorges Pharmaceutical industrial base plane drawing, according to the actual size of 

the completed building modelling workshop in the professional Revit Architecture BIM software. 

Secondly, it was based on the Revit Structure software inside. This is completed in accordance with 

the actual size of this building structure modelling workshop. According to the above analysis and 

simulation steps, the virtual construction of the Three Gorges Pharmaceutical plant amino acid 

industrial base is shown in the figures below: 

a) 

 

b) 

 

i) 

 

j) 

 

Fig. 7. Infrastructure construction plant (a), amino acid fermentation tank construction (b), 

fifth-floor slab plant construction (i), the entire facades plant construction (j)Coordination of 

Design and Construction Case Study 
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Based on the concept of controlled 5D BIM coordination, design and construction coordination is 

not only in terms of the progress of the project, but is also reflected in the cost of the project [23]. This 

is carried out for a specific building project, in order to control the various stages of design and 

construction, and also to control the schedule and cost. Fig. 8 a) to Fig. 8 f) respectively is the BIM 

cost model. Hence, the details are as follows.  

a) b) 

 
e) 

 

f) 

 

Fig. 8. Cost model basis (a), foundation -one cost model (b),  

basics – four cost model (e), Basics – five cost model (f) 

5. Conclusions 

Design and construction are two important parts of the construction industry. Thus, the conclusion 

of this article obtained in the research process is multifaceted. The BIM technology in today’s 

construction industry is a hot technology, but it also has very broad application prospects of 

technology. Although it has been relatively mature in foreign countries, China’s BIM application has 

just started. Therefore, to further promote the application of BIM in China, there are many important 

research works worth learning. The BIM technology, visualization, parameterization, information, 

integration, sharing, controlling, simulation, coordination, flexibility, predictability, and other features 

have made the BIM technology in design and construction to become significant. The BIM technology 

in the construction and structural design applications has fully demonstrated its distinct advantages. 

The 3D parametric design has completely changed the way of thinking of conventional design. 4D 

BIM in construction brings tremendous value. Also, construction bidding using the BIM technology 

can significantly enhance the competitiveness of the bidders; thus, the virtual construction technology 

saves time and cost, and helps anticipate difficulties in construction, timely detection, and problem-

solving. In collision detection, fine BIM computing resources is an important material used in 

construction coordination. However, the BIM design and construction issues are worth studying. In 

addition, 5D BIM is an important method for solving the design and construction coordination, which 

fully takes into account the progress and costs of the project, so as to coordinate the relationship 

between the design and construction. 
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