








ABSTRACT
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Zhang Haibiao. Management system for contemporary material utilization in the
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specialty 192 - construction and civil engineering, educational program - Industrial and
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This thesis contains the following:

(1) On the basis of case studies, problems and shortcomings of current green
construction are classified. Based on the characteristics of the combination, combine
LEED (Leadership in Energy and Environmental Design), the Ministry of Construction
"Green Building Guidelines™ and other standards and construction cases outside of
green construction, the proposed overall construction planning and the specifics of
green management. (2) In order to improve the economic efficiency of the entire life
cycle is added to the traditional selection of schemes based on Value Engineering based
on schemes to optimize the construction process.

(3) The ANP model (Analytic Network Process) was used to determine the importance
of the functional index based on the full consideration and clarification of the
relationship between the functional factors. The implementation of BIM (Building
Information Modeling) technology helps to optimize construction at the design
decision-making stages, design, construction and engineering management.

(4) Using the example of the green demonstration project of the China-Danish Science
and Education Center, the application of BIM technology and the value engineering

method in green construction is presented.

Key Words : Green Building, Construction Process Optimization, BIM(Building

Information Modeling),Value Engineering
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INTRODUCTION

Actuality of theme. Commercial and residential buildings account for about a
third of the total global energy consumption, while industry and transportation each
account for about a third. Energy conservation in the construction field has become one
of the common concerns of the world. In the field of construction, the proportion of
energy consumption varies in different types of countries, with 52% in industrialized
countries, 25% in Eastern Europe , and in developing countries for 23%. However,
building energy consumption in developing countries grew the fastest: 6.1% / year in
developing countries, 3.4% / year in Eastern European countries, and 0.6% / year in
industrialized countries. [1-3].

Japan has established a sound residential energy conservation system, promoted
the industrialization development of energy conservation and environmental protection,
and attaches importance to raising the awareness of energy conservation and
environmental protection in the whole society. For example, the "residential
performance” is based on the "Product assurance method (residential quality assurance
promotion method)"”, which began its implementation in 2000. In the representation
system ", the residential thermal environment, energy conservation and other projects
have been set an evaluation benchmark. As a model of efficient building operation and
management, Japan implemented the Revised Energy Conservation Law, which was
implemented in 2003, incorporated energy conservation in building operation process
into daily management to maximize the benefits of various measures of building energy
conservation.[4-6]

The guarantee of energy saving is correctly calculated and built enclosing
structures: carefully insulated walls, floor, roof, windows and doors.

Connection of work with scientific programs, plans, topics.

This work was carried out within the framework of the directions of scientific
research of the Department of Construction, Urban Economy and Architecture of

VNTU, specialty 192 "Construction and Civil Engineering".



Purpose and tasks of the research

The purpose of the work is to increase the energy efficiency of buildings by
creating theoretical foundations and developing and implementing into the practice of
management of the construction industry a scientifically based system for making
effective organizational and technological decisions at residential, civil and industrial
facilities using the construction of a VIM model.

Research tasks:

Research and compare different green and energy efficient
bui lding management methods.

Identify the similarities and differences of green construction
projects from conventional engineering projects, identify the main
problems.

Optimize the construction process based on bim and value
engineering.

Is to take the project of China-Denmark Scientific Research and Education Center
of Chinese Academy of Sciences as an example, to verify the optimization of the green

construction process, and to analyze the rationality of the results

Write conclusions about the obtained results and propose measures
to manage the construction of a green and energy—-efficient house.

Object of study

The object of the study is management of construction production projects taking
into account environmental and energy parameters..

Subject of study

The subject of the study is management system for the use of materials in the
construction of green energy-efficient buildings.

Methods of research

Methods of process and functional approaches in the management of green
construction projects. The theoretical basis of the research was made up of publications

by foreign and domestic authors in green construction.



Scientific novelty of the obtained results.

The value engineering is used to green construction according to green building
construction characteristics, and the functional requirements and life cycle cost factors
of green building are clarified . Then the construction schemes are optimized and
selected via engineering. The ANP (shorter form of Analytic Network Process) ,model
was used to determine the importance of functional index on the basis of full
considering and clarifying the relationship among the functional factors. Then
BIM(Building Information Modeling )technology as a new technology is introduced to
assist the construction optimization in project decision-making, design,construction and
maintenance management phases.

Practical significance of the obtained results.

Taking the example of green demonstration project of China-Denmark research
and education and education center, the application of BIM technology and value
engineering method in green construction is introduced.

The results of the examples show that, as a new technique for the application of
BIM in green construction and value engineering in construction scheme optimization
and selection can play good roles in the whole life period; the ANP method which
determine the functional interdependencies on the value analysis using, is easy to
promote and operate in practical projects. It also has good guidance for the geen
construction Optimization , with the application of BIM and value engineering. It
provides new ideas and methods for the demonstration and promotion of green
construction.

Personal contribution of the master's student.

Using the example of the green demonstration project of the China-Danish
Science and Education Center, the application of BIM technology and the value
engineering method in green construction is presented.

Approbation of the results of the master’s thesis.

The main results of this work were presented at the thesis in the electronic version
on the website of VNTU in the international scientific and practical conference

"Innovative technologies in building and construction" — «The use of modern materials
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in the construction of external walls of energy-efficient buildings» (23.11.2022) in
Vinnytsia. Https://conferences.vntu.edu.ua/index.php/ith/ith2022/paper/view/16682

Publications.

1. Olena LIALIUK, Zhang Haibiao, Andriy Oleksandrovich Lyalyuk. «The
use of modern materials in the construction of external walls of energy-efficient
buildings» / the thesis in the electronic version on the website of VNTU in the
international scientific and practical conference "Innovative technologies in building
and construction”/ (23.11.2022) in Vinnytsia.
https://conferences.vntu.edu.ua/index.php/itb/ith2022/paper/view/16682


https://conferences.vntu.edu.ua/index.php/itb/itb2022/paper/view/16682

1 ANALYSIS OF THE CURRENT STATE OF THEORY AND PRACTICE ON
THE TOPIC OF THE MASTER'S THESIS

1.1 Research background and significance

Green energy-saving building (Green Building) refers to the building that saves
resources (to the maximum extent, land saving, water saving, material saving), protects
the environment and reduces pollution, provides healthy, applicable and efficient use
space, and coordinates with the naturel!l. Nowadays, the rapid urbanization process, the
huge amount of infrastructure construction, natural resources and environmental
restrictions determine the great significance and time urgency of China's building
energy conservation work?IEITherefore, it has become the trend of construction projects
from the traditional high consumption to the efficient development mode, and the
promotion of green building is the key to realize this transformation®™. Green and
energy-saving building construction, in line with the strategic goal of sustainable
development, is conducive to the innovation of building construction technology, and
to achieve the maximum realization of green building design, construction and
management, so as to obtain greater economic benefitsP!Social benefits and ecological
benefits, optimize the allocation of manpower, material resources and financial
resources in the construction process®This is of great benefit to improving the level of
construction management and the cost efficiency of green buildings.

However, the current green construction has not been fully popularized, just
started, there are still many problems to be solved eI

(1) lack of green construction concept;

(2) lack of relevant policy support;

(3) lack of construction technology Foot;

(4) Poor supervision of green construction.

In the process of green construction implementation, the relevant laws,
regulations and rules are not perfect, resulting in the lack of supervision. In the current
green construction environment, there are no mandatory standards on energy

consumption and waste discharge. Moreover, the government does not require
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mandatory construction enterprises to use green construction technology and
technology, and still use the traditional standards in the construction management work.
These problems greatly restrict the development of green construction in China. It can
be seen that in the background of booming green construction, there are still many
deficiencies, some of which are uncontrollable external factors, such as lack of relevant
policy support, which is difficult to solve from the enterprise level, some are the
deficiencies of the enterprise itself, such as the shortcomings of construction
technology, lack of green construction concept, and poor supervision of green
construction. The reason is that traditional construction methods are used in the
organization and management of construction, but less involved in green
construction*®When considering the constraints of green construction, there is a lack of
a reasonable and scientific green construction management mode to optimize the
process and balance the goals. Therefore, this article will mainly study:

1) sort out the current situation and problems faced by green construction;

2) summarize the characteristics and key problems of green building construction
management;

3) optimize the construction process of green building.

It is expected to establish a set of reasonable green building construction process
to meet the new needs of green and energy-saving building, solve the problems facing,
and consider the key problems of green construction, so as to improve the green
construction level of enterprises and enhance the core competitiveness of green and

energy-saving building construction.

1.2 Review of relevant studies at home and abroad

1.2.1 Green and energy-saving building and green building construction

"Green Building Evaluation Standard" (cB50378-2006) defines "green building"
as: in the whole life cycle of the building, the maximum limit of saving resources
(energy saving, land saving, water saving, material saving), environmental protection
and pollution reduction, to provide people with healthy, applicable and efficient use of

space, and the harmonious coexistence of the nature of the building. Green construction
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refers to the premise of ensuring the basic requirements of quality and safety in the
project construction. Through scientific management and technological progress, the
maximum saving of resources and reduce the negative impact on the environment of the

construction activities, to achieve "four sections and one environmental

protection" it

"Green Construction Guidelines” of the Ministry of Comprehensive
Construction[13]Definition and LuRongli's definition of green building construction
summary: on the premise of ensuring the safety and quality of the project, in the
construction of "four sections and one environmental protection”, through scientific and
effective technical and management measures, optimize the energy structure, reduce the

negative impact of the environment, people-oriented, to ensure the safety and health of

personnel construction model*4l,

Traditional construction is mainly concerned about the project progress, project
quality and project cost, and there are no high requirements for resource and energy
conservation and environmental protection*®, Unless the contract. Therefore, when the
traditional construction conflicts with the construction period, the resources and
environmental protection will not be taken into account, because the project payment is
only related to the progress and the completed work, and the waste of resources and
environmental pollution will not be punished. And green construction not only the
quality, safety, progress to meet the requirements, but also starting from the whole
process of production, according to the concept of sustainable development to the whole
planning and construction process, priority to use the green building materials, improve
the traditional construction technology and construction technology, on the premise of
completing the project, as far as possible to reduce the pollution of the environment and
the consumption of materials. The characteristics of green construction can be
summarized:

(1) while meeting the traditional needs, give priority to the environmental
properties of the building;

(2) maximize the full life cycle of renewable energy to save resources;
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(3) pay attention to the overall optimization, take the value engineering as the
optimization foundation to ensure the balanced construction target balance;

(4) innovate the technology and methods to realize innovation. Therefore, the
requirements of the green construction is much stricter than the requirements of the

traditional construction.

1.2.2 Green building construction organization and planning

The construction organization and planning documents provide a basis for the
deployment of construction activities, so that the construction can be organized, planned
and organized. In order to achieve the scheduled goals of the plan, it must be
implemented according to the contents of the construction organization design to ensure
the smooth progress of the projectl!®l. Traditional construction organization planning
considering project progress, engineering quality and engineering cost, to save
resources and environmental protection has not high requirements, unless the contract is
specified, in order to ensure the continuity of construction, rhythm and balance, in the
construction process of manpower, material resources, financial overall arrangement,
ensure the rationality of the construction scale, make the complex construction activities
have unified.

The basis of action, according to the construction organization design plan
arrangement, you can coordinate the overall situation to ensure that the construction
activities in an orderly way, the smooth completion of the construction task. The focus

of construction organization planning is "one case, one table and one map", namely:

construction plan, construction schedule plan, construction plan layout™,

Different from the traditional building construction organization, the green
building construction should consider the benefit constraints of environmental green,
energy saving and emission reduction in the whole life cycle based on value
engineering. Article 3.3.3 of the Green Construction Management Regulations
stipulates: "The construction unit shall prepare green construction technical measures or

special construction plans in the construction organization design, and ensure the
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effective use of green construction costs". That is to say, green construction should start
from the preparation of construction organization design (scheme), and the whole
process of construction should be strictly controlled and managed, so as to realize land
saving, energy saving, water saving, material saving, protect the environment and the
health and safety of construction personnel. On the basis of the traditional construction
organization and planning, special planning for green construction should also be done,
including: special measures for energy saving, special measures for land saving, special
measures for water saving, special measures for saving materials and resources
utilization, and special measures to control the impact!*®l, After the special planning, the
traditional construction and green construction should be systematically considered, and
the organization process should be optimized under the constraints of green
construction!®®, Ensure the progress of the project, quality, cost, environmental

protection, energy saving, safety, health and other goals of the realization.

1.2.3 Research status quo of green and energy-saving building construction
management

Green construction is a systematic project, so the real green construction
management work should have the overall nature, should run through the whole project
construction process, the requirements of each part of the system, each link and various
mechanisms to achieve coordination, give full play to the overall efficiency. From the
perspective of sustainable development, Sun Yi had an in-depth discussion on the
construction management of green building construction from the aspects of green
construction management, green construction environmental protection, utilization of
energy saving and environmental protection building consumables®?; Li Xuecai et al.
analyzed the quality and schedule cost of green building construction, and put forward
corresponding management measuresi?t; On the basis of "three control, two tubes and
one coordination” in the traditional project management, Yang Wei actively uses the
idea of sustainable development, reflect the harmony between man and nature, adopt
corresponding policies and measures to promote the development of construction

projects in green construction, and establish a resource-conserving and environment-
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friendly green building[??. BoYang put forward the whole life cycle theory of building
energy saving management mode dominated by real estate enterprises?®l. ShaoShuai
uses the three-dimensional structure model of HALL to give the multi-stage
management model of green building, which has some reference significance but the
research is too broadl. In engineering practice, GuoNi etc.[*ITaking the green
construction management of Qingdao AoFan Base project as an example, it
systematically expounds the green construction project management plan, implements
the construction management principles of whole process, all-round and full
participation, widely adopts green construction technology, and adopts management
measures such as ecology, environmental protection and waste reduction. LiuHaifeng
told about the specific construction management measures of "four sections and one
environmental protection" of Suzhou ZhongYin Building project!?®l, Can be used for
reference for similar projects.

At present, the commonly used green building construction evaluation systems at
home and abroad include: Environmental Evaluation method of British Building
Research Institute (BREEAM)71, Green Building Challenge (GBC), US Energy and
Environmental Design Pilot Program (LEED) 28 Comprehensive Building
Environmental Assessment Method in Japan (CASBEE) ;' Domestic "China
Ecological Housing Technical Evaluation Manual®, "Green Olympics Building
Evaluation System" (Green Olympic Building Assessment System, GOBAS), "Green
Building Evaluation Standard"B%, Table 1-1 summarizes the proposed countries,
applicable stages, use scope and core evaluation indicators of these green building

evaluation standards at home and abroad.

Table 1-1 Comparison of different green building evaluation standards at home and abroad

standard country Applicable stage scope of application Core indicators

Environmental
assessment of the new
office building
Design stage, the design,Environmental ' '
assessment of new environment pointer
supermarkets and
stores, environmental
assessment of new
industrial buildings, and

BREEAM Britai .
construction stage
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GBC

LEED

CASBEE

China's
ecology
Residential
Technical
Assessment

Manual

GOBAS

Green
building
evaluation
criterion

Canada

America

Japan

China

China

China

Design stage, the
construction stage

Full life

Full life period

Planning, design,

Construction and
acceptance and
operation

life period

environmental
assessment of existing
office buildings

Office buildings, school
buildings, and collection

houses

Commercial buildings,
public buildings and
residential buildings

Public buildings,
schools, and public
buildings Environmental
efficiency of the
building object

Design, construction,
and build a new
residential community

The Olympic buildings
and industrial parks

Residential buildings
and office buildings,
shopping malls, hotels
and other public
buildingstY

Resource consumption,
environmental load,
indoor environment
quality, and service

guality .Sustainable site

design, the effective use
of water resources, and

energy

Source and atmosphere,
raw materials and
period Resources,

indoor environment
quality, innovation and

design processt’

Energy,greening And
water, gas, sound, light,
thermal environment
and waste management
and disposal, green
building materials
environment,
energy,water
resources,Materials and
resources, and indoor
environment quality.

Land saving and
outdoor environment,
energy saving and
energy utilization, water
saving and water
resources utilization,
material saving and
material resources,
indoor environment
guality and operation
management
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To sum up, the current domestic green construction management research and
practice on the basis of traditional project management has a certain basis, the whole
life cycle and sustainable development of ideas applied to the green engineering
construction, but the focus is one-sided, just focus on part of the key work, not a set of
system for green special construction management mode, for the practical guidance is
not strong. At the same time, the green construction standards have played a good
guiding role in the green building construction at home and abroad, and it is also

necessary to learn from these standard measures in the green construction management.

1.3 Research content and technical route
1.3.1 Selection of the main study methods
(1) The main methods adopted in the data collection and analysis are:

1)L.iterature research method. The history, definition, function and characteristics
of green building construction at home and abroad, and the literature of green building
construction evaluation, will be reviewed and sorted out, as the theoretical basis of this
article;

2)case study method. Taking the project of China-Denmark Scientific Research
and Education Center of Chinese Academy of Sciences as an example, conduct data
analysis, expand theoretical research, and illustrate the green building construction
model to be studied in this article;

3)Expert interview method. Due to the problems studied in this article, interviews
with personnel with experience in implementing green building and experts with rich
industry experience, obtain first-line example experience, and evaluate and revise the
case and literature research.

This article focuses on the literature research method, supplemented by case
studies, and finally revised and supplemented with expert opinions.

@) BIM technology

BIM technology was first produced in the United States, and then promoted to

Europe, Japan, Singapore, South Korea and other countries, which was highly praised

by these developed countries. At present, China is also working hard on the research
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and application of BIM technology. BIM technology is playing a huge role in
increasingly complex engineering project applications. Currently, in the United
States[32], Applied BIM technology. At the same time, the government also issued
relevant BIM standards such as the National Academy of Building Sciences (National
Institute of Building Sciences, NIBS) formulated the National BIM Standard (National
BIM Standards) and created various BIM associations. In Japan, BIM use has been
promoted from corporate push to government Government-led level™lIin March 2010,
the department of the Ministry of Land and Transportation will use all the construction
projects under its jurisdiction using BIM. In South Korea, government agencies have
formulated a number of BIM application standards. In January 2010, the BIM
Application Guide in the Construction Field was issued, and the 3D Design Guide in the
Civil Field has also been approved4,

In China, the research and application of B | M is in the tentative stage, but the
effect is very great. There are many successful cases, such as the Olympic Gamest®],
World Expo venuest®!, Hangzhou Olympic Sports Center Stadium®1The design and
construction of large projects have been applied to BIM technology and have received
very good results. At the same time, B | M technology research has been highly valued
by the government, and BIM technology has been listed as a key project of the "Tenth
Five-year Plan" Science and Technology Breakthrough Plan and the "11th Five-Year
Plan" National Science and Technology Support Planil. During the "12th Five-Year
Plan" period, the popularization and application of information systems of construction
enterprises should be basically realized, and the application of new technologies such as
building information model (B 1 M) and network-based collaborative work should be
applied in engineering should be accelerated. Many domestic universities, such as
Tsinghua University and Shanghai Jiao Tong University, have set up B | M research
laboratoriest®, Greatly promoted the application process of B I M in Chinal. It can be
seen that B | M application in China is stepping into the track of rapid development.
The value of B | M technology is mainly reflected in B | M 3D display ability, B | M
accurate computing ability and B | M collaborative communication ability, according to

price water house coopers of BIM technology in engineering application at home and
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abroad can be seen, B | M technology can shorten the construction cycle by 5%, (which,
the communication time by 30% -60%, information search save 50%), cost reduction of
5%. The value of B | M can create new changes in traditional construction:

1)The emergence of new ideas. THE ability of BIM collaboration can make the
process of architectural design, construction, operation and maintenance complete on
the BIM platform, which can form the concept of the whole life cycle of buildings, and
similarly, it can also form the concept of architectural knowledge management and a
new architectural cognitive system.

2)Reintegration and configuration of resources. BIM technology is based on
digital, which can combine "big data", "cloud computing™ and other technologies to do a
good job in the dynamic control of resources, and realize the reintegration and
allocation of resources.

3) New ways of thinking and working. The thinking concept of "what you see is
what you get" in BIM technology will bring new changes to building construction, such
as 3D virtual models and derived nD functions (4D animation, 5D cost...) And so on,
thinking change will also lead to the change of working style.

Main products of the BIM. The reason why BIM technology can operate easily
and achieve good results in the application of increasingly complex engineering projects
is inseparable from its powerful combination of software systems. The application of
BIM involves different professionals, participants and application stages, and its
complexity can be imagined, which can not be solved by one kind or one kind of
software. With the application of BIM technology, a large number of related software
has emerged. The American Building Smart League President Dana K. Smitn The
assert: " The days of relying on one software to solve all the problems are gone
forevert”,

For a wide variety of BIM software, this article draws from the construction
consulting company HeGuanpeil*? to BIM Classification of the software, see Figure 1-
1. According to his classification, it can be divided into two categories: BIM core
modeling software and analysis and management software based on BIM model,

among:
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Core modeling software

The BIM protocol design software

Sustainable analysis software

Mechanical and electrical analysis software

Release review software

Structural analysis software

BIM Software Product

visual software

Model detection software

Cost management is a rich in case

Operation management software

S+ - -t > 1 L

BIM interface geometry modeling software

4‘

Model touch collision detection software

Figure 1.1- Classification of the BIM software

Type 1. BIM core modeling software, including the secondary development

software of architectural and structural design software such as Autodesk Revit series,

GraphisoftArchiCAD software, electromechanical and equipment design software such

as Autodesk Revit series, Building Mechanical Systems series software of Bentley

company and Digital Project software of Grey technology company*l,

Type 2: Analysis software based on BIM model, including: construction progress

management software (such as MS Project, Navisworks, etc.), structural analysis

software (such as PKPM, SAP2000, etc.), budget estimate software, equipment

management software, visualization software (Navisworks), operation management

software, etc.
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1)value engineering
Value Engineering is a resource-saving management technology and thought

method designed to save cost and improve value through the coordination of economy
and technology[44]. Value in value engineering is a specific concept, which is the
function and the realization of this function
The ratio of the consumption cost. The mathematical expression is provided as
follows:
V=F/C (1.1)

V : represents the value coefficient,

F : represents the function coefficient, and C represents the cost coefficient.

This formula makes function and cost comparable values that measure
engineering, materials and components.

The function and cost matching problem, so as to achieve good technical and
economic results.

2)Network hierarchy analysis (Analytic Network Process, for ANP)

In 1996, Professor Saaty considered the correlation between elements and
proposed the AHP method (Analytic Network Process, ANP)51,

Typical ANP, the structure is shown in Figure 1-2, including the control layer and
network layer, the upper layer, containing the total target G and the relevant decision
guidelines P1, P2,..., Pm, these decision guidelines are independent of each other, the
control layer model is similar to the AHP model; the lower network layer contains
multiple element groups (C lust e r), C1, C2,..., Cn Each set of elements contains
multiple lower elements (Elem e nt), which are subject by the upper layer and form the

network structure because of their internal correlation relationships.
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Where the line with the arrow indicates the element that the arrow tail element
affects the arrow. If you have your own arrow, it means that the index or the next level

index of the element set are correlated, and the elements are not independent.
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Figure 1-2 Typical network hierarchy of ANP

According to the constructed ANP model, the judgment matrix, weight-free
supermatrix, weight matrix, weight supermatrix and limit weighted supermatrix are
obtained successively, so as to obtain the weight of each network layer element to the
target elements of the control layer. ANP method has been popularized and applied in

finance, engineering construction, bidding and evaluation.

Insurance management and other fields. Considering that the functional indicators
of the green energy-saving building scheme are not independent of each other, but there
are interrelated relationships. Therefore, the importance of introducing ANP method

into the index is relatively important. The importance evaluation model of the functional
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indicators is constructed under the correlation relationship, and the weight of each

influence index is obtained through the limit weighted hypermatrix.

1.3.2 Main research content and structure

The research technical route is shown in Figure 1-3.

Chapter 1 Introduction. This chapter briefly introduces the research background,
development process and the research status of the issues related to green building
construction. After comparing the main research methods for green construction
management, the research method and technical route of this thesis are given.

Chapter 2 Analyzes the problems in the current green construction management,
clarifies the characteristics of green building construction compared with the traditional
construction methods, finds out the key problems of green construction management,
and does a good job in the special and overall planning of green building construction
organization. This chapter mainly introduces the relevant concepts and theories in the
field of green building construction, compares and explains the similarities and
differences of such projects and conventional engineering projects, and finds out the key
problems.

Chapter 3 Green construction process optimization. This chapter mainly starts from
the characteristics of green construction and the requirements of green construction
certification. On the basis of the traditional construction process, it adds the scheme
optimization and the scheme deepening design link before construction, and extends the
construction to the operation and maintenance stage.

Chapter 4 Is to take the project of China-Denmark Scientific Research and
Education Center of Chinese Academy of Sciences as an example, to verify the
optimization of the green construction process, and to analyze the rationality of the
results.

Chapter 5 Conclusions and Outlook. This chapter summarizes the research of green
construction management model, and gives the next prospect for the shortcomings in
the research.
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Figure 1-3 The technical route is studied in this thesis

1.4 Conclusions to chapter 1

Performed review of relevant studies green and energy-saving building and

Considered classifications of the BIM software.
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green building construction at home and abroad. The organization and planning of the

construction of green construction are considered. Considered research methods.
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2 PROBLEMS FACED BY GREEN CONSTRUCTION

This chapter first clarifies the problems facing green building construction; analyzes
the typical green construction cases, compares and explains the similarities and
differences of green energy saving construction and conventional traditional projects,
summarizes the characteristics of green construction, and determines the key issues to
be considered in the construction process through literature and cases and green

construction standards.

2.1 Problems faced by the green and energy-saving building construction

The research and practice of green construction management at home and abroad
are based on the traditional construction process, considering the characteristics of green
building construction, and applying the whole life cycle and sustainable development of
project management to the practice of green engineering 8, Traditional construction
projects can generally be divided into: decision-making stage, preliminary design stage,
construction drawing design Stage, bidding stage, construction stage and completion
acceptance stage. From the perspective of the whole life cycle of the project, the
decision-making stage of traditional construction is the concept stage, the preliminary
design to bidding is the design stage, the construction and completion is the
construction stage, and then transferred to the owner and withdrawn from the operation
stage, as shown in Figure 2-1. In this construction process, the owner generally in
parallel contract bidding survey, design, construction, supervision and other units.
However, these stakeholders have numerous and inconsistent goals, Not consistent with
the cost-saving goal of green building, The unit is only concerned about their own work,
Lack of communication, mutual disconnect, Give some units an opportunity, So that the
preliminary investigation work will not be done in-depth refinement, Many survey stage
problems will be exposed to the design, construction, operation, Reworking and
remedial measures will increase the full life cycle costs, What is more, these remaining
problems will cause great hidden dangers to the construction and operation; It will also

lead to design units focusing on technology, quality and light economy, Cost is not
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considered in the construction drawing design, High improvement in technology, safety

and quality, The balance of the technical economy is not considered enough.

conceptual ‘ exploitated phase J implementation

decision [iffconcept Constructio constructi
ohase  [phase [ " OraWing o - order  gon stage
set section

Figure 2-1 Construction process of traditional buildings

This article selects green building construction cases and literature at home and
abroad, including an Olympic venues in Beijing, Shenzhen kangwo industrial park,
Guangxi Qinzhou public security bureau command center complex building engineering
case, the focus of the construction management, building function and cost design and
the green certification standards and construction process. Analyzed and research, found
that the current green energy-saving building construction: attaches great importance to
the construction, despise the early decision, survey, design stage and late operation and
maintenance phase, the whole life cycle of functional design and reduce cost starting
point to improve, the existing construction process and the demand of green building
certification does not match. Specifically:

(1)Pay attention to the construction stage and ignore the work in the operation
and maintenance stage. Traditional construction projects can be divided into: decision-
making stage, preliminary design stage, construction drawing design stage, bidding
stage, construction stage and completion acceptance stage, from the point of the whole
life cycle of the project, the traditional construction decision stage for concept stage,
preliminary design to bidding design stage, construction and completion for
construction stage, then transferred to the owner, withdraw from the operation stage, as
shown in figure 2-1. At present, in addition to providing late protection for green and
energy-saving buildings in the contract, there is no more consideration for the value-

added and preservation of buildings.
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(2)The functional design and cost reduction in the whole life cycle of the building
need to be improved. To achieve the maximum benefit with the lowest cost, pay
attention to economic benefits, sacrifice environmental benefits when necessary, and
pay attention to the basic functions of the building in the design and construction stage,
lack of sustainable development, life in the basic functions on the basis of energy saving
green elements and the whole life cycle cost.

(3)The existing construction process does not match the requirements for green
building certification. The current green construction certification for the building life
span, green, energy saving, environmental protection and people-oriented requirements
Is the old construction process is insufficient in the consideration of these problems.
After receiving the project work, it is often implemented in accordance with the
construction design scheme provided by Party A.

In the green scheme and green construction drawings formulated by Party A
according to the green construction and LEED certification standards, These schemes
take into account factors such as green, energy saving, cultural, and full life span, These
factors are bound to lead to an increased construction cost, a complicated process,
Construction cycle and risk will also increase accordingly, After receiving the project,
the construction enterprises are bound to be more cautious in the selection of materials,
technology and process, How to achieve green goals under multiple constraints requires
weighing cost and function, And after the scheme is determined, due to party A's unique
requirements in building performance and structure. Often make the construction very
difficult. A little careless will cause the high cost of rework, Ensure less rework in the
construction process, It is also very important to construct as much as possible. Due to
the lack of green building construction paying attention to the work of the construction
stage, the functional design and cost of the whole life cycle of green energy-efficient
buildings, and the mismatch between the existing construction process and the demand
for green building certification, often lead to the lack of green building planning, design
and construction; the consideration of the implementation of design drawings, the
availability of materials, schemes, and the risk of economic and functional matching,

which ultimately lead to the smooth implementation of green construction.
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Therefore, in order to ensure that the project in the cost, schedule, quality and
green certification standards under the constraints of the smooth completion.

Yes, the early scheme selection and the depth optimization of the design have
become the most critical problem, which is relatively lacking in the traditional
construction process. It is necessary to consider the characteristics of green construction
on the basis of the traditional construction management process, the scheme selection
and optimization of the design respectively, so as to consider and optimize the key

ISsues.

2.2 Green and energy-saving building construction characteristics

Compared with traditional construction, green building construction has some
similarities, but the requirements in terms of functionality and full life cycle cost are
very different. Compare the traditional construction combined with domestic and
foreign literature and green construction cases. Analysis the similarities, and from the
construction target, cost reduction starting point, focus, function design, benefit and
effect of the difference, it can be seen that the green building construction in building
function design and cost composition considering the green environmental protection

and the whole life cycle and sustainable development factors, see table 2.1.

Table 2.1 Similarities and differences between traditional

construction and green and energy-saving building construction

Traditional construction  Green building construction

There are the same object, that is, the project is for the
same point project construction task, with the same method to
achieve, such as project management and technical

management methods

Use the same people, equipment, materials and other

elements
Progress (construction period),
] Progress
Construction . quality, cost (cost), safety and
target (construction T
. . civilization, resources (energy),
period), quality, cost




Starting point
of cost
reduction

respect

functional

Differentia | design

Benefit view

(cost), safety

To achieve the lowest
cost to achieve the
maximum benefits,
most construction
units pay attention to
economic benefits at
the expense of
environmental

benefits

Equilibrium of
progress, quality, and

cost

Pay attention to the
design, construction
stage, the basic
functions of the
building

Short-term nature, pay

attention to the
construction stage
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environmental protection

To realize the sustainable
development of construction,
people and natural
environment, when economic
interests conflict with
environmental benefits, put
environmental benefits as the
priority, and save resources
under the premise of

environmental protection

"Energy saving, material
saving, water saving, land
saving", the goal of the "four
sections", the focus is on the
protection and utilization of

natural resources

Sustainable development, full
life period in the basis of basic
functions to consider energy-

saving green elements

Sustainable development, long-
term comprehensive benefits

On the basis of the comparison of similarities and differences with traditional

construction, combined with relevant literaturel*4ll471 “81As well as my project practice,

summed up the characteristics of green construction:

(1) Customer-centered, while meeting the traditional goals, while considering

the environmental properties of the building;

Traditional building is progress, quality and cost as the main control target, and

the starting point of green building is to save resources, protect the environment, meet

the requirements of the user, to the needs of the customer, management needs to know

more about customer needs, preferences, the impact on customers, construction process

here not only include the final user, also include potential users, nature, etc. During the

construction and use of traditional buildings, causing serious pollution to the ecological
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environment, the green building considers the environmental attributes, protect the
environment, save energy, enjoy harmony with the natural environment, minimize the
environmental damage, restore the damage, or convert the adverse effects, and provide
the customer, healthy and comfortable living space to meet the customer experience is
another goal. The final green building should not only deliver a comfortable and healthy
internal space, but also create a warm and harmonious external environment, and

ultimately pursue the highest goal of “the unity of man and nature".

(2) Maxthe use of passive energy saving design (Passive Design) and

renewable energy™e ;

Different from traditional buildings, green building is aimed at the whole life
cycle of the building, from the project planning, design, construction and operation to
the demolition of the buildings to protect the environment and live in harmony with
nature. Passive architectural design is advocated in the design, which is to collect and
save energy through the building itself (rather than using energy-consuming machinery
and equipment) to form a self-circulation system with the surrounding environment.
This can make full use of natural resources, to achieve the role of energy conservation.
The design methods include building orientation, heat preservation, shape, shading, best
window-wall ratio, natural ventilation and lighting and so on. Now the strong advocacy
of energy-saving buildings, passive design is constantly mentioned, and the most
studied is passive solar buildings. In the operation stage of the building, how to reduce
energy consumption and save resources, energy is the most critical problem, which
requires the use of renewable energy as far as possible, achieve one investment, benefit
in the whole life period, such as the rational utilization of light energy, wind energy,

geothermal and so on.
(3) Pay attention to the overall optimization, take the value project as the
optimization basis to ensure the balance of construction objectives;

Green building from the project planning, design, construction, operation until the

building demolition process is the pursuit of the whole life cycle of building revenue
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maximization, is a kind of global optimization, the optimization is not only the lowest
total cost, also includes social benefit and environmental benefits, such as minimizing
the negative impact on the natural environment or damage degree, maximize
environmental benefit, social demonstration benefit. Although green construction may
lead to increased construction costs, but in the long run, it will increase the overall
benefit of the country or related regions. Green construction practices can sometimes
increase construction costs, and sometimes reduce construction costs. In general, the
comprehensive benefit of green construction must increase, but this increase is also
conditional. The construction process has a variety of constraints, progress, cost,
environmental protection and other requirements, so it is necessary to take the value

project as the optimization basis to ensure the balance of construction objectives.

(4) Attach importance to innovation, advocate the application of new

technology, new materials and new devices;

Green building is an integration of technology. In the process of implementation,
it will encounter technical problems such as reasonable planning and site selection,
energy optimization, sewage treatment, renewable energy utilization, pipeline
optimization, lighting design, system modeling and simulation optimization, etc.
Compared with traditional buildings, green and energy-saving buildings have great
challenges in the technical difficulty, construction complexity, and risk control. This
requires architects and engineers of various professions to work together, using a variety
of advanced technologies, new materials and new equipment, with the principle of
sustainable development, the pursuit of high efficiency, low energy consumption will be
the same unit of resources under the same objective conditions, play a greater efficiency.
The better technical methods used in practice at home and abroad include BIM, lighting
technology, water resources recycling and other technologies. The application of these
new technologies can improve the construction efficiency and solve the problems that
the traditional construction cannot reach. Therefore, green construction management
needs a change in concept, but also needs the support of construction technology and

new materials, new facilities and so on.
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The promotion and application of new construction technology, materials,
machinery and technology can not only produce good economic benefits, but also
reduce the pollution of construction to the environment and create good social and

environmental benefits.

2.3 Key issues of green and energy-saving building construction

From the characteristics of green energy-saving buildings, it can be seen that
green energy-saving building construction is to add the constraints of green construction
on the basis of traditional building construction, and green construction can be planned
and managed as a special construction project. According to the characteristics of green
construction, green construction cases and literature 31491505 combine LEED

(Lead ership in Energy and Environm ental Design) Standards and the Ministry
of Construction "Green Construction Guidelines™ and other standards comb out the key
issues of green energy-saving building construction, these problems are not considered
In the construction, but also to be considered in the future construction. Therefore, this
article summarizes these green management contents and divides them from the
perspective of the whole life cycle, divided into green management in the concept stage
and green management in the planning stage.

The green management in the construction stage and the green management in the
operation stage, see Figure 2-2. The following is the special content of green

management in the whole life cycle of green and energy-saving buildings.

Conceptual ) P lanned ) Constructio | Operation
stage stage n stage stage

Figure 2-2 Green management mode for the whole life cycle
(1) Green management in the concept stage

The conceptual phase of a project is a change phase for defining a new project or an
existing project. In the green construction, according to the concept of "customer first,
global optimal”, the green management work in the green construction concept stage

can be divided into four parts.first, Need to make a project plan according to the
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customer needs, Will the intention of the project, The general direction is determined,;
then, A set of project proposals, prepared by the Owner, The green management part
should include the outline of the building environment assessment, Develop standards
for environmental assessment, The construction party shall provide multiple sets of
feasible schemes according to the standard; third, The Owner shall organize experts to
review the feasibility plan, For the green management content, Be sure to do the project
environmental impact assessment well, And select a set of feasible options; finally, The
Owner needs to determine the scope of the project, Make the project plan according to
the project scope, Including the green management arrangement, Set set goals, Establish
the review and evaluation standards for the objectives. In this stage of this stage, the
acceptance of the project plan is taken as the key decision point, and the deliverables are
functional outline, engineering scheme and technical contract, project feasibility

proposal, evaluation report and loan contract, etc. The green management workflow at

a1 0] 2Ct plan
“l =2 Aanagement
management goals and

Water resources
utilization .

Energy and environmental
protection

this stage is shown in Figure 2-3.
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Figure 2-3 Green management in the concept stage
@) Green management in the planning stage

When the project demonstration and evaluation are completed and the project meets
the requirements, the planning phase begins, The project needs to be refined, but it is
not only the refinement of the concept stage, but also the foundation of the construction

stage. In this stage, three aspects need to be done well:
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1) land acquisition, demolition and bidding;

2) Select good construction, design and supervision units, And invite the owners,
construction units, supervision units have experienced experts to participate in the
design work, Organize the design institute to draw and model the index parameters of
the project, And make the corresponding management plan, Including: resources,
capital, quality, progress, risk, environmental protection and other plans, This process
will change, All parties must cooperate and support the work, Organize experts to

review the design sketches and construction drawings submitted by the design institute;

3) Build the project team, Start the construction preparations, Do a good job of
"seven access and one leveling” (electricity, water, access, mail, heating,
communication, natural gas and site leveling). In this stage, the approval of the
construction drawings and design specifications is taken as the key decision point, and
the deliverables are the project sketch, design drawings, construction drawings, design

specifications and the project personnel employment contract.
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Figure 2-4 Green management in the planning phase
@) Green management in the construction stage

After passing the review in the design stage, the drawings and models should be

embodied for construction and equipment installation. The construction party shall
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organize the construction of the main body and install the equipment with the supplier.
At this time, the main responsible department is the construction party, the design
department does a good job of cooperation and support, the owner and the supervision
department do a good job of supervision and review of the project construction process,
and do a good job of change management and process control. This stage is resource
consumption and pollution production.

In the most stage, the construction unit should take four important measures at
this stage:

1) establish a green management mechanism;

2) do the prevention and protection measures of construction waste and
pollutants;

3) use scientific and effective methods to use the energy as possible;

4) the owner and the supervision department should do the tracking, reviewing,
supervision and feedback of the construction process, especially the application of green
materials and the treatment of pollutants.

In this stage, the completion and acceptance of the construction and installation
project is taken as the key decision point, and the deliverable is the acceptance report of
the main node of the construction and installation project, as well as the buildings,

structures and corresponding equipment that meet the standards.
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Figure 2-5 Green management during the construction phase
@) Green management in the operation stage

The operation and maintenance phase is the longest phase experienced for
green and energy-saving buildings. After the completion of the construction and
installation project, the instrument needs to be tested, the owner shall organize raw
materials and cooperate with the engineering consulting organization; when the
building reaches the design life, demolition and resource recovery; after the project
operation, the three-level evaluation is self-evaluation, peer review and post-
evaluation, to refine the best practices in the construction operation of green energy-
saving buildings, and further enhance the management capability to provide a pilot
demonstration for the future green building construction and operation. The items
delivered at this stage are the technology and system maturity inspection report of
the project pilot test, the three-level post-evaluation report, the maintenance contract,
the demolition and recovery plan, the buildings, structures, equipment and
production process that meet the standard requirements, as well as the understanding

of technology and operation The staff member of the work.
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Figure 2-6 Green management in the operation phase

2.4 Conclusions to chapter 2

The main work of this chapter includes three aspects:

(1)Combined with the cases of green construction, literature and their own
projects, we will sort out the problems faced by green and energy-saving building
construction, and clarify the existing construction process in response to the needs of
green construction and certification.

(2)Based on the domestic and foreign green construction cases and literature,
comparing the similarities and differences between green building construction and
traditional building construction, the characteristics of green building construction are
summarized: 1) Take the customer and consider the environmental attributes of
buildings while meeting the traditional goals; 2) maximize the renewable energy and
save resources during the whole life cycle; 3) pay attention to the overall optimization
and guarantee the balanced construction goals with value engineering as the
optimization basis;4) innovate the technical methods and realize innovation.

(3)Starting from the construction characteristics, the literature and cases are used

to sort out the key problems of green management in the whole life cycle of green
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construction, and it is clear that these problems are the contents that need to be

considered as green constraints in green construction.
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3 OPTIMIZATION OF CONSTRUCTION PROCESS BASED ON BIM AND
VALUE ENGINEERING

In the last chapter, the relevant documents and cases of green construction were
reviewed, which clarified the problems faced by green construction, and summarized
the characteristics of green construction and the key work of green construction. It is
clearly pointed out that the scheme selection and design are the most critical problems
in the construction, which need to be added in the whole management process. In view
of the role of value engineering in balanced selection under the constraint of multi-
objectives, the powerful modeling, digital intelligence and professional collaboration
performance of BIM technology, and can meet the new needs of green building energy
conservation, environmental protection, people-oriented and green innovation.
Therefore, starting from the characteristics of green and energy-saving building
construction, value engineering is introduced into the scheme selection part, and BIM is
introduced in the design optimization and construction guidance, in order to solve the
problems of backward green management mode, full life cycle function and insufficient

cost consideration.

3.1 Green construction process optimization

From the current situation and problems facing the green construction enterprises
can be seen that the current green building construction of green energy-saving building
life cycle functional design and cost requirements, in green environmental protection
and the whole life cycle and sustainable development factors need to be strengthened,
after the building demand drawings and green function requirements can implement,
materials, scheme can be applied, economic function can meet the demand of these are
yet to be verified. Introduction of these construction elements is bound to cause
construction cost increase, process is complicated, construction cycle, risk will increase
accordingly, how to achieve the green goal under multiple constraints is to weigh the
cost and function, and after the scheme determined by party a on the building
performance and structure of the unique requirements, often cause scheme construction

Is difficult, a little careless will cause rework high cost.therefore, In the early stage, after
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the preliminary design receives the conceptual design drawings, do the whole life cycle
function and cost balance analysis, Choose the scheme matching the functional cost
from the design source, Based on this, continuously increasing the design depth in the
later design stages, Before the construction, after the construction drawings are issued,
Deepen the design, Improve the professional coordination, simulation of the
construction organization and arrangement, Reasonable disposal of construction risks,
Reduce construction rework, ensure construction in place, It can deal with the problems
of the construction stage, the lack of reasonable functional cost analysis and the
mismatch between the construction process and the green certification requirements.

Lack of scheme selection in the existing construction process and design
deepening part, can consider added on the whole management process, the focus is on
the introduction of scheme selection and optimization, in view of the value engineering
powerful cost analysis, function analysis, the role of the new scheme creation and
evaluation and the international more than 60 years of practice advantage of low
investment high return[44]From the perspective of the whole life period of green
building, the main factors to be considered and the whole life cycle cost are given, and
the value engineering is selected under the constraint of multiple objectives Analysis the
function and cost of the green construction plan provided by the owner from the
perspective of the whole life cycle, and improve the efficiency and benefit of the
optimization and selection of the project plan. At the same time, the process and results
of the selection and optimization can be used to persuade Party A and the designer,
which can be used as the basis for changing the plan.

Although through scheme optimization choice to determine the construction
scheme due to the complexity of building structure, construction difficulty makes the
traditional construction cannot play a good role, can join the scheme before the
construction of the depth optimization, using B I M powerful modeling, digital
intelligence and professional collaborative performance, professional coordination, can
use simulation, construction progress simulation, calculate the cost to deepen the

construction scheme, reasonable arrangement of construction.
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Finally, the management is extended to the operation and maintenance stage, and
the final handover is not only the building itself, but also the corresponding service,
training, maintenance and other work. See Figure 3-1 for the optimization of the
construction process, and the content of the virtual box is the added process. It should
be noted that the application of value engineering and B | M can run through the whole
life cycle, but only after the preliminary design stage and before the construction are the
most important application links of value engineering and B | M. Therefore, these two
links are added to the original construction process. The following is the introduction of

the added scheme optimization and selection and the in-depth optimization of BIM.

Figure 3-1 Optimization of green building construction management
process

3.2 Construction process optimization based on value engineering

After the preliminary design and construction enterprises receive the conceptual
design drawings, it is necessary to do a good job in the whole life cycle function and
cost balance analysis of the proposed scheme, and choose the functional cost matching
scheme from the design source. Based on this, the design depth will be continuously
increased in the future design stage. Value engineering the main idea is to integrate
existing resources, optimization arrangement to obtain maximum value, the pursuit of
the whole life of low cost and high efficiency, focus on function and cost control, use of
quantitative thinking, will be unable to measure the function of the quantitative, seize
and use the key problems and the principal contradiction, integrate technology and
economic means, systematically solve problems and contradictions, in solving the green

building construction target equilibrium, improve the whole life building function and
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cost efficiency and choose new materials and new technology has a good practice
guidance. Therefore, new process links can be added after the concept design of green
construction is issued, and technical and economic analysis teams can be organized to

conduct value analysis of important solutions and seek solutions.

Function and cost balance. The main uses of value engineering in the
optimization and selection of schemes are: to pick out the problems with high
value and great significance, improve them, compare and optimize the

schemes. The process is as follows:

(1) determination of research object;

(2) definition of functional index and cost index for the whole life and cycle;
(3) sample test in harsh environment;

(4) value analysis;

(5) scheme evaluation and selection.

3.2.1 Identify the study subjects
On the basis of value engineering, ABC method and comparison method are
commonly used. See Table 3-1 for the comparison between the two methods.

Table 3-1 Application of Value engineering in green buildings

the
Value for method of
engineering determining characteristic apply
purposes the object
Focusing on the cost analysis, we
first take the_z key part of the large Review of high-value schemes;
Kev i cost expenditure as the research L .
ey issue obiect of the value enaineering. and Optimization of high-cost
improvement ABC ! Alue eng g components and processes;
then use the principle of value
. . . Key faults and response plan
engineering to improve the problem .
- . formulation
of functional technology mismatch
according to the actual situation.
Focusing on the "one-to-one" Design, construction, operation
comparison of functions and costs of | and maintenance scheme
Protocol each part, the value engineering optimization;
optimization Antithe | principle is used to find the Energy-saving scheme
P mismatch between function and cost | optimization;
from the actual demand as the Comparison of new technologies,
research object of value engineering. | materials and machinery
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3.2.2Full-life-cycle function index and cost index definition
After identifying the study subjects, functional definitions and cost analysis were

performed. Refer to the LEED standard[28], Green building evaluation
standard[13]And practical experience summarizing the main contents of the functions of
green building research objects are shown in Table 3-2. Value engineering theory
generally divides functions into: basic functions, auxiliary functions, upper function and
hypothetical function[58]The basic function focuses on the use value and function
value, that is, what the product can do; the auxiliary function is generally auxiliary
function, generally appearance design, and other functions of the product; the latter two

functions are beyond the product itself and are generally not discussed in the function

analysis.
Table 3-2 Functional definition of green building research objects
Functional classify function definition
types
essential Fire-proof, moisture-proof, insulation, anticorrosion,
attribute stability, reliability, etc
Functional attributes.
Environmenta The object used in the development, use, recycling
| protection process to save resources, protect macro and micro
function ' _
Comfprt basic function The function of the environment.
function
To create a comfortable and healthy internal and
external building environment for the residents.
Energy The function of saving of natural resources and
saving energy in the process of use.
function
Beautiful Affiliate The function of creating a pleasant environment for
function function the user.
Operation Convenient for construction, operation, operation and
function maintenance functions.

The whole life cycle cost generally includes: initial input costs and later
maintenance and operation costs[44]. In detail, the initial cost includes: direct cost (raw
material cost, labor cost, equipment cost), indirect cost, tax, etc.; the later operating
costs include: management fee, fuel and power cost, overhaul cost, regular maintenance

fee, removal and return charge, etc.
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3.2.3 Sample test in the harsh environment

Due to the green characteristics of buildings, in the design and construction will
often use some new materials, components, sample processing, inspection, the inspector
to sample bad environment such as high temperature exposure, dry, wet, acid and alkali
environment test, by the quality supervisor according to the performance index of the

sample to do the final review, and record the experimental indicators.

3.2.4 Value coefficient calculation

Value analysis of the study subjects can effectively avoid excess function and
underfunction. When calculating the value coefficient, functional analysis is required to
determine F, and cost calculation to determine C.

For functional coefficient, first perform functional definition of the required
object, collect indicators related to function.

The size of the indicators can be determined by experiments, historical data
statistics and expert scoring, and then the weight of the indicators can be determined by
expert evaluation or historical data statistics. Finally, the functional coefficient is

calculated, assuming that the research object contains n functional indicators, which is

X1, X2... Xi..., The corresponding weight is given in wi, Wo... W; ... Then: n

F=2xi+Wi (3.1)
i=1...n
2wi=1 (3.2)

i=1

among,i For the normalized index, for dimensionless data, make y; For the
original data of functional indicators, the data should be processed dimensionless.

Considering the correlation between green building function indicators, the

indicators influence each other. Therefore, the ANP algorithm can be introduced into the

calculation of the importance of the index. Element B in the ANP control layers,

B2, ..., Bn. Represents the n main directions of the functional index, and the element
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set C of the network layer;, C,, ., Cio Is the set of control layer indicators, each
element set C; There are three-level indicators ci, Ci2, .., Cin (i=1,2,3, ., N) .Will

control the layer element B; (i= 1,2,..., n) as a criterion, and the Cjx (k=1,2,3, ,,, And

k) treats the element set C as the subcriterion; The elements in the to Cjx The judgment
matrix is constructed, normalized and the feature vector of 1 () 2 () 3 ()... is obtained( )
, The matrix W is obtained by summarizing the feature vectors of each judgment matri

wi;;As shown in equation (3-3).

(i1) (iz) {inj)
Wip Wy, o Wy
(1) (2 {imj)
W, = Wiz Wiz " W,

ij
\w_ﬁj}} W_Eg:- w_'i.iﬁj J

1nj mnj inj (3.3)

matrix Wi;; Represents the element group CiElements in and the element

group Cjlmpact relationship between the elements in. Similarly, by comparing

the relationship between the elements of the element groups with B main

criterion, n no-weight supermatrix s is shown in Equation (3-4).

Wiy Wya o Wiy
W, Wan " W
Ws = i Lo, N
Wy Wpyo 0 Wy (3 4)

Then, with Bi as the main criterion and the group of elements Cj as the secondary
criterion, the relative importance of the group of elements is compared in pairs, and the
judgment matrix is constructed and normalized to obtain the normalized feature vector

al a2 a3a, from which the weight matrix As under a certain criterion is summarized as

shown in Equation (3-5). ... all al2 al
dqg1 A1z - Ajyp
As = [%2t 822 77 Am
Ay, Ay e Agg

(3.5)

We weighted elements of the unweighted hypermatrix Ws, amongij= a
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(i=1,2, ,, n 5j=1,2, ., n) ,Because of the complex interdependence of

the elements in the ANP network, calculating the limit-weighted supermatrix is
neededProcess to obtain stable relative weights of the elements, as shown in Equation
(3-6).

WS (3.6)

The limit weighted supermatrix is iterated to stabilize the matrix, exploitationThe
weight value of each element relative to the top index of the control layer can be
obtained, that is, the weight value of the influence of the three-level index on the
decision target. Although the ANP solution process is relatively complicated, it is more
convenient with Super decision assistance and easy to popularize and apply. With the
help of the calculation software, the weight of the functional index can be obtained.

According to the nature of the data, it can be divided into benefit type and cost
type. For the benefit type data, that is, the larger the index, the better the performance, it
can be used:

Yi ~ Vmin
VYmax — Vmin (37)

X; =

For the cost index, that is, the smaller the index, the better the performance, it can

be used:

Ymax — Vi
Ymax — Ymin (3 8)

xX; =

For the cost coefficient, it is necessary to collect the influence index first, then
determine the size and weight of the index, obtain the dimensionless data through
normalization

processing, and finally calculate the cost coefficient C:

C = Cearlier stage* Cmaintenance ~ (3.9)
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Where, C represents the cost coefficient,C earljer stage Represents the
cost of the initial input, Cmaintenance For the cost of later operation and

maintenance, the cost coefficient is also dimensionless data, and the
calculation process is the same as the functional coefficient calculation.

Combine (formula 1-1), (3-1), (3-2), (3-7) (or (3-8)) and (3-9) to
calculate the value coefficient of each scheme, and then analyze the value
quantity.

3.2.5 Scheme evaluation and selection

According to the sample test and the desired value coefficient, use the value
principle of value engineering to enhance the value of the existing scheme or optimize
the new scheme. Generally, there are five ways to improve value, as shown in Table 3-3.
Appropriate programs can be selected according to the information obtained by the
project, market forecast, existing problems, and goals such as improving labor

productivity, improving quality, controlling progress and reducing cost

Table 3.3 -Ways to achieve value enhancement

Achieve means concrete measure

Improve the way to realize the product function
F fixed reduce C (such as changing the structure, material, process),
to reduce the cost and improve the function;

raise F C fixed Through the optimization scheme, eliminate the
redundancy to achieve the value improvement;

The F is|C slightly | Integrate some new functions or upgrade the

greatly increased original functions on the basis of the original
improved functions;
raise F reduce C It can generally be achieved by citing new

technologies;
F has been| C has a| Determine the necessary functions of the product,
reduced greater eliminate and reduce the objectively unnecessary

reduction functions.
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3.3 BIM technology in the green and energy-saving building construction
process optimization application

After the scheme is determined, even if the function and cost of the scheme in the
early stage have reached the optimal configuration,due to party A's unique requirements
in the construction performance and structure, the construction of the scheme is often
difficult, and a little careless operation will cause the high cost of rework. Therefore,
before the construction of the construction process is deduced and simulated, to find out
the incoordination of the professional drawings, analyze the resource bottleneck, deepen
the design to ensure the construction process less rework, as far as possible to achieve
the construction in place is also very important. In view of the strong modeling, digital
intelligence and professional collaboration performance of B | M technology, and the
advantages of low investment and high return in more than 10 years of international
engineering construction practice®™, B | M In the pursuit of low cost and high
efficiency during the full life span, Focus on feature enhancement and cost control,
Using quantitative thinking, Show up all the detailed data, It aims to achieve
maximum function with minimal input, This is consistent with the pursuit of building
function and cost balance during the life period, citing the characteristics of new
technology, Therefore, B | M technology can be introduced as a new technology in
green construction into construction before the construction drawings, Add a design-
deepening process link to the construction process, Organizing the B I M working
group, Further optimization of the construction design, Ensure the smooth progress of

the construction.

3.3.1Application of BIM technology in the scheme deepening stage

Considering the expensive value of the components after the optimization of the

scheme and the unique complexity of the project, it needs to be done as far as possible,

Reduce the loss of rework and delayed work, ensure the smooth construction,

establish the project department to set up the B | M technical team, and add the depth
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optimization of the scheme as a new link to the original construction process. 3D
modeling using B | M technology, Energy simulation, roaming, And pipeline collision
and other tests, Among them, the passive energy-saving design is fully considered in the
modeling, The lighting and ventilation channels are reserved, Also through roaming
application analysis and comparison and constantly optimize the design scheme, Figure
3-2 (left) is the deep optimization design scheme; The energy simulations were
performed, On the energy efficiency of the building, To improve the unreasonable place,
See Figure Figure 3-2 (middle); Collision test solves the integration of different
professional design drawings of subject, structure, hydropower, and HVAC, Three
unreasonable laying of pipelines were found in the collision test, As shown in Figure 3-
2 (right); By optimizing the protocol and the design, It provides a reliable guarantee for
the project calculation quantity and the comprehensive layout of the pipeline. In the
increasing stage, BIM technology as a new technology reflects the characteristics of
green building focusing on overall optimization and maximizing the use of passive

energy-saving design and renewable energy in the whole life cycle.
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Figure 3.2- Application of BIM technology in the development stage

3.3.2 Application of BIM technology in other stages of green building
In other stages, BIM can also use its 3D display ability, accurate computing

ability and collaborative communication ability, and its application to green buildings
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can well reflect the characteristics of green buildings. Drawing on the good practices

obtained by BIM technology in the construction management of green building at home

and abroad, BIM technology is applied to the whole life cycle of green building®el57],

This article introduces the application of BIM in other stages based on the practical

application in the Danish green construction project.

Table 3.4- Application of BIM technology in the

building

whole life cycle

project
stage

And BIM technology application

Reflect the
characteristics  of
green construction

decision
phase

1)Site modeling, roaming. In the technical scheme,
according to the customers' demand for the green
building, establish the 3D model of the building, so
that all the participant have an intuitive and
convenient understanding of the green building
from the very beginning;

2)Planning and positioning, land use inspection.

Customer-centric,
considering the
environmental
properties
buildings;
technology
utilization

of
new

implement
ation phase

1) 4D simulation, dynamic allocation of resources.
The combination of 3 D building model and
schedule arrangement can realize a 4D dynamic
simulation model, timely find out the risk of
resource allocation in the construction process, and
guide the front-line staff to be familiar with the
construction process.

2) Use the construction calculation to realize lean
construction. Accurately grasp the construction
progress, cost, quality and other aspects of the
information. The allocation of resources in the
construction can be dynamically managed to make
the lean construction possible.

New  technology
utilization
Ensure
balanced
construction
objectives

the

3) Construction guidance of the components. For
some components with special structures, BIM can
be used to build 3D models and make solid models
in a certain proportion, so as to be familiar with the
positioning of special components and template
making and construction.

End of the
stage

1) Provide the use and performance of the building.
Information on occupancy and capacity, the time
and finance of the building, and the provision of
the building

Life-span energy-
saving
management;

New technology

of green
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All the physical information, so that the owner can | utilization;

grasp the information, to make a reasonable | Customer-centric
decision fix.

2) Failure impact analysis. To facilitate the
subsequent maintenance of the management
personnel.solid

The appreciation of the current construction, the
value preservation.

(1)Application of BIM technology in the decision-making stage

In the decision-making stage, in the technical scheme, according to the customer
demand for green building, building 3D model, make the participants to green building
from the beginning of the internal and external environment of intuitive convenient
understanding, in the late architectural design, construction, operational solutions are
easier to agree, but also facilitate to display, play a good demonstration propaganda,
figure 3-2 for green engineering planning of internal and external environment. At this
stage, the application of BIM technology fully reflects the characteristics of green
construction being customer-centered and considering the environmental attributes of
the building.

Figure 3.3- Application of BIM technology in the decision-making stage

(2)Application of BIM technology in the construction stage

In the construction stage, the 3D modeling guidance template support, provides
guidance for the construction of complex structure construction, with spiral staircase,
for example, the spiral staircase is composed of two different radius of the same center

of the spiral grading, each step from the center of the outward, although the inner and
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outer step width is different, but the elevation of each radial surface is the same. The
construction of the spiral staircase is complicated, so the internal work must be done
first. This project uses BIM technology to derive the ID coordinates of the control point
of the ladder beam and realize the construction operation of the spiral staircase with no
less open folding plate. Ensure the smooth construction, no rework in the
Implementation process, save time and reduce the waste of materials, see Figure 3-4
(Part 1).

1) BIM technology guides the construction of woven weather-resistant steel
sunshade board. Through the analysis of the shading screen connection nodes,
reasonable construction technology and installation sequence are obtained, reducing the
construction difficulty and increasing the construction efficiency by 10%;

2) Through the selection of shading screen materials and installation technology

of shading screen, the energy consumption of heating unit is reduced 240kWh / m2 is

down to 15kWh / m2 ;

3) Change the traditional construction method, through the new technology, the

new process to reduce the construction cost by 30%;

4) Change the traditional shading material to the weather-resistant steel material

to improve the safety factor of the shading screen;

5) The establishment of the building comprehensive evaluation model can

effectively judge the safety indicators in the building, and correct the problems in time,
S0 as to ensure the smooth progress of the project.

In addition, the 4D progress visualization simulation saves labor cost,
understanding the project entity and improving the construction efficiency see Figure 3-
4 (lower left); in the construction stage, in the actual construction, guiding the
consumption of rebar and concrete through B | M calculation, the deviation can be
controlled at about 5%, in line with the green construction concept of low consumption,

see Figure 3-4 (lower right). At this stage, B I M technology, as a new technology
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reflects the optimization and pursilit of green building energy conservation
Characteristics of the target equilibrium.

(3)Application of BIM technology in the operational stage

In the subsequent operation and maintenance stage, BIM technology will also
help managers to do a good job in building information management and fault impact

analysis, which will play an important role in facility management and maintenance.
Figure 3-4 Application of the implementation phase of BIM technology

3.4 Conclusions to chapter 3

The main work of this chapter includes three aspects:

(1)Starting from the characteristics of green construction and the requirements of
green construction certification, on the basis of the traditional construction process, the

scheme optimization and the scheme deepening design links are added after the
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preliminary design, and the construction is extended to the operation and maintenance
stage.

(2)Based on the characteristics of green construction, the value engineering is
introduced into the green building construction, and a method of construction scheme
optimization based on value engineering is proposed. The steps are:

1)Determine the study object;

2)Define green building function indicators and whole life cycle cost elements;

3)Functional attributes are determined by the test of the samples;

4) Considering the correlation between the indicators, the ANP is used to
determine the importance of the functional indicators, and then determine the functional
coefficient and the cost coefficient;

5)Optimize and optimize the value analysis and implementation scheme.

(3)Considering that the current green building construction does not match the
demand of green building, the construction process can be extended to the whole life
cycle, and BIM technology can be introduced in the whole life cycle to optimize the

decision-making, design, construction and maintenance management of the project.
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4 ENGINEERING CASE VERIFICATION OF CHINA-DENMARK
SCIENTIFIC RESEARCH AND EDUCATION CENTER OF CHINESE
ACADEMY OF SCIENCES

Through the second chapter and the third chapter of green energy-saving building
construction present situation and problems, combing the characteristics of green
construction and green construction key consideration, and then the scheme selection
based on value engineering optimization and BIM optimization scheme deepening as
two important link into the construction process. This chapter will take the green
construction project being implemented by the company as an example to introduce the

application of the methods mentioned above in the actual projects.

4.1 Project overview

The Green Demonstration project of China-Denmark Scientific Research and
Education Center is fully donated by Denmark, which is the first scientific research and
education construction project invested in China. This project has one floor
underground project, five floors above ground and six local floors. Area of 10865.48m?2.
The project cost is 93.1 million yuan. The project is contracted by China Railway
Construction Engineering Group. The planned completion date in the contract is
expected to be completed by the end of 2016. The project strictly implements the green
construction requirements of LEED from the process of project decision-making, design
and construction, and the project department carefully plans in line with the concept of
sustainable development, and scientifically organizes the green construction. The
project is a comprehensive micro-energy consumption building integrating scientific
research, education, teaching and apartment. The project is called a "breathing building"
for its energy-saving, low consumption and environmental protection. From the
perspective of the whole life cycle, the group company in the early planning stage in
project demonstration, involved in the construction planning, design, construction
process, in the whole life application of the BIM technology and value engineering

method, received the good effect, among them, BIM technology application of the
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project won the second China construction engineering BIM competition won the first
prize for excellence project award. Considering the requirements of green construction
and the actual requirements of LEED certification of the project, the traditional
construction first designs the construction drawings, and then the construction. At
present, in order to balance the cost and functional factors of the whole life cycle, and
ensure the smooth implementation of the project. The preliminary planning, design and
construction are generally contracted by China Railway Construction Engineering
Group, among, Preliminary conceptual design conducted by the Danish side, Deepening
by the Chinese design institute, To achieve the concept of green and energy-efficient
buildings, Must be deepened by the construction party after the preliminary design,
Through the leadership of the construction party and the cooperation of the professional
company, the unilateral preliminary conceptual design is deepened and secondary
design, To meet the requirements of the building itself, In order to solve the green and
energy-saving construction and the traditional construction is different, Therefore, after
the conceptual design of Danish designers, it is no longer simply the problem of
Chinese design institutes, But the Chinese Design Institute and the construction general
contractor to deepen the problem, To meet the conceptual requirements of the Danish
side, To meet the standards of green and energy-efficient buildings. Therefore, on the
basis of the traditional construction process of the company, we will focus on adding the
scheme optimization selection based on value engineering after the preliminary design
and the BIM scheme design deepening link before the construction, so as to advance the
green design optimization and extend the construction process to the operation and

maintenance stage.

4.2 Application of construction process optimization of green and energy-
saving building based on value engineering

As the engineering scheme, LEED certification standards and construction
drawings are formulated by Denmark, Green construction has very high requirements, A
lot of the functional properties of green construction need to be considered, At this point

will increase the cost input, How to reasonably improve the functional cost and
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efficiency is the key, So after receiving the project proposal, The scheme comparison
link was added to the preliminary design, Fully apply the value engineering to the main
body and the green scheme, Small to the comparison of individual projects and
components, Optimization and selection of the scheme, Such as lighting, ventilation
passive energy saving scheme optimization, platfond materials, TABS pipe and other
materials selection, Optimization of construction technology of braided weathering steel
sun visor, by contrast, trial-produce, Determine the feasible scheme and select the key
and main energy saving objects to improve the scheme. In addition, the value
engineering will be applied to the selection of green materials and new technology in
the construction stage. In later operation and maintenance phases, value engineering can
also be used for the optimization of operation and maintenance schemes and the
maintenance of critical faults. The following to the value of the project in the platfond
scheme preferred application as an example, do the key introduction.

The construction scheme of platfond platfond is designed and improved
according to the Danish design style and its design characteristics, process requirements
and functional requirements. There are two schemes: scheme 1 is wooden , the material
IS pine aggregate, pine growth cycle, fine rings, flexible wood texture, low oil content of
trees, and Yin and Yang distribution, beautiful and environmental protection; scheme 2
Is bamboo , material for southern bamboo, bamboo itself, do simple treatment, bamboo
strong reproduction ability, fast speed, small diameter, thin wall, hollow, special lignin
and cellulose, is a special ecological vegetation typel®l. The following is based on the

two schemes:

4.2.1 Platfond function index definition

Platfond is a special decorative structure, including many functional attributes,
such as: environmental protection, energy saving, fire prevention, beauty and so on.
Draw lessons from literatureBU®UAnd the functional criteria used in material
selection in practice, and the functional indicators of F1 to F9 are selected, in which F1
to F7 are the basic functions, and F8 and F9 are the accessory functions. Based on the

investigation of the owner unit, the project department, the design department and the
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supplier representative, the correlation between the functional indicators is determined,
as shown in Table 4-1. Take F1 as an example, it is affected by F2, F3, F4, F5 and F8.
Its environmental protection, energy saving, fire prevention, moisture-proof and
construction will carry out secondary processing of the material, which has an impact
on the green attributes, indicating that the constraints of these indicators should be taken

into account in the construction.

Table 4.1 - Function index system

Primary | Secondary A secondary
functiona | functional Indicator instructions functional index
I indicators that can affect
indicators this factor
The use of green natural, renewable
Green materials, less processing links, in F2, F3. F4. F5.
attribute F1 | order to reduce the natural capital 8
The function of source damage and
damage.
Environment | The object wused is in the
al protection | development, use, recycling process | ;1 F2 F3. Fé.
performance: | section 8
F2 About resources, to protect the
basic function of the macro and micro
function environment.
Energy- Conservation of natural resources
saving and energy in the process of use F1, F2, F8
performance | the function of.
of F3
Fire The fire prevention performance of
protection the research object, generally with | p1 £g
performance | fire prevention, etc
F4 Level to assess.
Moisture- The moisture-proof performance of F6. F8
proof the study subjects.
performance,
F5
Study subjects, after receiving an
stability F6 external force, the environmental F5. F7. F8
impact is to maintain a stable
performance.
Overall F7 | The subjects maintained flat and F1. F3. F4. F5.
uniform performance. 8
Simple Convenient for construction, F1, F2, F3, F4
construction | operation and maintenance
Affiliate F8 functions. , FOF7, F9
function To create a pleasant environment
Beautiful F9 | for the user ability. F1, F6.F7
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4.2.2 Calculation of the platfond function coefficient

The expert scoring method is used to score the satisfaction of the owner, the
project department, the design department and the supplier representative, see Table 4-1;
then use ANP to confirm the importance coefficient of each function, using Super
decision, indicating the mutual influence between the element sets at the arrow and the
circular arrow represents the influence relationship between the elements in the element
set.

After constructing the ANP model, the pairwise comparison of elements and
element sets is required to construct the comparison judgment matrix. Because this
model does not use the criterion layer, the main criterion for the only target elements,
the contrast between the elements, any element in the network layer, in turn of the
elements of the concentration of other elements of indirect advantage comparison, using
nine points method for score, also can use matrix, semantic and pie chart method
between elements one by one comparison, and then get the judgment matrix between
functional indicators. The contrast matrix was constructed using the green attribute F1
as shown in Table 4-3. Enter in the SD software,. The value of the consistency test
Cl1=0.027 <0.10, through the consistency test.

Table 4.2- Functional satisfaction with protocol

Auxiliary functions
Basic function (out of 10 points) (out of 10
component)
scheme Envir | Energ | Fire Moist | stabili | Integr | simplicit
Green | onme | y- protec | ure- tyF6 |ity, F7 | yof pleasing to
attribut | ntal saving | tion proof construct | the eye
eFl protec | perfor | perfor | perfor ion F8 F9
tion mance | mance | mance
perfor | of F3 | F4 , F5
manc
e:F2
Schem | 8.2 7.6 7 7 7.8 9 9.2 9 8
el
Schem | 9 8 8 6.8 5 7 6.8 5.8 8
e?
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Table 4.3- Comparison matrix of each functional indicator under the green attribute
F1 criterion

F2 F3 F4 F7
F2 0 1/2 1 1/7
F3 2 0 1/3 1/6
F4 1 3 0 1/5
F7 7 5 5 0

According to the above process method, the remaining indicators are compared one
by one, and the weight and ranking calculation results . At this time, the consistency test
CR=0.034 <1, the consistency test is passed, and the ranking and weight are shown in
Table 4.4.

Table 4.4 Indicator and the weight of the ranking

Level 1 Secondary weight sort
indicators indicators
Green attribute 0.138444 2
F1
Environmental 0.131077 4
protection
basic performance: F2
function Energy-saving 0.126115 5
(0.8662) performance of
F3
Fire protection 0.038142 8
performance F4
Moisture-proof 0.125377 6
performance, F5
stability F6 0.172689 1
Overall F7 0.134436 3
Affiliate Construction 0.108285 7
function construction F8
(0.1337) Beautiful F9 0.025435 9

Combining the contents of Table 4-2 and Table 4-4, the coefficients of each

functional index in Table 4-5 are multiplied accordingly.
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Table 4.5 Functional scores of the protocol

basic function Affiliate
function
scheme Energ simplic
Green Environ | y- Fire Moistur | stabil | integrit | ity of | pleasi
attribute | mental | saving | protectio | e-proof | ity y constru | ngto
F1 protecti | perfor | n perfor | F6 F7 ction the
on mance | performa | mance, F8 eye
perform | of F3 | nce, F4 F5 F9
ance:
F2
Schem 1.14 1.00 0.88 0.27 0.98 | 1.55 1.24 0.97 | 0.20
el
Schem 1.25 1.05 1.01 0.26 0.63] 121 0.91 0.63| 0.20
e2

According to (equation 2):
Functional coefficient F of Scheme 11=8.23; Functional coefficient F of Scheme

22=7.14: after normalization,

F1=0.535, F2=0.455

In terms of scheme functional coefficient score, scheme 1 has a higher score than
Scheme 2, but in terms of functional composition,
bamboo, Less adaptable to the northern dry climate than the pine, Easy to crack,
Leading to its low scores on stability and integrity, at the same time, Bamboo
production and processing manufacturers are less, Belongs to the custom products,

Insufficient supply of goods, It also increases the difficulty of construction.

4.2.3 Platfond cost coefficient calculation

After fully considering the material cost, transportation cost, construction cost
and operation and maintenance cost of Scheme 1 and Scheme 2, the unit cost of using
bamboo is higher than that of circular barrel . The cost coefficient of the two schemes is

as follows, see Table 4-6:

. C1=0.429, C2=0.571,
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Table 4.6 Calculation of protocol cost coefficient

Scheme form cost coefficient
Scheme 1 Round wooden bucket 0.429
Scheme 2 Bamboo 0.571

4.2.4 Calculation of platfond value function coefficient

According to (equation 1):
V1 =F1/C1=0.548/0.429 = 1.247 ; V2 =F2/C2 =0.452/0.571 = 0.813.

According to the value engineering principle, the value coefficient of Scheme 1 is
greater than 1, indicating that the importance of various functions is greater than the
cost; the value coefficient of Scheme 2 is less than 1, indicating that the importance of
cost is higher than the function. From the actual cost of the two schemes and the
evaluation of the functions of the two schemes by the core stakeholders of the project, it
can be seen that the price and function of the pine circular barrel platfond scheme are
high-quality and inexpensive materials, so scheme 1 is selected in the construction.
Figure 4-5 shows the situation of the platfond, Figure 4-5 (left) is the decorative
rendering of the platfond, Fig. 4-5 (middle) is the effect drawing of the platfond unit,
and Figure 4-5 (right) shows the physical drawing of the selected pine cylinder
assembly. Due to the natural weakness of bamboo and easy to crack in the north, and
according to the value engineering comparison and experimental data, we persuaded the

Danish side to replace the bamboo scheme with pine .
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Figure 4.5- Unit type natural round wooden bucket, ceiling with ceiling

i |

4.3 Application of BIM technology in the construction process of green and
energy-efficient building

4.3.10ptimization application of BIM technology to the construction process

After receiving the construction drawings from the Danish side, considering the
expensive value of various components and the unique complexity of the project after
the optimization of the scheme, it is necessary to minimize the loss of rework and delay
to ensure the smooth construction. The project department successfully established the
B | M technical team and added the depth optimization of the scheme to the original
construction process as a new link.

Using the Revit 2014 3 D modeling tool, MS Project2010 Schedule management
software, Naviswok 2014 software and Ecotect energy consumption analysis software
in the depth design stage of the overall implementation of 3 D modeling, professional
collaboration, progress simulation, pipeline collision, internal roaming, engineering
calculation and building energy simulation and other work, 3D modeling, 4D progress
and 5D cost, The construction process was optimized by simulation, Reduced errors in
the construction, do poorly done work over again, Delof work, etc.in addition, The BIM
was applied to the subsequent work, As shown in Figure 4-6 for the application of BIM
technology in dan Education Center, The demonstration of the internal and external
environment was achieved using 3D modeling during the decision stage, Provides an
intuitive visual architectural model for each participants, To facilitate the
communication between all parties; In the design stage of BIM, technology plays the
role of technology deepening, energy simulation and collaboration between

professionals; The main role of BIM technology in the re-implementation stage is to
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play its 3D modeling, engineering calculation, 4D progress and 5D cost functions, Can
guide the fine construction; In the subsequent operation and maintenance phase, BIM
will also analyze the building information management and major fault effects. BIM
technology can improve the efficiency of decision-making, design, construction and
maintenance and protection, and reduce the cost during the whole life of green
buildings. The construction management of BIM technology in the case of rotating

staircase will be described in detail below.

decision phase NN .oy phase ~|MMMMML;|cmentation MMM g of the
phase stage
L ntemal and external D simulation, and the Building
environment display oo ocheme AN i~ oic allocation of W form ation
23iEn TESOUTCES management
Ensinesri ailure effect
. . gmesrmg -
g EnerEy smulation Il calculation, puidance —
Fine construction
Professional -onstruction guidance for
B -]l zhoration S -omplex components

Figure 4-6 Application of BIM technology in the construction of green

and energy-saving buildings

4.3.2Case introduction

The spiral staircase is a spiral plane composed of two inner and outer helices of
different radii in the same center of the circle. Each step radiates outward from the
center of the circle. Although the inner and outer step width is different, the elevation of
the inner and outer steps is the same on each radial surface. Spiral staircase construction
line is more complex, we must first do a good job in the industry

The project uses BIM technology to derive the ID coordinates of the control point
of the girder and realize the construction operation of the rotating staircase with

bederless open folding plate. The following is its construction management process:
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(1) Use Revit 2014 to establish the 3D model of the spiral staircase, and the

mold support situation;

(2) According to the ratio of 1:20 to guide the manufacture of mold, steel
binding;

(3) Use Revit 2022, MSproject2010 and Naviswok 2014 to simulate the

construction progress and export the project quantity, and guide the material
arrangement and production guidance according to the simulation information and

project quantity;
(4) According to the model and the BIM information, export the ID

coordinates of the control point of the ladder beam, bind the steel bar, supporting
formwork and pour the concrete slab, so as to realize the construction of the bederless

open folding slab concrete rotating staircase.

(5) Follow up and improve the construction maintenance information, record

the cost, progress and quality, and do a good job
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construction in the middle education demonstration project.

Figure 4.7 (top left) shows the 3D model using BIM, including formwork support
and coordinate alignment; Figure 4-7 (top right); Figure 4-7 (bottom left) shows the
reinforcement binding and formwork support; Figure 4-7 (bottom right) shows the
physical drawing after stair construction and maintenance. After the comparison with
the company's previous stair construction scheme, this project using BIM technology

has made great progress in the following six aspects:

1) Through the analysis of the spiral staircase construction, the reasonable

construction technology and operation sequence are obtained, to reduce the construction

difficulty, reduce the rework, and improve the construction efficiency by 10%;

2) Change the traditional construction mode, through the new technology, new
process, reduce the waste of working materials, save the construction cost of 30%;

3) Using the simulation before construction, maintenance and monitoring after

construction, stair construction in place and later operation and maintenance

monitoring, improve the safety factor of rotating stairs;
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4) The establishment of the comprehensive evaluation model of the building can

effectively judge the safety indicators in the building, and correct the problems in time,

S0 as to ensure the smooth progress of the project;

5) Form the post-economic evaluation form for energy-saving buildings, which

plays a guiding role in the evaluation of operation and maintenance costs in the later

period;
6) The establishment of rotating stair gallery includes component library,

structure library, decoration library and the corresponding construction method, which

can provide reference for the subsequent construction of similar stairs.

4.4 Conclusions to chapter 4
Taking the Green Demonstration project of China-Denmark Scientific Research

and Education Center as an example, this chapter mainly has two aspects:

(1) Focus on the value engineering in optimization stage application, with

scheme value engineering method application in green construction scheme
optimization, the results show that the construction scheme based on value engineering
optimization method fully considering the function of the whole life cycle and cost
composition, clear process, simple operation, obvious effect, can be used as green

building construction scheme optimization and selection of decision-making method.

(2) This thesis introduces the application of BIM technology in the depth

optimization stage, and then focuses on the application of BIM technology in bederless
rotating staircase. The application results show that the application of BIM technology

In rotating staircase can be:

1) Draw a reasonable construction technology and operation sequence, reduce

the construction difficulty, reduce the rework, and improve the construction efficiency
by 10%;
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2) Change the traditional construction mode, through the new technology, new

process, reduce the waste of working materials, save the construction cost of 30%;

3) Using the simulation before construction, maintenance and monitoring after

construction, stair construction in place and later operation and maintenance

monitoring, improve the safety factor of rotating stairs;

4) Provide guidance for the later operation and maintenance;

5) Knowledge accumulation, component database and construction technology

can be used for reference for similar solutions of the group.
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5 ECONOMIC PART

The final part of the master's qualification work is economic. In it, we will
consider the main indicators, namely: the novelty of the work, the level of its theoretical
development, perspective, the level of distribution of results, the possibility of

implementation, the level of commercial potential and others.

5.1Conducting a scientific audit of research work
The scientific effect can be characterized by two indicators: the degree of
scientific novelty and the level of theoretical elaboration.
The value of the indicators of the degree of novelty of research work in points
specifically for our case is given in the table. 5.1.
Table 5.1 — Indicators of the degree of novelty of research work

indicator value

Characteristics of the degree of novelty degree of novelty,
points

The degree of
novelty

New information was obtained, which significantly
reduces the uncertainty of existing values (known facts
and patterns were explained in a new way or for the first
Nova time, new concepts were introduced, the content structure 40...60
was revealed). A significant improvement, addition and
clarification of previously achieved results was carried
out

According to table 5.1. the degree of novelty of research work is k new =55

points.
The value of the indicators of the level of theoretical development of research

work in points specifically for our case is given in the table. 5.2.

Table 5.2 — Indicators of the level of theoretical development of research work

indicator value

Characteristics of the level of theoretical study theoretical level
processing, points

Deep study of the problem: multi-faceted analysis of connections,
interdependence between facts with the presence of explanations,

o o i . L 60...80
scientific systematization with the construction of a heuristic model
or complex forecast
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According to the data of table 5.2. the degree of novelty of research work is K tneory
= 75 points.

The indicator that characterizes the scientific effect is determined by the
expression:

By =06 ke Y04 Ky (5.1)

where k nov , k theor — indicators of degrees of novelty and the level of
theoretical development of research work, points;
0.6 and 0.4 — the specific weight (significance) of indicators of the degree of
novelty and the level of theoretical development of research work.
B =0.6-535+04.75=63

We compare the obtained values with the limit values given in table 5.3.

Table 5.3 — Limit values of the indicator of scientific effect

The level of the indicator has been reached Scores

Average 50...69

Having established the level of the scientific effect of the conducted research
work, it can be said that the development and its implementation are relevant at the

present time.

5.2 Conducting a commercial and technological audit of scientific and
technical development

The purpose of conducting a commercial and technological audit is to assess the
scientific and technical level and the level of commercial potential of the development
created as a result of scientific and technical activity. The development is the
implementation of BIM technologies in the implementation of energy-saving
technologies .

We engage 3 independent experts to conduct a commercial and technological

audit. We will evaluate the scientific and technical level of the development and its
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commercial potential using a five-point evaluation system based on 12 criteria,

according to the recommendations.

Table 5.4 — Results of assessment of scientific and technical level and

commercial development potential

| Experts ‘

o Expert 1 Expert 2 Expert 3

Criteria Points awarded by experts
1 3 4 4
2 4 4 3
3 4 4 4
4 3 4 4
5 3 3 3
6 4 4 3
7 4 3 3
8 4 4 3
9 4 4 3
10 3 3 4
11 4 4 3
12 3 4 4

Total points 43 45 41
Arithmetic average sum of
. CE 43
points :

Based on the data in Table 4.4, we draw a conclusion about the level of

commercial development potential. At the same time, we use the recommendations

given in table 5.5.

Table 5.5 — Levels of commercial development potential

Arithmetic mean sum of points, calculated
on the basis of experts' conclusions

Level of commercial potential
developments

0-10 Low
11-20 Below average
21 - 30 Average
31-40 Above average
41-50 High

Since the average arithmetic sum of points is 43, the level of commercial

potential of the development is high, therefore this development is realistic for its

further implementation and implementation. This level was achieved due to a significant
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reduction in resource costs and time for the process of driving piles in horticulture,
because our development helps to reduce the time for the operation. The development is
new, as the problem of sinking piles in orchards and vineyards is currently relevant.
Currently, there are a number of pile driving units on the market, but they are expensive,
SO not every company has the opportunity to purchase one. In addition, it becomes

possible to use the equipment more conveniently, based on its compact size.

5.3Calculation of costs for carrying out scientific research work

Expenses related to the conduct of scientific research, experimental design, design
and technological work, the creation of a prototype and the implementation of
production tests, during the planning, accounting and calculation of the cost of scientific
research work, are grouped under the following items:

— labor costs;

- deduction for social events;

— materials;

- fuel and energy for scientific and industrial purposes;

— expenses for business trips;

— special equipment for scientific (experimental) work;

— software for scientific (experimental) works;

- expenses for work performed by third-party enterprises, institutions, etc

organizations;

— other expenses;

— overhead (general production) costs.

5.3.1 Salary expenses
Basic salary of researchers
Expenses for the basic salary of researchers (Zo) are calculated according to the

salaries of employees, according to the formula:
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7o (5.2)
where K is the number of positions of researchers involved in the research process;
M ni - monthly salary of a specific researcher, $ ;
t i - the number of working days of a particular researcher, days;
T , - the average number of working days in a month, T ;= 21...23 days.
This development will be carried out by an engineer, the salary will be $ 1,700
per month. The number of working days in a month is 21, and the number of working

days of a researcher is 42. Let's summarize the total calculations in Table 5.6.

Table 5.6 — Salary of a researcher in a scientific institution of the budgetary

sphere
. Monthly salary, | Pay per working Number of Salary
Job title :
$ day, $ working days expenses, $
Project Manager 2500 119 5 595
Engineer 1700 81 42 3400
In total 3995

Basic wages of workers.
Expenses for the basic salary of workers (Z ) for the relevant titles of work are

calculated according to the formula:

[~ =

3, =1C ¢

LA ' (5.3)

where C iis the hourly tariff rate of a worker of the corresponding grade, for the

corresponding work performed, $ ;
t j— the worker's working time to perform a certain job, hours
The hourly tariff rate of a worker of the corresponding grade is determined by the

formula;

: (5.4)

where mwm is the amount of the minimum monthly salary of $1,700;
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K and — the coefficient of the inter-qualification ratio for setting the tariff rate for
the worker of the corresponding grade;

Ks is the minimum ratio of the monthly tariff rates of first-class workers with
normal working conditions of industrial associations and enterprises to the legally
established minimum wage .

Tp — the average number of working days in a month, approximately Tp = 21...23
days;

t shirt— shift duration, hours

Let's calculate the hourly tariff rate of a procurement operations worker:

i=%:16,69($ )
where the coefficient K sis selected from table 5.7

Table 5.7 — Minimum coefficients of ratios of monthly tariff rates of first-class

workers with normal working conditions of industrial associations and enterprises to the

legally established size of the subsistence minimum for an able-bodied person

Types of production and work, professions of workers Coefficients

Locksmiths-toolmakers and machine tools of a wide profile,
employed on the universal equipment of tool and other production
preparation shops in the manufacture of particularly accurate,
responsible and complex molds, stamps, accessories, tools,
devices and equipment; machine tools on unique equipment,
which are engaged in the production of particularly complex L8
products; locksmiths-repairers, electricians and adjusters who are
engaged in repair, adjustment and maintenance of particularly
complex universal equipment; other highly skilled workers who

perform particularly complex and unique jobs

Workers of the main and auxiliary production 1.65

Workers employed in other jobs, not directly L5
related to the main nature of the enterprise's activity '

Table 5.8 — Value of the current tariff coefficients of workers [61]

Discharge] 1 | 2 | 3 | 4 | 5 | 6 | 7 | 8
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K, 1.0 1.1 1.35 1.5 1.7 2.0 2,2 2.4

The calculations made according to expression (5.4) are listed in table 5.9.

Table 5.9 - Amount of expenses for the basic salary of workers

] . Amount of

Name of works Duration of Type of Tariff factor Hourly tariff payment per
work, hours work rate, $

worker, $
Procurement 3 2 11 16.69 50.09
Mechanical 2 3 1.35 22.54 45.08
54,64

In total 199.9

Additional wages of researchers and workers
The additional salary is calculated as 10...12% of the basic salary of researchers

and workers according to the formula:

H

3 =3, +3, ) 222
dod ( L) N, j[:'{:'%’ (55)

' dad

where Is the rate of calculation of additional wages.

At this enterprise, additional wages are calculated in the amount of 12% of the

basic wages.

12

3,00 = (3995+199,90). = 503

% T(s)

5.3.2 Deductions for social events
The article "Deductions for social measures™ includes deductions for

contributions to mandatory state social insurance and for the implementation of
measures for social protection of the population (EUV - single social contribution).

The calculation of the wages of researchers and workers is calculated as 22% of
the sum of the basic and additional wages of researchers and workers according to the

formula:
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H
(30 +3p +Saaa)' ~

3
¥ F00%% , (5.6)

where? = — rate of calculation of wages;
.+ - pasic salary of developers, $;

7 ¢ - the basic salary of workers, $:

000 _ additional wages of all developers and workers, $.

22

3, = (3295 +195,9+503 4). T =1033,68

K ()

Therefore, the calculation of wages is 1033.68 $

5.3. 3 Software for scientific (experimental) works
The article "Software for scientific (experimental) works" includes costs for the

development and purchase of special software and software (programs, algorithms,
databases) necessary for conducting research, as well as costs for their design, formation
and installation.

The book value of the software is calculated according to the formula:

k
Bnpe = !Ej Hz’npe ) Cnpe.z’ ) Kz' ’ (59)

where & - purchase price of a software tool of this type$;

Y+ _ the number of software units of the corresponding name, which were

purchased for conducting research, pcs.;

Ki s a coefficient that takes into account the installation, debugging of the
software, etc. (Ki =1.10...1.12);

k is the number of names of software tools.

Let's calculate the cost of purchasing the software

JoO00-i-1,1=3300
=i ($)

[+ o

B

npz

5.3. 4 Depreciation of equipment, software and facilities
The article "Depreciation of equipment, software and premises” includes

depreciation deductions for each type of equipment.
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In a simplified form, depreciation deductions for each type of equipment,

premises and software, etc. can be calculated according to the formula:

L, iz (5.10)
where ¢ is the balance sheet value of equipment, software, premises, etc., which were

used for conducting research, $;

e - term of use of equipment, software, premises during research, months;

T« - useful life of equipment, software, premises, etc., years.

A production facility, computers, lathes and milling machines, welding
equipment, as well as other equipment are used for scientific work.

We carry out calculations for each type of equipment and reduce them to table

5.10.
Table 5.10 — Depreciation deductions for each type of equipment
The name of the Book Useful life, Term Of use of Depreciation
equipment value, $ years the equipment, deductions, $
’ months ’
Computer 23000 5 2 766.7

5.3. 5 Fuel and energy for scientific and industrial purposes
The article "Fuel and energy for scientific and industrial purposes” includes the

costs of purchasing any fuel from third-party enterprises, institutions and organizations,
which is used for the technological purpose of conducting research.

Power losses (B;) are calculated using the formula:
Wﬂ -t K

B =

&

1

1

! ; , (5.11)

where” » _ the installed capacity of the equipment at a certain stage of development,

KW,
!i _ duration of equipment operation at the research stage, hours;

&« _ cost of 1 kwh of electricity, hryvnias; (the cost of electricity is determined

according to the data of the energy supply company);
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X ai _ the coefficient that takes into account the use of power, Kai <1,

7i _ coefficient of useful performance of the equipment, 7¢ < 1.
Let's calculate power consumption for the computer using expression (4.11):
n O 352.3,0:.0,9

5 = = 4473
=] &S %)

5.3. 6 Business trips
Expenses under the article "Business trips" are calculated as 20...25% of the

amount of the basic salary of researchers and workers according to the formula:

H
B =(3 +3 ) e
~=6.43,) 100% (5.12)

where H g, is the rate of accrual under the article "Official trips".

28 _ 835,98

00% (%)

Expenses for business trips of employees amount to 838.98 $ .

B, =(1995+1999 ). 1

5.3. 7 Other expenses
Expenses under the item "Other expenses™ are calculated as 50...100% of the

amount of the basic salary of researchers and workers according to the formula:

.
I =(3+3,) ==
d 100%6 (5.13)
where Niv jsthe accrual rate under the article "Other expenses".

I, =(1995 + 199,9)-1 90— 351694

00% " (UAH)
Other expenses amount to UAH 2,516.94.

5.3.8 Overhead (general production) costs

Expenses under the item "Overhead (general production) expenses" are calculated
as 100...150% of the amount of the basic salary of researchers and workers according to
the formula:

"
B =(3 +3 ) ‘e
=6, p)fﬂﬂ%, (5.14)
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where H is te name - the accrual rate under the article "Overhead (general

production) costs".

100 _ ladaz,i

E._.= (15782468010
) (%% (%)

Overhead costs amount to $ 16,462.1.
Costs for conducting scientific research work are calculated as the sum of all
previous cost items according to the formula:
Bia: =30+ 3p T 5900 T 50 ¥ Bupe + Aogu ¥ By T Boo 1, + By (5.15)

B,,.=3995 4100 04 503 + 1033,68 + 3300 + TA6,7 + 447 5 + 838,98 + 2516,04 + 4104 0 =17796,64 ( $ )

The costs of carrying out scientific and research work amount to 17796.64 $
The total costs of B for the completion of scientific research (scientific and

technical) work and registration of its results are calculated according to the formula:
B

= fas

T (5.16)

where m is the coefficient that characterizes the stage (stage) of the
implementation of research work. So, if the scientific and technical development is at
the stage of: scientific and research works, then n=0.1; technical design, then n=0.2;
development of design documentation, then n=0.3; technology development, then
n=0.4; development of the experimental sample, then n=0.5; development of an

industrial model, then n=0.7; implementation, then n=0.9.

5o 1779664

= 19447,04

(3)
The total costs for the completion of the scientific research work and its

registration amount to 19447.04 $ .

5.4 Assessment of the importance and scientific significance of research work
To substantiate the expediency of performing research work, a special complex
indicator is used, which takes into account the importance, effectiveness of the work,
the possibility of implementing its results into production, and the amount of work

costs.
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The complex indicator Kp of the level of research work can be calculated
according to the formula:
_I*T.-R
7 Bt (5.17)

where 1" is the coefficient of importance of work, 1" = 2...5;

K

n — coefficient of utilization of work results; n = 0, when the work results will not
be used; n = 1, when the work results will be partially used; n = 2, when the results of
the work will be used in research and development; n = 3, when the results can be used

even without R&D:;

T Tu=1.73.

work complexity factor, ;

R — coefficient of work efficiency; if the work results are planned above the
known ones, then R = 4; if the work results correspond to the known level, then R = 3; if
below the known results, then R = 1;

B — cost of research work, thousand $;

t is the time of the research, years.

3
»= &: 0,075
19774,04 -1
Research work can be considered quite effective with good scientific, technical

and economic levels.

5.5 Calculation of the economic efficiency of scientific and technical
development for its possible commercialization by a potential investor

Analyzing the directions of scientific and technical development, calculating the
economic efficiency of scientific and technical development, we obtained a situation
that fully characterizes our work and is called: development or significant improvement
of a machine (mechanism, device, device) for use by end consumers.

In this case, the future economic effect will be formed on the basis of the
following data: 4 - an increase in the number of consumers of the device, in the
analyzed time periods, from the improvement of its certain characteristics; N - the

number of consumers who used a similar device in the year before the implementation
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of the results of a new scientific and technical development; 4'¢ _ the cost of the device

(machine, mechanism) in the year before the implementation of the development

results; * 440 change in the cost of the device (increase or decrease) from the
implementation of the results of scientific and technical development in the analyzed

time periods.

For our case, the potential increase in net profit of a potential investor 475 for
each of the years during which positive results are expected from the possible
implementation and commercialization of scientific and technical development is
calculated according to the formula:

AIT, =(':|:.£IHL,-N+£{G-£IN;II.-A-}O-[I—S—]
s (5.18)

where * 45 is the change in the main qualitative indicator from the implementation of
the results of scientific and technical development in the analyzed year. Usually, such an

indicator can be a change in the price of a unit of a new development in the analyzed

year (relative to the year before the implementation of this development); * 48, can
have both a positive and a negative value (negative - when the price decreases relative
to the year before the implementation of this development, positive - when the price
increases);

N is the main quantitative indicator that determines the amount of demand for
similar or similar developments in the year before the implementation of the results of a

new scientific and technical development;

Ho. the main qualitative indicator that determines the price of the
implementation of a new scientific and technical development in the analyzed year,
4, =4t al,.

He_ the main qualitative indicator, which determines the price of the
implementation of the existing (basic) scientific and technical development in the year
before the implementation of the results;

AN _ change in the main quantitative indicator from the implementation of the

results of scientific and technical development in the analyzed year. Usually, such an
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indicator can be an increase in demand for scientific and technical development in the
analyzed year (relative to the year before the implementation of this development);

A is a coefficient that takes into account the payment of value added tax by a
potential investor. In 2022, the value added tax rate is 20%, and the coefficient
2=0.8333;

p is a coefficient that takes into account the profitability of an innovative product
(service). It is recommended to take p = 0.2...0.5;

9 is the rate of income tax to be paid by a potential investor in 2022 3 =18%.

With an optimistic forecast of BIM application technology in the design of an
energy-saving facility is $ 48,000 .

Implementation of the project will increase the price of each project by $ 2,000 ,
taking into account the demand and prices of competitors. It is also predicted that the
demand for this product will increase, as this product differs in quality and mobility
from the competition.

Demand will increase in the first year by 50 projects, in the next year by 20, and
in the third year by another 10 projects.

The coefficient that takes into account the profitability of the product is equal to
0.3.

So, let's calculate the increase in the company's net profit for 2023-2025:

. . i&
Al 005 = |60- 2000+ 48000+ 2000)- 50)- 0,8333-0,3- (i - E?] = 53707851

_ | | 18
AT, 20 = (60~ 2000+(48000+ 2000)- (50+20))- 0,.8333- 0,3 [} - ;_.:J.::J = 74207032

| 18
AT, 405 = (60~ 2000+(48000+ 2000)- (50+20+10))- 0,8333- 0,3 (i - ﬁ]] = 84456622

Next, we calculate the present value of the increase in all the net profits of the PE
that a potential investor can receive from the possible implementation and
commercialization of scientific and technical development:

r ;
=7 - ﬂﬂr’?
!‘J’I.j‘i‘f; , (519)
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where “#i - the increase in net profit in each of the years during which the results of
the implementation of scientific and technical development are revealed, $;

T is the time period during which positive results are expected from the
implementation and commercialization of scientific and technical development, years;

1 1s the discount rate at which the annual forecast can be taken
inflation rate in the country, t = 0.05...0.25;

t is the period of time (in years) from the moment of the introduction of scientific
and technical development to the moment when the potential investor receives
additional net profits this year.

The period of time during which the results of the implementation of the NDR are
revealed is 2 years. The projected annual inflation rate is 0.25.

Let's calculate the present value of all net profits according to the formula (5.19):

53707851 +?42@?a3§ +34455@25= 1069604
(1+025F (1+025F (i+025) )

1=

We calculate the amount of initial investment PV, which a potential investor must
invest for the implementation and commercialization of scientific and technical
development. For this, you can use the formula:

PV =ty B (5.20)

k

where “=¢js the coefficient that takes into account the investor's costs for the

implementation of scientific and technical development and its commercialization,

usually ®=< = 2% but it can be higher;
B — general expenses for carrying out scientific and technical development and
registration of its results, hryvnias.

FF=5.10774 04 = 95870, 22 ( $)

E

Then the absolute economic effect ~<#= or net reduced income from the possible

implementation and commercialization of scientific and technical development will be:

Eoo= I =PV (5.21)
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where PP is the present value of the growth of all net profits from the possible
implementation and commercialization of scientific and technical development, $;

PV is the present value of initial investments, $.
E .= 1069604 6 — 0887022 = 070734 4 $)

Since Eﬂﬁﬂ}'ﬂ, it means that the result of scientific research and its

implementation will bring profit, i.e. investing funds for the implementation and
implementation of the results of scientific work may be appropriate and the investor will

be interested in financing this work.

The internal economic return on investments £ « that can be invested is calculated

g, =T+ Zate
P (5.22)

according to the formula:

where £ = is the absolute economic effect of investments, $;

PV — present value of initial investments, $;

T x - the life cycle of a scientific and technical development, i.e. the time from

the beginning of its development to the end of obtaining positive results from its

70734.4
=41+ — —1=10,8136
SEET,ZZ

The minimum internal economic rate of return on investments © = is determined

implementation, years.

by the formula:

Tm’:!:d-l_f’ (523)
where d is the weighted average rate for deposit transactions in commercial banks; in
2020-2022 d = 0.9...0.12;

f is an indicator characterizing the riskiness of investment; usually the value f =

0.05...0.5, but it can be much higher.
T, =02+03=03
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Value %« ? Twn then a potential investor may be interested in financing the

implementation of scientific and technical development and bringing it to the market,
that is, in its commercialization.

Next, we calculate the investment payback period using the expression

Tox = i
£ (5.24)

where £ < is the internal economic rate of return on investments.

T=1

=122
o 0,8136

Since T <4

-x years, the financing of the development will be expedient.

5.6 Conclusions to chapter 5

In this section, a commercial and technological audit of scientific research work
was conducted. The calculation of labor costs, social measures, software, depreciation
deductions, fuel and electricity, business trips and other expenses was also carried out.
The final stage of the chapter assessed the importance and scientific significance of the
research development, calculated the economic efficiency of the scientific work for its

possible commercialization by a potential investor.



TOTAL CONCLUSIONS

With the deepening of green energy-saving construction concept in the
construction project, put forward higher requirements for construction management: in
the process of green energy-saving construction, need to construct each link of
scientific, effective management, and should fully attention to the enterprise economy,
technological innovation and promotion, so as to better promote the development of
construction industry, make green energy-saving construction to comprehensive
popularization in construction engineering, to ensure that the construction industry to
achieve economic benefit and social benefit win-win situation. How to summarize the
connection and difference between green construction and traditional building
construction for green building, and find the key problems of green construction; make
special planning of green construction organization, make overall planning, and
optimize green building construction are the problems to be concerned in green energy-

saving building construction.

Research conclusions and innovation points
On the basis of sufficient literature research and interviews with industry experts,

combined with historical project experience, and on the premise of considering the
correlation relationship, this thesis makes an in-depth analysis of the problems faced by
green construction, in order to meet the needs of green construction, and use new
technologies and methods to improve the green construction process and scheme
selection. The research done on the above objectives can be summarized as the
following points:

(1)From the concept of green building and green building construction,
summarizes the current domestic and foreign in green construction management
research and practice, found that the current domestic of green construction
management research and practice in the traditional project management has a certain
basis, the whole life cycle and sustainable development ideas applied to the construction

of green engineering, but the focus is one-sided, just focus on part of the key work, not
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a set of system for green special construction management mode, for the practical
guidance is not strong.

(2)Combined with literature analysis and case study, the current deficiencies of
green construction are summarized, and then compare the similarities and differences
between traditional construction and green construction, comb the characteristics of
green construction, and then combine LEED from the characteristics (Leadership in
Energy and Environmental Design) and the Ministry of Construction "Green
Construction Guidelines” and other standards and construction cases sorted out the
focus of green construction work.

(3) Considering that the current green building construction does not match the
needs of green building, starting from the characteristics of green construction and the
requirements of green construction certification, the optimization of the preliminary
design and the deepening of the design after the construction, and the construction is
extended to the operation and maintenance stage.

(4)Optimization and selection of construction scheme based on value engineering,
and deep optimization of BIM scheme on the basis of optimization.

(5)Chapter 5 takes the actual green and energy-saving building as an example,
introducing BIM and value engineering in the project practical application. The example
verification results show that the new technology BIM in green construction can play a
good role in the whole life period; using ANP method to determine the function
coefficient of value analysis can reflect the correlation of functional indicators and easy
to operate and popularize, and has good guiding significance for the function evaluation
of green construction scheme,

To sum up, based on the characteristics of green construction, the BIM and value
engineering optimization selection process applied to the key issues of green
construction can optimize the green energy-saving building construction, which can
provide new ideas and methods for the demonstration and promotion of green
construction.

Can be seen from the research ideas of this thesis, from the characteristics of

green construction and green construction certification requirements, on the basis of the
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preliminary design after the scheme design and construction, and extend the
construction to the operation and maintenance stage, is a big innovation of this epyimi,
the first using the scheme selection and optimization process and results to persuade
party a and designer, can be used as the basis for change the scheme, and through the
optimization of the scheme and B | M application increased the implementation of the
project. In addition, considering the relevance of the functional index in value
engineering, and calculating the weight of the index is the innovative point of research.
At present, most of the functional indicators are used to determine the relationship, and
the correlation relationship between indicators is not considered. However, in reality,
there are many indicators and the relationship is complex, so a better model is needed.
The actual scheme selection needs to consider the correlation between indicators, so the
introduction of ANP algorithm in the functional analysis can well consider the
correlation between functional indicators, and get the weight of more practical
functional indicators.

The research background of this thesis is the construction of green and energy-
saving buildings in China. After all, the research based on the special mode of green
building engineering and the relationship between stakeholders has certain industry
limitations. Therefore, whether it can be widely used in all infrastructure construction
projects is a subject for further discussion and research.

Through continuous verification and correction, the optimization of the green
construction process proposed in this thesis can be improved, so that it can be applied to
more infrastructure construction projects, can be promoted and applied in green
building construction projects, and also provide new ideas and methods for the research

of green construction.
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