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Abstract: The main work of this paper aims at the existing defects of the theory and practice of domestic engineering pro-
ject cost management and its deficiencies, and based on a correct understanding of the project cost concept, sets up the
theoretical system of project cost management science and project operation cost management method. This paper analyz-
es the project organization mode of the engineering industry’s current situation, lack of integrated management mode and
the ways of implementing the management ideas and computer integrated manufacturing management methods, which are
applied to engineering project management. It further puts forward the concept of an integrated management model inte-
grating the three parts of engineering project management thought, constructed by the project life cycle management fac-

tors.
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1. INTRODUCTION

Project management is a very important part of the whole
management field. Compared with the general project man-
agement, enterprise management has its own characteristics
[1]. The general target of enterprise management is all kinds
of enterprises in the relatively controlled and repeated pro-
cess of production and business activities. However, the tar-
get of project management is usually a one-time occurrence
of projects and project implementation in a variety of pro-
cess activities [2-4]. The project is not repeated, environmen-
tal conditions of uncertainty, the project activity, the com-
plexity of the whole project life cycle, risk factors and other
characteristics, make the project management more and more
challenging. Especially in recent years with the rise and de-
velopment of software engineering, construction engineering
and other engineering fields, research on construction project
management has attracted more and more attention, and
hence project management is becoming one of the important
research fields [5].

Project cost management is a very important aspect of
project management. Project cost management will have a
direct impact on the overall project management level and
results. Project management practice requires the guidance
of scientific methods of project cost management. Because
project cost management covers many different aspects of
enterprise management such as financial and cost account-
ing, and general management, therefore, general financial
management, accounting methods and cost control methods
can not be applied directly to the project cost management.
Thus, in some developed countries, people investigate
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the characteristics of the project management theory and
research methods specifically for project cost management
(6, 7].

According to the general definition of the project, a pro-
ject is just a series of tasks undertaken by a team [8]. The
end result of the project may be a facility, such as automo-
bile manufacturing, roads, power plants. It can be said to be
a fixed asset, so the result is an investment. It is easy to think
that the project is a phenomenon of investment. However,
because project task is only part of the investment process,
so the project can not be equated with the investment of the
whole process [9]. Investment process can be used as an in-
vestment project to manage the use of project resources. Pro-
ject management should have a content of project cost man-
agement, but should not be under the conditions of invest-
ment management concepts such as control. If investment
project management methods are not used, they may be iden-
tified in the process of the investment management, man-
agement control and the like, which is not a problem. How-
ever, the same can not be happened in the case of project
management [10, 11].

In view of the selection of theoretical problems in the
project cost management, this paper tries to explain why and
how the project cost management must have a theoretical
basis from project management point of view, in order to
study the science of project cost management system. This
paper introduces the concept of internal integration projects,
and noted that integration and lifecycle management ele-
ments are integrated within the thinking which is reflected in
the time dimension and elements of project management,
integrated for the entire life cycle. This paper discusses the
characteristics of the basic model and integrated manage-
ment elements for implementation. Given the elements of an
integrated model of project management, life cycle of a pro-
ject has been divided into different processes which respec-
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tively fall into following five phases: starting stage of the
process, the planning process, the implementation process,
phase control process, and the end stage of the process. This
paper discusses the project integrated management in the
form of analysis of an organization network to highlight the
virtual organization’s project management’s superiority over
the integrated management.

2. RELATED THEORY
2.1. The Research Status

Knowledge of the project cost management gradually es-
tablished and deepened and productivity in the management
of scientific theory increased with the advancement of time
[12]. Home construction cost management from the initial
project cost control, has been developed into a large infra-
structure project cost management such as the Three Gorges
Dam Project. For such a project cost management, people
have experienced years of continuous learning, and constant-
ly summed up their experiences, continuous exploration and
innovation process. And today, people are still doing tireless
efforts for the continuation of this process, so that the theory
project cost management and its methods can continue to
progress and develop, in order to meet the growing needs of
human society [13, 14].

From the 1970s to the 1980s, countries have launched
their own cost engineer qualification certification work,
which requires that the cost engineer or quantity surveyor
must complete professional courses and training for basic
education and experience requirements. These played an
important role in promoting and development of discipline of
project cost management [15].

2.2. The Research Object and Hypothesis

Project implies requesting the parties to produce the de-
sired results and assume an effort. You may either chose to
design a project, or just do construction, or it can be a com-
bination of both. The project is not just the design, or con-
struction, or just a combination of both, because the project
management method has been designed not only for both
projects, but is also applicable for the design and construc-
tion of the project of the project portfolio.
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Fig. (1). Unforeseen expenses and profit composition.

The contract price of the project by the contractor such as
direct costs, indirect costs, unforeseen expenses and profit
composition, are shown in Fig. (1). According to the theoret-
ical definition, the direct costs, indirect costs, unforeseen
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expenses belong to the project cost. In the text, if not specifi-
cally stated, the direct costs are the actual project cost. Only
this definition is able to meet the conditions of project cost
management. Project cost management is an integral part of
project management in order to control costs provided in the
budget cost estimates undertaken to develop cost estimates
and cost control management.

2.3. Related Theory of Cost Estimation

Expression of total cost: using the basic cumulative aver-
age cost function, the total cost of production of X units is
calculated as follows:

Ve =ax'™ (1)

Expression of unit costs: calculating the unit cost of pro-
duction of the X units by product type:

Yue = ax™ —a(x-1)"" 2

Expression of marginal cost: the calculation of the mar-
ginal cost of production of the X units by product type:

Yuc = d(ch)/dx = (1_b)(axib) (3)

The total cost (TC) function of the growth rate can be de-
fined as the incremental unit cost for a certain period of time,
then the unit cost function becomes:

Yy (x)=d(TC)/ d(x)=(1-b)(a)(x") *)

For most calculations and regression analysis, the units of
intermediate model requirements were used to determine the
middle unit, usually for a production batch computing inter-
mediate units, in order to be able to obtain the estimated av-
erage cost. Unit cost substantially the average cost of a batch
is determined for the batch of intermediate units, so the esti-
mated average cost of a previous batch only need from a
middle unit to obtain another intermediate unit’s estimated
unit cost. In a given batch, if X2 is a batch at the end of the
volume, X1 is a batch at the beginning of the volume, then
batch total cost (using the cumulative cost calculation formu-
la) and unit cost will be obtained as follows:

Yre = (a)(leib) - (a)(x;ib) (5)
Yue = (1= b)(a)(xib) (6)

3. FRAMEWORK CONSTRUCTION OF COST MAN-
AGEMENT SYSTEM

3.1. Estimation Techniques

According to the project development stages, a project
needs accurate time and cost estimates. From the initial esti-
mates to entering the construction phase of each design
stage, Fig. (2) shows the characteristics of estimate that run
through the whole process of project. Preliminary estimates
initially form the basis for all later estimations and compari-
sons. The later estimates are generally consistent with the
initial estimate of expectations (which is equal to or less
than). However, many a times the final project cost is more
than the initial estimate.
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Fig. (2). The characteristics of estimate that runs through the whole process of project.
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Fig. (3). The cost yield curve of some production unit of a chemical plant.

For a construction project cost estimation, early accurate
estimate is very important for the owner and the design team.
For the owner, early cost estimates are often used in the im-
plementation of enterprise assets expansion strategy, basic
screening potential projects, the preservation of resources for
future project development and decision making. Inaccurate
early estimation will lead to the loss of opportunity, waste,
reduce the development effort and expected return.

Because the early estimation is one of the key project pa-
rameters, so it is important for the project team. It helps in
the implementation strategy, and provides the basis for the
design and construction plans. In a project from the design
development to the construction, early estimation is often
cited as a reference to recognize the change. In addition, per-
formance of the project team and the entire project's results
are usually judged by comparing with the early cost and final
cost estimation.

3.2. Cost Budget

The yield curve. These curves are used to formulate the
cost data estimation of the completed work for feedback and

update. This information has been standardized for a certain
place, and as of a specific range of time, such as in a particu-
lar year December is presented as a benchmark.

Cost estimation: To estimate the cost, first find yield po-
sition at the level of X axis, and then make a linear curve
supported by the obtained intersection, and then make a hor-
izontal straight line intersecting the Y axis. The curve that
gives the total construction cost, can be adjusted to now or at
some point in the future, and can be further adjusted to re-
flect other geographical position.

For example, Fig. (3) shows the cost of some production
unit of a chemical plant obtained through the yield curve.

3.3. Cost Management System

Fig. (4) illustrates that a complete project integrated
management system of a project’s life cycle constituting
three parts integrated elements of integration and external.

The whole project life cycle and phases of integration re-
fer to the engineering project integrated management that
will be implemented for the entire cycle from design to con-
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Fig. (4). The project integration management of project life cycle integrated by three parts integrated elements.

struction operation plan decision after the last evaluation
through the exchange of information between each link and
stage, and fully is integrated as a whole so that the infor-
mation can be accurately and fully transferred to each partic-
ipating stage and an effective communication can be carried
out and cooperation achieved in various stages of the project.

A project has objectives such as timeframe, quality, cost,
range, human resource, risk, communication, influence and
restricting the management. The project integrated manage-
ment is the process of implementation of these project objec-
tives and elements following an overall planning and consid-
eration, in order to achieve the optimization of the overall
project. It can be seen that between the two elements of the
whole integrated project, i.e. its life cycle integration and
management integration, the former is based on the time
dimension, whereas the latter is based on the management
dimension.

3.4. Estimation of the Basic Premise

Project scope definition degree is one of the key prob-
lems that must be solved as soon as possible, because the
estimation accuracy depends on the definition of project
scope. The user must provide accurate and detailed estima-
tion to a desired degree. To estimate, the team must be with
the user in making the estimates who will clearly communi-
cate them, users must also be provided with specified re-
quirements of the estimate, and the team should be submit-
ted the content that will provide basis for the decisions made.
The key problems of the early estimation is shown in Table
1.

Table 1. Early estimates compiled key issues.

1. How to define the scope of the project in detail?
2. What users want and the level of detail in precise meaning?
3. What is the content of this effort by submitting a request?

4. What is the basis of this estimate to make decisions?

Estimation of the user and the team held a startup that
will provide the estimating team a user-related information
exchange to meet these project expectations. After the start
meeting progress according to the schedule, regular meetings
will ensure continuous correction of the estimation process.

To help find out the problems to be solved and put them
into files, project management should launch an open com-
munication between the user and the team. The user's early
intervention reduces the possibility of conflict raised due to
the team issued instructions and guidance. Directional issues
need collaborative efforts between a team and users.

Although the range of the definition of good estimation is
important, but the project team's ability and experience as
well as the estimation procedure also play important roles.
Fig. (5) shows an early project scope definition with a low
degree of importance given to the team participation allowed
project estimation. Business units must rely on early accurate
estimation based on the team's experience and ability, be-
cause in the early project scope definition, the degree is low
and often poorly defined. Quantity surveyor has to rely on
the limited scope definition and has been engaged with the
user communicating the scope definition degree for budget-
ing.

High Estimation
Accuracy
Affect team's
ability and
estimation The extent
procedures of scope
definition
Low

Program Start Program End

Fig. (5). Definition with a low degree of importance of team partic-
ipation allowed project estimation.

4. EXPERIMENTAL RESULTS

4.1. Engineering Project Management System Frame-
work

As shown in Fig. (6), the virtual organization’s network
structure and the project integrated information system are
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Fig. (6). The project life cycle integrated management system.

Table 2.

Information Technology Equipment suppliers

Gperate

The parties involved:
Owner

Ask the Experts
Designers

Engineer

Contract system
Contractor

Raw material suppliers

The execution phase of the integrated project management elements and project management activities.

Project Management Elements

Project Management Activities

1. Scope No
2. Duration No
3. Cost No
4. Quality 1. Quality assurance: regularly evaluate all projects, ensuring projects meet the relevant quality standards.
5 Human 1. Team Building: Developing individual and team skills in order to improve the level of implementation of the

project work.

6. Information Communication

1. Information transfer: the project involves staff regularly to deliver the information they need.

the two cornerstones for the implementation of the project
integrated management. For the project organization structu-
re and project implementation related issues, a network is
set up through the project contract integration management
system. To ensure the efficiency of a project’s organization
established by the project integrated management of virtual
organization’s network structure and information integration
system, the project will focus on the engineering project’s
whole life cycle service.

The complexity of the engineering project management is
due to dealing with large amounts of data and information
related to the management process, query and communica-
tion. Because each project participant has been assigned
based on their professional knowledge as a base to provide
services, there is a clear division of labor, so, there is a need
for close cooperation. To give full play to the professional
knowledge of the participating parties, there is a need to have
an integrated information system to ensure that the parties
could obtain the needed information smoothly, and thus can
make scientific decisions. Therefore, in order to take full
advantages of the virtual organization’s network structure, it
needs to have an integrated information system as a fast and
efficient management tool.

4.2. The Project Contract Mode

The coexistence of multi project management elements
phenomenon also exists at the stage of the implementation
process, see Table 2.

4.3. Phases of a Project

With a project that the owners like to have since the be-
ginning, through the design development to the end of con-
struction, it has always been in a continuous state of change.
Fig. (7) shows the various stages of a project life cycle. With
the project advancement from one stage to another, more
participants to join, and to get more and better results deter-
mine the scope, budget and schedule the information. In ob-
taining approval for the subsequent stages of the project, the
initial stages have to be completed. In each stage, making all
the work to be kept within the approved scope, budgeting
and schedule planning is the responsibility of the project
manager.

4.4. The Feasibility Study

Experienced managers agree that in order to achieve sav-
ings and reduce the change time, it has to be designed initial-
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Fig. (7). The various stages of a project life cycle.
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ly at the startup of a project, rather than when the construc-
tion begins. This idea is shown in Fig. (8).

CONCLUSION

Project cost management is not only a part of engineering
project management, but also necessary for the project man-
agement theory and practice in some conditions. However,
space constraints and other reasons this topic has not been
discussed sufficiently, detailing all the project management
problems. The prerequisites for the engineering project cost
management include: Project definition, the responsibility of
the parties, the characteristics of project management, basic
requirements of project management, the project manager's

I ng design] materials |

work
| procurement,

task, project organization, project contracts, project feasibil-
ity study, the owners, the owners need and project objec-
tives, project scope definition, project strategy, design com-
panies and construction contractor selection.
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