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ABSTRACT

With the development of China's economic, accelerating the progress of urbanization,
more and more municipal works appeared in cities. Different with general civil
engineering the public works construction site in the city. Due to the special nature of
construction sites, the duration of municipal construction were affected by a variety of
reasons. Due to municipal engineering are in the city center, its duration are particularly
vulnerable to attention from the government, media and nearby residents. This article
will be through a case study of planned duration in Beijing to discuss the progress of
municipal engineering municipal engineering problems.

Construction scheduling problem belongs to project management. There are three
project management constraint which is time, cost and quality. Project management as a
science from the 1950s. Project management has evolved from the initial Gantt chart to
computer-mediated simulation methods. This article will discuss the most suitable
scheduling method now through the development of project management.

By comparing the three methods, the two simulation methods are very suitable for
scheduling problems in the municipal engineering. But because the study is relatively
simple and not complicated, the results of this study cannot be used in large-scale
municipal projects.
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CHAPTER 1-INTRODUCTION

1.1 Background

With the development of economic, the process of urbanisation is also accelerating in
the world. This feature is particularly evident in developing countries. However, due to
the process of urbanisation driven by a lot of people to the cities, the burden of city is
increasingly heavy. The acceleration of urbanisation is became the main challenge in
the world (United Nations Human Settlements Programme, 2013).

China, the world’s most populous country, plays an important role in the urbanisation of
the world. Since the implementation of reform and opening-up policy, China’s
urbanisation process and urban construction has entered a stage of accelerated
development (Fang, 2009). The urban population increased from 172.45 million to
749.16 million between 1978 and 2014. During this period, the proportion of urban
population grew from 17.92% to 54.77% (National Bureau of Statistics of China, 2015).
The migration of the population not only led to economic growth but also to promote
the urban construction. It is clearly to seen the point from the change of built-up area.
The Chinese built-up area from 7,438 square kilometers in 1981 expended to 184,099
square kilometers in 2014 (Fang, 2009). In the other words, China has made great
achievement in terms of urbanisation during the past thirty years.

Beijing as the capital is the political, economic and cultural centre of China. Absolutely,
it plays an important role in the process of reform and opening-up during the past thirty
years. Especially, the built-up area of Beijing has significant expansion, form the 19,264
square kilometers in 1995 to 49,773 square kilometers. The built-up area is generally
regarded as that consists of developed area, gross building area and illuminated section
(Office for National Statistics, 2013). The increase in build-up area will cause an

increase in the amount of municipal engineering.

Urbanisation development will inevitably bring about the development of municipal
engineering, which as can be seen from the name, are the city-based works. This kind of
projects have benefits on improving the living conditions of residents with regard to

entertainment (He et al, 2013). Due to the construction sites are mainly in the centre of
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city, the construction conditions are more complex than general civil engineering.
Especially, the site of municipal engineering is in Beijing. It means that there are more
uncertainties and risks in the municipal engineering. All of the risks would possibly
extend the project duration. Municipal engineering is closely related to the residents’
lives. So a good project management of municipal engineering helps to reduce the

impacts of residents’ daily lives.

With regard to the Beijing municipal engineering, there are three main types of risks on
construction sites. First of all, environment problem is one of the risks. For instance, the
construction would be required to cease if it makes pollutions such as create much more
dust on the sire. Moreover, the urban policies of traffic in Beijing are special, the
engineering trucks are not allow entering city during the day time. Therefore, in some
cases, some works such as concrete work might be carried out on night. It is another
risk of duration extension. The third type of risks is that sometimes compensation of
property owners would be a controversial issue which would also affect the project

duration.

There are many activities in a construction project. Scheduling construction activity is a
basic method to cut down the duration. Critical Path Method (CPM) and Project
Evaluation and Review Technique (PERT) currently are the main methods used in

schedule construction activities.

The deterministic and stochastic are two basic models for scheduling. The purely
deterministic method for scheduling is CPM. This is because the definition of all
activities' duration, relevance and logical destination is the premise CPM is calculated
using the longest path of planned activities on the logical end of the project. The critical
activities are which on the longest path, their float can change the project duration
(Morgan & Kelly, 1959).

There are several stochastic methods of which PERT in one of them. The PERT can be
used when the logic relation is known and the duration is unknown. The mothed is
through determine the optimistic duration, the pessimistic duration and the most likely
duration to calculate the activities duration. The activity duration is always considered

to be obey the normal distribution (Malcom, 1959).

In fact, the duration is uncertain, so every path could be the critical path (EImaghraby,
2000). And in actual project, there are often more than two critical path (Zhoufu, et al.,
2



2002). So, it is necessary for research the scheduling to use simulation. (Wang, et al.,
2004)

The fuzzy mathematics and Monte Carlo simulation are the two approach to estimate

the each activity duration.

From the above paragraph, it is apparent that many researchers have carried out studies
relating to use PERT to manage construction project. Many of these studies are,
however, focus on general civil engineering. For the municipal engineering the

emergency and risk is more and complicated.

This research will add the special factor of municipal engineering use the fuzzy
mathematics and Monte Carlo simulation to estimate the each activity duration and the

project duration.

1.2 Statement of problem

There are more and more municipal engineering will be built in the urban city in China,
with the urbanization process. And the municipal engineering the emergency and risk is

more and complicated.

For the Chinese municipal engineering, there are three main type risk on the
construction site. First of all, the risk is one hot issue Environmental Problem. For
instance, the construction must be cease if there are much more fog in the site.
Meanwhile, the urban policy of traffic is very special, the engineering car is not allow in
city in the day time. It is mean that some work like concrete work must be working on
the night. And many times some owner of land required more acquisition to hinder

construction work.

1.3 Aim and objective

131 Aim

The aim is for using the modern stochastic approach of estimation for scheduling

construction activities on Chinese municipal engineering projects.



1.3.2 Obijectives

a. Give a clear understanding the problems to construction schedule on Chinese
municipal project.

b. Analyse all the risk factors affecting the construction time on municipal project.

c. Review all the different methods available for time estimation of activities on
construction project.

d. Select the stochastic approaches that will be suitable for implementation in

Chinese municipal engineering

1.4 Methodology

The main method is based on the classical the CPM and the PERT to manage the civil
engineering. Through the modern stochastic approaches like fuzzy mathematics and
Monte Carlo to simulate the duration for reducing the mistake.

1.5 Structure of the dissertation

This dissertation primarily consists of five parts. The main content of each chapter

could be present as below:

Chapter one will introduce the whole structure of the article and give a reason of the
topic choosing and the social significance of this subject. The aim and objective,
methodology and the scope of the study also will be listed. In other word, this chapter is
a brief description of the dissertation.

The second chapter is focus on literature review. It is divided in to two parts. First
section will introduce some important concept of Critical Path Method and Project
Evaluation and Review Technique, and the second section will detail explain the fuzzy

mathematics and Monte Carlo simulation.

The next chapter will review the quantitative research methods. It is based on the fuzzy
mathematics and Monte Carlo simulation module to analysis the PERT network. And
compare the two modern stochastic approaches.



In chapter four, I will choose one Chinese municipal construction project to research the
modern stochastic approach apply to actual construction engineering. And compare the

traditional research by the duration.



CHAPTER 2-LITERATURE REVIEW

2.1 Introduction

Management is accompanied by human activity has always exist. From the family unit to
community units, the management object is increasing. Accompanied by this, the method of
management is changing. Among the many management method, the project management is
most popular (Sireesha, 2010). And the tool of project management has many kind of, like
Critical Path Method (CPM), the Program Evaluation and Review Technique (PERT), Monte
Carlo and Fuzzy. All of them will be discuss in this chapter.

2.1.1 Overview of Beijing Municipal Project

According to the General Planning of city of Beijing, the Beijing Municipal Project refer to in
accordance with urban and rural planning, provide paid or unpaid public facilities, services,
and equipment for residents, and belong to a range of government responsibilities and
obligations. So the Beijing municipal project is belong to infrastructure and include building,
viaducts, subways, light rail, plumbing, lighting, urban roads and so on (Beijing Municipal
People’s Government, 2004). For the strategy, Beijing municipal engineering is the city’s
survival and development of fundamental, is the important basis for the city function
orientation and the city’s comprehensive competitiveness. With the rapid development of
national economy and the gradual acceleration of urbanisation, the region has become the
most important city construction by improving the level of people’s livelihood and other
aspects of the environment (Wang, 2004). Especially the China’s 13th five-year plan propose
to strengthen the role of the Beijing as the Chinese center. Different with general civil
engineering, the Beijing municipal infrastructure itself has a huge investment, long
construction duration, the relevant technical specifications imperfect, the margin error
between local standards and national standards, the degree of difficulty of construction large
construction unstable conditions and other characteristics. All of this characteristics are likely
to cause difficulties in construction management and information management, low

efficiency, increasing project cost, schedule delays and other issues.



2.1.2 The problems of Beijing Municipal Engineering

Most of Beijing’s municipal basic transformation within the built-up area, some still in the
downtown. Particular location of Beijing municipal project is easy to cause the civil
engineering problems like quality issue, budget issue and schedule delays. As China’s most
populous city, every Beijing’s municipal engineering will affect the residents’ daily live. One
of the most concerned issues is the schedule delays, it will cause great dissatisfaction of the
masses. So this dissertation’s object is the construction schedule delay of Beijing municipal

engineering.

2.1.3 The factors of Municipal Construction delay

Like most civil engineering, there are many factors which affect municipal engineering
schedule delay. Some of them are design factors, demolition factor, the degree of
coordination with other construction units, and the problem of the construction company

itself (Canadian Home Builder’s Association, 2010).
Design factor

On the design stage, there always are some error on the design drawing or the designer is not
accurate enough to consider the change of the construction site. It is often leads the
construction units to modify the design drawing which often lead to construction delays even

shut down.
Demolition factor

Demolition always impact on the duration of municipal engineering. Part of municipal
construction will start before the end of the ground attachments demolition, this will result
the demolition need to do during construction and lead to municipal engineering’s progress is
slow. And municipal engineering involve many plumbing engineering which have unforeseen

obstacles underground need to deal with by time-consuming.
The degree of coordination with other construction units

Municipal engineering is a systematic project, in addition to the construction unit itself, there

are water, electricity, gas, heat, communications and other companies to participate municipal



engineering. Any of the corporation make mistake will result in wasting resources and

schedule delays.
The problem of the construction company itself.

Many construction companies do not have the ability to complete the project, such as do not
have enough staff, resources and equipment. The management level of construction units is

inadequate throughout the construction process.

Due to the municipal engineering is a systematic project and presence of a large number of
actual uncertainty problem in construction process, this dissertation choice the project

management as the theoretical basis.

2.2 The theoretical basis

2.2.1 The project management

Generally, project management is considered as an independent scientific rather than general
management due to the object of project management is project. Project is a kind of economic
activity of human society, in order to create a specific product or service for a one-time event.
So as long as it is the creation of a particular product or service activities are belongs to the

category of the project.
2.2.1.1 The definition of project

Project comes from the differentiation of human organized activities. Stand on a different
point of view, the understanding of the concept of the project is not the same, it is generally
believed that the project are interconnected one-time tasks under the given constraints of
resource and requirements for a particular purpose (Burke, 2001). People's understanding of

project is different, so the definition of project is varied.

According to the Association of Project Management (APM), the definition of project is “A
unique, transient endeavour undertaken to achieve planned objectives” (APM, 2006). And for
Project Management Institute, the project is described as “It’s a temporary endeavour
undertaken to create a unique product, service or result” (PMI, 2008). Both of two definition

mentioned the temporary. It is means that every project has a clearly beginning and a clearly



end. So the start and finish time need to define clearly. And a project is unique means it
cannot be deal with by rely on conventional manner. It need a particular set of operations
designed to accomplish a special goal. So the composition of project team is more complex

and specialised than general team and often requires experts in various fields.
2.2.1.2 The basic characteristics of project

Project has the following basic characteristics that can be seen from the definition of project
(Bakouros, 2000).

1. One-time

This is the biggest difference between projects and routine tasks. The project will be

terminated when reaching a certain goal.
2. Uniqueness

The product, service, or task of the project is not done before, it is unique.
3. Lifecycle

Project has life cycle. The project team will be built at the beginning of the project. During
the project execution, the project team members and function are constantly changing, and at

the end of the project, team will be disbanded.
4. The dependencies and conflict

There are more than one organisation involved in the project, they are combined through
contracts, agreements and other social relationship. Meanwhile, the project and other projects

of its parent organisation often influence each other.
5. Irreparable consequence

Project unlike anything else you can try to do, or can be repeated after the failure. This
determines the projects with greater uncertainty, it is a gradual process, with a variety of
risks. Project requires careful design, careful production and careful control in order to

achieve the desired goal.



2.2.1.3 The basic theory of project management

Project management is an advanced management methodology which to plan, organise,
control and coordinate and so on to make the project successful in order to achieve the
desired quality of the project, the project schedule, project budget and other objectives in the
whole process and various aspects. This methodology carries out a lot of management
activities using a variety of knowledge, skill, methods and tools, in order to meet or exceed
the requirements and expectations of the project from related parties (Zhang, 2010). It is the
efforts of the project manager and project organisation, using system theories and methods. It
IS management methodology to plan, organise, coordinate and control the project, in order to
achieve specific objectives of the project. To achieve the objectives of the project, the project
needs proper investment that the required resources to complete the project, including labor,
materials, and equipment. The process that these inputs become output constitutes the whole

process of project management (Castells, 2005).
The main feature of project management include:
1. Universality

Project is the redefining of some activities. In essence, the project is some special events in
productive activities. Before proposing the project definition, mankind has been completed
many projects like The Great wall and Pyramid. Project is universal for the entire world.

2. Purpose

Purpose is the important feature of project management. In order worlds, the project
management is a purposeful activity. The role of management is to meet the requirements of

project.
3. Uniqueness

The uniqueness is the feature of project management different with the general production
management and conventional administration which reflecting from the full range. Each
project has its own unique management objects, unique management requirement, unique
management activities and unique management methods. It is an independent existence in the

management area.
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4. Comprehensive

Project management is complex and abundant management activity which depend on a
variety of disciplines to solve problems. Due to the project management is uniqueness, there
is a lack of experience to use for project management. And the management generally
consists of a lot of activities, it is easy to know the project management is a complex task.
Coupled with the need to consider the various constraints, the project management is

comprehensive.
5. Innovation

Innovation of project management is certain. Due to the uniqueness of project, any
management of project is not have rigid models and methods, every specific project needs to

innovate to achieve effective management.
6. Temporality

The core of project management is through planning, controlling and allocating resource to
reach the goal within the prescribed duration. The progress of project management is over

when the goal come true. Therefore, the project management has a predictable life cycle.
2.2.1.4 The Content of Project Management

Modern project management put project management into nine knowledge areas. They are
project integration management, project scope management, project time management, and
project cost management, project quality management, human resource management, project
communication management and procurement management and risk management (Havranek,
1998).

1. Project integration management

Project integration management is the necessary process in order to ensure appropriate
coordination of each part of the project. In project development process, various resources or
programs will conflict, we must coordinate overall. It is through overall coordination of the
various resources and programs, project integration management is to trade-off between the
objectives and programs which are conflict with each other, in order to meet or exceed the

requirements and expectations of the project stakeholders. Project integration management
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includes three aspects: project planning, project planning implementation and integrated
change controlling.

2. Project scope management

Project scope management is the process to control the boundaries of related activities. In
other words, it is an activity clearing the project content items. It is necessary to identify the
project subject, the manner of project management, time requirement of project management,
quality requirement of project management and the planning of project management. These
will affect the progress of the project management process. Therefore, the definition of the

project is priority. It is the foundation of project management.
3. Project time management

Project time management is the activity to make sure that the project is completed on time. It
include the definition of the start time, choose time units, sorting by the activity feature,

estimating the consume time, project scheduling, time control and other work.
4. Project cost management

The process of project cost management is to ensure that the actual cost to complete the
project does not exceed the estimate cost. It usually include resource planning, cost estimate,

budget and cost control and so on.
5. Project quality management

Project quality management include quality planning, quality control and quality assurance. It
is a series of management processes in order to ensure that projects meet the quality

requirement specified by customer.
6. Human resource management

Human resources management refers to the project management of the members, give full
play to their ability and subjective initiative to achieve the project objectives. It is include

organisation planning, recruitment and project team building.

7. Project communications management

12



Project communications management is to reduce unnecessary waste of resource in the
project management process. The project communications management make the information

which generated in the project management process can be delivered timely and handled

properly.
8. Project risk management

Risk management of the project is a system procedure since the risk along with the project
management from start to finish. In the project risk management, the measure includes risk

management planning, risk response planning, and risk monitoring and control.
9. Project procurement management

Project procurement management is a series of management measures in order to ensure the
availability of required for the project, especially which need to obtain required goods and

services from outside of the project organisation.

These nine aspects formed specifically theory and methodology, and developed modern
project management standard.

2.2.1.5 Triple constraint of project management

There are main nine aspect in the project management content and all of them are important
part of project management. However, the cost, time and scope are considered to be a
significant indicator and mutual restraint among each other (Bichta, 2001). They are named

project management triple constraints.

Cost: Any project should have a clear budget, customers will not choose an unidentified price
services and products. If the manager reduce the price of the project, it is bound to increase
the scope and duration of projects.

Time (Duration): The saying goes, time is money, and the project extension is often happen.
All projects have a delivery date. If a project needs to be completed ahead of schedule, it is

necessary to increase the cost and reduce the quality.

Scope: The project need to determine the scope at the beginning stage, defining the
requirement like the content of the project and the end result should be accomplish. Some

individual task is the core of the entire project will determine the overall quality, and some
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tasks require a specific time to complete. All of them are the scope of project. Many projects
cannot determine the scope at the beginning stage, which is the reason many projects fails.

When a project need to increase its scope, the cost or time will increase, too.

Recently, in order to emphasise the importance of project quality, the triple constraint of
project management are sub-divided into four core elements. They are time, cost, scope and
quality (Burke, 2001). Even more, the quality triangle appears to be more frequently than
scope triangle. Sometimes, people even use quality triangle instead of scope triangle like the
figure 1 (Jenkins, 2002).

cost

The central of the triangle which composed by cost, time and quality is the customer
expectations. No two customer expectations are the same and any project is unique, so the

customers’ special require is the key point of project.
2.2.1.6 Project management processes

Generally, the processes of project management are organised into five parts. There are
initiating, planning, executing, controlling and closing. Every process has their own aim and
function (PMI, 2008). Clear tasks for each process to avoid wasting resource and time.

Initiating processes

14



One idea will be put forward at this stage, and the team will conduct a feasibility analysis of
this idea to make sure that this idea can be implemented and beneficial to the team.

Planning processes

Project planning should be recording in writing, which should indicate the important work or
critical work. At this stage, a good team should be able to calculate the budget and schedule,

and determine what resources are needed.
Executing processes

Executing process is the core process of project management including resource allocation

and teams interact.
Controlling processes

On this process, the manager should measure and monitor the project performance
periodically, identity the errors which deviate from the project plan, and take corrective

measures to achieve the objectives of the project.
Closing processes

Formal project delivery stage, the project team finish the work to complete the project and

summarise the successes and lessons of the project.
This essay focuses on the problem of scheduling in project processes.
2.2.1.7 The benefits of project management

Therefore, the project management can ensure the balance between the three constraints of
the project, effective project management process. Using a project management approach
obviously benefits for requiring of the project. The project manager is responsible for the
evolution of this project can effectively control and track projects to ensure that projects
achieve the desired objectives (Munns, 1996). To achieve this requires the project manager
can always get feedback and update information from the project executing and controlling
processes. This information needs a system to deliver the scope of work and indicators
performance compared to the initial plan to project manager.
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This system which also named approach is the core of the entire project management.
Although the system will generate additional costs and consume more time, it should be
understood that, if it leads to poor management decisions, the lack of error messages may be
more expensive, rework and overflow. So the history of the development of the project
management is the history of the main system or method which is the project manager for the
project plan arrangements, tracking the progress and making adjusting.

2.2.2 The history of project management

The Egyptian pyramids or the Great Wall of China is considered as the origin of project
management. Indeed, these project are large and high construction, complex and
sophisticated structures, requiring pre-design and manage a large number of engineering
labour. But there no document can be evidenced the project management techniques was used
in these project (Burke, 1999).

2.2.2.1 Gantt chart basics

Charts is an intuitive way to express information in the management activities. Milestone
charts are early used in modern project management. Milestone charts can intuitive display
the events, critical point, checkpoints, current position and the desired goal. It applies to
many simple and little management activity. But it cannot display the relationship between
the milestones and the requirements of time, cost and resource (Prabhakar, 2009). With the
development of modern management, Henty Gantt improve the chart to a new form named
Gantt chart early 1900’s.

2.2.2.2 Content of Gantt chart

The inherent ideology of Gantt chart is based on a line graph. On the Gantt chart, the
horizontal axis represents time, the ordinate represents activities or project and the line

indicate planned and actual completion activities on the entire period.
2.2.2.3 The benefits of Gantt chart

The Gantt chart as the most popular method of management is still widely used today. It is

composed of multiple causes. For the drawing staff, the Gantt chart is easy to manufacture,
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inspect and change. For users like project managers and workers, the Gantt chart is simple to

understand and easy to construct.
2.2.2.4 The limitation of Gantt chart

Although there are much benefits of Gantt charts to project management, the limitations
cannot be ignored (Frame, 2006). The first limitation Gantt chart is that it cannot show the
triple constraints. The focus of Gantt chart is duration of project. The cost and scope are not
display on the Gantt chart. So Gantt chart cannot reflect the relationship about cost, time and

scope, no matter how detailed the Gantt chart is.

The second limitation of the Gantt chart is that it only works well when used in smaller
projects. With the increasing of activities and time, the Gantt chart will be more complex. It
will make the Gantt chart lost its benefit and increase the difficulty of reading, especially the

chart more than one page.

Meanwhile, the Gantt chart cannot describe the complicated project like some activities has
sub-activities. It cannot describe the relationship from each activities. And if there is one

worry sequence from two activities, the entire Gantt chart need to changed.

2.2.3 Five management functions

During the same period of the Gantt chart appears five functions of management is created by
Fayol who with the Gantt was student of Taylor’s theorises of science management. The
functions of management are planning, organising, leading, controlling and coordinating.
Efficient management and leadership should involve creative, problem solving, motivating
employees and making certain the project accomplishes objectives and destinations (Stefan,
2013).

Planning

Management planning function control all planning, enabling project to operate smoothly.
The plan includes a goal to define and determine the most effective activities to achieve this
goal required curriculum. Under normal conditions, the flexibility of planning involved, as
planners and managers at all levels must be coordinated and led organizations. The plan also

takes understanding the future objectives of the project resources and operations.
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Organising

Project manager function controls the overall construction of the organisation of the project.
Organisational structure is the basis of a project; the daily operations of days without such a
structure, the business has become difficult and unsuccessful. Organisations involved in the
tasks and duties designated to the workers need specific skills to complete the task. The
organisation also involved in the project to develop the control structure and chain.

Leading

All recruitment and personnel require to control is the main functions of leading. The main
purpose of the leading is to hire the proper people in the right jobs, in order to achieve
organisational goals. Staging involves more than just recruitment; leading also includes
training and development, performance appraisal, promotion and transfer. If there are no
management functions, projects will be delay, the reason is the lack of experienced workers

will result in waste project resources and time.
Controlling

The controlling function of management to ensure that all other uses of the organisation are
in place, and the successful operation is very useful. Controlling including the formation of
performance standards and supervisory personnel output, to ensure the performance of each
worker's standard. The controlling process often leads to the situation, it is necessary to
identify by creating a new performance standard to work problems. The level of success in all

aspects affecting the performance of the organisation.
Coordinating

The coordination function of the project manager to moderate all of the organisation,
planning and staffing activities of the project and ensure that the common feature of all the
activities for the organisation's benefit. Coordination usually occurs in the progress plan and
control, to ensure that all departments have goals and objectives on the same page.

Coordination is achieved by involving communication, supervision and guidance.

Therefore, a much better method is required when scheduling project.
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2.2.4 Scheduling Networks

Scheduling is the method by which work specified by some means is assigned to resources
that completed the work. Scheduling as a management manner has very long history. The
scheduling has been applied from ancient Chinese built the Great Wall. The Qin Great Wall
had built 120 kilometers by collecting workers, transporting wood and stone, and according
to the type of work assigned workers about 2000 years before. Scheduling is a common

phenomenon in the development of management (Caro, 2004).

Scheduling network is a graphical model which shaped like network. It is composited by
activity, event and path. On the image, they are expressed on nodes, arrows and route. The
meaning of the symbol is not the same in different scheduling network.

There are basically two types scheduling network. They are

(a) Activity on Node (AON)
(b) Activity on Arrow (AOA)

The AON is also named Precedence Diagramming Method (PDM). In this method, the node
represent the activity and the arrow represent the logic relationship between two adjacent
activities. The AON includes four dependency relationship between two activities. They are
finish to start, finish to finish, start to finish, and start to start. In this method, the finish to
start is the most common logical relationship. The advantage of AON network is there are

less nodes and easiness to draw.

The AOA is also named Arrow Diagramming Method (ADM). This method is using arrow
represents an activity and node represents the sequence of activity. Generally, the logic
relation of AOA is only finish to start. This method is widely used in construction project.
Due to the finish to start is the basic logic, there are some virtual activity to describe some

other logic.

2.2.5 The Critical Path method and Program Evaluation and Review Technique

The CPM and PERT was started developing a methodology from the scheduling network
AOA or ADM about 1950’s. There is only one route which is the longest or most time-

consuming activity in one project (Leighton, 2012). And the project will finish after all of the
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activities from this route finish. This longest route called the Critical Path. The activities
which composed of critical path named critical activities.

During the same period, the PERT was developed by the US Navy Special Projects Office.
Briefly speaking, the PERT is a technique using network to analysis the plan and evaluate the
plan. It can coordinate the entire program of the procedure to reasonably arrange for

manpower, resources, time and money to complete the accelerated program.

PERT and CPM are the important part of scheduling network. They are widely used in
systems analysis and project management. Both of them use scheduling network and look
like similar. The CPM is primarily a kind of based on a single point time estimated and strict
order network diagram. It can provide important assistance for the project, in particular to
provide a graphical display of the main activities. These quantitative information to identify
potential project delays provide an extremely important basis. PERT is built on the basis of
the network plan. The working time of the various processes in the project is not certain, so
the duration need to estimate. In the engineering practice, due to the people’s understanding
of things is restricted objective condition, the probability calculation method usually be used
in PERT.

2.2.6 The gaps

CPM and PERT usually are used for project management. It can help the manager scheduling
the project activities. Actually, the real project network often include thousands of items, it is
easy to miss some activities when draw the scheduling network. And the actual relationship
between the various activities is not very clear, it is difficult to make plan. The most
important issue is the duration for each activity often requires to estimate, there may occur
deviation (Pich, 2002).

The ideal conditions of CPM and PERT are the every activities’ duration is determined. It can
get the best results. But in reality, every project activity is difficult to estimate. It maybe
cause risk for project. Especially the project is a complex and huge project. When the

determined method is hard to use, the stochastic approaches show be try.
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2.3 The stochastic approaches
2.3.1 Monte Carlo

Monte Carlo as the most popular stochastic simulation method using the probability and
statistical theory as the basic to calculate. The basic idea of Monte Carlo method had been
discovered and utilised long ago. It can be known by the definition of probability, the
probability of an event can be estimated with a lot of testing in the frequency of events. When
the sample size is large enough, it can consider the frequency of occurrence of the event that
is its probability (Grinstead, 2003). So do a large number of random sampling from the
random variables, and these sample values of a group of a group substituted into the
performance function type, determine whether the failure of the structure. Monte Carlo

method is based on this idea.

Although, the theory of Monte Carlo method is simple, it need to large amount of

computational expense.

Probabilistic methods usually generate estimates based on Monte Carlo simulation (Moselhi,
1997). These methods may consider correlation among cost items or consider them
independent (Sonmez et al., 2007). The application of simulation based methods requires
availability of historical data to generate applicable probability density functions needed for
accurate simulation. However, the methods use probabilistic approach can yield more

accurate contingency estimates than the ones use deterministic approach.

In order to overcome the limitations of simulation based method, fuzzy-based methods were
introduced (ldrus et al., 2011; Shaheen et al., 2007). These methods use expert’s numeric and
linguistic assessment of risks associated with the project. Fuzzy based methods use

membership functions bounded by two ranges.
2.3.2 Fuzzy

Fuzzy technology is the core technology in the 21st century, the application of Fuzzy
Mathematics has penetrated into almost all areas of natural sciences and social sciences. The
PERT network was proposed in 1950, and the usefulness of this method is such obviously. In
the project scheduling, the PERT is in common use, it applies to the project which has only
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one indeterminate critical path, at the same time the logical relationship and project duration
of the project is definite.

Because the construction period of most of the projects is very long, and there are many
influence factors of the duration, there are fuzziness between the duration of each working
procedure and overlapping relationship between processes. Therefore, how to determine the
project duration for a project is so important, in view of the objective fuzziness, on the
premise of reasonable assumption. It is not only can help the owners to make investment
decisions, but also can provide the foundation for the contractor on the bidding work and

contract negotiations.

Many fuzzy things and phenomenon exist in the objective reality, this make people want to
build a suitable logical model to describe fuzzy things and phenomena. Fuzzy set theory
emerges at a historic moment in this situation (Dorn et al, 1995). Fuzzy set theory is based on
fuzzy mathematics, research the inaccurate phenomenon. Fuzzy set theory method regards
investigation object and its fuzzy concept as a fuzzy set, set up the appropriate membership

functions, through fuzzy set operation and transform, analyse the fuzzy object.

Fuzzy model is the model build to describe the certain features and the internal relations of
the objective things with fuzzy mathematics language. Fuzzy model recognition, refers to in
the model recognition, the model is fuzzy. That is to say, the model provided by the standard
model library is fuzzy. The research of a fuzzy model of resource-constrained project
scheduling has been initiated many years ago by three experts. They have developed the

priority rule from serial and parallel scheduling schemes to deal with fuzzy parameters.

In 1999 Wang has developed a fuzzy set method, people can use it to arrange the project
product development, and the product does not have accurate time information. The project
has a fuzzy preparation time and fuzzy deadline, the activities are assumed to have a fuzzy

duration, all described by trapezoidal fuzzy number.

In the project construction management, fuzzy set theory is very outstanding. The fuzzy set
theory in the management of the project construction period is indispensable for managers. It
can provide important management information. The theory combines quantitative and
qualitative research, the result is objective and fair, it has high reliability, logicality and
universality and other characteristics. It provides a new idea for project construction

management.
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2.4 Other stochastic approaches

The Bayesian probability

Bayesian probability is a probability of the explanations provided by the Bayesian theory, it
is defined as someone using the probability of a proposition trust level concept. Bayesian
theory also suggested based on Bayes' theorem can be used to export new information or
update existing rules confidence. Bayesian probability is a mathematician Thomas Bayes

named. It has been widely used in probability theory.

Generally, there are three steps to Bayesian data analysis (Gelman et al., 2013).

Setting up of a full joint probability distribution for both observable: y, and parameter: 6

r(y,6) =p(yl6)p(6)
Conditioning on data, p(6]y)
Model checking
The limitation of Bayesian probability

Some people think Bayesian is sufficient for research on uncertainty, many people consider
the Bayesian as a generally applicable rule, because a clear assessment of the conditions and
possibilities implied condition is seldom a clear distinction in the relevant discussions open.
If there is no such distinction, hallucinations, knowledge of all probability distribution
functions can be supported by an explicit condition to represent, and therefore the conditions
by using a Bayesian system to learn (Wang, 2003).

When the inference system has sufficient knowledge and resources, we cannot assume that
the initial background knowledge does not need to be modified, nor that all editions
probability distribution function can be viewed as the update is complete. Therefore, the
limitation means that the Bayesian approach is not reasoning in this case of gauge theory, it
needs something else (Wang, 2001).
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2.5 Software scheduling approaches

There are serval off the shelf software that can be utilised to achieve the same good stochastic
scheduling. However only 3 will be discuss at this essay. They are MATLAB, Oracle crystal
ball and @RISK.

2.5.1 The Crystal Ball

The Oracle Crystal Ball can predictive modelling, forecasting, simulation and optimization of
the leading spreadsheet-based applications. And it is built inside the key factors affecting

risk.

There are many tools for risk analysis in the traditional sense, but the establishment of a
spreadsheet model will be more intuitive. Crystal Ball is suitable for spreadsheet models,
especially Microsoft's Excel spreadsheet models. One of the drawbacks of traditional
spreadsheet models is that people can only enter a value in a time cell. This approach is very
time-consuming and generates large amounts of data still cannot realize the probability of
different outcomes. A good spreadsheet model can identify the possibility of risk, because the
formula cell and cell references to identify the causal relationship between variables is very
helpful. Due to it can be only changed a value in the calculation process requires changing
the value of uncertainty to find the smallest changes, most likely and maximum values.

Crystal Ball can define these uncertain variables by defining the cells in a whole new way.

Using the crystal ball for simulation, the forecast results not only show you the different
results each prediction value, but also the probability of any value. Some chart can show
various aspects of the modern like frequency chart, certainty, sensitivity chart, overlay chart
and trend chart. Crystal ball can not only get rid of the restrictions of the spreadsheet, find

important factor sensitivity analysis to quantify risk, and very intuitive.
2.5.2 The @RISK

The software @RISK is developed by the company Palisade, which using for risk analysis.
@RISK Performed using Monte Carlo simulation of risk analysis, can be possible results are
displayed in a spreadsheet model, and shows how likely they are to occur. It is
mathematically and objectively calculate and track many different situations that may arise in
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the future, and then calculate the probabilities and risks for each different one associated

with. It is easy to judge risk, avoid risk and get the best decision decisions under uncertainty.

@RISK Can be optimised by RISKOptimizer, which combines Monte Carlo simulation with
the latest technology to solve optimisation and uncertain value of any spreadsheet plan the
best risk management strategy, to determine the best allocation of resources, optimise asset
allocation, the most efficient schedules, and so on.

2.6 Summary

Scheduling of engineering activities has come a long way from the simple Gantt chart to
using a software. From the initial simple Gantt chart is just for clarity of expression
workflow, to scheduling networks can develop more accurate and more detailed projects.
Development from large projects to the national strategic level civil ordinary project, the
factors affecting the duration of the project become more and more, it cannot use the
determined project management methods and then use stochastic simulation to the project
plan. With the amount of calculation increases, more and more computer software has been
developed for the simulation. Today's software is not only more but also very professional

subdivision.
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CHAPTER 3-RESEARCH METHODOLOGY

3.1 Introduction

The chapter discusses the methodology adopted for the case study. The easy research the
scheduling problem in the planning stage of construction project mana gement. It is a critical
activity to accurate predict project completion period. However the completion time of all
works is often uncertainty as the factors of the natural, social, technological, economic and
others. Especially in Beijing. And the project completion time is uncertainty either. So it’s
very difficult to accurate prediction on project time. If the prediction error of time limit for a
project is very big, it will cause great difficulties of project implementation and management.
This paper argues that using the Monte Carlo technology can be reliable to control the project
schedule, and improve the reliability of the prediction about the period time in the
construction project. Monte Carlo simulation is a kind of random statistical simulation test
method. This method is based on the theory of probability and mathematical statistics. It is
designed as a probability model that by random sampling variables makes the parameters to
conform to the actual fact. Using the random number generator to select random variables of
all the parameters, this can simulate actual capabilities. Using the trial and error until enough
times, it can get the right probability distribution of output variables. This paper uses the
MATLAB software to compile the Monte Carlo algorithm, so it can dispense the
mathematical reasoning and calculation process that is heavy and complicated. With the aid
of computer high-speed operation ability, general engineering and technical management
personnel can understand and master this way easy. He can work quickly and simple, instead
of laborious calculation process. So he can correctly plan and control construction project

time.

3.2 Choice of research methodology

Usually, there are three main methods can be used in social science research, qualitative,

quantitative and mixed methods research. They are widely used in social science research.

Quantitative research is the research process that through statistical investigation method and
experimental method to make statistical analysis and inspection. Qualitative research tends to

use access, observation and literature method in information collection, on the basis of certain
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theory and experience, grasp the main features of things, omit the differences on the number
of homogeneity temporarily, pay attention to the internal point of view from the researchers
to understand what they see in the world, and great attention must be paid to the relationship
between the researchers and subjects (Creswell, 2004). Mixed methods research is combined
with quantitative research and qualitative research, to use different methods to collect various
types of data and emphasize on the solution of the problem (Denzin and Lincoln, 1998).

3.3 Using Monte Carlo simulate project time

3.3.1 Calculation model of time limit for a project

If the time of project tasks is sets to t;, it is clearly that t; is independent random variable, the
project has n complete paths. A complete path time is (3 t;)j. So the final time limit for a

project is as follow:
T = Max{X t;}j

It is almost impossible to find the distribution function of project time, because the works
time of the project are all kind of distribution functions of random variables. Using the Monte
Carlo technique is not necessary to find out the distribution of the project. The basic idea of
Monte Carlo method is to use the joint probability density function of basic random variable
sampling. The number of sample points occurs as the actual value. Doing enough times, the
unbiased estimate of the parameters of project time that obeys normal distribution. Thus we

can effectively control over time limit for a construction project at a high reliability level.
The Monte Carlo procedure of simulating time limit for a project

1. Through the data and experts, each work is determined the minimum, the maximum
and the most likely time, and is chose a suitable prior distribution model, project time
generally obeys normal distribution, triangular distribution, beta distribution and
uniform distribution, etc.

2. Generate random numbers. In the practical work, generating random numbers of
physical methods are often time-consuming too big or the high cost, so this paper use
the Matlab software to produce higher similarity of pseudo-random number instead of

the random number. And it does not affect the reliability of the calculation results.
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3. Generated random number is used to determine the various works time that may occur
actual.

4. Deal with works time occurred in the statistical method. And calculate the time limit
date for the project that includes the minimum and maximum data, the mathematical
expectation and unit standard deviation.

5. Manage and control the project schedule according to the calculated statistical data.
Due to the use of Matlab software, we can calculate that statistical data very fast. And
Monte Carol simulation can be used for sensitive analysis simultaneously.

Using Matlab software to simulate actual project time, the computers calculate flow chart is
the fig.

Choose the random using Matlab

The main difficulties using Monte Carlo method is 1 how to generate random number; 2 how
to determine the size of the sampling number. It is a significant advantage of using Matlab for
the Monte Carlo method that Matlab has powerful functions of random number generator.

Usually, using Monte Carlo method to sampling directly must solve the inverse function of
the various works time distribution. And we can get corresponding distributed types of
random variables. Then we use that function to solve every work time and the whole project

time.

Matlab provides a type of random number generator that gives number random of all variable
distribution function. It can directly produce variable and calculate with those function. This

greatly improves the calculation efficiency.

All variable mean and variation coefficient works time and be got from historical data and

technical experts, sampling in Matlab as follows:
Sampling normal distribution random variable:
t=normrnd (u, g, 1, n)

Sampling beta distribution random variables:

t=betarnd (a,b,1,n)
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Triangular distribution can be used beta distribution to instead of. Or use uniformity
distribution to generate random number in the open interval (0,1) firstly, and then use the

triangle distribution function to change the number into a given variable number.

When using the Monte Carlo method to simulate, we should make sample frequency enough
to ensure the accuracy of the predicted results is reliable. Generally, computer output to the
mean and variance of the construction project time will come to convergence as the
simulation times (n) gradually increasing, and that output is stable as fixed value when the

sample frequency is more than a certain number.

In the formula, the S is the standard deviation of time limit for a project. E is the allowed

time error.Zay, is the degree of confidence, when the confidence level is 99%, and Zay, is

2.58. The simulation times are usually need tens of thousands of times. As the improvement
of computer operation ability, modern computer can do it and can fully satisfy the precision

requirement.
3.3.2 The benefit of Monte Carlo

But using the Monte Carlo technique can make up for the shortage. All completion paths are
calculated their random completion time. And the average completion time, the maximum
completion time, the minimum completion time and other related data are calculated
according to random completion time. So the fact that the completion time of non-critical

path exceeds the time of critical path can be taken in

Using Monte Carlo method to calculate the project all completion paths, we can get accurate
comprehensive prediction of project time limit for project. It makes up for PERT and CPM

that use the average project completion time. So we can get higher reliability.

Using Monte Carlo simulation operation and improve the reliability and accuracy of the
project schedule. And using Matlab software programing can directly get random variable
array that subject to the corresponding probability distribution function. So it can overcome
the Monte Carlo algorithm difficulty that confirms the generation of random numbers and the
size of sampling number. Monte Carlo method based on Matlab makes the calculation of the
total project limit for a project simple and highly effective, which make the Monte Carlo

method no longer heavy and complicated. The Monte Carlo method can be used easily in the
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practical engineering project management. So the project schedule management work is more

scientific reasonable and feasible.

3.4 Fuzzy

3.4.1 Fuzzy set

For general set, their basic characteristic is function uniqueness. X — {0,1}, this formula
means there are only two kinds of degree of membership in the set: the object x belongs to
the set or the object does not belong to the set (Moselhi, 2012). Actually, this is not truth in
the real life. Zadeh (1965) was the first people who proposed the concept of fuzzy set. The
concept make the membership degree which just 0 or 1 of general set expand to any value
which belong to [0,1]. Therefore, the object’s membership with the set is not yes or no, it

changed to a gradual process.

Let U is the discourse domain, the map u,: U — [0,1],x — u,(x) € [0,1]define the fuzzy set
on the U and the map u, is the membership of the set A. The membership is a fundamental
concept of fuzzy mathematics. When the value of u, is approach to 1, it means the
membership degree of the object x belong the set A is high. In the other words, When the
value of p, is approach to 0, it means the membership degree of the object x belong the set A

is low.

3.4.2 Membership function

The membership is the basic concept of fuzzy mathematics, because the membership make
the fuzzy issue turn to certain. So it is important to build a membership function. Establishing
the membership functions always have certain subjectivity but it is the scientific method.

1. Fuzzy statistics

The fuzzy statistics is using fuzzy statistics test to make sure the degree of the x belong the

set A. After n times test, the membership of the x belong to the set A is:

the times of x € A*
n

the membership of x to A =
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In the formula, the A*means variable set with associated with the fuzzy set A. With the

increase changing, the A*will be closer to the set A.
2. Subjective experience

The subjective experience is the method which are given the value of membership degree of
the object based on subjective knowledge or personal experience. This method is suitable for

relatively simple and discrete domain object.
3. Designate

Based on the nature of the specific problems, with the typical function as a membership
function, and then use the measured data to determine the distribution parameters contained.
Common forms of membership functions are: triangular distribution, distribution ladder,

parabolic distribution, normal distribution and so on.
3.4.3 The formula for fuzzy set in construction project

This article uses the triangular distribution, the condition when on set A belong to fuzzy

distribution is:

( 0 0<a
|x—a
—a a<x<c
pa(x) = b—x
P c<x<b
0 c=>b

Ua(x)

The probability of fuzzy event
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For general event A, if its sample space is continuous, the rate is:

A
Pa(x) = f FOOdx
0

In the formula, the f(x)dx is the characteristic function of the event.

If the sample space is discrete, the rate is:

PO = i

The p; in the formula is the probability rate of the event x; (x; € A).

Then making the probability of an ordinary event extend to fuzzy event, for the fuzzy event A,

when it’s a continuous sample space, the fuzzy rate is:

P(A) = j 1A GO f (1) dx

In the formula, the u,(x) is the membership function of the event A, the f(x) is the

probability density function.

When the sample space is discrete, the rate is:

n
P(A) = ) 1taCep(e)
i=1
In the Formula, the p(x;) is probability rate of the event A.
3.5The research project
In this paper, the case is selected Chaoyang District, Beijing Wangjing residential district 3,4.
The whole project includes structural engineering body of civil engineering, water supply and
drainage, fire protection, heating, ventilation, electrical. In the chapter 4, first determine the

critical path of the project with PERT, followed by the construction of fuzzy mathematics and
Monte Carlo simulation to calculate the total duration of the project.
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3.6Summary

Through the introduction of this section, the paper will select one particular case of Beijing
Municipal Engineering to carry out simulation. Risk analysis performed model simulations
complete schedule with PERT and Fuzzy Mathematics. Using Monte Carlo and three-time
estimation to calculate the probability of completion.
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CHAPTER 4-ANALYSIS AND INVESTIGATION

4.1 Introduction

4.2 Detail of the case studies

4.2.1 Project overview

This construction project was built in the south side of East Lake Road on Chaoyang District
of Beijing. This essay chose the Wangjing Garden’s 3rd building to do research. The
construction area is about 23,964.4 square meter, and the underground part of the
construction area is 1,884.98 square meters. This building elevation 38.05 meters, building a
total height of 70.5 meters. There are 26 floors to the ground, 2 floors underground. The
storey underground section is 3.2 meters, the ground floors of residential is 2.7 meters. The
thickness of the external load-bearing walls, the wall underground wall thickness is 300 mm,

and the wall out the ground is 200 mm thick.

The structure of foundation is box foundation. Full cast stairs structural form. Building fire

rating is one level. The building's seismic rating is two.
4.2.2 Project features

Because of the tight schedule of the project, high quality requirements, it is necessary to use
advanced construction methods and advanced technology and quality assurance, safety
measures, reasonable arrangements for construction work, in order to achieve the contract

duration, quality, and security objectives.

The project is located on the south side of East Lake Road, construction site is relatively
small. According to the construction schedule, basic part needs to be done by the end of May.
Backfill work carried out during the rainy season. The need to control the moisture content of
the soil, to guarantee the normal backfill work. The project’s main structure will be

completed before winter construction, so there no winter construction.

To avoid wasting staff and resources to ensure the project is completed according to plan, the
project need a body and installation, body and decoration, installation and decoration of the
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interchange construction program. To make installation, renovation started early, it will be
divided into four structural engineering inspection, which is a fundamental part of the
acceptance, 1-8 layer structure of acceptance, 9-16 layer structure of acceptance, acceptance

of part of the structure above the 16th floor.
4.2.3 The configuration of engineering resources

The main gquantity

Item Unit Quantity
Waterproof of foundation m? 2180
Roof reinforcement/Layer t 26

Roof template/Layer m? 650
Concrete roof/Layer m3 136
Wall reinforcement/Layer t 46

Wall template/Layer m? 2200
Concrete wall/Layer m3 185

The main material

Material Unit Quantity Material name | Unit Quantity
name
Reinforced t 2245 Waterproofing m? 8635
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membrane
Cement 11000 Red brick | Piece 50000
machine
Sand 17620 Ceramic m3 543
blocks
Pebble 23000 Paint t 75
Main equipment
Equipment name Model Quantity(units)
1 Concrete pump HBT80 2
2 Crane 6516 2
3 Welder 4
4 Electroslag welding 2
5 Vibrator HZ-50 8
6 External staircase 2
7 Breaststroke 8
ramming machine
8 Mixer 4
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9 Concrete placing 2
machine
The labour
Carpent | Reinforci | Concre | Waterpr Plasteri | Brickla | Weld | Worker | Paint | Electrici | mecha | Tot
er ng steel | te oof ng yer er of er an nic al
workers worker | workers workers heating
s and
plumbi
ng
Foundati | 90 70 20 10 15 8 10 15 10 264
on
Structure | 70 50 20 8 4 20 10 198
Decorati | 25 5 10 100 2 50 100 30 10
ve
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4.2.4 The scheduling

Legend
1-2 Cleaning up the site and preparation work
2-3 Excavation of foundation

3-4 Backfill

2-4 Foundation hydropower cooperation

4-5 Main structure

5-6 Structure hydropower cooperation

5-7 Secondary structure

7-8 Renovation

6-9 External construction

8-10 Plumbing electrical installation

9-10 Roof

10-11 Clear up

Duration risk analysis

Step Name a b c U o

A(1,2) Cleaning up | 4 5 6 5 0.3333
the site and

preparation
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work

B(2,3) Excavation | 71 73 75 73 0.6667
of
foundation

C(3,4) Backfill 26 30 34 30 1.3333

D(2,4) Foundation | 38 46 54 46 2.6667
hydropower
cooperation

E(4,5) Main 160 172 184 172 4
structure

F(5,6) Structure 145 149 153 149 1.3333
hydropower
cooperation

G(5,7) Secondary | 157 165 173 165 2.6667
structure

H(7,8) Renovation | 251 258 265 258 2.3333

1(6,9) External 43 47 50 47 1.1667
construction

J(8,10) Plumbing 223 229 235 229 2
electrical
installation
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K(9,10) Roof 26 30 34 30 1.3333

L(10,11) |Clearup |8 9 10 9 0.3333

4.3 The simulation
4.3.1 The PERT

According the figure, the critical path is

1-2-3-4-5-7-8-10-11

The total estimated duration and the overall standard deviation is:
a;j + 4ci; + byj

(L.)eA (i,))eA

b —a::)?
o= Z o} jz (”3—6”)=6.8556
(Lj)eA

(i,))eA
So the completion probability is:

T, - ,u) _ (1220 — 1213

P(r=t)= CD( 6.8556

) = 0.8531

4.3.2 The Fuzzy

Using Fuzzy to analysis the completion probability, the critical path is same with using PERT.

So the optimistic duration, the most likely duration and the pessimistic duration is:
a = 1152 b =1213 c=1273
u=1213 o = 6.8556

The degree of membership function
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( 0

|T — 1152
wrm =4 14

1

1273 -T

121

The standardized regression coefficient is

The planning duration is 1213, 1213 < 1220 < 1273, so the probability is:

T <1152
1152 < T <1213

T =1213
1213 <T <1273

-1

b
r=|[ uenrmar| o226
0

P(T) = yP(T)' = 0.2224 X 4.3976 = 0.9780

4.3.3 The Monte Carlo

Activity Duration

Min Max Variance Standard Average

deviation

A(1,2) 4.223892 5.622364 0.095935 0.380513 4.982792
B(2,3) 71.7917 74.2543 0.438384 0.697867 73.07114
C(3,4) 27.18513 32.86367 1.622955 1.162713 29.92629
D(2,4) 41.55993 50.59803 9.636825 2.320668 45.76209
E(4,5) 166.8572 179.3728 24.21334 3.676284 172.3372
F(5,6) 146.6505 150.6419 2.017504 1.491886 149.0888

41




G(5,7) 160.4422 172.1792 8.244814 2.680254 165.8223
H(7,8) 253.6799 262.1542 5.237477 1.864468 258.425

1(6,9) 44.41386 49.01167 1.676727 1.238875 46.59225
J(8,10) 224.4359 233.0091 4.200988 1.828877 228.8978
K(9,10) 27.26406 33.44369 1.327861 1.374915 29.67627
L(10,11) 8.297353 9.67652 0.135308 0.327973 9.010647

4.4 The summary of this chapter

This chapter uses the project of are Wangjing district, that is completed in this paper fuzzy
probability model and the time limit for a project risk analysis model based on the MC
method on them , and will be completed the fuzzy probability model of the calculated results
compared with PERT model, with the time limit for a project risk analysis model based on
the MC method with the traditional MC method, comparing the calculated results illustrate

the feasibility and applicability of this method.
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CHAPTER 5-CONCLUSION

5.1 Overall summary

This paper proposes the duration limit for a municipal project scheduling analysis model
based on PERT and fuzzy mathematics and the duration limit for a municipal project
scheduling analysis model based on MC, and its application to the instance of the analysis, in

this paper, the main conclusions are as follows:

In this paper, considering the fuzziness of time limit for a project is put forward based on
PERT and time limit for a project risk analysis model of fuzzy mathematics, the introduction
of fuzzy triangular number. And combining with PERT method of probability distribution
and fuzzy theory, calculating the total duration prescribed period network planning under
fuzzy completion probability. Through analysis, fuzzy completion probability calculation,
due to join the membership functions, narrowed the variance, improves the precision, and
under the same regulation time limit for a project in this paper, fuzzy completion probability
than PERT model to calculate the value of a slightly smaller, with the previous research in
PERT method due to its too ideal by computing the completion probability of large consistent

conclusions.

In this paper, on the basis of the traditional MC method, based on the simulation results in
line become a key line of the statistics, the number of considering the non-critical lines may
become a key line, determine the key index line, again with the total duration distribution
parameters of probability distribution and statistical data, calculate the completion probability
under the prescribed time limit for a project. Example shows, due to consider the possibility
of the non-critical line become a key line, this model is compared with the traditional MC
model calculation results is small, and the time limit for a project is considered the scope of
the increase, The calculation results are closer to the actual traditional MC method.

As the capital of China, Beijing has been developing at a high speed. In the city construction
and expansion, we need to perfect the municipal engineering. There are a lot of new
constructions and repair projects. Both the project owner and construction unit want low cost,
high quality and short construction period of the project, so most of the projects, the duration

is often very nervous, this requires that the construction units quicken the pace of the
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construction reasonably, shorten construction period and meet the owner's request, at the
same time, improve the economic benefit and social influence of the construction units. We
need to use modern management methods to shorten the construction period through the
scientific theory and technology, should arrange the construction schedule reasonably, and
strengthen management effectively. On the basis of the conventional measures, and according
to the specific circumstances, Construction units should collect and process information
scientifically, and make decisions, target management. To combine quantitative analysis with
qualitative analysis, use the fuzzy network technology, realize the optimal allocation of
resources and dynamic management, in order to achieve the purpose that speed up the
construction schedule and shorten the construction period. | believe that, the research method
introduced in this paper is very useful in Beijing municipal engineering management, it can
improve the work efficiency and work quality, and make project management more scientific

and accurate.

5.2 Limitation

Although the duration limit for a project scheduling analysis two kinds of model is put
forward, and applied to the analysis of examples, but there are still many to be further

discussed:

The research is based on fuzzy completion probability discussed, assuming that only a key
link, therefore, how to consider the effect of non-critical circuit of key circuit also need

further research.

For fuzzy network plan, the membership functions of the total duration of the option to
consider, there is no an objective method of membership functions are given, thus the

determination of membership function is needed to solve the problem.

using the MC method used in the simulation of the construction period is a function of
MATLAB software in operation, not the general program, so the calculation process, work a

bit complicated, the compilation of general procedure is the next step of work to do.
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5.3 Feature recommendations

There are only completed the calculation of probability on the basis of the proposed model,
and no analysis of how to be completed in know the probability of network planning under
the condition of control, and the time limit for a project is the ultimate goal of risk analysis in
the actual process of constant adjustment of network plan, therefore, how the completion

probability of network planning on the basis of control is another research direction.
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APPENDIX

The part of simulation data

ACTI | A(l- | B(2- | C(3- | D(2- | E(4- | F(5- | G(5- | H(7- | I(6- |J(8- | K(9- | L(10

VITY |2) 3) 4) 4) 5) 6) 7) 8) 9) 10) |10) |,11)

OPTI 4 71 26 38 160 | 145 | 157 | 251 |43 223 | 26 8

MUM

value

nomal |5 73 30 46 172 | 149 | 165 | 258 |47 229 |30 9

value

pessim | 6 75 34 54 184 | 153 | 173 | 265 |50 235 | 34 10

istic

value

alpha |4 4 4 4 4 4 4 4 4 4 4 4

beta 4 4 4 4 4 4 4 4 4 4 4 4
511 | 72.7 | 304 429 |170. | 151. | 168. | 258. | 46.3 | 232. | 30.3 | 8.97
207 |996 |844 |104 |679 |004 |283 |758 |279 |483 |623 |031
9 9 7 6 5 7 5 8 6 5 5 5
458 | 73.1 [30.1 [47.3 |173. | 151. | 168. | 258. | 46.0 | 228. | 29.8 | 8.61
207 | 038 |960 |207 |374 |155 |567 |430 |[903 |671 |826 |591
5 6 5 3 4 2 1 8 6 6
545 | 72.8 | 32.3 |46.8 | 178. | 149. | 169. | 257. | 478 | 226. | 27.7 | 8.31
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588 [518 | 136 |636 |564 |886 |373 | 193 | 688 |948 |772 | 736
3 4 2 4 |9 7 1 9 7 7
511 | 72.0 | 29.1 | 435 | 168. | 151. | 162. | 261. | 45.5 | 231. | 29.9 | 8.64
998 | 963 | 809 |895 |808 |771 |932 | 995 |577 |725 |790 |828
2 1 8 2 4 |8 3 3 3 5 1 2
4.68 | 74.2 | 305 | 47.3 | 167. | 148. | 168. | 254. | 46.6 | 229. | 27.2 | 8.83
277 333 | 027 | 962 |496 |391 |750 |800 |139 |610 |943 |425
4 2 2 1 1 2 9 5 9 9
4.69 | 73.8 | 30.1 |46.2 | 176. | 149. | 167. | 258. | 47.2 | 230. | 30.0 | 9.29
122 [535 [851 |271 |729 |468 |859 |129 |709 |946 |427 |975
4 2 7 5 8 4 9 6 8 1 8
474 | 727 | 275 | 465 | 171. | 147. | 165. | 254. | 46.0 | 224. | 29.2 | 9.21
546 | 111 |284 |257 | 719 |483 |172 |878 | 756 |510 | 097 | 758
9 9 7 8 4 8 3 5 2 4
555 | 73.1 | 31.9 | 47.0 | 166. | 148. | 165. | 257. | 45.5 | 225. | 28.1 | 9.40
913 |528 | 253 |377 |457 |331 |449 |667 |691 |564 |796 | 720
3 3 9 8 6 |4 7 6 3 8 2 5
441 | 733 | 305 |44.2 | 172. | 148. | 168. | 257. | 445 | 231. | 30.7 | 9.16
959 |477 | 120 | 090 |154 |281 |318 |598 |696 |551 |632 | 202
2 4 2 4 1 8 5 |4 8 8 3
515 | 71.4 | 30.9 | 45.7 | 176. | 145. | 160. | 256. | 45.2 | 232. | 30.5 | 9.17
359 | 461 |641 | 669 |225 |977 |254 |719 |105 |411 |258 |310
7 9 9 3 2 4 4 5 5
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5.10 | 743 | 275 | 43.5 | 174. | 150. | 165. | 258. |47.7 |225. | 29.9 | 8.56
465 | 304 | 766 |782 |426 |026 |695 |956 |512 |145 |552 |171
4 3 4 6 4 2 9 5 8 7 9 6
5.27 | 72.1 | 30.5 | 46.9 | 180. | 148. | 167. | 255. | 479 |225. | 28.0 | 9.04
252 | 563 |378 |741 | 338 |624 |894 |138 |292 |500 |781 |966
4 5 1 8 3 2 7 4 4 8 9
484 | 73.7 |29.6 | 453 | 170. | 146. | 164. | 254. | 46.0 | 231. | 294 | 8.44
672 | 811 | 093 |237 |[642 | 726 |477 |260 |304 |054 |578 |996
4 3 8 5 4 6 3 1 6 6 4
5.70 | 719 | 32.8 |43.1 | 175. |147. | 164. | 257. | 47.8 | 231. | 29.6 | 8.94
312 | 184 | 573 | 740 |453 | 103 | 212 | 287 |354 |906 |066 |579
1 5 8 6 5 2 8 7 6 5 8 7
539 | 723 | 288 |41.3 | 174. | 149. | 165. | 257. | 449 |227. | 29.9 | 8.96
547 | 987 961 |565 | 726 |343 |967 | 095 |159 |0O77 |922 |657
6 6 8 5 7 1 6 1 1
5.03 | 72.7 | 329 | 456 |179. | 147. | 163. | 258. |47.3 |227. | 29.8 | 8.98
499 | 343 |524 (646 |7/1 | 894 |323 | 731 |435 |508 |729 |304
8 2 4 5 7 8 3 4 5 9
454 | 742 | 30.7 | 46.2 | 171. | 148. | 167. | 260. | 46.7 | 225. | 30.7 | 8.93
322 | 397 | 677 |567 |909 |599 |810 |322 |465 |692 |329 |O016
6 2 9 5 8 7 3 9 5 7
5.09 | 742 | 314 | 474 | 179. | 147. | 167. | 255. | 44.7 | 229. | 30.5 | 8.82
137 | 471 |807 |346 |310 |791 |016 |972 |464 |244 | 195 | 306
2 1 8 9 6 9 6 7 4 7
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485 | 73.1 | 29.8 | 455 |177. | 148. | 161. |259. | 44.8 | 229. | 31.7 | 8.86
433 | 249 [375 |521 |08l |189 |914 |890 |455 |342 |510 |969
9 |7 |5 |7 |3 |7 |5 |9 |8 |8 |2 |5
520 | 72.3 | 32.8 | 44.4 | 170. | 149. | 164. | 259. | 47.3 | 229. | 31.9 | 9.26
29 [128 |321 | 066 |067 |146 |385 |426 |200 |317 |782 | 150
4 3 |1 |5 4 |8 |7 |7 |6
490 | 73.3 | 28.2 | 46.2 | 171. | 148. | 164. | 258. | 46.6 | 230. | 30.0 |8.21
560 |976 |533 | 893 |732 [506 |591 | 922 |614 |086 |993 | 175
3 |2 |2 |4 |3 |5 |8 |4 |6 |4 |& |2
461 | 72.6 | 31.8 | 46.0 | 169. | 149. | 168. | 258. | 456 |233. | 30.3 | 8.85
153 | 113 | 119 |728 |016 |342 |579 |941 |914 |258 |182 |474
3 9 (5 |7 |3 |1 |2 |7 |3 |4 |9
554 | 72.9 | 28.4 | 46.2 | 162. | 149. | 165. | 257. | 465 |231. | 29.2 | 8.31
328 | 113 | 607 |543 | 894 |858 |504 |415 |166 |178 |172 | 464
9 1 (8 |4 |2 |7 |4 9 |5
561 | 72.0 | 32.9 | 45.4 | 176. | 147. | 168. | 256. |48.4 |232. | 29.2 | 9.19
637 | 270 | 176 |935 |327 |309 |142 |319 |123 |424 |716 |652
9 |3 |5 |7 |6 |9 |7 6 3 |7
534 | 72.3 | 29.6 | 48.4 | 174. | 151. | 166. | 260. | 46.1 | 229. | 305 | 9.62
356 | 836 |633 | 714 |585 |458 |224 |075 |219 |598 |901 |008
3 |3 3 |9 |1 |7 |7 |5 |2
539 | 72.4 | 29.0 | 42.8 | 178. | 148. | 161. | 252. |47.0 | 228. |31.1 |8.77
154 | 014 | 091 |689 |425 |304 |586 |134 |205 |530 |317 |320
3 |7 |8 |2 |4 |4 |1 |3 4 |6 |2
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456 | 73.8 | 28.9 | 46.4 | 168. | 149. | 166. | 258. | 48.6 | 227. | 31.6 |8.93
034 | 345 |076 |832 |817 |262 |109 |123 |825 |625 |977 |306
2 |7 |4 |5 |5 |1 |8 |5 |4 |2 |4
4.80 | 73.9 |27.1 | 423 | 166. | 149. | 165. | 253. | 46.4 | 225. | 32.4 | 9.43
758 | 595 |775 |918 |267 |128 |233 |553 | 489 |237 |974 |676
9 |8 |5 |9 |7 6 |8 |2 |7
489 | 742 |31.3 | 462 | 169. | 146. | 162. | 256. | 45.6 | 225. | 30.6 | 8.72
812 | 168 [543 |325 |984 |769 |571 |979 |362 [351 |069 |710
2 |3 |4 |6 |5 |3 |2 |3 |7 |1 |3 |5
525 | 72.9 |31.1 | 49.9 |174. | 148. | 163. | 256. | 47.9 | 225. | 30.1 | 8.39
037 |843 |442 |036 |962 |692 |193 |919 |177 |170 |642 |451
7 |1 2 13 |3 |7 |1 |8 |9 |2 |7
509 |72.8 |31.3 | 46.2 | 176. | 148. | 161. | 256. | 45.6 | 230. | 28.8 | 9.01
704 | 566 |738 |032 |829 |433 |801 |205 |801 |481 |547 |466
8 |2 4 |5 |5 |4 |4 |6 |5 |1 |7
536 |73.6 | 28.7 | 432 | 172. | 150. | 163. | 257. | 47.6 | 226. | 29.3 | 8.84
687 | 529 |791 |131 |256 |499 |423 |605 |387 [886 |174 |136
7 12 |4 |5 6 1 |2 |6 |5 |6 |2
574 |73.4 | 28.3 | 48.8 | 173. | 148. | 166. | 257. | 46.3 | 229. [ 30.1 | 9.50
919 | 512 |474 | 798 |503 | 953 |365 |352 | 009 |461 |463 |882
1 |5 |4 |7 |1 |3 |8 |3 |9 |s |8 |7
549 |73.1 |30.0 | 47.7 | 173. | 150. | 164. | 260. | 45.9 | 229. | 29.7 | 8.98
288 | 754 | 091 |564 |130 |605 |372 |609 | 102 |537 |007 |549
4 |1 |9 |1 |5 |2 |5 7 |5 |4 |8
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504 |72.9 |30.2 | 46.6 | 171. | 149. | 169. | 261. | 44.8 | 229. |31.3 |9.35
295 | 337 [283 | 983 |219 |156 |678 |534 |392 |402 |291 |909
1 7 |1 |5 |4 |5 |8 |2 |9
558 |73.4 |30.6 | 44.1 | 169. | 148. | 162. | 258. | 46.7 | 228. | 32.0 | 9.29
987 | 674 |386 |808 |332 |774 |507 |077 |117 |383 |283 |896
3 |5 |6 |4 4 |3 |2 |7 |2 |6 |6
524 | 73.4 |29.3 | 43.7 | 174. | 150. | 163. | 258. | 46.1 |228. | 30.5 | 9.31
491 |231 |54 920 [534 |372 |991 |867 |136 |164 |393 |231
5 |3 5 |1 |7 |3 |3 |4 |9 |5 |6
429 | 72.0 | 30.4 | 48.7 | 172. | 148. | 158. | 258. | 45.0 | 232. | 32.0 |8.70
144 | 097 |621 |436 |446 |173 |011 |287 |832 |423 |720 |380
7 |2 |8 |1 |9 |6 |2 |1 |4 |9 |8 |4
549 |72.0 | 285 |51.2 | 164. | 148. | 163. | 261. | 45.6 | 226. | 27.6 | 9.53
593 | 794 [317 |235 |166 |756 |213 |382 |588 [904 |390 |710
9 |1 (3 |1 |8 |5 |9 |1 |4 |1 |2 |5
508 |72.0 |30.7 | 52.6 | 174. | 147. | 167. | 259. | 46.2 | 230. | 29.9 | 9.51
015 | 359 [605 |017 |85 |482 |212 |471 |452 |226 |663 |294
3 |7 |2 |1 5 2 |7 |7 |1 |3
450 | 73.8 |29.8 |47.2 | 176. | 150. | 166. | 259. | 45.8 | 230. | 31.8 |8.63
173 | 157 |400 |629 |539 | 051 |078 |219 | 963 |340 |485 |105
1 |2 |7 9 |6 [3 |9 |5 |9 |7
4.67 | 72.8 | 29.4 | 535 | 177. | 151. | 166. | 257. | 48.1 | 229. | 30.9 |9.01
272 | 008 |004 | 900 |943 | 062 |139 |117 |448 |184 |285 |043
2 |7 |4 |4 |7 |7 |3 |4 |7 |2 |9 |2
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5.13 | 72.0 | 314 | 40.2 | 166. | 148. | 163. | 255. | 48.5 |230. | 31.4 | 8.86
003 | 531 |406 |345 |347 |906 |566 |003 |308 |833 |101 |305
5 2 9 7 6 7 7 9 8 9
496 | 73.9 | 29.3 | 46,5 | 170. | 150. | 165. | 261. | 48.0 | 233. | 32.7 | 9.22
533 | 049 | 576 | 172 |522 |499 |813 |144 |444 |276 | 610 |933
3 6 1 1 3 9 5 1 9 7 1 5
5.25 | 716 | 30.2 |48.6 | 166. | 147. | 164. | 258. | 48.0 | 229. | 32.2 | 9.18
953 928 | 663 |730 |851 |227 |835 | 033 |594 |828 |395 |622
6 2 6 8 4 5 2 1 7 8 4
489 | 724 | 28.3 |45.0 | 166. | 146. | 166. | 256. | 47.0 | 229. | 31.8 | 8.92
812 | 120 | 690 |883 |903 |318 |[893 |810 |640 |023 |497 |735
4 9 5 2 3 9 8 9 8 6
464 | 73.0 | 285 | 459 | 175. | 148. | 165. | 260. | 46.5 | 232. | 30.9 | 8.74
712 | 559 | 174 | 889 |335 (025 |944 | 772 | 753 |255 | 702 |958
1 1 1 9 6 7 3 6 8 2 1
541 | 715 | 294 | 46.1 | 176. | 149. | 164. | 260. |46.3 |227. | 314 |9.05
702 | 458 | 292 |552 |628 |242 |860 |884 |491 |840 |2/7 |030
8 1 1 6 6 1 3 5 6 5 4 8
541 | 73.7 | 285 | 425 | 177. | 149. | 170. | 259. | 485 |232. | 312 | 8.61
942 423 | 861 | 783 |210 (637 |031 |776 |370 |292 |963 |322
7 8 9 6 2 9 9 8 2 2 9 4
5.26 | 743 | 27.8 | 43.7 | 175. | 147. | 166. | 257. |46.1 | 227. | 30.2 | 8.58
411 | 456 | 109 |099 |736 |775 |956 |879 |483 |918 | 111 | 375
3 3 7 7 9 5 4 4 2 2 4 2
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5.06 | 72.6 | 31.6 |44.6 | 171. | 149. | 166. | 256. | 47.0 | 226. | 28.0 | 9.42
479 | 726 |304 |307 |332 |251 |602 |057 |255 |318 |258 |612
7 7 3 4 6 3 5 7 6 1 6
445 | 71.8 | 30.6 | 42.1 | 170. | 150. | 168. | 254. | 455 | 227. | 29.3 | 8.76
777 | 496 | 390 | 733 |119 | 986 |347 931 |934 |771 | 038 |620
9 7 1 9 9 2 2 4 9 8 8 5
5.19 | 73.8 | 29.0 | 43.3 | 168. | 149. | 166. | 257. | 44.1 | 229. | 31.7 | 8.35
721 | 666 |989 |172 |121 |579 |918 |065 |223 |957 |724 |294
2 3 8 7 8 2 8 5 8 6 5 9
4.67 | 73.7 | 30.6 |46.0 | 169. | 148. | 168. | 254. | 48.2 | 231. | 304 | 9.11
586 | 562 | 568 | 790 |550 |878 |288 |956 |193 |082 |079 |449
9 7 3 2 1 1 7 9 2 7 2
490 | 71.9 | 32.6 | 42.8 | 170. | 148. | 164. | 254. | 47.9 | 232. | 29.7 | 8.37
827 |85 |163 | 361 |684 | 600 |414 |976 |813 |008 |599 |595
9 3 7 5 8 7 4 7 8 1 3 3
512 | 722 | 274 | 442 | 172. | 147. | 165. | 254. |46.4 | 225. | 27.2 | 9.00
884 | 881 |962 |815 | 040 | 726 |823 |769 |693 |290 |005 |463
5 9 4 4 9 1 1 4 5 6 6
462 | 73.2 | 30.2 | 44.7 | 172. | 147. | 169. | 256. | 45.4 | 233. | 31.9 | 9.09
050 (474 | 727 |462 | 792 (072 |108 |017 |790 |400 |606 |169
2 8 5 7 6 1 4 7 2 7 6
5.02 | 72.8 | 30.1 | 414 | 168. | 148. | 161. | 256. | 46.0 |227. |28.7 | 9.36
711 | 479 | 422 | 410 | 840 | 476 |166 |390 |878 |686 |867 |347
7 7 6 8 8 8 3 4 1 4
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497 | 73.2 | 29.7 | 43.7 | 166. | 147. | 164. | 256. | 48.0 | 228. | 32.9 | 9.59
818 | 000 |546 |278 |526 |732 |399 |114 |914 |132 | 258 |272
7 6 8 9 9 4 7 8 6 3 9
449 | 741 | 29.3 | 459 | 175. | 147. | 164. | 255. | 459 | 227. | 30.8 | 8.72
019 | 020 | 040 |112 |451 |498 |793 |413 |697 |937 | 729 |858
3 9 1 3 3 2 2 7 1 4 7
5.18 | 72.6 | 31.7 |43.6 | 166. | 147. | 167. | 260. | 47.1 | 230. | 27.4 | 9.11
158 332 |501 |466 |755 |929 |181 |103 | 206 |320 |145 |283
2 5 6 5 1 7 2 1 2 9 1

535 | 719 | 29.1 | 450 | 169. | 147. | 159. | 257. | 44.8 | 228. | 29.8 | 9.37
720 | 562 |585 | 791 | 283 | 601 |086 |488 |439 |776 |443 |507
1 9 1 6 2 9 5 8 7 4
540 | 73.3 | 28.8 |50.3 | 171. | 150. | 167. | 258. |47.0 |225. |31.1 |8.28
533 | 292 | 252 | 909 |327 (581 |0/8 |403 |056 |833 |740 |391
6 6 8 3 3 6 3 2 7 7 4
512 | 73.0 | 29.8 | 43.0 | 175. | 149. | 162. | 259. | 47.1 | 229. | 30.6 |9.41
820 | 203 | 455 |547 |919 (838 |266 |811 |048 |137 |407 |533
1 8 8 7 1 3 3 5 5 7 4 6
540 | 72.8 | 319 | 445 | 173. | 149. | 164. | 259. | 445 |227. | 29.8 | 9.05
751 | 137 | 799 |387 |575 |875 |[490 | 781 |594 |261 |896 | 746
1 6 3 8 8 7 7 2 2 1 4 7
428 | 73.3 | 31.7 | 425 | 166. | 145. | 163. | 258. | 47.7 | 224. | 31.4 | 9.36
089 | 017 |064 |697 |876 |847 |782 221 |706 |764 |255 |424
8 9 7 8 8 3 4 8 4 4 9
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493 | 729 | 30.3 | 49.2 | 163. | 149. | 169. | 257. | 444 | 227. | 28.3 | 8.73
823 | 22 844 | 507 | 465 | 407 | 864 |876 |547 |867 |891 |468
4 1 5 4 9 1 6 6 2 8 8
476 | 72.3 | 29.8 | 45.7 | 171. | 149. | 165. | 256. | 46.4 | 228. | 31.5 | 8.79
240 | 587 |826 |185 |244 001 |115 [374 |976 |704 |794 |911
8 2 3 4 4 3 1 7 8 5 8
427 |73.2 | 30.4 | 49.0 | 167. | 149. | 164. | 258. | 46.4 | 231. | 28,5 | 8.90
35 | 129 |23 606 | 702 | 349 | 889 |969 |948 |504 |184 |805
2 6 2 4 4 2 8 5 9
532 | 728 | 30.2 |42.7 | 172. | 151. | 169. | 254. | 45.2 | 230. | 29.3 | 8.56
657 | 605 |864 |023 |797 822 |362 |139 |801 |309 |733 |0Q77
8 4 1 8 6 8 9 8 6 2 8 9
462 | 71.8 | 30.2 | 47.4 | 162. | 149. | 168. | 260. | 47.3 | 225. | 30.8 | 9.59
108 | 820 |586 |93 194 | 344 |382 |429 |626 |649 |802 |293
1 2 4 8 8 2 3 7 7
495 | 72.7 | 29.7 | 48.2 | 169. | 148. | 165. | 260. | 47.2 | 225. | 31.1 | 9.14
096 | 685 | 896 |489 |558 |203 |918 |572 |570 |092 |420 |138
3 7 8 7 1 2 9 2 7 9 8 2
471 | 729 | 28.2 | 495 | 172. | 148. | 162. | 256. | 45.6 | 229. | 30.6 | 8.62
009 |152 | 108 |188 |493 |838 |168 |994 |474 |657 |843 |876

3 6 6 7 8 1 6 1 8 2 2
446 | 721 | 33.2 | 454 | 166. | 149. | 162. | 259. | 47.2 | 231. | 31.6 | 8.55
240 | 668 | 096 | 778 |445 |025 |492 |12 671 | 472 | 729 | 584
1 6 9 9 6 3 5 5 5
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519 |73.1 |30.9 | 43.0 | 168. | 149. | 165. | 260. | 46.8 | 227. | 31.4 | 9.42
764 | 508 [393 |499 |971 |003 |984 |941 |55 |[681 |150 |179
7 |9 8 8 |7 8 |8 |3
513 |71.7 | 31.3 | 45.4 | 173. | 146. | 166. | 258. | 46.6 | 231. | 28.9 | 8.60
692 | 383 [634 |656 |984 |982 |030 |226 |881 [070 |4 |790
3 |9 |2 (3 |3 |6 |4 |4 |9 |9 1
4.83 | 73.8 | 31.0 | 48.4 |178. | 148. | 161. | 258. |44.4 | 226. | 26.8 | 9.36
083 |540 |837 |902 |144 |545 |314 |228 |914 [812 |172 |515
6 |3 2 |7 |6 |5 |2 [3 |6 |9
537 | 74.1 | 295 | 44.9 | 169. | 148. | 166. | 255. | 46.2 | 228. | 29.7 | 8.89
274 | 569 | 600 | 274 |962 | 608 |596 | 058 |568 |651 |849 |104
3 |4 |8 |7 |6 |7 6 |5 |9 |3 |8
539 |71.9 |30.7 | 46.3 | 171. | 148. | 168. | 257. | 46.9 | 227. | 30.6 | 9.33
941 | 152 [249 |505 |215 | 957 |568 |189 |406 |525 | 724 |184
3 |7 |3 |2 |8 |5 |3 |7 |4 |1 |1 |1
4.80 | 72.8 |31.2 | 48.0 | 171. | 147. | 165. | 256. | 44.8 | 228. | 31.0 | 9.04
157 | 337 |764 | 915 |022 |783 |063 |041 |020 |684 |286 |707
5 |2 |2 2 1 |1 |3 |9 |3 |2
569 |73.0 |30.1 | 46.1 | 176. | 148. | 168. | 259. | 45.6 | 231. |29.8 |9.35
956 | 097 |586 |733 |908 |561 |414 |511 |029 |846 |662 |178
1 5 |8 |2 7 |5 |2 |6 |9 |8
4.83 | 72.2 |30.0 | 43.6 | 175. | 149. | 167. | 257. | 46.1 | 230. | 32.4 | 9.07
234 | 396 [241 | 088 |176 |799 |384 |313 |513 |686 |402 |744
2 6 |3 [8 |8 |3 |3 |7 |6 |3 |4
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5.06 | 71.3 | 29.0 | 43.3 |164. | 151. | 161. | 253. | 46.9 |226. | 30.2 | 9.34
794 | 977 | 166 |874 | 287 |344 |880 |655 |459 |695 |271 |943
3 5 1 5 5 3 8 1 3 5
5.01 | 724 | 28.8 | 43.7 | 169. | 147. | 163. | 255. | 46.5 | 227. | 30.4 | 9.60
731 | 705 | 233 | 094 |452 864 |609 |728 |561 |737 |933 |286
7 1 5 4 4 5 1 6 2 2 8
5.60 | 73.1 | 30.6 | 43.5 | 166. | 149. | 169. | 255. | 44.8 | 228. | 30.8 | 8.90
058 | 908 |096 |712 |446 |182 |498 |593 |512 |725 |124 |830
2 3 9 5 8 3 3 1 7 8 9 8
477 | 744 | 285 | 456 | 171. | 148. | 165. | 254. | 46.7 | 231. | 28.8 | 9.28
545 | 681 |811 | 900 |223 | 015 |044 |826 |805 |544 |469 |889
2 9 4 2 7 2 8 3 7 8 9 8
467 | 721 | 31.8 | 47.3 | 171. | 148. | 168. | 260. | 445 | 227. | 29.5 | 8.99
83 917 | 067 |893 | 789 |577 |352 |572 |553 |973 |365 |555
9 6 7 8 8 6 5 9 6 3
474 | 735 | 315 | 444 | 170. | 151. | 165. | 257. | 47.1 | 227. | 29.8 | 8.83
333 |980 | 970 |596 |319 304 |790 |024 |837 |545 |468 |061
4 9 1 9 4 7 1 6 1 2 3 2
5.04 | 734 | 299 | 444 | 175 |151. | 168. | 257. | 44.0 | 232. | 29.1 | 8.59
464 | 349 | 611 |271 |4/9 |580 |193 |865 |648 |454 |831 |681
2 1 1 7 1 4 4 5 7 5
459 | 726 | 28.3 | 51.9 | 166. | 151. | 163. | 260. | 47.0 | 230. | 31.7 | 8.88
594 1024 | 509 |324 |580 |[479 |869 |501 |932 |191 |545 | 733
5 3 9 8 4 4 5 1 2 8 8
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487 | 71.9 | 30.9 | 48.4 | 171. | 149. | 163. | 259. | 455 | 231. | 30.8 | 8.82
466 |622 |691 |119 |849 |862 |338 |740 |355 |037 |231 |102
5 8 6 9 1 4 1 2 6
5.74 | 729 | 322 | 47.1 | 168. | 146. | 166. | 259. |48.3 |229. |29.8 | 9.15
433 | 095 | 782 |832 |445 |951 |103 |532 |296 |924 |128 | 799
1 6 7 7 2 4 8 8 2 9 8 3
496 |73.7 |31.3 |46.4 | 165. | 147. | 167. | 261. | 458 | 231. | 30.7 | 8.90
254 1933 | 101 |011 |622 |554 |133 |142 | 865 |887 |874 |120
7 2 7 9 6 2 7 5 1 9
5.17 | 725 | 29.2 | 49.5 | 176. | 148. | 161. | 257. | 47.8 | 230. | 30.1 | 8.76
260 | 652 |362 |720 |386 |960 |210 |324 |037 |258 |285 |113
9 6 6 1 1 3 6 1 3 2
464 | 73.0 | 284 |44.6 | 168. | 149. | 168. | 263. | 48.4 | 230. | 29.6 | 9.05
226 | 834 | 500 |756 |889 |444 |381 |137 |462 |127 |092 | 049
1 6 6 2 7 6 8 1 2 2
432 | 73.7 | 29.9 | 451 | 172. | 149. | 163. | 260. | 48.8 | 228. | 28.4 | 9.14
125 | 801 [182 |665 |461 | 019 |842 |97/ |504 |310 |390 |103
6 5 5 5 5 4 6 5 8 3
479 | 724 | 29.6 | 452 | 175. | 146. | 166. | 256. | 46.7 | 225. | 28.8 | 9.32
822 | 781 |317 | 055 |594 | 972 |538 |811 |286 |857 |298 |480
9 4 9 7 5 3 8 7 1 7 8 4
447 | 73.7 | 275 | 449 | 171. | 149. | 167. | 252. | 46.2 | 229. | 30.4 | 9.41
379 936 |526 |[305 |704 | 085 |798 |923 |663 |601 |248 | 152
8 8 1 8 3 4 9 3 1 7 8 9
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442 | 72.2 | 31.0 | 43.2 | 170. | 146. | 168. | 257. | 46.5 | 227. | 30.5 | 8.79
091 | 726 | 061 |781 |[971 |270 |670 | 519 |423 |453 |647 |914
8 7 7 9 8 3 3 1 6 4 6 2
519 | 741 | 29.0 | 414 | 171. | 149. | 167. | 258. |47.5 |231. | 29.2 | 8.93
912 | 884 |817 |[483 |005 |[844 |084 |053 |205 |719 | 767 |658
4 1 7 5 3 3 3 5 2 4 5 3
543 | 719 | 29.6 | 518 | 175. |150. | 161. | 261. | 479 |231. | 314 | 8.92
103 [ 866 |061 |738 |150 |394 |735 |979 | 729 376 |740 |7

6 1 2 1 3 3 7 2 2 1 5

5.51 | 728 | 29.9 |45.7 | 176. | 145. | 161. | 259. | 46.1 | 231. | 30.9 | 8.86
166 | 142 (554 | 375 |[055 |690 |753 |967 |192 |197 |833 |506
9 4 1 2 6 8 9 9 5 5 7
467 | 73.1 | 31.0 |46.1 | 171. | 147. | 163. | 257. | 46.6 | 226. | 29.3 | 8.73
305 | 073 828 | 092 |328 |935 |785 |505 |381 |891 |832 |823
4 3 6 7 3 1 5 8 2 2 2
485 | 71.3 | 324 |48.2 | 172. | 149. | 165. | 257. | 46.6 | 228. | 29.2 | 8.90
950 | 970 | 973 |445 | 094 | 363 |053 |180 |341 |253 |492 |964
4 6 4 4 5 3 5 8 2 2 4

448 | 741 | 314 |48.1 |169. | 150. | 163. | 259. | 455 | 231. | 29.5 | 8.57
081 | 785 | 158 |605 |122 |407 |588 |664 |129 |338 |041 |570
9 5 4 7 7 1 6 2 1 2 6 3
5.08 | 73.0 | 295 | 46.8 | 171. | 149. | 166. | 253. |47.5 |229. |31.2 | 8.98
465 | 827 |439 |285 |610 |593 | 770 |510 |382 |010 |241 |928
5 1 1 9 9 9 5 3 6 8 2
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471 | 72.2 | 295 | 475 | 169. | 148. | 164. | 256. | 44.7 | 226. | 32.0 | 9.23
760 | 768 |485 |391 |363 |536 |423 |305 | 007 |165 |783 |898
5 |4 |9 |4 |8 |4 |8 |4 |5 |3 |7 |1
510 |73.7 | 29.9 | 49.3 | 174. | 148. | 164. | 258. | 46.0 | 225. | 31.9 | 9.45
840 | 339 [596 |885 |336 |845 |773 |334 | 126 [864 |969 |726
1 |7 |6 |5 |4 |9 |6 |3 |6 |7 |8 |9
4.98 | 73.1 | 32.0 | 48.3 | 166. | 150. | 165. | 258. | 45.4 | 229. | 30.2 | 9.36
145 | 986 |781 |552 |500 | 044 | 996 |039 |406 |334 |289 |979
8 |6 |8 |8 |7 |8 |7 |5 |5 |7 |1
429 | 72.8 | 28.4 | 43.0 | 168. | 149. | 168. | 260. | 47.3 | 227. | 28.0 | 9.21
393 | 797 [342 | 190 |602 |399 |817 |720 |818 [623 |069 |302
9 |5 |6 |8 |1 |4 |8 |2 |6 |6 |8 |7
522 |73.4 |30.0 | 515 | 169. | 149. | 164. | 261. | 45.6 | 230. | 30.7 | 9.14
159 | 318 |138 |345 |606 |338 |635 |912 |868 |850 |317 |623
1 |2 |9 |6 |2 |5 |6 |2 1 |8 |8 |8
505 |74.3 | 30.0 | 50.5 | 177. | 149. | 167. | 258. | 47.4 | 226. | 29.2 | 8.78
611 | 497 |757 |930 |598 |328 |022 |097 |727 |473 |597 |810
4 |5 9 |5 |2 |8 |3 |3 |6 |5 |1
523 [73.2 | 29.0 | 46.0 | 178. | 148. | 164. | 257. | 46.0 | 227. | 29.8 | 8.93
011 |833 [877 |216 |948 |752 |9 |921 |773 |707 |875 |178
7 |9 |7 |7 |2 |1 4 |1 |7 |1
520 |73.3 |30.1 | 42.9 | 168. | 148. | 165. | 256. | 45.8 | 228. | 30.4 |9.11
373 | 352 699 |188 |655 |591 |506 |519 |797 |417 |394 |206
3 |7 |6 |2 |7 |9 |1 |s |9 |1
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5.18 | 73.3 | 284 | 46.7 | 164. | 148. | 164. | 261. | 459 | 231. | 28.7 | 8.57
041 |35 |732 |992 |637 |532 |810 |105 |421 |376 |962 |601
7 3 1 1 2 8 5 9 9 6 9
5.18 | 72.8 | 29.6 | 50.4 | 169. | 150. | 165. | 256. | 45.6 |232. | 28.1 | 9.41
649 | 037 | 021 |667 |172 |407 |586 |423 |285 |919 |970 |027
7 9 9 9 6 3 4 4 3 2 8 7
449 (731 | 294 |49.6 | 174. | 147. | 168. | 259. | 46.9 | 230. | 29.9 | 9.27
162 [543 |978 |388 |746 |133 | 362 | 362 | 645 | 678 | 028 | 763
5 3 3 8 3 1 1 6 1 5 6 9
5.01 | 73.1 | 315 |49.2 | 165. | 149. | 162. | 260. | 46.0 | 228. | 31.6 | 8.91
113 | 467 271 | 697 |583 |369 |276 |662 |668 |342 |245 | 265
1 2 4 5 3 9 1 6 3 3 7 3
5.09 | 724 |30.3 |53.3 | 174. | 151. | 166. | 255. |47.3 |230. | 31.0 |8.83
474 | 344 | 013 | 293 |438 [538 | 777 | 084 |811 |411 | 207 |599
3 3 9 9 9 4 6 9 3 7 5
511 | 72.0 | 29.7 | 44.7 | 175. | 147. | 168. | 261. | 45.1 | 225. | 28.7 | 9.19
364 | 649 | 200 |421 |381 (675 |886 |884 |27/3 |627 |141 |608
5 8 1 3 5 2 3 9 7 1

471 | 73.1 | 30.6 | 51.7 | 174. | 149. | 165. | 255. | 46.9 | 230. | 32.2 | 9.37
297 | 001 |653 | 848 |349 (984 |942 | 056 |056 |305 |659 |183
7 3 8 4 2 7 6 9 5 9
486 | 72.7 | 28.9 | 46.8 | 172. | 151. | 165. | 262. | 46.6 | 225. | 28.2 | 8.56
030 | 003 |567 |198 |[401 | 294 |735 |328 |973 |647 | 800 |565
5 7 3 1 3 7 3 1 8 7 9
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4.79 | 73.9 | 32.6 | 445 | 174. | 149. | 164. | 260. | 46.0 | 226. | 30.0 | 8.26
509 |923 | 680 |435 |082 |079 |559 | 094 |544 |474 |803 | 048
8 9 5 2 4 9 8 6 3
496 | 742 | 295 |42.6 | 165. | 150. | 163. | 259. | 44.8 | 226. | 29.0 | 9.51
138 |380 | 738 |468 [831 |453 |007 |946 |740 |048 |568 | 708
2 5 9 9 |4 2 5 5 9 4
556 | 72.2 | 30.0 | 49.6 | 170. | 149. | 169. | 260. | 46.2 | 227. | 30.8 | 9.46
659 [981 | 091 |051 |880 |785 |063 |417 |842 |436 |453 | 701
8 3 9 2 2 6 6 7 3 6 9
4.75 | 73.9 | 28.7 | 48.6 | 166. | 150. | 160. | 256. | 46.1 | 229. | 30.8 | 9.73
470 | 264 | 608 | 873 |912 |667 |959 |365 |344 |549 |492 | 246
5 3 5 7 2 8 5 3 9 6 |4
496 | 73.1 | 29.3 | 48.2 | 170. | 149. | 160. | 257. | 46.4 | 231. | 30.8 | 9.23
227 | 519 |331 |813 |872 |479 [325 |721 |788 |146 |392 |568
1 2 4 |9 6 8 9 2 8 9
481 | 725 | 325 |40.3 | 174. | 149. | 163. | 262. | 47.6 | 231. | 29.0 | 8.56
239 | 381 | 087 |441 | 807 |556 |940 |046 |454 |098 |886 |392
2 5 5 7 3 5 1 1 8 9 9
4.49 | 737 | 29.6 | 48.8 | 177. | 148. | 163. | 257. | 46.9 | 226. | 29.7 | 8.70
789 | 728 | 747 | 168 | 453 |343 [366 [223 | 031 |202 |360 |258
1 4 8 5 4 |3 4 |3 3 9 6 7
513 | 735 | 31.4 | 50.7 | 165. | 148. | 167. | 258. | 44.8 | 229. | 31.5 | 8.40
662 | 735 | 785 |672 |471 |827 |213 |029 |446 |372 |116 | 147
1 2 5 7 1 6 4 6 2 6 |4
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494 | 731 | 27.3 | 434 | 177. | 147. | 161. | 258. | 48.8 | 226. | 30.1 | 8.84
146 | 755 |099 |676 |832 |679 |992 |297 |145 |460 | 019 |785
3 3 6 6 4 7 8 6 9 8
5.14 | 72.8 | 30.7 | 43.6 | 165. | 150. | 163. | 253. | 455 |228. | 31.0 | 8.63
122 | 778 |626 |600 |057 |841 |329 |875 |987 |186 |603 |701
8 8 2 6 6 7 7 8 2 4 6
469 |74.0 |31.0 |46.2 | 173. | 150. | 167. | 255. | 46.9 | 229. | 30.5 | 9.05
326 | 459 |521 |423 |211 | 014 |151 | 759 |303 |917 |163 |450
8 5 7 4 6 5 8 1 8 6 1
5.55 | 734 | 314 |49.0 | 164. | 147. | 165. | 255. | 44.5 | 229. | 30.6 | 9.45
474 | 675 | 209 |950 |617 |[473 |364 | 004 |610 |027 |354 |795
7 3 2 7 1 4 4 9 2 9 4
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