Location Based Scheduling in the Form of Flow Line
and its Comparison to CPM/Bar Chart Scheduling

Salwan Alamdar

Submitted to the
Institute of Graduate Studies and Research
in partial fulfillment of the requirements for the Degree of

Master of Science
n
Civil Engineering

Eastern Mediterranean University
June 2013
Gazimagusa, North Cyprus



Approval of the Institute of Graduate Studies and Research

Prof. Dr. Elvan Yilmaz
Director

I certify that this thesis satisfies the requirements as a thesis for the degree of Master
of Science in Civil Engineering.

Asst. Prof. Dr. Murude Celikag
Chair, Department of Civil Engineering

We certify that we have read this thesis and that in our opinion it is fully adequate in
scope and quality as a thesis for the degree of Master of Science in Civil
Engineering.

Asst. Prof. Dr. Alireza Rezaei
Supervisor

Examining Committee

1. Prof. Dr.Tahir Celik

2. Prof. Dr. Ozgur Eren

3. Asst. Prof. Dr. Alireza Rezaei




ABSTRACT

Time Management is a process of planning, scheduling and control over the amount
of time spent in specific activities, especially to increase effectiveness, efficiency, or

productivity.

Planning of construction projects differ in size, type, and nature. Bar charts are
generally popular, easy and good for small projects; network diagrams like Critical
Path Method (CPM) are used for medium to large size projects, while the line of

balance technique is used for big linear projects and repetitive actions.

Location based scheduling is a deviation of line of balance technique, which is
graphical line showing the movement of crew’s productivity and continuity of two
dimensional coordinate system using the location and time. A modified method have
been evolved with the use of computer software called Vico office which uses
Location Based Scheduling (LBS) in the form of flow line scheduling, which is a
combination of CPM and Linear Scheduling Method(LSM) with which, one can deal

with small, medium and big projects in planning and scheduling.

Every type of planning has advantages and disadvantages.CPM algorithm is designed
for optimizing project duration rather than dealing the balancing of resource

constraints to ensure easy productivity of crews from unit to unit as the LSM does.

This study will use the modified LBS method for a case study of 3 floor villa which
represents as a small project. Both scheduling tools, CPM/Bar chart and LBS, will be

used to schedule the villa and a comparison between the two methods with their
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limitations and advantages will be discussed. The results of the LBS scheduling
through the case study showed that the LBS scheduling can work on small projects,
can be easily planned, and it gave some advantageous results than the traditional

CPM/Barchart scheduling method.

Keywords: Time Management, Line of Balance, Location Based Scheduling,

Critical Path Method, Bar Charts
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Time management belirli aktivitelerde planlama, zamanlama ve harcanilan zaman
miktarmi kontrol eden bir asamadir, 6zellikle gecerliligi, verimi veya iiretkenligi

artirir.

Insaat projelerinin planlanmas1 boyutuna, cesidine ve yapisma gore farklidir.
Genelde Bar chart’lar popiilerdir, kii¢iik projeler i¢in kullanimi1 kolay ve daha 1yidir;
Network diagram’larda Critical Path Method (CPM)‘dun orta ve biiyiik boyutlu
projelerde kulanildig1 gibi, aynt zamanda Line of Balance tekniklerinin biiyiik

cizgisel projelerde ve tekrarl ¢aligmalarda kullanilmasidir.

Location based scheduling line of balancei teknik ¢izgisinin bir sapmasidir, grafiksel
¢izgi crew’s productivity ‘nin hareketini ve iki boyutlu koordinat sisteminin
stirekliligini ve zaman’1 kullanarak gostermektedir. Vico Office olarak adlandirilan
bilgisayar programi kullanarak modifiye edilmis bir method gelistirildi. Bu method
esas konum cizelgesini (LBS) akis hat cizelgesi formunda kullanmakta, bu da
Critical Path Method ve Linear scheduling method (LSM) ile hangi kiigiik, orta veya

biiylik projelerin ele alina bileceginin planlamada ve ¢izelgede birlesimidir.

Her cesit planlamanin avantajlar1 ve dezavantajlar1 vardwr. CPM algorithm proje
stiresini iyilestirmeden ziyade sinirli kaynaklarin dengelenmede ve crews’ in kolay

iiretkenligini LSM” de oldugu gibi birimden birime saglamakla iligkilidir.

Bu ¢alismada modifiye edilmis LBS method ile kiiciik bir projeyi temsil eden 3 katl

bir villa 6rnek olarak kullanilacaktir. Her iki ¢izelge aletleri, CPM/Bar chart ve LBS,



villa’nin programlanmasida kullanilcak ve ayni zamanda iki method’un limitleri ve
avantajlar1 karsilastirilip tartisilacaktir. LBS ¢izelgesinin sonuglar1 6rnek villa ile
kiiciik projelerde c¢alisilabilecegini gosterdi, kolayca planlana bilmektedir, ve

traditional CPM/Bar chart ¢izelgesi method’ undan daha fazla avantaj saglamaktadir.

Anahtar Kelimeler: Time Management, Line of Balance, Location Based

Scheduling, Critical Path Method, Bar Charts
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Chapter 1

INTRODUCTION

1.1 Overview

Locations based scheduling is a deviation of line of balance and linear scheduling
method, it uses location break down structure to schedule the activities in a combined
Critical Path Method (CPM) and linear scheduling, and shows the activities in a flow
line graph. The first documentation usage of LBS was used in the Empire State

building in 1929 (Figure 1).
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Figure 1: The Use of LBS in Empire State; Source (Gagne, 2012)

In recent years, most of the construction industry focused on the use of Critical Path

Method (CPM) and Bar chart to schedule and plan construction projects, and the



usage of Linear Scheduling Method (LSM) mainly focused on the linear or repetitive
process construction. Beside that Line of Balance has many disadvantages while
used in scheduling of small projects, even though most of contractors and engineers
are not familiar to use or communicate Line of Balance technique in their work. In
Finland in late 1980’s, a group of researchers started to modify line of balance tool in
Helsinki University. They modified a software tool called Dyna project through their
research studies in 2003.After some years the software became commercial and
started to be used in construction companies named as VICO office (Seppénen &

Aalto, 2005).

However, it has not gained popularity because of the commercial use of software
programs for Critical Path Method (CPM) and Bar charts, and it was believed that
Linear Scheduling Methods are not suitable for nonlinear or non-repetitive projects
with large amount of activities. Beside of this, civil engineers focus to minimize the
duration of projects like Critical Path Method (CPM) does, rather than focusing on
the productivity and resource constraints that Linear Scheduling Method (LSM)

does.

The objective of this study is to use Line of Balance technique on small building of a
3 floor villa, with commercial software and compare the results of CPM/Barcharts
with Line of Balance technique. At the same time collecting answers of
questionnaires about the usage of scheduling tools from academic and industrial

engineers so as to find their point of view about the Line of Balance technique.

Using the Vico software for the case study has been useful; the CPM/Barcharts has

been transferred into Line of Balance technique, and resulted with the same data.



After that risk levels were define, it showed that using CPM/Barcharts are more risky
than the continuous flow of Line of Balance, with use of optimization of the
continuous flow line, the time duration has been decreased. Moreover the
visualization of line of balance were better than the CPM/Barchrts, because it
showed the locations of the structure more better than the bar charts, and controlling
flow and movements of crews can be easily controlled through line of balance

technique.
1.2 Objective of the Study

The main objective of this study is to use the Location Based Scheduling in the
scheduling and to see if it has the same or better results with CPM/Barcharts, the

objectives of this thesis are:

1. To collect a literature review survey about the different scheduling tools used
in the construction industry with their advantages and limitations.

2. Using Line of Balance technique for a small, non-repetitive, and nonlinear
construction project, since the most disadvantages of the line of balance
technique is that not suitable to be used in small construction projects, and to
compare the results with the traditional use of CPM/Barcharts. A small 3
floor villa has been selected as a case study.

3. To collect answers for a question surveys distributed via email for different
construction sectors, academic and industrial, so as to find their different
point of views about the usage of scheduling tools in their construction
project.

1.3 Works Done

In order to achieve the main objectives of this study as mentioned in section 1.2, the

following works has been done:



1.

Collection of literature review from journals, books, conferences, and blogs,
for the three types of scheduling tools, critical path method, bar charts and
line of balance technique.

Vico software is used to schedule the case study (3 floor villa) with line of
balance technique and CPM/Barcharts.

Survey questions were distributed among academic and industrial civil

engineers for different industrial civil sectors.

1.4 Achievements

The following achievements of the study are summarized as below:

1.

A detailed literature review is provided in Chapter 2 of this thesis, for the
three types of scheduling tools, bar charts, critical path method and line of
balance, with their limitation and advantages. It showed that from the
literature review CPM is the most widely used scheduling tools, but it not
suitable to be used in linear or repetitive process construction. While line of
balance is not widely used in construction industry, especially for small and
large amount of activities, but its suitable for linear and repetitive process
construction projects.

Results were obtained from line of balance and CPM/Barcharts scheduling
technique. It showed the same results while transferring CPM/Barcharts into
LOB technique for a small construction villa, but while defining risk levels it
showed that the LOB has better results than the CPM/Barcharts as time
duration, visualizing of activities, and low risk of time completion.

83 respondents were collected through collecting their answers from a
question survey, for different countries, different construction industrial

sectors, and different civil engineering academic sectors.



1.5 Limitations of the Study

This research has some limitations. The scheduling of the case study has been only
done to construction quantities; electrical and mechanical has not been considered
since the model itself did not have any data about them. Another limitation is the
update, control, and forecasting of the schedule which is not included. This is
because the building was constructed before the research study has been started, and

there is no history data about the construction.
1.6 Thesis Outline

This thesis is structured as follows:
Chapter 1 is the general introduction about the location based scheduling tool (LBS),

and other traditional scheduling tools.

Chapter 2 is the literature review; theories, research studies papers about the
comparison of linear scheduling, bar chart and critical path method has been

collected.

Chapter 3 is the methodology of the study. It contains the procedure of how

CPM/Barchart and LBS schedule by using a case study.

Chapter 4 is the questionnaire survey which describes how questionnaire survey was

prepared and how respondents were chosen.

Chapter 5 is the results and discussion of the data obtained from the scheduling of
both LBS and CPM/Barchart. It also contains results and discussion of the surveyed

questions.



Chapter 6 is the conclusion of the study, and future recommendations of the study.

This chapter is followed by the bibliography of the thesis.



Chapter 2

LITERATURE REVIEW

2.1 Introduction

Many authors have discussed theory of Line of Balance and Critical Path Method
CPM with their comparison to each other. It can be seen from the literature review
that different types of scheduling are used for different project type, nature and size,
which they vary depending on how they analyze and how their logical
representations are shown. There are different kinds and varieties of scheduling tools

like (Yamin & Harmelink, 2001);

-Network diagram scheduling (CPM)
-Bar/Gantt chart.

-Linear Scheduling method (LOB)

Since construction projects differ in nature, size, and type, bar charts are used for
small projects and small amount of activities, CPM is used for medium to large size
projects with large amount of activities, while linear scheduling method is used for
repetitive or linear continuous activities that have small amount of activities with
large quantities (Mubarak, 2010).

2.2 Bar Chart (Gantt Chart)

It was introduced originally by Henry L. Gantt in 1917 (Mubarak, 2010). Bar charts
have faced many changes and modifications to date. It is the most commonly used

technique among others, because of its easy usage and understanding(Mubarak,



2010) and (Uher, 2003).

A bar chart represents time scaled activities in a horizontal bar graphic way of tasks,
these tasks represent project information activities. As a graphical representation, bar
charts use x-axis as time in columns, it could be months, weeks, days or even hours,
and y-axis represents the individual activities into different rows (Mubarak, 2010)

and (Uher, 2003) (see Figure 2).
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Figure 2: Bar Chart; source (Mubarak, 2010)
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2.2.1 Advantages
Galloway (2006) made a survey and stated that most construction owner companies
prefer bar charts for small projects, because of its easiness to understand and that it

does not impose cost as much as CPM does.

Bar charts are simple, universal, understandable, and easy to be produced (Arditi,

Tokdemir, & Suh, 2002).

Bar charts are easy to use, good presenting project duration, and more information
can be loaded from it like man hours, and cash flow diagram (Mubarak, 2010).

2.2.2 Disadvantage and Limitations

Bar charts’ most disadvantageous characteristic is the lack of linkage representations
of longest path and float calculation, which CPM has (Uher, 2003).Without linkage

representation, it may cause problems in updating and modifying activities or if some



activities are modified, it will not affect or change other related activities (Arditi,
Tokdemir, & Suh, Challeneges in Line-of-Balance Scheduling, 2002), and (Arditi,

Sikangwan, & Tokdemir, 2002).

But with the aid of computer software, CPM (Critical Path Method) and PERT
evolved in the bar chart system which made it most powerful tool to be used in

construction projects (Mubarak, 2010).

Bar charts are not still perfect in linear scheduling with the evolvement of other
scheduling tools like CPM, which may cause inappropriate and missing information
in linear or repetitive projects (Arditi, Tokdemir, & Suh, 2002).

2.3 Critical Path Method

Network diagrams can be defined as the linkage or logical representation of

activities; it could be arrow or node diagrams. Every type of network is classified

into different methods as shown in Figure 3(Koirala, 2008).

Types of
Network Diagram

!
) !

Arrow Network Activity Network

CPM Pert

Precedence
Diagrams
(PDM)

Figure 3: Types of Network Diagram; source (Koirala, 2008)



The arrow diagrams were popular between 1960s and 1970s, then after this time of

era the node diagrams became choice for network diagrams (Mubarak, 2010).

One of the most commonly used network diagrams is the Critical Path Method
(CPM) (Uher, 2003), (Mattila & Park, 2003), (Lutz & Hijazi, 1993), and (Arditi,
Sikangwan, & Tokdemir, 2002),and(Jongeling & Olofsson, 2006).Planners in
construction normally use both CPM and bar charts to schedule their projects (Koo &
Fischer, 2000),and they are used widely in construction industry (Harmelink, 2001),
(Mattila & Park, 2003),(Lu & Li, 2003), (Galloway, 2006), (Koo & Fischer, 2000),
and (Mendes, Fernando, & Heineck, 1998). They represent the task in an arrow
diagram by linking the activities in a shape of map into work break down structure
(WBS), with each task related to each other in a logical order and dependency

(Figure 4) (Uher, 2003).

s l@
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Figure 4: CPM Network Diagram; source (Lu & Li, 2003)
2.3.1) Advantages
Network diagrams, unlike bar charts, show logical representations, which gives
relationship between activities, and from these logical activities, a critical path is
calculated which can predict the completion date of the project, and they are good to

represent large or complicated construction projects (Mubarak, 2010).
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Harmelink (2001) stated that while scheduling construction projects, activities that
are planned to complete in longest duration are called critical and these critical
activities have zero floats that are flexible in time completion. He also stated that
these floats can be useful to determine the delay of activities before it affect the

project duration.

The critical path method (CPM) of scheduling is widely accepted and utilized by the
building construction industry. It determines which activities are on the critical path

and which are not (Harmelink, 2001).

Lowe, D’Onofrio, Fisk, & Seppinen, (2012) stated that 90% of construction projects
in USA use CPM to manage and plan their projects; while Galloway (2006) made a
survey on usage of CPM and she found that 47.6% of the projects owners always
rely on CPM tool. She also stated many contracts force contractors or subcontractors

to use CPM which is about 72.5%.

According to software programs which use CPM, Galloway (2006) stated that about
64% use Primavera in their scheduling and planning of construction projects, while

20% use MS project, other 16% use other types of scheduling software.

The software’s most advantageous feature is that they show CPM schedules as a
graphical representation of bar charts with other additional features like tabular data,
PERT, and others (Figure 5)(Lowe, D’Onofrio, Fisk, & Seppédnen, 2012), and

(Mubarak, 2010).
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Figure 5: Linked (Jfl?ne scaled) Bar Chart; source (Mubarak, 2010)

2.3.2) Disadvantages and Limitations

Despite CPM has been proven the powerful scheduling and control tool, but one of
the most disadvantageous characteristics in CPM is that they are not suitable to be
used or manipulate in linear scheduling (like highways, pipe lines and tunnels), and
repetitive projects (high rise buildings, and multi housing unit complex), (Arditi,
Tokdemir, & Suh, 2002), (Arditi, Sikangwan, & Tokdemir, 2002) (Mattila & Park,
2003),(Vanhoucke, 2006), and (Mendes, Fernando, & Heineck, 1998), because of
different production rate, and there is no indication of production rate in CPM
(Arditi, Tokdemir, & Suh, 2002), and do not show interrelationships between

activities for high rise buildings (Arditi, Sikangwan, & Tokdemir, 2002).

Arditi, Sikangwan, & Tokdemir (2002) stated that CPM deals mostly with
minimizing the duration rather than dealing with resource and productivity factors, at
the same time for repetitive projects like high rise buildings the linkage of the
activities will be too much and big size, which will cause difficulties in

communication.
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Mattila & Park (2003) stated that CPM does not have the ability to schedule the
resource in continuous way, especially in repetitive or linear continuous projects,
which rate of activities are not indicated and does not reflect the actual condition.
They also stated that CPM does not give any further information of project task or

activities where exactly the work is done.

Harris & Ioannou (1998) stated that CPM can schedule repetitive process projects,
but the control and operation of resources cannot be guaranteed, because the resource

constraints cannot be represented in CPM schedule.

Lu & L1 (2003) described that CPM and other related network diagrams (PERT, and
Precedence diagram) does not focus or coordinate activity and resource planning, it

assumes limitless availability of crews, with no critical resource.

Lu & Li (2003) also stated that CPM has not succeeded to clarify the critical
resource, this is because some critical activities may be noncritical for resource, and
these non-critical resource may delay the project duration time if they fail to load the

sufficient resource required by their critical activities.

Lu & Li(2003) and Vanhoucke (2006) stated two main points that CPM gives

insufficient scheduling in repetitive and linear projects:

1) The CPM if used in repetitive or linear projects will use a large amount of tasks to
represent the activities, and it will be difficult to evaluate and hard to read them.

Vanhoucke (2006) stated that if network scheduling in repetitive projects will be like

13



a complicated ladder like shape, and the number of nodes and links will be very large

for the whole construction project.

2) The second point which they stated is the balance of resource or continuity of

resource which CPM does not take into consideration while scheduling.

Matilla & Abraham (1998) and Vanhoucke (2006) stated an extra point that when
applying CPM to repetitive or linear activities, it may lead difficulty while assigning
extra resource or modification in resource, which will result in exchanging of
time/cost activity profile, and crashing of productivity between similar activities at
different units.Arditi, Tokdemir & Suh (2002) had same conclusion with both
authors that since CPM does not take into account the production rate, it will never
be predictable or detected by the scheduler during development of the project or

activity within a project.

Koo & Fischer (2000) and Jongeling & Olofsson (2006) discussed more about the

look and visualizing of CPM/bar chart in the scheduling;

Koo & Fischer (2000) stated that construction schedulers find it difficult to view all
activities related to the project, it will be difficult to determine the schedule of all
activities complete by viewing them as a CPM schedule, especially when assigning
activities taken from 2D drawings, however when he viewed the activities in a 4D
model he could find the missing activities which were not included in the CPM

schedule.
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They also stated that, the breakdown structure of activities will be difficult to identify
them when they are out of sequence link in CPM, this is because some tasks have
same dependency, which may be located in different zones of the schedule.Such a
problem is important for users to understand the linkage of the project;on the other
hand,Jongeling & Olofsson (2006) discussed that a very detailed CPM schedule is
difficult and hard to update. They also discussed about spatial design of a project

while using CPM.

Koo & Fischer (2000) and Jongeling & Olofsson (2006) expressed that CPM does

not show or provide further information of an activity specially its location.

At the end, the usage of CPM/Bar charts in repetitive or continuous project is still

used despite its limitations and disadvantages (Yamin & Harmelink, 2001).
2.4 Line of Balance (LOB)

It was originated in 1940’s by the Good year company (Lutz & Hijazi, 1993).LOB
was introduced in the planning and controlling of the manufacturing industrial
process. Then in 1942 it was developed in US navy to control and program repetitive
process projects (Lutz & Hijazi, 1993), and (Suhail & Neale, 1994).Later it was
developed in UK for repetitive housing projects by National building agency (Suhail

& Neale, 1994).

LOB is a graphical method of diagonal lines with slopes representing the
productivity of resource or activity, plotted on X-Y graph, the X (horizontal axis)
represents time, while Y (vertical axis) represents location or quantities (Uher, 2003),
(Lutz & Hijazi, 1993),and (Mattila & Park, 2003), or opposite depending on which

type of project you are dealing with, like for buildings Y axis represents the location,
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and for highway projects X axis represents the location or stations (Figures 6 and 7)

(Mattila & Park, 2003).

MO, OF FLOORS

4’
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Figure 6: Location vs. Time LOB; source (Lutz & Hijazi, 1993)
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Figure 7: Time vs. Location LOB; source (Mattila & Park, 2003)

Line of Balance (LOB) is a deviation of Linear Scheduling Method (LSM) (Arditi,
Tokdemir, & Suh, 2002), (Bjornfot & Jongeling, 2007), (Uher, 2003), (Arditi &
Albulak, 1986), (Lutz & Hijazi, 1993), and (Harris & loannou, 1998), same as other
LSM scheduling like Vertical Production Method (VPM), Time Versus Distance,

and others (Harris & loannou, 1998), (Lutz & Hijazi, 1993), and (Uher, 2003).

The difference between linear scheduling method and line of balance is that, LOB is
used to record or schedule the cumulative repetitive events of the work done, while
LSM plans the recorded progress on multiple activities that are moving continuously
linear along the length of the project. The LSM origin is not clear and it may have
different deviations according to countries. But they have same logic that they

depend on the resource orientation and productivity (Arditi, Tokdemir, & Suh, 2001).

Arditi & Albulak (1986) made a research by using line of balance in linear
construction projects like highway and was generally successful with some lacks like

presentation of lines and overlapping with each other.
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2.4.1 Advantages

Linear projects like highway, pipelines and tunnels and repetitive action projects like
high-rise buildings, multi-unit complex houses, and precast concrete production are
all suitable for LOB and LSM schedules(Arditi, Tokdemir, & Suh, 2002),
(Harmelink, 2001), (Harris & Ioannou, 1998), (Matilla & Abraham, 1998), (Mendes,
Fernando, & Heineck, 1998), (Seppdnen & Aalto, 2005), (Mubarak, 2010),
(Vanhoucke, 2006), (Uher, 2003), (Yamin & Harmelink, 2001), (Hamerlink &

Rowings, 1998), (Suhail & Neale, 1994), and (Mattila & Park, 2003).

The main advantage of LOB is that it calculates productivity along with time in an

easy graphical representation (Lutz & Hijazi, 1993).

Despite its specialization of LOB and LSM usage for linear and repetitive projects,
Matilla & Abraham (1998), Yamin & Harmelink (2001) and Uher (2003) stated that
CPM can also be used for these linear or repetitive process projects, but they are not

appropriate.

Repetitive activity process allows construction to continue in a continuous repetitive
manner, which allows cost and time to be efficient by balancing the resource crews

(Arditi, Tokdemir, & Suh, 2002).

Line of balance graph shows the project situation graphically that what is wrong with
activity, and can find potential future jams. It also has the possibility to adjust the
productivity of resource to allow smooth and efficient flow. At the same time in the
creation of LOB, it will take less time and effort than other scheduling techniques

(Lutz & Hijazi, 1993), and (Arditi, Tokdemir, & Suh, 2002).
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Mendes, Fernando, & Heineck (1998) and Harmelink (2001) also stated about the
graphical representation of LOB, that it is easy to read, understandable, and sets the

goal of the planning.

LOB has the ability to balance activity operations in a way that each activity is being
continuously achieved in different location though project (Jongeling & Olofsson,

2006).

For repetitive construction process projects, LOB can lead a crucial important
schedule and planning by reducing time, cost overruns, and clashes (Vanhoucke,

2006).

Vanhoucke (2006) also stated that scheduling of repetitive process projects can be
improved by three main points:

1) Work of crew in continuous way

2) Schedule optimization and resource operation to optimize the project duration

3) Integration of discrete and non-discrete schedules.

Seppédnen & Aalto (2005) stated in their research that LOB has low risk schedule for
contractors, since their subcontractors are forced continuously to be kept on site, and
at the same time their crews have low risk to interfere with each other and minimize

the clash or resource.

Mendes, Fernando, & Heineck (1998) stated that LOB can balance the resource in
continuous work over construction locations, crews will work with periodic

productivity and no wastes will be introduced in the schedule.
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Lowe, D’Onofrio, Fisk, & Seppédnen (2012) and Arditi, Tokdemir, & Suh (2002)
stated that another main feature of LOB is the ability to optimize the schedule time
by increasing crew size which will lead to soften the slope and make it similar to its
predecessor task.

2.4.2 Disadvantages and Limitation

Beside its advantageous features, LOB development is quite slow and its acceptance

through construction industry is low (Mattila & Park, 2003).

The most disadvantageous principle that LOB or LSM has is the lack of critical path,
(Harmelink, 2001), and (Mattila & Park, 2003). The critical path determines the
smallest duration of the project, and determines which activity will lengthen the

project time if they are delayed (Mattila & Park, 2003).

Hamerlink & Rowings (1998) developed a Control Activity Path (CAP) for LSM, as
an activity path, but unlike CPM it determines the control and non-control path

through linear projects only.

Arditi, Tokdemir, & Suh (2002) found some conclusion from the criticality of both
CPM and LSM, the production rate is the major parameter for criticality in LSM and
activity duration in CPM, but they stated that the LOB does not define this

difference, and does not define float and criticality in LOB terms.

At the same time, they stated that critical path in LOB may be non-critical in CPM
when the production rate of the crews adjusted. Furthermore they stated that the

critical path is important parameter to shorten the project duration as like CPM does,
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unlike LOB which depends on continuous work of crews through activities in order

to achieve performance.

Another limitation of LOB is in its basic feature which is the productivity
assumptions are constant over specific time of an activity. At the same time LOB can
reduce the duration of project but with no regard to reduce cost like other scheduling

methods (Lutz & Hijazi, 1993).

Yamin & Harmelink (2001) and Mattila & Park (2003) stated that LSM cannot be
used for discontinuous or discrete projects, while CPM can do complex discrete

projects, like culverts or bridge structure in linear projects.

LOB is complicated especially for projects which have large number of activities that
are related to each other or bounded to be linked with time dependency. Such a time
dependency like in highway projects prime coat should be followed by base course,
which is more related to dependency than production or resource (Arditi, Tokdemir,

& Suh, 2002).

Plotting LOB must be carefully evaluated, otherwise if too many activities are
plotted in the schedule, the diagram will be a jungle of tilted lines, and they may also
cross each other. Another major difficulty in plotting LOB is for the activities that
have same productivity and may overlapping each other; it will not be easy to
separate them unless they are drawn with different color. The scale of the lines
should be appropriate so that it will be better understandable, and information can be

readable easily. (Arditi, Tokdemir, & Suh, 2002), and (Arditi & Albulak, 1986).
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Mendes, Fernando, & Heineck (1998) and Lutz & Hijazi (1993) described that the
unpopularity of LOB in the construction industry was mainly due to popularity of
CPM commercial software that made hard for LOB beat CPM in the construction

industry.

Seppédnen & Aalto (2005) and Lutz & Hijazi (1993) also stated about the usage of
LOB, despite of its strong tool but it did not gain popularity in the worldwide

construction industry mainly due to lack of using easy software to implement them.

Beside its lack of software usage, some commercial companies or university
researches tried to design a software tool for the LOB technique, some of these

software tools are as below:

1) Vico Control ( Graphisoft Control/Dyna project at Helsinki University of

Technology) by Vico Software in Finland.

2) Tilos by Asta Development in Germany.

3) Spider Project PM system by Spider Management Technologies in Russia.

4) PlaNet by Artemis International solution in Finland.

5) UNaLSS (university of Naples linear scheduling software) in 2005 as a research.

6) FLSP (Florida Linear Scheduling Program) in 1999 as a research.

7) Location based Management System (Swinburne University of Australia) in 2006

as a research.
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8) Cash Flow Diagramming in Line of Balance Technique by Using Matlab. (Eastern

Mediterranean University) 2010 as a research.

Between 1989 and 2003, Helsinki University in Finland started to develop the
location based scheduling as an academic research. The new research improved
scheduling skills and used software to design a planning and control tool. LBS is a
combination of Linear scheduling and CPM, the schedule was represented a
graphical method called the flow line, the same basic of line used in the LOB (Lowe,

D’Onoftrio, Fisk, & Seppanen, 2012).

The concept of the planning is to use location breakdown instead of working
breakdown structure, and the activities can be either continuous work or

discontinuous work (Lowe, D’Onofrio, Fisk, & Seppénen, 2012).

This thesis objective is to use LSB which is a deviation of LOB with some
modification for a small villa project, to see if it is an appropriate scheduling method

to be used in small, nonlinear, and non-repetitive projects.
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Chapter 3

METHODOLOGY OF LBS WITH A CASE STUDY

3.1. Introduction

The following section presents the basic theory and method of planning and
scheduling by Location Based Scheduling, and its comparison to CPM/barchart. To
compare both methods, a case study of a 3 floor villa has been taken as an example.
The case study of a 3 floor villa has been planned and scheduled by both methods

CPM/Barchart and LBS.
3.2Planning Principle by LBS

Planning principle by LBS looks basically like the traditional CPM based planning.

The general idea is:

e The plan must ensure that the project objectives can be achieved within the
time, resource and quality framework that is applicable to the project.

e The plan serves as a map of the project showing the intended path from start
to target.

e The plan serves as a basis for analysis and decisions choice of production
methods, materials and equipment and other resources.

e The plan serves as a communication instrument that delivers production in
race build up, what to do at each particular time, what resources to be used,

and in what order the work to be performed.
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All these planning requirements are the same regardless of the selected planning

method, but the way to meeting the requirements are different.

Both LBS and CPM based have the same basic planning elements and activities,
resources and linkages between activities. LBS also uses the time analysis (network
analysis) that the CPM methodology uses it in the calculation of the critical path and
activities free and total slack. But these typical CPM concepts lose their function in
the LBS method, and instead, LBS introduce concepts of locality critical latitude
zone, location based activity bonds, resource flow and other specific planning

concepts.

The fundamental difference between the traditional CPM method and LBS is that the
CPM method is based on the activities and their logical linkages to each other, while
LBS method is increasingly based on resources and their "flow" through the project.
The CPM method activities are considered distinct elements which can be linked and
analyzed in a logical network. The CPM method focuses on activities as categorized

method as an “activity based planning method”.

LBS as compared to the CPM is a "resource oriented planning approach" where
resources flow through the project is a key part of planning. An efficient flow means
resources of the individual activities flowing smoothly to the project's various parts,
or various project sites. Thus one geographical location of the project activities, is
achieved an identification of where and when activities will take place, and it
becomes possible to record LBS method typical as a "time / place diagram", or "flow
line" diagram, which is LBS method graph. In flow line chart, the vertical axis

location divided into project physical locations, and the horizontal axis indicates the
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project timing. The activities and their conduct described in this way as oblique
slopes, indicates the labor productivity of activities carried out, and the distance
between activity bars show the distance between activities respectively the time and

space called "flexibility zones".

3.2 Case Study “A 3 Floor Steel Structure Villa with a Swimming

Pool”

A 3 floor steel structure villa in North Cyprus is taken as a case study. This case
study has been used before for a capstone project named as “Building Information
Modeling (BIM) and integration with Off-site Construction” submitted by Asst.Prof.

Dr. Murude Celikag’s Capstone project group, in 23rdJanuray, 2012 (Figure 8).

Figure 8: 3D CAD BIM Model of a 3floor Steel Structure Villa; source (Celikag,

Qaymari, Manoucheri, Dzafic, & Sehwail, 2012).
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The steel structure villa location is in Karpaz route, Gazimagusa, North Cyprus. The
villa area is about 240 meter square with a swimming pool of 30 meter square, with

structures consisting of both reinforced concrete and steel.

This case study has been chosen due to following reasons:

1) The structure has been modeled and drawn by Revit, which is a 3D BIM
modeling tool.

2) The case study is real and has been constructed, and it was easy to find some
missing data, like rebar quantities, and stairs.

3) It is a small building structure, which can satisfy one of the main objectives

of the thesis.

The case study of 3 floor villa steel structure has some limitations in the quantities,
like the MEP, such as mechanical and electrical quantities are not considered in the
scheduling and planning. But most of the construction materials are included. At the
same time the model is not as built drawing, it may consist of some missing
quantities after the villa has been constructed. So the model was considered before
the construction. Rebar bars, stairs and other miscellaneous steel structures are

manually added to the 3D model.

3.41dentification of Location/Floors— Workspaces (The Project

Location Structure)

Identification of project floors or workspaces is not a mandatory part of the
traditional CPM/Bar chart activity planning, but is a key element in LBS method. In
LBS plan appears project hierarchical localities (e.g. building - floor - zones - room),

and each activity has an efficiency in the schedule planned from a location. Each
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location is connected to other location in an order; each activity in a location has
linkages between different activities. This implies a great difference in comparison to
the traditional CPM scheduling, which exclusively handles the logical
interconnection locational. The structure also affects the way the schedule presented
at the graphical representation of the activities of a LBS schedule. A more detailed
discussion with figures can be found in chapter 4 with a case study of 3 floor steel
structure villa. Since the case study is 3 floor villa with a swimming pool, the
structure of the building is divided into four location floors, Basement, Ground Floor
(G.F), First Floor (F.F), and Second Floor (S.F). If the project was large and big, or
different resources would work on different zones of the floor, it could be divided
into zones as well, like the basement location is divided into two zones, swimming
pool zone (SP) and Foundation (Foun). Figure9 shows a hierarchical locating quality
structure that is divided into floors of a 3 floor villa project that is taken from Revit
3D CAD and then exported to Vico Office. See appendix Al for different location

views of floor.
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Figure 9: Hierarchical Location of 3 Floor Villa Using Vico LBS Manger Software.

After location is defined in the Vico office LBS management, the Vico schedule

planner will automatically upload the locations in the flow line view of the vertical
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axis (Figure 10).The project's physical parts and geographical areas, and the work to
be performed are divided into different locations. The project floors are organized in
a hierarchy structure, called the Location Breakdown Structure (LBS). This
hierarchical structure is same as Work Breakdown Structure (WBS) that is used for
the structuring of the project in traditional CPM/Bar charts or activity-based planning

(Figure 11).

A% EMU
- Responsible person: JU
2 3 -
SF@3 SF
FF@2 FF
LOCATION
GF@3 GF
FOUN
BASEMENT f-------
sP

Figure 10: Hierarchal View of Location
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A% EMU

amount of material is used.

See appendix A2 for all quantities within

location.
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49 | +19 16 CONNECTION OF BRAC
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59 |+21 17 STAIRS
64 | +22 18 TIGHTEN BOLTS AND\
69 | +23 19 STEEL DECKING
74 | +24 20 WELDING SHEAR STUC
J
Design mode
Schedule Planner v3.3.0.60
<]

Figure 11: WBS View Barcharts
3.5 Managing the Takeoff Item and Quantity Unit Cost
LBS defines the task as a group of activities within a specific location, the activities

are driven LBS management tool, can easily identify the quantity of materials used in

the building by identifying them according to their location, and where exactly this

For example the concrete foundation used in the 3 floor villa is shown only in the
hierarchy level of basement, and it shows zero amounts in the other floor levels. This

is because the foundation is used only in the basement hierarchy level (Figurel2).



TakeoffManager | ©

|-l @[cose | owsapton |

Quantity

%3 |Count 26.0 0.0 0.0
B % |ength 7.5 0.0 79.5] 0.0 0.0 0.0
. % |Net Reference Side Surface Area 192.8 0.0 zszq 0.0 0.0 0.0
. ¥, |Net Opposite Reference Side Surface Area 196.9 0.0 196.9| 0.0 0.0 0.0
[l [Top Surface Area 24,7 0.0 24.7 0.0 0.0 0.0
. 3 |Bottom Surface Area 24.7| 0.0 24.7 0.0 0.0 0.0
. %3 |Ends Surface Area 40.1 0.0 40. 0.0 0.0 0.0
. % |Reference Side Opening Surface Area 5.9 0.0 5.9| 0.0 0.0 0.0
. 3 |Opposite Reference Side Opening Surface Area 5.9 0.0 5.1 0.0 0.0 0.0
[l % [NetVolume 58.5 0.0 58.5] 0.0 0.0 0.0
[l % [Gross Volume 60.2 0.0 60.2| 0.0 0.0 0.0
. % |Joint Horizontal Surface Area 0.0 0.0 O.q 0.0 0.0 0.0
[l % [point Vertical Surface Area 0.0 0.0 0.0] 0.0 0.0 0.0
B % [Piece Count EA 26.0 0.0 26.0] 0.0 0.0 0.0
B [Pece Length 79.5 7.5 0.0 79.5| 0.0 0.0 0.0

Figure 12: Quantities with Location;Vico Takeoff Manager

The component is cost line item in cost planner, and every component may consist of
subcomponents. After components have been added, a source quantity can be derived
from the quantity take off item manager from the 3D BIM drawings with their unit

cost, by using formula (Figure 13).

Takeoff

Quantity Quantity
Takeoff [tem Component

Takeoff Manager . - - Cost Planner

Figure 13: Components Driven from Takeoff Item; source (Tutorials, 2009)

After quantities have been taken off from the model, the LBS management tool has
the ability to plan the cost which is called cost planner. The tool consists of
components, source quantity, markup value, unit cost, gross total, net total, add on,

and others can be added if required by the planner (Figure 14).

For example the reinforced concrete is added as a component in the cost planner with

a subcomponent of structures which uses the reinforced concrete such as retaining
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wall of swimming pool. Then other sub components are added for the retaining wall
of swimming pool which are materials and labors .Other subcomponents may be
added to the component like subcontractor or machinery use like mixer (Figure 14).

See appendix A3 for all components of the building with their unit prices.

STl PoectiRefeences | CostPamers > KH)

Descripti Source Q. PANetT. Gross To. CostType

g oo THESIS 1.0[ 292,169.93 000 3AT%|  311,667.03 0 1.0[EA A 292,189.93 10226585

| B8 Add-Ons Description 0.00 % 0 1 0 0

B | [ #ceneral conmigency 200%|  5843.80 2 0| 584380

B || Wowmewo 150%] 438285 2 o] 438285
g - EARTHWORK 26,961.43 0

o 0 EA .
D 10 213699 0.00 301% 227494 0 1.0[EA A 213599 7476
176 12100 300% 226004 0| MATERIAL 17.6|MC 2,123.59 7434
12,00 0 12,00

p p

3.6 Managing Tasks for Schedule Planner

After components have been prepared in the LBS Management tool, the tasks should
be defined and derived in the manage tasks tool in cost planner. The tasks are the
activities of the structure which will be scheduled and planned according to their
logic and location. After tasks have been defined, they can be easily managed by
dropping the components of the cost planner. For example after defining the pouring
of plain concrete activity in the task manager, the quantity of this task would be
taken from the cost planner of quantity source, then productivity will be defined for

that task to calculate the duration of task it will take to accomplish the work (Figure

15).
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B | vos MATERIALC20 3.04MC 0.08| W | | [B2]teor 20 1.000]- 1.000 2
| B3 LEVELLING BASE PLATES AND ANCHOR BOLTS ] | Mo [MATERIALC20 24.0) 1.000[- 1,000) 24|=
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| B RW FORMWORK |
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Figure 15: Managing Tasks with Consumption Rate; Vico Task Manager

The duration of the tasks can be calculated through the productivity of resource and
their size by multiplying them to quantities. Equation 1 and equation 2 show how the

crew hour and man hour are calculated (Lowe, D’Onofrio, Fisk, & Seppénen, 2012).

manhour)E 1

Manhours = Quantityperlocation(unit) X consumptionrate( e

Crewhour = 2ahour Eq.2

crewsize

For example to find how much hour is needed to finish “Tiling” work for the 3 floor
steel structure villa, with a quantity of 687 meter square, the quantity is multiplied by
a consumption rate of 0.13 manhour/MS, to find manhour then divided by the crew
size, which one crew is used, the crew consist of 2 tilers, 1 unskilled worker (UW),
and one helper (HP).See appendix A4 for all tasks duration consumption rate and
resources. Consumption rates or productivity has been assumed for the resources,
some of them assumed by experience others were taken from research done by Kazaz

& Ulubeyli (2003 ) in the analysis of construction labors in Turkey.
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3.7Locations with Dependency (Logical Representation)

LBS method uses dependency links or linkages as CPM method. The logical
constraint specifies the order of activities, or how activities relate to each other. A
logical binding specifies, for example, an activity must start when another is
completed. With LBS method location based dependency developed the use of the
logical linkages according to locations which activities are included.

3.7.1 The Traditional Logical Activity

The four logical activity links also used in the CPM method which are: Finish - Start

(FS), Finish - Finish (FF), Start-Start (SS) and Start - Finish (SF) (Figure 16).

Task (B) cannot start until

Finish-to-start (FS) another task (A) finishes.

Start-to-start (SS) Task (B) cannot start until

another task (A) starts.

Finish-to-finish (FF) Task (B) cannot finish until

another task (A) finishes.

Stan-to-finish (SF)
Task (B) cannot finish until
another task (A) starts.

Figure 16: CPM Logic; source (Glen, 2012)

1=
m
H

In the case study, FS logic activities are assigned to all tasks, because the succeeding
task cannot start until the predecessor task finishes. Figure 17 shows the work of
Earthwork with bar charts, and network diagram (CPM). See appendix A5 for the

CPM/Bar chart logic.
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EMU Network view / EARTHWORK THESIS STUDY 1]+
Responsible person: JURY version 5/7/2013 12:30 Planner: SALWAN

K] |

Hierarchy | Code Name Duratiol  Start Endtime | Predecessors Success a[[2012
b | E

01 EXCAVATION 107 10412013 1011572013 3FS0
02 COMPACTION 17 10452013 10472013 1FS0 5FS0
03 HARDCORE 27 10A772013 101222013 3FSO TFS0
04 ISOLATION 1 102212013 10123/2013 5FS0 9FS0
05  PLAIN CONCRETE 14 10232013 101242013 7FS0

Hradv 2

Project start

PLAIN $ONCRETE

4 | 2

E:::c%tw Vi308 STEEL STRUCTURE
o] 3
Figure 17: Network and Linked Barchart View of CPM; Vico Schedule Palnner

3.7.2 Location-Based Logical Activity

LBS method uses all the traditional logical activity linkages, but adds additional
constraints related to activities locations. There are five different types or levels of
location based logic activities, which CPM does not support them. These layers
interact with CPM logic which forms a powerful location based logic or layered logic
(Tutorials, 2009).

Layer 1: External Logic

External logic is a linkage or logic between activities within same location. A
dependency between two succeeding activities at layer 1 regulates the relationship
between activities in the same location level. The example in Figure 18 shows that
activity “Erection of main columns” is tied to succeeding activity “Erection of
remaining columns” on location level GF. This implies that activity “Erection of
remaining columns” cannot start in location GF before work in activity “Erection of

main columns” is completed in this location.

35



EMU
Responsible
3 3

Flowline view / New
person: JURY version 5/7/2013 12:48

SF@2

FF@3

GF@3

BASEMENT

SF

Layer 1 logic two
different activity at

same location

Target

Actual assssansa FOrECcast: mmmm  mmm

Design mode

Schedule Planner v3.2.0.68 STEEL STRUCTURE

Figure 18: Layer 1 logic; Vico Schedule Planner

Layer 2: External Higher Layer Logic

External high layer is a linkage or logic between activities within same location. A
dependency between two subsequent activities regulates the relationship between
activities in different location levels. As an example in Figure 19,theactivity “Wood
works” planned at site level (Foun), while activity “Tiling” has localities at (SP)
level. This will therefore result in the entire activity “Wood works” must be

completed at the (Foun) before work with activity “Tiling” can be started in the (SP)

location.
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Figure 19: Layer 2 logic; Vico Schedule Planner
Layer 3: Internal Logic
Internal logic is a logical relationship between two activities within the same task.For
example, activity “External plastering” in(G.F) location has an external logic to
activity “Internal plastering” in (F.F)(Figure 20).The internal logic has a

characteristic to make the tasks of an activity to be continuous flow (Tutorials, 2009).
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Figure 20: Layer 3 Logic; Vico Schedule Planner

Layer 4: Phase Hybrid Layer

Phase hybrid layer is a logic relationship which represents between task in related
locations. This logic dependency is typically used to describe the relationship
between the various activities involved in the execution of a given structure in a
building, just like time lag in CPM as shown in Figure 21, the lag in LBS will be
defined as location lag. For example the “Curing of slabs™ activity in all locations
(G.F),(F.F), and (S.F) has a location delay of -2used in LBS, for the predecessor task

of “External brick” activity (Figure21).
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Figure 21: Layer 4 Logic; Vico Schedule Planner
Layer 5: Standard CPM Logic
CPM logic relationship between any task within any location in LBS.Same as the
combination of bar charts and CPM, same characteristics can be done within flow

line method but according to location breakdown structure rather than WBS.

The use of location based scheduling layering allows the project to be planned in a
way that reduces the duration of the project, without resource consumption increases.
See appendix A6 for the layered logic in LBS.

3.8 Scheduling Visualization

Since the study objective is to perform a comparison between LBS and
CPM/Barcharts, 4 types of scheduling have been prepared. One of them is the

traditional CPM/Barcharts schedule and the other two are Continuous LBS and
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Discontinuous LBS. the discontinuous LBS schedule has been transferred from
traditional CPM/Barcharts into LBS without continuity force of the resources or
crews, while the continuous LBS forces the crews to be continuous while performing
their jobs, and it is also transferred to CPM/Barcharts.

3.8.1 LOB Flow Line Visualization and Formulation

LBS shows the scheduling visualization through flow line concept, which is a
graphical representation that shows the work and movement of resources through

locations (Lowe, D’Onofrio, Fisk, & Seppinen, 2012).

In flow line view of scheduling, the vertical axis represents the location, zones, or

units, while the horizontal view represents the duration, which could be days, weeks,

or months (Figure 22).

Flowline view THESIS STUDY 1
v = Planner: SALWAN

Duration
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Figure 22: Flow line View; Vico Schedule Planner
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The flow line view can show more characteristics about the visual aspect, like
steeper slope line reflects to high productivity, while a flatter slope line reflects to a

low productivity.

The main objective of line of balance in location based scheduling is to schedule a
balanced resource by using suitable crew size and number of resources, which can be
done (Elbeltagi, 2013):
1) The locations or units should be delivered in a rate that meets the specified
finish of task.
2) The CPM should be taken into account for every task.

3) The continuity of work should be maintained.

In order to meet these three objectives, the LOB diagram formulation should be
drawn according to these formulations:

3.8.1.1 Crew Synchronization

The relationship between crews and duration can be derived from the following

equation below, see Equation 3 and Figure 23 (Elbeltagi, 2013):

R=1/(D/C) Eq.3
Where:
R: Slope of progress rate
C: Number of crews

D: Time
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Figure 23: Crew synchronization; source (Elbeltagi, 2013)
3.8.1.2 CPM with Deadline Duration
The slope of flow line (LBS) according to CPM calculation can be drawn according
to formulation in Equation 4 and Figure 24 (Elbeltagi, 2013); the calculation should

meet the deadline of the finishing number of locations or units.

R¢= (n— /AT - Ty) Eq.4

Where

Rg4: Minimum desired rate of delivery

n-1: Number of units or locations

Ti: CPM duration of unit or location

Ti: Project or task deadline duration
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Figure 24: Minimum Desired Rate; source (Elbeltagi, 2013)
3.8.1.3 Resource Need Calculation
In order to complete a required job in a specific time, within a minimum delivery rate
(R4), number of resources should be calculated. Since it is related to CPM network, it
will be calculated on longest path which is the critical path.At the same time,non
critical activities are included by adding their total float, so the desired rate can be

calculated according to Equation 5, Equation 6, and Figure 25 (Elbeltagi, 2013):

Ri=(n-1)/(TL-T))+ TF Eq.5
C,‘ = D,‘ X R,‘ Eq6
Where:

Ri: Desired rate for any repetitive task 1

n: Number of units or locations

Ti: CPM duration of unit or location

Ty: Project or task deadline duration

TF: Total float for repetitive task 1
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As an example shown in Figure25, critical activities A, B, and C each have durations
of 5 days, while noncritical activity D has duration of 2 days, within a total float of 3

days.

Unit 1

A(5)

Figure 25: Resource Need Calculation; source (Elbeltagi, 2013)
In such cases since an integer number should be used for crew size, the number of
crews should be rounded up, and an adjustment should be done to calculate the actual
progress rate (Rai), this can be done by using the Equation7 and Equation

8(Elbeltagi, 2013):

Rai= Cai/ Di Eq.7
Cai = Round Up (Ci) Eq.8
3.8.2 CPM and Bar Chart Visualization
Bar charts do not have any related calculation to view their visual aspects, but their
visual representations depend on the time and tasks only. The vertical axis represents
the task of activities within rows, while the duration is represented within horizontal
axis, can be either days, weeks, or months. On the other hand, CPM is a different

visual representation that shows activity within a network diagram map (Figure26).
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CPM calculates the free float and total float. Total float is the total duration that an
activity can be delayed without delaying the whole project duration. Free float is the
duration that an activity within a project can be delayed without delaying the early
start of successor activity. The critical path can be found from the float calculations.

The zero floats represent the critical path of the project (Equation 9 and Equation10).

TF= (LS — ES) or (LF — EF) Eq.9
FF=ES of