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Abstracts: The traditional (e.g. Gantt chart) and modern (oekwmodeling) scheduling techniques reach theiitdim
quite soon in case of large projects. In case ofishnds of activities, the current methods do motige an effective

evaluation. This paper would like to show tools tten solve the above-mentioned problem. We hawerakoptions for

handling these matters effectively. For examplee §cheduling based on resource and cost use,dtiv@solutions for

printing of complex schedules. The latter incluties poster-like presentation of several plan detdihese applications
can be considered novelties in project planninghoanlogy.

Keywords construction technology models, network plannimgjgrt planning, resource planning.

1. Historical overview Adamiecki’s Harmonogram

HARMONOGRAM

The word ’project’ originates from the Latin word

‘projectuny’, which comes from another Latin word  &mc——1 [ L Ie——" """ 4 Foer
‘proicere’ meaning 'to throw forward’ (Merriam-

Webster). The term originally meant 'something that i Clips to
comes before anything else happens’. Accordingh&o t 77" Sirips
Merriam-Webster Dictionary, its first known use cha el e lele v o 2 .41'”/.4//-

dated back to the 5century. However, we would like to
start this overview at the very end of the™1@entury

instead. Fig. 1. Harmonogram (source: http://en.wikipedig)or
1.1. Traditional Planning Techniques The Gantt chart is basically a bar graph: time is
represented on the horizontal axis and the a@svdire on
The era of traditional planning techniques staited916 the vertical one. Bars are drawn between the starts
when Henry Gantt's ‘Work, Wages, and Profits’ was finishes of the tasks. As an improvement, in oriiebe
published. However, Gantt published an articleaatyas able to display the level of completion as welloter bar
1903, where his brand-new method of visual display appeared in the strip of the activity. This lingae at the
appeared. actual start and ended at the date belonging tpeheent
of completion. See Figure 2 for an example.
1.1.1. Gantt Chart Of course, this method has its disadvantages ds wel

but it cannot be denied that this is the most vdesd

Karol Adamiecki developed a new type of diagramicwh ~ way of displaying project plans. Another proof @ i
can be seen in Figure 1, in 1896. Even though hedci marvelousness is the fact that, even after almbsindred
the harmonogram, we know it today as the Gantttchar Years, it is applied in every project planning peog.

This contradiction could occur due to the fact that Naturally, the Gantt chart has been constantly id@eel,

Adamiecki had not published his diagram until 19&dgl which will be discussed later.

even then only in Polish.

" autor odpowiedzialny za korespondendE-mail: bokor.orsolya@ybl.szie.hu
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ACTIV‘ITY WEEKS

1 2 3 4 5 5] 7 8 El 10
Initiate Project
Callect Facls

Analyze & Develop

Test

Proposal & Approval

Prepare Installation

Farms Conwersion

Programming
Equipment

Procadures Witten

—

Training

F__

Change Over

Check Out

—

Sign Off

| B

Fig. 2. Example of a Gantt Chart (Source: Implermentthange, Dr. Ben S. Graham
Jr., http://mww.worksimp.com/articles/implementimtpange.htm).

1.1.2. Cyclogram

One of the downsides of using a Gantt chart isithédes
not indicate the technological problems, spatiaules.
The intensity of the activity and the performance
determined by the resources do not show on a Ghatt.

In order to avoid the above-mentioned situation,
construction industry uses the cyclogram.

On the vertical axis the percent of completion is
represented as the function of time. As a reshig t
technological problems will be obvious. For instnc
Figure 3 shows a pipeline construction example oie
section the laying of the pipes precedes the exicava
which is impossible, of course. In case of infrastural
constructions, line-like projects, eg. highway, lwaly,
sewage system etc. construction, a cyclogram iseful
way of displaying the project plan. In such insesicthe
cross-sections are represented on the vertical @kis
method can be applied when the spatial planning of
especially risky projects is key. For example, &se of
The MO Northern Danube Bridge Construction, Hungary
project (http://www.eszaki-hid.hu), a cyclogram waade
for the construction of the two pylons.

Task
A—excavatingearth B -—grounding pipeline
lteam 2 teams
A T
2teams 1 team
I
B
time
100%
s
time

Fig. 3. Example of a cyclogram (source: own edoced
material).
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1.2. Network planning techniques

Network planning and together with that modern @cbj
management was born in 1959 when the CPM network
was created by Kelley and Walter (1959). The neltwor
is a graph with directed edges. The activity dorsiare
given in a deterministic way. The longest path,dtigcal
path, gives the project duration. PERT (Program
(or Project) Evaluation and Review Technique) milsir

but here the task durations are determined in ehastic
way.

Figure 4 shows an example for the CPM network. The
vertices are illustrated by circles, these areethents and
the arrows stand for the directed edges, whichtlaee
activities. The events are certain dates that rifeKinish
of the tasks that are directed towards them andttre of
other activities that come out of them. The numletse
nodes show the early and late occurrence of thatgve
The red line demonstrates the critical path. Ins thi
example, the project duration is 17 days. Thisnapke is
capable of storing the logic that has created hg t
connections between the tasks are shown. Consdguent
the possible modifications can be dealt with more
conveniently. If, for example, one activity duratios
changed, there is no need for making a whole nem,pl
only the network has to be recalculated.

Fig. 4. Example for a CPM Network (source: own ediomal
material).



Of course, this method has its disadvantages ds wel - FSz
For instance, only simple dependencies can be édndl
Usually the tasks are carried out parallel to eattter,

which requires the definition of more complex - FFz
relationships. For the management of this a newart

technique was needed. It is the so-called Precedenc
Diagramming Method (PDM), which is frequently - sfz

referred to in Europe as MPM (Metra Potentials M
In connection with this technique two names havééo
mentioned: Roy (1959) and Craig (1964).

This method allows the definition of more than one
and more complex logical
activities.

Figure 5 shows an example for the PDM network.

- maxFSz

A
FSO 54 - maxFFz
Cr3
B C
S53 maxSS5 SS2
A 4 \ 4 \ 4
D FS2 E

FSO

F

Fig. 5. Example for PDM Network (source:
own educational material).

As opposed to the CPM network, in this directed
graph the vertices represent the tasks and thesetige

- maxSFz
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At least z amount of time should pass between
the finish of the predecessor and the start of the
successor;
At least z amount of time should pass between
the finish of the predecessor and the finish of the
successor;
At least z amount of time should pass between
the start of the predecessor and the finish of the
successor.

The following maximal-type relationships are allave
to be defined in a PDM network:
dependencies between — maxSSz

Maximum z amount of time could pass
between the start of the predecessor and the
start of the successor;

Maximum z amount of time could pass
between the finish of the predecessor and
the start of the successor;

Maximum z amount of time could pass
between the finish of the predecessor and
the finish of the successor;

Maximum z amount of time could pass
between the start of the predecessor and the
finish of the successor.

Any combination of the above-mentioned logical
dependencies is allowed to be defined between aay t
tasks. The most common combination is the pairirth®
SSz relationship with FFz. Therefore, they can leeged
into one single relationship (Figure 7), the sdezhl
critical relationship. (Hajdu and Klafszky, 2002)

- -Crz

There should be at least z amount of time
between the predecessor and successor
activities in every cross-section;

- -maxCrz There could be maximum z amount of time

between the predecessor and successor
activities in every cross-section.

relationships between them. A very important cidteris
that the activities have to be carried out with Hzane &
intensity and without interruptions as shown inuk&6.

Crz=
performance

SSz
FFz

time

1009
W W |
time

Fig. 6. Definition of Activities in a PDM Networksurce: own
educational material).

maxCrz =

maxSSz
maxFFz

All tasks have two distinguished points: the startl the

time

finish, which are somehow connected to other aw#nli

distinguished points. The successor is a task whose

distinguished point depends on another task’s, the

predecessor’s, distinguished point (Hajdu, 1996b).

The following minimal-type relationships are allaive

to be defined in a PDM network:

- SSz At least z amount of time should pass between
the start of the predecessor and the start of the
SUCCESSOT;

Fig. 7.
(source: own educational material).

In order
described so far and to show the practical appicanf
the PDM network, here is a very simple example ftren
construction industry.

Minimal and Maximal-type Critical Relationgbi

to summarize the theoretical knowledge
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Example: Shoring (B) can start after the excavation
(A). The shoring material is transported here frammother
trench section, after its backfill. The trench catnstay
unshored for more than a day. Figure 8 shows theco
logical dependencies in both a PDM network and atiGa
chart.

A c task
i A
FSO FSO ma"FSé
maxFS1 FSO -
C
FSO
B

“time
Fig. 8. Practical Application of PDM Technique (G&tr own
educational material).

The historical overview of the network planningpl
us understand why project planning in the consouoct
industry is a special field and why these new, vative
solutions and project planning tools are very much
needed.

2. Project Planning in the Construction Industry

Project planning varies from one industrial branch
to another. The expectations are entirely diffeiarcase

of IT, bank or construction industry projects. Eweithin
one branch there could be many types of demands ai
and realization. Totally different approaches are
anticipated in case of an office building, highvaaymetro
construction. Naturally, the general charactemstiaf
project management are present everywhere. Inieddit
the special features of the industry branches retite
making of correct plans difficult (PMI, 2006; Hajdu
1996a).

2.1. Characteristics of the construction industry

The specific features of the construction industry
fundamentally determine the main directions of @cbj
planning. The most important characteristics are th
following:

— Site of works are spread out: every project isiedrr
out at a different location. Consequently, the give
environment affects the realization.

— Great volume: the volume of the projects is large
compared to the size of the companies. It is ptessib
that only one or two projects give 90-95% of the
annual income of the firm. This could be a huge

constantly changing as well. Generally the conthast
to be modified as a consequence too.

— Uncertainties in design: usually, bids have to tzlen
based on incomplete plans, and the lack of infaonat
makes the precise planning of costs and returns
impossible.

- Many stakeholders: communication between the
stakeholders is of great importance. The main bl
is that the stakeholders can change or appear in
different roles. Communication requires considezabl
resources and time.

2.2. Problems with Modeling the Special Charactarss

In the following sections, some important problemat
areas are discussed, which construction industpeas
of today’s modern project planning to solve.

2.2.1. Modeling Technological Problems

The applied technology is a key factor in the phake
construction. Consequently, the planning and madedf
it are of great importance. The following two exdesp
attempt to shed a light on the significance of rigkihe
applied technology into account at the stage afpley as
well.
a) Two activities have to be performed by the same
expensive machine. Due to the fact that the madkine
rented, the time spent on site should be minimined
there should not be a break between the two desvit
What are the correct task dependencies?

The solution can be seen in Figure 9. When
modeling the situation, minimal-type relationship#
not suffice. Version PO seems correct but if thévig
duration of C increases (version P1), there is g&in
be one day when the machine is paid for no work at
all. By defining a maximal-type relationship betwee
A and B (P2), the one-day break can be avoided and
an adequate modeling of the situation can be aeate
A long trench should be excavated. The breakihg
the pavement is performed by a hydraulic excavator
with a breaking attachment, while the excavation is
performed by the same type of excavator with
a trenching bucket attachment. There should beoa tw
day safety distance between the two excavatorstWha
kind of task dependency should be defined between
the two activities?
The solution can be seen in Figure 10. The correct
relationship is Cr2, in other words the combinatioin
a Start-to-Start and Finish-to-Finish dependencies.
Applying only one of the two can result in techrptal
problems. For example, if we only define SS2, thies
excavation may finish before the breaking of the

b)

burden because even smaller mistakes, which are pavement. In this case, the logical relationshipmukl be

mostly irreversible processes, can result in enasmo
costs.

— Uncertainties: variations of any kind — for example
a change in the client's demands, scope or in the
applied technologies or materials — can occur in an
phase of the project. As a result, the costs are
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revised every time the activity duration changdsthé
critical relationship is used, the result will alygabe
technologically correct. Applying a Finish-to-Start
relationship may bring about longer project dumatio
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D Task Dur.  Successors 201104118 201 1004i25
Mon  Tue Wed Thu Fri Sat Sun  Mon  Tue Wed Thu
A expensive maching is working 3d B 0d minFsS I:I—L.
4 B expensive machine is working 4d ‘-:_—' 1
=pc — —

predecessor of B 2d B 0d minF3

3d B 0d minF3

A expensive machine is working ——————
:fB expensive machine is working 4d g |—¢ 1
C predecessor of B 4d B 0d minFS I:I;_:-'
o | s I
11 A expensive maching is working ad ——1
12 B expensive maching is working 4d .::_:?Ll 1

4d B 0d minF3

:pC predecessor of B

e

Fig. 9. Problem 2.2.1./a.

D Task Dur. MHotes

ProJack Manager

Bbreaking of pavement

excavation Gd

6d

6d wrong relationship

Start-to-Start

breaking of pavement

5] excavation 3d spatial problem

- Finish-to-Finish 6d

5] breaking of pavement 3d wrong relationship

5] excavation 6d spatial problem

. Finish-to-Start ad

6] breaking of pavement 6d wrong relationship

5] excavation 3d too long project duration
- Critical &d

breaking of pavement

excavation 3d

L
i
|
|

6d|right relationship - - iy
—— ey =

Fig. 10. Problem 2.2.1./b.

2.2.2. The Effects of Resource Allocation on Costs

How the resources are utilized is especially imgarin
case of all kinds of projects. Consequently, specia
attention has to be paid to the effective use ebueces
concerning construction industry projects as welbrder

to facilitate finding the ideal solutions, all pest planning
programs should handle assigning resources to tasks
resource planning. Every application manages ressur

18] Mame Type

in a different way; we would like to concentrate jost
one example.

The utilization of the two excavators (mentioned in
problem 2.2.1./b) can be seen in Figure 11. Thexealy
three machines of each kind. The color green shhbiss
limit, red marks where more machines would be néede
than the maximum. According to this plan, six exatavs
would be needed instead of three. At the bottonthef
figure those activities are listed to which excavat is
assigned.

5 () i 8 9
1
E1 excavator 1 Equipment 3 meshine(s)
T
s — S —_—
E2 excavator 2 Equipment|  [2mimed;machin(s) 1 machins(s) o 1 machina(s)
1 machina(s) 1 machinz(s) 1 machina(s)
| macrinlil
‘ 13 4 HI r
D Task
1 2 3 5 6 7 8 9
\hreamng of pavement L 1]
a 2A breaking of pavement L 1
g 3A breaking of pavement [ 1
B 4A breaking of pavement L 1
B 5A breaking of pavement L 1
Fig. 11. Resource Plan before Fine Scheduling.
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It is an important feature of every project plamniool
how flexibly it can handle the mathematical modsflshe
network plans when it comes to practical applicatid-or
instance, defining primary and scheduling constsagan
be allowed in order for the user to be able togrenffine
scheduling. Figure 12 shows the result of fine dalieg.
In this case, logical relationships were definediider to
avoid the overloading of resources. Another optiould
have been to use the built-in resource plannindicgin
of the software. With the help of resource allaugti
algorithms in the program, time or resource consbch
planning can both be performed (Gérdg, 2003).

2.2.3. Connection between the Budget and the Stehedu

Cost plans of construction industry projects araallg

more complex than those of other type of projects.
Generally the breakdown of costs differs from the

breakdown of activities. Budget items show us pbidda

expenses and returns but these should be somehow
connected to the activities of the schedule. Tlerdd be
different kinds of combinations. Figure 13 showe th
possible approaches.

Modell (A) illustrates the scheduling based on
resources, where the costs of the activities al@ileged
from the cost of the assigned resources. Modell (B)
demonstrates the connection between the scheddlthan
budget, where the budget items, and costs andneetur
together with them, are assigned to the tasks. ddnisgd
be typically done by a general contractor, thenitbes
contain the costs of the subcontractors. Modell &)

a complex solution: returns can be calculated enstte

of the tasks, while their costs come from the costthe
resources assigned to the items. High-standardegiroj
planning requires the application of such modelgwan
the combinations of them. This renders the effectige
of Earned Value Management (EVM) in project control
viable.

1 L b iz 1 9 3 fa 5 5 7 8 g 10 fi 17 1 1 1 1
= excavator 1 Equipment (s) Ofillers) Biiers) Bimiels) Smilels) Bee s oiles EEes e Be Enoey Em ..z
s Bmiel Smoels  Smeel) Smes  m el 20 e 2l TmEE TmEel fmmes
2
B2 . Equipment 'F!;'L::;ls. TmoeE  Wmosls W Wmocls Sime O T T T T OTE T T
D Task Dur. 1 2
1 2 3 4 3 6 T § $ 10 " 12 13 14 18 16
B 2A oreaking of pavement &d 1 1
B 3A nreaking of pavement 3d | — :
B 4A breaking of pavement fd L '7_,__ =
5A breaking of pavement Gd —r— 1
Fig. 12. Resource Plan after Fine Scheduling.
(A) ®B) ©
TASK, TASK, TASK,
+——» RESOURCE,, ——» BUDGET, —— BUDGET,
| RESOURCE,,
L RESOURCE,, L » BUDGET,,;
TASK, TASK, L » RESOURCE;,
— RESOURCE,, —— BUDGET,..
——» BUDGET,,,
L—» RESOURCE,, —3p BUDGET,,, —up RESOURCE,,,
TASK, TASK, L » RESOURCE,.,
—» RESOURCE,, ——» BUDGET,, TASK,
| BUDGET,..
—» RESOURCE,, —» BUDGET,,, 7 RESOURCE,,
L—» RESOURCE,,
|, BUDGET,.,
——3 RESOURCE,,,
p RESOURCE,,

Fig. 13. Types of Construction Industry ScheduleseBam Assignment.
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2.2.4. Visualization

The visual display of project plans is a key fachor
gaining information about them very quickly. In the
following examples, some demands concerning the
appearance of the plans are listed.

1) In case of railway construction projects, notyahe
cyclogram is able to display the plan in the mdsai
way, the timescale units of the Gantt chart carsdte
differently as well. There could be certain tagkshe
beginning of the project that are many months long
at the end that are weeks long. However, theredcoul
be a short period where the unit should be day or
minute even, for example, in case of shutdowns It
a great challenge for the current programs to ereat
a schedule that can be printed well. This kind lahp
can be fitted to an AO sized paper, but without the

scale segmentation it could be three or four pages.

Moreover, usually there is a lot of empty space on
a schedule, where we can place other important
information, thus creating poster-like representeti
The following example is too large to be put insthi
article but it can be accessed via the link givelow:
http://www.projackmanager.com/sites/www.projackma
nager.com/files/projack2010.pdf

Another requirement could be that the represienta

of task should provide extra information other thiag
start and the finish of the given activity. Thetl&swy
years saw great development in this topic, inclgdin
big software companies. For instance, the critaoal
non-critical or the finished and in-progress tasks

be displayed in different ways. The state according
the baseline plan can also be shown. In case of hig
standard plans, it should be indicated, if to them
task another calendar is assigned that is diffdrem

the basic calendar. For example, if work is perfedm
even in the night shift, then that activity shoudd
distinguished from the others.

3) Furthermore, it is also expected that not oirhet
type data should be displayed but cost-type dataedls
This way it can be shown how the costs and returns
change over time and by tasks (Figure 14) and kudge
items.

2)

3. Conclusion

In summary, it could be concluded that in case of
construction industry projects numerous functiomsl a

Orsolya BOKOR, Tamas KOCSIS, Gabriella SZENIK

solutions are required in order to create a detgi®ject
plan that are not necessary in case of generakgiroj
planning. Examining the features of the existingjget
planning applications, it cannot be stated that amg of
them is more suited to the planning of construction
projects than the others. (http:/Amww.
projackmanager.com, http://www.microsoft.com/projec
http://www.oracle.com, http://openproj.org).

However, it can be expounded that there
a connection between the detailedness and compleiit
the project plan and the flexible application ofeth
network planning techniques’ system of conditidfishe
goal is a project plan that does not require dedail
technological models, special tasks and resourttes
the general project management programs are siffici
If special features of the construction industryenéo be
modeled, it is worth using programs tailored foe th
planning of construction projects. In case of large
projects, the project duration and the size of ghgect
allow us to create plans that are detailed enough t
adequately model the technology as well. Experience
proves that the energy invested in detailed project
planning and control recoups during the realizatbthe
project.

is
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