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ABSTRACT

Teha Aksoy, M.S.
Middle East Technical University, 1972

The necessity of planning is analyzed from macro-
econqmical9 Juridical and rationalization viewpoints. The
‘function of planning in construction industry is also
discussed.

The advantages énd disadvantages of various
construction planning methods are discussed in general.
The fundementals and logical background of network based
planning techniques are explained and exemplified, for
arrow and precedence diagrams separately. These two
network types are compared and some criteria for selection
are stated.

The network design procedure is illustrated for
the case of Yegilkdy Airfield Infrastructure Project.

The factors to be considered in all steps of network
design are‘giveno ‘

The compubational procedure for network based
systems are illustrated systematically. The role of
computers in network computations is described, by
explaining the factors, benefits and problems of computer
usage. The t®o~available computer programs PCS and BKN

are described in detall and compared in various aspects.
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The role of pragect control in the overall
~planning effort is discussed and typical project control
cycle is presentedo '

The factors which are to be paid attention for
'the effective planning and control of consﬁruction works

are stated under the light of this study.



OzET

Taha Aksoy, Y.Lisans
Orta Dogu Teknik Universitesi, 1972

Bu calismada, pl&nlamanin mekro-ekonomik
gerekliligi fizerinde durulmskta ve ingaat endiistrisindeki.
yveri ve gerefi rasyonalizasyon ve hukuki agilardan
a¢giklanmaktadair, ‘

Ingaat sektdriinde kullanilan plénlama yéntemleri
genel olarek elegtirilmekte, bu sektdrde kullanilmasi
en uygun bulunan, ancak uygulamanin yabancisi oldufu ag
diagremlarina dayal: plﬁniama yontemlerinin temelleri ve
mantiksal yapilari Orneklerle aglklﬁnmaktadlro Diagram
tiplerinin kargilagtirilmasa sonucuﬁda varilan bazi
kistaslar verilmektedir.

Ag diagramlarinin hazirlaniginda izlenecek yol,
Yesilkdy Havalimani Altyap:i Ingaati Srnek alinarsk
aglkianmaktadlro

Ag diagramlari ile ilgili hesaplamalarin yontemi
ayrintili ve sistematik olarak sunulmakta, ayrica elek-
tronik hesaplayicilarin yeri ve Snemi {izerinde durulmak-
tadir, Meveut kompiiter programlari (PCS ve BKN) gegitli
yonlerden kargilagtirilmaktadir.

Proje denetiminin, plénlama ¢abalari ig¢indeki
yerinin'féAéneminin aciklanmagindan sonra, denetim
mekanizmasinin igleyisini gdsteren tipik bir gema

verilmektedir.,
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Yapllaﬁ_galignanln 18121 altinda, etkili plénlama
i¢in fizerinde &nemle durulmasi gereken faktdrler

-agiklanmaektadir.
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CHAPTER I

INTRODUCTION

@@nstru@ti@m sector, especially in developing
countries, is of great importance from economical point of
view. Because, as will be explained in Chapter II, a large
portion of smnual investments are allocated to this sector.
In developing countries this share iz even lerger. It
follows that the development efforts of these countries will
‘be affected very affirmatively by the rati@na% use @f—
eonstruetion investments,

There are several measures to be taken to rationalize
the,@@nstru@%i@ﬁ sector among which comstruetion plenning hes
& ginificant role. The analysis and evaluation of construction
planning techniques through application, constitutes the major
aim of this study. F@r—this purpose the Yesilk8y Airfield
Infrastructure Project is selected for case study to analyze
from planning viewpoint with cooperation of the Ministry
of Publie Works. )

This project is a part of the Yegilkdy Airfield
Extension Project which covers the following items(l>g

= gomnstruction of & second runway,

- construction of a network of taxiways,

= gxtension of the present runway,

- gonstruction of a new international air terminal
and modernization of the present one,

= m@difiéation and/or eitensi@n of the various

existing utilities.



The first two items of the extension project érea
at this stage, the @%j@@tives of the infrastructure project.

This work, whose estimated cost is 84 425 923.- TL.,
wes awarded to Fitzpatrick Overseas ILtd. on June 7, 1968:; te
be completed within 1200 calender days after the receipt
of the written order to commence WQrk<2>o The contractor has
started the work on site (Figure 1) on September 30, 1968
with en imsufficient work @apa@ity<§)9 which remained so
until the end of April 1969. In this month he has enlarged
nis esrtuwork fleet which became mainly composed of: 17
bulldosers, 8 motorscrapers, 3 tractors, % excavators, 2
loading shovels, 1 backhoe and 7 compecting rollers. During
the next 5 month the following were added to the eguipment list:
bateh plant; 2 cement silos, 14 belt conveyors, 10 mobile
cranes, 8 concrete mixers, 1 forklift, 1 @@nér@t@ paver, 5
concrete spreading end finieihing mechines, steel forms,
air compressors etc.

The supervision of the project was td be carried oub
by the Directorate of 1. District of Airfields and P.0.L.
(Petroleum, 0il and Lubrication) Installaetions G@msbru@ti@n
Department, which also prepared the documents for partial
payments.

In the course of this study various problems related
to comstruction planning are dealt with. The problems are
analyzed in general on the example of the Yegilkdy Airfield
Infrastructure Project wherever possible.

While discussing the construction planning methods

in various aspects the emphasis is laid on the network based



planning methods with which the Purkish practice is not
f@miliaf yet. Therefore these new management tools are
hapdled in detailédg with the hope that they will serve
Tarkish construction sector im the shortest possible time.
In the preparation of job schedules by network
éystems the avalleble computer programs (PCS and BEKN) are
employed. A great portion of computer outpute are included
in this work in spite of their large volume, fer better
illustration purposes, enabling a detailed amalysis of the

QM o

project emd comparisomn of the cemputer progr



/

|
8 8 8
+ + +
2] < 4]

Batch plant and moterial sterage area

g§+4+00

2400

{0+00

11400
12+00
13400
14400
1500
16+ 00
17+ 00
18 +00
19 + 00

20+00
21+ 00

22400

23400

24400

25+ 00

26+ 00

27+ 00
28+ 00

29+ 00

30+00

31400

32+ 00

33 4+ 00
34400

RUNIWAY

/ LINK 16

PARALLEL TAXIWAY NOLI

g

WivA

"M 'fo_ngm NO|

I

Equipmeqi parking
and repair yard

D I

Site oftices

FIGURE | : YESILKOY AIRFIELD INFRASTRUCTURE CONSTRUCTION SITE LAYOUT

LINK

i

N\




CHAPTER IT

THE NECESSITY FOR PLANNING

4, - HACRO-ECONOMICAL PLANNING

In all @@nntrieg, the avéilable resources are not
sufficient to produce copsuming goods and services by which
the needs of citizens éiii ﬂe satisfigd;'ﬁﬁis fact necessi-
tates the existence of some mechanism that will make possible
to decide on the needs to be satisfied and their priority in
function of time and available resources. Such a mechanism,
which is commonly called as "macro-economical planning®, is
needed more in developing countries, since the gab between
the needs and the potentialities of these countries is larger
than in industrialized ones.

Economical planning consists primarily ofza twofold
pr@@esslaf @@@Tdinatipm:

i.Coordination éf objectives; this involves laying
down the priorities and allocating them to the selected
targets,
ii.Ceordination of resources to be employed to achieve

these targets.,

Coordination is necessary for both the overall
development and the current running of an economy; 1%
ipvolves, first, analysis of interactions between the

eomponent parts @f'the economy and then controlling and

rearranging the functioning of these payrts to balance



to synchronize the whole systemo Coordination must be
pr@ae@ted several years ahead end this necessitates
f@re@astlng the faatqrs whlch will govern the preduction
and @@nsumptiono Therefore, economic planmning may be
defined as@m)g "high=level coordination based upon
forecasts of certain basic factors in the economy".

Macro-economical planning is the only rational
mean by which proper account can be taken of interactions
between the various component elements of an economy.
Planning, in a developing country, provides a general
picture of developments‘in economical, technological,
fiscal, social, juridical and other fields as well as the
related changes in the structure of the economy.

The groﬁth of any developing economy
can neither be directed without planning nor can be
properly controlled, since without planning there can be
no cléar concept of the interplays between the factors
end mechanisms which control the operation and even more
the development of an economic system towards a selected
target. Therefore the growth of developing economies must
be guided by planning.

There exists a strong interrelationship between the
terms "planning” and "development", since what is meant by
development automatically becomes the objectives of planning.
In the broadest sense, the main target of planning is te
promote the social welfare(s)o Thg economical way to achieve
this target is to raise the liying standard of citizens. If
there exists an even distribution of income in a country, the

stan&arﬁ‘af iiéing,ean be expressed as(ﬁ)s
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Ly = (1)

where Li = living standard in year i
Pg = total GNP in year i
N, - population in year i

Then the annual rate of increase in living standard (L')

becomes: .
AL
L0 =
Ly
R e
Ly
O (o]
Piya B
S O 1 (2)
o]
Py
W,

(]
Defining annual rate of increase of GNP (P°) and annual
rate of increase of population (N') as

o 0 0
po' Tt = ® AF
| o P
Pi / i
N’ = Ei*if@ ! - o F
N N
Equation (2) may be rewritten as
{
PD(1+F7) _ PY
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1+P°’
@mml
1+N?

polN?

(3
1+N°*

V By defining avarage comsumption Eﬁ as

T - ey ()
¥ 5
i
where Vé = total amount of consumption

Gy = unit cost of consuming goods

then, annual gross national product may written as follows

o . = S
Pi = NiocH + Is

where I, - total annual saving
If the number of employed people is A and GNP per employ-
ed person (overall productivity) is B then
50

AQP = Hioﬁﬂ- + IS
Taking the annuval savings approximately equal t¢ annual
investments

; =0

where Ii = total annual investment
ﬁ@fining k @8 the amount of investment needed for a unit

increase in GNP as,

X, = mii_ma
Then the value of P® becomes
o
! AP
P@ =
Py
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Replacing P° in equation (3) by this value of P°9

AF°- NG
( L -

Pi%;
1l 4+ K

L' =

Defining the ratio of employment ( D ) as
R .
kpgm
Ny
The rate of increase of living standard takes the following
final forms

=0 : 7 O
o, Fa (PF-Cy) - W'R Ky (5)

(1+X7) gg ky

As the equation (5) clearly indicates, the following
subobjectives should be achieved in order‘tb accelarate the
increase of living standard:

8. To ereate new economic fields of work increasing
the ratio of employment ( ¥ ).

b. To raise the level of overall productivity (%)
by epplying appropriate methods. )

¢. To reduce avarage eonsumption'(ﬁﬁ)‘by decreasing
either the amount of consumption (Vé) as in directed economies
or the unit cost of consuming goods Ccv)‘as in free market

econeomies,



d. To reduce the rate of increase of population (N°)
by birth control.

&, To reduce the adversse effeet of k which tends
to inerease during the economical development by employing
wore advanced end rational techmologies. The increasing

tendency of factor k, due to the effect of succeeding

investments, influencing the overall productivity
adversely, can be controlled by optimisation of the

investment structure of national econonmy.

B, FEASIBILITY ANALYSIS

In allocating the limited resources of a country
to projects, a list of priority must be prepared, showing
the contribution level of them to the development of the
whole economy. The exact seleetion of economically sound
projects is of extreme importance, because only by this
way the overall productivity (B®) can be raised and also
the inereasing tendency of factor k can be controlled.
Economical soundness of projects and their contributions
to national economy can be determined by feasibility
analysis. In the féllowing péragraphs the methodology of
such a8 feasibility study is presented on Yegilkdy Air-
field Extension Pr@ject(7>o

1. Objectives The economical objective of the
proposed investments for the extemsion‘of Yegilkdy Air-
field is to create additional capacity, thereby
preventing the economical losses that will be caused by
the demend for passenger and freight transportation

which is expected to exceed the present capacity by 1972,



and to. optimize the contribution of those investments to
the national economy.

2. Period of Analysis: Since it was proposed that
the project wiil be @ompleted by 1972, this year is teken
as the starting year of the period. A service life of 15
years is estimated for all project elements.

3., Benefits: The net revenues which are estimated
to be realized due to extra capacity of passenger and
freight trensportation and of.airport services over the
existing capacity of the airfield are taken as the
benefits of the project.

The computational procedure followed in the
determination of revenues may be explained by the
following set of relations in which 1971 worths of all

revenues and expenditures are computed for comparison

purposes.

R = 2 (le+323+353> j 319290009ne
J

where R - 1971 worth of total net revenuse
By 4= 1971 worth of annual net revenue due to
pessenger transportation in the jth year of the period

R..= 1971 worth of annual net revenue due to freight

23
transportation in the 5%8 year of the period
R33= 1971 worth of annual net revenue due to airport

th

services in the j = year of the period

n = number of years in the period of analysis

g, 1971 worth of annual net revenue due to passenger

transportation:

‘10



Rygm (yHp) (Pre0p) — )j

where Nﬁ = number of pa?senger to be transported in
the jth year ,

H@ = number of passengers tramnsported in 1971

PI = price of passenger tramsport to the
avarage distance

GI = ¢ost of passenger transport to the avarage
distance

i = the current interest rate

The number of passengers to be transported are
forecast for each year of the study period depending on
the projectiong made (1) by means of available data.

Py (and C;) are determined separately for
domestic and international lines by multiplying the
weighed avarage distance of transportation by the unit
price (@@Bt) of travel.

b. 1971 worth of ennual net revenue due to
freight transportation: |

Byg= (Ly=Ly) (Ppy=Cry) =—== oy

where Lj = amount of freight to be transported in the

L, = amount of freight transported in 1971

PII“ unit price of freight transportation to
the avarage distance ' '

GII” unit cost of freight transportation to the

avaerage distance

11



¢. 1971 worth of annual net revenue due to airport

services:
= 035 (M =M, ) ————
"33 (1 +i)§
where ' Mj = gross revenue of airport services in the
jth year

M© - gross revenue of airport services in 1971
In this formula, it is assumed that 35 percent of the

gross revenue is the net revenue (7)0

4, Investments and Expenditures
&, Investments
According to the information obtained from
the Adrfields amd P.0.L. Installations Construction
Department (HATIR) the investment program of Yegilkdy
Alrfield Extension Project covers the investments to be
mede during the 1961-71 period for the féll@wing items:
i. Land expropriation
ii., Infrastructure
iii. Perminal buildings
iv. Installations for instrumental lending system
v. Maintenance installations of Turkish Airlines
The value of all investments at the end of 1971

can be computed as follows:

I = Z[Ik(ui)m“kj K= 1,2,000,m

. k
where I = 1971 worth of all investments

Ik = gmount of investment made in the kth.year
of the investment period

m - number of years in the investment period

12



b. Expenditures
The annual expenditures that will be made for
the maintenance and the repairs of all installations,
which will not increase their inventory value and will
not extend their service lives, are estimated. The
operational expenditures are not considered, since they
were included in the computation of net revenues. Then

1971 worth of all annual expenditures is computed as:
(1+1)%= 1
= Elo - :
i (1+1)®

where E = 1971 worth of alluannual maintenance

expenditures

E, - annual maintenance expenditure

5., Salvage Value

The theoretical economical lives of project
elements varies between 25-50 years. But eonsidering
the faect that circumstances change very rapidly in air
transportation field affecting the accuracy of demand
forecasts adversely, the service lives of all project
elements are teken as 15 years. The salvage values of
installation are, thus, estimated for the end of this
period. Then thé‘1971 worth of the total salvage value

is computed as:

1
S = S,p s
| 15 (141)15
where 8 = 1971 worth of salvage value

815“ salvage value of all project elements
at the end of their serviece life

13



6. Rentebility

The result of a feasibility study can be
expressed by the rentability value of the project. Two
different formulas are being used for‘computing the
rentability value., For instance, the State Highway
Department takes the ratio of the difference between
beneflits and costs to costs, where the Airfields and
P.0:: o Installations Construction Department uses the
benefit-cost ratio in rentability computation. Taking
the latter one, the rentability value of the project

can be expressed as:

R -=E
P = =
I-=S
where P = rentabili@y value

If the current- interest rate is 7% the value of
becomes 3,97 (397 %). This value is found to be 5.85

(585%) for Bursa Airfield Project 8.

Cs CONSTRUCTION PLANNING

1., Economical Basis

&, Rationalisation _

Construction sector is of great importance
especially in developing countries. This fact can be
observed from the investment distribution within the
various sectors of economy in such countries. As the
table ljshéws 60.8=76.4 % of total investments have
been allocated to construction sector during the years

19561966, in Turkey.

14



Table 1. Construction Investments

Total Construction Retio of Construction Investments
Investment (lOano) to Total Investment of Turkey (%)

Year

Private Publie Private Public Total
1956 1260.6 1191.0 37,5 35,4 72,9
1957 1417.8 1644, 4 36,3 42,1 76,4
1958 1744,0 1824.6 35,6 37,2 22,8
1959 1985, 4 2411,7 29.7 36,0 64,7
1960 2080,8 2736.4 27,7 36,4 64,1
1961 = 2107.5 2810.1  26.9 35,8 62,7
1962 2386.4  2906.3  27.4 33,4 60.8
1963  2637.7 3307,7 27.6 34,6 62,2
1964  2905.6 3807.5 29.1 38,9 68,0
1965 3438,6  4142,3 33.6 41,6 75,2
1966 4124,8 5162,7 30.1 37,6 67.7

Source: The Economie Report 1968110)

Since construction investments have such a large share in
total investments, any attempt to reduce construction costs
would influence the productivity of-ovefall investments., At
the same time, if cost reduction can be realized in this
field, it will directly affect the amount of avarage
consumption (ﬁﬁ)g because the unit cost of consuming goods
and servi@es»(cv) will be reduced. Consequently, the rate
of increase of living standard (L°) will speed up in

connection with the decreased value of 3ﬁ .
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The cost structure @f ccnstru@tions must be carefully
enalyzed in order to be able to determine the necessary and
sffective measures to be taken for cost reduction. In the
following paragraphs a cost quelcll>will be given which
elearly illustrates theveost structure. of ﬁsﬂﬁtguﬁti§ngs

C = 01+G2+03+<1+?\)Gﬂ

where C = total cost of construction

a
I

1 land cos%t

]
i

s interest cost
03 = gonsultation cost

s = production cost

)N

A = factor of contractor's profit

Among these cost factors, production cost (G&) has
the lergest share (up to 70%). Therefore the primary
objective of rationalisation in construction sector should
be the redugtion of production costs.

The production ecost (G&) may be defined as:

G@.a G&1+042+0&3+GA&+945

where 3&1” cost of moving in (ie. cost of erecting
equipment and plants)
| 4o~ site overhead cost (ie. costs in site office)

c&B” business cost (ie. administrative costs)

Cyy~ capacity cost (ie. cost of labor and equipment )

645m cost of construction materials

Generally in buil&ingﬁ9 645 cons@itutes 60% of the

production cost (c@) an& the share of other factors in C, aves:
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Chys 30 %3 Gy s 0&2 and 0439 a;thogeth@r9 10 %,
If we analyze further,the factors having large
shares (64& and 045)3
 Capacity Cost (Cy,)

The primary elements of capacity are labor and
machinery. Therefore the capacity cost (044) depends on
the quantity of laborers (A) and of machines (B), their
unit costs (e, @3)9 their efficiencies (a, b) and their
working times ChA9 hB)0 The mathematical expression of
this statement is:

1 Lo 1
C,, = Ah,& + <— B
b4 ere%, - L4t 7 hpep

where ey = job efficiency

8, "= management efficiency

& = labor efficiency

b = effieciency of machinery

A = number of manual laborers

B - guantity of machinery (tons)

b, = working time of laborers (hrs)

by = working time of machines (hrs)

€, = unit cost of labor (MU/hr /laborer)
ep - unit cost of machinery (MU/hr/ton)

It is ebvious from this formula that the measures
to be taken to reduce the capacity cost (044) are mainly:

1) meximization of the job efficiency (@1) by
preparing convenient designs for speedy, easy and well

defined productiong
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1i) maximization of the menagement efficiency <92> by
effective site planning and Jjob scheduling @onsiderimé repeti-
tions and fl@wvarkg

i11) maximization of the labor and machinery efficiencies )
(a, B) by training the persennel, paying wages according to
performance and by miocroplanning, ie., planning and organising
the job place in order to create favorable Jjob conditions in
viewpoint of higher productivity and less strain.

iv) determination of the optimum grade of mechénisation
(d= hBoB/hAoA> corresponding to minimum capacity cost (Ga>o

Méterials Cost (0&5)

The materials cost (045) is a function of definite
variables some of which reflects the influence of external

conditions., Mathematicallys’

6453 8 (cs + 1°©T>
where 8 - quantity of materials used (tons)
e - unit cost of materials (MU/ton)
1 - transportation distance (Em) |
Cqp = unit cost of transportation (NU/Km/t©n)
The measures to be taken to keep the materials cost
(045) low ares
. i) minimization of the amount of materials te be
used by:
- increasing the ratio of useful area to construe-
tion aresa, |
= preparing structural designs which save material,
= good gquality control during comnstruetion,

=preventing the waste of material
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’

11) minimization of the unit cost of materials (@ Yo
This factor can be affected only by macremeconomieal
measures such &ss ‘
= encouraging the mass production methods in
construction materials industryQ\ V
- allocating smfficient finaneial credits fob
industrialisation in this field, “
- standardisation of contruction nmaterials
- ereating a steady demand level (public demand)
for construction materials, |
iii)minimization of the transportation distance (1)
and the unit cost of transportation (@T) by using local
construction materials wherever possible.
b. The Planning Punction .

Planning is the process‘@f.coerdinatinggthe
elements of work (activities) and'pr@&uetion"(partners).in
function of time, considering flow work and resource
leveling which increase productivity and decrease costs.
Therefore it involves the selection of the system of work to
be adopted for a project from all the alternative ways and
sequences in which it could be done.

The first step of construction pianningvﬁrécess is
the selection of the optimum capacity for the given projects.
In this step the optimum value of grade of mechanisation (4),
qualifi@ation of werkmanship and of equipment, and the loecal
materials to be used are determined.

The second step is the sequencing of project

activities., Atmost care should be experiénced in sequencing
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the a@tivities'to increase the productivity of both laber
(a) and ma@hinery (b) by reducing time losses due to
shifting of teams from one place to another. The labor
produ@tivity (a) can also be increased by providing a
team to work on similar types of werko'By proper sequencing
of activities the need for extra capacity cam be reduced
to minimum without extending the project duration., This
process is known as "resource leveling" and is a very
effective measure for reducing the capacity cost (Cﬂq)o

In cases where the project completion date is not
Vgivena the project duration corresponding to the minimum
%alue of project total cost should be selected. As
discussed in Chapter V, total project cost includes
lesses due to late completion and benefits of early
completion. Therefore accomplishing a project in its optimum
@uration increases its contribution to the national economy.
o j. Baseé.@n the aforegoing discgssi@n its p@ssible to
conclude that "planning is a very gffggtive mean of
ratipnalisa‘biqngioeo9 in reducing the construction costs”.
The degree of effectiveness, of course, depends on many

factors among

which the f@llowings gay,bgistgtgda aya;lgbility
of reliable data, a suitable organizational structure which
ensures the collection of them by%igggymgyigngflgy an@¢a§ts
gc@@?diggly with proper cooperation, and selection of an
appropriate planning technique. These factors affeet also the
management efficiency.

These points will be fully discussed in the foll@wing

chapters,
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2, Juridical Basis

Thisfforms the obligatory rules of action.

The general requirements for construction
planning are stated in the Article 6 of the “General
Provisions for Public Works“(13> which takes place
among contract documents of all public biddings as:

"The contractor shall prepare a work program
and shall have it approved by the administration. In this
program all project days, excluding offi@ialiholidays and
deys with unfavorable weather, will be taken as working
days. |

The contractor has to conform exactly with
the work program approved by the administration.”

-On the other hand, "Annual Program - 1969"(1@>
whi@h’is prepared by the State Planning Organization in
sccordance with the "Second 5 - Year Development Plaen"
accepted by the Parliasment, states that:s

"Tn planning the projects having estimated costs
upto 100 million TL, "bar chart" method will be used. The
projects with estimated costs over 100 million TL will be
planned by planning methods like CPM or PERT."

Further requirements may be included in general
specifications of the related administration., For instance,
the requirements of the Airfields and P.0.L. Installations -
Construction Department for the planning of Yegilkéy Air-
field Infrastructure Project are(2> 3

"Within 15 days after the contractor is informed
that the contract is appreved, He shall submit a detailed
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work program prepared separatély for each wark-secti@n showing
also the progress of work,

’ | This program which shall be prepared in conformity
with the type given by the Administration, shall also

indicate the fixed dates of the progress of the work, specially
of the various installations, material stockpiling and arrival

of thé main materials to the Jjob site etec,

The contractor shall inform the Administration im
-writing, immediately after each delay in the work program
and state the reasons of delay, and the period of delay,
and the measureé He should take to overceme this delay.

vadﬁriné;coﬁstrugtion work the Control Engineer
notices any deviation fr@ﬁ the work program and warns the
Contractor, the latter must prepare ana‘submit a new work
program, withinVB days after receiving this warning. This
work program must-have the-necessary corrections in. order to
prevent any delay in complebting the project within the allowed
duration. |

With the acceptance of this new program the Contractor
has to make the necessar§ changes in his Jjob site organization.
A1] additional expenses &s result of these changes shall be
the responsibility of the Contractor.

In cases when the accepted new program cannot meet
the given project end date, the contractor will neot be
released from amy &eléy‘penaltieso

An operation plan clearly showing the progress of work
on the job site shall be submitted to the Comtrol Engineer in
three copies in every 15 days. This plan shall also include a
scaled graph showing the completion percentages of all kinds
of @onatrp@?ion previously asked for and the gradual Progress

of work on the job site.”
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CHAPTER III

CONSTRUCTION PLANNING METHODS

- K., GANTT CHART

‘The Gamtt Chart is a series of horizontal bars
plotted against a time scale, each bar representing
beginning and completion times, together wiﬁh duration
of a work item in a project. In ad@ition9 a second
line parallel to the first one may be drawn for each
project element, to show actual work done égainst the
reguired one given in the original plan, indicating
the performance,

The Gantt Chart, which is also known &s bar
chart, has found wide area of application as a planning
technigue in various fields of industry, since Herny
Gantt invented.it around 1900, The advantages offered by
this technique have led managers to adopt it. These
advantages may be summarized as:s

The Bar Chart can he understood very quickly
and completely not only by the project managers, but
also by their subordinates and superiors Becsuse 3

= The organizations are used to it, since it
is an 014 method of planning,

= It is simple, since work is presented very
clearly in function of time.

But as th@.e@ntempqraﬂy management began to deal
with large scale and com@lex‘éngineering projects some

. fundamental weaknesses inibar charts were observed.
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These weaknesses are:

i) The conventional bar charts do not display
interdependencies between the project elements, which
are general work items, each represented by a bar,and
activities, Since sueh interdepencies should be kept in
mind while preparing the bar chart, they should also be
reflected in charts in order to control and diseusé the
plan easily. This is especially true in 1arge=§@ale and
complex projects involving numerous activities with
various types of interrelations.

ii) Since bar charts do not show relationships
between time and wvolume of works, they are one-
dimensional, This fact limits their performence in
comparison with other methods of planning, especially
with cyclogrammes.

iii) The Gantt chart does not indicate critiecal
activities which delay the project completion date

if they cannot be completed within the assigned

duration, and also those activities which have some
extra time for their completion over their durations,
and the amount of theose extra times.

iv) Some large-scale and unusual type of projects,
ineluding those involving natural hazards and research
works, may necessitate the consideration of uncertainties
in plenning. Since bar charts do not reflect uncertainties,

they cannot be used for the planning of such projects.

The evaluation of both advantages and

. disadvantages of bar charts, results in the fact that they .
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possess low efficiency in coordination, but high efficiency
in communication. For optimization purposes, bar chart may
be used as a planning technique in small construction
projects which consist of a small number of activities

having simple relationships between them. For larger

projects bar charts are developed giving the interrela=-

tions between the bars. On the other hand the advantages'of
the Gantt Charts in communication, may be used by displaying
the project program prepared by other improved planning
methods with them, thus meking the program more communicative.
Such a chart is presented in Appendix F for Yegilkéy Airfield
Infrastructure Project.

In spite of the conclusion reached above, many
construction managers in Turkey employ this method,
regardlass of the size and the complexity of the project to
be planned, because it is simple and requires, less effort
and skill for its preparation than the other techniques do,
The shortcomings of barcharts have almost never been taken
account, mainly because of: .

i) The concern of contractors which is usually the
gquick fulfillment of Artiele 6 of "General Provisions for
Publie Works(la)", to start with their construction work as
soon as possible

ii) The lack of data and experience of contractors in
other systems due to considerable fluctuations in construc~
tion sector, |

iii) The wrong policy of awarding contracts, according te
which no sufficient time is left by the owner for
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detailed design and planning of work,

iv) The inefficiency of supervisory mechanism, due
to the lack of adequate organization and quality, which
prevents the diagnosis of the disadvantages of planning
by bar charts.

B. CYCLOGRAMME

A cyclogramme is a graph displaying the project
elements in relation to a common unit of work and time.
It is, therefore, a two-dimensional system, originally
used in railway time tables. In construction, it is
éommonly used for planning of highway and pipeline
projects, the common unit of work, in these cases, being
the length in kilometers. Cyclogrammes can also be used in
buiiding construction, the common unit being, this time,
(%) of completion shown for different floor levels on a
vertical axis,

All possible types of relationships between the
project activities can be set while planning by cyclogrammes:

8, The start of activity J depends on the completion
of activity I with an associated time delay of £ ( €20 ).
For instance casting of conérete (J) requires the completion

of formwork erection,

» Time

Figure 2 . End to start relationship in cyclogrammes.
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b, The start of activity J depends on the start
of activity I with an associated time delay of € ( €20),
For instance excavation operation (J) can be started £
time units after the start of ground water lowering

_operation (I).

» lime

+ £ #
Figure 3 . Start to start relationship in cyclogrammes

c. The completion of activity J depends on the
completion of activity I with an associated time delay of
E ( €20 ), For instance preparation of contract documents
(J) cannot be finished ‘t;efore completing the bills of
quentities (I). |

Amourrt ’ﬂ_‘ : T _6_7“

= T/me

Figure 4 , End to end relatiénship in cyclogrammes

d. The completion of activity J depends on the start
of activity I with an associated time delay of & ( £20).
For instance model analysis of a structure (J) can be
finished if the provisional structural analysis (I) is
started and a certain part of it (rough calculations) is

completed.
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= Trme

Figure 5. Start to end relationship in cyclogrammes

e, Either the start of activity J depends on the
start of activity I or the completion of J depends on the
completion of I with an associated time delay of € ( £€20),
For instance such & relationship exists between the

activities laying of pipes (J) and trench excavation (I).

b
Amount |—— — — —— —

> Tirme

*~ € F
Figure 6 . A combination of start to start and

~ end to end relationship in cyclogrammes

Planning with cyclogrammes offers the following
advantages.
1) A1l types of relationships between the project
activities can be indicated.
ii) Each activity is plotted in such a way that its
duration and valuﬁe can be easily observed,
iii) The production rate can be determined by dividing
the volume of work by the time of execution (the slope of
activity line). Also, the time and place of changes in
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the speed of activity execution can be seen.

Cyclogramme, as a planning technique, has some
disadvantages:
i)-Ifs usage is restricted to the projects whose
activities can be expressed iﬁ terms of a single unit
of work amount.
ii) In case  of complicated or interfering flow of
works, the job schedule becomes very confusing.
iii) The critical and noncritical activities cannot
be distinguished, and, therefore, the amount of extra
times for noncritical activities cannot be observed in

cyclogrammes.

C. NETWORK BASED PLANNING METHODS
1, Introduction
In 1956 the E.I. du Pont de Nemours Company was
under a series of contracts to comstruct major chemical -
plants in America, The projects required accurate
estimation of both duration and cost. The planning and
controlling technique developed by this company for the
gbove mentioned projects was originally called "project
plenning and scheduling” (PPS). This method improved
into the "eritical path method" (CPM) which reﬁresented-
project logic in graphic form in 1957 when Univac
Application Reseafch Section joined the program.
On the other hand, the U.S.Navy was concerned
with the control of contracts for its Polaris Missile
Program. These contracts included research and

development work as well as the mgnufacture of component
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parts which were never made before. Therefore neither

cost nor time could be estimated accurately, as a
'@onsequen@e completion times had to be based on probability.
Contractors were asked to estimate their time requirements
on three bases: optimistic, pessimistic and most likely
dates. Assuminé aﬁ;distribution form these estimates were
then mathematically assesséd to determine the probable
completion date for each project. This procedure was
referred to as "program evaluation and review technique®
gbbreviated to PERT. This method 4id not consider cost

as a variable but later the cost data on the same sort

of probability basis has been introduced, and this system
is known as PERT/COST.

Between the years 1963 and 1967 Prof.Burkhart,
director of the Institute for Comstruction Management
Science in the Technical Univeréity of Munchen has
developed a new network based system and named as
"Baukastennetz" 1) apbreviated to BKN, which handles
only the projects having activities of definite durations.
Later on, he has developed other programs to be used with
the original one to handle the special aspects of planning.
These are (see Appendix B.2.II): BEN-BAR, BKN-BLOCK, BEKN-
CUT, BKN-PERM, BEN-CONTROL, BKN-MOD , BEN-POT and BKN-COST.

Network based planning methods are new and powerful
tools for planning and management of all types of projects.
They involve, first the representation of a project
implementation plam by a schematic,diagram (netWork) that

illustrates the sequence and interrelation of all component
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parts of the project, and then the logical analysis

and manipulation of this network in determining the best
overall program of operation. Among these methodé CPM
and BEKN draw special attention in cénstruetion industry,
and provide a more useful and precise approach than the

conventional bar charts and cyclogrammes.

2., Advantages of Network Based HMethods
Network based planning techniques have found a
wide area of application especially in planning and
controlling of large construction projects. The reasons
of their rapid édeption may be summarized as:

i) The determination of c¢ritical path which is of
prime importance in project implementation and:ecntrol
related with time scheduling. |

ii) The abilityte show realistically and comprehensively
the interdependencies between the project subelements
enabling easy controls and discussion of alternatives.

iii) The potentiality for a more realistic estimation

of the total length and cost of the project because of
ayfine breakdown of the project into many small activities
provided that reliable data are available., The need for
such deta forces the development of data banks.

| iv) During the execution of the project, the use of
computers enable the systematic and rapid reviewing of
current situations as well as evaluation of future
developments so that allowance can be Qade at once in case
of any deviation from the original plan. Short time controls
increase the efficiencies of planning and management

considerably.
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¥) The use of computers decreases the time of planning
by c@g@elliﬁg routine calculation work originally made by
engineero This reduces the cost of planning and control
and enables the consideration of possible alternativesﬂ
thus increasing again the efficiency of planning and control.

iv) Computer prints can be used as contrel documents
showing deviations and responsibilities. They may alsc be
used as contract documents in new agrements between the
owner and the contractor, related with changes in the work
schedule,

vii) The program evaluation and review technigue (PERT)

engbles the planning and controlling of researeh’gnﬁ
development projects whose activities are uncertain in

terms of duration and cost.

The objections raised, in spite of the advanbtages
offered, to network based systems focus at two points:

i) In comparison with the bar chart, the netwdrk
systems are complex menagement tools. The bar chart is
simple to prepare and its two coordinates, time and effort,
are simple to visualize on the scales of thé chart. But =&
network is basically nondimensional and does not provide
scales for the measurement of time and effort,

ii) Since the network based methods are essentially
computer oriented techniques,their application costs are

high for small projects.

The @bjecti@ﬁ related to the problem of communica-
tion can be nullified by displaying the network analysis

results by bar cherts., The second one holds true if

32 .



computer is employed even fqr simple and small networks

which can easily be analyzed manually.

%3, Network Diagram
A network is a graph consisting of nodes and
arrows representing activities and events,

"Network diagrams are of two main types:.

a8, Arrow Diagrams

In an arrow diagram, each arrow represents one
activity and the relation between activities is represented
by the relation of one arrow to the others,covered by a
mode; each node represents an event. The length of the
arrow has no significance; it merely represents the
passage of time in the direction of head. Each arrow

of the network is identified by its tail and head events.

OO

gure 7. Activity notation in arrow diagrams

The simple logic behind this type of diagramming
is that the start of all activities leaving a node,
depends on the completion of all a@tivi“b\ies entering
that node. This logical background is exemplified in
figure 8, As the diagrams of figure 8 imply, only "end

to start"type of relation can be set in an arrow diagram.
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(2)

A
(3) ] c
%)

Logic

Activity B can begin only
after operation A is
completed.

Neither activity B nor C
can start before activity
A is completed, but B and
C can be performed con-
currently.

Activity C can begin only
after both activities A
and B are completed.

Neither activity C nor D
can begin until both A and
B are completed, but C can
be started independent of
D or vice-versa.

Figure 8, Elementary network logic in arrow diagrams

In some cases, dummy and artificial activities are

necessarily used:

i) Dummy activities are employed to keep the logical

sequencing of activities, and their interrelationship,

correct. Such a case is illustrated in figure 9. If the

start of activity C depends on the completion of activity

A, and the start of activity D depends on the completions

of activities A and B where B and C are independent

activities which can be performed concurrently, the

employment of dummy activity E is unavoidable to keep

the logical structure of the network correct.



O—A

O

O—=
Pigure 9. Use of dummy activity in arrow diagrams

ii) Dummy activities areqalso employed ﬁo keep the
‘numeric designation unique,for event numbers at the tail
and head of each arrow.

For example, 1f the starts of activities B, C
and D depend on the completion of activity A and if their
completions are required for the start of activity E, the
use of two dummy activities is neceéssary, in order to be
able to express activities B, C and D with different tail-
head event number combunations. This case is illustrated

in figure 10, a and b,

SN S N

Figure 8. (a) Sfong disgramming., Because activity
- " notation (J-K) represents B, C and D,

Figure 8. (b) Cerrect diagramming. Fach activity
has different numeric designation.
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The use of artificial activitieé‘may be exemplified
by such a case in which time lag € is required between the

completion of one activity and the start of another.

Figure 1ll. Use of an artificial activity (Adk>

It is very difficult, if not impdssible, to set
"start to start" and "end to end" relation types between
the project activities when such relationships exist,.
The employment of dummy and artificial activities, and
breaking down some activities into piéces may assist to
a certain extend in introducing such relationships into
network diagrams. But resulting network does not reflect
the exact logic of "start to start" and "end to end"
relatiénships.
For instance, if the start of activity B depends
on the start of activity A, it is coimonly attempted to
display this relationship by using a dummy from head event
of A to that of B, as shown in figure 12 (a). But such a
.disgram portion, which is equivalent to the one in figure
12 (b), shows nothing but the independency of activities
A and B. Therefore it can be concluded that "start to start”
relatién with no time lag cannot be set in arrow diagramming.
o0

O—=2—0
(a)
Figure 12. An attempt to set "start vo start" relation.
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If activity B can start £ time units after the
start of activity A, the breskdown of activity A into two
pieces, so that first part will have duration of £ and
the second one (Figure 13) will havei(tA'-é ) as its
duration, may help in diagramming. But if A is a continuous
activity which cannot be perfofmed @iecewﬁ.se9 the continuity

between its component parts must be provided while scheduling.

» L
O——0O—725—0

a .
o0
Figure 13, Partitioning of activity A to set

"start to start® relation,

Another incorrect attempt is to use dummies when

"end to end" relation exists between two activities

(Figure 14).
O———

I

|
| E

O—=——

Figure 14. Incorrect use of dummy to set "end to

end® relation.

The dummy activity E reiates the start of activities
leaving the node L to the completion of activity A. Ro
relationship between activities A and B, other than their
independency, can be observed from such diagramming. Thérem
fore displaying "end to end” relatiens'having no time lag.
~ is not possible,
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If there exists a time lag & from completion of A
to the completion of B, it is useful to break activity B
down into two pieces, first having a duration of (tB -£)
and the second having that of £ , to include the effect
of existing relation into network computations. Again, if
B is not an intermittent activity, the contunity of execu-

tion between its component parts must be provided.

O—=

BA B2
O Ly—€ o/ & ¢O
Figure 15. Partitioning of activity B to set "end

to end" relation .

b. Precedence Diagrams

In a precedence diagram project activities are
represented by nodes, and arrows are employed to show the
relations between activities and sequence of work, Activities

in a precedence diagram are identified by node codes.

A

Figure 16, Activity notation in precedence diagrams.

Three types of relation can be set and displayed
in precedence diagrams (Figure 17).

Relation Logic
£ - Activity B can start € time units
1) | A 8 after the completion of activity A.
- N
© 1 - Activity B can start € time units.
(2) | A ‘ e after the start of sctivity A.
" - & 1 - Activity B can be completed & time
(3) | B units after vhe end of activity A.
Figure 17. Elementary relation types in precedence
diagrams
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4, Comparison of Network Types

The logic behind precedence diagramming is that
each activity has those~activi£ies as its predecessors
from which there comes an arrow to.it, and those activities
as its successors to which an arrow goes from its represent-
ing node. The arrows also show the relevant type of relation
with the amount of related minimum lag value, if any. There~
fore dummy activities are not needed any more, to keep the
logical sequencing of activities correct. Since, activities
are represented by nodes, each having its own code, there is
no need to use dummies in order to keep the labeling of
activities unique. This characteristic, also eliminates the
need for the special technique in coding events to ensure
that head events of activities have greater numbers than
their tail events.

Since all relation types can easily be set in
precedence diagramming, the need for breaking up some
activities into pieces, merely for network construction
purposes, is eliminated. Theoretically, there is nothing
wrong with breéking an activity down into several parts
as is required by arrow diagramming technique. But this
causes confusion, especially, at field level. Because the
foreman may recognize each part as a separate activity, |
although they altogether form a single activity. In
addition some diffi;ulties are likely to arise in preparing
cost data and in repérting system., Precedence diagramming
technique compares favorably from this viewpoint.

On the other hand, employment of dummies and
artificial activities, and breaking some activities down
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into pieces, increase the number of activities in the network
causing difficulties in its analysis. In an extreme case, the
number of astivitieé may exceed the-maximum size that can be

handled by the availabie computer programs.

In some computer programs (e.g. PCS of IBM/360) only
precedence diagrams are processed. If the input data of an
arrow diagram is entered, it is converted automatically
into equivalent precedence network before starting with
computations which consumes extra time, in turn extra cost.
Therefore if such a computer program is to be used, precedence
diagramming should be preferred.

. The advantages of precedence diasgrams over arrow
diagrams can be summarized as: :
i) Elimination of dummy and artificial activities
ii) Elimination of the necessity for breaking down some
activities int§ pieeés, thereby deéreasing the number of
activities in the network. o
iii) Ease and rapidity with which the planné; designs
the netwcrk and the field personnel grasp the concept.
iv) Elimination of the necessity for conversion of

event occurence times to activity times.

The use of -arrow diagramming}gqstem may become
advantageous under certain conditions. If the planner once
decided not to use a computerized system, considering the
factors to be discussed later on, the arrow diagramming
technique has more chance in selection. Manual computation
of networks becomes easier, faster and more accurate due

to normal relationships between the activities. If durations
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and costs of activities are uncertain, dealing with these
uncertainties is extremely difficult in precedence diagrams,

In arrow diagrams, it is quite easy to observe
which events and then which activities are critical. Since
thre exist direct links between events, tracing the critical
path is a simple operation. But in precedence diagrams, the
critical activities are determined usually through a
computer run and because of eliminated events, tracing the
critical path may become difficult.

The nature of a projéct, especially if it is large
size one, may necessitate the preparation of different
networks, by various organizations independently. The most
realistic integration of these seperate networks is
possible through the use of interface events, placed
between them. Precedence diagrams compare unfavorably in

this respect, due to elimination of events.

Therefore compared to precedence diagrams, arrow
diagrams have the following advantages:
i) Suitebility for manual computations.
ii) Ease in tracing the critical path,

iii) Ability to employ interface events to integrate
sepafaté networks, thereby defining the transfer of
responsibility from one organization to another more
definitely,

iv) Suitability for the analysis of probabilistic

projects due to presence of events.
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5, Criteria for Selecting the Network Type
At this stage, it may be concluded that two points
should be analyzed before deciding on the network type are:
i) Project characteristics (size and complexity),
ii) Availability of a computerized system (programmes).
It is obvious that as the number of activities to
be coordinated in a project gets bigger, the need for a -
computerized system will increase. If such system is
available, precedence diagrams, which are easy to prepare,
become preferrable, Otherwise arrow diagramming has more
chance to be selected, because it is more suitable for manual
éemputaticnso
Complexity of a project is another criterion. In
general the numbervof relationships.as compared with number
of activities and their types determine the project
complexity. Since relation types which necessitate break-
down of some operations into parts in arrow diagramming
technique, can be easily shown in precedence diagrams,
compléx projects may necessitate the employment of
precedence diagrams.
Availability of a computeriied system favors the
preferability of precedence diagrams, since they are easy

to prepafe and difficult to analyze manually.

6. Physical Layout of Network Diagrams:
There are.mainly three ways of displaying a network
diagram:
a. Free Networks -~ In free networks nodes are placed

on the network where space is more convenient, This type is
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preferred in designing the preliminary network, because it
enables the planner to concentrate his attention on

dependency relations.

b. Banded Network ~ In banded network activities
relating the same organization, function or of same type
are laid out'on horizontal bands. Banded networks provides
easy and rapid recognition of work flow and responsibility
distribution.

c. Time~-Grid Networks - In time-grid networks,
arrows representing the project activities are drawn
norizontally, their lengths indicating the activity durations
and available total float times. Non-horizontal arrows do not
show any elapsed time, they merely indicate activity
sequencing., ‘

The advantages of bar charts may also be enjoyed
if time-grid diagrams are put into banded form.

On the other hand, there exists another type of
time-grid network showing the flow line of works in the
horizontal bands and the connection of activities in

vertical direction. .

43



CHAPTER IV

NETWORK DESIGN

A. GENERAL

There are two basic ways to build up a network:
forward and backward network construction. In the first one
the planner sele@ts & specific event marking the start of
the project and proceeds forward establishing events and
activities in chromolegical sequence until the terminal
event marking the completion of the project reached. This
method of network design is well suited to construction
projects. In the second way of network design, the planner
establishes the last activity at the first step, and
proceeds backwards through the network, adding activities
which must be completed before the object event can occur.
This way is generally preferred in network design of
research and development projects, since the planner often
merely knows what the objective is.

lIn designing the ngtwork model of Yegilkdy Airfield
Infrastructure Pf@jeet the first way is followed. But, to
enjoy the advantages of second one, forward comstruction
technique is somewhat modified by amswering the questions
"what activities must be completed immediately before
commencement of this activity?”, in addition to the question:
what activities must be started immediately after comple-
tion of this activity?" which is to be answered necessarily
in forward network construction method. Another reason of

following such a modified method, is to simplify the data



preparation for @@mpuﬁaﬁize&vaystems PCE and BKN; both of
which ask for the specification of preceding activities of
the activity under consideration.

- In this chapter, the procedure for network design is
analyzed through four steps: project breakdown, sequencing
of activities, determination of activity durations and
ecoding the activities. Aithongh the YegilkSy Airfisld
Infrastructure Project is taken as the base of analysisg
these are the four basic steps to be followed for designing
a network model of any project.

In Appendix E the final form‘Qf the network diagram
is given in a banded form. The details of improvements
obtaining the final form are not discussed, sinece they
have caused considereble changes in all steps of network
design.

The network diagram submitted is a precedence
diagram. Although the network may not be considered es &
complex one precedence diagramming is preferred, since
there was computer available free of charge offering a
chance to make‘use of it, thereby to enalyze its function
in planning. Another factor meking this selection favorable
is the number of activities which exceeds 300.

45



B, PROJECT BREAKDOWN

After the general task of the project is clearly
recognized, bresking it down into Separatelaperatiens or
processes necessary for its completion, is the first step
t@wardé effective planning, in all planning techrigues. |

The degree of breakdown is strongly effected by
the nebure of the selected method. If bar charts or
cyclogrammes are selected for plemning purpeses, the
number of activities resulting from project breakdown
should be kept as low as possible. But network based
systems eneble the planner to deal with numerous activities,
thus increasing the accuracy of plans.

At this stege, it is useful to point out that
network plams, presenting the work process by which the
pr@ject objectives and requirements will be handisd, should
be prepared by those who will be responsible for supsrvising
tvhe work by the effective c@@pefaﬁi@n of those whe carry the
dire@t responsibility for doing the work. If this fact is
overlooked, the reéulting'plan is likely to be unreaiistic,
In case of the planning of Yegilkdy Alrfield Infrastructure
Project the author's attémpts to secure the cooperation of
contraceting firm 4id not yield the desired results, merely
because of the fact that its managers had no failth in
planning, some information which would possibly make this
study more aa@urate‘@@ulﬁ not -be obtained. Thus, for instaunce,
material deliveries could not be included in project
breakdown due to lack of ipformation9 in spite of their

importance.
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The factors to be considered while breaking down a
project into its component activities are given below. The
order of the factors is the sequence follewed in the
breakdown procedure of Yegilkdy Airfield Infrastructure
Project, and has no relation with the order of their

importance.,
Factor 1. The costing data required by the management

It is preferable to have activities for which the
necessary cost figures cean be computed easily. Since the
necessery information could not be obtained from the contractor

" this factor did not have a strong effect.

Factor 2, The itimized bill of guantities

It is found wvery useful to bresk the project down into
such activities that each activity will have its own unit price
in the itemized bill of quantities. But an attempt to satisfy
this requirement fully, meay result in a very detailed breakdown
making the plan impracticable.

Factor 3, The distribution of responsibility within

the organization |

Project activities should not, preferably, fall into
responsibility area of more than one division of the organiza-~
tion. In this study, only the contrelling organization is
considered, however the responsibility structure of the
contracting firm is very similar to that of controlling.

organization.
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By the consideration of the factors 1, 2 and 3, the
following genersl breakdown is resched for this project:

8. Barth Work

b. Lean Concreting

¢, Pavement Quality Conecreting

d. Shoulder Stabilization

6., Forming Asphalti@ Concrete Layer on Shoulders

£, Constructing Drainage Structures

g. Laying PVC Cable Pipes under Shoulders:

i. Top Soiling

Factor 4. The location of the work omn the site

In the projects requiring the execution of same
type of activities over a large area, such as airport,
highway and pipeline comstruction projects, the lccatiom
of the work on the site becomes a significant factor in
breakdown process. The planner can make activity descriptions
readily understandable for anyone involved in the execution
of the project, by referring to the locations of activities.
It is found @mt.that'the breakdown of general work items
in accordance with their locations is not likely to yield
desired results, unless the following requirements are met:

= All general work items should be subject to the
same locational breakdown, if possibley

| - The breskdown should result in clearly defined and

continuous activities.

In the arrow diagram, prepared and ‘submitted by the
conbtractor the site was divided into four zones, namely

A, B, C and D, as shown in figure 18, and the locations of
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activities wers indicated by the symbel of the zene in

which they are going to take place.

D ——ole C - ) : A

T S S e
‘\\;9 ) em oz e -

>

A4 -

Figure 18, Original locational breskdown

Such a hroad locational grouping is, of course,

very advantageous in satisfying the first requiremeﬁto But

finer breakdown is needed for the satisfaction of the
’S@@@md one. Because any reference %o one of the four zones
was found %o be insﬁffi@ieﬁt to make the activity description
clear enough., In addition, since it canmot be expected that
i% will be economical to complete on activity within the zone
in which it is startgﬁg without any interruption, all
setivities will become intermittent, ceusing difficulities in
schedul ing and resource leveling. Therefore this locational
hreakGGWH has come out toc be impracticable in a very short
time,

After these shortcomings were observed, the
@@ntra@t@r tried another spproach t@ 1@@&@1@3&1 br@akdoWny~
In this approach, the areas to be paved were taken as basés
ol breskdown, The general Wofk'items were divided into parts
according to their place of execution with reference to
runway, taxiwsys, fast turn-offs snd links. But even this

breskdown did not yield the expected practicebility,



An analysis of items of general breakdown will show
- that itemsyl and 9 are to be performed over the whole site,
';where items 2 and 3 only on pavements, and items 4, 5, 6, 7
"~ and 8 on the shoulders. This rough breakdown can make only
the descriptions of component activities of items 1 and 9
clear enough. A finer breakdown is still necessary for the
other items. For example, physical constraints prevents

the contractor to lay pavement gquality concrete on the same
fast turn-off or limk without interruption, so these
activities will remain intermittent. On the other hand
shoulder activities should be performed at least in two
steps, in order to maintain work flow.

Teking the above discussion into consideration the
following locational breakdowns are obtained for general work
items:

a. Earth Work

Since a small amount of earth work was left when this
study was started, this item is subjected to a rough bresk-
down, First, the remaining earth work is divided into two
parts according to the nature of work to be done; then each
part is divided into its component activities comsidering
the location of the work on the site.

i) Earth Moving

1. On the Area to Paved in North and East

2, Outside the Area to be Paved in North and East

3. On the Fuel Farm Area.
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ii) Borrowing and Filling the Selected Material

1.
2o

Outside the Fuel Farm Area
On the Fuel Farm Aresa

b. Lean Concrete (IC)
- The amount of work left at the starting date of this

study was suitable for a rough breakdown:

1.

20
30
4,
50
6.
70
8.

From Parallel Taxiway No.l (24+60) to the End
of Link No.6

Parallel Texiway No.2 (Fuel Farm Area)

Link No.1lO

Link No.1ll

Fast Turn-off No.4

Fast Turn-off No.5

Parallel Taxiway No.l (Fuel Farm Area)

Link No.7 (Fuel Farm Area)

¢. Pavement Quality Concrete (PQC)

The nature of work in this item has necessitated a

detailed locational breskdown. It has been tried to obtain

such a breskdown that the resulting activities will be

ciearly defined and continious, and they will permit any sort

of sequencing. This aim is achieved by dividing each pavement

element into its strips. In addition, the strips of runway

and taxiways are divided into parts, in order to be able to set

their relations to shoulder activities correctly.

The locational breakdown of PQC item is:

1.

Runway Strip No.6 (04+36 = 19+50)

2. Runway Strip No.6 (19450 - 34+36)
3, Link No.l Southawest Strip
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&4,
56
6o
70
8,
9o

10,

11,

12,

13,
14,
15,
16,
17.
16,
17.

18.

19,
20,
21,
22,
23,
24,
25,
26.
27,
28,
29.

(Zone
(Zone
(Zone
(Zone
(Zone
(Zone
(Zone
(Zone
(Zone
(Zone
(Zone
(Zone
(Zone
(Zone
(Zone
(Zone
(Zone
(Zone

(Zone

(Zone.

(Zone
(Zone
(Zone
(Zone
(Zone
(Zone
(Zone
(Zone

(Zone

1) Link No.l

1) Runway

1) Fast Turn-off No.2
2) Fast Tufn=©ff No.2
2) Runway

2) Fast Turn-off No.3
%) Past Turn-off No.3
3) Runway

3) Fast Turn-off No.4
3) Parallel Taxiway No.l
4) Fast Turn-off No.4
4) Runway

4) Fast Turn-off Ne.5

4) Parallel Taxiway No.l

4) Fast Turn-off No.5

4) Parallel Taxiway No.l

5) Fast Turn-off No.5

5) Runway

5) Link No.6

5) Parallel Tawiway No.l

6) Link No.7 (éuel Farm Ares)
6) Parallel Taxiway No.2

D! Link'Hoo? (Fuel Farm Area)

'7) Parallel Taxiway No.l

7) Link No.10
7) Parallel Taxiway No.2
8) Link No.1l0
8) Parallel Taxiway No.l
8) Link No.ll
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31,
320
33.

34,

350
36.
37
38,
39,

43,
42,
43,

45,

55,
56,
57
58,

{Zone 8) Parallel Taxiway No.2

Link No.ll North Strip

Parallel Texiway No.l East Strip (Between Links
No,1ll and 6)
Link No.6 North Bast Strip

‘Parallel Taxiway No.2 East Strip (Z@ne:6)

Parallel Taxiway No.2 East Strip (Zone 7)

‘Parallel Taxiway No.2 East Strip (Zone 8)

Fagt Turn-off No.2 Interior Strip

Fast Turn-off No.3 Interior Strip
Fagst Turn-off No.4 Interior Strip

Fast Turn-=off No.5 Interior Strip
Link No.7 Interior Strip (Fuel Farm Area)

Link No.10 Interior Strip
Iink Wo.1l Interior Strip

Parallel
Parailel
Parallel
Parallel
Parallel
Parallel
Parallel
Parallel
Parallel
Parallel
Parallel
Parallel

Paxiway
Taxiway
Texiway
Texiway
Taxiway
Taxiway
Taxiway
Taxiway
Texiway
Taxiwey
Texiway
Texiway

Ro.l
Néol
No.1l
No.2
No.2
No.2
No.l
No.l
No.1l
No.2
No.2
No.2

Interior Strip (Zone 3)
Interior Strip (Zone &)
Interior Strip (Zone 5)
Interior Strip (Zone 6)
Interior Strip (Zone 7)
Interior Strip (Zone 8)

West Strip (Fuel Farm Area)
East Strip (Fuel Farm Area)
Interior Strip (Fuel Farm,Area)
West Strip (Fuel Farm Area)

East Strip (Fuel Farm Area)

Interior Strip (Fuel Farm Area)

Runway Strip Noo.3 (34436 = 04+36)
Link No.6 Interior Strip
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59, Runway Strip No.2 (04436 - 13+00)
60. Runway Strip No.2 (13400 = 25+30)
61, Runway Strip No.2 (25+30 = 34+36)
62, Runway Strip No.5
63, Runway Strip No.4

Shoulder Activities:

4., Shoulder Stabilization

e, Forming Asphaltic Concrete on Shoulders

f. Constructing Drainage Structures

g. Laying PVC Cable Pipes under Shoulders

h, Laying Multi-cell Gablé Passes Under Shoﬁlders

Ag pointed out beforé all of the above general work
items are going to take place on shoulders. Therefore all of them
are subjected to same locational breskdown in such a way that the
resulting activities are well defined end continuous and their
relations to PQC activities can be set easily and preciselyo

Since some of the drainage activities were alrea&y
completed they do not appear on activity list given in App@ndix A,

1. Runway West Side (04436 - 19+50)

2. Runway West Side (19+350 = 34+36)

3, Link No.8 Both Sides |

4, Link No.l South-West Side

5. (Zone 1) Link No.l

6. (Zone 1) Runway

9. (Zone 1) Fast Turn-off No.2

8. (Zone 1) Parallel Taxiway No.l

9, (Zone 2) Fast Turn-off No.2

10. (Zone 2) Runway



11, (Zone 2) Fast Turn-off No.3

12, (Zone 2) Parallel Taxiway No.l

13, (Zone 3) Fast Turn—-off No.3

14, (Zone 3) Runway

15, (Zome 3) Fast Turn-off No.4

16. (Zone 3) Parallel Taxiway No.l

17. (Zone 4) Fast Turn-off No.&

18. (Zone 4) Runway

19, (Zone 4) Fast Turn-off No.5

20, (Zone 4) Parallel Taxiway No.l

2l. (Zone 5) Fast Turn-off No.5

22. {Zone 5) Runway

2%, (Zone 5) Link No.6

2, (Z@ne 5) Perallel Taxiway No.ll

25, Parallel Texiway No.l Fast Side and Link No,9
South Side

26, (Zone 6) Link No.9

27. (Zone 6) Parallel Taxiway No.l

28, (Zone 6) Link No.7 (Fuel Farm Area)

29. (Zone 6) Parallel Taxiway No.2

30s (Zone 7) Link No.7 (Fuel Farm Area)

3l. (Zone 7) Parallel Taxiway No.l

%2, (Zone 7) Iink No.lO

3%. (Zone 7) Parallel Taxiway No.2

34, (Zone 8) Link No.1lC 4

35. (Zone 8) Parallel Taxiway No.l /

3604(Z@ne 8) Link No.ll

37. (Zone 8) Parallel Taxiway No.2

55



%28,

3%

40,
41,

42,
4%,

i

Link No.ll North Side

Parallel Taxiway No,l East Side (Between Links
No.ll and 6)

Link No.6 North and North-East Sides

Parallel Texiway No.2 East (10+80 = PFuel

Farm Area)

Parallel Taxiwey N6.2 East (Fuel Farm Area)
Parallel Taxiway No.2 East (Fuel Ferm Area-
28423%)

Top Soiling

" The nature of this work item permits rather a

rough breakdown, without causing any difficulty in satisfying

the condition requiring the resulting activities to be well

defined aﬁd continuous.

1.
20
30
4,
50

6.
7
8,
9,

10,
11,

Runway West Side (04+36 = 19450) .

Runway West Side (19+50 = 34+36)

Area Between Links No.l and No.8

Link No.8 South-East Side

Parallel Taxiway No.l East-Side and Link No.9
South Side

Parallel Texiway No.2 Eaat Side and Link No.1ll
North Side

Parallel Taxiwey No.l East Side and Link No.6
North-East Side

Zons 1

Zone 2

Zone 3

Zone 4
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12. Zone 5

1%, Zone 6

14, Zone 7

15. Zone 8 . ,

The presence of the fuel farm area (figure 1) has
caused an increase in the number of project activities
through the project breskdown pr@@ess;,Its effect will be
felt more strongly and adversely in formulating the
construction logic, and also in the attempts to sustain an

effective work flow.

C. SEQUENCING OF ACTIVITIES

After the list of project activi;ies has been prepared
(Appendix A) the next step is to set'thebrelationships between
these a@tiviti@s, The planner can set two types of relationship
between project activities: causal and operational. Causal
relationships are set duve to physical constraints. Any relation-
ship of this nature cannot be subject to change through network
refinement process, if they are set correctly unless some
technical invention is introduced into practice. However th@
planner should consider only the existing level of technology
in order to be realistic. The second type of relationships are
set under the consideration of operational constraints which
are namely: safety, resource, finaree and managemen?t
(including team work) constraints. The interrelations between
the project activities, which are due to operational
constraints may be subject to change when an effective change

occurs in the existing conditions.
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- The relationships between the general work items of
Yeglik8y Airfield Infrastructure Project due to physical

congtraints are set as follows:

ao LBearth Work
i) Eazth Moving ~ There exist no physical limitation

preventing the start of the remaining earth moving operation.
Consequently these activitises are to be preceded by a dummy
activity "Project Start®. .

i1) Borrowing and Filling the Selected Material -
Aetivities of this item cannot be started with unless their
corresponding "Farth Moving® activities are finished.

b. Lean Concrete - The sta:t of IC activities depends
orn the completion of the c@rresponding portion of "Borrowing
gnd Filling the Selected Material® activities. But some IC
aoctivities can immediately start since thelr predscessors

have been alresady completed.

¢co. Pavement Quality Concrete - In general for the
start of PQC activities, completion of IC activities on the
“1©@atién concerned is required with a time lag of at least 7
days which 1is necessary for lean cén@rete’t@ gain its strength,
PQG ectivities, on the locations satisfying this requirement,
can start.
_ Once one strip of pavement quality concrets is laid,

minimum waiting time of 5 days is reguired to lay concrete

on the adja@ent strip. Since all pavement elements, except
TURWEY, are composed of three strips, there are three

alternative ways to be followed to complete an element:
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Alternatives

Order of Execution- I II IIT
T Eide strip Toterior strip Bide strip
2 Interior strip Side strip Side strip
3 Side strip Side strip Interior strip

Although selsction of the alternative weay to be followed
is emntirely free of physical constraints, this»de@isién'has to
b@.madeeﬁsthia stage. Because each of these alternatives
necessitates differént physical relations te be set, as shown in
figure 19, and no single diagrammatic representation can enable

the planner to make this decision later.
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Figure 19, Alternative &ays to lay PQC on pavement
elements other than runway.

It is fénnd more preferrable to suggest the third alternative
which gives priority to side strips, thereby preventing
probable delays in'starting with shouldser activities or
interruptions in their flow. This selection implies that the
both edges of each side strip will require steel forms, then
':intérior strip will be laid without form. Since the amount of

steel forms available is found to be sufficient, the shortage
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¢f steel forms is not likely to occur. Another preoblem may
be accumulation of water between two side strips. This
problem will be solved in sequencing the activities, under
the consideration of @perati©nal @@nétraint59 by completing
the interior strips of pavement elements whose side strips

are already finished, before the rain season.

d. Bhoulder Stabilization = It is obvious that
shoulder stabilization sctivities can take place only after
the completion of required installations under shoulders.
These installations ares PVC pipes, multi-cell cable passes
and drainsge pipes. Since PVC pipes may be damaged during
the @@mpa@tion operations, they will be planned to be laid
after shoulder stabilization., On the other hand the side
strip of the adjacent pavement element shiould be finished
leaving a sufficient amount ¢f time lag for PGC to gain its
strength and for the removal of steel forms. Therefore
laying down the multi-cell ceble passes and drainage pipes,
‘and concreting the side strip of the adjacent pavement
element are reguired to precede shoulder stabilization
~activities. But only"multi-cell cable passes™ activities are
shown as preceding work items in the network. Becsuse the
Starﬁ of "multi-cell cable passes" activities are related to

the completion of relsvent PQC and drainage activities.

e, Forming Asphaltic Cconerete on Shoulders -~ An
asphaltic concrete layer is required to be formed on
stabilized shoulders. Since PV@'pipea are planned to be
placed after shoulder stabilization, the relation set
reguiring PVC pipes to be placed before ferming asphaltie



concrete layer on shoulders, also indicates that shoulder
gtabilizatiam'a@tivities will be completed before the start

of asphaltic conerete activities.

f. Constructing Drainage Structures - Although the
completion of earth work omn the related location constitutes
a physical constraint for the start of drainage activities,
accepting the lean concreting of the adjacent pavement
slement sg the predecessor of drainage a@tiviﬁies is more
r@alistieg because such an epplication will give better

results from alignment viewpoint.

g. Laying PVC pipes under Shoulders - In order to
prevent any probable damage, PVC pipes are planned to be
placed after shoulder stabilization.

ho Laying Multi-cell Cable Passes under Shoulders-
This group of activities are to be preceded by PQC of the
side strip of the adjacent pavement element with & minimum
time lag of 8 days which is necessary for setting of conerete
and removal of steel forms. Also the related drainage activities
are taken as predecessors in order to prevent multi-cell cable

passes funetioning as drainage pipes.

i, Top BSoiling - The activities of this item are to
be executed over the whole site, excluding pavements and
'Sh@ulaergﬂ and has g finishing nature; Therefore drainage
activities must be finished on the related location before
top solling starts, because drainage pipes are going teo
remain under the top soil, '

The final stage of top soiling will be smooting the
top soiled area. For this reason, asphaltic concrete layers

should be finished on the adjacent shoulders for better
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leveling of top soiled area.

In sequenéing the activities under the consideration ~
of operational constraiﬁts the emphasis is laid on the
mensgement constraint ﬁhi@h requires the maintenance of an
effective and uninterrupted work flow within each general
work item. It is expected that limitations imposed by
resource and team constraints will not be exceeded if a
gingle flow line can be established for each general work
i‘&em° In this project, it is not expected that any problem
will arise due to safety constraints. The probfems which
ere likely to occur due to finance constraints ars tried -
to be minimized by setting rabther a smooth rate of
éxecution and resource leveling.

At this level of sequencing the following points
are paid atmost attention: |

= Priority is given to those activities whose{
predecessors were already completed at the beginning of the
planning process,

- Time necessary for shifting of some equipment is
tried to be minimized, ”

= Seme fl@W’patterns are proposed for concreting

and shoulder activities, wherever possible.

The presence of installations on fuel farm area
whose removal time is uncertain, affected the effectiveness
end continuity of any alternative work flow, adversly.
Theref@re the activities which are going to take place

on this area are shifted towards the end of project.
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The flow lines exhibited here (figure 20, 21 and 22)
are the results of several trials. The procedure to obtain

the given patterns is as follows:

1) The flow line for PQC item is established as ke&
line, giving the emphasis on side strips which will be preceding
activities of shoulder activities. The PQC activities whose
predecessors are already completed are given the priority,
end much effort has to be spent to minimize the adverse
effeect of completed portiomns. Some internal strips are
included in this sequence list, in order to prevemt equipment
transfers.

i1) The flow line for ILC item is set, paying attention
not to cause any interruption in PQC flow. When interriptions
@@uld not be prevented by re-sequencing of LC activities,
the flow line of PQC item is revised.,

iii) The order of execution of "Earth Work" item is
determined., Since the amount of work left was small in
comparison with total amount, only simple arrangements are

done not to disturb flow of ILC activities.

iv) The work flow lines of shoulder activities are
established such that they follow the same path of execution
as PQC side strip activities do., When any interruption occurs
in the flow of either PQC or shoulder activities, either one
or both flow 1ines}are revised and new flow patterns are

checked whether any disturbance of other flow lines is caused.

v) The sequence of "Top Seiling" activities are

determined according to order of their predecessors completions.,
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FIGURE 20: WORK FLOW LINE FOR "LEAN CONCRETING" ACTIVITIES
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NOTE : PQC ACTIVITIES ON THE FUEL FARM AREA ARE NOT SHOWN.:

FIGURE 2! : WORK FLOW LINE FOR " PAVEMENT QUALITY CONCRETING ACTIVITIES"
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FIGURE 22 : WORK FLOW LINE FOR " SHOULDER ACTIVITIES"






