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MODEL FOR COST PREDICTION OF PREFABRICATED HOUSING

Miladen Vukomanovié, Mirsad Kararié¢
Preliminary notes

The paper analyzes the application of neural networks on cost prediction of prefabricated housing, on more than 30 buildings. 17 variables have been identified
in the prediction model, with the following performances: 83,8 % of predicted values had the deviation lower than 5 % and 12,9 % had the deviation lower than
10 %, in relation to actual values. The model was verified on 28 and validated on 3 buidings, with the deviation of 4,6 % against actual values. With this model
contruction companies can, during tendering phase, effectively predict total cost of prefabricated housing and thus acquire competitive advantage in the market.
Conclusion brings guidelines for the model's use in practice and gives recommendation for its further development.
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Model za predvidanje cijene montazne gradnje
Prethodno priopéenje

U radu je analizirana primjena neuralnih mreza prilikom procjene cijene montazne gradnje na vise od 30 objekata. Identificirano je 17 varijabli pomocu kojih se
moze predvidjeti konacna cijena: 83,8 % predvidenih vrijednosti nalazilo se u granicama odstupanja do 5 %, a 12,9 % u granicama od 5-10 % od stvarnih
vrijednosti. Model je verificiran na 28 i validiran na 3 nova objekta, s prosje¢nim odstupanjem od 4,6 % od stvarnih vrijednosti. Clanak predstavlja model
pomocu kojeg gradevinska poduzeca, jos u fazi nudenja, mogu efektivno predvidati konaénu cijenu motazne gradnje. U zakljucku su dane smjernice primjene
modela u praksiipodruéja daljnjeg istrazivanja.

Kljuéne rijeéi: cijena, montazna gradnja, predvidanje, model, neuralne mreze

1 prediction of cost in traditional building projects. Today,
Uvod NN can be found in many areas besides construction, e.g.:
Introduction finance, ICT, medicine, transport etc.

Construction industry is mainly project oriented, even
though some managers and engineers are still not aware of
this fact. Acceleration of competitive, political and
economic pressures in the industry has become an
aggravating circumstance for achieving basic project
management criteria, i.e. cost, time and scope. Thus,
companies have to be more and more accurate in predicting
total cost of building, still during the tendering phase.
Nowadays only 34 % of projects make it in time, within the
budget and in accordance with the agreed scope [1].
Because of this bad performance the construction has been
proclaimed the worst, inefficient, plundering etc. [2].

Neural networks (NN) are a form of artificial
intellegence (Al). The try to simulate behaviour of human's
brain. The first model was published in 1943 by McCulloch
and Pitts [3] where the authors analysed fundamental logic
functions. Besides McCulloch and Pitts; Hebb [4], Lashley
[5], Minsky [6], Rosenblatt i Wightman [7] served as a
catalyst of change and promotors of NNs. After initial fame,
up to 1980s and the IT dawn, NNs were developing in a
lower pace, considering only smaller improvement [8-12].
Rapid development of I T stimulated the application of NN.

Furthermore, NN can be also found in researches in
construction management; Chua et al. [13] studied the
influence of critical success factors on planned construction
cost. Ling et al. [14] defined a set of indicators that can
predict project performance in Design & Build projects.
They found strong correlation between 65 success factors
and 11 criteria of project succes. Odeh etal [15] studied a set
of indicators in correlation with project time, in traditional,
construction management procurement routes. Kog et al.
[16] designed a model using NN in predicting the deviation
of project time. Iyer et al. [17] analysed more than 1500
projects in India and found reliable set of factors for
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Figure 1 Overview of the methodology
Slika 1. Pregled metodologije

This paper eclaborates the potential of NN on
prefabricated housing. It examines and identifies variables
that are corralated with the final cost of building. It proposes
a NN based model for cost prediction, based on the final set
of 17 validated factors, with which companies can in real
time come up with accurate total cost of building.

2
The problem and the hypotheses
Problem i hipoteze istraZivanja

The prediction problem in prefabricated housing is
becoming more and more apparent, especialy in Croatia,
where the market has become open with more than 9 000
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construction companies present. Every day construction
companies have to produce numerous bids, where investors
do not have any obligation to even consider them. The gap
among realized and unrealized bids is becoming more and
more evident. This can only indicate low performance of
construction companies in calculating the final cost of
building. This problem is becoming even more significant if
we put this problem in relation with customer loyality and
long term relations.

All these issues and the fact that one of the authors is
working in the prefabricated industry, enhanced the need of
developing a model for efficient and effective cost
prediction and thus solve the above mentioned problem.
Therefore the hypothesis of this research was defined as:

H: The final cost of prefabricated housing can be
predicted, in reasonable deviation boundaries, using Neural
Networks on a critical set of factors.

3
The methodology
Metodologija istraZivanja

The methodology of this reseach is presented in Figure
1. The research problem and the hypothesis (STEP 1,
elaborated in the previous section) was the initial step of the
model. After the first step, we approached the problem in
defining the database (DB) (STEP 2). At first the DB
included all information of finished projects (35 indicators),
but as we were developing the model, the number of
variables decreased (STEP 3). The initial selection of the
indicators (STEP 4) was based on heuristics and experience
of the authors. Mean cost/m’ ratio served as a filter in
identifing outliers in the set. From initial set of 35 indicators,
three outliers were discarderded. The inputs (project
indicators) and the output (total building cost) were defined
in STEP 5. STEP 6 (design of the network) and STEP 7 were
iterative processes, where number of iterations depended on
NN's performance (STEP 8).

During the verification phase (STEP 8), actual cost vs.
predicted cost performance was compared in order to verify
the inputs. The final verification performance was evaluated
using statistical indicators, i.e. R square and standard
deviation. If a significant deviation in predicted values was
found — the initial set was altered (and the variables were
changed). Moreover if a variable had no influence on the
output, it was discarded from the set. Thus, after altogether
12 verification iterations, the initial set of 32 variables was
reduced on to 17 factors which were successfuly verified on
28 projects.

Finally, validation (STEP 9) was conducted on a new
set of data (three new projects) that the model had not seen
before. Afterwards, the validation performance was used to
test the hypothesis.

4

The model features

Znacajke modela

41

Selection of the best method of prediction for the model
Izbor najprikladnije metode za model

In our efforts to find the best solution for solving the
research problem, besides NN, we had considered various
methods, e.g. Linear regression, Nonlinear regression and
Stepwise regression. In all our attempts we could not find as

efficient models as NN for solving this kind of problem.

This was especially evident when we had to introduce
new variables or discard the old ones from the set. Where
regression models had some difficulties in adjusting to new
variables, we found NNs as a very robust tool for such
alterations in the model. This was actualy the main reason
why NNs were selected for this model.

4.2
Limitations regarding different types of houses
Ogranicenja u vezi razli¢itih tipova kuca

Prefabricated housing, in this research, was considerd
as facilities with prefabricated wooden bearing structure, of
panel type. The total cost of building was considered as for
the turn key projects, i.e. the cost of final completion and
total functionality. The cost also cosidered all of the craft
work included, i.e.: plumbing, HVAC etc.

The final cost did not comprehend: the cost of design,
consulting fee, cost of land and infrastructure etc. The profit
margin of 10 % was also included in the final cost. This kind
of cost structure was introduced in the model because of the
similar conditions on the Croatian market.

Furthermore, the model was designed only for family
houses and not touristic or industrial facilities. Also, family
houses were limited on to one and two floor buildings with
the hight of one floor at 2,65 m.

4.3
Method limitations
Ograni¢enja metode

The hypothesis was tested in accordance with preset
deviation boundaries. The boundaries were calibrated on:
< 10 % (£) acceptable for the contractor in the phase of
negotiations
<5 % acceptable for the contractor in the final offer .

5

Application of NN on the problem
Primjena NN-a na problem istraZivanja
5.1

The identification of variables
Prepoznavanije varijabla

Variables were selected considering two crucial criteria
of selection:
o influence of a variable on final outcome
o interrelation of one variable on the other.

Also, variables had to be specific and easilly calculated
so contractors could come up with accurate prediction
during negotiations with potential investor. Otherwise, the
whole concept of swift prediction becomes a redundancy in
the procurement process. Table 1 shows the final, verified
and validated, set of 17 variables.

Table 1 also shows two types of variables; ones with
preset quality levels and ones with numerical values that
have to be calculated in respect to specific house
dimensions.

There were two types of quality levels. Ones with
predefined intervals from 1 to 3 (e.g. V.ZID) and ones with
predefined intervals form 1 to 2 (e.g. EL). The intervals
were defined with respect to the different quality solutions,
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Table 1 The final set of variables for the cost prediction
Tablica 1. Konacni skup varijabla za predvidanje cijene gradenja

Variable Definition Values
Outer wall — quality of outer wall is defined by different quality levels, in regard to
V.ZID different building materials, termodynamic properties etc. In accordance with 1-3
Croatian market we defined three levels of quality.
ET. PLOCA Ceilling. Two levels of quality: with visible beams and without visible beams. -
POD. KON. Floor. Two levels of quality dependent on floor covering. -
STUB. Staircase. Two types of staircases, dependent on building material. -
Carpentry. Three levels of quality, dependent on different material, i.e. wood,
STOL. . 1-3
aluminum/wood or PVC.
EL. Electrical instalation - Two levels of quality in regard to price levels. 1-2
C.GR. Central heating - Two levels of quality in regard to price levels. 1-2
ViK Plumbing and sanitation - Two levels of quality in regard to price levels. 1-2
Aetto Net area. The area was calculated without any correction factors in regard to attic . numeric
A Ratio between the net and gross area. The gross area was calculated as area in .
Netto/Brutto numeric
between outer walls.
Aproz/Lvzida Ratio between area of windows and total length of outer walls numeric
Ratio of area of gallery against gross area of the attic. The gallery is defined as a part
Agal /A brptk of the ceilling where no cielling was built. Gallery area did not involve the area of the numeric
stairs.
Apokr /Atiov | Ratio of roof area against ortogonal area of the roof. numeric
Hnad/2,65 m Ratio between the hight of ceilling wall and the height of one floor (2.65 m). numeric
The ration between total leght of the roof on longitudinal side against total length of .
Lt /Lzab. numeric
the roof on the gable.
Aienib/Apioce | The ratio of ground floor ceilling area agains 1% floor ceiling area. numeric
Ater/Abrpr The ratio of gross area of covered terace against ratio of the total gross area. numeric

e.g.: materials, equipment, energy savings etc. All these
variables were in correlation with market conditions, e.g.
type of staircase (STUB.) and not with dimensions of
houses. These atributes had to be included in the model,
since total bulding cost of a prefabricated house can vary in
regard to: different building materials, equipement price
levels etc. The market variables were defined in respect of
the authors experience on Croatian housing market. At first
we started with 15 variables and, after verification phase
(STEP 8), came with final 8 variables with predefined
values (see Table 1).

Numeric variables were dependent on physical
dimension of the houses (e.g. house net area, ratio of roof
area against ortogonal area of the roof, etc). At first we
started verification with 20 variables that the authors found
significant for the prediction process. After verification
(STEP 8), we discarded 11 variables that had no influence
on the total cost. At the end of learning process we came
with final 9 numeric variables (see Table 1). The following
paragraph will explain only three variables (because of
brevity of the paper). For explanation of the other variables,
readers are encouraged to contact one of the authors.

A, represents the net area of observed house. We have
choosen this factor bacause of its strong correlation with the
final cost, proven in practice [10, 17]. In the initial set we
were also considering gross area, but during NN training we
observed smaller influence on final outcome (Total cost)
than we did with the net area. Another reason was that every
house had a gallery and the gross area would not serve as
such a good indicator.

Ayeonae — Lhis variable directly explains interior
architecture, outer walls, thermal protection etc. E.g., if this

variable is low then there will be many inner walls and
stronger (thicker) outer walls.

H,, /2,65 —This variable shows weather there is an attic
or not. Also, this variable shows the minimum hight of the
attic floor. H, ,represents the hight of attic outer walls.

nad

5.2
The input data
Ulazni podaci

After the initial outlier filtering, the set of 32 indicators
was subjected to NN training in Neuro Shell 2 application
(Release 4.0., Ward System Group, Inc). Table 2 shows
input and output data for Nero Shell 2.

Values that were calculated as 0 were replaced with
0,001 (see Table 2, e.g. OBJ 16), since otherwise NN would
not recognized the input and would consider it as missing
data.

5.3
The network design and the learning procedure
Dizajn i process ucenja neuralne mreze

The data was trained on different NN architectures,
different training and different termination criteria. Also
design phase considered different numbers of neurons in
order to find an optimal solution. If we noticed a week
influence of an indicator on the output we removed it form
the set. In total, we had run over 20 different architectures
until we came with the optimal design and the final set
consisting of 17 indicators (see Table 1).
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Table 2 Overview of the input and the output data in the NN model
Tablica 2. Pregled ulaznih i izlanih podataka u modelu

ET. POD.

V. ZID PLOGA KON STUB. STOL. EL. C.GR. VIK Anetto | Aneto/Brutto Aprodllyzica | AgallAbrptk | Apoke/Atikrov | Hnad/2,65 m | Lsr/Lzab. | Akenib/Aploce | Ater/Abrpr Total cost, kn
OBJ 1 3 1 2 2 2 2 2 2 135,87 0,8472 049 0,0078 1,27 0,2754 051 0,58 0,001 701.499,52
OBJ2 1 2 1 1 1 1 1 1 149,82 0,8498 047 0,0482 1,33 0,1321 0,56 049 0,04 558.809,54
OBJ3 2 1 1 1 1 1 1 1 162,91 0,8257 0,31 0,0295 1,28 03773 0,89 0,52 0,03 607.838,58
OBJ4 3 2 2 2 3 2 2 2 154,92 0,8538 023 0,001 1,32 0,1283 0,56 0,52 0,001 741.073,33
OBJS 2 1 1 1 2 1 2 1 198,39 0,8629 0,25 0,0485 1,08 0,4905 0,85 0,36 0,04 689.093,88
OBJ6 1 2 1 1 1 1 1 1 108,40 0,8226 0,32 0,001 1,39 0,3698 0,76 0,55 0,001 463.718,39
OoBJ7 3 2 2 2 2 2 2 2 189,86 0,8560 035 0,001 1,37 0,2868 0,99 0,52 0,001 828.784,36
OBJ8 2 1 1 1 1 1 1 1 140,78 0,8447 0,28 0,0533 1,27 0,0081 0,83 037 0,08 512.498 40
OBJ9 1 1 1 1 1 1 1 1 154,68 0,8528 04 0,001 1,22 0,5698 0,87 0,52 0,001 556.143,24
0BJ 10 2 2 2 2 2 1 1 2 181,31 0,8539 053 0,0447 1,32 0,3018 0,64 0,56 0,03 766.131,00
OBJ 11 3 1 2 2 3 2 2 2 132,66 0,8427 0,29 0,001 141 0,1698 0,75 049 0,13 686.075,83
OBJ 12 2 2 1 1 1 1 1 1 141,86 0,8231 0,31 0,0571 1,26 0,1132 0,84 0,35 0,06 528.189,72
OBJ 13 1 1 1 1 1 1 2 1 245,93 0,8784 048 0,0473 1,13 0,7547 0,86 0,76 0,03 815.19541
OBJ 14 3 1 2 2 2 2 2 2 209,79 0,8540 0,38 0,001 1,22 0,4528 1,29 0,64 0,05 933.829,26
OBJ 15 2 1 1 1 1 1 1 1 131,35 0,8371 0,25 0,001 1,31 0,1283 0,52 0,52 0,02 513.529,67
OBJ 16 1 0,001 1 0,001 1 1 1 1 103,87 0,8673 0,29 0,001 1,15 0,001 0,001 0,001 0,12 405.594 65
OBJ 17 2 0,001 1 0,001 2 1 1 1 123,85 0,8729 0,69 0,001 1,15 0,001 0,001 0,001 0,08 478.294,60
OBJ 18 1 0,001 1 0,001 1 1 1 1 56,55 0,8260 0,29 0,001 11 0,001 0,001 0,001 0,001 271.332,90
OBJ 19 2 0,001 2 0,001 2 1 2 1 93,82 0,8563 032 0,001 1,18 0,001 0,001 0,001 0,07 456.011,88
0BJ 20 3 0,001 2 0,001 3 2 2 2 140,03 0,8652 0,36 0,001 1,15 0,001 0,001 0,001 0,17 687.015,32
OBJ 21 1 0,001 1 0,001 1 1 1 1 93,13 0,8614 025 0,001 1,23 0,001 0,001 0,001 0,04 361.531,24
OBJ 22 3 0,001 2 0,001 3 2 2 2 139,13 0,8654 044 0,001 1,15 0,001 0,001 0,001 0,06 666.780,95
OBJ 23 2 0,001 2 0,001 2 2 1 2 123,74 0,8673 0,14 0,001 1,16 0,001 0,001 0,001 0,13 549.856,37
OBJ 24 1 0,001 1 0,001 1 1 1 1 134,99 0,8806 0,66 0,001 1,18 0,001 0,001 0,001 0,03 491.374,22
OBJ 25 3 0,001 2 0,001 2 2 2 2 104,64 0,8601 0,34 0,001 1,15 0,001 0,001 0,001 0,001 544.925,37
OBJ 26 2 0,001 2 0,001 3 2 2 2 135,52 0,8614 048 0,001 1,18 0,001 0,001 0,001 0,06 671.687,29
0BJ 27 3 0,001 2 0,001 2 2 2 2 121,68 0,8654 0,58 0,001 1,15 0,001 0,001 0,001 0,04 619.887,22
OBJ 28 1 0,001 1 0,001 1 1 1 1 115,45 0,8620 037 0,001 1,08 0,001 0,001 0,001 0,07 443.711,94
During the training procedure, we found that the most 5.5

convenient network was 3 Layer Backprop with Jump
Connections, from the group of recommended classification
net and the Output Layer Dampened Feedback Link, from
the group of recommended predictive nets.

5.4
Verification of the model
Verifkacija modela

Besides the architecture, network's efficiency was
dependent on training time period. Thus, too trained
network would give the best results on training input (the
data during verification phase), but would not perform as
well on the new data (three new houses introduced to the
network during validation phase). In other words, good
verification performance did not indicate good validation
performance. Table 3 shows unfavourable and favourable
verification performances that we came upon while training
the network.

Table 3 The comparison of favorable and unfavourable values
in the verification phase
Tablica 3. Usporedba zadovoljavajucih i nezadovoljavajucih
vrijednosti verifikacije modela

statistics Favourable | Unfavourable
values values
R 0,9373 0,9809
= 0,9375 0,9824
Square mean error 1391,588 422,622
Absolute mean error 28,381 12,827
Min. mean error 0,348 0,432
Max mean error 80,446 61,837
Correlation (r) 0,9682 0,9912
percentage under 5 % 60,714 85,714
percentage between 5 % and 10 % 25,000 10,714
percentage between 10 % and 20 % 10,714 3,571
percentage between 29 % and 30 % 3,571 0
percentage over 30 % 0 0

Validation of the model
Validacija modela

Validation was conducted on three, new objects, each
one with different characteristics.

Table 4 Comparison of actual vs. predicted values during the validation
Tablica 4. Usporedba stvarnih i predvidenih vrijednosti tijekom
validacije modela

Actual cost Pmdi((;::s cost Deviation %
556,7750244 560,5253296 -3,750305176 | -0,67
450,618988 429,5108948 21,10809326 4,68
731,3359985 778,3654175 -47,02941895 | -6,43

Table 4 shows deviation of predicted total cost against
actual cost. The validation showed that the predictions
gained through the NN model were within preset
boundaries and were very acceptable for the model. Mean
deviation was only at 4,13 %. Another interesting fact was
the comparison of the verification and the validation data
(see Table5).

Table 5 Comparison of the verification and the validation performances
Tablica 5. Usporedba rezultata verifikacije i validacije modela

Output Verification Validation

R’ 0,9809 0,9781
r 0,9824 0,9783
Square mean error 422,622 467,896
Absolute mean error 12,827 13,905
Min. mean error 0,432 0,432
Max mean error 61,837 61,837
Correlation (r) 0,9912 0,.9891
percentage under 5 % 85,714 83,871
percentage between 5 % and 10 % 10,714 12,903
percentage between 10 % and 20 % 3,571 3,226
percentage between 29 % and 30 % 0 0
percentage over 30 % 0 0
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Taking into consideration values from Table 5 it can be
noticed that performance of the model has just slightly
decreased after validation. So, it was concluded that the
network was enough stable and trained on to a satisfactory
level.

6

The discussion: analysis of results and the use of the
model

Diskusija: analiza rezultata i upotrebe modela

This paper has proven that by using a critical set of
variables construction companies can, in a very short time,
with satisfactory accuracy, predict the total cost of
prefabricated buildings.

The final set of factors consists of 17 variables, which
are: V.ZID, ET. PLOCA, POD. KON., STUB., STOL., EL.,
CGR! VIK! Ancllo’ ANcllo Brutto? Aproz/Lv.zida’ Agal/Abr.plk’ Apokl/Axl.kmw
H,,2,65m, L /L, A/ A jyocer A/ A

Validation performance was on satisfactory level.
Minimum deviation of predicted from actual value was on
0,67 %, mean on 4,13 % and maximum deviation on 6,43 %.
All these facts indicated that we had the model trained
enough.

br.pr.*

Therefore, the hypothesis:
The final cost of prefabricated housing can be predicted, in
reasonable deviation boundaries, using Neural Networks
onacritical set of factors

was tested and accepted.

It also has to be noted that the model will become more
and more robust as the database will grows and so NN's
efficiency will improve [13]. From this reason, construction
companies should accept the final set of variables and fill it
with new data whenever a new project is delivered.

Practical value of this research is to be found in the
possibility that companies can in real time effectively
respond to client request, while consuming as little time and
resources as possible.

7
Conclusion
Zaklju¢ak

The research has justified the hypothesis and has
proven that companies can very accurately predict total cost
of prefabricated housing in a very efficient way. Also, this
kind of model will help professionals in dealing with market
pressures. Using this model, bidders and all others who are
dealing with cost prediction can more effectively respond to
market needs.

In further research some limitations have to be
removed: e.g. the model has to be developed for facilities
other than residential, consider not just 1" floor houses,
introduce administrative costs and add some financial
variables (i.e. net present value, return of investment etc.).
Authors are also of opinion that the model has to be
expanded on to traditional building (brick, concrete etc.) as
well, especialy due to its popularity in Croatia.

In the following years, the construction ought to start
using this kind of methods and thus proactively start coping
with changes and start improving the sector.

8
Literature
Literatura

[1] Vukomanovi¢, M. Kljuéni pokazatelji izvrSenja u projektno
orijentirano gradevinskom sustavu, magistarski znanstveni
rad, Gradevinski fakultet Sveucilista u Zagrebu, Zagreb,
2006.

[2] Beatham, S.; Chimay, A.; Thorpe, T.; Hedges, I. KPIs: a
critical appraisal of their use in construction Benchmarking:
An International Journal, 11,1 (2004), 93-117.

[3] McCulloch, W.; Pitts, W. A Logical Calculus of Ideas
Immanent in Nervous Activity, Bulletin of Mathematical
Biophysics, 5(1943), 115-133.

[4] Hebb, D. The organisation of behavior, Wiley, New York,
1949.

[5] Lashley, K. S. The problem of serial order in behavior,
Cerebral mechanisms in behavior: The Hixon symposium,
New York: Wiley, 1951., 112-146.

[6] Minsky, M.; Papert, S. Perceptrons: An Introduction to
Computational Geometry, MIT Press, Cambridge,
Massachusetts, 1969.

[71 Nagy, G. Neural networks-then and now, Neural Networks,
IEEE Transactions, 2,2(1991),316-318.

[8] Kohonen, T. Self — Organisation and Associative Memory,
Springer-Verlag, Berlin, 1984.

[9] von der Malsburg, C. Self-organization of orientation
sensitive cells in the striata cortex, Kybernetik, 14(1973), 85-
100.

[10] Werbos, P. J. The Roots of Backpropagation: From Ordered
Derivatives to Neural Networks and Political Forecasting,
Wiley publishing, New York, 1994.

[11] Grossberg, S. Adaptive pattern classification and universal
recoding I: Parallel development and coding of neural feature
detectors, Biological Cybernetics, 23(1976), 121-134.

[12] McClelland, J. L.; Rumelhart, D.E. An interactive activation
model of context effects in letter perception: An account of
basic findings, Psychological Review, 88, 5(1981),375-407.

[13] Chua, D. K. H.; Loh, P. K. Neural networks for construction
project success; Expert systems with applications, 13,
4(1997),317-328.

[14] Ling, Florence Y. Y.; Liu, M. Using neural network to predict
performance of design build projects in Singapore, Building
and environment, 39(2004), 1263-1274.

[15] Odeh, Abdalla; Battaineh, M.; Hussein, T. Causes of
construction delay: traditional contracts; International journal
of project management, 20(2003), 67-73

[16] Kog, Y.C.; Chua, D. K. H.; Loh, P. K.; Jaselkis, E. J. Key
determinants for construction schedule performance,
International journal of project management, 17, 3(1999),
351-359.

[17] Iyer, K. C.; Jha, K. N. Factors affecting cost performance:
evidence from Indian construction projects, International
journal of project management, 23(2005), 283-295

Authors' addresses
Adrese autora

Mirsad Kararié, dipl. ing. grad.
Libra projekt, d.o.o.

Siget 18¢c, 10000 Zagreb, Croatia
tel: +385 1 6529 218

mob: +385 98 1658775

fax: +385 1 6547 686
libraprojekt@libraprojekt.hr

mr. sc. Mladen Vukomanovié, dipl. ing. grad.
Gradevinski fakultet Sveucilista u Zagrebu
Kaciceva 26, 10000 Zagreb, Croatia

tel:+385 1 4639270

mob: +385 98 9086083

fax:+385 1 4828078

mvukoman@grad.hr

Technical Gazette 16, 3(2009), 39-43

43



g -m-’::« \1

ORGANISEDBY: =
- Risk Analysis 2010
Wessex Institute of Technology, UK participants will receive a H ISI(

complimentary CD of all the

SPONSORED BY:
4 papers presented at past
WIT Transactions on Ecology Risk conferences (1998 - 2008). IHHB 2"“8

and the Environment

WESSEX INSTITUTE OF TECHNOLOGY

&)
Advancing International Knowledge Transfer §
www.wessex.ac.uk





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


