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ABSTRACT: Project cost is one of the constraints in the achievement of a construction project. Limitation
on projects financing require more realistic and efficient cost analysis in preparation of project. Due to
changes in projects planning over time, it is usually difficult to predict the future project cost. So, we need
an integrated system and give an efficiency for the planner. Project cost consists of cost components which
is there are an interrelationship each other’s and influencing the overall cost of the project. The approach
using system dynamic is one of the best solutions to identify the causal relationship between cost
components by using software tools Ventana Simulation (Vensim) to facilitate the identification of causal
relationship (causatic diagram) and mathematical equations between variables in stock flow diagram. The
results of system dynamic approach show that the simulation model can be used to predict/ estimate the
project’s cost in the coming years. Verification and validation of simulation model is eligible based on the
value of means comparison, E; = 0.32% < 5% and % error variance, E; = 3.19% < 30% so the developed

model can be done scenarios for changes that occur on the system according to the user needs.
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1. Introduction

The construction project is a unique activity
because it involves components of various science
fields and has limited cost, time and performance
that has been set at the beginning of starting
projects. The dynamic nature of construction
project make it difference with another job field.
The successful of construction project is if in the
implementation achieved a balance between the
three components (cost, time and performance).

Projects cost as one of the most commonly
constrained items is an important component in
the planning of construction works. Project
finance is structured in a budget analysis of the
project cost planning that accommodates all
financial needs based on work breakdown
analysis of project. Changing prices often occur
during planning and execution of work filed so
that a problem for implementation of construction
work because it leads to losses and cost overrun.

Research conducted by Akantoye [1] and Toh
[2] had already discussed factors related to
projects costs on a general analysis so that the
result obtained lead to the level of managerial
decisions of construction project. Meanwhile, a
study conducted by Betlejewska [3] discusses the
comparison of cost saving ratio of traditional cost
estimation system and energy efficiency in cost
estimation [3]. Cheng [4] also studied factors
affecting costs in a wide scope of environmental

factor, constructions contract, project risk and
management.

Prediction analysis can do by adopting several
methods from other fields of science that can be
applied in construction area as well as proven to
facilitate various construction works including
water resources projects. One of the application
models that can be applied in prediction is using
neural network methods based on database and
works in accordance with the pattern recognition
from our data [5]. Analysis of fuzzy hybrid neural
network approach has also been studied in terms
of estimation and prediction of construction
project financing [6].

Generally, some studies in previous research
are still static in a certain period of time, so if there
is a possibility of the dynamically changing in the
financing of construction project, then the method
becomes less precise. So, we need an analysis
using system dynamic to predict the price changes
in project financing.

The previous research had already studied the
unit price analysis of construction project based
on information system so the existing data can be
saved in a database server for next changing
related to the policy taken. Basic analysis of this
research is used to understand the behaviour of
financing system of construction project so that it
can be rearranged with system dynamic approach
[7]. Web based assessment of cost estimation is
also carried out by Cheng (2009) by conferring the
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relationship between activities in execution phase
[8].

Contingency cost as a part of the project’s
indirect costs, for determination are usually done
by traditional methods at about 5 — 10%, but with
a fuzzy expert system approach, the accuracy of
approximately 20% give assurance of the
estimated cost of construction projects [9].Partial
analysis related to the prediction of unit price of
construction workers reward is an initial study
related to financing of construction projects with
case study also in water resources field [10].

Based on the previous studies, its need a
method for predicting changes in project costs
through changes in unit price of work so that
before the budget planning process of the project
cost, there is an estimated value of the unit price
used as a reference for planning and decision
making. Due to the dynamic nature of the project
with the interrelationship of cost components, the
problem solving with system dynamic approach is
appropriate.

‘ A. Direct cost |

I
|
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2. Literature Review

2.1 The Unit Price
Construction Project

Analysis  of

The break down analysis of the unit price of
construction projects consist of labor cost,
material cost and the cost of equipment that used
for projects completion. Based on figure 1, the
unit price refers to the required analysis of cost in
project activities which divided into direct cost
and indirect cost. From indirect cost, it can be
translated into labor components, building
materials and equipment which directly
influences the projects achievement. The direct
cost produces the basic material unit price, the
basic reward of labor unit price and the basic unit
price of equipment. The basic unit price is the
price of component of the currency of payment for
a specific unit, for example m, m?, m® for
construction material.

| B. Indirect cost |

General cost | ‘ Profit |

I ]
| Labor cost || Equipment || Material H
[ [ I

I

| Analysis of Basic Unit Price
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Analysis of Unit Price
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| The Unit Price of Work = (A+B) + Taxes |

Figure 1 The Unit Price Structure in Construction Projects

The basic unit price of construction material is
the amount of expenses incurred for procurement
the material components to produce one unit of
measurement of a particular job. Factors affecting
the price in the basic unit of materials consists of
material specification, quantity of material,
distance of material warehouse and location of
warehouse. Three components in the basic unit
price is HSD quarry, HSD processed materials
and HSD finished material (Figure 2) [11]. A
quarry is a material from a particular location or
source and the material has not processed/ original
material (ex: stone, sand, etc) or material that

received by warehouse by considering the
loading/ unloading cost and transportation cost.
The processed materials are materials produced
by a particular factory or plant or purchased from
the manufacturer (ex: coarse aggregate, fine
aggregate, etc). the finished material are materials
that are ready to be used directly (ex: concrete
precast, concrete pile, concrete kerb, etc) that are
considered to be received at warehouse after
taking into account the loading/unloading cost
and their installation cost if needed. The
schematic of the basic unit price analysis is in
Figure 2.
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Figure 2 The Basic Unit Price Structure of Material in Construction Projects

2.2 Systems Dynamic Approach

The complexity and dynamics nature of
construction project implementation are always
related to prediction analysis since each project
always different and changes in overtime and
influencing to the process of project planning. So,
the analysis of changes that are needed. One
appropriate method is the system dynamics,
especially related to the budget costs in projects.

The step to analysis using system dynamics
approach is divided into several stages, namely
[12]:

a. ldentification and definition the problem

This stage contains the system boundaries so

that identified the components of systems.
b. System conceptualization

By identifying the components of system and

interaction of each components to others.

Plotting the causatic diagram and then

continue with filling the mathematical

equation in stock flow diagram. This step is

one of the keys in system dynamic analysis

where is a causal loop in an integrated system.
c. Model Formulation

Based on the causatic diagram, the

formulation is needed quantify the data so the

result will be found. Ventana simulation or
vensim is one of the software tools to help the
analysis in system dynamics become so easy
and fast.

d. Verification dan Validation Model

If the base model has already developed, then

the verification and validation is done to

ensure the accuracy of the model is closed to
real condition.
e. Scenarios and Simulation Model

When the model is valid, it can be done the

scenarios and simulation in system that have

already developed based on the needs of users.
f. Policy Analysis

Policy analysis is the process of giving advice

on the policy to be implemented based on the

scenarios that has been done through the
developed model.

g. Implementation of Policy

Implementation of the model and evaluation

for next development

The scope of the analysis includes the
handling of project financing and building
maintenance or improvement of the performance
capacity of public works in particular on the
analysis of material needs in the field of water
resources. Based on the SNI Indonesian standard,
the coefficients index of material needs of the
stone masonry with the specification 1 Pc: 3S is
Stone (1.2 m®), Portland cement (4.05 sack) and
Sand (0.486 m?®). This analysis will be used as
example in this study.

According to the literatures review, the
components identified early in the material
financing system are:

a. Fluctuation on market price of material

b. Inflation Rate

c. Economic growth and rate of the economic
growth

d. Taxes of construction material

e. Specification of construction material

f. Location and distance of material quarry

g. The Basic unit price of material

h. The value of coefficient index of materials in

SNI
i. The Unit price of work
j. Unit of Volume
k. Profit
I. General cost

2.3 Analysis of Influencing Factors of
Material Needs

The components that affect to the unit price of
construction material are as follows:
1. Inflation

Inflation is an indicator to see the rate of
change, and it is assumed to happen if the
changing process is continuous and mutually
interrelationship. The rate of inflation used in this
study is inflation occurring in the 2000- 2015
periods, as shown in Table 1 and Figure 3.
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Table 1 The Rate of Inflation

Year Inflation (%)
X x-mean  (x-mean)?
2000 9.35 0.80 0.64
2001 1255  4.00 16.01
2002 10.03 1.48 2.19
2003 516 (3.39) 11.49
2004 6.40 (2.15) 4.62
2005 17.11 856 73.29
2006 6.60  (1.95) 3.80
2007 6.59  (1.96) 3.84
2008 11.06 251 6.30
2009 278  (5.77) 33.29
2010 6.96 (1.59) 2.53
2011 3.79  (4.76) 22.65
2012 430 (4.25) 18.06
2013 8.38 8.38 70.22
2014 8.36 8.36 69.89
2015 8.82 8.82 77.79
Mean 8.55  Varian 29.76
DS 5.45
350
300
250
9:3 200
2 150
£ 100
il
s

Figure 3 Graph of Inflation Rate Changes

. Economic Growth

Generally, the economic growth will be
influencing the rate of infrastructure
development growth. Economic growth is also
impressing the price of construction materials
and equipment. As well as inflation rate, the
economics growth is analysed in the period of
2000 — 2015, as shown in Figure 4 and Table
2 [13].

Table 2 Percentage Number of The Economic
Growth in Indonesia

Year Economic Growth (%)
X x-mean  (x-mean)?
2000 486  (0.85) 0.72

Economic Growth
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2001 3.45  (2.26) 5.10
2002 3.66  (2.05) 4.20
2003 410 (1.61) 2.59
2004 480  (0.91) 0.83
2005 560 (0.11) 0.01
2006 550 (0.21) 0.04
2007 6.30 0.59 0.35
2008 7.00 1.29 1.67
2009 457  (1.14) 1.30
2010 6.10 0.39 0.15
2011 6.10 0.39 0.15
2012 6.50 0.79 0.63
2013 6.30 6.30 39.69
2014 5.20 5.20 27.04
2015 5.60 5.60 31.36
Mean 5.71  Varian 8.27
DS 2.88
7,00
6,00
5,00
4,00
3,00
2,00
1,00

Figure 4 Number of Economic Growth in
Indonesia

Income Per Capita of Populations

Income per capita contributes to the salary of
construction workers. This income per capita
determines the level of prosperity of the
populations, so that the living cost index will
be determined the amount of the salary for
construction workers, as shown in Figure 5
and Table 3.
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Table 3 Income Per Capita of Population

Income Per Capita of Population (Rupiah)

Year b Per d X
er year er day (% level) X-mean

(x-
mean)?
2000 617134291 19907.56 0.54 280 7.84
2001 6083368.92 19623.77 143 191 3.65
2002 6185375.02 19952.82 1.65 169 2.86
2003  6258043.21 20187.24 1.16 218 475

2004  6605845.36 21309.18 5.27 -1.93 3.72
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2007 232 11.64 0.64 0.41

2008 289 19.72  -7.44 55.35
2009 186  35.64 -23.36 545.69
2010 191 2.62 9.66 93.32
2011 198 3.54 8.74 76.39
2012 207 4.35 7.93 62.88
2013 214 3.27 9.01 81.18
2014 121 4346 -31.18 972.19

2005 6845163.54 22081.17 350 -0.16 0.03
2006  7034952.80 22693.40 2.70 0.64 0.41
2007  7392111.69 2384552 4.83 -1.49 2.22
2008  7927938.47 25574.00 6.76 -3.42 11.70
2009  7994083.18 25787.37 083 251 6.30
2010  8488596.72 2738257 5.83 -249 6.20
2011 9027335.72 29120.44 5.97 -2.63 6.92
2012  9665117.07 3117780 6.60 -3.26 10.63
2013 9798899.43 31609.35 137 197 3.88
2014  9834523.42 3172427 036 298 8.88
2015 9970416.19 32162.63 136 198 3.92

Mean 3.34 Varian 5.99
DS 2.45

Figure 5 Number of Income Per Capita (Rupiah)
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4. The Price Index of Basic Needs

The price index of basic needs affects the
growth of people consumption so it will be
influencing the living cost index. Together with
the prosperity index, so the price index of basic
needs will influence the rate of material needs, as
shown in Figure 6 and Table 4.

Income Per Capita of Populations

Table 4 Number of Price Index of Basic Needs

Price Index of Basic Needs
Value X X-mean  (x-mean)?
2000 118 3.39 8.89 79.03
2001 119 0.84 11.44 130.10
2002 120 0.83 11.45 131.10
2003 128 6.25 6.03 36.36
2004 140 8.57 3.71 13.76
2005 166  15.66 -3.38 11.42
2006 205 19.02 -6.74 45.43

Year

2015 128 5.47 6.81 46.38

Mean 12.28 Varian 170.13
DS 13.04
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Figure 6 Price Index of Basic Needs

5. The Price of Building Materials

One of the factors affecting project financing
is the price of building materials. Building
materials have an important role in project
financing because it will directly affect the
success of project completion. The number of
material rate, especially for Portland cement as
shown in Figure 7.

Harga Semen (Rupiah)

Figure 7 The Graph of Price Change of Portland
Cement Building Material

Fluctuations in the price of building materials
have a large contribution in project financing. One
of the examples of the price of materials used in
this study is the price of Portland cement in which
almost all type of building must use this material
especially in masonry.
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2.4 Causatic Diagram

In accordance to the results of components
identification for system, it can be used as input to
determine the interaction between components of
the developed system. The interaction results
between the components are arranged in a
causatic diagram. The causation diagram of the
project cost is constructed using the vensim
software tool for easy and efficient operation as
shown in Figure 8 [14].
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Figure 8 Causatic Diagram of Material Project
Cost

The project cost system is affected by the direct
and indirect costs incurred in planning a
construction project as an accumulation from
multiplication between the unit price of work with
the volume of work on each sub work, carried out
and with the taxes, profits and general costs to be
prepared for project implementation. The larger
and complex volume of work to be completed, the
amount of direct costs is also greater, so there is a
positive relationship between the unit price of
work, volume of work and direct costs.

The direct costs depend on the unit price of work
from the detail breakdown structures of activities
in project. The unit price of work is influenced by
the volume of work that has been identified. The
unit price of work is related with the basic unit
price of salary and material needs, but for this
study, we focus on construction materials.
Besides the basic unit price, it needs the
coefficients index based on national standard
Indonesia (SNI). The coefficient value shows the
productivity generated by each activity in
accordance with the breakdown structures. The
unit price of the material is influenced by the
location and distance of the material due to the
transportation cost. Likewise, the material
specification used will also determine the price of
the material. Other components that influence the
price of materials are the inflation rate and the
general rate of economic growth that occurs.
Indirect cost is allocated a maximum of 15% of
the total project cost. These indirect costs also
accommodate risk factors due to the complexity
of the work to be carried out.
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2.5 Stock Flow Diagram for The Project
Cost

In Causatic diagram, it can be described the
interrelationship  between the components
supporting the system, but con not be done
assessment on each component if there are
changes to the developed system. To show the
value of changes in the system, so given the
mathematical equations on the relationship
between the components in stock flow diagram.
The relationship between components in
formulation of stock flow diagram as in figure 9
and the result of running model shown in figure
10 [14].
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Figure 9 Stock Flow Diagram
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Figure 10 The Result of Running Model

According to the running model, its shown
that the model has been verified, because there is
no error when the program was executed. So, we
can continue the step with display the result of the
model. for example, here is the prediction of
material price and the total cost for ten years, as
shown in Figure 11 and Figure 12 [15].
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Figure 12 The Prediction Number of The Total
Project Cost

2.6 Model Validation

The verification of the model showed that
there was no error in the model execution, so the
results could be displaying the prediction value.
After the results obtained from the running model,
that can be made validation stage to ensure that
the model is arranged in accordance with the
whites, expectations and real conditions that are
modelled.

The Validation of simulation model is eligible
based on the value of means comparison, E; =
0.32% < 5% and % error variance, E; = 3.19% <
30% so the developed model was closes to the real
condition to real conditions. Furthermore, it can
be done the scenarios through the model in
accordance with the needs of users in the case
related to the project’s cost including predicting
material needs in the future.

3. Conclusions

The results of approach model using system
dynamic can be used by the parties concerned
with the budget to make predictions number and
project costs estimation for the future. The policy
changes can be poured on the scenarios in the
model compiled as one of the advantages of
system dynamics.
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The verification of the model showed that
there was no error in the model execution using
vensim tools. While the validation of the model
has a good accuracy and closed to the real
conditions based on the value of means
comparison, E; = 0.32% < 5% and % error
variance, E; = 3.19% < 30% it can be done the
scenarios through the model in accordance with
the needs of users in the case related to the
project’s cost including predicting material needs
in the future.
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