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Abstract—Work zone on the execution of road maintenance projects always has negative impacts such as
reduced traffic performance. The excesses of the decline in traffic performance are loss of fuel
consumption of in motor vehicles. Studies minimize loss of fuel during the execution of a road
improvement project in Indonesia needs to be done. Case study is the execution of National road
improvement of two-lane two-way, urban and interurban road type in the Bali Provincial of fiscal year
2015. Analysis of the traffic performance using the Indonesian Highway Capacity Manual 1997. Analysis
of fuel consumption using guidelines Pd.T-15-2005-B. Loss of fuel of the daytime, hourly time relationship
was analysed with statistical methods. The average of loss of fuel for seven link roads obtained is 176
litres day per km. Model curves obtained is the polynomial three of the degree. Work hours of execution
of road maintenance projects that pose minimal loss of fuel is at night working time between 11 PM to 6
AM.
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I. INTRODUCTION

Road infrastructure in order to serve the road users' condition for always steady. In order to maintain steady
maintenance condition. The type of road maintenance handling depends on the level of road damage. The
phenomenon during the execution of road maintenance is always a negative impact for road users and the
surrounding environment. This impact occurs as part of the road lane road is used in the work zone. This
working zone is used as a work space during road maintenance execution [1], [13]. This work zone resulted in
traffic disruption such as delayed travel, congestion and also accidents [2]-[5], [17].

Research on the negative impacts of work zones during the execution of road projects generally takes into
road user cost [1], [6]. The loss of road users consists of losses due to increased vehicle operating costs (VOC)
and increased time value losses. The dominant component of VOC of the dominant road users is due to the
increase of fuel oil consumption [2], [4], [5], [7]. In the implementation of a two-lane two lane National Road
Reconstruction maintenance project in Bali province in 2013, it was found that the loss of fuel energy reached
145 litres /day/link road [5]. This paper specifically discusses the effort to minimize loss of fuel energy
consumption during the execution of the National road maintenance project in Bali province of Indonesia.

Il. MATERIALS AND METHODS

The execution of road maintenance, especially the improvement of two lane, two-way National Road in the
province of Bali in the 2015 fiscal year is used as a case study. Descriptive methods are used to describe traffic
characteristics and traffic regulation patterns during road maintenance execution [8], [14]. Stages of discussion
of the research are presented in the form of diagrams in Figure 1.
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Figure 1. Framework Diagram of Research

Research stages such as Figure 1 can be explained:
A. Data Collection

The premier data collection is performed by direct project location. Secondary data are compiled from
government and secret offices. Primary data types consist of [15], [16]:

1) Survey of traffic regulation patterns in work zone.
2) Survey of road geometric dimension
3) Survey environment around work zone location.

4) Survey of traffic volume and vehicle speed. This survey uses automated traffic counting equipment
(Automatic Traffic Counting = ATC). The type of equipment used is the trademark Golden River (GR) type
Marksman 400 (M400) or abbreviated GR M400.

B. Analysis of Fuel Energy Consumption

Performance of traffic of pre-construction condition and during the construction period using the method of
the Highway Capacity Manual of Indonesia 1997. The measured traffic performance variable is the average
speed of the vehicle (V), traffic volume (Q), road capacity (C), degree of saturation (DS) and travel time (T)
(DJBM, 1997). This traffic performance variable is analysed in 2 conditions, namely pre-construction condition
and during construction. These variables are then used to calculate the loss of fuel during the road maintenance
project execution. In the guideline (Pd-T-2005-B) formulated fuel consumption formulation for various types of
vehicles, can be seen in equation (1) [9].

The fuel consumption (FC) for each vehicle can be calculated by equation (1) [5].

FC = (o+ B1/Vr + B2 X VR® + Ba X Rg + BaX Fr + Bs X Fr* + P X DTx

+ B7 X Ag + Bs X SA + By X BK + B1o X BK X Ag + P11 X BK X SA)/1000 1)
Where:
FC = Fuel Consumption
o = Constant
Bi... P11 = Parameter coefficients
V& = Average of speed
Rr = Average of road ramp up
Fr = Average sloop down the road
DTk = Degree of average curve road
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Ar = Average of acceleration
SA = Standard deviation of speed

C. Analysis o Loss of Fuel (LoF)

Variations of traffic performance in pre-construction and construction conditions, if substituted in equation
(1), then derived formulation of loss of fuel (LoF) as in equation (2) [10],

LoF = {B1 (1-FV)/(Vp.FVv) + B2.Fv? (Vp-1)? + 0.128 (B7+P10. BK) X (Fds-1)
+0.78 (Bs + P11 X BK). (1/(1+ 315407 FasDSey _ 1 /(1 +¢( 315400 DSkyy1/1 000 (2

Volume adjustment factor parameters (Fq), vehicle speed (Fv), and degree of saturation (Fds) are parameters
used to adjust traffic performance from preconstruction conditions to during construction. The magnitude of this
parameter is Fq = 0.91, Fv = 0.90 and Fds = 1.23 [10].

The result of analysis of loss of fuel (LoF) obtained, then determined curve trend with statistic method
(Bhattacharyya, 1977). The curves obtained are optimized by finding the minimum values mathematically [12].

I11. RESULTS AND DISCUSSIONS

Package of road improvement / reconstruction in fiscal year 2015 under Bali BPJN authority found as many
as 8 road packages. The name of the package / link road is presented in Table I.

TABLE 1. List of road links as a case study

No Cases Package Name/ link road Length (km)
1 B1 Cekik-Seririt 4,00
2 B2 Cekik-Batas Kota Negara 1,80
3 B3 Batas Kota Amlapura-Angentelu 2,30
4 B4 Jalan Sutomo, Stiabudi, Wahidin, Thamrin, 6,78
5 B5 Simpang Kuta-Banjar Taman 1,70
6 B6 Simpang Pesanggaran-Sesetan 5,32
7 B7 Cekik-Batas Kota Singaraja 3,80

Notation of variable traffic performance for pre-construction and during construction/execution conditions
can be seen in Table II.

TABLE II. Notation of traffic variables in pre-construction condition (P) and execution time (E).

No  Case Speed, V(km/hour) Volume, Q (pcu) Degree of Saturated, DS
P E P E P E
1 Bl Vip Vle Qlp Qle DS1p DSle
2 B2 V2p V2e Q2p Q2e DS2p DS2e
3 B3 V2p V2e Q2p Qle DS2p DS2e
4 B4 Vip Vde Q4p Q4e DS4p DS4e
5 B5 V5p V5e Q5p Qb5e DS5p DSbe
6 B6 V6p V6e Q6p Q6e DS6p DS6e
7 B7 V7p V7e Q7p Q7e DS7p DS7e

Pre-construction traffic performance (notation p) from a survey and compilation results in traffic volume
(Qp) can be seen in Figure 2, Figure 3 for vehicle speed (\VVp) and Figure 4 for saturation degree (DSp). While
during the execution traffic performance (notation e) which includes Qe, Ve and DSe is calculated from the pre-
construction traffic performance multiplied by the adjustment factor i.e. Fq for volume, Fv for speed and Fds for
the degree of saturation.
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Figure 2. Fluctuations Volume of pre-construction vehicle Qp (pcu)
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Figure 3. Vp vehicle speed fluctuations (km / hr)
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Figure 4. The degree of saturation DSp fluctuation
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A. Loss of Energy Fuel Analysis.

The loss of fuel of energy can be calculated using the formula (2). By entering the traffic performance
variable in the precondition, during execution and related parameters of running cost analysis refer to Pd-15-
2005-B, it is obtained loss of fuel LoF of each link road B1, B2, B3, B4, B5, B6 and B7 presented in Table IlI.

TABLE Ill. Loss of fuel (LoF) in the case study

LoF (liter)/Link road

Hour  ourly  B1 B2 B3 B4 B5 B6 B7  Average
06-07 1 17 3.0 16 4.9 15 3.9 3.1 2.7
07-08 2 35 6.6 46 163 7.9 132 9.1 8.7
08 - 09 3 47 8.4 6.7 20.7 133 179 9.0 116
09- 10 4 55 7.1 7.2 274 166 193 8.9 13.2
10-11 5 7.1 9.1 8.2 387 206 237 103 16.9
11-12 6 6.1 8.8 7.1 402 226 262 103 17.4
12-13 7 6.0 8.8 7.1 28.2 164 201 104 139
13-14 8 6.5 9.1 7.4 30.1 169 204 124 146
14 - 15 9 5.9 9.0 8.1 205 11.8 145 105 115
15-16 10 55 8.1 8.3 23.0 133 159 100 120
16-17 11 6.0 9.7 9.1 16.9 9.8 11.0 10.7 10.4
17-18 12 5.8 9.4 7.9 16.4 9.7 111 10.9 10.1
18-19 13 3.0 4.7 3.9 174 107 12.4 6.9 8.3
19-20 14 21 35 2.6 15.6 103 103 5.8 7.1
20-21 15 14 3.1 17 18.7 114 112 35 7.3
20-22 16 1.0 24 11 12.7 75 7.7 25 5.0
2223 17 0.7 2.0 0.8 4.0 23 28 1.9 2.1
23-00 18 0.3 15 0.4 17 0.8 11 1.0 1.0
00-01 19 0.2 0.9 0.2 0.9 0.2 0.4 05 05
01-02 20 0.2 0.8 0.1 0.4 0.1 0.1 0.4 0.3
02-03 21 0.1 0.7 0.2 05 0.0 0.1 0.3 0.3
03-04 22 0.2 05 0.2 0.7 0.0 0.1 0.2 03
04-05 23 0.4 0.6 0.3 0.4 0.0 0.1 05 03
05-06 24 05 0.7 05 0.6 0.1 0.4 1.0 05

Total per day 743 1185 956 3568 2039 2441 1401  176.0

To see trends from the spread of the loss of fuel, then presented in the form of scatter diagrams, can be seen
Figure 5.
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Figure 5. The scatter diagram of Loss of fuel (LoF)
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In Table 111 and Figure 5, it can be explained the fluctuation of a loss of fuel LoF in curfew tends to be less
than during the daytime hours. This is due to the mobility of the community more during the day than at night.
Daily loss of fuel LoF can be seen as the lowest in the case of the B1 (Cekik-Seririt link road), while the highest
in B4 case (Setiabudi-Cokroaminoto link road). This is in line with urban road type B4 (Setiabudi-
Cokroaminoto link road) and interurban B1 (Cekik-Seririt link road). The average loss of fuel during the
construction period of road improvement is found as much as 176.0 litters/day/link road

B. Relation of Loss of Fuel with Time (Hours)

The relationship between loss of fuel (Love) with time (T) has a fairly close relationship (r = 0.72). Based on
the closeness of this relationship, then the curve trend is determined by the relationship between the two
variables Lof with T. Variable LoF as a response variable, and the time variable (T) as a variable generator. The
result of the analysis shows that the curve model of the relationship between LoF and T is a three-degree
polynomial model. The equation of the obtained curve is formulated in equation (3), and can be seen in Figure 6.

Y =0.0107 x3 - 0.4479 x2 + 4.641 x + 1.259 (3)

Where:

Y = LoF = Loss of fuel

x =T =valid from 1st to 24th hour

The coefficient of determination, R? obtained is R? = 0.521, which can be stated that the relationship model is
influenced by another factor of 47.9%, besides the working time (T).

v=0.0107x3- 0.4479x2 + 4.6415x+ 1.259
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Figure 6. LoF (Y) and T (x) relationship model.

C. Minimizing Loss of Fuel (LoF) In Work Zones.

From the equation model (3) obtained, we can determine the minimum turning curve to determine minimum
loss of fuel. The turning point of the bend can be determined by calculating the derived function:

y =0.0107x3 - 0.4479x2 + 4.6415x + 1.259

To determine the maximum and minimum points of the curve are:

dy/dx = 0, then

dy/dx = 0.0321x2 - 0.8958x + 4.6415 =0

Then got it

x1 = 21th hour, and x2 = 7th hour.

This means that the maximum point of loss of fuel occurs at the 7th hour (12: 00-13: 00 PM) as much as
15.47 litres/ km, while the minimum occurs on the 21st hour (02: 00-03: 00 AM) of 0.29 litres. So the working
time that affects the minimum loss of fuel is between 02:00 to 03:00 AM. If working at this 1 hour only, it is
deemed ineffective and inefficient for resource allocation assignments i.e. employees, labours and equipment.
To be more effective and efficient the assignment of resources requires the addition of working time. The
approach taken is to determine the night working time that is from 18:00 PM (13rd hour) to 06:00 AM (24th
hour). The variation of the night working time from the 13th hour to the 24th hour is determined by the standard
deviation, s. By using statistic formulation, the value of s is 3 hours. Furthermore, by applying the 21st hour,
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which leads to a minimum loss of fuel LoF, as the midpoint of the night work hour, the working hour interval
that raises the minimum loss of fuel LoF is:

x1,2=x21+%£3

x1,2=21%3

Then obtained:

x1 = 18th hour, and x2 = 24th hour

So it can be determined the range of night working time that leads to minimum and efficient LoF in human
resource assignments and equipment’s starting from 18:00 PM (18th hour) to 06:00 AM (24th hour), it can be
seen in Figure 7.
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Figure 7. Time range minimum Loss of Fuel (LoF) in a day.

IV. CONCLUSION

From the analysis result to minimize loss of fuel during National road maintenance, especially road
improvement / reconstruction project for 2 lane 2 way, urban and inter-urban type in Bali province, it can be
concluded that’s the loss of fuel energy during the execution project average 176 lifter/day/km. Loss of fuel
consumption found in working hours during the day is 12:00 AM to 13:00 AM, as many as 15.47 litres while
the minimum is found to occur in 02:00-03: 00 AM as much as 0.29 litres / km. Effective working hours of
resources assignment and with minimum loss of fuel impact is from 23:00 PM to 06:00 AM.
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