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Abstract: The long segment scheme allowing contractors to oversee road maintenance still has drawbacks. For example, 
non-compliance, such as delaying preservation for road issues, persists due to small penalties. This leads service providers 
to neglect road performance without objection to fines. This research aims to provide sufficient incentives for contractors 
to comply with the implementation of the late delivery penalty rate of road service levels. This research used an 
experimental method to test two formulas for the late delivery penalty rate of road service levels on two road sections in 
Central Java and Special Region of Yogyakarta, Indonesia. During the experiment, the time taken by service providers to 
fulfill the road service level on the two different road sections was measured and recorded. In the first road section, the 
previously used formula resulted in a penalty of only $7.39, while the developed formula yielded $122.17. Furthermore, 
in the second road section, the government formula led to a penalty of $375.89, whereas the developed formula resulted 
in a fine amount of $1,468.99. The results showed that the penalty value given to contractors for two road segment trials 
using the research formula was 16 and 4 times higher than the formula used by the Directorate General of Highways. In 
addition, the developed formula takes into account other road performance indicators such as potholes with 
a diameter < 10 cm and depth < 4 cm, ponding, and uneven patching. 
 
1 Introduction 

Long segment pertains to a preservation effort carried 
out within the confines of a singular extended stretch, 
potentially comprising multiple segments, with the 
objective of establishing a consistent road condition [1,2]. 
The implementation of road preservation through the long 
segment scheme in Indonesia has been in effect for over six 
years (since 2016) [3]. Considering the length of the road, 
the most essential type of work is road maintenance [4]. 
Therefore, the handling type is the most important aspect 
of maintenance activities. The ability of service providers 
plays a crucial role in carrying out road maintenance 
activities under the long segment scheme. Service 
providers must be able to shift from a traditional 
construction executor to a road segment manager 
paradigm. This paradigm shift is essential for addressing 
various flows within logistics, such as material flow, 
information flow, financial flow, and human flows, thus 
optimizing the overall management of road segments. 

Assessing user satisfaction and project success in road 
preservation (maintenance, rehabilitation, reconstruction, 
and widening) from a technical or non-technical aspect is 
challenging due to the lack of performance indicators. In 
long segment projects, the entire scope of work is 
incorporated into one contract, whereas in previous 
preservation activities, the scope of work is documented in 

separate contracts. In addition to the quality of work, the 
implementation of long segment projects must comply 
with the required road performance indicators. The 
contractor is obligated to submit weekly reports that 
compare the road performance indicators with on-site 
implementation results. The project management or 
technical management team reviews the weekly reports, 
and the verification results are used to calculate financial 
penalties if the road performance indicators are not met. 
Eventually, if the contractor fails to meet the road 
performance indicators, they are responsible for paying 
financial penalties by deducting them from monthly 
payments. 

The quality of road maintenance work in a long 
segment is one of the indicators of the success of the road 
pavement plan achievement program. Division 10 of the 
Directorate General of Highways of the Republic 
Indonesia requires contractors to meet the road service 
level based on road performance indicators [5]. The 
achievement of the road service level is applied to all work 
achievements within the scope of work, including road 
pavement, road shoulders, drainage, road equipment, 
complementary structures, and plant control. If the service 
provider fails to achieve the road performance indicators 
according to the specified repair response time, financial 
penalties in the form of daily payment reduction are 
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imposed based on Equation 1 (1). The purpose of applying 
penalties is to ensure the service provider's obligation to 
complete the work on time, thereby fulfilling the service 
users' rights. 

 

                             D = 0.01 × H × 
Pjc

Pjl
× Nlp (1) 

where, 
D: nominal payment reduction,  
H: total number of days that the road repair is delayed in 

meeting the road service level according to the field 
inspection, 

Pjc: the length of the road section that is defective or does 
not meet the performance indicators in the designated 
section of the road that has a minimum length of 100 
m,  

Pjl: the length of the road in the contract according to the 
scope of work, 

Nlp: the contract's work scope value. 
 
Based on the preliminary study results, the financial 

penalties for delayed road service currently in place are still 
inadequate [6]. This was evaluated from various indicators, 
such as response time, traffic volume (vehicles/day), public 
complaints/reports, length of road that does not meet the 
road performance indicators per 100 m, and the value of 
the work scope in the contract. In addition, the amount of 
the penalty is considered too small, which causes the 
service providers to neglect the road performance and have 
no objection to paying the fines. This is evident from the 
commitment maker officer who imposes penalties for 
delayed achievement of road performance indicators and 
the amount of fines imposed is still not significant, as 
shown in Figure 1.

  

 
Figure 1 Relationship between public complaints and financial penalties for late fulfilment of road performance indicators in Central 

Java Region [7] 
 

Service providers are currently neglecting road 
performance because they believe the penalties are not 
significant enough. The objective of this research is to 
address the shortcomings in the current penalty system for 
delayed road service. Specifically, the study aims to 
provide sufficient incentives for contractors to comply with 
the implementation of late delivery penalties through the 
development of a penalty formula. This formula is 
designed by considering various elements, with a primary 
focus on the flow or management of financial resources 
within the logistics framework. The originality of this 
research lies in its departure from conventional penalty 
frameworks for delayed road service. Unlike static 
systems, this study pioneers a dynamic penalty model that 
adapts to the nuanced dynamics of road service. 
Additionally, this research introduces novelty through its 
experimental approach in specific regions of Indonesia. 
Rather than relying on established formulas, the study 

develops and tests a penalty formula for late delivery of 
road service levels. 

 
2 Literature review 
2.1 Road maintenance concept 

Road maintenance is the systematic set of activities 
aimed at preserving and enhancing the safety, quality, and 
functionality of public roads, with a focus on adapting to 
changing traffic conditions and evolving economic models 
[8,9]. Among the types of road maintenance, routine road 
maintenance is considered essential for preserving the level 
of road service and road capacity [10]. To implement the 
road maintenance system precisely and optimally, a road 
maintenance program with adequate and continuous 
planning and funding is necessary [11-13]. As noted by 
Vaitkus et al. [14], the performance of roads declines upon 
being put into service, intensifying the need for 
maintenance, particularly due to the significant impact of 
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increased traffic volume and climate change on road 
conditions. Therefore, road maintenance must be 
conducted by employing several integrated and cost-
effective techniques [15,16]. These approaches aim to 
extend the service life of roads, enhance road safety, and 
fulfill the needs or desires of road users.  

 
2.2 Penalty regulation 

In the context of road maintenance, the application of 
financial penalties is often intertwined with the concept of 
performance-based contracts (PBC) [17-19]. PBC are 
agreements where contractors are held accountable for 
meeting specific performance indicators and achieving 
predefined outcomes [20]. Financial penalties serve as a 
mechanism within these contracts to incentivize 
compliance and deter deviations from agreed-upon 
standards. The occurrence of penalties in road maintenance 
contracts is typically linked to the failure of contractors to 
meet specified performance indicators within the stipulated 
repair response times. This aligns with the performance-
based nature of the contract, where the focus is on 
achieving desired outcomes, such as road quality and 
timely repairs. 

In PBC in Argentina, payments are not based on the 
unit price for each individual work item, but rather on the 
contractor's compliance with predetermined quality 
standards and specified outcomes [21]. This system 
permits the implementation of penalties or financial 
penalties if the desired quality or level of service is not met. 
The application of agreed-upon penalties or financial 
sanctions must be enforced in the event of contractor non-
compliance with road performance indicators. According 
to the Asian Development Bank [22], if the contractor fails 
to remedy defective road conditions in a timely manner, 
automatic payment reductions will be implemented and 
will increase significantly in subsequent periods if the 
deficiency is not rectified. This system has been 
implemented in Ukraine, where the contractor must pay 
penalties in the form of greater payment reductions for 
failing to detect non-compliance if service users identify 
additional defects not included in the system. Additionally, 
it was found that there are concerns regarding the stringent 

enforcement of penalties in the Philippines, and the 
penalties applied under the PBC are relatively moderate. 
To increase the efficiency of PBC as a road service 
mechanism, it is recommended that the financial penalties 
for failing to meet road service levels are rigorously 
enforced. For non-compliance with performance standards, 
the expression "payment reduction" is used because the 
term "penalties" is not well received among contractors. 
The value of payment reduction must be sufficient to 
provide contractors with sufficient incentives to conform. 
If the payment reduction is insufficient, contractors tend to 
be less compliant; if it is excessive, contractors may add 
risk premiums to their bid prices. Therefore, it is essential 
to accurately determine the appropriate payment reduction 
for each instance of non-compliance.  

In the following subsections, several references are 
presented regarding penalties or payment reductions 
implemented in various countries. This serves as 
consideration for implementation in Indonesia or for 
reviewing existing regulations in Indonesia operating 
under the long segment scheme. 

 
2.2.1 Penalty framework in Argentine PBC 

According to Silva and Liautaud [23], performance 
indicators should be as minimal and straightforward as 
feasible to facilitate observation and evaluation. 
Throughout the duration of the contract, the rehabilitation 
bundle for road thickness, maximum roughness level, 
groove depth, cracks, and raveling must conform to the 
specifications. For example, compliance with 
specifications entails the absence of visible potholes or 
exposed cracks, the absence of excessive wheel marks, and 
the maintenance of good conditions on shoulders, culverts, 
drainage channels, guardrails, vertical and horizontal signs, 
and the overall road environment. For each component, 
penalties for non-compliance are established and enforced 
to discourage contractors from failing to comply. For 
example, if a pothole is not addressed within the specified 
timeframe, the service provider will incur a fine of 
approximately $1,200 per day until the repair is completed 
(as indicated in Table 1). The total amount of penalties 
imposed is then subtracted from the monthly payment.

 
Table 1 Penalties for late fulfilment in road performance criteria in Argentina 

Parameter Fulfilment Conditions Penalties (USD) 
Rehabilitation   

Pavement roughness IRImax = 3 (Asphalt Concrete/AC) 
IRImax = 3.5 (ST/RC) 

600/week/km 

Pavement rut depth Maximum 1 cm  1,200/week/km 
Pavement edge reduction 0 cm 1,200/week/segment 
Pothole diameter > 2.5 cm 100% patched 1,200/pothole/day 

Cracking 100% closed 600/week/km 
Concrete pavement joint 

cracks 
100% closed 600/week/km 

Raveling 0%, and < 2% if road maintenance 600/week/km 
Routine Maintenance   
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Parameter Fulfilment Conditions Penalties (USD) 
Uneven road Maximum 3 cm 1,200/week/ segment 

Cracking 100% closed for type 4 600/week/km 
Pothole 100% patched 1,200/pothole/km 
Raveling 100% pathced 600/week/km 

Shoulder hardened Pothole/raveling = 0  
Shoulder drop = 0  
Rutting < 12 mm  
Cracking closed (100%)  

1,200/week/km 

Shoulder not hardened There is no erosion, no channeling, and good cross slope; 
edge drop < 2 cm; width ≥ 3 m 

1,200/week/km 

Roadside vegetation/brush 
clearing 

Brush height < 15 cm of 15 m 1,200/week/km 

Cleaning box 
culverts/drainage/bridge 

Clean/no clogging 600/day/km 

Right-of-way area cleaning No dirt, green area maintenance 600/day/km 
Sign Preserved, clearly visible during both day and night 150/day/sign 

Lightning Preserved 150/day/lamp 
Road markings Preserved, clearly visible during both day and night  300/day/line/km 

Guardrail Good condition 1,200/week/location 
Source: [23] 

2.2.2 Penalty framework in CAREC member 
countries’ PBC 

As per the Central Asia Regional Economic 
Cooperation (CAREC), not meeting road performance 
indicators will lead to payment reductions. This includes 
scenarios where reports are not processed within the 
specified timeframe, the average roughness of a road 
section surpasses the specification, or potholes exceed the 
maximum size. Payment deductions are determined in 

local currency or as a percentage of the total monthly flat 
sum payment per km. When service users discover non-
compliance, payment reductions are implemented, and 
additional payment reductions are implemented when 
damage is not repaired within a predetermined timeframe. 
If response times have been routinely missed, payment 
reductions may increase. Table 2 provides an example of 
the application of payment reductions in CAREC member 
countries.

  
Table 2 Example of reduction in payment for failure to meet road performance indicators in CAREC member countries* 

Criteria Performance Level 
Reduced payment 
on first inspection 

Reduced payment for 
follow-up inspection 

(% of monthly lumpsum/km) 
Pothole on the 
road surface 

The pothole shall not be wider than 10 cm 
from any direction. 

5% for every 1 km of 
road section with 
potholes 

15% for every 1 km of road 
section that has potholes until 
the potholes are fixed 

Rutting Depth of groove does not exceed 20 mm 
with a length of 3 m, every 100 m. 

10% every 100 
meters that do not 
meet the criteria 

20% on every 100 meters that 
do not meet the criteria until 
rutting is addressed 

Vertical sign One or more traffic signs are not 
damaged, unreadable, misplaced, or not 
functioning. 

5% 10% until the sign is repaired 
or replaced 

Vegetation The maximum vegetation height 
measured anywhere within a 100-meter 
stretch is above the threshold value limit. 

5% every 100 m 10% for every 100 meters 
until vegetation is cut to the 
allowed height 

Note: *CAREC countries: Afghanistan, Azerbaijan, China, Georgia, Kazakhstan, Kyrgyz Republic, Mongolia, Pakistan, Tajikistan, 
Turkmenistan, and Uzbekistan. 
Source: [22] 

2.2.3 Penalty framework in World Bank-funded 
projects’ PBC 

According to the World Bank [24], payment reductions 
are applied for failure to meet road performance level 

requirements. The results of road performance level 
inspections and criteria are documented in a memorandum, 
which includes the categories and locations of non-
compliance, especially those listed in the standard table 
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included in the service provider's monthly report. Each 
instance of non-compliance will be assigned a correction 
deadline. Therefore, site visits are required on the specified 
dates to confirm that the contractor has addressed the road 
performance level non-compliance findings. If the 
contractor has not corrected the non-compliance by the 
deadline specified in the memorandum, payment 
reductions will be imposed. Service providers who fail to 
remedy the cause of previously applied payment reductions 
will see the amount of reduction increase from month to 
month, without limit, until the road performance level is 
achieved. The initial payment reduction calculation for the 
first month ranges from 10% to 50% of the monthly lump 
sum, depending on the type of road components [19]. 
Meanwhile, late handover beyond 30 days is determined 
by Equation 2 (2). 
 
                                        �� � 2���� (2) 
Where> 
PR: payment reduction, which is the reduction in payment 

calculated if non-compliance is not rectified within 30 
days,  

� �
�	


��
 (n is rounded to the nearest whole number, without 

decimals),  
J: the number of days of non-compliance, 
PRu: the unit rate for payment reduction, which applies 

during the first 30 days of non-compliance. 
 

3 Methodology 
This research utilized an experimental method to test 

the formula for road service delay penalties. Two formulas 
were tested on two road segments managed by the National 
Road Implementation Center of Central Java and Special 
Region of Yogyakarta, Indonesia. The first formula was the 
one used by the Directorate General of Highways since 
2020, while the second formula was developed in this 
study. Initially, the study identified the needs and 
conducted a literature analysis related to the penalty for 
road service delay. To capture survey data, questionnaires 
are distributed to a sample of respondents in order to collect 
primary data. There are two options for completing 
questionnaires: printed copies or Google Forms. Indicators 
for each factor that contributes to penalties for late 
fulfillment in road service level were used to develop the 
questionnaires. The new formula was tested on two 
different road segments with varying conditions. During 
the experimental stage, the time taken to fulfill the road 
service level by the contractor/service provider was 
measured and recorded for the two road sections. The 
results obtained were then calculated using the two 
formulas mentioned earlier, which led to the determination 
of the penalties for both road sections. 

 

4 Result and discussion 
4.1 The developed penalty formula 

The current formula for calculating penalties only 
considers a limited set of factors, including the duration of 
the delay, the length of the defective road segment, the 
length of the road under contract, and the value of the scope 
of work. In this study, a mathematical model was 
developed to provide a more comprehensive framework for 
calculating penalties for late fulfillment of road service 
levels. This model is based on the idea that formulas 
represent a physical representation of mathematical 
concepts and can be used to understand the correlation 
between different variables in an intuitive and 
straightforward way. To validate the model, tests were 
conducted on two road sections in Central Java and Special 
Region of Yogyakarta, which revealed valuable insights 
into the nature and extent of the errors that may arise when 
using the formula. Equation 3 was derived as the formula 
for calculating penalties for late fulfillment in road service 
levels. 

 
                    
 � ���� � � � ��  � � � �� � � (3) 

 
Where: 
S: the amount of financial penalty for failing to meet the 

road service level, 
Koef: the coefficient value for each road component, as 

shown in Table 3,  
T: the delay in responding to road performance in days, 
FV: the traffic volume factor, where Primary Arterial Roads 

(PAR) has a factor of 1 and Primary Collector Roads-1 
(PCR-1) has a factor of 0.9,  

N: the multiplier value for the penalty/cost of routine road 
maintenance,  

FA: the community complaint factor, where no complaints 
have a factor of 1, verified complaints by National 
Road Implementation Center or National Road Service 
have a factor of 1.5, and accidents have a factor of 2,  

J: the length of the road that fails to meet the criteria, which 
is determined by dividing the length of the faulty or 
poor-performing road segment (minimum length of 100 
m) by the length of the road covered in the contract. 

 
Table 3 Factor score weight 

Component Factor score weight 
(Koef) 

Road Pavement 0.027 
Road Shoulder 0.020 

Drainage 0.011 
Road Equipment 0.001 
Complementary 

Structures 
0.006 

Clearance 0.017 
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4.1.1 Coefficient variable (Koef) 
The coefficient in the formula currently applied to the 

long segment scheme is 0.01 for all types of road damage. 
Meanwhile, the formula resulting from this study applies 
different coefficient values for each road component (see 
Table 3). These coefficient values are derived from factor 
score weights obtained during the analysis, representing 
the intercorrelation between manifest and latent variables. 
The final model produces a set of factor score weights, 
serving as regression coefficient estimates for predicting 
latent variables based on observed variables. The term 
"factor score weight" denotes the proportional influence of 
variable X on variable Y—when X changes, it 
proportionally impacts Y. The initial coefficient value 
(Koef) of 0.01 undergoes variation for different types of 

damage influencing the penalty value. For instance, the 
coefficient acting as a multiplier for road pavement damage 
(such as potholes) is 0.027, surpassing other components 
like clearance (road cleanliness, etc.), which carries a value 
of 0.017. 

 
4.1.2 Variable T (delayed response time) 

In this study, the response time for each type of road 
performance indicator damage considered in the delayed 
penalty formula is outlined in Table 4. Each day of delay 
is factored into the formula as a multiplier. For instance, if 
a pothole is repaired within 9 days of discovery, based on 
Table 4, it should be fixed within a maximum of 3 days, 
resulting in a 6-day delay. Therefore, the value of T in the 
formula is 6.

  
Table 4 Response times for road performance indicators 

Components Conditions Response Time 
Road Pavement   

Potholes Any pothole < 3 days 
Cracks Width > 3 mm, area 5% per 100 m of length  < 7 days 

Deflection/Depression Depth > 3 cm, area 5% per 100 m of length  < 7 days 
Uneven patching Not in compliance  < 7 days 

Pavement roughness IRI > 4 mm < 30 days 
Rutting Depth > 3 cm < 14 days 

Raveling Any raveling < 14 days 
Road Shoulders   

Potholes Any potholes < 7 days 
Elevation Height difference > 5 cm from the road < 14 days 
Sinkhole Depth >10 cm, area > 3% per 100 m of length < 7 days 
Ponding Any ponding < 7 days 

Drainage   
Clogging Clogging in drainage channels > 10% < 7 days 

Dirty Dirty < 7 days 
Structural damage Damage < 14 days 

Embankment slopes Deformation and erosion, as well as poor functionality < 14 days 
Excavation slopes Unstable, weak against erosion, and not functioning properly < 14 days 
Road Equipment   

Warning and traffic signs Not correctly installed according to regulations, structurally weak, 
and some of the poles are bent 

< 7 days 

Temporary signage Unrepaired road damage ≤ 24 days 
Median/sidewalk Not sturdy, not functioning correctly, or not visible at night < 7 days 

Guardrail Not sturdy, not properly installed, and experiencing damage < 14 days 
Road markings Unclear and faded < 30 days 

Complementary 
Structures 

  

Access road or driveway Slope > 5 cm < 7 days 
Retaining wall Damaged, cracked, or broken < 14 days 

Clearance   
Wild vegetation Height > 10 cm < 7 days 

Cleanliness Debris, trash, sand/dirt, rubble, or other obstructions < 7 days 
Illegal 

advertisement/banner 
Illegal advertisement/banner < 7 days 

Source: Survey results.
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4.1.3 Traffic volume factor (Fv) 
The traffic volume factor (Fv) is determined based on 

secondary data on the average annual daily traffic (AADT) 
volume on the road section under review. Road damage on 
a section with high AADT has a greater impact on road 
users compared to a section with lower AADT [25]. 
Retallack and Ostendorf [26] stated that the frequency of 
accidents increases with higher traffic volumes. The 
accident rate gradually increases with the increase in traffic 
volume until around 11,000-13,000 vehicles/day on a two-
lane road. At this limit, traffic flow instability conditions 
are prone to occur, such as lower driving speeds and 
limited maneuvering space, which leads to a higher risk of 
accidents [27,28].  

The relationship between the number of traffic 
accidents and AADT is not entirely linear but shows an 
exponential relationship [29]. The pavement condition is 
one of the main factors contributing to accidents [30-32]. 
Li et al. [33] stated that poor pavement conditions are 
proportionally associated with more severe accidents, but 
very poor pavement conditions are associated with less 
severe accidents. Excellent pavement conditions may lead 
to high-speed driving behavior and result in more severe 
accidents. The severity of accidents can be reduced if the 
pavement condition is maintained in good condition [34]. 

Road classification based on AADT is shown in 
Table 5. As road classification varies and there is currently 
no road classification based on traffic volume in 

Indonesian regulations, guidelines, or literature, the traffic 
volume factor (Fv) based on road classification in the 
National Road Decision is used. 

 
Table 5 Classification of roads based on average annual daily 

traffic (AADT) 
Classification AADT 

Low 30,000-60,000 
Moderate 60,000-100,000 

Moderate-High 100,000-200,000 
High > 200,000 

Source: [35]  
 

The classification of roads is determined by their 
function, categorized as arterial, collector, and local. 
Additionally, roads are classified based on the road system 
into primary and secondary. Based on the Minister of 
Public Works and Housing Decree Number 
430/KPTS/M/2022 regarding the Designation of Road 
Segments, in according to their function, roads can be 
categorized as Primary Arterial Roads (PAR) and Primary 
Collector Roads-1 (PCR-1). The differences between PAR 
and PCR-1 are shown in Table 6. The traffic volume factor 
(Fv) is determined based on Table 6 with the classification 
of PAR and PCR-1 roads. From the survey results, Fv for 
PAR is determined to be 1.0, while FV for PCR-1 is 0.9.

  
Table 6 Comparison of Primary Arterial Roads (PAR) and Primary Collector Roads-1 (PCR-1) 

Classification PAR PCR-1 
Connectivity Among NAC, NAC with RAC NAC with LAC, among RAC, RAC with 

LAC 
Distance Long distance, should not be disrupted by bi-

directional traffic, local traffic, and local 
activities 

Medium distance 

Planned Speed Min. 60 km/hour Min. 40 km/hour 
Capacity Greater than its average traffic volume Greater than its average traffic volume 

Road width Min. 11 m Min. 9 m 
Notes: NAC = National Activity Center; RAC = Regional Activity Center; LAC = Local Activity Center. 
Source: [5] 
 
4.1.4 Penalty multiplier factor (N) 

The penalty multiplier factor (N) is established as the 
basis for the proposed formula calculation. The analysis 
shows that the penalty multiplier factor (N) used is the 
value of the self-estimated cost for routine work. This value 
is chosen because each service provider/contractor can bid 
on low-scope routine work, resulting in a low contract 
value for routine work. The 2018 Revision 2 General 
Specification for Road Construction imposes penalties for 
delays in meeting the road service level based on the value 
of the contract's work scope. Based on the analysis results, 
the penalty multiplier factor in the formula resulting from 
this study is the value of the routine work scope in the 
contract, in accordance with this regulation. 

4.1.5 Public complaints factor (FA) 
The public complaints factor (FA) was also established 

as the basis for the proposed formula calculation. The 
research results show that the types of complaints 
considered in the penalty formula calculation are those that 
have been verified by the National Road Implementation 
Center. Reports or complaints are gathered through various 
channels, including social media platforms (Instagram, 
Facebook, and Twitter), letters or email, www.lapor.go.id, 
Command Center Bina Marga, direct visits, and other 
mediums such as WhatsApp, LaporGub, Jalan Cantik, and 
other channels. The survey results indicate that a penalty 
multiplier of 1.5 times should be applied in the case of a 
complaint regarding road performance, and a penalty 
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multiplier of 2 times should be applied in the event of an 
accident caused by road damage. 

 
4.1.6 Substandard road length (J) 

The formula developed in this study considers the 
factor of road length that does not meet the criteria (J). 
Based on the literature review and analysis results, the 
penalty multiplier value in the developed formula is 
determined by dividing the length of any segment of at 
least 100 m of defective road (not meeting performance 
indicators) by the total road length (m) specified in the 
contract based on the scope of work. This calculation 
adheres to the guidelines provided by the Directorate 
General of Highways. 

 
4.2 Trial of penalties model 
4.2.1 Model trial on roads with short routine scope 

The Keprekan-Muntilan-Salam road preservation 
package is a long segment package with a total contract 

value of $4,127,381. This package's scope of work 
encompasses standard enlargement, preservation 
reconstruction, road rehabilitation, routine road 
preservation, routine condition maintenance, holding, 
bridge preservation, and routine bridge preservation. 
Routine road preservation, routine condition maintenance, 
and holding are included in the management scope of the 
road performance indicators. These domains are subject to 
monetary penalties for failure to meet road service levels 
on time, with the following data breakdown: 

• Self-estimated cost of routine scope (N or Nlp): 
$6.340. 

• Length of routine scope: 3,430 m. 
• Function and road system: Primary Arterial Road 

(PAR). 
• Road Segments: Keprekan-Muntilan City Border; 

Muntilan-Salam (Boundary of the Special Region 
of Yogyakarta).

 
Table 7 Determination of penalty values for the preservation package of Keprekan-Muntilan-Salam road using the formula from the 

research results 

Component Type of Damage Road Segment Response 
Time 

Actual 
Response 

Time 
Koef T 

(days) FV FA J S ($) 

Road Pavement Pothole, diameter 
< 10 cm and depth 
< 4 cm 

Keprekan- 
Muntilan City 
Border  

3 10 0.027 7 1 1.0  0.029  34.93  

Uneven patching  Keprekan- 
Muntilan City 
Border 

7 11 0.027 4 1 1.0  0.029  19.96  

Pothole, diameter 
> 10 cm and depth 
> 4 cm 

Muntilan- Salam 3 11 0.027 8 1 1.5  0.029  59.88  

Road Shoulder Ponding Muntilan-Salam 7 9 0.020 2 1 1.0  0.029  7.39  
Total 122.17 

Notes: Exchange rate $1 = Rp15,902; Response time used is from Table 4; T or late is calculated by subtracting actual response time 
with response time; Fv for PAR is 1; FA is 1 since there was no public complaints regarding this damage; J is calculated by dividing 
100 m (this is the least number of defective road) with the length of road in the contract (3,430 m); N = $6.340. 

 
Table 8 Determination of penalty values for the preservation package of Keprekan-Muntilan-Salam road using the formula from the 

Directorate General of Highways 

Component Type of Damage Road Segment 
Response 

Time 

Actual 
Response 

Time 
Koef 

H 
(days) Pjc/Pjl D ($) 

Road Pavement 
  

Pothole, diameter < 10 
cm and depth < 4 cm 

Keprekan- 
Muntilan City 
Border  

NA NA NA NA NA NA 

Uneven patching  Keprekan-Muntilan 
City Border  

NA NA NA NA NA NA 

Pothole, diameter > 10 
cm and depth > 4 cm 

Muntilan-Salam 7 11 0.010 4 0.029 7.39 

Road Shoulder Ponding Muntilan-Salam NA NA NA NA NA NA 
Total 7.39 

Notes: Exchange rate $1 = Rp15,902; Response time used is adopted from the 2018 Revision 2 General Specification for Road 
Construction; Response time with NA (not applicable) means that the type of damage is not listed in the regulation, and therefore, the 
service providers are not obligated to perform any maintenance; H is calculated by subtracting actual response time with response time; 
Pjc/Pjl is calculated by dividing 100 m (this is the least number of defective road) with the length of road in the contract (3,430 m); 
Nlp = $6.340.
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4.2.2 Model trial on roads with long routine scope 
The preservation and rehabilitation package for the 

Sruwen-Kartosuro-Klaten-Prambanan road is a long-
segment project with a total value of $6,554,918. This 
programme entails widening to standard width, road 
rehabilitation, routine road maintenance, periodic bridge 
maintenance, and routine bridge maintenance. Routine 
road maintenance is included in the road performance 
indicator's scope of management. This scope is subject to 
financial penalties for failing to satisfy the road service 
level on time, as outlined below: 

• Self-estimated cost of routine scope: 
$1,026,486.389. 

• Length of routine scope handling: 68,270 m. 
• Road function and system: Primary Arterial Road 

(PAR). 
• Road segments: a. Sruwen-Boyolali Terminal; b. 

Pandanaran II Boyolali; c. Pandanaran I Boyolali; 
d. Perintis Kemerdekaan/Southern Ring Road 
Boyolali; e. Boyolali City Border -Kartosuro; f. 
Kartosuro-Klaten City Border; g. Perintis 
Kemerdekaan Klaten; h. Diponegoro Klaten; i. 
Kartini Klaten; j. Suradji Klaten; k. Klaten City 
Border-Prambanan.

  
Table 9 Determination of penalty values in for preservation and rehabilitation package of Sruwen-Kartosuro-Klaten-Prambanan 

road using the formula from the research results 

Component Type of Damage Road Segment 
Response 

Time 

Actual 
Response 

Time 
Koef 

T 
(days) FV FA J S ($) 

Road 
Pavement 

Pothole, diameter 
> 10 cm and depth 
> 4 cm 

Klaten City 
Border-
Prambanan 

3 10 0.027 7 1 2.0 0.001 568.35 

Road 
Shoulder  

Pothole, diameter 
< 20 cm and depth 
< 10 cm 

Sruwen-Boyolali 
Terminal 

7 9 0.020 2 1 1.0 0.001 60.14 

Ponding Kartosuro-Klaten 
City Border 

7 9 0.020 2 1 1.0 0.001 60.14 

Drainage  Clogging Southern Ring 
Road Boyolali 

7 9 0.011 2 1 1.0 0.003 66.16 

Structural damage Boyolali City 
Border-Kartosuro 

14 19 0.011 5 1 1.0 0.004 248.09 

Road 
Equipment 

Damaged median Kartosuro-Klaten 
City Border 

7 11 0.001 4 1 1.0 0.001 6.01 

Clearance Wild vegetation Diponegoro 
Klaten 

7 10 0.017 3 1 1.0 0.009 460.09 

Total 1,468.99 
Notes: Response time used is from Table 4; T is calculated by subtracting actual response time with response time; Fv for Primary 
Arterial Road is 1; FA is 1 since there was no public complaints regarding this damage; J is calculated by dividing 100 m (which 
represents the minimum number of road defects) by the length of road specified in the contract (68,270 m). However, for drainage 
clogging and structural damage and clearance, J is calculated by dividing 200, 300, and 600 m, respectively, by the length of road in 
the contract; N = $1,026,486.389. 
 

Table 10 Determination of penalty values in for preservation and rehabilitation package of Sruwen-Kartosuro-Klaten-Prambanan 
road using the formula from the Directorate General of Highways 

Component Type of Damage Road Segment Response 
Time 

Actual 
Response 

Time 
Koef H 

(days) Pjc/Pjl D ($) 

Road Pavement Pothole, diameter > 
10 cm and depth > 4 
cm 

Klaten City 
Border-
Prambanan 

7 10 0.010 3 0.001 45.11 

Road Shoulder Pothole, diameter < 
20 cm and depth < 10 
cm 

Sruwen-Boyolali 
Terminal 

NA NA NA NA NA NA 

Ponding Kartosuro-Klaten 
City Border 

NA NA NA NA NA NA 

Drainage Clogging Southern Ring 
Road Boyolali 

7 9 0.010 2 0.003 60.14 

Structural damage Boyolali City 
Border-Kartosuro 

21 19 0.010 In compliance 0.004 0 

Road Equipment Damaged median Kartosuro-Klaten 
City Border 

21 11 0.010 In compliance 0.001 0 

Clearance Wild vegetation Diponegoro 
Klaten 

7 10 0.010 3 0.009 270.64 

Total 375.89 
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Notes: Response time used is adopted from the 2018 Revision 2 General Specification for Road Construction; Response time with NA 
(not applicable) means that the type of damage is not listed in the regulation, and therefore, the service providers are not obligated to 
perform any maintenance; H is calculated by subtracting actual response time with response time; Pjc/Pjl is calculated by dividing 100 
m (this is the least number of defective road) with the length of road in the contract (68,270 m). However, for drainage clogging and 
structural damage and clearance, Pjc/Pjl is calculated by dividing 200, 300, and 600 m, respectively, by the length of road in the 
contract; Nlp = $1,026,486.389.

The penalty value for delays in meeting road service 
levels for the preservation package of Keprekan-Muntilan-
Salam road (short routine scope) is 16 times higher when 
using the formula derived from this study (Table 7) 
compared to the formula from the Directorate General of 
Highways (Table 8). In the case of the preservation and 
rehabilitation package of Sruwen-Kartosuro-Klaten-
Prambanan road (long routine scope), the formula derived 
from this research (Table 9) resulted in a penalty value that 
was nearly 4 times greater than the formula from the 
Directorate General of Highways (Table 10). The 
difference in results between the two formulas occurs 
because, in addition to the impact of variables included in 
the formula, the proposed formula introduces new 
indicators for penalty consideration. For instance, the trial 
includes factors such as potholes with a diameter less than 
20 cm and depth less than 10 cm, uneven patching, and 
ponding. Additionally, the proposed formula also employs 
the suggested response time for enhancing road 
performance. 

 
4.3 Implication and application 

The newly developed penalty formula introduces a 
significant advancement in ensuring road quality. It 
surpasses conventional methods of penalty calculation, 
providing a more sophisticated system. This modification 
has the potential to substantially impact how penalties 
operate and enhance the understanding of how companies 
manage roads. In regions where companies oversee road 
maintenance, challenges arise. Companies sometimes 
neglect rules and delay road repairs. The existing fines for 
these delays are minimal, often overlooked by companies. 
The formula acts as a tool to incentivize companies to 
comply with rules and improve road maintenance. The 
formula is not just theoretical; it can be applied in practical 
situations. It integrates smoothly into existing decision-
making systems for road service, offering various benefits 
such as ensuring fair fines and holding companies 
accountable for their responsibilities. Its adaptability 
makes it a valuable tool for enforcing rules in different 
scenarios. However, it is crucial to acknowledge that the 
formula is not flawless. Its effectiveness may be influenced 
by the availability and quality of data, especially in regions 
where data collection is challenging. Additionally, it may 
not perform optimally in all road situations, as unforeseen 
variables could impact its predictive accuracy. Continuous 
refinement is necessary to enhance its practical utility and 
reliability in real-world enforcement scenarios. 

 

5 Conclusions 
This research successfully developed a new penalty 

formula for non-compliance in meeting road service levels 
applied to road service providers. This formula includes 
additional indicators such as coefficients for each road 
component based on their significance, proposed improved 
response time, traffic volume factor, and community 
complaint factor. In addition to these factors, the financial 
flow of the penalty system plays a crucial role. The results 
of the formula trial on two road sections yielded values that 
were 16 and 4 times higher than the fines resulting from 
the formula used by the Directorate General of Highways. 
These relatively high penalties are in line with the Asian 
Development Bank recommendation that payment 
deductions (in this case, penalties) should be sufficiently 
high to provide adequate incentives for contractors to 
comply. If payment deductions are too low, contractors are 
likely to be less compliant, while if they are too high, 
contractors will apply risk premiums to their tender prices. 
In contracts that apply financial penalties for each failure 
to meet road service levels, contractors/service providers 
strive to continuously improve performance while 
reducing costs. However, experience has shown that 
payment deductions are often not strictly enforced by the 
Asian Development Bank, including in Indonesia, so strict 
enforcement of penalties for delayed delivery of road 
service levels is necessary. 

It is recommended to conduct further research related 
to the value of reducing payment penalties in road 
maintenance contracts in Indonesia. Future investigations 
should delve into the impact of strict penalty enforcement 
on contractor behavior and overall project outcomes, 
assessing whether heightened penalties lead to sustained 
improvements in road infrastructure quality. In addition, a 
comparative analysis of penalty systems in road 
maintenance contracts across different countries could 
uncover best practices adaptable to the Indonesian context. 
Furthermore, researchers should examine the role of 
effective stakeholder collaboration and communication in 
ensuring the successful implementation of penalty systems. 
The research should culminate in specific policy 
recommendations for enforcement agencies, offering 
guidelines for the monitoring, evaluation, and adaptation 
of penalty structures to enhance their effectiveness and 
fairness over time. Finally, long-term monitoring of road 
conditions and an assessment of public perception and 
community impact would contribute to a comprehensive 
understanding of the ramifications of such penalty 
structures. 

 



Acta lActa lActa lActa logisticaogisticaogisticaogistica        ----    International Scientific Journal about International Scientific Journal about International Scientific Journal about International Scientific Journal about LogisticsLogisticsLogisticsLogistics    

Volume: 11  2024  Issue: 2  Pages: 173-184  ISSN 1339-5629 
    

Enhancing road service compliance: a robust penalty model for efficient maintenance management  

Tisara Sita, Agus Taufik Mulyono, Suryo Hapsoro Tri Utomo 

 
 

~ 183 ~ 

Copyright © Acta Logistica, www.actalogistica.eu 

References 
[1] RANI, H.A., ISYA, M., CHALID A.: The 

identification of the most dominant contractor’s 
performance factor influencing the road preservation 
quality achievement using long segment, AIP 
Publishing - AIP Conference Proceedings, Kuantan, 
Vol. 2059, No. 1, p. 020025, 2019. 
https://doi.org/10.1063/1.5085968 

[2] WINANRI, R.P., SUSANTI, B., JULIANTINA, I.: 
Comparison analysis between traditional and long 
segment contracts on national road preservation 
activities in Indonesia, Engineering, Technology & 
Applied Science Research, Vol. 9, No. 3, pp. 4230-
4234, 2019. 

[3] WIDYANITYA, A., SETYAWAN, A., PRAMESTI, 
F.: Effectiveness of longsegment contract method on the 
road rehabilitation and maintenance system, IOP 
Sciences - Journal of Physics: Conference Series, 
Surakarta, Vol. 1912, No. 1, p. 012056, 2021. 
https://doi.org/10.1088/1742-6596/1912/1/012056 

[4] WHEAT, P.: Scale, quality and efficiency in road 
maintenance: Evidence for English local authorities, 
Transport Policy (Oxford), Vol. 59, No. October, pp. 
46-53, 2017. 
https://doi.org/10.1016/j.tranpol.2017.06.002 

[5] Direktorat Jenderal Bina Marga (DJBM), Spesifikasi 
umum 2018 untuk pekerjaan konstruksi jalan dan 
jembatan (revisi 2), 2020. (Original in Indonesian). 

[6] SITA, T., MULYONO, A.T., UTOMO, S.H.T.: 
Review of financial penalties implementation on non-
compliance with road performance indicators, ASEAN 
Engineering Journal, Vol. 13, No. 3, pp. 55-63, 2023. 
https://doi.org/10.11113/aej.v13.19000 

[7] Balai Besar Pelaksanaan Jalan Nasional Jawa Tengah-
Daerah Istimewa Yogyakarta, Rekapitulasi data 
pengaduan PPID 2017-2020, Semarang, 2021. 
(Original in Indonesian). 

[8] MARKOWSKI, K.: Road safety aspects in the 
management of road maintenance, MATEC Web of 
Conferences, Vol. 122, p. 02009, 2017. 
https://doi.org/10.1051/matecconf/201712202009 

[9] JELOKHANI-NIARAKI, M.R., ALESHEIKH, A.A., 
ALIMOHAMMADI, A., SADEGHI-NIARAKI, A.: 
Designing road maintenance data model using 
dynamic segmentation technique, Springer-Verlag, 
International Conference on Computational Science 
and Its Applications, Computational Science and Its 
Applications – ICCSA 2009, Berlin, pp. 442–452, 
2009. https://doi.org/10.1007/978-3-642-02454-2_31 

[10] HAN, C., MA, T., XU, G., CHEN, S., HUANG, R.: 
Intelligent decision model of road maintenance based 
on improved weight random forest algorithm, 
International Journal of Pavement Engineering, Vol. 
23, No. 4, pp. 985-997, 2020.  
https://doi.org/10.1080/10298436.2020.1784418 

[11] BURROW, M., EVDORIDES, H., WEHBI, M., 
SAVVA, M.: The benefits of sustainable road 

management: a case study, ICE Publishing - 
Proceedings of the Institution of Civil Engineers - 
Transport, Vol. 166, No. 4, pp. 222-232, 2013. 
https://doi.org/10.1680/tran.11.00075 

[12] THIESSEN, P., COLLINS, J., BUCKLAND, T., 
ABBELL, R.: Valuing the wider benefits of road 
maintenance funding, Transportation Research 
Procedia, Vol. 26, pp. 156-165, 2017. 
https://doi.org/10.1016/j.trpro.2017.07.016 

[13] OBENG, D.A., TUFFOUR, Y.A.: Prospects of 
alternative funding sourcing for maintenance of road 
networks in developing countries, Transportation 
Research Interdisciplinary Perspectives, Vol. 8, No. 
November, p. 100225, 2020.  
https://doi.org/10.1016/j.trip.2020.100225 

[14] VAITKUS, A., ČYGAS, D., MOTIEJŪNAS, A., 
PAKALNIS, A., MIŠKINIS, D.: Improvement of 
road pavement maintenance models and 
technologies, The Baltic Journal of Road and Bridge 
Engineering, Vol. 11, No. 3, pp. 242-249, 2016. 
https://doi.org/10.3846/bjrbe.2016.28 

[15] HATAMZAD, M., PINEREZ, G.C.P., 
CASSELGREN, J.: Intelligent cost-effective winter 
road maintenance by predicting road surface 
temperature using machine learning techniques, 
Knowledge-Based Systems, Vol. 247, p. 108682, 
2022. https://doi.org/10.1016/j.knosys.2022.108682 

[16] CHAMORRO, A., TIGHE, S.L.: Optimized 
maintenance standards for unpaved road networks 
based on cost-effectiveness analysis, Transportation 
Research Record, Vol. 2473, No. 1, pp. 56-65, 2015. 
https://doi.org/10.3141/2473-07 

[17] SELVIARIDIS, K., WYNSTRA, F.: Performance-
based contracting: a literature review and future 
research directions, International Journal of 
Production Research, Vol. 53, No. 12, pp. 3505-
3540, 2015.  
https://doi.org/10.1080/00207543.2014.978031 

[18] LU, M., DONALDSON, C.: Performance-based 
contracts and provider efficiency, Disease 
Management and Health Outcomes, Vol. 7, No. 3, pp. 
127-137, 2000.  
https://doi.org/10.2165/00115677-200007030-00002 

[19] SCHOENMAKER, R., DE BRUIJN, H.: Embracing 
complexity in performance-based contracts for road 
maintenance, International Journal of Productivity 
and Performance Management, Vol. 65, No. 1, pp. 4-
24, 2016.  
https://doi.org/10.1108/IJPPM-02-2014-0034 

[20] WIRAHADIKUSUMAH, R., SUSANTI, B., 
COFFEY, V., ADIGHIBE, C.: Performance-based 
contracting for roads – Experiences of Australia and 
Indonesia, Procedia Engineering, Vol. 125, pp. 5-11, 
2015. https://doi.org/10.1016/j.proeng.2015.11.002 

[21] SULTANA, M., RAHMAN, A., CHOWDHURY, S.: 
A review of performance based maintenance of road 
infrastructure by contracting, International Journal of 



Acta lActa lActa lActa logisticaogisticaogisticaogistica        ----    International Scientific Journal about International Scientific Journal about International Scientific Journal about International Scientific Journal about LogisticsLogisticsLogisticsLogistics    

Volume: 11  2024  Issue: 2  Pages: 173-184  ISSN 1339-5629 
    

Enhancing road service compliance: a robust penalty model for efficient maintenance management  

Tisara Sita, Agus Taufik Mulyono, Suryo Hapsoro Tri Utomo 

 
 

~ 184 ~ 

Copyright © Acta Logistica, www.actalogistica.eu 

Productivity and Performance Management, Vol. 62, 
No. 3, pp. 276-292, 2013. 
https://doi.org/10.1108/17410401311309186 

[22] Asian Development Bank, Guide to performance-
based road maintenance contracts, 2018. 

[23] SILVA, M.M., LIAUTAUD, G.: Performance-based 
road rehabilitation and maintenance contracts in 
Argentina: A review of fifteen years of experience 
(1996-2010), Transport Papers Series, No. TP-36, 
The International Bank for Reconstruction and 
Development / The World Bank, Washington, DC, 
2011. 

[24] World Bank, Request for bids  output and 
performance-based road contracts (with or without 
prequalification), 2020. 

[25] ZAREI, M., HELLINGA, B.: Method for estimating 
the monetary benefit of improving annual average 
daily traffic accuracy in the context of road safety 
network screening, Transportation Research Record: 
Journal of the Transportation Research Board, Vol. 
2677, No. 3, pp. 445-457, 2023. 
https://doi.org/10.1177/03611981221115720 

[26] RETALLACK, A.E., OSTENDORF, B.: Relationship 
between traffic volume and accident frequency at 
intersections, International Journal of Environmental 
Research and Public Health, Vol. 17, No. 4, pp. 1-22, 
2020. https://doi.org/10.3390/ijerph17041393 

[27] CADAR, R.D., BOITOR, M.R., DUMITRESCU, M.: 
Investigating the role of traffic volumes on the 
occurrence of the accidents on the national roads: a 
case study in Romania, Geographia Technica, Vol. 
12, No. 2, pp. 20-29, 2017.  
https://doi.org/10.21163/GT_2017.122.03 

[28] SPŁAWIŃSKA, M.: Models for determining annual 
average daily traffic on the national roads, Archives 
of Civil Engineering, Vol. 61, No. 2, pp. 141-160, 
2015. https://doi.org/10.1515/ace-2015-0019 

[29] GLAVIĆ, D., MLADENOVIĆ, M., STEVANOVIC, 
A., TUBIĆ, V., MILENKOVIĆ, M., VIDAS, M.: 

Contribution to accident prediction models 
development for rural two-lane roads in Serbia, 
Promet – Traffic & Transportation, Vol. 28, No. 4, 
pp. 415-424, 2016. 
https://doi.org/10.7307/ptt.v28i4.1908 

[30] AMIR, M.H.M., NAHARUDIN, N.: Geospatial 
analysis on the impact of road defects on motorcycle 
accidents, IOP Sciences - IOP Conference Series: 
Earth and Environmental Science, Vol. 767, No. 1, 
pp. 1-8, 2021.  
https://doi.org/10.1088/1755-1315/767/1/012002 

[31] LI, Y., HUANG, J.: Safety impact of pavement 
conditions, Transportation Research Record, Vol. 
2455, No. 1, pp. 77-88, 2014.  
https://doi.org/10.3141/2455-09 

[32] TEHRANI, S.S., FALLS, L.C., MESHER, D.: Effects 
of pavement condition on roadway safety in the 
province of Alberta, Journal of Transportation Safety 
& Security, Vol. 9, No. 3, pp. 259-272, 2017. 
https://doi.org/10.1080/19439962.2016.1194352 

[33] LI, Y., LIU, C., DING, L.: Impact of pavement 
conditions on crash severity, Accident Analysis & 
Prevention, Vol. 59, pp. 399-406, 2013. 
https://doi.org/10.1016/j.aap.2013.06.028 

[34] LEE, J., NAM, B., ABDEL-ATY, M.: Effects of 
pavement surface conditions on traffic crash severity, 
Journal of Transportation Engineering, Vol. 141, No. 
10, 2015. https://doi.org/10.1061/(ASCE)TE.1943-
5436.0000785 

[35] KAYHANIAN, M., SINGH, A., SUVERKROPP, C., 
BORROUM, S.: Impact of annual average daily 
traffic on highway runoff pollutant concentrations, 
Journal of Environmental Engineering, Vol. 129, No. 
11, pp. 975-990, 2003.  
https://doi.org/10.1061/(ASCE)0733-
9372(2003)129:11(975) 

 
Review process 
Single-blind peer review process.

 


