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Abstract 

The surface distress index (SDI) method has been used in Indonesia to assess road conditions, especially for areas with 

limited access, inadequate equipment, and limited local resources, which cause inaccuracies in the resulting pavement 

condition assessment. This research aims to develop a more accurate and efficient pavement condition assessment model 

based on three types of damage: cracks, potholes, and rutting. To generate accurate SDI values, we adopt and modify the 

deduct value (DV) curve based on the PCI method to determine the corresponding damage weight and the new road 

condition assessment. Based on the research results, the three modified SDI damage models showed an average accuracy 

value of 90%, which means that there is a good match between the models and the conditions on the ground, which is 

reinforced by the analysis of the mean absolute percentage error (MAPE) and root mean squared error (RMSE) values. In 

addition, the resulting development includes new assessment criteria and parameters, such as customized DV curve models 

and specific damage equations, condition index, condition rating, and maintenance types. Which in turn can support more 

effective and efficient infrastructure management and maintenance. 

Keywords: Road Condition; Surface Distress Index; Pavement Condition Index; Deduct Value Curve. 

1. Introduction 

Road condition assessment is a significant component of the pavement management system. The assessment 

involves three main factors: damage data collection, pavement condition analysis, and maintenance planning. The 

assessment process involves three main factors: damage data collection, pavement condition analysis, and maintenance 

planning [1]. In other words, it plays a role in determining the type of pavement maintenance types [2], the allocation 

of limited financial resources [3], and other limited local resources [4]. Shtayat et al. (2020) [5] emphasized that the 

indicators utilized for evaluating pavement quality should be precise and consistent throughout the evaluation process. 

Assessment conditions pavement helps identify the nature and extent of deterioration [5], describe the current conditions 

[6], and predict future conditions [4]. These assessments are essential for effective road maintenance management [6, 

7].  

In Indonesia, various indicators and methodologies have been employed to evaluate pavement conditions, 

including the road condition index (RCI), international roughness index (IRI), present serviceability index (PSI), 

surface distress index (SDI), and pavement condition index (PCI). To date, SDI is the most popular method used in 
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various road networks in Indonesia [8-11]. SDI can provide convenience in the measurement process, data 

collection, and calculation process, and the results can provide recommendations on the type of maintenance 

required. The SDI method analysis focuses on three types of deterioration observed during road segment 

examination: cracking, potholes, and rutting, as delineated in the road condition survey manual (SMD-03/RCS) of 

the Indonesian Integrated Road Management System (IIRMS) in 2011 [12, 13]. Moreover, SDI is still in use as one 

of the technical data criteria in the proposed allocation of funds for road infrastructure, especially local roads in 

Indonesia. While SDI provides convenience, it is crucial to realize its limitations, as noted by Setiadji  et al. (2019) 

[14], especially in identifying crack damage types and distinguishing between potholes and rutting [11]. In addition, 

the SDI original also has limitations in describing the characteristics of damage types, so the multipliers and weights 

used in the calculation of the SDI method only depend on three types of damage that are calculated cumulatively 

[12, 13]. For example, suppose a road section is identified as having only one damage in the SDI method. In that 

case, the condition assessment result will differ from those with multiple damages. This results in less accurate and 

consistent assessments when compared to field conditions. 

In this paper, to address SDI’s limitations, the PCI method is employed as a benchmark for adjusting SDI since the 

parameters in the PCI method provide a comprehensive assessment conducted in several countries. Also, this method 

allows us to assess pavement conditions by considering the type of deterioration, the severity of the damage, and the 

density of damage numerically [4, 6, 11-16]. The PCI method approach itself is considered to provide a measurable 

assessment, so it is widely used as a reference by several countries in assessing pavement conditions [17, 18]. However, 

the PCI method also has some disadvantages, namely related to the cost of surveys in data collection, which is expensive, 

and analysis of the results is quite complicated [4]. 

This research aims to address the gap between SDI and PCI by trying to improve and modify a method of assessment 

that becomes more accurate, efficient, and easy to implement and that can be adapted to regional characteristics. The 

main objective of this study is to develop the SDI pavement condition assessment model that considers three types of 

deterioration, cracking, potholes, and rutting, by modifying the deduct value based on the PCI model parameters to 

determine the corresponding damage weight and the new road condition assessment. In addition, the outcomes of this 

study are expected to provide input and suggestions to regional road operators in Indonesia regarding the methods of 

accurately and consistently modifying SDI to deliver condition assessments consistent with actual situations in the field. 

Furthermore, the results of this study can also serve as a reference for other countries facing the same issues and 

characteristics as Indonesia. 

1.1. The Original SDI Criteria 

IIRMS (2011) [12] developed SDI, among the most popular measurements and methods utilized across all road 

authorities in Indonesia. SDI has been developed by the Directorate General of Highways (DGH), a part of the 

Indonesian Ministry of Public Works and Housing, and incorporates among all of the database parts for entry of road 

condition data into the road network management system in Indonesia, which is known as IIRMS. Accor ding to 

IIRMS (2011) [12] in the road condition survey manual (SMD-03/RCS), the effectiveness of SDI evaluation is 

defined by three deterioration criteria: cracking (width and level of cracking), potholes (number of holes), and rutting 

caused by decreasing the load of vehicle load ruts on a section of the pavement surface [12, 13]. In particular, it 

makes it more straightforward for field surveyors to identify the measurement and type of damage; the data-gathering 

method is visual and subjective, while calculation processes are quick, ensuring that it does not take longer. Besides 

that, in determining the condition category and type of pavement treatment, the SDI value [13] could be associated 

with the IRI [19]. 

Table 1 presents the parameters and values obtainable in the original SDI calculation derived through composite 

accumulation. These types of damage contribute significantly to the SDI assessment, depending on the ratio of 

damage area to the measured area (density). The index is the cumulative contribution of multiple damages caused 

by the three types of damage across 100 meters. According to the SDI stages in Table 1, the minimum SDI value 

that could have been reached is 0, while the maximum SDI value is 325. The SDI calculation procedure is 

accumulative since the result at stage 2 (SDI 2) is influenced by SDI 1, indicating that empirical SDI calculation 

should not be employed independently. Given the result of each parameter and the value of each damage, it  can be 

seen that rutting contributes barely any of the other damages assessed, while potholes lead a great deal [ 13, 20]. 

Therefore, this process is not straightforward and encourages engineers and field employees to visually modify 

pavement conditions' measurements, calculations, and justifications, whereby subjectivity plays a significant role 

when assessing road conditions. 
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Table 1. Stages of the SDI Analysis  

Distress Type Parameter Category SDI Value 

Crack 

Total area of crack  

(crack depth + other crack) 

None SDI 1 = 0 

< 10 % SDI 1 = 5 

10 - 30 % SDI 1 = 20 

> 30 % SDI 1 = 40 

Average crack with (mm) 

None SDI 2 = SDI 1 

< 1   mm SDI 2 = SDI 1 

1 - 3 mm SDI 2 = SDI 1 

> 3   mm SDI 2 = SDI 1*2 

Potholes 

Total number of potholes None SDI 3 = SDI 2 

Total number of potholes 

< 10 / km SDI 3 = SDI 2 + 15 

10 - 50 / km SDI 3 = SDI 2 + 75 

> 50 / km SDI 3 = SDI 2 + 225 

Rutting 

Average rut depth (cm) None SDI 4 = SDI 3 

Average rut depth (cm) < 1   cm SDI 4 = SDI 3 + 2.5 

Average rut depth (cm) 
1 - 3 cm SDI 4 = SDI 3 + 10 

> 3   cm SDI 4 = SDI 3 + 20 

The criteria conditions from the SDI assessment outcome have been classified into four types, as shown in Figure 1. 
These are Good (G), Fair (F), Light damage (LD), and Major damage (MD), to determine the type of maintenance 
necessary to keep up the condition of the pavement, which is associated with rehabilitation based on the result of the 
SDI condition classifications in Table 2. 
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Figure 1. Original SDI Criteria of Damage Type  

Table 2. SDI Modified Properties Criteria 

No. Distress Type Description Parameters 

1 Cracking Total area of cracking 

2 Potholes Potholes diameter 

3 Rutting Width and length of rutting 

1.2. The Original PCI Criteria 

According to Shahin (2005) [19], the pavement condition index (PCI) is an indicator with a value from 0-100 used 
to assess the general condition of the pavement. PCI is a rating system that measures the functioning condition of a 
pavement road; the lower the PCI value, the poorer that pavement condition road. As with the PCI method, the severity 

of pavement deterioration is driven by three significant factors: deterioration type, severity of damage, and density. The 
concept of the PCI method itself is the deduct value (DV) used in the damage data analysis process, which shows the 
impact of damage on pavement condition [21]. When calculating the PCI, it is essential to consider these DV adjustments 
to accurately represent the required general pavement condition and maintenance and the rehabilitation strategy [22, 
23]. The PCI method identifies 19 types of pavement damage, as shown in Figure 2, each of which is classified by 
severity and density. Which is used to determine the deduct value. DV is a factor used to identify the degree/size of the 

effect that combines each distress type, severity level, and distress density found in the pavement condition. 

PCI is an indicator of a number that measures the condition of a pavement surface. PCI provides a numerical rating 

of segments across a road network. All identified issues on the pavement are assessed based on their type, severity, and 
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length. Seven kinds of PCI evaluation conditions are good, satisfactory, fair, poor, very poor, severe, and failed. 
Furthermore, the PCI treatment method is defined by the PCI value, which is classified into three treatment categories: 
preventive maintenance, rehabilitation, and reconstruction. However, there are several issues with the utilization of PCI 

in Indonesia. It tends not to be directly proportional to the capabilities of available resources, such as the limitations of 
utilizing PCI in data collection, which are too expensive [4, 15]; the analysis process gets complicated [11]; the lack of 
validity of field employees leads to gaps through outcomes, along with it could be challenging to carry out in particular 
areas [24]. In addition, many situations related to pavement condition evaluation in Indonesia require further study [25]. 

 

Figure 2. The Principle of the Original PCI Method [19] 

2. Research Methodology 

The research is divided into three phases, as shown in Figure 3; the initial phase is to analyze secondary data, which 
will be applied to the model. The second phase generates a DV curve using secondary data processing. Furthermore, in 
the last phase, simulation and verification of the established modified SDI model are carried out. The study was 
conducted using secondary data from a database of regional roads from the Regional Infrastructure Facilitation Centre 
in The Road Sector, Secretariat General of the Indonesian Ministry of Public Works and Housing. Secondary data 

includes road information by state, prior SDI analysis data, images of road damage, and field measurement data. 

 

Figure 3. Research Methodology 
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The secondary data is analyzed in a couple of forms that apply raw data as parameters to develop a model based on 
three types of damages and the original SDI method a panel expert generated. The two approaches are then used to 
construct a DV curve and develop a modified SDI model. The modified SDI model being established depends on three 

types of damage by assessing the three properties included in the PCI model criteria: Size of the damage, density of the 
deterioration (%), and deduct value (DV). 

The locations were selected based on the characteristics and completeness of the data obtained during the survey. 
Specifically, the damage conditions varied in the field, and we could describe the damage conditions in Indonesia's 
central and eastern regions. Other characteristics included geographical factors, unstable soil structure, high rainfall, 
local variations, and pavement characteristics [26]. Factually, the average problem in Indonesia is that there is still a low 

quality of pavement construction implementation and a sharp gap between the available budget and the length of roads 
to be maintained. The locations include East Kalimantan Province, Pasangkayu District (West Sulawesi Province), and 
South Sorong District (West Papua), as shown in Figure 4. 

 

Figure 4. Location of case study 

2.1. SDI Modified Criteria from Panel Expert 

The first stage is to obtain the formula for creating the DV function with the SDI values from the regional road expert 
or panel expert. The association organization of the expert panel throughout has been assumed to be accurate (with 
minimum errors). The panel expert assessment includes verifying the relevancy of field data and analyzing SDI 
estimation, as well as running validation on the reliability of the information on road management recommendations in 
Indonesia regarding a regular and organized system, from regional to the highest level of government. Assessments are 

close to each other [27, 28]. 

Previous studies on airport pavement case studies in South Korea employed expert recommendations to generate 
DV and PCI model modification factor values. The findings show that applying the outcomes of the PCI standard 
assessment method established in America can sometimes lack significant findings while analyzing the condition of 
airport pavement in Korea [23]. This indicates that the shape of the DV curve function needs to be modified based on 
geographical conditions, the type of damage, and the level of damage that appears in the field, particularly in Indonesia. 

Furthermore, the second stage for creating the modified SDI rating is the original SDI index 0-325 provided in IIRMS 
(2011), modified into a condition assessment index that ranges from 0-100 while seven condition classifications and 
types of rehabilitation as stated in Shahin et al. (2005) [19] and ASTM D-6433 [29]. Figure 5 represents the modified 
SDI index by applying an assessment from the adjusted PCI. To obtain a new rating for SDI modified as shown in Figure 
5. (c) a model was developed from field survey data in the study area.  
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Figure 5. The Pavement Condition Rating: Original SDI (a), Original PCI (b), and SDI Modified (c) 
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DV creation is calculated from the total SDI value and the maximum contribution of SDI damage, 325 of the 

cumulative results of provided cracking, potholes, and rutting damage. Subsequently, the maximum value of 325 is 

converted into the PCI scale, which is 100, as shown in Equation 1. 

SDIconverted =
SDI value of panel expert × 100

325
  (1) 

where SDI value of panel expert is the result of the latest SDI analysis of the regional road database, 100 is maximum 

scale of PCI original, and 325 is maximum scale of SDI original. 

The new SDI condition rating assessment has been adjusted and modified into a condition assessment index ranging 

from 0 to 100, including seven condition categories and maintenance methods, as stated by Shahin et al. (2005) [19] and 

ASTM D-6433 [29]. From the obtained rating, effective road segment prioritization can be done for maintenance 

scheduling [27]. 

2.2. Characteristics of SDI Modified Criteria 

This study's empirical model requirements must be modified to accommodate local conditions [22]. Several property 

criteria were created to simplify data collection and estimation. The parameters employed in the modified SDI criteria 

are shown in Table 2. Several evaluations from the original SDI and PCI were applied to determine the damage density 

(%) to make measuring the damage in the field less complicated. First, for the type of crack damage, the original SDI 

parameters properties remain used to determine the total area of crack damage, which is identical to the PCI damage 

density assessment. Second, the pothole damage refers to the original PCI damage parameters, the potholes' diameter. 

To enhance the accuracy of the evaluation at the first stage of analyzing potholes, the determination factor does not 

necessarily count the number of holes in each kilometer, as in the original SDI. 

Third, the type of rutting damage applies the damage density parameters from the original PCI depending on the 

width and length of the rutting damage. Following that, Eq. (1) shows the method for determining damage density using 

the original PCI criteria calculation for each type of damage, such as cracking, potholes, and rutting. Using Eq. (1), the 

SDI-modified assessment criteria can provide more detailed results than the calculation and assessment of the original 

SDI. 

Density (%) =
Total Area of Damage (m2)

Area of The Test Segment (m2)
  (2) 

2.3. DV Curve by SDI Modified Criteria 

Shahin (2005) [19] explains DV as a form of contributing to the aspect that determines the degree/size of an 

effect, which involves each type of damage, the level of severity, and the density of damage identified in the 

pavement condition. DV has been established by pavement behavior, a suggestion from several qualified pavement 

experts, field measurements, and an assessment of the methods and definition of the type and degree of damage. In 

previous studies, DV curve development has been carried out to adapt to the area's conditions, as Cho et al. (2022) 

[23] conducted on the evaluation of airport pavement assessment in Korea. According to him, the development of 

the DV curve is considered more appropriate than the DV curve based on ASTM D534. However, it can be time -

consuming to inspect large quantities, so it is worthwhile to develop a new DV curve simplification according to the 

conditions in Indonesia. 

In principle, it is a DV or DV curve where a cumulative reduction value rating decreases the PCI value depending 

on the damage type, quantity, and severity, as shown in Figure 6-a. This indicates that the DV total has been modified 

depending on the number and value of the deducted, and the corrected value is removed from 100 for calculating the 

PCI value [21, 22, 28, 29]. The original PCI curve model was based on severity levels, such as low (l), medium (m), and 

high (h). This method is complicated and requires time and expertise. To simplify it, we developed new curves of 

combined severity level for each damage from the results of each field-dominated damage. An illustration of the new 

curve is shown in Figure 6-b. 

Another researcher who developed the SDI model by modifying the DV curve is Setiadji (2019) [13]. In his 

research, crack types were classified into seven types according to the PCI method with three severity levels (low, 

medium, and high) [12]. However, similar to the PCI method, there is still a significant deviation between the 

assessment results and the actual condition. To reduce this, the DV curve needs to be adjusted so that the DV curve 

model formed can be consistent and can be applied on various regional roads. As mentioned earlier, the assessment 

procedure in the PCI method tends to be complicated in determining each type of damage in the field. So, in this 
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study, the assessment process is simplified but still in accordance with the initial concept regarding the types and 

characteristics of the damage. 

  

(a) (b) 

Figure 6. Typical DV Curve From (a) Original PCI [28], (b) New DV curve model for SDI Modified 

3. Result and Discussion 

3.1. SDI Modified for Crack Assessment Model 

The modified SDI model was created by utilizing the DV curve of the PCI model, which was determined by field 

data results. Figure 6-b illustrates the created curve applied for calculating the DV value for cracking while not 
considering the severity level provided by the PCI method [28]. The field data results are described on a scatter diagram 
with a logarithmic scale on the axis, and a polynomial curve is positioned on their points to create a new curve [30]. The 
generated best equation developed in the cracking model is the following polynomial, as shown in Equation 2. 

𝑦 = −0.0774𝑥2  + 3.9649𝑥 +  22.171 (2) 

where 𝑦 is New deduct value, 𝑥 is the logarithm of distress density; all cracking, and R2 is the coefficient of correlation; 

all severity. 

 

Figure 7. New DV curve model for cracking 

In the form of the new assessment model, the cracking damage type is generated by conducting a regression analysis 

of the DV value and the density of the cracking damage type, which results in Equation 3, where the density used is 

based on the total area of cracking damage by representing all types of cracking combined (alligator, block, edge, joint 

reflection, longitudinal/transverse and slippage cracking). This study's determination of crack classification uses a 

combined crack classification with the crack area parameter, in contrast to the model previously developed by Setiadji 
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(2019) [13], which classifies crack models based on six types of damage. So, the field application for damage 

identification is much simpler. Consequently, it is not suggested that all three condition indexes be combined; instead, 

a particular performance relationship for each damage index in density should be created. If the index combines all three 

conditions, it is suggested that the average results be eliminated and a single standard deviation be eliminated [30, 31]. 

The DV value utilized in developing the crack curve model is the DV value that has been reduced by 100 from the expert 

panel assessment, which is a modified PCI curve. 

Based on the crack model development results, as shown in Figure 7. The modified DV value has a significant 

sensitivity value, as seen in the generated coefficient of determination (R2) of 0,9377. The new SDI resulted from 

developing SDI criteria by modifying the PCI model's DV curve to obtain an assessment result that closely represents 

the field conditions. The SDI value resulting from adjusting the DV curve of the PCI model generates a new assessment 

index, as illustrated in Figure 5. The new SDI assessment for the cracking model resulted from developing SDI criteria 

by modifying the PCI model's DV curve to obtain an assessment result that closely represents the field conditions. The 

DV curve used in the modification is adapted to the type of damage to be assessed. The SDI value resulting from 

modifying the DV curve of the PCI model generates a new assessment index, as shown in Figure 8. 
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Figure 8. The new rating based on SDI modified criteria 

The modified DV model is applied by adding the density (%) value from the crack measurement results in the field 

to verify that the model can be utilized. Furthermore, the process of determining the rating on the crack damage 

assessment is carried out to generate a new SDI value Equation 3. Furthermore, Equation 3 is also applied to determine 

the modified SDI value for other damage types, such as potholes and rutting. 

SDI Modified  =  𝐶 – (DVi SDI) (3) 

where SDI is Surface distress index modified, 𝐶 is Model Constant for the maximum rating (100; Adoption PCI), 𝐷𝑉 is 

Average total area of the type of damage; density of the kind of damage in a road section, 𝑖 is Type; cracking, potholes, 

rutting. 

3.2. SDI Modified for Potholes Assessment Model 

In the SDI assessment model for potholes, the DV in density estimations, the sensitivity value is presently determined 

by severity levels, including low (l), medium (m), and high (h), and neglects the number of holes/km as in the prior 

original SDI [13]. Thus, the width of the pothole damage is intended to represent the level of significance and sensitivity 

of the curve. The best result for the pothole model equation is shown (Equation 4): 

𝑦 = 0.2023𝑥2 − 0.3734𝑥 + 35.766 (4) 

where 𝑦  is New deduct value, 𝑥 is the logarithm of distress density; potholes, and R2 is the coefficient of correlation; all 

severity. 

The following are the results of creating a new curve represented in Figure 9. Based on the results of model 

development on the modified DV curve, it can be seen that the pothole model (Equation 4) gives significant sensitivity, 

which can be shown from the R2 value obtained of 0,8848. Therefore, the model can determine the new SDI assessment 

index. Furthermore, as with the crack damage, the value obtained from Equation 4 is then applied to generate a modified 

SDI value using Equation 3 by using the DV curve for the potholes damage type and developing a new assessment 

criteria index as shown in Figure 8. 
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Figure 9. New DV curve model for potholes 

3.3. SDI Modified for Rutting Assessment Model 

According to a pair with the previous theories and methods, the findings of the SDI assessment equation are 

generated to represent the mean with a second-order polynomial structure. It is carried out by making it easier to add the 

density value into a formula in Equation 3. The generated equation created in the rutting model is provided in the form 

of the following polynomial, as shown in Equation 5. 

𝑦 =  −0.0171𝑥2 +  0.8052𝑥 +  27.33 (5) 

where 𝑦  is New deduct value, 𝑥 is the logarithm of distress density; rutting, and R2 is the coefficient of correlation; all 

severity. 

The rutting assessment curve model is shown in Figure 10 indicates that the model generated has a coefficient of 

determination (R2) of 0.8658, lower than the cracking model of 0.9377 and potholes of 0.8848. That is because the 

quality and the characteristics of the pavement on regional roads made this sort of damage rare in the field. Thus, the 

rutting data, such as cracking and potholes, lacks significant variation. Furthermore, as with both previous damage 

categories, the value obtained from Equation 5 is then utilized to generate a modified SDI value through Equation 3 

using the DV curve for the rutting damage type. 

 

Figure 10. New DV curve model for rutting 

3.4. Rating Condition for SDI Modified 

The PCI method rating determines the modification of the damage condition value. Pavement conditions are assessed 

based on damage information obtained through field surveys and processed to generate an assessment using the PCI 

method [32]. The calculation of the SDI-modified value in this study led to simplifications in the PCI method assessment 

rating, which can be used in the field to determine pavement conditions. The SDI condition rating assessment has been 

adjusted and modified into a condition assessment index that ranges from 0-100, including seven condition categories 

and methods of maintenance, as stated by Shahin et al. (2005) [19] and ASTM D-6433 [29]. The SDI value for the three 

types of damage resulting from modifying the PCI model's DV curve generated a new assessment index, as shown in 

Figure 8. The proposed new rating from the modified SDI was then utilized to evaluate pavement conditions. 
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In this resulting calculation scheme, the pavement condition rating or SDI Modified rating based on cracking, 

potholes, and rutting was generated based on field data. In other words, the three indices, the average SDI Modified 

rating, were found to be in the range of 79-90 (satisfactory to good pavement condition), 69-79 (fair to satisfactory 

pavement condition), 58-69 (poor to fair pavement condition) and 0-48 (very poor to failed pavement condition). 

3.5. Model and Verification Analysis 

A simple method is applied to verify the developed model to evaluate the prediction result and model accuracy. 

Generally employed accuracy of model indicators are Mean Absolute Percentage Error (MAPE) and root Mean Squared 

Error (RMSE), which were used as statistical indicators [28]. This indicator could be employed to objectively evaluate 

model performance by measuring differences between predicted and actual results, which provides a greater 

comprehension of model error circumstances and possibilities for improvement [16, 33, 34]. 

RMSE = √MSE = √
∑ (xt−ft)2n

t=1

n
  (6) 

where n is value of the period, 𝑥𝑡 is actual value in the period of 𝑡, and 𝑓𝑡 is prediction value in the period of t. 

MAPE =
∑ |

xt−ft
xt

|n
t=1

n
× 100%  (7) 

where n is value of the period, 𝑥𝑡 is actual value in the period of 𝑡 and 𝑓𝑡 is prediction value in the period of t. 

The RMSE test evaluates model performance regarding suitability or prediction data [18]. RMSE estimates the 

gap between the value predicted by the model and the actual value. Compared to MAPE, RMSE lacks a minimum  

standard value to assess model performance [35]. For simplicity, RMSE is a method for estimating bias in prediction 

models, as shown in Equation 6. The lower the MAPE value, the better the prediction model’s capacity. At the same 

time, a range of values for MAPE could be applied as measuring data for the prediction model’s capacity [36], as 

shown in Table 3. 

Table 3. MAPE Assessment Category 

MAPE Range (%) Category 

< 10 The prediction model is perfect 

10 - 20 The prediction model is fair. 

20 - 50 The prediction model is moderate. 

> 50 The prediction model is poor. 

The SDI assessment results from the expert panel were compared with the SDI value from the SDI-modified model 

to calculate the RMSE and MAPE. As verified by relevant agencies, the regional road database's SDI value for crack 

damage types was derived from the assessment in the previous section. As described in the last paragraph, the relevant 

agencies assessed and verified the SDI value for each damage type in the regional road database. The model verification 

results using the RMSE method show that the resulting value is close to zero, as shown in Table 4. 

Table 4. Model Assessment Verification 

No. Type of damage RMSE 
MAPE 

Value Category 

1 Potholes (width) 0.002 1.13 Very good 

2 Cracking (length) 0.003 1.25 Very good 

3 Rutting (depth) 0.002 0.81 Very good 

RMSE values close to zero indicate a prediction model with high accuracy [37]. In addition, based on the resulting 

MAPE value, as shown in Table 4, the three models produce values <10%, which means that there is a good fit 

between this model and the actual values in the cracks, potholes, and rutting models. This is supported by the results 

of the model validation using the MAPE method, which produces the highest value compared with potholes and 

rutting [38]. Thus, the proposed model provides accurate results, is more practical, and saves time compared to 

previous SDI and PCI methods. Based on the model verification results, it is possible to implement this model in 

locations outside the study area, provided that the conditions are similar to road conditions in Indonesia regarding 

pavement type, weather, air temperature, and other supporting parameters. Figure 11 illustrates the steps involved in 

applying the modified SDI. 
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Figure 11. The proposed of SDI Modified 

4. Conclusions 

The study results indicate that the modified SDI can determine each type of damage individually instead of depending 

on cumulative previous estimates, as in the original SDI method. In addition, the development of each kind of damage 

(cracking, potholes, and rutting) generates several evaluation indicators, including customized DV curve models and 

specific damage equations, condition index, condition rating, and maintenance types. 

In general, the modified SDI model improves the reliability and precision of pavement evaluation approaches. 

However, previous approaches, particularly the original SDI and PCI implementations, lacked precision and were 

challenging to execute in the field. The regional road sections observed had a higher SDI-modified value index range 

than the original PCI rating. Therefore, regional road sections in Indonesia with a higher condition index would not 

require maintenance, and lower index sections would need to be prioritized for maintenance.  
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The model developed for each type of damage generates a different assessment rating based on the type of damage 

present on the flexible pavement. However, in this study, only three types of damage were used to develop the model. 

Prospects for further research suggest all three sorts of damage in an area of pavement could be combined in a DV 

curve model by developing a new DV correction factor associated with a new DV curve. Future research is to be 

able to separate and combine the three types of damage in a DV model by developing a modified DV curve correct ion 

factor. 

5. Declarations  

5.1. Author Contributions 

Conceptualization, F.G., B.S.S., R.B.F., and S.S.W.; methodology, F.G., B.S.S., R.B.F., and S.S.W.; validation, F.G. 

and R.B.F.; formal analysis, F.G.; investigation, F.G.; resources, F.G.; data curation, F.G. and B.S.S.; writing—original 

draft preparation, F.G.; writing—review and editing, F.G., B.S.S., R.B.F., and S.S.W.; visualization, F.G.; supervision, 

B.S.S., R.B.F., and S.S.W.; project administration, F.G.; funding acquisition, F.G. All authors have read and agreed to 

the published version of the manuscript. 

5.2. Data Availability Statement 

The data presented in this study are available in the article. 

5.3. Funding and Acknowledgements 

The author wishes to thank the Center for Regional Infrastructure Facilitation, Regional Infrastructure Facilitation 

Planning Division, and Secretariat General of the Ministry of Public Works and Housing. Regional Public Work Office 

of East Kalimantan Province, Regional Public Work Office of Pasangkayu Regency, and Regional Public Work Office 

of South Sorong Regency for his valuable support during the field measurement and verification process data part of the 

study, and thanks to the advisor and reviewer for their willingness to review this manuscript. 

5.4. Conflicts of Interest 

The authors declare no conflict of interest.  

6. References  

[1] Sholevar, N., Golroo, A., & Esfahani, S. R. (2022). Machine learning techniques for pavement condition evaluation. Automation 

in Construction, 136(February), 104190. doi:10.1016/j.autcon.2022.104190. 

[2] Peraka, N. S. P., & Biligiri, K. P. (2020). Pavement asset management systems and technologies: A review. Automation in 

Construction, 119(March), 103336. doi:10.1016/j.autcon.2020.103336. 

[3] Zukhruf, F., Balijepalli, C., Bona Frazila, R., Suryo Nugroho, T., & Tsavalista Burhani, J. (2023). A new model of pavement 

maintenance, rehabilitation and reconstruction considering multimodal network development. Engineering Optimization, 55(7), 

1118–1132. doi:10.1080/0305215X.2022.2061477. 

[4] Issa, A., Samaneh, H., & Ghanim, M. (2022). Predicting pavement condition index using artificial neural networks approach. Ain 

Shams Engineering Journal, 13(1), 101490. doi:10.1016/j.asej.2021.04.033. 

[5] Shtayat, A., Moridpour, S., Best, B., Shroff, A., & Raol, D. (2020). A review of monitoring systems of pavement condition in 

paved and unpaved roads. Journal of Traffic and Transportation Engineering, 7(5), 629–638. doi:10.1016/j.jtte.2020.03.004. 

[6] Attoh-Okine, N., & Adarkwa, O. (2013). Pavement condition surveys–overview of current practices. Delaware Center for 

Transportation, University of Delaware, Newark, United States. 

[7] Nautiyal, A., & Sharma, S. (2022). Methods and factors of prioritizing roads for maintenance: a review for sustainable flexible 

pavement maintenance program. Innovative Infrastructure Solutions, 7(3), 190. doi:10.1007/s41062-022-00771-6. 

[8] Hadiwardoyo, S. P., Correia, A. G., & Pereira, P. (2015). Road deterioration analysis for the national roads of Indonesia. 

Proceedings of the 14th International Conference on QIR (Quality in Research), 20-13 August, 2015, Lombok, Indonesia. 

[9] Hamdi, Hadiwardoyo, S. P., Correia, A. G., Pereira, P., & Cortez, P. (2017). Prediction of surface distress using neural networks. 

AIP Conference Proceedings, 1855. doi:10.1063/1.4985502. 

[10] Rosada, A., Arliansyah, J., & Buchari, E. (2019). Evaluation Pavement Deteriorating Condition on Surface Distress Index (SDI) 

Data Using Radial Basis Function Neural Networks (RBFNN). Journal of Physics: Conference Series, 1198(3), 1–8. 

doi:10.1088/1742-6596/1198/3/032008. 

[11] Setiadji, B. H., Purwanto, D., & Wicaksono, Y. I. (2020). Improvement of Potholes and Rutting Assessment in Surface Distress 

Index. In 2nd International Symposium on Transportation Studies in Developing Countries (ISTSDC 2019), Atlantis Press, 162-

166. doi:10.2991/aer.k.200220.034. 



Civil Engineering Journal         Vol. 11, No. 01, January, 2025 

242 

 

[12] SMD-03/RCS. (2011). Road Condition Survey Guideline. Implementation of Indonesian integrated road management system 

(IIRMS), Jakarta, Indonesia. (In Indonesian). 

[13] Setiadji, B. H. (2019). Proposed SDI equations to improve the effectiveness in evaluating crack damage on the road pavement. 

IOP Conference Series: Materials Science and Engineering, 650(1), 012007. doi:10.1088/1757-899X/650/1/012007. 

[14] Setiadji, B., Supriyono, & Purwanto, D. (2019). Surface Distress Index Updates to Improve Crack Damage Evaluation. Advances 

in Engineering Research, 186(APTE), 48–55,. doi:10.2991/apte-18.2019.10. 

[15] Pinatt, J. M., Chicati, M. L., Ildefonso, J. S., & Filetti, C. R. G. D. arc. (2020). Evaluation of pavement condition index by 

different methods: Case study of Maringá, Brazil. Transportation Research Interdisciplinary Perspectives, 4, 100100. 

doi:10.1016/j.trip.2020.100100. 

[16] Zhao, K., Ma, X., Zhang, H., & Dong, Z. (2022). Performance zoning method of asphalt pavement in cold regions based on 

climate Indexes: A case study of Inner Mongolia, China. Construction and Building Materials, 361, 129650. 

doi:10.1016/j.conbuildmat.2022.129650. 

[17] Ali, A. A., Milad, A., Hussein, A., Md Yusoff, N. I., & Heneash, U. (2023). Predicting pavement condition index based on the 

utilization of machine learning techniques: A case study. Journal of Road Engineering, 3(3), 266–278. 

doi:10.1016/j.jreng.2023.04.002. 

[18] Majidifard, H., Adu-Gyamfi, Y., & Buttlar, W. G. (2020). Deep machine learning approach to develop a new asphalt pavement 

condition index. Construction and Building Materials, 247, 118513. doi:10.1016/j.conbuildmat.2020.118513. 

[19] Shahin, M. Y. (2005). Pavement management for airports, roads, and parking lots: Second edition. Pavement Management for 

Airports, Roads, and Parking Lots (2nd Ed.), Springer., Cham, Switzerland. 

[20] Nur, W., Subagio, B. S., & Hariyadi, E. S. (2019). Relationship between the Pavement Condition Index (PCI), Present 

Serviceability Index (PSI), and Surface Distress Index on Soekarno Hatta Road, Bandung. Jurnal Teknik Sipil, 26(2), 111–120. 

doi:10.5614/jts.2019.26.2.3. 

[21] Wang, Z. (2000). Formulation and assessment of a customizable procedure for pavement distress index. Ph.D. Thesis, The 

University of Tennessee, Knoxville, United States. 

[22] Wu, K. (2015). Development of PCI-based pavement performance model for management of road infrastructure system. Master 

Thesis, Arizona State University, Tempe, United States. 

[23] Cho, N. H., Kwon, H. J., Suh, Y. C., & Kim, J. (2022). Development of Korea Airport Pavement Condition Index for Panel 

Rating. Applied Sciences (Switzerland), 12(16), 8320. doi:10.3390/app12168320. 

[24] Guha, S. K., Hossain, K., & Lawlor, M. (2022). An Economic Pavement Management Framework for Extremely Budget-and 

Resource-Constrained Agencies in Canada. Transportation Research Record, 2676(8), 554–570. doi:10.1177/03611981221084687. 

[25] Subagio, B. S., Prayoga, A. B., & Fadilah, S. R. (2022). Implementation of Mechanistic-Empirical Pavement Design Guide 

against Indonesian Conditions using Arizona Calibration. The Open Civil Engineering Journal, 16(1), 1-11. 

doi:10.2174/18741495-v16-e221026-2022-45. 

[26] Qureshi, W. S., Power, D., Ullah, I., Mulry, B., Feighan, K., McKeever, S., & O’Sullivan, D. (2023). Deep learning framework 

for intelligent pavement condition rating: A direct classification approach for regional and local roads. Automation in 

Construction, 153, 104945. doi:10.1016/j.autcon.2023.104945. 

[27] Jeong, H., Kim, H., Kim, K., & Kim, H. (2017). Prediction of flexible pavement deterioration in relation to climate change using 

fuzzy logic. Journal of infrastructure systems, 23(4), 04017008. doi:10.1061/(ASCE)IS.1943-555X.0000363. 

[28] Miah, M. T., Oh, E., Chai, G., & Bell, P. (2020). An overview of the airport pavement management systems (APMS). 

International Journal of Pavement Research and Technology, 13, 581-590. doi:10.1007/s42947-020-6011-8. 

[29] ASTM D6433-18. (2020). Standard Practice for Roads and Parking Lots Pavement Condition Index Surveys. ASTM 

International, Pennsylvania, United States. doi:10.1520/D6433-18. 

[30] Ali, A., Dhasmana, H., Hossain, K., & Hussein, A. (2021). Modeling pavement performance indices in harsh climate regions. 

Journal of Transportation Engineering, Part B: Pavements, 147(4), 04021049. doi:10.1061/JPEODX.0000305. 

[31] Setiaputri, H. A., Isradi, M., Rifai, A. I., Mufhidin, A., & Prasetijo, J. (2021). Analysis Of Urban Road Damage With Pavement 

Condition Index (PCI) And Surface Distress Index (SDI) Methods. World Journal of Innovation and Technology, 2(2), 82-91.. 

[32] Abu Dabous, S., Zeiada, W., Al-Ruzouq, R., Hamad, K., & Al-Khayyat, G. (2021). Distress-based evidential reasoning method 

for pavement infrastructure condition assessment and rating. International Journal of Pavement Engineering, 22(4), 455–466. 

doi:10.1080/10298436.2019.1622012. 

https://doi.org/10.1016/j.conbuildmat.2022.129650


Civil Engineering Journal         Vol. 11, No. 01, January, 2025 

243 

 

[33] Twomey, J. M., & Smith, A. E. (1995). Performance measures, consistency, and power for artificial neural network models. 

Mathematical and Computer Modelling, 21(1–2), 243–258. doi:10.1016/0895-7177(94)00207-5. 

[34] Gharieb, M., Nishikawa, T., Nakamura, S., & Thepvongsa, K. (2022). Modeling of Pavement Roughness Utilizing Artificial 

Neural Network Approach for Laos National Road Network. Journal of Civil Engineering and Management, 28(4), 261–277. 

doi:10.3846/jcem.2022.15851. 

[35] Cano-Ortiz, S., Pascual-Muñoz, P., & Castro-Fresno, D. (2022). Machine learning algorithms for monitoring pavement 

performance. Automation in Construction, 139. doi:10.1016/j.autcon.2022.104309. 

[36] Tofallis, C. (2013). Measuring Relative Accuracy: A Better Alternative to Mean Absolute Percentage Error. SSRN Electronic 

Journal, 1-24. doi:10.2139/ssrn.2350688. 

[37] Montgomery, D. C., Runger, G. C., & Hubele, N. F. (2015). Engineering Statistics (5th Ed.). John Wiley & Sons, Hoboken, 

United States. 

[38] Loprencipe, G., & Pantuso, A. (2017). A specified procedure for distress identification and assessment for urban road surfaces 

based on PCI. Coatings, 7(5), 65. doi:10.3390/coatings7050065. 


