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Abstract

Previous studies on the correlation between road geometry and pavement condition index have focused on flexible pavement 

types, which assume constant traffic volume in their modeling approaches. This creates limitations in understanding the 

behavior of different pavement types under varying traffic conditions and geometries. To address this gap, this study analyzes 

the relationship between road geometry and the Pavement Condition Index (PCI) across different surface types—specifically, 

flexible and rigid pavements—while including traffic volume as an independent variable. In Indonesia, road infrastructure is largely 

dominated by flexible pavements, with a total of 329,189 kilometers in 2024, compared to 218,908 kilometers of other pavement 

types, including rigid pavements. Reflecting this distribution, the study was conducted on six urban road sections, consisting of 

four flexible pavement roads and two rigid pavement roads. A non-linear regression approach was applied to develop separate 

models for each pavement type. The flexible pavement model achieved a coefficient of determination (R2) of 0.570, while the rigid 

pavement model produced an R2 of 0.561. Among the geometry parameters evaluated, road gradient was found to be the most 

significant factor affecting PCI in both pavement types. Rigid pavement is recommended for roads with varying alignments to 

minimize geometry effects on pavement conditions, extending maintenance intervals and improving safety.
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1 Introduction
Road infrastructure plays an important role by provid-
ing mobility for the efficient movements of people and 
goods, as well as providing accessibility to a wide vari-
ety of commercial and social activities (Astuti et al., 2021; 
Ji and Huang,  2023; Nawir et  al.,  2023; Ng et  al.,  2019; 
Oktarina,  2016). Roads  need to be designed in accor-
dance with applicable technical regulations so that the 
safety of road users is guaranteed. Roads must be designed 
according to both geometry and pavement requirements 
(Wibowo  et  al.,  2022). Both road geometry and pavement 
condition have a significant impact on road safety, as poor 
geometry design and deteriorating pavement can increase 
the risk of accidents and reduce overall driving comfort 
(Al'Adilah et al., 2021; Barman and Bandyopadhyaya, 2020; 
Bobermin et al., 2021; Chen et al., 2016; Hussein et al., 2021; 
Mkwata and Chong, 2022).

Road geometry refers to the shape of the road, encompass-
ing its cross-section, longitudinal section, and other physi-
cal aspects related to the road's form (Lawalata et al., 2022; 

Sinaga et al., 2019). Meanwhile, pavement design includes 
the thickness of the pavement (Isnaini et al., 2019). There are 
two main types of road pavement commonly used world-
wide: flexible pavement and rigid pavement (Wardani and 
Agustanti, 2021). Among these two types, flexible pavement 
is more widely used in Indonesia. According to data from the 
Central Statistics Agency, in 2024, the total length of roads 
with flexible pavement reached 329,189 kilometers, while 
roads with other types of pavement measured 218,908 kilo-
meters (Badan Pusat Statistik, 2024).

All these roads have been constructed across 
Indonesia's diverse topography, as the country is char-
acterized by varying topography, including mountain-
ous areas, plains, and coastal regions (Sunarsih and 
Bernadi,  2022; Widhaningtyas  et  al.,  2020). Indonesia's 
varied topography necessitates roads that conform to 
existing land contours, resulting in roads with diverse 
shapes that follow the natural landscape. This approach 
helps reduce road construction costs compared to the 
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more expensive methods of cutting and filling to achieve 
a flat alignment.

The shape of the road has an influence on driver 
behavior (Bobermin  et  al.,  2021; Mussone,  2023; Ukam 
and Aniekan Emiri,  2019). For example, the driver will 
reduce speed on uphill or downhill roads. This behavior 
has an influence on the pavement because reducing vehi-
cle speed will increase the bearing load on the road sur-
face, which will make the area susceptible to damage 
(Anggreana,  2021). Apart from geometry shape, other 
factors that can influence road pavement conditions are 
vehicle load, inadequate road maintenance, temperature 
fluctuations, material quality, and insufficient drainage 
(Astor et al., 2023a; Astor et al., 2023b; Bhandari et al., 2023; 
Hatmoko  et  al.,  2019; Manurung  et  al.,  2022; 
Marsyanda  et  al.,  2022; Prawesthi  et  al.,  2022; 
Rizky et al., 2023; Sihombing et al., 2021; Zahra et al., 2025).

However, there is still little discussion of the influence of 
geometry shapes on road pavement conditions. The results 
of previous research suggest that the PCI value is directly 
proportional to the road width, bend radius, and inversely 
proportional to the transverse slope and longitudinal slope 
(Solatiyan, 2012). This can be influenced by a decrease in the 
resilience modulus value of the subgrade on roads that have 
slopes and high shear strain values on narrow road shoul-
ders (Forghani et al., 2020). However, this research only ana-
lyzed flexible pavement, so the relationship between PCI 
and geometry aspects of rigid pavement is not yet known. 
Understanding how road geometry influences PCI on rigid 
pavements is equally essential, especially considering that 
rigid pavements have different structural behavior and 
load transfer mechanisms compared to flexible pavements.  
Rigid pavements distribute loads over a wider area and typ-
ically have higher stiffness, which could result in different 
performance patterns when influenced by geometry factors.

This research analyzes and compares the relationship 
between road geometry and PCI on flexible and rigid pave-
ment on urban roads with similar conditions (traffic, geom-
etry, and classification). The results of this research can 
later become input for planners and policymakers in devel-
oping and maintaining safe roads so that resource alloca-
tion can be effective and efficient.

2 Materials
The primary data required for this study includes road geom-
etry, road condition, and traffic volume from six locations, 
consisting of four roads with flexible pavement and two 
roads with rigid pavement. The selected study location is a 

road that has an average vertical alignment of 6% and has 
variations in horizontal alignment. The traffic volume at the 
study location has a relatively similar amount. The geometry 
data required in this study are road gradient, bend radius, and 
road width. Furthermore, the road conditions are based on 
the pavement conditions index (PCI). The traffic volume is 
the traffic volume during rush/peak hour. Table 1 presents the 
data collected at each study location.

3 Methodology
The steps required to achieve the objectives of this research 
are literature review, preparation, data collection and pro-
cessing, research analysis, and product development (Fig. 1). 
Data collection was conducted at close intervals to minimize 
significant differences in pavement conditions. All data were 
collected by direct survey in the field. The process of collect-
ing geometry data at the study location was performed using 
a water pass with the double stand method. Other measure-
ments used a measuring tape and an odometer. The geome-
try data obtained were analyzed as independent variables (x) 
in the correlation analysis. The road gradient is x1, the bend 
radius is x2, and the road width is x3.

Pavement condition index data collection was carried out 
twice at each study location with a time span of 6 months. 
This was done to see the differences in the pavement condi-
tion index. The pavement condition survey was initiated by 
segmenting the road section into several sample units, each 
with a length of 50 meters. In accordance with the specifi-
cations outlined in Pd-01-2016-B, the area of each sample 
unit is required to be approximately 225 ± 90 m2. In the 
correlation analysis, the pavement condition index is the 
dependent variable (y).

To obtain the traffic volume of each location, traffic 
counting is done directly in the field and using CCTV. 
Table 2 gives details of the data collection of the traffic vol-
ume survey. Traffic volume is an independent variable (x4) 
in the correlation analysis. 

After all data from each research location are collected, 
the next step is data processing and statistical analysis. 
Details of the statistical analysis flow can be seen in Fig. 2.

Statistical analysis begins with conducting data adequacy 
and uniformity test. If the data adequacy and uniformity test 
has met the expected level, then the next step is to analyze 
the probability distribution and normality of each data. 

In this study, the confidence level used is 95% (k = 2) 
and the accuracy level is 80% (s = 0.2). Data Adequacy 
is calculated using the formula Eq. 1. The amount of 
data needed (N ') for each variable can be seen in Table 3. 



Zahra et al.
Period. Polytech. Transp. Eng. |3

Table 1 Study location – Specific data

No Study location Surface 
type

Road 
length 

(m)

Geometry data
PCI Traffic 

volumeRoad width Gradient max. Bend radius

(m) (%) (m) First survey Second survey pcu/hour

1 Rigid 
pavement 432 7 8.79

80

86.21 78.49 3,602.30

20

Lemahneundeut road 15

2 Rigid 
pavement 338 6 10.17

30

80.00 66.86 3,528.50

58

Gegerkalong Hilir Road 32

3 Flexible 
pavement 400 7 5.60

20
89.44 61.50 1,920.80

Pacuan Kuda Road 90

4 Flexible 
pavement 350 10 5.21

55

62.50 69.93 4,717.90

110

Siliwangi Road 50

5 Flexible 
pavement 350 6.5 14.43

11
86.07 80.96 3,849.40

Prof. Sutami Road 7

6 Flexible 
pavement 350 8.3 6.04 25 95.14 93.00 2,480.10

Trs. Prof Sutami Road
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The results of this analysis will determine the cor-
relation test to be conducted. Because the data used in 
this study are not normally distributed, the correlation 
test uses the Spearman correlation. Next, a non-linear 
regression test is conducted. The non-linear regression 
test is conducted by curve estimation, then the form that 
has the largest R adj. value is chosen. Then a non-linear 

regression test is conducted. If the R value obtained from 
the non-linear regression model is small, an iteration is 
performed by eliminating one of the independent vari-
ables with the smallest correlation with the dependent 
variable. If the R value remains small, then there is a pos-
sibility that there are other variables that affect the depen-
dent variable but are not in the model. This condition 
is also reflected by the constant value contained in the 
model. Next, a regression assumption test is conducted 
to ensure that all assumptions have been met. Finally, a 
coefficient significance test is conducted on the model to 
determine the validity of the existing model. In this study, 
the model was created by referring to the model that was 
put forward in previous studies, as seen in Eq. (2):

PCI W C R G

R

� � � � �

�

1 81 5 6 0 0002 0 09 86 9

0 67
2

. . . . .

.

.	 (2)

Where:
•	 W = Road width
•	 C = Cross slope
•	 R = Bend radius
•	 G = Gradient

This model is intended for roads with flexible pave-
ment. Based on the model, the relationship between 
PCI and all the calculated geometry aspects is linear.  
The model has an R2 value of 0.67. This study will add one 
more independent variable, namely traffic volume and the 
cross slope was not calculated. 

In this study, the model was changed from linear to 
non-linear following the correlation form obtained from 
the data. In this study, the model is made based on the fol-
lowing conditions: 

A: On flexible pavement: gradient in the range of 
1% – 6%, bend radius in the range of 10 – 120 m, road 

Table 2 Traffic counting survey

No. Study location Data collection

1. Jalan Lemahneundeut (Rigid pavement) Direct survey

2. Jalan Gegerkalong Hilir (Rigid pavement) Direct survey

3. Jalan Pacuan Kuda (Flexible pavement) CCTV

4. Jalan Siliwangi (Flexible pavement) CCTV

5. Jalan Prof. Sutami (Flexible pavement) Direct survey

6. Jalan Trs. Prof. Sutami (Flexible pavement) CCTV

Fig. 1 Methodology

Fig. 2 Statistical analysis flow
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width in the range of 3 – 8 m, and traffic volume in the 
range of 700 – 2,000 pcu/hour 

B: On rigid pavement: gradient in the range of 
1% – 13%, bend radius in the range of 10 – 60 m, road 
width in the range of 6 – 7 m, and traffic volume in the 
range of 1,600 – 1,900 pcu/hour 

C: Other aspects are considered constant.

4 Results and discussion
4.1 Flexible pavement
Table 4 is the dataset used to model PCI (y) with independent 
variables (x) for the PCI model of flexible pavement. Table 5 
contains the statistical properties of the dataset.

Fig. 3 is a tornado plot of the sensitivity results obtained 
from the Spearman correlation analysis for each indepen-
dent variable with the dependent variable in rigid pave-
ments. The higher the correlation coefficient, the more rel-
evant the input variable is in determining the results. Fig. 3 
shows that the variable that has the most significant correla-
tion is road width, followed by gradient, bend radius, and 
traffic volume. Correlation with a negative value means that 
for every increase in the gradient, bend radius, and traffic 
volume, the PCI value decreases. Conversely, if the road is 
wider, the PCI value increases.

The distribution of the dataset shows that the relationship 
between the independent and dependent variables is not lin-
ear, so the model is made non-linear following the shape of 
the dataset distribution. The non-linear regression model of 
PCI Flexible Pavement can be seen in Eq. (3). This model is 
obtained by iterating the shape of the model and also the vari-
ables involved. Model selection is based on the R2 and AIC 
– SIC values. Eq. (3) is the model with the highest R2 and the 
lowest AIC – SIC. Eq. (3) has a smaller R2 value than Eq. (2), 
even though this model has taken traffic volume into account 
and can also be used as an initial step for developing a better 
model in further research. 

The model is then evaluated by trying to apply it to 
another road case study. In this study, the model evalu-
ation was conducted on Bandung – Subang Road, West 
Bandung Regency. The data used were secondary data 
from journals and also Google Earth. Table 6 shows the 
input data used in calculating PCI.

Table 4 Dataset for PCI model of flexible pavement

PCI Gradient ln (Bend 
radius)

Road width
(m)

Traffic volume
(pcu/hour)

53.0 0.054 4.007 5 1,983

57.0 0.048 3.912 5 1,235

66.5 0.048 3.912 5 1,235

70.0 0.054 4.007 5 1,983

72.0 0.052 4.700 5 1,235

86.0 0.052 4.700 5 1,983

88.0 0.048 3.912 5 1,983

88.0 0.052 4.700 5 1,235

88.5 0.037 2.303 6 789

95.5 0.052 3.135 8 1,815

100.0 0.048 3.912 5 1,983

100.0 0.052 4.700 5 1,983

100.0 0.037 2.303 6 789

89.0 0.011 2.996 6 1,020

100.0 0.011 2.996 6 900

100.0 0.011 2.996 6 900

Table 5 Statistical properties for PCI model of flexible pavement

Variable N Min Max Mean Std. 
deviation

PCI 16 53.0 100.0 84.594 15.96

Gradient 16 0.011 0.054 0.04169 0.016

ln (Bend radius) 16 2.303 4.700 3.69953 0.81

Road width 16 5 8 5.50 0.81

Traffic volume 16 789 1983 1,440.81 495.71

Fig. 3 Tornado diagram of correlation coefficient between variables and 
PCI for flexible pavement

Table 3 Data adequacy

Pavement 
type Variable ∑x ∑x2 N '

Flexible 
pavement

PCI 1,353.50 118,321.75 3.34

Gradient 0.67 0.03 13.89

ln (Bend 
radius) 59.19 229.05 4.60

Road width 88.00 494.00 2.07

Traffic 
volume 23,051 36,894,301 11.10

Rigid 
pavement

PCI 889.00 67,505.00 2.50

ln (Gradient) -39.79 141.14 6.97

ln (Bend 
radius) 40.62 141.77 3.09

Road width 76.00 484.00 0.55

Traffic 
volume 21,064.79 37,130,390.14 0.41
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Where:
•	 x1 = Gradien
•	 x2 = ln (Bend radius)
•	 x3 = Width radius
•	 x4 = Traffic volume

Table 7 shows the comparison of the PCI and PCI 
model, using this research model the accuracy obtained 
was 88% and 39%, respectively. While using the previous 
research model (Solatiyan, 2012), the PCI exceeded its 
maximum limit (> 100). The small accuracy value (< 80%) 
is caused by the lack of independent variables that affect 
the IKP in the model. The model created only consid-
ers geometry and traffic factors. The PCI model value 
is greater than the measured PCI value. This condition 
shows that the PCI value is not only influenced by geom-
etry and traffic factors. This model needs to be improved 
by adding other independent variables and also other road 
case studies so that the model is more stable.

4.2 Rigid pavement
Table 8 is the dataset used to model PCI (y) with indepen-
dent variables (x) for the PCI model of rigid pavement. 
Table 9 shows the statistical properties of the dataset.

Fig. 4 is a tornado plot of the sensitivity results obtained 
from the Spearman correlation analysis for each indepen-
dent variable with the dependent variable in rigid pavements. 
The higher the correlation coefficient, the more relevant the 
input variable is in determining the results. Fig. 4 shows 
that the variable that has the most significant correlation is 

gradient, followed by traffic volume, road width and bend 
radius. Correlation with a negative value means that for 
every increase in the gradient, and traffic volume, the PCI 
value decreases. Conversely, if the road is wider and the bend 
radius is higher, the PCI value increases.

The distribution of the dataset shows that the relation-
ship between the independent and dependent variables is 
not linear, so the model is made non-linear following the 
shape of the dataset distribution. The non-linear regression 
model of PCI in rigid pavements can be seen in Eq. (4). 
This model is obtained by iterating the shape of the model 
and also the variables involved. In this case, road width is 
not involved in the model because of the result of the R2 and 
AIC – SIC values. Eq. (4) is the model with the highest R2 
and the lowest AIC – SIC.

y x x x

E x

R
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�
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Where:
•	 x1 = ln (Gradient)
•	 x2 = ln (Bend radius)
•	 x4 = Traffic volume

The PCI model of rigid pavements in Eq. (4) shows a 
lower R2 compared to flexible pavements. This indicates 
that the independent variables taken into model can only 
explain about 56% of the dependent variable. In addition, 
the constant value of 388.246 shows the shortcomings of this 
model and the existence of independent variables that have 
an influence on the PCI value but have not been included 
in this model. These variables can be the value of the resil-
ient modulus of the subgrade, the strength of the material and 
the drainage conditions which in this study are considered 
constant. Although this model still needs improvement and 
refinement, this model can be used as an initial description 
of how geometry aspects affect the PCI of rigid pavement.

The model is then evaluated by trying to apply it to 
another road case study. In this study, the model evalua-
tion was conducted on Cangkorah Road, West Bandung 
Regency. The data used were secondary data from both 
journals and Google Earth. Table 10 shows the input data 
and Table 11 contains the calculation results. As a result, 

Table 6 Data bandung – Subang road

No. Stations PCI Gradient 
(%)

Bend 
radius 

(m)

Road 
width 
(m)

Traffic 
volume 

(pcu/hour)

1 0 + 200 – 
0 + 500 47.67 13% 80 12 2,151

2 0 + 500 – 
0 + 700 47 7% 42 8.2 2,151

Table 7 Model evaluation

No. Stations PCI PCI model (Zahra et al., 2025) Accuracy PCI model (Solatiyan, 2012)

1 0 + 200 – 0 + 500 47.67 53.20 88% 108.51

2 0 + 500 – 0 + 700 47 75.67 39% 101.63
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the measured PCI and the model PCI have an accuracy 
of 61% and 85%, respectively. The small accuracy value 
(< 80%) is caused by the lack of independent variables that 
affect the IKP in the model. The model created only consid-
ers geometry and traffic factors. The PCI value of stations 
0+400 – 0+450 based on the model is greater than the PCI 
value of stations 0 + 600 – 0 + 650 because the bend radius 
at stations 0 + 400 – 0 + 450 is greater than that of stations 
0+600 – 0+650. This shows that the PCI value is not only 
influenced by geometry and traffic factors. 

Although the model has a large intercept and the average 
accuracy of the measured PCI and calculated PCI is small 

(< 80%), this model can be used as a reference in building 
a PCI model on rigid pavements in the future because this 
is the first correlation model between PCI and geometry on 
rigid pavements.

4.3 Discussion
Based on the analysis that has been done, a geometry aspects 
that have similar correlations both on flexible and rigid 
pavement is road gradient. This is caused by the decrease 
in the resilient modulus of the subgrade on uphill roads.  
So that the bearing capacity of the soil in this condition 
is also smaller than on flat roads. As a result, uphill roads 
are more easily damaged than flat roads. The decrease in 
vehicle speed on uphill roads also makes the load received 
greater than in flat conditions. 

The distribution of loads concentrated on flexible pave-
ments also makes this type of pavement have a greater cor-
relation to other geometry aspects because variations in ver-
tical and horizontal alignment greatly affect the distribution 
of loads. In addition, the type of material that is not stiffer and 
stronger than rigid pavement (Taher et al., 2020) also makes 
flexible pavements more correlated with geometry aspects.

Compared to previous studies, the findings of this research 
support previous results. Existing research highlights a cor-
relation between road geometry and road damage, with the 
Pavement Condition Index (PCI) directly correlating with 
road and shoulder width, and inversely correlating with gra-
dient on flexible pavements (Zahra et al., 2024). In this study, 

Table 9 Statistical properties for PCI model of rigid pavement

Variable N Min Max Mean Std. deviation

PCI 12 54.00 88.00 74.08 12.22

ln (Gradien) 12 −4.92 −2.10 −3.31 0.91

ln (Bend radius) 12 2.70 4.24 3.38 0.62

Road width 12 6.00 7.00 6.33 0.49

Traffic volume 12 1,627.819 1,894.300 1,755.39902 118.045325

Fig. 4 Tornado diagram of correlation coefficient between variables and 
PCI for rigid pavement

Table 10 Data cangkorah road

No. Stations PCI Gradient 
(%)

Bend 
radius

(m)

Road 
width
(m)

Traffic 
volume

(pcu/hour)

1 0 + 400 – 0 + 450 67 4% 102 7 987.608333

2 0 + 600 – 0 + 650 70 4% 84 7 987.608333

Table 11 Model evaluation

No. Stations PCI existing PCI model Accuracy

1 0 + 400 – 0 + 450 67 93.37685 61%

2 0 + 600 – 0 + 650 70 80.47654 85%

Table 8 Dataset for PCI model of rigid pavement

PCI ln 
(Gradient)

ln (Bend 
radius)

Road 
width (m)

Traffic volume 
(pcu/hour)

88 −4.92 3.00 7 1,627.82

84 −3.27 2.71 7 1,774.32

85 −4.92 3.00 7 1,774.32

71 −3.27 2.71 7 1,774.32

66 −2.62 2.83 6 1,894.30

76 −2.10 4.25 6 1,894.30

85 −3.49 4.06 6 1,634.20

85 −3.50 3.47 6 1,634.20

54 −2.62 2.83 6 1,894.30

61 −2.10 4.25 6 1,894.30

78 −3.49 4.06 6 1,634.20

56 −3.50 3.47 6 1,634.20
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