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Abstract: Road damage is an important problem in transportation infrastructure that is often
caused by heavy vehicle loads that exceed capacity. This study aims to determine the effect of
heavy vehicles on road damage using the Pavement Condition Index (PCI) and Benkelman Beam
(BB) methods. Road condition assessment is carried out through a survey according to the PCI
method, while the BB method uses the Benkelman Beam tool to measure back deflection. The
survey results show that road segments with a heavy vehicle volume of 70% have very low PCI
values, ranging from 7 to 20, indicating severe to very severe road conditions. In contrast,
segments with a heavy vehicle volume of 30% have much better PCI values, which are around 77
to 83, indicating good conditions. In addition, the back deflection analysis shows that road
segments with higher heavy vehicle volumes also have higher deflection values. The highest
deflection of 2.15 mm occurred in segments with a heavy vehicle volume of 70%, while the
lowest deflection of 0.52 mm occurred in segments with a heavy vehicle volume of 30%. The
conclusion of this study is that heavy vehicles significantly affect the level of road damage. This
is evidenced by the low PCI value and higher deflection on road segments predominantly used by
heavy vehicles, compared to segments less used by heavy vehicles.
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1. Introduction

Road damage is a significant problem in transportation infrastructure in many countries, especially
in Indonesia. Road damage can cause various problems such as traffic accidents, congestion, and
high repair costs for the government. Road damage can be caused by many things, one of which is
heavy vehicle loads that exceed capacity (overload) [8].

According to research conducted by Aria Bayu, the conclusion obtained is that heavy vehicle
overload affects the service life of the road [2]. The more overload that occurs on a road, the
shorter its service life, and it is more susceptible to fatigue cracks and permanent deformation.
Darwoto also concluded through his research that there is a relationship between road damage
influenced by the volume of heavy vehicles, which is 64%. The higher the volume of vehicles, the
greater the damage that occurs [3]. Therefore, it is important to have an effective assessment
method to identify and measure damage caused by heavy vehicles.

One of the commonly used methods to assess road damage is the Pavement Condition Index (PCI)
Method. The PCI method is an approach based on a scaled assessment of road conditions to
determine the priority and assessment of road maintenance. This is considered important to
evaluate its effectiveness on the road segments where the study was conducted [5]. In a study by
Soeseno & Tajudin, PCI was used to measure the condition of road pavements on provincial roads
in North Sumatra [7].

In assessing the condition of road damage due to heavy vehicles, the PCI method cannot measure
deeper structural damage. In an effort to overcome this obstacle, the use of a road damage
measuring tool, namely the Benkelman Beam, is an effective method. Aji et al. also stated that
road evaluation using the Benkelman Beam is considered a non-damaging road pavement
evaluation tool [1].

Lelemina road is a local road located in Sigi Regency and intersects I Gusti Ngurah Rai road, with
a road width of 5 meters and a shoulder of 1 m. Traffic conditions on this road are often passed by
heavy vehicles due to the mobilization of materials such as sand and materials carried out around
the Lelemina road location. Heavy vehicles passing through Lelemina road can only pass through
the road up to STA 0+400 and are then restricted from passing further. The condition of the
pavement in the field up to STA 0+400 shows quite severe damage, while the condition of the
pavement at STA which is minimally passed by heavy vehicles does not show severe damage. The
unique conditions on Lelemina road are the reason this research was conducted on the Lelemina
road section.
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2. Research methods
2.1. Research Location

The research location in this study is on Lelemina road. Lelemina road that was reviewed has a
length of 700 meters with a traffic lane width of 5 m, a road shoulder of 1 meter and a 2-lane,
2-way undivided type. From the total length of the 700- meter section that will be reviewed, the
road sections are distinguished based on field conditions, namely sections that are frequently
passed by heavy vehicles and road sections that are minimally passed by heavy vehicles. The road
sections that are frequently passed by heavy vehicles start from point STA 0+000 to STA 0+400
and are marked with red shading in Figure

1. The road sections that are minimally passed by heavy vehicles start from STA 0+400 to
STA 0+700 and are marked with blue shading in Figure 1.
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Fig. 1. (a) Map of research location (b) Heavy vehicle limit board (STA 0+400)

3. Results and Discussion
3.1. Traffic Analysis and Heavy Vehicle Distribution

From the traffic survey it is known that the traffic conditions of Lelemina road are quite dense with
the type of vehicle that dominates are motorcycles with a total of 15469 vehicles/day. The number
of heavy vehicles crossing Lelemina road is 454 vehicles/day, this shows the dense heavy vehicle
traffic caused by the mobilization of materials around the Lelemina road location. Data collection
on the number of heavy vehicles was carried out at three different locations to determine the
distribution of heavy vehicles passing through. After analysis, from a total of 454 vehicles/day
passing through, 316 heavy vehicles or 70% of vehicles only passed through the STA 0+000 —
STA 0+400 section, while the remaining 30% or 138 heavy vehicles passed through STA 0+400 as
attached in Table 1.

Table 1. Distribution of heavy vehicle volume (vehicles/day)

Traffic Directions

Section Total
North - South South - North
0+000 - 0+400 160 (36%) 156 (34%) 316 (70%)
0+400 - 0+700 59 (13%) 79 (17%) 138 (30%)

Table 1 shows significant differences in the distribution of heavy vehicles on Lelemina Road, with 70% of
vehicles passing through STA 0+000 — STA 0+400, and the remaining 30% after STA 0+400.
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3.2. Pavement Condition Analysis Pavement Condition Index (PCI) Method

Table 2. Heavy vehicle volume and PCI value in the North-South traffic direction

STA Heavy Vehicle PCI Value PCI Value of
Volume Section
0+000 - 0+100 36% 7
0+100 - 0+200 36% 16
0+200 - 0+300 36% 12 7
0+300 - 0+400 36% 12
0+400 - 0+500 13% 81
0+500 - 0+600 13% 76 83.67
0+600 - 0+700 13% 94

Table 3. Heavy vehicle volume and PCI value in the South - North traffic direction

STA Heavy Vehicle PCI Value PCI Value of
Volume Section
0+000 - 0+100 34% 9
0+100 - 0+200 34% 20 11.00
0+200 - 0+300 34% 8
0+300 - 0+400 34% 7
0+400 - 0+500 17% 76
0+500 - 0+600 17% 74 77.33
0+600 - 0+700 17% 82

In the north-south traffic direction, the percentage of heavy vehicles crossing STA 0+000—-STA
0+400 is 36%, with a very low PCI value of 11.75 (Very Severe). On the other hand, the STA
0+400—-STA 0+700 section has a high PCI of 83.67 (Good) because only 13% of heavy vehicles
pass through. In the south-north direction, the STA 0+000-STA 0+400 section has a low PCI of
11.00 (Very Severe) with 34% heavy vehicles, while STA 0+400-STA 0+700 has an PCI of 77.33
(Good) because only 17% are heavy vehicles. The more heavy vehicles, the lower or worse the
PCI value tends to be, and vice versa.

From the analysis that has been done above, it can be concluded that the higher the heavy vehicle
traffic passing through a pavement, the smaller the PCI value produced will be or will be in poor
condition, conversely, if the heavy vehicle traffic on the pavement is quite low or even
non-existent, the PCI value of the road will be high or will be in good condition. The conclusion of
this analysis can also be seen visually through the graph between the number of heavy vehicles
and the PCI value shown in Figures 2 and 3.
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Fig. 2.Graph of the relationship between heavy vehicles and PCI values for the North-South traffic direction
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Fig. 3.Graph of the relationship between heavy vehicles and PCI values for the South-North traffic direction

Table 4. Recapitulation of types of damage in each segment

Heavy Vehicle Volume STA Type of Damage
1. Hole
0-+000 - 0+100 2. Grain Release
3. Patch
4. Edge Crack
1. Hole
2. Edge Crack
0+100 - 0+200 3. Lumps & Drops
70% Heavy Vehicles 4. Longitudinal and transverse
cracks
5. Collapse
1. Hole
0+200 - 0+300
2. Edge Crack
1. Hole
0+300 - 0+400 g Eg;péfgc[gmps
30% Heavy Vehicles  0+400 - 0+500 4' Coll
. ollapse
1. Longitudinal and transverse cracks
2. Edge Crack
3. Collapse
4. Crack Block
5. Crocodile Skin Cracks
1. Grain Release
0+500 - 0+600 2. Crack Block
1. Hole
0+600 - 0+700 2. Grain Release

3. Crack Block

On the section with a percentage of heavy vehicles of 70%, the type of damage that often occurs is
pothole damage, this damage occurs in 4 segments, while on the section with a percentage of heavy
vehicles of 30% there is only pothole damage in 1 segment. Pothole damage is caused by repeated traffic
loads on the pavement location that experiences grain release and is entered by water, because the
percentage of vehicle volume that occurs on the two sections is different, namely 70% and 30%, the
number and severity of pothole damage that occurs are also different. The effect of heavy vehicles on this
section can be seen in the damage to the edge cracks that occur, on the section with a percentage of 70%
edge cracks occur in all segments, while on the section with a percentage of heavy vehicles of 30% only
edge cracks occur in 1 segment. From the survey conducted, the drainage conditions on the Lelemina
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Road section are not in good condition, only a few sections have drainage beside the shoulder of the road.
This condition causes water that falls on the pavement not to be drained out of the pavement, so that when
the load passes, cracks in the roadside area can occur. The dominant load conditions that occur, namely
70% of heavy vehicles per day, also have a significant impact on roadside crack damage.

3.3. Structural Condition Analysis of Road Using Benkelman Beam Deflection Method

The calculation of the back deflection value (dB) that has been obtained describes the structural condition
of Lelemina Road, the higher the deflection value that occurs, the worse the performance of the road,
conversely if the deflection value that occurs is low, the road performance is good. The results of the
deflection calculation for each station are presented in Tables 5 and 6. Based on Tables 5 and 6, it is
known that the structural condition of Lelemina Road has a fairly high deflection value. The station with
the north-south traffic direction has the highest deflection value of 1.82 mm at STA 0+200 and the lowest
deflection value of 0.52 mm at STA 0+700. The station with the south-north traffic direction has the
highest deflection value of 2.34 mm at STA 0+200 and the lowest deflection value of 0.55 mm at STA
0+700.

The results of the analysis related to the number and distribution of heavy vehicles passing on Lelemina
road, then correlated with the deflection value obtained from the calculation process. To see the
relationship between heavy vehicles and deflection value, Lelemina road will be divided into 2 sections,
namely, a section with a condition of 70% heavy vehicle volume and a section with a condition of 30%
heavy vehicle volume. Because the analysis will be carried out by dividing the two sections, the
deflection value of each station will be recalculated to find the representative section deflection.

To determine the representative deflection of a road section, each STA deflection value will be checked
for uniformity, the maximum value of deflection uniformity of a section is 30%. The relationship between
heavy vehicles and deflection values is presented in Tables 5 and 6.

Table 5.Heavy vehicle volume and deflection values in the North — South traffic direction

S Heavy Vehicle Deflection dB Deflection Section Deflection
TA Volume (%) (mm) Uniformity (%) (mm)
0+000 36% 1.05
0+100 36% 091
0+200 36% 1.82 30% 1.81
0+300 36% 1.62
0+400 36% 1.11
0+500 13% 1.71

12% 1.82
0+600 13% 1.44
0+700 13% 0.52 - 0.52

Table 6.Heavy vehicle volume and deflection values of South - North traffic direction

STA Heavy Vehicle Deflection dB Deflection Section Deflection
T Volume (%) (mm) Uniformity (%) (mm)
0+000 34% 1.47
0+100 34% 1.37

24% 2.15
0+200 34% 2.34
0+300 34% 1.54
0+400 34% 1.51
0+500 17% 1.32

16% 1.43
0+600 17% 1.04
0+700 17% 0.55 - 0.55

In Tables 5 and 6 the representative deflection values for STA 0+700 are not included in the same
segment as STA 0+500 and STA 0+600, this is because the deflection uniformity values of the three
stations are more than 30% so that the representative deflection for STA 0+700 is calculated separately.
To facilitate the analysis process related to the relationship between heavy vehicle data and deflection
values, the values in the table above are displayed using graphs in Figures 4 and 5.
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Figure 4.Graph of the relationship between heavy vehicles and deflection values of the North-South
traffic direction section
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Figure 5.Graph of the relationship between heavy vehicles and deflection values of the South — North traffic
direction section

From the graph it can be seen that the highest deflection value for the north-south traffic direction is in
the STA 0+500 — STA 0+600 segment, which is 1.82 mm and the volume of heavy vehicles passing is
13% of heavy vehicles per day. The STA 0+000 — STA 0+400 segment, which has a fairly high heavy
vehicle traffic condition, which is 36% of heavy vehicles per day, has a deflection value of 1.81 mm,
while STA 0+700 has a deflection value of 0.52 mm with a heavy vehicle volume of 13% of vehicles
per day. For the south-north traffic direction segment, the highest deflection value is in the STA 0+000 —
STA 0+400 segment with a deflection value of 2.15 mm and a vehicle traffic volume of 34%, while for
the STA 0+500 — STA 0+600 and STA 0 + 700 segments, namely sections with heavy vehicle traffic of
17%, each has a deflection value of 1.43 mm and 0.55 mm. The deflection that occurs at STA 0+000 —
STA 0+400 in the north-south direction (1.81 mm) is smaller than that of the south-north direction
(2.15) even though the traffic volume is greater, namely 36% compared to 34%. From the survey that
has been conducted, this is influenced by the load in the south-north direction being heavier than the
north-south direction, because the location of the material to be taken is in the south direction of the
road so that trucks heading south tend to be empty while trucks coming from the south tend to be loaded
with material. From the analysis that has been done, it is known that if viewed as a whole road section,
the highest deflection is in the segment with a large traffic volume, namely 34% in the STA 0+000 —
STA 0+400 segment with a deflection value of 2.15 mm. The lowest deflection value is in STA 0+700,
namely 0.52 mm with 13% heavy vehicle traffic. This shows that the influence of heavy vehicle traffic
passing through has an impact on the structural conditions of the road, the higher the volume of heavy
vehicles, the higher the deflection that occurs.

Looking at the deflection data that occurred, there are some data that are not in accordance with the
initial theory, for example in the STA 0+500 - STA 0+600 and STA 0+700 segments. Both segments are
passed by the same volume of heavy vehicles but the deflection that occurs is quite different.
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Researchers suspect that this condition occurs because the condition of the base soil in the two segments
is different, drainage conditions also affect the deflection value that occurs. Drainage conditions in the
STA 0+500 - STA 0+600 segment are worse when compared to drainage in STA 0+700. One thing that
also affects is the uneven condition of the road surface. The existing condition of Lelemina road has
many uneven conditions due to the many holes. Researchers suspect that the data that does not match
the initial assumption is because the position of the tool is uneven due to road conditions at the time of
data collection.

3.4 Relationship between PCI Value and Back Deflection Value (Benkelman Beam)

After conducting an analysis related to the calculation of the PCI value and back deflection, it is known
that the lower the PCI value of a segment or station, the worse the damage conditions that occur, while
if viewed from the back deflection value, the higher the deflection value that occurs, the worse the
damage conditions that occur at the station or segment. To find out the relationship between the two
values, the PCI value and back deflection are then visualized through the graph presented in Figure 6
below.
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Fig. 6.Recapitulation of PCI values and back deflection for each station

From the graph presented in Figure 6 shows the relationship between the PCI value and back
deflection, it is known that the highest deflection value occurs at STA 0+200 south - north
direction, which is 2.34 mm with an PCI value of 20 which means the pavement condition is
very severe. For the lowest deflection value occurs at STA 0+700 north - south direction, which
is 0.52 mm with an PCI value of 94 which means the pavement condition is very good. When
viewed from the two data above, it is known that there is a relationship between the two data,
namely stations that have high deflection values will have low PCI values, this means that high
deflection occurs in poor pavement conditions. Stations that have low deflection values will have
high PCI values, this means that low deflection occurs in good pavement conditions.

If we look at the overall deflection data and PCI values at each station, it is known that there are
several relationships between deflection values and PCI that indicate inconsistency with the
initial hypothesis. As happened in STA 0+400 and STA 0+500, in STA 0+400 the deflection
value that occurred was smaller than the deflection of STA 0+500 while the PCI value that
occurred in STA 0+400 was smaller than STA 0+500, this means that the deflection value cannot
be considered to represent the damage conditions that occurred on the pavement. Conditions like
this also occur in several such as STA 0+000 and STA 0+100. From the conditions that occur,
this shows inconsistency in the deflection values that occur, because at several stations the high
deflection values are found in pavements in good condition and low deflection values occur in
pavements in poor condition. According to researchers, the inconsistency of the deflection values
that occur in the analysis results is due to several factors as follows

1. Lack of accuracy in carrying out each testing or research procedure, including checking the
condition of the equipment to be used, so that the back deflection data does not reflect the
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actual conditions in the field and cannot be used as a basis for considering suggestions for
improvement.

2. The second possibility is that the data obtained is in accordance with the test results that have been
carried out. The reason why the measured deflection value is small even though the damage that
occurs is greater is due to the load factor, this makes 2 types of cracks that occur different in the
process, namely cracks that move from top to bottom (top-down cracking) and cracks that develop
from bottom to top (bottom-up cracking).

a. Top Down Cracking
This type of crack starts from the asphalt surface and spreads downwards, usually due to
segregation between the liquid asphalt mixture and split stone, as well as the viscoelastic nature
of asphalt as a binder which is susceptible to extreme temperatures or asphalt surfaces that are
not in optimal condition.
b.  Bottom Up Cracking
In this type of crack, the damage starts from the bottom layer of the asphalt pavement due to
the stress that occurs in the foundation layer. The stress causes the foundation layer to crack,
and the crack then spreads upward until it reaches the asphalt surface.
The second factor that causes the condition, namely the cracks that occur, is top-down cracking
which occurs due to asphalt material that is no longer in good condition, while the structural
condition is still in good condition so that the deflection that occurs is small.
However, in order to prove the true possibility of these two factors, it is necessary to carry out core
drilling of the asphalt layer on the road, but due to limited resources and research limitations reviewed
in this study, this was not carried out.

3.5 Damage Handling

Determination of the type of damage handling will be carried out using two parameter values, namely
the PCI value and the representative back deflection value. The PCI value obtained from the analysis
will be linked to the type of damage handling that is in accordance with the range of values contained in
the guidelines on the type of PCI method handling. Determination of the type of damage handling using
the deflection method is carried out using the type of damage handling in the MDPJ (2024) rules and the
trigger deflection value used as a parameter for determining the type of damage contained in the MDPJ
(2024) rules. The results of the type of damage handling for each Lelemina Road station are presented
in Tables 7 and 8.

Table 7.Type of damage handling for each station in the North - South direction

Types of Damage Handling

Heavy Vehicle Volume STA

PCI Method Back Deflection Method

0+000 Reconstruction/recycling Reconstruction

0+100 Reconstruction/recycling Reconstruction

36% 0+200 Reconstruction/recycling Reconstruction

0+300 Reconstruction/recycling Reconstruction

0+400 Reconstruction/recycling Reconstruction

0+500 Periodic maintenance Reconstruction

13% 0+600 Periodic maintenance Reconstruction
0+700 Routine maintenance Non-Structural Overlay

Table 8.Type of damage handling for each station in the South - North direction

Types of Damage Handling

Heavy Vehicle Volume STA

PCI Method Back Deflection Method
0+000 Reconstruction/recycling Reconstruction
0+100 Reconstruction/recycling Reconstruction

34% 0+200 Reconstruction/recycling Reconstruction
0+300 Reconstruction/recycling Reconstruction
0+400 Reconstruction/recycling Reconstruction
0+500 Periodic maintenance Structural Overlay

17% 0+600 Periodic maintenance Structural Overlay

0+700 Periodic maintenance Non-Structural Overlay
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4. Conclusion

Based on the results and discussions that have been carried out previously, conclusions can be drawn
regarding the influence of heavy vehicles on road damage based on the PCI and Benkelman Beam
methods as below:

1.

1.

The assessment of the pavement condition index (PCI) shows that the influence of heavy vehicles
greatly affects the condition of damage that occurs on the road. The segment passed by heavy
vehicles is 70% which is divided into 36% north-south direction and 34% south-north direction has a
very low PCI value or damaged condition respectively for each segment for the north-south traffic
direction, namely, 7 (destroyed), 16 (very severe), 12 (very severe), and 12 (very severe) and the
south-north traffic direction, namely, 9 (destroyed), 20 (very severe), 8 (destroyed), and 7
(destroyed). The PCI value of the section with a heavy vehicle volume of 70% has an PCI value of
11.75 (very severe) for the north- south direction and 11.00 for the south-north direction, while the
section with a heavy vehicle volume of 30% has an PCI value of 83.67 (good) for the north-south
direction and 77.33 (good) for the south-north direction.

Road damage assessment using the Benkelman beam method shows the highest deflection value
occurs in sections with a large volume of heavy vehicles, namely 2.15 mm in the STA 0+000 — STA
0+400 segment south - north with a heavy vehicle volume of 70%, while the smallest deflection
value occurs in the STA 0+700 segment north - south, namely 0.52 mm with a heavy vehicle volume
of 30%. Judging from the highest and lowest values, it is known that the large traffic volume also
affects the high deflection value. Several results of the reverse deflection values show inconsistencies
with the initial hypothesis, this occurs due to inaccuracy when conducting tests caused by the
condition of the pavement that is already badly damaged and the condition of the subgrade and the
cracking process that occurs in the pavement.
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