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Abstract. Traffic accidents are still one of the serious problems faced by the Indonesian Government. In 2014 recorded
95,906 cases of accidents with 28,297 people died. One effort to reduce the number of traffic accidents is identification
black spot locations. One of the causes traffic accident is road infrastructure deficiency, so it is needed the road safety
audit. The aim of this research is to analysis the road safety audit at black spot area in Purbalingga District. The study
location is in Bayeman, Tlahab Lor, Karangreja, Purbalingga, Central Java. Database of traffic accidents from
Purbalingga Police Traffic Unit in 2016 and 2017. There are three parameters analyzed i.e.: road geometric, road
pavement condition, and harmonization of road equipment facilities. The result shows that from road geometric
parameter there are two aspects i.e.: preceding sight distance and shoulder width. The recommendation is improving
shoulder to 2 m wide and improves shoulder construction. Road pavement condition and lane/shoulder drop off must be
repaired. Recommendation in harmonization of road equipment facilities aspect that involve installs the maximum speed
limit sign of 30 km/h and 40 km/h and warning sign.

INTRODUCTION

Traffic accidents in Indonesia have now reached in critical conditions. One of the reasons is the high growth of
motor cycle and car ownership in the last decade. Another factor that causes it is the low level of discipline of road
users in traffic [1]. Based on traffic accidents data in 2006, there are 36,000 people died due to road accidents or 98
people died every day and 19,000 of them involved motorbike riders. Data from Traffic Corps Republic of Indonesia
State Police [2], road transport accidents in 2014 recorded 95,906 cases of accidents with 28,297 people died,
26,840 people seriously injured, 109,741 people who were slightly injured, and IDR 250,110,380,000 in property
damage.

Traffic accidents also occur due to several problems related to the management of road infrastructure [3-5],
traffic accidents due to the deficiencies in road safety infrastructure. In Indonesia, road safety infrastructure is
carried out by two government institutions, namely Directorate General of Highways and Directorate General of
Land Transportation. Directorate General of Highways has the main authority and responsibility in planning road
designs according to standards and improving black spot locations. Directorate General of Land Transportation has
the responsibility to plan and implement harmonization of road signs or safety instructions on road functions. In
practice, two institutions have not been optimally integrated in the field, for example there are often no signs of
speed limitation on road that are adjusted to road functions and delays in handling signs and markings on new
pavement surfaces and structurally damaged roads. This condition illustrates that in order to minimize deficiencies
in road safety infrastructure, there are three important aspects: “forgiving road environment, self-explaining road,
self-regulating road” [6-8]. The development of road transport infrastructure is a priority [4-5]. The deficiency of
road infrastructure is a reduction or decrease in the road function so that it can trigger potential accidents. Therefore
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audit of road safety infrastructure deficiencies in black spot locations is based on accident data and direct
measurements in the field of geometric and visibility deviations, conditions of road pavement damage, and
disharmony of road equipment facilities for the function of these roads. A method is needed to determine the optimal
maintenance time [9].

Bayeman Street, Tlahab Lor, Karangreja is the highest rank in traffic accident. There are 13 cases of accident
with 16 people died, 1 people seriously injured, and 22 people who were slightly injured [10]. The aim of this
research is to analysis the road safety audit at black spot area at Purbalingga District. Location of the study is in
Bayeman, Tlahab Lor, Karangreja, Purbalingga, Central Java, Indonesia.

MATERIALS AND METHODS

Based on “Law 22, 2009 (Traffic and Land Transport), traffic accident is classified in three categories”, fatal
accidents, severe accidents, and slightly or minor accidents [11]. In traffic safety, speed is the main risk factors for
the occurrence of crashes [12-14]. High speed increases the risk of accident [15], more serious crashes [16], and
crash frequency [17]. Maximum speed limit was set at or below the 85" percentile speed [18,19]. Speed
management and speed limits enforcement represent strategy to improve road safety [20-22]. Elvik [23] analyzed
the relationship between speed limit and severity of injuries, fatal crashes increase of 1.58 if speed increased 1 km/h.
The severity of crash also increases with speed [24]. Speed limit was introduced to reducing severity of crashes in
black spot location [1, 25, 26], accident cost [27, 28], and generalized cost [29,30].

Research related to the speed limit with the risk of accidents concludes that reducing the speed limit will reduce
the average speed of driving, number of accidents and severity of injuries. Research in Queensland on evaluating
speed limits at 50 km/h concluded that the change in average speed for each 1 km/h would change the risk of
accidents by 3%. The severity of injuries and fatality changed with changes in average speed [25]. Australia has
reduced “the speed limit for urban areas from 60 km/h to 50 km/h to reduce the risk of traffic accidents”. ”Speed
limitof urban streets in Great Britain were designated 20 mph [31]. The average speed in school safety zone for
passenger car/light vehicle is 29.26 km/h and motorcycle is 34.75 km/h, meanwhile the speed limit is 25 km/h [32].
Almost 30% of casualty crashes occur on residential streets [33]. “The higher access density tended to increase crash
occurrence on suburban arterials” [34]. In Japan, the highest accident rates occur when speed is reduced from 110 to
85 km/h [35]. In Sweden, effect reduced the speed limit from 90 km/h to 80 km/h, decreased the number of fatalities
by 14 per year [36].

Safety deficiencies of road infrastructure

Classification of accident severity impact values and classification to measure design deviations of road facilities
to their standards, based on the level of possibility and threat level. The level of likelihood is used to assess findings
of deficiencies that do not have or are known history of previous accidents in the audited place. The threat level is
used to assess deficiency points that have actually resulted in accidents. The matrix for determining the classification
of chance of an accident and the severity of the victim is based on level of possibility and threat [7,8]. The
opportunity value of road safety deficiencies can be measured qualitatively from the possibility of an accident in a
location that is considered a black spot.

Value of pavement conditions

The advantage of the pavement management system is its ability to determine the existing conditions of the road
and predict future conditions. To predict the conditions of pavement based on type, the level of damage based on the
“Pavement Condition Index (PCI) developed by the United State Army Corps of Engineers”. PCI is a numerical
index between 0 for failed, and 100 pavement conditions for excellent pavement conditions. The PCI rating range is
shown in Fig. 1.

Density. “Density is percentage of the area of a type of damage to area of a unit segment measured in square
meters or meters in length” [37]. The type of damage value is also distinguished based on the level of damage. The
density value equation is:

Density = (j—‘:)x 100% or Density = (;—‘z)x 100% (1)

With Ay is total area of damage for each level of damage in (m?), Ly is total length of damage for each level of
damage in (m) and A is total unit area in (m?)
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Pavement Condition Index

(PCI)
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FIGURE 1. Scoring scale of Pavement Condition Index (PCI) [37]

Deduct Value (DV). “Deduct value is the value of each type of damage obtained from the density and deduct

value relationship curves” [37]. The deduct value is divided into the level and types of damage.
Total Deduct Value (TDV). Total deduct value is value of the individual reduction value for each type of damage

and the level of damage present in a unit of the study sample.
Corrected Deduct Value (CDV). Corrected deduct value is obtained from the curve of the relationship between

TDV value and CDV value [37]. The curve selection according to the number of individual deducts value that has a

value greater than 2. The CDV can be seen in Fig. 2.
If the CDV value is known, then the values for each unit can be known using Equation 2 and Equation 3 as follows:

PCl) =100 - CDV 2)
With PCls) is pavement condition index for each unit and CDV is corrected deduct value for each unit.

Y PCl g
PCI = (T”) x 100% 3)
With PCI is pavement condition index value for all pavements, PCl,) is pavement condition index for each unit and

N is number of each unit.
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FIGURE 2. The relationship between TDV and CDV [37]
The study location

Location of the study is in Bayeman, Tlahab Lor, Karangreja, Purbalingga Regency, Central Java Province,
Indonesia. The location of study is collector road. Traffic accident data from Purbalingga Police at January 2016 to
December 2017 [10]. To determine the black spot location using the equivalent accident number [1, 38, 39].
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RESULTS AND DISCUSSIONS

Geometric condition and road damage

The road width of Bayeman, Tlahab Lor is 6 m with a shoulder width of 30 cm. Lane shoulder drop off is 3 cm
on left side and 10 cm on right side of the road. The condition of the asphalt road is not good enough because there
are road damage longitudinal cracking and rutting type. The value of pavement conditions using the PCI method is
as follows:

Rutting. Rutting is the asphalt pavement surface deformation in vehicle wheel track. In Bayeman, Tlahab Lor,
Karangreja there are 10 points of rutting 1 m x 2 m along the road reviewed (300 m). The average depth of the path
on the road is more than 25 mm so it is classified as high severity level (H). The PCI values can be find as follows:

a). Density = {(1x2x10)/ (6x300)} x 100% = 1.1%.
b). From Fig. 3, the relationship curve between distress density and deduct value for rutting, the deduct value
with a density 1.1% and high severity level of damage (H) is 27.
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FIGURE 3. The relationship curve between distress density and deduct value for rutting.

¢). On 300 m road section reviewed not divided into several unit segments (q = 1), the total deduct value is the
same as deduct value is 27.

d). From Fig. 4, the relationship curve between total deduct value and corrected deduct value, the total deduct
value 27 and q = 1 is 28.

e). PCI=100-CDV =100-28="72.
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Longitudinal/transverse cracking. Longitudinal cracking is crack that occurs extensively on road pavements, can
occur in a single or parallel form and sometimes slightly branched. In Bayeman, Tlahab Lor total longitudinal crack
length extends 32 m with width crack ranging from 5-10 mm, which is classified as a low severity level (L).

a). Density = {(32)/ (6x300)} x 100% = 1.8%.
b). From Fig. 5, the relationship curve between distress density and deduct value for longitudinal/transverse
cracking, the deduct value with a density 1.8 % and low severity level of damage (L) is 5.
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FIGURE 5. The relationship curve between distress density and deduct value for longitudinal/transverse cracking.

¢). On 300 m road section reviewed not divided into several unit segments (q = 1), the total deduct value is the
same as deduct value is 5.

d). From Fig. 4, the corrected deduct value with total deduct value 5 and q =1 is 6.

e). PCI=100-CDV=100-6=94.

Lane/Shoulder Drop Off. Shoulder drop off the elevation difference between the pavement edge and the
shoulder. In Bayeman, Tlahab Lor position of road shoulder elevation toward pavement edge elevation is 10 cm on
right side, which is classified as medium severity level (M).

a) Density = {(300) / (6x300)} x 100% = 16.7%.
b) From Fig. 6, the relationship curve between distress density and deduct value for lane/shoulder drop off, the

deduct value with a density 16.7% (the highest density value is 15%) and medium severity level (M) is 27.5.
¢) On 300 m road section reviewed not divided into several unit segments (q = 1), the total deduct value is the same

as deduct value is 27.5.

d) From Fig. 4, the corrected deduct value with total deduct value 27.5 and q =1 is 28.
e) PCI=100-CDV =100 -28=72.
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FIGURE 6. The relationship curve between distress density and deduct value for lane/shoulder drop off.
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Speed, sight distance, and road equipment facilities

Vehicle speed data in Bayeman, Tlahab Lor was distributed into three types of vehicle i.e.: motorcycles,
passenger cars, and large bus and trucks. Stop sight distance and preceding sight distance are measured based on the
vehicle's maximum speed [3]. The maximum speed of motorcycles is 67 km/h, passenger car is 65 km/h, large bus
and trucks are 65 km/h [40].

The stop sight distance and preceding sight distance is follows:

a. Stop sight distance and preceding sight distance of motorcycle is 97.02 m and 394.06 m

b. Stop sight distance and preceding sight distance of passenger cars is 92.66 m and 379.1 m.

c. Stop sight distance and preceding sight distance of large bus and trucks is 92.66 m and 379.1 m.

The road markings on Bayeman, Tlahab Lor road are quite good. The dashed longitudinal markers and full
markings of the solid line are still clear. Street lighting is sufficient. The average distance between lighting lamps is
50 m, the standard requirements for street lighting are 48 m [BSN in [40].

Road safety audit

Three parameters that analyzed in road safety audit i.e.: road geometric condition, road pavement condition, and
harmonization of road equipment facilities. In road geometric, there are four parameters that analyzed i.e.: stop sight
distance, preceding sight distance, lane width, and shoulder width. The road geometric technical standards based on
Geometric for Rural Road [41]. Analysis of safety deficiencies of road infrastructure for road pavement condition
covers three aspects i.e.: rutting, longitudinal/transverse cracking, and lane/shoulder drop off. Harmonization of road
equipment facilities includes speed limit sign, curve direction sign, warning sign, signal, road markings, and
lightning. The result of measuring and observing the road geometric condition, road pavement condition, and
harmonization of road equipment facilities can be seen in Table 1 and the result of the road safety audit on
deficiencies can be seen in Table 2.

TABLE 1. Result of measurements and field observations of the geometric conditions, road pavement condition, and
harmonization of road equipment facilities

No. Aspect (unit) Standard Meiinggent De\("l)zt)lon Fatality ii?:;f:; il::;:::;z
I. Road geometric condition [41]

1. Stop sight distance (m) 75 97 29.4 0 0 0

2. Preceding sight distance (m) 350 394.1 12.6 14 1 20

3. Lane width (m) 3 3 0 0 0 0

4. Shoulder width (m) 1.5 0.3 80 2 0 0

II. Road pavement condition

1. Rutting (PCI) 85 72 15.3 1 0 1

2. Longitudinal/transverse cracking 85 94 0 1 0 0

3. Lane/shoulder drop off (PCI) 85 72 15.3 1 0 1
Lane/shoulder drop off (cm) <lcm 10 cm 900

III. Harmonization of road equipment facilities

1. Number of speed limit sign [42] 1 0 100 1 0 )
Speed limit sign condition (%) 100 0 100

2. Number of curve direction sign 3 1 66.7 1 0 5
Curve direction sign condition (%) 100 85 15

3. Number of warning sign 1 0 100 1 0 2
Warning sign condition (%) 100 0 100

4. Traffic signal available No 100 1 0 2

5. Road markings [43] available available 0 0 0 0
Road markings condition (%) 100 90 10

6. Distance between lightning (m) 48 50 4.2 0 0 0
Lightning condition (%) 100 85 15
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TABLE 2. Result of the road safety audit on deficiencies in the geometric conditions, road pavement condition, and
harmonization of road equipment facilities

No. Aspect Probability - Severity Ris'f Risk Recommendations
value level  valuation category
I. Road geometric condition

1. Stop sight distance 2 1 2 Negligible Passive response

2. Preceding sight distance 2 100 200 Medium  Active response

3. Lane width 1 1 1 Negligible Passive response

4. Shoulder width 4 100 400 Extreme Improve shoulder to 2m wide
and shoulder construction

II. Road pavement condition

1. Rutting 2 100 200 Medium  Active response

2. Longitudinal/transverse cracking 1 100 100 Low Monitoring

3. Lane/shoulder drop off 5 100 500 Extreme Level its elevation with lane
edge of road

III. Harmonization of road equipment facilities

1. Speed limit sign 4 100 400 Extreme Install maximum speed limit
sign of 30 km/h and 40 km/h

2. Curve direction sign 3 100 300 High Install curve direction sign
Install guardrail along curve

3. Warning sign 4 100 400 Extreme Install warning sign along
black spot location

4. Traffic signal 4 100 400 Extreme Install traffic signal
(warning light 1 or 2 phase)

5. Road markings 2 1 2 Negligible Passive response

6. Lightning 1 1 1 Negligible Passive response

The results of road safety audit in Bayeman, Tlahab Lor from three aspects road geometric condition, road

pavement performance, and harmonization of road equipment facilities as follows:

a.

The results of road safety audit of road geometric infrastructure deficiencies of 4 aspects that reviewed i.e.:
stopping sight distance, preceding sight distance, lane width, and shoulder width, stop sight distance and lane
width entering into category of negligible risk and this form of handling based on the risk category is routine
monitoring with scheduled road safety inspections. Shoulder width entering into the category of extreme, the
recommendation is improving shoulder to 2 m wide and improves shoulder construction.

The results of road safety audit of road pavement infrastructure deficiencies include 3 types of road damage on
highway section that reviewed i.e.: rutting, longitudinal/transverse cracking, and lane/shoulder drop off. The type
of shoulder/lane drop off entering into the category of very dangerous or extreme risk, which means that in this
case there is a need for total technical handling in the form of increasing the construction thickness of the road
shoulder parallel to the pavement. For the type of damage to the flow into the risk category quite dangerous, it
means that there is a need for technical handling in the form of repair of pavement damage with similar materials
that meet the standards of road construction materials. For the type of longitudinal or transverse cracking
categorized into low risk category and the form of handling based on the risk category is routine monitoring with
scheduled road safety inspections.

From the results of the audit of harmonization of road equipment facilities, for speed limit signs, warning signs,
and signals categorized into the category of very dangerous or extreme risk, this means there is a need for total
technical handling in the form of installation of speed limit signs, warning signs as well as immediately with a
maximum of 2 weeks after the results of the road safety audit are approved. For directional signs, they fall into
the dangerous risk category, meaning that scheduled technical handling is a maximum of 2 months since the
results of the road safety audit are approved in the form of completing or adding bend direction signs. For other
road equipment facilities, road markings and lighting, it is categorized into low risk category. The handling is in
routine monitoring with scheduled road safety inspections.
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CONCLUSIONS

Based on the results, the following conclusion can be drawn: three parameters that analyzed in road safety audit
in black spot area i.c.: road geometric condition, road pavement condition, and harmonization of road equipment
facilities. The result shows that from road geometric parameter there are two aspects i.e.: preceding sight distance
and shoulder width. The recommendation is improving shoulder to 2 m wide and improves shoulder construction.
Road pavement condition and lane/shoulder drop off must be repaired. Recommendation in harmonization of road
equipment facilities aspect that involve installs the maximum speed limit sign of 30 km/h and 40 km/h and warning
sign.
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