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Abstract. Intersections are public areas where two or more road lanes cross and may
experience disagreements or conflicts. Based on observations, the W. Monginsidi street -
Tg Manimbaya street intersection is one of the unsignalized intersections that often
experiences conflicts when vehicles turn, especially during peak hour periods, causing the
speed to decrease and take a longer time. The purpose of this research is to determine the
Equivalent value of motorcycles with the occupancy time method.

The technique of taking pictures using a smartphone camera equipped with a tripod and
carried out on Monday and data collection was carried out in the morning at 06.30-08.30
am, afternoon at 11.00 am-01.00 pm, and afternoon at 4.00-6.00 pm. includes traffic
volume data, travel time and vehicle speed, then analyzed by the occupancy time method
and speed method. he results of the analysis with the occupancy time method obtained the
Equivalent value of the motorcycle is 0.37,while the speed method obtained the Equivalent
value of the motorcycle is 0.22 with a lower percentage level of the speed method compared
to the occupancy time method, which is 59.46%. So the comparison of the PCU values of
the two methods is smaller than the MKJI PCU value for motorcycles which is 0.5.
Keywords: PCU, Motorcycle, Occupancy Time, Speed, Unsignalized Intersection

1 Introduction

Passenger car unit (PCU) was first introduced in the 1965 Highway Capacity Manual (HCM)
to account for trucks and buses in traffic flow. The PCU (passenger car unit) value is a
conversion factor to equalize the various types of vehicles operating at an intersection into one
type of vehicle, namely a passenger car.An unsignalized intersection is an intersection that does
not have a traffic signal. This type of intersection is very common in urban areas. Palu City has
many unsignalized intersections with diverse traffic flows, the presence of intersections can
affect PCU values [1].

The PCU value for motorcycles at unsignalized intersections is the result of research conducted
based on road conditions in the 90s and has never been updated. Until n o w , methods have
been developed to determine the PCU value, for example the occupancy time method and the
speed method. Based on the observation that the intersection of Wolter Monginsidi street - Tg
Manimbaya street is one of the unsignalized intersections that often experience conflicts when
vehicles turn, especially during peak hour periods, causing the speed to decrease.

Therefore, the research wants to know the actual Equivalence value for motorcycles, especially
at this intersection using the occupancy time method and the speed method. This study aims to
determine and compare the Equivalent value of motorcycles at unsignalized intersections using
the occupancy time method and the speed method [2].

2 Research Methods

2.1  Research Design

This research used quantitative methods to calculate and analyze the Passenger Car Unit
(PCU) value of motorcycles at unsignalized intersections using the Occupancy Time Method
and the Speed Method [3].
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2.2 Research Location

The research location is at the intersection of W. Monginsidi street— Tg. Manimbaya street

Fig.1. Research Location

2.3 Data Retrieval

Data was collected through two main sources. Primary data was obtained through a field
survey that included measurements of traffic volume, vehicle speed, and travel time at the
intersection. This data was used to calculate the Passenger Car Unit (PCU) value of motorcycles
using two methods, namely the occupancy time method and the speed method. In addition,
secondary data was obtained from literature and reference studies.

2.3.1. Intersection Geometrics

Intersection geometric data collection is carried out to determine the cross-sectional sizes of the
intersection / road arms, road length, road median, road shoulders. This data collection is done
by measuring using a roller meter in a quiet situation so as not to interfere with traffic and ensure
the safety of surveyors from accidents. Intersection geometric conditions include road type,
intersection type, road width, sidewalk width, and median [7]. The following is the road
geometric condition of the research location of the intersection W. Monginsidi street- Tg.
Manimbaya street is an intersection that has a three-arm type intersection with two two-way
lanes on the minor road and four two-way lanes on the major road, both minor and major roads
at this intersection each have no barriers or medians as in the following table:

Table 1. Geometric condition of W. Monginsidi street- Tg. Manimbaya street

d . Intersect| Width Sidewalk Width| Width
Arm Save Rl Road o Median
ype (m) |Left |Right (m)
W. street . D
Monginsidi Major 324 12 2
pirurn
Manibaya | Minor [UD 322 8 2 2

2.3.2.  Vehicle Volume, Travel Time, and Vehicle Speed

Data collection on vehicle volume, travel time, and vehicle speed was carried out at the research
location by recording the movement of vehicles leaving and entering the intersection conflict
area using a smartphone camera. The position of the smartphone camera is placed in the area
outside the intersection conflict area using a tripod that has a height of 1.7 meters.

Recording was conducted during the predetermined times of the day, namely in the morning
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(06.30-08.30 am), afternoon (11.00 am-01.00 pm), and evening (04.00-06.00 pm).

Fig .2. Primary data collection process

2.4 Data Processing

After recording at the research location is complete, data processing is then carried out by filling
in the travel time and vehicle speed forms that have been prepared in order to get the most peak
hours of vehicles, vehicle volume, travel time and vehicle speed.

2.5  PCU Analysis Method

2.5.1. Occupancy Time Method

Occupancy time is defined as the time interval required for a vehicle to pass through an
intersection conflict area. This time is calculated from when the front of the vehicle reaches the
edge line to when the rear of the vehicle leaves the intersection conflict area. Studies that use
the concept of occupancy time include [2], [3], and [5]. The equation for calculating the PCU
occupancy time value is described in equation 1 below.

PCU = ori xwi
Qtcs. Wce
Descripsion:

QTi = Average Occupancy Time for Vehicle Type I (s)
QTcs = Average Occupancy Time for Light Vehicles (s)
Wes = Light Vehicle type I width (m)
Wi = Light Vehicle type I width (m)

2.5.2 Velocity Method

Developed the speed method for mixed traffic. The development of this method is more
suitable for unsignalized intersections because of the different speeds of vehicles coming
from major roads and minor roads. Variations in vehicle speeds on major and minor roads
can affect the time required for vehicles to pass through the conflict area of the intersection.
In addition, vehicle dimensions also have an impact on vehicle maneuverability [2].
Therefore, the influence of the speed and dimensions of vehicles crossing the intersection
conflict area can have an impact on the Passenger Car Unit (PCU) value, as described in
Equation 2 below.

PCU = ve/vi
Ac/Ai
Description :
Ve = Average Speed of Light Vehicles (m/s)
Vi = Average Speed of Vehicletype i
Ac = Light Vehicle Dimension (m2)
Ai = Vehicle Dimension type i

For the width and dimensions of vehicles can be seen in table 1 of MKIJI vehicle types and
dimensions [3] below
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Table 2. Vehicle Types and Dimensions

Vehicle type Long Wide  Dimensions
( (m) (m2)
Bycycle 1,75 0,6 1,05
Cart 2,1 0,8 1,68
Motorcycle 1,5 0,8 1,28
Passenger car 4,05 1,6 6,48
Bus 5,4 1,9 10,26
Truck 7,5 2,35 17,625

3 Results and Discussion

Based on the table above, it is obtained that the hour with the highest number of
vehicles at the intersection W. Monginsidi street - Tg. Manimbaya street which is
around 05.00 - 06.00 pm hours PHV (Peak Hour Volume) calculation. From the peak
hour data above, :

PHV (Intersection JI. W. Monginsidi - JI. Tg. Manimbaya) = 1360+ 1346 + 1 338 + 1233
=5277 PCU/hour

Table 3. Peak Hour Turning Directions at Road Intersections W. Monginsidi
MC LV HV

ST LT RT ST LT RT ST LT RT

2290 1162 514 957 214 92 27 3 18

3.1 Traffic Volume

Table 4. Traffic Volume of W. Monginsidi street - Tg. Manimbaya street
MCT LV HV

Morning 06:30 — 08-30 am
06.30 - 06.45 521 97 9 627
06.45 - 07.00 661 186 3 850
07.00 - 07.15 947 127 13 1087
07.15-07.30 890 200 6 1096
07.30-07.45 844 191 11 1046
07.45 - 08.00 856 203 15 1074
08.00 - 08.15 870 187 14 1071
08.15 - 08.30 821 206 8 1035

Midday 11.00 am- 01.00 pm
11.00- 11.15 885 231 18 1134
11.15-11.30 849 245 11 1105
11.30-11..45 820 223 15 1058
11.45 - 00.00 890 269 7 1166
00.00 - 00.15 914 280 15 1209
00.15 - 00.30 844 254 23 1121
00.30 - 00.45 832 253 19 1104
00.45 - 01.00 845 264 19 1128

Afternoon 04.00 — 06.00
04.00 - 04.15 940 272 14 1226
04.15 - 04.30 957 265 9 1231

04.30 - 04..45 931 229 11 1171
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04.45 - 05.00 946 271 12 1229
05.00 - 05.15 1011 334 15 1360
05.15 - 05.30 1020 315 11 1346
05.30 - 05.45 1034 295 9 1338
05.45 - 05.00 901 319 13 1233

From the results of data collection at the research location, the peak hours at the
location are 05.00 - 06.00 pm with a vehicle composition that can be seen in Figure 3
below

' MC Straight Turn
uMC Left Turn
MC Right Turn
LV Straight Turn
WLV Left Turn
LV Right Turn
wHV Straight Turn

mHV Left Turn

mHV Right Turn

Fig. 3. Vehicle Composition at the Study Site

The location pie chart shows the peak hour vehicle composition based on traffic
observations at the study site W. Monginsidi street - Tg. Manimbaya street, it can be
seen that motorcycles (MC/Motorycle) that do the road continue to dominate the
number of vehicles crossing the intersection as many as 2290 vehicles while passenger
car vehicles (LV/Light Vehicle) only 957 vehicles are the most crossing the
intersection, in contrast to heavy vehicles (HV/Heavy Vehicle) whose number of
vehicles crossed the intersection. very small because the research location is in the
middle of the city.

At the research location, namely the intersection W. Monginsidi street - Tg.
Manimbaya street, it is concluded that motorcycles that travel on the road continue to
dominate the number of other vehicles. Is a major road whose width is greater than
minor roads. Very few heavy vehicles are found because the research location is in
the middle of the city. Seeing the small percentage of large vehicles makes this
research only focus on motorcycles and passenger cars.

3.2  Travel Time

1. Condition A & C (Major Road — Minor Road)

Table 5. Number of MC Vehicles Based on Travel Time Distribution

Location :

Conditions : A & C (Major - Minor)

Kend Type : Motorcycle (MC)

Num?r of Vehicles
urning

Time Interval X Fx(ST)  Fx(LT)  Fx(RT)
(seconds) FST FLT FRT
2-4 0 0 0 3 0 0 0
4-6 774 72 14 5 3870 360 70
6-8 791 69 37 7 5537 483 259
8-10 476 11 128 9 4284 99 1152
10-12 142 2 80 11 1562 22 880

12-14 43 0 31 13 559 0 403
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Based on the table above, it shows the distribution of travel time for motorcycle-type
vehicles (MC) passing through the intersection W. Monginsidi street - Tg.
Manimbaya street, with the average travel time at each turn, namely:

a. Condition A & C (Major Road — Minor Road)

Table 6: Number of MC Vehicles Based on Travel Time Distribution

Location : Simpang Monginsidi - Manimbaya
Conditions : B (Minor - Major)
Kend Type : Motorcycle (MC)
Num?r o1 Vehicles
ime urning
Tifva X Fx(LT) Fx(RT)
second FLT FRT
s)
2 -4 203 0 3 609 0
4-6 639 9 5 3195 45
6 -8 130 42 7 910 294
8-10 26 20 9 234 180
10-12 0 14 11 0 154
12-14 1 5 13 13 65
14-16 0 12 15 0 180
16-18 0 7 17 0 119
18-20 0 2 19 0 38
20-22 1 3 21 21 63
22-24 4 11 23 92 253
24-26 0 3 25 0 75
26-28 0 8 27 0 216
30-32 1 0 31 31 0
32-34 0 1 33 0 33
36-38 1 0 37 37 0
38-40 0 1 39 0 39

The table above shows the distribution of travel time of motorcycle-type vehicles (MC)
crossing from minor to major roads at the intersection W. Monginsidi street - Tg.
Manimbaya street, with the average travel time in each direction of the turn, namely:
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Motorcycle

Qti (LT) = 5,11 seconds

QTi (RT) = 14,32 seconds
3.3  Vehicle Speed

1. Condition A & C (Major Road — Minor Road)
Table 7: Number of MC Vehicles Based on Speed Distribution

Location : Si M di - N t

Conditions : A & C (Major - Minor)

Type .
Kend : Motorcycle (MC)

Number of
. chicles
Time urning
Interval
(seconds) X Fx(ST) Fx(LT)  Fx(RT)
FST FLT FRT

02 0 0 0 1 0 0 0
24 0 0 21 3 0 0 63
46 69 9 56 5 345 45 280
6--8 177 65 106 7 1239 455 742
8-10 451 31 117 9 4059 279 1053
10-12 597 51 47 11 6567 561 517
12-14 280 0 6 13 3640 0 78
14-16 491 0 5 15 7365 0 75
1618 212 0 7 17 3604 0 119
18 -20 6 0 1 19 114 0 19
20-22 4 0 0 21 84 0 0
22-24 3 0 1 23 69 0 23
= 2290 156 367 - 27086 1340 2969

Based on the table above shows the speed distribution of motorcycle type vehicles
(MC) crossing the intersection W. Monginsidi street - Tg.Manimbaya street, with the
average speed in each direction of the turn, namely

Motorcycle :

Vi (ST) = 11,83 km/hour

Vi (LT) = 8,56 km/hour

Vi (RT) = 8,09 km/hour

2. Condition B (Minor Road — Major Road)
Table 8: Number of MC Vehi(}les Based on Speed Distribution

Tocation T
Conditions : B (Minor - Major)
Kend Type : Motorcycle (MC)
. Number of
’ll'“:“ ! Vehicles
nterval Turnin:
(seconds) urning X Fx(LT) Fx(RT)
FLT FRT
02 0 1 0 0
12-14 1 10 13 13 130
2-4 8 33 3 24 99
14-16 2 15 0 3
4-6 103 26 5 515 130
68 687 20 7 4809 140
8-10 91 22 9 819 198
10-12 116 31 11 1276 341
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16-18 0 1 17 0 17
18 - 20 0 2 19 0 38
z 1006 147 - 7456 1123

Based on the table above shows the speed distribution of motorcycle type vehicles
(MC) crossing from minor to major roads at the intersection Wolter Monginsidi street
- Tg. Manimbaya street, with the average speed in each direction of the turn, namely:
Motorcycle

Vi (LT) = 7,41 km/hour

Vi (RT) = 7,64 km/hour

A. Value Calculation PCU Using the Occupancy Time Method

After obtaining data that is required, then calculate the value PCU using the
Occupancy Time Method with example calculations and calculation results which can
be seen below.

1. Condition A & C (Major Road — Minor Road)

PCU =qiix wi

Qtcs Wes

Unknown :

Qti (ST)=7,37 sec
Qtcs (ST) =9,07 sec
Wi=0,8m
Wes=1,6 m
Completion :
PCU=0,41

Table 9. Recap of Condition B PCU Values

Travel Time (seconds) PCUMC
. MC LV Each
Intersection Movement PCUM
c
Turn Turn Turn  Turn Turn Turn
Left Righ Left Righ Left Righ
Manimbaya 5 |, 1452 7,72 2488 035 033 0,34

Table 10. Recap of average PCU values using the Occupancy Time Method

Location Major Minor PcUMC
Minor Major
Intersection 0,41 0,34 0,37

B. Value Calculation PCU using the Velocity Method

After obtaining data that is required, then calculate the PCU value using the velocity method
with calculation examples and calculation results that can be seen below.
1. Condition A & C ( Major Road - Minor Road)

PCU= ve/vi
Ac/Ai
Unknown :
Ve (ST) = 6,81 km/hour
Vi (ST) = 11,83 km/hour

Ac=6,48 m
Ai=128m
Completion :

PCUmc (ST)= 0,11
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Table 11: Recap of Condition B PCU Values

Left Right  Left Right  Left Right
Turn  Turn Tur  Turn Turn  Turn
n
741 7,64 5,63 494 028 025 027

Table 12. Recap of average PCU values using the Velocity Method

. Major Minor
Location y PCUMC

Minor Major

Te
Manimbaya
Junction

Comparison of Motorcycle Equivalent Values Based on Occupancy Time Method,
Speed Method

0,17 0,27 0,22

Value PCU MC Condition A & C
0,45
0,40
0,35
0,30
0,25
0,20
0,15
0,10
0,05
0,00
Ocupancy time Speed

= W. Monginsidi street - Tg, Manimbaya street

Fig. 4. Comparison of Equivalent Values Based on Occupancy Time and Speed in
Condition A & C

Value PCU MC Condition B
0,32
0,31
0,30
0,29
0,28
-
0,26
Ocupancy Time Speed

= W. Monginsidi street - Tg, Manimbaya street

Fig. 5. Comparison of Equivalent Values Based on Occupancy Time & Speed in
Condition B

Equivalent value calculation of condition B or minor roads. This is because vehicles
joining from minor roads to major roads affect the travel time and speed of vehicles
at the intersection. From Figure 4 and Figure 5, it is obtained that in the calculation of
the Equivalent value using the speed method, the higher the speed, the lower the
Equivalent value, on the contrary, the lower the speed, the greater the Equivalent
value, this is because the Equivalent value of the speed method in condition B is
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greater than in conditions A & C, where motorcycles passing according to condition
B (minor road - major road) tend to have low speeds compared to conditions A & C
(major road - minor road).

4

Conclusion

Based on the research results, it can be concluded that:

1.

The Equivalence value of motorcycles at the intersection Wolter Monginsidi Street
- Tg. Manimbaya Street :

a. At the condition A-C (major road - minor road) is 0.41 while in condition B
(minor road - major road) is 0.34, so the motorcycle equivalency The
value with the occupancy time method at the intersection is 0.37.

b. At the condition A-C (major road - minor road) using the speed method is 0.17
while in condition B (minor road - major road) is 0.27, so the motorcycle
Equivalency value at the intersection is 0.22.

¢. The PCU value obtained from the speed method is lower than the PCU value
obtained from the occupancy time method because the speed method takes into
account the area of the vehicle, while the occupancy time method takes into
account the dimensions of the vehicle.

2. The comparison of the PCU values obtained from the two methods at the
intersection of W. Monginsidi street- Tg. Manimbaya street is the Equivalence
value obtained from the speed method is lower than the PCU value obtained
from the occupancy time method,
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