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Abstract Saturation flows which are important for the design of signalized intersections and capacity analysis depend on
the vehicle mix in the traffic stream. Traffic mix in the Savannah Accelerated Development Authority (SADA) zone in Ghana
may be classified as mixed due to the high proportion of motorcycles; this makes it very different from the rest of Ghana. In
this study, passenger car unit values and saturation flow rates were determined at three signalized intersections in the Tamale
metropolis. Traffic volume at the three signal intersection approaches were videotaped during the peak to ensure saturation
flow and queuing conditions. The three hour films were played on a laptop computer and the traffic flow manually classified
into four groups: motorcycles, tricycles, car/taxis and buses/trucks. The data were analyzed using regression techniques to
determine saturation flow. Average saturation flow values of between 3252 pcu/hr and 3810 pcu/hr were observed with the
high values being as a result of the high proportion of motorcycles in the traffic. The results show that the higher the

motorcycles on any approach the lower the headway and the higher the saturation flow.
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1. Introduction

Signalized intersections are an essential part of a road
network, particularly in urban areas where traffic
congestion has always been a problem. [1] defines
saturation flow as the maximum constant departure rate of a
queue from the stop line of an approach lane during the
green period. Traffic operation at signalized intersections
would be much easier to analyze if all vehicles in the traffic
stream were identical. However, saturation flow is
influenced by the proportion and type of vehicles in the
traffic stream. Therefore, passenger car unit (PCU) values
are usually assigned to various categories of vehicles in
order to normalize the saturation flow to a common base of
passenger car units per hour (pcu/hr).

Mixed traffic situations with high composition of
motorcycles is common in most developing countries.
According to [2], more than 80% of the total transportation
modes are two — wheelers in Hanoi, Vietnam, whiles there
are approximately 7.5 million registered motorcycles in
Malaysia with an increase in motorcycle ownership from
0.13 in 1990 to 0.28 motorcycles per person in 2006. In
Korea, authorities have prepared a special area in front of
signalized intersection stop lines to accommodate the high

* Corresponding author:

carladams1702@yahoo.com (Charles Anum Adams)

Published online at http://journal.sapub.org/ijtte

Copyright © 2015 Scientific & Academic Publishing. All Rights Reserved

volume of motorcycles. Other countries like Taiwan have
introduced a segregated flow concept to improve the
performance of traffic mixed with motorcycles [3]. In the
city of Bangalore, India, two-wheelers constitute more than
70% of the total volume, while cars comprise 15%, autos
4% and the remaining include vehicles such as buses, vans
and tempos [4]. In Nigeria, Uganda and Kenya motorcycles
serve as a mode of Para transit service to deliver people and
goods [5-6]. The vehicle population of Ghana in 2011 stood
at 1,122,700 with an average registration of 60,000 vehicles
annually representing an average of close to 10% annual
growth [7]. In 2010, the Driver Vehicle Licensing Authority
(DVLA) registered 102,330 motor vehicles out of which
36,097 were motorcycles representing about 35.28%, which
is the highest in any vehicle category registered in 2010 [7].
This indicates that, the use of motorcycles as a mode of
transport in Ghana is becoming increasingly popular
especially in the Savanah Accelerated Development
Authority (SADA) zone.

The SADA zone comprises the three northern regions of
Ghana namely Upper East Region, Upper West Region and
Northern Region and stretches to include the districts
contiguous to the Northern region that are located in the
North of the Brong Ahafo region. The SADA zone occupies
40% of Ghana’s land area and 30% of the population [8].
Tamale is the capital town of the Northern Region,
motorcycles constitute more than 44% of the vehicle
population in the Tamale metropolis[9] and more than 59%
of all screenline counts are motorcycles and tricycles.
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This traffic situation makes traffic stream characteristics
in the SADA zone very different from the rest of Ghana and
therefore the designer has to consider local values of PCU
and saturation flows. The nature of the traffic is very similar
to those found in countries such as Uganda and Sierra
Leone where motorcycle population is high.

2. Saturation Flow Rate Measurement
Techniques

All the existing methods of measuring saturation flows
assume that saturation flow rate is fixed during a saturated
green signal. Three distinguished measurement methods
have been proposed: Headway method, Regression
technique, as well as Transport and Road Research
Laboratory (TRRL) method.

The Headway method according to [10-11] estimates the
average time headway between the vehicles discharging
from queue as they pass the stop-line. The first several
vehicles are skipped to avoid the effect of vehicles' inertia in
the initial seconds of green time. The saturation flow rate is
calculated as reciprocal of the mean headway.

Regression technique as argued by [12-14] is used to
develop an equation involving saturated green time, number
of vehicles in various categories, and lost time.

The TRRL method requires that vehicles are counted in
three saturated green intervals. The saturation flow is
calculated as the number of vehicles in the middle interval
divided by the length of this interval [15]. All these methods
are appropriate for actual saturation flow profiles that have
the plateau shape indicating uniform departure from the stop
line after the initial starting lost time. Use of a single
saturation flow rate to calculate a delay introduces a bias to
the estimate of deterministic delay. An optimization
technique was proposed by [16] to fit theoretical profiles and
to improve the estimation of the deterministic delay.

[17-18] found that the average headway method is the best
for predicting saturation flows, lost times and PCU factors.
The TRRL method also gives good estimates of saturation
flows and lost times, although it sometimes underestimates
the lost times. Comparing these two methods, the former one
requires data in time headway format which is usually very
difficult to collect, especially in non-lane based traffic
conditions, where due to the lack of lane discipline, vehicles
form a queue with no clear pattern and during subsequent
discharge due to the penetration effect narrower vehicles
occupy the front of the queue and discharge in a group.
Although it is possible to record individual headways of
vehicles crossing the stop line, nonetheless the headway
method cannot be applied because the vehicles are not
moving in a line and one vehicle may have more than one
leader. Therefore, the headway ratio method could not be
applied in this study. Due to the difficulties in measuring
headways of vehicles in non-lane based traffic conditions
and due to the fact that total approach width is adopted for
analysis of saturation flows in the current study, the option
of counting is more appropriate in this respect.

Although the TRRL method requires data in simple
classified vehicle count format, it does not allow one to
calculate PCU values which are essential for saturation flow
(in pcu/hr) measurement. Due to this limitation it is also not
considered here as an alternative method.

The option left is the regression method which gives
saturation flow and PCU values simultaneously and is
therefore attractive. However, investigation by [19] revealed
that while the synchronous regression method produced a
good approximation of PCU factors as well as saturation
flow, corresponding values produced by the asynchronous
multiple regression method underestimate the true factors
from those of the headway ratio method. Hence, the
synchronous counting method is more attractive in terms of
data collection and analysis.

3. Methodology

3.1. Study Sites and Intersection Layout

There are five (5) signalised intersections in the Tamale
metropolis but three were studied due to their similarity in
intersection geometry and characteristics of traffic and driver
behaviour. The three (3) intersections that were used in the
study were located on the Tamale — Kintampo road, Hospital
road and on the Tamale — Bolga road. These have been
labelled A, B and C respectively. Figure 1 and Figures 2a, 2b
and 2c show aerial images depicting the layout of the
intersections.
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Figure 1. Location of Intersections A, B and C

Figure 2(a). Tee Intersection A
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Cross road Intersection C

Figure 2(c).

3.2. Estimation of Headway and Saturation Flow (in
pcu/hr)

The PCU values were evaluated using multiple linear
regression analysis, in which the saturated green time is a
function of vehicles passing the stop line during that green
time. It was assumed that the relationship between
dependent and independent variables is linear and the
regression function can be represented in a general form as
given in (1).

t= ) + a1n1+ a2n2+ a3n3+ asny (1)

Where t is the saturated green time which is defined as
the time the traffic flow is saturated. ay, a;, a,, a3, and a4 are
the constant coefficient of motorcycles, tricycles, cars/taxis,
and buses/trucks respectively. n;, np, n;, and n4 represent
number of vehicles passing the stop line at time t for the
subject approach for motorcycles, tricycles, cars/taxis and
buses/trucks respectively.

To determine when the traffic is saturated in
heterogeneous traffic, all vehicles passing the stop line at
each five-second interval were converted into passenger car
equivalent by using the passenger car unit values adopted
from the Indian Road Congress (IRC) as shown in Table 1.

Table 1. PCU Values Recommended by the Indian Road Congress
Vehicle Type Passenger Car Units
Motorcycle 0.5
Tricycles 0.7
Buses 2.0

Source: [20]

These values were adopted because the traffic situation in

the Tamale metropolis with high proportion of motorcycles
and no lane discipline is similar to what pertains in India. The
values in Table 1 were used for determining saturated flow
conditions and saturated green time only. In every five
seconds in green time, if more than 3 PCU’s passed through
the stop line at an approach, that time was considered as
saturated green time and the total saturated green time for
each cycle was obtained by adding the saturated five (5)
seconds in the cycle [21]. The saturated green time in this
study varied from 5 seconds — 35seconds.

From regression analysis, the PCU values of each vehicle
group were obtained by the ratio of the coefficient of each
group to the coefficient of the car group as shown in (2), (3)
and (4).

ol

PCU (Motorcycle) = g 2)

PCU (Tricycle) = Z—Z 3)
3

PCU (Bus/Truck) = :—4 )
3

The saturation flow was estimated using (5)

S= %pcu/hr )

Where S is the Saturation flow in pcu/hr and H is the
average headway.

In mixed traffic conditions, vehicles of different types
may cause various headways, motorcycles especially move
abreast in a single lane, creating a significant number of zero
headways. Therefore the average headway in this study is
known as the imaginary headway. It is defined as the ratio of
the saturated green time to the total number of different types
of vehicles which are converted into passenger car units
using the PCU wvalues determined for each of the
intersections as given in (6).

tS

H-= (6)

n1Py+nyPy+n3P3+nsPy

Where t is the saturated green time (sec), P, P,,P;, and P4
are the PCU values of motorcycle, tricycle, car/taxi and
bus/truck respectively and ny, n,, n3, and n4 are the number of
vehicles passing the stop line at time t; at the intersection
approach for each group of motorcycles, tricycles, cars/taxis
and buses/trucks respectively.

4. Results and Discussion

4.1. Traffic Composition

For each of the three (3) intersections, the main road was
identified and studied. Table 2 shows the directional
distribution and classification of vehicles traversing each
main road approach at the respective intersections.

At least 43% of all vehicles observed during the study for
the three hour period at each intersection were motorcycles
which are the major mode of private transportation in the
metropolis, cars/ taxis constituted the next highest category
with at least 24%. Busses/trucks and tricycles were less than
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5%. As a result of the high percentage of motorcycles in the
traffic, motorcycles normally stop beyond the stop line,
thereby reducing the area of manoeuver at the intersections
especially at intersection A where the motorcycle percentage
is over 60% of the traffic.

Table 2. Vehicular Composition at Intersection Approaches

Percentage of vehicles at
intersection/approach (directional)

Intersection Intersection Intersection
A B C

NB SB NB SB NB SB
Motorcycles % 59 70 52 46 43 43

Vehicle Type

Tricycles % 5 4 3 3 2 2
Cars % 33 24 43 50 52 52
Buses % 3 2 2 1 3 4

NB = North Bound, SB = South Bound

4.2. Estimation of Passenger Car Unit (PCU)

From the regression analysis, the PCU factors of each
group were obtained when the coefficient of that group was
divided by the coefficient of the car group as shown in Table
3. An average PCU factor of 0.4 was thus obtained for
motorcycles considering all the approaches studied.

Table 3. PCU Factors of Vehicle Groups

Intersection | Motorcycle | Tricycle | Car/Taxis | Bus/Truck
A 0.56 0.70 1.00 1.57
B 0.30 0.75 1.00 1.52
C 0.38 0.67 1.00 1.68

4.3. Headway and Saturation Flow (in pcu/hr)

The average headway and saturation flows obtained are
shown in Table 4.

Table 4. Headway and Saturation Flow Rate

Headway .
(sec) Saturation Flow (pcu/hr)
Intersection . .
Hae | On Save 6s | Minimum | Maximum
A 0.98 | 0.20 | 3810 | 737 2083 6307
1.12 | 0.13 | 3252 | 380 2340 4440
1.08 | 0.14 | 3398 | 410 2241 4385

Where H,,. and S,,. are the average headway and average
saturation flow respectively, 6H and 6s are the standard
deviation of headway and saturation flow respectively.

Since the percentage of motorcycles in the traffic is high,
they tend to gather in front of the stop line during red and
then discharge as groups at the beginning of the green time,
also motorcycles move among and alongside passenger cars.
Consequently this resulted in the high saturation flows
recorded at the intersections with intersection A recording
the highest saturation flow which also has the highest

percentage of motorcycles at the intersections. The high
flows are also as a result of the total approach width method
adopted which discharges more vehicles per hour than the
lane width method for the calculation of the saturation flow.
Therefore to find the saturation flow per lane the values will
be divided by the number of lanes (i.e. two). The flow rates
computed are within the “ideal” 1200 — 2000 pcu/hr/l range
for developing countries reported by [22] if the flow values
are divided by two to convert it to per lane.

Using the SPSS software a Kolomogorov — Smirnov (k — S)
test was performed on the headway values at each of the
intersections assuming that the distribution of the flows
generated at each of the intersection is a uniform function.
The maximum discrepancy at intersection A, B, and C was
0.049, 0.059, and 0.045 respectively, the critical value at 1%
significance level was 2.683, 2.385 and 2.123 respectively.
Since the maximum discrepancies are less than the critical
values, all the frequency distributions of the Headways at all
the intersections correspond to uniform functions at the 1%
significance level as shown in Table 5 and in Figure 3(a), 3(b)
and 3(¢).

Table 5. K-S Test for Assumed Saturation Flows as Uniform Distribution

Site Observations (K — S)suatistic (K = S)eritical
Intersection A 92 0.049 2.683
Intersection B 99 0.059 2.385
Intersection C 76 0.045 2.123

Headway Distribution at Intersection A

Frequency
[

0.57 0.70 0.83 0.96 1.09 1.21 1.34 1.47 1.60 More

Headway (seconds)

Figure 3(a). Headway distribution at Intersection A

Headway Distribution at Intersection B

Frequency
[

0.81 0.89 0.97 1.05 1.13 1.22 1.30 1.38 1.46 More

Headway (seconds)

Figure 3(b). Headway distribution at intersection B
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Headway Distribution at Intersection C
35
30
7 25
9
g 20
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0
0.82 091 1.00 1.08 1.17 1.26 135 1.43 1.52 More
Headway (seconds)
Figure 3(c). Headway distribution at intersection C

According to [23], the empirical rule for determining the
nature of a distribution is that H,,.-26 and H,,. +26 contains
approximately 95% of observations for the mound shaped
distribution to approximate to Normal distribution at 5%
significance level. From the results, H,,. -26 and H,,. +26
obtained for intersection A was 0.54 and 1.38 respectively.
That for intersection B was 0.76 and 1.38 respectively, while
that for intersection C was 0.80 and 1.36 respectively. From
the observed headway data, 98% fell in the range for A, 99%
satisfied the requirement for B and 97% were in the range for
C. There is every indication that the average headway and
average saturation flows are normally distributed.

4.4, Effect of Motorcycles on Headway

The headway distribution at the three intersections is
presented in Figures 3(a), 3(b) and 3(c).Mean observed
headways were 0.98 seconds, 1.12 seconds and 1.08 seconds
at intersections A, B and C respectively. Intersection A had
59% motorcycles at the Northbound approach and 70% at
the Southbound approach, Intersections B and C on the other
hand had 52% and 43% at the Northbound approach with 46
and 43% at the Southbound approach respectively. The high
percentage of motorcycles at Intersection A has a great
influence on the comparatively lower headway. The
presence of motorcycles in the traffic stream creates

variability in the flow as the presence of these motorcycles
ahead of and in between vehicles influences the speed
selection and therefore the headway and spacing between
vehicles. The number of motorcycles at B and C are lesser
which accounts for the slight increases in the headways.

In order to study the relationship between percentage of
motorcycles in the approaching traffic and the headway, a
linear relationship was explored using the data from the three
intersections.

Figure 4 presents a plot of the average headway and
percentage of motorcycles crossing the stop line during each
saturation green time cycle at the approaches. The regression
coefficient indicates that, there is a very weak or no
correlation between headway and percentage of motorcycles
for the over 70 cycles observed. Due to lack of lane
discipline and the fact that motorcycles arrange themselves
in front and between vehicles in a non-uniform way, the
headway of vehicles does not correlate with the number of
motorcycles. This means that in the estimation of headway,
unlike in a uniform flow traffic regime where saturation
headway may be obtained after neglecting the first few
vehicles and taking the headway, for mixed traffic
intersections, the headway does not only depend on the
number of motorcycles in the flow but their performance and
arrangement in and between vehicles.

Using the aggregate data for the approach saturation flow
rate and headway, a linear regression analysis was performed
on the average headway against the percent of motorcycles at
an approach. This was undertaken for the purposes of
understanding how the average headway varies with the
aggregate volume of motorcycles at an approach. The result
indicated that the higher the percent of motorcycles at an
approach the lower the average headway with a regression
coefficient of 0.5819, indicating that 58.19% of all the
variations in the average headway could be explained by the
model parameters as shown in Figure 5.

Even though three intersections were surveyed, the result
could be improved by studying a larger sample of
intersection approaches.
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Figure 4. Average headway against percent of motorcycles
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4.5. Effect of Motorcycles on Saturation Flow at
Intersection Approach

Figure 6 gives an exploratory regression of the saturation
flow past the approaches during green time indication. There
is no correlation or a very weak positive correlation between
the number of motorcycles in the flow and the saturation
flow. The data is too erratic to produce a uniform saturation
flow rate.

A linear regression analysis of the Saturation flow against
the percent of motorcycles at an approach is shown in
Figure 7. The result show that the higher the percent of
motorcycles at an approach the higher the saturation flow
with a regression coefficient of 0.6075, indicating that
60.75% of all the variation in the saturation flow rate could
be explained by the model parameters.

Motorcycles may influence the saturation flow in two
ways: (1) they use time headways shorter than the time
headways of passenger cars, and (2) they increase time
headways of other vehicles. The effect of motorcycles is
incorporated into saturation flow calculations by using a
PCU or passenger car equivalent factor. The equivalent
factor or PCU is the number of passenger cars that replace
one motorcycle in queue without changing the expected time
of queue discharge. The equivalent factor for motorcycles
that includes only the first effect can be easily determined as
hy,e/hee, where hy,c and hyeare the average time headways of
motorcycles and passenger cars respectively. The average
headways are between vehicles that discharge from queue.
From the previous discussions we mentioned that based on
the study results the passenger can equivalent factor for
motorcycles is 0.4 for the SADA zone.

5. Conclusions

- Observed average saturation flow rates for the
intersection A, B and C were 3810, 3253 and 3398
pcu/hr respectively. Higher values of saturation flow
result from a high proportion of motorcycles in the
traffic stream. Hence the saturation flow rate at the
intersections is strongly affected by the presence of
motorcycles.

- The greater the proportion of motorcycles at the
approach, the lesser the headway
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