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Abstract:
Background:

Intersections affect the safety and capacity of urban traffic. Therefore, the design and selection of the type of intersection need to be made very
carefully. According to the demand level, a different intersection can be designed. Signalized intersections are one of the intersection types in
which the sequence and duration of the flow at the intersection are provided by the lights. Generally, this type of intersection is used on roads with
high traffic volume. Modern roundabouts are one of the types of circular intersections that provide advantages over other types of intersection in
terms of smooth operation and safety. Modern roundabouts exist in several types today worldwide. In practice, the distinction about the kinds of
roundabouts would not be fully clarified; as a result, queuing and delay can be seen as negative effects.

Methods:

In this study, to make a distinction and clarify the kinds of roundabouts, first, the roundabouts types are introduced according to geometric and
operational aspects. A signalized intersection, where a circular island is placed and also signalized, was investigated in terms of capacity, delay,
and emissions located in Nigde. The traffic flow performance of the current state (nested signalized roundabout) was calculated with HCM Method
(for signalized intersection) using SIDRA and compared with roundabout solutions of the intersection with HCM6 (for roundabout) method using
SIDRA Intersection analysis software.

Results:

From the results of the intersection capacity analysis study based on HCMG, it was seen that the application of a roundabout scenario (intersection
considered as a modern roundabout) showed higher performance at the intersections than the intersection having a secondary signal. Capacity
increased to 67.8%, the average delay decreased to 72.8% and 95th percentile queue dropped to 82.2%.

Conclusion:

Roundabout controlling instead of a nested signal system can be an example of the increase in the performance of traffic flow. This highlights the
importance of choosing the appropriate roundabout design.
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accidents, minimize vehicle delays, and optimize road capacity
(clustering vehicles and minimizing time losses) and calming
traffic. The increase in the number of intersections with the
control signal system in the central island is remarkable in

Signalized intersections are the type of intersection in
which the sequence and duration of flows at the intersection are
provided by the lights. Generally, this type of intersection is

used on roads with high traffic volume. Accurate calculation of
signaling in urban traffic will also greatly affect traffic patterns
at intersections. The signalized intersection is designed to
regulate traffic (minimize disturbances, discipline), reduce

* Address correspondence to the author at the Department of Civil Engineering,
Faculty of Engineering, Nigde Omer Halisdemir University (NOHU), Nigde,
Turkey; Tel: 05353954549; E-mail: hgocmen@gmail.com

recent years in Turkey. Sometimes these intersections are also
described as signalized roundabouts (Fig. 1).

Modern roundabouts are shown as an alternative to
signalized intersections due to the many benefits that they
provide [1, 2]. A study discussed the reasons for
recommending modern roundabout under their titles safety
improvements, operation improvements, community livability,
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traffic calming, aesthetic gateway treatments, etc. Modern
roundabouts exist worldwide in several types today.

Fig. (1). Example of a signalized roundabout with insufficient storage
space [6].

It is seen that some countries have their roundabout guides,
and they have made their geometry designs accordingly.
Design of roundabouts from the United Kingdom, French
Guides SETRA for large roundabouts and SETUR for urban
cases, VSS Swiss Roundabout Guide [1], Roundabout Guide-
lines from German Association FGSV [3], USA guidelines [4],
Polish Guidelines, Austrian Guidelines, and Croatian Round-
about Design Guidelines on State Roads [5] are some of these.
Currently, in Turkey, there are no design guidelines for modern
roundabouts and it is in contrast to many countries.

The choice of intersection design is very important. Fig.
(2) shows a well-known graph of intersection type which is
based on traffic demand at main road and circulation road. The
wrong arrangement and the choice of the type of intersection
can bring many negative effects such as environmental pol-
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lution caused by traffic accidents, delays, queuing, stop and go
condition and cost. For example, if the storage area in the
central island of signalized intersection is insufficient, the
corresponding lanes may be blocked by left-turning flow
vehicles, thereby affecting the overall performance of the
intersection. This could also be seen where secondary traffic
control signals are installed on the circulation island of a
roundabout for controlling left-turning movements. This type
of controlled roundabout is defined in this study as a nested
signalized roundabout.

In this study, to make a distinction and clarify the kinds of
roundabouts, first, the roundabouts types are introduced accor-
ding to geometric and operational aspects in a detailed manner.
Then, a nested signalized intersection located in Nigde is
studied in terms of traffic flow performance. The intersection
(Fig. 3) includes two signaling controls. The primary signal
controls the main approach movements while a secondary
signal (nested) controls left turning and U-turn movements.
The calculation procedure for traffic flow performance of
nested type roundabout is carried out with HCM methods using
SIDRA.

2. ROUNDABOUTS

A traffic circle is a circular intersection that provides a
circular traffic pattern with a significant reduction in the
crossing conflict points. Rotaries, neighborhood traffic circles,
signalized traffic circles and roundabouts are four common
types of circular intersection. Rotaries are the name given to
circular intersections used before the 1960s. It is noticeable that
the diameters of these intersections are very wide (over 100
meters). Therefore, there is a high travel speed of the
circulatory roadway (over 50 km / h). There is little or no
horizontal deflection of the roadway of through-traffic and
traffic operation is valid according to the “yield to the right”
rule (NCHRP, 2010). Columbus Circle in New York City, Arc
de Triomphe in Paris and Dupont Circle in Washington, D.C.,
are three examples of older-style traffic circles.
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Fig. (2). Representation of intersection types according to traffic demand [7].
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Fig. (3). Working Area (intersection with a nested signal controlling in
Nigde).

Neighborhood traffic circles have diameters that are much
smaller than rotaries and therefore allow much lower speeds [8,
9]. Neighborhood traffic circles are raised island built at the
intersections of the local streets for calming traffic so that
drivers need to reduce their speed to move comfortably. The
outer circle can be adjusted to fit large vehicles, while the inner
circle can be landscaped for aesthetic appearance. The
intersection approaches may be uncontrolled or stop-cont-
rolled. They do not typically include raised channelization to
guide the approaching driver to the circulatory roadway. At
some traffic circles, when left turns are allowed to the left of
the central island (clockwise around), conflicting points may
occur with other circulating traffic [4, 10].

Signalized traffic circles are old-style circular intersections
where traffic signals are used to control one or more entry
circulating points [4]. Due to the increase in traffic, these
traffic circles and town squares are nowadays mostly controlled
by traffic signals (they are mainly located within city centers
where traffic is high) so that potential traffic accidents can also
be prevented. Traffic signals have been operated at peak

Entrance line

Central island

Splitter
island

Exit

Fig. (4). Main design elements of roundabouts [14].
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periods of traffic since the first installation and this situation
continues today [11].

A roundabout is a form of circular intersection in which
traffic travels counterclockwise (in the United States and other
right-hand traffic countries) around a central island and where
the entering traffic must yield to the circulating traffic [4]. In
Fig. (4), the main design elements of roundabouts are shown.
The central island provides a visual barrier across the
intersection to the driver entering there [12] whereas the raised
splitter islands at each approach separate the entry and exit
lanes of a street. These splitter islands are designed to deflect
traffic, reduce vehicle speed [13] and provide pedestrian
refuge.

Engineers use a variety of design techniques, mostly
geometric, to slow vehicles as they approach, circulate, and
exit a roundabout [13]. As a result, they reduce the conflict
points, reduce the high speed, improve traffic safety, reduce
delays and increase the capacity. The slower circulating speed
at roundabouts allows entering vehicles to move with smaller
gaps in the circulating traffic flow, making more gaps avai-
lable, and increasing the volume of traffic to pass [15].

Studies by the Federal Highway Administration have
found that roundabouts can increase the traffic capacity by 30
percent to 50 percent compared to traditional intersections [16].
Reducing stopping and queuing patterns can also add to
environmental benefits. Studies have shown a reduction in
greenhouse gas emissions from a range of 17 to 65 percent and
fuel consumption by 28 percent while also reducing vehicle-
related fatalities by 90 percent, injuries by 75 percent and all
crashes by 35 percent when a signalized intersection was
replaced by a roundabout [17, 18]. At rotaries, vehicles need
larger gaps in the circulating traffic flow, reducing the volume
of the traffic processed [19].

Circulatory
roadway

Landscape
buffer

Truck apron

Entry
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Numerous models for determining roundabout capacity
under mixed-traffic conditions suggest that it is strongly
affected by geometric elements [5, 20]. Most importantly,
geometric elements influencing operational efficiency (i.e.
entry capacity) are entry width, entry radius, flare length,
diameter of the entry angle inscribed circle and number of
entry lanes [5]. Based on the comparison of guidelines, it has
been found that all European guidelines are similar in terms of
main geometry design elements except the UK (the geometry
parameters of the UK are slightly different). The USA
guidelines have bigger values of geometry design when
compared to European guidelines. This is because of longer
design vehicles and dimensions related to specific national
conditions and drivers’ behavior [5]. The comparison of the
roundabout category, according to German and USA Guide-
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lines [5, 8]. is shown in Table 1.

In Fig. (5), there is another demonstration of different
roundabout types that could be seen according to their size
(measured by inscribed circle diameter) and range of demand
(measured by the ADT of the whole intersection) determined
by German guidelines. It could be seen that the policy of
intersection is made according to the sufficient capacity.

The first mini-roundabout on the public road network was
put into operation in Peterborough (Great Britain) in 1968 and
has been used thousands of times since then [21]. As can be
seen in the chart in Fig. (5), mini-roundabouts are the
intersections with low inscribed circle diameter and low
capacity. They are generally used in urban areas with less
operating speed. The central island can be traversed by large
vehicles, as shown in Fig. (6).

Table 1. The comparison of roundabout category according to German and USA Guidelines.

- Roundabout Type - - - - -
Design Element Mini - Single-Lane| - [Multi-Lane -
- Germany USA Germany | USA | Germany USA
Desirable Maximum Entry Speed(km/h) 25-30 25-30 30-40 30-40 50-60 40-50
Maximum number of entering lanes per approach 1 1 1 1 32 32
Typical inscribed circle diameter 13-22 25-30 30-40 30-40 50-60 40-50
Central Island treatment Traversable Traversable| Raised [raised| raised Raised
- up to approximately (veh/day) - - - - -
Typical daily service volume on 4-leg roundabout
(veh/day)* 12,000 15,000 25,000 ]25,000] 32,000 45,000
- - - - - - for two- lane
*QOperational analysis needed to verify upper limit for specific applications
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>
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Fig. (5). Definition of types of roundabouts by their inscribed circle diameter and their potential range of applicability in terms of average daily traffic
(ADT) [22].
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Fig. (6). An example of Mini roundabout in Kall [22].

Single-lane roundabouts are used in urban and rural areas
and defined as having single lane entry at all legs and one
circulating lane [23]. The difference from mini-roundabouts is
that they have larger inscribed circle diameters, non-traversable
central islands, and their design allows higher speeds on
entries, circulating lane, and exits [24]. Rural roundabouts may
have larger diameters than urban roundabouts to allow slightly
higher speeds at the entries, on the circulatory roadway and on
the exits [23]. In Germany, the single lane roundabout is still
the reference type to which all other types are compared [3].

In the German terminology, there is still an intermediate
type of roundabout which could be called — loosely translated —
compact semi two lane roundabout. Roundabouts of this type
have a diameter between 40 and 60 meters and a circulating
lane 8 and 10 meters wide without the lane marking on the
circle. Besides these measures, they are very much designed
like a single lane roundabout and in the US, they are treated
like single lane [3].

Multilane roundabouts include all roundabouts that have at
least one entry with two or more lanes. In some cases, the
roundabout may have a different number of lanes on one or
more approaches. For example, a roundabout with both two-
lane entries and single-lane entries would still be considered a
multilane roundabout. They also include roundabouts with
entries on one or more approaches that are from one to two or
more lanes. These need wider circulatory roadways to
accommodate more than one vehicle travelling side-by-side.
The speed at the entry, on the circulatory roadway, and at the
exit is similar or may be slightly higher than those for the
single-lane roundabout [24]. Multi-lane roundabouts have more
problems than single-lane roundabouts. Drivers might not be
able to enter the appropriate lane, leading them to change lanes
within the circulating lane [25]. Due to a possibility of path
overlaps at the entry and the exit as well as higher speeds, these
types of roundabouts are less safe in comparison with mini and
single-lane roundabouts [5]. There are tradeoffs between safety
and operational performance in this type of roundabouts [25].
The geometric design includes raised splitter islands, truck
apron (if required), a non-traversable central island, and
appropriate entry path deflection [24].

Turbo roundabouts are multi lanes roundabouts with spiral
road markings and separated circulating lanes. They have much
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greater capacity and have more safety than standard multi-lane
roundabouts, while they do not need any additional space [26].

A signalized roundabout is an intersection type constructed
by placing traffic signals in multilane roundabouts that control
the traffic [26] as shown in Fig. (7). Signalized roundabouts
originate from the UK and date back to the early seventies of
the previous century; but from the year 1991, signalization
became a popular method of traffic control in roundabouts.
Signalized roundabouts are well-known in Belgium, the
Netherlands, Denmark, Sweden and Germany [11]. It can be
seen from Fig. (5) and Table 1 that the signalized roundabout
capacity is over 32000 vehicles per day and the inscribed circle
diameter is beyond 50 meters.

Fig. (7). Signalized roundabouts in France [28].

Traffic signals are generally added to a roundabout to solve
specific problems, mainly related to capacity or quality of
traffic flow. Insufficient capacity of the roundabout, heavy left-
turning traffic flow, and unacceptable delays and/or queues on
one or more of the connecting legs are the most important of
them. Sometimes the problems to solve are also traffic safety-
related. Such as drivers experience difficulties when merging
with the traffic on the multilane roundabout due to high
circulating speeds and for pedestrians and cyclists it is difficult
to cross multilane legs of the roundabout [26]. There are no
standard design parameters for signalized roundabouts. The
designs of existing signalized roundabouts are mostly based on
general road-design experience. In general, the design should
be based on the fact that drivers should be able to reach their
desired destination in relatively safe circumstances [26]. It can
be seen that the two main signal controls of roundabouts are:
direct control and indirect control. Direct control rules both
external and internal links in a roundabout while indirect
control rules only the inflows to the round-about. The
roundabout can either get full or partial signal control and
signals can either be used permanently or for part-time [27].
According to the FHWA guide, a primary requirement for fully
signalized roundabouts is the capacity to gather vehicles that
are not moving in the circulatory roadway without creating
queues that spill back to block upstream exits or entries.
Unsignalized roundabouts that are built with diameters and
roadway widths could not be fully signalized without increa-
sing the diameter lane width, and/or additional lanes [28].
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3. TEST SITE

Working area is shown in Fig. (1); it is a fixed-time, 3-
phase signal controlled, 4-leg, and the 40-meters-wide inter-
section with 70km/h speed limits on major roads. The major
road has 3 lanes in each direction. In the middle of the
intersection, there is a 16 meters central island and the width of
the circulating area is about 3 lanes. The intersection and the
central island are signalized controlled. It can be seen that this
situation causes vehicle accumulation (queuing) and delay due
to the lack of space for vehicles around the rotating island as
shown in Fig. (3).

The traffic volume values were obtained from the traffic
counts on March 5th, 2018 between 16: 20-17: 20, which is the
peak hour of the evening. The volume counts periods on each
approach were 60 minutes. Also, left-turning, right-turning,
and through-movement traffic volumes in the approaches were
classified according to vehicle types and converted into a
passenger car unit (pcu) in Fig. (8).

4. METHODS

Although signalized roundabouts have been widely used in
recent years, the design criteria are not clear and the per-
formance of these types of intersections can only be measured
by simulation programs [29]. Cakic1 and Murat [29] proposed
an approach for the calculation of signal cycle time and phase
plan at signalized roundabouts. The effectiveness of the design
was evaluated by considering different types of intersection
phase plans and measured by considering the delay
performance criterion. As a result of the analysis, as the left
turn ratio increased, it was found that different alternatives
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should be preferred instead of roundabouts, depending on the
increase in the number of phases [30].

In this study, capacity and delay determine the traffic flow
performance of the current state (nested signalized round-
about), which are calculated with the HCM Method (for
signalized intersection) using SIDRA. As a new approach, the
green interval of the secondary signal is added as a left-turn
phase to the primary phase plan. Each lane group capacity is a
function of effective green time in seconds (g), cycle time (C)
in seconds, saturation flow (s) of vehicles per hour per lane,
and the number of lanes (N).

c=NXsXx g @
C
The cycle time for capacity analysis is,
C=Cp+tsgs (2)

Where C is the cycle time (seconds) of the combined signal
control, C, is the primary cycle time and g, is the green time for
left turning and u-turning movements with a secondary signal.
In the signalized intersections, capacity analysis with HCM is
out of the scope of this study, so no calculation details have
been entered. You can refer to the study mentioned as refe-
rence [31] for detailed accounts.

Weaving theory was used to describe the traffic charac-
teristics of traffic circles such as Clayton Methods, Wardrop's
method efc, at the Department of Environment in the UK. The
transport and road research laboratory (U.K.) which has
pioneered research on this aspect, recommends the follo-wing
formula which is a modification of the well-known Wardrop
formula [32]:
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. 280w(1+%)(1—§) 3)
P 1+7
b b+c

T a+b+c+d )

O, is the practical capacity (pcu/h); w is the width of
weaving section (m), e is the average entry width (m), [ is the
length of weaving section (m) and P is the proportion of
weaving traffic. P is calculated by the ratio of the sum of
crossing streams (b and c) to the total traffic on the weaving
section. Long weaving distance for merging entries causes
circles to be large. In modern roundabouts, no weaving
distances are necessary. Circulating traffic always keeps mo-
ving.

The capacity of modern roundabouts is principally a
function of the availability of entering vehicles to accept gaps
in the conflicting circulating traffic stream. Because round-
abouts (typically) do not have traffic signals installed, the
capacity emerges from the geometric characteristics of the
roundabout itself, and the behavioral characteristics of the
drivers [31].

The capacity estimation method of roundabouts can be
classified as the empirical regression analysis method and
analytical method. The former model is based on a regression
model estimating the relationships between entering volume
and circulating volume as the dependent variable and in-
dependent variable, respectively [33]. It requires a large
number of roundabouts with a full range of traffic volumes for
estimation and calibration of parameters [34]. This approach
emphasizes the effect of geometrics such as entry number of
lanes and width, circulating lanes, and width and is in-
dependent of driver behavior characteristic underlying British
Roundabout Methodology [31]. The regression method, to
calculate roundabout capacity, needs a large number of data
survey especially under the condition of saturated traffic flow.

The British roundabout capacity equation was developed
by the Transport Research Laboratory (TRL). The FHWA2000
Roundabouts, an informational guide, provides the capacity
equation (5) where Q, is the entry capacity (Fig. 9), Q. is
conflicting flow [35] simplifying TRL model by assuming a
particular geometric design even though the equation is
presented as applicable for inscribed diameters from 24 to 55
meters.

Q. = 1212 — 0.5447Q, 5)

However, equation (5) is limited so that the combined
entry and circulating flow cannot exceed 1,800 vehicles per
hour. This occurs when the circulating flow is about 1,291
vehicles per hour. At higher flow rates, the entry capacity is the
difference between 1,800 vehicles per hour and the circulating
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flow.

The analytical capacity estimation methods of roundabouts
are based on gap-acceptance theory, which is concerned with
the dynamic characteristics and priority rules, while critical gap
and follow up headway are its key parameters [36] and linked
to the empirical observation of drivers’ behavior. The critical
gap represents an indifference point in which drivers accept or
reject to enter circulation traffic. Follow-up headway is the
additional time beyond the critical gap needed for each
additional vehicle to enter the conflicting traffic stream [31].
The well-known behavioral roundabout capacity models that
depend on the gap acceptance theory are Tanner’s [37 - 39].

3600 q.(1-4-q,) - el=0c=2)] ©
e 1-— exp(_qC'Tu)

Q, is the entry capacity (veh/h), q. is the circulating flow in
front of the entry approach (veh/h), A is the minimum headway
between the circulating vehicles (s), T is the critical gap (s) and
T, is the follow-up time (s).

The Highway Capacity Manual 2000 HCM 2000 provides
the following equation for determining the approach capacity
for a single-lane roundabout.

A e~ Vetc/3600 0]

C = —
a ™ 1 _ o~vcts/3600

Where, c, is the approach capacity (veh/h), V. is the
conflicting circulating traffic (veh/h), t, is the critical gap (s),
and t; is the follow-up time (s).

The roundabout capacity model presented in the 2010
edition of the Highway Capacity Manual HCM 2010 [1] was
developed as an exponential regression model to observe data
at 31 sites in the US with parameter estimates based on gap
acceptance theory. The accuracy of capacity calculations at
roundabouts is dependent largely on the accurate estimation of
the critical gap and follow-up headway [40].

HCM2010, the fifth edition, developed new methodologies
for evaluating roundabout performance. In HCM2010, multi-
lane roundabouts with up to two entry lanes and one bypass
lane per approach were considered in capacity estimates [41]
different from the HCM2000 edition.

The model HCM6 used to calculate capacity at
roundabouts is a semi-analytical model. The model is a mixture
of regression and the gap-acceptance model. The model cal-
culates the capacity at the entry points entering the roundabout
using the critical gap and follow-up time obtained as a result of
observations of roundabouts in the United States. HCM 2010
and HCMB6 use the same model for capacity calculation. Unlike
HCM6, in HCM 2010, model parameters critical gap (t,) and
follow-up time (t;) have been updated with new data [42].
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Fig. (9). Roundabout entering capacity versus circulation flow.

The capacity of each roundabout entry is then determined
as a function of the conflicting circulating flow using equation
(8). The equation includes an intercept term, A, and a slope
parameter B. HCM2010 and HCM6 use the same general
model except for A and B values (Table 2).

C = Ae™Bv ®

A and B are calculated by critical gap and follow-up time
values for corresponding lanes.

A =3600/t )]
_ te— (tf/z) 1
T 3600 (10)

Table 2. A and B parameters [42].

To estimate circulating and exiting flow rates at various
roundabout approaches, turning movement flow rates (left,
trough, right) are used. For multilane roundabouts, the total
approach volume needs to be distributed across two lanes. This
is a function of the lane assignment (striping of roundabout
entry), and the relative turning movement flow rates. The HCM
distinguishes five cases, summarized in Table 3. The volumes
are for each respective approach.

For approaches with multiple left or right-turn lanes,
additional guidance for estimating the percentage of traffic in
the left lane (% LL) and right lane (% RL) is found in the HCM
or can be adopted based on the analyst’s judgment [31].

) One-lane Two-lane
entry roundabouts entry roundabouts
Lane Number 1x1 1x2 2x1 zx(zright) 2xz(le ft)
Entering 1 1 2 2 2
Circulating 1 2 2 2
HCM2010
A 1130 1130 1130 1130 1130
B -0.0001 -0.0007 -0.0001 -0.0007 -0.00075
HCM6
A 1380 1420 1420 1420 1350
B -0.00102 -0.00085 -0.00091 -0.00085 -0.00092
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Table 3. Lane utilization for multilane roundabouts [31].
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Case Assumed lane assignment center lane Right lane
1 L,TR vut vy \CE '
2 LT,R vu + vy v, Vi
3 LT, TR (%LL)v, (%RL)v,
4 LLTR (%LL)v, (%RL)v,
5 LTR,R (%LL)v, (%RL)v,

Entering lane delay is calculated from the following
equation,

3600
d—@+9OOT[x—1+\](x—1)2+M] an
T 450T

+ 5 X min[x, 1]

Where d is the average lane control delay per vehicle
(s/vehicle), T is the time period (h), x is the volume to capacity
ratio for the corresponding lane, c¢ is the capacity of the
corresponding lane (veh/h). The volume-to-capacity ratio is the
key input in the equation (11) to estimate the average control
delay.

The control delay (dapproach) for an approach is
calculated by computing a weighted average of the delay for
each lane (dLL,dRL, dbypass) on the approach, weighted by
the volume in each lane (vLL,vRL,vbypass) [43].

dLL VLL + dRLURL + dbypassvbypass (12)

d =
approach
VLL VRL v bypass

Similarly, the overall roundabout control delay can be
calculated as weighted average of the approach delays as
shown in Eq. (13).

_Xdi; (13)

dintersectiun - Z
Vi

Where, d,,.,s0ci0nd; and v, are control delay for the entire

roundabout (s/veh), control delay for approach (s/veh) and flow
rate (veh/h), respectively.

The LOS values for the approach or intersection
corresponding to the delay were determined using the
thresholds given in Table 4.

Following equation is to calculate the 95th percentile
queue;

(14)

)x ¢

1507 ' Gao0’

%s=9mru—1+Ju-

where, Q,; is the 95th percentile queue (veh), x is the
volume-to-capacity ratio of the subject lane, c is the capacity of
the subject lane (veh/h), and T is the period (h).

SIDRA, a micro-analytical software, can conduct the lane-
by-lane analysis of different intersection types. SIDRA utilizes

an iterative approximation method to estimate intersection
capacity, total delay, queue lengths and emission levels [44].
The word SIDRA stands for Signalized and Unsignalized
Intersection Design and Research Aid. Further development,
distribution, and support of SIDRA were undertaken, including
workshops and training courses. The SIDRA software program
was first developed by Dr. Rahmi Akcelik in 1975-1979.
SIDRA 2 based on ARRB Research Report ARR 123 was
developed and first released as the main-frame computer
program in 1984. Then the program appeared many times in
different versions. The SIDRA Intersection program is
recognized by Austroads in Australia and New Zealand, in the
United States by major sources such as HCM, TRB / FHWA
Roundabout Guide. INTERSECTION provides various
facilities for calibration of its traffic models for local
conditions. The US HCM software setups (Customary and
Metric units) of SIDRA INTERSECTION are based on the
calibration of model parameters against the Highway Capacity
Manual [45, 46].

Table 4. Delay interval for LOS [31].

LOS Control delay (s/veh)
<=10

>10-15

>15-25

>25-35

>33-50

>50 or v//c ratio >1.0

ol Heol Rl N@N llovh o2

5. MODELLING EXISTING AND PROPOSED
INTERSECTION IN SIDRA

To model the Sabanci Dormitory Intersection in the
SIDRA Intersection program, the following sequence has been
followed:

e Introduction of intersection geometry to the computer
program

e  Obtaining information such as the number of cros-
sings, number of lanes, current direction, the
numbering of current directions.
Entering the traffic data into the program
For each flow, traffic flow rates, PHF, approaching,
and intersection speeds are entered.

e  Entering the phase plan and signal durations of the
intersection into the program

The values of the current situation are determined as a
result of the observations made in the working area. After these
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operations, the saturated flow rate has to be entered. The
saturation flow rate is 1900 (vehicle-hr")-lane” recommended
by TRB for all lanes.

6. PERFORMANCE OF THE INTERSECTION FOR
CURRENT STATE

Nested signalised roundabouts can not be modelled di-
rectly in the SIDRA, so primary and secondary signals are
combined into one signal system by adding a secondary green
interval to the primary cycle time. The final phase and signal
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timing of the intersection are shown in Fig. (10) and Table 5,
respectively. Finally, capacity and delay are calculated
according to the new phase plan. The actual demand for
turning movements is given in Table 6.

The roundabout in Fig. (11) is built up to compare the
current situation with the roundabout application. While
designing the intersection, the number and width of the lanes of
the existing intersection were taken into consideration. Other

geometric features of the designed round-about are given in
Table 7.

Phase A Phase B Phase C Phase D
FERTEK
X 3 Al
i 4 ; l L>
0 ﬂv P
\
~€------ >
P EEERE >
A W
H [alfa)
L 88 (»
«—z2 2
Y DURU
Fig. (10). The current Phase Plan.
Table 5. The current cycle timing and green intervals.
Phases B C D
Phase Change Time 0 28 53 73
Green interval (s) 24 21 16 13
Total Phase Time 28 25 20 17
Percent of phases in the
Cycle Length (%) 3 28 2 19
Table 6. Volume at approaches.
Legs Turnings Vph Legs Turnings Vph
Bor center 38 Fertek center 169
- Through 785 Through 128
- Right 340 Right 122
Nigde center 210 Duru center 45
- Through 650 Through 87
- Right 175 Right 62
Table 7. Geometric properties of the proposed roundabout.
Approximation Duru Nigde Fertek Bor
Circulation Lane number 2 2 2 2
Circulating Width 10 m 10 m 10 m 10 m
Island Diameter 30 m 30 m 30 m 30 m
Entry Radius 20 m 20 m 20 m 20 m
Entry Angle 30° 30° 30° 30°
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Fig. (11). Roundabout application.

HCM6 method is used to calculate the traffic flow per-
formance for the current situation and roundabout application
that are given in Table 8.

As shown in Table 8, capacity increased from 3353 to
5627 vehicle per hour (%67.8), the average delay decreased
from 42.6 to 11.8 seconds (%-72.3), and 95th percentile queue
vehicle number dropped from 25.8 to 4.6 vehicle (%-82.2). The
roundabout design produced 11.9% less hydrocarbon, 9.4%

Table 8. Intersection actual and proposed design output.

less carbon dioxide, 9.5% less fuel consumption. CO2 and
NOX levels decreased by 2% and 3%, respectively.

From the results of the intersection capacity analysis
performed by using SIDRA, it can be seen that the application
of roundabout scenario (intersection considered as a modern
roundabout) shows higher performance at the intersections than
the current state. The proposed roundabout emission outputs is
slightly better than the current state.

Performance Measure The Actual Roundabout Differences (%)
- A C (C-A)/A
Travel Speed (Average) km/h 31.3 448 43.1
Travel Time (Total) veh-h/h 82 59.4 -27.6
Degree of Saturation 0.989 0.589 -40.4
Effective Intersection Capacity veh/h 3353 5627 67,8
Control Delay (Total) veh-h/h 39.19 10.83 -72.4
Control Delay (Average) sec 42.6 11.8 =723
Intersection Level of Service (LOS) LOSD LOSB -
95% Back of Queue - Vehicles (Worst Lane) veh 25.8 4.6 -82.2
Fuel Consumption (Total) L/h 288.8 261.5 -9.5
Carbon Dioxide (Total) kg/h 678.6 614.5 -9.4
Hydrocarbons (Total) kg/h 0.067 0.059 -11.9
Carbon Monoxide (Total) kg/h 0.821 0.78 -5.0
NOx (Total) kg/h 0.223 0.216 -3.1
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CONCLUSION

The nested signalized roundabout which is investigated in
this study does not reflect the geometric properties of a
roundabout. The traffic performance values obtained from the
simulation shows that the alternative control application has a
higher value than the nested signalized roundabout.
Roundabout controlling instead of a nested signal system can
be an example of the increase in the performance of traffic
flow. This highlights the importance of choosing the
appropriate design.

Countries that do not follow roundabout design guidelines
such as Turkey, should also take advantage of the existing
regulations. Signalized roundabouts design is an expert system
because it has no standard design parameters, so the designs of
existing signalized roundabouts are mostly based on general
road design experience and common sense. From the results, it
is suggested that the regulation of traffic and the geometry of
intersection should be reviewed. Despite multi-lane types of
roundabouts are less safe in comparison with mini and single-
lane roundabouts, the signalized roundabouts can overcome the
negative effects of it, if designed and controlled properly.

In this study, the fact that the delay values could not be
measured in the field is the weakness of the study. The critical
gap and follow-up headway in the HCM method directly affect
the capacity. Therefore, in the continuation of the study, critical
gap and follow-up headway will be observed in a few
roundabouts, and deviations from the default values will be
investigated.
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