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PERFORMANCE CHECKS AS PREREQUISITES FOR
ENVIRONMENTAL BENEFITS OF ROUNDABOUTS

Sasa Ahac, Tamara Dzambas, lvica Stanceri¢, Vesna Dragcevic
University of Zagreb, Faculty of Civil Engineering,
Department for Transportation Engineering, Croatia

Abstract

Environmental benefits of roundabouts are well known: roundabouts help reduce fuel con-
sumption and vehicle emissions and also require less maintenance than traditional intersec-
tions with traffic signals, providing a reduction in energy use and costs. The prerequisite for
these assets is smooth speed profile through the roundabout, which is achieved by ensuring
the clarity of the situation for approaching drivers, visibility between road users, comprehen-
sibility of traffic operations and appropriate accommodation of the design vehicles. These
requirements are met through quality roundabout design. Roundabout design is an iterative
process that consists of identification of initial design elements, performance checks (defi-
nition of fastest path, offtracking geometry and visibility tests) and final design details. The
development of reliable software for vehicle movement simulations simplified these perfor-
mance checks, and led to the exploration of new possibilities for roundabout design, which
represents a logical step in the area of road traffic engineering research.

In Croatia the positive aspects of roundabouts are often annulled due to their inappropriate
design. Namely, performance checks that should ensure proper speed profile and required
intersection visibility are usually ignored. The main reason for this stems from the fact that
there are no official national guidelines or regulations for the roundabout design. In this paper
key elements for successful roundabout design will be shown, based on performance checks
conducted by vehicle movement simulation software. Proposed instructions could be used
for the development of national guidelines for roundabout design.

Keywords: roundabout design, offtracking control, fastest path, visibility
1 Introduction

In the past two decades roundabouts became one of the most popular choices for intersecti-
ons in suburban and urban areas in Croatia: according to the available data, in the year 2008
there were more than 130 roundabouts, 85 of which were located in urban and suburban areas
[1]. Their application can result in a number of benefits, which include not only the improved
intersection capacity and safety, but also lower maintenance costs and less air pollution. Nu-
merous studies showed that application of modern roundabouts can help reduce the excessi-
ve emissions and fuel consumption associated with idling time, acceleration and deceleration
of vehicles that usually occur on traditional intersections with traffic signals, as well as noise
pollution in the vicinity of road intersections Reported average reductions varied from 21 to
42% in emissions of carbon monoxide, 16-59% in emissions of carbon dioxide, 20-48% in
emissions of oxides of nitrogen, 18-65% in emissions of hydrocarbons and 4 dB(A) in noise
emission [2, 3].

ENVIRONMENTAL PROTECTION

847



848

Environmental benefits of modern roundabouts are directly linked to the quality of their de-
sign. Namely, in order to achieve the required reduction in vehicular emissions, the speed
profile through the roundabout must be as smooth as possible [4, 5, 6] This can be ensured in
the roundabout’s designing phase by conducting performance checks that include offtracking
geometry, definition of fastest path, and visibility tests.

Unfortunately, in Croatia the positive environmental aspects of roundabouts are often
annulled due to theirinappropriate design. Namely, performance checks that should ensure
proper speed profile and required intersection visibility are usually overlooked. The main
reason for this stems from the fact that there are no official national regulations for the ro-
undabout design. Because of that, in this paper focus is set to display the key elements of
roundabout performance checks described in several design guidelines that are applied in
countries with lasting tradition of roundabout design and construction.

2 Roundabout performance checks

Roundabout design is an iterative process that consists of identification of initial design ele-
ments, performance checks (which include definition of fastest path, offtracking geometry and
visibility tests), and final design details. Roundabout design in Croatia is, due to the lack of offi-
cial guidelines, usually carried out according to the guidelines of the Institute of Transport and
Communications [7], German guidelines [8], Austrian guidelines [9] and/or Swiss norms [10].
These guidelines and norms do not include detailed instructions for all performance checks,
particularly forthe speed checks, i.e. definition of fastest path, which is essential for safe and
functional roundabout design. Because of that, the key elements of roundabout performance
checks represented in documents that are not commonly referred to by Croatian designers,
namely FHWA’s Roundabouts: An Informational Guide [11], and Serbian regulations on road
and intersection design [12], are also described.

Figure1 Offtracking control at roundabouts

2.1 Offtracking control

In orderto secure safe and unobstructed traffic flow on any type of intersection, it is crucial to
investigate the design vehicle’s ability of passing through the intersection. This in ensured by
means of offtracking control. In accordance with [8, 9, 10, 12], a drivable roundabout offtrac-
king control should meet the following requirements:
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- design vehicle selected for this performance check must correspond to the intersection
position in the road network,

- offtracking control must be conducted for all approaches on roundabout and for all three
directions (straight, right and left, as shown in Figure 1.),

- the safety lateral width of at least 0.25 m must be ensured along all elevated curbs.

In the past, offtracking control was usually conducted by means of design vehicle’s templates.
Issues concerning the usability of these templates for the said performance check on modern
roundabouts include following limitations. Templates are given for limited number of design
vehicles, turning radii, scales and steering angles and can be applied only for offtracking
control on right turns. Because of that, offtracking control on modern roundabouts should be
conducted by means of verified swept path analysis software.

2.2 Speed analysis

Another key performance check of a roundabout concept is speed analysis. According to [11,
12], this analysis is composed from following steps:

- construction of the fastest path through the roundabout for each approach,

- definition of five critical path radii for each approach (Figure 2) and

- vehicle speed estimation based on speed-radius relationship (Figure 3).

Fastest path is defined as the smoothest, flattest path possible for a single vehicle, in the
absence of other traffic and ignoring all lane markings. The fastest path is drawn for a vehicle
traversing through the entry, around the central island, and out the relevant exit [11, 12]. It
can be drawn by hand, or constructed by means of CAD software, using 3 degree splines
(piecewise polynomials of 3 degree with function values and 2" derivatives that agree at
the points where they join). For the purpose of speed analysis on roundabouts, fastest path
is drawn with safety lateral width of 1.5 m along all elevated curbs.

Vi= “I'12?-Riviftei

R1>R2 <R3
R1<R3 Rs Vi [km/h] — design speed, (i=1-5)
R1>R4 Ri [m] — radius, (i=1-5)

f[-] — side friction factor
e [m/m] — superelevation

Figure 2 Fastest path and five critical path radii

After sketching the fastest path, the minimum radii are measured using suitable curve tem-
plates or by replicating the path in CAD and using it to determine the radii. Vehicle speed
estimation is based on speed-radius relationship, which is described in [11, 12 13] and shown
on Figure 2.

In order to achieve required entry (V1, V5), circulating (V2, V4), and exit speeds (V3), appro-
priate critical radii relationships for each approach must be achieved. Entry path radius (R1)
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must be larger than circulating path radii (R2 and R4), but at the same time smaller than exit
path radius (R3); also, circulating path radius (R2) must be smaller than exit path radius (R3).
In addition to appropriate (maximum) speeds, speed checks should consider the speed diffe-
rential between conflicting traffic movements. According to [11], in order for vehicles to safely
negotiate the roundabout, the maximum speed differential between movements should be
approximately 15 to 25 km/h, while according to [12] this value should be approximately 10 to
20 km/h. The predicted speed values are used to assess a roundabout’s safety performance
and are used in the intersection and stopping sight distance computations.

2.3 Visibility

An important aspect of roundabout design is the provision of adequate sight distance for all
approaches. To safely negotiate the roundabout the driver must clearly perceive and under-
stand the permitted manoeuvres before reaching the intersection — drivers approaching the
roundabout should be able to recognize the main canalization features of the roundabout (the
central island, raised splitter islands) and slow down to the appropriate speed [14].

d1[m]=f(V1,V2,tc)
d2[m] =f(V4,tc)
d3[m] =f(V4,tr, a)

Vilkm/h] - speed, (i=1-5)

Ri[m] —radius, (i=1-5)

tc [s] - critical headway for entering the major road
tr [s] — perception—brake reaction time

a[m/s?] — deceleration

Figure 3 Fields of vision on roundabouts

In order to provide the adequate sight distance, visibility checks (that include investigation
of stopping sight distance on every approach and on circulatory roadway, and also intersec-
tion sight distance for each approach) should be conducted during the roundabout design.
Required sight distances on the approaches are directly related to predicted speed values on
fastest paths through the analysed roundabout (V1, V2 and V4), critical headway for entering
the major road (tc), while sight distance on circulatory roadway is related to predicted speed
on circulatory roadway (V4), perception-brake reaction time (tr) and deceleration (a) [11, 13].
Visibility checks result in sight lines that should be overlaid onto a single drawing, as shown
in Figure 3. This graphic presentation of fields of vision on roundabouts can be used as gui-
dance on the appropriate locations for various types of visual obstructions. Namely, excessive
intersection sight distance can lead to higher speeds that reduce intersection safety, so in
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order to restrict sight distance to the (recommended) minimum landscaping or other visual
obstructions are used [11].

The white zones in Figure 3 are areas that should be clear of large obstructions that may im-
pede driver's line of sight. In the areas with grey solid shading, especially within the central
island, visual obstructions may be used to break the forward view for through vehicles, which
should contribute to speed reductions and reduction of oncoming headlight glare [11].

3 Speed profiles on roundabouts

Numerous studies have shown that all roundabouts have an influence zone over which they
exert a significant speed effect, forcing the driver to decelerate from cruise (free flow) speed
to circulating speed and to accelerate back to cruise speed when leaving the intersection.
This influence zone usually extends from the centre of the intersection to each intersection
leg for about 80 to 100 m in total [15, 16].

Based on the extensive empirical measurements, three distinct speed profiles for a vehicle

moving through a single lane roundabout were identified, which cover all combinations of

traffic flow conditions [4]:

- an unstopped vehicle that approaches the roundabout, decelerates to negotiate the roun-
dabout circular roadway and then accelerates as it exits the roundabout,

- a vehicle experiencing a single stop, in which there is a full deceleration to a stop at the
yield line, while waiting for an acceptable gap in the circulating lane, then accelerating to
the circulating and cruise speeds, and

- avehicle that experiences multiple stops on the approach as it moves up the queue.

It was also found that high speed differential between circulating and cruising speed will

result in excessive accelerations and decelerations, with accompanying inconsistent driver

behaviour, increase in emissions and fuel consumption [4, 16].

It was established that the emissions increase in following situations:

- when queuing conditions prevail as conflicting traffic increases,

- at low conflicting traffic volumes, when the acceleration rate back to cruise speed is high,
and

- at larger differences between the cruise and circulating speeds [4].

Critical sections on a single lane roundabout in terms of their relative impact on total emissions
is the section on which vehicles experience short stop and go cycles (in front of circulating
traffic yield line) and the section on which vehicles accelerate back to cruise speed [4]. Becau-
se of that, it is important to ensure the appropriate speed differential between consecutive
geometric elements through quality roundabout design. As mentioned earlier, speed checks
should ensure that relative speeds between conflicting traffic streams and between consecuti-
ve geometric elements are minimized to 20 (25) km/h. Speed checks must also ensure that re-
lationships between predicted speeds on fastest paths through the roundabout are as follows:
- entry speed (V1) must be smaller than exiting speed (V3),

- circulating speed (V2, V4) must be smaller than entry speed (V1),

- maximum entry speed (V1, V5) should be smaller or equal to 40 km/h.

4 Conclusions

Environmental benefits of modern roundabouts are directly linked to the quality of their desi-
gn. In order to achieve the required reduction in vehicular emissions, the speed profile throu-
gh the roundabout must be as smooth as possible, which can be ensured in the roundabout’s
designing phase by conducting performance checks (analysis of offtracking geometry, defini-
tion of fastest path, and visibility tests).
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In Croatia the positive environmental aspects of roundabouts are often annulled due to their
inappropriate design: performance checks that should ensure proper speed profile and requ-
ired intersection visibility are usually overlooked. The main reasons for that are the facts that
there are no official national regulations for the roundabout design, and that design is usually
carried out according to the guidelines and/or norms which do not include instructions for all
required performance checks.

Apart from roundabout design guidelines and norms that are usually referred to by Croatian
designers, future official national regulations on roundabout design should include perfor-
mance checks described in FHWA’s Roundabouts: An Informational Guide and/or Serbian
regulations on road and intersection design, which are presented in this paper. Also, in order
to ensure the required environmental benefits of roundabouts, described performance checks
should result in smooth speed profiles and minimized relative speeds between conflicting
traffic streams and between consecutive geometric elements (to maximum 25 km/h).
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