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Abstract

An alternative type of modern roundabout with variable circulatory roadway width, the so-
called two-geometry roundabout, has an elliptical outer carriageway edge and a circular in-
ner carriageway edge. This variable width results in a roundabout that is less bulky than 
standard modern roundabouts and therefore more easily placed in locations with space con-
straints. Previous research has shown that these roundabouts must be equipped with truck 
aprons to guarantee vehicle trajectory deflection linked width the required personal vehicle 
speed reduction. The investigation presented in this paper aimed to determine the influence 
of truck apron design on two-geometry roundabouts’ personal vehicle speed reduction capa-
bilities and relative speed. The investigation was based on computer simulations of vehicle 
movement and the resulting swept paths of a tractor with a semitrailer generated by the 
Autodesk Vehicle Tracking 2020 software. 32 four-legged single-lane roundabout schemes 
were designed in the Autodesk AutoCAD 2021 software by varying lengths of (1) the major 
axis from 18 to 25 m, with a 1-meter increment, and (2) the minor axis from 0.75 to 0.90 times 
the major axis length, with an increment of 0.05. Additional eight four-legged single-lane 
roundabout schemes were designed to represent a standard modern roundabout by varying 
the outer radius from 18 to 25 m, with a 1-meter increment. The truck aprons were designed 
to accommodate the 5-meter-wide circulatory lane. The expected driving speed through the 
roundabouts was estimated by constructing the fastest paths, measuring the path radii, and 
calculating driving speed according to the FHWA model. The investigation resulted in relative 
speeds between conflicting traffic streams and consecutive geometric elements, whose con-
sistency can help to improve traffic safety at intersections.
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1	 Introduction

Modern roundabouts are intersections where the yield-at-entry rule is applied, and the traffic 
is continuous and circulating at low speed in one direction around a raised central island to-
wards the exits at the intersection legs. Compared to conventional intersections, adequately 
designed modern roundabouts provide numerous benefits like improved intersection safety 
and capacity, better vehicle speed management, reduced maintenance costs, and reduced 
pollution generated by road traffic [1-5]. Today, due to the constant development of mod-
ern roundabouts, there are numerous alternatives to standard single-lane or double-lane 
roundabouts either in use or in the development phase worldwide, such as hamburger, tur-
bo, peanut, flower, elliptical, and target roundabouts [6-8]. One such alternative modern 
roundabout is the so-called two-geometry roundabout. This alternative modern roundabout 
is equipped with variable circulatory roadway widths (that vary from “x” to “y”), defined by 
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the elliptical outer carriageway edge (defined by the major axis “a” and the minor axis “b”) 
and a circular inner carriageway edge (defined by the central island radius “Rc”), as shown 
in Figure 1. Variable circulatory roadway width results in a roundabout that is less bulky than 
standard modern roundabouts and therefore more easily placed in locations with space con-
straints [2, 8].

Figure 1	 Two-geometry roundabout design elements

Previous research has shown that two-geometry roundabouts must be equipped with truck 
aprons to guarantee vehicle trajectory deflection linked width the required personal vehicle 
speed reduction [9]. The investigation presented in this paper aims to determine the influ-
ence of the truck apron design on two-geometry roundabouts’ personal vehicle speed reduc-
tion capabilities and relative speed. According to [10], relative speeds between conflicting 
traffic streams and between consecutive geometric elements should be minimized such that 
the maximum speed differential between movements should be no more than approximately 
15 to 25 km/h. 
As there is not yet enough experimental data collected on constructed two-geometry rounda-
bouts because their number is still low [8], the presented investigation is based on computer 
simulations: the selected design vehicle movement is simulated, and the resulting vehicle 
swept paths are used as the basis for the design of roundabout schemes. On the resulting 
roundabout schemes, the passenger vehicle relative speed analysis is conducted by con-
structing the fastest paths, measuring the path radii, and then calculating the vehicle speed 
using the FHWA model [9]. The results of this investigation have shown that the introduction 
of the truck apron in a two-geometry roundabout design can provide sufficient traffic safety 
when the truck apron design is based on the 5-meter-wide circulatory lane.
The paper is organized as follows. Input parameters and methods used in the investigation 
are presented in Section 2. The results of the investigation are given in Section 3. These 
results are discussed and interpreted from the perspective of the investigated roundabout 
design elements’ applicability and safety in Section 4. In the same section possible future 
research directions are highlighted and conclusions are drawn.

2	 Methodology

The investigation presented in this paper was conducted on 40 single-lane roundabout 
schemes designed in the Autodesk AutoCAD 2021 software by utilizing computer simulations 
of the design vehicle movement and the resulting swept paths generated by the Autodesk 
Vehicle Tracking 2020 software. The design vehicle used in this investigation was a tractor 
with a semi-trailer based upon a Scania R500 LA6x2/4MNA (Södertälje, Sweden) tractor with 
a generic 13.6 m long and 2.55 m wide trailer (Figure 2), which is defined as a standard Euro-
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pean long vehicle in the Vehicle Tracking 2020 database. This long, articulated vehicle was 
selected because these types of vehicles face issues while maneuvering the roundabout due 
to their large turning envelope requirements [11, 12]. 

Figure 2	 Design vehicle

A total of 32 initial schemes were constructed by varying the major axis of the elliptical outer 
edge of a two-geometry roundabout (a) from 18 to 25 m, with a 1 m increment, and varying 
the minor axis of the elliptical outer edge of a two-geometry roundabout (b, where b = 0.75a, 
0.80a, 0.85a, and 0.90a.) Eight additional initial schemes were created to represent a stand-
ard modern roundabout with an outer radius (R, where R = a) between 18 and 25 m, designed 
with a 1 m increment. An increment of 1 m was chosen to capture the dispersity of the results 
and to create a sample that is representative, manageable, and easy to present at the same 
time. Roundabout approach leg axes in all schemes intersect in the center of the rounda-
bout’s outer edge. Approach legs are radial to the outer edge, and their axes intersect in the 
center of the roundabout. A triangular splitter island, 15 m long, 3 m wide, and placed 0.5 m 
from the roundabout outer edge, was selected for this investigation (Figure 3 a). 

Figure 3	 Roundabout initial schemes and the front axle center point paths

The input parameter necessary for defining the swept path at roundabouts is the design ve-
hicle steering path, i.e., the front axle center point path. For this investigation, the front axle 
center point paths for the circular movement around the central island (Figure 3 a, shown 
in magenta) were constructed with a circular arc with a radius that is offset by 2 m from the 
roundabout’s minor axis (R′ = b − 2). Paths for the right-turn movement (Figure 3 b, shown in 
orange) were constructed with an entry line that was offset by 1.75 m from the splitter island 
on the roundabout entry, an exit line that was offset by 2.0 m from the splitter island on the 
roundabout exit, and a circular arc (R″) tangential to these lines. Paths for through movement 
(Figure 3 b, shown in green) were constructed following the principles of hairpin bend geom-
etry [13], i.e., with an entry line, four consecutive circular arcs (R′1, R′2, R′3, and R′4), and an 
exit line. Entry and exit lines were offset by 1.75 m from the splitter island on the roundabout 
entry and exit (Figure 3 b). 
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Minimal safety lateral widths of 0.25 m were ensured along the elevated splitter islands, 
central island, and outer carriageway edge in every roundabout scheme, according to the in-
structions given in [14]. The resulting swept paths were used to determine the central island 
radii (Rc) and carriageway edge design. All designed roundabout schemes were equipped 
with a truck apron. The truck apron width was based on the selected width of the circulatory 
lane, which was set to 5 m. This width is in line with the recommendations given in [8], which 
state that the circulatory lane widths on two-geometry roundabouts can be between 4 to 6 m. 
Furthermore, the 5-m-wide circulatory lane was selected because previous research, given in 
[9], has shown that the circulatory lane widths of 5.5 m resulted in excessive relative speed 
for the analyzed paths at the exit.
On the resulting roundabout schemes, estimations of the expected driving speed based on 
the fastest path analyses were conducted. The fastest paths were drawn for all approaches 
and all movements: through movement (Figure 4, shown in red), right-turn (Figure 4, shown 
in purple), and left-turn movements (Figure 4, shown in blue). The fastest paths were con-
structed in Autodesk AutoCAD 2021 software using cubic splines, piecewise polynomials 
of the third degree with function values, and second derivatives that agree at the points 
(nodes) where they join. Nodes were defined in such a way that they result in a spline curve 
tangent with the following minimum clearances: 1 m from the painted edge line of the splitter 
island and 1.5 m from the right carriageway edge and the central island (Figure 4). 

Figure 4	 Fastest paths and the minimum clearances

Following the construction of the fastest paths, the path radii were defined for each approach 
(Figure 5): (1) the entry path radii (R’(1), R’(4), R’’(1), and R’’(4)), which are the minimum radii on 
the fastest through paths (shown in red) and left-turn paths (shown in blue) before the en-
trance line; (2) the circulating path radii (R’(2), R’(5), R’(6), R’’(2), R’’(5), and R’’(6)), which are the 
minimum radii on the fastest through paths and left-turn paths around the central island; 
(3) the exit path radii (R’(3), R’(7), R’’(3), and R’’(7)), which are the minimum radii on the fastest 
through paths and left-turn paths into the exit; and (4) the right-turn path radii (R’(8) and 
R’’(8)), which are the minimum radii on the fastest paths of a right-turning vehicle (shown in 
purple) [10]. Estimations of vehicle speed were conducted for every path radius based on the 
following speed–radius relationship, given in [10]: 

	 	 (1)

where Vi [km/h] is the predicted design speed, Ri [m] is the radius of the curve, f [-] is the side 
friction factor, and e [-] is superelevation (assumed to be +0.025 for entry and exit curves and 
-0.025 for curves around the central island). Finally, the relative speed between conflicting 
traffic streams and consecutive fastest path elements was determined.
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Figure 5	 Fastest paths and the minimum clearances

3	 Results

Resulting entry design speeds (V’1, V’’1, V’8, and V’’8) and relative speed between conflict-
ing traffic streams ((V’1-V’’5), (V’4-V’’2), (V’’1-V’5), and (V’’4-V’2)) are given in Figure 6. It can be 
noted that the entry design speeds are smaller than the recommended maximum value for 
single-lane roundabouts of 40 km/h, that is given in [10]. This maximum value is exceeded 
by 1 km/h only at a standard roundabout scheme with an outer radius of 25 m for right-turn 
entry speed (V’8 and V’’8). Relative speeds between conflicting traffic streams on two-geom-
etry roundabouts are larger for approach I (((V’1-V’’5) and (V’4-V’’2)) compared to approach II 
((V’’1-V’5) and (V’’4-V’2)).

Figure 6	 Entry design speeds and relative speeds between conflicting traffic streams

The resulting relative and average expected driving speed along the analyzed fastest paths 
are given in Figure 7. According to [10], for vehicles to safely negotiate the roundabout, the 
maximum relative speed between consecutive fastest path elements should not exceed 15 
to 25 km/h. As it can be noted, on all two-geometry roundabout schemes, relative speeds 
between consecutive fastest path elements are below the recommended maximum value of 
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15 km/h. On standard roundabout schemes, the largest noted relative speed between con-
secutive fastest path elements is 16 km/h. It can also be noted that the calculated expected 
driving speeds through the roundabout for the major and minor axis directions (V(I-III), V(I-IV), 
V(II-IV), and V(II-I)) are lower than 35 km/h, which is in line with recommendations given in [15].

Figure 7	 Relative and average expected driving speed along the fastest paths

4	 Discussion and conclusions

The investigation presented in this paper aimed to provide insight into the impact of two-ge-
ometry roundabouts on traffic safety, i.e., to determine whether the two-geometry rounda-
bouts can provide the appropriate vehicle speed reduction and consistency between con-
secutive geometric elements. Namely, according to [10], the consistency between the speeds 
of various movements within the intersection can help to minimize the crash rate between 
conflicting traffic streams. 
Previous research has shown that two-geometry roundabouts must be equipped with truck 
aprons to guarantee vehicle trajectory deflection linked width the required personal vehicle 
speed reduction [9]. Therefore, investigated roundabout schemes (designed according to 
the long design vehicle swept paths) were equipped with truck aprons. Apron widths were 
based on the selected circulatory lane width of 5 m. On the designed roundabout schemes, 
the passenger vehicle relative speed analysis was conducted by constructing the fastest 
paths, measuring the path radii, and then calculating the vehicle speed using the FHWA 
model described in [10].
The results of this investigation have shown that the introduction of the truck apron in a two-ge-
ometry roundabout design can provide appropriate vehicle speed reduction and consistency 
between consecutive geometric elements, and, therefore, sufficient traffic safety. Future re-
search will be based on the circulatory lane widths’ optimization. Namely, variable circulatory 
lane widths will be investigated to determine limit width values that will provide sufficient de-
viation of the vehicle trajectories and lowering of vehicle speed for two-geometry roundabouts.
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