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Abstract

Roundabouts are very often implemented as a measure for speed control at the intersections
where there is a problem with traffic safety. Although the approaching speed is emphasized
in some research as relevant for operational speed in the roundabout, there are no detailed
analyses of the effects of geometric and traffic elements on approaching speed that can be
used to design safer roundabouts. The experimental study presented in this paper was done
on six different roundabouts, on 22 approaches, located at a regional road network. The
outer radii of analyzed roundabouts were from 15 to 22 m. The speed was measured for 24
hours at every approach. As operational speed, v, - speed up to which 85 % of vehicles are
moving was included in the analyses. The impact of main geometric elements — lane width,
slope, and length of the straight part of the road before entrance to the roundabout was
analyzed. As a traffic parameter, the impact of the posted speed limit at the approach on the
operational speed was also analyzed. Some preliminary recommendations regarding speed
control were generated as a conclusion of this study.
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1 Introduction

Roundabouts are commonly used to control intersections of different geometry by facilitat-
ing low to moderate traffic flows. Numerous studies have been conducted on the safety and
traffic benefits of roundabouts for cars and trucks, proving that roundabouts are the safest
and most effective form of traffic control for most intersections [1, 2]. Compared to signalized
intersections and controlled stop intersections, roundabouts can usually offer better overall
safety performance, smaller queues, fewer delays, and higher throughput. Also, in some cas-
es, the expensive widening of an intersection approach required for a signalized intersection
can be eliminated by the use of roundabouts [3]. Roundabouts are increasingly becoming
the intersection of choice in many countries due to the positive and recognized operational
advantages deriving from their geometrics [2].

The design process of selecting roundabout geometric parameters is an iterative process —
after the preliminary selection of geometric parameters, it is necessary to check vehicle tra-
jectories, visibility, and operational speed. Finally adopted layout must enable the passage
of large vehicles but also prevent the development of excessive speed by cars [4, 5]. There-
fore, it is crucial to analyze which geometric or traffic elements can help in speed control at
roundabouts.
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Operational speed is most important for ensuring appropriate safety and capacity conditions
at roundabouts. Measured operational speed often exceeds the intended speed based on
the design speed or posted speed limit (PSL) [6]. In studies in which operational study mod-
els are developed, PSL limit is often emphasized as the most critical parameter [7,8]. The ge-
ometry of the roundabout, and thus the vehicle’s trajectory through the roundabout, also has
a significantinfluence on the operational speed [9]. Analyses of operational speed measured
at the entrance and exit of roundabouts showed that operational speed at the roundabout
entrance can be higher than at the exit [5]. As the entrance to the roundabouts is more com-
plex than the exit, it is important to release better parameters that affect entrance speed.
Regarding traffic safety, available research shows that accidents related to roundabouts pri-
marily result from exceeding operational speed. Analyzes of traffic accidents in the United
States show that most accidents occur when assessing the roundabout entrance situation
or loss of control at entry. The accidents are different, but the problem is related to the inap-
propriate operating speed at entry in most cases [10]. As the entrance to the roundabout is,
therefore, a critical point, the idea is to analyze if this speed, and to what extent, depends on
the design of the roundabout approach.

This paper presents research conducted to determine the impact of main geometric elements
and posted speed limit at the approach of the roundabouts on the operational speed at the
approach. The elements analyzed in this case are lane width, approach slope, and length of
the straight part of the road before the roundabout entrance. Some preliminary correlations
between approaching speed and defined parameters were set.

2 Methodology and field measurements results

Data for the present study were collected on six single-lane roundabouts located on the bor-
der of the urban area in the municipalities of Viskovo and Kastav near the city of Rijeka,
Croatia. Given the radii between 15 m and 22 m, they are classified as medium-sized urban
roundabouts [11]. The speed up to which 85 % of all passing vehicles drive is accepted as
operating speed (v,,).
To ensure the quality and integrity of the database, field measurements were conducted us-
ing Datacollect SRD radar traffic counters without interrupting the traffic flow. Traffic counters
were placed on a street light pole or traffic sign pole at the height of 2,20 m. The approach
speed was recorded at each approach at two positions: at a distance of 15-30 m (Position 1)
and 49-62 m (Position 2) from the stop line of the roundabout, depending on the position of
the existing pole. Positions and labels of traffic counters are shown in Figure 1. Speed data
was recorded in continuation for 24 hours, as well as the day-time speed from 6 to 22 hours
and the night-time speed from 22 to 6 hours in stable weather conditions. All data were col-
lected on Wednesday and Thursday. The sample consisted of:
» 2 regular three-leg (I-I) and 4 regular four-leg (l1l-VI) roundabouts
¢ 14 cross-sections on which posted speed limit (PSL) is 40 km/h, 26 with PSL50 km/h and
4 with 70 PSL70 km/h
* Analyzed approaches are two-way

Traffic data collected in the field are presented in table 1 for every roundabout (RB) and every
approach (AP) as follows: daytime speed (DS v,,); night-time speed (NS v,); 24-hour speed
(24h v,); vehicles exceeding the speed limit (v, ); lane width (LW); approach slope; length
of the straight part of the road before entrance to the roundabout (LSP); posted speed limit
at the approach outside the roundabout zone (PSL); outer radii (R).
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Figure1 Positions of the traffic counters on the approach

Table1 Geometric and traffic characteristics of selected approaches

RB AP DSv,, NSv,, 24h Voo Ve Lw Slo LSP PSL R
[km/h]  [km/h]  [km/h]  [%] [m] [%] [%] km/h]  [m]
Aa 49 62 50 13,3
3,0 3,0% 40 50
A.2 52 66 51 15,5
B.1 52 54 52 19,6
3,0 -7,0 % 100 50 15
B.2 41 45 41 1,5
C1 34 39 34 0,0
3,0 -2,1% 150 50
C.2 43 50 43 1,7
A1 47 55 48 77
3,0 -4,6 % 130 50
A.2 46 53 47 6,0
I 16
B.1 29 36 29 0,0
3,2 0,9 % 130 50
B.2 54 64 55 32,7
C1 34 41 35 0,1
Il 3,0 0,9 % 150 50 16
C.2 62 72 62 59,2
A 50 56 50 12,8
3,5 3,0% 60 40
A.2 44 49 44 1,9
B.1 30 33 30 0,0
3,0 4,0 % o 40
B.2 44 52 44 2,4
1 22
Ca 41 42 41 0,5
3,5 1,7 % 50 40
C.2 29 31 29 0,0
D.1 36 41 36 0,0
3,25 -6,6 % 150 40
D.2 37 41 37 0,0
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Table 1 Geometric and traffic characteristics of selected approaches - continuation

RE AP DSv,  NSv,  24hv, v, Lw Slo LSP PSL R
(km/h]  [km/h]  [km/h]  [%] [m] [%] (%] [km/h] ~ [m]
A1 28 30 28 0,0
3,5 -9,7% 260 40
A.2 37 39 37 5,0
B.1 52 56 52 21,6
2,5 -0,9% ©0 50
B.2 52 55 52 22,6
v 16
C1 48 53 49 59,1
3,5 -0,6% 50 40
C.2 46 48 46 46,3
D.1 44 48 44 4,0
3,25 10,9% O 50
D.2 41 44 41 1,1
A1 66 68 66 6,2
3,25 0,7 % 80 70
A.2 85 89 86 59,1
B.1 29 33 29 0,0
3,0 2,0% 170 50
B.2 64 71 65 77,3
\Y 17
Ca 56 60 56 0,6
3,25 0,7 % 700 70
C.2 80 86 80 45,1
D.1 51 57 51 19,5
2,75 -5,0% O 50
D.2 58 64 59 51,6
A1 37 45 38 0,4 o
3,3 -2,4 % 200 50
A.2 48 60 48 9,2
B.1 41 49 42 1,5
3,5 3,8 % 150 50
B.2 53 62 54 27,5
Vi 15
Ca 32 39 32 0,0
2,9 -0,7% 75 50
C.2 48 58 48 11,1
D.1 58 69 58 41,5
3,5 -0,5% 530 40
D.2 60 74 60 45,4

3 Analyses of the results

According to data in Table 1, night-time speeds are greater than day-time speeds at all loca-
tions, by an average of 6 km/h. Approaching speed collected for 24 hours doesn’t deviate a
lot from the daytime speed, as shown in Figure 2.

According to the Guidelines [11], medium-sized urban roundabouts must be designed to al-
low a maximum speed of 40 km/h. A posted speed limit sign is placed at approximately 35 m
from the entrance to the roundabout, as shown in Figure 1.

Figure 3 shows that the speed limit (40 km/h) was exceeded on 13 approaches in the case of
day-time speed (the speed is higher for 10 km/h on average) and for as many as 16 approach-
es looking at night-time speed (the speed is higher for 14 km/h on average). The average
percentage of vehicles exceeding the posted speed limit is 30 %.
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Figure 2 Comparison of v,  approaching speed at Position 2
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Figure 3 Operational speed at Position 1 (15-30 m from the entrance)

The correlation between collected geometric parameters (lane width, slope, length of the
straight part of the road before entrance to the roundabout), posted speed limit and meas-
ured 24 h approaching speed was analyzed. The results are presented in Tables 2 and 3.

Table 2 Correlation between selected parameters and measured approaching speed at Position 1

LW [m] Slope [%] LSP [m] PSL [km/h] 24h Ve, [km/h]
LW [m] 1
Slope [%] 0,03534 1
LSP [m] 0,33998 -0,13646 1
PSL [km/h] -0,25943 0,19884 0,30049 1
24h Ve, [km/h] 0,03423 0,01616 0,18447 0,43224 1
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Table 3 Correlation between selected parameters and measured approaching speed at Position 2

LW [m] Slope [%] LSP [m] PSL [km/h] 24hv, [km/h]
LW [m] 1
Slope [%] 0,03534 1
LSP [m] 0,33998 -0,13646 1
PSL [km/h] -0,25943 0,19884 0,30049 1
24h Ve, [km/h] -0,14619 0,19678 0,43107 0,79736 1

As proved in other research [5, 7] there is a strong positive correlation between approaching
operational speed and posted speed limit. Similar results are confirmed in the results of
this study for Position 2, located app 50-60 m before the entrance. At the same time, based
on the analyses of this relatively small database, there is no significant correlation between
approaching operational speed and geometric elements.

As a positive correlation between PSLand approaching operational speed was established, a
simplified regression model was developed to describe the relationship between approach-
ing operational speed at 49 — 62 meters from the entrance (Position 2) and PSL.

Table 4 Regression statistics

Multiple R 0,797361082
R Square 0,635784695
Adjusted R Square 0,61757393
Standard Error 8,371923111
Observations 22

Model for the approaching speed (v,) as a function of posted speed limit (PSL) can be de-
fined as follows:

Vs = 11.667 +1.295 - v, ™M

The correlation is valid for the roundabout with a radius of 15 to 22 m, at a distance of 49 to
62 m from the entrance to the intersection.

4 Conclusions

Speed control at the roundabout entrance is an important element of roundabout traffic safe-
ty. In this paper, approaching operational speed data collected at different roundabouts are
analyzed. The goal was to establish parameters that affect approaching operational speed
and possibly define some measures which can be implemented to control entrance speed.
The results show that the geometric elements analyzed in this paper (lane width, approach
slope, length of the straight part of the road) do not significantly affect approaching speed.

According to this limited study, the posted speed limit set outside roundabout zone resulted
as the only relevant parameter that affects approaching operational speed measured app
50-60 m before the entrance. In order to lower speed in the roundabout entrance zone, the
distance of the location of the PSL sign should be increased to more than 35 m which was
applied presently at the analyzed location. That would affect approaching operational speed
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at Position 2 and subsequently at Position 1, 15-30 m from the entrance, and have a positive
impact on the entrance safety, especially for pedestrians and cyclists.

Acknowledgments

The work in this paper has been supported by the project “Transport infrastructure in the
function of sustainable urban mobility” (uniri-tehnic-18-143-1289) supported by the Univer-
sity of Rijeka, Croatia.

References

[1 Godavarthy, R.P., Russell, E.R.: Integrating Roundabouts with Freight Roadway Networks, Smart Grid
and Renewable Energy, 6 (2015) 10, pp. 293-302, doi: 10.4236/SGRE.2015.610024

[2] Hamim, O.F,, Hossain, M. S., Hadiuzzaman, M.: Developing empirical model with graphical tool to
estimate and predict capacity of rural highway roundabouts, International Journal of Transportation
Science and Technology, 2022, doi: 10.1016/J.1JTST.2021.10.002

[3] Brilon, W., Grossmann, M., Stuwe, B.: Toward a New German Guideline for Capacity of Unsignal-
ized Intersections, Intersections without Traffic Signals I, pp. 62-82, 1991, doi: 10.1007/978-3-642-
84537-6_6

[4] Easa, S., Mehmood, A.: Optimizing geometric design of single-lane roundabouts: Consistency anal-
ysis, Canadian Journal of Civil Engineering, 31 (2004) 6, pp. 1024—1038, doi: 10.1139/L04-066

[5] Surdonja, S., Deluka-Tibljas, A., Cuculi¢, M., Drag€evi¢, V.: The relevant direction of vehicle move-
ment for checking the operational speed at the roundabout, Advances in Science, Technology and
Innovation, 2020, pp. 329-338, doi: 10.1007/978-3-030-17308-1_31

[6] Poe, C.M., Mason, J.M.: Geometric Design Guidelines to Achieve Desired Operating Speed on Urban
Streets, Institute of Transportation Engineers, 1995.

[7] Deluka-Tibljas, A., Surdonja, S., Malatestinié, D., Strineka, L.: Operating speed on urban road net-
work — Case study in Rijeka, Croatia, 5" International Conference on Road and Rail Infrastructure -
CETRA 2018, Zadar, Croatia, 17-19 May 2018, doi: 10.5592/C0O/CETRA.2018.853

[8] Bilten o sigurnosti cestovnog prometa u 2020., Ministarstvo unutarnjih poslova, Zagreb, 2021.

[9] Surdonja, S., Dragcevié, V., Deluka-Tibljag, A.: Analyses of maximum-speed path definition at
single-lane roundabouts, Journal of Traffic and Transportation Engineering (English Edition), 5
(2018) 2, pp. 83-95, doi: 10.1016/J.JTTE.2017.06.006

[10] National Academies of Sciences: Roundabouts: An Informational Guide — Second Edition, 2010, doi:
10.17226/22914

[11] Hrvatske ceste d.o.o0. Zagreb: Smjernice za projektiranje kruznih raskrizja na drzavnim cestama, iz-
radivac: Gradevinski fakultet Sveucilista u Rijeci, Rijeka, 2014.

INFRASTRUCTURE DESIGN AND TRAFFIC SAFETY 49
7" International Conference on Road and Rail Infrastructure - CETRA 2022



