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SPEED AS AN ELEMENT FOR DESIGNING ROUNDABOUTS

Hrvoje Pilko?, Davor Bréi¢t, Nikola Subié2
1 University of Zagreb Faculty of Transport and Traffic Sciences, Croatia
2 HOK Insurance d.d. Zagreb, Croatia

Abstract

The increasing construction and implementation of roundabouts in the last 20 years is a result
of a need for capacity increment, as well as the safety level increment on road intersections
at-grade. Designing and shaping roundabouts, especially in urban areas, represents a com-
plicated problem with a number of different conditioned elements that need to be satisfied.
Geometrical elements such as the dimension of the outer roundabout diameter and number
and width of the lanes considerably affect the trajectory of the vehicle's path through the
intersection, respectively the vehicle speed that has an immediate effect on the safety and
the capacity of the roundabout. Through a depiction of four existing roundabouts in the City
of Zagreb, this paperwill analyze the speed as an important roundabout designing factor. The
research results will provide guidelines for roundabout designers, considering that the design
speed is in correlation with the measured actual vehicle speed on a roundabout.

Keywords: roundabouts in urban areas, modelling and designing,
vehicle movement trajectory vehicle speed

1 Introduction

Modelling and designing roundabouts with small diameters (Dv < 35m) in urban areas, pre-
sents a complicated task where a series of conditioned elements must be satisfied. Geometri-
cal elements such as the inscribed circle radius and the number and width of the approaching
lanes considerably affect the shape of vehicle movement trajectory through the intersection,
i.e. the speed of the vehicles that has direct impact on the roundabout safety and capacity. A
well-designed roundabout reduces the relative speeds between conflicting traffic streams by
requiring vehicles to negotiate the roundabout along a curved path. Therefore, the ability to
predict the vehicular speeds through the roundabout in the preliminary design is an impor-
tant element while designing and modelling roundabouts. This paper will show an analysis
of four roundabouts in the City of Zagreb, as well as the predicted speed on the roundabout
entrance, circulatory roadway and exit in relation with the actual measured speeds of the
analyzed intersections.

2 The speed on the vehicle path through roundabout

2.1 Design speed

Achieving the adequate speed throughout the roundabout results in accident possibility de-
crement, and also in intersection capacity increment. With the increment of the trajectory
curve, the speed between the vehicles entering the circulatory roadway decreases as well as
the speed of the vehicles already in the roundabout. Thus, the number of traffic accidents that

happen while entering or exiting the circulatory roadway considerably decrease. However, on
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roundabouts with multilane roundabouts (on circular roadways and approach legs) increasing
vehicle path curvature creates greater side friction between adjacent traffic. This could result
in traffic accident increment caused by the interlacing of vehicles or their overrunning the
roadway [6]. Therefore, with the goal of decreasing traffic accidents for every roundabout type
an optimum design speed is suggested (Figure 1) [6].

Distance from Center (ft)
300 250 200 150 100 50 0 50 100 150 200 250 300

Speed (km/h)
58 883883

80 60 40 20 0 20 40 60 80
Distance from Center (m)

Figure1 Depiction of the design speed values for a single-lane roundabout [6]

Table 1 shows maximum recommended values of the design speed for a vehicle entering a
roundabout.

Table1 Maximum recommended design speed for a vehicle entering a roundabout [2, 6]

Roundabout type Maximum recommended design speed
at the roundabout entrance [km/h]

Mini roundabout (RKT ) 25 [km/h]

Small, single-lane © roundabout (RKT,) 35 [km/h]

Small, double-lane ® roundabout (RKT,) 40 [km/h]

Medium, single-lane (RKTSV) 40 [km/h]

Medium, double-lane (RKTSV.2) 50 [km/h]

Calculating the design speed is based on the radii of the vehicle path as shown:

V =.127R(e +f) (€]

where: V = design speed [km/h], R = radius [m] , e = superelevation rate [m/m], f = side
friction factor [6].

Adherence between the pneumatic and the roadway is important for the stability and the
safety of the vehicle movement through the roundabout, i.e. for the safer negotiation of the
vehicle path. Superelevation values are usually assumed to be +0.02 for entry and exit curves
and -0.02 for curves around the centralisland. Values of the side friction factor depend on the
vehicle speed, the roadway type and the condition of the roadway (Figure 2.).

The design speed shouldn’t differ considerably from the actual roundabout speed, and sho-
uld be in correlation with other design parameters, respectively with the presumed traffic
environment [4, 6].
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a) vehicle speed and diameter relation b) side friction factor and vehicle speed relation

Figure 2 Relation depiction; a) diameter of the vehicle path and vehicle speed b) vehicle speed and side friction
factor [6]

2.2 Vehicle path through the roundabout

For determining the speed on the roundabout, it is necessary to determine the fastest vehicle
path allowed by the geometry (the trajectory that allows the maximum vehicle speed throu-
gh the roundabout). While determining the vehicle path it is assumed that there is no other
traffic or marked traffic lanes. Therefore, the vehicle can move freely through the approach
leg, the approach entrance, around the central island, and towards the exit. It can be noticed
that every vehicle path is characterized by three radii: the entry path radius, circulating path
radius and the exit path radius. It is assumed that the vehicle is 2 m wide, and that it will
maintain a minimum clearance of 0.5 m from a roadway centerline or concrete curb and the
drawn edge of the splitter island. Therefore, the centerline of the vehicle path is 1.5 m away
from a roadway centerline, 1.5m away from the concrete curb and 1.0 m away from the drawn
line of the splitterisland (Figure 3.) [4, 6].

Figure 3 Layout of the fastest vehicle path through a roundabout [6].

The fastest vehicle path for the drive through manoeuvre is a series of reverse curves (to the
trajectory on the right a trajectory on the left continues, and then a right trajectory again takes
place). In cases with no central island the vehicle path will be straight. Therefore, the radius
of reverse curve depends on the smallest radius that usually appears while the vehicle turns
around the central island. For all the approaches it is necessary to sketch the fastest vehicle
paths, which can be done by using the AutoCAD tool [1, 4, 5, 6].
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2.3 Vehicle path radii on roundabouts

With the goal of achieving an adequate design speed for the fastest vehicle path it is nece-
ssary to check the consistency/permanence for all movements. Speed consistency resultsin a
higher level of traffic safety by decreasing the speed difference among conflicting traffic flows.
Also, it simplifies the task of merging into the conflicting traffic stream, minimizing critical
gaps, thus optimizing entry capacity. Therefore, for each approach it is necessary to check
five critical radii: R1 — entry path radius; R2 — circulating path radius; R3 — exit path radius;
R4 — left-turn path radius; Rs — right-turn path radius (Figure 4.). It is necessary to note that
the values of these radii are not equal to the presumed curb radii [4, 6].

Figure 4 Vehicle path radii [6]

Itis desirable that on the fastest vehicle path, R1 is smaller than R2, which on the other hand
needs to be smaller than R3. This ensures that speeds will be reduced to their lowest level
at the roundabout entry and will thereby reduce the likelihood of loss-of-control crashes. In
cases where the R1 < R2 condition is not possible to satisfy, then it is necessary that R1 is
greater than R2 provided the relative difference in speeds is less than 20 km/h. At mini and
small roundabouts with higher intensity of pedestrian traffic, and with the goal of maximizing
exit speeds, itis desirable that the exiting radii are equal orinconsiderably greater than R2. By
checking the values of the radius R4 the condition that maximum speed difference between
the entrance flow and the circulatory roadway flow is smaller than 20km/h is assured. The de-
sign speed for the R5 radius should be the same as the maximum design speed of the whole
roundabout and not higher than 20km/h from the design speed of the R4 radius, which has
a conflict point with the R2 [4, 6].

3 Analysis of the research results

The analysis of the speed on the vehicle movement trajectory in the conditions of a normal
flow has been conducted on four single-lane roundabouts with four single-lane approaches,
situated in central and periphery part of Zagreb. Design parameters of the observed rounda-
bouts are shown in Table 2. Because of the design characteristics of the chosen roundabouts
and analyzed traffic flow movements, speed on the vehicle path through a roundabout from
every leg approach has been analyzed. The vehicle speed at the entrance (V), in the rounda-
bout (V) and at the roundabout exit (V3) was measured, as well as the corresponding radii (R,
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R, and RB). Speed on right turns (V4) and left turns (VS) through the roundabout, respectively
the radii (R4 and RS) because of previously mentioned reasons are not the research topic.
Measurements of the approaching vehicle speed were done in cooperation with The Ministry
of the Interior on the 07.07.2008., Tuesday, in morning peak-hours, in intervals of 5, 10 and 15
minutes. Meteorological conditions were appropriate, it was mostly sunny with slight clouds
which allowed good visibility on all intersections, and the roadway was dry. In accordance
with the specifics of analyzed intersections, and needed information on the traffic flow speed
and technical characteristics of the instrument a MULTANOVA 6F instrument was chosen and
used. During measurements a police automobile without police markings was used along with
an officer in a civil uniform, in order to reduce the possibility of spotting the police, which
could affect the driver reactions [1, 5]. Measurements of the approaching speed, the speed in
the circulatory roadway, and the speed at the roundabout exit were done on the 15.09.2011.,
Thursday, in the morning peak-hours, in intervals of 15 minutes with a GPs installed in a
personal vehicle. Also, meteorological conditions were appropriate, sunny weather enabled
good visibility on all intersections, and the roadway was dry.

Table 2 Design elements of chosen roundabouts [1, 5]

Red. br. | Oznaka ] Naziv raskrizja/prometnice Kruzni kolnik Privozi Napomena
D, [m]| Dy[m] | tk [m] |q [#%]| n[-] | by, [m] | uvozlizvoz [m] | n-traénost [k/p]
am- | Mini RKT (Dv < 26 m )
01. RKTm |Sveti Duh - Kuni$¢ak 20,0 6,0 7,0 -1,5 3 7.1 3,5/3,6 11

b)M- _ Mala RKT (22m<Dv<35m)

02. RKTM |Petrova - Jordanovac 25,0 12,0 6,5 -1,5 4 8,0 3,5/4,5 11
03. RKTM _|Vocarska - Bijenicka 220 | 130 | 45 | 30| 4 8,0 4,0/4,0 11
04. RKTM  |Radni¢ka cesta - Petrugevec 1. 40,0 | 28,0 60 | -05] 4 6,5 3,035 n

Depiction: D, — outer roundabout diameter [m], D, - inner roundabout diameter [m], tk -
circular roadway width [m], g - superelevation rate on circular roadway gradient [+%)], bp -
approach leg width [m].

Table 3 shows data acquired with speed measurements for vehicle movement trajectories
through the roundabout. The design speed of the roundabout was calculated in accordance
with the formula (1) with the help of measured radii in the layouts [4, 5, 6], while on the spe-
cimen of 50 measurements the average measured vehicle speed was depicted, as well as the
deviating values.

Table3 Design speed and average measured vehicle speed on chosen intersections

Naziv raskrizja / Polumjer trajektorija Projektna brzina Broj Izmjerena prosje¢na brzina Odstupanje od projektne brzine
Oznaka privoza R, R; R, v, A A mjerenja |V, v, A Vv, A A
[m] m] m] tkm/] | kmih] | [km/h] tkm/h] | [kmn] | [km/h] [%] %] %]
Sveti Duh - Kuniséak
Privoz 1-3 T 10 20 28 19,02 26,91 31,83 50 17,52 24,04 29,34 -7,91 -10,65 -7,84
Privoz 3-1 | 10 20 28 19,02 26,91 31,83 50 16,20 24,60 26,90 -14,85 -8,57 -15,50
Petrova - Jordanovac
Privoz 1- 20 29 19,02 26, 32,40 50 6,96 23,40 28,02 -10,85 -13,03 -13,51
Privoz 3- 20 29 19,02 2691 | 32,40 50 6,52 23,31 25,56 -13,37 -13,36 -21,11
Privoz 4-; 20 25 20,84 26, 30,08 50 0,42 25,34 28,78 -2,02 -5,82 -4,33
Privoz 2- 20 25 23,30 26, 30,08 50 4,34 26,56 29,78 +4,46 -1,28 -1,00
Vocarska - Bijenicka
Privoz 1- 1 20 25 22,68 2619 [ 2928 50 0,36 24,90 30,24 -10,23 -4.92 +3,28
Privoz 3- 1 20 25 22,68 2619 | 2928 50 1,15 24,34 28,7 -6.74 -7,06 -1,77
Privoz 4- 1 20 28 18,52 26, 30,99 50 1,66 24,48 30,4 +16,97 -6.52 -1,89
Privoz 2- 1 20 28 18,52 26, 30,99 50 1,38 25,96 29,7 +15,46 -0,87 -3,89
Radnicka cesta - PetruSevec 1.
Privoz 1- 25 30 2371 | 3060 | 3353 50 20,86 27,22 4,64 -12,01 -11,06 +3,32
Privoz 3- 25 30 23,7 30,60 3,53 50 19,76 26,30 .40 -16,65 -14,06 -3,36
Privoz 4-; 25 25 23,7 30,60 0,60 50 22,74 29,74 4,34 -4,07 -2,82 +12,21
Privoz 2- 25 25 23,7 30,60 0,60 50 23,12 28,38 .88 -2,47 -7,27 +7,44

For comparison of acquired results, speed on the vehicle path through the roundabout is
shown in the following graphs.
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Odnos projekte i izmjerene brzine kruznog raskrizja Sv. Duh - Kuniscak
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Figure 5 The relationship of the design speed and the measured speed in the roundabout Sv. Duh—Kunis¢ak

Odnos projektne i izmjerene brzine kruznog raskrizja Petrova - Jordanovac
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Figure 6 Therelationship ofthe design speed and the measured speed in the roundabout Petrova—Jordanovac

Odnos projektne i izmjerene brzine kruznog raskrizja Vocarska - Bijenicka
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Figure 7 Therelationship of the design speed and the measured speed in the roundabout Voéarska—Bijenicka
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Odnos projektne i izmjerene brzine kruznog raskrizja Radnicka cesta - Petrusevec 1.
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Figure 8 Therelationship of the design speed and the measured speed in the roundabout Radnicka— PetruSevec

Onthe Figures 5, 6, 7 and 8 the relationship between the measured vehicle speeds is shown,
respectively from every approach. The diagrams show that the conditionsR , R ¢ R, have been
satisfied while designing the roundabout. Respectively, the lowest measured speed is the
one on the vehicle path around the central island, while the highest speeds are measured at
the roundabout exit.

Research results also show that average values of measured speed at the entrance are smaller
than 35 km/h, and are in accordance with the recommendations from Table 2. However, on
certain intersections deviations of measured individual speeds from the design speed were
noted (Table 3.). On the Sv. Duh—Kuni3cak intersection the average measured speed from the
approach leg 3 to the approach leg 1 was 15.50% smaller than the design speed. On the Petro-
va—Jordanovac intersection the average measured speed from the approach 3 to the approach
1 had a 21.11% smallervalue than the design speed, while the actual speed from the approach
2 to the approach 4 was 4.46% higher than the design speed. On the Vocarska-Bijenicka
intersection the measured speed from the approach 1 to the approach 3 was lower than the
design speed for 10.23%, while the same speed was 16.97% higher than the design speed
for the movement from the approach 4 to the approach leg 2. On the Radnic¢ka—Petrusevec
intersection the average measured speed from the approach 3 to the approach 1 was 16.65%
smaller than the design speed, while for the movement from the approach 4 to the approach
2 the speed difference was 12,21% (actual speed was higher than the design speed). These
deviations are a result of specific spatial locations of mentioned roundabouts, their design
elements and characteristics of traffic flow during the measurements.

4 Conclusion

Designing and dimensioning of roundabouts with small diameters in urban areas (D, < 35 m)
presents a complex problem where it is necessary to determine a series of elements out of
which the size of the inner and outer diameter of the roundabout, the number and width of
approaching legs are of most importance. The mentioned elements considerably affect the
vehicle path through the roundabout, i.e. the speed of the vehicles that has direct impact on
the roundabout safety and capacity [1, 4, 5, 6].

Te research on the vehicle path speed in normal conditions was conducted on four single-lane
roundabouts with four single-lane approaches in the City of Zagreb. The research results showed
that the basic design conditionR, R < R3 was satisfied. Looking at traffic intersections, deviati-
ons between the design and actual speed are spanning from -21.11% to +16.69%, and are the
result of the location and function of the intersection in the road network, design elements and
characteristics of traffic flow as well as driver conduct during the measurements.
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It should be pointed out, that in the Republic of Croatia there is no existing legislative regu-
lative for roundabout design. In the existing guidelines 'Smjernice za projektiranje raskrizja
u naseljima sa stajaliSta sigurnosti prometa' [7] conditions/rules for determining the design
speed are not defined. Therefore, guidelines 'Roundabouts; An Informational Guide, 2000,
Federal Highway Administration'[6] can serve the designers while designing the roundabout
speed, which the conducted research confirms.

The conducted research on the vehicle path speed should serve as a basis for future tho-
rough and systematic research of the causality of speed and vehicle path on roundabouts.
The research should comprise a larger number of roundabouts with a bigger number of test
samples, and the speed for left and right turns through the roundabout. Furthermore, it would
be necessary to bring into connection the effect of the design speed with the level of safety
on the existing roundabouts, analyzing traffic accident by types and samples.
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