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1.	 Introduction

Modern roundabouts which were developed in the United 
Kingdom have started to be built in Slovakia after 1999. 
Concurrently, mainly in urban and rural areas, single-lane 
roundabouts are widely used. The reasons for their use are mostly:
•	 enhancement of safety in comparison with other forms of 

at-grade intersections; 
•	 speed reduction, as  one of significant reductions of fatal and 

injury accidents;
•	 noise reduction [1];
•	 aesthetic improvement; and
•	 higher traffic capacity in comparison with unsignalized 

intersections [2] and, in some cases, also with signalized 
intersections [3]. 
Higher traffic capacity of roundabouts in comparison with 

unsignalized intersections is related to several factors. One of 
them is that traffic operation at roundabouts is much easier than 
traffic operation at unsignalized intersections. At roundabouts, 
vehicles travel clockwise around a  raised centre island, with 
entering traffic yielding the right-of-way to circulating traffic. 
This fact results not only in reduction of conflicting points in 
comparison with unsignalized intersections – from 32 conflicting 
points at four leg unsignalized intersections to 8 conflicting points 
at single-lane roundabouts. Moreover, it results in reduction of 
the number of conflicting traffic streams and hierarchical levels 
of priorities – from 4 to 2 ranks. Further important factor is 
the low speed of conflicting traffic flows at the circulating lane 
– usually 20-25 km/h [4]. At lower speeds of conflicting traffic 
flows, the critical gaps and follow-up headways are lower, which 

means more acceptable gaps for safe entrance of vehicles to the 
circulating lane and also higher capacity.

The aim of the article is to present the capacity limits for 
selected types of roundabouts under the most influencing traffic 
conditions settings – proportion of left-turning vehicles and ratio 
of traffic volume on the major and minor streets. For better 
illustration they are compared with capacity limits of simple 
unsignalized intersection – intersection with shared lanes on all 
legs.

2.	 Types of roundabouts in Slovakia

Concurrently, mainly compact small single-lane roundabouts 
are built in Slovakia. They are roundabouts with diameter between 
26 m and 40 m and with single-lane entry at all legs, and one 
circulating lane (Fig. 1).

Under larger traffic volume large double-lane roundabouts with 
diameter more than 40 m (usually up to 60 m) are built. These 
roundabouts are designed with single- or double-lane entries and 
two circulating lanes. They are built occasionally because of lower 
safety on the circulating lane when vehicles need to weave [5]. 
For the same reason, capacity of the internal lane at double-lanes 
entries is not much efficient [6 and 7]. 

Due to deficiency of free space in urban area mini-roundabouts 
with diameter between 14 m and 22 m and with traversable island 
for larger vehicles are built (Fig.  1).

In recent years, turbo-roundabouts with the spiral arrangement 
of the circulating lane are designed and built in some European 
countries. Due to absence of standards and regulations to support 
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designed by Wu [9] is used (modified the basic idea of Tanner, 
1962):
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where:
G	 - 	basic capacity of a roundabout entry [pcu/h],
q

k
 	 - 	circulating traffic flow in front of the entry [pcu/h],

n
c
 	 - 	the number of circulating lanes [-],

n
e
 	 - 	parameter taking into account the number of entry lanes [-], 

n
e
=1.0 for single-lane entry; n

e
=1.5 for double-lane entry,

t
c
 	 - 	critical gap [s],

t
f
 	 - 	follow-up headway [s],

t
min	

-	 minimum headway between the vehicles circulating in the 
circulating lane [s].

According to formula (1), the entry capacity of roundabout  
depends on circulating traffic flow, the number of circulating 
lanes, the number of entry lanes and on the driver gap acceptance 
behaviour. This driver gap acceptance behaviour is represented by 
the critical gap t

c
, follow-up headway t

f
  and minimum headway 

between circulating vehicles t
min

. Critical gap is the minimum gap 
between the vehicles on circulating lane which an entering driver 
is ready to accept to enter the roundabout. Follow-up headway is 
the time difference between two consecutive vehicles using the 
same gap to enter the roundabout. 

The values of gap times t
c
, t

f
 and t

min
 specified in TP 234 were 

derived from experimental data on Czech roundabouts – Table 
1. They depend on type and size of roundabouts. For single-lane 
roundabouts the gap times are also dependent on their geometry 
- distance between the exiting and entering conflicting points and 
entry radius. For capacity calculation, the Slovak capacity manual 
TP 10/2010 [10] has not been used. The reason is that the values 
of gap times have been taken from HBS (2001) and they are 
based on the initial experimental data on German roundabouts 
(observations of Stuwe, 1992). These values have not been 
verified under Slovak conditions and they are used regardless of 
the type and geometry of roundabouts (Table 1). Although the 
values of gap times in Germany have been updated [11], Czech 
parameters were used, because the traffic rules and a  typical 
behaviour of drivers is very similar as Slovak and Czech Republic 
are neighbouring countries.

For minimum and maximum geometry parameters of single-
lane roundabout, dependence of basic capacity of roundabout 
entry according to TP 234 is shown in Fig. 2. The chart also shows 
measurements of 5-minutes interval of saturation flows measured for 
several single-lane entries at roundabouts in Zilina (some of them are 
presented in [12]). In some cases, the measured capacity exceeds the 
value of the theoretical capacity according to TP 234 for minimum 
geometry parameters of roundabout (TP 234 min), but only in a few 
cases, the measured maximum capacity is higher than theoretical 
capacity for maximum geometry parameters (TP 234 max). 

this type of roundabouts, they are not built in Slovakia, but it is 
only a question of a short time until this trend changes.

 

   
Fig. 1 Typical Slovak single-lane roundabout (up)  

and mini-roundabout (down)

3.	 Capacity calculation of roundabouts

Capacity manuals are used for capacity calculation but only 
the capacity of the roundabout entries under particular traffic 
conditions is possible to calculate and evaluate. However, the 
total capacity of roundabout as the maximum hourly rate at which 
vehicles can enter a  roundabout under specific geometric and 
traffic conditions is required. For this reason, the custom software 
tool was created. By using this software tool the total capacity 
of various models of roundabouts under various combinations 
of traffic loads can be calculated in an iteractive fashion. It is 
possible to determine the maximum total capacity of roundabouts 
when the degree of saturation of any entry is equal to 1.0 – the 
reserve of capacity, as a  difference between the entry capacity 
and entry traffic volume, is zero. In addition, it is possible to 
determine the total capacity of roundabouts for other levels of 
service. These levels of service depend on an average waiting time. 
The total capacity of roundabout, as the sum of traffic volumes on 
all entries of the roundabout, is reached if required limit of any 
entry is achieved.

As the basis for capacity calculation, the procedure in Czech 
capacity manual TP 234 [8] was used. Calculation method 
described in this manual is related to gap acceptance procedure. 
For the calculation of basic capacity of roundabout entry equation 
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with shared lanes on all legs – are also provided for comparison 
purposes. 

In the calculation, it is considered that main and minor streets 
are crossed in the roundabout location. Two opposite roundabout 
entries at a major street are in the article referred to as the major 
entries and two opposite roundabout entries at a minor street are 
referred to as the minor entries.

4.	 Capacity limits of roundabouts

Maximum capacity of roundabouts with various geometry 
parameters (type and size of roundabout, the number of entry 
lanes and circulating lanes) were evaluated within the analysis. 
Some of them were selected for the presentation of capacity 
results in the article. The analyzed roundabouts are listed in Table 
2. Moreover, capacity limits of simple unsignalized intersection – 

Values of gap times on roundabouts according to TP 234 and TP10/2010                 	  Table 1

TP 234 t
c
 [s] t

f
 [s] t

min
 [s]

Mini-roundabouts (Mini) t
c
 = 4.5 t

f
 = 3.1

13 m ≤  D ≤  23 m 

t
min

 = 3.45-0.05 . D

Single-lane roundabouts (1/1)
11 m  ≤  b  ≤  20 m 

t
c
 = 5.6-0.1 . b

8 m ≤  R  ≤  16 m 

t
f
 =3.6–0.0625 . R

2.1

Double-lane roundabouts (1/2, 2/2) 3.7 2.6 2.1

TP 10/2010 t
c
 [s] t

f
 [s] t

min
 [s]

Mini, 1/1, 1/2, 2/2 4.1 2.9 2.1

D – external diameter of roundabouts

R – entry radius

b – distance between the exiting and entering conflicting points

Fig. 2 Comparison of basic entry capacity of single-lane roundabouts according to TP 234 with measurements for single-lane roundabouts in Žilina

Types of analyzed roundabouts – basic parameters     	                                                     	 Table 2

Type of roundabout
Mini-roundabouts Small single-lane roundabouts Large double-lane roundabouts

One lane on  all entry, exit and 
circulatory roadways

One lane on  all entry, exit and circulatory 
roadways

Double-lane on all entry, exit and 
circulatory roadways

Labeling Mini 1/1 min 1/1 max 2/2

D 14 m 26 m - 40 m 40 m - 60 m

b - 11 m 20 m -

R - 8 m 16 m -
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On the charts shown in Figs. 4 and 5, we can observe 
influence of traffic volume proportion on the major entries 
(major entries percentage) and the left-turn percentage (L) to 
the total capacity of roundabouts. While the total capacity of 
roundabouts is increased by reducing of proportion of the traffic 
volume on the major entries – about 15% - 25% in dependence on 
left-turn percentage, conversely, the total capacity of unsignalized 
intersection is reduced to about 30%.

Figure 4 shows the total capacity of single-lane roundabout 
with minimum parameters (1/1 min) which achieve about 1700 
pcu/h - 2150 pcu/h at high traffic volumes on the major street 
– major entries percentage is 90%. The total capacity of simple 
unsignalized intersection at the same flow pattern is about 1400 
pcu/h – 1600 pcu/h. If the traffic loads on the major and minor 
streets are uniform – major entries percentage is 50%, the total 
capacity of 1/1 min roundabout is about 2200 pcu/h - 2500 pcu/h 
and the total capacity of unsignalized intersection is only about 
1000 pcu/h – 1200 pcu/h. 

On this chart, the total capacity is shown for following 
flow pattern: 10% right-turn percentage and the same ratio of 
directions on the major and minor streets. At higher proportion of 
right-turn vehicles, the total capacity of roundabouts is increased. 
At different load ratio of directions on the major and minor 
streets, the total capacity is reduced. 

Fig. 4 Traffic volumes on major street influence the total capacity  
of single-lane roundabout and unsignalized intersection

Figure 5 shows an influence of left-turn percentage to the 
roundabouts capacity. Increase of left-turn percentage from 10% 
to 40% leads to a  reduction of roundabout capacity by about 
10% to 20% depending on traffic volume of the major entries. In 
higher traffic volumes of the major street the influence of left-turn 
percentage is more significant. For the given traffic conditions, 
the capacity were found at intervals: 1750 pcu/h - 2400 pcu/h 
for the mini-roundabout, 1800 pcu/h - 2500 pcu/h for single-lane 
roundabout with minimum parameters (1/1 min), 2100 pcu/h 
- 3000 pcu/h for single-lane roundabout 1/1 max, 2800 pcu/h - 
3900 pcu/h for double-lane roundabouts. Mini-roundabout thus 
can achieve capacity values ​​of 30% - 100% higher than capacity 
of simple unsignalized intersection. Single-lane roundabout with 
maximum parameters have 50% - 150% higher traffic capacity 

The results of the analysis have shown that proportion of 
traffic volume on the major street and proportion of left-turn 
vehicles (left-turn percentage) have a  significant influence on 
the intersection capacity from the traffic conditions. For this 
reason, the following presented dependences are focused only 
on these two factors. In addition to the maximum total capacity 
of roundabouts, dependence of the minor entries capacity on the 
traffic volume on the major entries is shown. 

Figure 3, for selected roundabouts and for simple unsignalized 
intersection, shows graphical dependencies of the minor entries 
capacity on the major entries traffic volume. The flow pattern 
is chosen as follows: proportion of left-turn vehicles and right-
turn vehicles is 30% and 10% separately for all entries, a  ratio of 
directions is the same on the major street and also on the minor 
street. 

Fig. 3 Graphical dependence of the minor entries capacity  
on the major traffic volume

We can observe a  significant decrease in the minor entries 
capacity depending on the increasing major entries traffic volume 
at all of intersections. Capacity of the single-lane roundabout 
with minimal parameters (1/1 min) is only slightly higher than 
capacity of the mini-roundabout (Mini). More significantly, the 
capacity increase can be achieved by single-lane roundabout with 
higher parameters (1/1 max) – larger entry radius and wider 
splitter islands, which obviously assumes larger external diameter 
of roundabout. Higher traffic capacity can be achieved by large 
double-lane roundabout (2/2). However, it should be noted that 
they are less safe in comparison with single-lane roundabouts 
because of Slovak roundabout design method for this particular 
type of roundabout – vehicles must  interweave on the circulating 
lane. All types of roundabouts achieve a significantly higher minor 
entries capacity in comparison with unsignalized intersection.

The chart in Fig. 3 also clarifies that the total capacity of 
all types of roundabouts rises when the traffic volumes of the all 
entries are closer to each other. The highest total capacity is not 
achieved at very high traffic volume on the major street, as it is 
for unsignalized intersection. The largest capacity of roundabouts 
is achieved in the point where the traffic volume at all entries to 
the roundabout is uniform. 
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In Fig. 6, the maximum capacity limits for roundabouts are 
shown. These capacity levels can be reached, however, this will 
result in longer waiting times which will be around 100 to 150 
seconds at the busiest roundabout entry. If we want to ensure 
a  higher level of service, capacity limits of roundabouts will be 
lower. For example, level of service ”D” – average waiting time 
at the busiest roundabout entry is equal to 45 seconds – this will 
be achieved at reduced maximum total capacity of roundabout, 
reduced by about 150 pcu/h. 

For comparison, following maximum traffic volumes during 
peak hours were measured at many overloaded intersections of 
two-lane roads in Zilina:  in the range 1300 pcu/h - 1600 pcu/h 
at simple unsignalized intersections; in the range 2200 pcu/h - 
2400 pcu/h at a mini-roundabout; in the range 2500 pcu/h - 2700 
pcu/h at single-lane roundabouts, and in the range 2000 pcu/h - 
2300 pcu/h at signalized simple intersections. These values do not 
necessarily mean a maximum total capacity of intersections.

5.	 Conclusion

Roundabouts are unsignalized intersections which can 
provide increased traffic safety as well as higher efficiency. 
Maximal capacity limits for different types of roundabouts, 
in different traffic conditions are presented in the article. The 
analysis showed a  significant influence of traffic volume of the 
major street and proportion of left-turn vehicles to the total 
capacity of roundabouts. The influence of these factors can mean 

than simple unsignalized intersection, and large double-lane 
roundabout have the capacity even two or three times higher.

Maximum capacity limits for roundabouts and simple 
unsignalized intersection for the whole spectrum of observed 
combinations of traffic loads are shown in Fig. 6. The lower 
limit corresponds to the total capacity at unfavourable traffic 
conditions. When the maximum total traffic load of roundabout 
is less than this limit, roundabout will be always satisfactory. 
The upper limit indicates the maximum value of total capacity 
at favourable traffic conditions. When the maximum total traffic 
load of roundabout is greater than this limit, roundabout will 
be always unsatisfactory. Between these borders, it is necessary 
that the roundabout capacity is verified according to capacity 
regulations.

Fig. 6 Maximum capacity limits of roundabouts and simple 
unsignalized intersection

Fig.  5 Total capacities of roundabouts and unsignalized intersection depending on proportion of left-turn vehicles
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up to 40% difference in the total capacity of the same roundabout 
type. By suitable design of roundabouts  significantly higher 
total capacity can be achieved in comparison with unsignalized 
intersections. Depending on roundabout geometry, and on traffic 
condition, maximum capacity limits for conventional single-lane 
roundabout can exceed simple unsignalized intersection capacity 
by 50% -150%. Moreover, this will provide shorter waiting times 
on entries. 

Presented maximum capacity limits of roundabouts can 
be exceeded. Additional efficiency can be achieved by addition 
of separate by-passes for right-turn vehicles, or by designing of 
modern roundabouts – turbo roundabouts – with spiral arranged 
circulating lanes, which are more efficient and also safer than 
conventional Slovak double-lane roundabouts.
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