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Abstract— In Jordan, we are looking for an innovative and cost-

efficient solutions for the poorly functioning at-grade roundabouts; 

considering the required bulk cost for grade separation or 

intersections signalization. Thus, the study aims to evaluate the 

compatibility of applying new at grade traffic separation techniques 

with the field traffic conditions. Namely both Turbo roundabout 

and Flower roundabout are introduced to the Jordanian driving 

conditions and whether the conventional roundabouts can be 

upgraded to one of the new introduced roundabouts forms. The 

study also, aims to evaluate the performance measures of the 

studied areas including safety, capacity, queue length, delay, and 

level of service, then enforce the decision over the best replacement 

approach under certain traffic and geometric conditions. In order 

to do so, two major factors are taken into consideration while 

selecting appropriate samples to perform the study; flexibility on 

land use to implement Turbo roundabout without affecting 

sidewalks or private properties, and representation of several traffic 

conditions. Roundabouts that were found to satisfy both conditions 

are: Al-Thaqafa roundabout, Al-Durra roundabout, and Al-Eyadat 

roundabout in one of the Jordanian’s cities. The current 

functionality of the selected roundabouts was evaluated, while the 

new concepts were introduced and simulated for the sake 

functionality evaluation. The simulation was chosen due to the 

constraints of having a pilot constructed roundabout to evaluate the 

change based on the field measures. Thus, three roundabouts were 

analyzed before and after being redesigned using VISSIM software 

under peak traffic conditions to obtain the actual capacity, queue 

length, delay, and level of service values under the current design. 

The results of this study indicate that Turbo roundabouts offer the 

highest capacities, lowest delays and best level of services compared 

to Flower and conventional roundabout forms, while conventional 

roundabouts form have the lowest capacities, the highest delays and 

worst level of services. In addition, Flower roundabouts might offer 

higher safety levels than Turbo and conventional roundabout forms 

taking into consideration the reduction in the total number of 

conflict points from 32 on the two-lane conventional roundabout to 

8 on Flower roundabout and 30 on Turbo roundabout.                   

Keywords-component; Turbo Roundabout; Flower 

Roundabout; Conventional Roundabout; Safety; VISSIM; 
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I. INTRODUCTION

A roundabout is a type of intersection in which road traffic 
flows continuously in one direction around a central island, 
which is basically designed for on ground traffic operation. 

A roundabout may have one circulatory lane, two 
circulatory lanes, or multi-circulatory lanes. Two-lane 
roundabouts, which have a higher capacity than single-lane 
roundabouts, have the disadvantage of a higher driving speed 
through the roundabout. Further, this may reintroduce the 
possibility of lane changing on the roundabout, hence raising 
the risk of accidents. Thus, new forms of roundabout were 
developed to deal with the high driving speed and lane 
changing through the roundabout by offering modes of traffic 
flow regulations which highly differ from those used in 
conventional roundabouts namely; Flower and Turbo 
roundabouts. In Flower roundabouts right-turn maneuvers do 
not conflict with the circulating flow. While Turbo roundabout, 
which has been developed in Netherlands by Lambertus 
Fortuijn, has the following features: 

• No lane changing on the roundabout, by the presence
of raised lane dividers on the entry and along the
circulatory roadway.

• Low driving speed through the roundabout by the
presence of raised lane channels.

Turbo roundabout is a variation of the conventional multi-
lane roundabout, where drivers are forced to follow a specific 
path according to their intended destination by changing the 
roundabout geometry and introducing intermitted separation 
islands [1]. The carriageway consists of continuous spiral 
paths, using curbs to separate lanes in the entry, circulatory and 
exit zones. The installation of curb dividers has two major 
implications: the elimination of conflict points caused by 
weaving maneuvers, and speed reduction due to increased 
deflection [2]. 

In this research, three roundabouts located in Jordan were 
selected and redesigned according to Roundabouts-Application 
and Design, 2009 [3], using TORUS, 2015, software, and 
analyzed before and after being redesigned using PTV 
VISSIM, 2017 software. In order to evaluate the compatibility 
of applying new at grade traffic separation techniques with the 
field traffic conditions and to evaluate the performance 
measures of the studied areas including safety, capacity, queue 
length, delay, and level of service, then enforce the decision 
over the best replacement approach under certain traffic and 
geometric conditions. In addition, the performance measures of 
two roundabouts were manually observed and analyzed to be 
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the base for validating VISSIM software outputs in terms of its 
reliability to capture the performance measures for at-grade 
conventional roundabouts. The verification process of VISSIM 
software is shown in Table1 and 2. 

The difference between field observation and VISSIM 
software delay results was verified statistically using two-
sample t-test method. The results show that there is no    
significant difference between field observation and VISSIM 
software in delay results at 95% confidence level. 

II. LITERATURE REVIEW 

Several previous studies were conducted to evaluate the 

performance of conventional, Flower and Turbo roundabouts. 

Some were done in Jordan to capture the Jordanian traffic 

conditions and the variations of drivers’ behavior as an 

influencing factor to determine the overall roundabouts 

performance measures. In particular, a study used logit 

modeling to predict the probability that a randomly selected 

driver will accept a given gap in the circulating traffic stream 

based upon roundabout and gap characteristics. Also, 

developed move-up time models using both roundabout 

geometry and circulating traffic characteristics [4]. In addition, 

the effect of conventional roundabouts’ geometric variables on 

entry delay was studied in Jordan. Where an entry delay model 

was developed based on a time interval of 15 minutes and the 

results indicated that the entry width has the greatest influence, 

whereas the circulating width has the least influence [5]. 

Furthermore, studying speed-lane choice behavior and 

Jordanian drivers’ behaviors regarding to their choice of speed. 

Where two models were developed and investigated to describe 

the relationships between speed and lane choice using binary 

and linear regression models. The results showed that lane and 

speed influenced the driver choice of lane changing and his/her 

decision about changing lanes influences his/her speed choice 

[6]. 

While other studies were performed mainly in Europe to 

introduce the concept of Flower and Turbo roundabouts as a 

replacement of poorly functioning at grade roundabouts. In 

particular, a study introduced a roundabout with depressed 

lanes for the right turning. The results indicated that the flower 

roundabout combines the positive properties of the normal two-

lane roundabout and the Turbo roundabout and its performance 

depends on right turners’ percentages; the bigger the 

percentage of right turners, the more sensible is the use of the 

roundabout of this type [7]. In addition, a study proposed three 

case studies of existing roundabouts in the city of Palermo 

converted into Turbo-roundabouts. Results showed that many 

benefits have derived from the conversion of existing 

intersections into Turbo-roundabouts, primarily related to 

safety and to operational performance thanks to an increase of 

capacity and a better channeling of traffic flows [8]. The 

benefits deriving from the conversion of existing double lane 

roundabouts into Turbo-roundabouts were also endorsed in 

another study. Where a comparison between these types of 

intersections in terms of delay and level of service was made 

and the results highlighted that the Turbo-roundabouts under 

examination performed better than the double lane ones [9]. 

Moreover, three case studies of existing intersections in the city 

of Ohird were proposed to be converted into Turbo-

roundabouts. In this study, SIDRA software tool was used to 

determine the performance of the exiting intersections under 

two traffic conditions. In addition, Turbo roundabouts were 

evaluated using VISSIM software under two traffic conditions 

and with and without pedestrians. 

The results show that Turbo roundabouts offer higher 

capacities, less delays and better level of services compared to 

the existing intersections [10]. Furthermore, the traffic 

evaluation and operation of realized Turbo roundabouts was 

studied in Czech Republic. The results of this study show that 

the concept of roundabouts solution providing many benefits 

(higher capacity, traffic continuousness, lower accident rates) 

and this solution is proper and well-founded [11].   

TABLE I.  VISSIM SOFTWARE VERIFICATION TRIAL ONE 
 

Approach 

Delay 

(sec/veh) 

East South West North 

Field 

observation 
6.1 18.1 13.5 14.6 

VISSIM 

software 
6.6 18.4 15 13.1 

t-calculated 0.06 

Significance Not Significant 

TABLE II.  VISSIM SOFTWARE VERIFICATION TRIAL TWO 

Approach 

Delay 

(sec/veh) 

East South West North 

Field 

observation 
9.5 11.8 18.1 13.4 

VISSIM 

software 
11 14.2 16.5 14 

t-calculated 0.34 

Significance Not Significant 

 

 

 

 

6th Annual International Conference on Architecture and Civil Engineering (ACE 2018)

GSTF © 2018242



III. ROUNDABOUTS PERFORMANCE EVALUATION 

UNDER THE CERTAIN TRAFFIC CONDITIONS 

Three roundabouts were selected in Jordan to be studied 

based on two factors; availability of right of way to implement 

Turbo roundabout without affecting sidewalks or private 

properties, and representation of several traffic conditions. 

Roundabouts that satisfy both conditions are the following: Al-

Thaqafa roundabout, Al-Durra roundabout, and Al-Eyadat 

roundabout, which are shown in Figure 1. Then the studied 

roundabouts were redesigned to meet Flower and Turbo 

roundabouts’ layouts. Table 3 and 4 show the major 

geometrical properties of conventional, Flower, and Turbo 

layouts. While Figure 2 shows Flower and Turbo layouts for 

the studied roundabouts. Further, the generated designs were 

analyzed under peak traffic condition using VISSIM software, 

in order to evaluate the performance measures of the studied 

roundabouts including safety, capacity, queue length, delay, 

and level of service, and then enforce the decision over the best 

replacement approach under certain traffic and geometric 

conditions. Further, the generated designs were analyzed under 

peak traffic condition using VISSIM software, in order to 

evaluate the performance measures of the studied roundabouts 

including conflict points, capacity, queue length, delay, and 

level of service, and then enforce the decision over the best 

replacement approach under certain traffic and geometric 

conditions. 

TABLE III.  GEOMETRIC PROPERTIES OF CONVENTIONAL AND 

PROPOSED FLOWER ROUNDABOUTS 

Subject Roundabouts’ 

Geometric Properties 

Al-

Thaqafa 

Al-

Durra 
Al-Eyadat 

Island Radius (m) 60 62 22 

Median Width (m) 3 2 2 

Circulating Path Width (m) 9 10 9 

Lane Width (m) 3 3 3 

Number of Entry Lanes 2 2 2 

 

 

TABLE IV.  GEOMETRIC PROPERTIES OF PROPOSED TURBO 
ROUNDABOUTS 

 
Subject roundabouts’ 

geometric properties 

Al-

Thaqafa 
Al-Durra Al-Eyadat 

Inner Radius (m) 20 22 9 

Number of Circulating 

Lanes 
4 4 4 

Circulating Lane width (m) 4.5 5 4 

lane width (m) 3 3 3 

Number of entry lanes 2 2 2 

Median Width (m) 3 2 2 

    

 

 
 

General Layout 

 
 

Modeled 

A) 

 

 
 

General Layout 

 
 

Modeled 

B) 

 

 
 

General Layout 

 
 

Modeled 

C) 

 
Figure 1.  Pictures of A) Al-Thaqafa roundabout, B) Al-Durra 

roundabout and C) Al-Eyadat roundabout 

 

 

  
Flower Turbo (Rotor) 

A) 

 

  

Flower Turbo (Rotor) 

B) 

 

  
Flower Turbo (Rotor) 

C) 

 

Figure 2.  Flower and turbo layouts for A) Al-Thaqafa roundabout, B) 
Al-Durra roundabout and C) Al-Eyadat roundabout 
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A. Conflict Points 

In Jordan, as in some other countries, conflicts arise 
because of improper driver behavior at the conventional 
roundabout entrance, circulatory, and exit zones, and the 
consequent weaving maneuvers within the circle; where some 
drivers choose the right lane to take left exits or left lane to take 
right exit. This erratic behavior leads to increase the conflict 
points, since there are 8 conflict points in a single-lane 
roundabout and 24 in a two-lane roundabout. However, this 
number can rise to 32 if the erratic behaviors were considered. 
While in Flower roundabout layout, the circulating lanes were 
reduced from two lanes to one lane because right-turn 
maneuvers have exclusive lane. Thus, they do not conflict with 
the circulating flow which reduces conflict points from 32 to 8.  

On the other hand, the presence of raised lane dividers 

through the circulatory roadway in Turbo roundabout layout 

reduces the conflict points; as they repeal the erratic behaviors, 

and the number of conflict points depends on the number of 

circulating lanes in Turbo roundabout. Where rotor Turbo 

roundabout, which has four circulating lanes, has 30 conflict 

points. While basic Turbo roundabout, which has two 

circulating lanes, has 12 conflict points. Figure 3, 4, and 5 

show number of conflict points in conventional, Flower, and 

Turbo roundabouts, respectively. 

 

Figure 3.  Conflict points in conventional roundabout without and with 
erratic behavior [12]. 

 

 

Figure 4.  Conflict points in flower roundabout  

 

A) 

 
B) 

Figure 5.  Conflict points in A) Basic Turbo 

roundabout B) Rotor Turbo roundabout 

B. Capacity, Queue Length, and Delay 

The analysis results under the certain traffic conditions 

indicated that there is an increase in the capacity as a result of 

applying Flower and Turbo roundabouts’ design for all the 

studied roundabouts for all approaches, where Turbo 

roundabouts offer the highest capacity values for all the 

studied roundabouts which is logic consistent and a normal 

outcome due to the fact of increasing the number of circulating 

lanes. While applying Flower roundabouts offer higher 

capacity values than conventional roundabouts due to the fact 

of reducing the number of conflict points, which allow a larger 

number of vehicles to traverse the intersection within a given 

time duration; which is known as the capacity of the 

intersection. Figure 6, 7, and 8 show the capacity values for 

Al-Thaqafa, Al-Durra, and Al-Eyadat roundabouts before and 

after being redesigned. Also, the difference between 

conventional and both Flower and Turbo designs in terms of 

capacity values was cross checked by statistical significance 

using paired sample t-test as shown in Table 5. The results 

show that there is a statistical difference between Turbo and 

conventional layouts in all studied roundabouts at 95% 

confidence level. On the other hand, the difference between 

Flower and conventional layouts is not significant at 95% 

confidence level in all studied roundabouts. 

 

 

Figure 6.  Al-Thaqafa roundabout capacity values before and after being 

redesigned 

 
 

Figure 7.  Al-Durra roundabout capacity values before and after being 

redesigned 
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Figure 8.  Al-Eyadat roundabout capacity values before and after being 

redesigned 

 
TABLE V.  STATISTICAL DIFFERENCE BETWEEN 

CONVENTIONAL AND BOTH TURBO AND FLOWER LAYOUTS IN 
TERMS OF CAPACITY VALUES 

 

Type 
Roundabout 

Al-Thaqafa Al-Durra Al-Eyadat 

Turbo 

t-calculated 8.63 15.56 4.30 

Significance at 

95% 
Confidence 

Level 

Significant Significant Significant 

Flower 

t-calculated 2.51 1.54 1.45 

Significance at 

95% 

Confidence 
Level 

Not 

Significant 

Not 

Significant 

Not 

Significant 

 

In terms of queue length and delay, applying both Flower 

and Turbo roundabouts tends to decrease all the intersection 

queue length and delay values, which can be considered as the 

most important measures to evaluate the intersection 

performance after the introduction of both Flower and Turbo 

roundabout. The reduction in queue length and delay can be 

explained as a normal result of reducing the conflict points in 

Flower roundabouts and increasing the number of circulating 

lanes in Turbo roundabouts. Furthermore, it is a normal result 

of increasing the capacity values in both Flower and Turbo 

roundabouts.  Figure 9 and 10 show the average intersection 

queue length and delay values of the studied roundabouts 

before and after being redesigned. 

These results are in line with several previous studies. In 

particular, the study which shows that Turbo roundabout offers 

a better performance than conventional roundabout, since it 

increases the capacity and minimizes the delay [13]. Another 

study confirmed that the conversion of the existing roundabout 

into Turbo roundabout offers better performance, since it 

increases the capacity and minimizes the queue lengths [14]. 

 

Figure 9.  Average intersection queue length values of the studied 

roundabouts before and after being redesigned. 

 

 
 

Figure 10.  Average intersection delay values of the studied roundabouts 

before and after being redesigned. 

 

Also, the difference between conventional and both Flower 

and Turbo designs in terms of queue length and delay values 

was cross checked by statistical significance using paired 

sample t-test as shown in Table 6 and 7. The results show that 

there is a statistical difference between Turbo and 

conventional layouts in all studied roundabouts at 95% 

confidence level in terms of queue length and delay values. In 

addition, the difference between Flower and conventional 

layouts is also significant at 95% confidence level in all 

studied roundabouts.   

 

C. Level of Service 

The overall intersection level of service was improved by 

applying both Flower and Turbo roundabouts in all the studied 

roundabouts. In addition, Turbo roundabouts have the best 

level of services under the certain traffic conditions, which is 

logic consistent and a normal outcome since the level of 

service measure is directly linked with the delay values. Level 

of services of the studied roundabouts before and after being 

redesigned is shown in Table 8.  
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TABLE VI.  STATISTICAL DIFFERENCE BETWEEN 

CONVENTIONAL AND BOTH TURBO AND FLOWER LAYOUTS IN 

TERMS OF QUEUE LENGTH VALUES 

 

Type 

Roundabout 

Al-

Thaqafa 
Al-Durra Al-Eyadat 

Turbo 

t-calculated 3.79 13.50 10.63 

Significance 

at 95% 

Confidence 
Level 

Significant Significant Significant 

Flower 

t-calculated 2.99 9.19 5.20 

Significance 

at 95% 
Confidence 

Level 

Significant Significant Significant 

 
TABLE VII.  STATISTICAL DIFFERENCE BETWEEN 

CONVENTIONAL AND BOTH TURBO AND FLOWER LAYOUTS IN 

TERMS OF DELAY VALUES 

 

Type 

Roundabout 

Al-

Thaqafa 
Al-Durra Al-Eyadat 

Turbo 

t-calculated 4.95 8.84 6.39 

Significance 
at 95% 

Confidence 

Level 

Significant Significant Significant 

Flower 

t-calculated 5.64 7.49 7.84 

Significance 

at 95% 

Confidence 

Level 

Significant Significant Significant 

 
TABLE VIII.  DELAY AND LEVEL OF SERVICE VALUES OF THE 

STUDIED ROUNDABOUTS BEFORE AND AFTER BEING 

REDESIGNED 

 

 
Roundabout 

 
Type 

Approach 
 

Intersection 

East South West North  

 

Thaqafa 

Conventional 
26.61 

(D) 

61.36 

(F) 

19.98 

(C) 
16.42 (C) 34.3 (D) 

Flower 
19.83 

(C) 

45.41 

(E) 

15.53 

(C) 
11.68 (B) 25.5 (D) 

Turbo 
10.32 
(B) 

19.87 
(C) 

9.11 
(A) 

7.36 (A) 12.5 (B) 

 
Durra 

Conventional 
17.31 

(C) 

26.1 

(D) 

12.87 

(B) 
18.27 (C) 19.35 (C) 

Flower 
14.59 
(B) 

20.24 
(C) 

9.41 
(A) 

16.54 (C) 15.72 (C) 

Turbo 
9.11 

(A) 

14.62 

(B) 

7.98 

(A) 
13.47 (B) 11.67 (B) 

 

 

IV. DELAY COMPARISON BETWEEN CONVENTIONAL, 

FLOWER, AND TURBO ROUNDABOUTS UNDER 

DIFFERENT TRAFFIC CONDITIONS 

Deciding the best replacement of conventional 

roundabouts in Jordan needs different traffic conditions and 

distributions details. Thus, six scenarios were assumed by 

changing turning movements' percentages with different 

traffic levels to identify the suitable traffic conditions of 

conventional, Flower, and Turbo roundabouts based on delay 

values; since it is directly linked with level of service measure.  

Figure from 11 through 16 show the sixth scenarios.  

 

 

 

Figure 11.  Scenario number one; 20% right turners with 20% left turners 

 

 
 

Figure 12.  Scenario number two; 20% right turners with 40% left turners 

 

 

Figure 13.  Scenario number three; 20% right turners with 60% left turners 
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Figure 14.  Scenario number four; 40% right turners with 20% left turners 

 

 
 

Figure 15.  Scenario number five; 40% right turners with 40% left turners 

 

It was clearly noticed that Flower roundabouts are most 

suitable roundabouts when the approach traffic stream consists 

high percentages of right turn movements (higher than or equal 

40%), while Turbo roundabouts have the best performances 

when the approach traffic stream contains high percentages of 

left turn movements (higher than or equal 40%). These results 

are in line with a previous study in which the results showed 

that Flower roundabout performance depends on right turners’ 

percentages; the bigger the percentage of right turners, the 

more sensible is the use of the roundabout of this type [7].  

On the other hand, conventional roundabouts have the best 

performances when the approach traffic stream contains low 

percentages of turning movements. 

V. CONCLUSION 

• Turbo roundabouts offer the highest capacities, lowest 

delays and best level of services compared to Flower and 

conventional roundabout forms for all the studied 

roundabouts under current traffic conditions.  

• There is no statistical difference between Flower and 

Conventional layouts in terms of capacity at 95% 

confidence level under current traffic conditions. 

• Conventional roundabouts have the lowest capacities, the 

highest delays and worst level of services for all the 

studied roundabouts under current traffic conditions. 

• Flower roundabouts might offer higher safety levels than 

Turbo and conventional roundabout forms taking into 

consideration the reduction in the total number of conflict 

points from 32 on the two-lane conventional roundabout to 

8 on Flower roundabout and 30 on Turbo roundabout. 

• Flower roundabouts are most suitable roundabouts when 

the approach traffic stream consists high percentages of 

right turn movements (higher than or equal 40%). 

• Turbo roundabouts have the best performances when the 

approach traffic stream contains high percentages of left 

turn movements (higher than or equal 40%). 

• Conventional roundabouts have the best performances 

when the approach traffic stream contains low percentages 

of turning movements. 
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