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Turboroundabouts and roundabouts in Poland
• Roundabout guidelines 1st edition – 1996
• Roundabout guidelines 2nd edition – 2001
• Reconstruction of two lanes and semi

two lanes roundabouts in Poland – 2004
• Turboroundabouts in Poland - 2007
• New roundabout guidelines (included 

turboroundabouts) – 2022



Turboroundabouts and Road Safety
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Road Safety – Problems
• The safety impact of turbo-roundabouts still has not been sufficiently studied, crashes are 

rare and there is incomplete data on registered.

• Turbo-roundabouts are an alternative to multi-lane roundabouts, limit lane changing and 
reduce collision points in the roundabout as well as induce low driving speed due to raised 
lane dividers.

• High level of road safety, which depends on geometrical parameters, traffic organization on 
entries and circulatory roadway, 

• Dividers can have a considerable impact on road safety, winter maintenance, as well as 
drivers' behaviour.

• Limited and often not sufficiently precise crash data indicate the need for safety 
assessment using a surrogate safety measurement. 



Aims of the research

• The development of Safety Performance Function for 
turboroundabouts

• Comparison of safety levels of Polish turbo-roundabouts for 
selected factors

• The development of surrogate safety measures based on the 
field data, will overcome the limitations of crash data or micro-
simulations.





Data
• 60 turboroundabouts, 35 analyzed (with traffic data)
• In total 996 serious (fatal+injury – 2,5%) and PDO (property damage only –

97,5%) crashes were recorded (2009-2021).
• Other factors: presence of dividers, „external diameter”, speed limit
• Turboroundabouts new constructed and retrofitted („painted”)

AADT 
[Veh/24h]

CRASH 
[-]

PDO 
[-]

CRASH+PDO 
[-]

„External diameter” 
[m]

Min 3064 0 0 0 40
Max 38328 3 38 40 105
Mean 8389 0.11 3.85 4.23 55
Standard deviation 7881 0.42 7.17 7.27 16.5



Turboroundabouts new constructed vs. retrofitted



Methodology (i)

Crash prediction models were developed based the traffic flows, 
inventory and crash data.

Generalized linear regression model with the assumption of negative 
binomial distribution were used to calibrate the Safety Performance 
Functions (SPFs) for total crashes on TR with categorical variables:

Crash Modification Factor (CMF) was calculated based on:

!𝑺𝑷𝑭 = 𝐞𝐱𝐩(𝜶)×𝑨𝑨𝑫𝑻𝜷×𝐞𝐱𝐩(𝜸𝒊 1 𝒄𝒂𝒕

CMF=exp(𝜸i)



Methodology (ii)
The research on road safety in turbo roundabouts assumed that a 
surrogate road safety measures are: 
• vehicle speed (relation between the geometry of intersections and 

the speed of a vehicle passing through a turbo-roundabouts - with 
and without raised lane dividers - based on video monitoring and 
floating car data)

• drivers' behaviour (incorrect behaviours based on the video 
recording, i.e., driving over the edge of the lane, needlessly changing 
traffic lanes which is not a result of wrong lane selection at entry)



Safety Performance Function (i)

accidents
Parameter Estimate Std. Error Significance
Intercept -7.707 3.342 0.021

ln AADT 0.884 0.347 0.011

Div 0.461 0.280 0.100

Dispersion 0.223 0.159
PDO (property damage only) accidents

Parameter Estimate Std. Error Significance
Intercept -7.369 3.340 0.027

ln AADT 0.841 0.347 0.015

Div 0.492 0.280 0.079

Dispersion 0.200 0.157

!𝐶𝑟𝑎𝑠ℎ = exp 𝛼 , 𝐴𝐴𝐷𝑇! , ex p( 𝛾 , 𝐷𝑖𝑣 R² = 0.875
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Estimation of the average Crash Rate CRdiv = exp(g)

R² = 0,777
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CRdiv = 1.59 (1.64)
lack of lane dividers is associated with an increase in the average annually number 
of accidents (specifically 1.59 for crashes and 1.64 for PDO crashes )



Safety Performance Function (ii)
!𝐶𝑟𝑎𝑠ℎ = exp 𝛼 , 𝐴𝐴𝐷𝑇! , ex p( 𝛾 , 𝑝𝑎𝑖𝑛𝑡

CRpaint = 3.97

Crashes
Parameter Estimate Std. Error Significance
Intercept -2.758 1.346 0.04
ln AADT 0.409 0.146 0.005
painted 1.379 0.277 0.000



Safety Performance Function (iii)

Crashes
Parameter Estimate Std. Error Significance
Intercept -4.508 1.229 0.000
ln AADT 0.469 0.139 0.001

Diameter 0.024 0.005 0.000

!𝐶𝑟𝑎𝑠ℎ = exp 𝛼 , 𝐴𝐴𝐷𝑇! , ex p( 𝛾 , 𝑒𝑥. 𝑑𝑖𝑎𝑚
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Safety Performance Function (iv)

Crashes
Parameter Estimate Std. Error Significance
Intercept -6.873 1.382 0.000
ln AADT 0.896 0.139 0.000

Speed = 40km/h -1.372 0.777 0.077
Speed = 50km/h -0.156 .4555 0.733
Speed = 60km/h 0

!𝐶𝑟𝑎𝑠ℎ = exp 𝛼 , 𝐴𝐴𝐷𝑇! , ex p( 𝛾 , 𝑠𝑝𝑒𝑒𝑑

CR40 = 0.25

CR50 = 0.85

𝐶𝑟𝑎𝑠ℎ = exp 𝛼 1 𝐴𝐴𝐷𝑇#

Crashes
Parameter Estimate Std. Error Significance
Intercept -6.678 1.294 0.000
ln AADT 0.857 0.138 0.000



Development of surrogate safety measure based 
on the speed data

Limited 
accidents 

data

Speed as a 
surrogate 

safety 
measure 

existing 
accident 

prediction 
models for 

roundabouts

Speed 
prediction 

model

assessment 
changes in 
number of 
accidents

Method allows to evaluate of a relative change in road safety based on the 
observed or estimated speed for turbo roundabouts with and without dividers, 

including driver behaviour



Road safety assessment based on speed
- assessment of relative impact of dividers presence on road safety, 

based on existing prediction models for roundabouts with speed
impact:
• NZ model
• US model:
• IT model:

• development of speed prediction models for: entry, circulatory and 
exit sections separately, and passing through,

𝐴𝑐𝑐 = 6.12 ) 10!" ) 𝑄#$.&' ) 𝑄($.)*) 𝑆+).,-

𝑆𝑃𝐹 = 𝛽$ ) 𝐴𝐴𝐷𝑇$..$/& ) 𝐴𝑆𝑆01#23(4#2
&.--,&, 𝑙𝑛𝛽$ = −16.376

𝑆𝑃𝐹 = 𝛽$ ) 𝐴𝐴𝐷𝑇)."*)- ) 𝐴𝑆𝑆01#23(4#2
$.*--/, 𝑙𝑛𝛽$ = −29.524

SC = average free-flow speed of circulating vehicles as they pass the approach being modelled [km/h],
AASpredicted = approach average predicted speed for single roundabout



Video monitoring (12 turbo-roundabouts)
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1 - Approach speed
2 - Entry speed
3 - Circulatory speed
4 - Exit speed



Floating car data
- 100 tracks of vehicles
- 4 turbo-roundabouts
- FCD have been carried out using 10 Hz GPS
- AutoCad Civil 3D was used to recreate trajectory

3

42



Drivers' behaviour

Speed profile on the section of passing through the roundabout for correct and incorrect driving

    



Speed profile at the turbo roundabouts with and without lane 
dividers and incorrect driving
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Road safety assessment – based on speed
Speed prediction models:
Entry speed: Sen=5,54+0,485·Sapp+0,432·Ren , R2=0,74, (Rmin=12m, Rmax=32m)

Circulatory speed: Scir=22,2+0,358·Rcir , R2=0,36 , (Rmin=11m, Rmax=34m)

Exit speed: Sex=27,28+0,384·Rex, , R2=0,24, (Rmin=12m, Rmax=30m)

Average speed of passing through roundabout:

(dividers): ASd=-6,87+0,334·Sen+0,394·Scir+0,482·Sex, R2=0,98

(no dividers): ASnd=ASd+1,41+0,123*Pincdrv, R2=0,81 Pincdrv – percent of incorrect driving [%]
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Conclusions – road safety

• The presented SPFs allow the assessment of turboroundabout
characteristics on safety

• The presence of lane dividers has a direct influence on the decrease 
in the speed. 
• The use of the average speed for passing the roundabout as a 

surrogate safety measure allows the estimation of road safety in 
turbo-roundabouts with and without lane dividers and different 
geometrical parameters (radii of trajectory).



Thank you for your attention
mkiec@pk.edu.pl
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