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INTRODUCTION

• Accidents often occur on horizontal curves.

• One of the main reasons for accident occurrence is the lack of geometric 
design consistency in terms of maintaining the desired travel speed.
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• Design speed (Vd) is a speed selected as a basis to determine the various 
geometric design features of the roadway (minimum radius of curvature). 
Design speed is determined based on the road and terrain category.

CROATIAN GUIDELINES FOR THE ROAD DESIGN:

• Project speed (Vp) is the maximum expected speed in free flow 
conditions that can be achieved with sufficient safety on a particular part of 
the road segment depending on its horizontal and vertical characteristics.

R - radius of horizontal curve (m)

q - maximum permissible superelevation

fRdesign - design side friction factor

• 85th percentile operating speed (V85) is 85% of the speed distribution 
on a particular road segment, i.e. the speed below which 85% of drivers 
actually drive.

SPEEDS IN THE ROAD DESIGN



DATA COLLECTION

• An experimental investigation of the drivers' speed behaviour on

horizontal curves of two-lane state roads in Croatia:

- 27 km long segment of the state road D1 in Dalmatia region of Croatia 

which consists of horizontal curves 80 m < R < 1000 m

- experimental rides of 15 drivers with passenger cars by using an

innovative GPS device Performance Box (Racelogic)
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DATA COLLECTION

• Numerous operating speed studies have been 
developed. Disadvantages of previous researches:

- They were based on spot speeds, collected at 
specific locations of roadway (at the middle 
point of horizontal curves and tangents), 
using radar gun or similar device.

- They were based on assumptions that the 
speed remains constant throughout a curve 
and that the acceleration and deceleration 
occur only on tangents.

• Advantages of GPS data collection 
methodology:

- It allows the determination of individual 
minimum speeds on curves and maximum 
speeds on tangents (location and value).

- Beside the speeds, GPS technology enables 
the determination of drivers' path radii of the 
curves, on which the side friction demand 
depends.



DATA COLLECTION

• 2 types of data were collected from 15 individual drivers:

- speeds (in curves – V85, approach speeds – Vapproach85)

- horizontal curves radii R

• The collected data were used for 3 types of analysis:

1. Disparity between project and operating speed

2. Differences between side friction values (demand, supply and design)

3. Operating speed model for horizontal curves



ANALYSIS AND RESULTS

1.Disparity between project and operating speed

Operating and project speeds in horizontal curves



ANALYSIS AND RESULTS

2. Differences between side 
friction values

• Side friction supply factors (fRmax) – maximum available friction in the radial 

direction (values according to Croatian guidelines – based on measurements of  

friction made in Germany)

• Side friction design factors (fRdesign) – permissible side friction factors in the road 

design, determined according to Croatian guidelines as:

• Side friction demand factors (fRd) – actual values calculated for real 

superelevations, speeds and radii based on collected data (V85 and R15)

Relationship between side friction demand, supply 
and design

• Values of Values of ffRdRd exceeded the exceeded the 

values values of of ffRdesignRdesign and and ffRmaxRmax



ANALYSIS AND RESULTS

3. Operating speed model for 
horizontal curves

• Multiple regression procedure to determine curve speed model is described, with 

curve radius (R) and approach speed (Vapproach) as independent variables.

• The model was determined based on the speed data on 10 km long road segment 

(consists of 44 curves) and the model validation was made with the data from 1 km 

long segment of the road (consists of 4 curves).

• The operating speed model:

Operating and model predicted 

speeds in horizontal curves

The values of MAPE for model data 
and validation data

•• The model fits the data The model fits the data 

well.well.



• The assumptions of previous studies, in general are not realistic. The speed 

throughout a curve doesn't remain constant and locations of the lowest 

speeds on curves and highest speeds on tangents differ from driver to 

driver.

• Experimental investigation showed that the operating speed is greater than 

the project speed in curves R < 300 m. On curves with project speed less 

than about 90 km/h, operating speeds are in excess of the project speeds.

• Differences between operating and project speeds result in exceeding 

design side friction factors and peak side friction supply values.

• These findings indicate the need for changes in the existing road design, 

mostly in terms of harmonizing the relevant speeds that are used in the road 

design with actual speeds of most drivers.

CONCLUSIONS
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