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Abstract 

One technique used to improve highway safety from the point of view of the infrastructure is to examine the consistency of the 
design. Design consistency refers to if highway geometry is conformance to driver expectancy. When the consistency of the road 
is inadequate, the more likely it is that drivers will be startled and a crash will occur. The consistency, based on operating speed, 
has been calculated in Spanish two-lane rural highways. This consistency has been evaluated using a local method, to measure 
the consistency of each element of the road and using a global method, to measure the consistency of a segment of the road. 
Different models of consistency have been compared using Decision Trees (DTs). DTs are a Data Mining Techniques which can 
be used to solve classification problems. The results show that DTs are a suitable technique to compare consistence models and 
they permit to establish limits between the different models analyzed. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 

Design consistency is understood as the conformance of highway geometry with driver expectancy, or the 
relationship between the geometric characteristics of a highway and the conditions the driver expects to encounter 
(Castro et al., 2008). Many authors agree that operating speed is the form most commonly used to evaluate 
consistency, as it reflects driver behavior (Gibreel et al., 1999; Fitzpatrick et al. 2000; Ng and Sayed, 2004; 
Camacho-Torregosa et al., 2013). Operating speed is the most representative parameter of real driving performance 
(Dell`Acqua et al., 2013). The operating speed is defined as the 85th percentile of the distribution (V85) of speeds by 
drivers under free-flow conditions on a particular location of the road alignment (Bella, 2007).  
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Models based on operating speed to calculate road consistency can be local, applied to a specific geometric 
element of one road segment; or global, producing a consistency value for the whole road segment. Different local 
models have been used for several authors. Babkov (1968) concluded that consistent and safe designs could be 
produced when the difference in the operating speed between two consecutive elements did not exceed 15% of the 
speed in the preceding element. Leisch and Leisch (1977) recommended a revised design speed concept that 
included guidelines on V85 reductions and differentials between the design speed (Vd) and V85. Kanellaidis et al. 
(1990) suggested that a good design is achieved when the difference between V85 on the tangent and the following 
curve does not exceed 10 km/h. However, of all the local methods based on operating speed to determine the degree 
of consistency, the best known local criterion is that by Lamm et al. (1999) based on mean crash rates. They 
presented two design consistency criteria related to operating speed, consisting of the difference between Vd and V85 
(criterion I) and the difference in V85 of successive elements (criterion II, named C1 in this paper). Table 1 shows the 
consistency thresholds for both criteria: 

   Table 1.Thersholds for a determination of design consistency quality. (Lamm et al., 1999) 

 
 
 
 
 
 
As regards global models, Polus and Mattar-Habib (2004) developed a consistency model C2 (Eq 1) to assess the 

consistency of whole road segments. Their model is based on two new consistency measures. The first is the relative 
area bounded between the operating speed profile (representing the V85 for each element of the road segment) and 
the average weighted operating speed (Ra) (Eq 2). The second one is the standard deviation of the operating speeds 
at every element of the road segment (σ) (Eq 3).  

 
 𝐶ଶ = 2.808 ∙ 𝑒ି଴.ଶ଻଼∙[ோೌ∙(ఙ/ଷ.଺)] (1) 

where: 

C2 = Global consistency model according Polus and Mattar-Habib (2004) (m/s) 
Ra= Relative area measure of consistency (m/s)(Eq 2) 
σ = Standard deviation of operating speed (km/h) (Eq 3) 

 
 𝑅௔ = ∑ ௔೔೙೔సభ௅  (2) 

 
where: 

ai= Area, between the speed in each element of profile and average speed (m2/s)  
L = Road segment lenght (km) 
 

 𝜎 = ට∑ (௏ఴఱ೔ି ௏ഥఴఱ)మ೙೔సభ ௡  (3) 

 
where: 

n = Numberof elements along a road segment 
V85i = Operating speed on each element i (tangent or curve) (km/h) 𝑉ത଼ ହ= Average operating speed (km/h):  

 

Consistency  Criterion I (km/h) Criterion II (km/h):C1 

Good |V85 - Vd| < 10 |V85i - V85i+1| < 10 

Acceptable 10 < |V85 - Vd| < 20 10 < |V85i - V85i+1| < 20 
Poor |V85 - Vd| > 20 |V85i - V85i+1| > 20 
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