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a b s t r a c t

The geometric design, especially the horizontal and vertical alignments, of rural two-lane

highway facilities is considered one of the most important factors affecting the quality of

traffic service and safety. A consistent highway geometric design is defined to be one that

conforms to the driver's expectations. In order to calculate the main measures of design

consistency, an accurate operating speed profile model for road alignment is needed.

Studies have shown that operating speed models are country dependent due to varying

demographics, driver attitudes, habits, etc. This paper develops a speed profile model for

two-lane rural roads in Egypt. This includes the development of operating speedmodels for

horizontal curves and tangents, as well as the study of the characteristics and relationships

between acceleration and deceleration rates before and after horizontal curves. The study

uses a desert rural two-lane, two-way road sections that connect the city of Sohag with the

city of Hurghada, in Upper Egypt. All geometric characteristics were obtained from high-

way authority. Speed data regarding individual drivers traveling on selected two-lane rural

road sections were sampled using an on-board GPS system. The study confirms the finding

in previous research that curvature is the most important factor in determining the speed

on horizontal curves. Moreover, tangent length is the most important factor in determining

operating speeds at tangents. The acceleration and deceleration characteristics were

derived to gain an understanding of the behavior of individual vehicles traveling through

curves of varying radii and lengths as well as preceding tangent length. Several operating

speed models were developed for tangents and curves as well as for acceleration and

deceleration rates. Incredibly effective, these models can be used for design consistency

evaluations.
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1. Introduction

Highway geometry is one of the most important factors

affecting the efficiency and safety of highway systems.

Improving the geometry of two-lane highways should be a top

priority forhighwayauthorities, as they represent an important

component of any top network (Shawky and Hashim, 2010). In

Egypt, two-lane highway constitutes about 75% of all paved

rural highways (Hashim and Abdel-Wahed, 2011).

Improvements of those roads should be focused on the

locations where they will lead to the best possible reduction in

traffic casualties. Geometric consistency reduces the potential

of traffic casualties by correlating accident risk with geometric

alignment. It is defined as the conformance of a road's
geometric features with driver's expectations (Nicholson,

1998). As design consistency increases, the number of crashes

decreases significantly (Dell'Acqua et al., 2013).

There are several methods to evaluate the consistency of a

highway design, namely alignment indices, driver workload,

and operating speed based measures (Hassan et al., 2001).

Among these methods, the operating speed approach is

known as the most efficient and quantifiable measure to

date. It is the most common vehicle operations based

consistency measure (Fitzpatrick et al., 2000a, 2000b).

Operating speed is defined as the speed at or below which

the majority of the drivers (e.g., 85%) are traveling without

being impeded by factors beyond the geometric features of the

road (Fitzpatrick et al., 2003). With the operating speed

approach, the design consistency evaluated based on one or

a combination of two different ways. The first way is to

evaluate the consistency based on the difference of

operating speed between two successive elements of a road

(two curves or curveetangent). The second way is based on

the difference between the operating speed and design

speed values. If the operating speed differential between two

successive elements or the difference between the operating

speed and design speed is greater than a specified value, the

feature is considered inconsistent and the highway design is

considered poor (Lamm et al., 2002).

Therefore, the first step to evaluate design consistency is to

develop regression models that are used by highway de-

signers/practitioners. These models can predict the operating

speed of an element (i.e., curve, tangent). Consequently, the

speed differential between the two elements or the difference

between operating speed and design speed of an element can

be calculated. These models should be able to predict speed

values based on the geometric characteristics of the road el-

ements such as curve radius, curve length, deflection angle,

tangent length, etc. Vehicle acceleration and deceleration

rates, after or before negotiating horizontal curves, are also

important components in design consistency. These rates are

crucial in constructing the operating speed profile model.

Studies have shown that operating speed models and ac-

celeration or deceleration rates are country dependent or even

region dependent in larger countries, as they vary significantly

depending on the area under study (Lamm and Smith, 1994).

The reasons could be due to varying driver attitudes,

lifestyles, levels of motor law enforcement, etc. (Bird and

Hashim, 2005). Therefore, several models have been
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