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Summary: 

 

Studying the relation between different geometric features and roadway capacity is 

very important and can lead to significant improvements in the planning and design 

stages. The main objective of this research is to model the relation between the 

different geometric features of the horizontal alignment with the capacity of tangent 

and curved elements of two-lane two-way highways and, more specifically, to model 

the capacity loss between tangent and curved elements. Traffic and geometry data 

were collected from six rural two-lane two-way sites on Benisuif - Assiut Agricultural 

Road in Egypt. Regression analysis was performed to show the relation between 

different geometric features with capacity and capacity loss between tangents and 

curves. In addition, analysis was done to relate passenger car unit (PCU) values with 

the different geometric features. The resulting models are useful for optimizing 

geometric design on two-lane two-way highways from the capacity point of view to 

provide a consistent and flowing highway at a suitable level of service, avoiding 

significant capacity loss on sharp horizontal curves. 
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ABSTRACT 

Capacity is a central concept in design and operation of roadways. Estimation of 

capacity is an important issue for planning and design of highway facilities. Studying 

the relation between different geometric features and roadway capacity is very 

important and can lead to significant improvements in the planning and design stages. 

The main objective of this research is to model the relation between the different 

geometric features of the horizontal alignment with the capacity of tangent and curved 

elements of two-lane two-way highways and to model the capacity loss between 

tangent and curved elements. Another objective is to study the impact of carriageway 

width on passenger car unit (PCU) values. 

 Traffic and geometry data were collected from six sites which are located on 

Benisuif-Assiut Agricultural Road, Egypt. Each site is composed of two elements; a 

straight element (tangent) and a succeeding horizontal curve. Traffic volumes and 

speeds were collected at each element from the study sites. Then, the traffic volumes 

of vehicles which were classified into six categories were transformed into passenger 

car unit  . The capacity for each element was estimated using extrapolation from a 

fundamental diagram which represented the relationship between traffic flow and 

density. 

 Using correlation and regression analysis, different models were developed. 

For tangent elements, the results showed that as the carriageway width increases, the 

capacity also increases. In addition, for paved shoulders the capacity increases by257 

pc/hr. For curved elements, as the carriageway width and horizontal curve radius 

increases, the capacity also increases. In addition, for paved shoulders the capacity 

increases by 362.82 pc/hr. The models related to capacity loss showed that, as 

horizontal curve radius and carriageway width of curved elements increases, the 

capacity loss decreases. It was noticed that at horizontal curve radius of 903m, there is 

no loss in capacity between tangent and curved elements. In addition, the results 

showed that the PCU values for vehicle categories increases linearly with increasing 

of carriageway width. The resulting models are useful for optimizing geometric 

design on two-lane two-way highways from the capacity point of view to provide a 

consistent and flowing highway at a suitable level of service, avoiding significant 

capacity loss on sharp horizontal curves. 
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CHAPTER 1. INTRODUCTION 

1.1 GENERAL INTRODUCTION 

Two-lane two-way highways are defined in the Highway Capacity Manual 

(HCM 2010) as “Roads having one lane for the use of traffic in each direction”. These 

facilities are considered a key element in the highway system in Egypt and most other 

countries, as they serve a wide range of vehicle types and provide a variety of 

transportation functions. Two-lane two-way highways represent the vast majority of 

the highway system in Egypt, as they constitute about 75% of all paved rural 

highways (Hashim 2011). 

Two-lane two-way highways are an example of uninterrupted flow. This type of 

highways has unique characteristics as it has a single lane in each direction of travel. 

Therefore, the traffic operations differ from other facilities due to the significant 

interaction between vehicles maneuver in the same direction and in the opposing 

direction of travel due to passing maneuvers and lane changing. 

Passing maneuver, where the faster vehicle pass a slower vehicle ahead, is a 

complex maneuver performed only on two-lane two-way highways. It is limited by 

sight distance, gaps between vehicles in the opposing direction, road geometry, traffic 

volume and traffic composition. For this reason two-lane two-way highway capacity 

is affected to a great extent by the interaction between the two directions of flow. 

1.2 PROBLEM STATEMENT AND RESEARCH OBJECTIVE 

Estimation of roadway capacity is an important issue for determining the traffic 

demand for roadways when these facilities are designed. Capacity is defined in the 

HCM (2010) as “the maximum sustainable hourly flow rate at which persons or 

vehicles reasonably can be expected to traverse a point or a uniform section of a lane 

or roadway during a given time period under prevailing roadway, environmental, 

traffic, and control conditions”. 

Two-lane geometric characteristics, especially horizontal alignment 

characteristic are one of the most important factors which affect road capacity, 

operation and safety of roads. On sharp curves, vehicles may reduce their speed or 

increase the longitudinal gaps, and thus the flow is reduced (Shawky and Hashim 

2010). 
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A poor design for roadway leads to reduction in speed and performance of the 

facility which appears obviously in safety and comfort. Moreover, it may cause 

reduction in roadway capacity and increase the operation and maintenance cost of 

vehicles. It may also increase the probability of collisions. Designers should consider 

horizontal curve aspects in the design stage like curve radius, superelevation, 

widening and provide transition curves between tangent elements and curve elements 

instead of using simple curves. This provides a more comfortable drive and improves 

the appearance of the roads with smooth operational conditions. 

Horizontal alignment is composed of two elements, straight elements (tangents), 

and curved elements (curves). The geometric features of tangents that affect roadway 

capacity are lane width, shoulder width, and tangent length. The geometric features of 

horizontal curves that affect roadway capacity are mainly horizontal curve radius, lane 

width, and shoulder width. As a result, the maximum flow served by each element 

varies and thus, affects the roadway capacity.  

Few research has been done on the influence of highways geometric features on 

capacity and capacity loss. Studying the capacity loss between tangent and curved 

elements is significant to be considered in the design stage. It provides for a consistent 

design that reduces speed reductions and thus loss of capacity on horizontal curves. In 

addition, no further models were found to describe the capacity loss between tangents 

and curved sections. Therefore there is a need to research the relation between the 

different geometric features of the horizontal alignment with the road capacity for 

two-lane two-way highways. In addition, the relation between capacity loss between 

tangent and curved elements and geometric elements is investigated. Therefore, the 

main objective of this research is to model the relation between the different 

geometric features of the horizontal alignment with the road capacity for two-lane 

two-way highways. Another important objective is to model the capacity loss between 

tangent and curved elements. 

To realize the main objective, two types of models were developed. First, 

models between the different geometric features of the horizontal alignment and the 

road capacity for two-lane two-way highways were developed. Second, models 

between the capacity loss between tangent and curved elements were developed. The 

latter type of model shows the range of horizontal curve radii that result in significant 

capacity loss and would help in design with consistent and flowing traffic flow in 

mind and thus improve the operation of the highway specifically for roads with high 


