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Design Controls  

Once the functional classification (e.g., collector, arterial, etc.) of a proposed 

highway has been defined, major controls affecting the design must be specified 

in order to guide the design process. The functional classifications of highways 

in rural areas include principal arterials, minor arterials, major and minor 

collectors, and local roads. At a minimum, the following design controls usually 

must be specified. 

Traffic volumes 

Design vehicle 

Design speed 

Maximum grade 

Lane and shoulder widths 

Traffic Volumes —The traffic data should include the current and future 

average daily traffic (ADT), the future design hourly volume (DHV), directional 

distribution, and truck percentage, as indicated in Table 2-1. 

On most highways, the DHV is used for design. The ADT may be used for 

design of minor, low-volume roads. On highways with unusual or highly 

seasonal fluctuations in traffic flow, the DHV should be based upon detailed 

analysis of the anticipated demand. For important intersections, data should be 

obtained to show traffic movements during morning and evening peak hours and 

at other times of heavy traffic. The capacity of each highway and the levels of 

service associated with the demand must be determined from a capacity 

analysis. For design purposes, the guidelines shown in Table 2-2 may provide an 

initial indication of the appropriate levels of service. For example, if other data 

are unavailable to indicate otherwise, level-of-service D would be appropriate 
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for a rural collector highway in mountainous terrain. Estimation of actual 

service flow rates, level of service, and related performance measures should be 

done in accordance with procedures described in the latest edition of the 

Highway Capacity Manual (HCM). 

Design Vehicles—Width and height, overhangs, and minimum turning paths at 

intersections are key dimensions to be noted and accommodated. Current policy 

(i.e. HCM) states that the vehicle that should be used in design for normal 

operation is the largest one that represents a significant percentage of the traffic 

for the design year. For design of most highways accommodating truck traffic, 

one of the design semitrailer combinations is typically used. When geometric 

configuration is constricted, such as in urban areas and at certain intersections, a 

design check should be made for the largest vehicle expected to ensure that it 

can negotiate the designated turns, particularly if pavements are curbed. In 

special cases, a design may have to be made to accommodate vehicles larger 

than the WB-15. Minimum turning paths are shown in Table 2-3. Templates are 

typically used to determine the location of wheel paths. 
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Design Speed Designation – The design speed is a primary determinant of the 

geometric design. In order to provide better selection of potential physical 

design values, a distinction has been made between "rural highways and high-

speed urban streets," and "low-speed urban streets". However, the latter may be 

appropriate for urban street designs where smaller radii and lower coefficients of 
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friction are appropriate. As well as the selected design speed, the design will 

be dependent upon the traffic, highway capacity, and running speed and will 

reflect the following variables: 

Terrain — As the terrain varies from level to mountainous, so the cost of the 

construction for any given speed will increase. Although difficult to define 

precisely, examples of level, rolling and mountainous are shown graphically in 

Figure 2-1. Definitions of terrain as related to highway design are given in 

(HCM) as follows: 

"Level terrain is that condition where highway sight distances, as governed by 

both horizontal and vertical restrictions, are generally long or could be made to 

be so without construction difficulty or major expense. 

"Rolling terrain is that condition where the natural slopes consistently rise 

above and fall below the road or street grade and where occasional steep slopes 

offer some restriction to normal horizontal and vertical roadway alignment. 

"Mountainous terrain is that condition where longitudinal and transverse 

changes in the elevation of the ground with respect to the road or street are 

abrupt and where benching and side hill excavations are frequently required to 

obtain acceptable horizontal and vertical alignment. 

"Terrain classifications pertain to the general character of a specific route 

corridor. Routes in valleys or passes of mountainous areas that have all the 

characteristics of roads or streets traversing level or rolling terrain should be 

classified as level or rolling. In general, rolling terrain generates steeper grades, 

causing trucks to reduce speeds below those of passenger cars, and mountainous 

terrain aggravates the situation, resulting in some trucks operating at crawl 

speeds." 



Faculty of Engineering /Department of Highways and Transportation Engineering 

Course No.:  506064062, Course Name: Route Location, Year:  2024-2025 

 

6 
 

 

Grades - The higher the maximum grade, the lower will be the design speed, 

reflecting the lower running speeds of vehicles using the highway, and 

commercial vehicles in particular. 

Lane and Shoulder Widths — Higher values of lane increase design capacity. 

Designated lane widths range between 3 m and 3.6 m for highways with any 

significant traffic volumes. Adequate shoulders are usually necessary for safety 

and capacity reasons. 



Faculty of Engineering /Department of Highways and Transportation Engineering 

Course No.:  506064062, Course Name: Route Location, Year:  2024-2025 

 

7 
 

Example: Selection of Design Controls ~ The relationships of the above 

variables and design capacities are assembled in Tables 2-4, 2-5, and 2-6 for 

rural collector highways The design speed may be selected from these tables. 

For example, given the following data, determine an appropriate design speed, 

maximum grade, lane width, and shoulder widths: 

Terrain: mountainous 

ADT: 3500 

Table 2-4 indicates that a minimum design speed of 60 km/h would be required, 

and Table 2-5 indicates a maximum grade of 10% for that design speed. The 

appropriate lane width would be 3.6 m with 2.4 m shoulders (Table 2-6). It 

should be noted that higher speeds may be justified if safety and cost 

considerations are adequately met.  

Design Designation—In order to summarize and present the information on 

design controls and criteria, it is usual to indicate on the title sheet of the set of 

drawings describing the highway the major controls for which it is designed.  

This "design designation" is typified by the following example: 

Control of Access  = None 

ADT 1964  = None 

ADT 1984  =5,000 

DHV  = 500 

D  = 60% 

T  = 5% (assumed) 

V  =60 km/h 

 

In addition, the maximum grade and basic lane and shoulder widths may be 

specified. 



Faculty of Engineering /Department of Highways and Transportation Engineering 

Course No.:  506064062, Course Name: Route Location, Year:  2024-2025 

 

8 
 

 



Faculty of Engineering /Department of Highways and Transportation Engineering 

Course No.:  506064062, Course Name: Route Location, Year:  2024-2025 

 

9 
 

ELEMENTS OF DESIGN 

       Having established the major design controls, the next step is to relate them 

to each of the major elements of the highway design. The design of these 

elements, based upon the fundamental determinants of driver and vehicle 

characteristics and environmental conditions, includes primarily horizontal and 

vertical alignment and other factors such as drainage and landscaping. 

Stopping Sight Distance - Stopping sight distance for a given design speed is 

the minimum distance that a vehicle moving at the corresponding running speed 

will require to come to a safe halt. It is the sum of the distances traveled during 

the driver's brake reaction time and during the braking of the vehicle to a stop on 

a wet pavement. Stopping sight distances for various design speeds are 

summarized in Table2-7. 

Passing Sight Distance ~ Passing sight distance is particularly important when 

considering safety and alignment. As described by AASHTO, "design passing 

sight distance is the minimum distance required to safely make a normal passing 

maneuver on 2-lane highways at passing speeds representative of nearly all 

drivers, commensurate with design speed. Passing sight distance on 2-lane 

highways should be provided over as high a proportion of the highway length as 

feasible. This proportion should be greater on highways with high volumes than 

on those with low volumes." See Figure 2-2 for passing sight distances for 

various design speeds. 

Horizontal Alignment — Based upon the selected design speed and the 

allowable (as specified by state or other jurisdiction) superelevation rate, the 

minimum radius of curve, or corresponding maximum degree of curvature, may 

be specified. Table 2-8 indicates the key relationships between design speed, 

side friction factor, superelevation, minimum radius of curvature, and maximum 

degree of curve. Typically, establishment of the minimum radius (or degree of 
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curve) is a basic step required before a realistic route selection can be made. 

For example, for a design speed of 60 km/h and maximum superelevation of 

6%, the minimum radius would be 135 m, as shown in Table 2-8. 
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