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Figure 3-2 
Design Exception Request 

State Project No. ________________ Federal-Aid Project No.     

Date:  _________________________ Oversight Project: Yes  No     

Design Exception Abstract: (Provide a short summary detailing the nature of the exception, rea-
sons for the request, etc.) 

 

 

Note:  
For all NHS projects, the thirteen controlling criteria to be met are design speed; through lane and 
auxiliary lane width; shoulder width; bridge width, structural capacity, horizontal alignment; vertical 
alignment; grades; stopping sight distance, cross-slope; superelevation; horizontal clearance; and 
vertical clearance. 
 

 

 

 

 

RECOMMENDATION: 

The purpose of this project is to----------.  

The most effective method of addressing this is-----------. 

Based upon the conditions presented, it is recommended that a design exception be approved for the 
controlling substandard design element as justified.  

Recommended By: _______________________________________________________________   
                                       Squad Manager 

Recommended By: _______________________________________________________________   
                                       Group Engineer 

Recommended By: _______________________________________________________________  
                Assistant Director-Transportation Solutions  

Recommended By: _______________________________________________________________  
                Assistant Director-Design 

Approved By: _____________________________________  Date: _______________________  
 Chief Engineer 

Approved By: _____________________________________  Date: _______________________    
 Federal Highway Administration (NHS oversight projects only) 

Enclosures: (Include design criteria, figures, calculations, etc. to document request.) 
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Determining lane and shoulder widths is a 
very critical step in project design. The Design 
Criteria Form, Figure 3-5, is used to document 
and obtain approval for the selected lane and 
shoulder widths. 

3.2.2 CURVATURE AND 
SUPERELEVATION 

Establishing the proper relationship be-
tween design speed and curvature, as well as 
their joint relationship with the proper amount 
of superelevation on the curve is an important 
decision. Although these relationships are de-
rived from laws of mechanics (speed, cen-
trifugal force and side friction factor), the ac-
tual values for use in design depend on practi-
cal limits and factors determined empirically 
over a range of variables. For example, the 
maximum permissible rate of superelevation is 
based on a practical consideration that a high 
operating speed can be accommodated on a 
relatively sharp curve if the superelevation is 
steep enough, but highways must serve vehi-
cles traveling at a wide range of speeds. Slow 
moving vehicles or stopped vehicles would be 
adversely affected with excessively steep su-
perelevation, particularly in ice and snow con-
ditions. 

AASHTO suggests maximum supereleva-
tion rates in the range of 4 to 12 percent. 
Delaware’s roadways are subject to the effects 
of ice and snow during the winter. These con-
ditions have resulted in poor operational and 
accident history on roadways using a su-
perelevation rate higher than 8 percent. There-
fore, DelDOT strives to use a maximum su-
perelevation rate of 6 percent. However, for 
rural roadways it may be appropriate to use a 
superelevation rate of 8 percent. In urban ar-
eas, it is more practical to use a rate of 4 per-
cent. This rate allows for smoother pavement 
tie-in at entrances and intersecting streets. 

The selected superelevation rate sets the 
limitations on curvature.  It is desirable to use 
curves flatter than the minimum values wher-
ever conditions permit. When approved by the 

Chief Engineer, curves sharper than the mini-
mum may be used on reconstruction projects. 
The designer has design alternatives to miti-
gate the effect of introducing sharper curva-
ture by widening pavement, providing ad-
vance warning signs, providing wider clear 
zones, increasing vertical or horizontal sight 
distances, etc.  

Tables of superelevation rates for various 
combinations of design speed and curvature 
are shown in the Green Book, pages 156 to 
161, and figures in Chapter Five - Alignment 
and Superelevation in this manual. Both of 
these should be referred to for a more detailed 
discussion of the application of superelevation 
and transition methods for entering and leav-
ing horizontal curves. 

3.2.3  STOPPING SIGHT DISTANCE 

Sight distance is the length of roadway 
ahead of the vehicle that is visible to the 
driver. The available sight distance must al-
ways be sufficient to enable a vehicle traveling 
at or near the design speed to stop before 
reaching an object on the roadway. Factors 
that influence the required stopping sight dis-
tance include: 

• The speed of the vehicle; 

• The height of the driver's eyes; 

• The height of the object on the road; 

• The driver's reaction time before brak-
ing;  

• The surface condition; and 

• The distance necessary to stop the ve-
hicle after applying the brakes. 

Reference should be made to Chapter 3 
Elements of Design in the Green Book, pages 
109-117, for a thorough explanation of the 
concepts and procedures for defining stopping 
sight distances. Attention is also drawn to 
AASHTO’s discussion of the concept of ‘de-
cision sight distance’ and its possible applica-
tion to the project under design. 
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10.5.2 EASEMENTS 

Under certain conditions it is preferable 
to obtain an easement rather than to 
purchase right-of-way. There are two types 
of easements: (1) temporary and (2) 
permanent easements. The type of easement 
should be identified on the plans. 

A temporary easement should be 
obtained where it is not necessary to obtain 
permanent possession of the land or 
permanent right of access to the land. 
Temporary easements are appropriate: 

• For any areas where the Department 
will have no maintenance 
responsibility after the completion of 
the proposed project construction; 

• Where relatively flat cut or fill slopes 
extend beyond the right-of-way line 
and the lateral clear zone or for 
grading purposes that may benefit the 
property; 

• To obtain proper grade on private 
driveways and approaches; 

• For channel changes and inlet and 
outlet ditches at drainage structures 
where future maintenance is not 
anticipated; and 

• For construction working areas. 

A permanent easement should be 
obtained where it is not necessary that the 
State own the land, but where perpetual 
interest is necessary. Examples are where 
the Department needs to access the property 
for future maintenance, repair, or 
replacement of the highway facility, its 
drainage systems or appurtenances and as 
provided for in a project's right of way or 
railroad agreement. 

10.5.3 RIGHT-OF-WAY MONUMENTS 

Right-of-way monuments may be placed 
to provide a permanent reference for re-
establishing the centerline and right-of-way 
line. Right of way monuments should be 
located and punched so the center is on the 
right of way line. Details of a standard right-
of-way monument are shown in the 
Department's Standard Construction Details. 

10.6  FENCING 

It is Department policy that installation of 
fences should normally be considered under 
one or more of the following conditions: 

• For access restrictions on interstate 
or other designated controlled access 
highways, 

• Replacement fence where an existing 
fence was removed because of right-
of-way widening, or 

• For locations where there is a 
documented need for fencing i.e. 
pedestrian and bicyclist safety or 
right-of-way negotiations. 

The location of fencing depends on who 
will assume the ownership and maintenance 
responsibility, 1 ft [0.3 m] inside the right of 
way for DelDOT and 1 ft [0.3 m] outside if 
by others. The responsibility for installing 
fencing varies. Fencing required for 
DelDOT purposes will normally be shown 
on the contract plans and included as a bid 
item for the contractor. The type of fencing 
will depend on the characteristics and use of 
the adjacent property. 

Installation of replacement fencing or new 
fencing as the result of negotiating 
easements or property takings are normally 
included in the right-of-way settlement 
agreement. This agreement provides for the 
affected property owner to be responsible 
for construction and maintenance of any 
new fence, with installation reimbursement 
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by the State. Occasionally, the right-of-way 
agreement will specify that this fencing be 
included as a contract item. Locations and 
quantities of fencing to be constructed in 
this manner are determined by Real Estate 
and coordinated with the designer. 

10.7  UTILITY ADJUSTMENTS 

This section is a general discussion of a 
project's relationship with utilities. The 
specific details are covered in Chapter 11, 
Plan Development. In addition, the 
Department has published the Utilities 
Design Manual, which clearly sets forth 
policies and procedures regarding the 
relationships among the Department, the 
public, and private utilities in Delaware. 
Much of the manual is related to the 
accommodation of utilities within the 
highway right-of-way and adjustments 
initiated by the utilities. Other sections 
define responsibilities and procedures 
related to needed utility adjustments 
resulting from proposed highway 
improvement projects. It is this second 
category that is of concern to designers.  

In storm drain design, it is often possible 
to avoid conflicts with underground utilities 
by making minor adjustments in the line or 
grade of the storm drain. The designer 
should consider conflicts with any utility in 
making the final design to minimize 
relocations and conflicts. Relocations of 
utilities frequently delay the progress of 
construction and so should be avoided where 
possible. As further described in the manual, 
costs for relocating and adjusting utilities 
may either be the affected utility's or the 
Department's responsibility. The designer 
needs to recognize that no matter which 
party is responsible, the cost will be directly 
or indirectly passed on to the user. 

The procedures and responsibilities for 
utilities adjustments set forth in the Utilities 
Design Manual are briefly summarized 
below in terms of the four phases of plan 
development.  

10.7.1 SURVEY PLANS 

The designer prepares survey plans 
showing the approximate project limits, 
existing detail, and project number(s) 
assigned to the project. Two sets of survey 
plans are provided for each utility and are 
transmitted by the Utilities Section. 

The Utilities Section returns marked-up 
plans showing complete information on 
existing and abandoned facilities in the area. 
The information provided includes whether 
the facilities are aerial, surface or 
underground, sizes of pipes, numbers of 
conduits, approximate depths, and any 
private or commercial easements. 

10.7.2 PRELIMINARY PLANS 

The designer prepares preliminary plans 
showing the proposed alignment, profile, 
drainage, signal pole location, clear zones, 
right-of-way taking, existing utilities from 
survey plan data and other details. Two sets 
of plans are submitted by the Utilities 
Section to each potentially affected utility 
company, who reviews these plans and 
returns them showing their proposed work 
plan.  

The designer, assigned utility coordinator 
and, in some cases, the utility company's 
representative review these plans to 
determine if the exact horizontal and vertical 
location of certain facilities are an important 
part of the design considerations. Where 
major conflicts with underground utilities 
appear possible, the Utilities Section 
arranges for determining the exact field 
location of the existing underground 
installations, typically with taking test pits. 
The Utilities Section submits this 
information to the designer. The designer 
and utility coordinator determine which 
underground or aerial conflicts cannot be 
avoided and discuss alternatives with the 
affected utility company. It is very important 
that the potential impact on scheduling, 
current project estimate and the 
responsibility for preparing the design plans 
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and quantities as well as the actual 
construction be identified at this time. 

10.7.3 SEMI-FINAL PLANS 

Semi-final plans are prepared showing the 
final centerline, profile, drainage, right of 
way and other details. 

Two sets of semi-final plans for each 
utility are provided to the Utilities Section. 
These plans are delivered to each affected 
utility. A representative of the Utilities 
Section coordinates a review of the project's 
affect on each utility's facilities. 

The utilities plot their proposed 
underground relocation work on the plans, 
and the information is returned to the 
designer through the Utilities Section. The 
Utilities Section arranges with the utility for 
any needed relocation work and formal 
agreements. The scope and schedule for the 
work is included in the project's utility 
statement that is furnished to the designer 
for preparation of the P. S. and E. package. 

10.7.4 P. S. AND E. PLANS 

When the final plans are completed and 
the project is advertised, one set of final 
plans is forwarded to each utility. If it has 
not previously been notified to start the 
adjustment, the utility is directed by letter 
from the Utilities Section to order materials 
and begin making the changes or alterations 
to their facilities. 

10.8 SIDEWALKS 

10.8.1. GOALS AND OBJECTIVES  

Sidewalks are an integral part of the 
Department's transportation infrastructure 
program. They facilitate and encourage safe 
and convenient pedestrian travel within 
communities and among different land uses. 
They provide safe and reasonable access to 
public transportation and other alternative 

modes of transportation, thereby helping 
alleviate vehicular traffic and reduce 
emissions. They also reinforce the 
Americans with Disabilities Act (ADA) by 
increasing the access opportunity for 
mobility impaired individuals.  

The incorporation of sidewalks and 
pedestrian amenities also provides better 
land use and transportation connections, thus 
encouraging more trips on foot, improve 
access to transit, improving access to 
adjacent land uses and communities, 
conserving energy, and enhancing the 
Department's vision for multi-modal and 
inter-modal transportation systems. 

In addition, by providing this 
transportation option, the installation of 
sidewalks can be an effective means in 
reducing automobile dependence and use. It 
will assist Delaware's mission toward 
cleaner air under the requirements of the 
Clean Air Act Amendments of 1990.  

With the addition and installation of 
proper sidewalks and pedestrian amenities, 
safety, accessibility, ridership, and more 
favorable perceptions of public transit 
service can be increased. Communities will 
also be able to safely link to other land uses 
and transportation modes, resulting in better 
and more desirable neighborhoods and land 
development practices.  
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Figure 3-2 
Design Exception Request 

State Project No. ________________ Federal-Aid Project No.     

Date:  _________________________ Oversight Project: Yes  No     

Design Exception Abstract: (Provide a short summary detailing the nature of the exception, rea-
sons for the request, etc.) 

 

 

Note:  
For all NHS projects, the thirteen controlling criteria to be met are design speed; through lane and 
auxiliary lane width; shoulder width; bridge width, structural capacity, horizontal alignment; vertical 
alignment; grades; stopping sight distance, cross-slope; superelevation; horizontal clearance; and 
vertical clearance. 
 

 

 

 

 

RECOMMENDATION: 

The purpose of this project is to----------.  

The most effective method of addressing this is-----------. 

Based upon the conditions presented, it is recommended that a design exception be approved for the 
controlling substandard design element as justified.  

Recommended By: _______________________________________________________________   
                                       Squad Manager 

Recommended By: _______________________________________________________________   
                                       Group Engineer 

Recommended By: _______________________________________________________________  
                Assistant Director-Transportation Solutions  

Recommended By: _______________________________________________________________  
                Assistant Director-Design 

Approved By: _____________________________________  Date: _______________________  
 Chief Engineer 

Approved By: _____________________________________  Date: _______________________    
 Federal Highway Administration (NHS oversight projects only) 

Enclosures: (Include design criteria, figures, calculations, etc. to document request.) 
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Determining lane and shoulder widths is a 
very critical step in project design. The Design 
Criteria Form, Figure 3-5, is used to document 
and obtain approval for the selected lane and 
shoulder widths. 

3.2.2 CURVATURE AND 
SUPERELEVATION 

Establishing the proper relationship be-
tween design speed and curvature, as well as 
their joint relationship with the proper amount 
of superelevation on the curve is an important 
decision. Although these relationships are de-
rived from laws of mechanics (speed, cen-
trifugal force and side friction factor), the ac-
tual values for use in design depend on practi-
cal limits and factors determined empirically 
over a range of variables. For example, the 
maximum permissible rate of superelevation is 
based on a practical consideration that a high 
operating speed can be accommodated on a 
relatively sharp curve if the superelevation is 
steep enough, but highways must serve vehi-
cles traveling at a wide range of speeds. Slow 
moving vehicles or stopped vehicles would be 
adversely affected with excessively steep su-
perelevation, particularly in ice and snow con-
ditions. 

AASHTO suggests maximum supereleva-
tion rates in the range of 4 to 12 percent. 
Delaware’s roadways are subject to the effects 
of ice and snow during the winter. These con-
ditions have resulted in poor operational and 
accident history on roadways using a su-
perelevation rate higher than 8 percent. There-
fore, DelDOT strives to use a maximum su-
perelevation rate of 6 percent. However, for 
rural roadways it may be appropriate to use a 
superelevation rate of 8 percent. In urban ar-
eas, it is more practical to use a rate of 4 per-
cent. This rate allows for smoother pavement 
tie-in at entrances and intersecting streets. 

The selected superelevation rate sets the 
limitations on curvature.  It is desirable to use 
curves flatter than the minimum values wher-
ever conditions permit. When approved by the 

Chief Engineer, curves sharper than the mini-
mum may be used on reconstruction projects. 
The designer has design alternatives to miti-
gate the effect of introducing sharper curva-
ture by widening pavement, providing ad-
vance warning signs, providing wider clear 
zones, increasing vertical or horizontal sight 
distances, etc.  

Tables of superelevation rates for various 
combinations of design speed and curvature 
are shown in the Green Book, pages 156 to 
161, and figures in Chapter Five - Alignment 
and Superelevation in this manual. Both of 
these should be referred to for a more detailed 
discussion of the application of superelevation 
and transition methods for entering and leav-
ing horizontal curves. 

3.2.3  STOPPING SIGHT DISTANCE 

Sight distance is the length of roadway 
ahead of the vehicle that is visible to the 
driver. The available sight distance must al-
ways be sufficient to enable a vehicle traveling 
at or near the design speed to stop before 
reaching an object on the roadway. Factors 
that influence the required stopping sight dis-
tance include: 

• The speed of the vehicle; 

• The height of the driver's eyes; 

• The height of the object on the road; 

• The driver's reaction time before brak-
ing;  

• The surface condition; and 

• The distance necessary to stop the ve-
hicle after applying the brakes. 

Reference should be made to Chapter 3 
Elements of Design in the Green Book, pages 
109-117, for a thorough explanation of the 
concepts and procedures for defining stopping 
sight distances. Attention is also drawn to 
AASHTO’s discussion of the concept of ‘de-
cision sight distance’ and its possible applica-
tion to the project under design. 
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10.5.2 EASEMENTS 

Under certain conditions it is preferable 
to obtain an easement rather than to 
purchase right-of-way. There are two types 
of easements: (1) temporary and (2) 
permanent easements. The type of easement 
should be identified on the plans. 

A temporary easement should be 
obtained where it is not necessary to obtain 
permanent possession of the land or 
permanent right of access to the land. 
Temporary easements are appropriate: 

• For any areas where the Department 
will have no maintenance 
responsibility after the completion of 
the proposed project construction; 

• Where relatively flat cut or fill slopes 
extend beyond the right-of-way line 
and the lateral clear zone or for 
grading purposes that may benefit the 
property; 

• To obtain proper grade on private 
driveways and approaches; 

• For channel changes and inlet and 
outlet ditches at drainage structures 
where future maintenance is not 
anticipated; and 

• For construction working areas. 

A permanent easement should be 
obtained where it is not necessary that the 
State own the land, but where perpetual 
interest is necessary. Examples are where 
the Department needs to access the property 
for future maintenance, repair, or 
replacement of the highway facility, its 
drainage systems or appurtenances and as 
provided for in a project's right of way or 
railroad agreement. 

10.5.3 RIGHT-OF-WAY MONUMENTS 

Right-of-way monuments may be placed 
to provide a permanent reference for re-
establishing the centerline and right-of-way 
line. Right of way monuments should be 
located and punched so the center is on the 
right of way line. Details of a standard right-
of-way monument are shown in the 
Department's Standard Construction Details. 

10.6  FENCING 

It is Department policy that installation of 
fences should normally be considered under 
one or more of the following conditions: 

• For access restrictions on interstate 
or other designated controlled access 
highways, 

• Replacement fence where an existing 
fence was removed because of right-
of-way widening, or 

• For locations where there is a 
documented need for fencing i.e. 
pedestrian and bicyclist safety or 
right-of-way negotiations. 

The location of fencing depends on who 
will assume the ownership and maintenance 
responsibility, 1 ft [0.3 m] inside the right of 
way for DelDOT and 1 ft [0.3 m] outside if 
by others. The responsibility for installing 
fencing varies. Fencing required for 
DelDOT purposes will normally be shown 
on the contract plans and included as a bid 
item for the contractor. The type of fencing 
will depend on the characteristics and use of 
the adjacent property. 

Installation of replacement fencing or new 
fencing as the result of negotiating 
easements or property takings are normally 
included in the right-of-way settlement 
agreement. This agreement provides for the 
affected property owner to be responsible 
for construction and maintenance of any 
new fence, with installation reimbursement 
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by the State. Occasionally, the right-of-way 
agreement will specify that this fencing be 
included as a contract item. Locations and 
quantities of fencing to be constructed in 
this manner are determined by Real Estate 
and coordinated with the designer. 

10.7  UTILITY ADJUSTMENTS 

This section is a general discussion of a 
project's relationship with utilities. The 
specific details are covered in Chapter 11, 
Plan Development. In addition, the 
Department has published the Utilities 
Design Manual, which clearly sets forth 
policies and procedures regarding the 
relationships among the Department, the 
public, and private utilities in Delaware. 
Much of the manual is related to the 
accommodation of utilities within the 
highway right-of-way and adjustments 
initiated by the utilities. Other sections 
define responsibilities and procedures 
related to needed utility adjustments 
resulting from proposed highway 
improvement projects. It is this second 
category that is of concern to designers.  

In storm drain design, it is often possible 
to avoid conflicts with underground utilities 
by making minor adjustments in the line or 
grade of the storm drain. The designer 
should consider conflicts with any utility in 
making the final design to minimize 
relocations and conflicts. Relocations of 
utilities frequently delay the progress of 
construction and so should be avoided where 
possible. As further described in the manual, 
costs for relocating and adjusting utilities 
may either be the affected utility's or the 
Department's responsibility. The designer 
needs to recognize that no matter which 
party is responsible, the cost will be directly 
or indirectly passed on to the user. 

The procedures and responsibilities for 
utilities adjustments set forth in the Utilities 
Design Manual are briefly summarized 
below in terms of the four phases of plan 
development.  

10.7.1 SURVEY PLANS 

The designer prepares survey plans 
showing the approximate project limits, 
existing detail, and project number(s) 
assigned to the project. Two sets of survey 
plans are provided for each utility and are 
transmitted by the Utilities Section. 

The Utilities Section returns marked-up 
plans showing complete information on 
existing and abandoned facilities in the area. 
The information provided includes whether 
the facilities are aerial, surface or 
underground, sizes of pipes, numbers of 
conduits, approximate depths, and any 
private or commercial easements. 

10.7.2 PRELIMINARY PLANS 

The designer prepares preliminary plans 
showing the proposed alignment, profile, 
drainage, signal pole location, clear zones, 
right-of-way taking, existing utilities from 
survey plan data and other details. Two sets 
of plans are submitted by the Utilities 
Section to each potentially affected utility 
company, who reviews these plans and 
returns them showing their proposed work 
plan.  

The designer, assigned utility coordinator 
and, in some cases, the utility company's 
representative review these plans to 
determine if the exact horizontal and vertical 
location of certain facilities are an important 
part of the design considerations. Where 
major conflicts with underground utilities 
appear possible, the Utilities Section 
arranges for determining the exact field 
location of the existing underground 
installations, typically with taking test pits. 
The Utilities Section submits this 
information to the designer. The designer 
and utility coordinator determine which 
underground or aerial conflicts cannot be 
avoided and discuss alternatives with the 
affected utility company. It is very important 
that the potential impact on scheduling, 
current project estimate and the 
responsibility for preparing the design plans 
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and quantities as well as the actual 
construction be identified at this time. 

10.7.3 SEMI-FINAL PLANS 

Semi-final plans are prepared showing the 
final centerline, profile, drainage, right of 
way and other details. 

Two sets of semi-final plans for each 
utility are provided to the Utilities Section. 
These plans are delivered to each affected 
utility. A representative of the Utilities 
Section coordinates a review of the project's 
affect on each utility's facilities. 

The utilities plot their proposed 
underground relocation work on the plans, 
and the information is returned to the 
designer through the Utilities Section. The 
Utilities Section arranges with the utility for 
any needed relocation work and formal 
agreements. The scope and schedule for the 
work is included in the project's utility 
statement that is furnished to the designer 
for preparation of the P. S. and E. package. 

10.7.4 P. S. AND E. PLANS 

When the final plans are completed and 
the project is advertised, one set of final 
plans is forwarded to each utility. If it has 
not previously been notified to start the 
adjustment, the utility is directed by letter 
from the Utilities Section to order materials 
and begin making the changes or alterations 
to their facilities. 

10.8 SIDEWALKS 

10.8.1. GOALS AND OBJECTIVES  

Sidewalks are an integral part of the 
Department's transportation infrastructure 
program. They facilitate and encourage safe 
and convenient pedestrian travel within 
communities and among different land uses. 
They provide safe and reasonable access to 
public transportation and other alternative 

modes of transportation, thereby helping 
alleviate vehicular traffic and reduce 
emissions. They also reinforce the 
Americans with Disabilities Act (ADA) by 
increasing the access opportunity for 
mobility impaired individuals.  

The incorporation of sidewalks and 
pedestrian amenities also provides better 
land use and transportation connections, thus 
encouraging more trips on foot, improve 
access to transit, improving access to 
adjacent land uses and communities, 
conserving energy, and enhancing the 
Department's vision for multi-modal and 
inter-modal transportation systems. 

In addition, by providing this 
transportation option, the installation of 
sidewalks can be an effective means in 
reducing automobile dependence and use. It 
will assist Delaware's mission toward 
cleaner air under the requirements of the 
Clean Air Act Amendments of 1990.  

With the addition and installation of 
proper sidewalks and pedestrian amenities, 
safety, accessibility, ridership, and more 
favorable perceptions of public transit 
service can be increased. Communities will 
also be able to safely link to other land uses 
and transportation modes, resulting in better 
and more desirable neighborhoods and land 
development practices.  
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and classes of flexible pavement, base course, 
and subbase. 

Figure 9-2 
Layer Coefficients 

Material Type Layer Coefficient 

Type C Surface Mix 0.40 

Type B Binder 
Course 

0.40 

Bituminous Con-
crete Base Course 

0.32 

Soil Cement 0.20 

Graded Aggregate 
Base Course 

0.14 

Select Borrow 0.08 

9.5.6 MINIMUM LIFT THICKNESS 

Although the equations allow for a great 
number of thickness variations, there are the 
practicalities of constructing and maintaining a 
facility, which must be considered. Depending 
upon the material being placed, there are mini-
mum and maximum limits in the placement 
depth that are practical for the available equip-
ment to compact and are economical.  

Minimum lift thickness for hot-mix is rec-
ommended to be three times the nominal aggre-
gate size in the mix. The following are the prac-
tical maximum and minimum lift thickness 
(compacted) that are to be applied to the materi-
als normally used in constructing a flexible 
pavement section. 

9.5.7 TEMPORARY PAVEMENTS 

It is not practical to attempt to follow the 
formalized AASHTO procedures for design of 
temporary pavements such as needed for detours 
during construction. Variations in speed and 
ease of placement as well as the anticipated re-

quired service life of the detour significantly 
affect the economic justification for the struc-
tural design. 

When temporary pavements are needed de-
signers should closely coordinate with the Mate-
rials and Research Section in the development of 
a practical pavement design based on knowledge 
of local conditions and engineering judgment. 

Figure 9-3 
Lift Thickness 

 
Type of  
Material 

 
Minimum 

Lift Thickness 
 

 
Maximum 
Lift Thick-

ness 

Type C  
Surface Mix 

1-¼ inches 
[30 mm] 

2 inches 
[50 mm] 

Type B 
Binder/Base 

2-¼ inches 
[60 mm] 

3 inches 
[75 mm] 

Bituminous 
Concrete 

Base Course 

3 inches 
[75 mm] 

6 inches 
[150 mm] 

Graded  
Aggregate 

Base Course 

4 inches 
[100 mm] 

8 inches 
[200 mm] 

Soil Cement 4 inches 
[100 mm] 

6 inches 
[150 mm] 

Select  
Borrow 

4 inches 
[100 mm] 

8 inches 
[200 mm] 

Open Graded 1 inch 
[25 mm] 

1 inch 
[25 mm] 

9.6 DESIGN FOR RIGID 
PAVEMENTS 

Rigid pavements consist of a Portland cement 
concrete slab on a subbase course. The design 
procedure consists of developing an effective 
modulus of subgrade reaction based on subbase 
treatment and thickness, determine the slab 
thickness, allowing for any stage construction, 
adjusting for adverse environmental conditions, 
determining type of joints, joint sealant, and the 
required reinforcement. 
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and classes of flexible pavement, base course, 
and subbase. 

Figure 9-2 
Layer Coefficients 

Material Type Layer Coefficient 

Type C Surface Mix 0.40 

Type B Binder 
Course 

0.40 

Bituminous Con-
crete Base Course 

0.32 

Soil Cement 0.20 

Graded Aggregate 
Base Course 

0.14 

Select Borrow 0.08 

9.5.6 MINIMUM LIFT THICKNESS 

Although the equations allow for a great 
number of thickness variations, there are the 
practicalities of constructing and maintaining a 
facility, which must be considered. Depending 
upon the material being placed, there are mini-
mum and maximum limits in the placement 
depth that are practical for the available equip-
ment to compact and are economical.  

Minimum lift thickness for hot-mix is rec-
ommended to be three times the nominal aggre-
gate size in the mix. The following are the prac-
tical maximum and minimum lift thickness 
(compacted) that are to be applied to the materi-
als normally used in constructing a flexible 
pavement section. 

9.5.7 TEMPORARY PAVEMENTS 

It is not practical to attempt to follow the 
formalized AASHTO procedures for design of 
temporary pavements such as needed for detours 
during construction. Variations in speed and 
ease of placement as well as the anticipated re-

quired service life of the detour significantly 
affect the economic justification for the struc-
tural design. 

When temporary pavements are needed de-
signers should closely coordinate with the Mate-
rials and Research Section in the development of 
a practical pavement design based on knowledge 
of local conditions and engineering judgment. 

Figure 9-3 
Lift Thickness 

 
Type of  
Material 

 
Minimum 

Lift Thickness 
 

 
Maximum 
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ness 

Type C  
Surface Mix 
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Type B 
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3 inches 
[75 mm] 

Bituminous 
Concrete 

Base Course 

3 inches 
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6 inches 
[150 mm] 

Graded  
Aggregate 

Base Course 

4 inches 
[100 mm] 

8 inches 
[200 mm] 

Soil Cement 4 inches 
[100 mm] 

6 inches 
[150 mm] 

Select  
Borrow 

4 inches 
[100 mm] 

8 inches 
[200 mm] 

Open Graded 1 inch 
[25 mm] 

1 inch 
[25 mm] 

9.6 DESIGN FOR RIGID 
PAVEMENTS 

Rigid pavements consist of a Portland cement 
concrete slab on a subbase course. The design 
procedure consists of developing an effective 
modulus of subgrade reaction based on subbase 
treatment and thickness, determine the slab 
thickness, allowing for any stage construction, 
adjusting for adverse environmental conditions, 
determining type of joints, joint sealant, and the 
required reinforcement. 
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primarily because the motorist expects a higher 
standard and will drive the facility accordingly.  

The design standard to be evaluated for an 
exception should be a major design element that 
will control the design. Major controlling design 
elements include: 

• Design speed; 
• Through lane and auxiliary lane widths; 
• Shoulder widths; 
• Stopping sight distance on vertical and 

horizontal curves; 
• Horizontal alignment (radius of curve); 
• Vertical alignment; 
• Minimum and maximum grades; 
• Cross slopes; 
• Superelevation rate; 
• Horizontal clearance; 
• Vertical clearance; 
• Bridge width; and 
• Structural capacity.  

The project scope, funding, functional classi-
fication and other factors influence the selection 
of appropriate design standards. Variances from 
these standards need some level of documenta-
tion for project files. New construction and re-
construction projects require greater detail on 
the rationale for departure from the established 
design standards and must be thoroughly docu-
mented.  

New construction, reconstruction, and pro-
jects on the interstate and the NHS are expected 
to be in conformance with the appropriate stan-
dards and exceptions should be rare. For all pro-
jects on the NHS, except preventive mainte-
nance, the standards are those in the current edi-
tion of the AASHTO publication A Policy on 
Geometric Design of Highways and Streets. For 
all projects, except preventive maintenance, on 
the interstate system, the design criteria to be 
met are contained in the current edition of A 
Policy on Design Standards⎯Interstate System.  

Design exceptions for projects on the NHS 
and interstate having FHWA oversight as estab-
lished in the current Delaware Transporta-
tion/Federal Highway Administration Steward-

ship Agreement to Implement the Flexibility of 
Provisions of 23 United States Code Part 106 
must have FHWA approval. The Chief Engineer 
approves design exceptions for state adminis-
tered projects. Figure 3-2 is a guide format for 
developing a design exception request. 

An exception for design speed should not be 
sought as this element establishes most if not all 
of the other parameters to be met. As discussed 
in this chapter and in several other sections in 
this manual, design speed is an achievable speed 
selected by the designer based on the various 
factors the designer must consider. Design ele-
ments that can not be met within that selected 
design speed should be supported by seeking a 
design exception. 

The need for exceptions to the standards 
must be identified early in the project develop-
ment phase in order that approvals or denials 
will not delay completion of the design or re-
quire extensive redesign. However, the need to 
evaluate a lower design value may arise at any 
time during the design process and needs to be 
addressed expeditiously. Thorough documenta-
tion is essential. The need for exceptions should 
not be viewed as normal or routine. Use the 
forms in this chapter to document decisions on 
design criteria and as a basis for developing and 
documenting requests for exceptions. The de-
signer must provide the supporting rationale. 
The primary focus of the request should be 
highway safety. The designer’s proposal should 
be the best practical alternative that considers 
whether or not other controlling design elements 
will be adversely affected.  

Depending upon the significance of the re-
quest, the support information may include 
some or all of the following:  

• Existing roadway characteristics,  
• Required and proposed design criteria;  
• Cross section or geometric figures com-

paring the existing and proposed condi-
tions;  

• Supporting calculations and cost analy-
sis; 

• Analysis of accident records;  
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Factors to be recognized and addressed in 
the design process include: 

• Selecting design guidelines that will 
provide for the safety of the user. 

• Identifying the need for access to the 
facility, as well as mobility along the 
facility. 

• Preservation or enhancement of his-
toric sites and districts. 

• Protection or enhancement of exist-
ing environmental assets. 

• Identifying the economic needs of 
and impacts to the affected commu-
nity or area. 

• Developing an understanding of the 
social context of the community and 
area within which the facility exists. 

Ensuring that a project design will have a 
balance of these factors is the result of a 
continuous and meaningful public involve-
ment process. Throughout the public in-
volvement process, the designer must make 
sure the purpose for the project as estab-
lished in the project initiation is fulfilled 
while understanding and addressing the 
needs of the community. By doing this the 
introduction of new or additional issues dur-
ing the final design phase that may result in 
delays and/or redesign will be minimized.  

The basic design tools available to the 
designer are this manual and the 2004 
American Association of State Highway 
Transportation Officials, (AASHTO) "A 
Policy on Geometric Design of Highways 
and Streets" commonly referred to as the 
"Green Book". In addition designers need to 
refer to other related publications and guide-
lines prepared by the Federal Highway Ad-
ministration (FHWA), the Transportation 
Board (TRB), and other recognized experts 
in the transportation field. The principal 
publications are:  

• AASHTO's Roadside Design Guide,  

• AASHTO’S Context Sensitive Design 
for Integrating Highway and Street Pro-
jects with the Community and the Envi-
ronment,  

• Transportation Research Board's (TRB) 
Highway Capacity Manual,  

• TRB’s Special Report 214 Designing 
Safer Roads,  

• FHWA’s Manual on Uniform Traffic 
Control Devices,  

• FHWA’s Flexibility in Highway Design, 
and 

• DelDOT’s Traffic Calming Manual. 

 In addition, there are numerous other docu-
ments, particularly related to highway drain-
age and intersection design that must be ref-
erenced in designing a project.  

Using these documents, the Road Design 
Manual was developed with emphasis on 
standards and practices that have proven to 
be successful in this state. The flexibility to 
design a project that will meet the expecta-
tions of the user, the community and De-
partment exists in the Green Book and in the 
standards found in this manual. Published 
design standards have a measure of flexibil-
ity, usually stating a maximum and mini-
mum value. Many of these values are em-
pirically based using mathematical modeling 
techniques with assumed roadway surface 
conditions, driver reaction times and adverse 
weather conditions.  

Designers need to recognize that there is 
a difference between the strict application of 
design standards found in the tables and 
charts versus providing consistency in de-
sign. The design should ensure there is con-
sistency in application of the standards that 
allows the driver to react in a consistent and 
predictable manner when encountering simi-
lar roadway conditions. However, in re-
sponding to the many issues that arise on 
each project, there is a need for flexibility in 
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facility may result in increased 
expenditures that could be spent more 
effectively by improving additional road 
sections. 

• Context. Design features should be 
selected that are in balance with the 
social context of the community and 
surrounding area. This is accomplished 
by gathering and including information 
from the public throughout the design 
process. A context sensitive design 
advances the objectives of safety, 
mobility, enhancement of the natural 
environment, and preservation of 
community values. Projects that 
improve the livability of the 
community or quality of the natural 
environment are considered context 
sensitive. 

2.2 LEVELS OF SERVICE 
In general terms, the level of service of a 

highway facility may be influenced by many 
factors, including surface condition and ride-
ability. From the standpoint of design controls, 
the level of service is principally related to the 
ease and convenience with which the highway 
facility can serve the expected volumes of traf-
fic. 

The Transportation Research Board’s 
(TRB) Highway Capacity Manual presents a 
thorough discussion of the level of service 
concept. Six levels of service are established 
from level A (the highest) through level F (the 
lowest). 

The general characteristics of the various 
levels of service are: 

• Level of Service A − free-flowing 
traffic; users virtually unaffected by 
other traffic, able to select desired 
speeds and maneuver unrestricted. 

• Level of Service B − reasonably free 
traffic flow; users able to select desired 
speeds, but with a slight decline in 
freedom to maneuver. 

• Level of Service C − stable flow, but 
operation of individual users is 
significantly affected by traffic; ability 
to select speeds is reduced and 
maneuvering requires substantial 
vigilance by the users. 

• Level of Service D − high density 
approaching unstable flow. Speeds and 
freedom to maneuver are severely 
restricted. Small increases in traffic 
flow will generally cause operational 
problems. 

• Level of Service E − operating 
conditions at or near capacity with 
unstable flow. All speeds at a low and 
relatively uniform value. Freedom to 
maneuver is extremely difficult.  

• Level of Service F − forced or 
breakdown flow. Traffic exceeds 
capacity causing queues with stop-and-
go waves, and operations are extremely 
unstable. 

The traffic flow rates that can be served at 
each level are termed “service flow rates.” 
Once a level of service has been identified as 
applicable for design, the accompanying ser-
vice volume logically becomes the design ser-
vice flow rate, implying that if the traffic vol-
ume using the facility exceeds that amount, 
operating conditions will fall below the level 
of service for which the facility was de-signed. 
A guide for selecting design levels of service 
is shown in Figure 2-1. 

More detailed guidelines for selecting ap-
propriate levels of service are given in 
AASHTO's A Policy on Geometric Design of 
Highways and Streets (commonly referred to 
as the “Green Book”) and TRB’s Highway 
Capacity Manual (HCM). 
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Once the design speed is selected, the per-
tinent highway features need to be related to 
obtain a balanced design. Some design fea-
tures, such as curvature, superelevation, and 
sight distance, are directly related to, and vary 
with, design speed. Other features, such as 
lane and shoulder widths and clearances to 
highway appurtenances, although not directly 
related to design speed, affect the driver’s 
comfort level and are reflected in vehicle op-
erating speeds. 

Designers should evaluate any unique con-
ditions that might indicate a practical need for 
a higher or lower design speed. For example: 

1. Design speeds should be selected as 
high as economically and physically 
practical. 

2. The highway section may be legally 
posted for a relatively low operating 
speed; selecting a higher design speed 
may result in considerable added cost. 
Therefore, it would be appropriate to 
accept a lower design speed which is 5 
mph [10 km/h] above the posted speed. 

3. Extensive roadside development and 
proposed land-use changes, intersec-
tion spacing and frequency of entrances 
may influence decisions on design 
speed.  

4. The need to preserve historic sites and 
districts may be a controlling factor. 

5. The impact on the social context of the 
affected project area should be evalu-
ated. This is particularly important 
when a project involves a rural setting 
and extends into a town center type of 
environment. 

6. The impact on environmentally sensi-
tive areas are part of the decision mak-
ing process. 

7. Whether or not the 85th percentile 
speed criteria should be used will have 
to be evaluated. 

Keep in mind, however, that lowering the 
design speed will not necessarily lower operat-

ing speed without also lowering the legal 
posted speed limits. Before a final decision is 
made on the design speed, the adjacent road 
sections should be evaluated in terms of cur-
rent operating speed characteristics and the 
potential for future reconstruction work. To 
the extent practicable, it is desirable to have 
consistent design speeds over longer sections 
of highways, where the roadway and roadside 
characteristics are also consistent and similar. 
If the adjacent roadside characteristics, traffic 
mix, and user activities vary dramatically 
within a project’s limits, it may be more rea-
sonable to use several design speeds This 
would be applicable when entering a business 
district or other activity center involving in-
creased pedestrian use and cross traffic. 

Since design speed selection is one of the 
most significant decisions, it is important to 
document the basis for making the selection 
and obtain approval before proceeding with 
the design. As the design process proceeds 
there may be issues raised that will call for a 
reevaluation of the design speed decision. 

In addition to the design speed, a facility‘s 
projected traffic volume and functional classi-
fication influence the selection of traveled way 
(lane) and shoulder widths. The designer 
should refer to the Green Book in establishing 
traveled way and shoulder widths. The follow-
ing is a guide to help locate this information.   

• Local Roads and Streets  page 384, Ex-
hibit 5-5; 

• Collector Roads and Streets (Rural)  
page 425, Exhibit 6-5;   

• Collector Roads and Streets (Urban)  
page 433; 

• Arterials (Rural)  page 448, Exhibit 7-3; 

• Divided Arterials (Rural)  page 455; 

• Urban Arterials  page 472; 

• Freeways  page 504. 
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Determining lane and shoulder widths is a 
very critical step in project design. The Design 
Criteria Form, Figure 3-5, is used to document 
and obtain approval for the selected lane and 
shoulder widths. 

3.2.2 CURVATURE AND 
SUPERELEVATION 

Establishing the proper relationship be-
tween design speed and curvature, as well as 
their joint relationship with the proper amount 
of superelevation on the curve is an important 
decision. Although these relationships are de-
rived from laws of mechanics (speed, cen-
trifugal force and side friction factor), the ac-
tual values for use in design depend on practi-
cal limits and factors determined empirically 
over a range of variables. For example, the 
maximum permissible rate of superelevation is 
based on a practical consideration that a high 
operating speed can be accommodated on a 
relatively sharp curve if the superelevation is 
steep enough, but highways must serve vehi-
cles traveling at a wide range of speeds. Slow 
moving vehicles or stopped vehicles would be 
adversely affected with excessively steep su-
perelevation, particularly in ice and snow con-
ditions. 

AASHTO suggests maximum supereleva-
tion rates in the range of 4 to 12 percent. 
Delaware’s roadways are subject to the effects 
of ice and snow during the winter. These con-
ditions have resulted in poor operational and 
accident history on roadways using a su-
perelevation rate higher than 8 percent. There-
fore, DelDOT strives to use a maximum su-
perelevation rate of 6 percent. However, for 
rural roadways it may be appropriate to use a 
superelevation rate of 8 percent. In urban ar-
eas, it is more practical to use a rate of 4 per-
cent. This rate allows for smoother pavement 
tie-in at entrances and intersecting streets. 

The selected superelevation rate sets the 
limitations on curvature.  It is desirable to use 
curves flatter than the minimum values wher-
ever conditions permit. When approved by the 
Chief Engineer, curves sharper than the mini-

mum may be used on reconstruction projects. 
The designer has design alternatives to miti-
gate the effect of introducing sharper curva-
ture by widening pavement, providing ad-
vance warning signs, providing wider clear 
zones, increasing vertical or horizontal sight 
distances, etc.  

Tables of superelevation rates for various 
combinations of design speed and curvature 
are shown in the Green Book, pages 167 to 
174, and figures in Chapter Five - Alignment 
and Superelevation in this manual. Both of 
these should be referred to for a more detailed 
discussion of the application of superelevation 
and transition methods for entering and leav-
ing horizontal curves. 

3.2.3  STOPPING SIGHT DISTANCE 

Sight distance is the length of roadway 
ahead of the vehicle that is visible to the 
driver. The available sight distance must al-
ways be sufficient to enable a vehicle traveling 
at or near the design speed to stop before 
reaching an object on the roadway. Factors 
that influence the required stopping sight dis-
tance include: 

• The speed of the vehicle; 

• The height of the driver's eyes; 

• The height of the object on the road; 

• The driver's reaction time before brak-
ing;  

• The surface condition; and 

• The distance necessary to stop the ve-
hicle after applying the brakes. 

Reference should be made to Chapter 3 
Elements of Design in the Green Book, pages 
109-117, for a thorough explanation of the 
concepts and procedures for defining stopping 
sight distances. Attention is also drawn to 
AASHTO’s discussion of the concept of ‘de-
cision sight distance’ and its possible applica-
tion to the project under design. 
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Vertical curvature, horizontal curvature, 
roadside obstructions, or any combination of 
these elements can restrict sight distance. Pro-
cedures for checking available sight distances 
are described in the Green Book, pages 127-
131. 

3.2.4 PASSING SIGHT DISTANCE 

Consideration of passing sight distance is 
limited to two-lane, two-way highways on 
which vehicles frequently overtake slower- 
moving vehicles and the passing operation 
must be accomplished on a lane used by op-
posing traffic. 

Passing sight distance for design is deter-
mined on the basis of the length needed to ac-
complish the passing maneuver. Derivation of 
the required distance is described in the Green 
Book, pages 118-126. AASHTO recommends 
that, “In designing a highway these distances 
should be exceeded as much as practical ...” 

These distances for design should not be 
confused with other distances used as warrants 
for placing no-passing pavement markings on 
completed highways. Values shown in the 
MUTCD are substantially less than the design 
distances and are derived from traffic opera-
tion control needs based on assumptions dif-
ferent from those for design. 

Because of vertical and horizontal sight 
limitations, nearly all two-lane highways have 
some no-passing restrictions. In rolling terrain, 
the proportionate amount of no-passing sec-
tions usually becomes greater. Normally it is 
impracticable to attempt to provide passing 
sight distance throughout the entire length of a 
project. The principal design consideration is 
to try to provide adequate passing opportuni-
ties as frequently as possible. 

There are no fixed values for the frequency 
of passing sections. Experience shows that 
highway capacity is measurably reduced when 
a significant percentage of a section of high-
way is restricted to sight distances less than 
1500 ft [500 m]. Highways with high traffic 

volumes will require a higher proportion of 
passing opportunities than those with low traf-
fic volumes. Where an analysis shows that a 
lack of passing sight distances has reduced 
capacity to near or below the expected traffic 
volumes, it is necessary to consider adjust-
ments in the alignment and grade, or to pro-
vide additional lanes. 

3.3 STANDARDS BASED ON 
TRAFFIC VOLUMES 

Standards not directly related to design 
speed are influenced primarily by traffic vol-
umes. Tables for these standards shown in the 
tables at the end of this chapter reflect varia-
tions by traffic volume ranges.  

3.3.1  NUMBER OF LANES 

The number of lanes required for any 
highway is directly related to the facility's traf-
fic volume and desired level of service. But 
there are no simple, fixed criteria for these 
relationships. The recommended number of 
lanes is normally obtained through the project 
development process. 

The Highway Capacity Manual gives two 
very general guidelines for determining the 
need for additional lanes. These numbers are 
based on long sections of roadway with unin-
terrupted traffic flow having the highest stan-
dards for design controls (horizontal and verti-
cal geometrics and cross-sectional elements), 
ideal weather conditions, daylight, etc. 

1. Under ideal conditions, a two-lane ru-
ral highway can accommodate about 
900 passenger vehicles (two-way) per 
hour with a reasonably high level of 
service if there are adequate passing 
opportunities and no long, steep grades. 
Considerably more vehicles can be ac-
commodated if motorists are willing to 
accept a lower level of service, a 
greater degree of congestion and lower 
operating speeds. 
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The determination of a clear zone is a func-
tion of speed, volume, curvature and embank-
ment slope. The most current edition of 
AASHTO’s Roadside Design Guide should be 
used for determining clear zone widths. For 
low-speed rural collectors and rural local 
roads, a minimum clear zone width of 10 ft 
[3.0 m] should be provided.   

Some roadside appurtenances, such as 
guardrail, breakaway light poles and signs us-
ing breakaway posts, are permitted within the 
specified clear zone, due to their crash-
worthiness.  They should be placed in the saf-
est available location, minimizing their use 
when possible.  Please refer to the Roadside 
Design Guide for more information.  For 
guardrails within the clear zone, it is desirable 
to maintain a minimum 2 ft [0.6 m] lateral 
clearance between the outer edge of the usable 
shoulder and the face of the rail. At bridge 
approaches, guardrail should either match the 
width of the bridge or taper to meet the bridge 
rail. 

The width of clear zone is included on the 
Design Control Checklist (Figure 3-4), the 
Design Criteria Form (Figure 3-5) and the title 
sheet of construction plans.  Deviations from 
the clear zone criteria will have to be approved 
by the appropriate assistant director. 

3.3.7  GRADES 

Design standards for maximum grades are 
not as precise and objective as the standards 
for other geometric elements. AASHTO has 
established recommended maximum grades 
based principally on analyses of vehicle oper-
ating characteristics. Criteria for maximum 
grades are related principally to design speed, 
traffic volumes and terrain characteristics. 

When it is necessary to design grades at or 
near the maximum values for relatively long 
distances, designers should investigate the ef-
fect on lane capacity. The lane capacity prob-
lem may be further complicated where there 
are steep grades accompanied by considerable 
no-passing distances. 

More detailed guidelines and criteria for 
the design of grades, including critical lengths 
of grades and minimum and maximum grades 
are presented in Chapter Five - Alignment and 
Superelevation and the Green Book, pages 
231-250.  The maximum grades should be 
used infrequently, only as dictated by severe 
terrain conditions. When it is necessary to use 
maximum grades, the designer should check 
other design criteria and roadside features that 
may be improved to minimize the impact of 
using the higher design grade. 

3.3.8  BRIDGES 

The designer should coordinate with the 
Bridge Design Section when determining ver-
tical clearances. A minimum vertical clearance 
for roads over interstate, U.S. and state routes 
is 16.5 ft [5 m]. Pedestrian bridges and over-
head sign structures must have an extra 1 foot 
[0.3 m] of clearance, a total of 17.5 ft [5.3 m]. 
These clearances allow for a 4 in. [100 mm] 
future resurfacing. 

3.3.9  MEDIANS 

Geometric criteria for medians on multi-
lane divided highways are discussed in Chap-
ter Four.
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A width of 40 ft [12.0 m] or more for de-
pressed medians permits adequate drainage de-
sign with flat slopes. A median width of at least 
50 ft [15.0 m] can safely store a school bus. 
Wider medians are desirable where right-of-
way permits allowing for the placement of a 
median bridge pier or overhead sign structure 
without the need for barrier protection. Wider 
medians should also be considered where there 
is a potential for adding travel lanes in the me-
dian to meet future traffic demand. Also see the 
Green Book pages 456 and 457 for further dis-
cussion on this subject. 

Where flat longitudinal slopes on the road-
way are encountered, the cross slopes of the 
median may be varied to increase the longitudi-
nal slope of the median ditch. For example, the 
cross slope may be kept very flat (10:1 or flat-
ter) at the upper end of the drainage area and 
steeper (6:1) at the lower end. 

4.3.4 MEDIAN BARRIERS 

For divided highways with large traffic vol-
umes and high operating speeds, a wide, de-
pressed median is the best choice. Under some 
conditions this is not practicable, and a flush or 
raised median must be provided. But in this 
case, some type of physical barrier must be 
placed in the median to prevent out-of-control 
vehicles from crossing into opposing traffic 
lanes. 

Several types of physical median barriers 
can be designed. Criteria for median barriers are 
discussed in Chapter Ten-Miscellaneous Design 
and the Roadside Design Guide.  

4.3.5 MEDIAN OPENINGS 

The design of median openings and chan-
nelization for left turns is included with the dis-
cussion on intersection design in Chapter 
Seven. 
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Figure 5-1 
Minimum Radius for  

Open Highway Conditions and 
Superelevation Rate of 4% 

US Customary Metric 

Design 
Speed 
(mph) 

Radius 
(ft) 

Design 
Speed 
[km/h] 

Radius 
[m] 

15 42 20 8 

20 86 30 22 

25 154 40 47 

30 250 50 86 

35 371 60 135 

40 533 70 203 

45 711 80 280 

50 926 90 375 

55 1190 100 492 

60 1500   

 
 
 

 
Figure 5-2 

Minimum Radius for  
Open Highway Conditions and  

Superelevation Rate of 6% 

US Customary Metric 

Design 
Speed 
(mph) 

Radius 
(ft) 

Design 
Speed 
[km/h] 

Radius 
[m] 

15 39 20 8 

20 81 30 21 

25 144 40 43 

30 231 50 79 

35 340 60 123 

40 485 70 184 

45 643 80 252 

50 833 90 336 

55 1060 100 437 

60 1330 110 560 

65 1660 120 756 

70 2040 130 951 

3. For multi-lane divided highways with 
independent roadways or relatively 
wide medians, independent horizontal 
and vertical controls are established at 
the centerline of each roadway. 

The relationships between these control 
line locations and the pivot points for su-
perelevation of horizontal curvature are de-
scribed in Section 5.3.  

5.1.3  TYPES OF CURVES  
The types of curves used in designing hori-

zontal curvature may be simple circular 
curves, spiral transition curves or compound 
curves. Circular curves use a uniform radius 
for the entire distance between adjacent tan-
gent sections. Spiral transition sections more 
closely replicate the vehicle and driver’s be-
havior when entering a curve. They are intro-

duced at each end of the circular curve to 
gradually ease the driver into and out of 
curves without a sharp break at the tangent 
sections. This is particularly noticeable with 
relatively sharp curves and higher vehicle op-
erating speeds. Compound curves are most 
commonly used for turning roadways where it 
is necessary to fit the curve to the inside edge 
of the design vehicle’s swept path. When the 
design speed of a turning roadway is 45 mph 
[70 km/h] or less, compound curvature can be 
used to form the entire alignment of the turn-
ing roadway. However, the exclusive use of 
compound curves can increase the right-of-
way impacts. 

Although circular curves are normally used 
in the design of Delaware roadways, using 
spiral transitions may be considered as de-
scribed in the Green Book, pages 184 to 192.  
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Where spiral transition curves are to be 
used, right-of-way lines should not be defined 
as a spiral curve paralleling the centerline. In-
stead, the right-of-way should be described 
with a circular curve or compound circular 
curve of a similar shape. A practical guide for 
the length of a spiral is the length required for 
superelevation runoff. 

5.1.4 SIGHT DISTANCE ON 
HORIZONTAL CURVES 

An important element in ensuring driver 
safety and maintaining a roadway’s opera-
tional efficiency is providing adequate sight 
distance⎯the length of roadway ahead visible 
to the driver. Sight distance applies to four 
conditions that may arise when setting a pro-
ject’s horizontal alignment:  

(1) Is adequate distance available to stop?  

(2) Is there adequate opportunity and 
length available for passing on two-
lane roadways?  

(3) Is there adequate distance for drivers to 
react when approaching complex deci-
sion points?  

(4) Has the selected criteria for measuring 
these distances been applied to the se-
lected design?  

Providing adequate sight distance is also 
important in the design of intersections, in par-
ticular, those in rural areas. These locations 
tend to be less safe than urban ones, primarily 
because of higher speeds and lack of driver 
awareness. Providing at least the minimum 
sight distance will play an important role in 
reducing these occurrences.  

5.1.4.1  STOPPING SIGHT DISTANCE 
The designer must check sight distance 

across the inside of horizontal curves. Sight 
obstructions such as walls, concrete safety 
barriers, bridge parapets, cut slopes, vegeta-
tion and buildings may limit sight distance on 
curves. Where these obstructions cannot be 
removed or permanently controlled, adjust-
ment in the normal cross section or a change 

in alignment may be required to provide and 
assure continuation of adequate sight distance. 
For areas within a project that may cause con-
fusion or delay a driver’s reaction time i.e. 
multiple decision points, it may be necessary 
to check the decision sight distance also. 

Minimum stopping sight distance for each 
design speed is shown in Chapter Three-
Design Standards. The sight line is a chord of 
the curve. The applicable stopping sight dis-
tance is checked by measuring along the cen-
terline of the inside lane around the curve. See 
the Green Book, pages 224-228 for the design 
and evaluation of stopping sight distances on 
horizontal curves. Horizontal sight distance is 
based on the formula: 

⎥
⎦

⎤
⎢
⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛ −=

R
SRHSO 65.28cos1  

Where: 

 S = Stopping sight distance, ft [m] 
 R = Radius of curve, ft [m] 
 HSO = Horizontal sightline offset, ft [m] 

 

Where the obstruction is a cut slope on the 
inside of the curve, it is necessary to know the 
critical height of vegetation on the slope for 
measuring the middle ordinate distance. Be-
cause the height criteria for stopping sight dis-
tance are 3.5 ft [1,080 mm] for the eye and 2 ft 
[600 mm] for the object, a height of 2.75 ft 
[840 mm] may be assumed as the midpoint of 
the line of sight where the cut slope usually 
obstructs sight. In some cases, retaining walls, 
concrete median safety barriers, and other 
similar features constructed on the inside of 
curves may be sight obstructions and need to 
be checked for stopping sight distance. 

Solutions to sight distance problems on 
horizontal curves might be removal of ob-
structions, flattening the curves and flattening 
or benching cut slopes. It should be kept in 
mind that stopping sight distances greater than 
the minimum should be used for design. 
Minimum stopping sight distance values may 
be used only if greater values cannot be ob-
tained without undue costs. On new construc-
tion, the stopping sight distance at any loca-
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tion shall never be less than the minimum 
standard for stopping sight distance for the 
selected design speed. Designs for new con-
struction and reconstruction projects that do 
not meet these standards must have a design 
exception approved by the Chief Engineer. 

5.1.4.2  PASSING SIGHT DISTANCE  
The minimum passing sight distance for a 

two-lane road is about four times greater than 
the minimum stopping sight distance at the 
same design speed. To provide the greater 
passing sight distance, clear sight areas on the 
insides of curves must be considerably wider. 
Often this is not practicable. It is necessary to 
acknowledge and accept no-passing zones. 

Passing sight distance depends on the eye 
height of 3.5 ft [1,080 mm] and object height 
of 3.5 ft [1,080 mm]. The sight line to the cen-
ter of the area inside a curve is about 0.75 ft 
[240 mm] higher than the stopping sight dis-
tance. 

Perhaps the simplest way to measure pass-
ing sight distance is directly from the plans, 
using a straightedge. Potential obstructions are 
plotted on the plans. In the case of cut slopes, 
a dotted line is plotted for the horizontal dis-
tance from the centerline of the inside lane to a 
point on the cut slope 4 ft [1.2 m] above the 
traffic lane. Because vegetation also blocks 
vision, its anticipated height must be included 
in the 4 ft [1.2 m]. The straight edge is placed 
along the edge of the obstruction (or dotted 
line), and the intersection with the centerline 
identifies the sight distance. 

Where horizontal curves and vertical 
curves occur at the same general location, the 
sight distances for each must be considered 
together. At least the minimum stopping sight 
distance must be provided for each. Efforts to 
provide passing sight distance for one might 
be completely negated by a no-passing zone 
situation for the other. 

For more information see the Green Book, 
pages 118 to 131. 

5.1.4.3  DECISION SIGHT DISTANCE 
Drivers frequently are called on to make 

decisions concerning vehicle operations. Oc-
casionally, the characteristics of the horizontal 
alignment can adversely affect the ability to 
make these decisions. Examples of this in-
clude: 

• Proximity to a Curve. It is important 
that the driver has a complete or partial 
view of the curve ahead to indicate the 
direction of curvature. With some 
combinations of vertical and horizontal 
curvature, the curve may come as a 
surprise and the driver may have diffi-
culty reacting properly. 

• Curve Signing. To be effective, curve 
signing must be located a considerable 
distance ahead of the curve. The use of 
short tangents between curves results in 
inadequate length for proper signing. 
Where the design speed of the curve is 
equal to or greater than the legal posted 
speed, the length of the tangent should 
be at least 300 ft [90 m] plus the re-
quired distance for superelevation tran-
sition. 

• Route Continuity. When a driver ap-
proaches a diverging roadway situa-
tion, such as a Y intersection, an exit 
ramp on a curve, or a flat-angle inter-
section, the main route should be dis-
tinctly emphasized with sufficient sight 
distance to eliminate any uncertainty 
on the part of the driver. 

The Green Book, pages 115-117, provides 
more details and tables of calculated values for 
checking decision sight distance. 

5.1.5 COORDINATION WITH VERTICAL   
ALIGNMENT 

Curvature and grades should be in proper 
balance. Emphasis on a tangent alignment is 
not desirable when it results in extremely steep 
or long grades. An emphasis on flat grades is 
not desirable when it results in excessive cur-
vature. A compromise between the two ex-
tremes is the best approach. 
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Refer to the Green Book for the maximum 
grades permitted for various combinations of 
functional classification, traffic volume and 
terrain. The maximum grades should be used 
only where absolutely necessary. Grades much 
flatter than maximum normally should be 
used. 

For short grades less than about 500 ft [150 
m] in length, the maximum gradient may be 
one percent steeper than the values shown in 
the tables. 

5.2.3  MINIMUM GRADES 
Minimum grades are primarily related to 

the need for adequate drainage. For uncurbed 
pavements that are adequately crowned to 
drain laterally, relatively flat or even level pro-
file grades may be used. With curbed pave-
ment, the minimum longitudinal grade in usual 
cases should be 0.5 percent. With a high-type 
pavement accurately crowned on a firm sub-
grade, a longitudinal grade of about 0.35 per-
cent may be used. Even on uncurbed pave-
ments, it is desirable to provide a minimum of 
about 0.35 percent longitudinal grade because 
the lateral crown slope originally constructed 
may subsequently be reduced as a result of 
irregular swell, pavement structure consolida-
tion, maintenance operations or resurfacing. 
Use of flatter grades may be justified in spe-
cial cases.  

5.2.4  MINIMUM DITCH GRADES 
Special attention should be directed to 

minimum ditch grades. Any ponding of water 
in the side ditches, particularly on expansive 
soils, has a very detrimental effect on the sub-
grade. To ensure continuing flow, ditch grades 
should be sloped at least 0.5 per-
cent−preferably steeper. This may require 
some special warping of ditch grades where 
the roadway profile cannot be adjusted accord-
ingly. A minimum depth of ditch has been 
established at 2.5 ft [800 mm] below the ele-
vation of the hinge point between the shoulder 
and frontslope to assure proper drainage of 
pavement base and subgrade. In superelevated 
sections both the ditch grade and bottom width 

may have to be adjusted in order to prevent 
water ponding onto the shoulder or traveled 
way. 

5.2.5  CRITICAL LENGTH OF GRADE 
From the standpoint of vehicle operating 

characteristics and the effect on highway ca-
pacity, the steepness of the grade is not the 
only factor to be considered. The length of the 
grade can become a critical factor and must 
also be considered.  

The term “critical length of grade” is used 
to indicate the maximum length of a desig-
nated upgrade on which a loaded truck can 
operate without an unreasonable reduction in 
speed. For a given grade, lengths less than 
critical ones result in acceptable operation in 
the desired range of speeds. If the desired 
freedom of operation is to be maintained on 
grades longer than critical ones, design ad-
justments such as change in location to reduce 
grades or addition of extra lanes should be 
made. It is recommended that a 10 mph [15 
km/h] speed reduction be used as the general 
guide for determining critical lengths of 
grades. The Green Book, pages 242 and 243, 
provides curves showing the critical lengths of 
grade resulting from various combinations of 
percent upgrade and designated speed reduc-
tions.  

On roads with moderate to heavy traffic 
volumes, where critical lengths are approached 
or exceeded, and passing opportunities are 
limited, long lines of smaller vehicles will ac-
cumulate behind the slower vehicles. This re-
duces both the operating speed and highway 
capacity and, consequently, the level of ser-
vice. Consideration should be given to provid-
ing climbing lanes. A capacity analysis should 
be conducted to determine whether the addi-
tion of a climbing lane is warranted. Proce-
dures for such an analysis are shown in Chap-
ter Ten of the Highway Capacity Manual. Fac-
tors considered in the analysis include: 

• Desired level of service, 
• Lane widths and lateral clearance, 
• Percent of trucks and buses, 
• Passing sight distance, 
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• Steepness and length of grades, 
• Volume/capacity ratio, and 
• Service volume. 

5.2.6  CLIMBING LANE CRITERIA 
The need for climbing lanes in Delaware is 

seldom warranted. The Green Book pages 241 
to 250 gives a through explanation for the de-
sign of these lanes.  

5.2.7  VERTICAL CURVES 
Vertical curves are used to effect gradual 

changes between tangent grades at their point 
of intersection. They have the properties of a 
simple parabolic curve. The vertical offsets 
from the tangent grade vary with the square of 
the horizontal distance from the curve end 
(point of tangency). 

Vertical curves that are offset below the 
tangent are termed crest vertical curves. Those 
that are offset above the tangent are termed 
sag vertical curves. Examples of each curve 
type are shown in Figure 5-4.  

The minimum lengths of crest vertical 
curves are determined mainly by sight dis-
tance requirements. These lengths generally 
are satisfactory from the standpoint of safety, 
comfort and convenience. An exception may 
be at decision areas, such as intersections and 
approaches to ramp exit gores, where adequate 
sight distance requires longer lengths. 

Passing sight distance seldom can be at-
tained on a crest vertical curve simply by 
lengthening the curve. Excessively long verti-
cal curves often reduce the length of passing 
opportunities on the adjacent tangent sections 
on either side of the crest. They also can ad-
versely impact roadway and roadside ditch 
drainage systems. 

Sag vertical curves use four different crite-
ria for determining their lengths:   

(1) headlight sight distance,  
(2) passenger comfort,  
(3) drainage control, and  
(4) general appearance.  

The primary control used in design is head-
light sight distance. 

5.2.8  VERTICAL CURVE DESIGN 
The principal concern in designing vertical 

curves is to ensure that at least the minimum 
stopping sight distance is provided. The values 
set forth in the design standards for stopping 
sight distance are also applied to vertical 
curves. Refer to the Green Book pages 265 to 
280 for more design detail. 

For crest vertical curves, the design eye 
height is 3.5 feet [1,080 mm] and the object 
height is 2.0 ft [600 mm]. The crest of the 
curve should not obstruct the line of sight. 

Nighttime driving conditions govern sag 
vertical curves. The sight distance control is 
the height of headlight and the distance illu-
minated to an object rather than driver eye 
height. The distance illuminated is that of a 
headlight beam with an assumed upward di-
vergence of 1 degree and headlight mounting 
height of 2 ft [600 mm]. Equations found in 
the Green Book are used to determine these 
values for various design speeds. For overall 
safety, a sag vertical curve should be long 
enough that the light beam distance is nearly 
the same as the stopping sight distance. The 
values in Figure 5-6 were developed using the 
design stopping sight distance as the light 
beam distance. 

For passing sight distance, the controls are 
different than for stopping sight distance. The 
design height of the eye remains at 3.5 ft 
[1,080 mm], but the height of the object (on-
coming car) is increased to 3.5 ft [1,080 mm]. 

By analyzing the requirements relating to 
sight distances and the characteristics of the 
curve, determinations can be made as to the 
minimum permissible length of curve for par-
ticular situations. A ride control criterion for 
vertical curve length of not less than three 
times the design speed in mph [0.6 times the 
design speed in km/h] is recommended for 
comfort. 

The minimum length of a vertical curve is 
computed by the following formula: 
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on street sections usually are considerably 
shorter than for comparable locations on rural 
roads. 

Where controlling factors are not severe, 
the normal practice of carrying the profile 
grade on the centerline or on the median edges 
of pavement will work satisfactorily. Where 
outside controls are significant, it may be nec-
essary to supplement the main profile with 
other elevation controls, such as gutter-line 
profiles or top-of-curb profiles. Where this is 
necessary, the supplemental controls should be 
clearly shown on the typical sections, profiles, 
and grades and geometrics sheets. 

Special attention must be given to existing 
features when designing urban grades. This is 
particularly true in the case of private drive-
ways when a street is being widened. With 
even moderate driveway grades, up or down, 
angular breaks must be kept flat enough with 
adequate clearance so that the undercarriage or 
bumpers of vehicles will not drag. Reference 
should be made to the Department's publica-
tion DelDOT Entrance Manual. 

Where roadside development is extensive 
and the general elevation is higher on one side 
than on the other, an unsymmetrical section 
may be required. The crown point (and profile 
grade) may be offset from the centerline so the 
total drop from the crown line to the gutter 
line will be more than normal on one side and 
less than normal on the other. However the 
location of the crown point must be at the edge 
of the travel lane. 

5.3  SUPERELEVATION 
The transitional rate of applying superele-

vation into and out of curves is influenced by 
design speed, degree of curvature and number 
of lanes. Introducing superelevation permits a 
vehicle to travel through a curve more safely 
and at a higher speed than would be possible 
with a normal crown section. For a given de-
gree of curvature, a steeper superelevation is 
required for a higher design speed than is 
needed for a lower design speed. For a given 
design speed more superelevation is needed 

through sharp curves than for relatively flat 
curves. 

The maximum rates of superelevation used 
on roadways are controlled by four factors:  

(1) Climate conditions (i.e. frequency of 
ice and snow);  

(2) Terrain conditions (i.e. flat or rolling);  

(3) Type of area (i.e. rural or urban); and  

(4) Frequency of slow-moving vehicles.  

Basic design controls for superelevation are 
presented in Chapter Three. Rural roadways 
are usually designed with a maximum su-
perelevation rate of 6 percent but it may be 
appropriate to use a rate of 8 percent. Urban 
roadways are normally to be designed with a 
superelevation rate of 4 percent. Supereleva-
tion may be omitted on low-speed urban 
streets subjected to severe constraints. The 
selected superelevation rate establishes the 
minimum permissible radius of curve based on 
a project’s design speed. 

This section discusses practical application 
of superelevation criteria, with particular at-
tention to: 

• The rates of superelevation to be used for 
various combinations of design speed and 
curve radius, 

• The manner of transition of slope between 
normal tangent sections and superelevated 
sections on curves, and 

• Special criteria for superelevation of 
shoulders and auxiliary lanes. 

5.3.1  RATES OF SUPERELEVATION 
The Green Book, pages 165 to 174, sets 

forth the basic design criteria based on design 
speeds for the normal design superelevation 
rates of emax = 4 and 6 percent as well as other 
values ranging up to 12 percent. The criteria 
shown includes the minimum radius of curva-
ture, crown treatment and superelevation run-
off lengths (L), all of which are related to the 
number of lanes to be rotated. The minimum 
rate of cross slope for a traveled lane is deter-
mined by drainage requirements. 
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Figure 5-9* 
Minimum Superelevation Runoff and  

Tangent Runout Lengths (US Customary) 

Minimum runoff and runout length (ft) 

Runoff Runout

Superelevation Rate 

Design 
speed 
(mph) 

2 % 4% 6% Any 

One lane rotated 

25 34 69 103 34 

30 36 73 109 36 

35 39 77 116 39 

40 41 83 124 41 

45 44 89 133 44 

50 48 96 144 48 

55 51 102 153 51 

60 53 107 160 53 

65 56 112 167 56 

70 60 120 180 60 

Two lanes rotated 

25 51 103 154 51 

30 55 109 164 55 

35 58 116 174 58 

40 62 124 186 62 

45 67 133 200 67 

50 72 144 216 72 

55 77 153 230 77 

60 80 160 240 80 

65 84 167 251 84 

70 90 180 270 90 
 
 
 
 
 
 

Figure 5-10* 
Minimum Superelevation Runoff and 

Tangent Runout Lengths [Metric] 

Minimum runoff and runout length [m] 

Runoff Runout

Superelevation Rate 

Design 
speed 

[km/h] 

2 % 4% 6% Any 

One lane rotated 

20 9 18 27 9 

30 10 19 29 10 

40 10 21 31 10 

50 11 22 33 11 

60 12 24 36 12 

70 13 26 39 13 

80 14 29 43 14 

90 15 31 46 15 

100 16 33 49 16 

110 18 35 53 18 

Two lanes rotated 

20 14 27 41 14 

30 14 29 43 14 

40 15 31 46 15 

50 17 33 50 17 

60 18 36 54 18 

70 20 39 59 20 

80 22 43 65 22 

90 23 46 69 23 

100 25 49 74 25 

110 26 53 79 26 

*Note: Figures 5-9 and 5-10 are based on 12-ft 
[3.6 m] lanes and 2.0% normal cross slope 
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Chapter Seven 

Intersections 
 

The intersection of two or more roads pre-
sents an opportunity for conflict among vehi-
cles.  For freeways, the potential for conflict is 
significantly reduced through the use of inter-
changes. But interchanges usually are not fea-
sible for the vast majority of intersections on 
arterials and collectors. This chapter is a gen-
eral discussion of intersection design with 
those elements of particular application to this 
state. The details on intersection design are 
found in Chapter 9 of AASHTO’s Green 
Book. 

The principal objectives in the design of at-
grade intersections are: 

• To minimize the potential for and se-
verity of conflicts,  

• To provide adequate capacity, and 
• To assure the convenience and ease of 

drivers in making the necessary ma-
neuvers. 

In the design of intersections there are three 
elements to consider:  

(1) Perception-reaction distance,  
(2) Maneuver distance, and  
(3) Queue-storage distance.  

The distance traveled during the perception-
reaction time varies with vehicle speed, driver 
alertness, and driver familiarity with the loca-
tion. Where left-turn lanes are introduced, this 
distance includes that to brake and change 
lanes. Where no turn lanes are provided, the 
distance needed is for the driver to brake com-
fortably. The storage length should be suffi-
cient to accommodate the longest queue most 
commonly experienced. 

An important consideration in the design of 
intersections is the treatment of right-turn 
lanes. Right turns can be free flowing, yield or 
stop controlled. In order to operate properly, 
free flowing right-turn lanes need to have an 
adequate acceleration distance free of access 
points for drivers to safely merge into the 
through traffic. Some drivers, particularly 
older drivers, are apprehensive when entering 
another leg of an intersection and may stop or 
slow down in the merge lane until the lane is 
clear of traffic. However, when properly de-
signed, the majority of drivers will use the 
lane as proposed. 

7.1 GENERAL 
CONSIDERATIONS 

This section describes the various types of 
intersections and the general criteria that must 
be considered during design. Project intersec-
tion design configurations are developed dur-
ing the project development phase based upon 
capacity analysis, accident studies, pedestrian 
use, bicycle use and transit options. In addi-
tion, design-hour turning movements, size and 
operating characteristics of the predominant 
vehicles, types of movements that must be 
provided, vehicle speeds, and existing and 
proposed adjacent land-use are considered. 

Intersection designs range from a simple 
residential driveway to a complicated conver-
gence of several high-volume multi-lane 
roadways. They all have the same fundamental 
design elements: (1) level of service, (2) 
alignment, (3) profile, (4) roadway cross sec-
tion(s), and (5) sight distance. However, other 
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signals, or where signals may be warranted in 
the near future, it may be desirable to warp the 
crowns of both roads to avoid a pronounced 
hump or dip in the grade line of the minor 
highway. Intersections in superelevation areas 
are difficult to provide smooth grades or ade-
quate drainage for and should be avoided. 

7.1.5 FRONTAGE ROAD 
INTERSECTIONS 

When a divided arterial highway is flanked 
by a frontage road, the problems of design and 
traffic control are more complex. Four sepa-
rate intersections actually exist at each cross 
street.  

The problem becomes more severe when 
the distance between the arterial and frontage 
road is relatively small. Generally, the outer 
separation between the two roadways should 
be 150 ft [50 m] or more. 

Quite often, right-of-way considerations 
make it impractical to provide the full desired 
outer separation width. The alternative is to 
accept a narrow outer separation between 
cross roads and design a bulb-shaped separa-
tion in the immediate vicinity of each cross 
road.  

7.1.6 DISTANCE BETWEEN 
INTERSECTIONS 

Criteria for location, frequency and layout 
of private entrances and driveways are docu-
mented in DelDOT’s Standards and Regula-
tions for Access to State Highways. Illustrative 
sketches are shown for typical entrance and 
driveway designs for various conditions. For 
other types of public intersections, there are no 
fixed criteria as to frequency or distance be-
tween intersections. However, intersection 
spacing should provide sufficient distance to 
allow the proper development of all necessary 
turning lanes, bypass lanes, and, if signalized, 
proper signal coordination. Ideally this dis-
tance should be at least 350 ft [110 m] or 
more. Where intersections are closely spaced, 
several considerations should be kept in mind. 

It may be necessary to impose turn restrictions 
at some locations, prohibit pedestrian cross-
ings, or provide frontage roads for access to 
intersecting roads. Where crossroads are 
widely spaced each at-grade intersection must 
necessarily accommodate all cross, turning 
and pedestrian movements. 

7.2 TURNING MOVEMENTS 
All intersections involve some degree of ve-
hicular turning movements. There are various 
factors that influence the geometric design of 
turning lanes.  The design controls for turning 
roadways are the traffic volume and types of 
vehicles making the turning movement. The 
roadway of primary concern is that used by 
right-turning traffic but may also be used for 
other roadways within the intersection. Figure 
7-1 shows the terminology used when design-
ing turning movements. The outer trace of the 
front bumper overhang and the path of the in-
ner rear wheel establish the boundaries of the 
turning paths of a design vehicle. 

The three typical types of designs for right-
turning roadways in intersections are:  
(1) A minimum edge-of-traveled-way design 

(Green Book, pages 583 to 621),  
(2) A design with a corner triangular island 

(Green Book, pages 634 to 639), and  
(3) A free-flow design using simple radius or 

compound radii (Green Book, pages 639 
to 649). The turning radii and pavement 
cross slopes for free-flow right turns are 
functions of design speed and type of ve-
hicle. 
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general classes of vehicles: (1) passenger cars, 
(2) buses, (3) trucks, and (4) recreational vehi-
cles. The passenger car class includes passen-
ger cars of all size, sport/utility vehicles, mini-
vans, vans and pickup trucks. The bus class 
includes inter-city buses (motor coaches), city 
transit, school, and articulated buses. The 
truck class includes single-unit trucks, truck 
tractor-semitrailer combinations, and truck 
tractors with semitrailers in combination with 
full trailers. The recreational vehicle class in-
cludes motor homes, passenger cars with 
campers, cars with boat trailers, motor homes 
with boat trailers, and motor homes pulling 
cars. In addition, the bicycle should also be 
considered a design vehicle where applicable. 

The dimensions for the design vehicles 
within these classes are listed in the Green 
Book. In the design process, the largest design 
vehicle likely to use that facility and its turn-
ing roadways with considerable frequency, or 
a design vehicle with special characteristics, is 
used to determine the design of such critical 
features as radii at intersections and radii of 
turning roadways. 

A general guide to selecting a design vehi-
cle is as follows: 

• P design vehicle would be used for 
residential driveways, roadways with 
restricted truck use, local road intersec-
tions with a major roadway where use 
is infrequent, and low volume-minor 
road intersections. In most cases the se-
lection of the SU design vehicle is pre-
ferred in all of these cases. The radii 
and widths permitted for the P design 
vehicle are very awkward for a single-
unit delivery or service truck to safely 
maneuver. 

• SU design vehicle provides the most 
economical minimum edge-of-traveled 
way design for rural roadways and 
other light truck use intersections. 
However, current and projected truck 
use on these roadways needs to be con-
sidered before a final design vehicle se-

lection, particularly if any channeliza-
tion is proposed. 

• Semitrailer combinations design ve-
hicles should be used where truck 
combinations will turn repeatedly, par-
ticularly heavily industrialized or 
commercial areas. Providing for these 
vehicles increases the paved areas, radii 
and other design parameters. Even in 
rural areas the local economy may be 
based on frequent semitrailer usage. 
Project development and scoping 
should identify these areas. 

A project may have several design vehicles 
depending upon the predominant type of vehi-
cle using the turning roadways being de-
signed. A residential driveway would only 
need to consider a passenger car with an occa-
sional single unit delivery truck. Industrial 
entrances would consider the predominant 
semi-trailer unit as the design vehicle. Other 
turning roadways and intersections would 
have to be similarly analyzed and an appropri-
ate design vehicle selected. The purpose of 
this analysis is to assure the physical features 
are placed in positions that allow for the 
movement without making unsafe maneuvers, 
particularly within the through travel lanes, or 
destroying roadway features (curbs, signs, 
light poles, etc.).  

Figure 7-2 shows selected minimum radii 
for the more commonly used design vehicles. 
Figure 7-3 (also see the Green Book, pages 
216 to 224) shows the minimum design radii 
at the inner edge of the traveled way for road-
way curves within an intersection based on a 
superelevation rate of 8.0 percent and free 
flow. For design speeds above 45 mph [70 
km/h], the values are based on open road con-
ditions.  (See the Green Book, page 147.)  At 
intersections controlled by stop signs, lower 
rates of superelevation are usually more ap-
propriate. See the Green Book, pages 150 to 
151, for urban streets. 
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Figure 7-2 
Minimum Turning Radii for 
Selected Design Vehicles 

US Customary Metric  
Design Vehicle 

Type 

 
Symbol 

Minimum Design 
Radius 

(ft) 

Minimum Inside 
Radius 

(ft) 

Minimum Design 
Radius 

[m] 

Minimum Inside 
Radius 

[m] 
Passenger Car P 24 14.4 7.3 4.4 

Single Unit 
Truck SU 42 28.3 12.8 8.6 

Intercity Bus BUS-40 
[BUS-12] 45 27.6 13.7 8.4 

City Transit 
Bus City-Bus 42 24.5 12.8 7.5 

Conventional 
School Bus 
 (65 pass.) 

S-BUS36 
[S-BUS11] 38.9 23.8 11.9 7.3 

Large School 
Bus (84 pass.) 

S-BUS40 
[S-BUS12] 39.4 25.4 12.0 7.7 

Intermediate 
Semi-trailer 

WB-40 
[WB-12] 40 19.3 12.2 5.9 

Intermediate 
Semi-trailer 

WB-50 
[WB-15] 45 17.0 13.7 5.2 

 
Figure 7-3 

Minimum Radii at Inner Edge of Traveled 
Way for Intersection Curves−Free Flow 

US Customary 
Design Speed (turning) 

(mph) 
Minimum Radius 

(ft) 
10 25 
15 50 
20 90 
25 150 
30 230 
35 310 
40 430 
45 540 

Metric 
Design Speed (turning) 

[km/h] 
Minimum Radius 

[m] 
10 7 
20 10 
30 25 
40 50 
50 80 
60 115 
70 160 

 

7.2.2 EDGE-OF-TRAVELED-WAY 
DESIGNS 

In the design of the edge of pavement for 
the minimum path of a given design vehicle, it 
is assumed that the vehicle is properly posi-
tioned within the traffic lane at the beginning 
and end of the turn. This position is 2 ft [0.6 
m] from the edge of 12 ft [3.6 m] wide pave-
ments on the tangents approaching and leaving 
the intersection curve.  

Three types of curves commonly are used 
for the design of pavement edges at intersec-
tions: 

• simple curve, 
• 3-centered symmetric compound curve, 

and  
• 3-centered asymmetric compound 

curve. 

Use of the simple curve usually is limited 
to residential driveways and low traffic vol-
ume intersections where there is little truck 
traffic. The 3-centered curve should be used 



DelDOT Road Design Manual 

November 2006  Intersections  7-7 

for edge-of-traveled-way design at all major 
intersections. Figures 7-4 and 7-5 illustrate the 
three types of edge-of-traveled-way designs. 
The Green Book, Exhibits 9-19 and 9-20 on 
pages 584 through 591 tabulate values for ap-

plication of simple and three-centered com-
pound curve applications for various angles of 
turning roadways. The angle of turn that is the 
next highest to the angle of turn of the inter-
section being designed should be selected. 

 
 

Figure 7-4 
Intersection Edge-of-Traveled-Way Design Layout 

Using Simple Curves 

 

 

7.2.3 PAVEMENT WIDTHS FOR 
TURNING ROADWAYS 

The pavement and roadway widths of turn-
ing roadways at intersections are governed by 
the volumes of turning traffic and the types of 
vehicles to be accommodated, and may be de-
signed for one-way or two-way operation, de-
pending on the geometry of the intersection. 
Widths determined for turning roadways may 
also apply on through roadways within an in-
tersection, such as channelizing islands. 

Pavement widths for turning roadways are 
classified for the following types of opera-
tions: 

Case I − one-lane, one-way operation 
with no provision for passing a 
stalled vehicle; 

Case II − one-lane, one-way operation 
with provision for passing a 
stalled vehicle; and  

Case III − two-lane operation, either one-
way or two-way. 

Case I widths are normally used for minor 
turning movements and for moderate turning 
volumes where the connecting roadway is 
relatively short. The chance of vehicle break-
down is remote under these conditions, but 
one of the edges of pavement should be avail-
able for passing a stalled vehicle, i.e. mount-
able curb and clear of obstructions.  
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Case II widths are determined to allow op-
eration at low speed and with restricted clear-
ance past a stalled vehicle. These widths are 
applicable to all turning movements of moder-
ate to heavy volumes that do not exceed the 
capacity of a single-lane connection. In the 
event of a breakdown, traffic flow can be 
maintained at somewhat reduced speed. Many 
ramps and connections at channelized inter-
sections are in this category. 

Case III widths apply where operation is 
two-way, or one-way with two lanes needed to 
handle the traffic volume. In the latter case, 
downstream lanes must be able to accommo-
date the two-lane volume. In each category the 
required pavement width depends jointly on 
the size of the design vehicle and the curvature 
of the turning roadway. Selection of the design 
vehicle is based on the size and frequency of 
vehicle types. The pavement width increases 
with both the size of the design vehicle and the 
sharpness of curvature. See Figures 7-6 and 7-
7 for the recommended design widths of 
pavements for turning roadways at intersec-
tions for three types of operations and for 
three conditions of traffic mixes. 

The designer should refer to the Green 
Book, pages 199 to 229, for further details on 
designing turning roadways within intersec-
tions. 

7.3 CHANNELIZATION 
Channelization is the separation or regula-

tion of conflicting-traffic movements into 
definite paths of travel by traffic islands or 
pavement markings to facilitate the safe and 
orderly movement of both vehicles and pedes-
trians. Proper channelization increases capac-
ity, improves safety, provides maximum con-
venience, and instills driver confidence. Im-
proper channelization has the opposite effect 
and may be worse than none at all. Over chan-
nelization should be avoided because it could 
create confusion and deteriorate operations. 

7.3.1 PURPOSE 

Channelization of at-grade intersections is 
generally warranted for one or more of the 
following factors: 

• The paths of vehicles are confined by 
channelization so that not more than 
two paths cross at any one point. 

• The angle and location at which vehi-
cles merge, diverge or cross are con-
trolled.  

• The paved area is reduced, thereby nar-
rowing the area of conflict between ve-
hicles and decreasing the tendency of 
drivers to wander. 

• Clearer indications are provided for the 
proper path in which movements are to 
be made. 

• The predominant movements are given 
priority. 

• Areas provide for pedestrian refuge. 

• Separate storage lanes permit turning 
vehicles to wait clear of through-traffic 
lanes. 

• Space is provided for traffic control 
devices so they can be more readily 
perceived. 

•     Prohibited turns are controlled. 

7.3.2 DESIGN PRINCIPLES 

Design of a channelized intersection usu-
ally involves the following significant con-
trols⎯the type of design vehicle, the cross 
sections on the crossroads, the projected traffic 
volumes in relation to capacity, the number of 
pedestrians, the speed of vehicles, and the type 
and location of traffic control devices. Fur-
thermore, physical controls such as right-of-
way and terrain have an effect on the extent of 
channelization that is economically feasible. 
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Figure 7-6 
Design Widths for Turning Roadways (US Customary) 

Pavement Width (ft) 

Case I 
One-Lane, One-way 

Operation⎯No  
Provision for Passing 

a Stalled Vehicle 

Case II 
One-Lane, One-way 

Operation⎯With 
Provision for Passing 

a Stalled Vehicle 

Case III 
Two Lane 
Operation 

Either One Way 
Or Two Way 

Design Traffic Conditions 

 
 
 
 

Radius on 
Inner Edge 

R (ft) 

A B C A B C A B C 

50 18 18 23 20 26 30 31 36 45 

75 16 17 20 19 23 27 29 33 38 

100 15 16 18 18 22 25 28 31 35 

150 14 15 17 18 21 23 26 29 32 

200 13 15 16 17 20 22 26 28 30 

300 13 15 15 17 20 22 25 28 29 

400 13 15 15 17 19 21 25 27 28 

500 12 15 15 17 19 21 25 27 28 

Tangent 12 14 14 17 18 20 24 26 26 
 Width Modification Regarding Edge Treatment: 

No stabilized  
Shoulder 

None None None 

Mountable curb None None None 

Barrier curb: ** 
    one side 
    two sides 

 
Add 1 ft 
Add 2 ft 

 
None 

Add 1 ft 

 
Add 1 ft 
Add 2 ft 

Stabilized shoulder, 
one or both sides 

Lane width for condi-
tions B and C on tan-

gent may be reduced to 
12 ft where shoulder is 

4 ft or wider 

Deduct shoulder width; 
minimum width as  

under Case I 

Deduct 2 ft where 
shoulder is 4 ft or wider 

Note:  

Traffic Condition A = predominately P vehicles, but some consideration for SU trucks. 

Traffic Condition B = sufficient SU vehicles to govern design, but some consideration for semi-
trailer combination vehicles. 

Traffic Condition C = sufficient bus and combination-trucks to govern design. 

** Dimension to face of curb; gutter pan included with surface width.
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Figure 7-7 
Design Widths for Turning Roadways [Metric] 

Pavement width [m] 

Case I 
One-Lane, One-way 

Operation⎯No  
Provision for Passing a 

Stalled Vehicle 

Case II 
One-Lane, One-way 

Operation⎯With 
Provision for Passing 

a Stalled Vehicle 

Case III 
Two Lane 
Operation 

Either One Way 
Or Two Way 

Design Traffic Conditions 

 
 
 

Radius on 
Inner Edge 

R [m] 

A B C A B C A B C 

15 5.4 5.5 7.0 6.0 7.8 9.2 9.4 11.0 13.6 

25 4.8 5.0 5.8 5.6 6.9 7.9 8.6 9.7 11.1 

30 4.5 4.9 5.5 5.5 6.7 7.6 8.4 9.4 10.6 

50 4.2 4.6 5.0 5.3 6.3 7.0 7.9 8.8 9.5 

75 3.9 4.5 4.8 5.2 6.1 6.7 7.7 8.5 8.9 

100 3.9 4.5 4.8 5.2 5.9 6.5 7.6 8.3 8.7 

125 3.9 4.5 4.8 5.1 5.9 6.4 7.6 8.2 8.5 

150 3.6 4.5 4.5 5.1 5.8 6.4 7.5 8.2 8.4 

Tangent 3.6 4.2 4.2 5.0 5.5 6.1 7.3 7.9 7.9 
 Width Modification Regarding Edge Treatment: 

No stabilized  
Shoulder 

None None None 

Mountable curb None None None 

Barrier curb: ** 
    one side 
    two sides 

 
Add 0.3 m 
Add 0.6 m 

 
None 

Add 0.3 m 

 
Add 0.3 m 
Add 0.6 m 

Stabilized shoulder, 
one or both sides 

Lane width for conditions 
B and C on tangent may 

be reduced to 3.6 m 
where shoulder is 1.2 m 

or wider 

Deduct shoulder width; 
minimum width as  

under Case I 

Deduct 0.6 m where 
shoulder is 1.2 m or 

wider 

Note:  

Traffic Condition A = predominately P vehicles, but some consideration for SU trucks. 

Traffic Condition B = sufficient SU vehicles to govern design, but some consideration for semi-
trailer combination trucks. 

Traffic Condition C = sufficient bus and combination-trucks to govern design. 

** Dimension to face of curb; gutter pan included with surface width.
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Figure 7-9 
Typical Island Layout−Urban Areas 

.../DGN/New Figure 7-09.dgn  06/12/2003 11:07:24 AM
 

 

 

7.4 SIGHT DISTANCE 
The operator of a vehicle approaching an 

at-grade intersection should have an unob-
structed view of the whole intersection and of 
a sufficient length of the intersecting highway 
to permit control of the vehicle to avoid colli-
sions which is termed “approach sight dis-
tance”.  (See Figure 7-10.)  The minimum 
sight distance considered safe under various 
assumptions of physical conditions and driver 
behavior is directly related to vehicle speeds 
and the resultant distances traversed during 
perception, reaction time, and braking. In ad-
dition to approach sight distance, sight dis-
tance is also provided to allow stopped vehi-
cles sufficient view of the intersecting road-
way to decide when to enter the intersecting 
roadway or to cross it, which is “departure 

sight distance.” Both sight distances must be 
checked on all intersection designs based on 
the procedures set forth in the Green Book, 
pages 650 to 679.  

7.4.1 MINIMUM SIGHT DISTANCE 
TRIANGLE 

Sight triangles are areas of unobstructed 
sight along both roads at an intersection and 
across their included corner for a distance suf-
ficient to allow the operators of vehicles ap-
proaching simultaneously to see each other in 
time to prevent collision at the intersection.  

The length of the legs may vary based upon 
traffic volumes, design speeds, operating 
speeds and type of intersection traffic control. 
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Normally in less densely populated areas the 
minimum sight distance of any leg would be 
that required to meet the design stopping sight 
distance for the major road. At high volume 
intersections the need for large sight triangles 
is diminished and is a function of the types of 
traffic control devices and the presence or ab-
sence of other vehicles. The Green Book, 
pages 654 to 679, provides details for deter-
mining sight triangles for several different 
conditions that may occur at intersections, 
primarily based on the type of traffic control.  

In each case, assumptions are made about 
the physical layout and the actions of vehicle 
operators on both intersecting roads. For each 
case, the space-time-velocity relations indicate 
the minimum sight triangle that is required to 

be free of obstructions. Any object within the 
sight triangle high enough above the elevation 
of the adjacent obstruction should be removed 
or lowered. Such objects include cut slopes, 
trees, hedges, bushes, or tall crops. There 
should be no parking within the sight triangle. 

The minimum stopping sight distance in 
the Green Book for open highway conditions 
are also valid for turning roadway intersec-
tions of the same design speed. Figure 7-11 
includes stopping sight distance for lower 
turning speeds than commonly used under 
open roadway conditions. These values should 
be available at all points along a turning road-
way, and should be increased wherever practi-
cal. They apply to both vertical and horizontal 
alignment. 

 
Figure 7-10 

Sight Distance Triangles⎯Elements for At-Grade Intersections  
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Figure 7-11 
Minimum Stopping Sight Distance for Turn-

ing Roadways at Intersections 

US Customary 
 

Design (Turn-
ing)Speed 

 (mph) 

 
Stopping Sight  

Distance 
(ft) 

10 50 

15 80 

20 115 

25 155 

30 200 

35 250 

40 305 

45 360 

Metric 

Design (Turn-
ing)Speed  

[km/h] 

Stopping Sight  
Distance  

[m] 

15 15 

20 20 

30 35 

40 50 

50 65 

60 85 

70 105 

 

7.4.2 INTERSECTION MANEUVERS 

When traffic on the minor road of an inter-
section is controlled by stop signs, the driver 
of the vehicle on the minor road must have 
sufficient sight distance for a safe departure 
from the stopped position. There are three ba-
sic maneuvers that occur at the average inter-
section. These maneuvers are: 

1. To travel across the intersecting road-
way by clearing traffic from both the 

left and the right of the crossing vehi-
cle, 

2. To turn left into the crossing roadway 
by first clearing traffic on the left and 
then entering the traffic stream with 
vehicles from the right, and  

3. To turn right into the intersecting 
roadway by entering the traffic stream 
with vehicles from the left.  

The stop condition criterion is applicable to 
two-lane, two-directional roadways through 
multi-lane divided highways. Where the prin-
cipal roadway is either undivided or divided 
with a narrow median (the median is too nar-
row to store the design vehicle), the departure 
maneuvers are treated as a single operation. 
Where the major roadway is divided and has a 
median wide enough to safely store the design 
vehicle, the departure maneuvers are consid-
ered as two operations. The first operation 
concerns the traffic approaching from the left 
for all three maneuvers; that is, crossing the 
entire roadway, crossing part of the roadway 
and turning left into the crossroad or turning 
right into the crossroad. The second phase 
concerns traffic from the right for the first two 
operations; i.e., continuing to cross the major 
roadway or turning left and merging with traf-
fic from the right. The Green Book, pages 650 
to 679, provides details on analyzing the de-
parture sight triangles for these maneuvers. 

7.5 AUXILIARY TURNING 
LANES 

Auxiliary turning lanes may be introduced 
at intersections under a variety of conditions 
including rural or urban locations and free 
flowing, signalized or stop controlled traffic 
designs. Using auxiliary lanes to handle turn-
ing movements at high volume intersections 
can reduce congestion, improve safety and 
provide better traffic control. Auxiliary lanes 
are also used on four-lane divided roadways 
and high volume two lane roadways under 
open road conditions. They improve safety 
and traffic flow when introducing median 
openings, intersections at minor crossroads or 
U-turn locations.  
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Straight tapers at least 100 ft [30 m] long 
should be used for deceleration lanes.  

The designer has at least four methods 
available (listed from the preferred to the least 
acceptable) for determining deceleration lane 
lengths: (1) design the intersection in accor-
dance with the HCM based on detailed exist-
ing and projected traffic data, (2) provide the 
desirable lengths as discussed in the Green 
Book (3) design left turn lanes based on the 
methodology shown on Figure 7-17 or (4) 
provide the minimum lengths as discussed in 
this section and shown in Figure 7-18. The use 
of each of these approaches is also dependent 
upon the roadway classification, type of facil-
ity, the location of the intersection within the 
facility, project scope and funding. 

The Green Book proposes that for arterials 
with a selected design speed of 30, 40, 45, 50 
and 55 mph [50, 60, 70, 80 and 90 km/h], the 
desirable deceleration lengths of the auxiliary 
lanes, where practical, are 170, 275, 340, 410 
and 485 ft [50, 70, 95, 120 and 150 m], re-
spectively. These lengths allow the driver to 
comfortably decelerate to a full stop from the 
full design speed with grades of 3 percent or 
less. These values do not include taper or re-
quired storage length.  

The Green Book further discusses the fact 
that on many urban facilities providing the full 
length is not practical, physically possible or 
economically reasonable to provide the sug-
gested desirable lengths needed for decelerat-
ing from design speed or operating speed to a 
full stop condition. On urban facilities in 
densely developed areas, the need for storage 
length may override the desirable deceleration 
length. The Green Book concludes that on ur-
ban and collectors the designer may assume 
that a portion of the deceleration speed is ac-
complished in the through lane and/or on the 
taper before entering the full width auxiliary 
lane. The Green Book further states that: 
“Therefore, the lengths given above should be 
accepted as a desirable goal and should be 
provided where practical.”  

Figure 7-17 illustrates a design methodol-
ogy for determining a reasonable minimum 
length for an auxiliary turning lane under open 
highway conditions when complete traffic data 
is not available. In this figure, the typical av-
erage running speed on the main facility is 
used and some deceleration for the left-turn 
movement is assumed to occur prior to enter-
ing the turning lane. Based on assumed vehi-
cle approach speeds, the desirable deceleration 
lengths are shown in Figure 7-18. See the 
Green Book, page 851, for lengths applicable 
to other exit curve design speeds.The lengths 
shown do not include any taper lengths or re-
quired storage lengths. These lengths are for 
open highway conditions. It should be recog-
nized that operating speeds, traffic volumes, 
traffic mix, type of facility, project intent, 
roadside development, and intersection fre-
quency and spacing all influence a designer’s 
ability to provide the lengths shown in Figure 
7-18. 

To reiterate, in the use of Figure 7-17, 
DelDOT has adopted the recognition in the 
Green Book, page 714, that a degree of decel-
eration can safely take place in the through 
lane depending upon posted speed, type of 
facility and traffic volumes. The suggested 
design approach for arterial and other high 
volume roadways assumes a reduction of 10 
mph [15 km/h] below posted speed occurs in 
the through lane. For collectors and other me-
dium volume roadways, an assumed reduction 
of 15 mph [20 km/h] is practical. For low vol-
ume collectors and local streets, a reduction of 
20 mph [30 km/h] below the posted speed may 
be assumed in the design of auxiliary lanes. 
The deceleration lengths shown in the figures 
are applicable to both left and right-turn lanes.  

Figure 7-17 is a general guide for use when 
the designer does not have existing or pro-
jected traffic volumes or turning counts. When 
this data is available the length and design of 
auxiliary lanes should be analyzed in accor-
dance with the HCM. 
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Figure 7-12 
Guide for Need for Left-Turn Lanes on Two 

Lane Highways 

Advancing volume (vph) 
Oppos-

ing 
volume 
(vph) 

5% 

Left 
turns 

10% 

Left 
turns 

20% 

Left 
turns 

30% 

Left 
turns 

40-mph [60 km/h] operating speed 

800 330 240 180 160 

600 410 305 225 200 

400 510 380 275 245 

200 640 470 350 305 

100 720 515 390 340 

50 mph [80 km/h] operating speed 

800 280 210 165 135 

600 350 260 195 170 

400 430 320 240 210 

200 550 400 300 270 

100 615 445 335 295 

60 mph [100 km/h] operating speed 

800 230 170 125 115 

600 290 210 160 140 

400 365 270 200 175 

200 450 330 250 215 

100 505 370 275 240 

For signalized intersections when there are 
no current or projected traffic counts or studies 
available to indicate the needed storage length, 
then the following method suggested by 
AASHTO can be applied. 

Storage length is based on the number of 
vehicles likely to arrive in an average cycle 
time period within the peak hour in accor-
dance with the following formula: 

1.5V.L.C)/(N=S.L. ××  

Where: 

S.L. = Storage Length, 
V.L. = Vehicle length⎯use 20 ft [6.0 m] 

for passenger cars, 
    N = Number of left-turn vehicles in 

peak hour, and 
    C = Number of cycles per hour.  

At unsignalized intersections, the average 
cycle time is assumed to be 2 minutes, so: 

C
60 minutes per hour

2minutes
30= =  

At signalized intersections, “C” is com-
puted using the actual cycle time, so: 

C
60 minutes per hour

Actual cycle time inminutes
=   

Where there is a demonstrated need due to 
turning volumes versus available gaps in the 
opposing traffic, the recommended minimum 
storage length for median auxiliary lanes is 50 
ft [15 m]; for separate left turn facilities where 
no median exists, the minimum recommended 
storage length is 100 ft [30 m]. These lengths 
will allow for storing one P and one SU design 
vehicle or an occasional WB-50 [WB-15]. The 
greater length where there is no median pro-
vides allowance for a decrease in available 
turning paths.  

Acceleration lanes for right-turning vehi-
cles entering a traveled way may need to be 
considered when turning volumes exceed 100 
vph. However, as discussed earlier in this 
chapter acceleration lanes are not always de-
sirable where entering drivers can wait for an 
opportunity to merge without disrupting 
through traffic, such as at a signalized inter-
section. The use of acceleration lanes should 
generally be restricted to rural, free-flow, or 
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controlled access situations. The length of the 
acceleration lane is a function of the pooled 
highway speed and speed of the turning vehi-
cle as shown in Figure 7-19. The Green Book, 
page 847, gives additional lengths for other 
selected entrance curve design speeds. 

7.5.1 MINIMUM TURN LANE 
LENGTHS 

A project’s intent or funding may not allow 
for providing the desirable left-turn lengths as 
suggested in the Green Book, or be designed 
in accordance with the HCM or the method 
shown on Figure 7-17. In this situation and for 
uniform application, the suggested minimum 
lengths for left turn lanes are as described in 
this section. The parameters are: 

• Suggested minimum lengths apply to 
divided roadways at unsignalized loca-
tions.  

• No previously identified history of 
problems with accidents, operation or 
safety. 

• No established warrants based on traf-
fic volume. 

• Locations with observed or anticipated 
high truck use need more storage 
length. 

The lengths are determined by general class 
of roadway. It should be recognized that each 
location is unique and has to be analyzed 
based on its characteristics, including traffic 
control devices and the selected length may be 
different than those that follow. 

Divided rural arterials and collectors with 
moderate to heavy through traffic with a 
posted speed of 50 mph [80 km/h] or greater 
use a taper length of 100 ft [30 m], decelera-
tion length of 250 ft [75 m], and storage length 
100 ft [30 m]. 

Divided rural arterials and collectors with 
light through traffic and a posted speed of 50 
mph [80 km/h] or greater use a taper length of 

100 ft [30 m], deceleration length of 150 ft [45 
m], and storage length of 50 ft [15 m]. 

Divided urban arterials and collectors with 
heavy to moderate through traffic and a posted 
speed of 50 mph [80 km/h] or less use a taper 
length of 100 ft [30 m], deceleration length of 
200 ft [60 m], and storage length of 100 ft [30 
m]. 

Divided urban arterials and collectors with 
light through traffic and a posted speed of 50 
mph [80 km/h] or less use a taper length of 
100 ft [30 m], deceleration length of 200 ft [60 
m], and storage length of 50 ft [15 m]. 

The designer should refer to the Green 
Book and the HCM for further discussion con-
cerning these guidelines. 

7.6 MEDIAN OPENINGS 
The following is a general discussion of 

median opening design. The Green Book, 
pages 689 to 728, presents a comprehensive 
discussion on the concepts and design of me-
dian openings. 

Median opening designs range from de-
signing for simple U-turn movements to the 
more complex unsignalized and signalized 
rural and urban intersections that may include 
traffic from minor crossroads and streets or 
major roadways and commercial entrances. 
The design of median openings and median 
end treatments is based on traffic volumes, 
operating speeds, predominant types of turn-
ing vehicles and median width. Crossing and 
turning traffic must operate in conjunction 
with the through traffic on a divided highway. 
This requirement makes it necessary to know 
the volume and composition of all movements 
occurring simultaneously during the design 
hour. The discussion in this section is primar-
ily directed to rural, unsignalized, divided 
roadways.  
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Figure 7-16 
Graphical Guide for Left-Turn Lane for 

60 mph [100 km/h] Operating Speed 
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the trailing edge for 20 ft [6.0 m].The bullet 
nose design can be designed to conform to the 
traffic movements permitted in the intersec-
tion. A wide median normally would have a 
portion of the nose flattened to be parallel to 
the median opening centerline and, depending 
upon the channelization design, a semicircular 
design  may be more appropriate. 

Figure 7-20 
Preferred Median End Shapes 

Based on Median Width 
Controlling Median 

Width 
Median End Shape 

4 ft [1.2 m] or less  *Semicircular 

4 to 66 ft  
[1.2 to 20 m] 

Bullet Nose or Modi-
fied Bullet Nose 

Over 66 ft [20 m] Treated as separate 
intersection 

*At locations with left turning cross road 
traffic, use a controlling radius of at least 40 ft 
[12 m]. 

7.6.3 LENGTHS OF MEDIAN 
OPENINGS 

For any intersection on a divided highway, 
the length of the median opening should be as 
great as the width of the crossroad roadway 
pavement plus shoulders. The width and type 
of crossroad combined with the median width 
and selected control radius affect the median 
opening. The design should minimize any un-
safe tracking encroachment into oncoming 
traffic from crossroads. AASHTO recom-
mends that in no case should the opening be 
less than 40 ft [12 m] for a 90-degree intersec-
tion or less than the width of the crossroad 
pavement plus shoulders or plus 8 ft [2.4 m] 
for a crossroad without shoulders. Where the 
crossroad is a divided highway, the length of 
the opening should be at least equal to the 
width of the crossroad roadways, median and 
shoulders or 8 ft [2.4 m] if there are no shoul-
ders. 

Median openings are a function of median 
width and the selected control radius. Use of a 
40 ft [12 m] minimum opening without regard 

to these two items should only be considered 
for minor, rural, unsignalized crossroads. Me-
dian openings of 50 to 64 ft [15 to 20 m] are 
more typical. The 40 ft [12 m] minimum 
length of opening does not apply to openings 
for U-turns where, depending upon the pre-
dominant vehicle, larger openings may be 
needed to ensure the vehicle can turn into the 
desired lane. As median widths become 
greater than 50 ft [15 m] the increased pave-
ment area may create confusion as to proper 
vehicle paths and movements. These wider 
openings may need additional traffic control 
devices. ASSHTO recommends avoiding us-
ing median openings greater than 80 ft [25 m]. 

7.6.4 DESIRABLE MEDIAN OPENING 
DESIGNS FOR LEFT TURNS  

Median openings that enable vehicles to 
turn on minimum paths, and at very low 
speeds, are adequate for intersections where 
traffic for the most part proceeds straight 
through the intersection. Where through-traffic 
volumes and speeds are high and left-turning 
movements are important, undue interference 
with through traffic should be avoided by pro-
viding median openings that permit turns 
without encroachment on adjacent lanes. This 
arrangement would enable turns to be made at 
speeds above those for the minimum vehicle 
paths and provide space for vehicle protection 
while turning or stopping.  

For median openings having control radii 
greater than the minimum for the selected de-
sign vehicle, see the Green Book, pages 690 to 
696. The three radii R, R1 and R2 control bul-
let-nose end designs.  Figure 7-21 shows the 
layout. Radius R is the control radius for the 
sharpest portion of the turn. R1 defines the 
turnoff curve at the median edge. R2 is the ra-
dius of the tip. 

When a sufficiently large R1 is used, an ac-
ceptable turning speed for vehicles leaving the 
major road is assured, and a sizable area inside 
the inner edge of the through-traffic lane be-
tween points 1 and 2 on Figure 7-21 may be 
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• Simple, clear signing.  

10.11.5 BUSES 

As previously discussed, where buses 
load and unload within the parking lot, 
traffic flow should be such that buses and 
automobiles do not conflict. Buses require 
adequate room for decelerating, proper 
turning radii, maneuvering into and out of an 
adequate loading area, and returning to the 
mainline traffic flow. Refer to Chapter 7 of 
this manual and the Green Book for design 
criteria such as required turning radii for bus 
operation. 

10.11. 6 KISS-AND-RIDE FACILITIES 

A kiss-and-ride facility is located so that 
transit or commuter passengers can easily 
and safely access the terminal or loading 
zone with minimum conflicts with other 
vehicles; see Figure 10-19. To accomplish 
this, circulation in the kiss-and-ride facility 
should be one-way and flank the terminal or 
loading area. Parking should be at 45 
degrees to allow for pull through and face 
the terminal or loading zone. To operate 
properly it is usually necessary to enforce 
kiss-and-ride restrictions.  

10.11.7 PEDESTRIANS 

Two pedestrian movements must be 
provided for park-and-ride lots that serve 
bus routes: a direct and safe approach from 
adjacent streets to the bus stop and 
pedestrian access from the parking area. 
Pedestrian circulation in parking lots is 
provided by aisles and crosswalks or, in 
larger lots, by walkways. The pedestrian 
path from any parking stall to the bus stop 
should be as direct as possible. 

10.11.8 BICYCLES AND 
MOTORCYCLES 

It is important to provide adequate bicycle 
storage racks at park-and-ride lots where 

large concentrations of bicycle traffic are 
expected. Similarly, a special parking area 
for motorcycles will improve utilization of 
space. Motorcycle storage should be on 
Portland cement concrete to prevent stands 
from sinking into hot asphalt pavement. 
Provisions for locking both bicycles and 
motorcycles to prevent theft are needed. 
This includes bicycle racks and lockers. 

10.11.9 DISABLED 

At lots for transfer to buses, the design 
should consider provisions for safe and 
convenient access for the elderly and 
disabled. Design requirements and 
provisions for disabled parking shall be in 
conformance with the Americans with 
Disabilities Act of 1990 and the State of 
Delaware Architectural Accessibility 
Standards. 

Facilities for the disabled should also be 
designed in accordance with the following: 

• Disabled persons should reach the bus 
loading zone without crossing any 
access roads; 

• Loading areas must meet ADA space 
requirements; 

• Disabled persons must never be forced 
to travel behind parked cars; and 

• Suitable ramps must be provided. 

10.11.10 PARKING DIMENSIONS AND 
LOT LAYOUT 

Parking areas and roadway layout for 
park-and-rides can be designed in much the 
same manner as other parking facilities. 
Facilities that interact with transit, where 
DTC does not specify a bus size, should use 
a 40 foot [12 m] transit vehicle as the design 
vehicle. Standard dimensions for car parking 
stalls are shown in Figure 10-20.  

For design purposes only two size stalls 
should be considered—standard and 
intermediate. If compact car parking is to be 
provided, it should be in a prime location or 
the driver will select more convenient 
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available stalls. Combining several different 
types of stalls also creates an undesirable 
and more complicated signing layout. If 
there is adequate room, limiting the design 
to accommodate the standard stall size, 9 by 
18.5 ft [2.7 by 5.6 m] is preferred. The 
minimum bus-parking stall should be 13 by 
32 ft [4 by 15.25 m].  

Figure 10-18 
Typical Car Parking Dimensions 

Size Stall 
Width 
ft [m] 

Stall 
Length 
ft [m] 

Aisle 
Width 
ft [m] 

Standard 8.5-9.5 
[2.6-2.9]

18-20 
[5.5-6.0] 

24-26 
[7.5-8.0] 

Inter-
mediate 

8.0-9.0 
[2.4-2.7]

16-18 
[4.9-5.5] 

22-24 
[6.7-7.3] 

Compact 7.5-8.5 
[2.3-2.6]

15-17 
[4.6-5.2] 

20-22 
[6.0-6.7] 

Substandard stall and aisle widths are 
false economy. Although they permit 
marking more stalls in a given area, vehicles 
tend to encroach upon adjacent stalls such 
that one or more spaces are unavailable for 
use. The end result is no gain in actual space 
usage.  

Vehicles and other objects should be 
excluded from corners or parking spots 
where it is necessary to provide adequate 
intersection sight distances. Islands at the 
end of rows should be considered when 
laying out the lot. For pedestrian safety, the 
parking stalls and aisles should be parallel to 
the direction of the desired pedestrian flow. 
For efficient land area use, a row of parking 
on each side of the aisle is preferred. 

Aisle width is a function of the parking 
angle and stall width. One-way aisles are 
generally used with angle parking and two-
way circulation is generally used with 90-
degree parking. Aisle lengths should not 
exceed 400 ft [120 m] to limit pedestrian 
walking distance. One-way aisles should 
favor counterclockwise circulation with 
head-in parking only. Due to lower vehicle 
undercarriage heights, a 6 in [150 mm] curb 
is recommended where head-in parking is 
being considered. Sidewalks should be a 
minimum of 5 ft [1.5 m] and loading areas 
should be 12 ft [3.6 m] wide. Pedestrian 
paths from parking spaces to loading areas 
should be as direct as possible. All 
sidewalks and curb areas are to be in 
conformance with ADA standards. 

Figures 10-21 and 10-22 provide data for 
planning stall layouts for standard stall sizes 
of 9 by 18.5 ft [2.0 by 5.6 m]. Layouts for 
intermediate and compact stall sizes are 
available in the AASHTO Green Book.  

The parking area should be sloped to 
provide positive drainage. Ponding water in 
a lot is undesirable for both vehicle and 
pedestrian movement, particularly where 
freezing may create icy spots. The 
recommended minimum grade is 1%, the 
desirable is 2%, and the maximum is 5%. 
The designer should provide adequate 
access and areas for snow removal and/or 
storage. The pavement selection needs to 
recognize that a variety of traffic loads, 
particularly when transit is expected, may be 
applied to the lot and the pavement type and 
strength designed accordingly. 
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Factors to be recognized and addressed in 
the design process include: 

• Selecting design guidelines that will 
provide for the safety of the user. 

• Identifying the need for access to the 
facility, as well as mobility along the 
facility. 

• Preservation or enhancement of his-
toric sites and districts. 

• Protection or enhancement of exist-
ing environmental assets. 

• Identifying the economic needs of 
and impacts to the affected commu-
nity or area. 

• Developing an understanding of the 
social context of the community and 
area within which the facility exists. 

Ensuring that a project design will have a 
balance of these factors is the result of a 
continuous and meaningful public involve-
ment process. Throughout the public in-
volvement process, the designer must make 
sure the purpose for the project as estab-
lished in the project initiation is fulfilled 
while understanding and addressing the 
needs of the community. By doing this the 
introduction of new or additional issues dur-
ing the final design phase that may result in 
delays and/or redesign will be minimized.  

The basic design tools available to the 
designer are this manual and the American 
Association of State Highway Transporta-
tion Officials, (AASHTO) "A Policy on 
Geometric Design of Highways and Streets" 
commonly referred to as the "Green Book". 
In addition designers need to refer to other 
related publications and guidelines prepared 
by the Federal Highway Administration 
(FHWA), the Transportation Board (TRB), 
and other recognized experts in the transpor-
tation field. The principal publications are:  

• AASHTO's Roadside Design Guide,  

• AASHTO’S Context Sensitive Design 
for Integrating Highway and Street Pro-
jects with the Community and the Envi-
ronment,  

• Transportation Research Board's (TRB) 
Highway Capacity Manual,  

• TRB’s Special Report 214 Designing 
Safer Roads,  

• FHWA’s Manual on Uniform Traffic 
Control Devices,  

• FHWA’s Flexibility in Highway Design, 
and 

• DelDOT’s Traffic Calming Manual. 

 In addition, there are numerous other docu-
ments, particularly related to highway 
drainage and intersection design that must 
be referenced in designing a project.  

Using these documents, the Road Design 
Manual was developed with emphasis on 
standards and practices that have proven to 
be successful in this state. The flexibility to 
design a project that will meet the expecta-
tions of the user, the community and De-
partment exists in the Green Book and in the 
standards found in this manual. Published 
design standards have a measure of flexibil-
ity, usually stating a maximum and mini-
mum value. Many of these values are em-
pirically based using mathematical modeling 
techniques with assumed roadway surface 
conditions, driver reaction times and adverse 
weather conditions.  

Designers need to recognize that there is 
a difference between the strict application of 
design standards found in the tables and 
charts versus providing consistency in de-
sign. The design should ensure there is con-
sistency in application of the standards that 
allows the driver to react in a consistent and 
predictable manner when encountering simi-
lar roadway conditions. However, in re-
sponding to the many issues that arise on 
each project, there is a need for flexibility in 
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expenditures that could be spent more 
effectively by improving additional road 
sections. 

• Context. Design features should be 
selected that are in balance with the 
social context of the community and 
surrounding area. This is accomplished 
by gathering and including information 
from the public throughout the design 
process. A context sensitive design 
advances the objectives of safety, 
mobility, enhancement of the natural 
environment, and preservation of 
community values. Projects that 
improve the livability of the community 
or quality of the natural environment are 
considered context sensitive. 

2.2 LEVELS OF SERVICE 
In general terms, the level of service of a 

highway facility may be influenced by many 
factors, including surface condition and ride-
ability. From the standpoint of design controls, 
the level of service is principally related to the 
ease and convenience with which the highway 
facility can serve the expected volumes of traf-
fic. 

The Transportation Research Board’s 
(TRB) Highway Capacity Manual presents a 
thorough discussion of the level of service 
concept. Six levels of service are established 
from level A (the highest) through level F (the 
lowest). 

The general characteristics of the various 
levels of service are: 

• Level of Service A − free-flowing 
traffic; users virtually unaffected by 
other traffic, able to select desired 
speeds and maneuver unrestricted. 

• Level of Service B − reasonably free 
traffic flow; users able to select desired 
speeds, but with a slight decline in 
freedom to maneuver. 

• Level of Service C − stable flow, but 
operation of individual users is 
significantly affected by traffic; ability 
to select speeds is reduced and 
maneuvering requires substantial 
vigilance by the users. 

• Level of Service D − high density 
approaching unstable flow. Speeds and 
freedom to maneuver are severely 
restricted. Small increases in traffic flow 
will generally cause operational 
problems. 

• Level of Service E − operating 
conditions at or near capacity with 
unstable flow. All speeds at a low and 
relatively uniform value. Freedom to 
maneuver is extremely difficult.  

• Level of Service F − forced or 
breakdown flow. Traffic exceeds 
capacity causing queues with stop-and-
go waves, and operations are extremely 
unstable. 

The traffic flow rates that can be served at 
each level are termed “service flow rates.” 
Once a level of service has been identified as 
applicable for design, the accompanying ser-
vice volume logically becomes the design ser-
vice flow rate, implying that if the traffic vol-
ume using the facility exceeds that amount, 
operating conditions will fall below the level 
of service for which the facility was de-signed. 
A guide for selecting design levels of service 
is shown in Figure 2-1. 

More detailed guidelines for selecting ap-
propriate levels of service are given in 
AASHTO's A Policy on Geometric Design of 
Highways and Streets (commonly referred to 
as the “Green Book”) and TRB’s Highway 
Capacity Manual (HCM). 
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Once the design speed is selected, the per-
tinent highway features need to be related to 
obtain a balanced design. Some design fea-
tures, such as curvature, superelevation, and 
sight distance, are directly related to, and vary 
with, design speed. Other features, such as 
lane and shoulder widths and clearances to 
highway appurtenances, although not directly 
related to design speed, affect the driver’s 
comfort level and are reflected in vehicle op-
erating speeds. 

Designers should evaluate any unique con-
ditions that might indicate a practical need for 
a higher or lower design speed. For example: 

1. Design speeds should be selected as 
high as economically and physically 
practical. 

2. The highway section may be legally 
posted for a relatively low operating 
speed; selecting a higher design speed 
may result in considerable added cost. 
Therefore, it would be appropriate to 
accept a lower design speed which is 5 
mph [10 km/h] above the posted speed. 

3. Extensive roadside development and 
proposed land-use changes, intersec-
tion spacing and frequency of entrances 
may influence decisions on design 
speed.  

4. The need to preserve historic sites and 
districts may be a controlling factor. 

5. The impact on the social context of the 
affected project area should be evalu-
ated. This is particularly important 
when a project involves a rural setting 
and extends into a town center type of 
environment. 

6. The impact on environmentally sensi-
tive areas are part of the decision mak-
ing process. 

7. Whether or not the 85th percentile 
speed criteria should be used will have 
to be evaluated. 

Keep in mind, however, that lowering the 
design speed will not necessarily lower operat-

ing speed without also lowering the legal 
posted speed limits. Before a final decision is 
made on the design speed, the adjacent road 
sections should be evaluated in terms of cur-
rent operating speed characteristics and the 
potential for future reconstruction work. To 
the extent practicable, it is desirable to have 
consistent design speeds over longer sections 
of highways, where the roadway and roadside 
characteristics are also consistent and similar. 
If the adjacent roadside characteristics, traffic 
mix, and user activities vary dramatically 
within a project’s limits, it may be more rea-
sonable to use several design speeds This 
would be applicable when entering a business 
district or other activity center involving in-
creased pedestrian use and cross traffic. 

Since design speed selection is one of the 
most significant decisions, it is important to 
document the basis for making the selection 
and obtain approval before proceeding with 
the design. As the design process proceeds 
there may be issues raised that will call for a 
reevaluation of the design speed decision. 

In addition to the design speed, a facility‘s 
projected traffic volume and functional classi-
fication influence the selection of traveled way 
(lane) and shoulder widths. The designer 
should refer to the Green Book in establishing 
traveled way and shoulder widths. The follow-
ing is a guide to help locate this information.   

• Local Roads and Streets  page 388, 
Exhibit 5-5; 

• Collector Roads and Streets (Rural)  
page 429, Exhibit 6-5;   

• Collector Roads and Streets (Urban)  
page 437; 

• Arterials (Rural)  page 452, Exhibit 
7-3; 

• Divided Arterials (Rural)  page 459; 

• Urban Arterials  page 476; 

• Freeways  page 508. 
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Determining lane and shoulder widths is a 
very critical step in project design. The Design 
Criteria Form, Figure 3-5, is used to document 
and obtain approval for the selected lane and 
shoulder widths. 

3.2.2 CURVATURE AND 
SUPERELEVATION 

Establishing the proper relationship be-
tween design speed and curvature, as well as 
their joint relationship with the proper amount 
of superelevation on the curve is an important 
decision. Although these relationships are de-
rived from laws of mechanics (speed, cen-
trifugal force and side friction factor), the ac-
tual values for use in design depend on practi-
cal limits and factors determined empirically 
over a range of variables. For example, the 
maximum permissible rate of superelevation is 
based on a practical consideration that a high 
operating speed can be accommodated on a 
relatively sharp curve if the superelevation is 
steep enough, but highways must serve vehi-
cles traveling at a wide range of speeds. Slow 
moving vehicles or stopped vehicles would be 
adversely affected with excessively steep su-
perelevation, particularly in ice and snow con-
ditions. 

AASHTO suggests maximum supereleva-
tion rates in the range of 4 to 12 percent. 
Delaware’s roadways are subject to the effects 
of ice and snow during the winter. These con-
ditions have resulted in poor operational and 
accident history on roadways using a su-
perelevation rate higher than 8 percent. There-
fore, DelDOT strives to use a maximum su-
perelevation rate of 6 percent. However, for 
rural roadways it may be appropriate to use a 
superelevation rate of 8 percent. In urban ar-
eas, it is more practical to use a rate of 4 per-
cent. This rate allows for smother pavement 
tie-in at entrances and intersecting streets. 

The selected superelevation rate sets the 
limitations on curvature.  It is desirable to use 
curves flatter than the minimum values wher-
ever conditions permit. When approved by the 

Chief Engineer, curves sharper than the mini-
mum may be used on reconstruction projects. 
The designer has design alternatives to miti-
gate the effect of introducing sharper curva-
ture by widening pavement, providing ad-
vance warning signs, providing wider clear 
zones, increasing vertical or horizontal sight 
distances, etc.  

Tables of superelevation rates for various 
combinations of design speed and curvature 
are shown in the Green Book, pages 156 to 
161, and figures in Chapter Five - Alignment 
and Superelevation in this manual. Both of 
these should be referred to for a more detailed 
discussion of the application of superelevation 
and transition methods for entering and leav-
ing horizontal curves. 

3.2.3  STOPPING SIGHT DISTANCE 

Sight distance is the length of roadway 
ahead of the vehicle that is visible to the 
driver. The available sight distance must al-
ways be sufficient to enable a vehicle traveling 
at or near the design speed to stop before 
reaching an object on the roadway. Factors 
that influence the required stopping sight dis-
tance include: 

• The speed of the vehicle; 

• The height of the driver's eyes; 

• The height of the object on the road; 

• The driver's reaction time before brak-
ing;  

• The surface condition; and 

• The distance necessary to stop the ve-
hicle after applying the brakes. 

Reference should be made to Chapter 3 
Elements of Design in the Green Book, pages 
109-117, for a thorough explanation of the 
concepts and procedures for defining stopping 
sight distances. Attention is also drawn to 
AASHTO’s discussion of the concept of ‘de-
cision sight distance’ and its possible applica-
tion to the project under design. 
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Vertical curvature, horizontal curvature, 
roadside obstructions, or any combination of 
these elements can restrict sight distance. Pro-
cedures for checking available sight distances 
are described in the Green Book, pages 127-
131. 

3.2.4 PASSING SIGHT DISTANCE 

Consideration of passing sight distance is 
limited to two-lane, two-way highways on 
which vehicles frequently overtake slower- 
moving vehicles and the passing operation 
must be accomplished on a lane used by op-
posing traffic. 

Passing sight distance for design is deter-
mined on the basis of the length needed to ac-
complish the passing maneuver. Derivation of 
the required distance is described in the Green 
Book, pages 118-126. AASHTO recommends 
that, “In designing highways these distances 
should be exceeded as much as practical ...” 

These distances for design should not be 
confused with other distances used as warrants 
for placing no-passing pavement markings on 
completed highways. Values shown in the 
MUTCD are substantially less than the design 
distances and are derived from traffic opera-
tion control needs based on assumptions dif-
ferent from those for design. 

Because of vertical and horizontal sight 
limitations, nearly all two-lane highways have 
some no-passing restrictions. In rolling terrain, 
the proportionate amount of no-passing sec-
tions usually becomes greater. Normally it is 
impracticable to attempt to provide passing 
sight distance throughout the entire length of a 
project. The principal design consideration is 
to try to provide adequate passing opportuni-
ties as frequently as possible. 

There are no fixed values for the frequency 
of passing sections. Experience shows that 
highway capacity is measurably reduced when 
a significant percentage of a section of high-
way is restricted to sight distances less than 

1500 ft [500 m]. Highways with high traffic 
volumes will require a higher proportion of 
passing opportunities than those with low traf-
fic volumes. Where an analysis shows that a 
lack of passing sight distances has reduced 
capacity to near or below the expected traffic 
volumes, it is necessary to consider adjust-
ments in the alignment and grade, or to pro-
vide additional lanes. 

3.3 STANDARDS BASED ON 
TRAFFIC VOLUMES 

Standards not directly related to design 
speed are influenced primarily by traffic vol-
umes. Tables for these standards shown in the 
tables at the end of this chapter reflect varia-
tions by traffic volume ranges.  

3.3.1  NUMBER OF LANES 

The number of lanes required for any 
highway is directly related to the facility's traf-
fic volume and desired level of service. But 
there are no simple, fixed criteria for these 
relationships. The recommended number of 
lanes is normally obtained through the project 
development process. 

The Highway Capacity Manual gives two 
very general guidelines for determining the 
need for additional lanes. These numbers are 
based on long sections of roadway with unin-
terrupted traffic flow having the highest stan-
dards for design controls (horizontal and verti-
cal geometrics and cross-sectional elements), 
ideal weather conditions, daylight, etc. 

1. Under ideal conditions, a two-lane ru-
ral highway can accommodate about 
900 passenger vehicles (two-way) per 
hour with a reasonably high level of 
service if there are adequate passing 
opportunities and no long, steep grades. 
Considerably more vehicles can be ac-
commodated if motorists are willing to 
accept a lower level of service, a 
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The determination of a clear zone is a func-
tion of speed, volume, curvature and embank-
ment slope. The most current edition of 
AASHTO’s Roadside Design Guide should be 
used for determining clear zone widths. For 
low-speed rural collectors and rural local 
roads, a minimum clear zone width of 10 ft 
[3.0 m] should be provided.   

Some roadside appurtenances, such as 
guardrail, breakaway light poles and signs us-
ing breakaway posts, are permitted within the 
specified clear zone, due to their crash-
worthiness.  They should be placed in the saf-
est available location, minimizing their use 
when possible.  Please refer to the Roadside 
Design Guide for more information.  For 
guardrails within the clear zone, it is desirable 
to maintain a minimum 2 ft [0.6 m] lateral 
clearance between the outer edge of the usable 
shoulder and the face of the rail. At bridge 
approaches, guardrail should either match the 
width of the bridge or taper to meet the bridge 
rail. 

The width of clear zone is included on the 
Design Control Checklist (Figure 3-4), the 
Design Criteria Form (Figure 3-5) and the title 
sheet of construction plans.  Deviations from 
the clear zone criteria will have to be approved 
by the appropriate assistant director. 

3.3.7  GRADES 

Design standards for maximum grades are 
not as precise and objective as the standards 
for other geometric elements. AASHTO has 
established recommended maximum grades 
based principally on analyses of vehicle oper-
ating characteristics. Criteria for maximum 
grades are related principally to design speed, 
traffic volumes and terrain characteristics. 

When it is necessary to design grades at or 
near the maximum values for relatively long 
distances, designers should investigate the ef-
fect on lane capacity. The lane capacity prob-
lem may be further complicated where there 
are steep grades accompanied by considerable 
no-passing distances. 

More detailed guidelines and criteria for 
the design of grades, including critical lengths 
of grades and minimum and maximum grades 
are presented in Chapter Five - Alignment and 
Superelevation and the Green Book, pages 
235-254.  The maximum grades should be 
used infrequently, only as dictated by severe 
terrain conditions. When it is necessary to use 
maximum grades, the designer should check 
other design criteria and roadside features that 
may be improved to minimize the impact of 
using the higher design grade. 

3.3.8  BRIDGES 

The designer should coordinate with the 
Bridge Design Section when determining ver-
tical clearances. A minimum vertical clearance 
for roads over interstate, U.S. and state routes 
is 16.5 ft [5 m]. Pedestrian bridges and over-
head sign structures must have an extra 1 foot 
[0.3 m] of clearance, a total of 17.5 ft [5.3 m]. 
These clearances allow for a 4 in. [100 mm] 
future resurfacing. 

3.3.9  MEDIANS 

Geometric criteria for medians on multi-
lane divided highways are discussed in Chap-
ter Four.
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A width of 40 ft [12.0 m] or more for de-
pressed medians permits adequate drainage de-
sign with flat slopes. A median width of at least 
50 ft [15.0 m] can safely store a school bus. 
Wider medians are desirable where right-of-
way permits allowing for the placement of a 
median bridge pier or overhead sign structure 
without the need for barrier protection. Wider 
medians should also be considered where there 
is a potential for adding travel lanes in the me-
dian to meet future traffic demand. Also see the 
Green Book pages 460 and 461 for further dis-
cussion on this subject. 

Where flat longitudinal slopes on the road-
way are encountered, the cross slopes of the 
median may be varied to increase the longitudi-
nal slope of the median ditch. For example, the 
cross slope may be kept very flat (10:1 or flat-
ter) at the upper end of the drainage area and 
steeper (6:1) at the lower end. 

4.3.4 MEDIAN BARRIERS 

For divided highways with large traffic vol-
umes and high operating speeds, a wide, de-
pressed median is the best choice. Under some 
conditions this is not practicable, and a flush or 
raised median must be provided. But in this 
case, some type of physical barrier must be 
placed in the median to prevent out-of-control 
vehicles from crossing into opposing traffic 
lanes. 

Several types of physical median barriers 
can be designed. Criteria for median barriers are 
discussed in Chapter Ten-Miscellaneous Design 
and the Roadside Design Guide.  

4.3.5 MEDIAN OPENINGS 

The design of median openings and chan-
nelization for left turns is included with the dis-
cussion on intersection design in Chapter 
Seven. 
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Figure 5-1 
Minimum Radius for  

Open Highway Conditions and 
Superelevation Rate of 4% 

US Customary Metric 

Design 
Speed 
(mph) 

Radius 
ft 

Design 
Speed 
[km/h] 

Radius 
m 

15 70 20 15 

20 125 30 35 

25 205 40 60 

30 300 50 100 

35 420 60 150 

40 565 70 215 

45 730 80 280 

50 930 90 375 

55 1190 100 490 

60 1505   

 
 
 

 
Figure 5-2 

Minimum Radius for Open Highway Condi-
tions and  

Superelevation Rate of 6% 

US Customary Metric 

Design 
Speed 
(mph) 

Radius 
ft 

Design 
Speed 
[km/h] 

Radius 
m 

15 65 20 15 

20 115 30 30 

25 185 40 55 

30 275 50 90 

35 380 60 135 

40 510 70 195 

45 660 80 250 

50 835 90 335 

55 1065 100 435 

60 1340 110 560 

65 1660 120 755 

70 2050 130 950 

3. For multi-lane divided highways with 
independent roadways or relatively 
wide medians, independent horizontal 
and vertical controls are established at 
the centerline of each roadway. 

The relationships between these control 
line locations and the pivot points for su-
perelevation of horizontal curvature are de-
scribed in Section 5.3.  

5.1.3  TYPES OF CURVES  
The types of curves used in designing hori-

zontal curvature may be simple circular 
curves, spiral transition curves or compound 
curves. Circular curves use a uniform radius 
for the entire distance between adjacent tan-
gent sections. Spiral transition sections more 
closely replicate the vehicle and driver’s be-
havior when entering a curve. They are intro-

duced at each end of the circular curve to 
gradually ease the driver into and out of 
curves without a sharp break at the tangent 
sections. This is particularly noticeable with 
relatively sharp curves and higher vehicle op-
erating speeds. Compound curves are most 
commonly used for turning roadways where it 
is necessary to fit the curve to the inside edge 
of the design vehicle’s swept path. When the 
design speed of a turning roadway is 45 mph 
[70 km/h] or less, compound curvature can be 
used to form the entire alignment of the turn-
ing roadway. However, the exclusive use of 
compound curves can increase the right-of-
way impacts. 

Although circular curves are normally used 
in the design of Delaware roadways, using 
spiral transitions may be considered as de-
scribed in the Green Book, pages 176 to 183.  
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Where spiral transition curves are to be 
used, right-of-way lines should not be defined 
as a spiral curve paralleling the centerline. In-
stead, the right-of-way should be described 
with a circular curve or compound circular 
curve of a similar shape. A practical guide for 
the length of a spiral is the length required for 
superelevation runoff. 

5.1.4 SIGHT DISTANCE ON 
HORIZONTAL CURVES 

An important element in ensuring driver 
safety and maintaining a roadway’s opera-
tional efficiency is providing adequate sight 
distancethe length of roadway ahead visible 
to the driver. Sight distance applies to four 
conditions that may arise when setting a pro-
ject’s horizontal alignment:  

(1) Is adequate distance available to stop?  

(2) Is there adequate opportunity and 
length available for passing on two-
lane roadways?  

(3) Is there adequate distance for drivers to 
react when approaching complex deci-
sion points?  

(4) Has the selected criteria for measuring 
these distances been applied to the se-
lected design?  

Providing adequate sight distance is also 
important in the design of intersections, in par-
ticular, those in rural areas. These locations 
tend to be less safe than urban ones, primarily 
because of higher speeds and lack of driver 
awareness. Providing at least the minimum 
sight distance will play an important role in 
reducing these occurrences.  

5.1.4.1  STOPPING SIGHT DISTANCE 
The designer must check sight distance 

across the inside of horizontal curves. Sight 
obstructions such as walls, concrete safety 
barriers, bridge parapets, cut slopes, vegeta-
tion and buildings may limit sight distance on 
curves. Where these obstructions cannot be 
removed or permanently controlled, adjust-
ment in the normal cross section or a change 

in alignment may be required to provide and 
assure continuation of adequate sight distance. 
For areas within a project that may cause con-
fusion or delay a driver’s reaction time i.e. 
multiple decision points, it may be necessary 
to check the decision sight distance also. 

Minimum stopping sight distance for each 
design speed is shown in Chapter Three-
Design Standards. The sight line is a chord of 
the curve. The applicable stopping sight dis-
tance is checked by measuring along the cen-
terline of the inside lane around the curve. See 
the Green Book, pages 228-232 for the design 
and evaluation of stopping sight distances on 
horizontal curves. Horizontal sight distance is 
based on the formula: 















 −=

R
SRM 65.28cos1  

Where: 

 S = Stopping sight distance, ft [m] 
 R = radius of curve, ft [m] 
 M = middle ordinate, ft [m] 
 

Where the obstruction is a cut slope on the 
inside of the curve, it is necessary to know the 
critical height of vegetation on the slope for 
measuring the middle ordinate distance. Be-
cause the height criteria for stopping sight dis-
tance are 3.5 ft [1,080 mm] for the eye and 2 ft 
[600 mm] for the object, a height of 2.75 ft 
[840 mm] may be assumed as the midpoint of 
the line of sight where the cut slope usually 
obstructs sight. In some cases, retaining walls, 
concrete median safety barriers, and other 
similar features constructed on the inside of 
curves may be sight obstructions and need to 
be checked for stopping sight distance. 

Solutions to sight distance problems on 
horizontal curves might be removal of ob-
structions, flattening the curves and flattening 
or benching cut slopes. It should be kept in 
mind that stopping sight distances greater than 
the minimum should be used for design. 
Minimum stopping sight distance values may 
be used only if greater values cannot be ob-
tained without undue costs. On new construc-
tion, the stopping sight distance at any loca-
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tion shall never be less than the minimum 
standard for stopping sight distance for the 
selected design speed. Designs for new con-
struction and reconstruction projects that do 
not meet these standards must have a design 
exception approved by the Chief Engineer. 

5.1.4.2  PASSING SIGHT DISTANCE  
The minimum passing sight distance for a 

two-lane road is about four times greater than 
the minimum stopping sight distance at the 
same design speed. To provide the greater 
passing sight distance, clear sight areas on the 
insides of curves must be considerably wider. 
Often this is not practicable. It is necessary to 
acknowledge and accept no-passing zones. 

Passing sight distance depends on the eye 
height of 3.5 ft [1,080 mm] and object height 
of 3.5 ft [1,080 mm]. The sight line to the cen-
ter of the area inside a curve is about 0.75 ft 
[240 mm] higher than the stopping sight dis-
tance. 

Perhaps the simplest way to measure pass-
ing sight distance is directly from the plans, 
using a straightedge. Potential obstructions are 
plotted on the plans. In the case of cut slopes, 
a dotted line is plotted for the horizontal dis-
tance from the centerline of the inside lane to a 
point on the cut slope 4 ft [1.2 m] above the 
traffic lane. Because vegetation also blocks 
vision, its anticipated height must be included 
in the 4 ft [1.2 m]. The straight edge is placed 
along the edge of the obstruction (or dotted 
line), and the intersection with the centerline 
identifies the sight distance. 

Where horizontal curves and vertical 
curves occur at the same general location, the 
sight distances for each must be considered 
together. At least the minimum stopping sight 
distance must be provided for each. Efforts to 
provide passing sight distance for one might 
be completely negated by a no-passing zone 
situation for the other. 

For more information see AASHTO’s 2001 
Green Book, pages 118 to 131. 

5.1.4.3  DECISION SIGHT DISTANCE 
Drivers frequently are called on to make 

decisions concerning vehicle operations. Oc-
casionally, the characteristics of the horizontal 
alignment can adversely affect the ability to 
make these decisions. Examples of this in-
clude: 

• Proximity to a Curve. It is important 
that the driver has a complete or partial 
view of the curve ahead to indicate the 
direction of curvature. With some 
combinations of vertical and horizontal 
curvature, the curve may come as a 
surprise and the driver may have diffi-
culty reacting properly. 

• Curve Signing. To be effective, curve 
signing must be located a considerable 
distance ahead of the curve. The use of 
short tangents between curves results in 
inadequate length for proper signing. 
Where the design speed of the curve is 
equal to or greater than the legal posted 
speed, the length of the tangent should 
be at least 300 ft [90 m] plus the re-
quired distance for superelevation tran-
sition. 

• Route Continuity. When a driver ap-
proaches a diverging roadway situa-
tion, such as a Y intersection, an exit 
ramp on a curve, or a flat-angle inter-
section, the main route should be dis-
tinctly emphasized with sufficient sight 
distance to eliminate any uncertainty 
on the part of the driver. 

The Green Book, pages 115-117, provides 
more details and tables of calculated values for 
checking decision sight distance. 

5.1.5 COORDINATION WITH VERTICAL   
ALIGNMENT 

Curvature and grades should be in proper 
balance. Emphasis on a tangent alignment is 
not desirable when it results in extremely steep 
or long grades. An emphasis on flat grades is 
not desirable when it results in excessive cur-
vature. A compromise between the two ex-
tremes is the best approach. 
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Refer to the Green Book show the maxi-
mum grades permitted for various combina-
tions of functional classification, traffic vol-
ume and terrain. The maximum grades should 
be used only where absolutely necessary. 
Grades much flatter than maximum normally 
should be used. 

For short grades less than about 500 ft [150 
m] in length, the maximum gradient may be 
one percent steeper than the values shown in 
the tables. 

5.2.3  MINIMUM GRADES 
Minimum grades are primarily related to 

the need for adequate drainage. For uncurbed 
pavements that are adequately crowned to 
drain laterally, relatively flat or even level pro-
file grades may be used. With curbed pave-
ment, the minimum longitudinal grade in usual 
cases should be 0.5 percent. With a high-type 
pavement accurately crowned on a firm sub-
grade, a longitudinal grade of about 0.35 per-
cent may be used. Even on uncurbed pave-
ments, it is desirable to provide a minimum of 
about 0.35 percent longitudinal grade because 
the lateral crown slope originally constructed 
may subsequently be reduced as a result of 
irregular swell, pavement structure consolida-
tion, maintenance operations or resurfacing. 
Use of flatter grades may be justified in spe-
cial cases.  

5.2.4  MINIMUM DITCH GRADES 
Special attention should be directed to 

minimum ditch grades. Any ponding of water 
in the side ditches, particularly on expansive 
soils, has a very detrimental effect on the sub-
grade. To ensure continuing flow, ditch grades 
should be sloped at least 0.5 per-
cent−preferably steeper. This may require 
some special warping of ditch grades where 
the roadway profile cannot be adjusted accord-
ingly. A minimum depth of ditch has been 
established at 2.5 ft [800 mm] below the ele-
vation of the hinge point between the shoulder 
and frontslope to assure proper drainage of 
pavement base and subgrade. In superelevated 
sections both the ditch grade and bottom width 

may have to be adjusted in order to prevent 
water ponding onto the shoulder or traveled 
way. 

5.2.5  CRITICAL LENGTH OF GRADE 
From the standpoint of vehicle operating 

characteristics and the effect on highway ca-
pacity, the steepness of the grade is not the 
only factor to be considered. The length of the 
grade can become a critical factor and must 
also be considered.  

The term “critical length of grade” is used 
to indicate the maximum length of a desig-
nated upgrade on which a loaded truck can 
operate without an unreasonable reduction in 
speed. For a given grade, lengths less than 
critical ones result in acceptable operation in 
the desired range of speeds. If the desired 
freedom of operation is to be maintained on 
grades longer than critical ones, design ad-
justments such as change in location to reduce 
grades or addition of extra lanes should be 
made. It is recommended that a 10 mph [15 
km/h] speed reduction be used as the general 
guide for determining critical lengths of 
grades. The Green Book, pages 245 and 246, 
provides curves showing the critical lengths of 
grade resulting from various combinations of 
percent upgrade and designated speed reduc-
tions.  

On roads with moderate to heavy traffic 
volumes, where critical lengths are approached 
or exceeded, and passing opportunities are 
limited, long lines of smaller vehicles will ac-
cumulate behind the slower vehicles. This re-
duces both the operating speed and highway 
capacity and, consequently, the level of ser-
vice. Consideration should be given to provid-
ing climbing lanes. A capacity analysis should 
be conducted to determine whether the addi-
tion of a climbing lane is warranted. Proce-
dures for such an analysis are shown in Chap-
ter Ten of the Highway Capacity Manual. Fac-
tors considered in the analysis include: 

• Desired level of service, 
• Lane widths and lateral clearance, 
• Percent of trucks and buses, 
• Passing sight distance, 
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• Steepness and length of grades, 
• Volume/capacity ratio, and 
• Service volume. 

5.2.6  CLIMBING LANE CRITERIA 
The need for climbing lanes in Delaware is 

seldom warranted. The Green Book pages 246 
to 254 gives a through explanation for the de-
sign of these lanes.  

5.2.7  VERTICAL CURVES 
Vertical curves are used to effect gradual 

changes between tangent grades at their point 
of intersection. They have the properties of a 
simple parabolic curve. The vertical offsets 
from the tangent grade vary with the square of 
the horizontal distance from the curve end 
(point of tangency). 

Vertical curves that are offset below the 
tangent are termed crest vertical curves. Those 
that are offset above the tangent are termed 
sag vertical curves. Examples of each curve 
type are shown in Figure 5-4.  

The minimum lengths of crest vertical 
curves are determined mainly by sight dis-
tance requirements. These lengths generally 
are satisfactory from the standpoint of safety, 
comfort and convenience. An exception may 
be at decision areas, such as intersections and 
approaches to ramp exit gores, where adequate 
sight distance requires longer lengths. 

Passing sight distance seldom can be at-
tained on a crest vertical curve simply by 
lengthening the curve. Excessively long verti-
cal curves often reduce the length of passing 
opportunities on the adjacent tangent sections 
on either side of the crest. They also can ad-
versely impact roadway and roadside ditch 
drainage systems. 

Sag vertical curves use four different crite-
ria for determining their lengths:   

(1) headlight sight distance,  
(2) passenger comfort,  
(3) drainage control, and  
(4) general appearance.  

The primary control used in design is head-
light sight distance. 

5.2.8  VERTICAL CURVE DESIGN 
The principal concern in designing vertical 

curves is to ensure that at least the minimum 
stopping sight distance is provided. The values 
set forth in the design standards for stopping 
sight distance are also applied to vertical 
curves. Refer to the Green Book pages 269 to 
281for more design detail. 

For crest vertical curves, the design eye 
height is 3.5 feet [1,080 mm] and the object 
height is 2.0 ft [600 mm]. The crest of the 
curve should not obstruct the line of sight. 

Nighttime driving conditions govern sag 
vertical curves. The sight distance control is 
the height of headlight and the distance illu-
minated to an object rather than driver eye 
height. The distance illuminated is that of a 
headlight beam with an assumed upward di-
vergence of 1 degree and headlight mounting 
height of 2 ft [600 mm]. Equations found in 
the Green Book are used to determine these 
values for various design speeds. For overall 
safety, a sag vertical curve should be long 
enough that the light beam distance is nearly 
the same as the stopping sight distance. The 
values in Figure 5-6 were developed using the 
design stopping sight distance as the light 
beam distance. 

For passing sight distance, the controls are 
different than for stopping sight distance. The 
design height of the eye remains at 3.5 ft 
[1,080 mm], but the height of the object (on-
coming car) is increased to 3.5 ft [1,080 mm]. 

By analyzing the requirements relating to 
sight distances and the characteristics of the 
curve, determinations can be made as to the 
minimum permissible length of curve for par-
ticular situations. A ride control criterion for 
vertical curve length of not less than three 
times the design speed in mph [0.6 times the 
design speed in km/h] is recommended for 
comfort. 

The minimum length of a vertical curve is 
computed by the following formula: 
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on street sections usually are considerably 
shorter than for comparable locations on rural 
roads. 

Where controlling factors are not severe, 
the normal practice of carrying the profile 
grade on the centerline or on the median edges 
of pavement will work satisfactorily. Where 
outside controls are significant, it may be nec-
essary to supplement the main profile with 
other elevation controls, such as gutter-line 
profiles or top-of-curb profiles. Where this is 
necessary, the supplemental controls should be 
clearly shown on the typical sections, profiles, 
and grades and geometrics sheets. 

Special attention must be given to existing 
features when designing urban grades. This is 
particularly true in the case of private drive-
ways when a street is being widened. With 
even moderate driveway grades, up or down, 
angular breaks must be kept flat enough with 
adequate clearance so that the undercarriage or 
bumpers of vehicles will not drag. Reference 
should be made to the Department's publica-
tion DelDOT Entrance Manual. 

Where roadside development is extensive 
and the general elevation is higher on one side 
than on the other, an unsymmetrical section 
may be required. The crown point (and profile 
grade) may be offset from the centerline so the 
total drop from the crown line to the gutter 
line will be more than normal on one side and 
less than normal on the other. However the 
location of the crown point must be at the edge 
of the travel lane. 

5.3  SUPERELEVATION 
The transitional rate of applying superele-

vation into and out of curves is influenced by 
design speed, degree of curvature and number 
of lanes. Introducing superelevation permits a 
vehicle to travel through a curve more safely 
and at a higher speed than would be possible 
with a normal crown section. For a given de-
gree of curvature, a steeper superelevation is 
required for a higher design speed than is 
needed for a lower design speed. For a given 
design speed more superelevation is needed 

through sharp curves than for relatively flat 
curves. 

The maximum rates of superelevation used 
on roadways are controlled by four factors:  

(1) Climate conditions (i.e. frequency of 
ice and snow);  

(2) Terrain conditions (i.e. flat or rolling);  

(3) Type of area (i.e. rural or urban); and  

(4) Frequency of slow-moving vehicles.  

Basic design controls for superelevation are 
presented in Chapter Three. Rural roadways 
are usually designed with a maximum su-
perelevation rate of 6 percent but it may be 
appropriate to use a rate of 8 percent. Urban 
roadways are normally to be designed with a 
superelevation rate of 4 percent. Supereleva-
tion may be omitted on low-speed urban 
streets subjected to severe constraints. The 
selected superelevation rate establishes the 
minimum permissible radius of curve based on 
a project’s design speed. 

This section discusses practical application 
of superelevation criteria, with particular at-
tention to: 

• The rates of superelevation to be used for 
various combinations of design speed and 
curve radius, 

• The manner of transition of slope between 
normal tangent sections and superelevated 
sections on curves, and 

• Special criteria for superelevation of 
shoulders and auxiliary lanes. 

5.3.1  RATES OF SUPERELEVATION 
The Green Book, pages 155 to 159, sets 

forth the basic design criteria based on design 
speeds for the normal design superelevation 
rates of emax = 4 and 6 percent as well as other 
values ranging up to 12 percent. The criteria 
shown includes the minimum radius of curva-
ture, crown treatment and superelevation run-
off lengths (L), all of which are related to the 
number of lanes to be rotated. The minimum 
rate of cross slope for a traveled lane is deter-
mined by drainage requirements.  

linda.osiecki
Cross-Out

linda.osiecki
Text Box
165 to 174



 DelDOT Road Design Manual 
 

July 2004  Alignment and Superelevation  5-17 

Figure 5-9* 
Minimum Superelevation Runoff and  

Tangent Runout Lengths (US Customary) 

Minimum runoff and runout length (ft) 

Runoff Runout

Superelevation Rate 

Design 
speed 
(mph) 

2 % 4% 6% Any 

One lane rotated 

25 34 69 103 34 

30 36 73 109 36 

35 39 77 116 39 

40 41 83 124 41 

45 44 89 133 44 

50 48 96 144 48 

55 51 102 153 51 

60 53 107 160 53 

65 56 112 168 56 

70 60 120 180 60 

Two lanes rotated 

25 51 103 154 51 

30 55 109 164 55 

35 58 116 174 58 

40 62 124 186 62 

45 67 133 200 67 

50 72 144 216 72 

55 77 153 230 77 

60 80 160 240 80 

65 84 168 252 84 

70 90 190 270 90 
 
 
 
 
 
 

Figure 5-10* 
Minimum Superelevation Runoff and 

Tangent Runout Lengths [Metric] 

Minimum runoff and runout length [m] 

Runoff Runout

Superelevation Rate 

Design 
speed 

[km/h] 

2 % 4% 6% Any 

One lane rotated 

20 9 18 27 9 

30 10 19 29 10 

40 10 21 31 10 

50 11 22 32 11 

60 12 24 36 12 

70 13 26 39 13 

80 14 29 43 14 

90 15 31 46 15 

100 16 33 49 16 

110 18 35 53 18 

Two lanes rotated 

20 14 27 41 14 

30 14 29 43 14 

40 15 31 46 15 

50 16 32 49 16 

60 18 36 54 18 

70 20 39 59 20 

80 22 43 65 22 

90 23 46 69 23 

100 25 49 74 25 

110 26 53 79 26 

*Note: Figures 5-9 and 5-10 are based on 12-ft 
[3.6 m] lanes and 2.0% normal cross slope 
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Chapter Seven 

Intersections 
 

The intersection of two or more roads pre-
sents an opportunity for conflict among vehi-
cles.  For freeways, the potential for conflict is 
significantly reduced through the use of inter-
changes. But interchanges usually are not fea-
sible for the vast majority of intersections on 
arterials and collectors. This chapter is a gen-
eral discussion of intersection design with 
those elements of particular application to this 
state. The details on intersection design are 
found in Chapter 9 of AASHTO’s 2001 Green 
Book. 

The principal objectives in the design of at-
grade intersections are: 

• To minimize the potential for and se-
verity of conflicts,  

• To provide adequate capacity, and 
• To assure the convenience and ease of 

drivers in making the necessary ma-
neuvers. 

In the design of intersections there are three 
elements to consider:  

(1) Perception-reaction distance,  
(2) Maneuver distance, and  
(3) Queue-storage distance.  

The distance traveled during the perception-
reaction time varies with vehicle speed, driver 
alertness, and driver familiarity with the loca-
tion. Where left-turn lanes are introduced, this 
distance includes that to brake and change 
lanes. Where no turn lanes are provided, the 
distance needed is for the driver to brake com-
fortably. The storage length should be suffi-
cient to accommodate the longest queue most 
commonly experienced. 

An important consideration in the design of 
intersections is the treatment of right-turn 
lanes. Right turns can be free flowing, yield or 
stop controlled. In order to operate properly, 
free flowing right-turn lanes need to have an 
adequate acceleration distance free of access 
points for drivers to safely merge into the 
through traffic. Some drivers, particularly 
older drivers, are apprehensive when entering 
another leg of an intersection and may stop or 
slow down in the merge lane until the lane is 
clear of traffic. However, when properly de-
signed, the majority of drivers will use the 
lane as proposed. 

7.1 GENERAL 
CONSIDERATIONS 

This section describes the various types of 
intersections and the general criteria that must 
be considered during design. Project intersec-
tion design configurations are developed dur-
ing the project development phase based upon 
capacity analysis, accident studies, pedestrian 
use, bicycle use and transit options. In addi-
tion, design-hour turning movements, size and 
operating characteristics of the predominant 
vehicles, types of movements that must be 
provided, vehicle speeds, and existing and 
proposed adjacent land-use are considered. 

Intersection designs range from a simple 
residential driveway to a complicated conver-
gence of several high-volume multi-lane 
roadways. They all have the same fundamental 
design elements: (1) level of service, (2) 
alignment, (3) profile, (4) roadway cross sec-
tion(s), and (5) sight distance. However, other 
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signals, or where signals may be warranted in 
the near future, it may be desirable to warp the 
crowns of both roads to avoid a pronounced 
hump or dip in the grade line of the minor 
highway. Intersections in superelevation areas 
are difficult to provide smooth grades or ade-
quate drainage for and should be avoided. 

7.1.5 FRONTAGE ROAD 
INTERSECTIONS 

When a divided arterial highway is flanked 
by a frontage road, the problems of design and 
traffic control are more complex. Four sepa-
rate intersections actually exist at each cross 
street.  

The problem becomes more severe when 
the distance between the arterial and frontage 
road is relatively small. Generally, the outer 
separation between the two roadways should 
be 150 ft [50 m] or more. 

Quite often, right-of-way considerations 
make it impractical to provide the full desired 
outer separation width. The alternative is to 
accept a narrow outer separation between 
cross roads and design a bulb-shaped separa-
tion in the immediate vicinity of each cross 
road.  

7.1.6 DISTANCE BETWEEN 
INTERSECTIONS 

Criteria for location, frequency and layout 
of private entrances and driveways are docu-
mented in DelDOT’s Standards and Regula-
tions for Access to State Highways. Illustrative 
sketches are shown for typical entrance and 
driveway designs for various conditions. For 
other types of public intersections, there are no 
fixed criteria as to frequency or distance be-
tween intersections. However, intersection 
spacing should provide sufficient distance to 
allow the proper development of all necessary 
turning lanes, bypass lanes, and, if signalized, 
proper signal coordination. Ideally this dis-
tance should be at least 350 ft [110 m] or 
more. Where intersections are closely spaced, 
several considerations should be kept in mind. 

It may be necessary to impose turn restrictions 
at some locations, prohibit pedestrian cross-
ings, or provide frontage roads for access to 
intersecting roads. Where crossroads are 
widely spaced each at-grade intersection must 
necessarily accommodate all cross, turning 
and pedestrian movements. 

7.2 TURNING MOVEMENTS 
All intersections involve some degree of ve-
hicular turning movements. There are various 
factors that influence the geometric design of 
turning lanes.  The design controls for turning 
roadways are the traffic volume and types of 
vehicles making the turning movement. The 
roadway of primary concern is that used by 
right-turning traffic but may also be used for 
other roadways within the intersection. Figure 
7-1 shows the terminology used when design-
ing turning movements. The outer trace of the 
front bumper overhang and the path of the in-
ner rear wheel establish the boundaries of the 
turning paths of a design vehicle. 

The three typical types of designs for right-
turning roadways in intersections are:  
(1) A minimum edge-of-traveled-way design 

(Green Book, pages 587 to 623),  
(2) A design with a corner triangular island 

(Green Book, pages 638 to 643), and  
(3) A free-flow design using simple radius or 

compound radii (Green Book, pages 643 
to 653). The turning radii and pavement 
cross slopes for free-flow right turns are 
functions of design speed and type of 
vehicle.  
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general classes of vehicles: (1) passenger cars, 
(2) buses, (3) trucks, and (4) recreational vehi-
cles. The passenger car class includes passen-
ger cars of all size, sport/utility vehicles, mini-
vans, vans and pickup trucks. The bus class 
includes inter-city buses (motor coaches), city 
transit, school, and articulated buses. The 
truck class includes single-unit trucks, truck 
tractor-semitrailer combinations, and truck 
tractors with semitrailers in combination with 
full trailers. The recreational vehicle class in-
cludes motor homes, passenger cars with 
campers, cars with boat trailers, motor homes 
with boat trailers, and motor homes pulling 
cars. In addition, the bicycle should also be 
considered a design vehicle where applicable. 

The dimensions for the design vehicles 
within these classes are listed in the Green 
Book. In the design process, the largest design 
vehicle likely to use that facility and its turn-
ing roadways with considerable frequency, or 
a design vehicle with special characteristics, is 
used to determine the design of such critical 
features as radii at intersections and radii of 
turning roadways. 

A general guide to selecting a design vehi-
cle is as follows: 

• P design vehicle would be used for 
residential driveways, roadways with 
restricted truck use, local road intersec-
tions with a major roadway where use 
is infrequent, and low volume-minor 
road intersections. In most cases the se-
lection of the SU design vehicle is pre-
ferred in all of these cases. The radii 
and widths permitted for the P design 
vehicle are very awkward for a single-
unit delivery or service truck to safely 
maneuver. 

• SU design vehicle provides the most 
economical minimum edge-of-traveled 
way design for rural roadways and 
other light truck use intersections. 
However, current and projected truck 
use on these roadways needs to be con-
sidered before a final design vehicle se-

lection, particularly if any channeliza-
tion is proposed. 

• Semitrailer combinations design ve-
hicles should be used where truck 
combinations will turn repeatedly, par-
ticularly heavily industrialized or 
commercial areas. Providing for these 
vehicles increases the paved areas, radii 
and other design parameters. Even in 
rural areas the local economy may be 
based on frequent semitrailer usage. 
Project development and scoping 
should identify these areas. 

A project may have several design vehicles 
depending upon the predominant type of vehi-
cle using the turning roadways being de-
signed. A residential driveway would only 
need to consider a passenger car with an occa-
sional single unit delivery truck. Industrial 
entrances would consider the predominant 
semi-trailer unit as the design vehicle. Other 
turning roadways and intersections would 
have to be similarly analyzed and an appropri-
ate design vehicle selected. The purpose of 
this analysis is to assure the physical features 
are placed in positions that allow for the 
movement without making unsafe maneuvers, 
particularly within the through travel lanes, or 
destroying roadway features (curbs, signs, 
light poles, etc.).  

Figure 7-2 shows selected minimum radii 
for the more commonly used design vehicles. 
Figure 7-3 (also see the Green Book, pages 
198 to 203) shows the minimum design radii 
at the inner edge of the traveled way for road-
way curves within an intersection based on a 
superelevation rate of 8.0 percent and free 
flow. For design speeds above 45 mph [70 
km/h], the values are based on open road con-
ditions.  (See the Green Book, page 145.)  At 
intersections controlled by stop signs, lower 
rates of superelevation are usually more ap-
propriate. See the Green Book, page 197, for 
urban streets. 
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Figure 7-2 

Minimum Turning Radii for 
Selected Design Vehicles 

US Customary Metric  
Design Vehicle 

Type 

 
Symbol 

Minimum Design 
Radius 

(ft) 

Minimum Inside 
Radius 

(ft) 

Minimum Design 
Radius 

[m] 

Minimum Inside 
Radius 

[m] 
Passenger Car P 24 14.4 7.3 4.4 

Single Unit 
Truck SU 42 28.3 12.8 8.6 

Intercity Bus BUS-40 
[BUS-12] 45 27.6 13.7 8.4 

City Transit 
Bus City-Bus 42 24.5 12.8 7.5 

Conventional 
School Bus 
 (65 pass.) 

S-BUS36 
[S-BUS11] 38.9 23.8 11.9 7.3 

Large School 
Bus (84 pass.) 

S-BUS40 
[S-BUS12] 39.4 25.4 12.0 7.7 

Intermediate 
Semi-trailer 

WB-40 
[WB-12] 40 19.3 12.2 5.9 

Intermediate 
Semi-trailer 

WB-50 
[WB-15] 45 17.0 13.7 5.2 

 
Figure 7-3 

Minimum Radii at inner edge of Traveled 
Way for Intersection Curves−Free Flow 

US Customary 
Design Speed (turning) 

(mph) 
Minimum Radius 

(ft) 
10 25 
15 50 
20 90 
25 150 
30 230 
35 310 
40 430 
45 540 

Metric 
Design Speed (turning) 

[km/h] 
Minimum Radius 

[m] 
10 7 
20 10 
30 25 
40 50 
50 80 
60 115 
70 160 

 

7.2.2 EDGE-OF-TRAVELED-WAY 
DESIGNS 

In the design of the edge of pavement for 
the minimum path of a given design vehicle, it 
is assumed that the vehicle is properly posi-
tioned within the traffic lane at the beginning 
and end of the turn. This position is 2 ft [0.6 
m] from the edge of 12 ft [3.6 m] wide pave-
ments on the tangents approaching and leaving 
the intersection curve.  

Three types of curves commonly are used 
for the design of pavement edges at intersec-
tions: 

• simple curve, 
• 3-centered symmetric compound curve, 

and  
• 3-centered asymmetric compound 

curve. 

Use of the simple curve usually is limited 
to residential driveways and low traffic vol-
ume intersections where there is little truck 
traffic. The 3-centered curve should be used 
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for edge-of-traveled-way design at all major 
intersections. Figures 7-4 and 7-5 illustrate the 
three types of edge-of-traveled-way designs. 
AASHTO’s 2001 Green Book, Exhibits 9-19 
and 9-20 on pages 588 through 595 tabulate 
values for application of simple and three-

centered compound curve applications for 
various angles of turning roadways. The angle 
of turn that is the next highest to the angle of 
turn of the intersection being designed should 
be selected. 

  
Figure 7-4 

Intersection Edge-of-Traveled-Way Design Layout 
Using Simple Curves 

 

 

7.2.3 PAVEMENT WIDTHS FOR 
TURNING ROADWAYS 

The pavement and roadway widths of turn-
ing roadways at intersections are governed by 
the volumes of turning traffic and the types of 
vehicles to be accommodated, and may be de-
signed for one-way or two-way operation, de-
pending on the geometry of the intersection. 
Widths determined for turning roadways may 
also apply on through roadways within an in-
tersection, such as channelizing islands. 

Pavement widths for turning roadways are 
classified for the following types of opera-
tions: 

Case I − one-lane, one-way operation 
with no provision for passing a 
stalled vehicle; 

Case II − one-lane, one-way operation 
with provision for passing a 
stalled vehicle; and  

Case III − two-lane operation, either one-
way or two-way. 

Case I widths are normally used for minor 
turning movements and for moderate turning 
volumes where the connecting roadway is 
relatively short. The chance of vehicle break-
down is remote under these conditions, but 
one of the edges of pavement should be avail-
able for passing a stalled vehicle, i.e. mount-
able curb and clear of obstructions.  
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Case II widths are determined to allow op-
eration at low speed and with restricted clear-
ance past a stalled vehicle. These widths are 
applicable to all turning movements of moder-
ate to heavy volumes that do not exceed the 
capacity of a single-lane connection. In the 
event of a breakdown, traffic flow can be 
maintained at somewhat reduced speed. Many 
ramps and connections at channelized inter-
sections are in this category. 

Case III widths apply where operation is 
two-way, or one-way with two lanes needed to 
handle the traffic volume. In the latter case, 
downstream lanes must be able to accommo-
date the two-lane volume. In each category the 
required pavement width depends jointly on 
the size of the design vehicle and the curvature 
of the turning roadway. Selection of the design 
vehicle is based on the size and frequency of 
vehicle types. The pavement width increases 
with both the size of the design vehicle and the 
sharpness of curvature. See Figures 7-6 and 7-
7 for the recommended design widths of 
pavements for turning roadways at intersec-
tions for three types of operations and for 
three conditions of traffic mixes. 

The designer should refer to the 2001 
Green Book, pages 191 to 228, for further de-
tails on designing turning roadways within 
intersections. 

7.3 CHANNELIZATION 
Channelization is the separation or regula-

tion of conflicting-traffic movements into 
definite paths of travel by traffic islands or 
pavement markings to facilitate the safe and 
orderly movement of both vehicles and pedes-
trians. Proper channelization increases capac-
ity, improves safety, provides maximum con-
venience, and instills driver confidence. Im-
proper channelization has the opposite effect 
and may be worse than none at all. Over chan-
nelization should be avoided because it could 
create confusion and deteriorate operations. 

7.3.1 PURPOSE 

Channelization of at-grade intersections is 
generally warranted for one or more of the 
following factors: 

• The paths of vehicles are confined by 
channelization so that not more than 
two paths cross at any one point. 

• The angle and location at which vehi-
cles merge, diverge or cross are con-
trolled.  

• The paved area is reduced, thereby nar-
rowing the area of conflict between ve-
hicles and decreasing the tendency of 
drivers to wander. 

• Clearer indications are provided for the 
proper path in which movements are to 
be made. 

• The predominant movements are given 
priority. 

• Areas provide for pedestrian refuge. 

• Separate storage lanes permit turning 
vehicles to wait clear of through-traffic 
lanes. 

• Space is provided for traffic control 
devices so they can be more readily 
perceived. 

•     Prohibited turns are controlled. 

7.3.2 DESIGN PRINCIPLES 

Design of a channelized intersection usu-
ally involves the following significant con-
trolsthe type of design vehicle, the cross 
sections on the crossroads, the projected traffic 
volumes in relation to capacity, the number of 
pedestrians, the speed of vehicles, and the type 
and location of traffic control devices. Fur-
thermore, physical controls such as right-of-
way and terrain have an effect on the extent of 
channelization that is economically feasible. 

linda.osiecki
Cross-Out

linda.osiecki
Cross-Out

linda.osiecki
Text Box
199 to 229



DelDOT Road Design Manual 

7-10  Intersections  July 2004 

Figure 7-6 
Design Widths for Turning Roadways (US Customary) 

Pavement Width (ft) 

Case I 
One-Lane, One-way 

OperationNo  
Provision for Passing 

a Stalled Vehicle 

Case II 
One-Lane, One-way 

OperationWith 
Provision for Passing 

a Stalled Vehicle 

Case III 
Two Lane 
Operation 

Either One Way 
Or Two Way 

Design Traffic Conditions 

 
 
 
 

Radius on 
Inner Edge 

R (ft) 

A B C A B C A B C 

50 18 18 23 20 26 30 31 36 45 

75 16 17 20 19 23 27 29 33 38 

100 15 16 18 18 22 25 28 31 35 

150 14 15 17 18 21 23 26 29 32 

200 13 15 16 17 20 22 26 28 30 

300 13 15 15 17 20 22 25 28 29 

400 13 15 15 17 19 21 25 27 28 

500 12 15 15 17 19 21 25 27 28 

Tangent 12 14 14 17 18 20 24 26 26 
 Width Modification Regarding Edge Treatment: 

No stabilized  
Shoulder 

None None None 

Mountable curb None None None 

Barrier curb: ** 
    one side 
    two sides 

 
Add 1 ft 
Add 2 ft 

 
None 

Add 1 ft 

 
Add 1 ft 
Add 2 ft 

Stabilized shoulder, 
one or both sides 

Lane width for condition 
B and C on tangent may 

be reduced to 12 ft 
where shoulder is 4 ft or 

wider 

Deduct shoulder width; 
minimum width as  

under Case I 

Deduct 2 ft where 
shoulder is 4 ft or wider 

Note:  

Traffic Condition A = predominately P vehicles, but some consideration for SU trucks. 

Traffic Condition B = sufficient SU vehicles to govern design, but some consideration for semi-
trailer combination vehicles. 

Traffic Condition C = sufficient bus and combination-trucks to govern design. 

** Dimension to face of curb; gutter pan included with surface width.
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Figure 7-7 
Design Widths for Turning Roadways [Metric] 

Pavement width [m] 

Case I 
One-Lane, One-way 

OperationNo  
Provision for Passing 

a Stalled Vehicle 

Case II 
One-Lane, One-way 

OperationWith 
Provision for Passing 

a Stalled Vehicle 

Case III 
Two Lane 
Operation 

Either One Way 
Or Two Way 

Design Traffic Conditions 

 
 
 

Radius on 
Inner Edge 

R [m] 

A B C A B C A B C 

15 5.4 5.5 7.0 6.0 7.8 9.2 9.4 11.0 13.6 

25 4.8 5.0 5.8 5.6 6.9 7.9 8.6 9.7 11.1 

30 4.5 4.9 5.5 5.5 6.7 7.6 8.4 9.4 10.6 

50 4.2 4.6 5.0 5.3 6.3 7.0 7.9 8.8 9.5 

75 3.9 4.5 4.8 5.2 6.1 6.7 7.7 8.5 8.9 

100 3.9 4.5 4.8 5.2 5.9 6.5 7.6 8.3 8.7 

125 3.9 4.5 4.8 5.1 5.9 6.4 7.6 8.2 8.5 

150 3.6 4.5 4.5 5.1 5.8 6.4 7.5 8.2 8.4 

Tangent 3.6 4.2 4.2 5.0 5.5 6.1 7.3 7.9 7.9 
 Width Modification Regarding Edge Treatment: 

No stabilized  
Shoulder 

None None None 

Mountable curb None None None 

Barrier curb: ** 
    one side 
    two sides 

 
Add 0.3 m 
Add 0.6 m 

 
None 

Add 0.3 m 

 
Add 0.3 m 
Add 0.6 m 

Stabilized shoulder, 
one or both sides 

Lane width for condition 
B and C on tangent may 

be reduced to 3.6 m 
where shoulder is 1.2 m 

or wider 

Deduct shoulder width; 
minimum width as  

under Case I 

Deduct 0.6 m where 
shoulder is 1.2 m or 

wider 

Note:  

Traffic Condition A = predominately P vehicles, but some consideration for SU trucks. 

Traffic Condition B = sufficient SU vehicles to govern design, but some consideration for semi-
trailer combination trucks. 

Traffic Condition C = sufficient bus and combination-trucks to govern design. 

** Dimension to face of curb; gutter pan included with surface width.
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Figure 7-9 
Typical Island Layout−Urban Areas 

.../DGN/New Figure 7-09.dgn  06/12/2003 11:07:24 AM
 

 

 

7.4 SIGHT DISTANCE 
The operator of a vehicle approaching an 

at-grade intersection should have an unob-
structed view of the whole intersection and of 
a sufficient length of the intersecting highway 
to permit control of the vehicle to avoid colli-
sions which is termed “approach sight dis-
tance”.  (See Figure 7-10.)  The minimum 
sight distance considered safe under various 
assumptions of physical conditions and driver 
behavior is directly related to vehicle speeds 
and the resultant distances traversed during 
perception, reaction time, and braking. In ad-
dition to approach sight distance, sight dis-
tance is also provided to allow stopped vehi-
cles sufficient view of the intersecting road-
way to decide when to enter the intersecting 

roadway or to cross it, which is “departure 
sight distance.” Both sight distances must be 
checked on all intersection designs based on 
the procedures set forth in the Green Book, 
pages 654 to 682.  

7.4.1 MINIMUM SIGHT DISTANCE 
TRIANGLE 

Sight triangles are areas of unobstructed 
sight along both roads at an intersection and 
across their included corner for a distance suf-
ficient to allow the operators of vehicles ap-
proaching simultaneously to see each other in 
time to prevent collision at the intersection.  

The length of the legs may vary based upon 
traffic volumes, design speeds, operating 
speeds and type of intersection traffic control. 
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Normally in less densely populated areas the 
minimum sight distance of any leg would be 
that required to meet the design stopping sight 
distance for the major road. At high volume 
intersections the need for large sight triangles 
is diminished and is a function of the types of 
traffic control devices and the presence or ab-
sence of other vehicles. The Green Book, 
pages 658 to 682, provides details for deter-
mining sight triangles for several different 
conditions that may occur at intersections, 
primarily based on the type of traffic control.  

In each case, assumptions are made about 
the physical layout and the actions of vehicle 
operators on both intersecting roads. For each 
case, the space-time-velocity relations indicate 
the minimum sight triangle that is required to 

be free of obstructions. Any object within the 
sight triangle high enough above the elevation 
of the adjacent obstruction should be removed 
or lowered. Such objects include cut slopes, 
trees, hedges, bushes, or tall crops. There 
should be no parking within the sight triangle. 

The minimum stopping sight distance in 
the Green Book for open highway conditions 
are also valid for turning roadway intersec-
tions of the same design speed. Figure 7-11 
includes stopping sight distance for lower 
turning speeds than commonly used under 
open roadway conditions. These values should 
be available at all points along a turning road-
way, and should be increased wherever practi-
cal. They apply to both vertical and horizontal 
alignment. 

 
Figure 7-10 

Sight Distance TrianglesElements for At-Grade Intersections  
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Figure 7-11 
Minimum Stopping Sight Distance for Turn-

ing Roadways at Intersections 

US Customary 
 

Design (Turn-
ing)Speed 

 (mph) 

 
Stopping Sight  

Distance 
(ft) 

10 50 

15 80 

20 115 

25 155 

30 200 

35 250 

40 305 

45 360 

Metric 

Design (Turn-
ing)Speed  

[km/h] 

Stopping Sight  
Distance  

[m] 

10 15 

20 20 

30 35 

40 50 

50 65 

60 85 

70 105 

 

7.4.2 INTERSECTION MANEUVERS 

When traffic on the minor road of an inter-
section is controlled by stop signs, the driver 
of the vehicle on the minor road must have 
sufficient sight distance for a safe departure 
from the stopped position. There are three ba-
sic maneuvers that occur at the average inter-
section. These maneuvers are: 

1. To travel across the intersecting road-
way by clearing traffic from both the 

left and the right of the crossing vehi-
cle, 

2. To turn left into the crossing roadway 
by first clearing traffic on the left and 
then entering the traffic stream with 
vehicles from the right, and  

3. To turn right into the intersecting 
roadway by entering the traffic stream 
with vehicles from the left.  

The stop condition criterion is applicable to 
two-lane, two-directional roadways through 
multi-lane divided highways. Where the prin-
cipal roadway is either undivided or divided 
with a narrow median (the median is too nar-
row to store the design vehicle), the departure 
maneuvers are treated as a single operation. 
Where the major roadway is divided and has a 
median wide enough to safely store the design 
vehicle, the departure maneuvers are consid-
ered as two operations. The first operation 
concerns the traffic approaching from the left 
for all three maneuvers; that is, crossing the 
entire roadway, crossing part of the roadway 
and turning left into the crossroad or turning 
right into the crossroad. The second phase 
concerns traffic from the right for the first two 
operations; i.e., continuing to cross the major 
roadway or turning left and merging with traf-
fic from the right. The Green Book, pages 654 
to 682, provides details on analyzing the de-
parture sight triangles for these maneuvers. 

7.5 AUXILIARY TURNING 
LANES 

Auxiliary turning lanes may be introduced 
at intersections under a variety of conditions 
including rural or urban locations and free 
flowing, signalized or stop controlled traffic 
designs. Using auxiliary lanes to handle turn-
ing movements at high volume intersections 
can reduce congestion, improve safety and 
provide better traffic control. Auxiliary lanes 
are also used on four-lane divided roadways 
and high volume two lane roadways under 
open road conditions. They improve safety 
and traffic flow when introducing median 
openings, intersections at minor crossroads or 
U-turn locations.  
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Straight tapers at least 100 ft [30 m] long 
should be used for deceleration lanes.  

The designer has at least four methods 
available (listed from the preferred to the least 
acceptable) for determining deceleration lane 
lengths: (1) design the intersection in accor-
dance with the HCM based on detailed exist-
ing and projected traffic data, (2) provide the 
desirable lengths as discussed in the Green 
Book (3) design left turn lanes based on the 
methodology shown on Figure 7-17 or (4) 
provide the minimum lengths as discussed in 
this section and shown in Figure 7-18. The use 
of each of these approaches is also dependent 
upon the roadway classification, type of facil-
ity, the location of the intersection within the 
facility, project scope and funding. 

The Green Book proposes that for arterials 
with a selected design speed of 30, 40, 45, 50 
and 55 mph [50, 60, 70, 80 and 90 km/h], the 
desirable deceleration lengths of the auxiliary 
lanes, where practical, are 230, 330, 430, 550 
and 680 ft [70, 100, 130, 165, and 205 m], 
respectively. These lengths allow the driver to 
comfortably decelerate to a full stop from the 
full design speed with grades of 3 percent or 
less. These values do not include taper or re-
quired storage length.  

The Green Book further discusses the fact 
that on many urban facilities providing the full 
length is not practical, physically possible or 
economically reasonable to provide the sug-
gested desirable lengths needed for decelerat-
ing from design speed or operating speed to a 
full stop condition. On urban facilities in 
densely developed areas, the need for storage 
length may override the desirable deceleration 
length. The Green Book concludes that on ur-
ban and collectors the designer may assume 
that a portion of the deceleration speed is ac-
complished in the through lane and/or on the 
taper before entering the full width auxiliary 
lane. The Green Book further states that: 
“Therefore, the lengths given above should be 
accepted as a desirable goal and should be 
provided where practical.”  

Figure 7-17 illustrates a design methodol-
ogy for determining a reasonable minimum 
length for an auxiliary turning lane under open 
highway conditions when complete traffic data 
is not available. In this figure, the typical av-
erage running speed on the main facility is 
used and some deceleration for the left-turn 
movement is assumed to occur prior to enter-
ing the turning lane. Based on assumed vehi-
cle approach speeds, the desirable deceleration 
lengths are shown in Figure 7-18. See the 
Green Book, page 855, for lengths applicable 
to other exit curve design speeds.The lengths 
shown do not include any taper lengths or re-
quired storage lengths. These lengths are for 
open highway conditions. It should be recog-
nized that operating speeds, traffic volumes, 
traffic mix, type of facility, project intent, 
roadside development, and intersection fre-
quency and spacing all influence a designer’s 
ability to provide the lengths shown in Figure 
7-18. 

To reiterate, in the use of Figure 7-17, 
DelDOT has adopted the recognition in the 
Green Book, page 718, that a degree of decel-
eration can safely take place in the through 
lane depending upon posted speed, type of 
facility and traffic volumes. The suggested 
design approach for arterial and other high 
volume roadways assumes a reduction of 10 
mph [15 km/h] below posted speed occurs in 
the through lane. For collectors and other me-
dium volume roadways, an assumed reduction 
of 15 mph [20 km/h] is practical. For low vol-
ume collectors and local streets, a reduction of 
20 mph [30 km/h] below the posted speed may 
be assumed in the design of auxiliary lanes. 
The deceleration lengths shown in the figures 
are applicable to both left and right-turn lanes.  

Figure 7-17 is a general guide for use when 
the designer does not have existing or pro-
jected traffic volumes or turning counts. When 
this data is available the length and design of 
auxiliary lanes should be analyzed in accor-
dance with the HCM. 
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Figure 7-12 
Guide for Need for Left-Turn Lanes on Two 

Lane Highways 

Advancing volume (vph) 
Oppos-

ing 
volume 
(vph) 

5% 

Left 
turns 

10% 

Left 
turns 

20% 

Left 
turns 

30% 

Left 
turns 

40-mph [60 km/h] operating speed 

800 330 240 180 160 

600 420 305 225 200 

400 510 380 275 245 

200 640 470 350 305 

100 720 515 390 340 

50 mph [80 km/h] operating speed 

800 280 210 165 135 

600 350 260 195 170 

400 430 320 240 210 

200 550 400 300 270 

100 615 445 335 295 

60 mph [100 km/h] operating speed 

800 230 170 125 115 

600 290 210 160 140 

400 365 270 200 175 

200 450 330 250 215 

100 505 370 275 240 

For signalized intersections when there are 
no current or projected traffic counts or studies 
available to indicate the needed storage length, 
then the following method suggested by 
AASHTO can be applied. 

Storage length is based on the number of 
vehicles likely to arrive in an average cycle 
time period within the peak hour in accor-
dance with the following formula: 

1.5V.L.C)/(N=S.L. ××  

Where: 

S.L. = Storage Length, 
V.L. = Vehicle lengthuse 20 ft [6.0 m] 

for passenger cars, 
    N = Number of left-turn vehicles in 

peak hour, and 
    C = Number of cycles per hour.  

At unsignalized intersections, the average 
cycle time is assumed to be 2 minutes, so: 

C 60 minutes per hour
2minutes

30= =  

At signalized intersections, “C” is com-
puted using the actual cycle time, so: 

C 60 minutes per hour
Actual cycle time inminutes

=   

Where there is a demonstrated need due to 
turning volumes versus available gaps in the 
opposing traffic, the recommended minimum 
storage length for median auxiliary lanes is 50 
ft [15 m]; for separate left turn facilities where 
no median exists, the minimum recommended 
storage length is 100 ft [30 m]. These lengths 
will allow for storing one P and one SU design 
vehicle or an occasional WB-50 [WB-15]. The 
greater length where there is no median pro-
vides allowance for a decrease in available 
turning paths.  

Acceleration lanes for right-turning vehi-
cles entering a traveled way may need to be 
considered when turning volumes exceed 100 
vph. However, as discussed earlier in this 
chapter acceleration lanes are not always de-
sirable where entering drivers can wait for an 
opportunity to merge without disrupting 
through traffic, such as at a signalized inter-
section. The use of acceleration lanes should 
generally be restricted to rural, free-flow, or 
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controlled access situations. The length of the 
acceleration lane is a function of the pooled 
highway speed and speed of the turning vehi-
cle as shown in Figure 7-19. The Green Book, 
page 851, gives additional lengths for other 
selected entrance curve design speeds. 

7.5.1 MINIMUM TURN LANE 
LENGTHS 

A project’s intent or funding may not allow 
for providing the desirable left-turn lengths as 
suggested in the Green Book, or be designed 
in accordance with the HCM or the method 
shown on Figure 7-17. In this situation and for 
uniform application, the suggested minimum 
lengths for left turn lanes are as described in 
this section. The parameters are: 

• Suggested minimum lengths apply to 
divided roadways at unsignalized loca-
tions.  

• No previously identified history of 
problems with accidents, operation or 
safety. 

• No established warrants based on traf-
fic volume. 

• Locations with observed or anticipated 
high truck use need more storage 
length. 

The lengths are determined by general class 
of roadway. It should be recognized that each 
location is unique and has to be analyzed 
based on its characteristics, including traffic 
control devices and the selected length may be 
different than those that follow. 

Divided rural arterials and collectors with 
moderate to heavy through traffic with a 
posted speed of 50 mph [80 km/h] or greater 
use a taper length of 100 ft [30 m], decelera-
tion length of 250 ft [75 m], and storage length 
100 ft [30 m]. 

Divided rural arterials and collectors with 
light through traffic and a posted speed of 50 
mph [80 km/h] or greater use a taper length of 

100 ft [30 m], deceleration length of 150 ft [45 
m], and storage length of 50 ft [15 m]. 

Divided urban arterials and collectors with 
heavy to moderate through traffic and a posted 
speed of 50 mph [80 km/h] or less use a taper 
length of 100 ft [30 m], deceleration length of 
200 ft [60 m], and storage length of 100 ft [30 
m]. 

Divided urban arterials and collectors with 
light through traffic and a posted speed of 50 
mph [80 km/h] or less use a taper length of 
100 ft [30 m], deceleration length of 200 ft [60 
m], and storage length of 50 ft [15 m]. 

The designer should refer to the Green 
Book and the HCM for further discussion con-
cerning these guidelines. 

7.6 MEDIAN OPENINGS 
The following is a general discussion of 

median opening design. The Green Book, 
pages 693 to 732, presents a comprehensive 
discussion on the concepts and design of me-
dian openings. 

Median opening designs range from de-
signing for simple U-turn movements to the 
more complex unsignalized and signalized 
rural and urban intersections that may include 
traffic from minor crossroads and streets or 
major roadways and commercial entrances. 
The design of median openings and median 
end treatments is based on traffic volumes, 
operating speeds, predominant types of turn-
ing vehicles and median width. Crossing and 
turning traffic must operate in conjunction 
with the through traffic on a divided highway. 
This requirement makes it necessary to know 
the volume and composition of all movements 
occurring simultaneously during the design 
hour. The discussion in this section is primar-
ily directed to rural, unsignalized, divided 
roadways.  
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Figure 7-16 
Graphical Guide for Left-Turn Lane for 

60 mph [100 km/h] Operating Speed 
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the trailing edge for 20 ft [6.0 m].The bullet 
nose design can be designed to conform to the 
traffic movements permitted in the intersec-
tion. A wide median normally would have a 
portion of the nose flattened to be parallel to 
the median opening centerline and, depending 
upon the channelization design, a semicircular 
design  may be more appropriate. 

Figure 7-20 
Preferred Median End Shapes 

Based on Median Width 
Controlling Median 

Width 
Median End Shape 

4 ft [1.2 m] or less  *Semicircular 

4 to 66 ft  
[1.2 to 20 m] 

Bullet Nose or Modi-
fied Bullet Nose 

Over 66 ft [20 m] Treated as separate 
intersection 

*At locations with left turning cross road 
traffic, use a controlling radius of at least 40 ft 
[12 m]. 

7.6.3 LENGTHS OF MEDIAN 
OPENINGS 

For any intersection on a divided highway, 
the length of the median opening should be as 
great as the width of the crossroad roadway 
pavement plus shoulders. The width and type 
of crossroad combined with the median width 
and selected control radius affect the median 
opening. The design should minimize any un-
safe tracking encroachment into oncoming 
traffic from crossroads. AASHTO recom-
mends that in no case should the opening be 
less than 40 ft [12 m] for a 90-degree intersec-
tion or less than the width of the crossroad 
pavement plus shoulders or plus 8 ft [2.4 m] 
for a crossroad without shoulders. Where the 
crossroad is a divided highway, the length of 
the opening should be at least equal to the 
width of the crossroad roadways, median and 
shoulders or 8 ft [2.4 m] if there are no shoul-
ders. 

Median openings are a function of median 
width and the selected control radius. Use of a 
40 ft [12 m] minimum opening without regard 

to these two items should only be considered 
for minor, rural, unsignalized crossroads. Me-
dian openings of 50 to 64 ft [15 to 20 m] are 
more typical. The 40 ft [12 m] minimum 
length of opening does not apply to openings 
for U-turns where, depending upon the pre-
dominant vehicle, larger openings may be 
needed to ensure the vehicle can turn into the 
desired lane. As median widths become 
greater than 50 ft [15 m] the increased pave-
ment area may create confusion as to proper 
vehicle paths and movements. These wider 
openings may need additional traffic control 
devices. ASSHTO recommends avoiding us-
ing median openings greater than 80 ft [25 m]. 

7.6.4 DESIRABLE MEDIAN OPENING 
DESIGNS FOR LEFT TURNS  

Median openings that enable vehicles to 
turn on minimum paths, and at very low 
speeds, are adequate for intersections where 
traffic for the most part proceeds straight 
through the intersection. Where through-traffic 
volumes and speeds are high and left-turning 
movements are important, undue interference 
with through traffic should be avoided by pro-
viding median openings that permit turns 
without encroachment on adjacent lanes. This 
arrangement would enable turns to be made at 
speeds above those for the minimum vehicle 
paths and provide space for vehicle protection 
while turning or stopping.  

For median openings having control radii 
greater than the minimum for the selected de-
sign vehicle, see the Green Book, pages 694 to 
700. The three radii R, R1 and R2 control bul-
let-nose end designs.  Figure 7-21 shows the 
layout. Radius R is the control radius for the 
sharpest portion of the turn. R1 defines the 
turnoff curve at the median edge. R2 is the ra-
dius of the tip. 

When a sufficiently large R1 is used, an ac-
ceptable turning speed for vehicles leaving the 
major road is assured, and a sizable area inside 
the inner edge of the through-traffic lane be-
tween points 1 and 2 on Figure 7-21 may be 
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• Simple, clear signing.  

10.11.5 BUSES 

As previously discussed, where buses 
load and unload within the parking lot, 
traffic flow should be such that buses and 
automobiles do not conflict. Buses require 
adequate room for decelerating, proper 
turning radii, maneuvering into and out of an 
adequate loading area, and returning to the 
mainline traffic flow. Refer to Chapter 7 of 
this manual and the Green Book for design 
criteria such as required turning radii for bus 
operation. 

10.11. 6 KISS-AND-RIDE FACILITIES 

A kiss-and-ride facility is located so that 
transit or commuter passengers can easily 
and safely access the terminal or loading 
zone with minimum conflicts with other 
vehicles; see Figure 10-19. To accomplish 
this, circulation in the kiss-and-ride facility 
should be one-way and flank the terminal or 
loading area. Parking should be at 45 
degrees to allow for pull through and face 
the terminal or loading zone. To operate 
properly it is usually necessary to enforce 
kiss-and-ride restrictions.  

10.11.7 PEDESTRIANS 

Two pedestrian movements must be 
provided for park-and-ride lots that serve 
bus routes: a direct and safe approach from 
adjacent streets to the bus stop and 
pedestrian access from the parking area. 
Pedestrian circulation in parking lots is 
provided by aisles and crosswalks or, in 
larger lots, by walkways. The pedestrian 
path from any parking stall to the bus stop 
should be as direct as possible. 

10.11.8 BICYCLES AND 
MOTORCYCLES 

It is important to provide adequate bicycle 
storage racks at park-and-ride lots where 

large concentrations of bicycle traffic are 
expected. Similarly, a special parking area 
for motorcycles will improve utilization of 
space. Motorcycle storage should be on 
Portland cement concrete to prevent stands 
from sinking into hot asphalt pavement. 
Provisions for locking both bicycles and 
motorcycles to prevent theft are needed. 
This includes bicycle racks and lockers. 

10.11.9 DISABLED 

At lots for transfer to buses, the design 
should consider provisions for safe and 
convenient access for the elderly and 
disabled. Design requirements and 
provisions for disabled parking shall be in 
conformance with the Americans with 
Disabilities Act of 1990 and the State of 
Delaware Architectural Accessibility 
Standards. 

Facilities for the disabled should also be 
designed in accordance with the following: 

• Disabled persons should reach the bus 
loading zone without crossing any 
access roads; 

• Loading areas must meet ADA space 
requirements; 

• Disabled persons must never be forced 
to travel behind parked cars; and 

• Suitable ramps must be provided. 

10.11.10 PARKING DIMENSIONS AND 
LOT LAYOUT 

Parking areas and roadway layout for 
park-and-rides can be designed in much the 
same manner as other parking facilities. 
Facilities that interact with transit, where 
DTC does not specify a bus size, should use 
a 40 foot [12 m] transit vehicle as the design 
vehicle. Standard dimensions for car parking 
stalls are shown in Figure 10-20.  

For design purposes only two size stalls 
should be considered—standard and 
intermediate. If compact car parking is to be 
provided, it should be in a prime location or 
the driver will select more convenient 
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available stalls. Combining several different 
types of stalls also creates an undesirable 
and more complicated signing layout. If 
there is adequate room, limiting the design 
to accommodate the standard stall size, 9 by 
18.5 ft [2.7 by 5.6 m] is preferred. The 
minimum bus-parking stall should be 13 by 
32 ft [4 by 15.25 m].  

Figure 10-18 
Typical Car Parking Dimensions 

Size Stall 
Width 
ft [m] 

Stall 
Length 
ft [m] 

Aisle 
Width 
ft [m] 

Standard 8.5-9.5 
[2.6-2.9]

18-20 
[5.5-6.0] 

24-26 
[7.5-8.0] 

Inter-
mediate 

8.0-9.0 
[2.4-2.7]

16-18 
[4.9-5.5] 

22-24 
[6.7-7.3] 

Compact 7.5-8.5 
[2.3-2.6]

15-17 
[4.6-5.2] 

20-22 
[6.0-6.7] 

Substandard stall and aisle widths are 
false economy. Although they permit 
marking more stalls in a given area, vehicles 
tend to encroach upon adjacent stalls such 
that one or more spaces are unavailable for 
use. The end result is no gain in actual space 
usage.  

Vehicles and other objects should be 
excluded from corners or parking spots 
where it is necessary to provide adequate 
intersection sight distances. Islands at the 
end of rows should be considered when 
laying out the lot. For pedestrian safety, the 
parking stalls and aisles should be parallel to 
the direction of the desired pedestrian flow. 
For efficient land area use, a row of parking 
on each side of the aisle is preferred. 

Aisle width is a function of the parking 
angle and stall width. One-way aisles are 
generally used with angle parking and two-
way circulation is generally used with 90-
degree parking. Aisle lengths should not 
exceed 400 ft [120 m] to limit pedestrian 
walking distance. One-way aisles should 
favor counterclockwise circulation with 
head-in parking only. Due to lower vehicle 
undercarriage heights, a 6 in [150 mm] curb 
is recommended where head-in parking is 
being considered. Sidewalks should be a 
minimum of 5 ft [1.5 m] and loading areas 
should be 12 ft [3.6 m] wide. Pedestrian 
paths from parking spaces to loading areas 
should be as direct as possible. All 
sidewalks and curb areas are to be in 
conformance with ADA standards. 

Figures 10-21 and 10-22 provide data for 
planning stall layouts for standard stall sizes 
of 9 by 18.5 ft [2.0 by 5.6 m]. Layouts for 
intermediate and compact stall sizes are 
available in the AASHTO guide.  

The parking area should be sloped to 
provide positive drainage. Ponding water in 
a lot is undesirable for both vehicle and 
pedestrian movement, particularly where 
freezing may create icy spots. The 
recommended minimum grade is 1%, the 
desirable is 2%, and the maximum is 5%. 
The designer should provide adequate 
access and areas for snow removal and/or 
storage. The pavement selection needs to 
recognize that a variety of traffic loads, 
particularly when transit is expected, may be 
applied to the lot and the pavement type and 
strength designed accordingly. 
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tion agencies and continues to update the infor-
mation to reflect new findings and the current 
state of knowledge. 

This manual cannot attempt to cover the total 
scope of important published information re-
lated to highway design policies.  

3.1.2  APPLICATION OF STANDARDS 

Depending upon the design element being 
evaluated, AASHTO design criteria are ex-
pressed as design values, minimum values or as 
ranges of values for particular elements and 
conditions. Design values are empirically de-
rived; any value lower may be unsafe and any 
value higher may be unnecessary and uneco-
nomical. Minimum values should, depending 
upon the element being evaluated, not be low-
ered either because it will create an unsafe con-
dition or, in some cases, will not physically 
work. Some design elements lend themselves to 
minimum and desirable values. Although a por-
tion of a project may require the application of 
minimum values, other sections will allow the 
designer to use standards higher than the mini-
mum. In evaluating a project for application of 
standards, user expectation is important. Consis-
tency in application of standards is an important 
safety feature. Large variances in standards may 
create unacceptable driver behavior. AASHTO 
standards are developed to allow agencies to 
select those that best meet their needs and prac-
tices. 

Design values presented in this manual are in 
metric and US Customary units and were devel-
oped independently within each system. The 
relationship between the metric and US Cus-
tomary values is neither an exact (soft) conver-
sion nor a completely rationalized (hard) con-
version. The metric values are those that would 
have been used had the manual been presented 
exclusively in metric units; US Customary val-

ues are those that would had been used if this 
manual has been presented exclusively in US 
Customary units. Therefore, the user is advised 
to work completely in one system and not at-
tempt to convert directly between the two. Fig-
ure 3-1 shows the equivalent US Customary and 
Metric units for the commonly used design 
speeds. 

Figure 3-1 
Corresponding Design Speeds in  
US Customary and Metric Units 
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The standards adopted by the Delaware 
DOT, described herein, adhere to the basic 
framework of AASHTO design policies. But the 
specific standards contained herein reflect 
judgments by the Department as to their proven 
operational success in Delaware and application 
to the predominant geographical conditions. 

Most standards are related to a facility’s 
functional classification with the interstate sys-
tem having the highest and local streets having 
the lowest. For instance, 10 ft [3 m] travel lanes 
may be acceptable on local streets but com-
pletely unacceptable on facilities with high vol-
umes, higher operating speeds, a more diverse 
mix of vehicle types, and a goal of maintaining 
or improving system capacity.  
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3.1.3  DEPARTURE FROM STANDARDS 

Most projects are expected to meet at least 
the minimum standard design values established 
for the project level. Occasionally there may be 
conditions that warrant consideration of a lower 
value. For projects on higher functional classifi-
cation roadways, it is more critical to strive to 
meet or exceed all of the applicable standards, 
primarily because the motorist expects a higher 
standard and will drive the facility accordingly.  

The need for exceptions to the standards 
must be identified early in the project develop-
ment phase in order that approvals or denials 
will not delay completion of the design or re-
quire extensive redesign. However, the need to 
evaluate a lower design value may arise at any 
time during the design process and needs to be 
addressed expeditiously. Thorough documenta-
tion is essential. The need for exceptions should 
not be viewed as normal or routine. The forms 
in this chapter shall be used to document deci-
sions on design criteria and as a basis for devel-
oping and documenting requests for exceptions. 
The primary focus of the request should be 
highway safety. The design and proposed miti-
gation should be the best practical alternative 
that considers whether or not other controlling 
design elements will be adversely affected.  

The major controlling design elements that 
need to be evaluated for conformity to estab-
lished standards include: 
• Design speed; 
• Through lane and auxiliary lane widths; 
• Shoulder widths; 
• Stopping sight distance on vertical and hori-

zontal curves; 
• Horizontal alignment (radius of curve); 
• Vertical alignment; 
• Minimum and maximum grades; 
• Cross slopes; 
• Superelevation rate; 
• Horizontal clearance; 
• Vertical clearance; 
• Bridge width; and 
• Structural capacity.  

An exception for design speed should not be 
sought as this element establishes most if not all 
of the other parameters to be met. As discussed 

in this chapter and in several other sections in 
this manual, design speed is an achievable speed 
selected by the designer based on the various 
factors the designer must consider. Design ele-
ments that can not be met within that selected 
design speed should be supported by seeking a 
design exception in accordance with the follow-
ing guidelines. 

All variances from standards need to be 
documented in the project files, and, in many 
cases, require approval from the Chief Engineer 
and FHWA. The level of documentation de-
pends on the project scope, functional classifica-
tion and other factors. Depending upon the sig-
nificance of the request, the support information 
may include some or all of the following:  
• Existing roadway characteristics,  
• Required and proposed design criteria;  
• Cross section or geometric figures compar-

ing the existing and proposed conditions;  
• Supporting calculations and cost analysis; 
• Analysis of accident records;  
• A discussion on the compatibility with adja-

cent sections;  
• Effect on right-of-way;  
• Environmental constraints; 
• Any proposed mitigation considered to help 

offset the variance from the design standard; 
• Mitigation costs;  
• Public support or opposition; and 
• Other pertinent factors 

3.1.3.1 NEW CONSTRUCTION AND 
RECONSTRUCTION PROJECTS 

New construction and reconstruction projects 
on the interstate system and the NHS are ex-
pected to be in conformance with the appropri-
ate standards and exceptions should be rare. All 
projects on the NHS (except preventive mainte-
nance) shall conform to the standards in the cur-
rent edition of AASHTO’s A Policy on Geomet-
ric Design of Highways and Streets (the Green 
Book). All projects on the interstate system (ex-
cept preventive maintenance) shall also meet the 
design criteria contained in the current edition 
of A Policy on Design Standards⎯Interstate 
System. Projects having full federal oversight by 
FHWA are established in the current Delaware 
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Transportation/Federal Highway Administra-
tion Stewardship Agreement to Implement the 
Flexibility of Provisions of 23 United States 
Code Part 106. FHWA must approve all design 
exceptions for projects with full federal over-
sight. 

New construction and reconstruction projects 
require a formal design exception as described 
in “Required Design Exception Documentation” 
(Figure 3-2) to justify the rationale for departure 
from the established design standards.  The 
Chief Engineer must approve design exceptions 
for all new construction and reconstruction pro-
jects. “Design Exception Request” (Figure 3-3) 
is a guide format for developing a design excep-
tion request.  It is important that the designer 
complete the “Design Control Checklist” (Fig-
ure 3-4) and the “Design Criteria Form” (Figure 
3-5) for all new construction and reconstruction 
projects. 

 
Figure 3-2 

Required Design Exception Documentation 
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3.1.3.2 INTERMEDIATE PROJECTS 

The scope of intermediate projects is im-
provements being retrofitted into the existing 
infrastructure. At times, it may be necessary to 
deviate from the design standards. It is impor-
tant that the designer complete the “Design 
Control Checklist” (Figure 3-4) and the “Design 
Criteria Form” (Figure 3-5) for all intermediate 
projects. If design standards cannot be met due 
to site conditions, then it shall be noted on the 
Design Criteria Form. In addition, there must be 
a memo to the project file explaining the justifi-
cation for the variances in the design standards 
signed by the Project Engineer, the Group Engi-
neer and the Assistant Director. The level of 
documentation can vary depending on the pro-
ject intent, environmental concerns and other 
issues. In most cases it is not necessary to pro-
vide the same level of documentation as pro-
vided in a formal design exception request be-
cause the project’s scope has already been es-
tablished. The following are examples of inter-
mediate projects: 

• Safety improvement projects 
• Addition of channelizing islands with no 

reduction in existing lane or shoulder width 
• Intersection improvements with no reduction 

in existing lane or shoulder width 
• Minor lane or shoulder widening 
• Traffic calming features, e.g. speed humps, 

chicanes, midblock median islands, chokers, 
or narrowed lanes. (Consult with FHWA for 
projects on NHS Routes.) 

• In-kind superstructure replacement 

3.1.3.3 PREVENTIVE MAINTENANCE 
PROJECTS 

Preventive maintenance includes rehabilitation 
or restoration of specific elements of a highway 
facility when such activities are a cost- effective 
means of extending the pavement or bridge life 
and shall not degrade any existing or geometric 
aspects of the facility. The majority of the work 
for these projects is between existing curb lines 
or outer edges of existing shoulders. These 
types of projects are not required to provide any 
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documentation for design standards that cannot 
be met. A general list of preventative mainte-
nance items is below: 
• Pavement milling  
• Pavement resurfacing with no reduction in 

lane widths  
• Pavement repair (e.g. sawing, sealing, pot-

hole patching)  
• Rehabilitation of existing structures  

- Superstructure/substructure rehabilita-
tion 

- Deck rehabilitation  
- Joint replacement or repair 
- Bearing replacement 
- Seismic retrofit  
- Structure painting 
- Scour countermeasures 
- Retaining structure rehabilitation 
- Culvert lining 

3.1.3.4 MISCELLANEOUS 
IMPROVEMENT PROJECTS 

These projects are typically beyond the exist-
ing edge of pavement and are intended to im-
prove safety and aesthetics. They may also in-
clude improvements within the roadway in-
tended to improve safety which do not degrade 
the existing highway geometrics. These projects 
are not required to provide any documentation 
for design standards that cannot be met. A gen-
eral list of miscellaneous improvement project 
work items is below: 

• New or replaced curb and/or sidewalk  

• Modifying sidewalk to comply with ADA 
requirements  

• Roadside safety enhancements  
- New guardrail installation 
- Guardrail repair/replacement  
- New impact attenuators  
- Impact attenuator repair or replacement  
- Upgrading bridge rails 
- Removal of obstructions  

• Median barrier replacement 
• Drainage improvements  
• Signing  
• Large ground-mounted signs  
• New sign structures (sign bridge, cantilever 

and bridge-mounted, provided they meet 
clearance requirements)  

• Existing sign structure rehabilitation 
• Striping with no additional lanes nor reduc-

tion in existing lane width 
• New or replaced raised pavement markers  
• New or upgraded signals  
• ITS (e.g. fiber optic cable, message signs, 

cameras, emergency call boxes)  
• New or upgraded lighting systems  
• Fencing, provided existing stopping sight 

distance is not degraded 
• Glare screens, provided existing stopping 

sight distance is not degraded 
• Repair of structural components resulting 

from traffic impact 
• Advanced utility relocation projects 
• Landscape improvements
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Figure 3-3 
Design Exception Request 

State Project No. ________________ Federal-Aid Project No.     

Date:  _________________________ Oversight Project: Yes  No     

Design Exception Abstract: (Provide a short summary detailing the nature of the exception, rea-
sons for the request, etc.) 

 

 

Note:  
For all NHS projects, the thirteen controlling criteria to be met are design speed; through lane and 
auxiliary lane width; shoulder width; bridge width, structural capacity, horizontal alignment; vertical 
alignment; grades; stopping sight distance, cross-slope; superelevation; horizontal clearance; and 
vertical clearance. 
 

 

 

 

 

RECOMMENDATION: 

The purpose of this project is to----------.  

The most effective method of addressing this is-----------. 

Based upon the conditions presented, it is recommended that a design exception be approved for the 
controlling substandard design element as justified.  

Recommended By: _______________________________________________________________   
                                       Squad Manager 

Recommended By: _______________________________________________________________   
                                       Group Engineer 

Recommended By: _______________________________________________________________  
                Assistant Director-Transportation Solutions  

Recommended By: _______________________________________________________________  
                Assistant Director-Design 

Approved By: _____________________________________  Date:________________________  
 Chief Engineer 

Approved By: _____________________________________  Date:________________________    
 Federal Highway Administration (NHS oversight projects only) 

Enclosures: (Include design criteria, figures, calculations, etc. to document request.) 
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Figure 3-4 
Design Control Checklist 

 
PROJECT DATA 

Squad Leader/Project Manager: _____________________________________________________  

Project Title: _____________________________________________________________________  

Contract No.: _____________________________________________________________________  

Federal Aid Project No: ____________________________________________________________  

Project Limits: ____________________________________________________________________  

Type of Construction: ______________________________________________________________  

Project Scope and Initial Estimate: ____________________________________________________  

_______________________________________________________________________________  

_______________________________________________________________________________  

_______________________________________________________________________________  

DESIGN DATA 

Functional Classification:   

Current AADT (Year)    

Projected AADT (Year):    

Projected DHV (Year):    

% Trucks     

Directional Distribution (%):   

Design Speed     

Design Vehicle     

Design Level of Service    

Clear Zone    

 

Recommended By: _______________________________________________________________  

Squad Manager  

Recommended By: _______________________________________________________________  

Group Engineer 

Recommended By: _______________________________________________________________  

Assistant Director-Transportation Solutions 

Approved By: ____________________________________________________________________  

Director-Transportation Solutions 

 



 DelDOT Road Design Manual 

 

3-8     Design Standards April 2007 

Figure 3-5 
 Design Criteria Form   

Design Criteria 

Design Factor As per 
Road Design Manual 

 Provided 

Design Speed*   

Width of Through Lanes*   

Width of Auxiliary Lanes*   

Width of Outside Shoulder*   

Width of Inside Shoulder*   

Cross Slope*   

Width of Median   

Stopping Sight Distance*   

Minimum Horizontal Curve Radius*   

Minimum K (Crest)*   

Minimum K (Sag)*   

Maximum % Grade*   

Maximum front slope (Unprotected Section)   

Maximum back slope   

Barrier Offset   

Superelevation Rate (%)*   

Bridge Width*    

Vertical Clearance*   

Structural Capacity*   

Horizontal Clearance *   

Width of clear zone   

General Notes: 
• Use this form primarily for new construction or reconstruction projects.  
* The Chief Engineer must approve design criteria deviating from the requirements of the Road Design 

Manual through the use Figure 3-3 “Design Exception Request.” 
 
Recommended By: _____________________________________________________________  
     Project Manager 
 
Recommended By: _____________________________________________________________  
     Group Engineer 
 
Approved By: __________________________________________________________________  
     Assistant Director-Transportation Solutions 
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3.1.4 DETERMINATION OF 
STANDARDS 

Figure 3-6 graphically defines the nomen-
clature used when describing the various ele-
ments that establish a roadway’s cross section. 
The dimensions and geometrics needed to de-
sign this roadway section are known as a pro-
ject’s design standards. The basic information 
needed before beginning the process of estab-
lishing a project’s design standards is: 

• The functional classification of the road 
section to be improved. A roadway's clas-
sification is shown on DelDOT's current 
functional classification map but should 
be verified with the Division of Planning. 
A part of the initial field review and scop-
ing meeting should be to verify that the 
area and roadway section being consid-
ered are truly representative of the desig-
nated classification. 

• The scope of work proposed for the pro-
ject under consideration is in the Project 
Initiation Form, project development 
documentation and other supporting data 
furnished to the designer.  

• The traffic data for the road section is 
obtained from the Division of Planning 
and includes current traffic, projected traf-
fic, percent trucks, accident history, etc. 

With this information, the designer can pro-
ceed with the process of selecting the design 
speed. 

3.2 STANDARDS BASED ON 
DESIGN SPEED 

3.2.1 SELECTION OF DESIGN SPEED  

The design speed establishes basic criteria 
for certain design elements. Two design stan-

dard considerations are related directly to the 
design speed: 

• Curvature and superelevation, and 

• Required sight distances. 

The designer's goal is to provide at least the 
minimum values, and preferably larger values, 
for these standards, regardless of traffic vol-
umes, functional classification or any other 
consideration. These design elements are very 
closely related to traffic safety and should not 
be compromised. 

A first step in determining the appropriate 
design standards is to establish a reasonable 
and realistic design speed. Since the majority 
of design controls are related to the design 
speed, this decision needs to be based on more 
factors than a roadway's functional classifica-
tion and traffic volume.  

The design speed selected should accom-
modate a high percentage of drivers, including 
the reasonable and prudent driver. Other con-
siderations include topography, anticipated 
operating speeds, driver expectations, volume 
and mix of vehicles, the volume and type of 
non-vehicular traffic, driver familiarity, level 
of congestion reasonably acceptable to the 
motorists, and community values. 

Once the design speed is selected, the per-
tinent highway features need to be related to 
obtain a balanced design. Some design fea-
tures, such as curvature, superelevation, and 
sight distance, are directly related to, and vary 
with, design speed. Other features, such as 
lane and shoulder widths and clearances to 
highway appurtenances, although not directly 
related to design speed, affect the driver’s 
comfort level and are reflected in vehicle op-
erating speeds. 

 



DelDOT Road Design Manual 

Design Standards  3-10  April 2007   

Figure 3-6 
Typical Section Nomenclature 
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Designers should evaluate any unique con-
ditions that might indicate a practical need for 
a higher or lower design speed. For example: 

1. Design speeds should be selected as high 
as economically and physically practical. 

2. The highway section may be legally 
posted for a relatively low operating 
speed; selecting a higher design speed 
may result in considerable added cost. 
Therefore, it would be appropriate to ac-
cept a lower design speed which is 5 mph 
[10 km/h] above the posted speed. 

3. Extensive roadside development and pro-
posed land-use changes, intersection spac-
ing and frequency of entrances may influ-
ence decisions on design speed.  

4. The need to preserve historic sites and 
districts may be a controlling factor. 

5. The impact on the social context of the 
affected project area should be evaluated. 
This is particularly important when a pro-
ject involves a rural setting and extends 
into a town center type of environment. 

6. The impact on environmentally sensitive 
areas are part of the decision making proc-
ess. 

7. Whether or not the 85th percentile speed 
criteria should be used will have to be 
evaluated. 

Keep in mind, however, that lowering the 
design speed will not necessarily lower operat-
ing speed without also lowering the legal 
posted speed limits. Before a final decision is 
made on the design speed, the adjacent road 
sections should be evaluated in terms of cur-
rent operating speed characteristics and the 
potential for future reconstruction work. To 
the extent practicable, it is desirable to have 
consistent design speeds over longer sections 
of highways, where the roadway and roadside 
characteristics are also consistent and similar. 
If the adjacent roadside characteristics, traffic 
mix, and user activities vary dramatically 
within a project’s limits, it may be more rea-
sonable to use several design speeds This 
would be applicable when entering a business 

district or other activity center involving in-
creased pedestrian use and cross traffic. 

Since design speed selection is one of the 
most significant decisions, it is important to 
document the basis for making the selection 
and obtain approval before proceeding with 
the design. As the design process proceeds 
there may be issues raised that will call for a 
reevaluation of the design speed decision. 

In addition to the design speed, a facility‘s 
projected traffic volume and functional classi-
fication influence the selection of traveled way 
(lane) and shoulder widths. The designer 
should refer to the Green Book in establishing 
traveled way and shoulder widths. The follow-
ing is a guide to help locate this information.   

• Local Roads and Streets  page 384, Ex-
hibit 5-5; 

• Collector Roads and Streets (Rural)  
page 425, Exhibit 6-5;   

• Collector Roads and Streets (Urban)  
page 433; 

• Arterials (Rural)  page 448, Exhibit 7-3; 
• Divided Arterials (Rural)  page 455; 
• Urban Arterials  page 472; 
• Freeways  page 504. 

Determining lane and shoulder widths is a 
very critical step in project design. The Design 
Criteria Form, Figure 3-5, is used to document 
and obtain approval for the selected lane and 
shoulder widths. 

3.2.2 CURVATURE AND 
SUPERELEVATION 

Establishing the proper relationship be-
tween design speed and curvature, as well as 
their joint relationship with the proper amount 
of superelevation on the curve is an important 
decision. Although these relationships are de-
rived from laws of mechanics (speed, cen-
trifugal force and side friction factor), the ac-
tual values for use in design depend on practi-
cal limits and factors determined empirically 
over a range of variables. For example, the 
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maximum permissible rate of superelevation is 
based on a practical consideration that a high 
operating speed can be accommodated on a 
relatively sharp curve if the superelevation is 
steep enough, but highways must serve vehi-
cles traveling at a wide range of speeds. Slow 
moving vehicles or stopped vehicles would be 
adversely affected with excessively steep su-
perelevation, particularly in ice and snow con-
ditions. 

AASHTO suggests maximum supereleva-
tion rates in the range of 4 to 12 percent. 
Delaware’s roadways are subject to the effects 
of ice and snow during the winter. These con-
ditions have resulted in poor operational and 
accident history on roadways using a su-
perelevation rate higher than 8 percent. There-
fore, DelDOT strives to use a maximum su-
perelevation rate of 6 percent. However, for 
rural roadways it may be appropriate to use a 
superelevation rate of 8 percent. In urban ar-
eas, it is more practical to use a rate of 4 per-
cent. This rate allows for smoother pavement 
tie-in at entrances and intersecting streets. 

The selected superelevation rate sets the 
limitations on curvature.  It is desirable to use 
curves flatter than the minimum values wher-
ever conditions permit. When approved by the 
Chief Engineer, curves sharper than the mini-
mum may be used on reconstruction projects. 
The designer has design alternatives to miti-
gate the effect of introducing sharper curva-
ture by widening pavement, providing ad-
vance warning signs, providing wider clear 
zones, increasing vertical or horizontal sight 
distances, etc.  

Tables of superelevation rates for various 
combinations of design speed and curvature 
are shown in the Green Book, pages 167 to 
174, and figures in Chapter Five - Alignment 
and Superelevation in this manual. Both of 
these should be referred to for a more detailed 
discussion of the application of superelevation 
and transition methods for entering and leav-
ing horizontal curves. 

3.2.3  STOPPING SIGHT DISTANCE 

Sight distance is the length of roadway 
ahead of the vehicle that is visible to the 
driver. The available sight distance must al-
ways be sufficient to enable a vehicle traveling 
at or near the design speed to stop before 
reaching an object on the roadway. Factors 
that influence the required stopping sight dis-
tance include: 

• The speed of the vehicle; 
• The height of the driver's eyes; 
• The height of the object on the road; 
• The driver's reaction time before braking;  
• The surface condition; and 
• The distance necessary to stop the vehicle 

after applying the brakes. 

Reference should be made to Chapter 3 
Elements of Design in the Green Book, pages 
109-117, for a thorough explanation of the 
concepts and procedures for defining stopping 
sight distances. Attention is also drawn to 
AASHTO’s discussion of the concept of ‘de-
cision sight distance’ and its possible applica-
tion to the project under design. 

Vertical curvature, horizontal curvature, 
roadside obstructions, or any combination of 
these elements can restrict sight distance. Pro-
cedures for checking available sight distances 
are described in the Green Book, pages 127-
131. 

3.2.4 PASSING SIGHT DISTANCE 

Consideration of passing sight distance is 
limited to two-lane, two-way highways on 
which vehicles frequently overtake slower- 
moving vehicles and the passing operation 
must be accomplished on a lane used by op-
posing traffic. 

Passing sight distance for design is deter-
mined on the basis of the length needed to ac-
complish the passing maneuver. Derivation of 
the required distance is described in the Green 
Book, pages 118-126. AASHTO recommends 
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that, “In designing a highway these distances 
should be exceeded as much as practical ...” 

These distances for design should not be 
confused with other distances used as warrants 
for placing no-passing pavement markings on 
completed highways. Values shown in the 
MUTCD are substantially less than the design 
distances and are derived from traffic opera-
tion control needs based on assumptions dif-
ferent from those for design. 

Because of vertical and horizontal sight 
limitations, nearly all two-lane highways have 
some no-passing restrictions. In rolling terrain, 
the proportionate amount of no-passing sec-
tions usually becomes greater. Normally it is 
impracticable to attempt to provide passing 
sight distance throughout the entire length of a 
project. The principal design consideration is 
to try to provide adequate passing opportuni-
ties as frequently as possible. 

There are no fixed values for the frequency 
of passing sections. Experience shows that 
highway capacity is measurably reduced when 
a significant percentage of a section of high-
way is restricted to sight distances less than 
1500 ft [500 m]. Highways with high traffic 
volumes will require a higher proportion of 
passing opportunities than those with low traf-
fic volumes. Where an analysis shows that a 
lack of passing sight distances has reduced 
capacity to near or below the expected traffic 
volumes, it is necessary to consider adjust-
ments in the alignment and grade, or to pro-
vide additional lanes. 

3.3 STANDARDS BASED ON 
TRAFFIC VOLUMES 

Standards not directly related to design 
speed are influenced primarily by traffic vol-
umes. Tables for these standards shown in the 
tables at the end of this chapter reflect varia-
tions by traffic volume ranges.  

3.3.1  NUMBER OF LANES 

The number of lanes required for any 
highway is directly related to the facility's traf-
fic volume and desired level of service. But 
there are no simple, fixed criteria for these 
relationships. The recommended number of 
lanes is normally obtained through the project 
development process. 

The Highway Capacity Manual gives two 
very general guidelines for determining the 
need for additional lanes. These numbers are 
based on long sections of roadway with unin-
terrupted traffic flow having the highest stan-
dards for design controls (horizontal and verti-
cal geometrics and cross-sectional elements), 
ideal weather conditions, daylight, etc. 

1. Under ideal conditions, a two-lane rural 
highway can accommodate about 900 pas-
senger vehicles (two-way) per hour with a 
reasonably high level of service if there 
are adequate passing opportunities and no 
long, steep grades. Considerably more ve-
hicles can be accommodated if motorists 
are willing to accept a lower level of ser-
vice, a greater degree of congestion and 
lower operating speeds. 

2. Under ideal conditions, a multi-lane high-
way can accommodate about 900 passen-
ger vehicles per lane per hour. Again, con-
siderably more vehicles can be accommo-
dated, if lower levels of service can be tol-
erated. 

Most roadways do not meet the ideal con-
ditions. The HCM defines the ideal roadway 
as follows:  (1) meets or exceeds design speed; 
(2) has 12 ft [3.6 m] travel lane widths; (3) has 
shoulder widths greater than 6 ft [1.8 m]; (4) 
has minimal no passing zones; (5) carries pre-
dominantly passenger cars; (6) has evenly dis-
tributed traffic flow; (7) has minimum cross-
ing and entering traffic interference; and (8) 
has level terrain.  

Although all these elements are rarely 
available within a project's limit, capacity is 
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usually not a problem on most of the rural 
roadways in Delaware. Exceptions are some of 
the principal arterial routes, particularly in the 
vicinity of urban areas. 

Most proposed improvements will be in 
traffic volume ranges where the existing num-
ber of lanes will be adequate without the need 
for detailed study. However, capacity may be 
influenced where the traffic volume exceeds 
about 900 DHV or where there are unusual 
conditions of alignment, grade or signaliza-
tion.  

Designers working with Traffic and the Di-
vision of Planning should identify the need for 
additional through lanes or, if applicable, aux-
iliary climbing lanes. Such a change after pro-
ject initiation is a major decision affecting all 
aspects of a project from cost to environmental 
and social impacts.  

3.3.2  SURFACED LANE WIDTHS 

The traveled way designated for vehicle 
operation (excluding shoulders) normally con-
sists of two or more surfaced traffic lanes. The 
impact of providing adequate lane widths is 
wide ranging and includes maintaining and/or 
enhancing driver safety, driver comfort, the 
level of service, capacity, and the frequency 
and extent of shoulder and pavement surface 
maintenance.  

For all new construction and reconstruction 
on arterial and collector roads, the desirable 
surfaced travel lane width is 12 ft [3.6 m]. If 
the scope of work is limited, speeds are low, 
truck volumes are light or there are no defined 
safety problems, surfaced lane widths of 11 ft 
[3.3 m] may be acceptable, particularly in ur-
banized areas with restricted right-of-way and 
increased pedestrian activity. However, for 
urban arterials with higher speeds, predomi-
nantly free-flowing conditions, and higher 
traffic volumes, surfaced lane widths of 12 ft 
[3.6 m] are desirable. For local roads and 
streets, surfaced traffic lanes normally should 
be 11 feet [3.3 m] wide but AASHTO allows 

lane widths of 9 [2.7 m] or 10 ft [3.0 m] where 
there is restricted or low truck use, low traffic 
volumes and low operating speeds. See Sec-
tion 3.2.1 for information on selecting lane 
and shoulder widths. 

For pavements on new construction or ma-
jor reconstruction projects with existing or 
projected high concentrations of truck traffic, 
a wider pavement provides more edge strength 
and has been found to be structurally better for 
heavy loads. Consideration should be given to 
widening the pavement an additional 2 ft [0.6 
m] under these circumstances. The lanes 
should be striped for 12 ft [3.6 m] lanes to 
keep trucks away from the edge of the pave-
ment. The extra width can be considered part 
of the shoulder. If the mainline and shoulders 
are constructed of Portland cement concrete 
and the shoulders are structurally tied to the 
mainline, this additional width is not normally 
necessary. For divided highways, the widen-
ing should be adjacent to the outside shoulder; 
on two-lane roadways the widening should be 
equally divided on each side. 

3.3.3  SHOULDER WIDTH 

The total shoulder width is the distance 
from the edge of the traffic lane to the inter-
section of the shoulder slope with the front 
slope, or to the face of curb. In sections with-
out curbs there are two terms used to describe 
the shoulder area. The “graded” width of 
shoulder is that measured from the edge of the 
traveled way to the intersection of the shoulder 
slope and the front slope. The “useable” width 
of shoulder is the actual width that can be used 
when a driver makes a stop.  

Having a sharp break at the point of inter-
section of the edge of the graded shoulder and 
the front slope is not a good practice. Instead a 
rounding of 4 to 6 ft [1.2 to1.8 m] with a front 
slope 4:1 or flatter is the best practice. This 
rounding improves the general safety of the 
roadside by reducing the likelihood of en-
croachment, thus giving the errant driver more 
chance to regain control. Other considerations 
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are that rounding may reduce rollovers and the 
possibility that the vehicle may become air-
borne. A portion of the rounding (usually one 
half) can be considered part of the “useable” 
width. Where front slopes are steeper than 4:1, 
the rounding should occur outside of the use-
able shoulder width. 

Well-designed and maintained shoulders 
are necessary on rural highways with any ap-
preciable traffic volumes. Shoulders and their 
widths are an important consideration in estab-
lishing a project’s design standards. The bene-
fits of including a shoulder include: 

• Providing a refuge when a driver makes 
an emergency or parking stop. 

• Providing lateral recovery areas for vehi-
cles that inadvertently leave the traffic 
lane. 

• Providing improved sight distance in cut 
areas. 

• Providing areas for maintenance opera-
tions, including snow removal and stor-
age.  

• Providing for alternative modes of travel 
by pedestrians, bicyclist, joggers, transit 
operations, etc.  

• Structurally improving the service life of 
the pavement by increasing the stability of 
the roadway’s base and surfacing materi-
als at the edge of the through traffic lane. 

• Providing the opportunity for improved 
subgrade drainage designs.  

Section 3.2.1 discusses the selection of 
shoulder widths. Normally shoulder widths of 
10 ft [3.0 m] are used on new construction 
projects for arterial highways with relatively 
high traffic volumes. Where truck traffic ex-
ceeds 250 DHV it is desirable to have a paved 
shoulder width of 12 ft [3.6 m]. AASHTO al-
lows narrower shoulder widths on most road-
ways with lower traffic volumes. However, 
wider shoulders widths should be provided on 
these projects when practical. Where bicyclists 
and pedestrians are to be accommodated on 

the shoulders, a minimum useable shoulder 
width, clear of any rumble strips, of 4 ft [1.2 
m] should be used. On highways with three or 
more lanes in each direction a median shoul-
der width of 10 ft [3.0 m] is desirable. This 
provides a refuge area for disabled vehicles 
without affecting roadway capacity and flow.  

3.3.4  SURFACED SHOULDER WIDTH 

The surfaced shoulder width is that part 
constructed to provide better all-weather load 
support than is afforded by natural soils or 
stabilized materials. The paved portion of the 
shoulder also protects the edge of the traffic 
lane pavement from deterioration and raveling. 
More discussion on shoulder surfacing is in 
Chapter Nine - Pavement Selection. Normally 
the shoulder’s structural design, including sur-
face material, is recommended by the Materi-
als and Research Section. 

3.3.5  SIDE SLOPES 

Various cross section slopes are identified 
in Figure 3-6. Four of these slopes are de-
scribed below. 

• Front Slope. The slope extending outward 
and downward from the shoulder to the 
ditch line. 

• Back Slope. The slope extending upward 
and outward from the ditch line to inter-
sect the natural ground. 

• Fill Slope. The slope extending outward 
and downward from the shoulder to inter-
sect with the natural ground; it may in-
clude a ditch section.  

• Cut Slope. The slope extending outward 
and upward from the shoulder, intersect-
ing the ditch slope and then extending 
upward from the ditch back slope to natu-
ral ground. 

It is generally desirable that these slopes be 
6:1 or flatter. Often, from a practical stand-
point, they must be steeper. There is a distinct 
relationship between the steepness of side 
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slopes, operating speeds and the desirable 
widths of clear zones. Chapter Four discusses 
the relationship of these slopes to establishing 
a roadway’s clear zone. General criteria for 
side slopes are presented in Figure 4-4, in 
terms of both desirable slopes and maximum 
slopes. The desirable slopes should be pro-
vided wherever feasible. 

3.3.6  HORIZONTAL CLEARANCE AND 
CLEAR ZONE  

3.3.6.1  HORIZONTAL CLEARANCE  

Horizontal clearance is the lateral distance 
from edge of traveled way to a roadside fea-
ture or object for a roadway with barrier curb.  
Roadways having curbed sections should be 
provided with a minimum horizontal clearance 
of 1.5 ft [0.5 m] beyond the face of curb, with 
wider offsets (if possible to the full clear zone 
width) provided where practical since most 
types of curbs provide little help in redirecting 
an errant vehicle.  Please see the Green Book 
for more information regarding horizontal 
clearance and AASHTO’s Roadside Design 
Guide for more information regarding the 
clear zone width.  If the minimum horizontal 
clearance cannot be provided in curbed areas, 
then a design exception is required. 

3.3.6.2  CLEAR ZONE  

The clear zone is defined in AASHTO’s 
Roadside Design Guide as “the total roadside 
border area, starting at the edge of the traveled 
way, available for safe use by errant vehicles.  
This area may consist of a shoulder, a recover-
able slope, a non-recoverable slope, and/or a 
clear run-out area.  The desired width is de-
pendent upon the traffic volumes and speeds 
and on the roadside geometry.”  This border 
area includes any shoulders or auxiliary lanes. 
Adequate lateral clearance between the edges 
of traffic lanes and roadside obstructions has 
been shown to be a very important safety fac-
tor. Vehicles leaving the roadway should have 
a reasonable opportunity to recover control 
and return to the roadway without overturning 

or colliding with roadside obstacles such as 
trees, poles, headwalls or other large objects. 
The combination of a relatively flat slope and 
an obstacle-free roadside within the prescribed 
clear zone helps this situation.  

The determination of a clear zone is a func-
tion of speed, volume, curvature and embank-
ment slope. The most current edition of 
AASHTO’s Roadside Design Guide should be 
used for determining clear zone widths. For 
low-speed rural collectors and rural local 
roads, a minimum clear zone width of 10 ft 
[3.0 m] should be provided.   

Some roadside appurtenances, such as 
guardrail, breakaway light poles and signs us-
ing breakaway posts, are permitted within the 
specified clear zone, due to their crash-
worthiness.  They should be placed in the saf-
est available location, minimizing their use 
when possible.  Please refer to the Roadside 
Design Guide for more information.  For 
guardrails within the clear zone, it is desirable 
to maintain a minimum 2 ft [0.6 m] lateral 
clearance between the outer edge of the usable 
shoulder and the face of the rail. At bridge 
approaches, guardrail should either match the 
width of the bridge or taper to meet the bridge 
rail. 

The width of clear zone is included on the 
Design Control Checklist (Figure 3-4), the 
Design Criteria Form (Figure 3-5) and the title 
sheet of construction plans.  Deviations from 
the clear zone criteria will have to be approved 
by the appropriate assistant director. 

3.3.7  GRADES 

Design standards for maximum grades are 
not as precise and objective as the standards 
for other geometric elements. AASHTO has 
established recommended maximum grades 
based principally on analyses of vehicle oper-
ating characteristics. Criteria for maximum 
grades are related principally to design speed, 
traffic volumes and terrain characteristics. 
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When it is necessary to design grades at or 
near the maximum values for relatively long 
distances, designers should investigate the ef-
fect on lane capacity. The lane capacity prob-
lem may be further complicated where there 
are steep grades accompanied by considerable 
no-passing distances. 

More detailed guidelines and criteria for 
the design of grades, including critical lengths 
of grades and minimum and maximum grades 
are presented in Chapter Five - Alignment and 
Superelevation and the Green Book, pages 
231-250.  The maximum grades should be 
used infrequently, only as dictated by severe 
terrain conditions. When it is necessary to use 
maximum grades, the designer should check 
other design criteria and roadside features that 
may be improved to minimize the impact of 
using the higher design grade. 

3.3.8  BRIDGES 

The designer should coordinate with the 
Bridge Design Section when determining ver-
tical clearances. A minimum vertical clearance 
for roads over interstate, U.S. and state routes 
is 16.5 ft [5 m]. Pedestrian bridges and over-
head sign structures must have an extra 1 foot 
[0.3 m] of clearance, a total of 17.5 ft [5.3 m]. 
These clearances allow for a 4 in. [100 mm] 
future resurfacing. 

3.3.9  MEDIANS 

Geometric criteria for medians on multi-
lane divided highways are discussed in Chap-
ter Four.
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tion agencies and continues to update the infor-
mation to reflect new findings and the current 
state of knowledge. 

This manual cannot attempt to cover the total 
scope of important published information re-
lated to highway design policies.  

3.1.2  APPLICATION OF STANDARDS 

Depending upon the design element being 
evaluated, AASHTO design criteria are ex-
pressed as design values, minimum values or as 
ranges of values for particular elements and 
conditions. Design values are empirically de-
rived; any value lower may be unsafe and any 
value higher may be unnecessary and uneco-
nomical. Minimum values should, depending 
upon the element being evaluated, not be low-
ered either because it will create an unsafe con-
dition or, in some cases, will not physically 
work. Some design elements lend themselves to 
minimum and desirable values. Although a por-
tion of a project may require the application of 
minimum values, other sections will allow the 
designer to use standards higher than the mini-
mum. In evaluating a project for application of 
standards, user expectation is important. Consis-
tency in application of standards is an important 
safety feature. Large variances in standards may 
create unacceptable driver behavior. AASHTO 
standards are developed to allow agencies to 
select those that best meet their needs and prac-
tices. 

Design values presented in this manual are in 
metric and US Customary units and were devel-
oped independently within each system. The 
relationship between the metric and US Cus-
tomary values is neither an exact (soft) conver-
sion nor a completely rationalized (hard) con-
version. The metric values are those that would 
have been used had the manual been presented 
exclusively in metric units; US Customary val-

ues are those that would had been used if this 
manual has been presented exclusively in US 
Customary units. Therefore, the user is advised 
to work completely in one system and not at-
tempt to convert directly between the two. Fig-
ure 3-1 shows the equivalent US Customary and 
Metric units for the commonly used design 
speeds. 

Figure 3-1 
Corresponding Design Speeds in  
US Customary and Metric Units 

US Customary Metric 

Design speed (mph) Corresponding     
Design speed [km/h] 

15 
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110 

The standards adopted by the Delaware 
DOT, described herein, adhere to the basic 
framework of AASHTO design policies. But the 
specific standards contained herein reflect 
judgments by the Department as to their proven 
operational success in Delaware and application 
to the predominant geographical conditions. 

Most standards are related to a facility’s 
functional classification with the interstate sys-
tem having the highest and local streets having 
the lowest. For instance, 10 ft [3 m] travel lanes 
may be acceptable on local streets but com-
pletely unacceptable on facilities with high vol-
umes, higher operating speeds, a more diverse 
mix of vehicle types, and a goal of maintaining 
or improving system capacity.  
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3.1.3  DEPARTURE FROM STANDARDS 

Most projects are expected to meet at least 
the minimum standard design values established 
for the project level. Occasionally there may be 
conditions that warrant consideration of a lower 
value. For projects on higher functional classifi-
cation roadways, it is more critical to strive to 
meet or exceed all of the applicable standards, 
primarily because the motorist expects a higher 
standard and will drive the facility accordingly.  

The need for exceptions to the standards 
must be identified early in the project develop-
ment phase in order that approvals or denials 
will not delay completion of the design or re-
quire extensive redesign. However, the need to 
evaluate a lower design value may arise at any 
time during the design process and needs to be 
addressed expeditiously. Thorough documenta-
tion is essential. The need for exceptions should 
not be viewed as normal or routine. The forms 
in this chapter shall be used to document deci-
sions on design criteria and as a basis for devel-
oping and documenting requests for exceptions. 
The primary focus of the request should be 
highway safety. The design and proposed miti-
gation should be the best practical alternative 
that considers whether or not other controlling 
design elements will be adversely affected.  

The major controlling design elements that 
need to be evaluated for conformity to estab-
lished standards include: 
• Design speed; 
• Through lane and auxiliary lane widths; 
• Shoulder widths; 
• Stopping sight distance on vertical and hori-

zontal curves; 
• Horizontal alignment (radius of curve); 
• Vertical alignment; 
• Minimum and maximum grades; 
• Cross slopes; 
• Superelevation rate; 
• Horizontal clearance; 
• Vertical clearance; 
• Bridge width; and 
• Structural capacity.  

An exception for design speed should not be 
sought as this element establishes most if not all 
of the other parameters to be met. As discussed 

in this chapter and in several other sections in 
this manual, design speed is an achievable speed 
selected by the designer based on the various 
factors the designer must consider. Design ele-
ments that can not be met within that selected 
design speed should be supported by seeking a 
design exception in accordance with the follow-
ing guidelines. 

All variances from standards need to be 
documented in the project files, and, in many 
cases, require approval from the Chief Engineer 
and FHWA. The level of documentation de-
pends on the project scope, functional classifica-
tion and other factors. Depending upon the sig-
nificance of the request, the support information 
may include some or all of the following:  
• Existing roadway characteristics,  
• Required and proposed design criteria;  
• Cross section or geometric figures compar-

ing the existing and proposed conditions;  
• Supporting calculations and cost analysis; 
• Analysis of accident records;  
• A discussion on the compatibility with adja-

cent sections;  
• Effect on right-of-way;  
• Environmental constraints; 
• Any proposed mitigation considered to help 

offset the variance from the design standard; 
• Mitigation costs;  
• Public support or opposition; and 
• Other pertinent factors 

3.1.3.1 NEW CONSTRUCTION AND 
RECONSTRUCTION PROJECTS 

New construction and reconstruction projects 
on the interstate system and the NHS are ex-
pected to be in conformance with the appropri-
ate standards and exceptions should be rare. All 
projects on the NHS (except preventive mainte-
nance) shall conform to the standards in the cur-
rent edition of AASHTO’s A Policy on Geomet-
ric Design of Highways and Streets (the Green 
Book). All projects on the interstate system (ex-
cept preventive maintenance) shall also meet the 
design criteria contained in the current edition 
of A Policy on Design Standards⎯Interstate 
System. Projects having full federal oversight by 
FHWA are established in the current Delaware 
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Transportation/Federal Highway Administra-
tion Stewardship Agreement to Implement the 
Flexibility of Provisions of 23 United States 
Code Part 106. FHWA must approve all design 
exceptions for projects with full federal over-
sight. 

New construction and reconstruction projects 
require a formal design exception as described 
in “Required Design Exception Documentation” 
(Figure 3-2) to justify the rationale for departure 
from the established design standards.  The 
Chief Engineer must approve design exceptions 
for all new construction and reconstruction pro-
jects. “Design Exception Request” (Figure 3-3) 
is a guide format for developing a design excep-
tion request.  It is important that the designer 
complete the “Design Control Checklist” (Fig-
ure 3-4) and the “Design Criteria Form” (Figure 
3-5) for all new construction and reconstruction 
projects. 

 
Figure 3-2 

Required Design Exception Documentation 
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3.1.3.2 INTERMEDIATE PROJECTS 

The scope of intermediate projects is im-
provements being retrofitted into the existing 
infrastructure. At times, it may be necessary to 
deviate from the design standards. It is impor-
tant that the designer complete the “Design 
Control Checklist” (Figure 3-4) and the “Design 
Criteria Form” (Figure 3-5) for all intermediate 
projects. If design standards cannot be met due 
to site conditions, then it shall be noted on the 
Design Criteria Form. In addition, there must be 
a memo to the project file explaining the justifi-
cation for the variances in the design standards 
signed by the Project Engineer, the Group Engi-
neer and the Assistant Director. The level of 
documentation can vary depending on the pro-
ject intent, environmental concerns and other 
issues. In most cases it is not necessary to pro-
vide the same level of documentation as pro-
vided in a formal design exception request be-
cause the project’s scope has already been es-
tablished. The following are examples of inter-
mediate projects: 

• Safety improvement projects 
• Addition of channelizing islands with no 

reduction in existing lane or shoulder width 
• Intersection improvements with no reduction 

in existing lane or shoulder width 
• Minor lane or shoulder widening 
• Traffic calming features, e.g. speed humps, 

chicanes, midblock median islands, chokers, 
or narrowed lanes. (Consult with FHWA for 
projects on NHS Routes.) 

• In-kind superstructure replacement 

3.1.3.3 PREVENTIVE MAINTENANCE 
PROJECTS 

Preventive maintenance includes rehabilitation 
or restoration of specific elements of a highway 
facility when such activities are a cost- effective 
means of extending the pavement or bridge life 
and shall not degrade any existing or geometric 
aspects of the facility. The majority of the work 
for these projects is between existing curb lines 
or outer edges of existing shoulders. These 
types of projects are not required to provide any 
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documentation for design standards that cannot 
be met. A general list of preventative mainte-
nance items is below: 
• Pavement milling  
• Pavement resurfacing with no reduction in 

lane widths  
• Pavement repair (e.g. sawing, sealing, pot-

hole patching)  
• Rehabilitation of existing structures  

- Superstructure/substructure rehabilita-
tion 

- Deck rehabilitation  
- Joint replacement or repair 
- Bearing replacement 
- Seismic retrofit  
- Structure painting 
- Scour countermeasures 
- Retaining structure rehabilitation 
- Culvert lining 

3.1.3.4 MISCELLANEOUS 
IMPROVEMENT PROJECTS 

These projects are typically beyond the exist-
ing edge of pavement and are intended to im-
prove safety and aesthetics. They may also in-
clude improvements within the roadway in-
tended to improve safety which do not degrade 
the existing highway geometrics. These projects 
are not required to provide any documentation 
for design standards that cannot be met. A gen-
eral list of miscellaneous improvement project 
work items is below: 

• New or replaced curb and/or sidewalk  

• Modifying sidewalk to comply with ADA 
requirements  

• Roadside safety enhancements  
- New guardrail installation 
- Guardrail repair/replacement  
- New impact attenuators  
- Impact attenuator repair or replacement  
- Upgrading bridge rails 
- Removal of obstructions  

• Median barrier replacement 
• Drainage improvements  
• Signing  
• Large ground-mounted signs  
• New sign structures (sign bridge, cantilever 

and bridge-mounted, provided they meet 
clearance requirements)  

• Existing sign structure rehabilitation 
• Striping with no additional lanes nor reduc-

tion in existing lane width 
• New or replaced raised pavement markers  
• New or upgraded signals  
• ITS (e.g. fiber optic cable, message signs, 

cameras, emergency call boxes)  
• New or upgraded lighting systems  
• Fencing, provided existing stopping sight 

distance is not degraded 
• Glare screens, provided existing stopping 

sight distance is not degraded 
• Repair of structural components resulting 

from traffic impact 
• Advanced utility relocation projects 
• Landscape improvements
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Figure 3-3 
Design Exception Request 

State Project No. ________________ Federal-Aid Project No.     

Date:  _________________________ Oversight Project: Yes  No     

Design Exception Abstract: (Provide a short summary detailing the nature of the exception, rea-
sons for the request, etc.) 

 

 

Note:  
For all NHS projects, the thirteen controlling criteria to be met are design speed; through lane and 
auxiliary lane width; shoulder width; bridge width, structural capacity, horizontal alignment; vertical 
alignment; grades; stopping sight distance, cross-slope; superelevation; horizontal clearance; and 
vertical clearance. 
 

 

 

 

 

RECOMMENDATION: 

The purpose of this project is to----------.  

The most effective method of addressing this is-----------. 

Based upon the conditions presented, it is recommended that a design exception be approved for the 
controlling substandard design element as justified.  

Recommended By: _______________________________________________________________   
                                       Squad Manager 

Recommended By: _______________________________________________________________   
                                       Group Engineer 

Recommended By: _______________________________________________________________  
                Assistant Director-Transportation Solutions  

Recommended By: _______________________________________________________________  
                Assistant Director-Design 

Approved By: _____________________________________  Date:________________________  
 Chief Engineer 

Approved By: _____________________________________  Date:________________________    
 Federal Highway Administration (NHS oversight projects only) 

Enclosures: (Include design criteria, figures, calculations, etc. to document request.) 
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Figure 3-4 
Design Control Checklist 

 
PROJECT DATA 

Squad Leader/Project Manager: _____________________________________________________  

Project Title: _____________________________________________________________________  

Contract No.: _____________________________________________________________________  

Federal Aid Project No: ____________________________________________________________  

Project Limits: ____________________________________________________________________  

Type of Construction: ______________________________________________________________  

Project Scope and Initial Estimate: ____________________________________________________  

_______________________________________________________________________________  

_______________________________________________________________________________  

_______________________________________________________________________________  

DESIGN DATA 

Functional Classification:   

Current AADT (Year)    

Projected AADT (Year):    

Projected DHV (Year):    

% Trucks     

Directional Distribution (%):   

Design Speed     

Design Vehicle     

Design Level of Service    

Clear Zone    

 

Recommended By: _______________________________________________________________  

Squad Manager  

Recommended By: _______________________________________________________________  

Group Engineer 

Recommended By: _______________________________________________________________  

Assistant Director-Transportation Solutions 

Approved By: ____________________________________________________________________  

Director-Transportation Solutions 
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Figure 3-5 
 Design Criteria Form   

Design Criteria 

Design Factor As per 
Road Design Manual 

 Provided 

Design Speed*   

Width of Through Lanes*   

Width of Auxiliary Lanes*   

Width of Outside Shoulder*   

Width of Inside Shoulder*   

Cross Slope*   

Width of Median   

Stopping Sight Distance*   

Minimum Horizontal Curve Radius*   

Minimum K (Crest)*   

Minimum K (Sag)*   

Maximum % Grade*   

Maximum front slope (Unprotected Section)   

Maximum back slope   

Barrier Offset   

Superelevation Rate (%)*   

Bridge Width*    

Vertical Clearance*   

Structural Capacity*   

Horizontal Clearance *   

Width of clear zone   

General Notes: 
• Use this form primarily for new construction or reconstruction projects.  
* The Chief Engineer must approve design criteria deviating from the requirements of the Road Design 

Manual through the use Figure 3-3 “Design Exception Request.” 
 
Recommended By: _____________________________________________________________  
     Project Manager 
 
Recommended By: _____________________________________________________________  
     Group Engineer 
 
Approved By: __________________________________________________________________  
     Assistant Director-Transportation Solutions 
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3.1.4 DETERMINATION OF 
STANDARDS 

Figure 3-6 graphically defines the nomen-
clature used when describing the various ele-
ments that establish a roadway’s cross section. 
The dimensions and geometrics needed to de-
sign this roadway section are known as a pro-
ject’s design standards. The basic information 
needed before beginning the process of estab-
lishing a project’s design standards is: 

• The functional classification of the road 
section to be improved. A roadway's clas-
sification is shown on DelDOT's current 
functional classification map but should 
be verified with the Division of Planning. 
A part of the initial field review and scop-
ing meeting should be to verify that the 
area and roadway section being consid-
ered are truly representative of the desig-
nated classification. 

• The scope of work proposed for the pro-
ject under consideration is in the Project 
Initiation Form, project development 
documentation and other supporting data 
furnished to the designer.  

• The traffic data for the road section is 
obtained from the Division of Planning 
and includes current traffic, projected traf-
fic, percent trucks, accident history, etc. 

With this information, the designer can pro-
ceed with the process of selecting the design 
speed. 

3.2 STANDARDS BASED ON 
DESIGN SPEED 

3.2.1 SELECTION OF DESIGN SPEED  

The design speed establishes basic criteria 
for certain design elements. Two design stan-

dard considerations are related directly to the 
design speed: 

• Curvature and superelevation, and 

• Required sight distances. 

The designer's goal is to provide at least the 
minimum values, and preferably larger values, 
for these standards, regardless of traffic vol-
umes, functional classification or any other 
consideration. These design elements are very 
closely related to traffic safety and should not 
be compromised. 

A first step in determining the appropriate 
design standards is to establish a reasonable 
and realistic design speed. Since the majority 
of design controls are related to the design 
speed, this decision needs to be based on more 
factors than a roadway's functional classifica-
tion and traffic volume.  

The design speed selected should accom-
modate a high percentage of drivers, including 
the reasonable and prudent driver. Other con-
siderations include topography, anticipated 
operating speeds, driver expectations, volume 
and mix of vehicles, the volume and type of 
non-vehicular traffic, driver familiarity, level 
of congestion reasonably acceptable to the 
motorists, and community values. 

Once the design speed is selected, the per-
tinent highway features need to be related to 
obtain a balanced design. Some design fea-
tures, such as curvature, superelevation, and 
sight distance, are directly related to, and vary 
with, design speed. Other features, such as 
lane and shoulder widths and clearances to 
highway appurtenances, although not directly 
related to design speed, affect the driver’s 
comfort level and are reflected in vehicle op-
erating speeds. 
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Figure 3-6 
Typical Section Nomenclature 
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Designers should evaluate any unique con-
ditions that might indicate a practical need for 
a higher or lower design speed. For example: 

1. Design speeds should be selected as high 
as economically and physically practical. 

2. The highway section may be legally 
posted for a relatively low operating 
speed; selecting a higher design speed 
may result in considerable added cost. 
Therefore, it would be appropriate to ac-
cept a lower design speed which is 5 mph 
[10 km/h] above the posted speed. 

3. Extensive roadside development and pro-
posed land-use changes, intersection spac-
ing and frequency of entrances may influ-
ence decisions on design speed.  

4. The need to preserve historic sites and 
districts may be a controlling factor. 

5. The impact on the social context of the 
affected project area should be evaluated. 
This is particularly important when a pro-
ject involves a rural setting and extends 
into a town center type of environment. 

6. The impact on environmentally sensitive 
areas are part of the decision making proc-
ess. 

7. Whether or not the 85th percentile speed 
criteria should be used will have to be 
evaluated. 

Keep in mind, however, that lowering the 
design speed will not necessarily lower operat-
ing speed without also lowering the legal 
posted speed limits. Before a final decision is 
made on the design speed, the adjacent road 
sections should be evaluated in terms of cur-
rent operating speed characteristics and the 
potential for future reconstruction work. To 
the extent practicable, it is desirable to have 
consistent design speeds over longer sections 
of highways, where the roadway and roadside 
characteristics are also consistent and similar. 
If the adjacent roadside characteristics, traffic 
mix, and user activities vary dramatically 
within a project’s limits, it may be more rea-
sonable to use several design speeds This 
would be applicable when entering a business 

district or other activity center involving in-
creased pedestrian use and cross traffic. 

Since design speed selection is one of the 
most significant decisions, it is important to 
document the basis for making the selection 
and obtain approval before proceeding with 
the design. As the design process proceeds 
there may be issues raised that will call for a 
reevaluation of the design speed decision. 

In addition to the design speed, a facility‘s 
projected traffic volume and functional classi-
fication influence the selection of traveled way 
(lane) and shoulder widths. The designer 
should refer to the Green Book in establishing 
traveled way and shoulder widths. The follow-
ing is a guide to help locate this information.   

• Local Roads and Streets  page 384, Ex-
hibit 5-5; 

• Collector Roads and Streets (Rural)  
page 425, Exhibit 6-5;   

• Collector Roads and Streets (Urban)  
page 433; 

• Arterials (Rural)  page 448, Exhibit 7-3; 
• Divided Arterials (Rural)  page 455; 
• Urban Arterials  page 472; 
• Freeways  page 504. 

Determining lane and shoulder widths is a 
very critical step in project design. The Design 
Criteria Form, Figure 3-5, is used to document 
and obtain approval for the selected lane and 
shoulder widths. 

3.2.2 CURVATURE AND 
SUPERELEVATION 

Establishing the proper relationship be-
tween design speed and curvature, as well as 
their joint relationship with the proper amount 
of superelevation on the curve is an important 
decision. Although these relationships are de-
rived from laws of mechanics (speed, cen-
trifugal force and side friction factor), the ac-
tual values for use in design depend on practi-
cal limits and factors determined empirically 
over a range of variables. For example, the 
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maximum permissible rate of superelevation is 
based on a practical consideration that a high 
operating speed can be accommodated on a 
relatively sharp curve if the superelevation is 
steep enough, but highways must serve vehi-
cles traveling at a wide range of speeds. Slow 
moving vehicles or stopped vehicles would be 
adversely affected with excessively steep su-
perelevation, particularly in ice and snow con-
ditions. 

AASHTO suggests maximum supereleva-
tion rates in the range of 4 to 12 percent. 
Delaware’s roadways are subject to the effects 
of ice and snow during the winter. These con-
ditions have resulted in poor operational and 
accident history on roadways using a su-
perelevation rate higher than 8 percent. There-
fore, DelDOT strives to use a maximum su-
perelevation rate of 6 percent. However, for 
rural roadways it may be appropriate to use a 
superelevation rate of 8 percent. In urban ar-
eas, it is more practical to use a rate of 4 per-
cent. This rate allows for smoother pavement 
tie-in at entrances and intersecting streets. 

The selected superelevation rate sets the 
limitations on curvature.  It is desirable to use 
curves flatter than the minimum values wher-
ever conditions permit. When approved by the 
Chief Engineer, curves sharper than the mini-
mum may be used on reconstruction projects. 
The designer has design alternatives to miti-
gate the effect of introducing sharper curva-
ture by widening pavement, providing ad-
vance warning signs, providing wider clear 
zones, increasing vertical or horizontal sight 
distances, etc.  

Tables of superelevation rates for various 
combinations of design speed and curvature 
are shown in the Green Book, pages 167 to 
174, and figures in Chapter Five - Alignment 
and Superelevation in this manual. Both of 
these should be referred to for a more detailed 
discussion of the application of superelevation 
and transition methods for entering and leav-
ing horizontal curves. 

3.2.3  STOPPING SIGHT DISTANCE 

Sight distance is the length of roadway 
ahead of the vehicle that is visible to the 
driver. The available sight distance must al-
ways be sufficient to enable a vehicle traveling 
at or near the design speed to stop before 
reaching an object on the roadway. Factors 
that influence the required stopping sight dis-
tance include: 

• The speed of the vehicle; 
• The height of the driver's eyes; 
• The height of the object on the road; 
• The driver's reaction time before braking;  
• The surface condition; and 
• The distance necessary to stop the vehicle 

after applying the brakes. 

Reference should be made to Chapter 3 
Elements of Design in the Green Book, pages 
109-117, for a thorough explanation of the 
concepts and procedures for defining stopping 
sight distances. Attention is also drawn to 
AASHTO’s discussion of the concept of ‘de-
cision sight distance’ and its possible applica-
tion to the project under design. 

Vertical curvature, horizontal curvature, 
roadside obstructions, or any combination of 
these elements can restrict sight distance. Pro-
cedures for checking available sight distances 
are described in the Green Book, pages 127-
131. 

3.2.4 PASSING SIGHT DISTANCE 

Consideration of passing sight distance is 
limited to two-lane, two-way highways on 
which vehicles frequently overtake slower- 
moving vehicles and the passing operation 
must be accomplished on a lane used by op-
posing traffic. 

Passing sight distance for design is deter-
mined on the basis of the length needed to ac-
complish the passing maneuver. Derivation of 
the required distance is described in the Green 
Book, pages 118-126. AASHTO recommends 
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that, “In designing a highway these distances 
should be exceeded as much as practical ...” 

These distances for design should not be 
confused with other distances used as warrants 
for placing no-passing pavement markings on 
completed highways. Values shown in the 
MUTCD are substantially less than the design 
distances and are derived from traffic opera-
tion control needs based on assumptions dif-
ferent from those for design. 

Because of vertical and horizontal sight 
limitations, nearly all two-lane highways have 
some no-passing restrictions. In rolling terrain, 
the proportionate amount of no-passing sec-
tions usually becomes greater. Normally it is 
impracticable to attempt to provide passing 
sight distance throughout the entire length of a 
project. The principal design consideration is 
to try to provide adequate passing opportuni-
ties as frequently as possible. 

There are no fixed values for the frequency 
of passing sections. Experience shows that 
highway capacity is measurably reduced when 
a significant percentage of a section of high-
way is restricted to sight distances less than 
1500 ft [500 m]. Highways with high traffic 
volumes will require a higher proportion of 
passing opportunities than those with low traf-
fic volumes. Where an analysis shows that a 
lack of passing sight distances has reduced 
capacity to near or below the expected traffic 
volumes, it is necessary to consider adjust-
ments in the alignment and grade, or to pro-
vide additional lanes. 

3.3 STANDARDS BASED ON 
TRAFFIC VOLUMES 

Standards not directly related to design 
speed are influenced primarily by traffic vol-
umes. Tables for these standards shown in the 
tables at the end of this chapter reflect varia-
tions by traffic volume ranges.  

3.3.1  NUMBER OF LANES 

The number of lanes required for any 
highway is directly related to the facility's traf-
fic volume and desired level of service. But 
there are no simple, fixed criteria for these 
relationships. The recommended number of 
lanes is normally obtained through the project 
development process. 

The Highway Capacity Manual gives two 
very general guidelines for determining the 
need for additional lanes. These numbers are 
based on long sections of roadway with unin-
terrupted traffic flow having the highest stan-
dards for design controls (horizontal and verti-
cal geometrics and cross-sectional elements), 
ideal weather conditions, daylight, etc. 

1. Under ideal conditions, a two-lane rural 
highway can accommodate about 900 pas-
senger vehicles (two-way) per hour with a 
reasonably high level of service if there 
are adequate passing opportunities and no 
long, steep grades. Considerably more ve-
hicles can be accommodated if motorists 
are willing to accept a lower level of ser-
vice, a greater degree of congestion and 
lower operating speeds. 

2. Under ideal conditions, a multi-lane high-
way can accommodate about 900 passen-
ger vehicles per lane per hour. Again, con-
siderably more vehicles can be accommo-
dated, if lower levels of service can be tol-
erated. 

Most roadways do not meet the ideal con-
ditions. The HCM defines the ideal roadway 
as follows:  (1) meets or exceeds design speed; 
(2) has 12 ft [3.6 m] travel lane widths; (3) has 
shoulder widths greater than 6 ft [1.8 m]; (4) 
has minimal no passing zones; (5) carries pre-
dominantly passenger cars; (6) has evenly dis-
tributed traffic flow; (7) has minimum cross-
ing and entering traffic interference; and (8) 
has level terrain.  

Although all these elements are rarely 
available within a project's limit, capacity is 
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usually not a problem on most of the rural 
roadways in Delaware. Exceptions are some of 
the principal arterial routes, particularly in the 
vicinity of urban areas. 

Most proposed improvements will be in 
traffic volume ranges where the existing num-
ber of lanes will be adequate without the need 
for detailed study. However, capacity may be 
influenced where the traffic volume exceeds 
about 900 DHV or where there are unusual 
conditions of alignment, grade or signaliza-
tion.  

Designers working with Traffic and the Di-
vision of Planning should identify the need for 
additional through lanes or, if applicable, aux-
iliary climbing lanes. Such a change after pro-
ject initiation is a major decision affecting all 
aspects of a project from cost to environmental 
and social impacts.  

3.3.2  SURFACED LANE WIDTHS 

The traveled way designated for vehicle 
operation (excluding shoulders) normally con-
sists of two or more surfaced traffic lanes. The 
impact of providing adequate lane widths is 
wide ranging and includes maintaining and/or 
enhancing driver safety, driver comfort, the 
level of service, capacity, and the frequency 
and extent of shoulder and pavement surface 
maintenance.  

For all new construction and reconstruction 
on arterial and collector roads, the desirable 
surfaced travel lane width is 12 ft [3.6 m]. If 
the scope of work is limited, speeds are low, 
truck volumes are light or there are no defined 
safety problems, surfaced lane widths of 11 ft 
[3.3 m] may be acceptable, particularly in ur-
banized areas with restricted right-of-way and 
increased pedestrian activity. However, for 
urban arterials with higher speeds, predomi-
nantly free-flowing conditions, and higher 
traffic volumes, surfaced lane widths of 12 ft 
[3.6 m] are desirable. For local roads and 
streets, surfaced traffic lanes normally should 
be 11 feet [3.3 m] wide but AASHTO allows 

lane widths of 9 [2.7 m] or 10 ft [3.0 m] where 
there is restricted or low truck use, low traffic 
volumes and low operating speeds. See Sec-
tion 3.2.1 for information on selecting lane 
and shoulder widths. 

For pavements on new construction or ma-
jor reconstruction projects with existing or 
projected high concentrations of truck traffic, 
a wider pavement provides more edge strength 
and has been found to be structurally better for 
heavy loads. Consideration should be given to 
widening the pavement an additional 2 ft [0.6 
m] under these circumstances. The lanes 
should be striped for 12 ft [3.6 m] lanes to 
keep trucks away from the edge of the pave-
ment. The extra width can be considered part 
of the shoulder. If the mainline and shoulders 
are constructed of Portland cement concrete 
and the shoulders are structurally tied to the 
mainline, this additional width is not normally 
necessary. For divided highways, the widen-
ing should be adjacent to the outside shoulder; 
on two-lane roadways the widening should be 
equally divided on each side. 

3.3.3  SHOULDER WIDTH 

The total shoulder width is the distance 
from the edge of the traffic lane to the inter-
section of the shoulder slope with the front 
slope, or to the face of curb. In sections with-
out curbs there are two terms used to describe 
the shoulder area. The “graded” width of 
shoulder is that measured from the edge of the 
traveled way to the intersection of the shoulder 
slope and the front slope. The “useable” width 
of shoulder is the actual width that can be used 
when a driver makes a stop.  

Having a sharp break at the point of inter-
section of the edge of the graded shoulder and 
the front slope is not a good practice. Instead a 
rounding of 4 to 6 ft [1.2 to1.8 m] with a front 
slope 4:1 or flatter is the best practice. This 
rounding improves the general safety of the 
roadside by reducing the likelihood of en-
croachment, thus giving the errant driver more 
chance to regain control. Other considerations 
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are that rounding may reduce rollovers and the 
possibility that the vehicle may become air-
borne. A portion of the rounding (usually one 
half) can be considered part of the “useable” 
width. Where front slopes are steeper than 4:1, 
the rounding should occur outside of the use-
able shoulder width. 

Well-designed and maintained shoulders 
are necessary on rural highways with any ap-
preciable traffic volumes. Shoulders and their 
widths are an important consideration in estab-
lishing a project’s design standards. The bene-
fits of including a shoulder include: 

• Providing a refuge when a driver makes 
an emergency or parking stop. 

• Providing lateral recovery areas for vehi-
cles that inadvertently leave the traffic 
lane. 

• Providing improved sight distance in cut 
areas. 

• Providing areas for maintenance opera-
tions, including snow removal and stor-
age.  

• Providing for alternative modes of travel 
by pedestrians, bicyclist, joggers, transit 
operations, etc.  

• Structurally improving the service life of 
the pavement by increasing the stability of 
the roadway’s base and surfacing materi-
als at the edge of the through traffic lane. 

• Providing the opportunity for improved 
subgrade drainage designs.  

Section 3.2.1 discusses the selection of 
shoulder widths. Normally shoulder widths of 
10 ft [3.0 m] are used on new construction 
projects for arterial highways with relatively 
high traffic volumes. Where truck traffic ex-
ceeds 250 DHV it is desirable to have a paved 
shoulder width of 12 ft [3.6 m]. AASHTO al-
lows narrower shoulder widths on most road-
ways with lower traffic volumes. However, 
wider shoulders widths should be provided on 
these projects when practical. Where bicyclists 
and pedestrians are to be accommodated on 

the shoulders, a minimum useable shoulder 
width, clear of any rumble strips, of 4 ft [1.2 
m] should be used. On highways with three or 
more lanes in each direction a median shoul-
der width of 10 ft [3.0 m] is desirable. This 
provides a refuge area for disabled vehicles 
without affecting roadway capacity and flow.  

3.3.4  SURFACED SHOULDER WIDTH 

The surfaced shoulder width is that part 
constructed to provide better all-weather load 
support than is afforded by natural soils or 
stabilized materials. The paved portion of the 
shoulder also protects the edge of the traffic 
lane pavement from deterioration and raveling. 
More discussion on shoulder surfacing is in 
Chapter Nine - Pavement Selection. Normally 
the shoulder’s structural design, including sur-
face material, is recommended by the Materi-
als and Research Section. 

3.3.5  SIDE SLOPES 

Various cross section slopes are identified 
in Figure 3-6. Four of these slopes are de-
scribed below. 

• Front Slope. The slope extending outward 
and downward from the shoulder to the 
ditch line. 

• Back Slope. The slope extending upward 
and outward from the ditch line to inter-
sect the natural ground. 

• Fill Slope. The slope extending outward 
and downward from the shoulder to inter-
sect with the natural ground; it may in-
clude a ditch section.  

• Cut Slope. The slope extending outward 
and upward from the shoulder, intersect-
ing the ditch slope and then extending 
upward from the ditch back slope to natu-
ral ground. 

It is generally desirable that these slopes be 
6:1 or flatter. Often, from a practical stand-
point, they must be steeper. There is a distinct 
relationship between the steepness of side 
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slopes, operating speeds and the desirable 
widths of clear zones. Chapter Four discusses 
the relationship of these slopes to establishing 
a roadway’s clear zone. General criteria for 
side slopes are presented in Figure 4-4, in 
terms of both desirable slopes and maximum 
slopes. The desirable slopes should be pro-
vided wherever feasible. 

3.3.6  HORIZONTAL CLEARANCE AND 
CLEAR ZONE  

3.3.6.1  HORIZONTAL CLEARANCE  

Horizontal clearance is the lateral distance 
from edge of traveled way to a roadside fea-
ture or object for a roadway with barrier curb.  
Roadways having curbed sections should be 
provided with a minimum horizontal clearance 
of 1.5 ft [0.5 m] beyond the face of curb, with 
wider offsets (if possible to the full clear zone 
width) provided where practical since most 
types of curbs provide little help in redirecting 
an errant vehicle.  Please see the Green Book 
for more information regarding horizontal 
clearance and AASHTO’s Roadside Design 
Guide for more information regarding the 
clear zone width.  If the minimum horizontal 
clearance cannot be provided in curbed areas, 
then a design exception is required. 

3.3.6.2  CLEAR ZONE  

The clear zone is defined in AASHTO’s 
Roadside Design Guide as “the total roadside 
border area, starting at the edge of the traveled 
way, available for safe use by errant vehicles.  
This area may consist of a shoulder, a recover-
able slope, a non-recoverable slope, and/or a 
clear run-out area.  The desired width is de-
pendent upon the traffic volumes and speeds 
and on the roadside geometry.”  This border 
area includes any shoulders or auxiliary lanes. 
Adequate lateral clearance between the edges 
of traffic lanes and roadside obstructions has 
been shown to be a very important safety fac-
tor. Vehicles leaving the roadway should have 
a reasonable opportunity to recover control 
and return to the roadway without overturning 

or colliding with roadside obstacles such as 
trees, poles, headwalls or other large objects. 
The combination of a relatively flat slope and 
an obstacle-free roadside within the prescribed 
clear zone helps this situation.  

The determination of a clear zone is a func-
tion of speed, volume, curvature and embank-
ment slope. The most current edition of 
AASHTO’s Roadside Design Guide should be 
used for determining clear zone widths. For 
low-speed rural collectors and rural local 
roads, a minimum clear zone width of 10 ft 
[3.0 m] should be provided.   

Some roadside appurtenances, such as 
guardrail, breakaway light poles and signs us-
ing breakaway posts, are permitted within the 
specified clear zone, due to their crash-
worthiness.  They should be placed in the saf-
est available location, minimizing their use 
when possible.  Please refer to the Roadside 
Design Guide for more information.  For 
guardrails within the clear zone, it is desirable 
to maintain a minimum 2 ft [0.6 m] lateral 
clearance between the outer edge of the usable 
shoulder and the face of the rail. At bridge 
approaches, guardrail should either match the 
width of the bridge or taper to meet the bridge 
rail. 

The width of clear zone is included on the 
Design Control Checklist (Figure 3-4), the 
Design Criteria Form (Figure 3-5) and the title 
sheet of construction plans.  Deviations from 
the clear zone criteria will have to be approved 
by the appropriate assistant director. 

3.3.7  GRADES 

Design standards for maximum grades are 
not as precise and objective as the standards 
for other geometric elements. AASHTO has 
established recommended maximum grades 
based principally on analyses of vehicle oper-
ating characteristics. Criteria for maximum 
grades are related principally to design speed, 
traffic volumes and terrain characteristics. 
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When it is necessary to design grades at or 
near the maximum values for relatively long 
distances, designers should investigate the ef-
fect on lane capacity. The lane capacity prob-
lem may be further complicated where there 
are steep grades accompanied by considerable 
no-passing distances. 

More detailed guidelines and criteria for 
the design of grades, including critical lengths 
of grades and minimum and maximum grades 
are presented in Chapter Five - Alignment and 
Superelevation and the Green Book, pages 
231-250.  The maximum grades should be 
used infrequently, only as dictated by severe 
terrain conditions. When it is necessary to use 
maximum grades, the designer should check 
other design criteria and roadside features that 
may be improved to minimize the impact of 
using the higher design grade. 

3.3.8  BRIDGES 

The designer should coordinate with the 
Bridge Design Section when determining ver-
tical clearances. A minimum vertical clearance 
for roads over interstate, U.S. and state routes 
is 16.5 ft [5 m]. Pedestrian bridges and over-
head sign structures must have an extra 1 foot 
[0.3 m] of clearance, a total of 17.5 ft [5.3 m]. 
These clearances allow for a 4 in. [100 mm] 
future resurfacing. 

3.3.9  MEDIANS 

Geometric criteria for medians on multi-
lane divided highways are discussed in Chap-
ter Four.
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directly for designing flexible pavements but 
must be converted to a modulus of subgrade re-
action (k-value) for the design of rigid pave-
ments or composite pavements. The resilient 
modulus is also a soil property used in analyzing 
multilayered material systems for predicting 
roughness, cracking, faulting, rutting, and other 
potential distresses.  

The value of a roadbed’s resilient modulus is 
dependent on how well the roadbed soil is 
placed in conformance with the specified com-
paction parameters. For most projects, the mate-
rial is to be placed in accordance with the Stan-
dard Specifications with no special treatment. 
However, the Soil and Pavement Design Report 
may indicate that there is anticipated difficulty 
with the existing roadbed soil meeting the de-
sign MR value. For soils that are excessively ex-
pansive the report may recommend these soils 
be covered by select material sufficiently deep 
enough to reduce or eliminate the expansive af-
fect of the natural material. Other solutions may 
include the adding of an admixture to reduce the 
water content or the use of a geotextile. 

One of the more difficult soils encountered 
on projects are those having a large organic con-
tent. These materials are extremely compressi-
ble, unstable and frequently non-uniform in 
properties and depth. These soils are the most 
complicated and expensive to deal with in order 
to provide an adequate roadbed. Small, shallow 
or localized deposits are most often excavated 
and replaced with suitable material. Deeper and 
more expansive areas involve more detailed geo-
technical design, more complicated construction 
techniques and costs. Treatments other than 
complete removal are more time dependent al-
lowing for the slow consolidation and removal 
of excess moisture. Methods available include 
surcharge embankments for preconsolidation of 
the underlying material usually involving sand 
drains which allow the water to rise to the sur-
face and be removed. The Materials and Re-
search Section is responsible for identifying and 
designing the most economical method treating 
this type of problem area. 

Underdrains (a system of perforated pipes to 
collect and transmit the water to an outfall site) 
are recommended for use on all roadway pro-
jects to adequately address drainage and remov-
ing water from the roadbed.  If site conditions 
indicate that underdrains may not be required, 
contact the Materials and Research Section to 
initiate further investigation.   

The soil and pavement condition survey will 
normally identify roadbed drainage problem ar-
eas or soils highly susceptible to expansion or 
loss of strength with increase in water content. 
When either of these conditions exist, the Mate-
rials and Research Section may recommend ad-
ditional work and/or materials to address the 
existing conditions. 

Another type of material encountered in con-
structing roadbeds is classified as cohesionless 
(sandy) soil and is much more difficult for the 
contractor to place and compact; it is readily 
displaced under the load of the equipment. To 
stabilize this type of soil it may be necessary to 
blend granular material or add a suitable admix-
ture. Wet clay soils may also be encountered. 
Because of high moisture content this type of 
soil is unstable and cannot be compacted. Long 
periods of dry weather and exposure to the air 
are required to reduce the water content. To re-
duce the time necessary to reuse these materials, 
the recommendation may be to add a suitable 
admixture that hastens drying or cover the area 
with a more suitable select material. Removing 
the material and replacing it with suitable mate-
rial allowing construction to continue is an op-
tion. The material may be used in areas that 
don’t require compaction or moved to an avail-
able site for air-drying and reuse at a later time.  

9.3.5 PAVING MATERIALS 

Depending upon materials that comprise a 
pavement, the pavement structure is identified as 
either a flexible or rigid pavement. Combining 
these two types of paving materials in a pave-
ment structure as a subbase or surface course 
results in a composite pavement.  
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directly for designing flexible pavements but 
must be converted to a modulus of subgrade re-
action (k-value) for the design of rigid pave-
ments or composite pavements. The resilient 
modulus is also a soil property used in analyzing 
multilayered material systems for predicting 
roughness, cracking, faulting, rutting, and other 
potential distresses.  

The value of a roadbed’s resilient modulus is 
dependent on how well the roadbed soil is 
placed in conformance with the specified com-
paction parameters. For most projects, the mate-
rial is to be placed in accordance with the Stan-
dard Specifications with no special treatment. 
However, the Soil and Pavement Design Report 
may indicate that there is anticipated difficulty 
with the existing roadbed soil meeting the de-
sign MR value. For soils that are excessively ex-
pansive the report may recommend these soils 
be covered by select material sufficiently deep 
enough to reduce or eliminate the expansive af-
fect of the natural material. Other solutions may 
include the adding of an admixture to reduce the 
water content or the use of a geotextile. 

One of the more difficult soils encountered 
on projects are those having a large organic con-
tent. These materials are extremely compressi-
ble, unstable and frequently non-uniform in 
properties and depth. These soils are the most 
complicated and expensive to deal with in order 
to provide an adequate roadbed. Small, shallow 
or localized deposits are most often excavated 
and replaced with suitable material. Deeper and 
more expansive areas involve more detailed geo-
technical design, more complicated construction 
techniques and costs. Treatments other than 
complete removal are more time dependent al-
lowing for the slow consolidation and removal 
of excess moisture. Methods available include 
surcharge embankments for preconsolidation of 
the underlying material usually involving sand 
drains which allow the water to rise to the sur-
face and be removed. The Materials and Re-
search Section is responsible for identifying and 
designing the most economical method treating 
this type of problem area. 

Underdrains (a system of perforated pipes to 
collect and transmit the water to an outfall site) 
are recommended for use on all roadway pro-
jects to adequately address drainage and remov-
ing water from the roadbed.  If site conditions 
indicate that underdrains may not be required, 
contact the Materials and Research Section to 
initiate further investigation.   

The soil and pavement condition survey will 
normally identify roadbed drainage problem ar-
eas or soils highly susceptible to expansion or 
loss of strength with increase in water content. 
When either of these conditions exist, the Mate-
rials and Research Section may recommend ad-
ditional work and/or materials to address the 
existing conditions. 

Another type of material encountered in con-
structing roadbeds is classified as cohesionless 
(sandy) soil and is much more difficult for the 
contractor to place and compact; it is readily 
displaced under the load of the equipment. To 
stabilize this type of soil it may be necessary to 
blend granular material or add a suitable admix-
ture. Wet clay soils may also be encountered. 
Because of high moisture content this type of 
soil is unstable and cannot be compacted. Long 
periods of dry weather and exposure to the air 
are required to reduce the water content. To re-
duce the time necessary to reuse these materials, 
the recommendation may be to add a suitable 
admixture that hastens drying or cover the area 
with a more suitable select material. Removing 
the material and replacing it with suitable mate-
rial allowing construction to continue is an op-
tion. The material may be used in areas that 
don’t require compaction or moved to an avail-
able site for air-drying and reuse at a later time.  

9.3.5 PAVING MATERIALS 

Depending upon materials that comprise a 
pavement, the pavement structure is identified as 
either a flexible or rigid pavement. Combining 
these two types of paving materials in a pave-
ment structure as a subbase or surface course 
results in a composite pavement.  
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3.1.3 DEPARTURE FROM STANDARDS 

Most projects are expected to meet at least 
the minimum standard design values established 
for the project level. Occasionally there may be 
conditions that warrant consideration of a lower 
value. For projects on higher functional classifi-
cation roadways, it is more critical to strive to 
meet or exceed all of the applicable standards, 
primarily because the motorist expects a higher 
standard and will drive the facility accordingly.  

The need for exceptions to the standards 
must be identified early in the project develop-
ment phase in order that approvals or denials 
will not delay completion of the design or re-
quire extensive redesign. However, the need to 
evaluate a lower design value may arise at any 
time during the design process and needs to be 
addressed expeditiously. Thorough documenta-
tion is essential. The need for exceptions should 
not be viewed as normal or routine. The forms 
in this chapter shall be used to document deci-
sions on design criteria and as a basis for devel-
oping and documenting requests for exceptions. 
The primary focus of the request should be 
highway safety. The design and proposed miti-
gation should be the best practical alternative 
that considers whether or not other controlling 
design elements will be adversely affected.  

The major controlling design elements that 
need to be evaluated for conformity to estab-
lished standards include: 

• Design speed; 

• Through lane and auxiliary lane widths; 

• Shoulder widths; 

• Stopping sight distance on vertical and hori-
zontal curves; 

• Horizontal alignment (radius of curve); 

• Vertical alignment; 

• Minimum and maximum grades; 

• Cross slopes; 

• Superelevation rate; 

• Horizontal clearance; 

• Vertical clearance; 

• Bridge width; and 

• Structural capacity.  

An exception for design speed should not be 
sought as this element establishes most if not all 
of the other parameters to be met. As discussed 
in this chapter and in several other sections in 
this manual, design speed is an achievable speed 
selected by the designer based on the various 
factors the designer must consider. Design ele-
ments that cannot be met within that selected 
design speed should be supported by seeking a 
design exception in accordance with the follow-
ing guidelines. 

All variances from standards need to be 
documented in the project files, and, in many 
cases, require approval from the Chief Engineer 
and FHWA. The level of documentation de-
pends on the project scope, functional classifica-
tion and other factors. Depending upon the sig-
nificance of the request, the support information 
may include some or all of the following:  

• Existing roadway characteristics,  

• Required and proposed design criteria;  

• Cross section or geometric figures compar-
ing the existing and proposed conditions;  

• Supporting calculations and cost analysis; 

• Analysis of accident records;  

• A discussion on the compatibility with adja-
cent sections;  

• Effect on right-of-way;  

• Environmental constraints; 

• Any proposed mitigation considered to help 
offset the variance from the design standard; 

• Mitigation costs;  

• Public support or opposition; and 

• Other pertinent factors 
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There are several project types described in 
the following sections. Figure 3-2 shows the 
types of construction that fall under each project 
type.  The type of construction shall be shown 
on the title sheet of the construction plans. 

Figure 3-2 
Types of Construction 

Project Type Type of Construction 

Bridge Replacement 
New Construction (Road/Bridge) 

New  
Construction 

and  
Reconstruction 

4-R 

Bridge Rehabilitation 
Bridge Superstructure Re-

placement 

Intersection Improvements 

Safety Improvements 

Intermediate 

Traffic Calming 

Bridge Painting 
Bridge Preservation 

Bridge Preventive Maintenance

Community Transportation 
Fund 

Pavement Preservation 

Preventive 
Maintenance 

Scour Countermeasures 
Advanced Utility 

Bike and Pedestrian Improve-
ments  

Drainage Improvements 
ITS 

Landscaping 
Lighting 

Railroad Crossing 
Signal 

Signing and Striping 

Small Structure Repair 

Transportation Enhancement 

Miscellaneous 
Improvement 

Miscellaneous Improvements 
(e.g., Wetland Mitigation, DTC 

Rail, Facilities) 

3.1.3.1 NEW CONSTRUCTION AND 
RECONSTRUCTION PROJECTS 

New construction and reconstruction projects 
on the interstate system and the NHS are ex-
pected to be in conformance with the appropri-
ate standards and exceptions should be rare. All 
projects on the NHS (except preventive mainte-
nance) shall conform to the standards in the cur-
rent edition of AASHTO’s A Policy on Geomet-
ric Design of Highways and Streets (the Green 
Book). All projects on the interstate system (ex-
cept preventive maintenance) shall also meet the 
design criteria contained in the current edition 
of A Policy on Design Standards⎯Interstate 
System. Projects having full federal oversight by 
FHWA are established in the current Steward-
ship and Oversight Agreement between FHWA 
and DelDOT. FHWA must approve all design 
exceptions for projects with full federal over-
sight. 

New construction and reconstruction projects 
require a formal design exception as described 
in “Required Design Exception Documentation” 
(Figure 3-3) to justify the rationale for departure 
from the established design standards.  The 
Chief Engineer must approve design exceptions 
for all new construction and reconstruction pro-
jects. “Design Exception Request” (Figure 3-4) 
is a guide format for developing a design excep-
tion request.  It is important that the designer 
complete the “Design Control Checklist” (Fig-
ure 3-5) and the “Design Criteria Form” (Figure 
3-6) for all new construction and reconstruction 
projects. 
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Figure 3-3 
Required Design Exception Documentation 
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New Construction 
or Reconstruction 
– Full Federal 
Oversight 

X X X X X 

New Construction 
or Reconstruction 
– State Adminis-
tered 

X X X X  

Intermediate 
Level   X X  

Preventive  
Maintenance 

 
 

 
X 

  
 

 

Miscellaneous  
Improvement  X    

3.1.3.2 INTERMEDIATE PROJECTS 

The scope of intermediate projects is im-
provements being retrofitted into the existing 
infrastructure. At times, it may be necessary to 
deviate from the design standards. It is impor-
tant that the designer complete the “Design 
Control Checklist” (Figure 3-5) and the “Design 
Criteria Form” (Figure 3-6) for all intermediate 
projects. If design standards cannot be met due 
to site conditions, then it shall be noted on the 
Design Criteria Form. In addition, there must be 
a memo to the project file explaining the justifi-
cation for the variances in the design standards 
signed by the Project Engineer, the Group Engi-
neer and the Assistant Director. The level of 
documentation can vary depending on the pro-
ject intent, environmental concerns and other 
issues. In most cases it is not necessary to pro-
vide the same level of documentation as pro-
vided in a formal design exception request be-
cause the project’s scope has already been es-

tablished. The following are examples of inter-
mediate projects: 

• Safety improvement projects 
• Addition of channelizing islands with no 

reduction in existing lane or shoulder width 
• Intersection improvements with no reduction 

in existing lane or shoulder width 
• Minor lane or shoulder widening 
• Traffic calming features, e.g. speed humps, 

chicanes, midblock median islands, chokers, 
or narrowed lanes. (Consult with FHWA for 
projects on NHS Routes.) 

• Superstructure replacement 
• Bridge rehabilitation  

3.1.3.3 PREVENTIVE MAINTENANCE 
PROJECTS 

Preventive maintenance includes rehabilitation 
or restoration of specific elements of a highway 
facility when such activities are a cost- effective 
means of extending the pavement or bridge life 
and shall not degrade any existing or geometric 
aspects of the facility. The majority of the work 
for these projects is between existing curb lines 
or outer edges of existing shoulders. These 
types of projects are not required to provide any 
documentation for design standards that cannot 
be met. A general list of preventative mainte-
nance items is below: 

• Pavement Preservation - Pavement milling 
and resurfacing of the same thickness with 
no reduction in lane widths, or pavement 
repair (e.g. sawing, sealing, pothole patch-
ing) 

• Bridge Preservation 

o Bridge painting  

o Bridge Preventive Maintenance 

� Deck rehabilitation 

� Joint replacement or repair 

� Bearing replacement 

� Pile Jackets 

o Scour countermeasures  
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o Seismic retrofit  

3.1.3.4 MISCELLANEOUS 
IMPROVEMENT PROJECTS 

These projects are typically beyond the exist-
ing edge of pavement and are intended to im-
prove safety and aesthetics. They may also in-
clude improvements within the roadway in-
tended to improve safety which do not degrade 
the existing highway geometrics. These projects 
are not required to provide any documentation 
for design standards that cannot be met. A gen-
eral list of miscellaneous improvement project 
work items is below: 

• New or replaced curb and/or sidewalk  

• Modifying sidewalk to comply with ADA 
requirements  

• Roadside safety enhancements  

- New guardrail installation 

- Guardrail repair/replacement  

- New impact attenuators  

- Impact attenuator repair or replacement  

- Upgrading bridge rails 

- Removal of obstructions  

• Median barrier replacement 

• Drainage improvements  

• Signing  

• Small Structure Repair 

o Culvert lining 

o Retaining structure repair 

• Large ground-mounted signs  

• New sign structures (sign bridge, cantilever 
and bridge-mounted, provided they meet 
clearance requirements)  

• Existing sign structure rehabilitation 

• Striping with no additional lanes nor reduc-
tion in existing lane width 

• New or replaced raised pavement markers  

• New or upgraded signals  

• ITS (e.g. fiber optic cable, message signs, 
cameras, emergency call boxes)  

• New or upgraded lighting systems  

• Fencing, provided existing stopping sight 
distance is not degraded 

• Glare screens, provided existing stopping 
sight distance is not degraded 

• Repair of structural components resulting 
from traffic impact 

• Advanced utility relocation projects 

• Landscape improvements
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Figure 3-4 
Design Exception Request 

State Project No. ________________ Federal-Aid Project No.     

Date:  _________________________ Oversight Project: Yes  No     

Design Exception Abstract: (Provide a short summary detailing the nature of the exception, rea-
sons for the request, etc.) 

 

 

Note:  
For all NHS projects, the thirteen controlling criteria to be met are design speed; through lane and 
auxiliary lane width; shoulder width; bridge width, structural capacity, horizontal alignment; vertical 
alignment; grades; stopping sight distance, cross-slope; superelevation; horizontal clearance; and 
vertical clearance. 
 

 

 

 

 

RECOMMENDATION: 

The purpose of this project is to----------.  

The most effective method of addressing this is-----------. 

Based upon the conditions presented, it is recommended that a design exception be approved for the 
controlling substandard design element as justified.  

Recommended By: _______________________________________________________________   
                                       Squad Manager 

Recommended By: _______________________________________________________________   
                                       Group Engineer 

Recommended By: _______________________________________________________________  
                Assistant Director-Transportation Solutions  

Recommended By: _______________________________________________________________  
                Assistant Director-Design 

Approved By: _____________________________________  Date: _______________________  
 Chief Engineer 

Approved By: _____________________________________  Date: _______________________    
 Federal Highway Administration (NHS oversight projects only) 

Enclosures: (Include design criteria, figures, calculations, etc. to document request.) 



 DelDOT Road Design Manual 

 

3-8     Design Standards April 2009 

Figure 3-5 
Design Control Checklist 

 
PROJECT DATA 

Squad Leader/Project Manager: ______________________________________________________  

Project Title: _____________________________________________________________________  

Contract No.: _____________________________________________________________________  

Federal Aid Project No: _____________________________________________________________  

Project Limits: ____________________________________________________________________  

Type of Construction:_______________________________________________________________  

Project Scope and Initial Estimate: ____________________________________________________  

________________________________________________________________________________  

________________________________________________________________________________  

________________________________________________________________________________  

DESIGN DATA 

Functional Classification:   

Current AADT (Year)    

Projected AADT (Year):    

Projected DHV (Year):    

% Trucks     

Directional Distribution (%):   

Design Speed     

Design Vehicle     

Design Level of Service    

Clear Zone    

 

Recommended By: _______________________________________________________________  

Squad Manager  

Recommended By: _______________________________________________________________  

Group Engineer 

Recommended By: _______________________________________________________________  

Assistant Director-Transportation Solutions 

Approved By: ____________________________________________________________________  

Director-Transportation Solutions 
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Figure 3-6 
 Design Criteria Form   

Design Criteria 

Design Factor As per 
Road Design Manual 

 Provided 

Design Speed*   

Width of Through Lanes*   

Width of Auxiliary Lanes*   

Width of Outside Shoulder*   

Width of Inside Shoulder*   

Cross Slope*   

Width of Median   

Stopping Sight Distance*   

Minimum Horizontal Curve Radius*   

Minimum K (Crest)*   

Minimum K (Sag)*   

Maximum % Grade*   

Maximum front slope (Unprotected Section)   

Maximum back slope   

Barrier Offset   

Superelevation Rate (%)*   

Bridge Width*    

Vertical Clearance*   

Structural Capacity*   

Horizontal Clearance *   

Width of clear zone   

General Notes: 
• Use this form primarily for new construction or reconstruction projects.  
* The Chief Engineer must approve design criteria deviating from the requirements of the Road Design 

Manual through the use Figure 3-4 “Design Exception Request.” 
 
Recommended By: _____________________________________________________________  
     Project Manager 
 
Recommended By: _____________________________________________________________  
     Group Engineer 
 
Approved By: _________________________________________________________________  
     Assistant Director-Transportation Solutions 



 

3-10     Design Standards April 2009 

3.1.4 DETERMINATION OF 
STANDARDS 

Figure 3-7 graphically defines the nomen-
clature used when describing the various ele-
ments that establish a roadway’s cross section. 
The dimensions and geometrics needed to de-
sign this roadway section are known as a pro-
ject’s design standards. The basic information 
needed before beginning the process of estab-
lishing a project’s design standards is: 

• The functional classification of the road 
section to be improved. A roadway's clas-
sification is shown on DelDOT's current 
functional classification map but should 
be verified with the Division of Planning. 
A part of the initial field review and scop-
ing meeting should be to verify that the 
area and roadway section being consid-
ered are truly representative of the desig-
nated classification. 

• The scope of work proposed for the pro-
ject under consideration is in the Project 
Initiation Form, project development 
documentation and other supporting data 
furnished to the designer.  

• The traffic data for the road section is 
obtained from the Division of Planning 
and includes current traffic, projected traf-
fic, percent trucks, accident history, etc. 

With this information, the designer can pro-
ceed with the process of selecting the design 
speed. 

3.2 STANDARDS BASED ON 
DESIGN SPEED 

3.2.1 SELECTION OF DESIGN SPEED  

The design speed establishes basic criteria 
for certain design elements. Two design stan-

dard considerations are related directly to the 
design speed: 

• Curvature and superelevation, and 

• Required sight distances. 

The designer's goal is to provide at least the 
minimum values, and preferably larger values, 
for these standards, regardless of traffic vol-
umes, functional classification or any other 
consideration. These design elements are very 
closely related to traffic safety and should not 
be compromised. 

A first step in determining the appropriate 
design standards is to establish a reasonable 
and realistic design speed. Since the majority 
of design controls are related to the design 
speed, this decision needs to be based on more 
factors than a roadway's functional classifica-
tion and traffic volume.  

The design speed selected should accom-
modate a high percentage of drivers, including 
the reasonable and prudent driver. Other con-
siderations include topography, anticipated 
operating speeds, driver expectations, volume 
and mix of vehicles, the volume and type of 
non-vehicular traffic, driver familiarity, level 
of congestion reasonably acceptable to the 
motorists, and community values. 

Once the design speed is selected, the per-
tinent highway features need to be related to 
obtain a balanced design. Some design fea-
tures, such as curvature, superelevation, and 
sight distance, are directly related to, and vary 
with, design speed. Other features, such as 
lane and shoulder widths and clearances to 
highway appurtenances, although not directly 
related to design speed, affect the driver’s 
comfort level and are reflected in vehicle op-
erating speeds. 
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Figure 3-7 
Typical Section Nomenclature 
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Designers should evaluate any unique con-
ditions that might indicate a practical need for 
a higher or lower design speed. For example: 

1. Design speeds should be selected as high 
as economically and physically practical. 

2. The highway section may be legally 
posted for a relatively low operating 
speed; selecting a higher design speed 
may result in considerable added cost. 
Therefore, it would be appropriate to ac-
cept a lower design speed which is 5 mph 
[10 km/h] above the posted speed. 

3. Extensive roadside development and pro-
posed land-use changes, intersection spac-
ing and frequency of entrances may influ-
ence decisions on design speed.  

4. The need to preserve historic sites and 
districts may be a controlling factor. 

5. The impact on the social context of the 
affected project area should be evaluated. 
This is particularly important when a pro-
ject involves a rural setting and extends 
into a town center type of environment. 

6. The impact on environmentally sensitive 
areas are part of the decision making proc-
ess. 

7. Whether or not the 85th percentile speed 
criteria should be used will have to be 
evaluated. 

Keep in mind, however, that lowering the 
design speed will not necessarily lower operat-
ing speed without also lowering the legal 
posted speed limits. Before a final decision is 
made on the design speed, the adjacent road 
sections should be evaluated in terms of cur-
rent operating speed characteristics and the 
potential for future reconstruction work. To 
the extent practicable, it is desirable to have 
consistent design speeds over longer sections 
of highways, where the roadway and roadside 
characteristics are also consistent and similar. 
If the adjacent roadside characteristics, traffic 
mix, and user activities vary dramatically 
within a project’s limits, it may be more rea-
sonable to use several design speeds This 
would be applicable when entering a business 

district or other activity center involving in-
creased pedestrian use and cross traffic. 

Since design speed selection is one of the 
most significant decisions, it is important to 
document the basis for making the selection 
and obtain approval before proceeding with 
the design. As the design process proceeds 
there may be issues raised that will call for a 
reevaluation of the design speed decision. 

In addition to the design speed, a facility‘s 
projected traffic volume and functional classi-
fication influence the selection of traveled way 
(lane) and shoulder widths. The designer 
should refer to the Green Book in establishing 
traveled way and shoulder widths. The follow-
ing is a guide to help locate this information.   

• Local Roads and Streets  page 384, Ex-
hibit 5-5; 

• Collector Roads and Streets (Rural)  
page 425, Exhibit 6-5;   

• Collector Roads and Streets (Urban)  
page 433; 

• Arterials (Rural)  page 448, Exhibit 7-3; 
• Divided Arterials (Rural)  page 455; 
• Urban Arterials  page 472; 
• Freeways  page 504. 

Determining lane and shoulder widths is a 
very critical step in project design. The Design 
Criteria Form, Figure 3-6, is used to document 
and obtain approval for the selected lane and 
shoulder widths. 

3.2.2 CURVATURE AND 
SUPERELEVATION 

Establishing the proper relationship be-
tween design speed and curvature, as well as 
their joint relationship with the proper amount 
of superelevation on the curve is an important 
decision. Although these relationships are de-
rived from laws of mechanics (speed, cen-
trifugal force and side friction factor), the ac-
tual values for use in design depend on practi-
cal limits and factors determined empirically 
over a range of variables. For example, the 
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maximum permissible rate of superelevation is 
based on a practical consideration that a high 
operating speed can be accommodated on a 
relatively sharp curve if the superelevation is 
steep enough, but highways must serve vehi-
cles traveling at a wide range of speeds. Slow 
moving vehicles or stopped vehicles would be 
adversely affected with excessively steep su-
perelevation, particularly in ice and snow con-
ditions. 

AASHTO suggests maximum supereleva-
tion rates in the range of 4 to 12 percent. 
Delaware’s roadways are subject to the effects 
of ice and snow during the winter. These con-
ditions have resulted in poor operational and 
accident history on roadways using a su-
perelevation rate higher than 8 percent. There-
fore, DelDOT strives to use a maximum su-
perelevation rate of 6 percent. However, for 
rural roadways it may be appropriate to use a 
superelevation rate of 8 percent. In urban ar-
eas, it is more practical to use a rate of 4 per-
cent. This rate allows for smoother pavement 
tie-in at entrances and intersecting streets. 

The selected superelevation rate sets the 
limitations on curvature.  It is desirable to use 
curves flatter than the minimum values wher-
ever conditions permit. When approved by the 
Chief Engineer, curves sharper than the mini-
mum may be used on reconstruction projects. 
The designer has design alternatives to miti-
gate the effect of introducing sharper curva-
ture by widening pavement, providing ad-
vance warning signs, providing wider clear 
zones, increasing vertical or horizontal sight 
distances, etc.  

Tables of superelevation rates for various 
combinations of design speed and curvature 
are shown in the Green Book, pages 167 to 
174, and figures in Chapter Five - Alignment 
and Superelevation in this manual. Both of 
these should be referred to for a more detailed 
discussion of the application of superelevation 
and transition methods for entering and leav-
ing horizontal curves. 

3.2.3 STOPPING SIGHT DISTANCE 

Sight distance is the length of roadway 
ahead of the vehicle that is visible to the 
driver. The available sight distance must al-
ways be sufficient to enable a vehicle traveling 
at or near the design speed to stop before 
reaching an object on the roadway. Factors 
that influence the required stopping sight dis-
tance include: 

• The speed of the vehicle; 
• The height of the driver's eyes; 
• The height of the object on the road; 
• The driver's reaction time before braking;  
• The surface condition; and 
• The distance necessary to stop the vehicle 

after applying the brakes. 

Reference should be made to Chapter 3 
Elements of Design in the Green Book, pages 
109-117, for a thorough explanation of the 
concepts and procedures for defining stopping 
sight distances. Attention is also drawn to 
AASHTO’s discussion of the concept of ‘de-
cision sight distance’ and its possible applica-
tion to the project under design. 

Vertical curvature, horizontal curvature, 
roadside obstructions, or any combination of 
these elements can restrict sight distance. Pro-
cedures for checking available sight distances 
are described in the Green Book, pages 127-
131. 

3.2.4 PASSING SIGHT DISTANCE 

Consideration of passing sight distance is 
limited to two-lane, two-way highways on 
which vehicles frequently overtake slower- 
moving vehicles and the passing operation 
must be accomplished on a lane used by op-
posing traffic. 

Passing sight distance for design is deter-
mined on the basis of the length needed to ac-
complish the passing maneuver. Derivation of 
the required distance is described in the Green 
Book, pages 118-126. AASHTO recommends 
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that, “In designing a highway these distances 
should be exceeded as much as practical ...” 

These distances for design should not be 
confused with other distances used as warrants 
for placing no-passing pavement markings on 
completed highways. Values shown in the 
MUTCD are substantially less than the design 
distances and are derived from traffic opera-
tion control needs based on assumptions dif-
ferent from those for design. 

Because of vertical and horizontal sight 
limitations, nearly all two-lane highways have 
some no-passing restrictions. In rolling terrain, 
the proportionate amount of no-passing sec-
tions usually becomes greater. Normally it is 
impracticable to attempt to provide passing 
sight distance throughout the entire length of a 
project. The principal design consideration is 
to try to provide adequate passing opportuni-
ties as frequently as possible. 

There are no fixed values for the frequency 
of passing sections. Experience shows that 
highway capacity is measurably reduced when 
a significant percentage of a section of high-
way is restricted to sight distances less than 
1500 ft [500 m]. Highways with high traffic 
volumes will require a higher proportion of 
passing opportunities than those with low traf-
fic volumes. Where an analysis shows that a 
lack of passing sight distances has reduced 
capacity to near or below the expected traffic 
volumes, it is necessary to consider adjust-
ments in the alignment and grade, or to pro-
vide additional lanes. 

3.3 STANDARDS BASED ON 
TRAFFIC VOLUMES 

Standards not directly related to design 
speed are influenced primarily by traffic vol-
umes. Tables for these standards shown in the 
tables at the end of this chapter reflect varia-
tions by traffic volume ranges.  

3.3.1 NUMBER OF LANES 

The number of lanes required for any 
highway is directly related to the facility's traf-
fic volume and desired level of service. But 
there are no simple, fixed criteria for these 
relationships. The recommended number of 
lanes is normally obtained through the project 
development process. 

The Highway Capacity Manual gives two 
very general guidelines for determining the 
need for additional lanes. These numbers are 
based on long sections of roadway with unin-
terrupted traffic flow having the highest stan-
dards for design controls (horizontal and verti-
cal geometrics and cross-sectional elements), 
ideal weather conditions, daylight, etc. 

1. Under ideal conditions, a two-lane rural 
highway can accommodate about 900 pas-
senger vehicles (two-way) per hour with a 
reasonably high level of service if there 
are adequate passing opportunities and no 
long, steep grades. Considerably more ve-
hicles can be accommodated if motorists 
are willing to accept a lower level of ser-
vice, a greater degree of congestion and 
lower operating speeds. 

2. Under ideal conditions, a multi-lane high-
way can accommodate about 900 passen-
ger vehicles per lane per hour. Again, con-
siderably more vehicles can be accommo-
dated, if lower levels of service can be tol-
erated. 

Most roadways do not meet the ideal con-
ditions. The HCM defines the ideal roadway 
as follows:  (1) meets or exceeds design speed; 
(2) has 12 ft [3.6 m] travel lane widths; (3) has 
shoulder widths greater than 6 ft [1.8 m]; (4) 
has minimal no passing zones; (5) carries pre-
dominantly passenger cars; (6) has evenly dis-
tributed traffic flow; (7) has minimum cross-
ing and entering traffic interference; and (8) 
has level terrain.  

Although all these elements are rarely 
available within a project's limit, capacity is 
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usually not a problem on most of the rural 
roadways in Delaware. Exceptions are some of 
the principal arterial routes, particularly in the 
vicinity of urban areas. 

Most proposed improvements will be in 
traffic volume ranges where the existing num-
ber of lanes will be adequate without the need 
for detailed study. However, capacity may be 
influenced where the traffic volume exceeds 
about 900 DHV or where there are unusual 
conditions of alignment, grade or signaliza-
tion.  

Designers working with Traffic and the Di-
vision of Planning should identify the need for 
additional through lanes or, if applicable, aux-
iliary climbing lanes. Such a change after pro-
ject initiation is a major decision affecting all 
aspects of a project from cost to environmental 
and social impacts.  

3.3.2 SURFACED LANE WIDTHS 

The traveled way designated for vehicle 
operation (excluding shoulders) normally con-
sists of two or more surfaced traffic lanes. The 
impact of providing adequate lane widths is 
wide ranging and includes maintaining and/or 
enhancing driver safety, driver comfort, the 
level of service, capacity, and the frequency 
and extent of shoulder and pavement surface 
maintenance.  

For all new construction and reconstruction 
on arterial and collector roads, the desirable 
surfaced travel lane width is 12 ft [3.6 m]. If 
the scope of work is limited, speeds are low, 
truck volumes are light or there are no defined 
safety problems, surfaced lane widths of 11 ft 
[3.3 m] may be acceptable, particularly in ur-
banized areas with restricted right-of-way and 
increased pedestrian activity. However, for 
urban arterials with higher speeds, predomi-
nantly free-flowing conditions, and higher 
traffic volumes, surfaced lane widths of 12 ft 
[3.6 m] are desirable. For local roads and 
streets, surfaced traffic lanes normally should 
be 11 feet [3.3 m] wide but AASHTO allows 
lane widths of 9 [2.7 m] or 10 ft [3.0 m] where 

there is restricted or low truck use, low traffic 
volumes and low operating speeds. See Sec-
tion 3.2.1 for information on selecting lane 
and shoulder widths. 

For pavements on new construction or ma-
jor reconstruction projects with existing or 
projected high concentrations of truck traffic, 
a wider pavement provides more edge strength 
and has been found to be structurally better for 
heavy loads. Consideration should be given to 
widening the pavement an additional 2 ft [0.6 
m] under these circumstances. The lanes 
should be striped for 12 ft [3.6 m] lanes to 
keep trucks away from the edge of the pave-
ment. The extra width can be considered part 
of the shoulder. If the mainline and shoulders 
are constructed of Portland cement concrete 
and the shoulders are structurally tied to the 
mainline, this additional width is not normally 
necessary. For divided highways, the widen-
ing should be adjacent to the outside shoulder; 
on two-lane roadways the widening should be 
equally divided on each side. 

3.3.3 SHOULDER WIDTH 

The total shoulder width is the distance 
from the edge of the traffic lane to the inter-
section of the shoulder slope with the front 
slope, or to the face of curb. In sections with-
out curbs there are two terms used to describe 
the shoulder area. The “graded” width of 
shoulder is that measured from the edge of the 
traveled way to the intersection of the shoulder 
slope and the front slope. The “useable” width 
of shoulder is the actual width that can be used 
when a driver makes a stop.  

Having a sharp break at the point of inter-
section of the edge of the graded shoulder and 
the front slope is not a good practice. Instead a 
rounding of 4 to 6 ft [1.2 to1.8 m] with a front 
slope 4:1 or flatter is the best practice. This 
rounding improves the general safety of the 
roadside by reducing the likelihood of en-
croachment, thus giving the errant driver more 
chance to regain control. Other considerations 
are that rounding may reduce rollovers and the 
possibility that the vehicle may become air-
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borne. A portion of the rounding (usually one 
half) can be considered part of the “useable” 
width. Where front slopes are steeper than 4:1, 
the rounding should occur outside of the use-
able shoulder width. 

Well-designed and maintained shoulders 
are necessary on rural highways with any ap-
preciable traffic volumes. Shoulders and their 
widths are an important consideration in estab-
lishing a project’s design standards. The bene-
fits of including a shoulder include: 

• Providing a refuge when a driver makes 
an emergency or parking stop. 

• Providing lateral recovery areas for vehi-
cles that inadvertently leave the traffic 
lane. 

• Providing improved sight distance in cut 
areas. 

• Providing areas for maintenance opera-
tions, including snow removal and stor-
age.  

• Providing for alternative modes of travel 
by pedestrians, bicyclist, joggers, transit 
operations, etc.  

• Structurally improving the service life of 
the pavement by increasing the stability of 
the roadway’s base and surfacing materi-
als at the edge of the through traffic lane. 

• Providing the opportunity for improved 
subgrade drainage designs.  

Section 3.2.1 discusses the selection of 
shoulder widths. Normally shoulder widths of 
10 ft [3.0 m] are used on new construction 
projects for arterial highways with relatively 
high traffic volumes. Where truck traffic ex-
ceeds 250 DHV it is desirable to have a paved 
shoulder width of 12 ft [3.6 m]. AASHTO al-
lows narrower shoulder widths on most road-
ways with lower traffic volumes. However, 
wider shoulders widths should be provided on 
these projects when practical. Where bicyclists 
and pedestrians are to be accommodated on 
the shoulders, a minimum useable shoulder 
width, clear of any rumble strips, of 4 ft [1.2 

m] should be used. On highways with three or 
more lanes in each direction a median shoul-
der width of 10 ft [3.0 m] is desirable. This 
provides a refuge area for disabled vehicles 
without affecting roadway capacity and flow.  

3.3.4 SURFACED SHOULDER WIDTH 

The surfaced shoulder width is that part 
constructed to provide better all-weather load 
support than is afforded by natural soils or 
stabilized materials. The paved portion of the 
shoulder also protects the edge of the traffic 
lane pavement from deterioration and raveling. 
More discussion on shoulder surfacing is in 
Chapter Nine - Pavement Selection. Normally 
the shoulder’s structural design, including sur-
face material, is recommended by the Materi-
als and Research Section. 

3.3.5 SIDE SLOPES 

Various cross section slopes are identified 
in Figure 3-7. Four of these slopes are de-
scribed below. 

• Front Slope. The slope extending outward 
and downward from the shoulder to the 
ditch line. 

• Back Slope. The slope extending upward 
and outward from the ditch line to inter-
sect the natural ground. 

• Fill Slope. The slope extending outward 
and downward from the shoulder to inter-
sect with the natural ground; it may in-
clude a ditch section.  

• Cut Slope. The slope extending outward 
and upward from the shoulder, intersect-
ing the ditch slope and then extending 
upward from the ditch back slope to natu-
ral ground. 

It is generally desirable that these slopes be 
6:1 or flatter. Often, from a practical stand-
point, they must be steeper. There is a distinct 
relationship between the steepness of side 
slopes, operating speeds and the desirable 
widths of clear zones. Chapter Four discusses 
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the relationship of these slopes to establishing 
a roadway’s clear zone. General criteria for 
side slopes are presented in Figure 4-4, in 
terms of both desirable slopes and maximum 
slopes. The desirable slopes should be pro-
vided wherever feasible. 

3.3.6 HORIZONTAL CLEARANCE AND 
CLEAR ZONE  

3.3.6.1 HORIZONTAL CLEARANCE  

Horizontal clearance is the lateral distance 
from edge of traveled way to a roadside fea-
ture or object for a roadway with barrier curb.  
Roadways having curbed sections should be 
provided with a minimum horizontal clearance 
of 1.5 ft [0.5 m] beyond the face of curb, with 
wider offsets (if possible to the full clear zone 
width) provided where practical since most 
types of curbs provide little help in redirecting 
an errant vehicle.  Please see the Green Book 
for more information regarding horizontal 
clearance and AASHTO’s Roadside Design 
Guide for more information regarding the 
clear zone width.  If the minimum horizontal 
clearance cannot be provided in curbed areas, 
then a design exception is required. 

3.3.6.2 CLEAR ZONE  

The clear zone is defined in AASHTO’s 
Roadside Design Guide as “the total roadside 
border area, starting at the edge of the traveled 
way, available for safe use by errant vehicles.  
This area may consist of a shoulder, a recover-
able slope, a non-recoverable slope, and/or a 
clear run-out area.  The desired width is de-
pendent upon the traffic volumes and speeds 
and on the roadside geometry.”  This border 
area includes any shoulders or auxiliary lanes. 
Adequate lateral clearance between the edges 
of traffic lanes and roadside obstructions has 
been shown to be a very important safety fac-
tor. Vehicles leaving the roadway should have 
a reasonable opportunity to recover control 
and return to the roadway without overturning 
or colliding with roadside obstacles such as 
trees, poles, headwalls or other large objects. 
The combination of a relatively flat slope and 

an obstacle-free roadside within the prescribed 
clear zone helps this situation.  

The determination of a clear zone is a func-
tion of speed, volume, curvature and embank-
ment slope. The most current edition of 
AASHTO’s Roadside Design Guide should be 
used for determining clear zone widths. For 
low-speed rural collectors and rural local 
roads, a minimum clear zone width of 10 ft 
[3.0 m] should be provided.   

Some roadside appurtenances, such as 
guardrail, breakaway light poles and signs us-
ing breakaway posts, are permitted within the 
specified clear zone, due to their crash-
worthiness.  They should be placed in the saf-
est available location, minimizing their use 
when possible.  Please refer to the Roadside 
Design Guide for more information.  For 
guardrails within the clear zone, it is desirable 
to maintain a minimum 2 ft [0.6 m] lateral 
clearance between the outer edge of the usable 
shoulder and the face of the rail. At bridge 
approaches, guardrail should either match the 
width of the bridge or taper to meet the bridge 
rail. 

The width of clear zone is included on the 
Design Control Checklist (Figure 3-5), the 
Design Criteria Form (Figure 3-6) and the title 
sheet of construction plans.  Deviations from 
the clear zone criteria will have to be approved 
by the appropriate assistant director. 

3.3.7 GRADES 

Design standards for maximum grades are 
not as precise and objective as the standards 
for other geometric elements. AASHTO has 
established recommended maximum grades 
based principally on analyses of vehicle oper-
ating characteristics. Criteria for maximum 
grades are related principally to design speed, 
traffic volumes and terrain characteristics. 

When it is necessary to design grades at or 
near the maximum values for relatively long 
distances, designers should investigate the ef-
fect on lane capacity. The lane capacity prob-
lem may be further complicated where there 
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are steep grades accompanied by considerable 
no-passing distances. 

More detailed guidelines and criteria for 
the design of grades, including critical lengths 
of grades and minimum and maximum grades 
are presented in Chapter Five - Alignment and 
Superelevation and the Green Book, pages 
231-250.  The maximum grades should be 
used infrequently, only as dictated by severe 
terrain conditions. When it is necessary to use 
maximum grades, the designer should check 
other design criteria and roadside features that 
may be improved to minimize the impact of 
using the higher design grade. 

3.3.8 BRIDGES 

The designer should coordinate with the 
Bridge Design Section when determining ver-
tical clearances. A minimum vertical clearance 
for roads over interstate, U.S. and state routes 
is 16.5 ft [5 m]. Pedestrian bridges and over-
head sign structures must have an extra 1 foot 
[0.3 m] of clearance, a total of 17.5 ft [5.3 m]. 
These clearances allow for a 4 in. [100 mm] 
future resurfacing. 

3.3.9 MEDIANS 

Geometric criteria for medians on multi-
lane divided highways are discussed in Chap-
ter Four. 
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There are several project types described in 
the following sections. Figure 3-2 shows the 
types of construction that fall under each project 
type.  The type of construction shall be shown 
on the title sheet of the construction plans. 

Figure 3-2 
Types of Construction 

Project Type Type of Construction 

Bridge Replacement 
New Construction (Road/Bridge) 

New  
Construction 

and  
Reconstruction 

4-R 

Bridge Rehabilitation 
Bridge Superstructure Re-

placement 

Intersection Improvements 

Safety Improvements 

Intermediate 

Traffic Calming 

Bridge Painting 
Bridge Preservation 

Bridge Preventive Maintenance

Community Transportation 
Fund 

Pavement Preservation 

Preventive 
Maintenance 

Scour Countermeasures 
Advanced Utility 

Bike and Pedestrian Improve-
ments  

Drainage Improvements 
ITS 

Landscaping 
Lighting 

Railroad Crossing 
Signal 

Signing and Striping 

Small Structure Repair 

Transportation Enhancement 

Miscellaneous 
Improvement 

Miscellaneous Improvements 
(e.g., Wetland Mitigation, DTC 

Rail, Facilities) 

3.1.3.1 NEW CONSTRUCTION AND 
RECONSTRUCTION PROJECTS 

New construction and reconstruction projects 
on the interstate system and the NHS are ex-
pected to be in conformance with the appropri-
ate standards and exceptions should be rare. All 
projects on the NHS (except preventive mainte-
nance) shall conform to the standards in the cur-
rent edition of AASHTO’s A Policy on Geomet-
ric Design of Highways and Streets (the Green 
Book). All projects on the interstate system (ex-
cept preventive maintenance) shall also meet the 
design criteria contained in the current edition 
of A Policy on Design Standards⎯Interstate 
System. Projects having full federal oversight by 
FHWA are established in the current Steward-
ship and Oversight Agreement between FHWA 
and DelDOT. FHWA must approve all design 
exceptions for projects with full federal over-
sight. 

New construction and reconstruction projects 
require a formal design exception as described 
in “Required Design Exception Documentation” 
(Figure 3-3) to justify the rationale for departure 
from the established design standards.  The 
Chief Engineer must approve design exceptions 
for all new construction and reconstruction pro-
jects. “Design Exception Request” (Figure 3-4) 
is a guide format for developing a design excep-
tion request.  It is important that the designer 
complete the “Design Control Checklist” (Fig-
ure 3-5) and the “Design Criteria Form” (Figure 
3-6) for all new construction and reconstruction 
projects. 
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Figure 3-3 
Required Design Exception Documentation 
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New Construction 
or Reconstruction 
– Full Federal 
Oversight 

X X X X X 

New Construction 
or Reconstruction 
– State Adminis-
tered 

X X X X  

Intermediate 
Level   X X  

Preventive  
Maintenance 

 
 

 
X 

  
 

 

Miscellaneous  
Improvement  X    

3.1.3.2 INTERMEDIATE PROJECTS 

The scope of intermediate projects is im-
provements being retrofitted into the existing 
infrastructure. At times, it may be necessary to 
deviate from the design standards. It is impor-
tant that the designer complete the “Design 
Control Checklist” (Figure 3-5) and the “Design 
Criteria Form” (Figure 3-6) for all intermediate 
projects. If design standards cannot be met due 
to site conditions, then it shall be noted on the 
Design Criteria Form. In addition, there must be 
a memo to the project file explaining the justifi-
cation for the variances in the design standards 
signed by the Project Engineer, the Group Engi-
neer and the Assistant Director. The level of 
documentation can vary depending on the pro-
ject intent, environmental concerns and other 
issues. In most cases it is not necessary to pro-
vide the same level of documentation as pro-
vided in a formal design exception request be-
cause the project’s scope has already been es-

tablished. The following are examples of inter-
mediate projects: 

• Safety improvement projects 
• Addition of channelizing islands with no 

reduction in existing lane or shoulder width 
• Intersection improvements with no reduction 

in existing lane or shoulder width 
• Minor lane or shoulder widening 
• Traffic calming features, e.g. speed humps, 

chicanes, midblock median islands, chokers, 
or narrowed lanes. (Consult with FHWA for 
projects on NHS Routes.) 

• Superstructure replacement 
• Bridge rehabilitation  

3.1.3.3 PREVENTIVE MAINTENANCE 
PROJECTS 

Preventive maintenance includes rehabilitation 
or restoration of specific elements of a highway 
facility when such activities are a cost- effective 
means of extending the pavement or bridge life 
and shall not degrade any existing or geometric 
aspects of the facility. The majority of the work 
for these projects is between existing curb lines 
or outer edges of existing shoulders. These 
types of projects are not required to provide any 
documentation for design standards that cannot 
be met. A general list of preventative mainte-
nance items is below: 

• Pavement Preservation - Pavement milling 
and resurfacing of the same thickness with 
no reduction in lane widths, or pavement 
repair (e.g. sawing, sealing, pothole patch-
ing) 

• Bridge Preservation 

o Bridge painting  

o Bridge Preventive Maintenance 

� Deck rehabilitation 

� Joint replacement or repair 

� Bearing replacement 

� Pile Jackets 

o Scour countermeasures  
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o Seismic retrofit  

3.1.3.4 MISCELLANEOUS 
IMPROVEMENT PROJECTS 

These projects are typically beyond the exist-
ing edge of pavement and are intended to im-
prove safety and aesthetics. They may also in-
clude improvements within the roadway in-
tended to improve safety which do not degrade 
the existing highway geometrics. These projects 
are not required to provide any documentation 
for design standards that cannot be met. A gen-
eral list of miscellaneous improvement project 
work items is below: 

• New or replaced curb and/or sidewalk  

• Modifying sidewalk to comply with ADA 
requirements  

• Roadside safety enhancements  

- New guardrail installation 

- Guardrail repair/replacement  

- New impact attenuators  

- Impact attenuator repair or replacement  

- Upgrading bridge rails 

- Removal of obstructions  

• Median barrier replacement 

• Drainage improvements  

• Signing  

• Small Structure Repair 

o Culvert lining 

o Retaining structure repair 

• Large ground-mounted signs  

• New sign structures (sign bridge, cantilever 
and bridge-mounted, provided they meet 
clearance requirements)  

• Existing sign structure rehabilitation 

• Striping with no additional lanes nor reduc-
tion in existing lane width 

• New or replaced raised pavement markers  

• New or upgraded signals  

• ITS (e.g. fiber optic cable, message signs, 
cameras, emergency call boxes)  

• New or upgraded lighting systems  

• Fencing, provided existing stopping sight 
distance is not degraded 

• Glare screens, provided existing stopping 
sight distance is not degraded 

• Repair of structural components resulting 
from traffic impact 

• Advanced utility relocation projects 

• Landscape improvements
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Figure 3-4 
Design Exception Request 

State Project No. ________________ Federal-Aid Project No.     

Date:  _________________________ Oversight Project: Yes  No     

Design Exception Abstract: (Provide a short summary detailing the nature of the exception, rea-
sons for the request, etc.) 

 

 

Note:  
For all NHS projects, the thirteen controlling criteria to be met are design speed; through lane and 
auxiliary lane width; shoulder width; bridge width, structural capacity, horizontal alignment; vertical 
alignment; grades; stopping sight distance, cross-slope; superelevation; horizontal clearance; and 
vertical clearance. 
 

 

 

 

 

RECOMMENDATION: 

The purpose of this project is to----------.  

The most effective method of addressing this is-----------. 

Based upon the conditions presented, it is recommended that a design exception be approved for the 
controlling substandard design element as justified.  

Recommended By: _______________________________________________________________   
                                       Squad Manager 

Recommended By: _______________________________________________________________   
                                       Group Engineer 

Recommended By: _______________________________________________________________  
                Assistant Director-Transportation Solutions  

Recommended By: _______________________________________________________________  
                Assistant Director-Design 

Approved By: _____________________________________  Date: _______________________  
 Chief Engineer 

Approved By: _____________________________________  Date: _______________________    
 Federal Highway Administration (NHS oversight projects only) 

Enclosures: (Include design criteria, figures, calculations, etc. to document request.) 
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Figure 3-5 
Design Control Checklist 

 
PROJECT DATA 

Squad Leader/Project Manager: ______________________________________________________  

Project Title: _____________________________________________________________________  

Contract No.: _____________________________________________________________________  

Federal Aid Project No: _____________________________________________________________  

Project Limits: ____________________________________________________________________  

Type of Construction:_______________________________________________________________  

Project Scope and Initial Estimate: ____________________________________________________  

________________________________________________________________________________  

________________________________________________________________________________  

________________________________________________________________________________  

DESIGN DATA 

Functional Classification:   

Current AADT (Year)    

Projected AADT (Year):    

Projected DHV (Year):    

% Trucks     

Directional Distribution (%):   

Design Speed     

Design Vehicle     

Design Level of Service    

Clear Zone    

 

Recommended By: _______________________________________________________________  

Squad Manager  

Recommended By: _______________________________________________________________  

Group Engineer 

Recommended By: _______________________________________________________________  

Assistant Director-Transportation Solutions 

Approved By: ____________________________________________________________________  

Director-Transportation Solutions 
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Figure 3-6 
 Design Criteria Form   

Design Criteria 

Design Factor As per 
Road Design Manual 

 Provided 

Design Speed*   

Width of Through Lanes*   

Width of Auxiliary Lanes*   

Width of Outside Shoulder*   

Width of Inside Shoulder*   

Cross Slope*   

Width of Median   

Stopping Sight Distance*   

Minimum Horizontal Curve Radius*   

Minimum K (Crest)*   

Minimum K (Sag)*   

Maximum % Grade*   

Maximum front slope (Unprotected Section)   

Maximum back slope   

Barrier Offset   

Superelevation Rate (%)*   

Bridge Width*    

Vertical Clearance*   

Structural Capacity*   

Horizontal Clearance *   

Width of clear zone   

General Notes: 
• Use this form primarily for new construction or reconstruction projects.  
* The Chief Engineer must approve design criteria deviating from the requirements of the Road Design 

Manual through the use Figure 3-4 “Design Exception Request.” 
 
Recommended By: _____________________________________________________________  
     Project Manager 
 
Recommended By: _____________________________________________________________  
     Group Engineer 
 
Approved By: _________________________________________________________________  
     Assistant Director-Transportation Solutions 
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3.1.4 DETERMINATION OF 
STANDARDS 

Figure 3-7 graphically defines the nomen-
clature used when describing the various ele-
ments that establish a roadway’s cross section. 
The dimensions and geometrics needed to de-
sign this roadway section are known as a pro-
ject’s design standards. The basic information 
needed before beginning the process of estab-
lishing a project’s design standards is: 

• The functional classification of the road 
section to be improved. A roadway's clas-
sification is shown on DelDOT's current 
functional classification map but should 
be verified with the Division of Planning. 
A part of the initial field review and scop-
ing meeting should be to verify that the 
area and roadway section being consid-
ered are truly representative of the desig-
nated classification. 

• The scope of work proposed for the pro-
ject under consideration is in the Project 
Initiation Form, project development 
documentation and other supporting data 
furnished to the designer.  

• The traffic data for the road section is 
obtained from the Division of Planning 
and includes current traffic, projected traf-
fic, percent trucks, accident history, etc. 

With this information, the designer can pro-
ceed with the process of selecting the design 
speed. 

3.2 STANDARDS BASED ON 
DESIGN SPEED 

3.2.1 SELECTION OF DESIGN SPEED  

The design speed establishes basic criteria 
for certain design elements. Two design stan-

dard considerations are related directly to the 
design speed: 

• Curvature and superelevation, and 

• Required sight distances. 

The designer's goal is to provide at least the 
minimum values, and preferably larger values, 
for these standards, regardless of traffic vol-
umes, functional classification or any other 
consideration. These design elements are very 
closely related to traffic safety and should not 
be compromised. 

A first step in determining the appropriate 
design standards is to establish a reasonable 
and realistic design speed. Since the majority 
of design controls are related to the design 
speed, this decision needs to be based on more 
factors than a roadway's functional classifica-
tion and traffic volume.  

The design speed selected should accom-
modate a high percentage of drivers, including 
the reasonable and prudent driver. Other con-
siderations include topography, anticipated 
operating speeds, driver expectations, volume 
and mix of vehicles, the volume and type of 
non-vehicular traffic, driver familiarity, level 
of congestion reasonably acceptable to the 
motorists, and community values. 

Once the design speed is selected, the per-
tinent highway features need to be related to 
obtain a balanced design. Some design fea-
tures, such as curvature, superelevation, and 
sight distance, are directly related to, and vary 
with, design speed. Other features, such as 
lane and shoulder widths and clearances to 
highway appurtenances, although not directly 
related to design speed, affect the driver’s 
comfort level and are reflected in vehicle op-
erating speeds. 
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Figure 3-7 
Typical Section Nomenclature 
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Designers should evaluate any unique con-
ditions that might indicate a practical need for 
a higher or lower design speed. For example: 

1. Design speeds should be selected as high 
as economically and physically practical. 

2. The highway section may be legally 
posted for a relatively low operating 
speed; selecting a higher design speed 
may result in considerable added cost. 
Therefore, it would be appropriate to ac-
cept a lower design speed which is 5 mph 
[10 km/h] above the posted speed. 

3. Extensive roadside development and pro-
posed land-use changes, intersection spac-
ing and frequency of entrances may influ-
ence decisions on design speed.  

4. The need to preserve historic sites and 
districts may be a controlling factor. 

5. The impact on the social context of the 
affected project area should be evaluated. 
This is particularly important when a pro-
ject involves a rural setting and extends 
into a town center type of environment. 

6. The impact on environmentally sensitive 
areas are part of the decision making proc-
ess. 

7. Whether or not the 85th percentile speed 
criteria should be used will have to be 
evaluated. 

Keep in mind, however, that lowering the 
design speed will not necessarily lower operat-
ing speed without also lowering the legal 
posted speed limits. Before a final decision is 
made on the design speed, the adjacent road 
sections should be evaluated in terms of cur-
rent operating speed characteristics and the 
potential for future reconstruction work. To 
the extent practicable, it is desirable to have 
consistent design speeds over longer sections 
of highways, where the roadway and roadside 
characteristics are also consistent and similar. 
If the adjacent roadside characteristics, traffic 
mix, and user activities vary dramatically 
within a project’s limits, it may be more rea-
sonable to use several design speeds This 
would be applicable when entering a business 

district or other activity center involving in-
creased pedestrian use and cross traffic. 

Since design speed selection is one of the 
most significant decisions, it is important to 
document the basis for making the selection 
and obtain approval before proceeding with 
the design. As the design process proceeds 
there may be issues raised that will call for a 
reevaluation of the design speed decision. 

In addition to the design speed, a facility‘s 
projected traffic volume and functional classi-
fication influence the selection of traveled way 
(lane) and shoulder widths. The designer 
should refer to the Green Book in establishing 
traveled way and shoulder widths. The follow-
ing is a guide to help locate this information.   

• Local Roads and Streets  page 384, Ex-
hibit 5-5; 

• Collector Roads and Streets (Rural)  
page 425, Exhibit 6-5;   

• Collector Roads and Streets (Urban)  
page 433; 

• Arterials (Rural)  page 448, Exhibit 7-3; 
• Divided Arterials (Rural)  page 455; 
• Urban Arterials  page 472; 
• Freeways  page 504. 

Determining lane and shoulder widths is a 
very critical step in project design. The Design 
Criteria Form, Figure 3-6, is used to document 
and obtain approval for the selected lane and 
shoulder widths. 

3.2.2 CURVATURE AND 
SUPERELEVATION 

Establishing the proper relationship be-
tween design speed and curvature, as well as 
their joint relationship with the proper amount 
of superelevation on the curve is an important 
decision. Although these relationships are de-
rived from laws of mechanics (speed, cen-
trifugal force and side friction factor), the ac-
tual values for use in design depend on practi-
cal limits and factors determined empirically 
over a range of variables. For example, the 
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borne. A portion of the rounding (usually one 
half) can be considered part of the “useable” 
width. Where front slopes are steeper than 4:1, 
the rounding should occur outside of the use-
able shoulder width. 

Well-designed and maintained shoulders 
are necessary on rural highways with any ap-
preciable traffic volumes. Shoulders and their 
widths are an important consideration in estab-
lishing a project’s design standards. The bene-
fits of including a shoulder include: 

• Providing a refuge when a driver makes 
an emergency or parking stop. 

• Providing lateral recovery areas for vehi-
cles that inadvertently leave the traffic 
lane. 

• Providing improved sight distance in cut 
areas. 

• Providing areas for maintenance opera-
tions, including snow removal and stor-
age.  

• Providing for alternative modes of travel 
by pedestrians, bicyclist, joggers, transit 
operations, etc.  

• Structurally improving the service life of 
the pavement by increasing the stability of 
the roadway’s base and surfacing materi-
als at the edge of the through traffic lane. 

• Providing the opportunity for improved 
subgrade drainage designs.  

Section 3.2.1 discusses the selection of 
shoulder widths. Normally shoulder widths of 
10 ft [3.0 m] are used on new construction 
projects for arterial highways with relatively 
high traffic volumes. Where truck traffic ex-
ceeds 250 DHV it is desirable to have a paved 
shoulder width of 12 ft [3.6 m]. AASHTO al-
lows narrower shoulder widths on most road-
ways with lower traffic volumes. However, 
wider shoulders widths should be provided on 
these projects when practical. Where bicyclists 
and pedestrians are to be accommodated on 
the shoulders, a minimum useable shoulder 
width, clear of any rumble strips, of 4 ft [1.2 

m] should be used. On highways with three or 
more lanes in each direction a median shoul-
der width of 10 ft [3.0 m] is desirable. This 
provides a refuge area for disabled vehicles 
without affecting roadway capacity and flow.  

3.3.4 SURFACED SHOULDER WIDTH 

The surfaced shoulder width is that part 
constructed to provide better all-weather load 
support than is afforded by natural soils or 
stabilized materials. The paved portion of the 
shoulder also protects the edge of the traffic 
lane pavement from deterioration and raveling. 
More discussion on shoulder surfacing is in 
Chapter Nine - Pavement Selection. Normally 
the shoulder’s structural design, including sur-
face material, is recommended by the Materi-
als and Research Section. 

3.3.5 SIDE SLOPES 

Various cross section slopes are identified 
in Figure 3-7. Four of these slopes are de-
scribed below. 

• Front Slope. The slope extending outward 
and downward from the shoulder to the 
ditch line. 

• Back Slope. The slope extending upward 
and outward from the ditch line to inter-
sect the natural ground. 

• Fill Slope. The slope extending outward 
and downward from the shoulder to inter-
sect with the natural ground; it may in-
clude a ditch section.  

• Cut Slope. The slope extending outward 
and upward from the shoulder, intersect-
ing the ditch slope and then extending 
upward from the ditch back slope to natu-
ral ground. 

It is generally desirable that these slopes be 
6:1 or flatter. Often, from a practical stand-
point, they must be steeper. There is a distinct 
relationship between the steepness of side 
slopes, operating speeds and the desirable 
widths of clear zones. Chapter Four discusses 



 

April 2009 Design Standards  3-17 

the relationship of these slopes to establishing 
a roadway’s clear zone. General criteria for 
side slopes are presented in Figure 4-4, in 
terms of both desirable slopes and maximum 
slopes. The desirable slopes should be pro-
vided wherever feasible. 

3.3.6 HORIZONTAL CLEARANCE AND 
CLEAR ZONE  

3.3.6.1 HORIZONTAL CLEARANCE  

Horizontal clearance is the lateral distance 
from edge of traveled way to a roadside fea-
ture or object for a roadway with barrier curb.  
Roadways having curbed sections should be 
provided with a minimum horizontal clearance 
of 1.5 ft [0.5 m] beyond the face of curb, with 
wider offsets (if possible to the full clear zone 
width) provided where practical since most 
types of curbs provide little help in redirecting 
an errant vehicle.  Please see the Green Book 
for more information regarding horizontal 
clearance and AASHTO’s Roadside Design 
Guide for more information regarding the 
clear zone width.  If the minimum horizontal 
clearance cannot be provided in curbed areas, 
then a design exception is required. 

3.3.6.2 CLEAR ZONE  

The clear zone is defined in AASHTO’s 
Roadside Design Guide as “the total roadside 
border area, starting at the edge of the traveled 
way, available for safe use by errant vehicles.  
This area may consist of a shoulder, a recover-
able slope, a non-recoverable slope, and/or a 
clear run-out area.  The desired width is de-
pendent upon the traffic volumes and speeds 
and on the roadside geometry.”  This border 
area includes any shoulders or auxiliary lanes. 
Adequate lateral clearance between the edges 
of traffic lanes and roadside obstructions has 
been shown to be a very important safety fac-
tor. Vehicles leaving the roadway should have 
a reasonable opportunity to recover control 
and return to the roadway without overturning 
or colliding with roadside obstacles such as 
trees, poles, headwalls or other large objects. 
The combination of a relatively flat slope and 

an obstacle-free roadside within the prescribed 
clear zone helps this situation.  

The determination of a clear zone is a func-
tion of speed, volume, curvature and embank-
ment slope. The most current edition of 
AASHTO’s Roadside Design Guide should be 
used for determining clear zone widths. For 
low-speed rural collectors and rural local 
roads, a minimum clear zone width of 10 ft 
[3.0 m] should be provided.   

Some roadside appurtenances, such as 
guardrail, breakaway light poles and signs us-
ing breakaway posts, are permitted within the 
specified clear zone, due to their crash-
worthiness.  They should be placed in the saf-
est available location, minimizing their use 
when possible.  Please refer to the Roadside 
Design Guide for more information.  For 
guardrails within the clear zone, it is desirable 
to maintain a minimum 2 ft [0.6 m] lateral 
clearance between the outer edge of the usable 
shoulder and the face of the rail. At bridge 
approaches, guardrail should either match the 
width of the bridge or taper to meet the bridge 
rail. 

The width of clear zone is included on the 
Design Control Checklist (Figure 3-5), the 
Design Criteria Form (Figure 3-6) and the title 
sheet of construction plans.  Deviations from 
the clear zone criteria will have to be approved 
by the appropriate assistant director. 

3.3.7 GRADES 

Design standards for maximum grades are 
not as precise and objective as the standards 
for other geometric elements. AASHTO has 
established recommended maximum grades 
based principally on analyses of vehicle oper-
ating characteristics. Criteria for maximum 
grades are related principally to design speed, 
traffic volumes and terrain characteristics. 

When it is necessary to design grades at or 
near the maximum values for relatively long 
distances, designers should investigate the ef-
fect on lane capacity. The lane capacity prob-
lem may be further complicated where there 




