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SECTION A-4-VIRGINIA RRR GUIDELINES

OBJECTIVE

The objective of the Virginia RRR Guidelines is to provide guidance in the selection of projects
where, with minimal improvements, the service life of the existing highway can be extended for a
fraction of the cost of complete reconstruction.

Non-freeway resurfacing, restoration, and rehabilitation (RRR) projects primarily involve work on
an existing roadway surface and/or subsurface.  In addition to extending the service life of the
roadway, the purpose of RRR projects includes providing additional pavement strength, restoring
or improving the existing cross section, decreasing noise characteristics, improving the ride of the
roadway, improving bridges, and enhancing safety through the implementation of appropriate
safety improvements.

The scope of a RRR project is influenced by many factors.  Factors include roadside conditions,
environmental concerns, changing traffic and land use patterns, surface deterioration rate,
accident rates, funding constraints and scenic/historic areas.

Although RRR type improvements are normally accomplished within the existing right of way, the
acquisition of additional right of way may be necessary.  Horizontal and vertical alignment
modifications, when required, are generally minor.

AUTHORITY

The Transportation Research Board's Special Report 214, Designing Safer Roads, Practices for
Resurfacing, Restoration, and Rehabilitation, 1987, was the result of a study on safety cost-
effectiveness of highway geometric design standards for RRR projects.  Virginia has developed
and adopted this guideline for non-NHS RRR projects.

In the planning and design of any Secondary System improvements in rural areas, Virginia's
RRR Guidelines shall be utilized to the extent possible.  On secondary projects that have a 15
year traffic projection of 750 vehicles per day or less, the RRR guidelines shall be the design
concept of choice.  Reconstruction under AASHTO design guidelines should be proposed on
these projects only when the preliminary study report documents either;

 1. The needed improvement is ineligible for development under the RRR concept.
or 2. Extenuating circumstances preclude the use of the RRR Design concept.

DEFINITIONS

These definitions apply to RRR projects and are not an attempt to be all-inclusive of other related
activities.

Maintenance - This work is directed toward preservation of the existing roadway and
related appurtenances  as  necessary  for  safe  and  efficient  operation.  Design
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improvements are not normally the intent of maintenance operations.  Seal coats,
overlays less than 18 mm thick, crack sealing, etc., are considered maintenance items,
and are not RRR activities.

Resurfacing - The addition of a layer, or layers, of paving material to provide additional
structural integrity or improved serviceability and rideability.

Restoration - Work performed on pavement, or bridge decks, to render them suitable for
an additional stage of construction.  This may include supplementing the existing
roadway by increasing surfacing and paving courses to provide structural capability, and
widening up to a total of 3 meters.  Restoration will generally be performed within the
existing right of way.

Rehabilitation - Similar to "Restoration", except the work may include restoring structural
integrity or correcting major safety defects of bridges, reworking or strengthening the
base or subbase, recycling or reworking existing materials to improve their structural
integrity, adding underdrains, improving or widening shoulders, and shifts in both vertical
and horizontal alignment. Rehabilitation may require acquisition of additional right of way.

Reconstruction - This type of project is not considered RRR activity.  A reconstruction
project is designed in accordance with AASHTO design guidelines for new and major
reconstruction projects and may include significant changes in cross section and shifts in
both vertical and horizontal alignment. Reconstruction may require acquisition of
additional right of way and may include all items of work usually associated with new
construction.

PROJECT SELECTION

Projects are identified and selected based on a variety of factors with the pavement condition and
environmental impact being of utmost importance.  The pavement condition itself will not have a
significant effect on the extent of geometric improvements included in the project.  Geometric
improvements will be initiated to fulfill traffic service/safety needs.

Logical project termini are to be set; and, at no time, are project exceptions for segments of
roadway or bridge, etc., to be established within the project termini due to excessive cost to
provide the required improvements.

ELIGIBILITY

Improvements to Existing Highway:

Eligible Items of Work *

. Minor alterations to vertical and/or horizontal alignment.
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. Minor lane and/or shoulder widening.

. Pavement structure and joint repair.

. Resurfacing (non-maintenance activities).

. Removal or protection of roadside obstacles.

. Repairs to restore bridge structural integrity, installation of deck protective
systems and upgrading substandard bridge rail.

. Culvert Extensions.

* Some RRR-type projects may be funded with either regular Federal-aid or
separate categorical aid.

Examples:

Bridge rehabilitation project - RRR funding or the bridge replacement and
rehabilitation program.

Roadside hazard removal and guardrail installation - RRR funding or hazard
elimination program funds.

Ineligible Items of Work

Projects in the National Highway System (NHS).

New or additional through lanes.

Curbs and gutters, raised medians, storm sewers, and other urban type
improvements.

ACCIDENT RECORDS

Evaluation of accident records often reveals problems requiring special attention.  In addition,
relative accident rates can be an important factor in establishing both the priority and the scope of
RRR projects.

The Resident Engineer (or project designer) should request from the Traffic Engineering  Division
that the accident history for the project area be compiled and compared to the statewide average
accident rate for the same type of road. This data review is integral part of the RRR project
development process so that feasible safety modifications should incorporated into the project as
necessary.
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The accident analysis should be completed prior to the Initial Field Review.

BRIDGE REHABILITATION OR REPLACEMENT SELECTION POLICY

Existing bridges shall be evaluated and the necessary work shall be determined in accordance
with the following provisions:

Bridges with overall deck area exceeding 1860 square meters shall be evaluated
and any necessary work shall be determined by the Structure and Bridge Engineer
on a case-by-case basis.

All other bridges shall be replaced, rehabilitated, or allowed to remain in existing
condition in accordance with the following:

(1) Bridges shall be replaced under any one or more of the following conditions
unless otherwise approved by the Structure and Bridge Engineer.  The new
replacement structure shall meet the current requirements of the Virginia
Department of Transportation's Road and Bridge Standards.

 
a) If the estimated cost for rehabilitating the existing

structure exceeds 65% of the estimated cost of a
new structure.

 
b) If the existing or rehabilitated structure is

overstressed under the loading specified in the
AASHTO Manual for Maintenance Inspection of
Bridges (i.e., if the bridge is to be posted for less
than the legal load).

 
c) If the usable width of the existing or the rehabilitated

bridge will be less than the minimum acceptable
values for usable width of bridges on RRR projects
shown in the table below, and it is not economically
feasible to

d) provide that width.

(2) Bridges shall be rehabilitated as required or remain in the existing
condition, if conditions in A, B, or C above do not prevail.  The usable width
of the existing or the rehabilitated bridge shall meet or exceed the
minimum acceptable values for usable width of bridges on RRR projects
shown in the Table hereinafter.
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MINIMUM BRIDGE WIDTHS ON RRR PROJECTS
SHALL BE AS FOLLOWS:

DESIGN YEAR VOLUME
ADT

XX USABLE BRIDGE WIDTH (FACE-TO-FACE OF CURB)
(METERS)

0 - 750 WIDTH OF APPROACH LANES

751 - 2000 WIDTH OF APPROACH LANES + 0.6 m

2001 - 4000 WIDTH OF APPROACH LANES + 1.2 m

OVER 4000 WIDTH OF APPROACH LANES + 1.8 m

NOTE:See DRAINAGE DESIGN ELEMENTS (page A-67 Metric) Bridge Restoration and
Bridge Rehabilitation for hydraulic conditions that are to be evaluated.

X If lane widening is planned as part of the RRR project, the usable bridge width should
be compared with the planned width of the approaches after they are widened.

ENVIRONMENTAL CONSIDERATIONS

An environmental evaluation and documentation thereof, is required on all RRR Federal
participation projects in accordance with current guidelines.

Prints are transmitted to the Environmental Engineer via Form LD-252.

ACCESS CONTROL

Generally, a RRR project will not be designated as a limited access highway due to the project
being along an existing corridor with access provided to adjoining properties.

The elimination of existing access to properties is beyond the scope of work for RRR projects.

Existing limited access roadways may qualify as a RRR project.

PROJECT DEVELOPMENT

It is desirable that these projects be designed to meet the standards for new construction.  If
meeting these standards is not practical, due to limited funding, right of way and/or environmental
restrictions, etc., improvements in roadway widths should still be considered.
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The minimum roadway and travelway widths are shown under GEOMETRIC DESIGN
CRITERIA, TABLE A-4-1M.  Lane and shoulder width requirements are provided for roadways
with 10% or more trucks and for roadways with less than 10% trucks.

The design should not decrease the existing geometrics.  Widths selected should be consistent
throughout a given section.  Minor lane and shoulder widening is acceptable.  While additional
new continuous traffic lanes are an ineligible type of work, the existing pavement may be
widened up to a total of 3 meters.

ROADWAY AND TRAVELWAY WIDTHS

Wide lanes and shoulders provide motorists with increased separation between overtaking and
meeting vehicles and an opportunity for safe recovery of vehicles leaving the road.

Additional safety benefits include reduced interruption of the traffic flow as the result of
emergency stopping and road maintenance activities, less pavement and shoulder damage at
the lane edge, and improved sight distance for horizontal curves.

FUNCTIONAL CLASSIFICATION

The highway system in Virginia has been functionally classified as Principal Arterial, Minor
Arterial, Collector and Local Service.  The American Association of State Highway and
Transportation Officials (AASHTO) utilizes, as presented in the publication: A Policy on
Geometric Design of Highways and Streets, referred to as The AASHTO Book, a similar
functional classification system.  The designations used are: Freeway, Arterial, Collector, and
Local Roads and Streets.  Relationships between these two classification systems have been
generally developed.  Principal and Minor Arterial Highways provide direct
service between cities and larger towns and are high speed, high volume facilities.  Collector
highways serve small towns directly, connecting them and local roads to the arterial system. Any
questions concerning the functional classification of any transportation facility should be
addressed to the State Transportation Planning Engineer.

DESIGN TRAFFIC VOLUMES

Traffic projections should be checked to assure that:

The anticipated traffic being used is correct and that the roadway and travelway
needs will be properly accommodated for the service life of the improvement.

The project service life for RRR projects should be from 8 to 12 years.

Turning movements are obtained at signalized and problem intersections and at
major traffic generators.
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Future traffic generators that are anticipated to be established during the service life
should be considered.

DESIGN SPEED

The design speed designated for a RRR project should be logical with respect to the character of
terrain and type of highway and should be as high as practicable.

It is also important to consider the geometric conditions of adjacent sections of roadway when
considering a RRR project.  A uniform design speed should be maintained for a significant
section of highway.

The design speed is a determining factor for required land and shoulder widths.
The following two methods may be used to determine the project design speed:

(1) Select an overall project design speed that equals or exceeds the posted or regulatory
speed on the section of highway being improved.

(2) The average running speed throughout the project based on the "low volume" off peak
hour traffic.

Average running speed is the speed of a vehicle over a specified section of highway,
being the distance traveled divided by the running time (the time the vehicle is in
motion).

An equivalent average running speed can be obtained on an existing facility where flow
is reasonably continuous by measuring the spot speed.

The average spot speed is the arithmetic mean of the speeds of all traffic at a specified
point.

For short sections of highway on which speed characteristics do not vary materially, the
average spot speed may be considered as being representative of the average running
speed.

On longer stretches of rural highway, spot speeds measured at several points, where
each represents the speed characteristics pertinent to a selected segment of highway,
may be averaged (taking relative lengths into account) to represent the average
running speed.

TERRAIN

Terrain is a significant factor which must be given strong consideration when establishing design
criteria for a highway project.  High design speeds (80 km/h and greater) can generally be
achieved on flat terrain, and lower design speeds (60 km/h and lower) are
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generally dictated by rolling and mountainous terrain, (depending upon road classification). 
Intermediate design speeds are determined by a combination of these factors.

While terrain is an important factor to be considered when designing a new project, RRR projects
must be designed considering all existing constraints, and held within RRR parameters.  That is
to say that eligible RRR elements, due to terrain and other constraints upon the original design,
may not allow the desired speed and safety enhancements.

SAFETY

All safety elements of the project are to be given specific consideration.  Accidents, accident
types, and accident rates for the project length shall be examined and documented.

The documentation may indicate deficiencies in one or more of the following areas, however,
each should be examined:

Horizontal and vertical alignment
Cross-sectional geometrics
Traffic control
Access
Railroad crossings
Pedestrian facilities
Bridges that remain in place
Illumination
Signing
Channelization
Intersections
Pavement edge drop offs
Pavement surface condition
Maintenance of traffic
Bicycle facilities

Improvements to the roadway surface may result in increased operating speeds.  Geometrics
should be examined and modified, if necessary, to maintain an acceptable level of operational
safety.

Horizontal and vertical curvature and stopping sight distance are directly related to the speed of
vehicles and major deviations from the desirable design may cause serious problems.  These
geometric characteristics can be the most difficult and costly to improve.  Although every sight
distance restriction can create a potential hazard, improvement on that basis alone may not be
practical on every RRR project.
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If curvature is shown to be the cause of numerous accidents, some corrective action should be
taken.  This corrective action can range from some form of positive guidance, which may include
placement of additional warning signs and markings, to reconstruction.

Alignment improvements should be undertaken when accident experience is high, and if
previously installed warning signs, markings, or other devices have not proven effective.  In many
cases, under both rural and urban conditions, existing horizontal and vertical alignments may be
retained if a careful analysis indicates they can be adequately signed and marked.

If the calculated design speed for a particular horizontal or vertical curve is within 25 km/h of the
design speed of the adjacent sections and the location is not an identified high accident
location, (facilities with ADT < 750 vehicles per day), proper signs and markings informing
drivers of the condition may be used in lieu of reconstruction to meet standards for the assumed
design speed.  When the difference is over 25 km/h or the design speed of the horizontal or
vertical curve is less than 30 km/h, (facilities with ADT > 750 vehicles per day), corrective action
must be considered and should be undertaken unless cost or other factors make the
improvement impractical.  If improvement is not possible, appropriate signs, markings and other
provisions should be used to provide for proper speed transition.

Sight distance on horizontal curves, and at intersections, can often be improved by minor cut
slope flattening, selective clearing or both.  If such work is done, the actual sight distance must
be measured, the maximum safe speed determined, and the location signed and marked
accordingly.

Grades generally do not need to be flattened on RRR projects.  Steep grades and restricted
horizontal or vertical curvature in combination, however, may warrant corrective action.

A completed roadside hazard review is required.  This will provide information regarding areas
of potential concern relating to safety.

For safety, it is desirable to provide a roadside recovery area that is as wide as practical, but
because of existing topographic features and right of way limitations associated with RRR work,
considerable judgment must be used.  The clear zone must be given particular attention at
identified high roadside accident locations (fixed object and run-off-the-road accidents).  An
evaluation should be made to determine the consistency of the clear zone throughout the project
limits.

Widening to provide more clear distance through short sections of rock cuts should be
considered.  In longer rock cuts, protrusions should be cut back or shielded if warranted.  A
review of accident data will help to define dangerous obstructions.  Good engineering judgment,
cost effectiveness, and consideration of community impact may also influence decisions.
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Under urban conditions the minimum setback for any obstructions should be as close to the right
of way line as possible or 0.5 m behind the curb.  Where sidewalks are to be included, it is
desirable to locate all obstructions behind the sidewalk.

Safety items for reducing the severity of run-off-the-road accidents include traffic barriers
(including bridge rails), flattening slopes to eliminate the need for either existing barrier or
contemplated barrier placement, crash cushions, breakaway or yielding sign supports, and
breakaway luminaire supports.

The priority for action relative to roadside hazards is to:

• Remove or redesign
• Relocate
• Make breakaway
• Redirect by using appropriate barrier
• Delineate

To enhance safety, all RRR projects should provide the following:

Evaluation of existing traffic barrier and end treatments to determine whether they
are necessary and meet applicable guidelines and standards.  The extent to which
the barrier must be upgraded should be consistent.

Appropriate transition and connection of approach rail to bridge rail.

Mitered end sections for both parallel and cross-drain structures located in the clear
zone.

Relocating, shielding, or providing breakaway features for sign supports and
luminaires.

Protection for exposed bridge piers and abutments.

Drop inlets with traversable grates that are not a hazard to be used within the clear
zone.

GEOMETRIC DESIGN CRITERIA

The design criteria in Table A-4-1M for Minor Arterial, Collector and Local Road projects are
based on the general approach in the "AASHTO Book" regarding functional classification and
corresponding appropriate design volumes and also recommendations presented in TRB special
Report 214, Practices for Resurfacing, Restoration, and Rehabilitation.
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GEOMETRIC DESIGN CRITERIA
TABLE A-4-1M

MINIMUM  LANE  AND  SHOULDER  WIDTH  VALUES
MINOR ARTERIAL/RURAL COLLECTOR/RURAL LOCAL ROAD SYSTEMS

DESIGN
TRAFFIC
VOLUME

DESIGN
SPEED

10% OR MORE TRUCKS
(d)

LESS THAN 10% TRUCKS
(d)

DITCH
WIDTH

3:1 SLOPE
ADT

(a)

km/h

(b)

LANE
WIDTH
(Meters)

SHOULDER
WIDTH (c)
(Meters)

LANE
WIDTH
(Meters)

SHOULDER
WIDTH (c)
(Meters) (Meters)

1 - 750 < 80
> 80

3.0 (e)
3.0     

0.6 (i)
0.6 (i)

2.7
3.0

0.6 (i)
0.6 (i)

1.0 (h)
1.0 (h)

751 - 2000 < 80
> 80

3.3 (f)
3.3(g)

0.6 (I)
0.9 (i)

3.0
3.3

0.6 (I)
0.9 (i)

1.0
1.0

2001 -
4000

ALL 3.6 1.8 3.3 1.8 1.2

4001 -
OVER

ALL 3.6 1.8 3.6 1.8 1.2

(a) Design traffic volume is between 8 and 12 years from completion.

(b) Highway segments should be classified as "Under 80" only if most vehicles have an average
running speed of less than 80 km/h over the length of the segment.

(c) Cut shoulder width may be reduced by 0.3 m in mountainous terrain.

(d) Trucks are defined as heavy vehicles with six or more tires.

(e) Use 2.7 m lane width for Local Road System with ADT of 1 - 250.
(2.7 m lane width is equal to new construction standards.)

(f) Use 3.0 m  lane width for  Collector Road and Local Road System in  mountainous terrain.  (3.0
m lane width is equal to new construction standards.)

(g) Use 3.3 m lane width for Collector Road and Local Road System in level terrain. (3.3 m lane
width is equal to new construction standards.)

(h) Use 0.6 m ditch width with pavement depths (excluding cement stabilized courses) of 0.2 m and
less.

(i) Minimum width of 1.2 m if roadside barrier is utilized (minimum 0.6 m from edge of pavement to
face of G.R.).

NOTE: PAVEMENT AND SHOULDER WIDTHS NOTED ARE MINIMUMS FROM A DESIGN CRITERIA
STANDPOINT.  UNDER NO CIRCUMSTANCES SHALL THE EXISTING PAVEMENT OR SHOULDER
WIDTHS BE REDUCED TO CONFORM TO THESE MINIMUM STANDARDS.

NOTE: FOR VALUES NOT SHOWN, SEE APPROPRIATE GEOMETRIC DESIGN STANDARD FOR THE
FUNCTIONAL CLASSIFICATION OF ROADWAY (METRIC GS-2M, GS-3M OR GS-4M) CONTAINED
IN THE VDOT ROAD DESIGN MANUAL, VOL. 2, APPENDIX A, SECTION A-1 (Metric).

NOTE: ROADSIDE HAZARDS AND PRIORITY FOR RELATIVE ACTION ARE COVERED ON PAGES A-62
AND A-63 (Metric).
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CLEAR ZONES AND SLOPES

Wherever possible, existing side slopes should not be steepened when widening lanes and
shoulders.  When the initial slopes are relatively flat, however, the slope can be steepened to 6:1
with little effect, and steepening to 4:1 may be reasonable.

Consideration should be given to flattening side slopes of 3:1 or steeper at locations where run-
off-the-road type accidents are likely to occur (e.g. on the outside of horizontal curves).  Accident
data should be used (when available) to substantiate run-off-the-road accident locations.

Removing, relocating or shielding of isolated roadside obstacles should be evaluated in
accordance with the Clear Zone and Traffic Barrier Guidelines contained in the Road Design
Manual, Vol. 2, Appendix A, Sections A-2 and A-3 (Metric).

GRADES

Grades generally do not need to be flattened on RRR projects.  Steep grades and restricted
horizontal or vertical curvature in combination, however, may warrant corrective action.

CREST VERTICAL CURVES

An existing vertical curve may be retained as is, without further evaluation, if the existing design
speed provides the stopping sight distance within 25 km/h of the overall project design speed
and the average daily traffic volume is less than 750 vehicles per day.

Reconstruction of crest vertical curves is to be evaluated when the above speed and traffic
volumes are exceeded and the vertical curve hides major hazards from view.  Major hazards
include, but are not limited to intersections or entrances, sharp horizontal curves and narrow
bridges.

SAG VERTICAL CURVES

Substandard sag vertical curves should be investigated to ensure that potential hazards do not
exist, especially ones that become apparent when weather conditions, or darkness, reduces
visibility.

STOPPING SIGHT DISTANCES

Guidelines for determining the existing sight distances of vertical and horizontal curves are as
follows:

- Existing road data to be determined from survey plan and profile sheets and/or old
plans obtained from the plan library.
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- Road and Bridge Standards SD-3 and SD-4 and may be used to determine the 
sight distances using the following methods: 
 
Vertical curves - Determine algebraic differences of grades in percent and length 
of vertical curve in meters from the survey plans, or old project plans, and the sight 
distance may be obtained from Standard SD-4 (Metric). 
 
Horizontal curves - Determine the existing degree of curve and the middle ordinate 
or radial distance from centerline of inside lane to obstruction to view and the sight 
distance may be obtained from Standard SD-3 (Metric). 
 

- Vertical and horizontal curve sight distances may be scaled from the plans using 
the following heights of driver's eye and object: 

 
  Sight Distance   Hgt. of Eye   Hgt. of Object 
  Stopping        1.08 m    0.6 m 
  Passing        1.08 m    1.80 m 
 
HORIZONTAL CURVES 
 
An existing horizontal curve may be retained as is, without further evaluation, if the existing curve 
design speed, with correct superelevation provided, corresponds to a speed that is within 25 
km/h of the running speeds of approaching vehicles and the average daily traffic volume is less 
than 750 vehicles per day. 
 
Reconstruction of horizontal curves should be considered and evaluated when the above speed 
and/or volume criteria are exceeded. 
 
When a roadway segment consists of a series of reverse curves or curves connected by short 
tangents, the succession of curves shall be analyzed as a unit rather than as individual curves. 
 

The first substandard curve in a series should receive special attention because 
this change in alignment prepares the driver for the remaining curves in the series.  
 
Any intermediate curve in a series of substandard curves that is significantly worse 
than the others in the series should be analyzed individually. 
 
These controlling curves can be used to determine the safety and/or other 
mitigation measures to apply throughout the series. 

 
PAVEMENT CROSS SLOPE 
 
Pavement resurfacing or rehabilitation will be accomplished such that the finished  
pavement on tangent sections will be crowned in accordance with new construction standards. 



A-66
Metric

SUPERELEVATION REQUIREMENTS

Standard superelevation will be provided on all curves to comply with the project design speed
unless the following conditions exist:

Excessive cost to provide superelevation.
Excessive property damage.

Superelevations may be provided for design speeds up to a maximum of 25 km/h less than the
project design speed for current traffic volumes of 750 vehicles per day or less, if the above
conditions exist, with appropriate signing:

Advisory curve signs and speed limit signs will be erected.

PAVEMENT EDGE DROP

Pavement edge drops usually are caused by resurfacing of pavement without regrading the
existing shoulder or erosion of gravel, turf, or earth shoulder materials.

This hazard shall be eliminated or mitigated by utilizing one or more of the following practices:

Paving the full top width between shoulder breaks.

Selectively paving shoulders at points where vehicle encroachments are
likely to create pavement edge drops, such as on the inside of horizontal
curves.

Constructing a beveled or tapered pavement edge so that any edge drop that
develops has a reduced impact on the recovery maneuver.

Reconstruction of shoulders.

INTERSECTIONS

Many intersection improvements can be made at a relatively low cost and are safety cost-
effective, particularly at higher traffic volumes.

The intersection improvements must be tailored to site-specific conditions and rely heavily on
professional judgment and experience along with current Department guidelines.

DESIGN EXCEPTIONS

All efforts should be made to adhere to the guidelines stated herein.  However, under unusual
conditions, it may be necessary to use values that are less than the minimum values shown.  If
lesser values are proposed for use, a justification report will be needed and approval by the State
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Location and Design Engineer and the Federal Highway Administration on Federal aid funded
projects must be granted before developing the project further.

Methods of showing design exceptions on the plans are noted in Section 2D-1 of the Road
Design Manual.

PLANNING DRAINAGE DESIGN ELEMENTS

The hydraulic consequences of a highway improvement need to be addressed during the
planning phase of the project.  Failure to assess the hydraulic aspects of the improvement could
result in an increase in damages to adjacent property as well as the highway facility.  Although
detailed site information may not be required, it is important that a hydraulic assessment be made
by a drainage engineer in the planning phase to determine that engineering and regulatory
constraints can be met.

Items to be considered include:

- Hydraulic impacts
- Interaction with other agencies
- Utilities
- R/W and property owners' concerns
- Environmental concerns and permits.

REPLACEMENT OR REHABILITATION OF DRAINAGE ELEMENTS

The decision to rehabilitate or replace a structure should not be made without checking hydraulic
adequacy.  Normally, the highway designs that improve upstream flooding conditions should
generally result from meeting highway flooding criteria.  Scour protection, spur dikes, or other
protective measures should be included with the bridge rehabilitation.

The decision regarding the rehabilitation or replacement of existing bridges or culverts is often a
structural or functional decision.  Hydraulic input is important when the cost of the rehabilitation is
high enough to consider replacement or where the contemplated rehabilitation involves a change
in the roadway profile which, by lessening roadway overflow, could increase hydraulic stresses
on the structure and change flow distribution.

Rehabilitation or replacement of culverts often becomes necessary when the culvert is no longer
structurally sound.  Consideration of the remaining service life of the existing culvert is, therefore,
a very important factor in deciding to rehabilitate or to replace it.

In some instances, structures may require replacement due to inadequate waterway area and
subsequent frequent interruption of traffic due to flooding.  Prolonged ponding behind an
embankment caused by an inadequate culvert may also lead to embankment saturation or piping
along the culvert.



A-68
Metric

HYDRAULIC CHARACTERISTICS

The hydraulic considerations for RRR improvement projects are, in many respects, the same as
those for a highway on new alignment.  The primary difference is that the hydraulic
characteristics of the existing facility are already established.  These hydraulic characteristics
include:

- Culvert performance (inlet or outlet control or headwater at culvert sites).
- Culvert outlet velocities and scour tendencies.
- Flow lines and culvert alignment.
- Backwater at bridge sites.
- Flow distribution.
- Scour patterns at bridge piers, bridge abutments and adjacent banks.
- Skew and channel alignment.
- Storm drain systems and their performance.

The engineer must consider the need for changing and the consequences of changes to these
hydraulic characteristics.

Most improvement projects will require some modification of the existing drainage structures.  If
the hydraulic performance of a drainage structure is changed, the change should be investigated
for both upstream and downstream effects of the change.

Because the hydraulic effects of existing structures are usually well established, there is
sometimes opposition to change from the landowner(s) affected.  This is particularly true in
developed areas.

Debris conditions may be changed and should be considered in design.  Roadside ditch drainage
patterns may be altered.  These conditions should be thoroughly studied before any change is
allowed.

SAFETY IMPROVEMENTS RELATIVE TO DRAINAGE DESIGN

Where the hazard is a culvert headwall, the options usually are to extend the culvert, protect
traffic with guardrail,or construct a protective grate over the headwall.  The alternative selected
should be based on particular site conditions.  Grates on cross culverts with the potential to
collect significant debris are undesirable because of the potential hazard created for local
flooding.  A good way to evaluate the risk is to assume the grate will be plugged and then
determine what flood hazard will be created.  In all cases, it is very important that grates on
culvert end be inspected frequently and always cleared of debris.  Spaces between grate bars
should be as large as practicable in order
to lessen the probability of plugging.

The wide openings tend to minimize the flood hazard by reducing the potential of debris plugging
the culvert.
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BRIDGE RESTORATION

Hydraulically equivalent Replacement Structure (HERS) definition:

The waterway opening of the proposed structure provides the same height, width
obstructions (piers) and geometric configuration as the existing structure.

The proposed roadway grades on the approaches and the structure provide the
same overtopping characteristics as the existing facility.

Any of the above characteristics of the proposed facility are less restrictive to the
passage of flood flows than are the characteristics of the existing facility.

Every waterway crossing whose 1% exceedance probability discharge is
anticipated, estimated or expected to be 14.15 cubic meters per second or greater
MUST be reviewed by an appropriate river mechanics specialist.  When the
proposed facility is determined to be the hydraulic equivalent of the existing facility,
no formal design analysis will be required.

If a rehabilitation of the structure and/or its approach roadway does not conform to
the HERS requirements, it must be treated as a bridge replacement, and an
engineering analysis is required.

BRIDGE REHABILITATION

Bridge repairs are often required because of structural deterioration, damage from floods, and
damage from vehicles.  Bridge rehabilitation consists of physical changes to a bridge which are
necessary because of inadequate width, structural capacity, hydraulic capacity, or because of
scour or degradation.

Where bridge repair or rehabilitation is being considered, the cost of the repair should be
compared with the cost of complete replacement. See BRIDGE REHABILITATION OR
REPLACEMENT SELECTION POLICY on page A-56 (Metric).  The hydraulic requirements of
the bridge should also be reviewed when extensive repair or rehabilitation is being contemplated.
 This hydraulic review is particularly important if a change in the roadway profile is to be included
in the rehabilitation.

In some cases, the grade may be raised so that roadway overflow is eliminated without changing
the bridge size.  This can be a deliberate change of the grade or a slow change, such as
maintenance forces placing asphalt overlays on the grade over a period of years.  These
changes should always be reviewed by the hydraulics design section for effect on flow
distribution, on backwater,and on velocity through the bridges.
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A replacement bridge may have a deeper superstructure and solid rails.  These differences will
affect a stream crossing unless compensating adjustments are made in the profile gradeline.

Where the profile grade is raised, the effect may be to eliminate or lessen roadway overflow
which could force more water to flow through the bridge opening.  Solid rails can have the same
effect.  If the grade is lowered, the flow pattern and the amount of flow directed over the road and
into downstream property could be increased.

When replacement bridges have shorter spans than the existing bridge, the resulting increase in
the number of piers could add a debris and scour problems or increase backwater.

CULVERT REPLACEMENT

When an existing culvert is to be replaced, an analysis should be made to see if the size of the
existing culvert is either smaller or larger than necessary.

CULVERT REHABILITATION

A properly installed culvert generally loses its structural integrity through corrosion and/or
abrasion of its invert, although overall loss of material in the pipe wall can occur some
installations due to the corrosive action of the backfill material or the water flowing through the
culvert.  Common restoration techniques include:

Provision for replacement of the culvert invert.

Threading of a smaller size culvert or liner plate through the original culvert and
grouting of the voids between the two culverts.

Use of commercial products for relining pipe with epoxy-coated fabric materials.

Any proposed culvert rehabilitation scheme should be analyzed for hydraulic adequacy and outlet
protection.  Normally, the smaller cross sectional area resulting from culvert rehabilitation will lead
to higher headwater elevation; however, this effect may be insignificant if there is storage
upstream or if the potential for damage is minimal.  Another consequence of a reduction in pipe
size may be higher outlet velocities.  This factor should also be assessed during the design of a
culvert rehabilitation project.

Use of smooth linings, improved inlets, etc. may also improve the hydraulic performance of the
relined culvert and essentially offset the loss of cross sectional area.

Many older culverts were built during a period when less attention was given to the need for
accommodating fish passage.  Such accommodations can often be incorporated by the addition
of baffles in the culvert barrel; however, such designs should be checked to ensure that the
revised design is hydraulically adequate.
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CULVERT EXTENSIONS

The extension of an existing culvert can result in significant changes to the hydraulic
performance.  Extending the inlet of a culvert operating in inlet control establishes a higher inlet
flow line, which will raise the inlet headwater elevation an equal amount.  Extending a culvert
which operates under outlet control may also increase the headwater because of head losses
associated with the longer barrel.

Culvert extensions can cause the approach or the exit flow alignment to be unacceptable.  This
can usually be corrected by either extending the culvert on a skew angle that will fit the channel
alignment or modifying the channel.

Long culvert extensions could cause the culvert to switch from inlet control to barrel (outlet)
control, which will result in an increase in headwater.

In addition to the above noted changes, a long culvert extension may also create problems with
fish passage through the culvert that should be addressed during the design.

SIGNING, SIGNALS AND PAVEMENT MARKINGS

Traffic control devices such as signing, signals, and pavement markings must be updated in
accordance with the Manual on Uniform Traffic Control Devices and the VDOT’s Road and
Bridge Standards.

While traffic control devices cannot fully mitigate all problems associated with substandard
geometric features, they are a relatively low cost measure that can compensate for certain
operational deficiencies.

Where roadway geometry or other roadway or roadside features are less than standard, do not
meet the driver's expectancy, and reconstruction is not feasible, additional signs, markings,
delineation and other devices beyond normal requirements of the MUTCD should be
considered.

Judicious use of special traffic regulations, positive guidance techniques, and traffic operational
improvements can often forestall expensive reconstruction by minimizing or eliminating adverse
safety and operational features on or along existing highways.

Signals are to be provided at warranted locations.

PLAN REVIEWS

Preliminary plan reviews and field inspections are to be held in accordance with the standard
procedures.  The Federal Highway Administration (FHWA) is to be notified of each and invited
to attend.
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PUBLIC INVOLVEMENT

RRR projects are to be developed utilizing the Department's Public Involvement Policy to keep
the public sufficiently informed and involved as the project progresses so that a formal public
hearing can be eliminated in most, if not all, cases.

RIGHT OF WAY

Although RRR type improvements are normally made within the existing right of way, additional
right of way may be required to provide the necessary improvements.

Any required right of way and/or easements will normally be secured by donation.  However, right
of way may be acquired.

All right of way negotiations are to be conducted in accordance with the applicable statutes,
regulations, policies, and procedures stipulated in the Right of Way and Utilities Division's
Manual of Instructions and related memoranda.

UTILITIES (UNDERGROUND AND OVERHEAD)

Where utilities are involved on RRR projects, the Department's General Guidelines for
Accommodating Utilities Within Highway Right of Way are to be followed.

Relocation or adjustment may be required if the minimum clear zone requirements are not met or
if the utility system conflicts with proposed RRR improvements and sufficient right of way is
available.  For Federally funded RRR projects, an exception request must be made if the project
does not meet the minimum clear zone requirements.

In some cases, the utility system on RRR projects may be retained without adjustment or
relocation if the accident history does not indicate the existence of a hazard or if the system has
demonstrated adequate performance and does not conflict with proposed improvements.

TORT LIABILITY AND GEOMETRIC DESIGN

In recent years highway agency administrations have become increasingly concerned about the
growth of tort claims.  Such claims allege that highway agencies have committed a  legal wrong
by improper or negligent highway design,  operation,  or maintenance that became a cause or
partial cause of a highway accident. Claims against highway agencies are part of a nationwide
problem of rising liability insurance premiums and increasing costs of tort actions.

Studies indicate that the geometric design features covered in RRR standards are usually not the
central focus of tort claims.  Pavement features, traffic control devices, and roadside barriers
account for the large majority of tort claims.
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BACKGROUND ON TORT LIABILITY

Tort is defined as a civil wrong or injury, and a tort action seeks repayment for damages to
property and injuries to an individual.  If a defendant is found negligent in his actions, or lack of
action, he is liable for a tort claim and must compensate the plaintiff.  State laws and rulings differ
regarding tort claims against a governmental entity.  In Virginia, as in most states, the courts or
state legislatures have eliminated sovereign immunity (whereby an individual cannot sue the
state or its agents for negligence).

Highway agencies are spending substantial sums as a result of tort claims.  The costs of handling
tort claims include not only the direct costs of judgment awards, settlements, and insurance, but
also attorneys' fees and the cost of engineers' and other staff time.

Negligence can be alleged on two grounds particularly relevant to highway agencies:

- Agency (or person) improperly performs its duties (misfeasance).

- Agency (or person) fails to perform its duties (nonfeasance).

RRR IMPROVEMENTS AND TORT CLAIMS

Little is known about how frequently the geometric features addressed by RRR design guidelines
are cited in tort claims against highway agencies.  Few states maintain data on tort claims by
alleged defect.  Further, classifying tort lawsuits is difficult because most involve several defects
that differ in importance.

Geometric features (such as cross-sections, alignment, and intersections) usually covered by
RRR guidelines account for a small percentage of total claims filed against highway agencies.  Of
the cases in which a geometric feature is at issue, horizontal and vertical curves are the most
often cited.

Pavement features including edge drops, potholes, surface deterioration and slippery pavements,
account for large amounts of the settlement costs.

SUSCEPTIBILITY OF RRR PROJECTS AND GUIDELINES TO TORT CLAIMS

The standards selected for RRR projects, the design process followed, and the scope of the
improvements may influence the litigation of future tort claims.  The issues that might arise in a
tort action are:

- Did the project meet the appropriate design standards?
- Are the standards reasonable?
- Was the design process reasonable?
- Did the improvements correct existing dangers?
- Should unimproved roads be judged by standards used for roads that are

unimproved?
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The resolution of tort claims alleging an inadequate geometric design is contingent on
determining the appropriate set of design standards used to assess negligence.

Determining whether a highway improvement project is sufficiently extensive to qualify as
reconstruction can be a key issue in a tort claim because reconstruction projects usually must
meet current new construction standards.

Deficient roadside signs or pavement markings and pavement edge-drop problems, which are
often the basis of tort claims, can be routinely corrected on RRR projects.

DEFENSE OF A RRR PROJECT DESIGN

Although planning and design activities are exempt from liability in most states, this immunity has
been held not to apply to decisions made without prior study or conscious deliberation.

Documentation of the planning process should be part of the state highway agency's defense.

For RRR projects, documentation should demonstrate that safety aspects of the roadway design
were properly considered.  Reports that identify deficiencies in existing roadways are potentially
threatening to the public agency preparing the report if the deficiencies are not addressed.  Thus,
if any exception to an applicable design standard was granted, documentation should explain the
reasons for the exception and show that logic and orderly procedures were followed in obtaining
it.

When a highway agency contemplates a design exception for a geometric or roadside feature, it
should be prepared to prove why the feature need not meet the same standards as other facets
of the roadway design.  Often, the best defense in this situation is to demonstrate that the safety
cost-effectiveness of further upgrading the feature does not meet any reasonable criteria.

Courts seldom rule that the unavailability of funds is justification for not correcting an alleged
defect, but the issue of availability of funds can be part of the defense in relation to the agency's
programming procedures.

The following points are important to such a defense:

- The agency is aware of the condition of its facilities
- Deficiencies have been ranked on a logical basis
- Given the existing funding, items are being corrected in the order of priority

Appropriate warnings or other temporary measures should be used to alert the
public that deficiencies have not been corrected.  The highway agency can then
affirm that it has performed its duties in the best way possible with the available
resources.
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In order to receive immunity for planning and design activities, a state must thoroughly document
the design process in order to defend challenges.

A rational and orderly process must be followed if a plan or design is to be considered immune
from claims of negligence.  If a feature built during construction was not called for in the plans or
was altered from the specifications, it is open to a claim of negligence in a tort action.

RRR NOTE ON PROJECT TITLE SHEET

For applicable projects, the following note shall be placed on the plan title sheet under the
Functional Classification and Traffic Data Block:

NOTE: THESE PLANS WERE DESIGNED IN ACCORDANCE WITH VIRGINIA RRR    
GUIDELINES.
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PAGES 76 –100 HAS BEEN OMITTED
FOR BICYCLE FACILITY GUIDELINES SEE IMPERIAL ROAD DESIGN MANUAL
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